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ABSTRACT
An experiment was undertaken to improve the fruit quality of acid lime crop by use of different micronutrients
combinations. The experiment was laid out in Factorial Randomized Block Design with eight treatments and
three replications.The treatment scomprising two levels of each zinc sulphateviz.,Z0 (control), Z1 (zinc sulphate@
0.5%),boraxviz.,B0 (control), B1 (borax @ 0.4%)and ferrous sulphateviz., F0 (control), F1 (ferrous sulphate @
0.4%). Two sprays were done at the full bloom stage and second at one month later of first spray.Effect of zinc,
boron and iron (Z1B1F1)with interaction gave significant effect on physical parameters like volume of fruit (29.67
ml), fruit weight (42.67 g), fruit girth (13.20 cm), fruit length (4.80 cm), minimum peel weight (5.17 g), as well
as chemical parameters like maximum TSS (8.90 Brix0), ascorbic acid (33.83 mg/10ml of juice),reducing sugars
(0.83%), non-reducing sugars (0.51%), total sugars (1.32%) and minimum acidity (1.32 %).
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phosphodiesterase, carbonic anhydrase etc.). It is involved in
the synthesis of tryptophane, a precursor of IAA, it is associated
with water up take and water retention in plant bodies
(NoggleandFritz, 1980). Boron, on the other hand is
considered to be necessary for hormone metabolism,
photosynthetic activities, cellular differentiation and water
absorption in plant parts. It is also involved in reproduction,
germination of pollen tube and fertilization. In case of boron
deficiency, flowers are produced least and more sterile, fruits
are de formed and render themselves commercially use less
(Yawalkar et al.,1992).Iron is essential for the activity of several
enzymatic systems and plant components such as Catalase,
Cytochrome, Frodoxin, Frichrome, Hematin, Hem and
Cytochrome oxidase. In addition, it seems iron be involved in
nucleic acids metabolism in chloroplast. Usually relation
between iron and vegetative growth of fruit trees is more
complex than other nutrient elements (Saatsi and Yamur,
2000).Under various application techniques and their effects
on Indianconditions, no systematic work was carried out on
the role of micronutrients in kagzi lime and qualitative
production. Hence, this present investigation was planned to
evaluate the effect of micronutrients on physico-chemical
parameters of kagzi lime.

INTRODUCTION
Acid lime (Citrus aurantifoliaL.) is sub-tropical in its climacteric
requirements and originated from sub-tropical Southeast Asia,
where it can still be found wild. It is a most important and
tenderest fruit crop in citrus group which occupies probably
the third position among the sub-tropical countries after
banana and mango in production of fruits. India is the largest
producer of acid lime in the world followed by USA, Spain
and Israel.
It is cultivated in almost all the states in India, mainly in Andhra
Pradesh, Maharashtra, Tamil Nadu, Karnataka, and Gujarat.
The total area and production under acid lime in India is
estimated 255.2 thousand hectares and 2,523.5 thousand
metric tonns respectively. Acid lime is one of the important
fruit crop in Gujarat state. The area, production and
productivity of acid lime is 40.80 thousand hectares,
433.12thousand metric tonns and 10.6 MT/ha, respectively
(Anon., 2014).
Micronutrients like Zn, Fe and B, play a vital role in plants.
Foliar applications of micronutrients are more successful than
soil application.Among the several factors responsible for poor
yield and declining health in citrus, deficiency of
micronutrients is considered to be the major one ( Edward
raja, 2009).

