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ABSTRACT

West Bengal is the leader of pineapple production in India and Kew is the commercial cultivar which is suitable for processing
purpose. Table purpose Mauritius cultivar (Queen group) of pineapple was introduced first time in West Bengal from South
India and its flowering and fruiting characteristics under the integrated nutrient management practices was assessed. The
experiment was conducted with Factorial Randomized Block Design with three factors- chemical fertilizer, Organic manure
and Bio-fertilizer having eighteen treatment combinations with three replication. Flowering percentage, estimated fruit yield
was highest in T12 (Chemical 75% RDF + Vermicompost + Bio-fertilizer), which was statistically at par with T18 (Chemical
100% RDF + Vermicompost + Bio-fertilizer). Most of the bio-chemical properties were recorded highest with T18 which was
statistically at par with T12.
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Pineapple (Ananas comosus L. Merr.) is an important
tropical fruit of world under the Bromeliaceae family
and one of the most internationalized fruit traded globally
after bananas and citrus (Jacob and Soman, 2006). India
ranks 6th (7.4%) in terms of world pineapple production
(National Horticulture Database-2014) and West Bengal
is leader for pineapple production in India. In West
Bengal it is intensively cultivated in Siliguri sub-division
of Darjeeling district, Sadar sub-division of Jalpaiguri
district, Islampur sub-division of Uttar Dinajpur district
and parts of Cooch Behar district. The commercial
cultivar of West Bengal is Kew which issuitable for
processing purpose. Table purpose cultivars like Queen
is being grown as home stead condition in some pockets
of West Bengal. Whereas, pineapple cv. Mauritius under
the Queen group is very popular in southern parts of
India (Kerala, Karnataka region) due to its taste,
sweetness, flavor (Annon., 2016). Considering the fact
the Mauritius cultivar of pineapple was introduced first
time in West Bengal from the south India and its
performance under the integrated nutrient management
practices was assessed in this present experiment.

MATERIALS AND METHODS
The experiment was conducted at farmer’s field near

Bidhannagar area of Siliguri under the Darjeeling from
2014-16 with 90×35×25cm spacing. The experiment was
conducted with Asymmetrical Factorial Randomized
Block design having three factors- chemical fertilizer
(Factor A), organic manure (Factor B) and bio-fertilizer
(Factor C) and eighteen treatment combination with three
replications. Chemical fertilizers were applied in 3 levels

(A0-zero, A1-75 percent and A2- 100 percent
recommended dose), organic manure were applied also
in 3 levels (B0-zero, B1-FYM, B2-Vermicompost), bio-
fertilizer were applied in 2 levels (C0-zero and C1-
Azotobacter + Phosphate Solublising Bacteria). The
doses for integrated nutrient management was as follows:
Recommended dosages of fertilizer (RDF)= 12:4:12 g
plant-1, farm yard manure (FYM) =500g plant-1,
vermicompost= 300g plant-1, Azotobactor = 10g,
phosphate solublising bacteria (PSB) = 10g. It was
reported that of 12g plant-1 of nitrogen and potash has
been found to be optimum and no effect of phosphorus
was observed, however, 4g of P2O5 increased fruit weight
and yield in pineapple (Reddy and Prakash, 1982). For
determination of leaf nutrient content (NPK), the middle
one third of the basal portion of “D leaf” was collected
during 10 month after planting and during harvesting
time.

Treatment combinations
T1 - A0B0C0 T10 - A1B1C1

T2 - A0B0C1 T11 - A1B2C0

T3 - A0B1C0 T12 - A1B2C1

T4 - A0B1C1 T13 - A2B0C0

T5 - A0B2C0 T14 - A2B0C1

T6 - A0B2C1 T15 - A2B1C0

T7 - A1B0C0 T16 - A2B1C1

T8 - A1B0C1 T17 - A2B2C0

T9 - A1B1C0 T18 - A2B2C1
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Parameters like flowering percentage, fruit yield, fruit
physical parameters like fruit length, crown length, fruit
circumferences, fruit weight, crown weight, fruit weight
without crown, pulp, peel and core content, bio-chemical
properties like total soluble solids, total sugar percentage,
reducing sugar percentage, titrable acidity, TSS: acidity
ratio and ascorbic acid content was recorded for plant
crop yield of 2015 and 2016. The fruits (average 10 fruits
per replication) were weighed, with the help of electronic
(digital) balance and expressed in gram(g). Fruit length
(average 10 fruits per replication) was measured with
the help of digital slide caliper and expressed in
centimeters (cm).Total soluble solids (TSS), total sugar
and reducing sugar, acidity of the fruit juice, ascorbic
acid content was recorded by the standard method
(Ranganna, 1977). For leaf nutrient analysis, ‘D’ leaves
were collected (D-leaf is the youngest physiologically
4th to 5th leaves from mature whorl, Singh et al., 1978)
and central 20 cm of the leaf were taken for sampling.
The leaves were placed in a drier and kept at 65OC for
96 hours (Maeda et al., 2011). Estimation of total
nitrogen of plant sample was carried out by modified
Kjeldhal method as described by Jackson (1967).
Estimation of phosphorous was carried out by
Vanadomolybdo-phosphoric yellow colour method in
nitric acid system and intensity of colour (red) was
measured in Spectrophotometer (Perkin Elmer, Lambda
25) at 420nm as described by Jackson (1967) and total
potassium in plant sample was estimated by flame
photometer (Systronics Model No. 128) as proposed by
Jackson (1973).

