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CHAPTER—I

'INTRODUCTION



INTRODUCTION

Mango (Mangifqu indica L. ) is considered to be the king of

fruits as it is the most important fruit crop of India and constitutes
an importent horticultursl asset of the cquntryL It occupies about 40
éer cent of the total area under fruits. Because of its wide adapta~
bility to various soil and climatic conditlons, it is under cultiva~
tion in many countries of the globe but nowhere this fruit is so
highly valued as in Indig, ﬁhere it alone occuples an area of 1,02
million hectare with an annual production of 8.87 milllion tonnes
(Chadha, 1985). Except the hilly regions and coastal belts, mango is
cultivated throughout the length and breadth of India uptc en eleva-
tion of 915 metres from the sea level., Among the different states, as
guoted by Majumder and Sharma (1985), Uttar Pradesh occuples the maxlie-
mum area (3.13-lakh ha) followed by Bihar (1.2795 lakh ha), Andhra
Pra@esh’(a.:z?osa lakh ha), Orissa (0.725 lakh ha), Kerala (0.6253 lakh
ha), West Bengal (0.57 lekh ha) and Temil Nadu (0.3917 lakh ha). '

Because ofAits delicious taste, menifold utility end nutri-
tive value, mango has been acknowledged as an excellent fruiﬁ. Mango
fruit is a rich source of carbohydrate as well as vitamin A and C and
contains 86.1% moisture, 0.6% proteins, 0.63% mineral matters inclue
ding calcium,'phosphpéus, iron, etc., 1.1% fibre, 41.8% carbohydrate,
4800 I.U, vitamin A ané 13 mg vitamin C per 100 g pulp. It is dlso a
godd sou}ce of vitamin B—(Singhqgg al., 1963).



In West Bengal the soil and climatic conditions of most of
the districts except the hills;of Darjeeling district are suitable f
for the successful cultivation of mango., However, its,commerqialzgule
tivatlon is restricted mainly in.the districts of Malda, Murshidabad,
Nadia, 24-Parganas (North) and Hooghly.. Malda is j;hé' ploneer mango .
pfoduCing district having-aﬁ'area.of:ZO thbusan@ hectares under mango
cultivation, Fazli being the leading-commerciél\;ultivér,‘In,Mélda,
mango grows abundantly. Unfortunately, due to continuous menagement
neglect, most of the exist?ng orchards are in a declining condition.
Cultural operations are seldom done in mango orchards. except occa-.
sional use of insecticidsl sprays in the flowering seaéqn.-Consequenth
the plants have'become‘upeconomic'and yield per plant is .very low. The
rolecof nutrients on growth and yie;d of mango orchérds is.nowaQays~
being’increésinély realised by the growers. But the research findings
are meagre,‘specially»with'respect to micronutrients, Ruehle (1951)
has reported that among the fruit trees, mango eppears to haireﬂthe
;makimum cépability'to_requer by p}ppe: application of”fertilizeré.’
Ml though pitrogen, phosphorus and potaésium play a viﬁél role in pro=-
moting the plant vigour and ,prod{;qtivity, micronutrients help in the
uptake of'the major nutrients.

@

_ - Deficiency of these elements has not been well renorted in
Indla, but: beneficial effect of micronutrient sprays has been sugges—
ted, However in Florlda, symptoms of Fe, Mn,. Zn, B and Cu deflciency
-have been observed in the cultivars Haden and Zill (Smith and Scudder,
1951). Zinc deficiency was flrst reported from Florida (Lynch and



Ruelile, 1940) end subsequently from Israel (Oppenheimer and Gazit,
1961) and according to these‘inﬁestigations deiiciency'of this nutri-
ent caused deformed leaves with a rosette formation near the tip of
the flushAand.retardayion”of the~growth, whieh.c§uid be cgrrected by
spraying 14 per cent zinc¢ sulphate. In three~year o;d mengo plant,
Minessy gt gl. (1974) observed that the soil application of 50 to

4100 g/tree of §he1ated iron correcﬁed,bud malformatioh ané 1n the
mature mango trees, a single soil epplication at 1 1b/tree corrected
malfbrmétien, increased flowering and fruit yield, Rajpﬁt'gg'g;.(1976)
observed that 0.8 pgricentfibliarlépplication of bofic acid improved
growth, ilowering, yieldgfnd fruit‘qgélity,uIn an experiment Rath

et a1, (1980) found thaﬁ épﬁlieation of boron and zinc increased fruit
size and quality of mango. Fruit drgp is a major préhlem affecting
fruit yield in mengo particularly in the 'off' year. In mango, there
is a heavy drop of hermephrodite flowers and young frults amounting

to 99 per cent or more (Mukherjee, 1949 ), According to Sen(1939), only
13 to 28'per c¢ent of the b ual fiowers‘in cultivars Bombéi, Langra
and Fazll have been found to set fruits out of which only 0.1 to 0.25
per cent reached maturity, Inspite of the profuse flowering and a
very hlgh init;al fruit set phe ultimate retention of harvestable
produce is often very low due %o ahScission of hermsphrodite flowers
and fruits at various stages of development. ihus; the fruit'drop in
mengo assumes an important aspect which is directly related to economic
'cultivétion'of the crop. Singh333 §;.f(1959B)repor£ed fhat‘gqueous
solutions of NAA at 30 and 40 ppm and of 2,4-D at 40 ppm spplied to
Fajri mangoes 6 weeks after full bloom reduced fruit drop from 52



per cent to 22 and 28‘§er cent,‘respthively‘;

. Roy gt sl. (1963) reported that NAA and 2,4-D at.1;.5, 10

- and. 15 ppm were sprayed twice on Gulabkhas, Himsager, Langra.and
‘Bombal to reduce the frult drop, Maurya et al. :(1973) sprayed 2,4-D,
_NAA and 2,4,5-T‘ea6h[0f 20,;46.0r 60 ppm_aftergevery 15 days;érom pea
stage to till harvest and observed that 2,4-D at‘ZO ppm retaihed the
‘highest percentage (8.4%) of fruits followed by 40 ppm whereas under
control 1t was only 5'§er c¢ent: Most of the mangoes pﬁoducedlinulndia
lare-consume@ locally. About 42,500 tomnnesg of freshuand~16,480jtonnes
of processed mangoes are exported. and 25 per cent of.theﬁproduce'are
ﬁotally spoilt. ;néreased production will not fulfil the total requi-~
.remepﬁ unless the frults are harvested at the proper stage of matu- .
rity. It is'imperative to assess the proper harvest ﬁaturity,.so that
the fruits can reach the market in properly ripe condition and fruit
‘~qualityvis not impaired., The'physico—chemical‘chéngéS‘during'the-
«prqgfessive development of mango;fnuiﬁs,haveAbeen studied by diffe-
rent workers. Lakshminereyana et al. (1970) observed that the mango
fruits cv. Alphonso continued to increase in weight until harvest. end
they reached harvest maturity in 16 weeks after fruit set. Specific
gravity of frults was considered as an ihdex to deterhine the harvest
maturity by Mukherjee (1959). In mango cv. Langra, Teaotia gt al.
(1968.) found that acidity and starch conteqt were relevant in predic-
ting maturity, while the starchéacidity ratio previded a good index

| for:maxurity. Singh.ggﬁg;;[(1976a)found highly significant correl.a=-
,tion:betWeen T.S.3. and total sugar content, specific gravity and



total sugars, specific gravity and starch content during the matu-
rity of fruits,

In vie;w of the foregoing consideration, the following -expé-—
riments have been carried out at Mango Research Centre of Bidhan ~ |
Chandra Krishi Viswavidyélaya end .some private orchards in Malda dis-
trict during the period of 1982 to 1985 on cvs. Fazli and Lengra,

I) Effect of threé levels 'of zine, ‘iron arid boron and their
interactions on growth, ﬂowemng, yield and fruit qualz.ty of- mango
cv, PFazli.

II) Ef;ect of zmc, iron and boron incombination with urea
on vegetative gr'owth, ﬂowering, yleld and fruit quality cf mango
GV, Fazli.

I1I1) Effect of different'dhe’micals on fruit retention, yleld
and quality of mango cv, Fazli, '

Iv) Physiée-'-ghemieal changes during' growth and’ development.
of frults in cvs. Fazli and Langra,
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REVIEW 'OF LITERATURE

I. Effect of zinc, iron and boron on growth, yield and fruit gquality.

Effect of zinc 3

Mallik end Singh (1959) reported that absence of Za reduced
the leaf size to the maximum extent, followed by B, Zn also caused
great reduction in general growth of mango trees. Zn deficiency in
the mango groves in Israel caused very small deformed leaves with a
rosette formation near the tip of the flush, Shoot growth was retar-
ded prior to deveiopment of clear symptoms aﬁ leaf Zn content below-
26 ppm andﬂsbraying with 1% éiﬂc sulphate or 0,2% zinc oxide correc-
ted the.coﬁdition.,Soil application, dusting, and use of pellet were
not effecti&e {Oppenheimer and éézif, 1961). Martin et al. (1975)
stated that,zinp deficlency was found to be the cause of severe male=
formation in mature mango trees which beqamé‘unprpductive. Foliar
Spréy of.zino,sulphatefcr zinc oxlde was effective.'Rajpuﬁ et al.
(1976 ) also tried foliar abplication of_ziansulphate gt C.2-0.8% in
a single spray to the bearing'trges cv. Chsusa in the month of January
~and found that'treatments inoressed length of the terminel shoot, the
number and area of leaves/shoot and leaf ?resh'and dry weight and .
effectlvencss incressed with incresse in the ‘zinc concentration, Singh
-and Rajput (1976)“furth§r‘observed that spraying of zinc sulphate at
‘0;2 to 0.8% in mango trees cv, Chausa during Jemuary increased termi-

nsl shoot length, leaf number and leaf ares/shoot, the number of



hermaphrodite flower/panicle -and yield. Fruit sugar, ascorbilc acid

' and T.8.S. contents- were also enhanced and the best results were
‘obtained with the highest dose. While worklng on mango trees cv.'
Dashehari, Nijjar et gl. (1976) observe@ that in zinc deficient leaves
zinc content was about 27,5'ppm'compared with 35.2 ppm in healthy »
plants and the leaf zinc contean;ncréasedvtb-42.5 and 92.5 ppm when
Spréyed in Eebruafy with Zns0, at 0.2 and O.ho respectively, The new
flush was,frée‘frdm deficiéncy’after 72 hours, Daulta et al. (1981)

- reported that:spraying of Zn or CCC. (Chloromeéuat)-on Janu.ary, had no
appreciable effect on flower type (Stamlnate, pistillate or hermaphro-
dite) in 13-year old mango trees cv. Dashehari but fruit set was.
greatly increased by 1% Zn or 500 or 1000 ppm CCC, Highest fruit reten-
tion (36.4%) and best quality fruits were obtained at 0.8% Zn.

Effect of iron 3

Stewart and Leonard (1957 ) reported that appllcation of chela-
ted. iron (PeEDTA) @ 100 g/tree/year on mature orange and grape fruit
Atree ‘enhanced the growth and weight of the new shoots. Webb and Hallas
(1966) found that 70 ppm Fe in strawberry was optimum for increasing
vggetative growth an@ yield. fpplication of 30 ppm Fe in Wash;ngtpn
Naveligfange caused higher fruit weight and cohcenfration of sugar in
the juice-(Wallihén gg‘g;.;'1967). In case 2} year‘ald mango trees,
Minessy et al (1971) found that so-il application of 50 or 100, g/tree
of chelated iron (as chelatéd 138 which contains 6=T# Fe) corrected

moderate or severe bud deformity condition, Foliar gpplication was not



' effective.'Injthree:yeér.o;@ mangq'plagtiin,alkaline c1ay loam soil,
_Minessy.gg.g;.(ﬁ974) observéd that. soil ‘application of 50 to 100 g/
tfee of_ChelatedEFe?as‘che1~138 éarrected'moderate to severe symptoms
' of bud mslforamation. Foliar spplication at 10 g/litre was ineffective.
' In case of mature mango trees a single s0il application at 1 lb/tree
corrected malformation, increased flowering and yield from 5 fruits/
\tree in the first year to 212 and 468 fruits in the second end third

year respec;ively.‘

‘ggiect of boron : -

In mango ¢v. Langra, Rajput et al. (1976) observed -that
foliar apﬁlication'of boric scid (0.8%) significantly improved growth,
flowerlng, fruilting and fruit quality Spraying of boric acid at 0.2,
0 4 0.6 or 0.8 per cent on mango trees cv. Langra caused sivnificanti
incresse in leaf numbers and dry welght. Leaf N content st lncreazed
' ﬁo 1.86 per cent by 0.2 per cent B, as agalnst e 82 per cent under -
control, but was: reduced by higher rates (Singh, 1977). In 13=year old
mango trees cv. Langra, Rath gt sl. (1980) found that spreying with B
o§{Zn each of 0,2-0.8 per cent at full bloom increased fruit 1ength,
diametef and fruit weight. Application of B%Zn at high rateé ﬂ0.6 and
0;8%) increased total sugars, ascorbic gpid, acidity andiT.SJicbntents
of fruit, | | ’ -

Effecf of ggowth substanc S on fruit _mjg

Flower and. fruit drop are two serious problems in mango cul=

tivation causing low harvest and low marketable prpduce. Luckwill(1948)

found that the periods of active hormone production were sssociated



wifh’the periods 6f low fruit drop in'apple; Gokhale and Kéhiﬁkar
(1951) reported that treatment of Axphanso mango fruits (12 to ?5 -
dlameter) w1th 25 ppm of NAA and 2, 4»D as’ agueous spray checked the
post setting drop to a considerable extent and gave 17 to 23 per cent
more yield compared to cqntrol, Mukherjee (1953) stated that axterqal
and internsl féctogsﬂsuch as 6ccurnenc§ of mangé hopper, mangé mesly
bug, powdery mildew and anthracnose and nutri tional defiqiehcy affec-
ted mango fruit drop. According to. Chadha and Singh (1964)intensity
of fruit drop in mengo could be divided into three distinct phases -
such as, 1) Pm—-head drop, 2) Post setting drop and 3) May drop. ‘
'Pinhead-drop consisted mainly of shrivelled floral organs and shed-
ding of hermaphrodite flowers and small pinhead 1like fruits below

4 mm in di améter. 'Post setting drop* being‘maaor drop, eont;nued
from pea stage to ball‘stége Of'developmenf aﬁd 'May drop’ was econo-
mically the most important d”op and extended aslmost over the entlre

month of May and June.

Kennard and Winters (1956), howgver, failed to find any posi-
tive effect of 2,4,5-T spray epplication (50 to 200 and 800 ppm) in
oheeking fruit drop in 3 and_é weeks old fruits of mango CV, Amini.

Effect of spray applicatlons of. 2,4 5T and 2,4 5P at 10
and 20 ppm on fpril 15 and second spray on May 15th on the fruits of
the Karela Bhagalpur cultlvar was reported by Slngh (1957). Both the
concentrations cf 2,4,5-TP were effectlve in checklng the fruit drcp
as compared to other treatments, 2,4,5~TP at 20 ppm gave the best

result and recor&ed 13.2 per cent higher frult retention over control.
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Agueous salutiohé‘uf NAA at 30 and 40 ppm and 2,4«D of 10 ppnm
when applied to Fajri mengoes & weeks after full bloom fruit drop was
reduced from 523 to 22 and 287% respectively (Singhlgg_ggﬂ. 195§b5'The
'grawtﬁ’subatances caused . increase in frult size, titratable adidity
and the ascorbic acid content and reduced the oozing of sap from the

‘ stalk end, : (

Singh et al. (1959a)fbund that 2, 4D and NAA (10, 20, 30 end
40 ppm) spray applications on mango cvs Fajri resulted 28,61 and 29,69
per cent fruit drop respectlvely as against 53.90 per cent under con-
trol., Frult drops were substantially low at 30 and 40 PPpilly suggesting
a greager control of fruit drop with higher dases.

Gill (19&0) found that spraying of NAA, fséﬁl’fl, 248D, 2,b,5-T
 and 2,4,5-TF in concentrations of 10, 20, 30 and 40 ppm on A?ril 36 in
the cultivar of Langré failéd to lead to any valid conclusion, Later
apﬁl‘cations made on %ayta and 20, June 7 alsd did not show any noti-
cesble affect on fruit rotention. Nevertheless, with May 4 applicetion,
the effect of NAA increased with increasing concentrations upto 40 ppm.
The concentration effect was signifieant bath at 10 and 40 ppm when
gpplication was made on June ?,'thbugh it was difficult to explain the
weaker 1ﬁflﬁenée_of the intermediate doses, iccording to Sturrock

{(19561) fruit expansion was associated with endosparm formation.

Mallik (1961) reported that NAA at 10 ppm gave the most effec~
tive results inco&parison with water spray and weekly irrlgation with
ten gallons (45 1it) of water until harvest in the cultivar af Langra.~
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The best time for spray spplication was May and according to the“authbr
spray needed to be repeated three, times at,wéekly<intervals,

fpplication of 2,4~D; 2,4,/5-TP =nd NAA each at 20, 40, 60 and
80 ppm on May 5 showed 1arge and signiflcant effect in reducing the
post-set fruit drop in Dashehari. 2,4~p§proved to be the best and gave
a frult retention of 56, 83, 77 and 83 per cent under 0, 20, 40, 60
and 80 ppm concentrations respectively (Singh et al., 1961).

Reo (1961) epplied 2,4-D at 8, 10, 12; 30 and 40 ppm, NAA ab
10, 20, 30 and 40 ppm, GA at 150," 300 end 600 ppm separately and in -
'combiﬁation with 2,4-D (10 ppm) to prevénf the  fruit drop in the Neelum
cultivar of mango and found that 2,4~D at 30. and 40 ppm were effective
in reducing fruit drop to the extent of 50.9 and 52,8 per cent when

cempared with control,

Srivastava (1962) from his investigations on Dashehari cul-
tivar observed that the fruit drop occurred in the first three weeks
~after fruit set and that fruit drop could effectively be controlled
by.Spraying~NAA at 25 and 50 ppm; but the e:fect of NAA at 50 ppm was -
superior to &2ll other treatments.

Chadha and Singh (1963) studied the effect of spray applica-
tions ofdz,b-D; NAA and 2,4,5-T each at’ 20, 40 and 60 ppm onAMay 8 in
Langra cultivar of mango.‘z,h-D at 40 ppm was the only treatment to

cause any significant reduction in fruit drop. .

Roy gt al. (1963 ) reported that NAA and 2, A—D both in concen~
trations of 1, 5, 10 and 15 ppm were sprayed twice on Gulabkhas,
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Himségar, Langra and Bombai mango cultivars to reduce. fruit drop. Ih .'
Gulabkhas spraying of 2,4~D at 10 ppm. end NAA at 5 ppm reduced fruit
drop during 1958 and 1959 reSpectively. 2 4D at 5 ppm reduced the
drOp during 1958 in the cultivar Himsagar and both the chemicals at

10 ppm preved,to be equally good in 1959. Spray application of 2,4—D
'at 5 ppm was the most effective treatment for Langra and Bombai at
Sabour and zn the cultlvar Bombai ﬁruit drop was reduced from 82.9

per cent in control to 60.5 per cent under treatment.

, Acccrdlng to Rao and Rao (1963) in the cultivar ¢f Neelum,
application of 2 A—D at 30 ppm six weeks. after fruit set reduced fruit
drop from 82.5 per cent to 50.4 per cent, In another experiment using
various strengths of 2,4—D, NAA,'GA,and GA + 2, 4~D however, no 51gni~

ficent effect was observed,

| Arora and Singh (1964) investlgated the effect of different
concentrations of 2 Q-D, NAA, 2,4 5-1, 2, 4,5~TP and some mixtures of
'these on fruit /drop of Dashehari and Langra mangoes during 1960~61.
Accarding to thenm plant regulators reduced fruit drop to some extent‘
but the results were not consistent. The promzsing treatments were
2 LD (10-20 ppm), NAA (40 ppm) and NAA (40 ppm) + GA (5 ppm) They
however pointed out that higher concentration of 2,4~D generally in~"
creased fruit drop. -

Chadha.and Singh (196hb)found that the rate of frult drop
was very high in the inltial stage of fruit growth, when development
was very rapid but gradually slowed down as the fruit‘reached a
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substantial size., By 19th/May, when Langra and Dashehari fruits attai-
ned 90-95% of their size, fruit droPKhad almost ceased. Tais stage was
not reached until 9th June in case of Fajri, .a late maturing cultivar

characterized by a longer period of fruit drop.

Singh and Arora (1965) observed that in the mango cultivars,
Dashehari and Langra fruit drop started immediately aftef fruit set
and continued upto the time of hervest, but its intensity decreased
after asbout 4 weeks, The hormonal activity of the seeds was reported
to be greater in the adhering fruits than in the abscisiﬁg frults,
especlally early in the season and fruit drop in eaflier stage was due

to low auxin content,:

Gill end Mukherjee (1967) revealed that 2,4~D at concentra-
tion lower than 20 ppm resulted in increased fruilt harvest by 30 to
50 per cent over control in the cultivar of Bombay green at'Delhi con=
dition when spraying was done in the last week of April. In case of
Chousa, application of 2,h~b, NAA‘and 2,4,5=-T as aqueous sprays in
concentrations ranging from 5 to 60 ppm weré further made and 2,4-D

proved better than other chemicals.

In en experiment Langra plants were sprayed with 5, 10 and
25 ppm.of NAA, GA and Z,A,E—T once, twice and thrice at.full bloom,
pea and marble stages. Only NAA at 5 ppﬁ caused significantly higher
fruits retention when sprayed at all the three stages. In the aﬁother
experiment GA and NAA were sprayed on 'Langra' cultivar in concentra-
tions of 25, 50 and 100 ppm aﬁ fuli bloom stage, no significant res-
ponse was however obtained (Teeotia gt al., 1967). |
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In an experiment mengo plants of the cultivar Khasa were
spreyeo with 4 levels of plenofix at 15, 30 or hﬁ‘daye after fruit
set. Among the 4 levels of planofix the most effective one was 1.0 ml
.élahofix‘per gallon when sprayed after 30 days of fruit set (Jagirdar
and Choudry, 1967). |

" Veera and Das (1971) sprayed 2,4-D, NAA, GA or 2 4,5—T each
at 10, 20 or 40 ppm 4 times on Bagenapalli cultivar of mango. The
treatments partioularly NAA at 40 ppm increased fruit size and weight.
.Excepting GA, other treatméents proved effective in increa51ng T.S. 3.
and ascorbic acid contents of fruits and the maximum values were atta-
ined with the highest rate of NAA and 2,4-D, respectively. The highest
and lowest.titratable acidity were cobtained with the treatments 40 ppn
2, 4=D and 10 ppm of G4, respeotively.‘ T.8.5./acid 'ratio was markedly |
reduced by 40 ppm GA and it was the hlghest with 40 ppm NAA,

Prasad and Pathak (1972) reported that when newly set mango
fruits were sprayed with methyl ester of NAA at 22, 50, 75 or 100 ppm
fruit retention was more. Maximum retention was had with the lowest

concentration.

According to Maurya et al. (1973) three growth regulating
chemicals viz., 2,4~D, NAA and 2,4;,5-T each at 20, 40 or 60 ppm wefel
sprayed after every 15 days:frOm pea stage to harvest mafurity. 2, 4=D
at 20 ppm retained highest percentage (8.4%) of fruits followed by
40 ppm of the. same.fegulator whereas under control retention was only
5%, Al the treatments retained smgniflcantly higher per cent of fruits
exoepting 2,4,5-T at 60 ppm. |



15

According to Kelyanasunderam (1974) in Mulgoa mango, initiszl
fruit set’was)11.25,fruits/§anicle‘and uitimateiy 98.65% fruits dropped.
The aqueous spray of 2,4,5-T at 10, 20, 30, 50 end 60 ppm on three week:
old fruit bearing panicles did not have any effect on fruit drop,

Rao et al. (1976 ) from an exgerxment conducted in Lucknow
‘T'eported that spraying of growth reterdant Alar at 100 pp was effi-
caclous in cnecking fruit drop in Dashehari cultlvar of mcngo at;pea

‘stage of the fruit.

=Singh end Singh (1976) reported the favcuraﬁle effects of NAA
and 2, 4-D in checking fruit drqp in Langra. Among ‘the various doses
used in the trial NAA at 10 ppm and 2, 4—D at 10 and 15 pp caused the

maximum retention of fruits.

Lelyveld end Oostrum (1978) stated that spraying of mango
.trees with silver nitrate prevented fruit abscission by inhibiting
peroxidase activity. They fbund that silver nitrate was associated

with ethylene production in mango.

Aravindakshan et al. (1979) sprayed planofix (COﬁtaining NAA)
at 10, 20 or 30 ppm on Neelum cultivar of mango twice at 15 day inter-
vals in the Ist, 2nd or 3rd week after fertilization during the mus-
tard, pea and marble stage respectively and found that pleanofix impro-
ved fruit set.over the control. The most effectivé stage fbr.applipép

- tion was the marble stage which gave 28,2 per'cent fruit set at the .
optimal concentration (20 ppm) and 27.8 and 24.0 per-cent at 10 and
.30 ppm. respectively as against 19,28 per cent under control.
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' NAA and 2,4-D each at 5, 10, 20 and 40 ppm levels were tried
to find out the effective dose for control of fruit drop (A4nonymous,
1979 ). Zotbpm NAA end 10 ppm 2,4~D recorded better fruit retention,

Rajput and Ram (1979) tried with NAA (0, 20, 30 and 40 ppm),
2,4=D (0, 5,‘10 andlﬂS ppm) end GAg (0, 10, 20. and 30 ppm) to study
their effect on fruit set;ufruit-rétention and fruit quality of Langra,
Dashehari éhd Fazri &ultivars of ﬁango. Thesé chemicals when sprayed
thrice at 15 days intervals significantly increased fruit aet, fruit
retention and fruit quality, Higher concentration had better. effect°

According to Ram and Sirohi (1979) plant growth regulators:
were sprayed on panicles and foliage when fruitlets were at pinhead
and pea stage in ¢vs. Chg;éa and Dashehari. They observed that number
of mature frults harvested in treated ones always increased by more

than 1% times over controls. -

From a two years ér&udy with NAA and 2,4-D (5, 10, 20 and 40
ppm) Rameshwar and Reo (1979 ) obtained best fruit retention and yield
during 1977 by applying NAA fbllowed-by 24 4~D both at 20 ppm concen~
tration. During 1978 both the chémicals at‘5’ppmuexhibited better
retention and yield, The lowest frﬁit drop of 94% was recorded with
2,4=D at 20 ppm during 1977. . - n |

- Rao et al. (1979) cohcluded that urea at ‘2% appeared to be
beneficial in controlling fruit drop while 4% increased drop in Dashe-
hari. But in Baganpalli 4% urea was also beneficlal, In ancther expe-
riment they fcund that three sprays of Gibberelllc acid helped to
reduce fruit drop in Dashehari.
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Singh and Paﬁhak (1979) observed that plant grcwth regulas
tors produced differences in respect of percentaoe @f frult retention,
size, weight and quality of fruits. NAA at 15 ppm was effective in |
retaining highest peroentage af fruits fallowed by NAA 20 ppm. ‘

Singh and Rem, (1983) Qpined that .2mong the several chemicals
applled at three different stages on 12 year~old trees, NAA at 40 ppm
gave the best fruit reteqpigg when appligd at the pgeblopm stoge. At
theﬁpeafétgge_qcc (ghlorpmequat) at 200 ppm gave the best,regult,and"
at the marble stage AgNO; at 200 ppm recorded maximumffruitigetention.

