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ABSTRACT
A replicated field experiment was conducted during 2013-14 and 2014-15 to
determine the effect of foliar application of Biozyme on yield and physico-
chemical properties of rainy season crop of guava at Horticulture Research
Station, Mondouri, Bidhan Chandra KrishiViswavidyalaya, West Bengal, India.
The guava trees under investigation were subjected to different concentrations
of Biozyme (5 ppm, 10 ppm and 15 ppm) and a control (water spray only).
Foliar application of Biozyme @ 10 ppm recorded maximum no. of shoots
meter-1 of main branch (15.80) and length of shoot (20.60 cm). Highest fruit set
% (65.26 %), total no. of fruits tree-1 (142.60), fruit yield (8.20 t ha-1) and
amount of total chlorophyll content (32.12 mg 100 g-1) also obtained with the
application of Biozyme foliar spray @ 10 ppm which was highly significant to
rest of the treatments. The best fruit physical attributes such as fruit weight
(92.54 g), fruit volume (89.38 cm3), fruit length (5.80 cm), fruit diameter (5.56
cm) and also lowest number of seeds fruit-1 (131.20) were recorded with same
concentration of Biozyme as foliar application. Fruit chemical qualities also
improved with Biozyme application over control while highest TSS: acidity
ratio (42.1), vitamin C content (195.75 mg 100 g-1), total sugar (9.31%) and
reducing sugar (3.81%) were recorded with the application of 10 ppm Biozyme
solution.
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INTRODUCTION
Guava (Psidium guajava L.) is a tropical fruit, famous for its delightful taste and flavour
(Pedapati and Tiwari, 2014). It is being cultivated on large areas in India (Sharma et al., 2009)
for its high adaptability to varied soil and climatic conditions. Guava fruit is often referred to as
apple of tropics probably as it is the only fruit that matches the high nutritive value of more
commercially important temperate fruit apple. From horticulture perspective it is one of the
most common fruits grown commercially in India and is ranked next to mango, banana and
citrus in respect of area and production (Khan et al., 2013). The total area under guava in India
is 268,200 ha with the production of 3.66 mt (NHB, 2015). In north India, major crop usually
ripens from July to mid-October (rainy season). A small distinct crop is produced from
November to mid-February (winter season). Though, the quantum of production is high in rainy
season (Rathore and Singh, 1974, Singh et al., 2000), it offers poor quality due to insipidness
(Singh et al.,1996) and infestation of pests (Rawal and Ullasa, 1988) in comparison to winter
season. The production of poor quality guava fruits in rainy season is a matter of common
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experience. It would worthwhile to improve the physico-chemical quality of rainy season crop
with foliar feeding of nutrients. The quality of processed products also depends on quality of
raw material. Hence, the quality of raw material should be increased.  We can increase the
production of good quality fruits in terms of fruit size, weight and nutritive value with the help
of modified technique of nutrient application, which may be with foliar feeding. Like any other
crops, guava also requires 16 essential elements and the absence of one or more essential
elements affects metabolic process in plant resulting in expression of deficiencies (Singh and
Singh, 2007). Application of Biozyme, a bio-stimulant that combines the power of natural plant
extracts and naturally occurring macro and micronutrients enhances the capacity of the plant to
increase its uptake capacity to a substantial level (Mandal et al., 2006).Biozyme is a commercial
product produced commercially by number of agri-input producing companies in different trade
names with more or less generally same composition. It contains 78.7% biological active
extracts of plant origin and growth regulators (32.2 ppm GA3, 32.2 ppm IAA and 82.2 ppm
Zeatine), 1.88%  plant  micro-nutrients (0.49% Fe, 0.37% Zn, 0.12% Mn, 0.14% Mg, 0.30% B
and 0.44% S), 19.27% Solvents and Conditioners (Hassan et al., 2009). Many investigators
reported that the biozyme compound had a positive effect on some fruit crops like apple,
persimmon etc. (Makarem and Mokhter, 1966; Wally et al., 1999). Keeping this in view, the
present study was undertaken to study the influence of foliar application of Biozyme on
physico-chemical compositions of guava cv. Allahabad Safeda under West Bengal conditions in
rainy season.

