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INTRODUCTION

The state of Kerala is known for housing one of the
largest biodiversity of Musa species particularly the AAB
genomic group in the world. So also, there is a lot of
diversity in the cultivation aspects. It is drown as a
monocrop, intercrop as well as a component of “crop-mix'
pattern in homesteads. Again some clones are grown
exclusively as a rainfed crop, whereas, others 1like

"Nendran' is grown under irrigated conditions.

Despite being the centre of maximum diversity the
production and productivityare very low and demand so high
that the state is dependent on flow from across its border.
The cultivar “Nendran' is the pick of the varieties and
demand s0 high that the transactions are made even
forgetting the quality attributes. It's growing use in
traditional baby food preparations, in culinary
preparations, its commercial use in the chipsindustry and
for figs, as a vegetable in the raw form and as a major
fruit in raw and cooked form is only bound to grow in the
years to come. Further extension in the arable area is not
possible, if not a remote possibility, and the key answers

lie only in increasing productivity.
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Evidence of modern cropping practices has no doubt
yielded rich positive dividends. In “Nendran' cultivation
modern technology is maximum in use, and both labour and

capital are highly intensive.

Unlike other crops, where crop husbandry 1is restricted
to soil, crop growth and yield components, Musa husbandry

deserves an extra dimension of practices focussed on bunch

management. Even simple practices like male bud pruning,
covering and dehanding have been repcrted to 1ncrease
vield. Translocation of nutrients applied in tracer have

been monitored in all parts of bunch inflorescence
indicating sink mobilisation and competition among hands,
tingers, peduncle and male bud. Hence it is imperative to
study the effects of retention of male bud, optimise number
of fingers and hands such that competition is minimum,
yield maximum and quality optimum. So also, irrational
placement and sprays of fertilizers on bunch are being

followed by some farmers. Hence, a study was undertaken

with the precise objectives:

1. To study the effect of bunch stalk feeding and urea

sprays on quantitative and qualitative attributes in

banana cv. “Nendran'.

2. To standardise the time and method of application of

urea, to get maximum return with minimum inputs



3. To study the metabolism of urea feeding in fruits and

its 1mpact on post-harvest life of the fruit

The bunch weight and qualitative aspects of the finger
determine the consumer preference and market acceptability.
So the emphasis of the study has been placed on its
influence at the finger level and attributes like length,
grade, finger distribution, morphophysiological characters

of development and key attributes of palatability.
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2. REVIEW OF LITERATURE

A thorough scanning of available literature on
"Bunchstalk feeding of urea in banana (Musa AAB group)
*Nendran'"” reveals that studies on the topic  of
investigationare meagre, if not scanty. Unl:ke other fruit
crops, where crop husbandry is focussed directly on
cultural aspects of the plant, banana productivity is also
governed by the bunch management practices. It is 1in this
light, that efforts have been made to organise the
literature available in Musa. Wherever it 1s limiting,
related literature on other fruit crops have also been

reviewed under the following major heads.

2.1. Bunch management aspects and yield

Major bunch management practices such as
bagging/covering, malebud pruning, dehanding, bunch stalk
feeding and spraying growth regulators and urea influence
the crop vyield to a great extent in banana. The literature

on these aspects are reviewed below.

2.1.1 Bagging/sleeving/bunch covering

Bagging or sleeving of banana bunches improves the
yield significantly (Trupin, 1959; Perumal and Adam, 1968;
and Walker, 1975). Enclosing young banana flowers of cv.
Dwarf Cavendish, in a plastic bag increased the

number of flowers with a persistent perianth and hence the
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vield (Istraeli et al., 1980).. In banana cv. Williams
Daniells et al.1987 reported a four per cent increase in bunch
weight, when polythene covers were used, one week after

abscission of the last female flower bracts.

Both sealed and unsealed «lean covers under a standard
blue/silver cover, with an ethylene absorbent inside
increased the weight of the bunches by 37 per cent (Johns
and Scott, 1989). Daniells et al. (1992) reported that by
use of sealed covers the bunch weight increased upto nine
per cent and this increased finger length along the entire
bunch, whereas there were no promising results, when open
covers were used. Studies i1n cv. Williams using double
bunch covers recorded increment in finger welghts of the
top six hands by four per cent, but did not affect the
yield of extra large fruits and appeared not to be

worthwhile for all price scenario used (Jores, 1996).

2.1.2 Male bud removal

Various studies have shown that removal of male bud
resulted in an increase in the weight of bunches in banana.
The favourable effect of trimming male bud after bunch
emergence, on bunch weight has been interpreted as the
utilisation of energy, otherwise lost for the opening of
the flowers for finger development (Simmonds, 1959; Sampaio

and Simao, 1970; Walker 1973; Meyer, 1975; Jaramillo, 1982
and Amma et al., 1986).



According to Rodriguez (1974) a 13 per cent gain in
bunch weight was recorded in cv. Valery when the male
inflorescence was removed at different periods, ie., 10, 30
or 60 days after bunch development. Inflorescence removal

at the earliest yielded the best results.

Dry weight analysis indicated that the male bud
represented a significantly competing photosynthetic sink
(Daniells et al.1994 Using tracer techniques, Kurien et al.
(1996) confirmed that among the various parts , the male
bud is the major physiological sink siphoning the highest

quantity of applied nutrients.

Contrary, to the above studies, the experiments by
Souza et al. (1971) and Hasselbach and Idoe (1973) revealed

no significant increment in yield.

2.1.3 Dehanding

Removal ot the false hand plus one or two of the
smallest apical hands improves the yield of the first class
fruit (Trupin, 1959; Perumal and Adam, ;768; Waiker, 1973).
A trial in Congo bananas (Hasselbach and Idoe, 1973 and
Stevenson, 1977) and in cv. Palayankodan (Amma et al.,
1986) revealed that dehanding treatment did not increase

the average bunch weight but it gave better sized fingers.
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According to Irizarry and Rivera (1991) Super Plantano
(AAB) bunches trimmed to 4 and 5 hands yielded 14680 and
180200 marketable fruits/ha respectively. This represented
an yield increase of about 26,000 and 59,400 fruits/ha
respectively compared with unpruned controls. Out of the
various bunch trimming treatments, retention of 6 hands and
removal of the bell produced 35 per cent more extra large

fruits.

Instead of increasing the yield, removal of one
hand/bunch reduced the yield/bunch by seven per cent and
removal of 2 hands/bunch reduced yield by 15 per cent,
without any improvement in fruit grades in cv. Williams

(Daniells et al., 1987).

Besides reports that dehanding increases yield, the
pruned hands can also be used as vegetable. Thus the same

bunch serves both as vegetable and fruit.

2.1.4 Growth regulator applications

Only a few experiments are available in this area of
research. Deshmukh and Chakrawar (1980) reported that
ancymidol at 200 ppm and 2,3,5-T at 100 ppm or Rauza
(disugran) at 100 ppm gave best results with regard to
increasing the average bunch weight, size of bunch and
weight of fingers, in cv. Basrai. According to

Aravindakshan (1981) growth regulators if applied as
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ipic¢—harvest sprays on 60th day after shooting increases size
and weight of fruits of cv. Nendran. The maximum increase
1n size and weight was obtained by the application of 2, 4-
D at 10 ppm. Reports of Pradhan et al. (1988) show that
“rhrel 0.25 and 0.5 ml/litre and GA; at 100 mg/litre were
very effective in getting, similar positive results in cv.

Gleut Guvernor.

analysing the cause for increments in size and weight

ot

~u5 J.iferred that foliar applied GA can influence the

suurce - 31nk relations in early reproductive development
Y manipulation of photosynthate production and
partitioning (Malik et al. 1986). Similarly, innumerable

corts on other fruit crops are available.

2.1.o Bunch stalk feeding

Post shooting application of wurea in c¢v. Giant
IRV Ll i, has been reported to promote yield
“Viendatarayappa et al., 1976). It was inferred that yield
1. Lwnils #ere due to more avallability of urea in agqueous
Swen 0 later stages and for a prolonged period. Similar
sl ive results were later reported by Buragohain and
reowingavelu (1986) in banana cv. Vayal vazhai. According
<o them, a 23 per cent 1increase in bunch weight was
srzained by attaching 10g urea in a polythene bag to the

~wt .ralk end immediately below the bunch 2 days after the

Tl was removed.
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Translocation of nutrients in the infructuscence of
canana Cvs. Poovan, Monthan and Nendran have been reported
by various scientists. (Buragohain and Shanmugavelu, 1985
and Shobhana and Aravindakshan, 1989). It was concluded
{rom the experiment that late application of fertilizer to

L2u4nas may be beneficial.

Un tune other hand, Daniells and Bryde (1986)
cuontradicteu  the concepts of bunch stalk feeding, by

¢ it1ing  wwtl that there was no 1increase in yield by

ee., <lizs technique.

“.1.c Urea sprays and yield

Yield increase consequent to urea sprays was reported
i: early as 1963 by Pan and later by a number of
scientists. Macronutrient sprays are important in plant
celabolism, particularly aftecting the process of
1 ssynthesis (Humbert and Hanson, 1952). Sharma (1984)
i ‘+.wtd increased bunch weight and number of fruits/bunch

ta leuc. receiving 187.5g N applied to the soil +187.5 g

e .. +ed 1in 12 sprays at 2 weeks interval. Patel
Ji9¢w, «~.... med that with pre as well as post shooting
o, -wYe s a, P and K and (1.0, 0.5 and 1.0%), an increment
it L. ... WwWelight was noticed. Likewise, Gandhi (1984)

Jwse.vedl increase in yield per plant in Basrai bananas with
-ww and two per cent post shooting urea sprays. Firth

(1986) on the other hand reported negative results on

these aspects.
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Patel and Patel (1987) conducted a study to find out

the c¢itect of foliar spray applications of wurea on
maturity, yield and quality of banana cv. Basrai. The
iricrease in the bunch weight with the concentration of urea
was linear. Four per cent urea spray produced heavier
bunches (20.57 kg). But number of sprays as well as
interaction between concentration of urea and number of
sprays were found to be non-significant. Kumar and
voanmugavelu (1986) obtained similar result with two per

cent urea, in cv. Robusta.

LExperiments by Devi (1991) resulted in a 35 per cent
1nezement in bunch weight (11.5 kg) in Nendran over control
Ly the normal dose of N, P and K at three and five MAP
v .10:35:330 g NPK/plant/vyear) 1in combination with four
fuliar sprays 3, 5, 7 and 9 months at two per cent

concentration.

In mango, Tiwari and Rajput (1975) as well as Samra et

41. (1977) with four per cent urea and Singh (1976) with
two per cent and four per cent urea recorded higher yield
~:i1ght per fruit and yield per plant were also influenced
Dy urea spray in the case of guava cv. Sardar (Dwivedi et
i. 1990). Ten per cent urea spray gave maximum yield and
<. 4 nigher yield was due to less of deblossoming and
Zerfruiting. Joolka et al. (1991) observed yield increment

-~ 4 consequence of urea spray at five per cent in almonds
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The increase in vield was opined to be due to increase in
yield contributing factors such as fruit set and fruit

size. Similar results were also reported in lemon by Kumar

et al. (1988).

In the view of Macks and Clarke (1995), foliar
application of urea had no consistent effect on fruit yield

and was ineffective when fruit set had been reduced.

2.2 Maturity
2.2.1 Maturity indices

The banana, shooting to harvest varies between clones
and generally, range from 80 to 120 days under tropical
climate (Stover and Simmonds, 1987). Rate of fruit
maturation from shooting depends on temperature provided
molisture is not limiting. Inaba et al. (1984) revealed
that fruits attain maturity about 65 to 105 days after
flowering, when organic acids increased markedly and starch
content increased. In the views of Gnakri and Kamenan

(1990), normal harvesting time of 80-90 days after

tlowering gave a shelf-life of 3-4 days. Starch grain
size, amylose contents, structure as shown by X-ray
ittfraction, gelatinization temperature, swelling,

sclubility and sensitivity to @-amylase were similar for
fruits harvested at 72 and 83 days after flowering

Chemical composition, particularly, starch content can be
used as a maturity indicator for banana harvesting and for

rter ripening (Sabari et aji., 1992).
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2.2.2 Days to maturity

All bunch management treatments, like bagging,
dehanding, male bud pruning and bunch sprays influence the

witurity of bunches.

Earlier reports recorded a shortening of shooting to
harvest (3-6 days) wherever bunch covers are used (Berril,
1956; Kunhe and Kritzinger, 1964 and Perumal and Adam,
1968; Ganry, 1975). According to Stevenson (1976) type of
bunch covers influence the bunch maturity ie., in winter
use of transparent material speeded up the filling and
hastening of maturity. Identical results have also been
reported by Johns and Scott (1989). Reddy (1989) observed
12 days earlier maturity when 200 gauge polythene sleeves
were used in banana cv. Robusta. Daniellset al. (1994) are
of the view, that bunch maturity obtained in the covered

nunches may be due to increase in temperature in and around

the bunches.

Beneficial effect of removal of male bud in reducing
the days for harvest from shooting have been reported by
many workers (Wardlaw 1961; Walker, 1973; Walker .1975%5 .,

Bhakthavathsalu and Azhakiyamanavalan, 1977 and Amma
et al. 1986). But no positive results were obtained in cv.
Prata by removing the male inflorescence 30-60 days after

flowering (Souza et al., 1971).



13

fdzhanding operations also decrease the period from
bunch emergence to harvest (Hasselboch and Idoe, 1973;
Stevenson, 1977; Amma et al. 1986 and Daniells et al., 1987)

in various cultivars of banana.

Growth regulator sprays delay the maturity process in
fruit crops. Tandros et al. (1984) reported that GA, 10-50
ppm resulted in delayed maturity. Succinic acid 600 ppm,
toilowed by ethephon 300 ppm and GA 200 ppm significantly

delayed the bloow in almonds (Joolka et al., 1991).

Bunch stalk feeding of urea treatments recorded 11
days earlier maturity with 10 g urea and 6 days with 15 g
urea Buragohain and Shanmugavelu (1986). In general with
the increase in concentration of urea, the maturity was
progressively delayed (Pate! and Patel, 1987) 1in cv.
Basrai. Significantly more number of days (10 days) were
required for attaining the maturity under four per cent
urea as compared to one and two per cent Gandhi (1984)

also reported delayed maturity with four per cent urea in

Mango.

2.3 Ripening

Different cultural and management treatments on crops
bring about alterations in ripening of fruits and its

various physical and chemical characters.

Bagdg



14

Rodriguez (1974) observed no appreciable effect on
ripening due to male bud removal in 3 banana cvs. Valery,
Grand Nain and Giant Cavendish. Pre-harvest growth
requlator sprays on bunches of cv. Basrai, like ancymidol
(200 ppm), 2,3,5-T (100 ppm) or Rouza at 100 ppm advanced
the ripening by 8-14 days (Deshmukh and Chakrawar, 1980).
Four urea sprays at 1,2,3 and 4 per cent concentrations
recorded earliest ripening (99.9 days) and latest (103.1
days) with 6 sprays in banana cv. Basrail (Patei and Patel,

1987) .

Actually, harvesting triggers ripening (Offem and
Thomas, 1993). The post-harvest treatments are having much
more influence on ripening in bananas. Treatments with GA
and kinetin retarded banana ripening as indicated by higher
values for firmness, starch, cellulose and hemicellulose
(Desai and Deshpande, 1978 and Parmar and Chundawat, 1984).
The results suggest that banana ripening can be controlled
chemically. CaClZ sprays on mature dgreen fruits of Robusta

enhance the ripening by reducing the firmness (Huddar et

a0, 1989).

Ethylene at 0.3-0.4 p 1/1 for 24 hours ripens bananas
at 25°C. Ripening 1is accomplished by faster respiration
and ethylene production. Increasing the oy levels to 13 per
cent and decreasing Coz improves banana ripening and
shortens storage time (Acedo and Baustista, 1993; Dominguez

and Vendrell, 1994 and Goburdhun, 1994).
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2.4 Quality parameters

Most of the bunch management treatments 1in banana
ymproves the grade of the fruits both qualitatively and

quantitatively.

2.4.1 Morphological aspects of finger development

Bunch sleeving increases the finger length and
diameter (Daniells et al., 1987; Johns and Scott, 1989 and

Reddy, 1989).

Presence of a male bud in the bunch had an adverse
effect on fruit growth and quality (Chattopadhyay and Jana,
1988). So the fruit appearance was markedly improved by
tipping of floral remnants in cv. Robusta (Bhakthavathsalu
and Azhakiamanavalan, 1977). No such increment in size was

noticed in cultivar Peta (Souza et al., 1971).

Dehanding in banana recorded significant improvement
in fruit length, thickness and over all grade (Hasselbach
and Idoe, 1973, Stevenson, 1977; Amma et al., 1986;
Irizarry and Rivera, 1991; Daniells et al., 1992; Irizarry

et al., 1994 and Johns, 1996).

According to Aravindakshan (1981) pre-harvest sprays
of growth regulators viz., 2,4-D at 10 ppm at 60th day
after shooting increases size and quality of fruits in

"nnana cv. Nendran. Reports of Pradhan et al. (1988) point
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out that ethrel 0.25 and 0.5 ml/1 and GA, at 100 mg/1l were
very effective in 'ncreasing fruit weight and pulp : peel

Tario.

2.4.2 Biochemical aspects
2.4.2.1 Changes with urea sprays

[n cv. Basrai different concentration of urea
warifested their effects on qualitires of fingers. Fruit
ot losugar was the highest {(1%%) in plants treated with
one per cent urea and in plants receiving two Sprays
{15.25%). The acidity, in general increased by urea sprays
{(Gandhi, 1984 and Patel and Patel, 1987). Singh et al.
(1992) reported that sword suckers of cv. Harichal sprayed
with two per cent urea produced fruits with highest TSS
{18.9%), sugar (18.66%), ascorbic acid (5.49 mg/100g),
protein (1.64%), ash (0.81%), P (32.93 mg/100 g), K (359.23
mg/100 g), Ca (6.76 mg/100 g) and Mg (44.90 mg/100 gq)
contents. Increase in sugar and ascorbic acid contents was
reported by Singh (1976) and Singh et al. (1976) in mango
and Singh and Rajput (1976) and Dwivedi et al. (1990) in
guava.

2.4.2.2 Changes due to growth regulator application

In Dwarf Cavendish bananas, the pulp percentage and
soluble solid contents were highest with fruits sprayed
with 2,4-D at 10 ppm during flowering (Tomi et al., 1970).
The fruit quality in cv. Nendran was improved by way of

increased TSS, total and reducing sugars by treatments of
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Ethrel, 400 ppm, NAA 50 ppm and 100 ppm, 2,4-D 4 ppm and

10 ppm.

Chattopadhyay and Jana (1988) reported increased fruit
quality with GA350 ppm spray 30 days after emergence of the
inflorescence in Giant Governor. Similar results have also
been obtained with ethrel 0.5 mi/litre sprayed at 55 days

after flowering (Pradhan et al., 1988).

2.5 Shelt life

Induction of softening in bananas during storage at
20°C and low RH was investigated with respect to endogenous
ethylene production. Aziz and Wahab (1970) found out that
bananas treated with 2,4-D at 100 ppm for 30 seconds were
marketable for longer than those from other treatments.
Vaccum infiltration with GA;- extended the pre-climetric

period of fruits by about 47 per cent (George and

Marricott, 1983).

Ripening was retarded most effectively and shelf life
was extended (2.2 - 2.4 days) in cv. Lacatan by treating
the fruits with GA at 150 ppm and Benlate at 50 ppm or with

GA at 150 ppm and 6 per cent waxol (Rao and Chundawat,
1986).
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In Giant Cavendish bananas, exogenous ethylene pre-
treatments, rapidly hastened flesh softening and reduced

shelf life (Yambin et al., 1996).

Use of sealed polyethylene tubes and ethylene
absorbent allowed a storage life of upto 6 weeks at 20-28°C
and 16 weeks at 13°C (Satyan et al. (1992). Storage life
of the bunches was limited by the presence of high
concentration of Coy and or ethylene in the atmosphere or

the development of bunch stalk rot.

