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CHAPTER—I

INTRODUCTION



INTRODUCTION

Mango (Manglfera Indio a L. ) is considered to be the king of 

fruits as it is the most important fruit crop of India and constitutes 

an important horticultural asset of the country. It occupies about 40 

per cent of the total area under fruits. Because of its wide adapta­

bility to various soil and climatic conditions, it is under cultiva­

tion in many countries of the globe but nowhere this fruit is so 

highly valued as in India, where it alone occupies an area of 1,02 

million hectare with an annual production of 8.83 million tonnes 

(Chadha, 1985). Except the hilly regions and coastal belts, mango is 

cultivated throughout the length and breadth of India upto an eleva­

tion of 915 metres from the sea level. Among the different states, as 

quoted by Majumder and Sharma (1985), Uttar Pradesh occupies the maxi­

mum area (3.13 lakh ha) followed by Bihar (1.2795 lakh ha), Andhra 

Pradesh (1,2709 lakh ha), Orissa (0,725 lakh ha), Kerala (0.6253 lakh 

ha), West Bengal (0,57 lakh ha) said Tamil Nadu (0,3917 lakh ha).

Because of its delicious taste, manifold utility and nutri­

tive value, mango has been acknowledged as an excellent fruit. 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 inclu­

ding calcium, phosphorus, iron, etc,, 1,1% fibre, 11,8% carbohydrate, 

4800 I.U, vitamin A and 13 mg vitamin G per 100 g pulp. It is also a 

good source of vitamin B (Singh et al., 1963).
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In West Bengal the soil and. climatic conditions of most of 

the districts except the hills;of Darjeeling district are, suitable 

for the successful cultivation of mango. However, its commercial; cul­

tivation is restricted mainly in the. districts of Mai da, Murshidabad, 

Nadia, 24-Parganas (North) and Hooghly., Malda is the pioneer mango , 

producing district having an area of: 20 thousand hectares under mango
X

cultivation, Fazli being the leading commercial cultlvar, In Iraida, 

mango grows abundantly. Unfortunately, due to continuous management 

neglect, ■ most of the existing orchards are in a declining condition, 1 

Cultural operations are seldom done in mango orchards, except occa­

sional use of insecticidal sprays in the flowering season. Consequently, 

the plants have become uneconomic and yield per plant is, very low. The 

rple pf nutrients on growth and yield of mango orchards is nov/ad ays 

being increasingly 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 appears to have,the 

maximum capability to recover by proper application of fertilizers.' 

Although nitrogen, phosphorus and potassium play a vital role in pro­

moting the plant vigour and productivity, micronutrients help in the 

uptake of the major nutrients.

Deficiency of these elements has not been.well reported in, 

India, but beneficial effect of micronutrient sprays has been sugges­

ted, However in Florida, symptoms of Fe, Mn,, Zn, B and Cu deficiency 

have been observed in the cultivars ,Haden and Zill (Smith and Scudder, 

1951). Zinc deficiency was first reported from Florida (Lynch and
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Ruehle, 1940) and subsequently jDrom Israel (Oppenheimer and Gazit,
1961) and according to these investigations deficiency of this nutri­
ent caused deformed leaves with a rosette formation near the tip of 
the flush and retardation, of the growth, which could be corrected by 
spraying 1 per cent zinc sulphate. In three-year old mango plant, 
Minessy et jil. (1974) observed that the soil application of 50 to 
100 g/tree of chelated iron corrected bud malformation and in the 
mature mango trees, a single soil application at 1 lb/tree corrected 

malformation, increased flowering and fruit yield, Ra.1out et al. (1976) 
observed that 0.8 per cent foliar application of boric acid improved
growth, flowering, yield and fruit quality. In an experiment Rath

" \, •

et al. (1980) found that application of boron and zinc increased fruit 
size and quality of mango. Fruit drop is a major problem affecting 

fruit yield in mango particularly in the ’off year. In mango, there 
is a heavy drop of hermaphrodite flowers and young fruits mounting 

to 99 per cent or more (Mukherjee, 1949). According to Sen(1939), only 
13 to 28 per cent of the b^zejxual flowers in cultivars Bombai, Langra 

and Fazli 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 high Initial fruit set the ultimate retention of harvest able 
produce is often very low due to abscission of hermaphrodite flowers 
and fruits at various stages of development. Thus, the fruit drop in 
mango assumes an Important aspect which is directly related to economic 
cultivation of the crop, Singh et si,/■(1959b)reported that aqueous 
solutions of WAA at 30 and 40 ppm and of 2,4-D at 10 ppm applied to 
Fajri mangoes 6 weeks after full bloom reduced fruit drop from 52
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per cent to 22 and 28 per cent, respectively,

Roy et aU (1963) reported that NAA and 2,4-B at 5, 10 
and ,15 ppm were sprayed twice on Chilabkhas, Himsagar, Langra and ; 
Bombai to reduce the fruit drop, Maurya et al. (1973) sprayed 2,4-B, 
HAA and 2,4,5-T each of 2Q, 40 or 60 ppm after every 15 days: from pea 

stage to till harvest and observed that 2,4-D at 20 ppm retained the 
highest percentage (8.4%) of fruits followed by 40 ppm whereas under 
control it was only 5 per Cent* Most of the mangoes produced in India 
are consumed locally. About 12,500 tonnes of fresh and 16,480 tonnes 
of processed mangoes are exported and 25 per cent of the produce are 
totally spoilt. Increased production will.not fulfil the total requi­
rement unless the fruits are harvested at the proper stage of matu­
rity, It is imperative to assess the proper harvest maturity, so that 
the fruits can reach the market in properly ripe condition and fruit 

quality is not impaired, The physico-chemical changes during the 
progressive development of mango fruits have been studied by diffe­
rent workers, Lakshminarayana et al. (1970) observed that the mango 
fruits cv, ALphonso continued to increase in weight until harvest and 
they reached harvest maturity in 16 weeks after fruit set. Specific 
gravity of fruits was considered as an index to determine the harvest 
maturity by Mukherjee (1959), In mango cv. Langra, Teaotia et al. 
(1968) found that acidity and starch content were relevant in predic­
ting maturity, while the starch:acidity ratio provided a good index 
for maturity. Singh et al. (1976a)found highly significant correla­
tion between T.S.S, and total sugar content, specific gravity and
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total sugars, specifics gravity arid starch content during the matu­
rity of fruits.

In view of the foregoing consideration, the following expe­
riments have been carried out at Mango Research Centre of. Bidhan 
Chandra Krishi Vi swavidy al ay a aid some private orchards in Malda dis­
trict during the period of 1982 to 1985 on cvs. Fazli and Langra,

I) Effect of three levels of zinc, iron and boron and their 
interactions on growth, flowering, yield and fruit quality of mango 
cv. Fazli,

II) Effect of zinc, iron and boron incombination with urea 
on vegetative growth, flowering, yield and fruit quality of mango 
cv. Fazli,

III) Effect of different chemicals on fruit retention, yield 
and quality, of mango cv, Fazli.

IV) Physico-chemical changes during growth aid development 
of fruits in cvs. Fazli and Langra,
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REVIEW OF LITERATURE



REVIEW 'OF LITERATURE

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

Effect of zinc t

Mallik. and Singh (1959) reported, that absence of 2n 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 development of clear symptoms at leaf Zn content below 

20 ppm and spraying with 1% zinc sulphate or 0.2% zinc oxide correc­

ted the condition. Soil application, dusting, and use of pellet were 

not effective (Oppenheimer and Gazit, 1961), Martin et al. (1975) 

stated that, zinc deficiency was found to be the cause of severe mal­

formation in mature mango trees which became unproductive. Foliar 

spray of zinc sulphate or zinc oxide was effective. Rajput et al.

(1976) also tried foliar application of zinc sulphate at 0.2-0,8% in 

a single spray to the bearing trees cv. Chaus a in the month of January 

and found that treatments increased length of the terminal shoot, the 

number and area of leaves/shoot and leaf fresh and dry weight and . 

effectiveness increased with increase in the zinc concentration, Singh 

and Rajput (1976) further observed that spraying of zinc sulphate at 

0.2 -to 0.8% in mango trees cv, Chaus a during January increased termi­

nal shoot length, leaf number and leaf area/shoot, the number of
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hermaphrodite flower/panicle and yield. Fruit sugar, ascorbic acid 
and T, S. S, contents were also enhanced and the best results were 
obtained with the highest dose. While working on mango trees cv. 
Dashehari, Ni^jjar et al. (1976) observed that in zinc deficient leaves 
zinc content was about 27.5 ppm compared with 35*2 ppm in healthy 
plants and the leaf zinc content,increased to 42.5 and 92,5 ppm when 
sprayed in February with ZnSO^ at 0,2 and 0.4%, respectively. The new 
flush was free from deficiency after 72 hours, Paulta et al. (1981) 

reported that spraying of Zn or GCC (Chloromequat) on January, had.no 
appreciable effect on flower type (Staminate, 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 GCC, Highest fruit reten­

tion (36,4%) and best quality fruits were; obtained at 0*8% Zn.

Effect of iron s

Stewart and Leonard (1957) reported that application of chela­
ted iron (FeEDTA) @ 100 g/tree/year on mature orange and grape fruit 
tree' enhanced the growth and weight of the new shoots, Webb and Hall as 
(1966) found that 70 ppm Fe in strawberry was optimum for increasing 
vegetative growth and yield. Application of 30 ppm Fe in Washington 
Navel Grange caused higher fruit weight and concentration of sugar in 

the ^uice (Walllhan et al., 1967). In case 2| year old mango trees, 
Minessy et al, (1971) found that soil application of 50 or 100, g/tree 
of chelated iron (as chelated 138 which contains 6-7% Fe) corrected 
moderate or severe bud deformity condition. Foliar application was not
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effective* In three year old mango plant in alkaline clay loam soil, 

Minessy et al. (1974) observed that soil application of 50 to 100 g/ 

tree of Chelated Fa as chel-138 corrected' moderate to severe symptoms 

of bud malformation. Foliar application at 10 g/litre was ineffective* 

In case of mature mango trees a single soil 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 and third 

year respectively.

Effect of boron :

In mango cv, Langra, Rajput et al. (1976 ) observed that 

foliar application of boric acid (0.8%) significantly improved growth, 

flowering, fruiting 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 significant 

increase in leaf numbers and dry weight. Leaf N content was increased 

to 1,86 per cent by 0.2 per cent B, as against 1.82 per cent under 

control, but was; reduced by higher rates (Singh, 1977). In 13-year old 

mango trees cv, Langra, Rath et al. (1980) found that spraying with B 

or Zn each of 0,2-0,8 per cent at full bloom increased fruit length, 

disaster and fruit weight, implication of B+Zn at high rates (0,6 and 

0,8%) increased total sugars, ascorbic acid, acidity and, T.S,S,contents 

of fruit.

II, Effect of growth substances on fruit dbop :

Flower and fruit drop are two serious problems in mango cul­

tivation causing low harvest and low marketable produce. Luckwill(l94S) 

found that the periods of active hormone production were associated
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with the periods of low fruit drop in apple. Gokhale and Kanitkar 
(1951) reported that treatment of Alphanso mango fruits (12 to 25 mm 
diameter) with 25 ppm of NAA and2,4-D as aqueous spray checked the 
post setting drop to a considerable extent and gave 17 to 23 per cent 
more yield compared to control, Mukherjee (1953) stated that external 
and internal factors such as occurrence of mango hopper , mango mealy 
bug, powdery mildew and anthracnose and nutritional deficiency affec­
ted mango fruit drop. According to Chadha and Singh (1964.3.)intensity 
of fruit drop in mango could be divided into three distinct phases 
such as, 1) Pin-head drop, 2) Post setting drop and 3) May drop.
1 Pinhead-drop1 consisted mainly of shrivelled floral organs and shed­
ding of hermaphrodite flowers and small pinhead like fruits below 1 
4 mm in diameter. ’Post setting drop1 being major drop, continued 

from pea stage to ball stage of development and ’May drop* was econo­
mically the most important drop and extended almost over the entire 
month of May and June.

Kennard and Winters (1936), however, failed to find any posi­
tive effect of 2,4,5-T spray application (50 to 200 and 800 ppm) in 
checking fruit drop in 3 and, 6 weeks old fruits of mango cv, Amirii.

Effect of spray applications of,2,4,5-T sand 2,4,5-TP at 10 
and 20 ppm on April 15 and second spray on May 13th on the fruits of 
the Karel a Bhagalpur cultivar was reported by Singh (1957). Both the. 
concentrations of 2,4,5-TP were effective in checking the fruit drop 

as compared to other treatments, 2,4,5-TP at 20 ppm gave the best 
result and recorded 13.2 per cent higher fruit retention over control.
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Aqueous solutions of NAA at 30 and 40 ppm and 2,4r»D of 10 ppm 

when applied to Fajri mangoes 6 weeks after full bloom fruit drop was 
reduced from 52?S to 22 and 28$ respectively (Singh et al,, 1559b) • The 

growth substances caused increase in fruit size* titr stable acidity 

and the ascorbic acid content and reduced the oozing of sap from the 

stalk end, •

Singh et al* (1959a)found that 2,4-D and NM (10, 20, 50 and 

40.ppm) spray applications on mango cv, Fajri resulted 28,61 and 29,69 

per cent fruit drop respectively as against 53.90 per cent under con­

trol. Fruit drops were substantially low at 30 and 40 ppm, suggesting 

a greater control of fruit drop with higher doses.

Gill (i960) found that spraying of NAA, NAAH, 2,4-D, 2,4,5-T 
and 2,4,5-TP in concentrations of 10, 20, 30 and 40 ppm on 4>ril 16 In

. V

the eultlvar of Langra failed to lead to any valid conclusion. Later 

applications made on flay 4 and 20, June 7 also did not show any noti­

ceable effect on fruit retention, Nevertheless, with May 4 application, 

the effect of NAA increased with increasing concentrations up to 40 ppm, 

The concentration effect was significant both at 10 and 40 ppm when 

application was made on June 7, though it was difficult to explain the 

weaker Influence of the intermediate doses. According to Sturrock 
(1961) fruit expansion was associated with endosperm formation,

Mallik (1961) reported that HAA at 10 ppm gave the most effec­

tive results incomparison with water spray and weekly irrigation with 

ten gallons (45 lit) of water until harvest in the eultlvar Of Langra.



The best time for spray application was May and according to the author 
spray needed to be repeated three, times at weekly intervals,

.Application of 2,4-D, 2,4,'5-TP and NAA each at 20, 40, 60 and 
80 ppm on May 5 showed large and significant effect in reducing the 
post-set fruit drop in Dashehari. 2,4-D proved to be the best'and gave 
a fruit retention of 56, 83, 77 and 83 per cent under 0, 20, 40, 60 
and 80 ppm concentrations, respectively (Singh et al., 1961).

Rao (1961) applied 2,4-D at 8, 10, 12, 30 and 40'ppm, .NAA at 
10, 20, 30 and 40 ppm, GA- at 150, 300 and 600 ppm separately and in 
combination with 2,4-D (10 ppm) to prevent 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 
compared with control,

Srivastava (1962) from his investigations on Dashehari oul- 

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 ppmj but the effect of NAA at 50. ppm was • 
superior to all other treatments*

Chadha and Singh (1963) studied the effect of spray applica­
tions of 2,4-D, NAA and 2,4,5-T each at; 20 , 40 and 60 ppm on May 8 in

b.

Langra cultivar of mango, 2,4-D at 40 ppm was the only treatment to 
cause any significant reduction in fruit drop,

Roy et aL, (1963) reported that NAA and 2,4-D both in concen­
trations of 1, 5, 10 and 15 ppm were sprayed twice on Gulabkhas,
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Kimsagar, Langra and Bombai mango cultivars to reduce fruit drop. In 
Gulabkhas spraying of 2,4-D at 10 ppm and KM, at 5 ppm reduced fruit 
drop during 1958, and 1959 ? respectively. 2,4*1) at 5 ppm reduced the 
drop during 1958 in the cultivar Himsagar and both the chemicals at 
10 ppm proved 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 in the cultivar Bombai fruit drop was reduced from 82.9 
per cent in control to 60.5 per cent under treatment*

According to Rao and Rao (1963) in the cultivar of Neelum, 
application of 2,4-D at 30 ppm six weeks after fruit set reduced fruit

i. ' ■ ‘

drop from 82,5 per coat to 50,4 per cent. In another experiment using 
various strengths of 2,4-D, NAA, GA and GA + 2,4-D however, no signi­
ficant effect was observed.

Arora and Singh (1964) investigated the effect of different, 
concentrations of 2,4-D, NAA, 2,4,5-T, 2,4,5-TP and some mixtures of 
these on fruit drop of Dashehari and Langra mangoes during 1960-61.

j •

According to them plant regulators reduced fruit drop to some extent 
but the results were not consistent. The promising treatments were 
2,4-D (10-20 ppm), NAA (40 ppm) and NAA (40 ppm) V GA (5 ppm). They 
however pointed out that higher concentration of 2,4-D generally in­
creased fruit drop,

Chadha and Singh (1964b)found that the rate of fruit drop 
was very high in the initial 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 drop had almost ceased. This 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 after fruit set 

and continued up to the time of harvest, but its intensity decreased 

after about 4 weeks. The hormonal activity of the seeds was reported 

to be greater in the adhering fruits than in the abscising fruits, 

especially early in the season and fruit drop in earlier stage was due 

to low auxin content.

Gill and Mukherjee (1967) revealed that 2,4-D at concentra­

tion lower than 20 ppm resulted in increased fruit 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 

Chous a, application of 2,4-D, NAA and 2,4,5-T as aqueous sprays in 

concentrations ranging from 5 to 60 ppm were further made and 2,4-D 

proved better than other chemicals.

In an experiment Langra plants were sprayed with 5, 10 and 

25 ppm.of NAA, GA and 2,4,5-T once, twice and thrice at full bloom, 

pea and marble stages. Only NAA at 5 ppm caused significantly higher 

fruits retention when sprayed at all the three stages. In the another 

experiment GA and NAA were sprayed on ‘Langra* cultivar in concentra­

tions of 25, 50 and 100 ppm at full bloom stage, no significant res­

ponse was however obtained (Teaotia et al,, 1967),
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In an experiment mango plants of the cultivar Khasa were 
sprayed with 4 levels of piano fix at 15, 30 or 45 days after fruit 
set, Among the 4 levels of piano fix the most effective one was 1,0 ml 
piano fix 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 Baganspalii cultivar of mango. The 
treatments particularly NAA at 40 ppm increased fruit size and weight. 
Excepting GA, other treatments proved effective in increasing T.S.S. 
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 obtained with the treatments 43 ppm 
2,4-D and 10 ppm of GA, respectively, T.S.S,/acid ratio was markedly 
reduced by 40 ppm GA and it was the highest with 40 ppm NAA.

Prasad and Pathak (1972) reported that when newly set mango 
fruits were sprayed with methyl ester of NAA at 25, 50, 75 or 100 ppm 
fruit retention was more. Maximum retention was had with the lowest 
concentration.

According to Maury a et al. (1973) three growth regulating 
chemicals viz,, 2,4-D, NAA and 2,4*5-T each at 20 , 40 or 60 ppm were 
sprayed after every 15 days from pea stage to harvest maturity. 2,4-D 
at 20 ppm retained highest percentage (8.4%) of fruits followed by 
40 ppm of the same regulator whereas under control retention was only 
5%, All the treatments retained significantly higher per cent of fruits 
excepting 2,4,5-T at 60 ppm.
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According to Kalyanasundaram (1974) in Mulgoa mango, initial 
fruit set was 11.25 fruits/panicle and ultimately 98.65% fruits dropped, 
The aqueous spray of 2,4,5-T at 10, 20, 30, 50 and 60 ppm on three weekj 
old fruit bearing panicles did not have any effect on fruit drop,

,Rao et al, (1976) from an esqjeriment conducted in Lucknow 
reported that spraying of growth retardant Alar at 100 ppm was effi­
cacious in checking fruit drop in Dashehari cultivar of mango at pea 
stage of the fruit.

Singh and Singh (1976) reported the favourable effects of HAA. 
and 2,4-D in checking fruit drop in Langra. Among the various doses 
used in the trial WAA at 10 ppm and 2,4-D at 10 and 15 ppm caused the 
maximum retention of fruits. «

Lely veld and Oo strum (1978) stated that spraying of mango 
trees with silver nitrate prevented fruit abscission by inhibiting 
peroxidase activity. They found that silver nitrate was associated 
with ethylene production in mango. /

Aravindakshan et al. (1979) sprayed piano fix (Containing NAA) 
at 10, 20 or 30 ppm on Neelum cultivar of mango twice at 15 day inter­
vals in the 1st, 2nd or 3rd week after fertilization during the mus­
tard, pea and marble stage respectively and found that piano fix impro­
ved fruit set over the control. The most effective stage for applica­
tion was the marble stage which gave 23,2 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 (.Anonymous, 
1979). 20 ppm NAA and 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 and 15 ppm) and GA^ (0, 10, 20 and 30 ppm) to study 
their effect on fruit set* fruit retention and fruit quality of Langra, 
Dashehari and Fazri cultivars of mango# These chemicals when sprayed
thrice at 15 days intervals significantly increased fruit set, 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

os
and pea stage in cvs. ChOusa and Dashehari. They observed that number 
of mature fruits harvested in treated ones always increased by more 
than 1| times over controls.

From a two years study with NAA and 2,4-D (5, 10, 20 and 40 
ppm). Rameshwar and Rao (1979) obtained best fruit retention and yield 
during 1977 by applying NAA followed by 2,4»D both at 20 ppm concen­
tration* During 1978 both the chemicals at 5 ppm exhibited better 
retention and yield# The lowest fruit drop of 94% was recorded with 
2,4-D at 20 ppm during 1977#

Rao et al. (1979) concluded 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 beneficial# In another expe­
riment they found that three sprays of Gibberellic acid helped to 
reduce fruit drop in Dashehari.
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Singh and Pathak (1979) observed that plant growth regula­
tors produced differences in respect of percentage of fruit retention, 
size, weight and quality of fruits, WAA at 15 ppm was effective in 
retaining highest percentage of fruits followed by WAA 20 ppm.

Singh and Ram (1983) opined that, among the several chemicals 
applied at three different stages on 12 year-old trees, WAA at AO ppm 
gave the best fruit retention when applied at the prebloom stage. At 
the pea stage CCG (chloromequat) at 200 ppm gave the best result and 
at the marble stage AgNOj at 200 ppm recorded maximum fruit retention.