I1I. Physico-chemical changes during growth snd development. -

Physical changes 3

'  Maﬁgo takes about 3-4 months from the time of fruit set to
maﬁurity and ripeneés (Singh, 1978). Physico~chemical changes during
thelr progressive deveiopmént Stages have been studied byldifferént"'
workers in the various parts of the wbrld;‘Increase in fruit welght
during developmental period was studied by'Mukheraee.(5959)¢

According to Aﬁen%anarayanan énd Pillai (1968)~the fruit

naturity period of 16 cultivars studied by them varied from 83121
days 1# the.ﬁain éeasoﬁ aﬁd 407~137 deys in the 6£fﬁ$eaéoﬁ in the dis=-
trict of Kenya Kumari, In the cultiver of Lengra the frults attained
their maturity in ?1&»116 days from fruit set at Basti conditlon
(Teaotla et al.,1968) Rao et al (1970) worked with the cultlvar of
Baneshan and found -that in earlier fruit developmental stages, the sep
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exuding from stalk on pioking the iruit was thin, opalescent, afomatic,
oily and gummy.'As fruits devélopéd, exﬁdate-became thickar, colour-
léss'and lost its gummy chéra§ter but retained 1s oily feel. Krish~
namurthy and Subramanyam‘(197d)~con31déréd weight of mango'fruits és

a paramé%er for‘determiniﬁg optimum maturity of Pairi mangoes and |
‘according to them the welght of a mature fruit should be 260+20 g and

" the colour should be olive green. Lakshminarayana et al.(1970) obser~
ved that the mange fruits cVv, Alphanso -continued to lncrease in welght
until harvest and the fruits reaohed harvest maturity in 16 weeks |
after fruit set. Menchu (1973),fougd'thatlin'mango fruits cv.Memey the
'ha?vesting time was reached in 90 days~éfter fruit set thouéht the
frult attained thelr greatest size snd welght 60 deys after fruit set.
The pH level of exudste from the stalk end of both Deshehari and Len-

- gra graduslly fell at the later picking dates as reported by Mann et
g;;(1975). Mann end Singh (1976) found thai lentiCel.numbefs/unit area
declined with increasing frult msturity of Dashehari, but with Langra
they remained falrly constant, Palatability was associated with later
picking with both the cvs. and was accompanied by a'éhange’in lenticel
colour from creamy white to brown, Melevski et (1977) advocated
skin colour of fruits as a criterion to Judge fruit maturity incase of'
Haden mangoes. In two. year studies with the cultivar Dashehari, Shukla
and Baqpai (1978) observed that the optimum time of harvest maturity
was 92 days after fruit set and they found that skin colour and len-~
ticel characteristics were the most préoﬁigai maturity determinats,

- Mature fruits were characterized by scheele's green skin colour
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sccompalned by a Light yellow blush and the lenticels being primrose
‘yellow..Dabhadé éﬂé‘Khedkar (1980) observed incféasé'in'fruit size |
and weight;unﬁil the stage of maturity.
‘Chenge of sQecific gfévitx :

Popenoe and Long: (1957) observed that specific gravity of -
'fruit was related to fruit maturity in mangoes. Popenoe et al. (1958)
reported that the starch content and specific gravity of hard fruit.
and the total solublé,soiids of soft fruit were closely associated
with maturity of Haden and Zill.méngoes. Specific gfavity of frult
Waé used as an 1ndex‘bo determine the harvest maturity in'mangoés-
by Mukherjée (1959 ). In the cultiver of Langra, the specific_grayity,
acidity and starch gontent were considered relevant in predicting |
maturity, while the stareh:agidity ratio provided a good index for
harvesting accérding*td Téaoiia_ggigl. (1968)‘ Jacébb(1970)hebserved
specific gravity of 1.02 at harvest maturity in Haden mangoes. Accor-
ding to Gengwar and Tripathi (1973) in the Cultivar of Dashehari and
Langra ﬁﬁdar Basti conditian, the specific gfavitﬁ ofAnewly set frults
were high and specific graVity.deqreased rapidli duripg the first -
‘month but increased againwuntilzmaturityAabout 5 weeks laters Singh
et al. (1976aﬁobservéd that in the cultivar of Neelum specific gra-
vity of 1,037 determiﬁe thé fully mature stage.

Chenge of acidity ¢

The changing resyonbes ‘in acidity of mango fruits during
.

their gradusl progress of development have been studled by nuaber of’
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workers. De and,Debnath‘(1966) reported that a local cultivar of
mango in East Pakisten anwedvgradual_increase in titratable acidity
until near maturity, atter whichfaci@ity decline with ripening. |
Acidity in the flesh rose from 2.17 per cent in smell fruit to 3.05
per cent at near maturity, but during matufaﬁion and riéeniag stage
the acidity decreased to 0.7 per cent. The concentration of citric
acid and malic acids decfeased in Alphanso mangoes during ripening~4
‘according to Modi and Reddy (1967). -

Teaotia et gl. (1968) in the variety of iangra found tha£
acidity and starch content were relevent in predicting maturity,
while the starch:acidity ratio provided a good index for maturity.
In the variety of Alphanso the acidity reached a pesk value during
the 7th week after fruit set and declined at harvest (Lakshminarayan
- et 2., 1970). Askar et al. (1972) carried out studies on three
growth stages in the cultiver of Pairi, Zibda and Baladi end found
. that in the first stages the acidity rose while in the 2nd stage it
decﬁeaséd gradusglly. Gangwar and Moti (1974) ?eporﬁed that starch
and acidity which had en impect on maturity renged from 6.12 to 11.72
per cent and 0,115 to 1.689 per cent reépectively. They also found
that change of colour, specific gravity and starch content were the
most eppropriate parameters to predict the proper ﬁime_of harvesting.
Baqui et gl. (1977) found changes in the different type of acids in
mangé‘fruits during their,deveiopment; According to them, throughout -
the maturation of mango fruit, citric and glyoxylic acids increased
steadily.:és the fruits matured the levels of isocitrate lyase, malsate
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‘lyase and =lanine: glyoxylate aminotransferase increased and reached
maximum values before the time of harvesting., At and after harvest
the 1evels of malate lyase and elmine:glyoxylete aminotransferase
begen to decrease but the level o.f: isocitrate lyase remained high
until after harvest. The emounts ef gitric and glyexylie aclds degw
reased when the fruit ripened e:t‘ter haz;vest, Sarker et al. (1979)
studied bilochemicdl changes 'et‘ six stages in the Fazli, Gopalbhog end
a local cultivar and found, that tartaric acid content eras neéatively
“correlated with sugar content at,,'eerly stage of ripening but in the -
‘.-l.ater stege-citrig acid was. very-_;mpertant for suger synthesis,
‘C’hang"es of starch content $. |
R Mengo fruits are rich sources of carbohydrates end various
j experiments have been carried out by d:.fferent investigators on then
"during 'hheir pmgressive developmental stages. Popenoe and Long(1957)
while wnx'king wit;h Floride mangoes observed. a reguler increese in
»,starch cqntent with maﬁurity but according to them it could not be
ueed as a »commerei“ai ﬁzeas,ure of maturity. ‘Leter, Pepenoe et al, (1958)
opined that in the cultivar oi‘ Haden and Zill mangces the stareh con=
tent and specific gravity of hard fruits were closely eseociated with
mengo maturity end the direct meas_urement of the percentege of starch
in 'ihe flesh was the best.method for estimating the degree of maturity
_in hard green frult, Continuous accumulation of sterch in the frult
pulp upto preripe stage was repb‘rif:ed.by Mukherjee (1959 ) and accor=
ding to him starch 'centent might prove useful in determining the time
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for picking, Tesotia gt gl. (1968) end Gengwar eand Tripathi (1973)
reported that starch content of mango  frults were relevant in deter- |
-mining the time of maturity in the cultlvar of Lengia, Singh‘ggrg;;x
;(1976a)stu@ied.ﬂeeldm mango frults in.which highly significant corre-
.létionAbetwéen‘spepiiic gravity and;étarchtcenteni,existed during-
maturity. In the cultivar Dashehari, Tandon and Kalra (1983) observed
:that.starcn accum@lation was slow at first, later increased with cdn;‘
.copltant agcelefation of emylase activity. Starch content and amylase

-activity, declined after 91 days,qf:gpowthﬂ

Chen es of T.5.8, end sugar content 3

Popence et gl, (1958) studied blochemical changes in the
Haden and z111 mangpes'and*fdund'fhat total'soluble solids of soft
mango frults were cloSﬁly‘agsociaﬁed with mango maturity'ag.indicaa
:ted by palatabilimya'Mukherﬂee (1959) feported sbsence of any sys= .
temlc trénd‘in sugar content of fruiﬁs during'fruit development. The
pér@eniage of reducing sugsr was seversl times higher than that of
the ndpmredu¢ingpsugar‘through out the périod of deyelapment.fDevand--
Debﬁath.(1966) observed that total sugars in the pulp of fruits
.increaséd frgm-3.1Ato'9;h5 per cent during ripening and 1.94 per cent
of it consisted of reducing sugsrs. In the cultivar Kenchamitha, the
sﬁgar,content rose from 0,48 to 2.6 per cent and neéarly all of these.
were reducing sugars, In Alphanso mangoes the sugar content of fruits.
declined throughout the péricd of growth, .Reducing sugars were pre-
seﬁt in higher concentrations than non-reducing sugars and accunula=

tipn of starch continued with gréwth and development, Lakshminarayaﬁa.
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et al. (1970). |
Krishnamurthy and Subi?amanyam (1970) reported that suger B
accumulation was meximal at aboﬁt the ‘time of the climacteric péak,
in respiration and sucrose was the predominant suger in the cultivar
of Pairi. Askar et gl. (1972) demonstrated three growth stages in -
the mango cultivars, viz,, Pairi, Zibda and Balédi.» In the first
stage, smong other constituents starch and sugar content declined,
During the second stage shérp rise in s'tarph ocpurx%ed and during
third stage, ripening was c’haracterizgd by a sharp drop in starch
with a Shar‘p*rj.se in sugar”s, Total soluble sollds gradually inéréased ,
during their' growth and ripeniné in the cvs. Pairy, Zibda and Baladl |
( Askar et 8l., 1972). Gangwar and Tripathi (1973) carried investiga-
tions on Dashehari and Langra mangoes and reported. that content of |
total soluble solids increased during growth. Organcleptic tests
showed a correlation between quality end total soluble solids content.
Kapur (1974) worked with Dashehari, Safed (Malihabad ) end Semar
Bahisht oultivars of mango and observed tha‘t sugar content was at
low 1evel in the young frults end there was very little rise in sugar
as 'the fruits grew in bulk and weight and the ascorbic ‘acid content
was at highest level in 'the young fruit and rel atlvely more amount
occurred in the skin, As the fruit grew, there was a gradusl loss of
reducing sugars and ascorbie acid, ‘ﬁazumder (19‘76) worked with Himsa-
ger, Sorikhas end Péyaraphuli. mangoes found that in the early stage
of glevelopmeni; the sugar content was highés{t; in Peyarephuli but at
later stages the sugar éontent was highest -ii;'Himsagar. in the' Neelum
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mengoes Siﬁgh et gl (1976a)found highly' Signifid'ént correlation
between T. S;S. and total sugar -eonteﬁt, specific gravity end total
sugaers and specific gpavity and starch c,on*hént during the maturity
of frults and fruit méi;urity was characterized by specific gréﬂty
1,037, T.8.8. 11.6%, totel sugar 8.1~8.2% and starch content 6.6~6.7%.
S:‘mgh et al. (1976a)obsemed, a highly sigﬁii‘icant cori'elétion‘ between
total soluble solias and total sugar content in the cultivar of Neelum
durmg ripening and the fully ma‘cux'e fruit contalned 11. 6% T.S.S.
Accordmg to Chattop adhyaya st 2. (1978 ) reducing and total sugar
centents of the peel and flésh of both Himsagar and Bombal cultivars
mcreased markedly auring harvest, accompanied by a sharp decline in
po;ysaocharide contentj._ ‘Bugar contents were higher in the. flesh- than
in the peel, - Aocording to Singh gt gl. (1978) the specific gravity,
T.S.8S. perceutage end starch:acid rat:i.o were ‘clmex best indices of ma‘bu-'
rity in the ‘eultivar of Taimura and Sukul. Debhade and Khedksr (1980)
pointed aut T.5:8. mcreased gradually during frult grom;h and matite
rity, Sharma and Biswas (1981) reported the highest T.S.S, contents in
the cvs, Himsagar, Bhabani Chawras, Misarikant and. Ranibhog during
their maturity. They also repor'ted (1981) the highest per cent of
total sugar in the: cultivar of Chakraborty Khas (30,3%)., Dashehari
mangoes at each successive picking ‘Stage had higher B -carotene, total
soluble solids, reducing and»_totel sugar contents as reported by

Kelra and Tandon (1983 ).



25

Changes of ascorbic acid content 3

Spencer et al. (1956) while working with cvs. Amini, Mulgos,
'Pico and Turpentine (native) observed that vitamin C content of frults
followed a downward trend and it declined from an average of 88 mg to
22 mg end the decline was most during 5 to 10 weeks after frult set. . |
The final 4-6 wégks of fruit maturation was accompanied by little
changes in ascorbic acid content, They also reported that highest
consentration of vitamin'C in ripe mangoes was present 1nlthe peel
and in the flesh adhering to the huské compered to edible portion.
-Singh and Chadha (1961) reported that ascorbic acid content of Langra,
Dashehari and Fajri frults decreased during the first 7 weeks after
fruit set and then remsined at a fairly constant level upio harvest,
They salso found that ascorbic acid content decreésed with increase in
fruit size and also with little of-too much sunshine. Askar gt gl.
(1972) working with the cvs. Pairy, Zibda and Baladi in three growth
stages, observed that'the‘vitaminke content continued to féll gr adu-
allf. Gangwar and Tripathi (1973) reported‘that ascorbic acid content
increased during growth, The,ascorbié-acid was at highest level in
the young fruit and was relatively more in the skin but gradually
decreased during fruit"growth (Kspur, 1974). Mukherjee and Tewari
(1979) reported that the ascorbic acid content was high at the marble
gtage and deelined at the start of stone stage in the cultiver of
_.Lengra and Dashehari, Thomas and Oke (1980) found that the vitamin C
level in the peel.of mature unripe Alphanso, Deshehari, Lengra end
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Pairi mango fruits were at 199-214, 131, 542~597 and 250 mg/100 gm
fresh weight reSpectively and corre3ponding levels in the pulp were
t/89-103, 30, 114—-1#3 and 41 mg/ 100 ga, The ascox‘bic acié conten'h
was high at initial stage of Totapuri and Pairi mangoes wnich decreap
sed during growth and development as reported by Dabhade and Khedker
(1980)



CHAPTER—III

MATERIALS AND METHODS



MATERLALS AND METHODS

@ erimental . smg‘ s

The experiments were carried out at the Mange Research
‘Cen'bres c:ﬁ Bidhan Chandra Krishi Viswavidyalaya located at Mathura—
p‘ut‘ and Ratua and in two pri\rate erchar'ds at Ratua and Najirpur. in .
the district of Malda, West Bengal. The location ef the jexperimen~
tal site was 8‘7%5'50" E longitude end 240401 20" N latitude in the
no,rthern hemisphere with an altitude of 25 ‘metres gbove the , sea

19V€lo
Climatic condii:ic)ns :

' The climatic condi’cions prevailing during the pem.od of
investigations ‘a8 observed and recorded at.the Malda meteorological

observatory are presented in Table Te

'Soil eondition of the e;g:erimental site :

The soil of the experimental site was sandy 1oam in texture
' and sufficien‘bly deep. The soil samples were collected from the mango
orchard gt several 1oca'bions of the experimental crcherds at 30 cm
depth. They were then mixed to make a composite seample for . analysis.
The analysed data on soil nutrient status of different orchards are
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_-Table 1. Monthly record of mean temperature, rainfall and relative

humid:.ty during ~t;he period from June, 1982 to August, 1985.

: Temgeratureg eC 2

onths * Rainfall RoH. (%)
. Maximum Minimum (mm) ~ Maximum Minimum
1982

June 33,31 25,11 240.3 90.33 72,30
July 33.06  26.58 155. 4 91.06  71.6
hugust 31.92  26.02 345,9 92,64  77.87
September.  30.08  25.29 118.8 92,26  68.70
October 31,98 21,02 48,3 93.61.  55.71
November 28, 41 17. 16 20.5 95.33 56,95
December 24,82  10.88 Nil 94,56  47.20
1983 ,

Jenuary 20.86  8.83 47,6 94,66  47.10
Februeary 26,52  -10.73 3.3 89.07  35.21
March  31.85  15.32 6.3 80.83  27.71
April 33.96  19.96 29,1 74,03 43,85
May 34,18 23,29 84,9 85.43 59,70
June 37,01 26,23 139.8 82.57  56.53
Fuly 35,28 26,13 2513 92,71 75.61
August 32,26 25,88 114.8 91,56  75.00
September 351.73 25,73 259.6 93,83 | 78.80
October 30.66 22,38 115.1- 91.15  67.70
November 28,97 . 16.59 Nil A9é.81 47. 44
December 24,30 10.85 54,3 92,07 48,43

COh'td. ‘e
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Contd...Table 1.

Months Temperature(°C) Rainfall R.H. (%)

Meximum Minimum | (mm ) Maximum. Minimum
1984 |
Jenuary 22,82  10.33 52.6 95.26  49.80
Februery 25,41 42,01 18,3 85.31  4b,37
March 34,00 17,04 8.7 84,57 31.76,
April 36.74  21.66 15,2 82.20  36.03
May 33,55 24,41 be.b 87.16  61.96
June . 32,0 25.76 24,7 90.45 76,16
July . 31.81 25.50} ’268;9' 94.25 79,50
mgust 3249 25:96 195.3 92,61  76.61
Sep;bember 31.58. ‘24.‘84 202.6 94,90 - 74,10
October 31.87  22.56 57.2 91,41 63.54
November 28.88 | 15,24 Nil 87.66  45.76
December = 25;62 10470 2.5 92.87 l&Z‘)".M
1085 . ) " o
Jamary . 25.19 10,71 Nil o423 . 42,38
Februery . 26,12  11.64 11,4 90.82  40.82
March 30.25 16412 . 31.5 83,58 44,09
April 35,15 20,77 2.6 81.25 42,10
May . 39.18  24.62 73.2 Th3T  37.4h
June . 33.82  25.90 183.2 89.21  72.24
July 31,91 25.74 418.3 93.05  80.35

hugust 32,30 26,02 409.8 90.61  78.00
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presénted below.

Nutrient content of the soil’

- Mathurspur . . Najirpur: - Ratua’
1) S_ou. pH 7.6 7.2 A
11) Organic carbon (%). . . 0.4k 0.52 0,49
111) Total nitrogen (%) . 0,05 0.03 . 0,04
.iv) Aveilsble phosphorus . 26 28 25
(kg/ha) E
v) Available potash(kg/ha) 377 298 325
~vi) Aveilable zinc (ppm)- - 6,45 6.31 7.38
vii) Available iron (ppm) 64. 45 65,01 60, 34
viii) Available boron(ppm ) 16 ‘41.6 ~1.70
ix) Electricel condug= 0,13 0.10 0,12

tivity (mmhos/cm)

Duration di‘ the ‘exp erimen‘h_ 3
The expemments were laid out in October, 1981 ‘and contlnued

Py

fer faur consecutive years upto 19854
Materisls ¢ . ’
The investigations were carried out on mango trees of cultz.~‘
vars Fazli and Langra which are abundantly grown in Malda. Four-—year
old young plants and 30 years old bearing trees of Fazli were selec-
ted for the study. To c.ai-ryou'b fhe experiment‘ on bhysi,éowhémical
changes during the growth and development of Lang‘ra, fruits were
collected from 'l:hﬁ; healthy plants of 30 years in agea. "
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Experiment Ia : Effect of three levels of zinc, iron and boron
~ 2nd_their interactions on growth, flowering, yield
. and fruit guality of young: mango oV, Fazli..

Age of the plent - 4 years. (atthe time of stax“ting the |
experiment)

'Design - Randomized Block (28 plaits/bl’csck) |

Treatmerts - Factoridl with one augmented control (27+?)
‘Replication,- 3 , ‘

Total number of experimentsl plants -.84

Specing - 12 m'x 12m |

0.1%  Zn, 0.2%  2Zny 0.4%

Nutrients and doses - 'Zn,
Fe, 0.4% Fe, 0.2%  Fey 0.4%
B1 0.1% BZ Q.’)Z% .83 0. l!-%
-Forms of nutrients :
n as zinc sulphate
 Pe as ferrus.sulphate‘
B as borax
Treatment combinations : |
Zn1Fe1B1 UanFe,} 1 an,Fe1 1
Zn1Fej 5 ZgZFe1 2 Zn3Fe1 2
aqFe, By Zn,FeqBy ZnzFe By
énqFe, B, ZngFe,By ZnsFe,By
ZnqFeBy Znyfe B, Za5FeB,
20, FeBs Zn,Fe,Bs 203Fe;By
Zn1FeBB1 , ZnZFeBB1 ZnBFe331J



‘Timé of nutri‘en‘t-' pr*ay applica‘tion‘ - -Juﬁe‘énd Octdbéi*'.
Before spraying the micronutrlent soluticns were. ad.gus’ced
to a neutral reaction by adding required quantity oi’ 1ime.
| , Besides felier spray of micronutrients, NiP:KK- @ &0{} &s
200 g and 400 g per plant were gpplied in two-equgl split doses,
Half of ‘the total quantity wes gpplied in the month of June ‘end the
renaining helf in the month of October.

Irrigation ¢ .

Irfi‘gé‘éioh was ,giy?én during the period of investigation as
and when required. |
Weeding :

The orchards were ploughed twice and the base of the trees
upto the drip line was kept more or less free from weeds by menual
weeding,

Experiment Ib : Effect of ‘three l’e'{rg:_l_..s.of zine, iron and boron and .

their interactions of flowering, yield snd fruit
quality of besring mango trees cv, Fazli. '

. Design. 'Rendomized Block |
Treatments - Factorisl with one augmented control (27+1)
Nutrient and doses - Same as’ E:xperiment Ia,
Replication -3
Age of the t\:“ees - 30 years
Total number of e@erimental trees - 84
Spacing « 15 m X 15 m
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Treatment combinations -~ Same as Experiment la.

Time of spray application ~ June end October

Besides foliar epplication of milcronutrients, N:P:K @ 1 kg,
0.5 kg and 1 kg fertilizers 'per' plant were gpplied ir; two' equal split
doses, Half of the total q!iantity was applled in the month of June
and the rest helf in the month of October, | ' |

.~ Plent pi'otection :

Insecticides and fungicides were sprayed from time to time
to keep the pests (mango hopper, mealy bug, fruitfly, shoot borer,
termites- etc, ) and diseases (powdery mildew, anthracnose, diplodia

stem end rot, leaf blight etc. ) under control, -

Experiment II : Effect of 2Zn, Fe and B incombination with urea on
~ vegetative growth, flowering, yield and fruit
quality of mango cvs Fazli.

Age of the plants - 4 years (at the time of starting the
experiment)

Design ~ Randomized Bl_ock
Treatments = 7 |
1« Zn 0.2% + 1% urea
2. Zn O. 4% + 1% urea
3. Fe 6.2% + 1% urea

L, Fe 0.4 + 1% urea
5, B 0.2% + 16 urea
6. B 0.4% + 1% urea
7. Control.
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Replication - 4

Number of plants under each replication - 1
Total number of experimentei plants - 28
Spacing - 12 m x 12 m ‘

Time of spraying -~ June and October.

Besides foliar application of micronutrients and urea a
normal dose of N:P:K @ 400 g, 200 g and 400 g was spplied in two
split doses in the month of June amd October.

Irrigation : , ’
The plants were irrigated .as and when required.

Weeding :
The orchards was kept more or less ‘:f,‘ree from weeds by plou-

ghing and removing the weeds manueglly.

Plent protection i

Regular plant protection measures were taken to control

. pests eond diseases.

Experiment III : Effect of different chemicals on fruit retention,
yield and frult quality of mango cv. Fazli, ’

f&gg of the trees - 20 years
B;Jesig:i =~ Randomized Block
Treatments .- 11
| " 4.. Gibberellic acid = 20 ppm
2. Gibberellic acid -~ 40 ppm | _
3. 2,h—dichiorophenoxyacetic acid - 10 ﬁpm.



35

4, 2,4-dichlorophenoxyacetic acid - 20 ppm

5. Naphthaleneacetic¢c acid - 20 ppm

- 6, Ngphthsleneacetic acid - 40 ppm. (

7. 2,4,5~trichlorophenoxyacetic acid = 10 ppm?»;;;;‘
8. 2,4,5«trichlorophenoxyzcetic ac.id « 20 ppm
9, Mmon ( a 'formu;ation of NAA)“w 500 ppm |
10, Almon ( a formulation of NAA) = 1000 ppm

11. Control.

Replication - 4

Number of plants under each replication - 1
Total number of experimental plvan't‘s - LT}

Time of s raying
Two spray applicat‘ibns were made., First spraying was done
at-pea stage and the second spraying was done at marble stage. The "
chemicals were gpplied in agueous’ solution by tboraughly drenching
the whole tree,

Cultural practices :
Selected plants were manured with 50 kg of well rotted cow-.
dung manure and N:P:K @ 500 g, 250 g and 500 g per plant per year.

Regular plant‘ pmteotion measures were adopted.

Experiment IV :

ment of fruits in cvs. Pazli and Lan@ .

Design ~ Randomized Block
Replication = 3
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Number of 'fi:'uiﬁs in each sampling - &4

The physico~chemical changes taking place during various
stages of frui't development in cvs. Fazll and Langra and their chemi-
cal compesitign{wgre_recorded at 15 days int_erval stgrting from mar-
ble*stageA gf i‘rpi*l; growth,

Obgervations and collection of data :

The following steps were taken in reccrd:.ng data.

- 4. Plant height
" Data on plant height was measured from a fixed point at the
ground level to top flush by means of a measuring pole and a ladder,

2, Irunk girth : ‘
' The girth of the trunk was measured by measuring tape at

the marked fixed point above the ground level.

3. Spread of the crown :

Spread of the crown in east-west and north-south direction

" were measured by measuring tape,

4, Percentage of flowering :

Flowering percentage was recorded when the plant was in
full bloom stage. |
5. Sex ratio :

In the full bloom stage 4 panicles per plant were taken
from different locations on the plant., Male flowers and herméphrodite
flowers were couii’céd and ratio between male:hemaghméite flowers

were deterx'nined.
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6. Percentage of fruit retention :

Fz.rst count was made befcre Spraylng and subsequent data
.were collected time to time at each spraying ‘o calculate the per-
_centage of fruits retamed.

7+ Number of frults per plant :

Total number of fruits were counted per plant at harves-
ting time. L
8, Welght of frult :

Ten fruits were taken from each plant randomly end :everage
weigh‘t was recorded.
9. Yield ¢

The yield per plent was calculated by multiplying the fruit

number with average weight of fruit.

.10, Size of the frult::

Length end breadth of fruit were measured with the help of
a measuring tape,

11, Specific gravity :

Spec.:.fic gravity oi‘ fruit was determined by diSplacement

of water,

' 42. Pulp:ifruit ratio :
Pulp:fruit ratio was calculated by dividing the fruit weight

. by pulp con'tent of tha’c fr-uit and pulp content was determined by. subs-—
tracting stone weight end peel weight from fruit weight.
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13, fbta; soluble sollds :

Total soluble solids (T.S.5.) of frult was estimated with
the help of a refractometer, which was washed with distilled watér,
A drop of squeezed out and strained juice was instilled on the plate
to fecord the refraCtometef reading, calibrated in.°Brix at 20°C,

14, Total sugar :

The total sugar content of the mesocerp samples was deter-
mined by titrimetric procedures, Firstly the non-reducing sugar con-
tent of pulp samples was converted into reducing sugar by acid hydro-
, lysis. After convertion the suger of the agueous solution were
determined by.titraﬁing against the freshly made mixture containing
equal volumes of Fehling's solution A.aﬁd B and using methylene blﬁe
as indicator (A.0.A.C. 1970).