MATERIALS AND METHODS

Zinc plays a major role in the metabolic activities of plant. The
principle functions of zinc in plant are as a metal activator of
enzymes like dehydrogenase (pyridine nucleotide, glucose-6

The present investigation was conducted at Madhadibaug
farm, Department of Horticulture, Junagadh Agricultural
University, Junagadh, during the year 2013-14.The present
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study was conducted on twenty years oldplants of acid lime
cultivar ‘Kagzi lime’. All the plants selected were uniform in
growth and size which planted at the distance of 6m × 6m
and were subjected to uniform application of cultural practices
like weeding, irrigation, manures, fertilizers and plant protection
measures etc.The experiment was laid out in Factorial
Randomized Block Design with eight treatments and three
replications. The treatments comprising two levels of each
zinc sulphateviz.,Z 0 (control), Z 1 (zinc sulphate@ 0.5%),
boraxviz.,B 0 (control), B 1 (borax @ 0.4%) and ferrous
sulphateviz., F0 (control), F1 (ferrous sulphate @ 0.4%). Two
sprays were done at the full bloom stage and second at one
month later of first spray. The observations were volume of
fruit, fruit weight, fruit girth, fruit length, peel weight, TSS (Brix0-),
ascorbic acid (mg/10ml of juice), reducing sugars, nonreducing sugars, total sugars and acidity recorded in laboratory
conditions.

division and elongation process (Rath et al., 1978, Saraswathy
et al., 2004, Kumar et al., 2009, Shukla, 2011 and Yadav et
al., 2011). The maximum fruit length (4.80 cm) was found in
treatment Z1B1F1(Table 1). Getting of maximum length of fruits
might be due to their involvement in cell division, cell
expansion and increase volume of intercellular spaces in
mesocarpic cells. It could also be due to higher mobilization
of food and minerals from other parts of plants towards the
developing fruit that are extremely active metabolic sink. (Singh
and Rajput,1976).
The minimum peel weight (5.17g) was observed in treatment
Z1B1F1 (Table 1). The minimum weight of peel general solitary
application of nutrients caused reduction in peel weight as
compared to the control (Ram and Bose 2000). The maximum
fruit volume was observed (29.67 ml) in treatment Z1B1F1 (Table
1). Zn plays vital role to promote starch formation and B actively
involved in transportation of carbon in plants. Thus, the
cumulative effect of combination of Zn + Fe + B on faster cell
division and cell expansion reflected on fruit volume hence,
resulted into higher fruit volume. (Tariq, 2007 and Samant et
al., 2008).

RESULTS AND DISCUSSION
The maximum fruit weight (42.67 g) was found in treatment
Z1B1F1 (Table 1). Because of getting the maximum fruit weight
has direct correlation with accumulation of more
photosynthates for which boron play key role (Shukla, 2011),
optimal concentration of zinc and iron required to maintain
optimal growth and suitable cell enlargement and cell division
(Salisburry and Ross, 1992).The combined sprays of zinc iron
and boron increased girth of fruit. The maximum girth of fruit
(13.20 cm) was found in treatment (Z1B1F1). This might be due
to cumulative effect of micronutrients. The enlargement of
fruit size is caused by drawing of photosynthesis to the fruit as
consequence of intensification of the sink; it helps in cell

Chemical parameters
The result indicates that TSS was significantly increased with
use of different levels of zinc, iron and boron. Treatment
Z1B1F1gave maximum TSS (8.90) (Table 2). This might be due
to its converting complex substances into simple sugar, which
enhances the metabolic activity in fruits and resulted in
increased TSS of fruit (Kavitha et al. 2000and Yaseen and
Ahemad, 2010).The result indicates that gave maximum
reducing sugars (0.83%) and non-reducing sugars (0.51%)
were significantly increased with treatment of Z1B1F1.Might be

Table 1: Interaction effect of micronutrients application on physical parameters of acidlime
Treatments
Zn0

Zn1

S.Em

B0F0
B0F1
B1F0
B1F1
B0F0
B0F1
B1F0
B1F1

Volume of
fruit (ml)

Fruit
weight (g)

Girth of
fruit (cm)

Length of
fruit (cm)

Peel
weight (g)

19.00
24.13
26.67
25.87
25.20
20.73
23.33
29.67
2.06

26.00
35.60
34.33
40.33
39.77
33.87
36.00
42.67
2.64

10.40
11.13
11.70
12.10
12.33
11.20
11.67
13.20
0.49

3.20
3.58
4.13
4.17
4.37
4.10
3.70
4.80
250.

