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ABSTRACT

An On Farm Trial (OFT) was conducted to study the effect of different plant growth
regulators viz., forchlorfenuron (CPPU) and biozyme on the development of Kiwifruit cv.
Hayward in the commercial orchard of Chamba District of Himachal Pradesh during the
years 2013-14 and 2014-15. The experiment was conducted at place having an
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approximate altitude of 1200 m above mean sea level. Six treatments using PGR’s were
applied as dip and foliar application at petal fall and 15 days after petal fall stage. The
different treatments viz., T,: Untreated control; T,: CPPU @ 5ppm (Dip Application) at
petal fall; Ts: CPPU @ 5ppm (Foliar Application) at petal fall; T,: CPPU @ 5ppm (Dip
Application), 15 days after petal fall; Ts: CPPU @ 5ppm (Foliar Application), 15 days
after petal fall and T¢: Biozyme @ 2ml/litre at petal fall, were applied. The data on fruit
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size, fruit weight, fruit firmness and yield along with quality attributes were recorded at
harvest. The application of CPPU @ 5 ppm at petal fall as dipping application obtained a
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significantly higher average fruit yield of 54.20 kg per vine. Similarly, maximum average
fruit size (77.75 mm length and 53.74 mm diameter) and fruit weight (121.99 g) was
recorded with dip application of CPPU@ 5 ppm at petal fall. However, average minimum
fruit weight (47.52 g) in untreated control. The fruits treated with CPPU obtained highest
TSS (17.25 °B) and lowest fruit firmness (10.06kg/cm?). The probable reason for the

higher fruit weight and yield may be the exogenous application of CPPU which being
synthetic cytokinin has a role in faster cell division and cell elongation. The synthetic
cytokinin, CPPU (N-(2-chloro-4-pyridyl)-N-phenylurea) has been reported by various
worker all over the globe to increase fruit size, fruit weight and yield significantly (Biasi et
al., 1991; Lawes et al., 1992).

Introduction

Kiwi fruit is
introductions

tremendous commercial potential in the sub
Himalayan region of India. A native to central
among the very few recent  China, commercially growing in New
which have surpassed in Zealand, Italy, USA, Japan, Australia, France,

popularity due to its high nutritional value and ~ Chile and Spain. In India, kiwi was first
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planted in the Lal Bagh Garden at Bangaluru
as an ornamental tree. With extensive
research and development support its
commercial cultivation has been extended to
the mid hills of Himachal Pradesh,
Uttrakhand, Jammu and Kashmir, Sikkim,
Meghalaya, Arunachal Pradesh and Nilgiri
hills in India.

Fruit growers in India’s Himachal Pradesh are
increasingly turning to commercial kiwifruit
production and away from traditional apple
cultivation in bid to diversify their crops and
boost return. They are looking to kiwifruit as
an alternative source of revenue, as climate
change disrupts traditional apple production
in Himachal Pradesh. The mid-hills and
valleys of Solan, Shimla, Sirmaur, Mandi,
Kullu and chamba districts are ideally suited
for kiwi cultivation and have a market among
high-end consumers.

Kiwi (Actinidia deliciosa Chev.) cultivation
in chamba district of Himachal Pradesh is in
infancy stage. Production of small sized fruits
becomes a major barrier for its large-scale
expansion and lagging them behind in fruit
industry, especially while competing with the
quality produce arriving from other parts of
the world. Fruit size is one of the decisive
factor that contributes toward the better price
and marketability of the produce. Many
studies have been conducted on fruit thinning
and its effect on fruit weight and vyield of
kiwifruit trees (Snelgar et al., 1986; Thakur
and Chandel, 2004). Although hand thinning
has a positive effect on fruit size, fruit number
and yield (Snelgar et al.,1986) but cases have
been reported in which thinning practices did
not significantly affected fruit weight.
Therefore, an access to a technique which can
increase fruit size without affecting yield and
quality produce is necessary.