MATERIAL AND METHODS

Experimental site

A field experiment was conducted during 2013-14 and 2014-15at the Horticulture Research
Station, Mondouri, Bidhan Chandra KrishiViswavidyalaya, West Bengal, India (22º56ʹ N, 88º31ʹ
E, 9.75 m above mean sea level) to evaluate the effect of Biozyme on yield as well as physico-
chemical properties on the rainy season crop of guava (cv. Allahabad Safeda) at fixed site. The
climate of the region is humid sub-tropical with hot-humid summers and cool winters. The
mean annual rainfall is 1,750 mm, out of which 80-90% is normally received from June to
September. The experiment was conducted in a five year aged well managed guava orchard.
Soil at the experiment site was sandy clay loam (sand 64.8%, silt 10.4%, and clay 24.8%) with a
pH of 6.8 and contained organic carbon of 0.56%, available N of 131.58 kg ha-1, available P of
20.5 kg ha-1 and available K of 170.63 kg ha-1.

Experimental design and crop management

The experiments in both years were arranged in a randomized complete block design with five
replications. The guava plants were planted at 4m × 4m spacing. Four treatments consisting of
Biozyme foliar spray @ 5 ppm, 10 ppm, 15 ppm and a control (water spray only) were selected,
where all guava plants received RDF of NPK fertilizer with a dose of 250:375:250 g N, P2O5

and K2O plant-1 respectively. The chemical fertilizer was applied as basal in two splits, one at
before flowering (2nd week of March) and rest amount during fruit set of guava (2nd week of
May) in both the years. Two foliar Biozyme spray according to the treatment combinations was
given to the respective guava plants one at during flowering (3rd week of March) and second
spray one month after first spray (last week of April) in both the years using a knapsack sprayer
having a delivery of about 5 L plant−1 of spray solution through a flat fan nozzle at a spray
pressure of 140 kPa. As rainy season crop of guava highly infected by numbers of pest and
diseases, so Ekalux 25 EC (quinalphos) @ 1 ml l-1 and Roko 70 % WP (thiophanate methyl) @
1 g l-1 was applied to the plants twice at 15 days interval during fruit set stage to prevent leaf-
feeder insect and pestalotia leaf and fruit spot of guava respectively.
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Measurements and observations
Vegetative growth parameters of guava plants were recorded as number of shoots meter-1 of
main branch, shoot length and number of leaves shoot-1. On late May in both of the years of
experiment, four main branches of similar diameters (4.0 cm) were selected around the
periphery of each tree. Ten shoots per each branch of the spring flush were selected and tagged.
Shoot length and number of leaves per shoot were counted and recorded. Leaf pigments content
(chlorophyll A, B and total chlorophyll) were determined from the fresh leaves as stated by
Nornal (1982) and calculated as mg 100 g-1 of fresh weight.

Yield indicators of guava was measured as fruit set %, total no. of fruits tree-1, fruit yield (kg
tree-1 and t ha-1). In order to calculate the percentage of fruit set, twenty branches for each tree of
four treatments were selected at random; then tagged and their flowers were counted during the
full bloom. Fruitlets were also counted and recorded at the right time of fruit setting in first
week of June. Fruit set %was worked out using following formula:

The fruit physical properties were determined and recorded as average fruit weight (g), fruit
volume (cm3), fruit length  (cm),  fruit diameter (cm), fruit shape index(average fruit length
/average fruit diameter), fruit pulp thickness (cm), no. of seeds fruit-1, 100 seeds weight (g).
Fruit bio-chemical qualities like total soluble solid (ºBrix), total acidity (%), T.S.S: acidity ratio,
vitamin C (mg 100 g-1), total sugar (%), reducing sugar (%), non-reducing sugar (%) were
determined as per the guidelines of A.O.A.C. (1980).

