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Abstract

An experiment was conducted in the department of Horticulture, Bihar Agricultural College, Sabour to
show the effect of some plant growth regulators on fruit drop in Kinnow mandarin. The plant growth
regulators viz. 2, 4-D (10 and 20 ppm), GA3 (25 and 50 ppm) and NAA (10 and 20 ppm) were applied
on 15" October and 15 November separately and in both the months to check the impact on pre-harvest
fruit drop and physical parameters. Exogenous application of growth regulators 2, 4 D (20 ppm) in both
the months significantly decreased the pre-harvest fruit drop percentage leading to increase in total
number of fruits per plant, fruit weight, length, width and juice percentage.
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Introduction

Citrus, one of the most important fruit crop of sub-tropical region, is the world’s leading tree
fruit crop belonging to the family Rutaceae with chromosome number 2n=18. Citrus is native
to tropical and subtropical region of Southeast Asia particularly, India and China. Kinnow is
one of the important fruit crop among citrus species developed by H.B. Frost at Citrus
Experiment Station, California in 1915 by crossing King (Citrus nobilis) and Willow Leaf
(Citrus deliciosa). It was introduced in the year 1949 in Punjab. It is highly prized for its fruit
qualities and is commercially cultivated due to its good yield, high processing quality, fresh
consumption aromatic flavour and better adaptation to agro environmental condition of Punjab
(Ahmed et al., 2006) B1. Citrus occupies about 14.9% of the total land under various fruit crops
in India. Currently, citrus is cultivated in an area of 1078 (‘000HA) with total production of
11147 (‘000MT) and average productivity is 10.3 metric tonnes in India (NHB, 2013-14).
Despite having so many qualities, fruit drop in Kinnow is a serious problem worldwide.
Although fruit drop occurs in different waves, pre-harvest drop that occurs when fruits are half
or ¥ mature is of main concern as it results in direct economic loss to the growers. Flowering,
fruit set and its retention depends on several factors and hormonal regulation is one of them
(Hucheche et al., 2012) 2%, Pre harvest drop is a very complex problem and mostly occurs due
to formation of abscission layer. Tree drops its fruit when the concentration of auxins
decreases and the concentration of abscissic acid (ABA) increases (Marinho et al., 2005) 24 as
the endogenous hormones and their balance play an important role in the mobilization of
nutrients to the developing organ. The application of different plant growth regulators are
recommended to reduce premature fruit drop by various workers across the world (Ashraf et
al., 2012; Uniyal et al., 2015) [+ 14,

2, 4-Dichlorophenoxy acetic acid is a synthetic phenoxy compound, highly reputed as an
abscission inhibitor of leaves and fruits, especially in fruit crops at sub lethal concentrations.
Ashraf et al. (2013) 8 have shown that it is possible to reduce pre-harvest drop of mature
Kinnow fruits by applying 2, 4-D spray any time from three months before drop begins.
Another advantage of this PGR is that fruits can be left on the tree for much longer period,
even after normal harvest time, without considerable loss by fruit drop, and it also improves
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the quality of fruits by enhancing biochemical characteristics.
Fruit size can be improved either by increasing carbohydrates
availability to fruit or by increasing fruit sink strength.
Application of synthetic auxins may act in these two ways,
depending on the date of treatment (Patil et al., 2011; Jain et
al., 2014) [0,

Gibberellins include a large range of chemicals that are
produced naturally within plants that helps in mobilization of
food material used for growth of cell and helps in fruit
retention and improving fruit quality (Gurung et al 2016;
Rokaya et al 2016) [ 5. NAA also inhibit the formation of
abscission layer and reduces the fruit drop. Ghosh et al.
(2012) 09 found that NAA at 15 ppm is most effective in
controlling fruit drop. Although some references are available
in the literature and efforts have been made to control the fruit
drop by exogenous application of growth regulators, there is
no precise recommendation for the control of fruit drop in
Kinnow mandarin.

Therefore, effective supply of plant growth regulators is
necessary to produce high quality citrus fruits and control
excessive citrus fruit drop which involves selection of
appropriate plant growth regulators and their combination,
rate and time of application.

Moreover, Kinnow mandarin has been recently introduced in
the climatic conditions of Bihar, therefore the present
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experiments were conducted to study the control of excessive
pre-harvest drop and improvement in fruit yield and quality
by the application of 2, 4-D, GA, NAA and their
combinations.