15. Reducing sugar :
The reducing sugar content of the aqueous extract were deter-

mined by titrating against the Fehling's solution as stated above.

16. Non-reducing sugar :

Al

The non-reducing sugar pefcentage of fruit pulp were deter-
mined.by.substracting the value of reducing sugars content from that -
of the total sugars and multiplying the values with 0.95 (A.O A.C.

1970)
17._Total titratable acldlty

The acidity percentage of fruit-pulp was determined by -
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titrating the aqueous extract of known quantity of frult juice
against N/10 NzOH using phenolphthalene as en indicator and the

quantities were expressed interms of citric acid.
18. Sugar/acid ratio

Sugar/acid ratio was determined by dividing the total sugar
percentage with acidity percentage.

19. Chemical analysis of soil :

Methods of analysgg.
a) pH - pH of the soil wes determined with glass electrode
pH meter using soil:iwater ratio 1:2.5.

| b) Organic carbon - Organic carbon was determined by Walkley
and Black's method as described by Jackson (1967).

¢) Cation exchange cgacitz (C.E,C. ) - Cation exchange capa-
city of soil was determined accoyding to the method of Schollenberger
and Simon (1945). B

d) Total nitrogen - Total nitrogen of soil was determined

by Kjeldahl's method as described by Jackson (1967). ,
e) Available phosphorus - Available phosphorus of the soil

was determined by Dickman and Bray's (1940) chlorostannous reduced
molybdophosphoric blue colour method in a hydrochloric acid system
as described by Jackson (1967).,

f) Available potassium - Available potassium was determined
by leaching the soil with neutral normal ammonium acetate and esti-

mating potassium by Flame Photometer (Jackson, 1967 ).



g) Availeble zin¢ and iron - The available Zn and Fe of the
soil samples were estimated by extrzaéting t_he. soils wlth .0.005 MDIPA
solution adjusted to pH 7.3 (soilsextractent 1:2) following the method
of Lindsay and Norvell (1978) and determining the concentration of 'thé.
elements in the extrac‘t by an Atomic Absorption Spectrophotcmeter
’(Perkin Eﬂ.mer, Model, 2380)

) Available boron - The avallable boron content of the soil
éa&npies were estimated by ex‘hracting the soil with hot water (copper
distilled ) in ’che ratn.o 1:2: zsoil.water and determining the concen-
tration oi‘ the element colommetrically by Carmin method (Hatcher and
‘W:.lcox, 1950 )

20, Chemical analvsis of leaf and shoot ¢

'a) Methods of sampling ~ In order to estimate the nitrogen,
phosphorus and pc;tassiu‘m' contents of leaves and shoots under diffe- -
rent treatments of experimerﬂ:. Samples were collected in vegetative,

flowering and at preharvest stage.

b) Estimation of nitrogen - N.’Ltrogen percentage of leaves
and shoots were estimated by micro-kjeldahl method (J ackson, 1967).

c) Estimation of ghosghorus ~ The phosphorus con’cent in
leaves ancl shoots were determined by Vandomolybdate yellow colour

method and was read at 6‘70 m /u in a colorimeter (J ackson, 1967 )

d) Estimation of potassium - The petassium content in leaves

and shoots were determined by Elame Phatometery.
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The concentration of N, P and K were expressed as percen=-

tage of dry weight of leaves and shoots.

Method of statistical analysis :

Statistical analysis of the data was obtained by the ansly-
sis of variance method (Panse and Sukhatme, 1978). Angular transfor-

mation of data on percentage was done as per Snedecor (1959) Angle =

Arc,Sin Vpercentage.ﬁ
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RESULTS AND DISCUSSION

Experiment Ia. Effect of three levels of Zn, Fe and B and their

. interactions on growth, yield end fruit guality
of mango cv, Fazli,

Young plents. -
Plant helght : ‘

The data presented in Table 2 revealed that in 1984 and 1985
:plant height increased significantly when Zn and B were gpplied at
higher rates. A reverse trend was, however, observed in 1983, Applica-
tion of O.4 per cent Zn caused 52,74 and 52,07 cm increase in plant
height in 1984 end 1985 respectively. Simi;arly B at the seame conceﬁ~'
'tration glso resulted in 54.41 and 54,37 cm Increase in height in the
said year, The effect of Fe was not significant in all the three years.

The increase in plant height varied significantly@among the
" aifferent treatments of Zn + Fe, Zn + B and Fe + B in all the three
yeafs‘ The highest 1ncreaée of 63,22 cm was recorded under anFeB
treatment in 1984, The same treatment also ceaused 53.77 cm increase
in height in 1985, The treatment Zn,B, augmented the height by 66.22
and 61,00 in 1984 and 1985, respectively., The maximum increases in
height of 62.66 ah§ 58,55 cm were observed when plants were tréated
| wifh Fe,By (Fe 0.2 and B 0.4%). The efficécy of treétments was, how-

ever, less pronounced in 1983,

. Among the various second order lnteractions, treatments

anFe1B3 (64f66 cm ), ZnzFezB, (76.33 em) and Zn,Fe, By (62.66 cm)
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promoted plant height to the maximum extent, reépec;tively in 1983,
1984 and 1985 as cc;mpaz"‘ed_.to 22.66, 42,33 and 46;33 cm under con’crol.-
Apert from these treatments, few other treatments also enhanced the
height significanﬂy. ‘

Trunk grivth ¢

‘A perusal of data recorded in Table 3 revesled that all the
micronutrients used in this: -experiment have brought about significént
veriation 1n enhancing the trunk girth in &ll the years. Among the
nutrients, Zn and B promoted trunk girth with the increase in concen- |
tration, while in case of Fe, the trunk girth was maximum under the
lowest concentration in zlmost all the years. The data also indica'hed
that trunk girth was maximum 1n 1985 and was 1owest in 1983, In 1985,
the highest increase in trunk girth was under O.h per cent concentra-
_tion of Zn (&, 71 cm) and B (4.65 cm) and 0,2 pex' cent of Fe (4,46 cm)

| Like the Individugl effect, the various first and second.
order interactions slso significantly inecreased the trunk girth, of
the véri’oué interactions Zn3F91, :F‘.’.1f13B3 and FeéB3 proved most effective
in this regard in glmost all the years of the investigation. The maxie-
mum increase in girth was noticed with ZnZFe3 5 (3.03 cm) in 1983,
withKva,lFe,lBB (5.50 qm)/ ;n 1984 znd ZnBFe3Ba (5.58 em) in 1985. The
corresponding figures under control were 1,30, 3.43 and 4,34 cm,

_ Spread of the plent heed :
It was revealed from the data recorded in Tebles 4,1 and 4,2

that in 1983 the highest rate of Zn enhanced the spread of the canopy
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, to{the meximum extent in both the direcﬁions.'ﬂovaér. differential
effect was observed in 1984 and 1985 with same chemical, In these
yéars no significant variation was recorded in North-South direction.
Spraying‘df 041 per cent iron proved effective in this regard than
other concentration used in the experiment, in all the yeafs.AIn 1985.
Fe failed to exhibit any significant effect to incresse the spread of
- canopy in North-South direction, As regards the effect of boron it
was observed that as much. as 51.66 and 55.48 cm spbead of the canopy
in East-West direction was noted when sprayed at 0.4 per cent in 1983 -
and 1984 fespectively, whéreas 46,18 cm was noted in 1985 under B2
(0.2%). Bg'treatment showed beneficial effect with reépect to spread
of plant cenopy in North-South direction as compared to other concen-
trations in 1983 and 1985 whereas such effect was obtained under By
in 1984 (62,03 cm).

The various first order interactions of Zn, Fe and B resulted
in significant variation in enhancing the East-West and North»Squth
spread of the plant cznopy. Among the various combinations of Zn and
Fe, Zn,Fe,, Zn,Fe, end Zn,Fe, proved most effective in inbreasing the
spread of the canopy in East-West direcfion, while treatments anFeB’
Zn,Fe, end Zn;Fes showed similar effect in North-South direction in
the year 1983, 1984 end 1985 respectively, Among the interactions of
Zn and B, Zn333’ Zn1B3 and Zn383 treatment, with respect to East-West
‘and ZnsB;, Zn,B; and ZngB, treatments with respect to North-South
direction ceaused meximum spread of the canopy in the years 1983, 1984

and <1985 respectively, The treatment Fe;B; proved effective in all the
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,%years wi?h regard to spreed of canopy in the East-West direction
wheveas differential effect was noted in Nerth-South direction,
fAmong the three years, the highest increase of 80.55 cm in North~
§guth direction was recorded under Fe,By in 1984,

The various second order interactions caused a wide and
significant vafiation among the treatments in all the three years in
both the directions and the variation was maximum in 1983, As mugch
A«as 88,33 and 85,33 om plant spread occurred in 1983 and 1984, respece
- tively under the treatment Zn3F2333 and‘in 1985 under Zn1Fe1‘B2 plant
:SPread was 62,33 cm as cémpared to 40,33, 43.66 end 39.66 cm under
. control in East-Wégt:direction. The same treatments caused 67.33,
92.66 cm spread of canopy in 1983,11984 and 52,66 cm in NofthySouth
directioh in 1985 as compared to‘h7.66,'57.33‘and 45,66 ¢m under CoNw
~ trols | |

Percentage oFf flowering shoots @

The data recorded in Table' 5 indicated that zinc ai: 0.2 and
0.4 per cent sugmented the percentage of flbwéring shoots significently
over 0.1 per ceﬁt in 1985, The effect of Fe and B was alﬁd\HOt'prohor
unced end failed to bring about any signif‘.‘i\can‘b effect in all the
© three years, In the 'on' years (1983mand 1985) Fe at higher‘rates
showedlbenefiéial gifect in this regards, whereas reverse trend was
’observed in‘the 'aff' year‘(jQBh):%The effect of concentrations of B

was not consistent.

I

Among the various first order interactions of Zn, Fe and B, -
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various treatments of Zn and Fe brought about significant vari at:.ons
only 1n 1983. In this year the largest percentage of flowering shoots
(61._0&‘/ i) was obtained under the treatment Zn;Fes. No ‘significant veri-
ation was noted in 1984 and 1985, Interactions of Zn + B and Fe + B

also proved less effective in ’chis r'eépéc‘h;

Tr'ea'tment with Zn + Fe + B caused significantly higher percen—
tage of flowering shoots over control only in 1985 (fon* year). The |
highest number af shoots produced paniole under the treatment Znar‘e'-z3

‘while under control 41 46 per cent shoots produced paniclesc
Sex ratio :

‘I’Teatmen'bs caused wide range of variation in expressing sex
of ﬂowers m the peanicle, Relative number o:r.‘ hermaphrodite flowers
over mele flowers in a panicle was greatest under the treatment
anf‘e1B;‘ in all the years, while development of maie flowers were
promoted with ZnBEGBBB‘ Tregtment :2‘.1;23’@23,1 also showeci a tendency to
reduce the proportion of male ﬂowers as compa;red to other -treatments
: bc:bh during 'on' and 'off’ years, Trees under control in general recor-

ded an increased proportion of male flowers (Table 6).

Number of fruits[gl ant :

The data recorded in Table 7 on the number of fruits harves-
ted per plant indicated that irrespective of 'on' and 'ofi' years,
. Concentrations of Zn end B failed to bring about any significant vari-
ation in fruit number, while treatment with Fe brcught about a signi-
ficent veriation in fruit number. only in 'off' year (1984). In this
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- Table 6. Effect of three levels of Zn, Pe and B and. their

. interactions on sex ratio.

= DiStributioﬁ'of sex‘(ﬁérmaphroaite:male)

Trea‘&rﬁeti%s

C 1983 198& 1985
Zn,Fe B, 120,97 131, 44 111, 67
zn,Fe,B, 116,85 1:1.88 152,34
in Fe1 3 1:2,00 1:5.92 133,45
Zn, Fe B, 131,67 1:2,02 112,37
anFeéBé 1:5.67 1:3.86 1:3.92
ZngFe By 1:7.92 132,39 134,45
Zn1FeaB1, 181,40 132,52 18228
Zn1Fe352 1:7. 42 1:2«53 1:3.67
Zn1Fe3BB 1:1.08 1:4,04 1:3,88
Zn,yFe B, . 1:4.36 134,27 134,56
Zn,Fe, B, 1:1.10 1:2,03 132,14
Zn,Fe By 1:2.24 134,77 1:4.18
anFe2B1 1:1.79 1:1.89 1:2.35
anFeaBa 1:5.01 31:3.60 18377
ZnZFe233 1:1.82 {132.83' 1:2.64
ZnZFe3B1 1:6,63 1:3.02 1:3.75
anFe3B2 - 1:2.8%1 1:2,82 1:2.93
ZnéFeB 3 134,64 115,19 124,36
ZnBFe1 1 1:8,47 1:2,64 132,92
Zn3Fe1B2 1:5.07 182,10 .1:2.85
ZnBFe1B3 1:2,52~ 1:1.42 182.57
ZnBFe2B1' 1:1.42 183,95 123,28
Zn3F62B2 1:1.74 122,35 152, 46
Zn3F9233 1:1.43 1:2.93 1:3. 44
ZnBFeBB 133.51 - 182,97 133.83
Zn;FesB, 181031 135,15 1:4.36
Zn3F63B3. 137,03 135,03 . 135,10
Zn Fe.B 1:5.42

0""070

14,16

1:4,83

-
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year, the number of frults at harvest decreased as the concentration

of Fe incressed,

. Different. intersctions of Zn and Fe caused a significant
variat&bn only in 1985'('on' year) end the maﬁimum numbér of ffuits
(42) were harvested under. the treatment- anFéz. In 1983 and 1984 no |

gignificant variation was recorded, ﬁmong the Interaction of Zn+B and
Fe+B significant veriation was noted onlylinA1983.('0n’ year). The
‘largest number of fruits i.e, 29 an& 32 were obtalned when the piants
were  treated with anBQ ang F@ﬁ 1 respectlvelj. |

In 1983, the highast number of 40 fruits occurred per plent
. under the treatment 2n1Fe333 as agalnst 13 fruits per plant under

control. Treatment £n3ﬁe131 also produced signifieantly larger nuaber
of fruits (38).per plant. -

fruit weigh§

As regdrds the individuel effect of Zn, Fe and B it was
pbserve& that all these chemicals ceused significant‘diﬁferences in
average fruit weight only in the 'on' years (1983 and 1985 ) whereas
in the 'off' year no significent variation was observed. Both in
‘ﬁ983 end ﬁ98§, treatment with Zn at higﬁest:concentretion resulted
| in the production of heaviest fruits but no such effect waslebsarved

in case of iron and boron (Tablé 8). . -

It was also revealad that interactions of zinc and iron,

zinc and boron and iron an& boron brcught about significant variation
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in fruit weight only in the ‘on! years (1983 and 1985) Among the
- interactions, Zn,Fa, (635 66 g), ZnzB, (650.00 g) and Fe331(651 11 g)
caused greater increases In fruit weight as compared to control in
1985. |

While considering second order interactions it was observed ‘
that the average welght of individual fruit was increased by 299.00 g,
135,00 g and 69,33 g under ZnBFe3B2, ZnaFe3B2 and ZnBFe BD over con-
trol in 1983, 1984 and 1985 respectively.

Fruit yield :

The data recorded in Table 9 indicate that Zn, e and B
exhibited differentlel effects in increasing fruit yield. The diffe-.
- rent concentratlons of Zn, breught sbout significant variations in
the year 1983 and 1985 ('on' years) and the maximum yield occurred
under Zns. In 1984, however, no significent variation was noted ex-
cept Fe end the highest yleld was recorded uﬂder when treated with
0.1 per cent Fe and the yvield was decreased as the concentration of

Fe increased.

The interactions of Zn+Fe, Zn+B and Fe+B brought about sig-
nificant variations only in 1983. ('on' year). In other years the
experiment showed no effect. In 1983 as much as 15.75, 17. 96 and
18,61 kg fruits/plant were obtained under ZnzFes, ZnzB, and Fe B,

' respectively.

Similer to the first order interactions of Zn, Fe and B

thelr various second order'interections also augmented the yleld of
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. fruit/plant markedly only in 1983 ('on' year) over control eand the
yleld of fruit varied between 5.29 and 27.75 in 1983. The highest
yield was noted under” ZnBFéqu.‘The corresponding figure under cone
trol was 9.05 kg only. The same treatment also gavé the highest

yield in 1985 (27.44 kg) which was 14.36 kg more over contrel(13.08kg ).

Fruit size (length end breadth)

Data presented in Tebles 10.%1 and 10.2 revesled that in
1985, the length as well as breadth of fruits increased apprecisbly
uﬁder-ZnB*and By, Iron failed to enhance the length of frult signi-
ficantly in &ll the years, Frult breadth was however, fbund 0 vary
significantly only in 1985 under Fe, over Fe,. In 1983 and 1984 the |
concentration effect was not consistent in these regards, Similer

to Zh, the concentration effect of Fe and B was slso not consistent.

The length of fruit varied agpreciably only in the 'on!
years due to treatments with Zn+Fe, Zn+B and Fe+B, In 1984 no veria-
~tion in fruit length was observed.

In 1983 and 1985 the length and breadth of fruits varied
significantly due to treatments with Zn+Fe+B, In 1983 the maximum
length and breadth of 16.76 and 10.96 cm respectively were recorded
under the tgeatment anFQBBZ'"

Specific gravity &
‘A perusal of-data presented in Table 11 revealed that the
concentrations of micronutrients used in this experiment showed no

' consistanﬁ_variation on the specific gravity of fruits. It was also
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observed that speeific gravity of fruits increaééd as the concen-
tratmn of zinec was 1ncreased almost in all the years, whereas a

reverse trend was recorded in case of ircn end boron,

The various interactions of Zn end Fe caused signi:f.‘icant
variation in the values of specifie gravity of frui’cs only in 1983, = .
In other year-s no such variations was noted. ‘However, interatz‘hions

of Zn+B and Fe+B brought about significant variations only in 1985,

» Second order interactions of these nutrients showed signi=
ficant effect only in the 'on' years. 'I‘he highest specific g;avz.,’cy
of 1.120 and 1,086 were recorded in the year 1983 and 1985 un‘der'
-ZnZFe3B1 and 2113Fe1132 re,spectixiely as against 1.936 and 1.066 ﬁnder
con‘hﬁ:‘ol.\ | ' | '
Pulpifruit ratio :

TheAdata‘recorded in Ta’i:le 12, revealed that trea‘kmént_sf

with mictfenutrj,ents p,mired effective' in’ increasing the pwlp content ,
of fruits in both 'on' and 'off' years. In 1983 and 1985, the highest
pulp cpntént was recorded when plants ‘wérfe treated with 0.1 ;per cent
each of Zn and Fe and 0.4 per cent of B and the pulp:frult ratio decr=-
eased to 1:¢1.33 and 1:1.36 es compared to 1:1,45 and 131,52 ‘under cone
trol in the 'on' years respectively. In the year 1984 ('off! year_)
treatmexi't with Zn,Fe,B, decreased the ratio to 1:1.38 while under é‘@n—e
trol the ratio was 1:1.48. ‘

' Total soluble solid (T S. S ) ¢

‘The data on total soluble solid contents of fruit as
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Table 12, Effect of three levels of Zn, Fe and B and their -

Pulp:fruit ratio

- interactions on pulp:fruit ratio of mengo cv.Fazli.

Treatments

1985

- 1983

- 1984

1:1;40
131,53
18136
181045
131,38
139,43
131,48
11,6k
121,42
131,45
181,44
131,52
1:1.49
131,46
131,43
1:1,50

131,48

121,51
© 131.38

1:1.38
1:1.51

Zn1Fe1B1

1:1.37
121.59
131,33
1:1.48
1:1.34
1:1.40
131,45
13147
1:1.34
1:1.57
181,47
1:1.53
131,42
1:1.48
131,41
1:1.55
1:1.48
1:1.48
111433
1:1.51
1:1.42
1:1. 44

Zn,FeqB,

131,47
1:1.49
131.47
1:1.42
1:1.42
1:1.41
1:1.50
1:1.39

Zn1Fe1B3

Zn1FezB1

Zn,lFeZB2

zn,Fe Bs

Zn1Fe3Bd

Zn1Fe3B2
Zn1Fe3B3

,anFqu1

1:¢1.47
1:1. 44
1:1,46.
1:1.39
121,46
1:1.42
181,47
1:31.42
131,45
1:1.52
1:1.50
1:1.54
181.50
1:1. 47

1:1.48

an'Fe1B3

ZnZFe2B1‘

ZnaFeZB2

Zn,Fe Bz

Zn2F9331

ZnaFe3B2.

ZnZFe3BB‘

‘ZmBE‘e,lB,‘1

121,46
1:1.48
181,49
131.42
1:1.45
181,41
121,37
131.48

131,52

131,39 -
1:1. 44
1:1.37
181,35

ZnaFesz

Zn3Fe2B3

ZnBFe3B1

111,435
121,46
 1:1;48‘

1:46

131,45

ZnsFegBy

ZnOFeOB0
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influenced by the treatments with micronutrients have: been recorded.- :
in Table 13, It was observed. that among the three micrcnutrients uSed

in this experiment Zn increased the T,5.8. content significantly as

the concentration of Zn was increased in &all the years of the study.
Fe was found effective only up to Fe, (0.2%) level end'when the con-
centration wassfurther increased to Feg (0.4%) the T.S.S. content

decreased. The effect of B was not consistent in this respect.

‘Similar to the individual effect efm these nutrients, their
various first order interactions were also fbund effective in brin-
ging about significant variations in T.8.8. contents of fruits.
Ireatment with ZnaFeZ increased T.5.S. to the maxximum extent (22.00%)
in 1983, whereas anFeZ resulted in the highest T.S.S. in 198# and
1985. Among the various combinations of Zn and B, the most effective
treatment was Zn3 e As much as 21, 86 per cent T.S.S. was obtained
under Fe B3 in 1983, however, in the last two years theatment with

Fe,B proved superior to other combinations in this regard. .

271
A number of second order interactions resulted in signifiw
cant enhancement of total soluble solld contents of fruits over con=-
trol in 211 the years. From the results recorded over a period of 3
years, the highest T.S.8, content oi 24,40 per cent was noted in 1983
undex'*'Z'nZFeZB3 compared to 18,40 per cent under control,

Total sugar 3

It was conspicuous from the data recorded in Table 14 that

0.4 per cent concentration of Zn significantly increased the total
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sugar content of fruits in all the three years, whereas Fe showed
differential effects in different years. In 1983 the<highest value
of 13.98 per cent sugar was recorded under 0.1 per cent. Cn the
other hand, maximum content was noted under 0.2 per cent Fe in the
subsequent years, Boron at 0.4 per cent enhanced it in the first two

years and at 0.2 per cent in the last year.

The highest contents of 16.33, 15,44 and 15.81 per cent
total sugar were obtained under ZnB}.‘*‘e'1}3'3 in the first two years and |
under ZnBFéZB1'1n the last year respectively. ‘The corresponding
figures under control were 12.42, 11.84 and 13.05 per cent.

Reducing sugar

it was reveaied fggm the Table 15 that in general, the inter-
mediaté concentratiohs of micronutrients used in the present experi-
‘ment showed beneficlal effect in increasing the reduc¢ing suger content
of fruits in a1l the years. It was.aiso recorded that reducing sugar
content of frults was higher in 1983, In the later years, there had
been no conspicuous differences in the values of reducing sﬁgar. In
@ll the years the highe$t concentration of the micronutrients caused
significant reductidn‘ih the reducing sugar content of frulis except
boron in 1985 end 1984, |

Among the first order interactions of the nuj:ri!ents, the
treatment Zn2F92 resulted incressed reducing sugar céntgnt‘to,the
maximum extent in 1983 (4.843%) and 1984 (4,03%) while in 1985(4. 16%)

- the treatment ZnaFez caused“maximum gnhahcementfin,reducing'sugar.
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;In‘ﬁ983'the'higﬁés£ value of 5,40 per cent was obtalned undér
F9283 compared to 4,53 per cent. under control,

Non—reducing sug ‘ 3

The non-reducing sugar content was also increased signifi-
cantly as the concentratiQn of Zn was increased in all the years.
On the other haﬁ@, Fe exhibited a reverse trend in fhis regard and
the efﬁegt qf B was not cons;stent. Tne'highest eohcentratidn(of B
resulted iﬁ sigﬁificant increaée iﬁ\nonpreddcing sugef‘content in

1983 and 1984, while in 1985 the lowest concentratlon of it did so.

A In 2all the years a number of treatments brought about sig-
‘nificant variations in the walues gf non-reducing sugar. As much as
10.10, 10.71 and 10.51 pér cent pon-re&ucing sugar were recorded
under the treatment anyez, Zn;B, end Fe,B; in 1985, 1984 end 1983
respectively. '

Among ’che various lnterac‘tions, ZnBFe1B3, anFe3131 and

Zn2F9282 increased the non»reducing sugar content to the maximum
extent of 11.25, 11.66 and 11,25 per cent in the year 1983, 1984 and
- 1985 respectively. The correaponding figures under control were 7.48,
7.93 and 9. 10 (Table 16 ).

Fruit acidity

Frem the data in Table 17, it is revealed that fruit acidity
. as éxpressed_interms of per centicitrig_acid was found to increase

significantly at the highest level of Zn in the fi?st two years and
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in the last year it was‘maximum-at the intermediate concentration.

Fe in the first two years failed to bring about eny significent varia=-
tion, whereas in the 1ast year 0,2 per cent concentration of it redu-
ced the acidity content significantly, Boron however, showed no sig—
nificant effect in this regard.

In 1983)and 1984, the treatments ZhéFe3 and Zn1F53 respec-'
tively caused significantly the lowest fruit acidity. Similarly,
treatment Zn,B, snd ZnsB, showed the lowest acidity in 1983 and 1985

respectively., The effect of Fe and B was not very conspicuous,

The treatment combihation of Zn+Fe+B also reduced fruit
acidity significantly over control in the first two years., In last

year treatments showed a reverse effect in this regard,

Sugar/scid ratio ¢

A perusal of the data recorded in Table 18 revesled that
treatments showed wide variation in sugar/aéid ratios, In 1983 it
was found to vary between 21,20 and 42,65, whereas the ra#io variéd
from 20,07 to 46.27 and 20,61 to 41.82 in 1984 and 1985 respectively.
The sugar/acid ratios under control were 24,35, 26,91 and 32,62 in
1983, 1984 and 1985, respectively.
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Table 18, Effect of three levels of Zn, Fe and B and their

interactions on sugar/acid ratio of fruit.