In the case of oranges, Lavon et al. (1982) noticed a
longer shelf life by spraying a mixture containing one per

cent urea, phosphate and GA (10 or 20 ppm).



Materials and Methods



3. MATERIALS AND METHODS

The investigations on "Bunch stalk feeding of urea in
banana, Musa (AAB group) cv. Nendran" were carried out in
Central orchard, attached to the Department of Pomology and
Floriculture of the College of Horticulture, Vellanikkara.
The preliminary standardisation studies were done, during
the period from June, 1996 to August 1996 and the main
experiments from August, 1996 to June, 1997. The site,
situated at an altitude of 40 M above MSL at 10° 32'"N
latitude and 76° 16"E longitude. The area enjoys a warm
humid tropical climate. The so0i1il type 1is deep, well
drained sandy lcam with pH of 5.1. The meteorological data

are presented in Appendix I.

Five preliminary experiments were conducted for
standardisation of techniques tc be followed. The crop for
these studies were raised from uniform sized suckers,
having similar sized bunches and same number of hands. The
crop received uniform cultural and management practices as

per the package of practices recommendations of KAU (1993).

3.A Preliminary experiments

I'he details of the preliminary experiments are given below.
3.A.1 Standardisation of distance

Bunches, two weeks after completion of the female
phase, were selected for enforcing the treatments. Male
buds were pruned at distances of 4,8,12,16 and 20 cm from

the last hand and one without pruning formed the control.
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3.A.2 Method of cut

The bunch stalks were uniformly cut at a distance of
about 15 c¢cm by adopting different methods viz., wedge,
oblique, flatinvertedfvuprickled cuts and no cut which
formed the treatments (Fig.1l). 10g urea was uniformly tied

to the different cut ends.

3.A.3 Standardisation of time of application of urea

To fix up the best time of application of urea, male
buds were trimmed at 15 cm from the last hand, using flat
cut method and 10g urea was tied to the cut ends.
Application was done at 1,4,8,12,16 and 20 days after
complete emergence of the bunch. Treatments were enforced
immediately after cutting the male bud and also 24 hours

after cutting.

3.A.4 Standardisation of dose of urea

The flat cut ends, trimmed at 15 cm from the last

hand, were enforced with different doses of |urea,

viz., 10,20,30,40,50,60,70,80,90 and 100gand compared with

a control.

3.A.5 Volume oi urea spray

To standardise the exact spray volume, a preliminary
study was undertaken with 250, 500, 750 and 1000 ml, spray
volume. This was tried at one and five per cent (lowest

and highest urea concentrations) on uniform sized two week

01d bunches.



Fig.1 METHODS of CuUT
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PRICKLED
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The data generated in the preliminary experiments were

taken into account for the final! two experiments.

3.B Experimental materials

Tissue culture plants of 45 days age (Three-leaf
stage) were selected for the two experiments, under the
study. The banana cv. Nendran, type Nedunendran, was used
in the experiments. All readings on biometric and
physiological characters were recorded so that maximum care
was bestowed to experimental plants. The crop also
reecelved uniform cultural and management practices as per

package of practices recommendations (KAU, 1993).

Experimental methods

Completely Randomised Design (CRD) was the statistical
design adopted. The treatments were enforced on uniform
sized plants with bunches of same size, age and number of
hands. The bunches were pruned at 20 cm distance from last
hand, (pre-standardised from the preliminary experiments)

and covered before and after effecting the treatments.

The details of the experiments are given below

experiment wise.

3.B.1 Bunch staltk feeding of urea

A combination of urea doses (0,10,20,30,40 and 50 g)

time of male bhud pruning (1,2,3 and 4 weeks after



Plate 1 Bunch stalk feeding of urea
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conplete emergence of the bunch, and no pruning ) formed
the twenty one treatments. The experiment was replicated
twice with a single plant receiving a treatment in a
replication. The experiment followed a Completely

Randomised Design (CRD) {Plate 1)

3.B.2 Urea sprays

A combination of time (7 stages) and concentration of
sprays (5 levels) as given below along with two sets of

control 1e. no spray and water spray, formed the 37

treatments.

3.B.2.1 Time of urea sprays

1. 3 weeks after emergence of bunch
2. 4 weeks after emergence of bunch
3. 5 weeks after emergence of bunch
4. 2 sprays of 3™ and 4'" week after emergence of

bunch

2 sprays of 4th and 5t week after emergence of

w

bunch

6. 2 sprays of 3rd and st week after emergence of

bunch.

7. 3 sprays of 3, 4'" and 5" week after emergence

of bunch
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3.B.2.2 Concentrations of urea sprays

1. Urea - 1%
2. Urea - 2%
3. Urea - 3%
4. Urea - 4%

5. Urea - 5%

The experiment was replicated twice, with single plant
in a replication receiving the treatments. Each bunch
received 250 ml of urea spray (spray volume selected
from the preliminary experiments) and maximum care has been
taken for spraying so that spray drift towards other plants
and into the soil was avoided. The experiment was laid out

in Completely Randomised Design.

The physical, morphophysioclogical and chemical
characters of the bunches and fruits were taken, as

detailed below:

3.1 Bunch characters
31.1 Time taken to reach maturity

The time taken by the bunches, from complete emergence

to the harvest at maturity was counted and expressed in

number of days.
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3.1.2 Angularity of bunch

Using the formula, D, - D

{Stover and Simmonds, 1987), where D1= diameter at the level
ot 1st hand; D, = diameter at the level of last hand and
L = Length of the peduncle from first to last hand, was

measured.

3.1.3 Bunch weight at harvest

Bunches were weighed immediately after harvest on a
piatform balance pre certified by the Department of Weights
and Measures after uniformly cutting the top of the
vedurnicle at a distance of 30 cm from the first hand and
aprcal tip pruned to 10 cm, in all the treatments. The

punch weights were recorded in kilograms (kg).

3.1.4 Number of hands at harvest

The number of hands were uniformly maintained at five

petfore enforcing the treatments.

3.1.5 Number of fingers at harvest

Fingers were counted after harvest.

)

3.2 Norphological characters of fingers

In both the experiments the D' finger-middle fruit in
“he top row of the second hand (Gottreich et al., 1964) was

selected for different measurements and analysis.



“Zot Length

Length was measured from the base of the finger
deleting the pedicel parts, along the outer curvature upto
and including apex, using twine and scale and cxpressed in

centimetres (cm).

3.2.2 Girth

Girth of the finger was taken, at the point of
max mum thickness adopting the same method as that of the

'2nngth measurement.

3.2.3 Fruit Curvature Index (FCI)

The curvature of the fruit was drawn on a paper, at
weekly interval by placing a paper, in between two fingers

and the FCI was measured, using the standard formula,

FCI = F x 100

C

wiivie, F1s the straight line distance from the tip of
ihe finger to the end of the pedicel is measured on the
concave side of the fruit and C is the vertical distance
irom the line to the most curved portion of the convex side

of the fruit (Stover and Simmonds, 1987).
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3.2.4 Index of pedicel strength

Pedicel strength was measured at weekly interval

using the equation, Lp
DP
Where L. = Length of pedicel and

P
D

1

p Diameter of pedicel (Champion, 1967,
Lassoudiereet al., 1974).

3.2.5 Finger weight at harvest

The weight of middle fingers of first hand, second
hand and last hand were taken on a kitchen scale balance

and expressed in grams (g).

3.2.6 Fullness index

Fullness index of "D' finger was obtained by dividing
the weight of finger with the convert length on convex side

of the finger.

3.3 Ripening
3.3.1 Time taken for ripening

The time taken to reach 100 percent colour change,
after harvest as per colour chart given by Stover and

Simmonds (1987) was noted and expressed in number of days.

3.3.2 Fruit weight at ripening

Weight of the fruit was taken on a analytical balance

and expressed in grams (g).
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3.3.3 Pulp thickness

The thickness of the pulp was measured after peeling
the fruit wusing a sharp knife with a twine and scale, and

expressed in centimetres (cm).

3.3.4 Peel thickness

With the help of a vernier calipers, the peel

thickness was measured and noted in centimetres (cm).

3.3.5 Pulp weight

After peeling the fruit, pulp was weighed on a

analytical balance and recorded in grams (g).

3.3.6 Peel weight

The peel was weighed on a analytical balance, and

cxpressed in grams (g).

3.3.7 Pulp/Peel ratio

The ratio was calculated by dividing the pulp weight

of the "D' finger with the peel weight.

3.3.8 Shelf life

The time taken to reach 25 per cent decay after 100
per cent colour development was noted as shelf life and

expressed in number of days.
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3.4 Biochemical characters

All biochemical characters were measured from fruits

one day after full colour development.

3.4.1 Total soluble solids

Total soluble solids (TSS) was found out using a hand
refractometer having a range from 0 to 32° brix (ERMA hand

refractometer).

3.4.2 Acidity

The method described by AOAC (1980) was adopted. Ten
grams of the macerated sample was digested with boiling
water, anad made up to a known volume. An aligquot of the
filtered solution was titrated against 0.1 N NaOH using
phenolphthalein as indicator. The acidity was expressed as

percent of citric acid.

3.4.3 Sugar
3.4.3.1 Reducing sugars

Reducing sugars were estimated by Fehling's solution

method (Lane and Eynon, 1943, AOAC, 1980).

To ten gram of fruit juice, distilled water
was added. After thorough mixing the solution was

clari1fied with neutral lead acetate and potassium oxalate

and wade upto 250ml volvme. The solution was filtered and
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an aliquot of this solution was titrated against a mixture
of Fehling's Solution A and B, using methylene blue as

indicator. The reducing sugar was expressed in percentage.

3.4.3.2 Total sugars
The total sugar was estimated as per the method

described by A.0.A.C. (1980). It was expressed as

parcentage.

3.4.3.3 Non-reducing sugars
The difference between total sugars and reducing
sugars was worked out and expressed as percent of non-

reducing sugars.

3.4.4 Carotene

The carotene content of dried fruit sample at ripened
stage was estimated using a spectro photometer (Milton Roy
Co. spectronic 20D) at 438.5 nm after extracting with

water saturated n-Butanol by A.0.A.C. (1980).

3.4.5 VUrease activity at fruit ripening

Urease activity 1in the fresh fruit samples was

determined as described by Guan(1986).

0.5g fresh fruit sample (ripened) was finally ground
in a mortar with 30 ml citrate buffer. This was

transferred to a volumetric flask and diluted to 50 ml.
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Then 10 ml of the homogenate suspension was transferred to
a test tube into which 2 ml of 0.5 per cent urea solution
was added and mixed thoroughly. Then, the urease activity
was determined by Nessler's reagent colorimetry (Li, 1984).
Standard curve was drawn by using urease enzyme, extracted
from jack bean, following the above procedure. The

activity was recorded in units (umol NH3/g/min).

3.4.6 Urea at fruit ripening

iJrea in the fresh fruit sample was determined
toliowing the diacetyl colorimetry method of Douglas and
Bremner (1970). Here the extract was analysed for urea by
the measurement of the red colour formed when the aliquot
was heated with diacetyl monoxime and thio-semi carbazide

under acidic conditions (Phosphoric acid - sulfuric acid

medium.

3.4.7 Estimation of methionine
Methionine an essential amino acid in the ripened
fruits was analysed using the method suggested by Sadasivan

and Manikam (1992). The procedure was as follows:

1g fresh fruit sample (ripened) was taken and added 6
ml 2N HCl1 and kept in a autoclave maintained at 15 1b
vressure for one hour. Added a pinch of activated charcoal
to the hydrolysate and heated to boil. This was filtered

and washed with hot water. After neutralising the filtrate
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with 10 N NaOH to pH 6.5, the volume was made upto 50 ml
with water. 25 ml of the made up solution was transferred
to a 100 ml conical flask and added 3 ml 10% NaOH, followed
by 0.15 ml sodium nitroprusside. 1 ml of glycine solution
was added after 10 minutes and again after 10 minutes 2 ml
orthophosphoric was added and shook vigorously. The red
colour intensity was read after 10 minutes using a
spectrophotometer (Spectronic 20D Milton Roy Company) at

o5

57% nm. Standard Curve was prepared using DL-Methionine.

3.4.8 Nitrite content in fruits

Nitrite in the dried fruit samples were estimated,
following the methods of Kamphake et al.(1967) and modified
by Downes (1978) and then determined the nitrite by
diazotisation following the method of Snell and Snell
(1949). The nitrite content was measured at 540 nm using UV

- VIS spectrophotometer.

3.5 Statistical analysis

The data relating to each character were analysed
appropriately either by applying the analysis of variance
technigques or the analysis of co-variance as per
statistical requirements (Panse and Sukhatme, 1978). The

bawire design was Factorial CRD.
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4. RESULTS

The results of the study on "Bunch stalk feeding of
urea 1in banana cv. “Nendran''" are considered experiment
wise. The preliminary standardisation techniques are dealt

first.

4.A Preliminary standardisation studies
4.A.1 DISTANCE OF CUT

The data on the effect of distance of «cut on
morphophysiological characters, days to maturity, ripening

and bunch weight and finger characters ar¢ presented 1in

Table 1.

4.A.1.1 Morphophysiological characters
4.A.1.1.1 Angularity

A perusal of data on angularity of the bunch showed
that pruning of male bud at a distance of 20 cm from the
last hand (T;) resulted in maximum angularity to the bunch
(0.320) followed by 12 cm cut (T3). Though the results are
not statistically significant it can be inferred that with

more retention of bunchstalk showed more angularity

(Fig.2),



and yield attributes in

ible 1 Effect of “distance of cuz’ on morphophysiological characters
banana cv. “Nendran’
ANOVA ANCOVA
Z;it; Angula- Fruit Pedice. Cays to Days %o Shelf Filling Bunch tD’ Length Girth
. ° rity Curva- strength Farvest ripening life Index weight finger (cm) (cm)
tare (days) (kg) weight
Index (9)
(FCTI)
T .199 1245.75 9.917 TL.T75 €.¢C 1.75 6.44 8.88 171.23 26.24 13.432
(46.5) (46.5) (46.5) (46.5)
T 172 711.78 2.93¥4 TI.25 2.50 6.31 8.77 167.65 26.73 Ti.43
(46.75) (46.75) (46.75) L46.73
T 205 2263.78 3.950 72.00 LT.5 3.00 7.13 9.54 199.01 27.20 14.85
(43.75)  (43.75) (43.75) (43.73,
T, 191 1301.18 0.875 706.75 11.25 3.00 6.51 9.04 167.97 26.97 13.99
(49.25)  (49.25) (49.25) (49.253)
T .320 501.55 2.396 70.00 11.25 3.50 6.92 10.17 200.42 28.57 15.16
(45.00)  (45.00) (45.00) (45.00
T 177 627.26 6.821 31.00 18.25 3.50 6.61 9.11 173.73 28.29 13.32
(51.25)  (51.25) (51.25) (51.25)
0.05) NS nus NS 2.05 3.24 0.683 NS NS 10.99 NS 0.989
0.69 .05 0.23 3.6214 0.32¢3
T1 4 cm cut T3 - 16 cm out {Figures in paranthesis denote the number
T2 2 om ocut T4 20 com oon-T of fingers taken as a co-variate in ANCOVA)
T - Ass Sl R P Tontro. Mo omAale oln il
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Angularity

Fig.2 Effect of distance of male bud removal on angularity (biweekly changes)
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4.A.1.1.2 Fruit curvature index (FCI)

Retention of 12 cm of bunchstalk (T3) showed maximum
FCI, signifying its influence on increasing FCI (2263.78).
Almost all the applied treatments influenced the FCIs in

comparison with the control (T“ (Fig. 3)

4.A.1.1.3 Pedicel strength

The different treatments of distance of cut influenced
the pedicel strength. Though the results were not
significant all the treatments recorded a better ratio,
revealing its influence on the length of the pedicel or a
reduction in the diameter of pedicel. Maximum ratio was

observed at maximum retention of bunchstalk.

4.A.1.2 Eftect on days to harvest, ripening and shelf-life
4.A.1.2.1 Days to harvest

Male bud pruning at different distances significantly
enhanced the maturity. Among various treatments retention
0of 20 cm and 16 cm bunchstalk (T5 and T4) advanced the
maturity by 11 and 10.75 days respectively. The control
plants (Tﬁ) took maximum time to reach maturity. It could
be inferred that retention of male bud increased the time
required to attain maturity. However, after removal of the

bud, maximum retention of bunch stalk was beneficial for

reducing the time to maturity.
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Fig.3 Effect of distance of male bud removal on Fruit Curvature Index (FCI) (biweekly changes)
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4.A.1.2.2 Ripening

A shorter distance cut, i.e., 4 cm (Tl) from the last
hand significantly influence the time taken to ripening.
Fruits in this treatment came to ripening earlier (6 days)
in comparison to all other treatments and control which

were statistically on par with each other.

4.A. 1.2.3 Shelf-life

A critical analysis of data of shelf-life revealed
that the means of the treatments differed significantly.
Cut at the shortest distance of 4 cm (Tl) resulted a shorter
shelf-life (1.75 days) compared to the 20 cm cut (Ty) and

control (Ts).

4.A.1.3 Yield character
4.A.13.1 Bunch weight

Analysis of data on yield revealed very interesting
trends. Though the results were not statistically
significant, maximum retention of the bunchstalk (TQ
vyielded the highest (10.17 kg), which was 1 kg more than
the control and more than 0.6 kg than the second best

treatment of bunch stalk retention of 12 cm (T3)

4.A.1.3.2 ‘D' finger weight

Finger weight was the highest, in treatment with
maximum retention of bunchstalk of 20 cm (TS) followed by

that of trimming at a distance of 12 cm from last hand (Ty).
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They recorded weights of 200.42g and 199.9g respectively
and are significantly superior to control (173.73 g}. All

other treatments recorded lower yields than the control.

4.A.1.3.3 Finger length

In comparison with other character, the length of the
finger was not much influenced by the distance of cut.
However, like in other case, better length was recorded by

maximum bunch stalk retention.

4.A.1.3.4 Finger girth/grade

Fruit girth/grade was affected by all the treatments.
All treatments recorded better grade with maximum retention
of 20 cm (TS) of bunch stalk showing distinct superiority
and this was statistically at par with bunchstalk retention

of 12 cm (T3).

4.A.1.3.5 Filling index

There was no significant difference between treatment
means. However, it could be deduced that retention of 12
cm (T3) followed by 20 cm (T5) retention recorded higher

filling index than the control.

4.A.2 METHOD OF CUT

The data on effects of different methods of cut on
morphophysiological characters, days to maturity, ripening

bunch weight, and finger characters are presented in

Table 2.



and yield in banana cv.

*Nendran’

Table 2 Effect of “method of cut’ on morphophysiological characters
ANOVA ANCOVA
“ze;a:: Angula- Fruit Pedicel Days to Days to Shelf Filling Bunch "D’ Lerngth Girth
RER rity Curva- strength harvest ripening life Index weight finge: (cm (cm
ture (days) (kg) weight
Index (9)
(FCI)
0.122 860.58 0.917 92.00 9.67 3.00 6.87 9.05 177.37 26.79 13.08
(53.33)  (53.33) (53.33) (53.33)
0.212 1916.67 0.778 85.67 6.00 2.67 7.18 9.87 188.54 26.66 13.67
(50.67)  (50.67) (50.67) (50.67)
0.115 4032.38 0.926 78.00 6.33 1.00 6.73 10.25 184.49 27.53 13.99
(51.33)  (51.33) (51.33) (51.33)
0.169 2613.33 0.810 83.00 7.00 2.00 7.52 10.97 196.52 26.17 13.66
(51.00)  (51.00} (51.00) (51.00)
0.183 3011.00 0.832 84.00 8.67 1.67 7.50 11.35 209.14 28.04 13.97
(51.67)  (51.67; (51.67) (51.67)
0.21¢C §490.0Q0C 0.82 83.67 8.00 1.33 T4l 10.64 200.42 2€.32 14.12
(47.33)  (47.33. (47.33; (47.23,
0.148 1338.44 0.852 81.00 7.33 1.00 6.99 10.53 186.87 26.6€ 12.67
(50.67)  (50.67 (50.67) (50.67
T {95 NS NS NS 3.49 NS 0.667 NS NS NS NS NS
S2m 1.15 0.22
T1 - Control (with male bud) TS5 - Flat cut (Figures in paranthesis denote the number
T2 - Control cuts T6é - Prickling of fingers taken as a co-variate in ANCOVA)
T3 - wedge cut T7 inverted ‘v
T4 - Oblique

LT
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4.A. 2.1 Morphophysiological characters
4.A21.1 Angularity

A higher level of angularity was observed in control
cut (Tz) and this was on par with prickling treatment (T6)'
The differences between the means of the treatments were

not significant.