III. .Physico-chemical changes during growth and development.

Physical changes j

Mango takes about 3-4 months from the time of fruit set to 
maturity and ripeness (Singh, 1978). Physico-chemical changes during 
their progressive development stages have been studied by different 
workers in the various parts of the world. Increase in fruit weight 
during developmental period was studied by Mukherjee (1959)#

According to Anantanarayanan said Filial (1968) the fruit 
maturity period of 16 cultivars studied by them varied from 83-121 
days in the main season and 107-137 days in the Off-season in the dis­
trict of Kanya Kumarl, In the cultivar of Langra the fruits attained 
their maturity in 114-116 days from fruit set at Bast! condition 
(Teaotia et al., 1968). Rao at al, (1970) worked with the cultivar of 
Baneshan and found that in earlier fruit developmental stages, the sap
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exuding from stalk on picking the fruit was thin, opalescent, aromatic, 
oily and gummy. As fruits developed, exudate became thicker, colour­
less and lost its gummy character but retained its oily feel. Krish- 
namurthy and Subramanyam (1970) considered weight of mango fruits as 
a parameter for determining optimum maturity of Pair! mangoes and 
according to them the weight of a mature fruit should be 260+20 g and 
the colour should be olive green, Lakshminarayana et al. (197Q) obser­
ved that the mango fruits cv, Alphanso continued to increase in weight 
until harvest end the fruits reached harvest maturity in 16 weeks 
after fruit set, Menchu (1975).found that in mango fruits cv.Mamey the 
harvesting time was reached in 90 days after fruit set though* the 
fruit attained their greatest size and weight 60 days after fruit set. 
The pH level of exudate from the stalk end of both Dashehari and Lan- 
gra gradually fell at the later picking dates as reported by Mann et 
al. (1975). Mann and Singh (1976) found that lenticel numbers/unit area 
declined with increasing fruit maturity of Dashehari, but with Lsngra 
they remained fairly constant. Pal stability was associated with later 
picking with both the cvs. and was accompanied by a Change in lenticel 
colour from creamy white to brown, MaLevski et al. (1977) advocated 
skin colour of fruits as a criterion to judge fruit maturity incase of 
Hadeh mangoes. In two year studies with the cultivar Dashehari, Shukla 
and Bajpai (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 practical maturity determinats. 
Mature fruits were characterized by scheele’s green skin colour
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aocompallied by a light yellow blush and the ienticels being primrose 

yellow, pabhade and Khedkar (1980) observed increase in fruit size 

and weight until the stage of maturity.

Change of specific gravity s’

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 soluble solids Of soft fruit were closely associated
i

with maturity of Haden and Zill mangoes. Specific gravity of fruit 

was used as an index to determine the harvest maturity in mangoes 

by Mukherjee (1959 )* In the cultivar of Langra, the specific gravity* 

acidity and starch content were considered relevant in predicting 

maturity, while the starch;acidity ratio provided a good index for 

harvesting according to Teaotia et aL. (1968). Jacob (1970) observed 

specific gravity of 1,02 at harvest maturity in Haden mangoes,. Accor­

ding to Gangwar and Tripathi (1973) in the Cultivar of Dashehari and 

Langra under Basti condition, the specific gravity of newly set fruits 

were high and specific gravity decreased rapidly during the first . 

month but increased again 4until maturity about 5 weeks later* Singh 

et al. (1976a)'observed that in the cultivar of Neelum specific gra­

vity of 1,037 determine the fully mature stage.

Change of acidity s

The changing responses in acidity of mango fruits during
4 ■

their gradual progress of development have been studied by amber of'
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workers. De and Debnath (1966) reported that a local cultivar of 

mango in East Pakistan showed gradual increase in titrstable acidity 

until near maturity, after which acidity decline with ripening.

-Acidity in the flesh rose from 2.17 per cent in small fruit to 3.05 

per cent at near maturity, but during maturation and ripening stage 

the acidity decreased to 0,7 per cent. The concentration of citric 

acid aid malic acids decreased in Alphanso mangoes during ripening 

according to Modi and Reddy (1967).

Teaotia et al. (1968) in the variety of Langra found that 

acidity and starch content were relevant in predicting maturity, 

while the starch: acidity ratio provided a good index for maturity.

In the variety of Alphanso the acidity reached a peak value during 

the 7th week after fruit set and declined at harvest (Lakshminarayan 

et al.. 1970). Askar et al. (1972) carried out studies on three 

growth stages in the cultivar of Pairi, Zibda and Baladi aid found 

that in the first stages the acidity rose while in the 2nd stage it 

decreased gradually:. Gangwar and Moti (1974) reported that starch 

and acidity which had an impact on maturity ranged from 6.12 to 11,72 

per cent and 0*115 to 1.689 per cent respectively, they also found 

that change of colour, specific gravity and starch content were the 

most expropriate parameters to predict the proper time of harvesting. 

Baqui et al. (1977) found changes in the different type of acids in 

mango fruits during their development. According to them, throughout 

the maturation of mango fruit, citric and glyoxylic acids increased 

steadily. As the fruits matured the levels of isooitrate lyase, malate
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lyase and al anine; glyoxyl ate amino transferase increased and reached 
maximum values before the time of harvesting. At and after harvest 
the levels of m slate lyase and al anine sglyoxyl ate aminotransferase 
began to decrease but the level of isooitrate lyase remained high 
until after harvest. The amounts of citric and glyoxylic acids dec­
reased when the fruit ripened after harvest, Sarkar et al*- (1979) 

studied biochemical changes at six stages in the Fasli, Gopalbhog and 
a loesl cultivar and found that tartaric acid content was negatively 
correlated with sugar content at, early stage of ripening but in the 
later stage citric acid was very Important for sugar synthesis.

Changes of starch content s,

Mango fruits are rich sources of carbohydrates end various 
experiments have been carried out by different investigators on them 
during their progressive developmental stages, Popenoe and Long(1957) 
while working with Florida mangoes observed a regular increase in 
starch content with maturity but according to them it could not be 
used as a commercial measure of maturity. Later, Popenoe et al. (1958) 
opined that in the cultivar of Haden and Zill mangoes the starch con-

■ • i

tent and specific gravity of hard fruits were closely associated with 
mango maturity and the direct measurement of the percentage of starch 
in the flesh was the best method for estimating the degree of maturity 
in hard green fruit, Continuous accumulation of starch in the fruit 
pulp up to prerip e stage was reported by Mukherjee (1959 ) and accor­
ding to him starch content might prove useful in. determining the time
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for picking , Teaotia et eOU (1968) and Gangwar and Trip at hi (1973) 
reported that starch content of mango fruits were relevant in deter- 
mining the time of maturity in thecultivar of Langra. Singh et al. 
(1976a)studied Neelum mango fruits in which highly significant corre­

lation between specific gravity and starch content existed during 
maturity. In the cultivar Dashehari, Tandon and Kalra (1983) observed 
that starch accumulation was slow at first, later increased with con­
comitant acceleration of amylase activity. Starch content and amylase 
activity, declined after 91 days of growth.

Changes of T, S.S, and sugar content j

Popenoe et al. (1958) studied biochemical changes in the 
Haden and 2111 mangoes and found that total soluble solids of soft 
mango fruits were closely associated with mango maturity as indica­
ted by pal at ability. Mukher’jee (1959) reported absence of any sys­
temic trend in sugar content of fruits during fruit development. The 
percentage of reducing sugar was several times higher than that of 
the non-reducing sugar through out the period of development, -De aid 
Debnath (1966) observed that total sugars in the pulp of fruits 
increased from 3.1 to 9.45 per cent during ripening and 1,94 per cent 
of it consisted of reducing, sugars, in the cultivar Kanchaaitha, the 
sugar content rose from 0*48 to 2.6 per cent and nearly all of these 
were reducing sugars. In ALphanso mangoes the sugar content of fruits 
declined throughout the period of growth. Reducing sugars vmre pre­
sent in higher concentrations than non-reducing sugars and accumula­
tion of starch continued with growth and development, Lskshminarayana
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et at. (1970).
Krishnamurthy and, Subramanyam (1970) reported that sugar 

accumulation was maximal at about the time of the climacteric peak, 
in respiration and sucrose was the predominant sugar in the cultivar 
of Pair!. Askar at al, (1972) demonstrated three growth stages in 
the mango cultivars, viz., Pair!, Zibda and Baladi. In the first 
stage, among other constituents starch and sugar content declined. 
During the second stage sharp rise in starch occurred and during 
third stage, ripening was characterized by a sharp drop in starch 
with a sharp rise in sugars. Total soluble solids gradually increased 
during their growth and ripening in, the cvs. Pairy, Zibda and Baladi 
(Askar et aL., 1972). Gangwar end Tripathi (1973) carried investiga­
tions on Dashehari and Langra mangoes and reported that content of

* ■ , ' i

total soluble solids increased during growth. Organoleptic tests 
showed a correlation between quality and total soluble solids content, 
Kspur (197^) worked with Dashehari, Safed (Malihabad) and Samar 
Bahisht cultivars of mango and observed that sugar content was at 
low level in the young fruits aid there was very little rise in sugar 
as the fruits grew in bulk aid weight and the ascorbic acid content 
was at highest level in the young fruit aid relatively more amount

oocurred 111 the skint the “7“’there was a eradual 1038 °f
reducing sugars and ascorbic acid, ^azumder (1976) worked with Himsa- 
gar, Sorikhas and Peyaraphull mangoes found that in the early stage 
of development the sugar content was highest in Peyaraphull but at 
later stages the sugar content was highest in Himsagar. In the Neelum
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mangoes Singh et aL. (1976a)found highly significant correlation 
between T.SiS. and total sugar content, specific gravity and total

l

sugars and specific gravity and starch content during the maturity 
of fruits and fruit maturity was characterized by specific gravity 
1.037, T.S.S, 11,6%, total sugar 8* 1*8,2% and starch content 6.6-6.7%. 
Singh et al, (1976a)observed, a highly significant correlation between 
total soluble solids and total sugar content in the cultivar of Keelum 
during ripening and the fully mature fruit contained 11,6% T.S.S. 
According to Ghattoo adhvava et al. (1978) reducing and total sugar 
contents of the peel and flesh of both Elms agar and Bombai cultivars 
increased markedly during harvest, accompanied by a sharp decline in 
polysaccharide content. Sugar contents were higher in the flesh than 
in the peel. According to Singh et al. (1978) the specific gravity, 
T.S.S. percentage and starch:acid ratio.were the best indices of matu­
rity in the cultivar of Tatmura and Sukul. Dabhade and Khedkar (1980) 
pointed out T. S.S, increased gradually during fruit growth and matu­
rity, Sharma and Biswas (1931) reported the highest T.S.S, contents in 
the cvs, Himsagar, Bhabani Ghawr as, Mis arik ant and Ranibhog during 
their maturity. They also reported (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 £ -carotene, total 
soluble solids, reducing and total sugar contents as reported by 
Ralra and Tendon (1983),



25

Changes of ascorbic acid content t

Spencer e| a(J.. (1956) while working with cvs, Amiai, Mulgoa, 
Pico and Turpentine (native) observed that vitamin G content of fruits 
followed a downward trend and it declined from an average of 88 mg -to 
22 mg and the decline was most during 5 to 10 weeks after fruit set. 
The final 4-6 weeks of fruit maturation was accompanied by little 
changes in ascorbic acid content. They also reported that highest 
concentration of vitamin C in ripe mangoes was present in the peel 
and in the flesh adhering to the husks compared to edible portion. 
Singh and Chadha (1961) reported that ascorbic acid content of Langra, 
Dashehari and Fajri fruits decreased during the first 7 weeks after 
fruit set and then remained at a fairly constant level up to harvest. 
They also found that ascorbic acid content decreased with increase in 
fruit size and also with little or too much sunshine, Askar et al. 
(1972) working with the cvs. Pairy, Zibda and BaLadi in three growth 
stages, observed that the vitamin G content continued to fall gradu­
ally, Gangwar and Tripathi (1973) reported that ascorbic acid content 
increased during growth. The ascorbic acid was at highest level in 
the young fruit and was relatively more in the skin but gradually 
decreased during fruit growth (Kapur, 1974), Mukherjee and Tewari 
(1979 ) reported that the ascorbic acid content was high at the marble 
stage and declined at the start of stone stage in the cultivar of

•i

langra aid Dashehari. Thomas and Oke (1980) found that the vitamin G 
level in the peel of mature unripe Alphanso, Dashehari, Langra and
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Pairi mango fruits were at 199-214, 131, 542-597 and 250 mg/100 gm
I , - r .'*■’* * ' ' '

fresh weight respectively and corresponding levels in the pulp were 

at/89-103, 30, 114-143 and 41 mg/100 gm, The ascorbic acid content . 

was high at initial stage of fotapuri and Fairi mangoes which decrea­

sed during growth and development as reported by Dabhade and, Khedkar 

(1980).



CHAPTER—III

MATERIALS AND METHODS



4ND METHODS

Experimental. site i

The experiments were carried out at the Mango Research 
Centres of Bidhan Chandra Krishi Viswavldyalaya located at Mathura- 
pur and Ratua and in twoi private orchards at Ratua and Nsgirpur in. 
the district of Malda, West Bengal* The location of the .experimen­
tal site was 87°45*50” E longitude and 24®40*20“ N latitude in the’ 
northern hemisphere with an altitude of 25 metres above the,sea 
level.

Climatic conditions :

The climatic conditions prevailing during the period of 
investigations as observed and recorded at the Malda meteorological . 
observatory are presented in Table 1.

Soil condition of the experimental site : ■

The soil of the experimental site was sandy loam In texture 
and sufficiently deep. The soil samples were collected from the mango 
orchard at several locations of the experimental orchards at 30 cm 
depth. They were then mixed to make a composite sample 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 
humidity during the period from June, 1982 to August, 1985.

i

Months" ' TemoeratureC °C) Rainfall R. H. W)
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 71.61
August 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
1983

24.82 10.88 Nil 94.56 47.20

January 20.86 8.83 47.6 94,66 47.10
February 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 43.83
May 34.18 23.29 84.9 85.43 59.70
June 37.01 26.23 139.8 82.57 56.53
July 33.28 26.13 251.3 . 92,71 73.61
August 32.26 25.88 114.8 91.56 75.00
September 31.73 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 92.81 47.44
December 24.30 10,85 54.3 92.07 48.43

Contd. *.
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Contd.,. Table 1,

Months Temperature(0 C) Rainfall
(mm)

R.H.M)
Maximum Minimum Maximum Minimum

1984

January 22.82 10.33 52.6 95.26 49.80

February 25 i 41 12,01 18.3 85.31 44.37

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 48.4 87.16 61.96

June 32,04 25.76 24.7 90.45 76.16

July 31.81 25.50 268.9 94.25 79.50

August 32.49 25.96 195.3 92.61 76.61

September 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 10.70 2.5 92.87 43.41

1985 ■ -

January 25.19 10.71 Nil 94.23 42.38

February 26.12 11.64 11.4 90.82 40.82

March 30.25 16.12 31.5 83.58 44.09

April 35.15 20.77 2.6 81,23 42.10

May 39.18 24.62 73.2 74.37 37.44

June 33.82 25.90 183.2 89.21 72.24

July 31.91 25.74 418.3 93.03 80.35

August 32,30 26.02 439.8 90.61 78.00
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presented below,

Nutrient content of the soil
Mathuraour Na.iirour Hatua

1) Soil, pH 7.6 ; 7,2 ■ * 7.5

ii) Organic carbon (%) 0.44 0.52 . 0.49
ill) Total nitrogen (%) 0.05 , 0.03 0,04
iv) Available, phosphorus 

(kg/ha)
26 28 ■ 25.

v) Available potash(kg/ha) 377 298 325
vi) Available zinc (ppm} 6.15 6.31 7.38

vli) Available iron (ppmj 64,45 65.01 60?34
viii ) Available boron(ppm) 1,6 1.6 1,70

ix) Electrical conduc­
tivity (mmhos/cm)

Duration of the experiment

0,13

*
•

0.10 0,12

The-experiments, were laid out in October, 1981 and Continued 
* *■ 

for four consecutive years upto 1985*

Materials t . ,
The investigations were carried out on mango trees of culti- 

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 carryout the experiment on physico-chemical 
changes during the growth and development of Langra, fruits were 
collected from the healthy plants of 30 years in age*



Experiment la : Effect of three levels of zinc, iron and boron
and their Interactions on growth, flowering# yield
and fruit ■ duality of young mango cv. Fazli.,

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

Design - Randomized Block (28 plants/block)
Treatments - Factorial with one augmented control (27+1) 
Replication -3
Total number of experimental plants - 84 

Spacing - 12 m .x 12 m :
nutrients and doses - , Zn., 0.1# Z*, p.254 20,0.W

Fe1 0.1% Fe2 0,2% Fe3 0, 4%
0.1% B2 0,2% B3 0.4%

Forms of nutrients :
Zn as zinc sulphate 
Fe as ferrus sulphate 
B as borax

Treatment combinations :
Zn^Fe^B^ , Zn2FeiBi Zn3Fe1B1
Zn1Fe1B2 Zn2Fe,,B2

^e1B3 Zd5Fs1B5
Zn^FQgB^ Zn,Fe2B,
Zn.,Fe0B0 Zn2Fe2B2 2to5Fe2B?
ZniFe2B3 Zn2Fe2B3 Zn3Fe2B3
Zn1Fe3B1 Zn2Fe3B,, Zn^Fe^B^
Z^Fe^Bg 2n2Fe3B2 Zn3Fe3B2
Zn^FejBj Zn2Fe3B3 Zn^Fe^B^

K
V



Time of nutrient spray application - June and October,

Before spraying/the- raicrpnutrient scldtlons were adjusted 
to a neutral reaction by adding, required quantity of lime,

Besidesfoiiarsprayofmlcronutrients,N:PjK<i 400 g,

200 g and 400 g per were applied in twp-.equal split doses.
Half of the total quantity was applied in the month of June and the 
remaining half in the month of October,

Irrigation :

Irrigation Was given during the period of investigation as 
and when required#
Weeding :

The orchards were ploughed twice and the'base of the trees 
up to the drip line was kept more or less free from weeds by manual 
weeding.

Experiment lb : Effect of three levels of zinc, iron and boron and
their interactions of flowering, yield and fruit
quality of bearing mango trees cv, Fazli.

Design— Randomized Block
Treatments - Factorial with one augmented control (27+1)

.S'

Nutrient and doses - Same as Experiment la.
Replication - 3
Age of the trees • 30 years
Total number of experimental 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 application of micronutrients, N:P:K @ 1 kg, 
0,5 kg and 1 kg fertilizers per plant were applied in two equal split

i

doses* Half of the total quantity was applied in the month of June 
and the rest half in the month of October.

Plant protection ;

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 2n. Fe and B Incombination with urea on
vegetative growth, flowering, yield and fruit
quality of mango cv. Fazli.

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

Design Randomized Block 

Treatments - 7
1. 2n 0,2% + 1% urea
2. Zn 0,4% + 1% urea.
3. Fe 0,2% + 1% urea
4. Fe 0,4% + 1% urea
5. B 0.2% + 1% 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 experimental 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 NsPsK @ 400 g, 200 g and 400 g was applied in two 
split doses in the month of June and October.

Irrigation i

The plants were irrigated .as and when required.
Weeding i

The orchards wan kept more or less free from weeds by plou­
ghing and removing the weeds manually.

Plant protection i

Regular plant protection measures were taken to control 
pests and diseases.

Experiment III t Effect of different chemicals on fruit retention.
yield and fruit quality of mango cv. Fazli. y

Age of the trees - 20 years 
Design - Randomized Block 
Treatments - 11

1,. Gibberellic acid - 20 ppm
2. Gibberellic acid - 40 ppm
3. 2,4-dichlorophenoxyacetic acid - 10 ppm
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4, 2,4-dichlorophenoxy acetic acid - 20 ppm

5. Naphthalene acetic acid - 20 ppm 
6* Naphthaleneacetic acid - 40 ppm
7. 2,4,5-trichlorophenoxy acetic acid *• 10 ppm-.
8. 2,4,5-trichlorophenoxy acetic acid * 20 ppm
9. -Alraon ( a formulation of NAA) - 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 plants - 44

Jime_of..sj>ra3ring ;

Two spray applications were made. First spraying was done 
at pea stage and the second spraying was done at marble stage. The 
chemicals were applied in aqueous ’ solution by thoroughly drenching 
the whole tree.

Cultural practices s

Selected plants were manured with 50 Kg of well rotted cow- 
dung manure and WsPsK @ 500 g, 250 g and 500 g per plant per year. 
Regular plant protection measures, were adopted.

Experiment IV s Physico-chemical changes during growth and develop­
ment of fruits in ovs. Fazli and Lanara.

Design - Randomized Block 
Replication - 3
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Number of fruits in each sampling - 4 

The physico-chemical changes taking place during various 

stages of fruit development in evs, Fazli and Langra and their chemi­

cal composition were recorded at 15 days interval starting from mar­

ble stage of fruit growth.

Observations and collection of data s

The following steps were taken in recording data,

1, 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, Trunk girth_:

The girth of the trunk was measured by measuring tape at
• . i

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 hermaphrodite 

flowers were counted aid ratio between male ;herm aphrodite flowers 

were determined.
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6. Percentage of fruit retention :

First count was made before spraying and subsequent data 
, were collected time to time at each spraying to calculate the per­
centage of fruits retained,

7. Number of fruits per plant :

. Total number of fruits were counted per plant at harves­
ting time,
•8, Weight of fruit : .

Ten fruits were taken from each plant randomly and average 
weight was recorded.

9, Yield :
The yield per plant was calculated by multiplying the fruit 

number with average weight of fruit.

10, Size of the fruit :

Length and breadth of fruit were measured, with the help of 
a measuring tape.
11, Specific gravity :

Specific gravity of fruit was determined by displacement
of water,

12, Pulp:fruit ratio :
Pulp:fruit ratio was calculated by dividing the fruit weight 

by pulp content of that fruit and pulp content was determined by subs- 
tracting stone weight and peel ’weight from fruit weight.
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13* Total soluble solids s

Total soluble solids (T.S.S, ) of fruit was estimated with 

the help of a refrac tome ter, which was washed with distilled water,

A drop of squeezed out and strained Juice was instilled on the plate 

to record the refractometer reading, calibrated in °Brix at 20°C,

14. Total sugar i

The total sugar content of the mesocarp 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 sugar of the aqueous solution were 

determined by titrating against the freshly made mixture containing 

equal volumes of Fehling’s solution A and B and using methylene blue 

as indicator ( A.O. A.G. 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 s

The non-reducing sugar percentage 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 titrstable acidity :

The acidity percentage of fruit pulp was determined by
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titrating the aqueous extract of known quantity of fruit Juice 
against N/10 NaDH using phenolphthalene as an indicator and the 
quantities were stressed interms of citric acid.

18, Sugar/acid ratio s

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

19. Chemical analysis of soil :
Methods of analysis.

a) pH - pH of the soil was determined with glass electrode 
pH meter using soil:water ratio 1:2.5.

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

c) Cation exchange capacity (C. E.C. ) - Cation exchange capa­
city of soil was determined according to the method of Schollenberger 

and Simon (1945).
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 Blame Photometer (Jackson, 1967).
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g) Available zinc and iron -The available Zn and Fe of the 
soil samples were estimated by extracting the soils with 0.005 MDTPA 
solution adjusted to pH 7i*3 (soil:extractant 1:2) following the method 
of Lindsay and Norvell (1978) and determining the concentration of the 
elements in the extract by an Atomic Absorption Spectrophotometer 
(Perkin Elmer, Model, 2380).

h) Available boron - The available boron content of the soil 
samples were estimated by extracting the soil with hot water (copper 
distilled) in the ratio 1:2: :soil: water and determining the concen­
tration of the element colorimetric ally by Carmin method (Hatcher and 
Wilcox, 1950).

