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Crop regulation studies were undertaken on Kinnow trees of 8th and 9th year
which have started declining due to heavy crop load in the previous year to
maintain the tree health and vigour for continuous production. Plano-fix
(NAA) was used to thin the fruitlets in 0, 250, 300 and 350 ppm at fruitlets
stage after fruit set. The experiment was laid on Randomized Block Design,
replicated four times, two trees served as a unit of treatment. Applications
of 350 ppm Plano-fix (NAA) decreased crop load via fruitlet thinning. It
improved vegetative growth, tree vigour, fruit size & quality.
University recommended Kinnow for
commercial cultivation in the State and this
fruit became very popular among the fruit
growers of the State.

Introduction
Citrus species are among the most popular
and important fruits in India. It occupies an
area of 976(„000) ha with estimated fruit
production of 11655(„000) MT (anonymous
2016). Citrus industry in the Punjab State is
unique as it has now primarily concentrated
on a single interspecific mandarin hybrid
cultivar „Kinnow‟ evolved by H.B Frost in
1935.

Its plantation have gained great impetus
especially in the North Indian plains, because
of its wide range of adaptability, high yield
potential, superior fruit quality, precocious
bearing, and high income and comparatively
having fewer tendencies to granulation, insect
pests and diseases. Unfortunately, many
problems are jeopardizing cultivation of this
popular crop in the region.
Among these Kinnow tree decline is the most
important one, which is causing heavy losses

It is being grown on an area of 49356 hectares
(anonymous, 2017) and distributed in the submountainous as well as in the arid-irrigated
zones of the State. Punjab Agricultural
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to the fruit growers of the State. The various
factors responsible for this early tree decline
may be malnutrition, insect-pest and disease
but the major one is the heavy and excessive
bearing habit of the tree during (4th-5th year).
The excessive bearing at this stage not only
adversely affects the fruit size, shape, quality
but also tree health, growth and vigour during
the subsequent years. Finally, it leads to
collapse of tree and/or induction of the
rhythm of alternate bearing during8th and 9th
year of age (Sidhu 1988) consequently results
in poor productivity (Smith, 1976). There is
gradual decline of trees with of exhaustive
cropping if in 4th and 5th year it is allowed to
bear heavily. The declining of trees show
retardation of growth, chlorotic foliage,
premature defoliation, fruit drop and twig
dieback (Gupta, 1970).During 4th and 5th year
of age tree bears heavily, shows rhythm of
alteration and decline in successive years.
Ultimately tree collapses in the 8th or 9th year
of age (Sidhu 1988).Though this is serious
problem but very scanty information is
available on this subject.

loam having pH 8.7, Electrical conductivity
0.70 mmhos/cm and CaCO3 .75 percent. The
orchard soil was low in organic matter (0.37
per cent) and phosphorus (10 kg/ha) but high
in available potassium content (264 kg/ha).
The experimental trees were given similar
cultural practices (Package of Practices PAU,
2015), in addition to experimental treatments.

In the wake of the above mentioned problems,
the present investigations were undertaken
with the following objectives include effect of
Plano-fix (NAA) applications in thinning of
fruitlets. And also to study about effect of
Plano-fix (NAA) on subsequent tree growth,
vigour & cropping behaviors, fruit quality and
size.

At full bloom stage (75 per cent flowers
opened)

Materials and Methods

2.

Nine year old Kinnow trees of uniform size
and vigour budded on Jatti Khatti (Citrus
jambhiri Lush.) rootstock were utilized for the
experiment. These trees were planted in
square system at 6m × 6m distance. The
orchard was irrigated by canal water. These
trees were grown under uniform conditions of
soil and orchard management practice and
two trees were used per unit for the
treatments. Total no. of experimental trees
was used 64. The experiment was laid out in
Randomized Block Design with the four
replications under the following treatments:
Main treatment: timing of plano-fix (NAA)
applications

After fruit set stage (Fruitlet dia. 0.5 cm)
Sr.
No.
1.

The present investigations on the „Effect of
crop regulation on Kinnow decline‟ were
carried out in village Khatrawan (Sirsa) and
University College of Agriculture Guru Kashi
University, Talwandi Sabo.

3.

4.

