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Abstract

The Indian gooseberry is a monoecious tree and bears a unisexual flower where a high degree of cross
pollination is required for an ideal fruit set as well as better productivity. The fruit set, retention and
yield in gooseberry depends on the nutritional and hormonal balance of the tree. The current work
is based on the objective to estimate the fruit set, retention, sex ratio and yield in gooseberry after
application of a recommended dose of fertilization (RDF) in association with farm yard manure (FYM)
and biofertilizers (Azotobacter, Azospirillum and phosphate solubilizing bacteria). The maximum sex
ratio was estimated in control (250.22 and 251.09) due to sufficient nitrogen fertilization. However,
the highest fruit set, retention percent and yield per tree were reported with the treatment containing
three-fourth of RDF in combination with Azotobacter, Azospirillum and PSB (phosphate solubilizing
bacteria). Further, it was observed that about 25 to 50% replacement in RDF could be possible through
biofertilizer application as a constant source of nutrients to trees.
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INTRODUCTION

The Indian gooseberry, known as aonla,
is native to tropical South — East Asia and belongs
to family Euphorbiaceae. It is characterized by a
phase of dormancy soon after flowering and fruit
set in spring which continue throughout summer
till the onset of monsoon. This dormancy phase
has minimum water requirement so there is no
need of irrigation during summer season and
this makes aonla the most ideal crop for arid
region. 'There are two critical phases for fertlization
of aonla trees: immediate after harvesting for
better flowering and fruiting, and during monsoon
for better fruit development. Like the other crops,
aonla trees also respond very well to chemical
fertilizers when applied as per recommended dose
of fertlizers. Howerver, indiscriminate application
of chemical fertilizers had adversely affected the
soil fertility, water quality, yield and quality of the
produce in long run?. Further, the methodologies
for application of fertilizers had also damaged
the health of soil which can be improved through
fertigation* or soiless cultivation>” or aeroponics®
or protected cultivation® for better growth and
quality production of fruits®.

There is need of an urgent and active
approach for eco-friendly management of crops
including traditional knowledge like panchgavya
or effective microbial technology (EMT). The
EMT approach includes a number of associative
and free-living microorganisms like Azospirillum,
Azotobacter, Cyanobacteria, etc. which are present
in soil and can fix atmospheric nitrogen. In addition
to nitrogen fixation, these organisms are also
known to synthesize plant growth promoting
substance such as vitamin B-complex, Indole Acetic
Acid, Gibberellins and cytokinin®2. Inoculation
of seeds with efficient strains of Azotobacter
and Azospirillum contribute only about 15-20
kg fertilizer equivalent N/ha in different crops.
Integrated use of phophorus solublizing bacteria
(PSB) with low graded rock phosphate contributes
about 30-35kg P205 /ha in neutral to slightly
alkaline soils. Further, application of plant growth
promoting microbes brings improvement in
microbial population beneficial for soil health
as these can enable the plants for managing soil
alkalinity and acidity stress®. These microbes have
great potential in enhancing the plant growth and

crop productivity, on which very little work has
been done®.

Integrated use of chemical fertilizers with
biofertilizers markedly increased fertilizer use
efficiency and minimize their losses and leakage.
The present studies emphasized to evaluate the
response of gooseberry fruit trees for flowering,
fruiting and vyield attributes after application of
integrated nutrient management practices in cw.
NA-7.

MATERIALS AND METHODS
Study Materials

The present study was conducted
during 2019 and 2020 in ten-years-old orchard
of gooseberry, located at the Department of
Horticulture, ITM University Gwalior, MP (India).
The soil can be characterised as sandy loam with
average proporation of fine sand (64.77%), silt
(22.76%) and clay (14.95%) with average pH of
7.71. Thirty-three trees of uniform vigour from
ten-years-old Aonla (cv ‘NA-7’) orchard plantedat
8.0x 8.0 mdistance were used for the experiment.
Nutrients Sources for Treatments