For statistical interpretation, analysis of variance for
each parameter was performed using ProcGlm of
Statistical Analysis System (SAS) software (version
9.3).Mean separation for different treatment under
different parameter were performed using Least
Significant Different (LSD) test (Pd” 0.05).Normality
of residuals under the assumption of ANOVA was tested
using Kolmogrov-Smirnov procedure using Proc-
Univariate procedure of SAS (version 9.3).

RESULTS AND DISCUSSION

Flowering and fruiting characteristics
The flowering percentage of pineapple cv. Mauritius

was varied significant among different treatments and it
was found highest in T12 (97.33, 98.67, 98.00) and lowest
in T1 (76.00, 80.00, 78.00) for 2015, 2016 and pooled
means, respectively. The integrated nutrient management
has significant role for flowering response. The lower
flowering response in T1 is due to no nutrient application
in any form, whereas, higher responses was found in
T12, T10, T9, T16 and T17 may be due proper and balanced
nutrition of plant. Estimated fruit yield with crown
(61.10tha-1) was recorded with T12 which was statistically

at par with T18, T16, and T10 (Table 1). Similar observation
was also noticed for the estimated fruit yield without
crown which was also recorded highest with T12(58.26t
ha-1). The combination effect of chemical, organic and
bio-fertilizer provided best results regarding the
estimated yield due to proper balanced nutrition.

Fruit physical properties
The fruit length (18.15cm) and circumference

(37.55cm) was recorded highest with T12. It is observed
from pooled mean of the table 3 that, significant variation
also present among various nutrient combinations for
the parameter of fruit weight and recorded maximum
(1118.81g) with T12 which was statistically at par with
T9(1103.69g), T18 (1092.63g), T16 (1068.53g), and
T11(1052.30g). The combination effect of chemical,
organic and bio-fertilizer have a great role for improving
the fruit weight of pineapple. The lowest fruit weight
observed with T1 is due to no nutrient application,
followed by sole bio-fertilizer (A0B0C1, A0B0C2) and sole
organic manure (A0B1C0, A0B2C0) and their interaction
combination (A0B1C1, A0B2C1, A0B2C1, A0B2C2)
treatments. The crown weight and fruit weight without
crown was smaller in T1 as the fruit size was also smaller
in control and was highest in T12 treatment (189.21g and
929.61g respectively).From the pooled means of table
4, it is revealed that the pulp weight was maximum
(644.10g) in T12 which is statistically at par with T18
(A2B2C1), T10 (A1B1C1) and T16 (A2B1C1), however, the
peel percentage was highest (58.53%) in T18 followed
by T10. It is clear from the result that the nutrient
management through integrated manner comprising
chemical, organic and bio-fertilizers provided the best
results in terms of pulp weight. Lowest pulp weight was
obtained with control. Higher peel weight in T9, T10, T11,
and T12 may contribute due to the higher fruit weight
and peel weight was lower in control, as the size of fruit
was very small. Lower percentage of peel was recorded
with T16, T18, T17, T14, and T15. The interaction effect of
chemical, organic andchemical, organic, bio-fertilizer
results lower peel percentage. It was higher in control
(T1) due to imbalance nutrition as no nutrition was
provided in T1. Similar trends were observed for the
crown percentage. It was highest in T1, may be due to
development of small fruit and lower percentage was
recorded with treatments having interaction effect of
chemical, organic andchemical, organic, bio-fertilizer.
Lower core percentage was recorded with T11, followed
by T10, T12, T18. Balanced nutrition also has contribution
of lower core weight of pineapple.

Bio-chemical properties
From the pooled means of table 6 it is revealed that

the, maximum total soluble solids (18.51Obrix), total
sugar percentage (12.58%), and reducing sugar (2.99%)

Bhowmick  et al.
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were found maximuminT18 (A2B2C1). Total soluble solids
(TSS), total sugar and reducing sugar were also recorded
higher with treatments having balanced nutrition with
chemical, organic and bio-fertilizer in 2015, 2016 and
pooled mean value. The acidity percentage was non-
significant among all treatments in 2015, 2016 and for
the pooled mean values. Significant variation between
the main factor and treatments combination with respect
to the TSS and acidity ratio was observed among several
nutrient treatments and it was found maximum (27.895)
in T18 (A2B2C1). The pooled means of table 8 shows
significant variation is present among the most of the
treatments for both the years and for pooled mean values
for the ascorbic acid content and it was recorded highest
(40.56 mg/100g of edible portion) with T18, it suggest
there is a role of integrated nutrient management for
ascorbic acid content.