The kinnow orchard planted at village
Khatrawan, (Sirsa) is situated on the
Khatrawan -Tirlokewala Kanchian link road.
The texture of the orchard soil was sandy

Chemical
Treatment
Control
spray)
Plano-fix
Naphthalene
acid)
Plano-fix
Naphthalene
acid)
Plano-fix
Naphthalene
acid)

Concentration
(Water Water spray
(α- 250 ppm
acetic
(α- 300 ppm
acetic
(α- 350 ppm
acetic

The aqueous solutions of this chemical
thinner (Plano fix) was applied on March 27th
(full bloom stage) and again on April 27th
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(Fruitlet size 0.5 cm diameter). Two trees
served as a unit of treatment and each
treatment was replicated four times. This
experiment was laid out in a randomizedblock design.
And observations on tree growth (tree height,
tree spread, trunk girth), time and duration of
flowering, number of flowers per shoot, fruit
thinning, fruit retention percentage, fruit yield
per tree and physical & chemical fruit
variables were recorded and Statistical
analysis of the recorded data was done as per
randomized-block design using eda software
developed by the department of Mathematics
and statistics PAU, Ludhiana.

The data given in Table.1 showed increase in
Plano fix concentration (NAA) resulted in
corresponding decrease in fruit yield which
the result on fruit thinning. The lowest yield
(248 fruits /tree) was recorded in 350 ppm
Plano fix (NAA) which was significantly
lower than other treatments. The highest yield
was recorded (348 fruits /trees) in control.
These reductions in number of fruits per tree
may be attributed to the higher percentage of
fruitlet abscission induced by Plano fix
(NAA), which resulted in reduced fruit yield
per tree. Sidhu (1988) obtained similar results
in Kinnow and investigated fruit yield per tree
was reduced due to promotion of abscission
of young fruitlets caused by thinning NAA.

Results and Discussion

Growth parameters

Fruit thinning and fruit yield
(Shown in table 1)

Rootstock and Scion Girth
The mean data presented in Table 2 showed
that the annual increment in Kinnow tree
rootstock girth was significantly higher (8.1
cm) with application of 350 ppm Plano fix
(NAA), compared to control (4.9 cm). The
mean data presented in Table 2 showed that
the annual increment in Kinnow tree
rootstock girth was significantly higher (5.0
cm) with application of 350 ppm Plano fix
(NAA), compared to control (2.5 cm). The
Rootstock and Scion girth was increased as
the concentrations of applied Plano fix (NAA)
were increased from 100 to 350 ppm.
Generally, the annual increment in trunk girth
was more where flower and fruit thinning
percentage was high which led to reduced
fruit load and thereby making availability of
more photosynthates for tree growth and
vigour of the tree. NAA application resulted
in annual increment in trunk girth of kinnow
tree as reported by Sidhu (1988).

The data presented in Table.1 showed that the
treatment of Plano fix (NAA) 350 ppm
resulted in significantly higher (81.06) fruitlet
thinning as compared with all other
treatments. The minimum fruitlet thinning
was in control (71.07). Chemical thinner like
NAA appear to have the capability to create a
carbohydrates
stress
by
reducing
photosynthesis, increasing respiration or
impeding carbohydrates movement to the
fruit. Many have observed that the greatest
fruit abscission caused by thinner is
associated with periods to reduced
carbohydrates
availability
immediately
following thinner application. Similar result
have been reported by , Hirose et al., (1978)
and Iwahori et al., (1978) also reported that
NAA (200 and 300 ppm) applied 25 days
following full bloom, caused approximately
30 percent increase in fruit drop and
effectively thinned Satsumas mandarins.
Sidhu (1988) also investigated that NAA
application (200, 300 and 400 ppm) caused
thinning of fruits in kinnow.

Tree spread and height
The mean data on annual increment in tree
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spread and height is given in Table 2. The
perusal of the data revealed that the annual
increase in tree spread was significantly
higher (21.56 cm) with 350 ppm Plano fix
(NAA) treatment, compared with control.
Similar trend was recorded in tree height. The
annual increment in tree height was
significantly higher (25.62 cm) with
application of 350 ppm Plano fix (NAA) as
compared with control (17.07 cm) and all
other treatments. The annual tree spread and
height was increased as the concentrations of
applied NAA were increased. Generally, the
annual increment in tree spread and height
was higher where fruit thinning percentage
was high which lead to reduced fruit load and
thereby making availability of more
photosynthates for tree growth and vigour of
the tree. Sidhu (1988) reported the annual
increment in Kinnow tree spread with NAA
application.

corresponding increase in fruit weight.
However, the lower concentrations of NAA
(Plano fix 300 ppm and 250 ppm) did not
significantly increased fruit weight as
compared with control. The higher concentration of Plano fix (350 ppm) have significantly
increased the number of seeds per fruit (Table
4).
The minimum number of seeds (18.5) per
fruit was recorded in 250 ppm treatment.
Although mean seed weight was the highest
(0.91g /seed) with application of 250 ppm
NAA. The NAA treatments have significantly
increased the juice percentage of fruit
compared with the control. Similarly,
Tsertsvadze, (1978) reported that about 50
percent of the flowers should be thinned for
regular cropping of Satsumas. But fruit
weight, percent juice and sugars percentage
were the highest where 75 percent of the
flowers had been thinned. Lewin and
Monselise (1976) also found that the number
of developed seeds in „Temple‟ and
„Ortanique‟ mandarin cultivars was reduced
with 150 ppm NAA applications at early
fruitlet development stage. Sidhu (1988) also
observed in kinnow.