Materials and Methods

Bihar Agricultural University; Sabour, Bhagalpur is situated
at longitude 87°2°42” East and latitude 25°15°40” North at an
altitude of 46 m above mean sea level in the heart of vast
Indo-Gangatic plains of North India. The climate of this place
is sub-tropical characterized by hot desiccating summer, cold
winter and moderate rainfall. May is the hottest month with
an average maximum temperature of 35 to 39°C. January is
the coldest month of the year with mean minimum
temperature varies from 5 to 10°C. The average annual
rainfall is 1380 mm, precipitating mostly between mid-June to
mid-October. Bihar Agricultural University, Sabour lays in
Agro-climatic zone 1l A (NARP, Zone of the state)
comprising 6 districts viz; Bhagalpur, Banka, Munger, Jamui,
Lakhisarai and Sheikhpura of Bihar are having diverse type of
topography and soil classes.

The meteorological data recorded during the experimentation
period (2016-17) based on observations made at the
meteorological observatory of the Bihar Agricultural
University, Sabour are presented in Table 1.

Table 1: Weather conditions prevailing during experimentation (July 2016 to February 2017)

Standard meteorological Temperature (°C) Relative Humidity (%) Rain fall

weeks 2016 — 17 Max. Min. 07.00 A.M. 02.00 P.M. (mm)
27 30.8 25.3 93.0 84.0 204.1
28 32.5 25.7 90.0 78.0 43.4
29 315 25.5 89.0 84.0 40.9
30 31.8 25.8 89.0 76.0 14.9
31 33.1 25.6 87.0 74.0 14
32 32.8 25.9 88.0 76.0 26.9
33 35.0 25.8 86.0 80.0 35.1
34 31.0 25.5 84.0 74.0 4.8
35 33.4 26.2 89.0 74.0 2.2
36 31.1 24.6 91.0 84.0 147.3
37 31.7 25.5 89.0 76.0 11.4
38 31.7 24.4 91.0 80.0 42.4
39 30.1 23.7 89.0 83.0 119.6
40 32.6 25.2 86.0 74.0 23.2
41 30.9 23.9 92.0 77.0 8.6
42 32.2 20.3 87.0 60.0 00.0
43 31.0 19.6 90.0 62.0 00.0
44 30.6 18.6 90.0 65.0 00.0
45 30.6 16.2 86.0 61.0 00.0
46 29.3 13.6 92.0 51.0 00.0
47 27.8 11.9 92.0 48.0 00.0
48 27.1 12.6 92.0 62.0 00.0
49 23.0 11.7 96.0 72.0 00.0
50 18.7 8.0 97.0 75.0 00.0
51 23.3 8.2 95.0 59.0 00.0
52 23.0 10.0 96.0 74.0 00.0
1 20.9 8.6 98.0 76.0 00.0
2 21.3 8.0 96.0 61.0 00.0
3 22.7 6.0 93.0 48.0 00.0
4 25.1 8.2 91.0 59.0 12.4
5 22.2 8.0 98.0 63.0 00.0
6 25.8 7.9 89.0 51.0 00.0
7 26.6 9.5 95.0 46.0 00.0
8 28.4 115 86.0 44.0 00.0
9 29.2 10.5 83.0 36.0 00.0
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Experimental details

The experiment was carried out in high density orchard of
Kinnow mandarin of Bihar Agricultural College, Sabour,
Bhagalpur. Six years old 57 trees of Kinnow mandarin of
uniform size and age were selected for this experiment. The
selected tress were tagged and given uniform cultural
practices throughout the period of study. On the selected trees
2,4-D (10 and 20 ppm), GA3 (25 and 50 ppm) and NAA (10
and 20 ppm) were sprayed on 15" October, 15" November
and in both the months to check the effect on pre-harvest fruit
drop and physical properties of the fruits. The experiment
consisted of 19 treatments including control with three
replications and single tree was taken as an experimental unit.
Number of fruits was counted on each selected tree before the
start of experiment. The fruit drop from the selected trees was
counted at 7 days interval starting from 15" October and up to
15" November and fruit drop percentage was calculated:

Total no of dropped fruits
Fruit drop % = x 100

Total no of fruits before application

Yield per tree was calculated at the time of harvesting. Fruit
length and width of 10 fruits/tree and fruit weight was also
calculated.

Statistical analysis and interpretation of data

The experimental data was subjected to statistical analysis in
order to find out which of the treatments showed significant
variation in different parameters/attributes studied under
investigation. The technique of analysis of variance
(ANOVA) for randomized block design (RBD) was adopted
as suggested by Panse and Sukhatme (1967).