4.A.2.1.2 Fruit Curvature Index (FCI)

It may be deduced from the data that all the
treatments did influence FCI at harvest as all treatments
recorded higher values. Among the treatments, prickling

(TQ followed by wedge cut (T3) gave higher FCI values.

4.A.2.1.3 Pedicel strength
The means of different treatments revealed minor

differences with no distinct superiority or inferiority

compared to the controls.

4.A.2.2 Effect on time taken to maturity, ripening and shelf-life
4.A.2.2.1 Days to maturity

All treatments influenced significantly the number of
days taken to maturity. The wedge shaped cut (Tﬂ,
inverted'v'(T;) followed by oblique cut (Ty) flat cut (T;)and
pickling (Ts). They took 78,81,83,83 and 84 days to reach
maturity and this was much earlier than the control

pruning (92 days) and control cut (85-86 days).



4.A.2.2.2 Days to ripening

There was no much differences observed between various
treatments. The control with just cut alone (Tz) came
earliest to ripening and recorded almost equal values as
the wedgeshaped cut (T3) and oblique cut (T4) treatments.
Maximum days to ripening was observed 1n no cut control

treatment (9.6 days).

4.A.2.23 Shelf-life

Methods of cut in with 10g urea placement tied to the
cut end, significantly influenced the shelf-1life. Methods
of cut 1like wedge cut (Tj)&inverted ‘v'(T;) resulted the
shortest shelf-1life of 1 day, compared to control (3 days).
The two controls (Tland Tﬂ were on par with each other and

significantly superior to all other treatments.

4.A.2.3 Yield attributes

4.A.2.3.1 Bunch weight

Though the differences between treatments were not
significant, all treatments recorded higher yields than
both the controls. The best treatment of flat cut (T;)
recorded 11.35 kg which was 1.5 kg more than control cut

and nearly 2.3 kg more than no cut or male bud retention

which also recorded the lowest yield (9.05 kg).
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4.A.2.3.2 "D finger weight
Maximum finger weight was observed in treatments with

flat cut and prickling. However, the results were not

statistically significant.

4.A.2.3.3 Finger length
Though the flat cut and wedge cut recorded FEetter
lengths (28.04 and 27.17 cm) than the control (26.8 cm),

the results were not significant.

4.A.2.3.4 Fruit girth/grade

As in the case of fruit length, the treatment means of
fruit showed no significant difference. Prickling (TQ
resulted in better grade fruits (14. 112 cm) compared to

control (13.67 cm). Almost all the treatments recorded

better grade than the control.

4.A.2.3.5 Filling index

A critical observation of treatment means revealed
that oblique cut (T”, flat cut (TQ and prickling (T“, with

urea resulted in higher filling index (7.54, 7.5 and 7.41).

4.A.3 TIME OF APPLICATION OF UREA

The data on effect of time of application of urea on

various aspects are presented in Table 3.
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Table 3 Effect of “Time of Application of Urea’ on morphophysiological characters and yield attributes
in banana cv. “Nendran’

ANOVA ANCOVA
T:atmernts Angula- Fruit Pedicle Days to Days to Shelf Filling Bunch b’ finger Length Girth/
rity Curva- strength harvest ripen- life Index weight® weight {cm) Grade
ture ing (days) (kg) () (cm)
Index
(FCT)
T, 0.129 819.87 0.96 91.33 6.0 2.67 7.06 9.99 189.08 26.88 13.32
(50.33) (50.33) (50.33) (50.33)
T, 0.157 715.67 ¢.88 85.00 3.0 1.67 7.94 11.26 207.59 26.27 13.58
(49.67) (49.67) (49.67) (49.67)
T, 0.189 1298.33 0.81 75.00 6.0 1.00 6.75 8.79 164.71 24.73 12.95
(48.0) (48.0) (48.0) (48.0)
T, 0.137 7523.34 1.015 79.00 2.7 1.33 6.32 9.09 155.48 24.64 13.04
(51.33) (51.33) (51.33) (51.33)
T, 0.099 8271.77 0.89 76.67 5.7 1.00 7.24 10.51 183.36 26.51 13.3%
(53.00) (53.00) (53.00) (53.00)
T, 0.093 1763.33 0.84 76.67 4.3 1.00 7.17 10.59 195.49 25.64 13.54
(51.33) (51.33) (51.33) (51.33)
T, 0.165 3500.00 0.87 79.00 4.0 1.00 7.57 11.13 194.89 24.99 13.35
(59.67) (59.67) (59.67) (59.67)
T, 0.134 2702.67 1.00 78.33 3.3 1.00 7.56 11.67 205.07 27.04 13.87
(59.00) (59.00) (59.00) (59.00)
T, 0.166 922.43 0.81 78.00 5.3 1.00 7.18 11.82 186.60 25.98 13.83
(53.33) (53.33) (53.33) (53.33)
T,. 0.122 1328.70 0.87 78.00 6.0 1.00 7.57 11.51 203,36 26.84 13.50
(53.00) (53.00) (53.00) (53.00)
T, 0.179 4752.77 1.00 76.33 4.7 1.00 7.99 11.97 212.37 26.39 13.75
(56.67) (56.67) (56.67) (56.67)
T,, 0.102 7450.00 1.024 78.33 4.7 1.00 8.05 11.88 221.87 27.56 14.35
(52.33) (52.33) (52.33) (52.33)
T,, 0.282 9258.33 1.00 75.33 5.3 1.00 7.96 12.12 216.42 27.26 14.48
(54.00) (54.00) (54.00) (54.00)
T, 0.254 (627.77 0.805 81.33 4.7 1.00 8.76 12.75 235.39 27,94 14.50
(51.67) (51.57) (51.67) (51.67)
CDh (0.05) NS Hs NE 3.33 1.998 0.434 0.927 1.772 33.07 2.00
Sk 1.15 0.69 0.15 0.32 0.6083 11,3534 0.6863 no
(Figures in paranthesis denotes the number of fingers taken aa . ootvariate in ANCOVA)
DAY - Days after emergence of bunch
'l - Coutiol (no cut); T2 - Control cut; T3 - 1 DAE; T4 - 1 DAEI2L hrs; T - 4 DAE; TH - 4 DAL+24 T8 - 8 DRE4NL hrs

T9 - 12 par;  Tlo - 12 paE+2d hrg; TLl -~ 16 DAE; T2 16 DAR+2Y his; TL3 - 20 DAZ;  Tl4

T



4.A.3.1 Morphophysiological characters
4.A.3.1.1 Angularity

Though the results were not significant it could be
logically interpreted that higher level of angularity was
observed when application of urea was made immediately
after the cut 20 days after emergence of the bunch (T13)
tollowed by enforcing the cut on 20th day and applying urea

on next day (21st day) (TM) (Fig.4)

4.A.3.1.2 Fruit curvature Index

All treatments revealed a higher FCI compared to the
control. From the data it could be deduced that all
application after 16 days and 20 days of complete bunch
emergence recorded higher FCI. Higher FCI ratios were also
observed when application were given, when cut was given
one day after bunch emergence and urea placement made
effected the next day followed by that enforced 12 days
after emergence of bunch (fig.5)
4.A.3.1.3 Pedicel strength

The time of application did not significantly alter

the pedicel strength and treatment means were almost equal

to the control.

4.A.3.2 Etfect on maturity, ripening and shelf-iife
4.A.3.2.1 Day to maturity
The distinct superiority of treatments on days taken

to maturity is evident and explicit. All the treatments

2



Angularity

Fig.a Effect of time of application of urea on angularity (biweekly changes)
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Fig.s5 Effect of time of application of urea on Fruit Curvature Index (FCI) (biweekly changes)
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recorded lesser days to maturity, were significantly
superior compared to control (91 and 85 days) and were at

par with each other.

4.A.3.2.2 Days to ripening

The effects of different treatments were distinctly
clear. The control with no cut took maximum days to ripen
(6 days). The lowest was observed when urea was applied 24
hours after enforcing cut, 1 day after complete bunch
emergence (T” followed by control cut, enforcing treatments
8 days and 8 day cut + urea placement after 24 hours later
and 4 days cut + placement after 24 hrs later (TW Ty and T¢)
and were at par with each other and took only 3-4 days for

ripening.

4.A.3.2.3 Shelf-life

Tying of urea at the cut ends significantly altered
shelf-life. The shelf-1life was reduced to 1 day in all the
treatments compared to the controls Ty and T, which showed

shelf life of 2.67 days and 1.7 days respectively.

4.A3.3 Yield attributes

4.A3.3.1 Bunch weight

The differences between treatment means were
significant. In general, enforcing treatments 20 Days
after emergence (DAE) (Ty4), 16 DAE, 12 DAE and 8 DAE gave

higher yields. Application of treatments 1 DAE vyield lower
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Plate 2  Effect of time of application of urea on 'D’ finger
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than both controls but 4 DAE resulted in yield reduction

compared to control cut (Fig.9).

4.A.3.3.2 'D' finger weight

The treatments showed significance in finger weight.
Maximum weight was recorded by cutting 20 days after bunch
emergence + application of urea 24 hours later (TM)
followed by cutting the male bud 16 DAE + applying urea 24
hours later (Tu) and the minimum observed in treatments one
DAE (T3 and T4). All the other treatments were superior
than the control (TI)' The effects of the treatments are

given in plate (2).

4.A.3.3.3 Finger iength

Length of the fruits were significantly improved when
urea was applied, 20 DAE, 16 DAE + application of urea 1
day later and 20 DAE + application of urea 1 day later
(27.94, 27.36 & 27.26 cm). The minimum length resulted in
enforcement of treatments 1 DAE and 1 DAE + application of

urea 24 hours after (T; and Ty).

4.A.3.3.4 Finger girth/grade

The later stages of enforcing treatments i.e., 20 DAE
(T;). 16 DAE + application of urea 24 hours later (Tm)
resulted in better grade fruits (14.53, 14.48 and 14.35 cm
respectively) in comparison with the two controls, T, (13.23
cm) and T, (13.58 cm). The minimum grade was observed in

treatments effected 1 DAE.
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4.A.3.3.5 Filling index
The maximum filling index was recorded by cut imposed
20 DAE + application of urea 24 hours later (TM) which is

significantly superior to all other treatments.

4.A.4 DOSE OF UREA

The data on standardisation of dose of urea and its
effect on various aspects of yield and major growth and

development characters are presented in Table 4.

4.A 4.1 Morphophysiological characters
4.A.4.1.1 Angularity

The least angularity was recorded by Tw (80g urea) and
the highest angularity by control cut (T,). Except for the
80g urea placement all treatments above 50g, recorded lower
angularity. However, the difference in treatment means

were not significant (Fig.6).

4.A.4.1.2 Fruit Curvature Index

Eventhough, sharp differences existed between
treatment means. Statistical significance was not
observed. The minimum FCI was observed with 90g urea

placement (TM) and the lowest value recorded with 10g urea
placement (T3). Control plants (male bud retention + and

system control) recorded intermediary values (Fig.7)



vield attr:ibutes

in banana

Table 4 Effect of ‘Doses of urea’ on morphophysiological character: and
cv. "Nendran’
ANOVA ARCOVA
iéﬁi: Angula- Pruit Pedicel Days to Days Shelf Filling Bunch ‘D’ Length Girth
“ rity Curva- strength harvest to life Index weight finger (cm) (cx)
ture ripen- (days) (kg welght
Index ing {g)
(FCI)
T 0.240 1703.5 0.75 84.67 4.67 2.0 6.341 4.24 121.67 15.33 11.82
(35.0; (35.0) (35.0) (35.2;
T- 0.267 1398.17 1.03 76.00 4.33 2.0 7.289 5.72 166.67 22.83 13.¢¢
(35.67) (35.67) (35.67) (35.67;
T. 0.222 868.52 1.00 67.33 4.33 1.0 7.053 6.52 166 .67 23.67 13.8¢C
(33.0) (33.0) (33.0) (33.3%;
T, 0.163 3726.80 0.72 67.00 5.0 1.0 7.118 5.92 161.67 32.67 13.2¢C
(33.33) (33.33) (33.33; (12.32
T. 0.149 1315.00 0.88 69.67 5.0 1.0 7.830 7.02 186.67 23.67 14.0¢C
(36.00) (36.00) (36.00) (36.00,
T, 0.221 1398.07 0.75 66.00 5.67 1.0 7.420 6.67 175.00 22.67 13.27
(35.32, (35.33) (25.23, (35.22
T. 0.230 1196.30 0.87 66.00 4.33 1.0 7.497 6.2¢€ 175.00 z22.232 13.22
{36.0¢C 136.00 (3€.CC (26.0C
T. 0.148 106%.20 0.79 67.33 4.67 1.0 7.17 6.81 165.00 23.¢ 13.12
(24.57, 134.€7 (34.€7,; 124.€7
T, ¢.179 £126.67 0.83 66.33 5.67 1.0 6.87 1.7°¢ 162.33 24.5¢ 13.17
(30.30¢ (30.00; (30.00, (20.0¢C
T. 0.085 1644.35 0.87 66.00 5.00 1.0 7.10 5.7® 1€2.32 22.:¢C 12.82
25.67, 135.67; {35.€° ({35.€7;
T.. 0.123 12704.8 0.87 65.67 5.30 1.0 7.48 5.54 162.67 2..¢7 13.17
(22.00) (32.00) (32.¢2 (32.0¢C
T.. 0.244 912.73 0.79 67.33 5.00 1.0 7.19 5.89 165.00 23.¢C2 13.0¢C
{35.67, 25.67) 35.¢6° (35.67;
CD(0.05) NS NS 0.058 2.51 NS 0.496 NS 1.255 29.85 1.95¢ 0.876
SEm 0.02 0.86 0.17 0.4281 10.23 0.€7 0.32
Tl - Control (retension of male bud) T7 50g urea {Figures in paranthesis denote the numrer
T2 - Control cuts T8 60g urea of fingers taker as a co-variate in ANTOVA
T3 - 109 urea T9 60g urea
T4 - 20g urea T10 70g urea gﬁ
T5 - 30g urea T11 80g urea o
T6 - 10g urea Ti2 100g urea



Fig.6 Effect of doses of urea on angularity (biweekly changes)
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Fig.7 Effect of doses of urea on Fruit Curvature Index (FCI) (biweekly changes)
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Plate 3 Pre-mature ripening - Impact of higher dose of urea on bunch






4.A.4.1.3 Pedicel strength

The influence of urea doses were significant. The
control cut (T2>' 10g urea placement (T3) and 30g placement
(T5) are on par and resulted in weak pedicel. The best
pedicel strength was observed in 20g urea placement (TU

compared to control.

4.A.4.2 Effect on maturity, ripening and shelf-life
4.A.4.2.1 Days to maturity

The two controls (Tl and T,) attained the harvestable
stage or maturity later (84 and 76 days) compared to ail
other treatments. 90g placement (T,,) matured at the
earliest (65 days). All treatments above 40g urea

placement came to maturity earlier.

4.A.4.2.2 Days to ripening

There was not much differences between the treatment
means. Another very important aspect observed was that in
treatments above the 50g urea placement the terminal hand
started to ripen or turn to black colour pre maturely on

the plant itself (Plate No. 3).

4.A.4.23 Sheilf-life

All the wurea treatments (10g-100g) resulted in a
shelf-life of only one day compared to the controls (Tl and
TZ) of 2 days. Which were significantly superior to the

rest of the treatments.
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Plate 4 Effect of doses of urea on ‘D' hand

Plate 5 Effect of doses of urea on ‘D’ finger






4.A.4.3 Yield characlers

4.A.4.3.1 Bunch weight

Data showed significant influence of doses of urea on
bunch weight. But among the treatment, maximum of 7.03 kg
was recorded by 30g urea placement on cut stalk end (Ty)
followed by 40g urea placement (T6) and 10g (T3) and 60g
(TS) which were on par. However the last treatment was not
acceptable due to premature ripening of last hand on the
plant. The lowest of 4.24kg was recorded on control (TN

(Fig. ).

4.A.4.3.2 "D tinger weight
The maximum weight of finger (186.67g) was observed in
30g urea placement (T;) and was on par with all c¢ther

treatments, except control (Tl)' which record only 121.667

(Plate 4).

4.A.4.3.3 Finger length

The maximum finger 1length was observed in 70g urea
placement (Tg) followed by 10g to 40g urea placements. They
were on par with all other treatments except with control

(Tl) which recorded the lowest finger length of 19.33 cm.

4.A.4.3.4 Finger girth/grade
The best grade of 14 cm was recorded in 30g urea
placement (TS) and was on par with all other treatments.

The least was observed in control (13) (Plates 4 and 5)
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4.A.4.3.5 Filling index

Filling 1index recorded non-significant difference
between treatment means. But in comparison with control
(Tl) which was having 6.341, all other treatments recorded
higher index values and the most superior treatments were

30g (TS) and 50g (T;) urea placement (7.83 and 7.49

respectively).

4.A.5. SPRAY VOLUME OF UREA

The effect of different volumes of urea spray on

different characters are presented in Table 5.

4.A.5.1 Morphophysiological characters
4.A.5.1.1 Angularity

The differences in angularity are neither pronounced
nor significant. 500 ml spray a4t 1% concentration (TQ

recorded the least angularity.

4.A.5.1.2 Fruit curvature index (FCI)

Though the differences between treatments were not
significant. Spraying 750 ml of 1% urea showed very high

FCI values. The lowest was recorded in the control (Tl)'

4.A.5.1.3 Pedicel strength

Different volumes of spray at different concentration

did not reveal any specific trend.
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ible 5 Effect of “Spray volume of Urea’ on morphophysiological characters and yield in banana
cv. 'Nendran'’
ANOVA ARCOVA
‘ratments Angqgula- Fruit Pedicel Days to Days to Shelf Filling Bunch D’ Length Sirth
rity Curva- strength harvest ripening life Index weight finger (cm) <m)
ture (days) (kg) weight
Index {q)
{PCT)
T. .24 1703.5 0.833 84.67 3.67 3.00 6.34 4.50 121.67 19.5 11.83
(35) (35) (35 35
T. S 3353.97 1.083 78.33 5.00 3.00 6.93 6.01 165.0 24.17 12.75
(37.67) (37.67) (37.67; (27.67)
T. - 2%48.07 5.867 71.33 4.67 2.67 6.83 6.77 166.67 24.33 12.83
(33.67) (34.67) (34.67; 34.67)
T, L1402 2408.51 1.090 76 .00 3.33 3.00 7.40 7.17 178.33 24.00 12.67
(38.33) (38.33) (38.33) {38.33)
T, 5.087 1444.19 0.797 73.33 3.67 2.67 7.02 5.95 165.00 23.50 13.67
(39.33) (39.33) (39.33) (39.33)
T, 2.228 3004.17 0.817 74.33 4.00 2.67 7.59 6.07 176.67 23.33 12.67
(36.33) (36.33) (36.33) (36.33)
T. 0.113 6692.97 0.833 72.00 3.00 3.00 6.59 6.95 156.67 23.83 12.83
(37.33) (37.33) (37.33) (37.33)
T, 2.229 1771.10 1.100 74.67 3.33 2.67 6.37 5.93 155.00 24.67 13.30
(40.33) (40.33) (40.33) (40.33)
T, 2.176 3110.10 0.963 77.00 3.67 2,67 7.18 6.98 181.67 25.33 3.50
(34.33) (34.33) (34.33) 24.33)
T, 2.224 2691.00 0.917 77.67 3.67 2.67 6.58 6.21 155.00 23.33 12.87
(38.00) (38.00) (38.00) (23.00)
0.05) NS NS NS 1.239 0.973 NS NS NS 27.31 2.183 0.737
0.42 0.33 5.26 0.74 0.25
Tl - Control (no spray) T6 -~ 500 ml 5% urea (Pigures in paranthesis denote the number o
T2 - Control (water spray) T7 - 750 ml 1% urea of fingers taken as a co-variate in ANCOVA) (&4
T3 - 256 =l i- urea T3 - 750 ml 5% urea
Th - 2957 2 h uarea T ~ 1000 ml 1- nrea
TT - 300 s QY oA TLG -~ 1020C ml 5+ ares



4.A.5.2 Eftect on maturity, ripening and shelf-life
4.A.5.2.1 Days to maturity

All imposed treatments did effect the number of days
taken to maturity and results were statistically
significant. As in all other cases, here also, the control
(T&) matured later (84.67 days) compared to the other
treatments. 250 ml spray of 1% concentration (T3) advanced

the maturity by 12 days which was on par with 750 ml of 1%

spray volume (Tﬂ.