6.80
6.00
5.77
5.97
6.20
6.13
5.93
5.17
28

Table 2: Interaction effect of micronutrients application on chemical parameters of acidlime
Treatments

Zn0

Zn1

S.Em

B0F0
B0F1
B1F0
B1F1
B0F0
B0F1
B1F0
B1F1

TSS (Brix0)

Acidity (%)

Ascorbic acid
(mg/100ml
of juice)

Reducing
sugars (%)

Non-reducing
sugars (%)

Total
sugars (%)

7.47
8.00
8.37
8.13
8.40
8.07
8.30
8.90
0.24

1.67
1.42
1.38
1.40
1.36
1.46
1.43
1.32
0.04

27.50
29.63
29.67
31.50
31.33
29.77
30.00
33.83
0.85

0.70
0.74
0.79
0.78
0.80
0.76
0.77
0.83
0.02

0.44
0.45
0.47
0.43
0.48
0.46
0.50
0.51
0.01

1.16
1.21
1.27
1.23
1.28
1.22
1.28
1.32
0.03
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due to that zinc, boran and iron promoted hydrolysis of starch
in to sugars (Ghosh and Besera, 2000, Edward Raja, 2009,
Chaitanya and kumar, 1997, Dutta 2004, and Balakrishanan
(2001).

Kavitha, M., Kumar, N. and Jeyakumar, P. 2000. Role of zinc and
boron on fruit yield and associated characters of papaya cv. Co-5.
South Indian Hort. 48(1-6): 6-10.
Kumar, M., Kumar R. and Singh, R. R. 2009. Effect of micronutrients
and plant growth regulators on fruiting of litchi. International J. Agri.
Sci. 5(2): 521-524.

The minimum acidity (1.32%) was recorded in
Z1B1F1(Table.2)due to either speedily converted into sugars
and their derivatives by reactions involving reverse glycolytic
pathways or might have been used in respiration or both
(Javidet al. 2004 and Ahmad et al. 1998).

Noggle, G. R. and Fritz, G. T. 1980. Introductory Plant Physiology,
Prentice Hall of India Pvt. Ltd. Publication, New Delhi.

The maximum ascorbic acid content (33.83%) was recorded
in Z1B1F1(Table.2).The higher ascorbic acid content was due
to the increased in total sugar content owing to the efficient
translocation of available photosynthates to fruit pulp rather
than to other parts(Singh and Rajput, 1976).

Ram, R. A. and Bose, T. K. 2000. Effect of foliar application of
magnesium and micro- Nutrient on growth, yield and fruit quality of
mandarin orange (Citrus reticulate blanco). Ind. J. Hort. 57(3): 215220.

Prasad, S. and Kumar, U. 2012. A Handbook of Fruit Production.
Agrobios. pp. 654-659.

Rath, S., Singh, R. L., Singh, B. and Singh, D. B. 1978. Effect of boron
and zinc sprays on the physico-chemical composition of mango
fruits.Punjab Hort. J. 20(1&2): 23-35.

The maximum total sugar was recorded (1.32%) in
Z1B1F1(Table.2). An association of zinc with synthesis of auxins
in plants played a vital role along with the increase in enzymatic
activities. It also acts as a catalyst in oxidation-reduction
processes in plants. Fe is associated with the development
flavo-proteins. Besides, Zn helps in the enzymatic reactions
like transformation of carbohydrates, activity of hexokinase
and formation of cellulose and change in sugar are considered
due to its action on zymohexose (Singh et al., 2003, Banik et
al., 1997 and Dutta and Dhua (2002), Singh and