20* Chemical analysis of leaf and shoot :

a) Methods of sampling - In order to estimate the nitrogen, 
phosphorus and potassium contents of leaves and shoots under diffe­
rent treatments of experiment. Samples were collected in vegetative, 
flowering and at preharvest stage.

b) Estimation of nitrogen - Nitrogen percentage of leaves 
and shoots were estimated by raicro-kjeldahl method (Jackson, 1967).

c) Estimation of phosphorus - The phosphorus content in 
leaves and shoots were determined by Vandomolybdate yellow colour 
method and was read at 670 nyu in a colorimeter (Jackson, 1967).

d) "Estimation of potassium - The potassium content in leaves 
and shoots were determined by flame Photometery.
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The concentration of N, P arid 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 analy­
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.



CHAPTER—IV

RESULTS AND DISCUSSION



RESULTS MD DISCUSSION

Experiment la; Effect of three levels of Zn. Fe and B and their
i

: interactions on growth, yield and fruit quality
of mango cv, Fazli.

Young plants.
•MWMiMMMMHWBManaMMMMMMMMnMlM

Plant height i

The data presented in Table 2 revealed that in 1984 and 1985 
plant height increased significantly when Zn and B were applied at 
higher rates. A reverse trend was, however, observed in 1983. implica­
tion of 0.4 per cent Zn caused 52,74 and 52,07 cm increase in plant 
height in 1984 and 1985 respectively. Similarly B at the same concen­
tration also 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 
different treatments of Zn + Fe, Zn + B and Fe + B in all the three 
years.. The highest increase of 63.22 on, was recorded under Zn3ra3 
treatment in 1984, The same treatment also caused 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 and 58,55 cm were observed when plants were treated 
with FegBj (Fe 0,2 and B 0,4%). The efficacy of treatments was, how­
ever, less pronounced in 1983,

. Among the various second order interactions, treatments 

Zn2FelB3 Zn3Fe3B1 (76.33 cm) and Zxi^e^ (62.66 cm)
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promoted plant height to the maximum extent, respectively in 1983,
i

1984 and 1985 as compared..to 22,66, 42,33 and 46,33 cm under control. 
-Apart from these treatments, few other treatments also enhanced the 
height significantly.

Trunk grirth t

A perusal of data recorded in Table 3 revealed that all the 
micronutrients used in this experiment have brought about significant 
variation in enhancing the trunk girth in all 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 almost all the years* The data also indicated 
that trunk girth was maximum in 1985 and was lowest in 1933. In 1985, 
the highest increase in trunk girth was under 0*4 per cent concentra­
tion of Zn (4,71 cm) and B (4.65 cm) and 0,2 per cent of Fe (4,46 cm).

Like the Individual effect, the various first and second 
order interactions also significantly increased the trunk girth. Of

FegB-j proved most effective 
in this regard in almost all the years of the investigation. The maxi­
mum increase in girth was noticed with Z^Fe^B^ (3,03 cm) in 1983,
With Zn1Pe1Bj (5.50 cm) in 1984 and Zn3Pe3B2 (5,58 cm) in 1985. The 
corresponding figures under control were 1,30, 3.43 and 4,34 cm.

Spread of the plant head ;

It was revealed from the data recorded in Tables 4,1 and 4,2 
that in 1983 the highest rate of Zn enhanced the spread of the canopy

the various interactions and
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to the maximum extent in both the directions. However, differential 
effect was observed in 1984 and 1985 with same chemical. In these 
years no significant variation was recorded in North-South direction. 
Spraying of 0.1 per cent iron proved effective in this regard than 
other concentration used in the experiment, in all the years. In 1985, 
Fe failed to exhibit any significant effect to increase 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 spread of the canopy 
in East-West direction was noted when sprayed at 0.4 per cent in 1985 
and 1984 respectively, whereas 46,18 cm was noted in 1985 under B2 
(0,2%). B2 treatment showed beneficial effect with respect to spread 
of plant canopy in North-South direction as compared to other concen­
trations in 1985 and 1985 whereas such effect was obtained under 
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-South 
spread of the plant canopy. Among the various combinations of Zn end 
Fe, Zn2Pe^, Zn^Fe^ and Zn2Fel Proved most effective in increasing the 
spread of the canopy in East-West direction, while treatments Zn^Fe^, 
Zn2Fe2 and Zn^Fe^ showed similar .effect in North-South direction in 
the year 1983, 1984 and 1985 respectively, Among the interactions of 
Zn and B, Zn^B^, Zn^Bj and Zn^B^ treatment, with respect to East-West 
and Zn^Bj, Zn2B^ end Zn^B^ treatments with respect to North-South, 
direction caused maximum spread of the canopy in the years 1983, 1984 
and 1985 respectively. The treatment Fe^B^ proved effective in all the



49

years with regard to spread of canopy in the East-West direction 
whereas differential effect was noted in North-South direction* 
Monk 'the, three years, the highest increase of 80*55 cm in North- 
S|uth direction was recorded under Fe^B^ in 1984,

The various second order interactions caused a wide and 
significant variation among the treatments in all the three years in 
both the directions and the variation was maximum in 1983* As much 
as 88*33 and 85.33 cm plant spread occurred in 1983 and 1984, respec- 
ttvely under the treatment »4 in 1985 under Z^Fe^ plant
spread was 62,33 cm as compared to 40,33, 43*66 and 39.66 cm under
control in East-West direction. The same treatments caused 6?,33, 
92*66 cm spread of canopy In 1983, 1984 and 52,66 cm in North-South 
direction in 1985 as compared to 47.66, 57.33 and 45.66 cm under con­
trols

Percentage of flowering shoots :

The data recorded in Table 5 indicated that zinc at 0.2 said 
6.4 per cent augmented the percentage of flowering shoots significantly 
over 0.1 per cent in 1985. The effect of Fe and B was also not prono­
unced said failed to bring about any significant effect in all the 
three years. In the *on* years (1983 and 1985) Fe at higher rates 
showed beneficial effect in this regards, whereas reverse trend was 
Observed in the ♦off* year (1984). ; The effect of concentrations of B 
was not consistent,

l

Among the various first order interactions of Zn, Fe and B,,
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■various treatments of 2n and Fe brought about significant variations 
only in 1983. In this year, the largest percentage of flowering shoots 
(61.0W was obtained under the treatment a^. No significant vari 
ation was noted, in 1984 and 1985. Interactions of Zn + B and Fe + B 
also proved less effective in this respect#

Treatment with Zn + Fe + B caused significantly higher percen­
tage of flowering shoots over control only in 1985 (?on* year). The 
highest number of shoots produced panicle under the treatment Zt^Fe^. 
while under control 41.46 per cent shoots produced panicles.

Sex ratio s

Treatments caused wide range of variation in expressing sex 
of flowers in the panicle. Relative number of hermaphrodite flowers 
over male flowers in a panicle was greatest under the treatment 
Zn^Fe^B^ in all the years, while development of male flowers were 
promoted with Zn^Fe-^Bj, Treatment 2n2Fe2B^ also showed a tendency to 
reduce the proportion of male flowers as compared to other treatments 
both during ‘on’ and ♦off1 years# Trees under control in general recor­
ded an increased proportion of male flowers (Table 6)#

Number of fruits/plant s

The data recorded In Table 7 on the number of fruits harvest 
ted per plant Indicated that irrespective of *on* and *offf years, 
concentrations of Zn and B failed to bring about any significant vari­
ation in fruit number, while treatment with Fe brought about a signi-. 
fleant variation in fruit number only in ’off’ year (1984). In this
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Table 6. Effect of, three, levels of Znf Fe and B and, their' , 
, interactions on sex ratio.

Treatments Distribution of sex (hermaphrodite male )

1983 1984 1985 ’

Zn^Fe.jB^ 1 0.97 1 »1.44 1:1.67
®1Fe1B2 1 6,85 is 1.88 1:2.34
Zn^Fe^B^ 1 2,00 1:5.92 1:3.45
Zn^ Fe2B^ 1 1,67 1:2.02 1:2.37
Zn^FegBg 1 5.67 1:3,86 1:3,92
Zn^egBj 1 7.92 1:2.39 1:4.45
Zn^Fe^B^. 1 1.40 1:2.52 1:2,28

1 7.42 1:2.53 1:3.67
Zn<jFe^B^ 1 1.08 1:4.04 1:3.88
ZngFe^B^ 1 4.36 1:4,27 1:4.56
Zn2FeiB2 1 1.10 1:2.03 1:2,14
ZngFe^B^ 1 2.24 1:4.77 1:4.18
ZngFegB^ 1 1.79 1:1.89 1:2.35
Zri2Fe2B2 1 5,01 1:3.60 1:3.77
Zn2Fe2B^ 1 1,82 ,1:2.83

i
1:2.64

Ziip F©*^ 1 6.63 1:3.02 1:3.75
Zn2Fe3B2 ' 1 2.81- 1:2.82 1:2,93

1 4,64 1:5.19 1:4.36
Zn3FelB1 1 8.47 1:2.64 1:2.92
Zn3FeiB2 1 5,07 1:2.10 . 1:2.85
Zn^Fe^j 1

C
M

mC
M 1:1.42 1:2,57

Zn^ F SpB^ 1 1.42 1:3,95 1:3.28

Zn3Fe2B2 1 1.74 1:2.35 1:2,46
Zn3Fe2B3 1 1,43 1:2.93 1:3.44
Zn^Fe^B^ 1 3.51 1:2.97 1:3.83

1 1.31 1:5.15 1:4.36

^13Fe3B5 1 7.03 : 1:5.03 1:5,10
Zn0Fe0B0 1 5.42 1:4.16 1:4.83
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year, the number of fruits at harvest decreased as the concentration 
of. Fe increased.

Different interactions of 2si and F© caused a significant 
\ , ■ 

variation only la 1985 (ron* year) end the maximum number of fruits
(42) were harvested under the treatment Zn«Fe«,

Cm i Cm
In 1983 end 1984 no

significant variation was recorded, .Among the Interaction of Zn+B and
Pe+B significant variation was noted only In 1983 (‘on1 year). The 
largest number of fruits i,e, 29 aid 32 were obtained when the plaits 
were treated with Zn^Bg and Fe^B^ respectively.

In 1983, the highest number of 40 fruits occurred per plant 
under the treatment Zn^Fe^B^ as against 18 fruits per plant under 
control. Treatment also produced significantly larger number
of fruits (33)f,per plant.

Fruit weight : . .

As regards the Individual effect of Zn, Fe and B it was 
observed that all these chemicals caused significant differences in 
average fruit weight only in the * on1 years (1983 end 1985) whereas 
in the *off* year no significant variation was observed. Both in 
1983 and 1985, treatment with 2xi at highest concentration resulted 
in the production of heaviest fruits but no such effect was observed 
in case of iron and boron (Table 8). - -

It was also revealed that interactions of zinc and iron, 
zinc and boron and iron and boron brought about significant variation
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In fruit weight only in the •on’ years (1983 and 1985). Among the 
interactions, Zn^e^ (635,66 g), Zn^ (650.00 g) and 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 weight of individual fruit was increased by 299.00 g, 

135.00 g and 69.35 g under Zn^Fe^B^ ZngFe^Bg and Zn^Fe^B-, over con­
trol in 1983, 1984 and 1985 respectively.

Fruit yield :

The data recorded in Table 9 indicate that Zn, Fe and B 
exhibited differential effects in increasing fruit yield* The diffe­
rent concentrations of Zn, brought about significant variations in 
the year 1983 and 1985 ('on* years) and the maximum yield occurred 
under Zn^, In 1984, however, no significant variation was noted ex­
cept Fe and the highest yield was recorded under when treated with 
0.1 per cent Fe and the yield was decreased as the concentration of 
Fe increased.

The interactions of Zh+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 frults/plant were obtained under Z^a, and Fe^.,
respectively.

Similar to the first order interactions of Zn, Fe and B 
their various second order interactions also augmented the yield of
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fruit/plant markedly only in 1983 ('’on* year) over control and the 
yield of fruit varied between 5*29 and 27*73 in 1983. The highest 
yield was noted under Zn^Fe^B-j. The corresponding figure under con­
trol was 9.05 kg only. The same treatment also gave the highest 
yield in 1985 ( 27.44 kg) which was 14.36 kg more over control(l3.08kg).

Fruit size (length and breadth) s

Data presented in Tables 10.1 and 10.2 revealed that in 
1985, the length as well as breadth of fruits increased appreciably 
under Zhj and Br Iron failed to enhance the length of fruit sign!- 
ficantly in all the years. Fruit breadth was. however, found to vary 

significantly only in 1985 under Fe^ over Fe2* In 1983 and. 1984 the , 
concentration effect was not consistent in these regards. Similar 
to Zn, the concentration effect of Fe and B was also not consistent.

The length of fruit varied appreciably only in the 'on' 
years due to treatments with Zn+Fe, Zn+B and Fe+B, In 1984 no varia­
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 treatment Zn^Fe^Bg,

Specific gravity :■

A perusal of data presented in Table 11 revealed that the 
concentrations of micronutrients used in this experiment showed no 
consistent variation on the specific gravity of fruits. It was also
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observed that specific gravity of fruits increased as the concen*?- 
tration of zinc was increased almost in all the years, whereas a 
reverse trend was recorded in case of iron and boron,

The various interactions of Zn and Fe caused significant 
variation in the values_ of specific gravity of fruits only in 1933.
In other years no such variations was noted. However, interactions 
of Zn+B and Fe+B brought about significant variations only in 1985;

Second order Interactions of these nutrients showed, sign!- . 
ficant effect only in the ’on* years. The highest specific gravity 
of 1,120 and 1,086 were recorded in the year 1983 and 1985 under 
Zn2Fe3B1 and aijFe^ respectively as against 1.036 and 1.066 under 
control.

Pule ;£ruit ratio *

The data recorded in Table 12, revealed that treatments 
with micronutrients proved effective in Increasing the pulp content 
of fruits in both *onf and •off* years. In 1983 and 1985, the highest 
pulp content was recorded when plants were treated with 0*1 per cent 
each of Zn and Fe and 0.4 per cent of B and the pulps fruit ratio decr­
eased to 181.33 and 1*1.36 as compared to 1*1,4$ and 181.52 under con­
trol in the *on* years respectively. In the year 1984 (*off * year ) 
treatment with Z^Fe^ decreased the ratio to 181.38 while under con­
trol the ratio was 1s 1,48.

Total soluble solid (T.S.S. ) $
The data on total soluble solid contents of fruit as
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1 1.37 1:1.38 1:1.40
1 1.59 1:1.51 1 1.53
1 1.33 1:1.47 1 1.36
1 1.48 1:1.49 1 1.45
1 1.34 1:1.47 1 1.38
1 1.40 1:1.42 1 1.43
1 1.45 1:1.42 1:1.48
1 1.47 1:1,41 1:1.4^
1 1.34* 1:1.50 1 1.42
1 1.57 1:1.39 1 1.45
1 1.47 1:1.47 1 1.44
1 1.53 1:1.44 1 1.52
1 1.42 1:1,46 1 1.49
1 1.48 1:1.39 1 1,46
1 1.41 1:1,46 1 1.43
1 1.53 1:1.42 1 1.50
1 1.48 1:1.47 1 1.48
1 1.48 1:1.42 1 1.51
1:1*33- 1:1,45 1 1.38
1 1.51 1:1.52 1 1.46
1 1.42 1:1.50 1 1.48
1 1.44 1:1.54 1 1,49
1 1.39 1:1.50 1:1.42
1 1.44 1:1,47 1isi. 45
1 1.37 1:1.48 1:1.41
1 1.35 1:1,43 1:1.37
1 1.46 1:1.46 1j 1.48
1 1.45 1:1.48 U 1.52

Table 12, Effect of three levels of Znf Fe and B and their 
interactions oh pulp:fruit ratio of mango cv.Fazli

Treatments Pulp: fruit ratio
1983 1984 1985
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influenced by the treatments with micronutrients have been recorded -
■ j

in Table 13. It was observed that among the three microriutrients used 
in this experiment Zn increased the T.S.S, content significantly as 
the concentration of Zn was increased in all the years of the study, 
Fe was found effective only up to We^ (0.2%) level and when the con­
centration was further increased to Fe^ (0.4%) the T.S.S. content 
decreased. The effect of B was not consistent in this respect.

Similar to the individual effect of these nutrients, their 
various first order interactions were also found effective in brin­
ging about significant variations in T.S.S. contents of fruits. 
Treatment with ZhjjFe., Increased T.S.S. to the maximum extent (22.0054) 
in 1983. whereas ZhjFe., resulted in the highest T.S.S. in 1984 and 
1985. Among the various combinations of Zn and B, the most effective 
treatment was Zn^B^. As much as 21,86 per cent T.S.S. was obtained 
under Fe.,% in 1983. however, in the last two years treatment with 
F©2B^ proved superior to other combinations in this regard. ,

A number of second order interactions resulted in signifi­
cant enhancement of total soluble solid contents of fruits over con­
trol in all the years. From the results recorded over a period of 3 
years, the highest T.S.S, content of 24.40 per cent was noted in 1983 
under Zn^FegB^ compared to 18,40 per cent under control.

Total sugar :

It was conspicuous from the data recorded in Table 14 that 
0.4 per cent concentration of Zn significantly increased the total



T
ab

le
 13

. To
ta

l so
lu

bl
e s

ol
id

 co
nt

en
t o

f f
ru

it a
s af

fe
ct

ed
 by

 di
ffe

re
nt

 
le

ve
ls 

of
 Zn

, Fe
 and

 B.

pcf" pcf^ pjp

% 18
.2

6
19

.3
3

19
.1

3

19
.0

6
19

.3
4

18
.8

3
0.

04
0.

11

Fe
3

17
.9

3
18

,4
4

19
.0

2

18
.9

3
19

.5
9  

18
,4

6
0.0

7 
0,

21
19

84 Fe
2-

19
.6

0 
19

.2
2 

19
.9

5
0,

13
 

0.
36

B
2

19
.1

3  
18

.2
6 

19
,3

3
0.

13
0.

36

B1 18
.1

1
19

.2
2

19
.7

3

Fe
1

18
.4

0
19

.2
4

19
.1

5

19
.9

1
20

.5
7

19
.3

5
0.

07
0.

20

20
.5

3
19

.8
6

20
.4

6

Fe
.

Fe
, £

Fe
,

19
.1

5
18

.8
4

19
*2

4

0.
04

0.
11

Fe
3 ! 

19
.5

3 
18

.8
6 

19
.6

6

18
.6

4
18

.9
7

19
.3

7
0.

07
0.

21
19

83 Fe
2 . 

19
.4

6 
22

.0
0 

20
.2

6
0.

12
0.

35
B

2

18
.8

0
20

,2
6

20
.1

3
0.

12
0.

35

18
.9

3 
20

.0
0 

20
.5

3

iy
»

20
.0

4
20

.3
7

0.
07

0.
20

Fe
^

19
.2

6
19

.2
6

21
.2

0

Zn
1

Z
n2 S.
Bn

G
.D

.a
t 3%

Za
 x 

Fe

Zn
1

Zn
2

Zn
^

S.
Em

 + 
G

.D
.a

t 3%
Zn

xB

Z
n2

Zn
^

S.
Bn

 ±
 

G
.D

.a
t 3%

.•<
3 0\

C
on

td
.

18
.6

0
18

.7
3

19
.2

6

19
.1

2  
19

.2
5 

18
.8

6
0.

04
0.

11

Fe
3

18
.8

2
18

.5
7

19
.1

1

19
.0

2
18

.9
1

19
.0

5
0.

07
N

. 
S.

-

19
85 Fe

2

19
.3

5
19

.1
5

19
.5

3
O

. 
06

 
0.

19
b2

 ; 
19

.4
4 

19
,2

6 
19

.0
4

0.
06

0.
19

B1 19
.4

2
18

.5
3

19
.4

2

19
.8

3
.1

9.
73

20
.2

8
0.

07
0.

20

Fe
1

19
.2

8
18

.8
0

19
.0

8

T.
S.

S,
 con

te
nt

C
0°

Br
i3

£)
 

19
83

 
19

84
 

19
85

B l
ev

el
s

T.
S.

S.
 con

te
nt

(0
°B

rl
x)

 
19

83
 

19
84

 
19

85
Fe

 le
ve

ls
T

.S
.S

. co
nt

en
t(o

°B
ri

x)
 

19
83

 
19

84
 

19
85

Z
n le

ve
ls



G
on

td
*.

...
 T

ab
le

 13
P VD K%p co m

C\! 1 .* -•
PQ Q\ OT OS

p p p

77

19
85 V 19
.3

7 
19

.2
8 

19
c 0

3
O
' -.
 0

6 '
0.

19

19
.7

3 
18

^9
3 

19
i 1

3

19
.2

6
19

.0
6

18
.8

0
18

.7
3

0%
11

 
O

i 3
3

%
19

%
 0

0 
18

.4
0 

18
^4

0

18
.0

0
19

.6
6

18
.5

3
18

i80
19

.4
6

19
.5

3

h 18
,6

0 
19

.1
7 

18
.8

2

B1 19
.7

3 
19

.8
0

18
.7

3
18

.6
6

18
.8

6
18

.0
6

19
.2

0
20

.6
6

19
.0

0

B
1

19
.2

0
19

.5
7

18
,6

0

V
'

19
.0

6
18

,4
6

18
.5

3
19

.0
0

20
.1

3
19

.1
3

18
.6

0
19

.7
3

18
.8

3

18
.8

8
19

.4
4

18
.4

4

19
84

' B2 
’ 

18
.9

7 
19

,4
4 

18
.3

1
0.

13
0.

36
B2 18

.6
0 

21
.0

6 
17

.7
3

18
.8

6
18

.1
3 

17
.3

0
19

.4
6

19
.1

3 
19

.4
0

17
.5

3
0.

22
0.

63

B1 17
.5

3
19

.2
6

17
.5

3
19

.8
6

19
.4

0
18

.4
0

19
.4

0  
21

.0
0 

18
.8

0

B
, 1

18
,9

3
19

.8
8

18
.2

4

% 19
.8

0
20

.3
0

21
.0

0
17

.6
0

24
.4

0
17

.6
0

23
.6

0
20

.4
0

17
.4

0

h 20
,3

3
21

,8
6

18
,6

6

19
83

;:B
2

19
.4

0 
19

.8
0 

20
.0

0
0.

12
0.

35
B2 18

.8
0

19
.6

0
18

.0
0

20
.4

0
20

.0
0

20
.4

0
19

.0
0

19
.8

0
21

.6
0

18
.4

0
6.

21
0.

61

B
1

19
.2

0
18

.0
0

19
.6

0
19

.8
0

21
.6

0
18

.6
0

21
.0

0 
20

.6
0 

20
.0

0

B, 1

20
.0

0
20

-0
6

19
.4

0

Fe
,

Fe
, t

Fe
,

Fe
.

Fe
, .C

Fe
,

Fe
,

Fe
, t

Fe
,

Zn
0F

e0
B

0 
S.

H
n +

 
C

;D
.a

t 5%

Zn
,'nzZn
,

Fe ■ ■1 Fe e2
'

Fe
3 ■

S,
 B

n + m
m

m

C
.D

. a
t 5%

Zn
 x 

Fe
 x 

B

Fe
 x 

B

N
.S

. = 
W

ot
 sig

ni
fic

an
t



78

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. On the 
other hand, maximuni 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 Zn^Fe^B^ in the first two years and 
under In the last year respectively. The corresponding
figures under control were 12,42, 11.84 and 13.05 per cent.

