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ABSTRACT

Field experiment was carried out at mango orchard, Department of Crop Sciences, Faculty

of Agriculture, Mahatma Gandhi Chitrakoot Gramodaya Vishwavidyalaya, Chitrakoot,
Satna (M.P.) India, during 2016-17 and 2017-18 to study the response of different mango
cultivars viz. Bombay Green, Dashehari and Langra to various chemicals namely
potassium nitrate, potassium di-hydrogen orthophosphate, di-potassium hydrogen
orthophosphate. The results of the experiment revealed that the per cent of bud swelling,
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Article Info of KH,PO4-1%+KNO3-1%. In case of cultivars, mango cv. Langra produced lengthier

panicle than Bombay Green and Dashehari in both treated and untreated trees.
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fruit retention per panicle and number of fruits per tree were recorded with application of
KH,PO,-1%+KNO3-1% treatment. In case of mango cultivars the narrowest sex ratio and
higher number of hermaphrodite flowers, fruit set per panicle and number of fruit per tree

were observed with Langra.

massive fan favorite due to its wide range of
adaptability and richness in varietal wealth

Introduction

Mango (Mangifera indica L.), the choicest
fruit of the world originating in South East
Asia at an early date, is called as ‘King of the
Fruit', and attained the status of National Fruit
of India. Owing to its luscious taste and
appealing qualities internationally known as
‘Ambassador Fruit of India’. It has been
grown in India sub-continent for 4000 years
(De Candolle, 1904) or more and has a

over 1200 varieties are said to exist in the
country. Mango is grown almost in 111
countries around the world but this fruit
occupies a unique place amongst the fruit
crops grown in India. The India's mango
production is estimated to be up by 8 per cent
to 21.02 million tonnes in the 2017-18
cropping year on higher output by major
growing states like Uttar Pradesh, followed by
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Andhra Pradesh and Karnataka. Mango
production in Uttar Pradesh is pegged higher
at 4.54 million tonnes in 2017-18 as against
4.34 million tonnes in the preceding year
(Economic Times, 2018).

Biennial bearing or irregular cropping is a
serious problem for the mango growers. The
nature of flower production in mango is a very
complex one related to the mechanism of
controlling the balance between vegetative
and reproductive development and of course,
the climatic condition which play vital role in
the condition growth and flowering.
Phenomena of Flowering in mango trees is
especially challenging for physiologists,
breeders and growers (Rani, 2018). KNO3 has
potential for inducing flowering in mango by
stimulating activity of nitrate reductase and
increasing the production of ethylene.

In Mango, the application of KNOj3; is
effective twice at first flower bud
differentiation followed by another spray
during the full bloom stage with concentration
of 1% for flowering, fruiting and yield and
quality characteristics (Sudha et al., 2012,
Dadhaniya et al., 2018b).

For the induction of flowering in mango
H3PO4, KH,PO4, KoHPO,4, and KNO3 at 0.5%
and 1.0 % either alone or in conjunction with
paclobutrazol were used on mango cv
Baneshan. It was found that HsPOs @ 0.5%
and KH,PO, at 1% were superior in the
induction of early flowering with greater
intensity percent of flowering, panicle length
and breadth (Rajkumar et al., 2007 a, b and
Krishna et al., 2017). Moreover, induction of
early flowering results in early maturity of
mango fruits which fetch the higher price in
the market as compared to late maturing
mango fruits. Thus it leads to an idea about the
exploitation of chemicals for improving
flowering and fruiting in north Indian mango
cultivars i.e. Bombay Green, Dashehari and
Langra.

Materials and Methods

The present investigation was carried out to
study the effect of different chemicals on
flowering and fruiting parameters of different
commercial cultivars of mango during 2016-
17 and 2017-18 at mango orchard, Department
of  Horticulture, CSA  University of
Agriculture Technology, Kanpur (UP). There
were nine treatments associated with different
chemicals including control. The experiment
was laid out in Randomized Block Design and
replicated  three  times. During the
investigation, the efficacy of different
chemicals containing, nitrogen, phosphorus
and potassium viz. Potassium di hydrogen
orthophosphoric  acid  (KH2PO4), Di-
potassium hydrogen orthophosphate
(K2HPQ,), Potassium nitrate (KNO3) and
Thiourea (CH4N2S) alone and in combination
against flowering and fruiting characteristics
were tested in different cultivars of mango viz.
Bombay Green, Dashehari and Langra. The
foliar application of each chemical was
applied at the rate of one percent in the month
of November, during 2016-17 and 2017-18.