4.A.5.2.2 Days to ripening

Significant difference between treatments were
observed in number of days taken to ripening. Spraying 750
ml at 1% concentration (Ty) ripened fruits within 3 days and
was on par with spray volumes of 500 ml and 1000 ml. On

the other hand, the T, (control water spray) took 5 days to

ripen.

4.A.5.2.3 Shelt-lite

The two controis recorded higher shelf life. Almost

all sprays reduced the shelf life but the reduction was not

significant.

4.A.5.3 Yield attributes
4.A.5.3.1 Bunch weight
The quantity of spray did influence the bunch weight.

The highest bunch weight (7.17 kg) was reported with 250 ml
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of 1% urea spray (T4). In general 290 ml! sprays recorded
better bunch weights followed by 1000 ml sprays, in
comparison with the control which yielded the lowest. The

results were however not significant.

4.A532 D' tinger weight
One litre of spray at 1% concentration (Tg) gave
fingers of 131.67g weight and which was the best and was on

par with the other treatments; except the control (121.67).

4.A.5.3.3 Finger iength

The data on finger 1length signifies the distinct
influence of urea spray volume on finger length. Compared
to control (Tl)' which registered an average of 19.5 cm, all
the treatments were superior. The longest fingers were
observed at 250 ml sprays at 5% (T4), 750 ml at 5% (TB) and
control cut (TZ)' However all treatments except the control

(Ty) were on par with each other.

4.A.5.3.4 Finger girth/grade

A general trend of increase in girth was observed with
increase in spray volume. 1600 ml sprays at 1% and 5%
concentration (T and Ty;) recorded better grade fruits
(13.67 cm) and were on par with 750 ml and 500 ml spray and

significantly superior to control (Tl)and other treatments.



4.A.5.3.5 Filling index

Eventhough, no significant difference existed the

general superiority of 250 ml and 500 ml sprays were

observed.

4.B MAIN EXPERIMENTS

The main experiments which formed the main core of the
investigation were based on the results of the preliminary
experiments.
4B.6 Effect of combinations of male bud pruning and doses of urea on quantitative and

qualitative characters of yield in banana

4.B.6.1 Morphophysiological characters
Data on morphophysiological characters and days taken

to maturity, ripening, shelf life and filling index are

presented in Table 6.

4.B.6.1.1 Fruit curvature index (FCI)

A perusal of data reveals that the effects of
treatments were not significant. Except 50g urea placement
(’1‘5) done after one week of full emergence of the bunch

(999.11) all other FCI did not! show much variation from the

control.

4.8.6.1.2 Pedicel strength

Eventhough the analysis of the data revealed no

significant differences between treatment means, pedicel
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Table 6 Effect of

‘bunch stalk feeding of urea'

characters in banana cv. "Nendran'

54

on morphophysiological

ANOVA

Treatments Fruit Pedicel Days to Days Shelf Fill-

Curva- strength maturity to life ing

ture ripen- (days) index

Index ing

(FCI)
'I'1 1 waeb+10g urea 3090.00 0.819 62.5 10.5 2.25 7.9
T, " 4+ 0g urea 2500.02 0.813 64.0 8.5 2.0 8.41
T3 " 4+ 30g urea 1816.67 0.850 71.5 10.0 2.0 10.20
T, "+ 409 urea 1809.60 0.641 61.0 6.5 2.5 7.95
T5 " + 509 urea 999.11 0.755 67.5 5.5 1.5 9.42
T6 2 waeb + 10g 2303.7% 0.851 68.5 9.0 2.25 8.71
T, " + 20g 3880.00 0.718 77.0 9.5 2.0 8.60
Ty " + 309 1800.00 0.683 76.5 10.0 2.5 10.55
T9 " + 40g 2334.45 0.800 0.5 9.5 2.25 9.38
Ty " + 60g 3075.00 0.813 63.0 10.0 2.0 6.78
Ty 3 waeb + 10g 2594 .45 0.813 68.5 10.0 2.0 8.59
TM " + 20g 3877.47 0.848 69.5 10.5 2.0 9.01
TU " + 30g 2595.39 0.801 11.5 10.% 2.0 8.69
Ty, " + 40g 2972.62 0.810 64.0 100 2.25 9.9
T” " + 50g 2126.67 0.833 6.5 9.0 2.0 9.45
T“ 4 waeb + 10g 5275.00 0.750 70.5 10.5 2.5 7.89
T” " + 20g 3316.67 0.648 63.5 8.5 2.0 8.02
TN " + 30g 2738.70 0.592 73.5 .0 1.5 10.7
TH " + 40g 2817.85 0.752 TEh 8.0 2.0 9.34
TM " + 50g 2815.56 0.72% ~3.0 o 1.75 8.59
TI Control 1226.79 0.775% PR b.n 4.0 8.34
(%o pruning/urea)
CD (0.05)
W NS NS 4.01 NS NS NS
D NS NS NS NS NS NS
WxD NS NS 8.73 NS 0.794 NS

Waeb - weeks after emergence of bunch/after female phase
W - weeks; D - dose of urea;

WxD - Interaction effects



strength was best in 4 weeks + 309 urea placement (Tm) and
4 weeks + 20g urea treatment (T,;) which recorded value of

0.592 and 0.648 respectively.

4.8.6.2 Effect on maturity, ripening and sheif-lite and filling index

4.8.6.2.1 Days to maturity

There was profound influence on days taken to maturity
which was also statistically significant 1 week + 40g
urea placement (T4) recorded the carliest maturity and this

was 21 days earlier than control (82 days) and it was on
par with 1 week + 10g (Tl)' 1 week + 209 (Ty), 1 week + 50g
(Ts), 2 week + 10g (T;), 2 week + 504 (Ty), 3 week + 10g
(TM)' 3 week + 20g (TH)' 4 week + 20g (TH) and 4 week + 50g

(TN) urea placements.

4.B.6.2.2 Days to ripening

Days taken to ripening was faster in treatment
combination of 4 weeks + 30g (Tw) followed by 1 week + 50g
(TM) urea placements. They ripened within 5-5.5 days but

the results were not significant.

4.B.6.2.3 Shelf-life

The data on shelf-life revealed that the differerces
between treatment means were significant. All the
treatments reduced the shelf life. The treatments,
1 week + 50g urea (T5) and 4 weeks + 30g urea (Tw) had a

shelf life of only 1.5 days.
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In general, the 50 g urea placement showed drastic
reduction 1in shelf 1life. So also, all treatment

combination with 4 weeks pruning showed reduced shelf life.

4.B.6.2.4 Filling index
4 weeks + 30g (Tw); 2 weeks + 30g (Ty) and 1 week + 30g
(Ty) recorded maximum filling indices of 10.7, 10.55 and

10.2 respectively, but the results were not significant.

4.B.6.3 Yield characters

The data on yield and yield characters are presented

in Table 7 are dealt under the following heads.

4.8.6.3.1 Bunch weight

The data on bunch weight are presented in Table 7.
The difference between treatment means showed statistical
significance. The best results were obtained in treatment
combinations of 2 weeks + 30g urea (Ty), followed by 4 weeks
+ 30g urea (Tw) and 3 weeks + 30g urea treatment (T”). The

general superiority of 30g treatment was very evident.

Again, all treatment enforced after 2nd week, 3rd week
and 4th week gave better yields than control (Fig.g 9)

(Plates 6, 7 and 8)).

be



Tabte 7/

T,

W

Bunch stalk feeding of urea and yield attributes in
banana cv. ‘Nendran'
ANCOVA Finger weight (g) ANCOVA
Trestusuts Bunch First Last ‘D! Length Girth
weight hand hand finger {cm) (cm)
(kq) (p' D'
tinger) finger
1 waeb+10g urea 8.13 185.0 110.0 169.03 21.41 12.99
(47.0) (47.0) (47.0) {47.0)
" +%Wg urea 8.78 215.0 135.0  176.06 21.69 13 03
(50.9) (50 %) (50 %) (%0.9)
+ 309 urea 10.79 245.0 165 .0 235. 640 23 35 1y 72
(48.5) (48.%) (48.%) (48.5)
"+ 409 urea 7.97 175.0 100.0 174.94 21.83 12.87
(45.5) (45.9) {45.5)  (45.%)
"+ 50¢ urea 8.85 170.0 150.0 224.95 22.41 13.72
(40.0) (40.0) (40.0) (40.0)
" waeb + 109 10.97 225.0 180.0 212 44 24 UH 1y.0¢
(45.0) (4% 0) (4% o) (45 .0)
¢+ 20¢ 10.04 220.9 LT 182w JdouB 13.1%
(52.0) fop 50 {52.0)
+ 30¢g 12.49 230.0 I RAN 240 N T4 Uk
(43.0) (43 L4 ) f43.0)
" + 40¢g 11.01 225.0 130.0  225.1¢6 24.01 13.10
(46.5) (46.9) (46.5) (46.%)
+ 50g 7.23 180.0 122.0 145.84 22.217 12.45
(49.9) (49.5) (49.5) (49.9)
1 waeb + 10g 8.39 205.0 120.0 172.65% 21.08 12.5%
(52.0) (52.0) (52.0) (52.0)
" + 20g 9.47 195.0 157.0 207.44 22.83 13.12
(45.5) (45.5) (45.9) (45.5)
" + 30g¢g 10.01 235.0 145.0 204.48 24.06 13.06
(49.0) (49.0) (49.0) (49.0)
v + 40g¢ 9.44 160.0 130.0 201.99 21.24 12.80
(43.5) (43.9) (43.5) (43.5)
" + 50g 10.92 240.0 140.0 216.79 23.14 13.23
(48.0) {(48.0) (48.0) (48.0)
4 waeb + 10g 10.26 197.% 137.% 184.26 22.57 12.57
(42.5) (42.5) (42.9) (42.5)
" + 20g 8.07 170.0 125.0 174.94 21.58 12.87
(45.5) (45.9) (45.5) (45.5%)
" + J30g 11.02 230.0 132.5% 236.75 22.39 14.48
(48.0) (48.0) (48.0) (48.0)
" + 40g 9.47 225.0 130.0 206.3 22.04 13.51
(46.0) (46.0) (46.0) (46.0)
" + 509 9.33 215.0 135.0 181.53 21.22 12.99
(47.0) (47.0) (47.0) (47.0)
TN Control 8.04 200.0 105.0 173.13 20.03 12.06
(No pruning/urea) (43.0) (43.0) (43.0) (43.0)
CD (0.09)
NS NS N N NG NS
1285 NS NG N NS
NS NS 43,93 NG NG NS

~“uekhs after emergence of bunch/afters
;D - dose of urea;
tiutes 1o paranthesis denotes finger No. take

WOURS

WxD -~

A

t

tomelo phane
Interaction witect.

Faraate

I ANUCOVA)



Fig8 FEffect of bunch stalk feeding of urea on bunch weight

*Nendran’

in banana cv.
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rig.9 Bar diagram showing yield response with time of application
and combinations of urea
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Plate 6 Bunch - Effect of 30 g urea placement at 2 weeks after
bunch emergence






Plate 7 Bunch stalk feeding of urea - effect on Tv h. a
Clon D hand and D' fingor

Plate 8 Bunch stalk feeding of urea - effect on D finger






4.B.6.3.2 Finger weight

4.B.6.3.2.1 First hand level

Though the difference between treatment means were not

significant, the general superior:ty of 30g treatment was

observed.

4.B.6.3.2.2 'D' finger weight

Eventhough, the analysed data revealed no statistical
significance, combination treatments of 4 weeks + 30g urea
placement, 2 weeks + 30g urea placement and 1 week + 30g
urea placement yielded fingers of 240g in comparison with

control which recorded only 16bqg.

4.8.6.3.2.3 Last hand level

Though the fingers of last hand showed significant
differences, it was of less consequence., The combination
of 2 week + 10g urea placement (T:) tollowed by 2 week + 30g

(Ty) were the best treatments.

4.8.6.3.3 Length of 'D' finger

The difference between treatment means were not
significant. However, the longest ones (24 cm) were
obtained in combinations of 2 weeks + 10g urea (Tﬁ), 3 weeks

+ 30g urea (Tm) and 2 weeks + 40g urea placements (Ty) . The

control measured only 20.01 cm

58
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4.B.6.3.4 Finger girth/grade

Most of the treatments recorded better grade than
control. Though not significart the maximum girth was
obtained in 4 weeks + 30g (Tw) and 2 weeks + 30g urea
placement (TB) which recorded 14.48 cm and 14.06 cm

respectively

4.B.6.4 Ripened fruit characters

The data in the different characters are presented in

Table 8.

4.8.6.4.1 Ripened fruit weight (' D' finger)

Though the treatment differences were not significant
the yeneral superiority of pruning treatments with 30g urea
placement was observed. The best treatments were 1 week
pruning + 30g followed by 4 weex pruning + 30g, 2 week +

30g and 3 week + 30g urea placement

4.8.6.4.2 Pulp weight

Pulp weights of all the treatments revealed
significant differences between treatments. Higher pulp
weight was again recorded in 30g placements. The best
treatments were observed in combinations of above with 2
weeks of pruring, followed by 4 weeks, and 3 weeks and were

significantly superior to the control.



Table 8 Eftect of “bunch stalk feeding of urea' on ripened fruit

characters in banana cv. "Nendran'
ANOVA
Treatments Ripened Pulp P«ui ” P;lﬁ/ ~~-;qu"ww~é;§i~f
fruit waight weatght peal thick- thick
weight (g) (g ratio ness ness
I @O | (em)  fem)
Ty 1 waeb+10g urea 136.28 101.96 13 .43 102 3.2% 0.115
TZ " 4+ 209 urea 135.23 103.31 31.72 3.27 3.3 0.202
T "+ 30g urea 182.32 141.17 41.13 3.52 3.3 0.204
T4 "+ 40g urea 128.14 97.57 30.57 3.24 3.4 0.107
T5 " + 50g urea 154.71 125.92 28.63 4.54 3.35 0.103
T6 2 waeb + 10g 157.32 119.61 37.63 3.21 3.35 0.112
T, " + 20g 137.24 105.25 26.29 4.12 3.10 0.104
TB " + 30g 178.89 148.62 34.90 4.47 3.55 0.105
T9 " + 40g 152.82 119.83 32.79 3.68 3.23 0.109
TIO " + 50g 108.09 83.52 23.04 3.1 2.98 0.111
Tll 3 waeb + 10g 148.38 118.65 29.66 3.99 3.35 0.114
T12 " + 20g 152.29 122.92 29.31 4.26 3.4 0.108
T13 " + 30g 169.54 125.85 43.66 5.42 3.4 0.160
T“ " + 40g 154.71 114.36 45.32 2.87 3.1 0.107
TlS ! + 50g 171.09 129.73 40.54 3.19 3.38 0.116
T“ 4 waeb + 10g 125.88 912.905 37.52 2.48 3.25 0.148
'1'17 " + 20g 130.43 89.61 40.82 2.74 2.9 0.163
Tl& " + 309 179.52 139.72 42.94 3.24 3.5 0.156
T19 " + 40g 172.4 128.79 38.04 3.46 3.4 0.159
T20 " + 50g 138.75 111.96 26.32 4.35 3.25 0.103
T,, Control 111.65 91.49 20.04 4.55 3.05 0.109
(go pruning/urea)
Ch (0.05)
1) NS NS NS o NS ) NS NS
D 23.02 16.88 NS NS NS NS
WxD NS 35.03 NS NS NS NS
Waeb - weeks after emergence of bunch/after temale phase
W ~ weeks; D - dose of urea; WxD - Interaction offects
(Figures in paranthesis denotes finger No. taken as o a ¢o watdaty in ANCOVA)




4.B.6.4.3 Peel weight

No significant differences between treatment means
were observed in the case of peel weight. One important
observation is that the weights of the peel in all

treatments was higher than the control.

4.8.6.4.4 Pulp/peel ratio
The data clearly indicate that the control had a
higher ratio. The only treatment which recorded almost

similar value was 1 week pruning + 50g urea placement.

4.B.6.4.5 Pulp thickness

High pulp thickness was observed in 30g placement in
combination of pruning of stalk 2 weeks and 4 weeks after

complete emergence.

4.B.6.4.6 Peel thickness

There was no definite trend or statistical

significance observed in case of peel thickness.

4.B.6.5 Qualitative characters

The data are presented in Table 9.

4.B.6.5.1 Acidity

All the treatments except 4th week pruning + 30g urea

placement resulted in an increment in acidity compared to

control.

el



Table 9

Effect of “bunch stalk feeding of urea' on quality of

fingers in banana cv. “Nendran'
Treatments ANOVA
Acidity T.S.S. Sugars (%)
(%) (°brix)
Reducing Non- Total
reducing sugars
Tl' 0.371 27.1 13.06 0.816 13.87
T 0.410 25.7 10.62 2.506 13.12
T3 0.448 27.5 13.82 2.353 16.17
T4 0.435 25.0 10.68 0.764 11.44
TS 0.384 25.7 11.73 2.418 15.61
Ty 0.384 23.8 14.20 0.636 14.84
T, 0.384 26.0 12.69 0.709 12.87
T8 0.320 25.6 14.59 0.909 16.58
Ty 0.333 22.6 12.69 0.748 13.44
Ty 0.346 25.7 11.80 0.540 12.34
Ty 0.299 28.0 14.51 2.590 16.82
TU 0.615 24.2 11.38 0.518 11.892
T“ 0.307 28.5 15.51 2.479 17.98
CD (0.05)

W NS NS NS NS NS

D NS NS NS 0.893 NS

WxD NS NS NS NS NS
T1 - waeb+10g urea; T4 - 2 waeb+10g urea; T7 - 3 waeb+10g; T10 - 4 waeb+10g
T2 - " +430g " T5- " +30g " " T11 - " +30g
T3 - " +50g " T6 - " +50g " " +50g9 T12 - " +50g

T13 - Control

*Waeb - weeks after emergence of bhunch

W - weeks; D - dose of urea;

WxD - Interaction of weks and dose



4B.6.5.2 T.S.S.
The wurea treatments decreased T.S.S compared to

control (28.6° brix). When applied in the earlier phases

of fruit growth it was found to decrease T.S.S.

4.8.6.5.3 Sugars
4.8.6.5.3.1 Reducing sugars

Highest per cent of reducing sugars was observed in
the control. All treatments reduced the quantity but the
reduction was much less in early pruning of stalk 1in

combination with urea.

4.B.6.5.3.2 Non-reducing sugars
The early pruning in combinations of 30g and 50g urea
and 4 week pruning in combination with 30g gave highest

non-reducing sugar per cent which was on par with the

control.

4.B.6.5.3.3 Total sugars

The total sugar was maximum in control. All

treatments reduced the total sugar content.

4.B.6.6 Biochemical aspects
The data on methionine and carotene content are
presented in Table 10, where as data on urease activity,

urea and nitrite N are presented in Table 11.