Reducing sugar s

It was revealed from the Table 15 that in general, the inter­
mediate concentrations of micronutrients used in the present experi­
ment showed beneficial effect in increasing the reducing sugar content 
of fruits in all the years. It was. also recorded that reducing sugar 
content of fruits was higher in 1983, In the later years, there had 
been no conspicuous differences in the values of reducing sugar. In 
all the years the highest concentration of the micronutrients caused 
significant reduction in the reducing sugar content of fruits except 
boron in ,1983 and 1984,

Among the first order interactions of the nutrients, the 
treatment Zn2Fe2 resul‘fce<i increased reducing sugar content to the 
maximum extent in 1983 (4,84%) and 1984 ( 4,03%) while in 1985(4.16%) 
the treatment Zn^Fe2 caused maximum enhancement in reducing sugar.
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In 1983 the highest value of 5'* 40'per cent was obtained under 

^n1Fe2B3 cornPared ^o 4.53 per cent under control-,

Mon-reducing sugar :

The,non-reducing sugar content was also increased signifi­
cantly as the concentration of 2n was Increased in all the years*

On the other hand, Fe exhibited a reverse trend in this regard and 

the effect of B was not consistent. The highest concentration of B 

resulted in significant increase in non-reducing sugar* content in 

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

In all the years a number of treatments brought about sig­

nificant variations in the values of non-reducing sugar., As much as 

10.10, 10,71 and 10,51 per cent non-reducing sugar were recorded 

under the treatment Zn^Fe,,, Zn^ and Fo,^ In .1985, 1984 and 1983
respectively.

Among the various Interactions, Zn^eft. ZnjFe^ and
Zn?Fe?Bp increased the non-reducing sugar content to the maximum

Cm Cm Cm

extent of 11.25, 11*66 and 11,25 per cent in the year 1983, 1984 and 

1985 respectively. The corresponding figures under control were 7.48, 
7.93 and 9.10 (Table 16),

Fruit acidity :

From the data in Table 17, it is revealed that fruit acidity 

as expressed interms of per cent citric acid was found to increase 

significantly at the highest level of Zn in the first 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 any significant varia- 

tion, whereas in the last 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 ZngFe^ and Zn^Fe^ respec­

tively caused significantly the lowest fruit acidity. Similarly, 

treatment Zn^B^ and Zn^B^ showed the lowest acidity in 1983 and 1985 

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

The treatment combination 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/acid ratio :
■■■■MmnmImmihmmhmmmammi

A perusal of the data recorded in Table 18 revealed that 

treatments showed wide variation in sugar/acid ratios. In 1983 it 

was found to vary between 21,20 and 42.65, whereas the ratio varied 

from 20,07 to A6.27 and 20,61 to 41.82 in 1984 end 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 2a, Fe and B and their 
interactions on sugar/acid ratio of fruit.

Treatments Sugar/acid ratio

1983 1984 1985

Zn^Fe^B^ 28*13 31.05 33.35
zWa 27.00 27.92 35.66
Zn^e^Bj 39.58 31.07 34.10
Zn^Fe^ 21.20 24.19 34.06

40.73 36.45 35.70
ZniFe2B3 33.21 27.83 28.21
Zn^ Fe^B^ 26; 09 31.18 30.62
Zn^Fe^Bg 33,09 31,94 27.18
Zn^Fe^B^ 28.56 34.28 26.10
ZnpFe^B^ 38; 02 28;87 24.57
2n?Fe1B? 28,87 27.35 33.37
ZngFe^Bj 34.17 46; 27 24.24
ZnpFepB^ 28; 40 27.76 33.42
ZnpFSgBg 39.86 38; 97 29.43
ZhaFe2B3 25.00 34117 30.29
ZripFe^B^ 38.46 23.81 20.61
Zn2^e3B2 29,57 24; 19 22.76
ZnpFe^B^ 38.22 24.17 28.00
Zn3Pe1B1 24; 40 27136 31.18

25.31 23.31 29.06
Zn^Fe^B^ 37.11 35.09 27.17
Za^Fe?Bi 42.65 461.02 38.56
Zn^Fe^Bp 29.83 25.29 41.82
Zn^FePB^ 33.91 25; 71 27.37
Zto.^ F0-J 23l05 25.62 33.32
Zn^Fe^Bp 26.22 20.07 28.37
Zn^Fe^Bj 29.93 25;85 , 31.17

zVeoBo 24.35 26.91 32.62
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Experiment lb i Effect of three levels of Zn. Fe and 1 and their
interactions on flowering, yield and fruit quality
of mango cv. Fazli.

Mature trees.

Flowering percentage :

A perusal of the data recorded in Table 19 and Fig. 1 indica­

tes that the higher rates of Zn helped in increasing the percentage 

of flowering shoots in the ‘on* years (1983 end 1985), however, in 

the ‘off1 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 1933 and 1985, respectively. In case 

of Fe significant variation was observed only in the ‘off* year end 

percentage of flowering shoots was found to decrease at the. highest 

concentration (0.4%). The effect of 0.1 and 0.2 per cent was at par. 

Boron though failed to show any significant result in 1983, yet 

produced significantly the highest percentage of panicle of 40.38 

and 51.43 when applied at 0.4 per cent in 1984 and 1985, respectively.

Like the individual effect, the interaction of nutrients 

also brought some significant variation on flowering percentage. 

Interactions of Zn+Fe proved beneficial only in 1983, and 63.64 per 

cent flowering occurred under the treatment Zh^Fe^. Zn+B resulted 

significant effect in 1984 and 1985 and treatment with Zn^B^ proved 

beneficial in both the years. Interactions of Fe+B were also found
i ,

effective in 1983 and 1934.. Among the various second order interactions
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as much as 67.17, 45.97 and ,56.46 per* cent panicles were recorded 
under Zn^Fe^B^, Zn^Fe^B^ and Zn^Fe^B^ compared to 54.94, 40.79 and 
45*94 per cent under control in 1933, 1984 and 1985, respectively.

Sex ratio s

It is revealed from the data in Table 20 that treatment 
with micronutrients showed wide variations in sex egression of flow­
ers on the panicle. In 1983, treatment Zn^FegB^ promoted the produc­
tion of hermaphrodite flowers oyer that under other treatments. Trea­
tment with Zn^Fe^B^ promoted production of hermaphrodite flowers in 

1984 and , 1985 and thereby decreased the ratio of male to hermaphrodite 
flowers* Trees under control produced higher percentage of male flower 
in all the years.

Number of fruits/tree i

It is evident from the data in Table 21 and Pig* 2 that Zn 
in the first year failed to bring, about any significant effect but 
in the later years it resulted in significant variations. Similar 
result was also obtained under boron treatments. Spraying with 0.2 
and 0.4 per cent Zn produced 202 and 500 fruits in 1984. and 1985 per 

. tree, respectively** The effect of and was significant,in 1984 
and 1985,respectively. The effect of rest of the treatments were at 
oar in this respect. Iron at 0.4 per cent augmented the number of 
fruits over other treatments In 1983 and 1985. In 1984 no significant 
difference was noted*
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Table 20, Effect of three levels of Zn, Pe and B and their 
interactions on sex ratio.

Treatments Distribution of sex (hermaphrodite *m ale )

1983 1984 1985

Zn^Fe^l.j 1 53.22 1 52.75 , 1*3.16
Zn1p81B2 1 52.54 1.52.80 1*3.23
Zn,| F 6^ Bj 1 52.79 1 3.19 1*2.64
Zn^FepB^ 1 52.34 1 3.53 1*3.92
Zn1Fe2B2 1*2.77 1 3.31 1*3.56
Zn^egB,, 1 51.99 1 3.80 , 1*2.62
Zn^Fe^B^ 1.52.08 1 2.82 1*3.19

1 52.34 1 2.65 1*3,36
1.52.71 1 3.22 1*3.76

Zn2Fe1B1 1i52.21 1 3.05 1*3.81
ai2Fe1B2 1 *4.56 1 2.91 1*3,63
Zn2Fe1B3 1 3.31 1 1.89 1*2.44

1 3.01 1 3.12 1*4.35
ZnpFepBp 1 2.92 1 4,06 1 *3.-12
*4*4* 1 2.20 1 3.54 1*3.76
Zn.pFa^B^ 1 2,44 1 2.91 1*3.37
Zn2Fe3B2 1 2.86 1 3.46 1*3.86
Zn.pFs*gB^ 1 3.91 1*2.71 1*3,69
Zn^Fe^B^ 1 4.15 1*3.19 1*4.85
Zn^Fe^S2 1 3.58 1;53.70 1*4.14
2a3Fe1B5 1 3.18 1i52.58 1*3.42

i

Zta3Fe2B1 1 2.87 1i53.23 1*3.53
1 2.70 1 52.52 1*2.76

Z3a3Fe2B3 1 2.94 1!53.02 1*3.11
Zn^Fe^B^ 1 2.92 1*2,08 1*3.05
Zn^Fe^Bg 1 3.03 1.53.18 1*3.75
Zn^Fe^B^ 1 2.83 U52.91 1*4.10

^oFeoBo 1 3.84 1 53.76 1*4.42



Production of 509 and 571 fruits per tree were recorded
under the treatment Zn^Fe^ (each at 0.4%), while 226 fruits were 
recorded under Zn^Feg. Likewise 477, 331 and 535 fruits were harves­
ted under the treatments Zn^B^, Zn^ and Zn^B^ in 1983, 1984 and 
1985 respectively. The effect of Fe incombination with B was also 
significant. The highest number of fruits recorded under Fe^B^,
Pe2B^ and Fe^B^ were 479, 242 and 512 per tree in the year 1983,
1984 and 1985, respectively.

Among the various three factor Interactions ZagFe^Zn-^S., 
and Zn^Fe^B^ produced 577, 362 and 621 fruits in 1983, 1934 and 1985, 
respectively* Plants under control had 434, 129 and 356 fruits in the 
respective years.

i

Fruit weight 5

Micronutrients used in this experiment were found almost 
• ' . * 

equally effective in producing heavier fruits over control. The
various concentrations of Zn and B showed inconsistent variation
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 1984 and 1985, respectively. The medium concentration of Fe was
found to be the most effective, while the lowest and higher concent
trations of B showed beneficial effect during 1984 and 1985*

The various interactions of Zn and Fe did not show any sig­
nificant result in 1983, however, in 1984 and 1985 treatment with 
Zn2Fe2 ana Zn^Pe., increased fruit weight appreciably compared to
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other treatments. Fruits of 756.11 and 765.33 g were obtained under 

the treatments ZngBg and Zn^B^ in 1984 and 1985, respectively. The 
effect of Zn and B was not conspicuous in 1983. An appreciable varia­
tion in the weight of fruits 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 comp ared -to 630,66 g under control. 
In 1984 fruit weight varied between 616,66 and 825,00 g as against 
669.33 g under control. In 1985, trees under ZUgFe^B^ treatment had

■b

the heaviest fruit (839,33 g) while under control average fruit 
height was 645.66 g (Table 22 aid Pig,3).

Fruit yield :

The data recorded in Table 23 and Fig, 4 showed that the 
yield of fruit per plant due to treatment with Zn and B did not vary

• N i

significantly in the first year, however, these micro-nutrients 

brought about significant variations in 1984 and 1985. Treatments 
With 0,2 and 0,4 per cent zinc produced 148.92 and 369,27 kg fruits 
per plant in 1984 and 1985 respectively. On the other hand, Fe at 
0,4 per cent resulted in the production of significantly higher 
yield (304.02 kg) compared to other concentrations, As regards the 
effect of B it was observed that in 1984 the yield of fruit per plant 
decreased with the increase in concentration. A reverse trend was 
noted in 1985, where the highest yield of 358.25 kg fruits per plant 
Was obtained with 0,4 per cent B, Except Zn end Bt in 1983, all 
treatment interactions like Zn+Fe, Zn+B and Fe+B caused significant
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variation in fruit yield in all the years of the experiment. In the 

’on' years (1983 and 1985) treatment with Zn^Fe^ gave the highest 

production while in 1984 (’off* year) treatment with Zn^Fa2 did so,

Asi much as 239.04 and 391.33 kg>df fruits were obtained under ZhgE^ 

and Zn^Bg in 1984 and 1985, respectively, A yield of 327.02 and 375.81 

kg of fruits were obtained respectively in 1983 and 1985 with Zn^B^ 

treatment. In 1984, treatment with 2n2B^ recorded the highest yield 

(184.05 kg).

Mong the interactions of Zn+Fe+B,: Zn^Fe^Bj, Zn^Fe^B^ and 

Zn^Fe^B^ 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,.

Fruit size (length and breadth) s

It is apparent from the data summarized in Table 24.1 and 

24.2 that Zn, Fe and B proved beneficial in increasing the length 

of fruits in the ’on' years 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 

cm were obtained respectively with 0.4 per cent Zn, 0.2 per cent Fe 

and 0.4 per cent B in 1985. The highest fruit breadth of 9.70 and 

9.71 cm were recorded respectively under treatment Fe2 and Bj in 1985.

In general, the ifirst order interaction of various nutrients 

resulted in significant effect in this regard only in ’on1 years. In 

’off* year the treatments were comparatively less effective. In 1985,
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the maximum length of 16.04 cm was accompanied, by 9.90 cm breadth 
under Zn^Feg treatment. Fruit size ;as indicated by length and breadth 
was comparatively less in 1933 than that in 1984 and 1985,

Likewise, the various three factor interactions also proved : 
effective in increasing the length and breadth of fruits significantly 
over control in 1983 and 1985. In 1984, the treatments were at par 
and failed to bring about any significant variation over control. In 

1983 and 1985 the highest length and breadth of fruits were 16.66 and 
10.63 cm under Zn^Fe^Bg ahd 16,76 and 10.33 cm under Zn2Fe2B^, res­
pectively. She corresponding figures under control were 13.26 and 

9.06 and 15.16 aid 9.57 in 1983 and 1985.

Sped fid gravity *

The data on the role of micronutrients on the specific gra­

vity of fruits have been summarized in Table 25. Zinc and Fe failed 
to bring about any statistically measurable differences in the Values

' ' . f

of specific gravity of fruits in 1983 and 1984, however, these nutri­
ents proved effective in this regard in 1985, while B in all the 
years failed to recorded any significant effect. In 1985, a sign!-, 
fleant response was obtained when Zn and B were applied each at 0.2 
per cent. It was also noted that specific gravity of fruits increased 
upto 0,2 per cent concentration of the micronutrients and declined 
when concentration was increased further.

Among the various first order interactions, significant 
variation was observed only in 1984 under the Zn and B treatments.
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The highest specific gravity of 1,115 was noted under Zn^B^ treat­

ment, The interactions of Zn+Fe+B were also found to be less effica­

cious in this respect.

Pulp:fruit ratio :

A perusal of the data on pulp;fruit recorded in Table 26 

indicates that pulp content of fruits increased with a number of 

treatments and thereby pulp:fruit ratio Increased over control in 

all the years. In 1983, the highest pulp content was obtained under 

Zn^Fe^B^ (1:1,22), The lowest fruit/pulp ratios of 1:1,34 and 1:1.28 

were obtained under the treatments Zn^Fe^B^ and ZngFegBg in 1984 and 

1985, respectively. These values under control were 1:1,38, 1:1,43 

and 1:1,41 in 1983, 1984 and 1985, respectively. The treatments, 

however, showed no consistent effect in this regard during the period 

of observation. In general, the 'on' year fruits had comparatively 

high pulp content than 'off1 year fruits.

Total soluble solid (T.S.S, ) :

It is apparent from the data in Table 27 and Fig,5 that in 

all the years the concentration of total soluble solids increased as 

the concentration of Zn increased and the highest T.S.S. of 19.54, 

19.49 and 19,42 per cent occurred under 0,4 per cent Zn in 1983, 1904 

and 1985 respectively. The concentration teffect of Fe was not consis­

tent but the Increased rate of B proved effective in this regard in 

1983 and 1984 and at 0,4% it caused significantly higher concentration 

of T.S.S., while in 1985 B failed to show any significant result, in
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Table 26* Effect of three levels of Za, Fe and B and their 
interactions on pulps fruit ratio of mangol..

Treatments Pulo*fruit ratio
1983 1984 1985

1*1.37 1*1.47
t • ,

1H.39
Zn^Fe^Bg 1:1*22 1*1.41 1*1.36
Zn^Fe^Bj 1*1.23 1*1,46 1*1.37
Zn.jFa^ 1*1.32 1*1.34 1*1.41

1*1*23 1*1.49 1*1.35
Zn«| pQgB^ 1*1.34 1*1.43 1*1.38
Zxijj Fe^B| 1*1.39 1*1.46 1*1.42
2n^Fe^B9 1*1.42 1*1.40 1*1.41
Zn^Fe^B^ 1*1.36 1*1.38 1*1.32
2nJ>Fe131 1*1.38 1*1.40 1*1.42
Zn^Fe^Bg 1*1.31 1 *1.41 1*1.37
ZripFe^B^ 1*1.38 1*1.43 1*1.40
Zn^FOgBi 1*1.34 1*1.44 1*1.36
ZTipPe^Bp 1*1.3 1*1.42 1*1*28
ZngFfigB^ 1*1.30 1*1*43 1*1,34
ZhpFe^B^ 1*1.36 1*1.36 1*1.37
ZnpFe^Bj, 1*1.33 1*1.45 1*1.42
Zn2Fe3B3 1*1.34 1*1.39 1*1,36
Zn3F©JijB<j 1*1.38 1*1.45 1*1.41
Zn^Fe^Bp 1*1.30 1*1.42 1*1.35
Zn^Fe^B^ 1*1.41 1*1.43 1*1.39
Zn3F©pB^ 1*1.39 1*1.36 1*1.37
Zn-Fe?BP 1*1.41 1 s 1.41 1*1,42
2n3FepB3 1*1.32 1*1.39 1*1.34
2n™Fe^B1 1*1.28 1*1.44 1*1.33
Zn^Fe^Bp 1*1.37 1*1,43 1*1.38
Zn3Fe3B3 1*1.37 1*1.34 1*1.36

1*1.38 1*1.43 1*1,41
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1983 and 1984, 19*42 and 19,20 per cent total soluble solids were 
noted under

Interaction treatments of Zn*Fe and Zn+B caused significant 
effect on T.S.S. content in all the years of the experiments, whereas 
2n+B did so only in the 'on* years. The highest percentage of T.S.S,
under Zn^Fe^ was 20* 15: and highest values obtained under Zn^B^ and 
Fe^Bj were 20.04 and 19.86 per cent. These values were obtained in 

1983. ,

Among the interactions of Zn+Fe+B, it was observed that a 
number of treatments caused significant increase in T.S.S, contents 
of fruits compared to the fruits under control in all the years. The 
maximum concentrations recorded were 21.06, 20.33 and 20.06 per cent 
under the treatments ZngPe^Bg* Zn^FegBg and Zn^Fe^Bg in 1983, 1984 
and 1985 respectively* The corresponding values under control were • 

18.13, 17.46 and 18.53.

Total sugar i

The data on the effect of micronutrients on total sugar 
content of fruits recorded in Table 28 and Fig.6 clearly indicate 
that Zn arid B at all concentrations proved effective in increasing 
the sugar content of fruit in all the three years* whereas such

'i

effect of Fe was noted only in 1985. The total sugar content increa­
sed as the concentrations of Zn and B increased and the highest values 
were attained with Zn^ and The concentration effect of iron was

not consistent.
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Like the individual effect of mioronutrlents, their various 
first order interactions also proved effective in this respect, As 
much as 13.93, 16,10 and 15,26 per cent total sugar were recorded 
with ZnjFej, Zn3Fe2 aud Z^Fe, In 1983, 1984 and 1985, respectively. 

Similarly, 14.15, 15*54 and 14,77 per cent total sugar were obtained 
under Zn^ In the first two years (1983 and 1984) and under 2Z& in 
the last year (1985), Likewise, the interaction of Fe+B at higher

i

levels resulted in increased total sugar content*

Treatment with Zn+Fe+B also resulted in significant varia­
tions over control in all the years. Total sugar content varied 
between 8,58 and 15,44 in 1983, between 11,77 and 16,22 in 1984 and 
between 11,28 and 15,87 in 1935. These values under control were 10,04, 
12,14 and 12,40 in the respective years.

Reducing sugar :

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 observation. Treatment 
with iron caused increase in reducing sugar content only in 1985. In 
1983 and 1984 treatment with proved effective in this respect,
while no such effect was obtained under B, in 1984,

In accordance with the individual effect of 2n, Fe and B, 
their various first order interactions also, enhanced the reducing 
sugar contents of fruits particularly when combined at their higher 
levels. The effect of Zn+B was however, less conspicuous in 1984. The
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treatments Zn2Fe,jB2, Zn^FSgBg and Zn^Fe-jB^ caused maximum increase 

in the reducing sugar content respectively in 1983, 1984 and 1985. 

ip art from these, a number of other treatments also enhanced the 

reducing sugar content significantly over control*

Non-reducing sugar i

Like the total and reducing sugar contents of fruits, the 

non-reducing sugar contents of fruits increased as the concentration 

of Zn increased and significant beneficial effect was obtained both 

in 1984 and 1985. The effect of various concentrations of Fe, differed 

significantly in this respect in all the years and the effective con­

centration was 0.1 per cent. At higher levels the non-reducing sugar 

content declined. Concentrations of B exhibited differential response 

in different years, though in all.the years it showed significant 

effect.

In general, the non-reducing sugar content of fruit was also 

found to vary significantly among the various treatment interaction 

of Zn+Fe, Zn+B and Fe+B in all the years. Treatment with Zn^Fe^ caused 

marked’increase in non-reducing sugar content in 1984 and 1985. Inte­

ractions of Zn + B at higher levels enhanced it appreciably. The bene­

ficial effect of Fe^Bg was also noted in the last two years.

Non-reducing sugar contents ranged from 5.20 to 10.40, 8,29 

to 10.59 and 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, 8,43 and 8,13 per cent non-reducing sugar in the respective 

years under study (Table 30).
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Fruit acidity : ^

Fruit acidity expressed as the percentage of citric acid 
was significantly lower when the trees were treated with 0,1 per cent 
Zxi: in all the years. Higher concentration of zinc promoted acidity. 
The effect of Fe and B were however, less pronounced in this regard. 
Treatment with Fe2 resulted in lower fruit acidity in 1983, '

Among the combinations of Zn+Fe, Zn^Fe2 and Zn^Fe^ recorded 
the lowest acidity, Fe2B^ and Fe^B2 also recorded lower values in 
1983 and 1984 respectively. The effect of Zn and B was not apparent 
in all the years of the experiment.

Of the various interactions, the treatment 2n^Fe2B2 proved 
most effective in reducing the fruit ‘acidity in all the years. Besi­
des the said treatments, a number of other treatments also proved 
effective in this regard (Table ,31).