The treatments include recommended
dose of fertilizer (RDF) as 1.0 kg of nitrogen, 0.5
kg of phosphorus and 1.0 kg of potassium per
tree. Farm yard manure (FYM) @ 100 kg/tree
along with biofertilizers (Azotobacter, Azospirillum
and PSB @ 100 g/tree each) was applied during
the second week of January. The recommended
dose of fertilizers was applied in three different
proporation i.e., 100%, 75% and 50% in form of
urea, single super phosphate, and murrete of
potash, respectively. After harvesting of previous
crops, two-third of the total nitrogen and complete
phosphorus and potassium were applied while
remaining dose of nitrogen was applied during
onset of monsson. The fertilizer was well mixed
with the soil in the trenches and then levelled.
The statistical analysis for randomized block
design was carried out with eleven treatments
and three replications. The treatments were, T -
Full dose of NPK (1000:500:1000 g/tree) control;
T, - three-fourth dose of NPK/tree + 100 kg FYM;
T, - three-fourth dose of NPK/tree + 100 kg FYM +
Azotobacter; T, - three-fourth dose of NPK/tree +
100 kg FYM + Azospirillum; T, - three-fourth dose
of NPK/tree + 100 kg FYM + PSB; T, - three-fourth
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dose of NPK/tree + 100 kg FYM +Azotobacter +
Azospirillum+ PSB; T_ - half dose of NPK/tree +100
kg FYM; T, - half dose of NPK/tree +100 kg FYM
+ Azotobacter; T, - half dose of NPK/tree +100 kg
FYM + Azospirillum; T, - half dose of NPK/tree +100
kg FYM + PSB; T - half dose of NPK/tree +100 kg
FYM + Azotobacter + Azospirillum + PSB.
Observations and Objective

The observation on flowering and
fruiting was measured in terms of the flower
initiation (recorded during the month of March),
sex ratio (male flowers: female flowers), fruit set
(%), retention (%) and fruit yield (kg/tree). The
observation recorded on various parameters were
analysed statistically as per the randomized block
design for one way analysis of variance. Further,
correlation and regression studies were also
carried out to understand the relation between the
dependent variables as yield and the independent
variables under study.

RESULT AND DISCUSSION
Flowering Attributes

The observations on time of flower
initiation clearly reflects that the early flower
initiation was revealed in treatment T, (15 March
and 12 March) followed by T (17 March and 14
March) during the years of experiment i.e., 2019
and 2020, respectively. While, the late flowering
was observed in control (20 March and 24 March)
during both the years. A profound combined effect
of NPK, FYM and biofertilizers was reported on
the flowering on Aonla cv. NA-7 (Table 1). The
higher sex ratio was observed in control (250.22
and 251.09) followed by T, (three-fourth dose of
NPK/tree + 100 kg FYM) and T (half dose of NPK/
tree + 100 kg FYM) during both the years i.e.,
2019 and 2020. T, (half dose of NPK/tree + 100 kg
FYM + Azotobacter + Azospirillum + PSB) showed
comparatively lower sex ratio (245.62 and 244.08)
followed by T, T, and T, during both the years. All
the other treatments except T, T, and T, did not
exhibit any significant difference in first year with
treatment T .

The present observations on the time
of flower initiation and sex ratio have shown that
application of inorganic fertilizers and biofertilizers
had significant effect. Time of flower initiation
reduced after combined application of inorganic

fertilizers and biofertilizers. It was noticed that
early flowering was in T, (three-fourth dose
of NPK/tree + 100 kg FYM + Azotobacter +
Azospirillum + PSB) followed by T (half dose
of NPK/tree + 100 kg FYM + Azotobacter +
Azospirillum + PSB). Although, sex ratio is varietal
character but it has been reported to vary from
year to year and as a function of climatic changes
during flower bud development. Moreover, the
variations of sex ratio also depend upon the
mineral nutrients, day length, temperature,
etc. The higher sex ratio in case of 100% RDF is
associated with sufficient availability of nitrogrn
to plants and a balanced C:N ration in soil. The
lower sex ratio in the treatments with 50% RDF is
associated with poor N-availability which might
have caused reproductive stress in aonla trees
due to high value of C:N ratio resulting microbial
immobilization?®. The treatments where reduction
in RDF application was not supplemented with
application of Azotobacter and/or Azospirillum
had reflected lower sex ratio which might be due
to poor availability of nitrogen in absence of free
atmospheric nitrogen fixation in the rhizosphere
of aonla trees as in case of T, (half dose of NPK/
tree + 100 kg FYM + PSB). Further, the high female
flower production is resource intensive biological
phenomenon resulting shift of sex ration in favour
of male fowers?®,
Fruiting Attributes