The endogenous level of different plant
hormones controls cell division and cell

expansion of fruit growth. Plant growth
regulators/hormones are the potential tools for
the quality improvement in horticultural crops
and are being used to improve fruit size and
yield. Desired response of the plant growth
regulators depends upon the dose and the time
of application. CPPU, N-(2-chloro-4-pyridyl)-
N-phenylurea having cytokinin-like activity is
known to enhance fruit set, improve fruit size,
cluster weight and quality in Kiwifruit, grapes,
apple, peach, peanut and sweet melons
(Nickell, 1986; Iwahori et al.,1988, Biasi et
al.,1991 and Costa et al.,1990) when applied
in the initial stages of fruit development.
Iwahori et al., (1988) observed that the
application of CPPU on fruit growth,
stimulating cell division rather than cell
enlargement. Increase in fruit size appeared to
be dependent on direct application to the fruit
(Sansavini et al., 1990). Japanese researchers
reported size responses in kiwifruit, whether
CPPU was applied as a dip, spray, or paste.
They found that dip and spray treatments
increased mean fruit weights by 35-60% with
a greater response at higher (10-30 mg/litre)
than lower concentrations (2-5 mg/litre). In
this paper we have investigated the
application technology and crop management
strategies for plant growth regulators use in
commercial kiwifruit orchard.

Materials and Methods

Present, investigations (OFT) were carried out
on 5-years-old commercial orchard of
Kiwifruit cv. Hayward in Chamba district of
Himachal Pradesh during the year 2013-14.
On each vine, uniform canes with same
number of determinate and indeterminate
fruiting laterals, were selected. The
experiment was conducted as randomized
block design having six treatments with 5
replicates using plant growth regulators as
foliar and dip application at petal fall and 15
days after petal fall stage. The different
treatments tried were T;: Untreated control;
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T,: CPPU @ 5ppm (dip application) at petal
fall; T3: CPPU @ 5ppm (foliar application) at
petal fall; T, CPPU @ 5ppm (dip
application) at 15 days after petal fall; Ts:
CPPU @ 5ppm (foliar application) at 15 days
after petal fall; Tg: Biozyme @ 2ml/litre at
petal fall. During fruit growth, 25 fruits per
treatment per vine were assessed for different
quality parameters. The observation on
different parameters viz., fruit firmness, fruit
size (length and diameter), average fruit
weight, fruit yield, fruit grades (>100g, 75-
100g and <75g) along with quality attributes
were recorded at the time of harvesting.

After harvest, total yield and yield of different
grade fruits were assessed on the basis of total
fruit weight of different grades (A grade >
100g, B grade 75-100g and C grade < 75Q).
The size of the fruits was measured in terms
of length and diameter with the help of
Digital Vernier Calliper and fruit weight was
taken on an electronic balance, TSS (°Brix)
and sugar percentage were recorded as per
standard procedures of AOAC (1990). The
data recorded was statistically analysed in
accordance with the method designed by
Gomez and Gomez (1984).

Results and Discussion

The influence of the synthetic cytokinin
forchlorfenuron (CPPU) and biozyme on
kiwifruit development as dip or foliar
application at petal fall or 15 days after petal
fall have been studied against the untreated
control.

Fruits showed an positive and immediate
response to the forchlorfenuron (CPPU)
treatment, as treated fruits become larger than
untreated fruits within 2-3 weeks of
application. Result thus obtained 2013-14 and
2014-15 were discussed here under different
heads:

Fruit size

The data pertaining to the effect different
plant growth regulators viz., CPPU and
Biozyme on fruit size in Kkiwifruit are
presented in Table 1. It is evident from the
pooled data that all the treatments increased
fruit size in terms of average fruit length and
fruit diameter significantly, except control.
The Maximum average fruit length (77.75
mm) of Kiwifruit were obtained in the fruits
with in treatment T, i.e. CPPU@ 5 ppm as dip
application at petal fall, which was
statistically at par with Ts treatment.
However, maximum average fruit diameter
(53.74 mm) was found in the fruits received
from the treatment T, i.e. CPPU@ 5 ppm as
dip application at petal fall, which was
statistically at par with T3 treatment and
followed by T4 and Ts. It is also evident form
the pooled data presented in the table that
average minimum fruit length (51.80 mm)
and fruit diameter (45.62 mm) was found in
untreated control, which were significantly
lower than other treatments. The increased
fruit size by the application of synthetic
cytokinin (CPPU) could be due to strong
growth regulation and found very effective in
accelerating fruit size. Hota et al., (2017)
recorded similar results in apricot by the
application of Forchlorfenuron and N-Acetyl
Thiazolidine 4-Carboxylic Acid. Fruit size of
Kiwifruit is greatly influenced by source sink
relationship as reported by Boyd and Barnett
(2011).

Fruit weight

It is evident from the pooled data presented in
Table 1 that maximum average fruit weight
(121.99 g) was recorded with T, treatment i.e.
CPPU@ 5 ppm as dip application at petal fall,
which was however, statistically in proximity
with fruits obtained from the treatment T3 i.e.,
CPPU @ 5ppm (foliar application) at petal
fall, having an average fruit weight 112.20 g.
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However, the average minimum fruit weight
(47.52g) was observed in the fruits obtained
from the untreated control (T;). The
enhancement in fruit size seems to be related
to increase in the endogenous level of
cytokinin, gibberellins and auxins (Brown and
Woolley, 2010), which promote greater cell
division and expansion (Woolley and Cruz-
Castillo, 2006; Antognozzi et al., 1997) and
fruits act as major sinks for water and
carbohydrates (Antognozzi et al., 1997).
CPPU is known to exhibit strong cytokinin
like activity (Takahashi et al., 1978) and to
stimulate the fruit growth in kiwifruit and
apple (Biasi et al., 1991, Green, 1989).
Similar responses in fruit weight were
observed by (Banyal et al., 2013) in apple and
(Babita and Rana, 2015) applied CPPU (urea
based cytokinin) as a fruit dip treatment after
10 days of petal fall in kiwifruit cv. Allison
and recorded maximum average fruit weight
(105.64 g).

Fruit yield

The data pertaining to the effect of different
plant growth regulators on average fruit yield
are presented in Table 2. It is obvious from
the pooled data that maximum average fruit
yield (54.20 kg vine ') was reported in trees
treated with CPPU@ 5 ppm as dip application
at petal fall (T,) followed by 41.54 kg per
vine with T3 treatment i.e. CPPU@ 5 ppm as
foliar application at petal fall. These
treatments recorded significantly higher
average fruit yield than untreated control
which obtained a average fruit yield of 22.18
kg per vine.

It can also be clearly seen that the proportion
of average fruit yield having fruit weight >
100 g was also significantly higher
(37.31kg/vine) in treatment T, followed by T3
treatment. However, untreated control having
more share of fruit size less than 75g which
obtained an average fruit yield of 14.18
kg/vine, which fetches lowest market price.

The increased yield and higher proportion of
fruit weight more than 100 g in the present
investigation, may be due to larger fruit size
and weight induced by CPPU (Famiani et al.,
2007). The proportion of fruit weight >100 g
with CPPU application was increased. CPPU
may attributed its effects in promoting larger
fruit growth by increased cell division as
CPPU having a cytokinin like activity. Greene
(1995) in apple, and Famiani et al., (1999) in
Kiwifruit also obtained larger and heavier
fruits following cytokinin based treatments.
Vasilakakis et al., (1997) found that small
size fruits in Kkiwifruit cv. Hayward were
mainly due to overloading of vines. The
findings of this study are in agreement with
(Pramannik et al., 2015) in Kiwiruit. They
found that higher yield with dipping fruits
with CPPU @ 10 ml + pinching 1/5™ at petal
fall at one month interval. The present results
are also in line with the findings of (Chandel
and Sarita, 2010) who reported that dipping of
Kiwifruit cv. Allison in 2.5, 5 and 10 ppm
CPPU and 10, 20 and 40 ppm Promalin
solution fourteen days after full bloom
resulted in significant increase in yield.