Table 10 Effect of “bunch stalk feeding of urea' on days to maturity,
ripening, methionine and carotene content in in banana cv. “Nendran'

Days to Days to Total Methionine Caro-
maturity ripening time (mg/100 g) tene
Treatments to (ppm)
Total After 50% Full ripen
treat- ing
‘ment
T1 68.5 52.5 7.0 9.0 77.5 21.0 44 .89
T2 76.5 65.5 8.0 10.0 86.5 32.0 27.25
T3 63.0 48.0 B.5 10.0 73.0 43.5 25.11
T4 70.5 42.0 9.0 10.5 81.0 44 .5 25.15
Ty 73.5 47.5 4.0 5.0 78.5 58.0 21.20
Tb 63.0 44.0 5.5 7.0 70.0 38.5 32.05
T7 82.0 - 5.5 8.5 89.0 64.0 41.17
CD (0.05)
W 7.11 NS NS NS NS NS 4.18
DC NS NS NS NS NS NS NS
WxD 12.02 NS NS NS NS NS 14.8
Tl - 2 waeb+10g urea T4 ~ 4 waeb+10g urea
T2 - " +30g " TG - " +30g "
T3 - " +509 " '['6 —_ 1" +50g "

T7 - Control

Waeb - weeks after emergence of bunch
W - weeks after bunch emergence

D - dose of urea

WxD - Interaction effect



4.B.6.6.1 Methionine
The four week pruning of bunch stalk in combination
with 10g urea placement and control showed the highest

methionine content and recorded almost similar values.

4.B.6.6.2 Carotene

The data on carotene content in ripened dried fruits
showed significant difference between treatment means.
Urea feeding resulted in a reduction in carotene content
except in treatment of 2 weeks pruning + 10g urea

placement, where an increase in content was observed.

4.B.6.6.3 Urease activity at fruit ripening

Analysis of data (Table 11} revealed that the highest
urease activity, 31.93umol /Nil,/g/min was recorded by
combination of 2 week pruning with 30g urea placement and
control fruits recorded the least (7.07%umol NH3/g/min.).
(Fig.10)
4.8.6.6.3 Urea content at fruit ripening

Variations were observed with treatments in the
content of urea in fruits. Control fruits also contained
urea but its content was very low (47.85 ppm). Combination
of 2 week trimming of stalk and 10g urea placement showed
the 1lowest content of 16.36 ppm whereas all other
treatments recorded higher values than of control. The
highest urea content was observed in 4 week pruning of

stalk in combination with 10g urea (Fig.11)
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Table 11 Etfect of ‘bunch stalk feeding of urea' on urcase activity,
urea content and nitrite N content in banana cv. “Nendran'

&6

Treatments Urease activity Urea content (ppm) Nitrite N
(umol NHy/g/min) (ppm)

T, 24.59 16.36 0.099
T2 31.94 39.89 0.085
T3 14.49 68.85 0.156
Tl 10.85 75.66 0.048
T5 22.67 42.92 0.053
Ty 15.36 68.85 0.100
T, 7.08 47.85 0.064
CD (0.05)
W NS NS NS
D NS NS NS
WxD NS NS NS

Tl - 2 waeb+10g urea T4 - 4 waeb+10g urea

™2 - " 4309 " TS - " +30g "

T3 - " +50g " T6 - " +50g "

T7 - Control

*Waeb - weeks after emergence of bunch
W - weeks after bunch emergence

D - dose of urea

WxD - Interaction effect



Fig.10 Effect of bunch stalk feeding of urea on urease activity (smol NH./g/min)
in banana cv. *Nendran'
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Fig.11 Effect of bunch stalk feeding of urea on urea content (ppm)

*Nendran'
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Fig.12 Effect of bunch stalk feeding of urea on nitrite N content (ppm)
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4.8.6 6.4 Nitrite N

Analysis of data shows thar . there exi1sted difterences
in concentrations of nitrite N, bt it was not significant.
A combination of 2 week pruning with 50g urea placement
showed higher wvalues. A gradation 1is observed with the

nitrite N increasing with urea placementS(Fg¢z)

4.B.7. UREA SPRAY
4.B.7.1 Morphophysiological characters

The data on effect of wurea spray in morpho-
physiological characters, maturity, ripening, shelf 1life

and filling index are presented in Table 12.

4.B.7.1.1 Fruit curvature index (FCI)

A perusal of data presented showed differences among
the various treatments but no significant differences were
observed. The control water spray (T”) recorded the

highest value. 3 sprays at 3% concentration recorded the

best FCI value of 4550.

4.B.7.1.2 Pedicel strength

Urea spraying had no much influence on altering the
pedicel strength and there existed no-significant
differences among the treatment means. The lowest pedicel
strength was observed in treatments involving 2 sprays of

5 per cent concentration at 4th and Sth week after bunch



Table 12 Effect of “urea spray on morphophysiological characters in banana
cv. "Nendran'

Treatments ANOVA
Fruit Pedicel Days to Days Shelf Fill-
Curva- strength maturity to life ing
ture ripen- (days) index
Index ing
(FCI)
3026.43 0.834 76.0 7.5 2.5 10.79
T 3 waeb+1%g urea
TZ "+ 2% urea 2521.43 0.857 68.5 6.5 1.75 9.75
T, "+ 3% urea 1516.89 0.803 76.0 6.5 2.00 8.45
T, "+ 4% urea 1825.39 0.839 76.0 4.5 1.75 9.55
T, " 4+ 5% urea 1883.35 0.701 79.5 4.5 2.50 9.65
T, 4 waeb + 1% 1369.51 0.750 73.5 6.0 1.50 9.14
T, " + 2% 1570.13 0.928 73.0 7.5 2.00 9.04
Ty " + 3% 1519.45 0.833 69.5 5.0 1.50 9.92
Ty " + 4% 2750.00 0.887 72.0 10.0 2.00 8.6¢
Ty, " + 5% 1583.34 0.813 68.0 10.5 2.00 9.€2
T“ 5 waeb + 1% 1547.65 0.819 79.5 5.5 2.50 9.79
T” " + 2% 3303.85 0.773 73.0 7.0 2.00 9.54
T13 " + 3% 3178.00 0.694 77.5 8.5 2.50 7.63
TM " + 4% 2656.67 0.725 77.5 8.0 1.75 9.29
TM " + 5% 1507.74 0.831 76.5 6.5 2.00 9.23
TM 3rd & 4th 1296.43 0.875 78.5 10.0 2.00 9.07
waeb + 1%
T” " + 2% 2229.85 0.771 61.0 9.0 2.00 8.85
Ty " + 3% 3650.00 0.789 66.0 10.5 2.00 8.9z
Ty " + 4% 2585.00 0.734 64.0 6.0 2.00 11.55
" + 5% 2866.67 0.854 70.5 6.0 1.00 10.53

Contd....



Table 12 contd...

2481.67 0.70 69.0 8.0 2.0 9.77
Ty 4th & 5th
waeb + 1%
TH " + 2% 1826.41 .863 72.0 9.0 2.0 9.35
TN ! + 3% 1972.25 .845 72.5 7.0 2.5 9.38
TH ! + 4% 1208.13 .729 66.5 11.0 2.0 8.13
T% " + 5% 1427.15 .973 68.5 7.5 2.0 6.71
T% 3rd & 5th 2875.00 .866 79.0 7.0 2.0 9.98
waeb + 1%
TN " + 2% 1047.78 .872 77.0 7.0 1.5 8.17
TM " + 3% 2900.00 .826 72.0 7.5 1.5 8.57
T” " + 4% 2352.10 .863 69.5 8.0 3.0 9.36
TM " + 5% 2843.75 .652 69.5 5.0 3.0 10.61
TM 3rd, 4th & 5th 2015.00 .764 74.0 6.0 2.5 10.22
waebh + 1%
Tn " + 2% 2477.25 .757 70.0 6.5 2.0 10.00
TB " + 3% 4550.00 .764 71.5 6.5 2.0 9.32
T“ " + 4% 2910.40 .823 64.0 5.5 3.0 6.98
T% " + 5% 1166.67 .875 73.0 7.5 3.0 6.00
Ty Control 1824.75 . 750 80.5 8.5 4.0 9.17
(no spray)
TN Control 6487.50 .750 82.5 10.0 3.5 9.08
(water spray)
CD (0.05)
W NS NS 2.889 1.328 0.356 0.85
C NS NS 2.442 NS NS NS
WxC NS NS 6.287 3.086 0.800 2.00

Waeb - weeks after emergence of bunch/after female phase
W - weeks; C - concentration of urea;

WxC - Interaction effects



emergence (TH)' Best pedicel strength was obtained at 5%

concentration given as 2 sprays at 3rd and 5th week after

emergence (TN)'

4.B.7.2 Effect of urea sprays on maturity, ripening, shelf life and filling index
4.B.7.2.1 Days to maturity

Both controls (no spray and water spray) took more
days (80.5 and 82.5 days) for attaining the harvestable
maturity stage. The earliest maturity was recorded in
treatments involving 2 sprays at 3rd and 4th week
after emergence of the bunch with 2% spray (Ty;) followed by
2 sprays at 3rd and 4th week after emergence with 4%
concentration (TW) and 4 per cent sprays at 3rd, 4th and

5th week after full emergence o! the buach.

4.B.7.2.2 Days 1o ripening

Significant difference exist between the treatment
means . Earliest ripening was racorded in 2 treatments of
sprays at 4% and 5% concentration both enforced after
3 wevks of full emergence (T‘ ind Yt which took  only
4-5 days. 2 sprays at 4th and 5th week after bunch

emergence at 4 per cent concentration took the maximum of

11 days to attain ripening.

4.B.7.2.3 Shelf-life

Significant differences were observed between

treatment means. Out of the 37 treatments, the two

gie



controls are having more shelf-1ife (4 and 3.5 days)
compared to the various treatments. The shortest shelf
life of one day was observed in 2 sprays of 5 percent
concentration enforced at 3rd and 4th week after emergence

ot the bunch (TN)'

4.B.7.2.4 Filling index

A critical analysis of the data revealed no
significant differences among the treatment means.
Compared to controls, the highest value of 11.552 was
recorded when urea at 4% concentration was sprayed 3rd and
4th week after bunch emergence (Tw) followed by one spray
of 1% concentration at 3 week after emergence (Tl) which
were on par with a number of treatments. The least filling
index (6.00) was noted in the case of 3 sprays at 5%
concentration (T”) the controls recorded filling indices of

9.17 and 9.08 respectively.

4.8.7.3 Yield attributes

The data on yield attributes are presented in

Table 13.

4.B.7.3.1 Bunch weight

A perusal of data reveal the clear influence of
various treatments on increasing/decreasing the bunch
weights. The treatment. maans showed silgniticant

differences. The highest bunch weight of 11.375 kg was

1



iffect of “urea spray on yield attributes in banana cv. "Nendran'

oY)
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ANCOVA Finger weight ANCOVA

Treatments Bunch First Last ‘D' Length  Girth
weight hand hand finger (cm) (cm)

Ti 3 waeb+1%g urea 9.84 235.0 180.0 230.36 21.33 13.77
(46.0) (46.0) (46.0) (46.0)

T2 "+ 2% urea 9.37 200.0 145.0 197.55 20.57 12.88
(40.0) (40.0) (40.0) (40.0)

T3 "+ 3% urea 7.90 230.0 135.0 170.36 20.08 12.37
(46.0) (46.0) (46.0) (46.0)

T, "+ 4% urea 9.29 200.0 145.0 229.27 23.84 13.56
(49.0) (49.0) (49.0) (49.0)

T5 " 4+ 5% urea 10.69 205.0 130.0 220.18 22.79 14.01
(46.0) (46.0) (46.0) (46.0)

T, 4 waeb + 1% 7.99 210.0 160.0 187.63 20.47 12.98
’ (53.0) (53.0) (53.0) (53.0)
T7 " + 2% 9.39 205.0 145.0 187.45 20.43 12.87
(54.0) (54.0) (54.0) (54.0)

T3 " + 3% 10.18 245.0 130.0 228.36 22.88 13.67
(57.5) (57.5) (57.5) (57.5)

T9 " + 4% 10.66 250.0 180.0 206.09 23.74 13.31
(44.0) (44.0) (44.0) (44.0)

TN B + 5% 7.78 210.0 135.0 185.68 19.09 12.16
(52.0) (52.0) (52.0) (52.0)

TM 5 waeb + 1% 9.78 210.0 170.0 192.90 21.65 14.15
(39.0) (39.0) {39.0) (39.0)

TH " + 2% 9.85 230.0 145.0 215.36 22.58 13.02
(46.0) (456.0) (46.0) (46.0)

Tg " + 3% 7.06 155.0 122.5 148.72 19.46 12.33
(50.0) (50.0) (50.0) (50.0)

TM " + 4% 9.25 220.0 165.0 194.99 20.99 13.50
(47.0) (47.0) (47.0) (47.0)

T“ " + 5% 9.40 215.0 160.0 210.49 22.55 13.15
(52.5) (52.5) (52.5) (52.5)

TH 3rd & 4th 10.67 205.0 135.0 199.54 22.52 12.98
waeb + 1% (34.5) (34.5) (34.5) (34.5)

T17 " + 2% 9.23 175.0 135.0 190.18 21.54 13.01
(46.5) (46.5) (46.5) (46.5)

TH " + 3% 8.59 200.0 150.0 196.40 21.75 12.44
(50.0) (50.0) (50.0) (50.0)

TH " + 45 9.54 230.0 140.0 227 .45 19.83 13.58
(43..) (4..0) (43.0) (43.0)
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Tap " + B% 11.26 255. 200.0 243.72 22.96 13.18
(50.5) (50.5) (50.5) (50.5)
Ty 4th & 5th 8.40 205. 145.0 220.36 22.58 13.77
waeb + 1% (46.0) (46.0) (46.0) (46.0)
T22 " + 2% 9.72 220. 160.0 197.45 20.93 13.02
(54.0) (54.0) (54.0) (54.0)
T73 " + 3% 11.17 225. 175.0 227.31 24.21 14.09
: (47.5) (47.5) (47.5) (47.5)
TQ! " + 4% 9.38 175. 130.0 195.54 24.02 13.03
’ (45.5) (45.5) (45.5) (45.5)
TZ‘ " + 5% 6.57 150. 95.0 131.77 19.59 11.31
(49.0) (49.0) (49.0) (49.0)
T2é 3rd & 5th 9.91 222. 175.0 214.09 21.29 12.70
waeb + 1% (49.5) (49.5) (49.5) (49.5)
T27 " + 2% 8.12 270. 130.0 184.27 22.58 13.46
(49.0) (49.0) (49.0) (49.0)
Tﬂg " + 3% 10.20 205. 165.0 180.18 21.64 12.26
(46.5) (46.5) (46.5) (46.5)
Tog " + 4% 7.71 200. 135.0 198.90 21.01 12.79
(50.0) (50.0) (50.0) (50.0)
T30 " + 5% 11.38 255. 165.0 260.18 24.54 14.26
(46.5) (46.5) (46.5) (46.5)
T31 3rd, 4th & 5th 10.35 235. 170.0 235.18 23.04 13.66
waeb + 1% (46.5) (46.5) (46.5) (46.5)
T32 " + 2% 9.01 205. 125.0 203.45 20.77 13.18
(37.5) (37.5)  (37.5) (37.5)
T33 " + 3% 9.33 230. 175.0 205.54 22.12 13.03
(45.5) (45.5) (45.5) (45.5)
Ty " + 4% 7.18 165. 125.0 145.90 21.20 12.65
(44.5) (44.5) (44.5) (44.5)
Ty " + 5% 6.44 145. 110.0 119.27 19.84 11.46
(49.0) (49.0) (49.0) (49.0)
T35 Control (no 7.70 185. 105.0 176.09 19.24 11.27
spray) (44.0) (44.0) (44.0) (44.0)
T3, Control 7.96 195. 120.0 180.36 20.08 12.06
{water spray) (46.0) (46.0) (46.0) (4%.0)
Co (0.05)
W NS NS NS NS NS NS
C NS NS NS NS NS NS
WxC 2.763 NS 50.07 52 .15 NS NS
Waeb - weeks after emergence of bunch/after female phase
W - weexs; C - concentration of urea; WxC - Interaction effects
Figurss in parenthesis denote - Finger number taken as a covariate in ANCOVA
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recorded at 5% concentration using 2 sprays at 3rd, and 5th
week after bunch SMer gernce . Ty tollowad by 5%

concentration sprays at 3rd and 4th week after bunch

emergence (Ty) (Fig.13 and 14, Plates 9, 10 and 11)

4.B.7.3.2 Finger weights
4.B.7.3.2.1 First hand level

Fventhough data represented no significant differences
higher finger weight of 270g was noted at 2% concentration
enforced at 3rd and 5th week after bunch emergeance (T”) and
the next best was at 4% concentral ton when only one gpray
was given 4 week after emerqence I tre nunch (Tg) tollowed
by sprays at 3rd and 4th week aftoer oemosigenca ut the bunch
with 5% urea concentration (Ty). The above treatments

recorded finger weights of 255 and 250g respectively.

4.8.7.3.2.2 ‘D' finger weight

The weights of D' finger, showed high variations the
highest finger weight of 260g were recorded when urea at 5%
concentration was sprayed 3rd and 4th week after complete
bunch emergence (TN); which was on par with a number of
other treatments. Finger weight decreased to the level of
120g when 2 sprays were given at 3,4 and 5 weeks after

bunch emergence which was found inferior to the two

controls (T“ and T”).



75

4.8.7.3.2.3 Last hand level

The middle finger from the last hand recorded
significant differences between ULruatment means. The
max imum finger weight of 200g was obtained when 2 sprays
were enforced at 3rd and 4th week after emergence of the
bunch at 5% concentration, (Tm) which was on par with a

number of other treatments (Data shown in Table 13)

4.8.7.3.3 Finger length ("D’ finger)

No significant differences exist between dlfferent
treatments means. Maximum length was recorded at 1% spray
using 3 sprays (T”) followed py 2 sprays of 2% at 4th and
5th week which recorded 24 %4 o "¢ ‘tv 'm tespactively.
The shortest length was recorded at 4% sgpray enforced 4

weeks after emergence.

4.B.7.3.4 Finger girth/grade

Almost all treatments gave better grade fingers
compared to control. Of these, urea spray at 1%
concentration, enforced at 5 weeks after bunch emergence
(Tn) and 2 sprays of 5% concentration done at 3rd and 5th
week after emergence (Tm) recorded 14.15 cm and 14.26 cm
respectively. The poorest grade of 11.32 cm among the
treatments was that of enforcement of 2 sprays at 4th and

5th week after bunch emergence with 5% urea concentration

(Tyy)



Fig.13 Bar diagram showing yield response with number of urea sprays
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rig.1a Bar diagram showing yield response with % of urea spray
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Plate 9 Bunch - Effect of 5% urea spray at 3rd and 5th week after
bunch emergence






Plate 10 U - Effect
rea sprays ec on O hand

Plate 11 Urea sprays - Effect on O hand and D' finger






4.B.7.4.4 Puip/Peel ratio

The mean of 2 sprays at 2% concentration at 4th and
5th week after bunch emergence recorded the highest pulp
ratio of 4.996 in comparison to control of 4.316. The

difference were higher but not significant.

4.8.7.4.5 Pulp thickness

Urea sprays at 3 week after complete bunch emergence
with 1% concentration (Tl) and 4% concentration (T4) and 2
sprays of 1% concentration 3rd ard 4th week after bunch

emergence (T%) recorded higher thickness of 31.4%, 3.45% and

3.5% am respectively.

4.8.7.4.6 Peel thickness

No much differences resulted due to the treatments.
Some o0f the treatments, like one spray at 3 weeks after
emergence of the bunch at 1% concentration (‘'y) and sprays

of 3% concentration at 4th aund 5th week alter comploete

emergence of the bunch (T”) tesulted in higher poeel

thickness of 0.204 and 0.20cm respectively, where as

control plants recorded only 0.110 ¢m and 0.152 ¢m.