Results and Discussion

The exogenous application of plant growth regulators
significantly reduced the pre-harvest fruit drop as compared to
control (30.87%). The minimum fruit drop (12.87%) was
found in the trees sprayed with 2,4-D 20 ppm on 15™ October
+ 15 November followed by NAA 20 ppm (16%) sprayed on
15" October + 15" November which was at par with 2,4-D 10
ppm (16.68%) sprayed on 15" October + 15" November.
Among the GA treatments the minimum fruit drop (22.17 %)
was observed in Ty, when trees were sprayed with GA 50
ppm on October + 15" November. Reduction in fruit drop
percentage favours the hypothesis of Jahromi et al. (2013) 24,
who demonstrated a relationship between auxin and fruit drop
in local tangerine. He reported the maximum reduction in
total fruit drop with 20 ppm 2, 4-D. The present findings are
also in agreement with the results of Nawaz et al. (2008) 7
and Ashraf et al. (2013) 281, The fruit drop in citrus may be
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attributed to formation of abscission layer at the stem point
(Lal et al., 2015) (61, Keeping in view the above results it can
safely be recommended to growers that 2, 4-D at 10 and 20
ppm can be sprayed to control pre-harvest drop.

All the treatments improved the yield significantly over
control (19 fruits/tree) through exogenous application of plant
growth regulators. The maximum fruit yield (69 fruits/ tree)
was obtained from trees sprayed with 20 ppm 2, 4-D on 15t
October + 15" November, followed by NAA at 20 ppm (
55.68 fruits / plant) sprayed on 15" October + 15" November
which was at par with 2,4-D at 10 ppm (55 number of fruits/
tree) sprayed on 15" October + 15" November. The present
finding are also in agreement with the results of Jain et al.
(2014) 29 Yaser et al. (2016) ?4 and Bhatt et al. (2017) 8
who revealed that application of 2, 4 D gave superior fruits
with highest number of fruits per plant.

The foliar application of 2, 4-D at 20 ppm sprayed on 15%
October + 15™" November significantly improved fruit weight
(194.67g), followed by treatment of NAA at 20 ppm
(188.33g) sprayed on 15" October + 15" November. The
minimum fruit weight was recorded under control (159.339).
The findings are in agreement with the reports by Ashraf et al.
(2013) &1 who reported that foliar application of 2, 4-D
significantly increases the fruit weight. The maximum fruit
width (79.80 mm) was observed with 2, 4-D at 20 ppm
sprayed on 15" October + 15" November. Improvement in
physical parameters of fruit in present experiment with
exogenous application of 2, 4-D may be attributed to
accelerated fruit growth and finally fruit size by increasing
cell enlargement. Agusti et al. (2002) 28 suggested that, the
role of plant growth hormones as “ mobilizers” of the
nutrients from other parts of the plant to the actively growing
metabolic “sinks” i.e. fruits which may also be an important
factor contributing to improved size. Ghosh et al. (2012) (9
reported increase in fruit size in Sweet orange by spraying
auxins at the rate of 15 ppm. Auxin is also known to affect the
permeability of cell wall leading to uptake of water and
expansion of cells, resulting in cell elongation. Auxin also
induces and promotes the growth substances which may be
pre-requisite for auxin induced fruit growth. The possible
explanation for improved fruit quality under auxin treatment
may be delay in fruit maturity that allows fruits to remain on
tree for a longer period during which they can accumulate
more food reserves and water within them (Singh et al., 1986)
271, NAA at the rate of 20 ppm produced maximum fruit
length and breadth (Uniyal et al., 2015) 1. Yaser et al.
(2016) 2 found that 2, 4-D (0.002%) improved the juice
content of Thompson Naval orange. After application of
auxin, there is synthesis of photosynthates by leaves due to
which stimulation of cell expansion occurs, especially of juice
vesicle. This expansion may increase the vesicle capacity for
juice accumulation (Agusti et al., 1995) [“]