Statistical analysis
Data were analyzed using analysis of variance (ANOVA) to evaluate the differences among
treatments while the means were differentiated using Duncan’s multiple range test at the 5%
level of significance according to Duncan (1955) using SPSS (version 18.0; SPSS, Inc.,
Chicago, IL, USA).

RESULTS AND DISCUSSION

Plant growth attributes
Application of Biozyme has marked influence on the growth of the guava plant (Table 1). The
maximum no. of shoots meter-1 of main branch (15.80), length of shoot (20.60 cm) was
recorded with the application of Biozyme foliar spray @ 10 ppm which was significantly
superior to all other treatments, while maximum no. of leaves shoot-1 (12.40) was recorded with
application of Biozyme foliar spray @ 5 ppm.

Table 1. Effect of Biozyme application on growth attributes of Guava (cv. Allahabad
Safeda) (Pooled data of two year)
Treatment No. of shoots meter-1

branch
Length of
shoot (cm)

No. of
leaves
shoot-1

Control (Water spray) 11.20 c 14.26 b 8.00 c
Biozyme foliar spray @ 5 ppm 13.60 b 16.51 b 12.40 a
Biozyme  foliar spray @ 10 ppm 15.80 a 20.60 a 11.60 ab
Biozyme  foliar spray @ 15 ppm 14.00 ab 19.29 a 10.60 b
Means followed by a different letter are significantly different at p≤0.05 by Duncan’s multiple
range tests
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Biozyme has shown positive influence on the growth and vigour of the plant might be due to
higher uptake of plant nutrient as well as quicker relocation of plant metabolites in the plant
canopy. Mandal and Kumar (1989) and Sharma (1990) found same results in guava and apple
respectively with the application of Biozyme crop plus and Protozyme in different
concentrations.
Yield and yield attributes
The fruit set %, total no. of fruits tree-1, fruit yield (kg tree-1 and t ha-1) has been influenced
greatly by application of Biozyme over control (water spray only). The highest fruit set %
(65.26 %), total no. of fruits tree-1 (142.60), fruit yield 13.23 kg tree-1 and 8.20 t ha-1 were
recorded in the guava plants treated with Biozyme foliar spray @ 10 ppm, which was
statistically superior to rest of the treatments (Table 2). Application of Biozyme at higher
concentration (15 ppm) fails to improve yield of guava than plants treated with 10 ppm
Biozyme solution. The similar result found by Sharma (1990) who recorded increased fruit
yield with Biozyme crop plus and Protozyme application in Apple cv. Red Delicious. Reduced
flower drop and increase in fruit set mightbe due to delay in abscission (the effect of cytokinins
and auxins) through preservation of loss of pectin material in middle lamella (Kachave and
Bhosale, 2007) and enhance resistance to water as well as nutrient stress (Fujioka, 1997),
enhanced photosynthesis and mobilization of metabolites to the flowers (Bhatia and
Kaur,1997).The beneficial effects of the Biozyme application over control, on the yield and
yield attributes of guava, might be because of increased number of leave shoot-1, no. of shoot
meter-1 of main branch as well as length of shoot, there by the plants were able to harvest more
sunlight to produce more photosynthates. Besides, this Biozyme regulates the plant bio-
physiological activities (increased chlorophyll content in leaf etc.) also, which collectively
resulted in maintaining higher photosynthetic activity even during fruit growth and development
period, results in higher yield and yield attributes. Similar results were reported by
Wierzobowska and Nowak (1998). The leaf pigment content (chlorophyll A, chlorophyll B and
total chlorophyll) has increased significantly with the application of Biozyme over control
(Table 3). Highest total chlorophyll content was recorded (32.12 mg 100 g-1) with the
application of Biozyme foliar spray @ 10 ppm. These results are in consonance with those
obtained by Sharma (1990) in apple with the application of triacontanol. Effect of bio stimulants
might be due to increase in photosynthesis, nutrient uptake (Ries et al., 1993), iron (Hinkle and
Eisenmenger, 1958) and Mg (Blunden et al., 1996)which are essential elements for chlorophyll
biosynthesis. Biozyme might have increased the uptake of these elements along with water and
thereby, increased the chlorophyll content, ultimately contribute to the yield. A positive linear
correlation was found between total no. of fruits tree-1 (R2=0.916) and fruit weight (R2=0.850)
with total chlorophyll content (mg 100 g-1) (Fig. 1a and 1b) signifies that the amount leaf
chlorophyll has a very positive effect on the major yield contributing parameters of guava.