4.B.7.5 Qualitative charactlers

The data on quality param:etor., ¢ tresented  1n

Table 15.

*C



Table 15 Effoct of urea spray on ‘quality of tingers' in banana
¢v. “Nendran'

ANOVA

Treatnents DAcidity ™SS Swsars (8
(%) ("brix) T T
Keducing Non Total
sUYart tuducing sugals
HUYArs

T, 3 waeb + 1% urea 0.358mw“;’fb 7‘) 12_8h 1.%49 14.461
T, " t 3% 0.499 23.00 14,458 0.369 14.945
T3 " +t 9% 0.31 21 h0 L2 he 1.9731 14.47
T, 4 waeb + 1% urea 0.371 24 un Lo 1. 40y 1.7
T, " TS S 0.379 F IS Pooon £.0156 IR
T, " 4y 0. 397 o1 YR Cn V2.8
T, 5 waeb + 1% urea 0.422 2630 15.64 3.212 14.8%
Ty " + 3% 0.346 27.00 13.01 1.132 14.14
Ty " + 5% 0.486 25.10 L6.03 1.13 17.16
TIO 3&4 waeb + 1% urea 0.327 26.10 15.0% 1.499 17.0%
Ty, " + 3% 0.486 25.30 13.18 1.75 14.92
Ty, " + 5% 0.371 20.50 10.09 1.21 14.29
T\; 4&5 waeb + 1% urea 0.371 25.50 13.28 1.28 14.56
Ty " + 3% 0.397 28.30 17.12 0.405 17.52
Tys " + 5% 0.538 23.30 15.34 1.64 16.99
Ty 38&5 waeb + 1% 0.346 25.00 14.87 1.29 16.11
Ty " + 3% 0.435 23.40 14.59 0.99 15.59
T " + 5% 0.364 22.170 10.71 1.13 11.84
Tyg 3,4&5 waeb + 1% 0.346 24.10 18.23 0.325 18.58
Ty "+ 3% 0.397 23.00 13.89 1.918 16.14
Ty "+ 5% 0.499 25 .50 15,99 2.013 17.61
T)) Control 1 (water spray) 0.410 27.90 15.93 2.334 18.468
Ty Control 2 (No spray) 0.384 27.50 16.09 2.479 17.99
Ch (0.05)
W NS NS - ;zs_ M-b‘l“s “ NS
C NS NS NS Ng NS
WxC NS NS NG N& NS
W = weeks after bunch comergence; (- concentrats o of urea WaC - (nleraction



4B.7.5.1 Acidity

Considering, acidity most of the treatments (urea
sprays) resulted in increasing the acidity compared to
control (0.384) and highest (0.533%) was noted 1in the
treatment of 2 sprays at 4th and 5Sth week alter cumergence
of the bunch with 5% concentration (1)), Scmse ot the
treatments especially involving the 2 gprays and 3 sprays

recorded less acidity than the control plants.

4B8.752 T1.S.S.

T.5.8. content of also varies highly waith respecl to
urea spray. All the sprays except that at 4th and 5th week
after been emergence at 3% concentration (TH) resulted in
T.5.5S. of 28.3° brix which 1s higher than the control

(27.57 brix). The results were howavar qor wigntlveant

4.8.7.5.3 Sugars
7.5.3.1 Reducing sugars

High differences existed among the treatment means.
Some ¢f the urea sprays increased vthe reducing sugars, like
one spray after 5 weeks of bunch emergence at 5%
concentration (Tg) and 2 sprays at 4th and 5th week after
bunch emergence with 3% urea concentration (TB) and 3 sprays
at a level of 1% concentration reported a content of

16.034%, 17.118% and 18.225% respectively.

18



73

Table 16 Effect of ‘urea sprays on mraturity, ripening, methionene and
carotene content in banana cv. “Nendran'

Days to Days to Total Methionine Carc-

maturity ripening time (mg/100 g) tene
Treatments to (ppm)

Total After 50% Full ripen
treat ing
nent

T 76.0 49.5 6.0 7.5 83.5 84.0 42.97
T, 79.5 42.5 4.5 6.5 86.5 37.5 26.35
T, 69.5 41.5 4.5 6.5 76.0 103.5 23.26
T4 68.0 37.0 8.5 10.5 78.5 112.0 43.62
T5 77.5 41.0 7.0 8.5 86.0 46.5 40.01
Ty 76.5 40.0 5.0 6.5 83.0 92.0 42.18
T, 66.0 46.0 8.0 10.5 76.5 39.0 53.97
Ty 70.5  43.0 4.0 6.0 76.5 69.0 23.58
T9 72.5 46.0 5.0 7.0 79.5 45.0 52.02
Ty 68.5 45.0 5.5 7.5 76.0 82.0 42.11
Ty 71.5 54.0 4.5 6.5 78.0 87.5 27.94
Ty, 73.0 57.0 4.5 7.5 80.5 52.0 23.64
T3 80.5 - 5.5 8.5 88.5 64.0 42.19
Ty 82.5 63.0 7.0 10.0 92.5 42.5 35.96
CD (0.05)
W NS - NS NS - 21.3 NS
C NS - 1.07 NS - NS NS
WxC 7.6 - 1.07 NS - NS NS

W - weeks after bunch emergence; C - concentration of urea;
WxC - Interaction; waeb - weeks after emergence of bunch

T1 - 3 waeb + 3% urea T8 - 3 & 4 waeb + 5% urea
T2 - 3 waeb + 5% urea T9 - 4 & 5 waeb + 3% urea
T3 ~ 4 waeb + 3% urea Ti0 — 4 & 5 waeb + 5% urea

T4 - 4 waeb + 5% urea Ti1 - 3, 4 & 5 waeb + 3% urea
T5 - 5 waeb + 3% urea Ti2 - 3, 4 & S waeb + 5% urea
Té - 5 waeb + 4% urea T13 - Control {(no spray)

77 - 3 & 4 waeb + 3% urea T14 - Control (water spray)



Table 17 Effect of ‘urea sprays on urease activity, urea and
nitrite N content in banana cv. "Nendran'

¥

Treatments Urease activity Urea (ppm) Nitrite N (ppm)
(umol NHz/g/min)
TI 23.85 58.79 0.088
T2 14.89 65.45 0.065
T3 30.59 57.11 0.104
T4 26.95 57.38 0.060
T5 18.26 43.26 0.088
Ty 36.36 67.28 0.059
T7 9.03 18.17 0.137
T8 9.43 28.27 0.102
Tg 12.94 57.06 0.058
Tw 14.76 49.17 0.085
Ty 34.49 52.86 0.103
TU 20.02 72.87 0.110
TH 7.07 47.85 0.064
T“ 27.09 56.72 0.082
CD (0.05)
W NS NS NS
C NS NS NS
WxC NS NS NS

W - weeks after bhunch emergence; C - concentrat.un of u:rwa

WxC - Interdaction; waeb - weeks after emergence of bunch

Tl - 3 waeb + 3% urea T8 - 3 & & wael ¢ 5% urea
T2 - 3 waeb + 5% urea T9 - 4 & 5 waeb + 3% urea
T3 - 4 waeb + 3% urea T10 - 4 & 5 waeb + 5% urea

T4 - 4 waeb + 5% urea Til1 - 3, 4 & 5 waeb + 3% urea
T5 - 5 waeb + 3% urea T12 - 3, 4 & 5 waeb + 5% urea
T6é - 5 waeb + 4% urea T13 - Control (no spray)

T7 - 3 & 4 waeb + 3% urea T14 - Control (water spray)
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4.B.7.6.2 Carotene

The 1mpact of urca spray on Carotene content reveaied
no significant effects of the difterent concentrations and
number of sprays. The treatments at 3rd week of bunch
emergence with 3 per cent urea spray (Tl)/ 4th week with b
per cent (T4), 2 sprays at 3rd and 4th week after emergence
of bunch with 3 per cent (T7), 4th and 5th week with 3 per

cent (Tg) were shown higher carotene contents than other

treatments.

4.B.7.6.3 Urease activity at fruit ripening

All the treatments resulted in a higher wurease
activity compared to control (7.075pmol/NH3/g weight).
Among the sprays the highest activity of 36.36pmol/NH3/g/min
was noted in 5 weeks after emergence of the bunch at 5 per
cent concentration (Té) followed by 3 sprays at 3 per cent
concentration (T“). The lowest among the treatments was
recorded in the 2 sprays schedule of 3rd and 4th week

sprays (Fig.15)

4.B.7.6.4 Urea content at fruit ripening

Data presented in Table 17. Show that a highest
accumulation of urea recorded when urea at 5 per cent
concentration, was applied in 3 sprays. The most intensive
treatment recorded urea content of 72.868 ppm/g
fruit and the least was observed in 2 sprays of 3rd and 4th

week after emergence of the bunch at 3 per cent

concentration (T,) (Fig.16)



*Nendran'

Effect of Urea spray on urease activity (umol NHy/g/min)
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4.B.7.6.5 Nitrite N content

The treatment which reported the least urea content
showed the highest nitrite N content of 0.137 ppm with urea
sprays done at 3rd and 4th week after bunch emergence at 3
per cent concentration (T7) the least content of
nitrite N was noted in treatments of 2 sprays at 4th and
5th week after emergence of he bunch at 3 per cent

concentration (Tg). Control plants also contained some

amount of nitrite N.

From the results it may be inferred that in case of
bunchstalk feeding, enforcement of 30g urea, two weeks,
four weeks and three weeks after completion of female
phase, recorded best bunch weight and excellent bunch and
finger characters. In case of urea sprays, 5 percent
concentration of urea in two sprays i.e., 3rd and 4th week
followed by 3rd and 5th week after emergence of the bunch,
after female phase were the superior and elite treatments
and resulted in better characters both in gquantitative and

qualitative terms.
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DISCUSSION

The results of the investigation on "Bunch stalk
feeding of urea in banana Musa (AAB group) "Nendran'" are

discussed under the following major heads.

5.1 Morphological characters

5.1.1 Angularity

From the data generated in the preliminary
expoerments, 1t can be contirroe thia! Pl ihed G Tl Dl
at 20 cm from the last hand, ¢ tays  after coompiete
energence of the bunch and placement of urea <50g and

adopting the flat cut increase the anguiarity of the bunch

whereas volumes of urea spray did not effect it.

The increment in angularity is due to the fact that
the male bud act as a competitive sink siphoning the
highest quantity of applied nutrients. This has been
inferred by Kurien et a2l 1996 and this could be the reason
for increased yield by male bud removal. Secondly, there
could be enhanced translocation of nutrients to the fingers
which otherwise lost for the opening of male flowers. This

reason was opined by Amma et al. 1986.



5.1.2 Fruit Curvature Index (FCI)

Prickling of the peduncle, after removing the male bud
at a distance of 20 cm from the last hand, after 16 days or
beyond the completion of female phase, tying a maximum
dose of 90g and spray volume of 750 ml at one per cent

concentration resulted in a higher FCI.

From the main experiments it has been concluded that
10g urea placement at the cut stalk end, four weeks after
completion of bunch emergence and 3 sprays of urea at 3rd,
4th and 5th week after bunch emergence at a concentration
of 3% resulted in fruits with maximum FCI. More curved
fruits obtained when 50g urea placement was done after 1

week of bunch emergence.

Either an increase 1n 1length or a decrease in

curvature could increase the FCI. The treatments which
have registered better length and this could be the reason
for the higher pCl. poses aroavie a crxtaical iimit snaould

have hampered the process of absorption and translocation
which is the reason for the blackening ¢f the peduncle and
pedicel and ripening of fruits, receiving »>50g. It 1is
clearly evident from the results of spray, where with even

increased frequency but moderate concentration, FCI is

best.



5.1.3 Pedicel strength

Male bud pruning and urea treatments reduce the
pedicel strength resulting in weak pedicel. 1In contrast to
this, 20g urea placement on the cut stalk end and the

control water spray lead to stronger pedicels.

In the maln experiments, suneh st a:x eeding w.tn 30g
urea, 4 weeks after bunch emergence and . sprays of 5%
concentration at 3rd and 4th week atter emergence of the

bunch recorded the maximum pedicel strength.

Urea treatment and male bud pruning increased the
pedicel length in certain cases and decreased the diameter
in others. Any way, both lead to weak pedicel. A second
reason is that translocation should have occurred as seen
by the quantity of molecular urea absorbed and hence the
length increased consequently, reducing pedicel diameter,
whereas, certain treatments which recorded maximum pedicel
strength showed a balanced increment of diameter of
pedicel. Such cases also showed increased grade/girth of

the finger.

5.1.4 Filling index

The preliminary experiments signify their superiority
in increasing the filling index, by removing the male bud
using either oblique or flat cut, 20 days after bunch

emergence at distances of 12 cm and above from the last



5.2 Days to maturity

Retention of male bud increased the time required to
reach harvestable maturity. It is evident from the results
that, trimming the male bud at a shorter distance from the
last hand, in V shaped model, 1 day after bunch emergence
and placing »>40g urea at the cut ends bring about the
earliest maturity. Also, spray volumes of 250 and 750 ml

at 1% concentration are of sim:lar resuits

The main experiments are also in the same Vview. 40g
urea placement 1 week after bunch emergernce and 2 sprays of
2 and 4% concentration at 3rd and 4th week period advanced

the maturity at the earliest.

The anatomical side morphophysiological aspects of
finger development of “Nendran' has been examined at length
by Kurien et al. (unpublished) where it has been observed
that the early of 1is characterised by increased cell
division, a mid stage by cell development where a lot of
aecrenchymatous cell are observed, followed by the later
stage of maturity characterised by increased starch grain
filling. At this stage cell enlarges and air space reduced
to minimum. The results point to the specific stage of
finger development wherein urea placements and spray,
should have reduced the length of each phase and increased
the starch filling to achieve early maturity. However

detailed histological studies can only conclusively prove

g6



this beyond doubt. The method of V' cut reinforces the
concept of maximum surface area for urea placement and fast

absorption.

5.3 Days to ripening

Pruning of male bud at the shortest distance from the
last hand, usingwedge cut method, and enforcing the
cut 8 days after female phase completion enhanced the
ripening. A spray volume of 750 ml at 1 per cent level
also had profound influence on ripening the fruit earlier

than other treatments.

The main experiments put forward two conclusions, ie.
bunch stalk feeding of urea does not alter the number of
days taken for ripening, but urea given as a single spray
of 4 and 5 per cent concentration at 3 weeks after bunch

emergence reduced the ripening period.

The more proximity of the cut to the last hand lead to
an early ripening by easy allocation and translocation of
the applied urea. The superiority of urea spray over bunch
stalk feeding showed that application of urea in the
acqueous form has resulted in better absorption, made the
march to senescence faster anri n the process hastened
ripening. It has already been reported that, tying urea at

the rachis make available the ures :r zcqueous form a

at
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later stages and for a prolonged pericd (Buragohain and
Shanmugavelu, 1986). Among the methods of cut, V' cut has
1ty effects on ripening by providing more surface area for

absorption of ammonia from urea.

5.4 Shelf life

Male bud pruning at 4 cm length {(shortest distance)
and urea feeding, adopting any method of cut and doses
reduced the shelf life to a greater extent, compared to the
control. The different spray volumes had also their

influence on enhancing the senescence.

In the main experiment, the least shelf life of 1.5
days recorded in 30 g urea placement at 4 weeks after bunch
emergence and 50g after 1 week. In genera, the highest
dose of 50g and 4 weeks pruning showed significant
reduction, in shelf life. Among the urea sprays, 2 sprays
of 5% level, at 3rd and 4th week after complete bunch

emergence lead to faster senescence within 1 day.

The easy translocation of nutrients should result in
early maturity and  Thence ripening and senescence.
Mobilisation of nutrients, during senescence serves as an
essential physiological function, integrating two
temporarily and spatially separated events senescence and
growth (Ghosh et al., 1995). The enhanced decay can only

be logically interpreted to Dhe due to the increased



ethylene production, which 1i1s revealead &y studies on

content of methionine, v, et substrate for the

production of ethylene (Mattoo and Aharoni, 1v88) and the

fast methionine degradation observed in such treatments.

5.5 Yield

Yield is represented by various attributes like bunch

weight and finger characters.

5.5.1 Bunch weight

Data generated from the preliminary experiments
revealed that male bud pruning at longer distances of 12 cm
and above, adopting flat cut method, placement effected
12 days and beyond with optimum dose of 30g enhanced the
vyield significantly. Also spray volume of 250 ml (at 5%

concentration) improved the yield.

In the main experiments, 30g urea placements at 2nd,
4th and fill by 1st and 2nd week and urea spraying at 5%
level in 2 sprays of 3rd and 5th week and also 3rd and 4th
week after bunch emergence, were superior in their effect
on bunch weight. The higher levels of urea also had

negative effect on bunch growth.

Urea levels of >50g should have lead to the fast

absorption of large quantity nutrients (in the form of NH.)



by the last hand which in turr shouid hive crossed the
critieal o drmits and caused vt SiacKenL.nyg oard rott.ng anz
finally yleld reduction. The wied o7 0 Jontrol was

47.8% ppm and in the treatment comblnation of 2 week + 30
g was 39.89 and when 50 g was gilven 1t 1s 68.85 ppm
respectively revealing that there is a genetic capability
of plant to adjust below a limit and abgve this it results
in metabolic disruption. Above a critical limit it would

have also affected polyphenol oxidase.

The yield increments resulted from male bud pruning
should be argued from different angles. Firstly it would
have helped in saving in the utilisation of energy which
otherwise is lost for opening of male flowers (Amma et al.,
1986). Secondly, maximum and effective channelisation of
nutrients to the fruit as retention of male bud makes it
the most competitive sink (Kurien et al., 1996) and thirdly
due to higher filling index which can be confirmed from the

higher values observed in the study.

The urea feeding which in turn influence the final
yield, can be explained in view of certain statements.
Mothes and Englebrecht (1952) are in the view that in some
circumstances, allantoic acid can account all of the ureide
nitrogen and according to Mothes, these compounds may
assume the role in storage and translocation, which in
many plants is performed by aspargine and glutamine.
Calvin et al. (1952) reported that in plants allantoin and

allantoic acid are seemed to be more immediately concerned
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with synthesis and use of nitrogen they contain, and they

may be derived from glyoxylic acid with urea as a possible

donor.

Foliar application of wurea, enhanced the urease
activity several fold. It was reported by Lakkineni
et al., 1995. Complete review of literature has revealed
that urease and 1ts activity 1is for the first time being
reported in banana fruits. The plants showing better bunch
welight revealed higher urease activity and in turn their
capacity and efficiency to hydrolyse the urea and enter
into the metabolic pathway. The study opens out the

possibility for further research in this line.

5.6 Finger characters

Weight, length and girth (grade) of fingers at harvest

and also finger characters at ripened stage are discussed

below.

5.6.1 Finger weight

Trimming male bud far from the last harna (20 cm) with
a flat cut/prickling after 16 days _: beyond bunch
emergence with 30g urea placement and also spray volumes of
1000 ml at one per cent and 250 ml at five per cent

resulted in maximum finger weight compared to the control

plants.

In the main experiments, weight of fingers at first,

second and last hand we:e« taken for studying the ievel of



translocation of nutrients. 30g placement at one week
after bunch emergence increased the weight of the first
(earliest) hand finger, whereas 10g and 30g, 2 weeks after
emergence resulted in better fingers than others in the
last hand. The "D’ finger weight was maximum, when 30g
urea placements were made 1, 2 and 4 weeks after bunch
emergence. Among the urea sprays, the orderly effects on
first, second and last hand are 2 sprays of two per cent
concentration at 3rd and 5th week after emergence, two
sprays of five per cent concentration at 3rd and 4th week
after emergence of the bunch and 3% spray at 3rd and 4th
week after complete emergence. These sprays increased the

finger weights than all other treatments.

More filling index due to better nutrient allocation,
higher urease activity and accumulation of urea clearly

explain the reasons for increase in finger weight.

5.6.2 Finger length

Male bud pruning, 20 cm away from tne last hand,
either by flat or 'V' cut and placing urea 16 days or after
that had profound influence on elongation of the fruit.
Alsu maximum dose of 70g and spray volumes of 250 ml at one

per cent and five per cent increased the length.