Suger/ecid ratio

‘24,35

126,91

Treatments

1983 . 1984 1985
Zn,Fe,B, 28,13 31.05 . 33.35
Zn,Fe,B, 27.00 27.92 35.66
Zn,Fe,Bs 39.58 31,07 34,10
Zn,Fe, B, 21.20 24,19 34,06
2Zn,Fe B, 40.73 36.45 35.70
Zn, e By 33.21 27:83 28,21
{Zn FesB, 26,09 ;;1,13 30.62
Zn, Fe;B, 33.09 31.94 27.18
-Zn, 1FesBs. ‘28f56 ;§4528 26.10
Zn oFe By 38.02 28.87 24,57
-ZnZFe1 A '2§387 27.35 33,37
Zn,Fe By 3417 ;45;27 24,24
'ZnZFeZ 1 ‘23}40 '27376 33,42
‘ZnZFeZBz ’39786 .35397 29.43
Zn,Fe By 25,00 34,17 30.29
_anFeB q 38.46 25.81 £ 20.61
IZnZFe3 5 “29f57 '24}19 22.76
,anFe3B3 38:22 2417 28,00
ZnzFe B, 24.40 27,36 31.18
' ZnyFe,B, 2531 23.31. 29,06
”ZnBFe1B3 ‘37;11 ‘35;09 - 27:47
ZnsFe By ‘Agges 40,02 38. 56
~2n3Fe252 '29.83 25:29 41.82°
=Zn3Fe2B3 33.91 2571 27,37
'ZnBFe3B1 23.05 25,62 53,52
ZnsFesB, 26,22 20:01 28.57°
f2n3re3 3 29,93 25,85 31.17
7ZnOFeO o 32.62
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Experiment Ib : Effect of three levels of Zn, Fe and B arnd their

interactions on flowering, vield and fruit quallty
of mango ¢v, Fazli,

Maturfe treesg.

Flowering percentage

A perusal of the data recorded in Table 19 and Fig.1 indice~
tes that the higher rates of Zn helped in increasing the percentage
of flowering shoots in the 'on' years (1983 and 1985), however, in
the 'off! year (1984) Zn failed to show any‘significant effect in
this regard. On application of 0.4 per cent Zn 61,03 and 50,36 per |
cent shoots produced panicle in 1983 and 1985, respéétively._ In case
of Fe significant variation was observed only in the 'off! yéar and .
percentage of flowering shoots was found to decrease at ‘ther highest
concentration (0.4%). The effect of 0.1 and 0.2 per cent was at par.
Boron though falled to show any significant result in 1983, yet
produced significantly £he highest percentage of pariicle of 40.38
and 51.43 when spplied gt 0.4 per cent in 1984 and 1985, respeétively.

-Like the individual effect, the interaction of nutrients
also brought some signiﬁcant' variationvon i‘lowéring percentage. "
Interactions of Zn+Fe proved beneficial only iﬁ 1983, | énd'6'3.64 per
cent flowering occurred under the treatment ZnBFe,!. In+B resultéd
significant effect in 1984 and 1985 and treatment with zn,B; proved
beneficlal in both the years. Interactions of Fe+B were also found'
effective :i.n 1983 and 1984. Among the frarious second order interactions
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as much as 67.17, 45.97 and 56.46 per cent panicles were recorded
junder Zt.fx:,,li‘e.1 59 Zn4Fe, By and Zn1Fe1B1 compared 'l:o 54,94 40,79 end
45,94 per cent. under control in ‘1983, 1984 and 1985, res;wctively.

' Sex ratio @

It is r'evealed from the data in Table 20 *that treatment
_with micronutrients showed wide variations 1n sex expression of flow-
ers on the panicle. In 1983, treatment Zn E‘ea’g}ii5 promoted the produc=
’cion of hermaphrodite i‘lewers ever that under other traatments. Irea=
~tment with ZnZFe1BB promoted production of hermaphrodite flowers in
~198!+ and 1985 and thereby decreased the ratio o:t‘ male to hermaphrodite
.ﬂowers. Trees under contz'ol produced higher percem:age of male flowers

in all the years.

‘Number of fruits/tree 3

It is evident from the data:in Table 21 and Fig, 2 that Zn
in the first year falléd to bring about any significant effect but
in the later yearsx it resulted in significant variations. E‘a;'uni}.ar‘e
result was also obtained under boron treatments., Spraying with 0.2
and 0.4 per cent zn produced 202 and 500 frults in 1984 end 1985 per
_tree, respectively. The effect of B, and B, was significant in 1984 ”
‘and 1985,respectively. The effect of rest of the ﬁreaments were at
pexr in this respect. Iron at 0.4 per cent augmented the number of
fruits over other treatments in 1983 and 1985, In. 1984 no significent

~difference was ncted.
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Table 20, Effect of three levels of Zn, Fe and B and their

interactions on sex ratto.

Distribﬁtion:of sex»(hermaphrodite:male)

| ZnoFe OBO

Treatments .

' | 1983 1984 1985
Zn,Fe,B, 133,22 1:2.75 113,16
Zn,Fe B, 1:2.54 1:2.80 133.25
Zn1F¢1B3 1:2.79 133,19 1:2.64
Zn.;FeZB1 1:2.34 123.53 1:13.92
Zn,Fe,B, 182,77 1:3.31 1:3.56
Zn1Fe233; 12199 1:3,80 132,62

‘Zn1Fe3B1 1:2,08 1:2.82 1:3.19
Zn,FezB, 1:2.34 1:2.65 1:3.36
Zn,FezB;. 1:2.71 1:3.22 1:3.76
anFeﬂB1 1:2.21 1:3.05 123,81
Zn,Fe,B, 114,56 1:2.91 1:3,63
2n2F3183 1:3.31 1:1.89 1:2.44
ZnZF'eaB1 1:3.01 1:3.12 . 134,35
Zn,Fe B, 1:2.92 124,06 1:3.12
Zn,Fe,By 1:2.20 1:3.54 1:3.76
Zn,FesB, 1:2, 44 112,91 1:3.37
Zn,FezB, 1:2,86 1:3.46 1:3.86
Zn,FezBy 1:3.91 152:71 1:3.69
ZnzFe B, 1:4.15 133419 1:4.85
ZnBFe1Ba 1:3.58 133.70 1:&.1&
ZnyFe, By 1:3.18 1:2.58. 133352
Zn3Fe2}31 1:2.87 183.23 1:3.53
ZnFe,B, - 112,70 132,52 132,76 -
Zn;Fe,Bs 132,94 113,02 - 133,11
ZnzFe;B, 1:2.92 122,08 1:3.05
ZngFesB, 123,03 113,18 113,75
ZnzFezBy 1:2.83 1:12.91 1:4.10
1:5.84 1:3.76 134.42
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Prqdugéion of 509 and 57§§£ruits’perAtree vwere recorded
under the treatment Zn;Fe; (each at 0,4%), while 226 frults were.
recorded under ZnBFeZ.‘Likewise 477, 331 and 535 fruits were harvese-
ted under the treatments Zn3 349 anB1 end Zn3B2 in 1983, 1984 and
1985 respectively. The effect of Fe incombination with B was also
significant. The highest number of fruits recorded under Fe3 1
Fe,B, and Fe333 were 479, 242 and 512 per tree in the year 1983,
1984 and 1985, réspectively.

Among the various three factor interactions anFe1 3,Zn FQ1B
and ZnBF'e1 1 produced 577, 362 and 621 fruits in 1983, 1984 and 1985,
‘respectlvely. Plants undér control had 434 129 end 356 fruits in the

1?

respective years,

Fruit weight :

| Micronutrients used in this experiment were found almost
equally effective in préducing néavier frults 6ﬁsr conﬁrol. Tﬁe
various concentrations of Zn and B showed inconsistent vériation
while Fe showed a similar ‘trend in 1984 and 1985. The intermediate
(0.2%) and higher (0,%4%) concentrations of Zn showed better effect
in.{9éh andl1985, respectively. The medium concentration of Fe was
.found w0 be‘the’ﬁest effective, while the lowest and higher concene
trations of B showed beneficial efféct during 1984 and 1985.

The various interactions of Zn end Fe did not show any sig~
nificant result in 1983, however, in 1984 and 1985 treatment with
ZnaFez and ZnBFe2 increased fruit weight appreeiably compared to
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other treatments. Fruits of 756.11 and 765.33 g were obtained under
ﬁhe treatments Zn232 and Zn3B3 in 1984 and 1985, respectively. The
. %ffect of Zn and B was not conspicuous in 1983. An agpreciable.véfiar

tion in the weight of frults was also obtained with the Fe and B.

| Due to treatments with Zn+Fe+B weight of fruit varied from
, 545.00 to 778.33 g in 1983, as eompared‘to 630.66 g under control.
In 1984 frult weight veried between 616.66 and 825.00 g as againsf
669.33 g under control. In 1985, trees under Zn,Fe,By treatment had
#he heaviest frult (839.33 g)‘while under control average fruit
welght was 645,66 g (Table 22 and Fig.3). | |

Fruit yield :

The data recorded in Table 23 and Fig.4 showed that the
'yield 6f fruit per piant due to treatment with Zn end B did not vary
$ignif10antly in the first yeé;; however, these micro~nutrients
brought sbout significant verlations in 1984 end 1985. Treatments
&ith 0.2 and 0.4 per cent zinc produced 148.92 and 369.27 kg fruits‘
ﬁer plant in 1984 and 1985 respectively, On the other hand, Fe at
0;4 per cent resulted in thé production of significantly higher
yield (304.02 kg ) compared to other concentrations, As régards the
effect of B it was observed that in 1984 the yield of fruit per pian’c '
decreased with the increase in concentration. A reverse trend was
noted in 1985, where the highest yield of 358.25 kg fruits per plant
&as obtalned with 0.4 per cent B, Except Zn and B, in 1983,'311
treatment interactions like ZnsFe, Zn+B and Fe+B caused significant
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veriation in fruit yield in all the years of the experiment.eln the
ton' years (1983 and 1985) treatment with ZnzFe; gave the highest |
production while in 1984 ('off' year) treatmentlwith ZnzFe, did so.
As: much as 239.04 and 391.33 kgvof frults were obtained under zn,B,
and Zn3 5 in 1984 and 1985, respectively; Aeyield;ef 327.02 and 375. 81
kg of fruits were obtained respectively in 1983 and 1985 with Zn353
treatment. In 1984 treetment w1th Zn B1 recorded the highest yield

(184.05 kg)

_ Among the interactions of Zn+Fe+B, ZQBFeBBB, anFe,‘B1 and
AZn3Fe1B1 enhanced the yield of fruits to 426.74, 273. 56 and 462,08
kg per plant as compared to 273.90, 86.89 and 230.01 kg per plant

under control in 1983, 1984 and 1985, respectively.

Frult size (length and breadth) i

It is epparent from the data su@marized in Table 24,1 and
24,2 that Zn, Fe and B proved benefioial in increasing the length
of frults in the 'on' yeers only, whereas due to treatment with Fe
and B fruit breadth varied appreciably only in 1985. Among the sig-
nificant effects, the maximum fruit length of 15.54, 15.52 and 15, 38
om were obtained reSpectively with 0.4 per cent Zn, 0.2 per cent Fe
and 0,4 per cent B in 1985, fhe highest fruit breadth of 9, 70 and
9.71 om were recorded reSpectively,under treetment Fez-end_33 in 1985,

In general, the first order»interaction of various nutrients
resulted in significant effect in this regard only in 'on! years. In -

'off! year the treatments were comparatively less effective. In 1985,
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the maximum length of 16.04 cm was egcompanied by 9.90 cm breadth
‘under ZnBFe2 treatment. Fruit SLze a8 indicated by length and breadth
was comparatively less in 1983 than that in 1984 and 1985.

Likeéwise, the varieus_three factbr'interactions also provedi |
effective in increasing the length and breadth of fruits significantly
over control in 1983 end 1985, In 1984, the treatments were-ggigg; |
and feiledvtq bring about any significant vapiation over conﬁfol. ;h '
1983 end 1985 the highest length and breadth of fruits were 16.66 end
'10.63 cm under anFGBBE eﬁd 16.76 end'10.33iom under'anFeZBa,:res~
.pectiVelﬁ; The corresponding figures under control were'13.26‘and

9,06 and 15.16 and 9.57 in 1983 end 1985,

Specific gravity :

' The data on the role of micrenutrients on She specifio gra=
vity of fruits have been summarized in Table 25. Zinc and Fe failed
to bring ebout any statisticelly measureble differences in the values
of specific gravity of fruits in 1983 end 1984, however, these nutri-
ents proved effective 1n this regerd in 1985, while B in all the
yeers falled to recorded any significant-effect, In 1985, a signi=
fiéant reSpense was ebtained when Zn and B‘were spplied each at 0,2
per cenf. It was also noted that specific gravity of frdiﬁemincreesed
upto 0,2 per cent concentration of the micromitrients and declined

when concentration was increased further, .

Amohg the various first order interactiens,-significant'

variation was obsérved only in 1984 under the Zn and B treatments,
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’The highest specific gravity of 1,115 was noted under Zn-.B1 trea£+
‘ment, The interactions of Zn+Fe+B were also found to be less effica~

cious in this reSpect.

E&Mﬂw :

A perussl of the data on pulpifruit recorded in Table 26
indicates that pulp content of fruits increased with‘a number of
treatments and thereby pulp:frult ratio increased over control in
all the yearé. In'i983, the highest pulp content was obtalned under
Zn,Fe,B, (1:1.22). The lowest fruit/pulp ratios of 1:1.34 end 1:1,28
were obtained under the treatments ZnzFexB; and Zn,Fe,B, in 1984 end
1985. respectively. These #alues under control were 1:1}38, 1:1.43
and 1:1.41 in 1983, 1984 and 1985, respectively, Thé treatments,
hoﬁever, showed no consisfent effect in this regard during fhe period
of observation. In general, the ‘on' year fruits had comp aratively

high pulp content than 'off' year fruits.

Total soluble solid (T.S.S.) @

It is apparent from the data in Table 27 and Fig.5 that in
gll the years the concentration of total soluble solids increased as
| the concentration of Zn increased and the.highest T.S.8. bf 19.54,
19.49 and 19.42 per cent occurred under O.4 per cent Zn in 1983, 1984
and 1985 respectively. The concentration effect of Fe wés not consis-
tent but the increaged rate of B proved effective in this regard in
1983 and 1984 and at 0,4% it caused significantly higher concentration
of T,S5.S., while in 1985 B failed to show any significant result. in
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Table 26, Effect of three levels of Zn, Fe and B and their

interactions on pulp:fruit ratio of-mhngg':-.a

Treztments

ZnOFeOBO

121.38

Pulp:fruit ratio _
1983 1984 1985
Zn,Fg.B, 121,37 1:1. 47 131.39
Zn,Fe,B, 131,22 151444 S 131,36
Zn,Fe,Bs 111,23 1:1.46 131.57
zn,Fe B, 151.32 131.34 131.44
Zn,Fe B, 181.23 1:1.49 181.35 -
anFeaB3 131,34 1;1.45'£ 1:11.38 |
Zn,Fe;B, 13139 - 1531.46 1:1.42
Zn1F93$2 : 151.42 1:7.40 1:1.41
Zn Fe,By 121,36 1:1.38 11132
anFe1E1 131038 181,40 131o£§2
Zn,Fe, B, 1:1.34 1:1. 44 1:1.37 |
Zn,Fe,By 1:1.38 131,43 - 181. 40 |
Zn,Fe B, 181,34 151, 44 131,36
anFeésa 131.29 181.42 1:1.28
Zn,Fe By 1:1.30 159443 131,34
anFe3B1 131,36 1:1.36 13137
Zn,FesB, 131,33 151,45 131,42
anFe3B3 1:1.34 1:1.39 .1:1‘36
Zn3Fe1B1 1¢1.38 1:1.45 1:1.41
Zn3F91BZ 131,30 181,42 131.35
ZnBFe,‘BB 131,41 151,43 131,39
 ZngFe,B, 131.39 121,36 131,37
Zn3F9232 1:1. 41 1:1.%14 181. 42
ZngFe,By 131,32 131,39 111,34
ZnzFe;B, 131.28 131,44 131,33
ZnsFezB, 131,37 131,45 134,38
2n3F9333 131.37 1:1.34 131.36
131,43

131. 41
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1983 and 1984,f19.h2 and 19.20 per cent total soluble solids were

noted -under BB'

A Interaction treatments of Zn+Fe and Zn+B caused signif;cant
effect on T,S8.8. content in &ll the years of the experimeénts, whereas
Zn+B did so only in the 'on' years, The,highest percentage of T.S.S.
under ZnZFe1 was 20.15 and highest values cbtained under Zn§ 5 and
FezBy were 20,04 and 19.86 per cent, These values were obtained in
1983,

Among -the -interactions of Zn+Fe+B, 1t was observed fhat a.
number of treatments caused significant increase in T.S.S. contents
of fruits compared to the fruits under control in &ll the years.‘Thé'
maximum concentrations recorded were 21106 20.33 aﬁd 20.06 per cent
under the treatments ZnZFe1BZ, ZnBFeZB2 and ZnBFe,‘B2 in 1983, 1984
and 1985 respeatively. The corresponding values under control were -

Total sugar 3

‘The data on the effect of micronutrients on total -suger
cbntent of fruits recorded in Table 28 and Fig.6 clearii indicate
that Zn end B aﬁ all concentrations proved effective in increasing
the sugar donient of fruit in all the three &ears,vwhereas such -
effect of Fe was noted-only in 1985, The total sugar content incréég‘
sed as the concentraﬁions éf Zn and B increased‘énd’the highest values
were attained with Zn3 and 83. The concentration effect of iron was

not consistent.
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Like the individusl effect of micrqnutrienﬁs, their various
first order interactions also proved effective in this respect, As
much as 13.93, 16,10 =and 15.26 per cent totel sugar were recorded‘
with ZnBFeﬁ, Zn3F92 and 2n3Fe5 in'ﬂ983, 1984 énd 1985, reapectivély.
Simiiarly,v14.45, 15.54 and 14,77 per cent total suger were bbtaiﬂed
under 7 B3 in the first two years (1983 and 1984) and under ZnBB in
the last year (1985), Likewise, the interaction‘of Fe+B at higher

levels resulted in increased total sugar content.

Treatment with Zn+Fe+B also resulted in significent veriae
tions over control in all the years., Total sugar content varied
between 8. 58 and 15,544 in 1983, between 11. 77 and 16.22 in.1984 and
between 11,28 and 15.87 in 1985. These values under control were 10. 04,
12.1& and 12.40 in the respective years.

Reducing suger ¢

It iwas observed from the'data in Table 29 that reducing
sugar content of fruit increased significantly as the concentration |
of zinc was increased, in all the years under observéticn. Treatment.
with iron caused increase in reducing sugar content only in 1985. In
1983 and 1984 treatment with 83 proved effective in this respect,

while no such effect was obtalned under 82 in 1984,

In accordance with the individual effect of Zn, Fe and B,
their variogs first order interaptions‘also.enhanced the reducing '
sugar contents of frults partipularly when combined at their higher

levels, Thé effect of Zn+B was however, less conspicuous in 1984. The
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treatments ZnZFe,,BZ, Zn3F92B2 and .21&»,515‘91 3 caused maximum increase
"in the reducing sugar content respectively in 1983, 1984 end 1985,
Mpart froum these, a number of other treatments also enhanced the

reducing sugar content significantly over control.

Non»reducing sugar @

Like the total and reducing sugar contents of fruits, the
nonQreducing sugarlcontents of frults inéreased as the concentration‘
of 7n incressed and significent beneficial effect was obtained both -
in 1984 and 1985. The effect of various cohcgntrations:of,Fe\differed
significently in this respect in all the years end the effecti&é cone
centration was 0.4 per cent. Am higher levels the non-reduclng sugar
content decllned. Concentrations of B exhibited differentlal response
in different years, though in gll the years it showed 51gnifipant
effect. ' V

In genefal, the non-reducing sugar content of fruit was also
found to very significantly eamong the various treétment interaction
of Zn+Fe, Zn+B and Fe+B in all thelyears. Treatmeqt=with Zn3391-caﬁéed
merked’ increase in nonnreducing sugar content in 1984 and 1985. Inte-
ractions of Zn + B at higher levels enhanced it appre01ably. The bene-
ficial effect of Fe1BZ was also noted in the last two years.»

» Non-reducing sugar contents ranged from 5,20 to 10.40, 8,29
’to’1b;594and 8,06 to 11.55 per cent due to the different treatment
respectively in 1983, 1984 and 1985. Fruits obtained from control trees
had 6,55, 8,48 and 8,13 pef cent non-reducing sugar in the respéctiVe ‘
years‘ﬁnder study (Table 36).
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 Frult ecldity @ SN
Fruit asidity expressed as the percentage of citric acid
was significantly lower when the trees were treated with 0.1 per cent
Zn in all the years. Higher concentration of zinc promoted acidity.
The effeét of Fe and B were'howevef, less pronounced in this regard.

Treatment with Fe, resulted in lower fruit acidity in 1983, -

Among the combinations of Zn+Fe, ZnBF‘e2 and Zn1Fe2 recofded
the lowest acidity, Fe2B1 and Fe582 also recorded lower values in
1983 and 1984 respectively. The effect of Zn and B was not egparent

in all the years of the experzment.

Of the various interactions, the treatment Zn1Fe2 5 proved
.most effectlve in reducing the frult ‘acidity in all the years. Besi—
des the said treatments, a number of other treatments also proved

effective in this regerd (Table 31

Sugar:acid ratio H

It is revezled from the data (Table 32) on sugar/acid ratio
that treatment with n,; Fe and B caused verieble resuits with respect
to sugerzacid ratio of fruits. The treatmenté ZnZFeZB1, Zn'z‘Fe3B2 aqd
Zn1Fe333 enhanced the sugar‘eonteht markedly over other freatments
- includihg éontrol'and thereby increased the pfoportion of sugar to
acld causing increased sweetness of fruits inv1983,v1984 and 1985,
respectiﬁely;eln.generalg,the magnitude of variation ofesugar/acid'
ratio was less spparent in 1985 than in 1984 and 1983, 4
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' Table 32, Effect of three levels of’Zn, Fe. and B and their

-interactions on sugar/acid ratio of fruit.

' Treatments -

Sugar/acid ratio -

oFeo®0

20.48

29.61

1983 1984 1985

- zn;Fe B, 30,95 52,69 37,86
‘ Zn1Fe1B2 . 28.68. 26, 47 34,51
ZnyFe By 120,08 30,22 29,23
Zn,Fe B, 31,14 37.84 29,20
‘7n,Fe B, 37.30 39.90 34,75
“2n,Fe,B; 23,80 41,34 35,72
| qFesB 19.95 26.47. 32,95
Zn,FeB, 20,20 - 36,81 34,71
ZnyFezBy 37,13 38,11 39, 22
, Zn2Fe1 . 28.92 41,36 28,34
Zn,FeB, 28,07 41,83 34,67
2n,Fe,B, 32,64 26.10 31,27
Zn,Fe,B, 1,51 25.08 29.82
Zn,Fe,B, 21,02 . 24,97 26,23
Zn,Fe,Bs 7.4 34.33 35,07
Zn;FesB, 20,48 .25.10 27.57
ZnFesB, 26,19 b2, 36.52
ZngFesBs 27.07 36.48 33430
20,768, 25,44 32,12 32,91

| ZojFeB, 22.81 31.28 36,06
| ZngFe B, 26,16 - 32.17 35,22
 ZnzFeyBy 36,25 3,41 129,51
ZnzFe,B, 33,26 35.26 34,14

- ZnsFe,Bs 33,05 - 38.26 32.91

| Zn;FésE, 26,05 34,15 35,12
- ZngFesB, 17.95 - 39.71 31,54
Zn;Fe;Bs 30.27 35.90 30..04
Zn Fe B 29,52
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Effect of three levels of zﬁ, Fe, B and thelr interactions
on N, P and K content of leaf and shoot of mango tree.

Nitrogen :

Leaf - The effect of application of miérqnutrierits on
leaf N content of mango:.as presented in the data in Table 33 indicated
that spplication of zine, iron and bqrén caused increase in the nitro-
gen content in leaf, The ﬁaximum nitrogen contents of 1.59‘and 1. 42
per cent were recorded in the leaves from the plants treaxed with ‘
in FeBBB, in the - vegetatlve and preharvest stages respectively, while
in the full-bloom stage nitrogen cqntent of 1.34 per cent was.obtai~
“ned ﬁnder‘ZnBFeBBzf It is‘glso evident from the data that the leaf
“nitrogen content was comparat;vely higher at the vegetative stage,
ﬂwhiqh.declinedvat the fuli-bloom stage and again showed an increasing

trend .at the preharvest stage,

Shoot - The data presented in Table 33 revealed that the'N
content in shoot was less than that in leaf and the maximum nitrogen
contents in shoct at the vegetative and full-bloom stages were recor-

' ded by treatment with ZnyFe;B; but at the preharvest stege the highest
N content in shoot was recorded under Zn;Fe,B; treatment. The effect
of micronutrients sprays particularly at higher levels were more effe-

ctive in increasing theVN content in shoot,

Phosphorus

Leaf - The data presented in Table 34 reveal that as the
level of zinc, iron and boron increased the phosphorus content in
leaf aléo increased up to height level. The highest P content in .
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Table 33, Effect of three levels of Zn, Fe, B and their interactions -
on the nitrogen content in leaf and shoot of mango cv.Fazli
(expressed as per cent dry weight) _

Treatments Vs %"‘%" P.s. . V.5, S%?’%?S, A PeS.
2n,Fe,B, 142 4y 1.26 0.78  0.58  0.75
Zn,Fe,B, 1,45 1,47 1.30 0.78 0.56 - 0.75
Zn;Fe, B, 145 1.4 1.26 0.81 0.6 0.78
Zn1FegB1 1q 45 1.17 130 - 0.81 0. 61 0.78
Zn,Fe,B, 1442 .20 %34 0.81  0.58 . 0.75
Zn,Fe,B; 1045 117 1.30. 0.89 0.61 0.84
Zn1Fe3B1 1,48 120 | 126 0.81  0.67 . 0.81
zZn,FesB, 1,45 125 1,37 - 0.84  0.61 0.84
ZnyFezB3 W8 .25 1.30 0.84 0,67 0.86
Zn,Fe By . 1.48 1.20 1.2§ 0.92 ~ 0.81  0.84
Zn,Fe,B, 1.51 1,20 134 0.95 10,75 0.78
Zn,Fe By 1.48 1.23 134 0.95 0. 72 0.89
Zn,Fe, B, 1.51 - 1.26 1437 0.81 0.81 0.8%
ZnyFe B, 1,51 1.26 . 1.40 0.78  0.75 0,75
Zn,yFe,By 1.48 1.26 - 1,37 0.81 0.61  0.95
Zn,Fe;B, 1.45 1423 . 134 0.84 0.67 0.81
ZnFezB, 1.48 1,26 1.37 0.92 0.72 0.78
ZnyFezBz 1453 1.26 1. 40 0.84 0.81 0.95
. ZngFe,B, 1451 1.23 . 4,40 0.92 0.7  0.86 -

‘ZnzFe,B, 1.54 1,26 1.37 0.78 0.72 0.75
ZnzFe)Bs 1.54 1.3 1. 42 0.95 0.84 0.92
ZnzFe By 1.53 1.31 1,40 0.92 0.78 0.75
ZnzFe,B, S48 26 37 0.81 0.67  0.86
ZnzFe By 1.53 1,31 1. 40 0.92 0.84 0,95
ZnzFe;B, 1.54 1,31 1434 0.95  0.78 0.84
ZnzFezB, 1.56 1.34 1.42 0.81 0.81 0.81
ZnzFezB; 1459 1431 C 1,42 0.95 0.92 - 0.92
ZngFeyB, 1,42 1.14 1.24 0.75 0.58 0:72

V.8, = Vegetative stage |

. FeB.S. = Full bloom stage

"P.3. = Preharvest stage.
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leaf (0.110‘}:» ) was, recorded at the vegetative stage when the plents
were treated with ZnEFeBBB The maximum P centent oi‘ 0.085 per cent
was no'ted at the full-bloom stege by treatment with Zn3F93 9¢

Shoot - Like leaf, the phosphorus content in shoot increased
‘with the higher concen‘tz‘a‘tion of z:.nc, iron and boron, Irrespect:.ve ’
of the treatment the P conten‘i: in shoot was lewer than that of leai‘
at different stage of sampling. The highest P content of 0.075 per
cent in shoot wes noted under' ZnBFe3B5, ab the vegetative s*bage end
thereafter phosphorue centent declined :Ln -the full bloom and perharvest‘
' stages. '

W )
Leaf - The data on the leaf and.shoot K content presented in

Table 35 révesl variations in the .percentage of K content in leaf m’;ith
the: epplication oi‘,‘zinc., iron.and boron. The highest potassium content
of 1.03% in leaf was found under ZnyFe;Bs, at the vegetative ‘etege and
it declined at full bloom end preharvest stages. y

.~ Shoot ~ In shoot the z;e"tessium content was lower tham that
of leaf. Sprays wiﬁi;h the .increased levels of zine, iron and boron. -
caused higher condentre‘cions*-bf ‘pot-assium in shoot. As in the case
of leaf, potassium -'con;tent in shoot zlso declined st full-bloom stage .
- but again increased in preharvest stege. - |
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Table 34, Effect of three levels of Zn, Fe, B and their interactions
on the phosphorus content in leaf and shoot of mango cv.
‘Fazli (expressed as per cent dry welght).