Table 2. Effect of Biozyme application on yield attributes and yield of Guava (cv.
Allahabad Safeda) (Pooled data of two year)
Treatment Fruit set % Total No. of

fruits tree-1
Fruit yield
(kg tree-1)

Fruit yield
(ton ha-1)

Control (Water spray) 39.46 c 104.00 c 7.27 c 4.50 c
Biozyme foliar spray @ 5
ppm

55.36 b 127.20 b 10.79 b 6.68 b

Biozyme  foliar spray @
10 ppm

65.26 a 142.60 a 13.23 a 8.20 a

Biozyme  foliar spray @
15 ppm

54.72 b 130.80 b 11.56 ab 7.16 ab

Means followed by a different letter are significantly different at p≤0.05 by Duncan’s multiple
range tests
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Table 3. Effect of Biozyme application on leaf pigment content of Guava (cv. Allahabad
Safeda) (Pooled data of two year)
Treatment Chlorophyll-A

content  (mg 100 g-

1)

Chlorophyll-B
content  (mg 100
g-1)

Total
chlorophyll
content  (mg 100
g-1)

Control (Water spray) 4.20 d 1.37 c 19.27 d

Biozyme foliar spray @ 5 ppm 5.48 b 2.28 a 23.73 c

Biozyme  foliar spray @ 10
ppm

6.04 a 2.29 a 32.12 a

Biozyme  foliar spray @ 15
ppm

4.92 c 1.88 b 26.44 b

Means followed by a different letter are significantly different at p≤0.05 by Duncan’s multiple
range tests

Fruit quality
Both physical and chemical quality attributes of fruit significantly improved by Biozyme foliar
application over control (water spray only). The best fruit physical quality attributes such as
fruit weight (92.54 g), fruit volume (89.38 cm3), fruit length (5.80 cm) and fruit diameter (5.56
cm) ware recorded with the Biozyme foliar application @ 10 ppm which was statistically
superior to rest of the treatments (Table  4). While maximum fruit pulp thickness (1.32 cm) was
recorded from the plants treated with Biozyme @ 15 ppm which was statistically at par to the
fruit pulp thickness (1.27 cm) with the plants treated with Biozyme solution @ 10 ppm.
Application of Biozyme to the guava plants as foliar spray significantly reduced the number of
seeds fruit-1 while 100 seed weight was significantly increased over control (Table 4). Lowest
number of seeds fruit-1 (131.20) was recorded from the fruits obtained from the plants sprayed
with Biozyme @ 10 ppm. Correlation matrix of all the yield contributing independent variables
exhibits the significant relationship to the guava yield (Table 5). Guava yield as dependent
variable exhibits a highly significant and positive relationship with no. of shoots meter-1 of main
branch (0.706**), length of shoot (0.646**), no. of leaves shoot-1 (0.615**), fruit set%
(0.855**) and most significantly total numbers of fruits tree-1 (0.898**).