Sugar:acid ratio s '

It is revealed from the data (Table 32) on sugar/acid ratio 
that treatment with Zh* Fe and B caused variable results with respect 
to sugars acid ratio of fruits. The treatments Zn2Fe2B^, Zn2Fe^B2 and 
Z^Pejft, enhanced the sugar content markedly over other treatments 
including control and thereby increased the proportion of sugar to 
acid.causing increased.sweetness of fruits in 1983, 1984 and 1985 
respectively* In general, the magnitude of variation of sugar/acid 
ratio was less apparent in 1985 than in 1984 end 1983.
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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 . : SugaP/dcid ratio

1983; 1984 1985

Znj,Fe1B1 34.95 32.69 _37.86
Zn^Fe^Bg '28,68 26.47 34,51
Znjj Fe^B^ 20.08 30.22 29.23
Zc^FepB^ 31.14 37.84 29,20
ZntFe^ 37.30 39.90 34,75
^1Fe2B3 23,80 41.31 ••,35.72 ■
Zn^Fe^B., 19.95 26.47 32,95
Zn^Pe^B2 20.20 36.81 34.71
ZniPe3B3 37.13 38.11 39.22
2n2FelBi 28.92 41.36 28.34
SipFe^Bp 28.07 41*83 34.67
ZnpFe.jBj 32,64 26.10 31.27
^n2Fe2®1 41.51 25.08 ,29.82
Znpp0pB^ 21.02 24,97 26,23
Zn2Fe2B3 17.49 34.33 35,07
Zn^Fe^ 20.48 25.10 27.57

26.19 42,44 36.32
27.07 36.48 33,50 ■ •

2n3FelBl 25.44 32,12 ’ 32,91
^3Fe1B2 22.81 31.28 36,06
Zn^Fe^B^ 26.16 32.17 35,22 ■ •
Zn3FepBl 36.25 31.41 29.51
Zn^ F@ pBp 33.26 35.26 34,14
Zn3Fe2B3 33.05 38.26 32,91 ■
Zn^Fe^Bi 26.05 34.15 35.12
Zn^Fe^Bp 17.95 39.71 31,54
Zn^Fe-^Bj 30.27 35.90 30.04
Zn0Fe0B0 20.48 29.61 , 29.52 -

■ i ■
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Effect of three levels of Zn. Fe. B and their interactions
on N, P and K content of leaf and shoot of mango tree*

Nitrogen s

Leaf - The effect of application of micronutrients on 
leaf N content of mango ,as presented in the data in Table 33 indicated 
that application of zinc, iron and boron caused increase in the nitro­
gen content in leaf. The maximum nitrogen contents of 1,59 and 1.42 
per cent were recorded in the leaves from the plants treated with 

Za3Fe&’ in the vegetative and preharvest stages respectively! while 
in the full-bloom stage nitrogen content of 1,34 per cent was. obtai­
ned under Zn^Fe^B^,, It is also evident from the data that the leaf 
nitrogen content was comparatively higher at the vegetative stage, 
..which declined at the full-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 shoot at the vegetative and fUll-bloom stages were recor­
ded by treatment with Zn^Fe^B^ but at the preharvest stage the highest 
N content in shoot was recorded under En^FegB^ treatment* The effect 
of micronutrients sprays particularly at higher levels were more effe­
ctive in increasing the N 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 also 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. Fasli 
(expressed as per cent dry weight)

Treatments Leaf ' Sheetv.s. F.B.S. P.S, . V.S. F.B.S, P.S.

2n1Fe1B1 1.42 1*17 1,26 ,0.78 0.58 0.75
Zn^Fe^g 1.45 1.17 1.30 0,78 0.56 0.75
Zn^Fe^B^ 1.45 1.14 1.26 0.81 0,61 0,78
Zn1Fe2B1 1.45 1.17 1.30 0,81 0.61 0.78
Zn^Fe^Bp 1*42 1.20 1.34 0.81 0.58 , 0.75
Zn1Fe2B3 1.45 1.17 1.30 0.89 0.61 0.84
Zn^Fe^Ej 1.49 1.20 1.26 0.81 0.67 0*81

F6^jBp 1.45 1,23 1.37 0.84 0.61 0.84
Zn<| Fe3B? 1,48 1.23 1,30 0.84 0.67 0,8.6
Zn9Fe-|B>| 1.48 1.20 1.26 0.92, 0.81 0.84
Zn^Fe^B^ 1.51 1.20 1.34 0,95 0.75 0.78
ZngFe^jBj 1.48 1.23 1.34 0.95 0.72 0.89
Zn^Fe^B^ 1.51 1,26 1.37 0.81 0.81 0.81
Zn?FePBp 1,51 1.26 1.40 0.78 0.75 0.75
Zn2Fe2Bj 1.48 1.26 1,37 0.81 0.61 0.95
ZnPFe^B1 1.45 1.23 1.34 0,84 0.67 0.81
Zn^Fe^Bg 1,48 1.26 1.37 0.92 0.72 0.78
Zn2Fe3B3 1.53 1.26 1.40 0.84 0.81 0.95
Zn^Fe^B^ 1.51 1.23 1.40 0.92 0,75 0.86
Zn3 Fe Bg 1.54 1.26 1.37 0.78 0.72 0,75
Zn^Fe^ 1.54 1.31 1.42 0.95 0,84 0.92
Zn^FegB^ 1.53 1.31 1.40 0.92 0.78 0.75
Zn3Fe2B2 1.48 1.26 1,37 0.81 0.67 0.86
Zn^FegB^ 1.53 1.31 1.40 0.92 0.84 .0,95
Zn^Fe^B^ 1.54 1.31 1.34 0.95 0,78 0.84
ai^Fe^Bg 1.56 1.34 1.42 0,81 0.81 0.81
Zn^Fe^Bj 1.59 1,31 1,42 0.95 0.92 0.92
Zn0Fe0B0 1.42 1.14 1.24 0.75 0,58 0*72

, V, S, » Vegetative stage 
. F.B.S. « Full bloom stage 
'P.S,- ■ Preharvest stage.



leaf (0.110/4) was recorded at the vegetative stage.when the plants 
were.treated with ZhzFe-gBz. The maximum P content of 0.085 per cent
was noted at the full-bloom stage by treatment with Zn^Fe^Bg.

Shoot - Like leaf, the phosphorus content in shoot increased 
with the higher concentration of zinc, iron and boron. Irrespective 
of the treatment the P content in shoot was lower than that of leaf 
at different stage of sampling. The highest P content of 0,075 per 
cent in shoot was noted under Zn^Fe^By the vegetative stage and 
thereafter phosphorus content declined in the full bloom and perharvestj 
stages. . ,

Potassium s
. i

Leaf - The data on the leaf and shoot K content presented in 
Table 35 reveal variations in the percentage of K content in leaf with 
the application of zinc, iron and boron. The highest potassium content 
of 1,03% in leaf was found under Zn^Fe^B^, at the vegetative stage and 
it declined at full bloom and preharvest stages, .

Shoot - In shoot the potassium content was lower than that 
of leaf. Sprays with the ;increased levels of zinc, iron and boron 
caused higher concentrations of potassium in shoot. As in the case 
of leaf, potassium content in shoot also declined at full-bloom stage 
but again increased in preharvest stage.
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a» Vegetative stage, . 
a Full bloom stage 
a Freharvest stage.

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 ab per cent dry weight).

Treatments leaf Shoot
¥.3. F.B.S. F.S. 77sl F.B.S. . P.S.

Zn^Fe^B^ 0.070 0.060 0.065 0.045 0.025 0.040
Zn1Fe1Bp 0,070 0.060 0,060 0.040 0.030 0.040
Zn^Fe^Bg 0,075 0,065 0.065 0.045 0.030 0,035
ZhiFe2B^ 0.070 0,060 0.060 0.045 0.025 0.040
2n1Fe2B2 0.075 0,065 0.065 , .0.045 0,035 0.040

0.075 0,070 0,065 0.040 0.035 0.045
Zn^Fe^B^ 0.080 0.075, 0.065 0.045 0.040 0,040
Zn^Fe^Bp 0,070 0.065 0,060 . 0.050 0,040 0,045
Zn^Fe^Bj ■ 0,085 0.075 0.065 0.055 0* 040 0.045
Zn?FeiBi ’ 0.075 ‘ 0.070 ‘ 0.065 0,050 0.045 0.050
Zn^Fe^Bp ' 0.080 0.070 ‘ 0.060 ’ ’ 0.055 0.045 0.050
Zn^Fe'^Bj ■ 0,080 ' 0,065 1 0.060 1 ' 0.055 0.050 0.050
Zn^FGpB^, ■ 0.085 ■ 0.075 ’ 0.065 0,060 0,045 0.055
Zn2Fe^B2 " 0,085 ’ 0,080 ' 0.070 0.065 ' 0.055 0.055
2npF©pB^ 0,090 0.080. ’ 0.075 ’ 0.060 0,050 0,060
Zn^Fe^B ’̂ ■ 0,085 ’ 0.075 '0.070 ’ 0.065 0.060 0.065
ZnpFe^B9 . 0,090 ‘ 0. 085 0,075 ’ 0.065 ' 0.055 0.055
Zn.pFe^.B'jj ' 0,095 ■ 0.085 0.075 ' 0.060 0.050 0.065
Zn^Fe^B^ 0.085 0.075 0.070 0.065 0.055 0,065
Zn^Fe^Bp , 0.090 0.075 0.075 0.065 0.060 0,070
Zn^Fe^B^ • 0,095 0.080 0.070 0.065 0.055 0,065
Zn^Fe9B1 0.095 0.080 0.075 0,070 0,065 0.060
Zn3Fe2B2 ’ 0,100 0,085 0.075 ‘ 0.070 ; 0.065 0,065
Zn3Fe2B3 0,105 0,080 0.070 0.065 0,060 0.065
Zn^Fe-jB^ , 0,100 0.085 ' o.075 ’ 0.065 0,060 0*060
Zn^Fe^Bp ’ 0.105 0.085 0.075 ; ‘ 0,070 0,065 0.065
Zn^Fe^B^ • 0.110 0.080 0,080 0. 075 " 0.060 0.065
ZnoFo6Bb 0,075 0.060 0.065 ” 0.045 0.030, i 0.035
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fable 35# Effect of three levelsof 2n, Fa, B and their interactions 
on the potassium content in leaf and shootof mango cv.Fazli 
(expressed as per cent dry weight).

Treatments Leaf Shoot v.
v.s. . • F.B.S. ■ P.S,‘ • , v.s. . • F.B.S,- P.S#

Zn^Fe^B^ 0.90 0.74 0.78 0.40 0.33 0.36
^1Fe1B2 0.90 t 0.76• • t 0.78 0.40 0.33 0,36 t
Zn^Fe^Bj 0.91 . 0.76 0#74 0.43 0.34 0.39!
Zn,. P^B-i 0.91 0.74 0.81 0 ,43 i 0,33 0.36
2n^Pe?B5 0.90 . 0.78 t 0.81 t 0. 44 , 0.36 , 0.39 .

0.93 0.78 . 0.84 0.44 •i 0*36 t 0.39 ,
Zn^e^B^ 0.93 , 0.78 . .0.84:' 0,47 0,34 0.36 .
Zn^Fe^Bg 0.91 o C

D 0.87 . 0,44 0.36 0,36 .
Zn1Fe3B3 0.93 , ,0.84 _ 0.87 , 0,47 , 0.39 . 0.41
Zn^Fe^ 0.91 . 0.78 . 0.87 0,47 , 0,39 , 0.39 .
ZllpFO,^ Bp •• 0.93 i1 0.81 ; 0.90 . 0,49 0.36 - 0* 49 ,
Zn2FeiB3 ! 0.96 . 0.81 , 0.90 . 0.49 0.41 0.47 .
Zn9Fe9B^ 0.93 . ,0.81 , 0.90 0.47 . 0.41, : 0.47 .
ZnpPepBjj 0.93 0.84 . 0.93 , 0.49 . 0.44 P. 47 ,
m?Fe2h 0.96 f 10.84 0.93 . 0.49 . 0.44 0.49
ZhpFe^B^ 0.96 0.87.. 0.96 . 0.51 . 0.46 0.49 ,
ZnjjFe^B;, 0.96 0.87 t 0.96 , 0.51 , 0,44 0.47 ,
ZngFe^Bj 0.98 ,0,90 t 0.93 , 0.54 0 .47 , 0,51 ,
Zn^Fe^B^ - 0.98 0.90 u 0.96 0.51 0 .47 4 0.51 ,
Zn^Fe.jBs, , 0.98 0.91 . , 0.93 , 0,54 0.49 0 , 49 .
^3Fq^ : 0.98 0.91 0.96 0.51 , 0,47 , 0.51 ,
Zn^FepB^j . pi 98, ' ,0.91 0.96 0,54 0.47 0.51 .
Zn^Fe?B? ■ 1;01 ^ .0.9-3 .. 0.98 . . 0.56 , 0,49 6.54
%F®2 h ‘ V o.9a .0.93 * . 0.96 . 0.56 r ., 0,49 0,49 ,
Zn^Fe-^B^., , 1.03 , ,0.93 , 0.96 . 0.54 7 0.47 / 0.54

1.01 , 0.91 0.98 0,56 0,51 ,0.51
Zn^Fe^Bj 1.03 . , 0.93 , 0.96 . 0.56 : 0,49 . 0* 54 ,
zWo 0.91 . 0.70 , ,0.74 , 0,36 0.30 0.34 ,
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Discussion s

Results presented in the foregoing pages reveal that micro- 
nutrients were effective in promoting vegetative growth as indicated 
by plant height, trunk girth and spread of the canopy in young Fazll 
mango. Of the nutrients, the effect of zinc was most promising. The 
favourable effect of zinc can be explained from the fact that zinc is 
a constituent of several enzymes. It is also essential in carbohydrate 
and nitrogen metabolism and probably “in turnover of organic phosphorus 

compounds (Asaia et aU, 1971). Zinc increases the synthesis of trypto­
phan which is a precursor of auxin that promotes vegetative growth*
Zinc also pi ays a positive role in photosynthesis (Agarwaia aid Sharma, 
1978), The present findings appear to be in conformity with the results; 
of Singh end Rajput (1976), Rajput et al. (1976), Oppenheimer and Gaziti 
(1961) in mango aid Arora and Singh (1970) in guava.

Similar to zinc, iron also plays a distinct role in the growth 

and development of plant* Iron is essential in the formation of chloro­
phyll and absorption of other elements in plant. It is a constituent 
of enzyme systems which bring about oxidation reduction reaction in 

the plant. It is also regulates respiration, photosynthesis and redu­
ction of nitrates and sulphates which are essential for plant deve­
lopment. Besides these it is also essential for th^nynthesis of 
protein contained in the chloroplast (Kunte and Yawalkar, 1970). Being 
a constituent of ferredoxin, iron is involved-in nitrogen fixation 
by diverse groups of micro -organ! sm ( Agarwala and Sharma, 1978). In 
the present study the lower level, of iron exhibited beneficial effect
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in segmenting 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 application had a significant role in increasing growth of the 
plant. It is known that boron plays a vital role in proper development 
and differentiation of tissues, particularly the vascular elements 
and its function in cell maturation by regulating the formation and 
lignification of the cellwall (AgarwaL and Sharma, 1973), It helps 
in absorption of nitrogen, metabolism of carbohydrates, water and 
pectlc substances, absorption of salt and hormone movement in the 
plait. It is also necessary in the translocation of sugar in the 
plant (Kunte and Yawalkar, 1970), From the present experiments it 
was found that highest level of boron proved highly beneficial in 
enhancing the vegetative growth of mango.. The present findings are in 
agreement with the observations of Rajput et al, (1976) who recorded 
the maximum length of terminal shoot and number of leaves per shoot 
with the application of highest dose (0.8%) of this chemical.

The results o if the present investigation, however, showed 
that treatments with various concentration of zinc. Iron and boron . 
were less effective in augmenting the flowering percentage signifi­
cantly in juvenile mango plants, whereas in case of bearing trees 
iron and boron proved beneficial in bringing about significant varia­
tions particularly in the ’off* year (1934) whereas zinc played effec­
tive role in the ‘on1 year. Similar to the individual effect their
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various interactions were also found effective in this respect* 
Minessy et at* (1974) also observed increased flowering with soil 
application of the iron in mature mango trees. Flowering in plant is 
largely dependent on shoot maturity, .Application of zinc resulted in 
better vegetative growth. Besides this, application of zinc increa­
sed flowering perhaps by increasing the auxin content. Under condi­
tion of zinc deficiency, flowering was reported to have been conside­
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 is associated with the 
flowering process (Kunte and YawaLkar, 1970), Increased flowering 
obtained in the present study with boron application supports the 
observations reported by Rajput et al, (1976) in mango, Rajput and 
Ghand (1975 ) in guava.

The result of the present experiment clearly show beneficial 
effect of iron and zinc, in increasing fruit number* Similar effect 
of zinc application has also been reported by Daulta et al. (1981) 
and Minessy et al, (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 repor­
ted by Rajput et al. (1976 ).

As regards 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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zinc. Increase in fruit weight with the application of zinc has been
y

reported by Ruth et al. (1980). Similarly, :iron and boron increased 

the fruit weight markedly but the effect was not consistent. The/ 

increase in fresh fruit weight with the treatment of boron was also 

reported by Rath et al, (1980).

Application of zinc, iron and boron was found to increase 

the fruit yield in bearing trees, Among the three nutrients, zinc

and boron improved the fruit yield as compared to iron and the incr-
/

eased yield was obtained with the higher levels of the nutrients. The 

improvement in yield, obtained in the present investigation was pri­

marily due to production of larger number of fruits and also due to 

higher weight of individual fruits. Improvement in yield of mango 

fruit with the application of zinc was also reported by Singh and 

Rajput (19.77),

It is evident from the results mentioned in the foregoing 

pages that spraying with zinc, iron and boron at higher concentra­

tions in general, showed a tendency to increase the fruit size (length 

and breadth). Trees sprayed with intermediate concentration of zinc 

produced larger fruits than that obtained with the lowest concentra­

tion, Observation made by Singh and Rajput (1976), Rath et al. (1980) 

are in line with the present findings. The favourable effect may be 

attributed to the fact, that zinc is essential in nitrogen metabolism 

(As ana et al., 1971) and it also increases the synthesis of auxin 

which promotes the cell size (Agarwala and Sharma,, 1978), Likewise 

the beneficial effect of boron in increasing the fruit size is perhaps
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due to increased cell division and elongation (Rajput et el,, 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 quality, , 
it was found that foliar application of zinc caused increase in the 
total soluble solids, total sugar, reducing sugar, non-reducing sugar 
and acidity and the best fruit quality was observed with the higher 
&ose 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 and Chand (1976), The favourable effects of zinc was 
possibly due to various enzymatic reactions like transformation of . 
carbohydrate, activity of hexokinase and changes in sugar due to its 
action on zymohexose, a metal protein is blocked by formation of com­
plex cystein. The blocked enzyme is reactivated by zinc and its pre­
sence was perhaps of great importance in the sugar metabolism thereby 
pausing the inproyement in fruit quality (Singh and Rajput, 1976). 
Iron had little effect on T.S.S,, total sugar, reducing and non­
reducing sugars and acidity,

The chemical composition of mango fruit was also improved 
greatly by boron application. The .highest T.S.S, content of fruit 
was obtained with the application of higher rate (0,4%) of this 
nutrient, B also increased the acidity content of fruit upto the 
highest level (0,4%). ALvarrez-Rosario (1965), Bui to vie and JaVanovic 
(1970) reported increased T, S, S, and acidity in apple with Increased
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level of B, Foliar spray of B also increased the total reducing and 
non-reducing sugar contents of fruits. The maximum total sugar con­
tent was: obtained with the highest level of B, These results are in 
agreement with those of Rajput et aL. (1976) and Rajput and Chand 
(1976). Zn in combination with B at higher level also caused increase 
in the total sugar content Of fruit* Similar results were also repor­
ted by Rath et aU (1980). The highest total sugar content of fruit 
was .obtained by treatment with 0,4 per cent Zn, 0,1 per cent Fe and 
0.4 per cent B.

The nitrogen percentage in the leaf and shoot showed marked 
variation with application of zinc, iron and boron, M increase in 
the level of boron caused maximum accumulation of nitrogen in the 
leaf and shoot, irrespective of the stage of sampling. Singh (1977) 
also 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 
different stages of sampling. Phosphorus content in leaf increased at 
the vegetative stage and decreased at the later stages, Bopaiah et aL, 
(1985) reported that phosphorus content in leaf at the bearing stage 
was less than that In leaf at the non-bearing stage.

Lfke phosphorus, potassium content in leaf and shoot also
increased with the .application of. the higher doses of micronutrient,
at the vegetative stage and declined at the full bloom stage, Rao and 
Mukherjee (1985) also reported that potassium content in leaves decre­
ased during full-bloom and preharvest stages.
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Experiment II : Effect of Zn. Fe and B ihcombination with urea on
vegetative growth, flowering, yield and fruit
quality of mango cv. Fazli,

Plant height s

The data on plant height presented in Table 36 straw signi­

ficant difference due to application of micronutrients incombination 

with urea. In the year 1983 spraying of zinc at 0.4 per cent with 1 

per cent urea was found most effective in increasing the plant height 

(60.25 cm) over previous year aid the growth was 35.75 cm more over 

controls All the concentrations of boron incombination with urea at 

1 per cent exhibited a retarding effect, whereas in the next two years 

the highest level of iron and boron was found highly effective in 

promoting growth than control. The maximum increase in height of 79.50 

cm was recorded under Fe at 0,4 per cent incombination with 1 per cent 

urea in 1984, while it was 62.5 cm under B at 0.4 per cent incombina­

tion with 1 per cent urea in 1985 as against 53.25 and 30.75 cm under 

control.

Trunk girth -

It was apparent from the data in Table 36 that spraying of 

micronutrients were beneficial in enhancing the trunk girth,, The 

maximum increase in trunk girth of 3.0 cm was found when pi ants 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, while in control 

it was only 1,41 cm in 1983. The maximum increase in trunk girth of
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Table 36. Effect of Zn, Fe and B with urea on plant height and girth 
of the trunk (expressed as increase oyer last year)

Plant height (cm), Trunk girth (cm)
1983 ■ 1984 1985 1983 1984 1985

Zn 0.2^+urea 38.25 60.25 42.25 3.00 4.21 4.79

Zn 0,4%+urea 1% 60.25 71.25 51.75 1.38 3.86 6.03

Fe 0.2%+iirea V/o 33.50 45.50 37.-75 0.41 3.42 5.17

Pe 0.4$+urea A% 40,25 79.50 48.50 , 2,26 7.18 6.30

B 0*25Mirea 1% 20.25 59.50 . 54. 25 2,80 4.18
/

5.27

B 0.4/4+ure a A% 22.25 74.50 62.50 2.12 5.49 7.21

Control 24.50 53.25 30.75 1.41 3.76 4.57

S,Em +. . .2.68 4.17 3.35 0.18 0,32 0.09

C.D, at 3% 7.98 12.41 ■9.95 0.54 0*95 0.29



7.18 cm occurred in 1984 when plants were sprayed with Fe at 0.4 per 
cent and 1 per cent urea. Sprays of B at 0.4 per cent and urea caused 
the maximum increase in trunk girth of 7.21 cm in 1985 followed by 
6,3 cm with the application of Fe.(0,4 per cent) and urea. The incr­
ease in trunk girth under control in 1985 was 4.57 cm.