Leaf B ' Shoot

freatments  ¥ETT KBS, LS. V.S, " F.B.S.  F.5.
Zn,Fe, B, 0.070 0,060 0,065 0.045  0.025  0.040
~ Zn,Fe,B, 0,070 0,060 0,060 0.040 . 0.030 0,040
. In,Fe,Bs; 0,075 0,065 0,065 0.045 0,030 0,035
- Zn,Fe,B, 0.070 0,060 - 0,060 0,045 0,025  0.040
Zn1FeZBa 0,075 = 0,065  0.065 . .0.045 0,035 0,040
Zn,Fe,Bs ~ 0.075 0,070 0,065 0,040 0,035  0.045
-Zn,FezB, -~ 0,080 0,075 0.065 0.045  0.040 0,040
’ Zn1Fe3B2 - 0,070 0.065  0.060 0,050  0.Q40 0,045
Zn,FezBs 0,085 0,075 - 0,065 0.055  0.040 0,045
n, oFesBy 0,075 0,070 "0.065 . - 0,050 = 0.045° 0,050
 ZngFe,B, 0,080 0,070 0,060 ' 0.055 ~ 0.045 0,050
ZngFeyBg - - 0,080 0,065 "0.060 "' 0,055 O 050 0,050
zn,FepBy - 0,085 " "0.075 0,065 . 0,060 ' 0,045 0,055
ZnyFe;B, 0 C 0,085 10,080 0,070 0,065 0,055~ 0.055
ZoyFesBs o 0 0,090 © 10,0800 0,075 © 0,060 0,050 0,060
ZnyFezB,' - 0.085° 0,075 '0,070° ° 0.065  0,060-  0.065
ZngFezBy 0 00 0,090 "0.085 ° '0.075° © 0.065 < 0.055  0.055
ZnyFezB; - 0,095 °0.085 "0.075° ' 0.060 0,050 0,065
.ZnzFe; By 0,085 - 0,075 '0,070° ' 0,065 0,055 0,065
ZnsFeyBy, - 0 0.090 © 0,075 0,075 0 © 0,065 0,060  0.070
ZnsFe; By 0,095 "0.080 ' ‘0,070 - 0,065 0,055 0,065
ZnzFe,B, 7 0,095. "0.080 '0.075° ° 0.070 0,065 0,060
ZngFe,By 10,100 70,085 0,075 ' 0,070 0,085 ' 0,065
- Z0;FepB; 0 0,105 10,080 (0,070 0,065 0,060 0,065
-ZngFesB, . ' 0,100 0,085 0,075 ' 0,065 0,060.  0.060
ZnzFesB, - 0,105 0.085. 0,075 . ° 0.070 . 0.065  0.065
ZngFesB; = - ' 0.110 '0.080 . "0,080 " ' 0.075  0.060  0.065
- ZnyFeqB, o o¢075 ~70.060 0 065"[ " o.oh5 10,030 0,035

V S. = Vegetatlve stage .
F,B.S. Full bloom stage -
- Pa B Preharvest'stage. )

8.5!'
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Table 35, Effect of three levels . of Zn, Fe, B and their interactions
on the potaessium content in leaf and. shnot cf mango cv.Fazli
(expressed as per cent dry weight),

Treatments - v&r,Lﬁéauyﬁg.‘,ﬁaéﬁggi‘iﬁﬁV
zn,Fe B, 0,90 .0.7h  0.78 0.40 . 0,33 . 0.36
»Zn1Fe1Bz,j ‘ 0.90 0.76 . 0.78 0.40 . 0,33 = 0,36
‘Zn,Fe By 0,91,  0.76 074 . 0.43 034 0,39
anFezBT" 0.91  0.74 . 0.8t . 0.43 . . 0.33 0.36
Zn1F92 % 0.90  ~ 0.78 0.8 = 0,44  0.36 0.39

Fe233.‘ © 093 0.78 - 0.8 0,44 036 0.39
‘Zn,'F%‘;B?‘.‘ . 0.93 .7 0.78 . 0.847 . 0,47 . 034  .0.36,
ZnyFesB, - 0,91 0,81 0.87 ... 0.44 . 036 0.36.
Zn FesB; 0,93  .0.84  0.87 . . 0.47  0.39  0.41
ZnyFe,B, . 0,91 . 078  0.87 . . 0.47 .. 0,39  0.39
Zn,Fe, By 0493 0,81, - 0.90 - 0,49 0,36 '~ 0,49
Zn,Fe,Bs [ 0.96  0.8%  .0.90  ..:0.49 . 0.41. - 0.47
Zn,Fe,B, 1‘; 0,93  .0,81 .. 0,90 . Q.47 0.41 . 0.47
-~ZngFe,B, . 0.93  0.84 0,93 . 049  0.44  0.47
Zn,Fe By 0,96  .0.84 . 0,93 . C.49  0.44 .0.49
ZngFesBy 0,96  0.87  .0.96 . 0.51 0,46 0,49
ZngFezB, 0,96  .0.87  .0.96  0.51 O.44 0,47
ZnjFezB; ' 0,98 0,90 .0.93 . 0.54 . 0.47 0.5
- ZngFe,B, . ' 0,98 0,90 0.96 .. 0.51 . 0.47 . 0.51
2n3Fe1327j,;' 0,98 0,91 0,93 | ...0.54 . 0.5 . 0,49
‘Zn3F91BB;' ; 0,98 . 0,91 . 0,96 . . 0.51 0.47 . - 0.5%
ZngFe,B, . | 0:98. " . 0,91 0.96 .. 0.54 . 0.47  0.51
ZnzFesB, - S 101 ..0.93 0,98 . . .0.56 |, .0.49  0.54
ZnzFesBg . - 0,98, 0,93 .0,96, 0,56 - .0.49 . 0. 49
ZngFesBy.. - . 1,03 . 0 0,95 0,96 - 0¢54 i 0.47..  0.54-
ZngFesB, " 1,01 . 0.91 . 0,98 0,56 .. .0.51. 0,51
2n3FeBB3;., . 1,03, 0,93 . 0,96 .. .0;56-“.5 0.49 - . 0.54

V.S, = Vegetative stage
- F.B,S, = Full bloom stage ..
B.Se - = Preharvest stage.
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Discussion H

Results presented in the feregoing pages reveal that micrc-» ‘

- nutrients were effectiva in promoting vegetative y'owth as indicated'.

by plent heieht, trunk girth snd spread of the csnopy in young Fazll
‘mengo, Of the nutrients, the effect of’ zinc was most promising, The
favéuvable' effect of zinc cen be explained fiom the fact that zinc is
a constituent of seversl ehzymes. It is dlso essential in-carbohydrate
and nitrogen metabolism and probably“in turnover of orgenic phosphorus
compounds (Asana et ak.,1971 Je Zine incréases. the synthedis of trypto;
pPhan which is a precursor of auxin that promotes vegefative érowt’h-.
Zinc also plays a positive role in photosynthesis (Agerwala and Sharma,
1978 ). The ;Sresent findings sppear to be in conﬁormi,ty with the results
of Singh and Rajput (1976); ‘Ra',jput et g1, (1976), Oppenheimer and Gazlf
(1961) in mango and Arora and Singh (1970) in guava, '

» éimilar to zine, iron also plays a distinct :rolé in the growth{
and development of plant. Iron is essential in the formatioi’x of chloro-
phyll and absorption 6f other clements in plent., It is a eoriSti‘f;uent
of enzyme systems which bring about oxidation reduction 'reaction in
the plant, It is also regulates respiration, photosynthesis and redun
‘ction of ni’a'ates and sulphates which ere essential for plant deve~
Jlopment. Besides these it 1s also essential for the synthesis of . iy
‘protein contained in the chloroplast (Kunte end Yawalkar, 1970) Being
a constituent of _fer_redoxin, iron is.involved.in nii;;‘ogen fixetion .
by diverse groups of micro-~organism (Agarwala and S,hériha,‘ 1978 )e In A
the present study the lower level of iron exhibii;ed beneficlal effeét;
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in augmenting the vegetative growth of plants possibly due to the
reasons described earlier, Similar observation was also made by Arora

and Singh (1970) in guava,

From the results of the investigation it is revealed .that -
boron applicétion'had a gignificant role inuincreasing growth of the
blant‘ It is known that boron plays a vital role in proper development
and differentiation of tissugs, particularly the vascular elements.
and 1ts function in cell maturation by regulating the férmation and
1ignification of the cellwall (Agarwal end Sharma, 1978). It helps
in absorption of nitrogen, metabolism of carbohydrates, water and
pectic substances, absorption of salt and hormone movement in the.
plantg It is also necessary in the translocation of sugar in the.
plant (Kunte and Yewalkar, 1970). From the present experiments it
was found that highest level of boron proved highly beneficisal in
enhancing the vegetative growth of manga. The present findings are in
agreement with the'observations of Rajpgt‘g&lg&. (1976) who recorded
the maximum length of terﬁinal shoot and number of leaves per shoot
with the application of highest dose (0.8%) of this chemical,

_ The results of the present investigétion, h0wevef,'showed
that treatments with various coﬁcentration of zinc, iron and boron
were less effective in sugmenting the flowering percentage signif;-
cantly in Juvenile mango plants, whereas in case of bearing trees'
iron and boron proved beneficial in bringing about significant veria-
tions particularly in the 'off' year (1984) whereas zinc played effec~
tive role in the 'on' yeer, Similar to the individusl effect their
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'vafious interactions wereAalsq found effective in thls respect.

- Minessy et zl. (1974) also observed increased flowering with soil .
applicétion.of the iron in matgre mango trees. Flowering in plant is
largely dependent on shoot maturity, Application of zinc resulted\in
befter vegetative growth. Besides this, epplication of zind inecrea-
sed ;‘:‘lowering.perhaps by increasing the auxin content. Under condi-
tion of zing deficiency, flowgring was reported'to have been coqsideJ
rably reduced (Agarwala and Sharma; 1978). Rajput and Chand‘(1975)

also noted better flowering with zinc treatment in guava,

it is well established that boron jgs associated with the
£IGWering process (Kunte and Yawalkap,z1970). Increaséd fiowering
obtained in the present stﬁdy with boron gpplication supports the
observations reported by Rajput et al. (1976) in mango, Rejput and
Chand (1975) in guéva;

The result of the present experiment cléarly show beneficial
effect of iron end zinc. in increasing fruit number, Similer effect
of zinc application has also been reported by Daulta et al. (1981)
and Mineséy gﬁ}é;.‘(1974). This increase in fruit number was mainly
due to better growth and flowering of the plant. Boron was found.
effective in improving the fruit number upto highest level, but the
variation was not very conspicuous. Similar results were also reporéf

ted by Rajput et zl. (1976).

As fegards the effect of zinc on fruit Weight it was revea-

led that'maximum fruit weight was recorded with the highest level of

}
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' gine, Increase in fruit welght with the eppiication-ef zinc has been
) reported’byiRath»gggg;;,(1980).,Similerly,ﬁiron~andfb&%on.inoreased
the fruit welght markedly but’the effect was not consistent, - The
increase in fresh frult weight with the treatment of boron was also .
reported by Rath et al, (1980)

7 Application of zinc, iron and boron was found to increase
the frult yield in bearinﬂ trees, Among the three nutrients, zinc
»and boron improved the fruit yield as compared to iron end the incr-
eased yleld was obtained with the higher levels of the nutrients, The
improvement in yleld, obtained in the present investigetion was pri-
marily due to production of larger number of frults and also due to
higher weight of 1ndividual fruits. Improvement in yield of mango
fruit with the application of zinc was also reported by Singh and
' Ragput (1977),

It is evident from the results mentioned in the foregoing
pages that spraying with zinec, iron and boron at higher concentra-
tions in general, showed a tendency to increase the fruit size(lengtﬁ’
and bfeadth). Trees sprayed with intermediate concent;etion of zinc
produced larger ffgits than that obtained_w}th the lowest concentre-
tion, ObserVation.made by Singh and Ra&put (1976), Rath ef’él. (1980)
are in line with the present flndlnge.,The favourable effect may be
attributed to the fact that zinc is essential in nitrogen metabolism
(Asana et al., 1971) and it also increases the synthesis of auxin
1which promotes the cell size (Agarwela end Sharma, 1978). leewise

the beneficial effect of boron in increaSLng the fruit size is perhaps
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due to increased cell division and elongation (Rajput et zl., 1976).
The effect of iron was not very conspicuous and the increased fruit

size is liKely due to better vigour of the plant,

As regards the effect of micronutrients on fruit guality,
ij‘: was found that foliar gpplication of zinc caused increasse in the
total soluble solids, total sugar, feducing sugar, non-reducing sugaf
and acidity and the best frult quallty was ‘observed with the higher
dose of zinc as compared to the other level of this nutrient, Similar
results were obtained by Arora and Singh (1970), Singh and Rajput
(1976 ), Rajput end Chend (1976). The favourable effects of zinc was
possibly due to various enzymafhic reactions 11ker transformation of .
carbohydrate, activity of hexokinase and changes in sugar due to its
action on zymohexose, a metal protein is blocked by :formation of come
plex cystein, The blocked enzyme is reactivated by zinc and its pre=- '
sénce was perh_apa of great importance in the sugar metabolism tﬁgrﬁe‘by
causing thé improvement in fruit quality (Singh and Rajput, 1976).
Iroiz had little effect on T.5.S., toial sugar, reduvcing and non=

reducing sugers and acidity.

The chemicsl composition of mango fruit was also improved
greatly by boron spplication. The highest T.S.S, content of fruit
was. obtained with the application ’o‘f higher rate (0,4%) of this
nut_rient, B also increased the acid-ity content of fruit upto the
highest level (0.4%). Alverrez-Roserio (1965‘),» Bulfovic end Javanovic
(1970) vrepc'i"ted inoreased T.S.S. and scidity in spple with increased
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level of B, Foliar spray of B also increased the totalAreducing and
non~reducing sugar contents of fruits. The maximum total sugar con-
tent was obtalned with the highest level of B, These results are in
agreement with those of Rajput et gl. (1976) and Rajput end Chand
(1976). Zn in combination with B at higher level slso caused increase
in the total sugar content of frult. Similar results were also reper—
ted by Rath et al. (1980) The highest total sugar content of fruit
was obteined by treatment with O¢4 per cent Zn, 0.1 per cent Fe and
0.4 per ceﬁt B, .

The nitrogen peréentagelin the leaf and shoot showed mérked
variation with application of zinc, iron and boron. An increase in
the. le{rel of 'bo;c‘on‘ caused maximum accumulation of nitrogen in the
leaf and shoot, irrespective of the stage of sampling, Singh,(1977)
glso reported that the nitrogen content increased in leaf by applica-

tion of 0.2 per cent boron,’

The phosphorus content in leaf and shoot also increased with
the higher levels of micronutrient and variations were noted at the
differeht stages of sampling, Phosphorus content in leaf increased at
the vegetatiﬁe stage and decreased atAthe later stages. gopéiah.gzkg;.
(1985) reported that phosphorus content in 1éa£_a$ the bearing stage
was less than that in leaf at the non-bearing stage.

Like phosphorus, potassium content in leaf and shoot also.
increased with the application of the higher dcses of micronutrient,

at the vegetative stage and declined at the full bloom stage. Rao and
Mukher jee (1985) also reported that potassium content in leaves decre-
ased during full-bloom and preharvest stages.
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Experiment II : Effcct of Zu, Fe and B incombination with urea on
vegetative growth, flowering, yield and frult
guality of mango cv, Fazli.

_Plant height :

The data on plant height presented in Téble 36 show3Signio
ficant difference due to~a§piicati6n‘of micronutrients incombination
with urea, In the yéaf'ﬁ983 spraying of zinc at O.4 per ceat with 1
per cent urea was found most effectlve in increasxng the plant helght
(60 25 cm) over previous year and the growth was 35. 75 cm more over
‘.pontrol, All the concentrations of boron incombination with urea at
.1 per. cent ewhibited a retarding effect, whéreés in the nexﬁ fwo years
. the highest level of iron and boron was 1ound highly effectlve in
) promotlng growth than control. The maxmmum increase in height of 79. 50.
cm was reoorded under Fe at 0.4 per cent 1ncomb1natlon w1th 1 per cent
urea in 1984, whlle it was 62.5 em under B at 0.4 per cent incombinap
tion with 1 per cent,urea 1n 1985 as against 53.25 and 30. 75 cm under

control.
Trunk girth 3

It was spparent from the- data in Table 36 that spraying of
micronutrients were beneficial in enhancing the trunk girth. The

- Daximum inerease in trunk girth of 3.0 cm was found when plants were

treated with Zn at 0.2 per cent and 1 per cent urea, followed by
2,8 cm under B at 0.2 per cent and 1 per cent urea, whilé.inAcontrol

it was only 1.41 om in 1983. The maximum increase iniﬁrgnk girth of
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Teble 36. Effect of Zn, Fe and B with urea on plant height and girth
.of the trunk (expressed as increase over last year) .

Plent height (cm) - Trunk girth (em)

Treatments — =
. 1985 - 1984 1985 1983 1984 1985

Zn 0.2%surea 1% 38.25 60,25  42.25 3.00 421 479
Zn O, Msurea 1% 60,25 71,25 5175 1.38  3.86 6,03
B 0. Zbsurea % 20,25 59.:.50 54,25 2.80 4,18 5,27
B O.4hiurea 1% 22,25 7450 62,50 2.2 549 7.2
Control =~ 2450 53,25 30,75 .41 3.76° 4,57
| S.Emx 268 . 47 3,35 0.18  0.32 0,09
C,D, &t 5% - -7.98 12,41 9,95  0.54 0,95  0.29
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7.18 cm occurred ;n 1984 when plants were sprayed with Fe at 0.4 per
cent and 1 per cent urea, $prays o£ B at (5.4 per cent angi ur‘éa caused
the meximum increase in trunk girth of 7.24 cm in 1985 followed by
6.3‘cm with the spplication of Fe.(0.4 per cent) and urea, The incr-.
éase in trunk girth under control in 1985 was 4.57 cm. |

Spread of the canopy :

As regards the spread of cenopy in Eastnwést and North-South
‘direction it is evident from the data in Table 37 that the maximum
increase in Spread of the canopy in East-West direction (53.25 cm)
was recorded when the plants were treated with Fe at 0,2 per cent »
fogethér wii;h ﬁrea at 1 per cent while in the North-South direction
the meximum increase of 43,75 cm was noted under Fe at 0.4 per cent
with urea in 1983 and this was significantly higher over control. In
1984 the maximum spread of 84.25 cm was observed under B at 0,2 perf.
ceht iﬁ the East—VJgst direction and 74.50 em spz;ead occured at higher
level of B in North-South direction. In 1985 the highest. spr'eéd
(69.25 cm) of the cénopy in East-West direction was obtained when
plants were sprayed with B at 0.4 per cent with 1 per cent urea snd
in the North-South direction the maximum spread of 66.75 cm was obser-
ved under Fe atl 0.2 per éenﬁurea. In contrei spreéd was only' 47,0

cm in the North-South direction.

Percentage of flowering :

It is seen from the presented data in Table 38 that micro-

nutrients were effective in augmenting the flowering percentage. In
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Table 37, Effect of Zn, Fe and B with ures on spredd of plants
(expressed as increase over last year),

Treatments

_Eagtswest (cm)

1983 1984 . 1985

. _North-south (cm)
1983 1984 1985

Zn 0.2% + urea 1%
Zn 0,46 + urea 1%

‘Fe 0.2% + urea 1%

Fe 0.4% + urea 1%

B 0.2% + urea 1%
B 0.4% + u?ea 1%
. Control .
S.En %
C.D. at 5%

12,25
10.50
53.25

51,25
14,75
22,25
30.25‘

2.5
7.48

68.25 52,25
46,75 } 54;75
75 61,75
63,50 47.75
84, 25 _ﬁ57.75
77.50  69.25
26.25 45,25
5,32 2,74

8,14

12,00

13,25

30,50

43,75
9.75
21,50

33,50

- 4.87

5,57

71.25

31,25

71.75
66.25
7450
56.75

6,08
13,08

62.75
66,75
49.25
58, 50
39.50
47,00

3,83

15.81

11,38
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the 'on' year of 1983 the highest of 79 per cent shoots produced
panicles when treated with boron at 0.4 per .c'en’c slong with 1 per
cent urea, followed by 77.93 per cent under Fe at 0.2 per cent and
urea. In control trees, only 64.34 per cent shoots pi‘oéﬁced panicles,
In the 'off' year of 1984 and the 'on' year of 1985 as much as 42,63
and‘ 71.26 per cent of shoo?:s, féspeqtzively bore panicles when treated
with 0.4 per cent Zn Aincombina‘cion with urea, as compéred to 76.26

and 58,23 per cent under control.
Sex ratio @

It is revesled from the data presented in Table 38 that
sprayihg of micronutrlents showed variation in the proportion of per-
fect flowers to male flowers in all the years of éiperimen*t}, It was
observed. that in 1983 and 1985 ('oh' years) spraying of Fe at 0.4
per cent with urea (1 per een’;)' caused the develop,nient of maximum
‘number of perfect flowers and thereby decreased the r'atio, comp ared
to other treatments. On the other hand, in 1984 ('off' year) boron
at higher concentration (0.4 per cent) enhenced the number of perfect
flowers. In general, the higher rate of micronutrients promoted num-
ber of hermaéhrodite flowers in all the years of the experi&ent. Con~
trol plants generally showed a tendency to produce more number of
mele flowers, however, the highest proportion of male flowers was
obtained under boron at 0.2 per cent along with 1 per cent urea in

all the years of the investigation,
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‘Number of fruits/plant :

The data on the number of frults harvested as givén in the
Table 38 and Fig.7 indicate that in 1985 the highest number of fruits
(48) were harvested from the plants treated with Zn at 0.4 per cent
along with 1 per cent urea resulting thereby 50 per cent more fruits
over control, Boron at higher rate also proved ei‘fegtive in increa- o
sing the fruit production by 34,4 per cent over the control (32
fruits), It was also clear from the table that zinc and boron each
‘at 0.4 per cent incombination with urea produced more number of
fruits as compared to control throughout 'thé period of the investi-
gation. ' '

Fruit welght ¢

‘ The data on effect of different micronutrients on weight of
individuel frults have been presented in Table 39 and Fig. 8. Foliar
application of all the micromitrients at their highest levels caused
significant‘improven;ent on fruit welght in 1983 and 1984. But iﬁ the
third year (1985) lower levels of Fe and B.were found more effective

whereas a reverse trend was noted in case of Zn,

Plants feceiw‘ring 0.4 per cént Fest pér cent urea, 0.4 per
_cent B+1 per cent urea and 0.2 pér cent Fesd per Qeﬁf urea produced
 frults of 623,50, 724,50 and 747,50 g respectively, in 1983, 1984
. ‘and 1985 as compared to 463.75, 612.0 and 637.0 g under control in |

the respective years.
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Table 38, Effect of 2Zn, Fe and B incombinatian wlth urea on
flowering, sex ratlo and number of fruits per tree.

Panicle Sex ratic of flowers Number of fruits

Irestoents percentege , - hervested

1985 1984 1985 1983 19&& 185 1983 1984 1985

Z0 0.2% + 75,06 26,95  63.04  1:bi8h 136,72 138,53 25 4 39
urea 4% {61.51) (31.22) (52.55)

Zn Colih + 76,06 42,63  T71.26 1:2.89 1:3.46 1:3.73 24 . & 43
urea 4% (63.13) {60.78) (b?.ﬂ@}

Fe 0.2 & 77.93  19.97 54,97 1:5.15 134,79 1t431 20 2 37
area 1% (63.89) (23.&5} (47.84) (

Fe Qc‘ﬁ% 69,45 24,82 65. 29 1:1031 1;2;53 1:2§A5 17 5 ‘ 42
ures 1% (57.39) (29.72) (53.94)

BO,Z6 ¢ 73.75 32487 59.31 1:7.00 136.84 137,79 21 & 38
urea 1ﬂ C (61.51) (36.50) (30.57) '

B OJ 4+ 79.00 28,66 66,11 132,67 132.44 133.25 24 5 . 43
urea 4% (68.02) (34.90) (54.38) |

Sontrol 64,34 16,26 58,23 115,13 1:5.67 134,97 & 4 32
: (54.07) {23.461) (45.73) |

S.En 3 7.28 5,03 1.84 | | 3.65 1,47 2,73
oD, at 5% I Tia S, 50 &7 B - ReSe NuBSe 8a.12

N.8, = Not significent.
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Yield of fruit :

The data recorded in Table 39 show that the highest yield
of 14,17 kg was obtained when the plants were treated with 0,4 per
cent B plus 1 per cent urea, followed by Zn at 0.4 per cent and urea
(43.15 kg). The minimum yield of 6.65 kg fruit was recorded in con-
trol in the year 1985 while in the 'off' year ("1‘984') Zn at 0y4 per.
cent was found effective in inc’?easing the yield to 3.78 kg A.fbllowed
by 3.77.kg under B at 0.4 per cent., In 1985, Zn at 0.4 per cent 'plus :
.. 1 per cent urea caused the highest yield of 32,53 kg fruits which
was 59.6 per cent more than that of control (20.38 kg), Boron at the
same level gléo significantly enhanced the yield by 48,2 per cent
over control. Foliar sprays of; iron was also found beﬁeficial in

increasing the yield during 1985.

The data also indicated that the highest levels of Zn, B
and Fe were effective in increesing the fruit yield per plant (by
welght) over the control throughout the period of investigation.

Frult size (length and breadth) :

‘A1l the micronutrients were found to be beneficial in incre-
asing the fruit size (length and breadth) in all the years of. expe-
rimént. Thé maximum fruit length (15.45 cm) was recorded when the
plants were treated with Fe at O.4 per cent and urea in 1983, while
the highest breadth was obtained with B at 0.4 per cent concentra-
tion., In 1984 and 1985, the maximum length as well as breadth were

noted when plants were sprayed with B at 0.4 per cent and Fe at



Table 39. Effect of Zn, Fe and B incombn.nation with urea on

weight and y:.eld of mango cv, Fazli

147

Weight of frult (g)

| Yield_ per pq.van’c(k‘g)

Tre;atmenﬁs, ’
1983 - 1984 1985 1983 1984 1985
Zn 0.2% + urea 1% 542,75 610,00 - 64;.50 12,30 214 25.33
Zn 0.4% + urea 1% 555,25 642,50 684,25 13.15 3,78 32,53
Fe 0.2% + urea 1% 485,50 675.50 T47.50  9.34 1.34  27.64
Fe 0.4% + urea 1% 62%,50 678.25 '653.25 10,31 3.35  27.59
B 0.2% 4+ urea 1% 523,25 587.00 718.25 11,06 = 2.22  27.32
B 0, 4% + urea 1% 583,25 724,50 698.75 44,47 3.77 30,21
Control = - 463,75 612,00 637.00 6.65  2.45  20.38
CiD. at 5% 60.43 30.47 18,86  NiS.  N.S. 561
N.S. = Not significant,
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. Table 40, Effect of Zn, Fe and B incombination wi't:h urea .
Y on size of frult. o . : ‘
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Treatments

'I;engtii of. frui‘t (c.m)

1983 .