In the main experiments, urea placement, 2 weeks after
bunch emergence with doses of 10, 20 and 40g and 3 sprays
in 3rd, 4th and 5th week at 1% level gave extra length to

the fruit compared to control.
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It can be inferred that the ut:lization of nutrients
was more for the cell elongation of the fruit rather than

cell multiplication and enlargement resulted in more length

than girth. The urease activity also coincided with
lengthening of the fruit. Higher concentrations and when
frequency of sprays of urea (3 sprays) have adverse

effects, by accumulating the highest gquantity of urea and
also higher amount of nitrite N and once accumulation is
high they both prevent further absorption and
translocation. This suggestion 1is in line with the reports
of Mitsui and Kurihara (1962}. According to them, urea
taken up through the rice roots, 1s converted to ammonium
carbonate by urease at a slower rate than it is absorbed.
This may result in accumulation of urea prohibiting further
urea absorption. 1In the present study, placement and spray
has been given directly on the fruit and this accumulation-

translocation concept should hold good in this case also.

5.6.3 Finger girth/grade

The preliminary experiment results on grade as in the
case of distance and method of cut and time of application
of urea, are same as that of length. But contrary to 70g
urea, 30g placement was superior and spraying with 1 or 5%

urea using one litre spray volume was the best.
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In the main experiments toc, 30 g urea placement after
4 weeks and spray of 1% after 5 weeks of bunch emergence
are the best. All the single sprays had influence at 4%

level.

Higher levels of urea at later stages as well ags even
smaller quantity immediately after bunch opening lead to
inferior finger size. Pruning the male bud and urea
feeding before the stage of active cell division and cell
elongation influences the fruit development in the negative
way. In the final stage of development cell enlargement
takes place reducing the air space and then starch filling
takes place (Kurien et al., unpublished). It should be
inferred in this case that starch filling takes place in
the cells which are under developed. Atkins et al., 1975
and Pate 1984 reported that in legumes, during the earily
stages of fruit growth, a higiter proport:on of n:iirogen
enters the fruit through xylem when soluble nitrogen pools

are being established for the development of fruits and

seeds.

The later application of urea, a nitrogen source,
explain the possibility of its involvement in fruit
development coinciding or after the stages of cell
division, when the early nitrogen pool get exhausted. This
should have enhanced the uptake as it can be confirmed from

increased absorption of urea and higher urease activity.



5.6.4 Ripened fruit characters

These characters were analysed only in the main two

experiments.

5.6.4.1 Ripened fruit weight (' D'finger) and pulp weight
These two characters are related with the D' finger
weight at harvest and the interpretation put forth holds

gcod in these cases as well.

5.6.4.2 Peel weight
All the bunch stalk feediny, treatments and Jrea
sprays except 4 weeks sprays at 3% concentration recorded

higher peel weight than control.

During the first month after shooting the peel
represents 80 per cent of the total finger weight
(Lassoudiere 1977). It has been confirmed by Kurien et al.
(unpublished) that peel development occurs ahead of the
pulp and 1is a natural adaptation seen in this crop to
ensure proper protection of the pulp. Eventhough, the
finger weight is increased the nutrients may be
translocated in a balanced manner. It should be inferred
that the released ammonia from urea, by the urease activity

effected the peel weight more efficiently than the control

plants.
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5.6.4.3 Pulp/peel ratio (PPR)

The main experiments reported the superiority of
untreated plants except in urea spray done twice at 4th and
5th week after complete emergence of the bunch at two per
cent level. The more peel weight actually lead to the less

PPR.

5.6.4.4 Pulp thickness

Urea placement of 30g, 2 weeks after bunch emergence
and spraying of 1% and 5% urea 2 times at 3rd and 5th weeks
after female phase recorded maximum pulp thickness.
Thickness of the pulp 1s correlated with high value of
finger grade and more filling index. The active cell
division of pulp is usually observed in “Nendran' 3 weeks
after complete emergence. An extra supply and that too in
the quick assimilable form should have favoured cell
enlargement ensuring faster growth of pulp than peel which

should have lead to the increment in thickness.

5.6.4.5 Peel thickness

No definite trend are observed either in increasing or
decreasing the thickness. The maximum tnic«ness was noted
in 20g and 30g urea placements, | weex after -Sunch

emergence and in urea sprays at 3rd weeks with one per cent

and 4th week with three per cent.
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It should be inferredthat early application coincided
with the time of peel development thus enhancing peel

thickness in all cases.

5.7 Quality

In general, both in urea feeding and spraying acidity
was found to be increased. This is in line with the views
of Patel and Patel (1987). C(Coinciding with the 1ncrements
in acidity, the 1TSS, reducing, non-reducing and tota. sugar

decreased.

During ripening, the starch get converted into sugars.
The reason, for the low sugar content may be the action of
urease/urea on hydrolytic enzymes, which in turn should
have reduced the starch conversion to sugars. Reducing
sugar 1s normally more when it ripens. Studies have shown
that reducing sugar is more and hence explains the reason
for early ripening. Reduction in non-reducing sugar has
occurred probably due to more conversion of starch to
reducing sugar. More detailed studies at different
physiological stages is required in this direction to fully
explain this finding. Urea sprays are superior in changing
quality in relation to bunch stalk feeding. 1In general, it

can be inferred that urea feeding decrease the fruit

quality.
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5.8 Biochemical characters
5.8.1 Methionine content

The bunch stalk feeding resulted in a lesser
methionine content, in comparison with control and in urea
sprays there existed higher wvariation. The least
methionine levels were recorded by 3 sprays, at 3%
concentration. Some of the treatments like single spray at
3rd week of bunch emergence with three per cent, 4th week
with 3 and five per cent , 5th week with five per cent and
2 sprays of five per cent concentration at 4th and 5th week
of bunch emergence recorded more methionine than both the
controls. A lesser content represented higher ethylene
production, hence it could progressively activate the time
to senescence. Reports of Lugg and Weller (1948) showed
that changes in cysteine and methionine contents occurred
decreasing senescence, but no definite progressive changes,
occurred. Under conditions of protein synthesis most of
the amino acids decreased in amount to such an extent as to
be no longer «capable of detection, in chromatograms.
Innumerable reports on the metabolism of senescence and
methionine are already available (Beauchamp and Fridovitch,
1970, Kende and Beumgartner, 1974; Varner and Ho, 1976 and
smskin and Grossman, 1977).
5.8.2 Carotene

Tying of wurea as well as sprays resulted in
significant reduction in carotene contents, except in
two treatments. A decrease 1n carotene contont
lettuce by nitrogen fertilizatiorn wd s repcorted

Lecloerc et al., 1990).



During the ripening process, the chlorophvll
degradation occurs and carotene increases in banana (Patil
and Magar, 1976). According to Martinoia et al., 1982,
large increase in chlorophyllase activity (role in normal
chlorophyll turn over) during senescence of leaves and
during ripening of fruits. In the early setting of
senescence, degradation of chlorophﬂshould have occurred
and it can be concluded that the suppression of dﬂmuﬁgﬂ
synthesis has occurred with urea treatment. 1In some cases,
the suppressed carotenes might have been expressed showing
a higher level. The reason for the same can be explained

only after detalled analysis.

5.8.3 Urease activity and urea content

Both the main experiments show high wvariation 1in
urease activity levels. No reference of In vitro urease
activity of banana has yet been made and probably this 1is

the first study reporting the same.

Reports of urease activity in other crops like wheat
(Bradley et al., 1989 and Lakkieine et al., 1995), leafy
vegetables (Luo et al., 1993) and in rice (Mitsui and

Kurihara, 1962, Saraswathi et al., 1991 and Safeena, 1992)

are available.

In bunch stalk feeding a higher urease activity

coincided with higher bunch and finger grade which revealed
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the possibility of conversion of urea intoc NH, and Co-.. The
NH: get 1ncorporated 1nto amine a«cids "ol 700 pBroteLn Via
glutamate synthase cycle (Kumar and Abro. 1990 _: vy the

reports of Calvin et al., by the allantoin and allantoic

acid cycle.

Actually when there i1is a higher level of urease
activity, the wurea content should be decreased by
hydrolysis of urea (Safeena, 1992). But if the substrate
concentration is high, a higher molecular absorption may
result. Dilley and Walker (1961) observed that apple and
peach leaves supplied with 14C labelled urea assimilated
this in amino acids, amides, proteins and other soluble
compounds within 20 hours. Only a small portion of urea
absorbed by the peach remained in the leaves as unhydrated
urea. The extent to which the nitrogen of urea is utilised
can be known, only if the initial tissues were analysed

(Steward and Pollard, 1959).

The study showed that molecular absorption of urea
does take place in banana fruits but a further look into

its metabolism need to be carried out using tracers like 14C

urea or 15N urea.

5.8.4 Nitrite N content

The two main experiments pointed out that, only a very

little quantity is present in fruits of banana. In bunch
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stalk feeding a higher dose of 50 g resulted 1in more
nitrite N and also there 1is some correlation between urea
content and nitrite N. In certain treatments, lower ured

content resulted in a higher nitrite content.

Nitrite N 1is formed from nitrate whilch 18 causing
nethemoglobiemia (Wright and Davison, 1964). The toxic
ievels are not yet reported 1n fruits. In the present
study, however the nitrite N (which is actually a total of
nitrate and nitrite since nitrate is first converted to
nitrite by the procedure and read) recorded is very low and
even the control which gave intermediary values almost

eyual proportion of nitrite N 1s observed.

The study has proved beyond doubt that all treatments
influence the time taken to maturity and ripening and hence
opens out another line of Immense practical utiiity. It
reveals that application of urea can stagger the crop
production and hence avoilid market giut and ensure better

return with least inputs.

Finally, 1t may be concluded that the bunch stalk
feeding of urea and urea spray after male bud pruning,
explalned in terms of molecular absorption of Crea and in
vivo urease doctivity, YW e the  owunecon and T inger
characters and boost the production and productivity of

banana, but reduces shelf life. But further researcn in

this aspect is in need, using tracer techniques.
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SUMMARY

Investigations on "Bunch stalk feeding of urea in
banana Musa (AAB group) “Nendran''" were carried out in
Central Orchard attached to the Department of Pomology and
Floriculture at College of Horticulture, Vellanikkara
during the period from June 1996 to June 1997. The studies
consisted of five preliminary experiments for standardising
the techniques, and two main experiments. The experiment
was laid out 1in Completely Randomised Design with two
replications. The results of the experiment are summarised

below:

1. Male bud pruning and bunch feeding of urea, both have
proved their significant influence on improving the
morphophysioclogical features of the bunch. Pruning the
bud, a farther distance of 20 cm from the last hand,
adopting the flat cut with an optimum dosage of 30 g
urea, 2-3 weeks (more specifically 20 days) after
complete emergence of the bunch resulted in higher yield

with attractive bunch characters.

2. Yield and yield parameters ie., bunch weight/grade, and
finger characters are sign:f:cantly affected bw the

above mentioned bunch management practices. But the

“



above mentioned bunch management practices. But an
optimum level and time of application ensures the

maximum return with minimum inputs.

Finger characters especially, length, grade and weight
of mature fruits were more emphasised and it is clearly
evident from the results that the bunch grade 1is
increased 1in terms of 1improving the finger grade.
Optimum dose of 30g during the 2nd and 4th week of
complete bunch emergence and spraying urea, at two
times, 1ie., 3rd and 5th week after the bunch emergence,
which is closely followed by 2 sprays at 3rd and 4th
weeks of emergence. Both were superior at 5%

concentration level.

A significant impact of male bud trimming and urea
feeding on advancing the crop even by 1-2 weeks by
reducing the time taken to maturity, solve the serious
problem of "market glut' to a greater extent and help to
realise the maximum price. All the treatments imposed

were superior in this respect.

Pruning the male bud, closer to the last hand
significantly reduces the ripening period (maturity to
ripening), but other treatments a:m2:: ... par wi-, eacr

other,
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A major defect observed was drastic reduction in case of
shelf life. Urea treatments lead to the commencement of
deterioration of the fruit within 1-2 days of ripening.
Higher doses, greater than 50g urea, cause blackening of
the peduncle, followed by early ripening and rotting of

last hand in the field itself.

There 1is a reduction in gquality observed by urea
feeding, but its impact 1is not significant. Even a

slight increase in acidity and lower sugar contents

were noticed.

Biochemical analysis of the ripened tr.i1t found out a
relation with the process of ripening and decay with
methionine and carotene contents. Enhanced
deterioration i1s influenced by low methionine level and

carotene contents.

The study establishes for the first time that urease
activity and molecular absorption of urea takes place in
the fruit. A higher urease activity was coincided with
a better bunch and finger characters. In certain cases
a lower accumulation of urea and more urease activity
and in others the reverse, due to the higher initial
substrate level before the treatments, have occurred.
Very 1low 1level of Nitrite N accumulation is also

reported.
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A general assay on the net return from urea treatments,
show that with a minimum input of 10 paise (cost of 30
g urea) an yield increment of 4.4 kg reported from a
bunch compared to the control. However 1in the
preliminary trial which included a control (male bud
retention) and a system control {(male bud trimmed), the
additional yield was 2.8 kg and 1.3 kg respectively. It
is concluded from the prevailing price of Rs.15/kg, the
additional returns were Rs.66, Rs.42 and Rs.19.5/-

respectively.

The urea spray also point out its impact on increasing
the yield. The experiment which included a control (no
spray) and a system control {water spray), the
additional yield was 3.7 kg and 3.4 kg respectively and

an additional return of Rs.55/- and51/- respectively.

Out of the two main treatments, bunch stalk feeding and
urea spray, the stalk feeding, resulted in an additional

vield of 1.12 kg and return of Rs.16.80/- bunch.



References



REFERENCES

Acedo, A.L. and Bautista, O0.K. 1996. Banana fruit response
to ethylene at different concentrations cf ¢xygen and

carbon dioxide Asian Fd. J. 8(2): 54-60

Amma, S.P., Bayblatha, A.K., Pushkaran, K. and Kurien, T.M.
1986. Studies on the effect of removing terminal
hands and male bud on the vyield and fruit size of
banana Musa (AAB group) Palayankodan. S. Indian Hort.
34(4): 204-209

Andrews, R.K., Blakeley, R.L. and Zerner, B. 1984. Urea
and Urease. Advances in Inorganic Bio chemistry. Vol.
6. Elsevier, New York, pp. 245-283

A.O.A.C. 1980. Official methods of Aralysis of the
Assocration of Cfricial Anal, .. *- s LT

Washington, .

Aravindakshan, K. 1981. Effect of pre and post harvest
treatments on storage and gquai:ty of Banana cv.
"Nendran' M.Sc. thesis. Kerala Agricultural

University, Vellanikkara, Trichur

Atkins, C.A, Pate, J.S and Sharkey, P.J. 1975. Aspargine
metabolism - Key to the nitrogen nutrition of

developing legume seeds. PIl. Physiol. 56: 807-812

Aziz and Wahab, A. 1970. Comparitive studies on the
different methods of artificial ripening of banana
fruits. Curr. Sci. 39: 552-555

Berrill, F.W. 1956. Bunch covers for bananas Qd. agric. J.
82: 435-439



Bhakthavathsalu, C.M. and Azhakiamanavalan, R.S 1977.

Remove floral remnants in Robusta banana. Indian Hort.
22(2): 7,26

Bradley, D.P., Morgan, M.A. and O0' Toole, P. 1989. Uptake
and apparent utilization of urea and ammonium nitrate
in wheat seedlings. Fertl. Res. 20: 41-49

Beauchamp, C. and Fridovitch, I. 1970. A mechanism for the
production of ethylene from methionine. The
generation of the hydroxyl radical by =zanthine
oxidase. J. Biol. Chem: 245, 2641-4646

Buragohain, R. and Shanmugavelu, K.G. 1985. A study on the
translocation of plant nutrients from the sink towards
the source in certain banana cultivars using 32p
Banana Newsl. (8): 31-33

Buragohain, R. and Shanmugavelu, K.G. 1986. Studies on the
effect of post-shooting application of urea on ‘Vayal
Vazhai' banana (ABB) Banana Newsl. 9: 16-18

Calvin, M, Bassham, J.A., Benson, A.A., Lynch, V.W.,
Quelllet, C., Schou, L., Stepka, W., and Tolbert, N.E,
1952. Nitrogen metabolism in plants - Symposia.
exptl. Biol. 5: 284-305

*Champion, J. 1967. Notes et Documents sur les Bananiers
et leur culture. J. Botanique et genetique des
bananiers. (IFAC, Paris) *¥+41tcrs Set-: Paris

Chattopadhyay, P.K. and Jana, A.K. 1988. Ettect of growth
substances on fruit growth and development of Giant

Governor Cavendish banana. (Musa cavendishi) Progrv.
Hort. 20(1-2): 136-139

ii



Daniells, J.W., O'Fareell, P.J., Mulder, J.C. and Campbell,
S.J. 1987. Effect of bunch covering and bunch
trimming on bananas in North Queensland. Qd. J.
agric. Anim. Sci. 44(2): 101-105

Daniells, J.W. and Bryde, N.J. 1988. Effect of urea
application to the bunch stalk in North Queensland,
Australia. Banana Newsl. (11): 20-21

Daniells, J.W., Lisle,A.T. and O'Farell, P.J. 1992. Effect
of bunch covering methods on maturity, bronzing, yield
and fruit quality of bananas in North Queensland.
Aust. J. exp. Agric. 32(1): 121-125

Daniells, J.W., Lisle, A.T and Bryde, N.J. 1994. Effect of
bunch trimming and 1leaf removal at flowering on
maturity, bronzing, yield and other aspects of fruit
quality of bananas in North Queensland. Aust. J. exp.
Agric. 34(2): 259-265

Desai, B.B. and Deshpande, P.B. 15786. (hem.ca. control of

ripening in banana. Physiologia Plantarum 44(3): 238-
240

Deshmukh, V.G. and Chakrawar, V.R. 1980. Effect of pre-
harvest application of dgrowth regulators on the
maturity, bunch and finger characters in banana fruits

var Basrai. J. Maharashtra agric. Univ. 5(1): 15f17

Devi, D.D. 1991. Effect of macronutrient spray on leaf
characters on cv. Nendran banana Banana Newsl. (11):
34

Dilley, D.R. and Walker, D.R. 1961. Assimilation of li¢, UN

labelled urea by excised apple and peach leaves. PIl.
Physiol. 36: 751-761

iii



Dominguez, M. and Vendrell, M. 1994. Effect of ethylene
treatment on ethylene production, EFE activity and ACC
levels 1n peel and pulp of banana fruit. Post-harvest
Biol. Tech. 4(1-2): 167-177

Dcuglas, L.A. and Bremner, 1970. Extraction and
colorimetric determination of urea in soils. Soil
Sci. Am Proc. 34: 859-862

Downes, M.T. 1978. An improved hydrazine reduction method
for the automated determination of low nitrate levels
in fresh water. Water Res. 12: 673-675

Dwivedi, R. Pathak, R.K. and Pandey, S.D. 1990. Effect of
various concentration of urea on crop regulation in
guava (Psidium guajava L.) cv. Sardar. Progv. Hort.
22(1-4): 134-139

Eskin, M.N.A. and Grossman, S. 1977. Biochemistry of
lipoxygenase in relation to food guality. Crit. Rev.
Fd. Sci. Nutr. 9: 1-40

Firth, H.D. 1986. Foliar fertilizing bananas. Banana
Bulletin 50(8): 18

Gandhi, V.P. 1984. Effect of certain plant regulators,
urea and sleeting on maturity, yield .and quality of
banana (Musa cavendishi L.) cv. Basrai. M.Sc Thesis

Gujarath Agricultural University,

*Ganry, J. 1975. Influence du gainage des regimes du
pananier avee une house de polyethylene sur la
temperature des fruits dans les conditions de

Neufchateau (Guadeloupe). Fruits 30: 735-738



George, J.B. and Marriott, J. 1983. The effect of
gibberellins on the storage life of plantains. Ann.
appl. Biol. 103(1): 157-159

Ghosh, S., Paliyvath, G., Peirson, and Fletcher, R.A. 1995.
Nitrogen mobilisation during scenescence. Nitrogen
Nutrition in Higher plants (Eds. Srivastava, H.S. and
Singh, R.P.). Associated publishing Co. New Delhi.
pp. 337-365

*Goburdhun, S. 1994. Chemical ripening of Dwarf cavendish
bananas (cv. Naine). Effect of Ethrel and ethylene on
ripening. II. Extension of shelf-life of ripened
fruits. Revue Agricole 1t Sucriere de 1' Ile Mzurice
73 (3): 36-43

*Gottreich, M., Bradu, D. and Walevay, Y. 1964. A simple
method for determining average banana fruit weights
Ktavim. 14: 161-162

Gnakri, D. and Kamenan, A. 1990. Degree of maturity and
storage of plantain (Musa sp) physico-chemical gquality
of starch. Ind. Alimentaris et Agricoles 107(4): 251-
256

* Guan, S. 198e6. Soil Enzymes and Research Methodology.
Agricultural Publishing House Beijing pp. 294-302 (in

chinese)

*Hosselbach, O0.E. and Idoe, J. 1973. Dehanding of bananas

in surinam Surinaanse Landbouw 21: 127-132

Huddar, A.G., Chandramouli, N.O. and Chikka Subbanna, V.
1989. Effect of various modes of application of CaC12
on ripening of banana. cv. Robusta. Crop Res. 2(2):
175-176%



4

[$a}

Humbert, R.P. and Hanson. 1952. C(Cited by Boyton, D. 19
Nutrition by foliar application. A. Rev. Pl. Physicl.
5: 31-%4

Inaba A., Okamoto, I., Ito, T., Nakamura, R. and Hashimoto,
N. 1984. Ripening characteristics of commercial
cavendish bananas on the plants and of bananas
harvested at different maturities and transported to

Japan. J. Japanese Soc. Hort. Sci, 53(1): 66-78

Irizarry, W. and Rivera, E. 1991. Proper bunch management
of the French-type super plantain (Musa accuminata
X.M. balbisiana AAB) in Puerto Rico. J. agric. Univ.
Puerto Rico 75(2): 163-171

Irizarry, H., Hernandez, E. and Rodriguez, J.A. 1994,
Yield of 5 dwarf banana cultivars grown with minimum

tillage in Puerto Ricos mountain region. J. agric.
Univ. Puerto Rico. 78(1-2): 1-7

Istraeli, T., Gazit, S., and Blumenfield, A. 1980.
Influence of relative humidity on the type of flower
in the Cavendish banana. Fruits 35(5): 275-279

*Jaramillo, C.R. 1982. Las principales characteristicas
morphologicas der fruto de banana variedad Cavendish
gigantia (Musa AAA) en Costa Rica UPEP Panama.