Salisburry, F. B. and Ross, C. W. 1992. Plant physic., (4th edition).
Wadsworth Publication Company, California; pp. 116-135.
Samant D.; Mishra N.K.; Singh A. K and Lal, R.L. 2008.Effect of
micronutrient sprays on fruit yield and quality during storage in
Bercv.Umran under ambient conditions. Indian J. Hort. 65(4): 399404.
Saraswathy, S., Balakrishnan, K., Anbu, S., Azakia, M. R. and
Thangaraj, T. 2004.Effect of zinc and boron on growth, yield and
quality of sapota cv. PKM 1. South Indian Hort. 52(1-6): 41-44.

Chhonkar1983).
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Materials and Methods should include a brief technical
description of the methodology adopted while a detailed
description is required if the methods are new.

THE JOURNAL
The Bioscan is an international quarterly journal of life
sciences with international editorial board. The journal is
online and details can be seen (downloaded from the site.
www.thebioscan.in). For any query e-mail at
m_psinha@yahoo.com & dr.mp.sinha@gmail.com can be
used.

Results should contain observations on experiment done
illustrated by tables and figures. Use well known statistical
tests in preference to obscure ones.
Discussion must not recapitulate results but should relate
the author's experiments to other work on the subject and
give their conclusions.

AIM & SCOPE
The journal aims to publish original peerly reviewed/
refereed research papers/reviews on all aspects of life
sciences.

All tables and figures must be cited sequentially in the
text. Figures should be abbreviated to Fig., except in the
beginning of a sentence when the word Figure should be
written out in full.

SUBMISSION OF MANUSCRIPT
Only original research papers are considered for
publication. The authors may be asked to declare that the
manuscript has not been submitted to any other journal
for consideration at the same time. Two hard copies of
manuscript and one soft copy, complete in all respects
should be submitted. The soft copy can also be sent by email as an attachment file for quick processing of the paper.

The figures should be drawn on a good quality tracing/
white paper with black ink with the legends provided on
a separate sheet. Photographs should be black and white
on a glossy sheet with sufficient contrast.
References should be kept to a minimum and listed in
alphabetical order. Personal communication and
unpublished data should not be included in the reference
list. Unpublished papers accepted for publication may be
included in the list by designating the journal followed
by "in press" in parentheses in the reference list. The list
of reference at the end of the text should be in the following
format.

FORMAT OF MANUSCRIPT
All manuscripts must be written in English and should be
typed double-spaced with wide margins on all sides of
good quality A4 paper.
First page of the paper should be headed with the title
page, (in capital, font size 16), the names of the authors
(in capitals, font size 12) and full address of the institution
where the work was carried out including e-mail address.
A short running title should be given at the end of the title
page and 3-5 key words or phrases for indexing.

1. Witkamp, M. and Olson, J. S. 1963. Breakdown of
confined and non-confined Oak Litter.Oikos. 14:138147.
2. Odum, E.P. 1971. Fundamentals of Ecology. W. B.
Sauder Co. Publ. Philadelphia.p.28.

The main portion of the paper should be divided into
Abstract, Introduction, Materials and Methods, Results,
Discussion (or result and discussion together),
Acknowledgements (if any) References and legends.

3. Macfadyen, A.1963. The contribution of microfauna
to total soil metabolism. In:Soil organism, J. Doeksen
and J. Van Der Drift (Eds). North Holland Publ.
Comp., pp 3-16.

Abstract should be limited to 200 words and convey the
main points of the paper-outline, results and conclusion
or the significance of the results.

References in the text should be quoted by the author's
name and year in parenthesis and presented in year order.
When there are more than two authors the reference should
be quoted as: first author followed by et al., throughout
the text. Where more than one paper with the same senior
author has appeared in on year the references should

Introduction should give the reasons for doing the work.
Detailed review of the literature is not necessary. The
introduction should preferably conclude with a final
paragraph stating concisely and clearly the aims and
objectives of your investigation.
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