1984

- 1985 .

Breadth of fruit(cm)

1983

1984

1985

Zn 6;2% + urea %
Zn 0.4% + urea 1%
Fe 0.2 + urea 1%
Fe 0, 4% + ﬁfeéﬂ%
B 0,2% + urea 1%

B 0.4 + vrea 1%

Control

S.En & ‘
C.D: at. 5%

14,65
14,67

15,45

14,05

14,70

12.95

1,05

15060 '

15.90

W75

16,92

15,50

0,26

10,78

15.25

| 15.33
16,13
15,43
15,97
15,60

15,82

0.20
0.60

' 97‘0’25
9,45
18,95

v 90 60
9,77

9,87
9,37
0.18
10,52

9,55
9.75
10442
9,80

9.37

10,42

9.70

9,47
9,42
9.85
9.75
,9;60
9.43
9.10
0. 16
N, S.

N,8, = Not gignii’ic,ant.‘
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0.2 per éent each with 1 per cent urea respectively (Table 40).

Specific gravity

It is seen from the dat'a; ?resented in the Table Lﬂ that .
the application of different rates of micronitrients failed to bring
about any significent effect on specific gravity of fruits in all
the years of experiments. Specific grravity of fruit -attained maximum
value of 1.047in 1983 .and 1. 062 in 1985 under B at 0.4 per cent with
1 per cent urea, Zn at 0.2 per cent incombination with urea ceused
| m axdmum specifié gravity o'f frui‘cs :ﬁn 17984 (1.097). T-hese values
‘under control were 1,027, 1.052 and 1.035 in the year 1983, 1984
and 1985 respectively, '
. Pulp sfruit ratio
. The data on pulp:fruit ratio noted in Table 41 reireaied
Vthat micronutrients had beneficial effect in 1ncreasing the pulp :
'fruit ratio irrespective oi‘ the years. Treatment with Fe- at. 0.2 per
cent incombination with 1 -per cent urea caused increased pulp.fz*uit
ratio of 1:1.37 and 1:1.36 in 1983 and 1985 respectively while in
1984 highest pulp:frult ratio of 131.47 was obtained in frults from
- the plenté‘ treated with B at ’0.2 per cent ’a;ong with.1 per cent
urea, o o

Total soluble solids (T.S.S.) @

Foliar sprays of the micronutrients were found to cause
significant improvement in the total soluble solids content {Table
41 ond Fig.9). Treatment with B at O.4 per cent with urea 1 per cent
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caused the meximum T.S.S. of 20.7, 20.5 and 20.4 per cent in 1983,
1984 and 1985 respectively whereas 18,45, 18.15 and 18.20 per cent
T:S,.8. were noted unde¥ control in the respective year, It was cle- -
arly observed-that except Zn at 0.2 per cent in 1985 &1l the micro-
nutrients caused increase in the total ‘soluble solidlconfents of
fruits throughpqt the period of investigation, Other treatments
inorder to efficacy were Fe at 0.2 per cent (20.20%), Zn at O.h-per:
cent (20,05%) and B at 0,2 per cent (19.80%) each with 1 per cent
urea in 1983, 1984 and 1985 respectively, |

Total sugar i -

The data presented in Table 42 end Fig.10 indicate that all
the micronutrients significantly increased the total sugar contents
of fruit., The highest totel sugar contents i.e., 14,94, 15.21 and
14.92 per cent were observed in frults from ﬁlants treated with B
at 0.4% incombination with 1 per cent urea in 1983, 1984 and 1985
respectively, Fe at 0,2 per cent and Zn .at 0.4 per cent each incom-
bination with 1 per cent urea also appreciably increased the total
sugar,contenfs.of fruits in all the years of the investigatioh. The
total sugar contents under control were 12.84 per cent in 1983, 13.18
per cent in 1984 and 13.76 per cent in 1985,

Reducing suger :

Some of the micronutrient sprays were found to increase the
reducing sugar content. of fruit significantly over control in all

the three years (Table 42). The highest reducing sugar content of
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Table i, Effect of Zn, Fe and B incomb:.natl.on with urea on s;:»eci:ﬁ‘z.c
g}‘a}rzt{% pulp:fruit ra-bm and total soluble sSolid content
of fruit.

T,5,S, {°Brix|

Treatments 983 1 1985

00,26 + 1,012 1,097 14030 1:1.50 4:4.53~1:1.44 18.55 18,75 17,95
urea 1% ' . ‘

Z0 Oulh + 4,030 1,062 1,035 131,41 1:1.52 131,48 19,40 20,05 18. 40
urea 1% ’ ’ : :

Fe 0.2% + 1,022 1,095 1,042 131,37 1:1.48 131,36 20,20 19.25 18.85
urea 1% . :

Fe 0u4% + 1,037 1,092 1,045 1:1.40 131,52 1¢1. 44 19.55 19.80 19.55
urea 1% . B S

. B. 0u2% + . 1,042 1,055 1,037 131.45 131,47 1:1.41 18.95 19.55 19.80
urea 1% ‘ B o

B 0.4% + 4,047 1,035 1,062 1i1.48 1i1.50 11,42 20.70 20,50 20.40
urea 1% | B L : ‘

Comtrol 1,027 1,052 1,035 1:1.53 131.54 131,47 18,45 18,15 18.20

CuD gt 5% N.S. MN.S. NS, - 0.63 0.28° 0.401

 N.8, = Not significant.
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4,35 per cent was found when the‘plants were treated with B at 0.4
~per cent and this was fcllowed by Fe at 0.2 per cent (4.22%), while
in control reducing sugar content was 3.75 per cent in 1983. In 1984,
the reducing sugar content was maximum in fruits from plants treated
with Zn at 0.4 per cent with urea (4 41%) followed by B at O.h per
c¢ent and urea (4.38%), The lowest reducing sugar content was obtained

in fruits from the control plants throughout the period of experiment,

Non—reducing sugar

It is revealed from the data in Table 42 that all the micro-
nutrients viz. Zn, Fe and B significantly increased the non-reducing
sugar contents of fruits, Spraying of Fe at 0,2 per cent gave the
highest non-reducing sugar content (10.,11%) followed by B at 0.2 per
cent (10.08%) in 1983. In 1984 and 1985, the highest non-reducing
sugérvcontents of 10.32 and 10,07 per cent were recorded when the
plants were treated with B at 0.2 and 0.4 per cent fespectively.N6n~

reducing suger content of fruits under control wes much less.

Fruit acidity :

A perusal of the data recorded in Table 43 revealed that
in general the fruit ascidity (expressed'interms of per cent citric
aéid) decreased appreciably when the plants were treated with micro=-
nutrients in 1983 and 1985 ('on"years) as combared to control. Thé
lowest frult acidity of 0,28 and 0.32 per cent were obtained by
treatmenﬁﬁwith Zn at 0.2 and B at 0.2 per cent andi1 per ceﬁt urea

1
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‘Table 42. Effect of 2Zn, Fe and B incombination with urea on total,
.reducing and nonereducing sugar content of fruit.

Total sugar | Reducing sugar Non=-reducing sugar

Treatments (% fresh weight) (% fresh weight) (%1§r839;weigpt)_

1983 1984 1985. 1983 1984 1985 1983 1984 1985

20 0.2% +  13.46 13.19 13.90 3.76 4,05 hu1h  9.21  8.70 9.26
urea 1% . :

Zn 0.4% +  14.23 14:53 14.10  3.94 4,41 4,24 9.77  9.61 9.37
urea 1% : ' .

Fe 0,2% + 14,88 14.39 14,43 4,22 3,95 4,26 10. 11 9.91 9.67
urea 1% ‘

Fe O.4% + 13.28 13.62 14.72 3.79 4,02 4.38 9,01  9.11 9.8
urea 1% o ‘ .

B 0.2% + 14,82 14,97 93,91 - 4,20 409 4,11 10,08 10,32  9.31
urea 1%

B 0.4% 4+ 14,94 15,21 14,92 4,35 4,38 4.33 10,05 10.28 10,07
" urea 1% . ‘ , ,

Control  12.8k 13,18 13.76 3.75 3.65 L4.08 8,65  9.07 9.21
S.En &+ 0,02 0.12 0,12 0.14 0,41 0,04  0.14  0.19  0.12
C.D,at 5%  0.06 0.38. 0.35 0.42 0.33 0,11 . 0.42 . 0,59 0,34
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in 1983 and 1985 respectively. The corresponding figures under con-
trol were 0.38 and 0. 41. |

It was also noted that the higher concentrations of all the
micronutrients promoted acidity and fruit acidity was the maximum
under.B at 0.4 per cent in combination with 1 per cent urea in all

the years;

Sugar/acid ratio

The data summarized in Table 43 indicate that micronutrients
exhibited differential effect on acid to sugar ratio of tbe}fruits in
different yearé of ‘the experiment. The sugar/acid ratio varied between
30.18 and 48.07 in 1983, between 28.69 and 43.61 in 1984 end between
54,69 and 43.46 in 1985 under the different treatments. The highest
sugar/acid ratios of 48,07 under Zn 0.2 per cent, 43,61 under Fe 0.2
per cent and 43.46 ﬁnder B 0.2 per cent were observed in the year 1983,
1984‘and 1985 respectiﬁely. Fruits obtained from the control'trees
recorded 33.78, 41.18 and 33,56 sugar/scid ratios in 1983, 1984 and
1§85 respectively,

Effect of 7Zn, Fe and B along with urea on the nitrogen content
in leaf and shoot of mango cv. Fazli. '

Nitrogen : .
Leaf ~ The effect of micronutrient applications on the leaf

and shoot nitrogen are présented in Table 44, Applicafion of zinc,
iron and boron also increased the N content in leaf, The highest N

content in leaf (1.70%) was recorded when the plants were treated
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' Table 43, Effect of Zn, Fe and B in combination with urea.cn
. ' acldity and sugar/acid ratio of fruit.

‘suger/acid

o,oa

'Tfe?f?eﬁis (% éﬁegifgeiégﬁ) , ratio .
1983 1984 1985 1983 1984 1985
Zn 0.2% + urea 1% Q;?a b‘?e 034 48,07 36,63  40.88
Zn Of@%;+‘u?ea 1% 0,39, 048 0.40 —_56,48- 30,27  35:25
Fe 0,2% + urea 1 - Q;?BV Q;§3 Q;;a 45.09 43;61, 42,44
Fe 0.&% + urea 1% Q.é& . 0;39, 9.36‘. ~30,18 34}92 40,88
B O ZA + urea.1% Qs}h 0.38 0.32 u Q5}5§ 59339 43,&5 |
‘B 0.4% + urea 1% 0.47 ~ 0.53 | Qg§3; 3L.78 28,69 3A§69
éonirol'~- b.?e 0432 .41 33,25 | 41,18 33,56
S Em ;,_[ 0,02 0,01  0.01
C.D. at 5% 0,06 0.0k
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with B at 0.4 per cent with 1 per cent urea, at the;vegetative\stage
and preharvest stage. In the vegetative stage the leaf N content was
generally higher and it declined in thé full bloom stage and again

increased in the preharvest stage.

Shooﬁ,- It was observed that the nitrogen content iﬁ-shoot
increased with the gpplication of higher leﬁels of éinc and boron
with urea at the vegetative stage. The nitrogen content in shoot was
lowér'thén that in4the leaf; irrespective of treatments and stage of
sampling. The maximum éccumulétion of nitrbgen in shoot (G.98%)’Was
hotédﬁwhen the piants were treated with O.4 per cent zinc oriboron in
combination with 1 per cent urea, It was also noted that shioot N con-

tent decreased at the full-bloom stage.
Phosphorus :

Leaf - It was revealed from the data summarized in the
Table 45 that application of zinc, iron and boron increased the leaf
P- content irrespective of stages of observations. The highegf P con-
tent in leaf (0.110%) was observed from plant treated the highest
level of B with urea (B 0. 4% +,ﬁrea 1%), at the vegetative stage and
preharvest stage and it declined at the full bloom stage.

Shoot - Application of different 1evéls‘of zinc, iron and
boron resulted”in'increése in P content of shoot and the highest P
content(0,085%) was noted when the plants were sprayed with B at 0.4
per cent in combination with 1 per cent urea: At the full-bloom stage

it decreased but again increased at the preharvest stage.
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'Table hh. Effect of Zn, Fe and B with urea on the nitrogen content
in leaf and shoot of mango" oV . Fazli (expressed as per
cent dry weight) UM

. Leaf -

Control -

1:.48 .

142

Treaments ‘ — — Shoot -
VQS. F.B.S. P.Se« V.s. - FoB.S. . P.Sl
' Zn 0/2% + urea 1% 156  1.42 148 0,95 0.67 . 0.36
Zn 0.4% + urea 1% .56 1.45  1.56  0.98 0.72 ‘o’.@e
Fe 0.2% '+ urea 1% 1.65  1.34 - 1.56 0,92, 0.72  0.92
Fe 0.l% + urea 1% .68 1,57 .58 0,95 0.75  0.95
B.0.2% + urea 1% 168 1,40  1.68  0.92. 0.78  0.89
B 0.4% + urea 1% 170 145 4,70 - 0,98 0,78 0.92
1,17 0.84 0,64  0.81

V.S,
F.B.S. = Full bloom stage

 P.S. . =.Preharvest stege. .

' '= Vegetative stage



Table 45. Effect of Zn, Fe end B with urea on the phosPhorus content
in leaf and shoot of mango CVe. Fazll (expressed as per cent

'F.B.S.
) P’.‘S. ' ‘.

-~

=

= Full bloom stage
Preharvest stage.

dry weight).

Treatments e Lesd . . Shoo §

. Vmso F- Bu”SQ Po S¢ ) Vo‘Sn ) Ft Bo-S.o ' P-Sv '
Zn 0.2% + urea 1% 0,080 0,065 0,095 0,060 0.035 0,065
Zn 0.4% + urea 1% 0,095 0.075 0,110 . 0.065 0.040 .0:070
Fe 0.2% + urea 1% 0,080 0.065 0,080  0.055 0,043 - 0,055
Fe O.4% + urea 1% 0,090 0,080 0,095 0,065 0,050  0.055
B 0.2% + urea 1% 0i105 0.070 0.095 0,080 0.035 0,060
B 0.4% + urea 1% 0,410 0.075 0.110  0.085 0.040 0,065
Ccontrol 0.070 0.060 0.070 0,035 0.025  0.040

“VZS.i = Vegeéafive stége
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Table 46, Effect of Zn, Fe and B with urea on the potassium content

"in leaf and shoot o

dry weight).

f mango cv. Fazli (expressed as per cent

Leaf

PQS. .

Preharvest stage.

. Treatments ' - gh‘?Ot" .
R V.OS.O - F.B.S. <Pgso VB FeBeSs- P, S,
Zn 0.2% + urea 1% 1,08 0.81  0.91  0.5& 0.43 0.5
Fe 0.20. + urea 1% 1.05  0.84  0.91 0.54 0.4  0.51
Fe 0.4% + urea 1% 1.08 0,88  0.96  0.60 0.48 0.5
B 0.2% + urea 1% 1,10  0.81 0.96 =~ 0.58  0.43  0.56
B 0.4% + urea 1% 115 0,84 0.98 - 0.60 0.48 - 0.60
Control 0.98  0.78  0.87 . 0.49 0,41 0,48
_V.S. = Vege‘cé‘cive stage
F.B,S. = Full bloom stage
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'Pbtassiﬁm :

Leaf Data on the effect of application oi‘ micronu‘crients
on potassium con’cent of leaf and shoot are presented in Table 46.
. Potassium content was found to increase with the epplication of zinc,
‘iron gnd boron and the maximum cencentration of leaf-K (1.15%) wes
found under 0.4 per cent B with urea 1 per cent, a‘b the vege‘bative -

- stage and it declined at the full-bloom and preharvest stage. "

Shoot - Potassium conf;enﬁ in shoot also increased wi‘tkiz‘ the
spplication of zinc, iren and boron and thé goncenﬁfatién of; K in
: Zshoo’c was less than in leaf irres;:ee*&ivé of the treatment and stages
" of sampling. The highest concentration of pofassium in shooi';' waes
obtained with higher level of b&x«‘on,' at "hheA Vegefativé and prehearvest’
étages ‘end it declined in the full-bloom stége.

Digcussion ¢

) It is revealed from the data presented in the previous
pages that application of micronutrients viz, zinc, iron and boron
each incombination, with 1 per cem:' urea markgdly promoted the vege- .
t’é,tive growth of young mango plants cv. Fazll during sll the yéai's -
of the e}cpérim.ent,.l In general, the effect of micronutrients was more
pronounced when applied at higher rates'. The effect of zinc can be ”
possibly explained in the light of the fact that it is essential 1n
carbohydrate and nitrogen metabolz.sm and probably in mmover of
organic phosphorus compounds (Asana et al,, 1971 ). It is considered
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essential for the formation of chloropnyll end hence essential for
'photcsynthetic activity., Zinc is also a‘cop3$ituept of -some enaymea :
and it possibly taken part in_the,sjnthesis of indole acetic acid in
plants (Singh, 1980). It increases the synthesis'qf‘yryptoggan which
is.a.precursor of auxin, that promotes vegetative grcwth'(Agarwala‘
and Sharma, 1978). The'beneficial effect of zinc in improving vege-
tative growth has‘also~been‘observed,by>81ngh and Rajput (4976),
Rajput et al. _(1_976')’in_mango° |

Like eipc,,ircn glso played an important role in augmenting
vegetative‘érowth of young mango plants. It is well established that”.-
iron is essential for chlorophyll synthesis, In associationhwith
enzymes like catalase, peroxidase, cytochrome'oxidase-and the cyto~ |
chromes - iron compounds play important role in cellular metabolism of
- plants (Singh, 1980)., Boron at higher rate provedvhighly effective
in enheneing the plant height, trunk girth and spread of crown during
1984 and 1985. An increased growth with boron- application has been
recorded by Raaput et a1. (1976) and Singh (1977) The effectiveness
of boron in. augmenting the vegetative growth is conceivable in view
of the fact that boron is considered necessary for the meristematic
activities and also for the normal develcpment of the conducting '
tissue (Singh, 1980) Kunte and Yawalkar (1970) have reported thaf
boron helps in the fOrmetion and lignification of cell ,wall, absorp=-
tion of nitrogen and metabolism of carbohydrates.

The effect of micronutrients was.;urther_enhanced by
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accelerating effect of urea gpplied zlong with micronmutrients, The
favourable effect of urea, a nitrogenous fertilizer possibly needs
no further explanation as nitrogen in the major‘constituent:of‘many '
compounds of great physiological importance in the metabolism, such
as amino acid, protein, nuclelc acid, porphyrins, pprine, enzymés
and co-enzymes (Agarwala and Sherma, 1978). Protein end chlorophyll
‘synthesis are markedly accelerated by the application df nitrogen
(Wadleigh, 1957). |

A perusal .of the results stated in the f&regoing pages
clearly indicates that besides increasing the vegetative growth,
micronﬁtrients incombination with urea also.caused better floweriﬁg
in the young mango plants‘regardlesé the existance 'on' and ‘'off'.
year xjr;y_tﬁn;, By application of micronutrients and urea better flow-
ering have been reported by'many5workers. It has been reported that
zinc, iron (Minessy et al., 1974); boron'(Raéput et al., 1976) and
urea (Rajput and Tiweri, 1975) when applied to mango and other fruit
plants caused better flowering. Zinc increased the percentage of
flowering shoots possibly by increasing the auxin content. According
to Agarwzla and Sharma (1978), under éonditions of zinc deficiency.
flower setting was considerably reduced. Kunte and Yawalkar (1970)
exélained the beneficigal effect of iron‘ip increasing the percentage
of shoot producing panicle through regulation of some physitclogical
activities like respiration, photosynthesis and reduction of nitrates
and sulphates and these reactions are necessaryAibr plant reproduc-

tion, They also stated that boron is associated with the flowering
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processes.'Flowering in plant is largely dependent on vegetative
growth, The application of micronutrients and urea provide favoura-
ble conditions to induce good vegetative growth. This might have
caused. enhanced emergence of panicle in mango.\Besides increasing .
the flowering percentage, micronutrient treatments also.increased.
the proportion of hermgphrodite to male flowers over control., Iron
incombination with urea was most effective as compared to the other
nutrient.combinations in a;l the yearsi Rajbut and Tiweri (1975) &lso
obtained more number of hermsphrodite flowers by treatment with urea.
Results of the experiment showed that mioronutriénts incombination
with.ureatproved highly beneficial in augmenting the yleld of f?uit
both in number and weight significantly over contr01 in all the years
of the investigation. Among the micronutrients the effect of zinc
- was most pronounced followed by boron énﬁ irop. Furfher, the,higﬁér‘
dose of &gll the nutrients proved more effective than the lover ones.
The beneficial effect of zinc was also recorded by Daulta et el.(1981)
and Minessy gt ;a_l_;(‘i974). Ra;fégt ;e_iz_ alL. (1976 ) reported higher yield
by treatment with boron, ' Y

Tréatments also proved effective in producing heavier fruits
of bigger size in all the years, The effect of zinc was, however, less
pronounced but was significantly supérior’to controls, Fruits of ine
creased size and weight were zlso obtained by Rath et al, (1980) with
micronutrient spplication. Higher fruit weight by application of N
' was recorded by 3inghﬂg§‘§L.‘(1977)'and Tiwari and Rajput (1975). The
effect of nitrogen in lncreasing the fruit size may be due to the fact
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that it inéreaseés ‘the size and total number of cells (Njoku,: 1957).
The"increased yiéid:obtéined.in ‘the ‘present study was due to the
production of largeér fumber of ffuitsiwith'increesed~Weight :

As regards fruit quality it was observed that the applicae
tion of zinc, iron and boron incomblnation with urea resulted in
significant enhancement of T S S., sugar oontents of ripe edible
fruits. Among the micronutrients, the best result was obtained thh
boron, fbllowed by iron and zinc, Besides increesing the total solu-
ble solid and sugar contents, boron at higher rate elsc inﬁluenced
the fruit a01d1ty Wlth the epplication of boron at higher rates,
Alverrez-Rosario (1965 ) and Bultov1c and vaanovic (1970) roted higher
T S.8, and acidity in apple. In the present investigation, the" mexi— '
mum total soluble solids and total sugar contents and increased
reduclng end non-reducing sugar contents were obtained when boron
was applled at higher concentration. The perhaps ettributed to the
fact that boron is considered to be essential in the metabolism of
carbohydrete (Kunte end Yawalker, 1979). Boron is also necessary in
the translocation of suger in the plant, Iron‘reguletes.photosynthe-
sis (Kunte and Yawalkar, 41970). Higher photosynthesis means more care
bohydrate formation which perhaps helped in increasing the T,S.S. -and
total'suger contents of fruits with iron spplication. The fevotirable‘E
effects of zine is due to various enzymatic reactions like transfore
mation of carbohydrates, activity of hexokinase and changes in suger
which is to be due‘to‘action'of'zinc on'zymohexose (8ingh -and Rajput,

1976)Q'Ratn<g§‘g;. (1980) ‘also reported that zinc acted as a catelyst%



165

in the oxidation and reduction process and was also of great impor-
tance in the sugar metabolism which might have improved the fruit_
quality.

The nitrogen content in leaf and shoot inereased when zinc,
iron or boron was sprayed with urea 1 per cent and the highest N con=
tent in leaf was observed when the plant wés‘sprayed with boron 0,4+
urea 1 per cent. Increase in the leaf N\content with the increasing
'supply of boron was also observed by Singh (1977 ). The nitrogen conw
tent in the leaf and shoot attained maximum values at the vegetative
stage and declined at the full bloom stage. The leaf nitrogen content
again showed a rising trend at the preharvest stage, Avilan (197ﬁ)_ :
alsb noted that N level attéined highest value before flowering,
declined during flowering ahd fruit formation and again Increased
during ripening,

LikeAnitroggn, phosphorus content in leaf and shoot showed
narked veriations at the different stages of sampling and lowest
phosphorus content‘in both leaf and shoot was noted at the full-bloom
stage. The phosphorus content in leaf and shoot decreased due to its
translocation from the adjacent leaves and stems to the penicles.

The translocation of phosphorus from leaves and stem to swelling buds
and developing fruits has been reported by Burstrom (1948).

Treatment with micronutrients increased the potassium con-
tent in leaf and shoot at the vegetative stage and the increase was

more with the higher level of boron. The potassium content in leaf
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and shoot decreased at the full bloom stage probably due to trans-
location of potassium from the adjacent leaves and stems to the

panicles. Similar results were also obtained by Avilan (1971).

Experiment III : Effect of different chemicals on fruit retention,
yield and fruit gquality of mengo cv. Fazli.

Fpuit‘retention :

Basic data recorded before spraying and subsequent data
~collected till harvest in 1983 ('on' year) have been presented in
Table h7.i. It is revealed from the data that chemicals used in

this experiment at all coneentrations were very effective in fruit
retention at early stage of development and therefb:e caused increase
in the percentage of harvestable fruits significantly over control,-'
Amongst the various chemicals used, Z;A-D at 20 ppm and NAA at 40 ppm
were found to retain the maximum number of fruits at harvest stage,

followed by 2,4,5-T, GAB'and Almon,

Among the different concentrations of chemicals it was found
that 2,4-D, NAA and 2,4,5-T at higher levels increased the frult
retention at harvest stage while fruit retention decreased at lower
cohcentratione. The maximum retention of 15.67 per cent fruits were
obtained up to harvest when sprayed with NAA at 40 ppm, while the
retention of fruits was 15.46 per .cent at 20 ppm of 2,4=D. GA; and
Almon at lower cohcentration increased fruit retention but the effi-

cacy dropped at higher concentration. The percentage of frult retained
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in the control plants was only 8.45 per cent, It is evident from the
data.presented in Table 47.2 that spraying with chemicals reduced the
‘premature fruit drop in Fazli mango and thereby increased the percen~
~ ‘tage of fruit retention signifiéantly over control in 1984 ('off! :

~ yeer). Best result with reSpect to fruit retention was obtained with
2,4=D followed by 2 b, 5—T, NAA, Almon and GA;. The meximum fruit
retention of 19,28 per cent occurred when the fruits were sprayed
with 2,4~D at 20 ppm as compared to 8.41 per cent under control (i.e.,
129.25 per cent more over control). Treatment with 2,4~D at lower con=-
centration of 10 ppm was also effective in retaining 18.88 per cent
fruits at harvest indicating 124,49 per cent more retention over cong‘
trol, Spray epplication of 2,4,5-T at both the concentrations reduced
premature drop of fruits, as compared to éontrol.lNAA'at 40 and 20 ppm
also reduced the drop of’immature fruits and resulted in signifidantly
increased retention of fruits to the tune of 16.26 and 13.33 per cent
thareby showing respectively 93.34 and 58.50 per cent higher frﬁit ‘
retention over control. In éase of GQB and Almon, treatments with
- 20 ppm GA3 and 500 ppm Almon indicated»beneficial effect and reten-
tion of fruits were 10.76 and 11.65 per cent, respectively, while 40
Ppm GAB éné 1000 ppm Almon had a little effect ovér control.