The analysis of data on fruit set
percentage (Table 1) clearly indicates that all
combinations significantly influenced the fruit
set (%) as compared with control. The treatment
T, was found to be reasonably superior to the
rest of the treatments during both the years.
The highest value of fruit set was observed in T,
(44.55 and 50.16 %) followed by T, T, T, and
T, during the experimental years i.e., 2019 and
2020, respectively. Similarly, the treatment T,
also exhibited highest fruit retention (35.55 and
43.17 %) followed by T, T, T, and T, whereas,
the minimum was observed in control (10.14
and 8.99%) during the year of 2019 and 2020,
respectively (Table 2). However, all the other
treatments were estimated with significantly
better fruit retention over the control during both
the years.
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Table 1. Sex ratio and fruit set in aonla trees as function
of INM practices consisiting of biofertilizers

Treatments Sex ratio Fruit set (%)

2019 2020 2019 2020
T0 250.22 251.09 23.23 24.24
T1 249.88 250.22 26.88 30.21
T2 247.12  247.65 33.66 43.56
T3 247.4 246.39 30.92 39.79
T4 246.44 246.66 30.16 38.38
T5 246.09 245.62 44.55 50.16
T6 248.06 248.14 27.27 29.29
T7 247.00 247.2 28.00 35.43
T8 246.20 246.26 27.72 32.67
T9 245.82 245.42 29.21 35.64
T10 246.62 244.08 35.30 44.46
Mean 247.26  247.16 30.60 36.61
S.E. (diff) 0.8855 0.954 1.37 1.009
CD at 5% 1.8471 1.99 2.858 2.106
level

Assignificantimprovement in fruit set and
retention was reported after the application of
treatment combination of inorganic fertilizers and
biofertilizers sources of nutrients. Interestingly, no
relation was reported in sex ratio and fruit set or
fruit retentions parameters in aonla. The sex ratio
was significantly influenced by nitrogen application
and uptake while the fruit set or retention was
largely influenced due to balanced fertilization
approach in T, T , T,, T, and T,. This could also
be attributed to hormonal balance, particularly
auxin, where biofertilizers were applied resulting
reduced fruit drops and greater retention?’.

Thus, balanced dose of inorganic
fertilizersin combination with biofertilizers is
necessary for achieving higher fruit set, retention
and lowest fruit drop. The increase in fruit
set might be associated to auxin synthesisand
translocation due to presence of Azotobacter.
The increased fruit set might also be due to
improvement in the emergence of a greater
proportion of female flowers and reduced fruit
drop resulting in higher number of fruits per shoot.
Further, the balanced supply of nutrients through
combined application of inorganic fertilizers and
biofertilizers has resulted in timely induction
of flowering andimproved retention of fruits
which in turn account for improved synthesis

Table 2. Gooseberry fruit retention and yield as
function of INM practices consisiting of biofertilizers

Treatments Fruit Fruit yield

retention (%) (kg/tree)

2019 2020 2019 2020

T, 10.14 8.99 132.6 131.84
T, 14.81 16.66 132.76 134.64
T, 26.64 33.32 146.39 147.56
T, 26.66 33.42 140.47 140.87
T, 28.57 34.08 148.75 151.49
T, 35.55 43.17 159.6 161.68
T, 18.49 27 133.69 134.86
T, 21.42 28.56 136.96 139.12
T, 22.71 26.31 140.47 141.39
T, 24.99 30.3 137.22 137.3
T 2941 4136 15532  156.92
Mean 23.58 29.38 142.20 143.42
S.E.(diff)  0.6379 2.0448 4,255 4,958
CDat5% 1.3295 4.2654 8.877 10.343
level

and translocation of photosynthates at critical
requirements?.
Fruit Yield (kg/tree)

The estimation of fruit yield (Table 2)
clearly shows an improvement in yield in T_ over
other treatments except T10 and exhibiting
maximum fruit yield (159.60 and 161.68 kg/tree)
during the year 2019 and 2020, respectively;
however, the lowest fruit yield was estimated
with control (132.60 and 131.43 kg/ tree). Thus,
it can be concluded that half dose of NPK + 100
kg FYM + Azotobacter + Azospirillum + PSB was
the most economical and effective in terms of
yield as it reduced the NPK requirements as
compared to third fourth dose of NPK + 100kg
FYM + Azotobacter + Azospirillum + PSB.