The observations pertaining to the flower bud
swelling were recorded on10 randomly tagged
shoots in all the directions for the
investigations. After bud swelled, 50 buds
were marked randomly on each tree for
recording percentage of panicle emergence.
Length of ten randomly marked panicles was
measured in centimeters. The period (days)
between the opening of first and last flower in
each panicle under each treatment was
recorded as estimate of the duration of
flowering. For the study of flowering shoots
percent, numbers of shoots producing flowers
per tree were observed.

For the count of different types of flowers
bags of perforated oil paper were used. They
were opened upward and the lower portion
was tied with the shoot bearing panicle. The
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bags were fixed vertically in order to avoid the
loss of flowers. There was no hindrance for
the entry of sunlight, air and insects to the
panicle, which also facilitated the natural
pollination. Flowers were collected by
opening the lower side of the bag on each day
in separate Petridis and counted. The average
numbers of staminate and hermaphrodite
flowers per panicle were counted. The sex
ratio was calculated as staminate flowers
divided by hermaphrodite flowers.

Fruit set was recorded at pea stage under
natural conditions, on ten randomly tagged
panicles and average per panicle was
calculated. The fruit retention was recorded on
the same ten tagged panicles on which fruit set
was studied. The number of fruits reaching
harvest maturity was counted and recorded.
The number of fruits reaching harvest maturity
in all the treated and control was counted as
number of fruits per tree.

Results and Discussion

Effect of chemicals on per cent of bud
swelling, emergence and length of panicles

The findings on per cent of bud swelling
apparently revealed that potassium nitrate with
combination of potassium di hydrogen
orthophosphoric acid (KH2PO4-1% + KNO3 -
1%) were found to significantly enhance the
swollen bud among all the test cultivars of
mango (Table 1). It was comparatively higher
in Dashehari with all the test chemicals during
both the years of study. Contrary to this, Pal et
al., (1979) opined that potassium nitrate at 10
g/l was found ineffective in ‘Dashehari’
mango under North Indian conditions
probably due to variation in growth habit and
monoembryonic nature.

In the present studies, nitrate of potassium
with combination of potassium di hydrogen
orthophosphoric acid showed a very positive

effect on the panicle emergence among all the
test cultivars of mango, whereas, it was lowest
in those of control (Table 2). The higher per
cent of panicle appearance in KH,PO4-1% +
KNO3-1% treated trees might be due to the
fact that KNO3; acts as a bud dormancy
breaking agent (Tongumpai et al., 1989).
Davenport and Nunez-Elisea (1997) opined
that KNO; stimulated flowering in mango is
mediated by increased levels of endogenous
ethylene. Potassium nitrate is a universal rest-
breaking agent in deciduous fruit trees (Erez
and Lavee, 1974) that may simply hasten
flower emergence of a differentiated, but
dormant, mango bud. Saha et al., (2017)
reported that amongst the different chemicals
used, treatment KH,PO, 1% + KNO3 1% was
most  effective regarding the Panicle
emergence and it was noted 5.67 days earlier
in comparison to control.

A perusal of the data revealed that there was
significant effect of different chemicals on the
length of panicles in all the cultivars of
mango. Panicle lengths of all the test cultivars
were also greatly influenced by KH,PO, -1%
with KNOs;- 1% (Table 3), which was
lengthier than other treatments results are in
line with Garad et al., (2013) who stated that
the maximum panicle length (34.41 cm) was
observed by spraying of K;HPO, 1 % + KNO3
1 %.