Spraying with different chemiczls in general chécked the
early .drOp of fruits and caused higher retention of fruits signifi- '
cantlfl at harvest over control in 1985 as evident from the data
" summarized in Table h7;3. Application of 2,4-D at 20 ppm concentra-

tion was found very effective in fruit retention at different stages
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 of observation followed by 2,4,5«T, NAA, Almon and GhAs.

: Ap@licatich of 2,4=D at 20 ppm increased the percentage of

© fruit af harvest and the maxin;umretent"ion was 17.24 ber cent i.e.,
70.52 per cent more over control, The higher ‘conoentration of NAA

(40 ppm) improved the frulit retention (17.06%) compared to lower con-
centration'oi‘ 20 ppm where the percentage of retention was 15.34.
2,4,5~T at 10 and 20 ppm concentration caused 16.13 and 16.53 per cent
| reiention of fruits respectively (59,54 and 63,50 per cent higher over
.. control). G.A3 and Almon treatments reduéeé the drop of immature fruits
thich ultimately caused incresse in the fruit retention at harvest

over* control but the increase was not significant,

Number of frui-t_s__per tree 3

The data on ‘the number of fruits harvested per tree presented
in Table 48 indicéate that spraying with differen*t chemicals at various
' concentrations had dissimiler effect in ton! and Yoff' years, The
maxinium number of fruits/tree (307) we.ée harx?eéted when- Spréyed with
NAA at 20 ppm concentration in 1983 ('on' year ). The same chemical
"~ at 40 ppm also gave markedly higher hervest yield (289 )y ‘fa_olloweé'l by
2,4=D and GA3 eaéh’ at 20 ppm concentration. 2,4,5-T at bbt.h the cone-
centrations only slightly increased fruit retention over control. In
the 'off' year (1984), however, gpplication o.f, 2,4=D at 10 and 20 ppnm
resulted in high 'r'et'entiq‘n of ~_23&3 end 225 fruits respectively as com-
pared to 85 in control and ‘thése were followed by NAA at 20 ﬁpm.

4As regards the effect of chemlcals on the number of fruits



169

x?able 47.1. Effect of different chemicals on frult retention (1983).

Percentage of fruits reteined

Treatments : - Percentage
A After 15 days  After 35 days of of fruits
of Ist spray~ Ist spraying and "~ harvested
ing 4 20 days of 2nd )
—— — spraying
GA; 20 ppm 24,28 19.37 12, b4
(29.44) (26.02) (20.59)
GA, 40 ppm 28,81 - 22,88 . 9.50
3 o (32.41) (28.52) (17.94)
2,4=D 10 ppm 31,43 o 1495 . 9,66
| (33.88) (22.72) (18.09)
- © (54.95) (2B.77) (25.06)
R (28.03) (23.41) (20.26)
NAA 40 ppm - 27.24 22,07 15,67
: (31.34) - (27.94) (23.20)
2,4,5-T 10 ppm 28.29 19. 77 10,37
: - (31.82) (26.35) - (18.67)
2,4,5-T 20 ppm 29,89 21,25 13,78
: (33.01) o (27.13) - (21.28)
Almon 500 ppm - 24,31 18,89 9.78
| * (29.43) - (25.71) (18.00)
Almon 41000 ppm 25.76 14,34 8.85
= (30.47) - (22,19) (17.20)
Control 21,53 12,46 8.45
- - (21.57) © (20.52) (16.72)
S B0 4+ 192 . .47 1. 48

co (Angulaf transformed values are preséhted in the parentheses)

N.5. = Not significent.
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Table 47,2, Effect of different chemicils on frult retention(1984).

. Percentage of frults retained

Treatments . : Percentage .
‘ -After 15 days After 355 days of Ist  of fruits
of Ist spra= - spraying and 20 days harvested
ying of 2nd spraying ‘ .
- G4, 20 pp:m 30. 77 ~’19;03 '10.76
GA, 40 ppm 32,36 15,05 8.6k
3 (54.54) (22,72) (17.07)
2,4-D 40 ppm 34, 28 24,95 18,88
(35.83) (29.95) (25.69)
2,4=D 20 ppm 38.47 28,08 19.28
(38.33) (31.96) (26.04)
NAA 20 ppm 36,09 16,89 13,33
(36.90) . (24.26) {21.40)
NAA 40 ppm 36,05 21,41 16.26
‘ (36.88) (27.53) (23.79)
2,4,5-T 10 pom 34, 59 48,71 17,13
S (36.00) (25.61) (24, 47)
2,4,5-T 20 ppm 28,92 18,63 479
- ‘ (32,21) (25.54) (24.69)
Kmon 500 ppm 31,07 17,02 11,65
(33.86) (24.35) - (19.76)
Almon .1000 ppm 32,80 14,88 . 9,04
: (34,92) (22.64) (17, 44)
Control - 21.19 11,96 8. 41
‘ (27.30) {20.01) (16.81)
S.Em 4 .01 ., 102 0.67
C.D.at 5% 2,94 2.96 1,95

(Angular trensformed values are presented in the parAen;theses)
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Teble 47.3. Effect of different chemicals on fruit retenticn(1985),

Percentagevof fruits retained Percentage

418"

Treatments -
| After 15 deys  After 35 days of  or frults
of Ist spragy=~ Ist spraying and
ing \ 20 days of 2nd
‘ spraying
GA, 20 ppm 27,58 19.86 12,56
E (31.64) . (26.44) - (20.70)
GA; 40 ppm 28,51 21.11 12. 44
, (32.23) (27.32) (20,62)
2,4=D 10 ppm 31,69 23,42 13.08
(34.48) (28.83). (21.11)
2,4=D 20 ppm 38,17 28. 48 17.24°
’ (38.14) (32.23) (24, 47)
NAA 20 ppm 34,82 24,32, 15.34
‘ (36.14) (29.53) (23.0).
NAA 40 ppm 34,88 25.55 17,06 _
- (36.16) (30.33) (24.36)
2,4,5=T 10 ppm 37,16 26,36 16,13
| | (37.45) (30.73) (25.56)
2,4,5-T 20 ppm 36,94 26,45 16. 53
. (37.39) (30.91) (23.88)
Almon 500 ppm 28,68 . 18.99 12,19
(32.29) (25.78) (20.38) .
Almon 1000 ppm 31.12 21. 47 13,29
(33.88) (27.57) (21.31)
Control 24,40 , 16.06 10.11.
(29.56) (23.56) (18.51)
S.Em 4+ 1. 45 1. 20 0.96
C.D.at 5% 3.47 2,78

(Mnguler transformed values are presented in the parentheses)
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attaining harvest maturity in 1985 ('on' year) it was observed from
-the data that except 2,4-D at 10 ppm, NAA:at 20 ppm and Almon at
500 ppm &ll other treatments augmented harvest yield significantly
over control (216 ). NAA at 40 ppm produced the largest number of
frults per tree (386). Other treatments inorder to efficacy were 40
ppm GA; (372), 10 ppm (335) and 20 ppm 2,4,5-T (321) and Z,A-D at
20 ppm (292).

Fruit weight :

As regards to frult weight it is revealed from the data pre-
sént_ed in Table 48 and Fig. 11 Vthat chexﬁicals had ’beneficiel effect
in increasing the individual fruit weight irrespective of 'on' and
'off! years, 2,4~D and Almon at all concentrations, ~GA3 at 20 ppn,
and 2,4,5~T at 10 ppm caused increase in fruitlweight as ‘-compared to
control (636.25 g) in 1983 ('on! year) and the highest fruit weight
-of 804 g was recorded by the application of 2,4-D at 10 ppm. In the
'off! year (1984), ell concentrations of GA; and Almon znd NAA at 20
ppm recorded significant increase in individusl fruit weight over
control (650 g) and the maximum fr&it weight was obtained when the
tregs were treated with 500 ppm of Almon followed by 40 ppm of GAB‘
In fthe year 1985, =2ll the treatments except Almon at 1000 ppm was
found to be effective in enhancing fruit welght over control (611.25g)
and tf}e heaviest fruit (782.25 g) was recorded when the trees were
s‘prayefc} with 10 ppm 2, 4D, |
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Fruit yield :

It is evident from the data on fruit yield (weight per plent)
ﬁresénted in‘Table L8 and Fig.12 that different chemicals déed in
tﬁié'experiment ihcreaséd the fruit yield significantly and the maxi-
mum yield of 193.78 kg was obtained with NAA at 20 ppm as compared to
121.27 kg under control, GA3:at 20‘ppm,'NAA'at 40 ppm and 2,4-D at
20 ppm also caused higher yield over control. Treatment with 2,4,5-T~
and Almon also showed marked improvement in fruit yield in 1983 ('on'
year). In the next yesr ('off' year) it was found that both the cons
centrations of 2,4-D, 20 ppm NAA and 2,4,5-T at 10 ppm increased
yleld significantly over control® (55.25 kg/tree) and the highest
vield (169.71 kg/tree) was obtalned when the trees were treated with
2,4=D at 10 ppm. In . 1985 ('on' year) all the concentrations of GA;
and ‘2,4,5=-T, 20 ppm 2,4~D, NAA at 40 ppm and 500 ppm of Almon increa~
sed yield significantly over:contrél (132.34 kg/tree). NAA at 40 ppm
concentration caused the maximum yield (267.07 kg/tree).

‘Frult size (length and breédch':

The data on fruit size»undér the different treatments have
been presented in Téble 49, It was found that spray application of
2,4=D at 10 ppm resulted in the maximum fruit size i.e., 17.1 cm in
length and 10.9 cm in breadth as ‘compared to control (14 ecm in length

and 9.2 cm in breadth), in 1983. A11 the concentrations of 2,4=D and

Almon significently increased the fruit size.

In the 'off' year (1984) also, the size 6f the frult



. Table

174

C.D. at 5%

85.56 57.74 64,54

48, Effect of different chemicals on frult number,
weight and yield of mango cv,. Fazli.

—— T

1983 1984 1985 - 1983 1984 1985 1983 1984 - 1985
GA; 20 ppm  '-269 105 285 711.25 777.59 “’7;12;’.50 .1'9007'9 81.88 203.7
G 4o ppm . 231 67 372@V.682.25 80000 686450  157..35 53.16gg§$.51
2, 4-D 10 ppm 181 238 20& 804,00 708.75 7‘82 25 146,26 1‘69&{ '1;6'0.'03
2,4-D éq ppn 370 225 292 636,50 598.75 694.25 185.92 134.34 202,
NAA 20 ppm "‘307 217 244f:'621.75 731,25 %%5;25{ 193.78 158;&4 %7&.85
NAA 4O ppm 289 125 386 655.25 640,00 691.50 187.46 78.9% 267,07
| 2,4,5~§Hacppm 232 185' 335 * 783.50 628,75 645, 5 180,99 116,é1?é16.oz
2,4,5-T 20ppm 200 125 321 . 64h.25 598.75 687.5 128,11 73.69 220.3:
Amon 500 ppm 219 70 257 : 765;00'821.25a7§3;75 166.63 5%;45,491,22
Almon 1000ppm 177 84 285 704,00 738.75“595.50 126,69 6240 169.8¢
Control 192 85 216'7:636 25 650,00 611.25 121.27 ,55.é5‘132.3z
S.En s 29,62 19.65 22.55° 17,00 26.49 6,36 21,60 1b.ih 15,25
49,00 76.51 18,39 62,40 b, 17

40,85
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increased with the spplication of chemicals and the highest fruit
size was recorded (16.9 and 11.5 cm in length and breadth, respec-
tively) with Almon at 500 ppm as compared to 15.4 and 9.0 cm in
length and breadth under confrol.

It was observed that in 1985 ('on! year), application of
20 ppn GA3, 10 ppm 2,4—D~and 20 ppm NAA and 500 ppm Almon signifi-
cantly increased the fruit size over control (15.5 cm length and
9.6 cm breadth) and NAA at 20 ppm showed the maximum improvement in
- frult size i;e.A16.5 and 10,8 cn 1ength and‘breadth, respéctively.»~~

Specifi¢ gravity :

Chemicals did not affect the specific gravity of ripe edible
fruits (Tabie 49), However, GAB at 40 ppm cohcentration'waS'fbund to
cause production of fruits with the highest specific gravity (1.11)
in the fLﬁSt'yéarl(f983) while it was reverse in the next two years.

Pulp:fruit ratio -

It is seen from the Table 50 that Spraying with chemicals
caused marked variation in the pulp content of fruits irrespective
of 'on' and 'off' years. In 1983 ('on' year) pulp content of fruits
increased when the plants were treated wifh 254,5-T at 10 ppm. NAA
at 20 ppm increased the pulp to fruit ratio over control in 1984
(‘pff"year).~Lower'concentration of 2,4,5=T (10 ppm) increased the
pulp content of fruits in 4985. It was also noted that in 1983 and
1985 ('on' years), 2,4,5-T at 10 ppm increased the pulp content of

fruits compared to other treatments including control.



Table 49. Effect of different chemicals on size and specific gravity
. of fruit cv. Fazli. h \

Treatments

- Length of fruit .
(cm)

Breadth of fruit

(em)

19853

1985 555

-1983

1984

q985..

1983

Specific grayltx
1984

1985

GAB éo épm:'
! GAj 7 L;’o. ppm

-yz,hnb 10 ppm
2,é§n’éoiﬁpm;
NAAbe!éémiiv

NAA 40 ppm

2, h,s-T‘1o§pm,r

2 4 S-T 20ppm
Almon 500 ppm
Almon 1000ppm
oontor
S.Em &

C.D;at 5% o

13.7

12:5

AT
- 15.8

15,0

16.3

15.7

15,1
16.6

15,5

14,0

- 0.351

1.328

16.7
4,5
16,6

'15.d(

15.4

15.8 15.9

16,5 15.5

'35;9{

15.5
15.2
16,2 15.0
56.9 56.4
15.3

15.5

0.460 0.109

1,328 0.316

16,4_
16 5

15.5

9,7

8.5

10.9

1041

9.9

9.8
9.8
16.2
fljééa.-
9.2
0,314'
0.907"

11.2

'10.5:
'10.51 
8.3

) 10,2
 ‘16;5V
5;8 f
8.5 '
1.5
9.5
9;0 '
0;159.
0:460 0,436 -

10.6
’{0;2‘
0.8
f{o;4

9.5
0.8
0k
G0

5.6

0,151

1,060

4,110
R
‘1,GSS,
 .047
1087

A%.eso:
1,052
5.052'
‘3t657'
1,047
o.018
N.S. -

1.045‘

1,047

1.045

1,055
1;072'
4,085 1:067
1,080
1,057
1,047
1,063
1.055
0.015

NSy

1,055

1,045

4,060

1,050

1,045

1,037
1.057 .
1.052°

X

1,030

1,047

0,009

K N.SD N

N.S. = Not significant.
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Total soluble solid (T.S.S.):

%

A pem&al of the data presen‘t;ed in. Table 50..and Fig. 13- indi-
cates .‘tha‘b in general, T.S.8. content of fruits under different treate
ments increased significantly over control in all the three years of
~ investigation. The highest T.S.S. content of fruits were 20.00, 20,35
and. 19.85 per ’cenfl;:under.NAA at 40 ppm in 1983, 7984 and 1985, respec-
tively, The corresponding figures under céntrcl were 17.25, 18.00 and
18.35 per cen‘b. Other treatments in order of efficacy were 2,4-D 20 ppm
GA3 20 ppm and 2,4,5=T at 10 ppm in 1983; GAy 40 ppm, 2,4,5=T in 1984
and 2,4-D at 20 ppm, 2,4 5--‘.13 at 10 ppm, Grt‘-‘.3 40 ppm and Almon 1000 ppm
in 1985. ‘ '

Totg_l sugar :

1t is clear from the data presented in Table 31 and Fig, 14
'tha't epplication of chemicals improved the total sugar content of ‘
fruits as compared to control, In 1983 and 198{% (ton' and 'off! years)
"all the treatments except Almon at both concentrations end 10 ppm ‘o,;é'
244D ipcrease‘d the tofcal suger coptepts significant'ly. ovler. control
and NAA at 40 pjpm showed the highest perc’entage of totdl sugar of
15.85 and 16,00 per cent in 1983 and 1984, respectively followed by
2,4-D at 20 ppm (15.62%) end GA3 at 40 ppm (15.90 %) and the corres- '

ponding figures under control were 11,8 and 12. 44 per cent.

In 1985 (?* on' year), the total sugar contents also increased
significantly over oontml due to the treatments. The maximum peroen-
tage of total sugar (15, 82/0 ) was obtained when the trees were s;n‘*ayed.
‘with 2,4,5~T at 20 ppm followed by NAA at 40 ppm. In control it was
only 12.99 per cent. ‘
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Tahle 50. Effect of different chemieals on frult quality of mango

Pulp:fruit ratio

Total SolublLe Solids

&feafments ' {°Brix) ‘
B 1983 1984 1985 1983 1984 1985
GAs é§'§§g 1{1{36 131,46 111,39 18.85 ;55,60 18,50
Ga, 40 ppm 131,38 111,43 111,41 18,00 ;2o.o§‘, 19.35
2,4-D 10 ppm 13142 131,46 131,45 17.85 - 18,60 18.95
2,4-D 20 ppm 131,30 131,47 131,38 19.85 19,20  19.50
NAA.QO ppm 1:1{3&, 1:1.34 1:%;36 18.00  18.55 i9,20
NAA 40 ppm 111,40 1#1;&24 131,47 20,00 .20.35 . 19.85
2,4,5=T 1b'ppm 131,29 1:1.4§ 51;1.34 18.60 19.75% 19.40
2,4,5=T. 20 ppm 15135 131,55 130,43 17.85  19.80 18.95
_Almon 500 ppu 1:1;33_ 181,37 .1={.;9 16,60 17,95 18,75
Almon 1000 ppm 181,42 131,46 131,40  18.85 18,20  19.35
Control 13,39 131,46 131,42 17.25 18,00 18,35
S.Em + 0.305 :‘0,490 | b,izo
C.D. at 5% - 0.882 - 0.347

0,549
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Reducing sugar 3

It is evident from the data presented in Table 51 that
treétmentbwith chemicals proved effective in increasing the reducing =
éugar content over control, Application of 40 ppm of NAA caused the
- maximum reduéiﬁg sugar content of 4,44, 4.35 and 4,37 per cent in
1983, 1984 and 1985, respectively as compared to 3,19, 3.57 and 3,72
per cent in the respective years under controi. In 1983 an& 1984, GAB
at both the concentrations, 2,4~D at 20 ppm and 2,4,5-T at 10 ppm
increésed the reducing sugar contept significantly over control. In
1985, treatment with diffefent chgmieals except GA3 20 ppm, 2,4=D

10 ppﬁ and Almon 500 ppm caused increase.in reduc;ng sugar of fruits.,

Non~-reducing suger

From the data presented in Table 51, it is observed that
all the treatments except 10 ppm 2,4=D, 20 ppm NAA and Almon at both
concentrations increased the non-reducing sugar'signifiqantly over
control (8.24%) in 1983 and treatment with 40 ppm NAA ceused the maxi-
mum non~reducing sugar content of 10.83 per cent. This treatment was
followed by GA3 at 40 bpm. Ip 1984, 10 ppm 2,4~-D and both the qoncen--
trations of Almon were found less efféctive but the other treatments
enhanced non-reducing sugar content of fruits over control (8.42%).
The_highest non-reducing sugar was obtained (11.18%) when the plants
were treated with GA3 at 40 ppm.

In 1985 all the treatments showed pronounced effect on

increasing non-reducing sugar content over control (8.81%). The
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3
i

‘Table 5%, Total, réducing and non-reducing sugar conternt of fruit
. © due to different chemicels,

L Total suger - - ' - Reducing suger.  Nonereducing sugar
Treatments (% fresh weight) '~ (% fresh weight) (% fresh weight)

1985 1984 1985  1983. 1984 1985 1983 1984 1985

GAs 20 pﬁm 15,26 15,55 15,36 . 4,37 3.94 3.82 - 10,34 11,02 11.12
Ghy 40 ppm  15.45 15,90 15,52 4tk b2 3,91 1076 11,18 11,03
| 2,4-D 10'ppm 1217 12,74 13.64 3. 47 3;68 376 . 8.26 .8.60 9.39
z,a-b aO'me 15,62 15,36 14,30 535 3.86 4,05  10.70 10,94 9.73
NAA 20 ppm  13.12 13.68 15.43 3.76 3.65 3,86 - 8.88 9.54 10,98
NAA 4O ppm 1585 16.00 15.78  Lybh 435 437 10,83 11.06 10.84
2,4,5~T 10ppm 15,14 15.65 15% _3.94 _{».64 ‘422 10;63 11,02 10.66
2,4,5-T 20ppm 14,40 15,68 15,82  3.27 4,10 4,07 - 10,57 10,99 11.15
Almon 500 ppm 12,12 12.36 i~4.27 2,85 3,54 3.62' . 8,82 .8.37' 10,12
Almon 1000ppm 12.48 12.52 14,15 3.55 3.59 417 - 8.47 - 8.48 9.48
Control 11.88 12,44 12,99 3,19 3.57 3.72  8.2b - 8.42 8,81

S.Em 4 0.215 0,086 0.114  0.233 0.044 0.049  0.307 0,095 0.141
C.D.at 5% 0,622 0,249 0,331 0,675 0.129 0,143  0.887 0,276 0,405




- 'STIVOINZHD
HLM  LN3WLVIYL OL 3Nnd LiNdd 40 LNILNOD HVONS TVLOL NI NOILLVIYVA ‘v1'9O1d

S 86¢L v 861 £E861L
o
T
—0'LL
-5 g
-
- >
| —0'¢t
- | e
rlJl.l . dea-
szi 9
, [ | o
— —0'€EL ~
= e
8
| || T
e J
-
|| —ov =
e - | “
-5t 7
£
8
: | —o'st S
N || ] = ~{s's1
el llL'l
— L L
— —o'oL
dgay
wdd ggg uouny -6 wdd 0y VVN- SL wdd ot g-y'z- €L
jod3uod -l  wddoz 1-5'%z~81 - wddoz VYVN- SL wdd oy VO~ ZL

wdd ggot vounyOy wddor 1-g'%'z- &L wdd gz-a-%'z- 7L wdd gz vo- k



181

highest nons<reducing suger content of 11.15 per cent was obtained
by the spplication of 20 ppm 2,4,5~T followed by GA 3, NAA, 2,4=D

and Almon,

~Fruit acidizz

The significant dl fference in acid content of fruits was
recbr&ed under the Various treatments (Table 52). In 1983, all the
treatments, except 20 ppm 2 4,5~T and 500 ppm Almon decreased the
frult acidity as compared to that under control (0.38A), 20 ppm GA3
resulted in the lowest acidity (0.25%), Applicationfof GA3 at 40 ppm,
NAA at 20 ppm end Almon at 1000 ppm caused reduction of fruit acidity
over control (0.42%) and minimum valﬁe was recordéd (0.25%) Qith 40
ppm GA; and 10 ppm 2,4,5-T (1984).

In 1985, treatments with GA3’ NAA at 20 ppm and 2,4,5«T aﬁ
10 ppm markedly reduced the acidity as compared to control (0.43%)
and 2,4,5~T recorded the lowest acidity of 0.30 per cent, |

Sugar/acid ratio &

It is clear from the data.présented in Table 52 that treat-
ments with different chemiéals showed marked vafiation in sﬁgar/acid
ratio of frui’cs in all- the years of the experiment. Application of (“:A35
at 20 ppm resulted in meaximum sugar/acid ratio of 61,04, while the
least value of 20.89 was obtained under 300 ppm Almon in the year 1983
('on' year). But in the 'off! year of 1984 thé highest sugar/acid ratic
of 63,6 was obtained with the applicatioﬁ of GA3 at 40 ppu and in cone
trol it was 29.61. 2,4,5~T at 10 ppm caused the highest sugar/acid
raiie of 51,46 in 1985('on' year) as compared to 30.21 under coqtrél.'
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Table 52.. Effect of different chemicals on acidity and sugar/acid
.. ratio of frui‘b._~

‘Trea#ments ‘% fﬁgégiﬁgi%h£2 I 'fSug?r/acid ?atioﬂ

1983 1984 ' 1985 1983 - 1984 1985

‘GAgiao ppm - 0.25 0,38 0.3 61.04 40.92 © 46.5h
qgg 40 ppm 0,26 0,25 032 59.42 63.60  48.50
“2;4—5 10 ppm 0.26.  0.32 '¢L42 | 16.80  539.81 f 32,48
2,4-D 20 ppm .20 038 0.3 53.86  ho.4T | 53.25
NAA20pom - 0:2 0.9 0.3 k5.2 W17 4675
NAA 40 ppm 0,26 0.k 0,46 60.96 47.05  34.30
2,541 10 ppm. 0.2 0.25 Coz0 58;23j: 62.60 51,46
2,4,5-T 20 ppm 0,51 0.38 . 28,33 k.26 38.59
Almon 500 ppm - 0.58  O.44 0,40 20,89 28.09 35.67
Almon 1000 ppm 0,26 0,29 O 48,00 3.7 Bh.51
 Control - 6;38 oz o3 31.26 29.61'1 50,21

’ S.Em i 09014 O, OL"O O. 019

©C.D, at 5% 0,042 0.116 . 0,057
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Discussionlz

Results of the experimept?stated‘in;the‘fbregping pages
clearly indicate that ell the chemicals used in the experiment pre~
vented premature and prehervest drop of fruits and as a consequence
increased the number of harvestable frults. Among the chemicals, the
effects of Z,A»D, NAA and 2, 4 S-T were promising regardless of ‘on'
end ‘off' year. Further, it was observed that 20 ppm of 2,4=D gave
~the best result in a11 the years, followed by 40 ppm of NAA ‘and 20
ppm of 2,4,5;T. Lowér concentrations of these chemicals were also
found to ha&e beneficial effect. The effect of GAaland Almon were
howéver, less pronounced and Eoth the chemicals shoﬁéd their effecti;
veness 6nly‘af lower concentfations'and at highér'concenkration‘retén-
tion percentage of fruits declined. Similar beneficial effect of 2,4-D
NAA, 2,4,5-T and GAs on prevention of premature fruit drop in mango
have been reported by Several workers,.It has been reported that,
2,4=D (Gill and Mukherjee, ﬂ967, Roy et &al., 1963), NAA (Prasad and

Pathak, 1972, Srivastava, 1962), 2,4,5=-T (Arora and Singh, 1964) end
iGAB (Teaotia gt al., 1967) could be used to reduce the early fruit
drop in mango. Reduction in fruit drop was also recorded with the
épplication of 2,4~D~invcitr€s (Qhapman, 1983, Babu gt al.,. 1984,
 Babu and Lavanis, 1985)-and NAA in 1litchi (Singh end Phogat, 1984);

- It is also evident from the result that fruit drop waé much .
hlgher ‘at the earlier stage of development than at the later stages.
‘Chaﬁha -and Singh (1964b) reported fruit drop in Langra, Dashehari .
and Fajri cultivers to the extent of about 98, 95 and 99 per cent
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respectively of the fruits initially formed and majority of fhe
fruits dropped in fpril, Perhaps this excessive drop durlng early
. 8tage was caused due to high competition for nutrient and moisture ‘
among the developing fruits. It is now well established that'fruit
drop in,méngg is accompanied by the formation of an abscission layer.
The phehomenon of abscission is regulated by ethylene and inhibitor
like ABA, Rem (1983 ) recorded that the level of ABA like inhibitor
was high‘in the first 21 days fblléwing poilinatiéh which coincidéd
» with the period of slow fruit growth and heayy fruit drop. Gokhale
and, Kanitkar (1951), Chadha and Singh (1963) observed that growth
regulators controlledvﬁruit drop by strengthening the abscission
regidn. .