There was no significant improvement of total soluble solid (ºBrix) of guava fruit to the
application of Biozyme over control. But, all other chemical parameters determined were
significantly improved (Table 6). The total acidity of guava was significantly reduced to 10 ppm
of Biozyme application over control and which was significantly at par with 5 ppm of Biozyme
application. Highest TSS: acidity ratio (42.1), vitamin C content (195.75 mg 100 g-1), total sugar
(9.31%) and reducing sugar (3.81%) were recorded from 10 ppm Biozyme solution treated
guava plants which were statistically superior over control. Hassan et al. (2009) were also found
increased TSS: acidity ratio in ‘Grand Nain’ banana with the application of 3000 ppm Biozyme
application. Increased total sugar % with the application of Biozyme in pear was reported by
Inomata et al. in 1992. Gyulakhmedov and Gasonova (1992) also found same results in apple
with application of micro-nutrients.
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[a]

[b]
Fig. 1. Relationship between [a] total no. of fruits tree-1 and total chlorophyll content and
[b] fruit weight and total chlorophyll content.

CONCLUSION
From this study, it is evident that the application of plant biostimulants significantly improved
plant growth, fruit set, and yield as well as improved fruit physico-chemical properties. So, it
can be concluded that spraying of Biozyme @ 10 ppm to the rainy season guava, one at
flowering and second after one month of first spray not only gave more yield to the farmers but
also improve the fruit quality.
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Table 4: Effect of Biozyme application on Guava fruit physical quality attributes (cv. Allahabad Safeda) (Pooled data of two year)
Treatment No. of seed

fruit-1
100 seed
weight (g)

Fruit weight
(g)

Fruit volume
(cm3)

Fruit length
(cm)

Fruit
diameter
(cm)

Fruit Shape
Index

Fruit pulp
thickness
(cm)

Control (Water spray) 210.80 a 0.53 b 69.89 b 66.78 b 5.02 b 5.30 a 0.94 c 0.84 c

Biozyme foliar spray @
5 ppm

142.20 c 0.78 a 84.94 a 81.94 a 5.90 a 5.16 a 1.13 a 1.16 b

Biozyme  foliar spray
@ 10 ppm

131.20 c 0.57 b 92.54 a 89.38 a 5.80 a 5.56 a 1.03 b 1.27 ab

Biozyme  foliar spray
@ 15 ppm

159.60 b 0.73 a 88.55 a 85.56 a 5.90 a 5.36 a 1.10 ab 1.32 a

Means followed by a different letter are significantly different at p≤0.05 by Duncan’s multiple range tests
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Table 5. Correlation between Guava (cv. Allahabad Safeda) yield and yield-contributing traits influenced by Biozyme application (mean data
of two years)

Parameters No. of shoots meter-1

of  main branch
Length of
shoot (cm)

No. of leaves
shoot-1

Fruit set % Total numbers
of fruits tree-1

Fruit yield
(t ha-1)

No. of shoots meter -1 of  main branch 1 0.707** 0.542* 0.744** 0.730** 0.706**
Length of shoot (cm) 1 0.435 0.802** 0.708** 0.646**

No. of leaves shoot-1 1 0.759** 0.677** 0.615**
Fruit set % 1 0.852** 0.855**
Total numbers of fruits tree-1 1 0.898**
Fruit yield (ton ha-1) 1

*Significant at the 5% level of probability, **Significant at the 1% level of probability

Table 6. Effect of Biozyme application on Guava fruit chemical quality attributes (cv. Allahabad Safeda) (Pooled data of two year)

Treatment Total Soluble
Solid (ºBrix)

Total acidity
(%)

T.S.S : Acidity
ratio

Vitamin C (mg
100 g-1)

Total sugar
(%)

Reducing
sugar (%)

Non-reducing
sugar (%)

Control (Water spray) 8.78 a 0.53 a 17.65 c 135.97 c 5.89 c 2.92 c 2.97 c

Biozyme foliar spray @ 5
ppm

10.24 a 0.316 b 35.09 ab 169.59 b 8.00 b 3.77 a 4.23 b

Biozyme  foliar spray @
10 ppm

10.96 a 0.264 b 42.1 a 195.75 a 9.31 a 3.81 a 5.49 a

Biozyme  foliar spray @
15 ppm

10.60 a 0.38 ab 28.89 b 191.42 a 8.07 b 3.41 b 4.66 ab

Means followed by a different letter are significantly different at p≤0.05 by Duncan’s multiple range tests
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