Fruit quality
Physical parameter
The perusal of the data given in Table 3
revealed that fruit diameter was the minimum
(6.2 cm) in control. The fruit diameter was
significantly higher (7.6 cm) with the
application of 350 ppm as compared with all
other treatments and the fruit diameter
increased as the concentrations of applied
NAA were increased from 100 to 350 ppm.
Likewise, Hilgeman et al., (1964) and Sidhu
(1988) reported that fruit thinning of Kinnow
mandarins had markedly increased the fruit
size.

Total soluble solids and acids
The perusal of mean data presented in Table 4
revealed that the higher concentrations of
Plano fix (NAA) significantly increased the
total soluble solids (TSS) as compared with
control. The minimum total soluble solids
(8.9 per cent) were recorded in control
treatment. The various flower and fruit
thinning treatments did not significantly affect
the average acid content of fruit juice as
compared with control. Juice acidity was
found to be the maximum (0.94 per cent) in
300 ppm and the minimum (0.89 per cent) in
Plano fix (NAA) 350 ppm treatment.

The mean data presented in Table 3 revealed
that all the treatments of Plano fix (NAA)
have increased fruit weight as compared with
control. Fruit weight was the maximum (171
g) with the application of 350 ppm. In
general, Plano fix (NAA) resulted in
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Table.1 Effect of spray application of Plano fix (NAA) on fruit thinning & fruit yield
Treatment
Control
Plano fix (NAA) 250 ppm
Plano fix (NAA) 300 ppm
Plano fix (NAA) 350 ppm
LSD (0.05)

Fruit thinning
(%)
71.07
76.76
79.76
81.06
2.08

Fruit yield (Mean number of
fruits per tree)
348
318
273
248
8.85

Table.2 Effect of spray application of Plano fix (NAA) on tree height, rootstock girth,
scion girth and tree spread
Treatment

Control
Plano fix (NAA)
250 ppm
Plano fix (NAA)
300 ppm
Plano fix (NAA)
350 ppm
LSD (0.05)

Tree height
Annual increment
in cm
17.07
20.0

Rootstock girth
Annual increment
in cm
4.9
6.8

Scion Girth
Annual increment
in cm
2.5
3.9

Tree spread
Annual
increment in cm
15.13
19.35

24.65

7.5

4.3

20.95

25.62

8.1

5.0

21.56

0.54

0.33

0.37

0.58

Table.3 Effect of spray application of Plano fix (NAA) on fruit quality (Physical parameters)
Treatment
Control
Plano fix (NAA)
250 ppm
Plano fix (NAA)
300 ppm
Plano fix (NAA)
350 ppm
LSD (0.05)

Fruit diameter
(cm)
6.2
7.0

Fruit weight
(g)
146.0
159.6

Mean Seed
number per fruit

7.3

22.5
18.5

Seed weight
(g)
0.84
0.91

Juice
percentage
40.38
36.40

163.0

20.7

0.86

40.01

7.6

171.0

19.0

0.73

40.90

0.18

1.7

1.0

NS

NS

Table.4 Effect of spray application of Plano fix (NAA) on fruit quality
(TSS and Acidity) in Kinnow
Treatment
Control
Plano fix (NAA)250 ppm
Plano fix (NAA)300 ppm
Plano fix (NAA)350 ppm
LSD (0.05)

TSS (%)
8.9
9.6
9.9
10.1
0.19
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Acidity (%)
0.90
0.91
0.94
0.89
0.03
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Similar observations that Brixº contents were
increased after fruit thinning of Satsumas with
100-200 ppm of NAA applications 45-50
days after full bloom were reported by Mango
(1983). Likewise, fruit thinning has improved
the fruit quality in „Kinnow‟ mandarin (Ali et
al., 1975), „Satsuma‟ mandarin (Hirose et al.,
1975), „Wilking‟ mandarin (Lavon et al.,
1976) and „Kinnow‟ mandarin (Sidhu 1988).

composition of Pant lemon-1 (Citrus
limon) fruits in the off-season flush.
Progr Horti 16(3/4): 191-198.
Bhathal H S (2015), Crop regulation in
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