The pattern of frult and seed grcwth in mango were sigmoid.
Singh and Arora (1965) noted that in mango the auxin activity of seed
increased with the increase in the size of the seed. The endogenous
auxin level incressed and decreased with the rate of fruit grdwth and
GA; content in the seed increased rapidly during early seed growth
and declined as growth decreased (Ram, 1983). During the period of
‘rapid fruit growth the Tevel of inhibitors decreased and promoters
increased. Thus, decrease in fruit drop with the increase in fruit
size suggests an inverse relationship between the auxin and gibbere-
1lin activity of the seed and fruit drop. It has slso been established
that auxin activity of the adhering fruit is always greater than the
abscising one (Singh and Arora, 1965). From the above findings and -
the results obtained in the present study it would be logical to
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suppose that frult drop in mango is undér the control of internal
auxin and gibberellin production and by their exogenous application
it can be regulated effectively. Singh.ahd Ram (1983) elso opined
“that the éxogenous gpplication of these hormones increased the fruit
retention percentage either by incfeasing their internal‘lévels or. by
antagonizing the adverse effects- of - endogenous growth hormones like

ethylene, ABA ete,

Perusal of the results given earller showed that besides
increasing the fruit yield by reducing the prematuré'drqu chemical
*treatments glso increased the weight end size of individual fruits in
all the years of the experlment. Treatments with 2 A—D, Amon and GAB
were very striking in these regards. The beneficial effect of ‘auxins
-and gibberellins can be,illﬁstratéd in light of fhe fact that fruit
growth is also influenced by hormones. Maurya gt al. (1973) also noted
enhanced growth with the help of growth regulators; Auxins promoted
cell elongation by bringing about some modifications in fhe osmatic
system of the cell (Devlin, 1975).‘The incféaSed‘size'and weight of
fruits with the appllcation of NAA (Prasad. and Pathak, 1972), 2,4~D
(Veera and Das, 1971) and GA (Singh et al.,1976b and Singh et al.,
1977) have been reporteds Improvement in size of litchi fruits was
also observed by Sarkar et gl. (1984). Gibberellins improved fruit -
size and weight by its effect on ceil elongaﬁign and multiplication
(Adslakha and Verma, 1964) in tomato. A\éignificantly increased fruit
weight with NAA treastment has also been rep&rﬁednéy Singh and Phogat
(1984) in litchi., The beneficial effects of NAA,, 2,4=D, 2,4,5=T and GA
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separately and in comblnation in increasing the frult welght wére
;vé;so repcrfed in‘mangé by several workefs (Kripal Singh et al.,1959Db,
Arora and Singh, 1964 Tesotia gt al., 1967. Prasad and Pathak, 1972
v;Singh et al.,19768b and Singh gt al.s 1977) The increased yield obtai«
ned under different treatments was due te the retentien of 1arger num—

ber of fruits accompanied by increased weight of individual fruit.‘

Treatments with chemical ;mprcved the fruit quality appreel
elably by increasing the sugar centénts:énd deéreasing-the écidity

- and éonseqﬁently»increased~the sugar{acid’raiio.~Similar;obéervations
“were also made by Prasad and Pathak( 1972). and: Singh et alx (5976b)
In.the present study NAA and 2,4-D proved most effective. in enhan~
cing the T.S.S, and sugar content of fruits. Singh gt a2l al, (1976b) .

and Prasad-and Pathsk (1972) obtained greater T.5.8, and sugar with

- the applicatlon of NAA, Chadha and Singh (1963) noted improved fruit -

: quality by increasing the sugar and: T,S8.8, and decr8351ng acld Con=~-
tent. According to 5koog -and Robinson (1950) anxin inﬂreased sugar
contents by actlnb as a catalyst 1n carbohydrate metabolzsm. in the:;,
present study. GA 3 was found less effective in improving the fruzt
quality and this finding correborates the eariier observatzons made

- by Veera and Das (1971). In an ;nvestiga#ion with guava, however,
Bagde and Kandalkar (1981-83) reported that frult quality was best
improved by GA; at 75 or 100 ppﬁr_in”the present study NAA énd 2,4!54T
provéd effective in reducing the fruit acidity merkedly over control

in all the years, whiéh.is in conformity with the earlier Observatioﬁs'



187

mede by Singh gt gl. (1976b). Besides these, GA;was also found very
effective in reducing acidity whereas Singh gt gl. (1976D)reported
‘that the effect of GA was gt par with control in this regerd.

E:iperiment IV s Physico-chemicsl chenges during growth and develcpmen
of mango fruits cvs, Fazll and Lengra,

Frult weight 3

Dataon fruit weight of th cultivars during the period of
progressive development have been. presented in Table 53 and Fig. 15.
In this investigation, the data were collected from 30 days after
fruit set and subsequent data were collected at an intervel 4of 15
days. It was observed that the average weight of fruit increased
during the entire period of development‘i'n ,Aboth Fézli and \ﬁangra
mangoes but the rate of increase was. slower during the early éart of
growth and became rapid. thereafter, The meximum increase in fruit
welght waé.recorded between 45 to 90 days after fruit set ‘(480.67 g
in Fazli and 217.00 g in Langra). The maximum fruit weight of 768, 33g
‘was recorded in the cultivar Fazli, while in the cultivar Langra it
was 301,66 g. Thus, a perusal of the ~daté fevealed that a gain in
fruit weight amounting to 735.67 g per fruit during a period of 120
days occurfed in clv-.. Fazll while in case of Langra 277.33 g increase
Ain weight per fruit ‘was noted over a pefiod of 90 days.

Fruit size (length end breadth) :

It is revealed from the data in Table 53 and 'Fig.16 that the
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made by Singh et al. (ﬂ976b).Besides these, GAzwas also found very
effective in reducing acidity whereas Singh gt gl. (1976b)reported
‘that the effect of GA was gt par with control in this regard.

Egperiment IV 3 Physico-chemical chenges during ggowth and develogmen
of mango fruits cvs, Fazli and Langra,

Frult weight 3

Data on fruit weight of twﬁ cultivars during the period of
progressive development have been presented in Table 53 and Fig. 15.
In this. investigation, the data were collected from 30 days after.
fruit set and subsequent data were collected at an intervallof 15
days. It‘was observed that the average weight of fruit increased
during the entire period of development in. both Fazli and Langra
mangoes but the rate of increase was slower during the early part of
growth and became rapid. thereafter, The maximum increase in fruit .
weight waSArecorded between 45 to 90 days aftef‘fruit set‘(h80.67‘g‘
in Fazli and 217.00 g in Langra). The maximum fruit weight of 768, 33g
was recorded in the cultivar Fazli, while in the cultivar Langra it
wes 301,66 g. Thus, a perusal of tbe'daté.fevéaled that a gain in
fruit welght amounting to 735.67 g per fruit during a period of 120
days oecuffed in c?. Fazli while in case of Langra 277.33 g~increasé

in weight per fruit'was noted over a.pefiod of 90 days. .

Fruit size (length snd breadth) i

If is revealed from the data in Table 53 end Fig.16 that the
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length and breadth of fruits increased consistently from the early
staggvto progressive developmenfal étage in both the cultivars. In
Fazli mangoes, from 2,46 cm and 1,23 cm in length and breadth res-
pectively at 30 days after fruit set,’the slze increased cprrespon-'
dingly to 16.16 and 10.40 cm at the ripening stage. In case of Langra,
the length and breadth of the frults at the initial stage were 2.26
and 1.96 ¢m, respectively which increased to 10,66 and 8,56 cm at thé
ripening stage.

Peel weight :

It is evident from the Table 53 fhat the peel weight increa-
sed significantly in two cultivars, namely Fazli and Langra during
their development upté climacteric stage but in case of Langra it
diminished after reaching the ripening stage. Maximum peel welght of
110,66 and 42,66 g were recorded in Fazli and Langra, respectively.

Stone welght

It was also found that the welght of stone increased sig~
nificantly during the progress of development in the fruits of both
Fazll and Laﬁgra. The average weight of seed in Langra increased
from 1,33 g at the initial stage of sampling to 97.33 g at the last
date of observation., Similarly in Langra, the seed weight increased
from 0.66 to 41.66 g during the period of‘fruit development (Table 53)

Pulpifruit ratio :
It is cénspicuous from the data in Table 53 that the change
in pulpifruit ratio was not consistent during the period of fruit
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development in both the cultivers. After 30 days from fruit set, the
pulp:fruit -r‘atio"_wivgs highest being 141,19 in Fazli and 1:1“14 in
Lengra and there after declined, In Langra, pulp:fruit retic was
widest (1:1.51) after 75 days of frult set when stone was ' formed.
After that, as the fruits were attalning maturity pulp cbnténts ine
creased gradually and at harvest thé ratio was 1:1.38. However, no

such distinct variation was noted in\ cv, Fazli,

Specific gr avifz :

The changing patterns in specific gravity of frults during
their period bf development have been pr'es‘entecl in Table 53 and
Fig, 17. It was found that in the cultivers Fazli and Lengra the
specii‘ic gravity value imreased steadily upto ripening stage. In
case of Fazli the specific gravity varied between 0.933 and 1.066
while in Lengra it ranged between 0.92 and 1,053 throughout the period

‘of observation.

Totzal soluble solids (T.S.S.) @

_ In case of Fazli it was found that the T,S.S. contents ine
creased gradualiy‘ from the early stage (30 deys after fxfuit"aet ) to
ripening stage (150 days after fruit set). At the climacteric pesk
ATI.S.S,. contents rose suddenly from 10.4 to 16.2 per cent and it fur-
ther increased by 4.5 per cent at the ripening stage, Similar trend
was &lso recorded in case of Langra where it ranged» from 5.9 to 11.7
. per cent between the early growith stage and climacteric stage. The

T.5.8. contents increased further by 7.2 per cent between climacteric
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Table 53. Changes in physical parameters during growth and development
- of fruit in cvs. Fazli and Langra. _

Days

Cultiv%rs“Frﬁit ‘Length Breadth"Peel

Stone

Pulp:fruit Speci~

Langra

0.302

4,542

after weight of of welght welght ratio fic
frult (g fruit frult % (g) : - - gravity
set_ i o fom) (om) . . , e
50 Pazli 3266 2,46, 1.25 4 ooA‘l(1;33 131,19 0.933
Langra i ‘24,33 2,26 1.96  2.33° 0,66 1:1.14  0.920
45 - Fazli’ 55.66 4,83 3,33 8,33 4,33 111,29, 0,943
Langra = 37.66 3,43 2,60 = 433 0,96 1:1.,16 _  0.966
60 - Fazli - 415,33 8.63 5,86 ' 23,33  6.66. 1:1.35 = 0.946
| Lemgra ~ 80,00 6.66 5.85 16,66  3.33 13133 - 0.973
75 Fezli 242,66 10.10 7,90 37,33 22.35 1:0.32 . 0,983
Langra 156,33 8,66 6,55 40,00 13,33 1:1.51 1. 016
90  Fazli . 536,33 14,46 8,96 81,35. 55.00 131,34 . 1,006
Langra 254,66 10,06 - 8,30 45?33- 40,66 131,49 1.023
105  Fazli 574,00 14,70° 9,93 89.66 62,33 131,36 1,023
Langra = 293,33 10.26. 8,13 46.33. 044.33 1:1.42 .. 1.036
120 Fazli 638,33 15.53 10.36 102,66 6433  1:1.35 1,043 -
© Lengra  301.66 10.66 8.56 42 66 41,66 1:1.38 1.053
135  Fazli 754,00 16,06 10,26 108.66 80,33 1:1.33 - 1.060
Lang’r'a - - " - - - | - - K
150  Fazll 768,33 16.16 10.40 110.66 97.33 1:1.37 © . 1.066
Lengra = & = - e - - e
S.En i Fazli - 10,047 0,267 0.245 2,367 1.570 =~ 0,016
' Lengra 7.885 0,180 0.098 1.668 - 1.464 = . 0.006 -
C.D, at Fazli 30.124 0.802 0,735 7.098 4710 = 0,048
5 24,30 0,555 5. 141 - 0.021
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and ripening stage (Table 54 and Fig. 18).

Totel suger

Data on total ‘su-gar cohteﬁ'ts' of frults during their develop-
ment and maturation stages have been presented in Table 54 and Fig. 19.
It is ev:.dent from table that in both the cultivars, the total sugar
percentage increased during the entire period of fruit development.
Starting from later part of Merch (i.e., 30 days after frui’c set) up
to the third week of June (i.e., 120 days after fruit set) increase
in total s;ugaif content was less pronounced end varied from 2,05 to.
- 6,34 per .cent. It showed a sharp rise at the maturation stage(10.84%)
and further increased by 2,32 per cent at the ripening stage in Fazli
mangoes while in Langra total sugar increased sharply at the end of
climacteric stage to ripening stage (5.04 to 11,07%).

éed.ucigg sugar @

' The aata presented in Table 54 indicate the chenging pattern
of reducing sugar content of fruits in both the cultivars during
their development' and maturation. It was found that in both the cule
tivaers the rate of increase in reducing sugar from the eariy growth
stage to climacteric stagé was not comnspicucus. But reducing sugar
content increased suddenly between climacteric and ripening stage,
Reducing sugar cbntént of 2,54 to 3,70 per cent and 2.13 to 2.32 per
. éent were noted in ‘cultivars Fazli and Langfa, respectively.

Non-reducing sugar
- It is evident from the Table 54 that the non~reducing suger
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percen'tage was very low at the first stage of sampling (0.75%) and
it increased gradually through 't;he subsequent stage in the cultivar
Fazll., But when the fruits reached the maturity stage, non-reducing
sugar content suddenly increased f:bom 2.9 to 7.88 per cent (l.e. from
120 to 135 days after fruit set) end attained 8.97 per cent in the
riﬁening stage. Almost similar trend was observed in case of Langra,
The non-reducing suger percentage varied from 0.22 to 2.76 upto the
maturity stage while at the ripening stage, the non-reducing sugar
content incréased by 5.54 per cent within a period of 15 d'ayé;}

Acidity gercent%e :

Changing pattern of total titratable acidity has been pre-~
sented in Table 54 and Fig. 20 and 11: is clear from the data that
the percentage was low (0.93%) at the initial stage (i.e: 30 days
after fruit set )'. and increased gr'aduaily as the fruits'matur'ed. In
the climacteric stage fruit acidity attainev.d:the maximum level(3.62%)
but at ripening stage acidity decreased to 0.38 per cent in Fazli.

' In case of Langra fruits, acidity ’var'iéd between 2. 71 in the early
stage and 3.75 per cent in the pre-climacteric stage. But after rea-
ching into the climacteric étage -aeldity decreased slightly. In the
ripening stage fruit acidity abrizptly decreased\frofn 2.47 to 0.63

per cent.

) gar/acid ratio :

A perusal of data reveals that sugar/ acid ratio neted in
different dates did not exhibit any consistent trend. This ratio was
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Table 54. Chemicsl composition of fruit during growth and
development in evs, Fazli and Lengra.

T.S.S. -Total Reducing Non-  Acidity Suger/-

‘Days \ o
after Cul tiva;‘s (°Brix) sugar sugar reducing (% fresh acid
fruit - (% fresh (% fresh sugar (% weight) ratio
set , = weight) weight) fresh
_ weight '
30  Fazli 5.4 2,05  1.27  0.75  0.93 . 2,20
Lan.gra ' 509 1930 1006 0. 22 1.06 1. 22
45 Fazli 5.9 2,23 1.40 0.78 1.11 2,01
** Lengra 6.7 2,11 1.25 0.82 2.08 1,01
60  Fazli 643 2,34 1.52 0.77 1,28 1.82
75 Fazli S 6.6 2,46 . 1.4h4 0.96 1,85 . 1.32
~ Lengra 8.1 - 324 1.8% 1.35 3.75 0.86
90 Fezli 8.6 4,28 . 2,6 1.57  3.34 1.28
Langra 8.6 3447 1,92 1.46 3.45 1.01
105~ Fazli 9.2  4.85 2,83  1.91 3,62 1.33
Langra 1.7 5,04 2,13 2.76 2,47 2,04
120  Fazli 10.4 6,34 3,27 2,90 3.30 1.92
Langra = 18,9 11,07 2,52 8,30 0.63 - 17.57
435  Fazli 16,2 . - 10.84 2,54  7.88 0.51 21,25
Langr‘a ' - . < .. A L - - -
150 Fezll 20,7  13.16  3.70  8.97 0,38  34.63
. S.Emx Fezll 0,11 0,085  0.041 0,349  0.047 =
- .Langra . 0,149  0.050 0,040  0.066 0.041 -
C.Diat Fazli 0,343 0,249 . 0,121 1,048  0.143 -

M Lengra  0.461 = 0,155 0,125 0,204 0,125 =
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comparatively higher (2.20) at the initial stage of observation

»:' after which it reduced gradually upto 90 days after frult set follo-
wed by a gradual enhancement in the next 15 days and reached the maxi=-
.. mum velues when the fruits wefe at ripening stage in case of Fazli,
Likewise,; in Langra sugar/acid ratio increased at the initial stage
(1.22) 1,e., 30 'day's after fruit set and decreased gradually upto
60 days after fruit set and the ratio was meximum during | the later:
' part of frult development (Table 54), |

Y'Disgussicn :
Results on the physico~chemical changes during the develop-“

mental stage of mango presem;ed in the previous pages revealed some

interesting features which are discussed hereunder,

The growth of fmits with respect to lgngth and> breadth and
weight continued to inc‘reasé +111 harvest maturity in both the cul-
tivars, The rate of increment was slow up to 45 days of aﬁthesis fgr‘
- both the cultivars and therea:fter the growth rate inereased steadily )
up to 135 and 90 days in cultivars Fazll and Langra, respectively,
thereafter it showed a declj.ne at later stages. Sgc;'x t?endsl in growth
of mango fruits have also been noted by Lekshinarayana e“é al. (1970)
and Pandey et al. (1974). Tt was further observed that in the early
-stages the growth rate of seed was &also poor. The poor growth of
fruit was probably due to the poor growth of seed as reported by
Chattopadhyaya gt al. (1978). According to Ram (1983 ), the level of

i
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'ABAllike inhibitor was high in the- first 21 days which corresponded
with the period of slow fruit growth. The period of maximum fruit
growth was accompanied by the period of maximum seed growth., These
findings are in line with the earlier bbéervations made by Chattopa-
dhyey et al. (1978) in cultivars Bombai and Himsagar, Seed is the -
primary and main source of auxins and glbberellins like substances"
end the maximum increase.in growth rate is directly associated ‘with
the period of éaximum activity of these growth substances (Chacko
et al,, 1972). Rem (1983) further observed that during the period
of repld fruit and seed growth, oytokinin concentration elso increa-
sed repidly. | . '
'In the cultivar Fazli, the peel v}éight ‘increased suddently
»after-QO days of frult séi, while in case 9£4Langfa abrupt increase
in peel weigh$ oceurred after 75 days of fruilt set, and thereafter
the increase was meagre, Similar‘te'peel welght, changes in the stone
weight also ocourred after 90 days of fruit set in both the cultivars,
Changes in the values of pulpifruit ratio fwere not much pronounced
particularly in Fazli. In langra, pulp:fruit ratio decreased slightly
after 90 days of frult set. This was perhaps due to the increase in
the peel and stone weight. Teeotia gt al. (1968) reported that the
percentage of pﬁlp ané stone to whole fruit increased during the
growth and development. B

_ .As regards the changes in the values of specific gravity
during the developmental stages till maturity, it was observed that
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..specific gravity ~increas,é‘d continuously till mé’hu;‘ii;y in both the .
cultivars, Similar findings were also reported by Popenoe gt al.. '
(1958) and Mukherjee (1959). Gangwér.:and‘ Tripathi (1973) observed
that specific gravity of fruits ihereased continuously till one month
prior to maturity. The increase in the values of a;ie,ci_ﬁc” gravity :I'.n-
the" developmental period was perhaps due to. the accumulation.of starch
‘during that per.{od, (Mukherjee, 1959). Vani_etél difference was not,. |

however, conspicuous,

* A sharp and significant rise in fhe ;\ralue‘s of totai‘éolublé‘
solids content was noted in both the cultivars. ‘Sharpxﬁ"is.e in T,8.8,
occurred after 135 days and 105 dajrs in the cfv's. Fazli énd Langra, .‘
res;_oectiv‘ely.; In this connectiori referencéa c‘anﬁ' be made to the work
of Askar gt gl. (1972), Reo et gl. (1972) and Gengwer and Tripathi
(4973), who also reported that increase in total soluble solids cone
tents took place in the later part of development,

Total sugar, reducing sugsr -and 'hon-reducing sugar contents -
of the fruits also increased 'as fruits developed and matured in both
the cultivars. Totsl sugar and non-reducing sugar inereased markedly
after 135 and 120 days in Fazli and Langra, respectively. But no such
variation was noted in 'th,é values of redticing sugar, Siddappa and
Bhatia (1954) repbr-ted that total sugar ‘énéAmn-reducing‘sugar CON=
tents inéreaséd graduaily in mango as the fruits tended to mature
and reducing sugar remained. constant, But in the present investiga- |
.tion }nc.rease in reduiing sugar content continued steadily .vthroughout

the period of fruit growth and development, It was &glso evident that
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up to 135 da&s in Fazli’and 120 da&s in'Langra,'the perbantageé of
'reducing sugar were higher than ncn~reducing sugar and thereafter -

it wds just reverse, Mukherjee (1959) also reported that throughout
the period of frult development, the reducing sugar content was much

higher than the non-reducing sugar content.

Results mentioned earlier gave a c¢lear 1ndication that fruit'
acidity was low during the early development stage and as growth
progressed, acid content increased steadily and then declined sharply
- when fruits attained harvest maturity Decrease in the acldity level
of mango fruits durlng later part of their development has been repor-
ted by Askar gt zl. (1972) and Reo gt al. (1972),‘Mukhezéee (1959)
noted. a rise in the,acid content of frults during the early period
of their development followed by a decline with fruit maturity and
ripening.

| Sggar/acid ratio in both the.cﬁltivaré decreased after 30
days of fruit set and again increased progressively as fruits develo-
ped and a sharp rise in value was observed when fruits were fully
‘matured, The maximum value was recorded at ripe stage, The decline
in the ratic was perhaps due to the fact that the rate of increase
in acid content was more than that of total suggr, and at maturity

sugar contents increased and acidity decreased markedly.
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SUMMARY AND CONCLUSION

(ién order to elucidate the role of micronutrient llke, zinc,
iron and boron w1th or without urea on growth, yield and frult gua-
lity in mature (30 years) ‘and young plants (4 years) of mange cv.Fazli,
experiménts were carried out é% the Mango Rééearch Centre of the Bidhar
' Chendra Krishi Viswavidyelaya, located at Mathurapur and Ratua and in
two private orchards at Ratua,and,Nagirpur in the district of Malda in

West Benga{j)

Effect of zinc, iron and boron and thelr interactions were

'studied separately with and without urea application following ran=
domized block desi%£;>

Both zinc and boron promoted vegetative growth es indicated
by plant height, trunk girth and sﬁread'of tﬁe young Fazli piants.
The effect of iron was less pronounced than boron and zinc. Treatments
with these micronutrient, however, were not very effective in augmen~
ting floweripg percentage in young mango plants except zinc at 0.2
per cent, In mature plants'however; zinc ahd bordn enhénced flowering
in the 'on' year (1985) whereas iron and boron caused significant
increase in flowering in the 'off' year (1984). Spray spplication pf‘
both zinc and boron increased fruit number and fruit weight in the
Toff! and ‘on' years in mature mango trees. Maximum fruit weight was
obtained with the highest level of zinc. It wés also evident that spp-

lication of zine, iron and boron increased fruit yield in the mature
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trees and aﬁbng'the three nutrients, zinc and boron;‘particu;arly,at
" higher levels were more effective,)|Frult quallity as evident by T.S.S.
énd'sugar content was enhanced markedly by the. apg}ication of zinc and
'boron in young as well as mature trees. The effect of iron was 1ess
prominent. The maxlmum total sugar content was obtained with the ‘
highest level of boron.(fpplication of micronutrients incombination ‘
with urea further promoted flowering, fruit number and yield in yoﬁhg‘
mango trees, particularly at higher 1evels. The effect of zinc was
most pronounced fbllowed by boron and iro?;)@?eatment with mxcronu~.
trients and urea also resulted in significant increase in T.S5.S. an@
sugar contents of ripe edible fruits. the best result was obtained .
with boroq, he micronutrients caused greater accumulatlon of nitrogen
in the leaf and shoot of mature mango tree{s., irreSpective oiﬂg“tage, of.
sampling snd the maximum nitrogeh content was observed wi%h thé'highp'”
est level of boron. Phosphorus and potassium contents in leaf and )
shoot &lso increased in the ‘treated plants at the vegetative stage buti
decreased later with the on set of flowering. cronutrients when used
in combination with 1 per cent urea also enhanced nitrogen, phosphorus
and potassium content in leaf and shoot of young mango pla{}fj @oron
at 0.4 per cent 1ncombination with urea showed higher nitrogen con-
tents in the leaf as compared to other treatments. Nitrogegﬁ%thSphorus
and potassium contents in leaf and shoot were always higher during the
' vegetative stege and declinéd during flowering. ’

In snother experiment the effects of different chemicsls

like GA5, Z.A;D, 2,4,5=T, NAA and Almon each at two concentration on
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fruit drop, fruit growth and qﬁality were studied. ALl the chemicals
reduced premature and preharvest fruit drop and thereby increased the
vield, and among the chemicals used 2,4=D, NAA and 2,4,5,? were effec-
tive régardléss of 'on' and 'off! years, 2,4~D at 20 ppm proved to be
most effective treatment in reducing the fruit drop in all the yéars
of the experiment. GA; and Almon were lessvpronouhced in this regard.
Méximum fruit retention was observed with 20 pbm 2;4-D followed by

40 ppm NAA, Fruit drop was more in the ;nifial stages of frult growth
and patterns of fruit and seed growth in mahgovwefe sigmoid. Besides
increasing the fruit yield through reduction of fruit drop, chemical
treatments also caused increase in weight and size of indlvidual frdits
2,ﬁ~D, Mmon and GA; proved more effective in this respect. Treatment
with chemicals improved the fruit quality by increasing the sugar/acid
ratio. NAA, 2,4-D and 2,4,5~T improved the fruit quality to a greater

extent as compared to others,

) 4
iﬁfﬁgﬁico-chemical changes during the growth and development

in mango cvs. Fazli and Langra were studied. Fruit growth with respect
to length, breadth and weight continued at a slower rate upto 45 days
from anthesis and thereafter thé growth rate increased steadily upto
135 aﬁd 90 days in covs. Fazll and Langra respectively, thereafter
growth declined, During the early stages, seed growth was also slow.
Peel weight showed pronounced luncrease after 90 days in Fazli and 75
~da.ys of fruit set in Langra, whereas stone welght showed marked incr-

ease after 90 days of fruit set in both the cultivars., Changes in the
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values of pulp tfruit ratio. were - not much pronounced. The specific
gravity of the frults increased continuously till maturity in both
the cu;tivars. Sharp rise in T.S.$.~ogcurred after-135 and 105 days
in cés.‘?azii~and Lanéra‘réépectivéiy. Tbtél}freducihg and ﬂon-reéu—
cing sugar contents of the fruits also increased with fruit éevelop~Al
'ment and maturity and marked increases in total sugar and non=redu-~ |
cing sugar were noted after 135 gnd 420 @ayb in Fazli andiLangra |
respnctively. The fruit acidity increased dufinu early development
but snarply declined with harvesb ma&urity. Sugar/asid ratlo shawed'

marked lncrease ai harvest maturlity and contlnuec upto rlpening.,
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