Fruit firmness

It is revealed from the perusal of pooled data
presented in Table 3 that different treatments
had a marked effect on the fruit firmness. In
the present investigation fruits obtained from
untreated control (T;) recorded maximum
fruit firmness (11.19 kg/cm?) whereas CPPU
treated fruits registered significantly lower
fruit firmness, whether applied as dip or
foliar. The decrease in fruit firmness by the
application of CPPU might be associated with
enhanced ethylene production in fruit tissue
and fruit Ca is decreased by dilution as fruit
size increases, (Suttle, 1996). These finding
are confirmed with those observed by (Fathi
et al., 2011) on persimmon who reported that
that Sitofex (CPPU) application resulted in
lower fruit firmness than the control during
both the years of study.
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Table.1 Effect of different plant growth regulators on fruit size and average fruit weight of Kiwifruit

Treatments

T1:Untreated
control

T,: CPPU @ 5ppm
(Dip Application)
at petal fall

T3: CPPU @ 5ppm
(Foliar
Application) at
petal fall

T4: CPPU @ 5ppm
(Dip Application),
15 days after petal
fall

Ts: CPPU @ 5ppm
(Foliar
Application), 15
days after petal fall
Te: Biozyme @
2ml/litre at petal
fall

CDo.os

2014
52.37

79.13

76.71

66.32

61.51

57.42

411

Length
2015

51.23

76.37

73.34

67.28

60.17

55.13

2.86

Fruit Size (mm)

Pooled
51.80

77.75

75.03

66.80

60.84

56.28

3.17

2014
47.11

54.31

53.23

51.85

52.07

49.93

3.16

2095

Diameter
2015

4413

53.17

50.19

50.75

49.33

46.23

3.01

Pooled
45.62

53.74

51.71

51.30

50.70

48.08

3.23

Average fruit weight

2014
48.80

120.50

110.90

77.40

71.60

64.40

11.37

2015
46.23

123.47

113.49

74.25

70.23

60.22

8.53

Pooled
47.52

121.99

112.20

75.83

70.92

62.31

10.29



Treatments

T;:Untreated control
T,: CPPU @ 5ppm
(Dip Application) at
petal fall

T3: CPPU @ 5ppm
(Foliar Application)
at petal fall

T4: CPPU @ 5ppm
(Dip Application), 15
days after petal fall
Ts: CPPU @ 5ppm
(Foliar Application),
15 days after petal
fall

Te: Biozyme @
2ml/litre at petal fall

CDo.s
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Table.2 Effect of different plant growth regulators on fruit yield of Kiwifruit

2014
2.92
35.02

14.32

5.84

4.13

2.86

11.27

>100g

2015
3.15
39.60

15.29

5.71

6.20

3.75

9.21

Pooled

3.04

37.31

14.81

5.78

5.17

3.31

13.24

Fruit Yield (kg/vine)

75-100g
2014 | 2015 @ Pooled
4.75 5.17 4.96
8.76 9.13 8.95
11.04 | 12.15 11.60
6.81 6.30 6.56
5.78 7.57 6.68
6.38 7.95 7.17
1.76 1.37 2.19

2096

2014
13.23
1.72

15.54

19.79

17.60

12.76

2.13

<759

2015
15.13
8.17

14.73

23.56

15.36

7.45

2.74

Pooled
14.18
7.95

15.14

21.68

16.48

10.11

3.47

2014
20.90
51.50

40.90

32.45

27.50

22.00

5.31

Total Yield
2015 | Pooled
23.45 22.18
56.90 | 54.20
42.17 41.54
35,57  34.01
29.13 28.32
19.15 @ 20.58
7.49 8.23



Treatments

Ti:Untreated
control

T,: CPPU @ 5ppm
(Dip Application)
at petal fall

T3: CPPU @ 5ppm
(Foliar Application)
at petal fall

T4: CPPU @ 5ppm
(Dip Application),
15 days after petal
fall

Ts: CPPU @ 5ppm
(Foliar
Application), 15
days after petal fall
Te: Biozyme @
2ml/litre at petal
fall

CDo.0s

2014

10.63

10.30

10.10

10.01

10.12

10.08

0.80

Fruit
Firmness
(kg/lcm?)