Effect of chemicals on duration of
Flowering and percentage of flowering
shoots

A significant shortest duration of flowering
was noted with the application of KH,PO4-1%
+ KNOj3 -1% treatment. However, among the
cultivars shortest duration of flowering was
observed with mango cultivar Bombay Green
(Fig. 1). So far as the start of flowering as well
as its duration is concerned KH,;PO,4 - 1% in
combination with KNO3- 1% flowered earlier
and thus reduced the duration of flowering
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period. Early initiation of panicle, flowering
and lesser duration in these processes are in
line with Ubale and Banik (2017a) observed
shortest flowering duration in the trees treated
with KNO3; 2% (14 days) whereas longest (20
days) was perceived with T; (Control - water
spray) and tg (Control), respectively. Earlier
flowering in mango promoted by foliar spray
of KNOs, which promotes ethylene
biosynthesis has also been reported by
Mosqueda-Vazquez and  Avila-Resendiz
(1985). Panicle initiation and also flowering
are guided by different plant hormones and the
nutrient status of the plant. Early flowering
would refer to an early morphological
differentiation of these panicles. Saha et al.,
(2017) opined that treatment KH,PO, 1% +
KNO; 1% was most effective regarding the
panicle emergence and it was noted 5.67 days
earlier in comparison to control whereas the
flowering was recorded 4.66 days earlier with
the treatment KH,PO4 1.5 % + KNO3; 1% than
control.

In the present study significant increase in
percentage of flowering shoots has been
obtained with KHyPO4s1% + KNO3-1%
during both years (Fig. 2). In earlier study
Saha et al., (2017) reported the highest percent
(74.01) of flowering shoot was observed with
KoHPO4 1.5 % and KNO3 1%. These findings
are in conformity with Garcia et al., (2008),
Sudha et al., (2012), Sarker and Rahim
(2013), Afigah et al., (2014), Maloba et al.,
(2017) and several others in mango fruit.

Effect of chemicals on number of staminate,
hermaphrodite flower per panicle and sex
ratio

An increase in number of staminate flowers
per panicle due to chemicals was noticed in
mango cultivars Bombay Green with KH,PO,-
1% + KNO; -1% and in Dashehari with
KoHPO4-1% + CHy4N,S-1%  during  the
experimentation. However in case of Langra, a

reduction in number of staminate flowers per
panicle due to application of chemicals was
noticed during 2016-17 and 2017-18.
Likewise, The number of hermaphrodite
flowers per panicle was highest in all the test
cultivars of mango viz. Bombay Green,
Dashehari and Langra when treated with
KH2PO4-1% + KNOj3 -1%. Among the all test
cultivars of mango, maximum number of
flowers was observed in Langra in the present
studies (Table 4 and 5). Variation in number
of flowers panicles-! attributed to inherent
genetic differences of the mango cultivars. In
an evaluation of mango cultivars maximum
number of flowers was observed in Langra
(Hada and Singh, 2017). Similar results of
increased percentage of hermaphrodite flowers
over control due to the chemical treatments
were observed by Oosthyse (1996), Barros et
al., (1998), Kumar and Reddy (2008) Ubale
and Banik (2017a) in mango which might be
due to the availability of more nutrients to
panicles.

This result also agrees with that reported by
other fruits, in which an application of
phosphorus increased flowering (Agusti,
2003); and increase metabolism in these buds,
phosphorus promotes the absorption of Mg, an
element that is fundamental in the floral
formation and promotes the synthesis of
nucleic acids (Feucht, 1982). According to
Marschner (2002), the number of flowers
formed is reduced in the case of a deficiency
of phosphorus. Furthermore, the fraction of K
in the KH,PQO, could stimulate photosynthesis
and transport of photo assimilates, among
others, which is very important for the
formation of flowers (Swietlik, 2003). This
may also be due to the applications of
nitrogenous compounds containing NOj3™ or
NH4+ increased levels of arginine, compound
which can promote flowering as reported by
George et al., (2003). Moreover, the fraction
of K in the KH,PO, also could stimulate
photosynthesis and transport of photo
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assimilates, among others, which is very
important for the formation of flowers
(Swietlik, 2003).

The inflorescence of mango bears mainly two
types of flowers male and hermaphrodite. It is
only perfect or hermaphrodite flowers, which
after proper pollination and fertilization, sets
fruits. The sex ratio in different cultivars is
greatly influenced by the environment of their
surroundings. In the present studies significant
variation in the sexuality of flowers has been
observed due to chemicals application.
However, the least sex ratio was recorded with
the treatment of KH,PO4-1% + KNO; -1% as
compared to other treatments in all test
cultivars of mango during both years of study
(Fig. 3). The effect of these chemicals in
minimizing sex-ratio was due to the
production of ethylene which in turn helped in
the production of more hermaphrodite flower.
Saha et al., (2017) recorded the highest
number (306.33) of hermaphrodite flowers

KH,PO, 1% + thiourea 1%. Kumar et al.,
(2017) opined that combined spray of 1%
mono-potassium  phosphate and 1 %
potassium nitrate led to least sex ratio (1.03)
in litchi.