Leaf nutrient content
From the table 8 and 9 it is clear that the leaf

phosphorus content was non-significant for main effect
on 2015, 2016 and pooled means for both 10thmonths
after planting (MAP) and during harvesting, suggesting
the role of phosphorus is less important in the nutrition
of pineapple compare to nitrogen and potash. The
nutrient content was lower in harvesting period compare
to 10th MAP, suggesting the utilization of plant nutrient
for production of pineapple fruit. The leaf nutrient
content was lowest for T1 (A0B0C0), as it was not received
any form of nutrient applied to plant. Leaf nitrogen
content was highest (1.972%) in T15 (high dose of
nitrogen fertilizer) which was statistically at par with
T14 (high dose of nitrogen and bio-fertilizer) and T18
(balanced with fertilizer, organic and bio-fertilizer).
Similar trends of leaf nitrogen content were observed
during the harvesting stage of pineapple with highest
(1.880%) in T15. Leaf potash content was highest
(3.461%) in T15 followed by T14, T18, T17, and T16 during
10th MAP, similar trends of leaf potash content were also
recorded during the harvesting period of pineapple. Most
of the cases the higher nutrient content was recorded
with treatments having balanced nutrition with chemical,
organic and bio-fertilizer.

Several scientists had reported regarding the nutritive
management which confirms the result of present
experiment. Nitrogen supply increased yield, fruit size
and the percentage of large fruits and potassium had a
positive influence on pineapple yield and fruit size. High
yield and fruit size were closely related to nitrogen and
potash concentrations of pineapple leaves (Spironello
et al., 2004). The effect of nitrogen application on leaf
nutrient content of pineapple was also assessed by Rao
et al. (1977).  Effects of potassium fertilization on plant
growth showed strong relation with fruit yield (Teixeria
et al., 2011). Omotoso and Akinrinde (2013) and

(Bhugaloo, 1998) reported the effect of N fertilizer
application on growth and behavior in pineapple. The
increase in yield due to application of nitrogen as
pineapple showed the high requirement of nitrogen (De
Geus, 1973; Asoegwu, 1987). The highest average fruit
weight of 1.88 kg was obtained with 200 N and 200 or
400 kg K2O. The  total soluble solids (TSS), which
ranged from 11-18°Brix, were also highest at those levels
of N and K2O (Hartinee and Zabedah, 2011). Andre and
Jose (2011) reported that the fruit quality was reduced
with application of N, but increased with the addition of
P and K. Combination of urea and chicken manure
resulted in maximum accumulation of bioactive
compounds of pineapple (Danatas et al., 2015).
Bhowmick et al., (2011) reported that maximum fruit
length of pineapple cv. Kew without crown (17.37cm)
and breadth (36.67 cm) with ethrel at 25 ppm. Kumar et
al. (2017) worked on the nutrient management in papaya
and also find the similar responses of fertilizer
interaction.

Chhuria et al. (2016) reported that the organic carbon
of soil has been increased in RDF+biofertilizer treatment
due to the presence of organic sources which led to
stabilized C:N ratio and increasing the organic carbon
content of the soil (Parr and Papendick, 1978). The
highest weight of banana bunch recorded in 50 per cent
RDF + FYM + Azotobacter (50 g plant-1) + PSB (50 g
plant-1) + VAM (250 g plant-1) due to the vigorous plant
growth character. Increased number of leaves might have
increased the photosynthetic activity resulting in higher
accumulation of carbohydrates. Relatively higher amount
of carbohydrate could have promoted the growth rate
and in turn increased the weight of bunch. This was in
accordance with the result of Hazarika and Ansari (2010).
The applied N, P, K and biofertilizers were utilized
efficiently by the plant, which resulted in producing
maximum photosynthates in terms of high biomass and
translocating the assimilated material to the developing
sink resulting in heavier weight of bunch. N is the chief
constituent of chlorophyll. Protein and amino acids, the
synthesis of which is accelerated through increased
supply of N (Pafli, 1965; Mahadevan, 1988).

The flowering and fruiting characteristics of
pineapple cv. Mauritius under the integrated nutrient
management showed significant variation for 2015, 2016
and pooled means among most of the treatments
indicating there is significant role of nutrient
management for flowering and fruiting of pineapple
plants. It is also found that the treatment having
combinations of chemical fertilizer, organic manure and
bio-fertilizers shows better performance compared with
sole application of bio-fertilizers, or organic or only
chemical fertilizers. Flowering percentage, estimated
fruit yield was highest in T12, which was statistically at

Bhowmick  et al.
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par with T18. Pulp weight was highest in T12, whereas,
T18 recorded highest pulp percentage, crown percentage,
lower peel percentage. Most of the bio-chemical
properties were recorded highest with T18 which was
statistically at par with T12. It is concluded from the
experiment, that the T12 is the best nutrient combination
of pineapple cv. Mauritius for flowering, fruiting
characteristics (Chemical  75% RDF + Vermicompost +
Bio-fertilizer).
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