Johns, G.G. and Scott, K.J. 1989, Delayed harvesting of
bananas with sealed covers on bunches. 2 - Effect on
fruit vyield and quality Aust. J. exp. Agric. 29(5):
723-733

Johns, G.G. 1996. Effect of bunch trimming and double
bunch covering on yield of bananas during winter in

Hew South Wales. Aust. J. exp. Agric. 36(2): 229-225



Joolka, ¥.K., Bushehri, T.R. and Butani, V.P. 1991. Effect
of growth regulators, urea and tree spray o0il on boocom
delay and productivity of almonds. Indian J. Hort.
48(3): 217-221

K.A.U. 1993. Package of practices recommendations “crops'
1993. Kerala Agricultural University. pp. 182-187

Kamphake, L.J., Hannah, S.A. and Cohen, J.M. 1967.
Automated analysis for nitrate by hydrazeni reduction.
Water Res. 1: 205-215

Kunde, H. and Baumgartner, B. 1974. Regulation of aging in
flowers of Ipomoea tricolor by ethylene Planta 116:
279-289

Kuhne, E.A. and Kritzinger, H. 1964. Polyethylene sleeves
for banana bunches. Farming S. Afr. 40: 37-52

Kumar, P.A., Nair, T.V.R. and Abrol,Y.P. 1983. Effect of
exogenous supply of amino acids, amides, urea and
ureids on free NHJ level in mungbeans. Experientia
39: 1302-1303

Kumar, K.A. and Shanmugavelu, K.G. 1988. Effect of foliar
sprays of urea and Azotobacter applied to socil on
banana cv. Robusta. Banana Newsl. (11): 11-12

Kumar, R., Singh, R. and Misra, K.K. 1988. Effect of
growth regulators and urea sprays on the regulation of
crop in lemon (Citrus limon Burm.). Indian J. Hort.
45(3-4): 226-228

Kumar, P.A. and Abrol, Y.P. 1990. Ammonia assimilation and
reassimilation in higher plants. Nitrogen in Higher
plants (Ed. Abrol, VY.P.) Research Studies Press,

Taunton. pp. 159-176

vii



Rurien, S

. ad oy

—

il, B.X. and Rajeevan, P.XK. 1996. Phosphorus

., 6l

ccunulation in various tissues of banana using tracer

O

techniques. DAE BRNS symposium on Nuclear techniques
in increasing crop and animal productivity po. 23.

B.A.R.C. Mumbai. Abstract of papers.

Kurien,S., Sobhana, A. and Pushpalatha, P.B. {(unpublished).
Morphephysiological stages during various stages of
finger development of banana cv. “Nendran'. Submitted

tc Informusa, INIBAP, France

Lakkineni, K.C., Sivasankar, A., Kumar, P.A., Nair, T.V.R.,
and Abrol, Y.P. 1995. Carbon dioxide assimilaticn in
urea-treated wheat leaves J. PI. Nutr. 18(10): 2213-
2217

Lane, J.K. and Eynon, L. 1943. Determination of reducing

sugars by means of Fehling solution with methylene

blue as internal indicator. J. Soc. Ghem. Ind. 42:
377
*Lassoudiere, A., Badola, A. and Hiema, F. 1974 .

Characteristique pomologiques des regimes de bananiers
"Poyo'dans quatrezones de cote d' Jvorie. Fruits 29:
561-581

*Lassoudiere, A. 1977. Croissance et developpement du
bananier "Poyo' en Cote d' Ivoire. These L'universite

Naticnale de cote d' Ivoire, Abidjan.

Lavon, R., Dar-Akiva, A., Shapchisky, S., Cohen, E.,
Shalen, Y. and Brosch, P. 1982. Prolonging the
harvesting season of Minneola tangelo fruits by
spraying with nutrients and growth substances.
Hassadeh €3(3): 492-497

viii



Leclerc, J., Reuille, M.J., Miller, M.L., Lefebvre, .M.,

Joliet, B., Autissier, N., Martinez. Y. and Perr=zz, A,
1990. Effect of «climatic conditions anc soil
fertilization on nutrient composition of =zzlad
vegetables in Burgundy. Sci. Alimen. 10(6): 63:-346

* Li, Y. 1984. Methods of Routine Analysis in Soil sc:ence
and Agroc chemistry. Agricultural publishing =zcuse

Beijing {in chinese)

Lugg, J.W.H., and Weller, R.A. 1947. Nitrogen metazz>ism
of Higher plants. Bicochem. J. 14: 381

Lue, J., Liean, Z. and Yan, X. 1993. Urea transforzzzion
and the adaptability of three leafy vegetables tc urea
as a source of nitrogn in hydroponic culture. .. PI.
Nutr. 16 (5): 797-812

Maluk, C.S., Bauser, M.G. and Yelenosky, G. _G86.
Influence of growth regulator treatments on dryvmztter
production, fruit abscission and 14C assircllate
partitioning 1in citrus. J. Pl. Growth Regula:ors,
5(2): 111-120

Marks, M.J. and Clarke, A. 1985. The response of Bramiev's
seedling apple trees to soil and foliar arpclied
nitrogen. In mineral nutrition of deciddious Zruit
plants. Ed. Tagliavini, M., Neilsen, G.H. and Millard,
P. Proceedings of the international symposiiz on

diagnosis of nutritional status of deciduous Z*ruit

orchards. held at Trento, Italy 13-15 September, -.9¢3
Martinoia, E. Dalling, M.J. and Matil, P.L. 282.
Catabolism of Chlorophvll: Demonstration of
chloroplast - localised peroxidase activities. 2Z.

Pflanzenphysiol. 1C7: 269-273



Matoo, A.X. and Aharoni, N. 1988. Ethylene and plant
senescence Senescence and Aging in plants (Ed.
Nooden, L.D. and Leopold, A.C.) Academic Press, San
Diego, pp. 241-280

*Meyer, J.P. 1975. Influence de 1 ablation de mains
surlerendement en poides des regimes de bananas par
categores etc conditionnement aux antilles. Fruits
30: 663-6638

Mitsui, 8. and Kurihara, K. 1962. The intake and
utilization of carbon by plant roots from 1"J‘C labelled
urea IV. Adsorption of intact urea molecule and its
metabolism, in plant. Soil Sci. PI. Nutr. 8: 9-15

Qffem, J.0. and Thomas, 0.0. 1993. Chemical changes in
relation to mode and degree of maturation of plantain
(Musa paradisiaca) and banana (Musa sapientum) fruits.
Food Research International (Q00). ENG. 26(3): 187-193

Pan, K.V. 1963. Studies on nitrogen supplied as urea to
banana soills. Fertl. Abstr. 27: 263

Panse, V.G. and Sukhatme, P.V. 1978. Statistical Methods
for Agricultural Workers. ICAR New Delhi, pp. 154-168

Parmar, B.R. and Chundawat, B.S. 1984. Effect of growth
regulators and sleeving on maturity and quality of
banana “Basari'. 8. Indian Hort. 32{(4): 201-204

Pate, J.S. 1984. The carbon and nitrogen nutriticon of fruit
and seed: case studies of selected grain legumes.
Seed physiology Development (Ed. Murray, E.R.).
Vol.1. Academic Press. New York pp. 41-81



(@]
=

ect ¢f foliar spray applications
i

i
M, P and K fertilizers on growth, yield, and quality

of baznana (Musa cavendishi L.) c¢v.Basrai. M.Sc.
Thesis, Gujarath Agricultural University.
Patel, R.L. and Patel, B.M. 1887. Effect of foliar spray

applications of urea on maturity, vield and quality of

banana. cv. Basrai. S§. Indian Hort. 35(6): 388-402
Patii, D.L. and Magar, N.G. 1976. Relationship between
chlorophyll, xanthophyil and carotene in the ripening

T

bananas. J. Maharashtra agric. Univ. 1(2/6): 95-102

Perumal, A. and Adam, A.V. 1968. Bagging of Giant
cavendish banana stems in Honduras 1. Effect on
number of days from flower emergence tc fruit harvest

Trop. Agric. 45: 101-102

Pradhan, S.K., Bandyopadhyay, A., Mitra, S.K. and Sen, S.K.
1988. Effect of growth substances on fruit size,
yield and quality of banana variety Giant Governor.
Progrv. Hort. 20 (3-4): 326-330

Rao, D.V. R. and Chundawat, B.S. 1986. Extension of shelif-
life of Lacatan bananas stored in cartons. Gujarat
agric. Univ. Res. J. 11(2): 26-31

Reddy, S.A. 19689. Effect of bunch covers on bunch maturity
and fruit size in high density robusta banana orchards
J. Res. APAU 17(1): 81-82

*Rodriguez, S.B. 1974. The effect of male inflorescence
removal on the ripening and bunch weight of 3 banana
T

cultivars in
3(8): 295-301

euman. Colima. Agric. Technica en Mexico



Saifullah, K. and Dasuki, I.M. 1952. Ripening

banana. Indonasian agric. Res. Dev. J.

S. and Manickam, A. 1992Z. Biochemical method

Sadasivan,
Willey Eastern Ltd. New

for Agricultural Sciences

Delhi. pp. 46-47

.N. 1992. Molecular absorption of urea by

rice. M.Sc. Thesis. Kerala Agricultural Unive

Vellanikkara. pp.Ra-89

1970. Removal of male flos

*Sampaio, V.R. and S5imao, S. W
Rev. Agric. Piicicaba

from new banana inflorescences.
45: 893-95

R.S. and Chadha, K.L 1977. Effect of

Samra, J.J., Thakur,
vield and vield

foliar application of urea on

parameters of manco. Indian J. Hort. 34(1): 26-29

Saraswathi, P.,
Inhibition of
significance in the molecular absorption of

Soil Biol. Biochem. 23: 125-129

Balachandran, P.V. and Wahid, P.A. 1991.
hydrolysis in flooded soils and 1
urea by

rice.

K.J. and Graham, D. 19962. Storage of

Satyan, S., Scott,
J. Hort.

banana bunches in sealed polythene tubes.
Sci. 67(2): 282-287

fharma, 8.B. 1984. Effect of soil and foliar application

of urea on the growth and yield of banana Punjab Hort.

J. 24(1/4): 89-91

Shobhana, A. and Aravindakshan, M. 1989. Transliocation of
J. Nuclear agric.

phosphorus in banana after shooting. J.
Biol. 18(4): 243-245

o

o
'._1
oo
oo

I
}__1
(03]
Nel

1959, Bananas. Longman, New York.



Singh, A.R. 1976. Effect of foliar sprays of N and growth
regulators on the physico chemical composition of

mango (Mangifera indica. L) PI1. Sci. 8: 75-81

Singh, B.P., Sich, D.C. and Singh, J.B. 1977. Effect of
soil and foliar application of urea on the physico-
éhemical composition of mango fruit (Mangifera indica
L.) cv. Langra. Bangladesh Hort. 5(1): 29-33

Singh, M.P. and Rajput, C.B.S. 1977. Chemical composition
of guava (Psidium guajava L.) fruits as influenced by

nitrogen application Progrv. Hort. 9(2)

Singh, A.R., Dwivedi, A.K. and Singh, K. 1992. Effect of
foliar nutr.tion of nitrogen and type of suckers on
the chemical composition and metabolites of banana.
(Musa paradisiaca L..) cv.Harichal. Advances Hort. For.
2: 36-41

Snell, ¥.D. ad Snell, C.T. 1949. Calorimetric method of
analyses. D. Van No strand Co. Inc. New York

*Souza, M.M. DE., Anderson, 0. and Manica, I. 1871. The
influence of cutting the terminal part of banana
rachis on the total production, number of hands per
bunch, fruit sizee and diameter. Revista C(Ceres.
18(98): 315-325

Stevenson, D. 1976. What colour to select for banana bunch

covers. Banana Bulletin 40(4): 2
Steward, F.C. and Pollard, J.K. 1957. Nitrogen metabolism

in plants. Ten years 1in retrospect. A. Rev. pl.
Physiol. 8: 65-114

xiii



Stover, R.H. and Simmonds, N.W. 1987. Bananas. Longman
Scientific and Technical, New York. p.468

Tandros, M.R., Khalifa, A.S., Bandak, A.Z. and Bastanros,
M.B. 1984. Effect of GA, application on the growth of
banana bunches. Ann. agric. Sci. 29(1): 485-492

Tiwari, J.P. and Rajpur, C.B.S. 1975. Effect of urea
sprays on vegetative growth and fruit weight of
different mango cultivars. Bangladesh Hort. 3(1): 31-
36

Tomi, A.L., Nafawy, S.M. El1., Aziz, A.B.A. and Wahab, A.E.
1970. Effect of 2,4,-D and GA sprays on ripening and
storage of banana fruits. Res. Bull. Faculty Agric.
Anim. Sci. Univ. 444-30

*Trupin, F. 1959. Coupe du bourgeon male sur 1
inflorescence du bananier Gros Michel. Fruits 14:
389-390

Turley, R.H. and Ching, T.M. 1986b. Physiological

responses of barley leaves to foliar applied urea -
ammonium nitrate. Crop Sci. 26: 987-993

Venkatarayappa, T., Narasham, B. and Venkatesan, C. 1976.
Effect of post shooting application of wurea on
development and composition of banana fruit S§. Indian
Hort. 19: 109-117

Walker, L. 1973. Debudding trials - Annual report 1969-
1972. Jamaica Banana Board, R and D Dept. pp. 31-33

Walker, L. 1975. The effect of debudding and preharvest
dehanaing on bunch weight and fruit quality. Annual
Report. 1974. Jamaica Banana Board, Research and
Development Dept. pp.31-33

Wardlaw, C.W. 1961. Banrana Discase including plantains and

Abaca. Longman Green and Co. Ltd., New York. pp.22-23



Wright, M.G. and Davison, 1964. Nitrate accumulation in

crops and nitrate poisoning of animals, Adv. Agron.
16: 197-247

Yanbin, X., Ishikawa, K. Kubo, Y., Inaba, A. and Nakamura,
R. 1996. Softening of several fruits and vegetables
at low humidity with respect to their endogencus
ethvlene concentration. J. Japanese Soc. hort. Sci.
65(21): 1659-176

Varner, J.E. and Ho, D.T.H. Hormones. Plant Biochemistry
(Eds. Borner, J. and Varner, J.E.). Academic Press,
New York pp 714-770

* Original not seen

XV



Appendix



APPENDIX |

Weather data at monthly intervals during the experimental period

(June 1996 - June 1997)

Temperature Relative Sun Wind

Months Rainfall humidity shine speed

Maximum Minimum (brs) (km /)

June 1996 400.3 30.5 23.8 84.5 4.7 3.0
July 588.7 28.8 23.1 89.5 2.7 2.7
August 310.0 29.1 23.6 86.5 3.7 3.0
September 391.6 29.2 237 84.0 4.3 2.7
October 219.3 30.1 22.9 81.5 6.0 2.0
November 22.1 31.5 23.6 71.5 7.1 3.7
December 60.4 30.5 21.8 67.5 6.8 6.4
January 1997 0.0 32.0 22.9 61.5 9.6 6.9
February 0.0 33.9 21.8 60.5 9.3 3.9
March 0.0 35.7 24.0 59.5 9.6 4.0
April 8.2 35.2 24.5 66.5 9.6 3.3
May 63.0 34.4 24.5 72.0 6.7 3.3

June 720.5 31.2 23.0 82.0 5.9 2.7
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ABSTRACT

The experiment entitled "Bunch stalk feeding of urea in banaia AMusa
(AAB greup) "Nendran™ was carried out at the Department of Pornology and
Floriculture, Vellanikkara during the period of 1996 June to 1997 June with five
preliminary and two main experiments. The major objectives of this research was to
study the effect of bunch management practices like male bud pruning and urea
feeding in banana on yield and quality attributes and also the metabolism of urea in
the fruit. The experiment was laid out'in a Completely Randomised Design

with two replications.

The preliminary experiments had undoubtedly, proved the fact that.
cruning the male bud at a distance of 20 cm from the last hand improve the

bunch characters and yield.

Urea feeding through the cut and of bunch stalk also had its impact on getting
maximum return with minimum inputs. Placement of an optimum dose of 30g urea at
the cut staik end, 3 weeks after the complete emergence of the bunch by adopting the
fiat cut method increased yields. A higher dose, greater than 50g resulted in negative

efiects on the quantitative and qualitative aspects of the bunch as well as fingers.

The main experiments on bunch stalk feeding, also reinforced the superiority
¢t 30g placements at 2nd and 4th week after the emergence of bunch, after female

pnase recording an yield increment of 4.4 kg cverthe control.



Urea sprey, with a spray volume of 250 mi, at 5% concentration, 2 times on a
bunch i.e., 2rd and 5th week and also at 3rd and 4th week recorded an yield increment
of 3-3.5 kg, compared to the control. Higher doses and more frequency of urea spray

resuited in a retearding effect on bunch development.

Bunch feeding with urea did not reduce the quality significantly. But a slight

increase in acidity and reduction in sugar content and TSS were noticed.

The urease activity and molecular absorption of urea studies, to a great extent
explain the metabolism of urea feeding in banana fruits. However, the rapidly
expanding direct application of urza as a fertilizer and results generated in the study
points to a re-evaluation of the existing methods, the roie of this compound and the

manner of its application and assimilation.
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