The better yield in the treatments with
combination of NPK, FYM and biofertilizers might
bean outcome of better growth and development
of the plants under the treatments as compared
to control. Application of biofertlizers might
also be responsible for conditioning of soil and
improvement of soil health, free atmospheric
nitrogen synthesis, increased nutrient uptake and
efficient utilization of nutrients for photosynthetic
activities resulting improvement in yield*¥%, Singh
et al.?’ has also reported increased nutrient status
in leaves of aonla trees due to INM practices during
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intercropping which confims a correlation between
nutrient mobilization, nutrient uptake and
nutrient utilization during INM approach in aonla
orchard.?? The current studies on flowering and
fruiting attributes of aonla revealed that better
yield in aonla was realized when the levels of leaf
N, P and K as well as micro-nutrients improved
in soil and leaves?*?*. The positive correlation
between leaf nutrients and fruit yield was also
noticed by Rattan et al.?* in kinnow.
Correlation and Regression Study for Yield

The correlation and regression analysis
for the flowering, fruiting and yield attributes
reflected high residual value which confirms
existance some more factors beyond the study
which can influence the yield of aonla fruits after
application of biofertilizers (Table 3). Also, a strong
significant effect of sex ratio, fruit set and retention
were reported for aonla fruit yield. The strong
and positive correlation was noticed for fruit set

with fruit retention (0.92) and fruit yield (0.92).
However, a negative correlation of sex ration was
noticed with all other traits in aonla trees provided
with biofertilizer application?. Similar findings
have also been reported by Singh et al.?” in mango
as influenced by different chemicals.

The residual plot of all attributes for fruit
yield (Fig. 1) confirms similarity between fruit set
and retention percentage with negative value for
T, T, and T, and zero value for T . This confirms
accuracy if prediction for T10 where 50% of RDF
was supplemented with biofertilizers®. Further,
the line fit plot of all traits for fruit yield confirmed
the coincidence of expected value with actual
value of fruit yield so these attributes can be
effectively used to predict the aonla fruit yield®.

CONCLUSION
Application of three-fourth recommended
dose of NPK/tree + 100 kg FYM along with

Sex ratio Residual Plot Sex ratio Line Fit Plot
10 T ®Fruit Yield (Kgiree) M Predicted Fruit Yield (Kgfree)
- 2{}0 L
-] * -
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Fig. 1. Residual plots and line fit plots for yield of aonla fruits (Y) as a function of sex ratio, fruit retention (%) and

fruit set (%) after application of biofertilizers treatments.
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Table 3. Correlation and regression study for yield of gooseberry fruits after biofertilizers application

Correlation Statistics Sex Fruit Set Fruit retention  Fruit Yield

ratio (%) (%) (kg/tree)
Sex ratio 1
Fruit Set (%) -0.69 1
Fruit retention (%) -0.88 0.92
Fruit Yield (kg/tree) -0.69 0.92 0.88 1
Regression Statistics
Multiple R 0.9997
R Square 0.9994
Adjusted R Square 0.8742
Standard Error 4.0946
Observations 11
ANOVA

df SS MS F Significance F

Regression 3 225114.46 75038.15 4475.72 7.51693 x 1012
Residual 8 134.12 16.76
Total 11 225248.59

biofertilizers (Azotobacter, Azospirillum and PSB)
was recorded highest fruit set, retention and yield
in gooseberry, while half dose of NPK/tree + 100
kg FYM and biofertilizers was next best treatment.
Further, the sex ratio, fruit set and retention have
strong and significant influence over fruit yield
of gooseberry trees subjected to biofertlizers
application as supplementary dose with 50-75%
of RDF.
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