Spread of the canopy :

is regards the spread of canopy in East-West 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 
together with urea at 1 per cent while in the North-South direction 
the maximum 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 per 
cent in the East-West direction and 74.50 cm spread occured at higher 
level of B in North-South direction. In 1985 the highest spread 
(69.25 cm) of the canopy in East-West direction was obtained when 
plants were sprayed with B at 0,4 per cent with 1 per cent urea and 
in the North-South direction the maximum spread of 66.75 cm was obser­
ved under Fe at 0,2 per cent+urea. In control spread 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 urea on spread of plants 
(expressed as increase over last year)#

Treatments East-•west (cm) North-south ( cm).
1983 1984 1985 1983 1984 1985

Zn 0.2% + urea 156 12.25 68,25 52.25 12.00 71.25 65.25

Zn 0.4% + urea 1% 10.50 46.75 54.75 13.25 31.25 62.75

Fe 0.256 + urea 1% 53.25 71.75 61.75 30.50 60;. 25 66.75

Fe 0.4% + urea 1% 51,25 63.50 47.75 43,75 71.75 49.25

B 0,256 * urea 156 14.75 84.25 57.75 9.75 66.25 58.50

B 0.4% + urea 1% 22.25 77.50 69.25 21.50 74.50 39.50

Control 30.25 26.25 45.25 33.50 56.75 47.00

S.Em + 2,51 5.32 2.74 1.87 6,08 3.83

C.D, at 5% 7.48 15.81 8.14 5# 57 18.08 11.38
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the 'on* year of 1993 the highest of 79 per cent shoots produced 
panicles when treated with boron at 0.4 per cent along 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 produced panicles. 
In the ’off* year of 1984 and the ’on* year of 1985 as much as 42.63 
and 71.26 per cent of shoots, respectively bore panicles when treated 
with 0.4 per cent Zn incombination with urea, as compared to 16,26 
and 58.23 per cent under control.

Sex ratio :

It is revealed from the data presented in Table 38 that 
spraying of micronutrienta showed variation in the proportion of per­
fect flowers to male flowers in all the years of experiment. It was. 
observed.that in 1983 and 1985 ('on* years) spraying of Fe at 0.4 
per cent with urea (1 per cent) caused the development of maximum 

number of perfect flowers and thereby decreased the ratio compared 
to other treatments. On the other band, in 1984 ('off* year) boron 
at higher concentration (0.4 per cent) enhanced the number of perfect 
flowers* In general, the higher rate of micronutrients promoted num­
ber of hermaphrodite flowers in all the years of the experiment* Con­
trol plants generally showed a tendency to produce more number of 
male 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 j

The data on the number of fruits harvested as given 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 effective in increa­

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 the period of the investi­

gation.

Fruit weight :

The data on effect of different micronutrients on weight of 

individual fruits have been presented in Table 39 and Fig. 8. Foliar 

application of all the micronUtrients at their highest levels caused 

significant Improvement on fruit weight in 1983 and 1984, But in the 

third year (1985) lower levels of Pe and B were found more effective

whereas a reverse trend was noted in case of Zn,
!

Plants receiving 0.4 per cent Fe+1 per cent urea, 0,4 per 

cent B+1 per cent urea and 0,2 per cent Fe+1 per cent urea produced 

fruits 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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fable 38, Effect of 2n, Fe and B inco&bination with urea on 
flowering, sex, ratio and number of fruits per tree.

PanicleTreatments r _ ..percentage
(■wbiiwh >iiin,tiwiaiwwiMw!iMliwai*

Sex ratio of flowers Number of fruits 
____ ' harvested

1983 1904 1985 1983 1934 1985 1983 1984 1985

Zn 0.2?$ + 75*06 26*95 63*04 154,84 1s6.72 1*4.53 23 4 39
urea 1% (61.51) (31.22) (52.55)
Zn 0,4% * 76,06 42.63 71.26
urea -1% (63*13) (40,78) (57.86.)
Fe o 2% * 77.93 15.97 54.97
urea 1% (63.89) (23.45) (47*84)
Fe 0.4% 69.45 24.82 65.29ure© 1% (57.39) (29*72) (53.94)
B 0.2% * ■ 73.75 32*67 59.31
urea 1% . (61.41) (34,50) (50.37)
B 0.^4 + ■79,00 28*66 66,11
urea 1% (64,02) (31.30) (54.38)

Control 64.34 16.26 53.23
(54.07) (23.41) (49.73)

S,.En ± 7.23 5.03 ' 1.84
C.D. at 5% N.S. N.S. 5.47

182,69 1S3.46 1s3*73 24 - 6 48

1:5.15 184.79 184.31 20 2 37’

1S1.31 152.58 182.45 17 5 42

1:7.09 136.84 187.79 21 4 38 .

152.67 182,44 1:3.25 24 5, . 43

1:5,13 115,67 1 s4,97 14 4 32'

3.65 1.47 2.73
H.S. N, S, 3.12

N.S, « Not significant.

\
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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 
(13,15 kg). The minimum yield of 6,65 kg fruit was recorded in con­
trol in the year 1983 while in the ’off* year (1984) Zn at 0*4 per 
cent was found effective in increasing the yield to 3,78 kg followed 
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 also significantly enhanced the yield by 48,2 per cent 
over control, Foliar sprays of iron was also found beneficial in 
increasing the yield during 1985.

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

Fruit size (length and breadth) t

All the micronutrients were found to be beneficial in incre­
asing the fruit size (length and breadth) in all the years of expe­
riment, TM maximum fruit length (15.45 cm) was recorded when the 
plants were treated with Fe at 0.4 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
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Table 39. Effect of 2n, Fe and B incombination with urea on 
weight,and yield of mango cv, Fazli.

Weight of fruit (g) Yield per plant(kg)

1983 • 1984 1985 1933 1984 1965

Zn 0.2% + urea 1% 542,75 610,00 645.50 12.30 2.14 25.33

Zn 0.4% + urea 1% 555.25 642.50 684.25 13.15 3.78 32*53

Fe O.^o + urea 1$ 485.50 675.50 747.50 9.34 1.34 27.64

Fe 0.4% + urea 1% 623.50 678.25 653.25 10.31 3.35 27.59

B, 0.2% + 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 14.17 3.77 30.21

Control ■ ' 463.75 612,00 637.00 6.65 2.45 20.38

S. Sn +; 20.34 10.25 6,35 2.20 0.93 1.89

C.D. at 5% 60.43 30.47 18; 86 N.S; N;S. 5;61

N.B, « Not significant.
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Table 40, Effect of Zn, Fe and B incombination with urea 
on size of fruit.

Treatments Length of fruit (cm)

1983 198.4 1985

Breadth of fruit(ca)

19.83 1984 1985

Zn 0,2% + urea 1% 14,65 15.85 15.25 ■ 9.25 9.55 9*47

Zn 0.4% * urea 1% 14,67 15,60 15,33 9.45 9.75 9.42

Fe 0.*2% + urea 1% 13.80 15.95 16.13 8.95 10,42 9.85

Fe 0,4% + urea 1% 15.45 15.90 15.43 9.60 9,80 9.75

B 0,2% + urea 1% 14,05 14.75 15.97 9.77 9.37 9.60

B 0,4% * urea 1% 14.70 16,92 15.60 9.87 10.42 9.43

Control 12.95 15,50 15..82 9.37 %70 9.10

S', Em ^ 035 0,26 0,20 0.18 0*12 0,16

C,D» at 5% 1,05 ; 0 .78 0,60 0,52 0,38 K.S,

N.S, a Not significant.
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0,2 per cent each with 1 per cent urea respectively (Table 40). 

Specific gravity :

It is seen from the data presented in the Table 41 that - 
the application of different rates of micronutrients failed to bring 
about any significant effect on specific gravity of fruits in all 
the years of experiments. Specific gravity of fruit attained maximum 
value of 1,047 in 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 caused . 
maximum specific gravity of fruits in 1984 (1.097). These values 
under control were 1.027, 1.052 and 1,035 in the year 1983, 1984 
and 1985 respectively.

Pulp s fruit ratio s

The data on pulps fruit ratio noted in Table 41 revealed 
that micronutrients had beneficial effect in Increasing the pulps 
fruit ratio irrespective of the years. Treatment with Fe at 0,2 per 
cent incombination with 1 per cent urea caused increased pulps fruit 
ratio of 1S1.37 dnd 1s 1.36 in 1983 and 1985 respectively while in 
1984 highest pulps fruit ratio of 1s1,47 was obtained in fruits from 
the plants treated with B at 0,2 per cent along with-1 per cent 
urea.
Total soluble solids (T.S.S. ) s

Foliar sprays of the micro nutrients were found to cause 
significant improvement in the total soluble solids content (Table 
41 and Fig,9). Treatment with B at 0,4 per cent with urea 1 per cent
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caused the maximum T.S.S, of 20.7, 20.5 and 20.4 per cent in 1985, 

1984 and 1985 respectively whereas 18,45, 18,15 and 18.20 per cent 

T.S.S, were noted under control in the respective year. It was, cle­

arly observed that except Zn at 0,2 per cent in 1985 all the micro- 

nutrients caused increase in the total soluble solid contents of 

fruits throughout the period of investigation. Other treatments 

inorder to efficacy were Fe at 0.2 per cent (20.20%), Zn at 0.4 per 

cent (20.05%) aid B at 0,2 per cent (19,80%) each with .1 per cent 

urea in 1983, 1984 and 1985 respectively.

Total sugar !

The data presented in Table 42 and Fig, 10 indicate that all 

the micronutrients significantly increased the total sugar contents 

of fruit. The highest total sugar contents i.e,, 14,94, 15.21 and 

14.92 per cent were observed in fruits from plants 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 contents of fruits in all the years of the investigation. 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 sugar :

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



Table 41* Bffeet of Zn, Fe and B iUcorabinatiOn witii urea on specific 
gravity, pnl^Jfriiit ratio snd total soluble Solid content 
of fruit.

Specific gravity Pulp: fruit ratio T. S. i 3. (°Brix)
1984 1985 1983 1984 1985 1983 198^T 1985

Zn 0 ,2% 
lore a 1%

+ 1.012 1.097 1.030 1 si.50 1:1.53 1 si.44 18.55 18.75 17.95

Zn 0 .4% 
urea 1%

+ 1.030 1,062 1.035 1s 1.41 1 s 1.52 1 si, 48 19.40 20.05 18.40

Pe 0.2% 
urea 1%

+ 1.022 1,095 1*042 1s 1,37 181.48 1:1.36 20.20 19.25 18*85

Fe 0.4% 
urea 1%

4- 1.037 1,092 1*045 1S1.40 181.52 181*44 19*55 19*80 19.55

B 0.2% 
urea 1%

1.042 1.055 1,037 181.45 1s1,47 181.41 18.95 19.55 19.80

B' 0.4% 
urea 1%

+ 1,047 1.035 1,062 1:1.48 181.50 181.42 20.70 20*50 20.40

Control 1.027 1.052 1,035 181.53 181.54 1:1.47 18.45 18.15 18,20

S.Era + 0.012 0,031 0,007 0.21 0,09 0,134
0. 0 . a£ * 5% N.S. N.S. N.S. 0.63 0,28 0.401

N.S. «. 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 followed by Fe at 0.2 per cent (4.223'*), 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 0.4,per 
cent and urea (4.38%.), The lowest reducing sugar content was obtained 
in fruits from the control plants throughout the period of experiment.

Mon-reduoing 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 
sugar contents 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 respectively,Non- 
reducing sugar content of fruits under control was much less.

Fruit acidity s

A perusal of the data recorded in Table 43 revealed that 
in general the fruit acidity (expressed interns of per cent citric 
acid) decreased appreciably when the plants were treated with micro- 
nutrients in 1983 and 1935 (’on* years) as compared to control. The 
lowest fruit acidity of 0,28 and 0.32 per cent were obtained by 
treatment with Zn at 0.2 and B at 0.2 per cent and 1 per cent urea
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Zn 0.2% 
urea 1%

+ 13.46 13.19 13.90 3.76 4,03

Zn 0.4% 
urea 1%

+ 14.23 14*53 14.10 3.94 4.41

Fe 0.2% 
urea 1%

+ 14.88 14.39 14.43 4.22 3.95

Fe 0.4% 
urea 1%

+ 13.28 13.62 14.72 3.79 4.02

B, 0.2% 
urea 1%

+ 14.32 14.97 13.91 4.20 4.09

B 0.4% 
urea 1%

+ 14,94 15.21 14.92 4.35 4.38.

Control 12.84 13.18 13.76 3.75 3.63

S.Ba + 

G.D. at 5%

4,14

4.24

4.26

4.38

4.11

4.33

4,08

0.04

0.11

9.21

9.77

10.11

9.01

10.08

10.05

8.63

0.14

0*42

8.70

9.61

9.91

9.11.

10.32

10,. 28

9.07

0.19

0,59

9,26

9.37

9.67

9.81

9.31

10.07

9.21

0,12

0.34

Table 42. Effect of Zn, Fe and B incombination with urea on toted, 
. reducing and non-reducing sugar content of fruit.

1983 1984 1985

Reducing sugar 
(% fresh weight)
1983 1984 1985

Non-reducing sugar 
(% fresh weight)
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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 J

The data summarized in Table 43 indicate that micro nutrients 
exhibited differential effect on acid to sugar ratio of the fruits in 
different years of the experiment. The sugar/acid ratio varied between 
30.18 and 48.07 in 1983, between 28.69 and 43.61 in 1984 and between 
34,69 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 under B 0,2 per cent were observed in the year 1983,
1984 and 1985 respectively. Fruits obtained from the control trees 
recorded 33.78, 41.18 and 33,56 sugar/acid ratios in 1983, 1984 aid

1985 respectively.

Effect of Zn, 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 presented in Table 44. Application of zinc, 
iron and boron also increased the N content in leaf. The highest N 
content in leaf (1.7C$) was recorded when the plants were treated
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Table 43. Effect of Zn, Fe and B in combination with urea on 
acidity and sugar/acid ratio of fruit*

Treatments Acidity
(96 fresh weight )

Sugar/acid 
ratio

1983 1984 1985 1983 1984 1985

2n 0.296 + urea 196 0,28 0.36 0.34 48.07 36.63 40.88

Zn p,496 + urea 196 0.39 0,48 0,40 36.48 30.27 35.25

Fe 0,29a + urea 196 " 0,33 0.33 0.34 45.09 43,61 42,44

Fe 0,4% + urea 196 0,44 0,39. 0,36 30.18 34,92 40,88

B 0.296 + urea 196 0.34 0.38 0.32 43.58 39.39
1 s

43.46

B 0*496 + urea 196 0.47 0.53 p. 43 31.78 28,69 34.69

Control 0.38 0,32 0.41 33.78 41.18 33.56

S. Em * 0.02 0.01 0.01 > - •

G.D. at 596 0.06 0. o4 0.04



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 the. full bloom stage and again 

increased in the preharvest stage.

Shoot - It was observed that the nitrogen content in shoot 

increased with the application of higher levels of zinc and boron 

with urea at the vegetative stage. The nitrogen content in shoot was 

lower than that in the leaf, irrespective of treatments and stage of 

sampling. The maximum accumulation of nitrogen in shoot (G.98%) was 

noted when the plants were treated with 0,4 per cent zinc orlboron in 

combination with 1 per cent urea, It was also noted that shoot 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 highest P con­

tent in leaf (0.110%) was observed from plant treated the highest 

level of B with urea (B 0.4$ + urea 1%), at the vegetative stage and 

preharvest stage and it declined at the full bloom stage.

Shoot - Application of different levels of zinc, iron and 

boron resulted in increase in P content of shoot and the highest P 

content(6.085%) 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.

vouv



Table 44. Effect: of Zn, Fe and B with urea on the nitrogen; content 
in leaf and shoot of mangocv. Fazli (expressed as per 
cent dry weight ). ; ,

Treatments • Leaf Shoot
V.S, F.BiS, P.S*' V.S. F.B.S. ■P.S,

Zn 0.2% + urea 1% 1.56 1.42 1.48' 0.95 0.67 . 0.86

Zn 0. 4% f urea 1% 1.56 1.45 1.56 0.98 0.72, i v - 0,86

Fe 0.2% + urea 1% 1.65 1.54 1.56 0.92 . 0.72 , P. 92

Fe 0.4% + urea 1% 1.68 1.57 1.59 0.95 0.75 0.95

b ;. 0.2% + urea 1% 1.68 1,40 1.68 0.92 0.78 0.89

B 0.4% * urea 1% 1.70 1.45 1.70 0.98 0*78 0.92

Control 1..48 1.1.7 1,43 , 0.84t 0.64 0.81

V.S, , s Vegetative stage 
F.B.S, a Full bloom stage 
P.S. . «,Preharyest stage.
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Table 45. Effect of Zn, Fe and B with urea on the phosphorus content 
in leaf and shoot of mango cv, Pazli (expressed as per cent 
dry weight).

Treatments Leaf Shoot
V.S. F.B.S. P.S. V.S. F*B,S. P.S.

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 o.iio 0.065 0.d40 .0,070

Fe 0*2% urea 1% 0,080 0.065 0.080 0.055 0.045 0.055

Fe 0,4% + urea .1% 0,090 o.dso 0.095 0.065 0,d50 0.055

B 0,2% f urea 1% 0,105 0,070 0.095 0,080 0.035 0.060

B 0,4% + urea 1% 0.110 0.075 0,110 0.085 0.040 0,065

Control 0.070 0.060 0.070 0.035 0.025 0,040

V.S, sa Vegetative stage 
F.B.S, « Full bloom stage 

J P.S. a Preharvest stage.
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fable 46. Effect of, Zn, Fe and B withurea on the potassium content
in leaf and shoot of mango cv. Fasli (expressed as per cent 
dry weight), , ;

Treatments Leaf Shoot
V.S. F.B.S. P.S. ■ V.S. F. B. S. ■ ' P.S.

Zn 0,2% + ,urea 1% 1.08 0,81 0.91 0*54 0.43 0.56

Zn 0.4% + urea 1% 1.10 0.84 0.93', 0.56 0.46 0.58

Fe 0.2%, + urea 1% 1.03 0.84 0.91 0.54 0.46 0.51

Pe 0.4% + urea i% 1,08 0,88 0.96 0.60 0.48 0.56

B 0.2% + urea 1%
!

1.10 0.81 0.96 0,58 0.43 0.56

B 0.4% * urea 1% 1.15 0,84 0.98 0.6 0 0.48 0.60

Control 0.98 0.78 0.87 , 0.49 0.41 0* 48

V.S, a Vegetative stage 
P. B. S. a Full bloom stage 
P,S, a Preharvest staged



Potassium :

Leaf - Data on the effect of application of micronutrients 
on potassium content of leaf and shoot are presented in Table 46. 
Potassium content was found to increase with the application of zinc, 
iron and boron and the maximum concentration of leaf-K (1.15%) was 
found under 0.4 per cent B with urea 1 per cent, at the vegetative 
stage end it declined at the full-bloom and preharvest stage.

Shoot - Potassium content in shoot also increased with the 
application of zinc, iron and boron and the concentration of K in 
shoot was less than in leaf irrespective of the treatment and stages 
of sampling* The highest Concentration of potassium in shoot was 
obtained with higher level of boron, at the vegetative and preharvest 
stages and it declined in the full-bloom stage.
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Discussion s

It is revealed from the data presented in the previous 
pages that application of micronutrients viz* zinc* iron and boron 
each incomblnation with 1 per cent urea markedly promoted the vege- . 
tative growth of young mango plants cv, Fazli during all the years 
of the experiment. 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 in 
carbohydrate and nitrogen metabolism and probably in turnover of 
organic phosphorus compounds (Asana et al.. 1971). It is considered
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essential for the formation of chlorophyll and hence'essential for 

photosynthetic activity. Zinc is also a constituent of some enzymes 

and it possibly, taken part in the synthesis of indole acetic acid in 

plants (Singh, 1980). It increases the synthesis of tryptophan which 

is a precursor of auxin, that promotes vegetative growth (Agarwala 

and Sharma, 1978). The beneficial effect of zinc in improving vege­

tative growth has also been observed by Singh and Rajput (1976), 

Rajput et al. (1976) in,mango.

Like zinc, iron also played an important role in augmenting 

vegetative growth of young mango plants. It is well established that 

iron is essential for chlorophyll synthesis. In association .with 

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 proved highly effective 

in enhancing the plant height, trunk girth and spread of crown during 

1984 and 1985. An increased growth with boron application has been 

recorded by Rajput et aL. (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 development of the conducting 

tissue (Singh, 1980). Kunte and YawaLkar (1970) have reported that 

boron helps in the formation and lignification of, cell,wall, absorp­

tion of nitrogen and metabolism of carbohydrates, .

The effect of micronutrients was further enhanced by
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accelerating effect of urea applied along with micro nutrients. 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, nucleic acid, porphyrins, purine, enzymes 
and co-enzymes (Agarwala and Sharma, 1978), Protein and chlorophyll 
synthesis are markedly accelerated by the application of nitrogen 
(Wadi eight, 1957).

A perusal of the results stated in the foregoing pages 
clearly indicates that besides increasing the vegetative growth, 
micronutrients incombination with urea also.caused better flowering 
in the young mango plants regardless the existence ’on* and ‘off’ 
year rhythm. By application of micronutrients and urea better flow­
ering have been reported by many: workers. It has been reported that 
zinc, iron (Minessy et al.. 1974); boron (Rajput et al,, 1976) and 
urea (Rajput and Tiwari, 1975) when applied to mango aid other fruit 
plants caused better flowering. Zinc increased the percentage of 
flowering shoots possibly by increasing the auxin content. According 
to Agarwala and Sharma (1978), under conditions of zinc deficiency, 
flower setting was considerably reduced. Kunte and Yawalkar (1970) 
explained the beneficial effect of iron in increasing the percentage 
of shoot producing panicle through regulation of some physiological 
activities like respiration, photosynthesis and reduction of nitrates 
end sulphates and these reactions are necessary for 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 micro nutrients 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 hermaphrodite to male flowers over control. Iron 
incombination with urea was most effective as compared to the other 
nutrient combinations in all the years* Rajput and Tiwari (1975) also 
obtained more number of hermaphrodite flowers by treatment with urea. 
Results of the experiment showed that raicronutrients incombination 
with urea proved highly beneficial in augmenting the yield of fruit 
both in number and weight significantly over control in all the years 
of the investigation, Among the micronutrients the effect of zinc 
was most pronounced followed by boron and iron. Further, the higher 
dose of sil the nutrients proved more effective than the lower ones. 
The beneficial effect of zinc was also recorded by Daulta et al, (1981) 
and Minessy et al. (1974). Rajput et al. (1976) reported higher yield 
by treatment with boron.

Treatments 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 superior to controls. Fruits of in­
creased size and weight were also obtained by Rath et al, (1980) with 
micronutrient application. Higher fruit weight by application of N 
was recorded by Singh et al. (1977) and Tiwari and Rajput (1975), The 
effect of nitrogen in increasing the fruit size may be due to the fact
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that it increases the size said total number of cells (Njoku, 1957).

The increased yield obtained in the present study was due to the - 

production of larger number of fruits with increased weight.