Effect of chemicals on fruit set and
retention per panicle

In the present study, it was observed that the
spraying of different chemicals affected the
fruit setting and retention of all the test
cultivars of mango viz. Bombay Green,
Dashehari and Langra during the both years of
study. The highest fruit setting (at marble
stage) per panicle was with KH,PO4-1% +
KNOj; -1% (Fig. 4). It means the contribution
of potassium nitrate along with mono-
potassium phosphate was excellent over other
combination of test chemicals. Thus, it is clear
that treatment KH,PO4-1% + KNO3 -1% not
only improved fruit set but also enhanced the
retention of fruits when compared with either

and lowest sex ratio (2.21) under the treatment

control or

individual

spray

(Fig.

5).

Table.1 Effect of chemicals on bud swelling in mango cv. Bombay Green, Dashehari and Langra

Treatments Bud Swelling (%)
Bombay Green Dashehari Langra

2016-17 | 2017-18 Mean | 2016-17 | 2017-18 | Mean | 2016-17 | 2017-18 Mean
KNO3-1% 53.3 54.7 54.0 56.0 52.3 54.2 50.0 52.3 51.2
KH,PO41% 54.7 52.0 53.3 58.3 55.0 56.7 52.7 54.0 53.3
K,HP1% 57.3 59.0 58.2 61.7 63.0 62.3 59.3 61.0 60.2
CH,N,S-1% 52.0 51.3 51.7 55.7 46.3 51.0 50.3 51.0 50.7
KH;PO4-1% + KNO;3-1% 73.3 74.0 73.7 73.7 74.3 74.0 70.3 72.0 71.2
K;HPO,4-1% + KNO3-1% 713 717 715 67.7 69.0 68.3 64.7 66.0 65.3
KNO3-1% + CH4N,S-1% 62.3 61.3 61.8 56.0 57.0 56.5 54.7 53.0 53.8
K,HPO4-1% + CHy4N,S-1% 70.7 71.0 70.8 63.3 62.0 62.7 58.3 58.0 58.2
Control 47.3 49.7 48.5 41.0 46.3 43.7 423 40.7 41.5
C.D. (at 5%) 3.58 4.64 4.36 5.48 4.12 5.23
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Table.2 Effect of chemicals on Panicle emergence per cent in mango cv. Bombay Green,
Dashehari and Langra

Treatments Panicle Emergence (%0)

| |
coioar | zowran | wen | o167 | coras | wen | oioar | aomas | wen
s s ETAECIR RN T

CH4N,S-1% 41.00 40.67 40.84 44.00 45.33 44.67 39.00 41.00 40.00

K;HPO4-1% + KNO3 60.67 58.00 59.34 66.33 68.00 67.17 63.00 65.33 64.17

goswoms Se e wa s wx sn so wn o s

K;HPO4-1% + 59.33 60.00 59.67 62.67 61.33 62.00 57.00 57.33 57.17
CH4N,S-1%

C.D. (at 5%) 5.28 4.58 3.58 4.15 3.54 3.71

Table.3 Effect of chemicals on Panicle length (cm) in mango cvs Bombay Green, Dashehari and
Langra

Treatments Panicle Length (cm)

| |
o | arao | wen | 20647 | 20110 | e | 201047 | 2uras | we
| Lam | |

K, HPO,-1% + 28.60 2903 | 2882 | 27.85 2790 | 27.88 | 2865 28.74 | 28.70
KNO;-1%

K;HPO4-1% +
CH,4N,S-1%

C.D. (at 5%) 0.88 0.91 0.94 0.9 0.82 1.06
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Table.4 Effect of chemicals on staminate flower per panicle in mango cvs Bombay Green,
Dashehari and Langra

[ Treatments Number of staminate Flowers Panicle™

\
20647 | 20738 | e | 21617 | 20715 | e | 20617 | 03020 | Ve

PO+ KNOL 1% | \

| 0052 | 124 | |
1%
| 813 | 21625 | |

C.D. (at 5%) 22.36 18.42 12.14 13.08 10.06 9.82

Table.5 Effect of chemicals on hermaphrodite flowers per panicle in mango cvs Bombay Green,
Dashehari and Langra

Treatments Number of Hermaphrodite Flowers Panicle™

\
20647 | 20715 | wean | 01607 | 2071 | Mo | 201637 | 20718 wean
\

\

KoHPO4-1% + CHyN,S- 27756 | 31211 | 294.84 | 244.49 24779 | 246.14 | 934.66 958.23 946.45
1%