Table 2: Effect of plant growth regulators on pre-harvest fruit drop and yield

Treatments Date of spray Fruit drop (%) Yield (no. of fruits/plant)
T1—2,4-D (10ppm) 15- OCT 18.73 43.67
T2-2,4-D (10 ppm) 15-NOV 19.90 36.33
T3 - 2,4-D (10 ppm) 15 OCT + 15 NOV 16.68 55
T4-2,4-D (20 ppm) 15-0CT 23.01 36.00
Ts - 2,4-D (20 ppm) 15-NOV 17.63 44.33
Ts -2,4-D (20ppm) 15 OCT + 15 NOV 12.87 69.00
T7 - GA3 (25 ppm) 15-OCTs 22.47 27.00
Ts - GA3 (25 ppm) 15-NOV 27.00 28.33
To - GA3 (25 ppm) 15 OCT + 15 NOV 26.33 23.33
T10 - GA3 (50 ppm) 15-0OCT 25.05 26.67

~ 1038~



http://www.chemijournal.com/

International Journal of Chemical Studies

http://www.chemijournal.com

T11 - GA3 (50 ppm) 15-NOV 26.11 35.00
T12 - GA3 (50 ppm) 15 OCT + 15 NOV 22.17 27.00
Ti3 — NAA (10 ppm) 15-0OCT 21.53 24.00
Tia - NAA (10 ppm) 15-NOV 21.58 27.00
Tis - NAA (10 ppm) 15 OCT + 15 NOV 18.23 41.67
Tis - NAA (20 ppm) 15-0OCT 21.05 39.00
T17 - NAA (20 ppm) 15-NOV 19.63 40.33
Tis - NAA (20 ppm) 15 OCT + 15 NOV 16.00 55.68
Tag (control) 30.87 19.33
CD (p=0.5) 2.9 2.08
SEM(z) 1.03 0.72

Table 3: Effect of plant growth regulators on physical parameters

Treatments Date of spray Fruit weight (gm) Frm(tnkq)rt:)adth Fruit length(mm) | Juice % | Juice/pomace
T1-2,4-D (10ppm) 15-Oct 175.00 72.43 63.46 42.39 1.05
T.- 2,4-D (10 ppm) 15-Nov 171.33 73.00 67.97 41.87 1.21
T3-2,4-D (10 ppm) | 15 OCT + 15 NOV 183.33 74.05 69.39 45.74 1.35
T4 - 2,4-D (20 ppm) 15-Oct 180.00 70.40 67.53 45.13 1.25
Ts - 2,4-D (20 ppm) 15-Nov 178.00 72.53 66.13 43.90 1.2
Ts -2,4-D (20ppm) 15 OCT + 15 NOV 194.67 79.80 74.35 51.52 1.49
T7- GA3 (25 ppm) 15-Oct 166.67 68.04 58.73 41.46 1
Ts - GA3 (25 ppm) 15-Nov 168.17 69.62 58.81 41.27 1.05
To - GA3 (25 ppm) 15 OCT + 15 NOV 170.00 67.46 59.00 41.25 0.99
T10 - GA3 (50 ppm) 15-Oct 166.33 69.17 58.55 42.00 0.94
T11 - GA3 (50 ppm) 15-Nov 168.67 66.44 59.07 42.04 0.9
T12 - GA3 (50 ppm) 15 OCT + 15 NOV 176.00 68.98 61.53 44.26 1.22

T13 — NAA (10 ppm) 15-Oct 165.00 70.59 66.27 42.41 1.2
Tia - NAA (10 ppm) 15-Nov 165.00 73.01 63.16 44.39 1.31
T1s - NAA (10 ppm) | 15 OCT + 15 NOV 178.50 74.33 68.12 45.74 1.36
Tis - NAA (20 ppm) 15-Oct 174.50 73.83 65.73 43.83 1.39
T17 - NAA (20 ppm) 15-Nov 176.00 72.88 68.48 43.72 1.04
Tis - NAA (20 ppm) | 15 OCT + 15 NOV 188.33 77.61 72.39 48.99 1.45
T (control) 159.33 59.25 53.69 40.59 0.85
CD (p=0.5) 4.2 3.1 43 2.3 0.13
SEM() 1.4 1.09 15 0.81 0.063
Conclusion growth and ysield of Kinnow mandarin. Pak. J Bot. 2006;
2,4- Dichlorophenoxy acetic acid showed significant 38(3):603-612.

reduction in fruit drop and improving physical parameters of
Kinnow mandarin when sprayed on 15" October + 15
November at the rate of 20 ppm as compared to different
concentration of other growth regulators. Thus, 2, 4-D could
be applied through exogenous application to increase fruit
yield under conditions that favours fruit drop and its full
potential could be exploited if applied in required quantity
and at appropriate growth stage.
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