As regards fruit quality it was observed that the applica­

tion of zinc, iron and boron incombination with urea resulted in 

significant enhancement of T.S.S., sugar contents of ripe edible 

fruits. Among the micronutrients, the best result was obtained with 

boron, followed by iron and zinc. Besides increasing the total solu­

ble solid and sugar contents, boron at higher rate also influenced 

the fruit acidity. With the application of boron at higher rates, 

Alvarrez-Rosario (1965) and Biiltovic and Jovanovic (1970) noted higher 

T, S.S, and acidity in apple. In the present investigation, the maxi­

mum total soluble solids and total sugar contents and increased 

reducing and non-reducing sugar contents were obtained when boron 

was applied at higher concentration. The perhaps attributed to the 

fact that boron is considered to be essential in the metabolism of 

carbohydrate (Kunte and Yawalkar, 1970), Boron is also necessary in 

the translocation of sugar in the plant. Iron regulates, photosynthe­

sis (Kunte and Yawalkar, 1970), Higher photosynthesis means more car- ■ 

bohydrate formation which perhaps helped in increasing the T.S.S. and | 

total sugar contents of fruits with iron application. The favourable 

effects of zinc is due to various enzymatic reactions like transfor­

mation of carbohydrates, activity of hexokinase and changes in sugar 

which is to be due to action of zinc on zymohexose (Singh and Rajput, 

1976), Rath et aL, (1980) also reported that zinc acted as a catalyst i



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 increased when zinc, 
iron or boron was sprayed with tire a 1 per cent and the highest M con­
tent in leaf was observed when the plant was 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 con­
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 (1971) . 
also noted that N level attained highest value before flowering, 
declined during flowering and fruit formation and again increased 
during ripening.

Like nitrogen, phosphorus content in leaf and shoot showed 
marked variations at the different stages of sampling end 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 panicles.
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 Avllan (1971),

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

Fruit'retention :

Basic data recorded before spraying and subsequent data 

collected till harvest in 1983 (’on1 year) have been presented in 

Table 47.1. It is revealed from the data that chemicals used in 

this experiment at all concentrations were very effective in fruit 

retention at early stage of development and therefore caused increase 

in the percentage of harvestable fruits significantly over control. 

Amongst the various chemicals used, 2,4-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, GA^ 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 fruit 

retention at harvest stage while fruit retention decreased at lower 

concentrations. 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 concentration increased fruit retention but the effi­

cacy dropped at higher concentration. The percentage of fruit 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 significantly over control in 1984 (’off* 
year). Best result with respect to fruit retention was obtained with 
2,4-D followed by 2,4,5-T, NAA, Almon and GA^, The maximum 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 con­
trol. Spray application of 2,4,5-T at both the concentrations reduced 
premature drop of fruits, as compared to control. MAA at 40 and 20 ppm 
also reduced the drop of'immature fruits and resulted in significantly 
increased retention of fruits -to the tune of 16,26 and 13*53 per cent 
thereby showing respectively 93.34 and 58,50 per cent higher fruit 
retention over control. In base of GA^ and Almon, treatments with 
20 ppm GAj and 500 ppm Almon indicated beneficial effect and reten­
tion of fruits were 10.76 and 11,65 per cent, respectively, while 40 
ppm GA^ and 1000 ppm Almon had a little effect over control.

Spraying with different chemicals in general checked the 
early drop of fruits and caused higher retention of fruits signifi­
cantly at harvest over control in 1985 as evident from the data 
summarized in Table 47,3. 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 GA^.

implication of 2,4-0 at 20 ppm increased the percentage of 
fruit at harvest and the maximum retention was 17.24 per cent i.e,, 
70,52 per cent more over control. The higher concentration of NAA 
(40 ppm) improved the fruit retention (17.06%) compared to lower con­
centration of 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 
retention of fruits respectively (59.54 and 63.50 per dent higher over 
control), GAj and Almon treatments reduced the drop of immature fruits 
which ultimately caused increase in the fruit retention at harvest 
over control but the increase was not significant.

Number of fruits per tree s

The data on the number of fruits harvested per tree presented 
in Table 48 indicate that spraying with different chemicals at various 
concentrations had dissimilar effect in 'on1 aid ’off* years. The 

maximum number of fruits/tree (307) were harvested when sprayed with 
1AA at 20 ppm concentration in 1983 (*onf year). The same chemical 
at 40 ppm also gave markedly higher harvest yield (289), followed by 
2,4-0 and QA^ each at 20 ppm concentration, 2,4,5-T at both the con­
centrations only slightly increased fruit retention over control. In 
the »off* year (1984), however, application of 2,4*0 at 10 and 20 ppm 
resulted in high retention of 238 and 225 fruits respectively as com­
pared to 85 in control and these were followed by NAA at 20 ppm.

As regards the effect of chemicals on the number of fruits
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Table 47.1,. Effect of different chemicals on fruit retention (1983).

Treatments Percentage of fruits retained Percentage 
of fruits 
harvested

After 15 days 
of 1st spray­
ing

After 35 days of
1st spraying and
20 days of 2nd 

spraying

GAj 20 ppm 24.28
(29.44)

19.37
(26.02)

12.44
(20.59)

GAj 40 ppm 28.81 
(32.41)

' 22.88 
(28.52)

. 9.50
(17.94)

2,4-D 10 ppm 31.13
(33.88)

. ■ 14.95
(22.72)

• • 9.66 
(18.09)

2,4-D 20 ppm 32,93
(34,95)

23.32
(28.77)

15.46
(23.06)

iM 20 ppm 22.47
; (28.03)

15.90 
; (23.41)

12.11
(20.26)

MM 40 ppm 27.24
(31.34)

22.07 
(27.94) -

15.67
(23.20)

2,4,5-T 10 ppm 28.29
(31.82)

19.77
(26.35)

10.37
(18.67)

2,4,5-T 20 ppm 29.89
(33.01)

21.25
(27,13)

13.78
(21.28)

Almon 500 ppm 24.31
(29.43)

18.89
(25.71)

9.78
(18.00)

Almon 1000 ppm 25.76
(30.47)

14.34
(22.19)

8.85
(17.20)

Control 21,53
(27.57)

12.46 
; (20.52)

3.45
(16.72)

S.Em + 1.92 , 1.47 1.48
C.D.at % N.S. j- I . 4.26 4.30

(Angular transformed values are presented in the parentheses)
N.S. = Not significant.
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Table 47.2. Effect of different chemicals oh fruit retention(1984).'

Treatments Percentage of fruits retained Percentage 
of fruits 
harvested

After 15 days 
of 1st spra­
ying

After 35 days of 1st 
spraying and 20 days, 
of 2nd spraying

0i^20 ppm 30.77
(33.63)

19.03
(25.79)

10.76
(19.11)

OAj 40 ppm 32.36
(34.64)

15.05
(22.72)

8.64
(17-07)

2,4-D 10 ppm 34.28
(35.83)

24.95
(29.95)

18.88
(25.69)

2,4-D 20 ppm 38.47
(38,33)

23,08
(31.96)

19.28
(26.04)

NAA 20 ppm 36.09
(36.90)

16.89
(24.26)

13.33
(21,40)

NAA 40 ppm 36.05
(36.88)

21.41
(27.53)

16.26
(23.79)

2j4j5-T 10 ppm 34.59
(36.00)

18.71
(25.61)

17,13 
(24.47)

2,4,5-T 20 ppm 28.92
(32.21)

18,63
(25.54)

17.49
(24.69)

Almon 500 ppm 31.07
(33.86)

17.02
(24.35)

11.65
(19.76)

Almon .1000 ppm 32,80
(34.92)

14.88
(22.64)

, 9.04 
(17.44)

Control 21.19
(27.30)

11,96
(20.01)

8,41 
(16.81)

3 « JSQ3 4* 1.01 ,
t.\.

1.02 0.67
C, D, at 5% 2.94 2.96 , 1.95

(Angular transformed values are presented in the parentheses)
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Table 47.3. Effect of different chemicals on fruit retention(l985).

Treatments Percentage of fruits retained Percentage
After 15 days 
of 1st spray­
ing

After 35 days of 
1st spraying and 
20 days of 2nd 

spraying

of fruits 
harvested

GAj 20 ppm 27.58 19.86 12.56
(31.64) (26.44) (20.70)

GA* 40 ppm 28.51 21.11 12.44
j (32.23) (27.32) (20.62)

2,4-D 10 ppm 31.69 23.42 13.08
(34.18) (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) (23.56)

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
(33.38) (27.57) (21.31)

Control 24.40 16.06 10.11
(29.56) (23.56) (18.51)

S, Em + 1.45 1*20 0.96
C.D.at 5°/» 4.18 3.47 2.78

(Angular 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 all other treatments augmented harvest yield significantly 
over control (216). WAA at 40 ppm produced the largest number of 
fruits per tree (386). Other treatments inorder to efficacy were 40 

ppm OAj (372), 10 ppm (335) and 20 ppm 2,4,5-T (321) and 2,4-D at 
20 ppm (292),

Eruit weight s

As regards to fruit weight it is revealed from the data pre­
sented in Table 46 and Fig., 11 that chemicals had beneficial effect 
in increasing the individual fruit weight irrespective of 'on' and 
'off years, 2,4-P and Almon at all concentrations, GA^ at 20 ppm, 
and 2,4,5-T at 10 ppm caused increase in fruit weight as compared to 
control (636.25 g) in 1933 Oon* 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), all concentrations of GA^ and Almon and NAA at 20 

ppm recorded significant increase in individual fruit weight over 
control (650 g) and the maximum fruit weight was obtained when the 
trees were treated with 500 ppm of Almon followed by 40 ppm of GA^.
In the year 1985., all the treatments except Almon at 1000 ppm was 
found to be effective in enhancing fruit weight over control (611.25g) 
and the heaviest fruit (782.25 g) was recorded when the trees were 
gprayed with 10 ppm 2,4-D.
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Fruit yield :

It is evident from the data on fruit yield (weight per plant) 
presented in Table 48 and Fig.12 that different chemicals used in 
this experiment increased the fruit yield significantly end the maxi­
mum yield of 193.78 kg was obtained with NAA at 20 ppm as compared to 
121.27 kg under control. GAj 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 year ('off1 year) it was found that both the con­

centrations of 2,4-D, 20 ppm NAA and 2,4,5-T.at 10 ppm increased 
yield significantly over control) (55.25 kg/tree) and the highest 
yield (169.71 kg/tree) was obtained when the trees were treated with 
2,4-D at 10 ppm. In 1985 Con' year) ell the concentrations of OAj 
and 2,4,5-T, 20 ppm 2,4-D, NAA at 40 ppm and 500 ppm of Almon increa­
sed yield significantly over control (132.34 kg/tree). NAA at 40 ppm 
concentration caused the maximum yield (267.07. kg/tree).

Fruit size (length and breadth) :

The data on fruit size under the different treatments have 
been presented in Table 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 cm in length 
and 9.2 cm in breadth), in 1983. All the concentrations of 2,4-D and 
Almon significantly increased the fruit size.

In the ’off* year (1984) also, the size of the fruit
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Table 48. Effect of different chemicals on fruit number, 
weight and yield of mango cv, Fazli.

Treatments Number of fruits 
per plait

Average weight of 
fruit (&)

Yield
(M)

1983 1984 1985 1983 1984 1985 1983 1984 1985

GA^ 20 ppm 269 105 285 711.25 777.50 714.50 190.79 81,88; 203.7S

GAj, 46 ppm 251 67 372,. 682,25 800.00 686.50 157.35 53.16 255,3l

2,4-D 10 ppm 181 238 204 . 804,00 708.75 782.25 146.26 169.71 160.0’

2,4-D 20 ppm 270 225 292 ’ 686.50 598.75 694.25 185.92 134.34 202.8^

NAA 20 ppm 307 217 244 621.75 731.25 715.25 , 193.78 158.44 174.8S

KAA 40 ppm 289 123 386 : 655.25 640.00 691,50 187.46 78.94 267.01

2,4,5-T lOppm 232 185 335 783.50 628.75 645.5 180.99 116.21; 216,0*

2,4,5-T 20ppm 200 123 321 , 644.25 598.75 687.5 128.11 73.69 220,31

ALmon 500 ppm 219 70 257 765.00 821.25 743.75 166,63 57.45,191.22

Almon lOOOppm 177 84 285 704.00 738,75^595.50 124.69 62.40 169.8S

Control 192 85 216 636.25 650.00 611.25 121.27 55.25' 132.3*

S. Em +,

G.D. at 3%

29.62 19.65 22.35

85.56 57.74 64.54

17.00 26.49 6,36

49,09 76.51 18.39

21.60

62.40

14.14 15.2S

40.85 44.17
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increased with the application 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 control.

It was observed that in 1985 {’on* year), application of 

20 ppm GAj, 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 

fruit, size i.e* 16.5 aid 10.8 cm length and breadth, respectively.

Specific gravity s

Chemicals did not affect the specific gravity of ripe edible 

fruits (Table 49). However, GA^ at 40 ppm concentration was found to 

cause production of fruits with the highest specific gravity (1.11) 

in the first year (1983) while it was reverse in the next two years.

Pulp:fruit ratio s

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 with 2,4,5-T at 10 ppm, NAA 

at 20 ppm increased the pulp to fruit ratio over control in 1984 

(’off* year). Lower concentration of 2,4,5-T (10 ppm) increased the 

pulp content of fruits in 1985. 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.



N.S, ss Not significant*

Treatments Length of fruit 
(cm)

1983 1984 1985

Breadth of fruit 
(cm)

1983 19851985

Specific gravity

.1983 1984 1985

GAj 20 ppm 13.7 15.8 15.9 9.7 11.2 10.6 1 .060 1.045 1.055

GA^ 40 ppm. 12.5 16*5 15.5 8,5 " 10*5 10*2 1 .110 1.047 1.045

2,4-D 10 ppm 17.1 16.7 16.4 10.9 10.5 10.6 1 .047 1.045 1.060 ’

2,4-D 20 ppm 15.8 14.5' 15.9 10,1 8.3 9.9 1 .055 1.055 ' i.050

NAA 20 ppm 15.0 16,6 16.5 9.9 10*2 10.8 , 1 .047 1.072 ’ 1.045

NAA 40 ppm 16.3 15.0 15*5 10,1 10.5 10.4 1 tryo
* 1.045 1.067

2,4,5-T 10ppm 15.7 15.2 15.5 9.8 9.8 9.5 1 .050 1.080 1.037

2.4,5-T 20ppm 15.1 16.2 16.0 9.8
rt

8.5 9.8 ! 1 .052 1.057 1.057

Almon 500 ppm 16,6 16.9 16,4 10,2 11.5 10*4 1 . 052 1.047 1.052

Almon 1000ppm 15.5 16.5 15.3 10,4 ' 9.5 : 9.0 1 .057 1.062 1.030

Control 14.0 15.4 15.5 9.2 ; 9.0 ' 9.6 1 .047 1.055 1.047

S.Ba + , , 0.351 0.460 0.109 0.314 0,159 0.151 o.018 0.015 0.009

C.D.at 5% 1.328 1.'328 0.316 0.907 0*460 0.436; N.S. ■ N.S* • ’■ N.S. ■

«-
3 o* H 0 45

*
cp
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Total soluble solid (T.S.S, ):

A perusal of the data presented in. Table 50. and Fig. 13 indi- 
cates that in general, T.S.S. content,of fruits under different treat­
ments increased significantly oyer 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 cent under, NAA at 40 ppm in 1983, 1984 and 1985, respec­
tively, The corresponding figures under control were 17.25, 18,00 and 
18,35 per cent. Other treatments in order of efficacy were 2,4-D 20 ppm 
OAj 20 ppm and 2,4,5-T at 10 ppm in 19831 GA^ 40 ppm, 2,4,5-T in 1984 
and 2,4-D at 20 ppm, 2,4,5-T at 10 ppm, GA^ 40 ppm and Almon 1000 ppm 

in 1985.
Total sugar :

It is clear from the data presented in Table 51 and Fig, 14 
that application of chemicals improved the total sugar content of 
fruits as compared to control. In 1983 and 1984 (*on‘ and ’off* years) 
all the treatments except ALraon at both concentrations and 10 ppm of 
2,4-D increased the total sugar contents significantly over control 
and NAA at 40 ppm showed the highest percentage of total sugar of 
15.85 and 16,00 per cent in 1983 and 1984, respectively followed by 
2,4-D at 20 ppm (15.62%) and GA^ 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 control due to the treatments* The maximum percen­
tage of total sugar (15.82%) was obtained when the trees were sprayed . 
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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1,42 151.47 

1,44 U1.34
i

1,46 151,45

1,34 1:1.36

151.44 151,39

151,55 151.43 

151.37 151.39

151.46 151,40

151.46 151.42

18.85 19.60 18.50

18,00 20.05
/

19.35

17.85 18.60 18.95

19.85 19,20 19.50

18.00 18.55 19,20

20.00 .20.35 19.85

18.60 19.75 19.40

17.85 19.80 18.95

16,40 17.95 18,75

18.85 18,20 19.35

17.25 18,00 18.35

0.305 0.190 0.120

0,882 0.549 0.347

GAj 20 ppm 1*1.36

GAj 40 ppm 1*1,38

2,4^-D 10 ppm 1*1.42

2,4-D 20 ppm 1*1,30

NM 20 ppm 1*1.34

NM 40 ppm 1*1,40

2,4,5-T 10 ppm 1*1.29

2#4S5*-T, 20 ppm 1*1.35

Almon 500 ppm 1*1.33

ALmon 1000 ppm 1*1.42

Control 1*1.39

S. Em +

C.D. at 5%

Table 50. Effect of different chemicals on fruit quality, of mango 
. cv. Pazli,

Treatments Pulp 5fruit ratio Total soluble solids 
(°Brix)

1983 1984 1985 1983 1984 1985
cotn

4>

*•
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Reducing sugar :

It is evident from the data presented in Table 51 that 
treatment with chemicals proved effective in increasing the reducing 
sugar content over control, application of 40 ppm of NAA'caused the 
maximum reducing 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 control. In 1983 and 1984, GA^ 
at both the concentrations, 2,4-D at 20 ppm and 2,4,5-T at 10 ppm 
increased the reducing sugar content significantly over control. In 
1985, treatment with different chemicals except GA^ 20 ppm, 2,4-D 
10 ppm and Almon 500 ppm caused increase in reducing sugar of fruits.

Non-reducing sugar :
(■MHWnBMMIMMMHMMIHlMMMMMlMMMM

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 significantly over 
control (8.24%) in 1983 and treatment with 40 ppm NAA caused the maxi 
mum non-reducing sugar content of 10,83 per cent. This treatment was 
followed by GA^ at 40 ppm. In 1984, 10 ppm 2,4-D and both the concen­
trations of Almon were found less effective 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 GA^ 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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fable 51. Total, reducing and non-reducing sugar content of fruit 
due to different chemicals.

Treatments Total sugar Reducing sugar Non-reducing sugar
(% fresh weight) i% fresh weight) i% fresh weight)

1983 1984 1985 1983 1984 1985 1983 1984 1985

QA^ 20 ppm 15.26 15,55 15.36 4.37 3.94 3.82 10.34 11.02 11.12

QAj 40 ppm 15.45
i.

15*90 15.52 4.14
\

4,12 3.91 10.74 11.18 11.03

2,4-D 10 ppm 12.17 12,74 13.64 3.47 3.68 3.74 ■ 8,26 8.60 9.39

2,4-D 20 ppm 15,62 15.38 14.30 4.35 3.86 4.05 10.70 10.94 9.73

NAA 20 ppm 13.12 13.68 15.43 3.76 3.63 3.86 ■ 8,88 9.54 10.98

NAA 40 ppm 15.85 16.00 15.78 4*44 4.35 4.37 10.83 11.06 10.84

2,4,5-T 10ppm 15.14 15.65 15.44 3.94 4.04 4.22 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 14,27 2.85 3.54 3.62 8.82 8.37 10.12

Almon lODOppm 12.48 12.52 14.15 3.55 3.59 4.17 8,47 ' 8.48 9,48

Control 11.88 12,44 12,99 3. ,19 3.57 3.72 8.24 3.42 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
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highest non-reducing sugar content of 11*15 per cent was obtained 
by the application of 20 ppm 2,4,5-T followed by GAj, NAA, 2,4-D 
and Almon.

Fruit acidity :

The significant difference in acid content of fruits was 
recorded under the various treatments (Table 52). In 1983, all the 
treatments, except 20 ppm 2,4,5-T and 500 ppm Almon decreased the 
fruit acidity as compared to that under control (0.38%), 20 ppm GA^ 
resulted in the lowest acidity (0.25%). implication of GAj at 40 ppm, 
KM at 20 ppm and ALmon at 1000 ppm caused reduction of fruit acidity 

over control (0.42%) and minimum value was recorded (0.25%) with 40 
ppm GAj and 10 ppm 2,4,5-T (1984).

In 1985, treatments with GA^, NAA at 20 ppm and 2,4,5-T at 
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 s
It is clear from the data presented in Table 52 that treat­

ments with different chemicals showed marked variation in sugar/acid 
ratio of fruits in all the years of the experiment. Application of GA^ 
at 20 ppm resulted in maximum sugar/acid ratio of 61,04, while the 
least value of 20.89 was obtained under 500 ppm ALmon in the year 1983 
(»on* year). But in the ’off’ year of 1984 the highest sugar/acid ratio 
of 63.6 was obtained with the explication of GA^ at 40 ppm and in con* 
trol it was 29.61. 2,4,5-T at 10 ppm caused the highest sugar/acid 
ratio of 51.46 in 1985('on* year) as compared to 30.21 under control.
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1985

Acidity,
{% fresh weight) Sugar/acid ratio

QAj 20 ppm 0*25 0.38 0*33 61.04 40.92 46.54

(tAj 40 ppm 0.26 0.25 0,32 59.42 63.60 48.50

2,4-D 10 ppm 0.26. 0.32 0.42 46.80 39.81 32. 48

2,4-D 20 ppm 0. 29: 0.38 0.43 53.86 40*47 . 33.25

NAA 20 ppm 0*29 0.29 0.33 45.24 47.17 46.75

NAA 40 ppm 0.26
i

0,44 , ; 0.46 60.96 ‘47.05 34.30

2,4,5-T 10 ppm 0.26 0.25 0.30 58.23 62.60 51.46

2,4,5-T 20 ppm 0.51 0.38 0.41 28.33 41.26 38.59

Almon 500 ppm 0.58 0.44 0.40 20.89 28.09 35.67

Almon 1000 ppm 0.26 0,29 0.41 48.00 ‘43.17 34.51

Control 0.38 0,42 0*43 31.26 29.61 30.21

3,Em + 0.014 0,040 0.019 .