C.D. (at 5%) 5.27 7.25 12.50 12.57 20.85 32.50
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Table.6 Effect of chemicals on Number of Fruits per tree in mango cvs. Bomb Green, Dashehari
and Langra

Treatments
Bombay Green

2016-17 | 2017-18 | Mean
KNO;-1% 318.0 257.0 287.5
KH,PO4-1% 328.0 406.0 367.0
K,HPO,-1% 579.0 512.0 545.5
CH4N,S-1% 248.0 334.0 291.0
KH,P0O,-1% + KNO3-1% 600.0 721.0 660.5
K;HPO,;-1% + KNO3-1% 417.0 341.0 379.0
KNO;-1% + CH,4N,S-1% 395.0 327.0 361.0
K,HPO,-1% + CH,N,S-1% 555.0 521.0 538.0
Control 134.0 136.0 135.0
C.D. (at 5%) 15.5 20.2

Results are in conformity with those of Garcia
et al., (2008), Nahar et al., (2010), Sudha et
al., (2012), Sarker and Rahim (2013), Garad
et al., (2013), Oosthuyse (2015), Maloba et
al., (2017) and Saha et al., (2017). This result
fully confirms the affirmations of Agusti
(2003) that the availability of mineral
elements becomes vital at the time of
flowering and fruit setting and demand must
be properly contented.

Effect of chemicals on number of fruits per
tree

The data of the present studies indicated that
the number of fruits per tree was maximum
over all with the chemical combinations of
KH,PO4-1% + KNO3-1% among all the test
cultivars of mango viz. Bombay Green,
Dashehari and Langra during both years of
experimentation (Table 6). The application of
potassium di hydrogen orthophosphoric acid
in combination with potassium nitrate in the
present investigation has increased the
intensity of flowering, better fruit set (Fig. 4),
better fruit retention (Fig. 5), which might
have resulted in increase in the number of

Number of Fruits per tree

Dashehari Langra
2016-17 | 2017- | Mean | 2016- | 2017-18 | Mean
18 17

224.0 281.0 @ 2525 | 307.0 235.0 271.0
309.0 368.0 | 3385 | 615.0 380.0 497.5
4100 | 350.0 380.0 @ 467.0 616.0 541.5
356.0 304.0 | 330.0 | 526.0 549.0 537.5
580.0 686.0 & 633.0 | 778.0 944.0 861.0
381.0 301.0 | 341.0 | 763.0 613.0 688.0
344.0 278.0 | 311.0 | 643.0 524.0 583.5
489.0 | 4140 | 4515 | 670.0 598.0 634.0
149.0 201.0 | 175.0 | 217.0 153.0 185.0
215 14.3 18.3 19.5

fruits per tree. The findings are in line in
mango fruits with those of Garcia et al.,
(2008), Sudha et al., (2012), Sarker and
Rahim (2013), Abd El-Razek et al., (2013),
Oosthuyse (2015), Amarcholi et al., (2016)
and Dheeraj et al., (2016). In general, lower
concentrations of various chemicals were
proved better than higher concentrations and
the average number of fruits per panicle at
harvest was more with spraying of KH,POy,,
KH,PO, and KNOs; and minimum with
control (Kumar et al., 2007).

The maximum per cent of flowering shoot,
increase in fruit set per panicle and retentions
of fruits per panicle, prevention of abscission
of young fruit lets, would have resulted in the
increase the number of fruits per tree sprayed
with the above treatment in the present study.
Moreover, early flowering, fruiting and better
retention of fruits would have facilitated the
better utilization of nutritional resources
within the tree resulting in maximum yields
(Kumar and Reddy, 2008). Phosphoric acid
and potassium nitrate may have acted
synergistically to increase the number of
flowering shoots thereby increasing fruits
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numbers of mango cv. Alphonso (Reddy and
Kurian, 2012). Similar results were also
reported in mango by MC Kenzie (1994) in
cv. Sensation, Rojas (1996b) in cv. Haden,
Srihari and Rao (1998) in cv. Alphonso,
Nahar et al., (2010) in cv. Amrapali,
Elkhishen (2015) in cv. Zebda, Dheeraj et al.,
(2016) in cv. Banganapalli, Amarcholi et al.,
(2016) in Kesar.
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