2015

11.75

10.57

10.29

10.11

10.25

10.10

0.53

Int.J.Curr.Microbiol.App.Sci (2020) 9(5): 2091-2101

Pooled

11.19

10.44

10.20

10.06

10.19

10.09

0.59

2014

13.40

17.60

16.80

17.20

16.60

14.30

0.30

TSS (°B)

2015

12.60

16.90

15.87

16.50

16.30

13.50

0.24

2097

Pooled

13.00

17.25

16.34

16.85

16.45

13.90

0.31

2014

0.96

0.81

0.83

0.84

0.82

0.83

NS

2015

0.93

0.82

0.81

0.83

0.85

0.87

NS

Table.3 Effect of different plant growth regulators on quality parameters of Kiwifruit

Acidity (%)

Pooled

0.95

0.82

0.82

0.84

0.84

0.85

NS

2014

8.12

9.71

9.47

9.63

9.51

9.54

0.13

Total Sugar

(%)

2015 Pooled
7.99 8.06
9.35 9.53
9.51 9.49
9.39 9.51
9.13 9.32
8.93 9.24
0.11 0.07
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Production of quality kiwifruits using CPPU
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Fruit quality

It is clear from the pooled data (Table 3) that
different treatments exhibited a significant
influence on TSS content in fruits. The
maximum TSS content (17.25 °B) was
observed in fruits acquired from trees treated
with CPPU @ 5 ppm (Dip application) 15
days after petal fall, which was significantly
higher that untreated control T; (13.00 °B).
The pooled data in Table 3 revealed that the
treatment of forchlorfenuron @ 5 ppm when
applied at 15 days after petal fall as dip or
foliar application decreases the acid content in
fruits significantly as compared to control
(T1). The maximum acidity (0.95%) was
found in fruits acquired from trees under
control (T,), while lower acidity was recorded
in fruits treated CPPU and biozyme plant
growth regulators. It is also revealed from the
perusal of pooled data presented in Table 3
that different treatments had a marked effect
on the total sugar content in fruits. The
maximum average total sugars (9.53 %) was
found in fruits acquired from trees treated
with forchlorfenuron @ 5 ppm when applied
at 15 days after petal fall (T,), which was st
par with T3 and T4 and minimum total sugars
(8.06 %) was observed in the fruits from trees
under control (T,).

The results of present study are in conformity
with the studies conducted by Kim et al.,
(2006) who reported that foliar application of
Sitofix (forchlorfenuron) increased the fruit
TSS content and decreased the level of acidity
in kiwifruit. The higher TSS content might be
attributed to a higher rate of photosynthates
assimilation, as cytokinin are known to
influence mobilization of metabolites and
nutrients to the cytokinin treated portion of
the plant (Leopold and Kriedemann, 1975).
The results also in accordance with that of
(Barkule et al.,, 2018) who observed that
higher TSS content in sapota in Kallipati
when treated with 6 ppm CPPU.

Hence concluded, for chlorfenuron, a phenyl
urea based plant growth regulator has showed
a great potential to augment the fruit size of
Kiwifruit both in length and diameter, when
applied as a dip or foliar application. CPPU
when applied @ 5ppm at petal fall (dipping
application), has significantly improved fruit
size, fruit weight, fruit yield along with other
quality parameters. Production of bigger
kiwifruits along with improved qualitative
parameters will certainly boost kiwifruit
production in the state and encourage farmers
to compete in the market.
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