C.D. at 3% 0,042 0.116 , 0.057

Treatments

Table 52* Effect of different chemicals, on acidity and sugar/acid 
ratio of fruit*
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Discussion :

Results of the e^eriment stated in the foregoing pages, 
clearly indicate that all the chemicals used in the experiment pre­
vented premature and preharvest drop of fruits and as a consequence 
increased the number of harvest able fruits. Among the chemicals, the 
effects of 2,4-D, NAA and 2,4,5-T were promising regardless of *on* 
and ’off year. Further, it was observed that 20 ppm of'2,4-D gave 
the best result in all the years, followed by 40 ppm of NAA and 20 
ppm of 2,4,5-T. Lower concentrations of these chemicals were also 
found to have beneficial effect. The effect of QA^ and Almon were 
however, less pronounced and both the chemicals showed their effecti­
veness only at lower concentrations and at higher concentration reten­

tion percentage of fruits declined. Similar beneficial effect of 2,4-D 
NAA, 2,4,5-T and GA^ on prevention of premature fruit drop in.mango 
have been reported by several -workers, alt has been reported that,
2,4-D (Gill and Mukherjee, 1967, Roy et al., 1963), NAA (Prasad and 
Pathak, 1972, Srivastava, 1962), 2,4,5-T (Arora and Singh, 1964) and 
GA-j (Teaotia et aL., 1967) could be. used to reduce the early fruit 
drop in mango. Reduction in fruit drop was also recorded with the 
application of 2,4-D in citrus (Chapman, 1983, Babu et al., 1984,
Babu and Lavania, 1985) and NAA in litchi (Singh and Phogat, 1984),

It is also evident from the result that fruit drop was much, 
higher "at the earlier stage of development than at the later stages, 
Chadha and Singh (1964b) reported fruit drop in Langra, Dashehari 
and Fanri cultivars to the extent of about 98, 95 and 99 per cent

a
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respectively of the fruits initially formed and majority of the 

fruits dropped in April, Perhaps this excessive drop during early 

stage was caused due to high competition for nutrient and moisture 

among the developing fruits. It is now well established that fruit 

drop in mango is accompanied by the formation of an abscission layer. 

The phenomenon of abscission is regulated by ethylene and inhibitor 

like ABA, Ram (1983) recorded that the level of ABA like inhibitor 

was high in the first 21 days following pollination which coincided 

with the period of slow fruit growth and heavy fruit drop, Gokhale 

and Kanitkar (1951), Ghadha and Singh (1963) observed that growth 

regulators controlled fruit drop by strengthening the abscission 

region.

The pattern of fruit and seed growth 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 increased and decreased with the rate of fruit growth and 

GAj 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 level 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- 

llin activity of the seed and fruit drop. It has also 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 fruit drop in mango is under the control of internal 

auxin and gibberellin production and by their exogenous application 

it can be regulated effectively. Singh and Earn (1983) also opined 

'that the exogenous application of these hormones increased the fruit 

retention percentage either by increasing their internal levels or by 

antagonizing the adverse effects of endogenous growth hormones like 

ethylene, ABA etc.

Perusal of the results given earlier showed that besides 

increasing the fruit yield by reducing the premature drop, chemical 

treatments also increased the weight and size of individual fruits in 

all the years of the esqperiment. Treatments with 2,4-D, Almon and GA,, 

were very striking in these regards. The beneficial effect of auxins 

and gibberellins can be illustrated in light of the fact that fruit 

growth is also influenced by hormones, Maurya et al. (1973) also noted 

enhanced growth with the help of growth regulators* Auxins promoted 

cell elongation by bringing about some modifications in the osmatlc 

system of the cell (Devlin, 1975). The increased size and weight of 

fruits with the application’.of NAA (Prasad and Pathak, 1972), 2,4-D 

(Veera and Das, 1971) and GA (Singh at al. .19.76;b and Singh et al.. 

1977) have been reported. Improvement in size of litchi fruits was 

also observed by Sarkar et al. (1984). Gibberellins improved fruit 

size and weight by its effect on cell elongation and multiplication 

(Adalakha and Verma, 1964) in tomato. A significantly increased fruit 

weight with NAA treatment has also been reported by 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 combination in increasing the fruit weight were 
also reported in mango by several workers (Kripal Singh et al.,1959b, 
Arora and Singh, 1964, Teaotia et al,, 1967* Prasad and Pathak, 1972, 
Singh et al,,1976b and Singh et al,... 1977), The increased yield obtai­
ned under different treatments was due to the retention of larger num­
ber of fruits accompanied by increased weight of individual fruit.

Treatments with chemical improved the fruit quality appre­
ciably by increasing the sugar contents and decreasing the acidity 
sad consequently increased the sugar/acid ratio. Similar. observations 
were also made by Prasad and Pathak(i972), and Singh et al, (1976b.),
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 et al. (1976b) : , 
and Prasad'and Pathak (1972) obtained.greater . T.S. S. and sugar with 
the application of NAA, Ghadha and Singh (1963), noted improved fruit 
quality by increasing the sugar and T,3, S# and decreasing acid con­
tent. According to Skoog :.and Robinson (1950.) auxin increased sugar 
contents by acting as a catalyst in carbohydrate metabolism. In the 
present study GA^ liras found less effective in improving the fruit . 
qualify and this finding corroborates the earlier observations made 

by Veera and Das (1971), In an investigation with guava*, however,
Bagde and Kandalkar (1981-83) reported, that fruit quality was best 
improved by QA^ at 75 or 100 ppm* In the present study NAA and 2,4,5-T 
proved effective in reducing the fruit acidity markedly oyer control 
in all the years, which is in conformity with the earlier observations
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made by Singh et aL. (1976b). Besides these, GA^was also found very 
effective in reducing acidity whereas Singh et. al.. (1976b) reported 
that the effect of GA was at igar with control in this regard.

Experiment IV : Physico-chemical changes during growth and development
of mango fruits cvs. Fazli and Langra.

Fruit weight :
MHMHWnaMaHMMiHMI

Data on fruit weight of two cultivars during the period of 

progressive development have been presented in Table 53 end Fig. 15. 
In this investigation, the data were collected from 30 days after 
fruit set and subsequent data were collected at an interval of 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 was 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 data revealed that a gain in 
fruit weight amounting to 735.67 g per fruit during a period of 120 
days occurred in cv, Fazli while in case of Langra 277.33 g increase 
in weight per fruit was noted over a period of 90 days.

Fruit size (length and breadth) t

It is revealed from the data in Table 53 and Fig. 16 that the



187

made by Singh et al, (1976b). Besides these, GA^was also found very 
effective in reducing acidity whereas Singh et al, (1976b) reported 
that the effect of GA was at oar with control in this regard.

Experiment XV : Physico-chemical changes during growth and development
of mango fruits cvs, Fazli and Langra.

Fruit weight :

Data on fruit weight of two 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 interval of 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 was 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 data revealed that a gain in 
fruit weight amounting to 735.67 g per fruit during a period of 120 
days occurred in cv, Fazli while in case of Langra 277.33 g increase 
in weight per fruit was noted oyer a period of 90 days.

Fruit size (length and breadth) :

It is revealed from the data in Table 53 and Fig. 16 that the
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length and breadth of fruits increased consistently from the early 
stage to progressive developmental stage 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 size increased correspon­
dingly to 16.16 and 10.40 cm at the ripening stage. In case of Langra, 
the length and breadth of the fruits at the initial stage were 2.26 
and 1.96 cm, respectively which increased to 10,66 and 8,56 cm at the 
ripening stage.

Peel weight :

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

Stone weight :

It was also found that the weight of atone increased sig­
nificantly during the progress of development in the fruits of both 
Fazli and Langra. 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)

Pulp;fruit ratio :

It is conspicuous from the data in Table 53 that the change 
in pulp:fruit ratio was not consistent during the period of fruit



development in both the cultivars. After 30 days from fruit set, the 
pulp : fruit ratio was highest being 1:1,19 In Fazli and 1:1,14 in 
Langra and there after declined. In Langra, pulp:fruit ratio was 
widest (1:1.51) after 75 days of fruit set when stone was formed.
After that, as the fruits were attaining maturity pulp contents in­
creased gradually and at harvest the ratio was 1:1.38. However, no ' 
such distinct variation was noted in cv, Fazli.

Specific gravity :

The changing patterns in specific gravity of fruits during 
their period of development have been presented in Table 53 and 
Pig. 17. It was found that in the cultivars Fazli and Langra the 
specific gravity value increased steadily upto ripening stage. In 
case of Fazli the specific gravity varied between 0.933 and 1,066 
while in Langra it ranged between 0.92 and 1,053 throughout the period 
of observation.

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

In case of Fazli it was found that the T.S.S, contents in­
creased gradually from the early stage (30 days after fruit set) to 
ripening stage (150 days after fruit set). At the climacteric peak 
T.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 also recorded in case of Langra where it ranged from 5.9 to 11,7 
per cent between the early growth stage and climacteric stage. The 
T.S.S, 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 Longra.

Days
after
fruit.
set

Cultivans Fruit length Breadth Peel Stone Pulp t fruit Speci-
weight of of weight weight ratio fic

(g) fruit fruit (g7 (g) gravity
(cm) (cm)

30 Fazli 32.66 2,46 1,23 4,0.0 1*33 1:1.19 0.933
Langra 24.33 2.26 1,96 2.33' ’ 0.66 ,1:1.14 0.920

45 Fazli 55.6,6 4.8? 3.33 8,33 4,33 1:1,29 ; 0,943
Langra 37.66 3,43 2,60 4,33 0.96, 1:1,16 0.966

60 Fazli ■115.33 8.63 5.86 23.33 6.66 1M. 35 ' 0.946
Langra 80* 00 6.66 5.83 16,66 3.33 1:1,33 0.973

75 Fazli 242,66 10.10 7.90 37,33 22.33 1:1.32 . 0,983
Langra 156,33* 8,66 6,53 40,00 13*33 1:1.51 1.016

90 Fazli . 536,33, 14,46. 8,96. 81,33 55.00 1:1,34 - 1,006
Langra 254.66 10,06 8,30 43,33 40,66 , 1:1,49 1.023

105 Fazli 574,00' 14,70 9,93’ 89,66 62,33 1:1,36 1.023
Langra 293*35, 10.26, 8,13. 46.33 41,33 1:1.42 . 1.036

120 Pazli 638.33 15.53 10.36 102,66 64.33 , 1:1.35 1.045,
Langra 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’
Langra mm mm’ •*

5
- - . mm

150 Fazli 763.33 16.16 10.40 110,66 97.33 1:1.37 ' . 1,066
Langra v’. - -- mm —

S. Em jv Fazli 10,04? 0.267 0.245 2.367 1.570 0,016’
Langra 7.885 0.180 ,0.098 1.668 1,464 mm - 0,006 •

G.D, at Fazli 30.124 0.802 0.735 7.098 4.710 mm 0,048
Langra 24.30 0*555 0,302 5.141 4.512 - 0.021
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and ripening stage (Table 54 and Pig, 18),

Total sugar s

Data on total sugar contents of fruits during their develop­
ment and maturation stages have been presented in Table 54 and Fig* 19. 
It is evident from table that in both the cultivars, the total sugar 
percentage increased during the entire period of fruit development. 
Starting from later part of March (i.e., 50 days after fruit set) up 
to the third week of June (i.e,, 120 days after fruit set) increase 
in total sugar content was less pronounced and varied from 2*05 to 
6,34 per cent. It showed a sharp rise at the maturation stage(l0.84%) 
and further increased by 2.32 per cent at the ripening stage in Fazli 
mangoes while in Dangra total sugar increased sharply at the end of 
climacteric stage to ripening stage (5,04 to 11,07%).

Reducing sugar s

The data presented in Table 54 indicate the changing pattern 
of reducing sugar content of fruits in both the cultivars during 
their development and maturation. It was found that, in both the cul­
tivars the rate of increase in reducing sugar from the early growth 
stage to climacteric stage was not conspicuous. But reducing sugar 
content increased suddenly between climacteric and ripening stage. 
Reducing sugar content of 2,54 to 3,70 per cent and 2.13 to 2,32 per 
cent were noted in cultivars Fazli and Laogra, respectively.

Non-reducing sugar i

It is evident from the Table 54 that the non-reducing sugar
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percentage was very low at the first stage of sampling (0.75$) and 

it increased gradually through the subsequent stage in the cultivar 

Fazli. But when the fruits reached the maturity stage, non-reducing 

sugar content suddenly increased from 2.9 to 7*88 per cent (i.e. from 

120 to 135 days after fruit set) and attained 8.97 per cent in the 

ripening stage. Almost similar trend was observed in case of Langra. 

The non-reducing sugar percentage varied from 0.22 to 2.76 upto the 

maturity stage while at the ripening stage, the non-reducing sugar 

content increased by 5.54 per cent within a period of 15 days.

Acidity percentage :

Changing pattern of total titratable acidity has been pre­

sented in Table 54 and Fig. 20 and it is clear from the data that 

the percentage was low (0.93$) at the initial stage (i.e* 3Q days 

after fruit set) and increased gradually as the fruits matured. In 

the climacteric stage fruit acidity attained the maximum level(3.62$) 

but at ripening stage acidity decreased to 0.38 per cent in Fazli.

In case of Langra fruits, acidity varied between 2.71 in the early 

stage and 3.75 per cent in the pre-climacteric stage. But after rea­

ching into the climacteric stage acidity decreased slightly. In the 

ripening stage fruit acidity abruptly decreased from 2.47 to 0.63 

per cent.

Sugar/acid ratio J

A perusal of data reveals that sugar/acid ratio noted in 

different dates did not exhibit any consistent trend. This ratio was
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Table 54. Chemical composition of fruit during growth and 
development in cvs, Fazli and Langra,

Days
after
fruit
set

Cultivars

/

T.S.S.
(°Brix)

Total Reducing 
sugar sugar 

fresh {% fresh 
weight) weight)

Non- Acidity
reducing {% fresh 
sugar (% weight) 
fresh 
weight

Sugar/
acid
ratio

30 Fazli 5.4 2.05 1,27 0.75 0.93 2.20
Langra 5.9 1.30 1.06 0.22 1.06 1.22

45 Fazli 5*9 2* 23 1,40 0.78 1.11 2.01
.' • Langra 6.7 2.11 1,25 0,82 2.08 1,01

60 Fazli 6.3 2.34 1.52 0.77 1.28 1.82
Langra 7*6 2.20 1.18 0.97 2.71 0.81

75 Fazli 6.6 2,46 1.44 0.96 1,85 1.32
Langra 8*1 3,24 1.81 1.35 3,75

i

0,86

90 Fazli 8.6 4.28 2.61 1.57 3.34 1.28
Langra 8.6 3.47 1.92 1.46 3.45 1.01

105 Fazli 9.2 4.85 2.83 1.91 3.62 1.33
Langra 11.7 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 2,32 8.30 0.63 17.57

135 Fazli 16.2 , 10.84 2.54 7.83 0.51 21.25
Langra - mm •«, .m «•

150 Fazli 20.7 13.16 3.70 8.97 0.38 34.63
Langra - - • mm mm

f ,

S.Bsi + Fazli 0.114 0.083 0.041 0.349 0,047 mm

.Langra p.149 0.050 0,040 0.066 0.041 -
C.D.at Fazli 0.343 0.249 0.121 1.048 0.143

5% Langra 0,461 0.155 0,123 0,204 0.125 -
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comparatively higher (2.20) at the initial stage of observation 
after which it reduced gradually up to 90 days after fruit set follo- 
wed by a gradual enhancement in the next 15 days and reached the maxi­
mum values when the fruits were at ripening stage in case Of Fazli. 
Likewise, in Langra sugar/acid ratio increased at the initial stage 
(1,22) l*e., 50 days after fruit set and decreased gradually up to 
60 days after fruit set and the ratio was maximum during the later 
part of fruit development (Table 54),

Discussion i

Results on the physico-chemical changes during the develop­
mental stage of mango presented in the previous pages revealed some

/

interesting features which are discussed hereunder.

The growth of fruits with respect to length and breadth and 
weight continued to increase till harvest maturity in both the cul- 
tivars. The rate of increment was slow up to 45 days of anthesis for 
both the cultivars and thereafter the growth rate increased steadily 
up to 135 and 90 days in cultivars Fazli and Langra, respectively, 
thereafter it showed a decline at later stages. Such trends in growth 
of mango fruits have also been noted by Lakshinarayana et al. (1970) 
and Pandey et aL, (1974). It 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 
Ghattopadhvava et al. (1978). According to Ram (1985)t the level of
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ABA like 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 observations made by Chattopa- 
dhyay et aL. (1978) in cultivars Bombai and Himsagar, Seed is the 
primary and main source of auxins and gibberellins like substances 
and the maximum increase in growth rate is directly associated with 
the period of maximum activity of these growth substances (Chacko 
et al., 1972), Ran (1983) further observed that during the period , 
of rapid fruit and seed growth, oytokinin concentration also increa­
sed rspidly.

In the cultivar Fazli, the peel weight increased suddently 
after 90 days of fruit set, while in case of Langra abrupt increase 
in peel weight occurred after 75 days of fruit set, and thereafter 
the increase was meagre* Similar to peel weight, changes in the stone

i

weight also occurred after 90 days of fruit set in both the cultivars. 
Changes in the values of pulp 8fruit ratio iwere not much pronounced 
particularly in Fazli* In langra, pulp:fruit ratio decreased slightly 
after 90 days of fruit set. This was perhaps due to the increase in 
the peel and stone weight, Teaotia et al. (1968) reported that the 
percentage of pulp and stone to whole fruit increased, during the 

growth and development.

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 increased continuously till maturity in both the 
cultivars, Similar findings were, also reported by, Popenoe et al.

(1956) and Mukherjee (1959,). Gangwar and Tripathi (1973) observed 
that specific gravity of fruits increased continuously till: one month 
prior to maturity. The increase in the values of specific gravity in 
the developmental period was perhaps due. to the accumulation of starch

V'

during that period, (Mukherjee, 1959). Varietal difference was not,, 
however, conspicuous.

A sharp and significant rise in the values of total soluble 
solids content was noted in both the cultivars. Sharprise in T.S.S. 
occurred after 135 days and 105 days in the cvs. Fazli and Langra, 
respectively. In this connection references can be made to the work 
of Askar et al. (1972), Rao et al, (1972) and Gangwar and Tripathi 
(1973), who also, reported that increase in total soluble solids con­
tents took place in the later part of development.

Total sugar, reducing sugar and non-reducing sugar contents * 
of the fruits also increased as fruits developed and matured in both 
the cultivars. Total sugar and non-reducing sugar increased markedly 

after 135 and 120 days in Fazli and Langra, respectively. But no such 
variation was noted in the values of reducing sugar, Siddappa and 
Bhatia (1954) reported that total sugar and non-reducing sugar con­
tents increased gradually in mango as the fruits tended to mature 
and reducing sugar remained constant. But in the present investiga­
tion increase in reducing sugar content continued steadily throughout 
the period of fruit growth and development. It was also evident that
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up to 135 days in Fazli and 120 days in Langra, the percentages of 
reducing sugar were higher than non-reducing sugar and thereafter 
it whs just reverse. Mukherjee (1959) also reported that throughout 
the period of fruit development, the reducing sugar content was much 
higher than the non-reducing sugar content.

Results mentioned earlier gave a clear indication 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 acidity level 
of mango fruits during later part of their development has been repor­
ted by Askar et aL, (1972) and Rao et jyU (1972), Mukher jee (1959) 
noted a rise in the acid content of fruits during the early period 
of their development followed by a decline with fruit maturity and 
ripening.

Sugar/acid ratio in both the cultivars 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 ratio was perhaps due to the fact that the rate of increase 
in acid content was more than that of total sugar, and at maturity 
sugar contents increased and acidity decreased markedly.
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SUMMARY AND CONCLUSION

^In order to elucidate the role of micronutrient like, zinc, 

iron and boron with or without urea on growth, yield and fruit qua­

lity in mature (30 years) and young plants (4 years) of mango cv.Fazli, 

experiments were carried out at the Mango Research Centre of the Bidhar 

Chandra Krishi Vlswavidyalaya, located at Mathurapur and Ratua and in 

two private orchards at Ratua and Negirpur in the district of Malda in 

West Bengal.!
^ .

Effect of zinc, iron and boron and their interactions were

studied separately with and without urea application following ran­

domized block design.)

Both zinc and boron promoted vegetative growth as indicated 

by plant height, trunk girth and spread of the young Fazli plants.

The effect of iron was less pronounced than boron and zinc. Treatments 

with these micronutrient, however, were not very effective in augmen­

ting flowering percentage in young mango plants except zinc at 0.2 

per cent. In mature plants however, zinc and boron enhanced flowering 

in the 'oh1 year (1985) whereas iron and boron caused significant 

increase in flowering in the ’off’ year (1984). Spray application of 

both zinc and boron increased fruit number and fruit weight in the 

»off» and ‘on1 years in mature mango trees. Maximum fruit weight was 

obtained with the highest level of zinc. It was also evident that exp­

lication of zinc, iron and boron increased fruit yield in the mature



trees and among the three nutrients, zinc and boron, particularly at 
higher levels were more effective^Fruit quality as evident by T.S.S. 

and sugar content was enhanced markedly by the application of zinc and 
boron in young as well as mature trees. The effect of iron was less 
prominent. The maximum total sugar content was obtained with the 

highest level of teron^Application of micronutrients incombination , 
with urea further promoted flowering, fruit number and yield in young 
mango trees, particularly at higher levels. The effect of zinc was 
most pronounced followed by boron and iroiu^ ^Treatment with micronu­

trients and urea also resulted in significant increase in T.S.S, and 
sugar contents of ripe edible fruits, the best result was obtained

N ,with boron. The micronutrients caused greater accumulation of nitrogen
in the leaf and shoot of mature mango trees, irrespective of stage of 
sampling and the maximum nitrogen content was observed with the high­

est level of boron. Phosphorus and potassium contents in leaf and 
shoot also increased in the treated plants at the vegetative stage but 
decreased later with the on set of flowering, (^icronutrients when used 

in combination with 1 per cent urea also enhanced nitrogen, phosphorus 
and potassium content in leaf and shoot of young mango pi ante} (Boron 

at 0.4 per cent incombination with urea showed higher nitrogen con­
tents in the leaf as compared to other treatments^/Nitrogen^phosphorus 

and potassium contents in leaf and shoot were always higher during the 
vegetative stage and declined during flowering.

In another experiment the effects of different chemicals 
like GA^, 2,4-D, 2j4,5-T, NAA and iOLraon each at two concentration on

vo V
O
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fruit drop, fruit growth and quality were studied, All the chemicals 

reduced premature and preharvest fruit drop and thereby increased the 

yield, and among the chemicals used 2,4-D, NAA and 2,4,5-T were effec­

tive regardless 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 years 

of the experiment. GA^ and Almon were less pronounced in this regard. 

Maximum fruit retention was observed with 20 ppm 2,4-D followed by 

40 ppm NAA. Fruit drop was more in the initial stages of fruit growth 

and patterns of fruit and seed growth in mango were sigmoid. Besides 

increasing the fruit yield through reduction of fruit drop, chemical 

treatments also caused increase in weight and size of individual fniits 

2,4-D, Almon 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,
t

^ Physico-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 up to 45 days 

from anthesis and thereafter the growth rate Increased steadily upto 

135 and 90 days in cvs. Fazli and Langra respectively, thereafter 

growth declined. During the early stages, seed growth was also slow. 

Peel weight showed pronounced increase after 90 days in Fazli and 75 

days of fruit set in Langra, whereas stone weight showed marked incr­

ease after 90 days of fruit set In both the cultlvars. Changes in the
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values of pulp tfruit ratio were not much pronounced* The specific 
gravity of the fruits increased continuously till maturity in both 
the cultivars, Sharp ride in $«$•$• occurred after 135 and 105 days 
in cvs, Fazli and Langra respectively. Total# reducing and non-redu­
cing sugar contents of the fruits also increased with fruit develop­
ment and maturity and marked increases in -total sugar and non-redu­
cing sugar were noted after 135 and 120 days in Fazli and Langra 
respectively. The fruit acidity increased during early development 
but sharply declined with harvest maturity. Sugar/acid ratio stowed 
marked increase at harvest maturity and continued up to ripening.
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