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ABSTRACT
A field study conducted with soil and foliar application of ZnSO4 and borax at different phenological stages of
guava cv. Shewta in sandy loam soil, revealed that highest sustainable yield index (0.80) was recorded with
two sprays of 0.4% ZnSO4 + 0.2% borax during fruit growth at one month interval, followed by 0.63 with
three sprays of 0.4% ZnSO4 + 0.2% borax before flowering, fruit set and during fruit growth. Highest TSS
(13.13°Brix), acidity (0.652%) and ascorbic acid (262.21 mg/100 g) was recorded in two sprays of 0.4% ZnSO4
+ 0.2% borax at fruit growth in one month interval. Significant differences in Zn and B content in guava fruit
pulp was recorded. It was noted that Guava fruit pulp had Zn content of 13.7 mg kg-1 in control tree fruits
while 14.6 to 16.5 mg kg-1 in treated trees. Moreover, guava fruit pulp enriched with B (14.3 to 17.3 mg
kg-1) in treated tree fruits as compared to 12.4 mg kg-1 in control trees. Micronutrient contents in leaf tissues
showed significant difference in Zn and B concentration, whereas, Fe, Mn and Cu contents were statistically
non-significant. The index suggested for attaining the sustainability and to economize the nutrient application,
technology package consisting of two sprays of 0.4% ZnSO4 and 0.2% borax during fruit growth at one month
interval should be adopted at growers’ field.
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INTRODUCTION

Horticulture ecosystem not only provides the
nutritional security but also equally important for
providing ecosystem services. Fruit crops like guava
provides ample amount of minerals and other nutrients
for human health. However, its productivity,
sustainability and nutrient content will depend on a
number of edaphic, management and tree factors. In
fact, the fruit productivity is a dependent factor and
soil-tree-climate interactions act as independent
factors. The guava productivity is also affected under
different types of soil, management and resource
conservation practices. Morales-Sillero et al. (2009)
described the soil-tree response in olive productivity,
while, Barne et al. (2011) observed positive effect of
integrated nutrient management on guava yield and
quality component by using NPK+Azotobacter+
PSB+FYM, and various crop regulation methods gives
positive impacts on the guava sustainability (Das
et al., 2007). However, Patel et al. (2013) reported
significant difference in quality attributes during fruit
growth and maturity.

In fact, the precise sustainability depends on the
crucial factor of varietal response to the resource
management. Adak et al. (2019a) recommended the
need of developing soil nutrient index for precise
nutrient management in orchards. The ecological
significance is also acts as precursor for supporting
the robust life cycling of trees considering
micronutrient distribution pattern based on vast area
(Adak et al., 2019c). Kumar et al. (2017)
recommended green manuring and precision farming
in mango, and soil & tree health management in guava
for enhancing the sustainable yield index (Adak et al.,
2020). The present investigation was, thus, laid out
with the objective of assessing the sustainable yield
index in guava along with nutrient dynamics in fruit
pulp under the influence of micronutrient spray at
different critical developmental stages of guava.

MATERIALS AND METHODS
Field experiment with soil and foliar application of
micronutrients on guava cv. Shewta (10-11 years old)
was conducted on sandy loam soils at experimental
farm of ICAR-Central Institute of Sub-tropical
Horticulture, Rehmankhera, Lucknow during 2015 to



346
J. Hortic. Sci.
Vol. 18(2) : 345-350, 2023

Adak et al.

2017. Maintenance of crop field was carried out as
per standard cultural practices. Third pairs of leaves
as an index leaf during March were collected for
assessing the leaf micronutrient status. Initial soil
DTPA extractable Fe, Mn, Zn and Cu were estimated
and found to be 3.56, 1.52, 0.18 and 0.24 mg kg-1,
respectively, while, leaf samples had 94, 51, 8.0 and
8.0 mg kg-1 of Fe, Mn, Zn and Cu, respectively. Leaf
‘B’ content was 22.4 mg kg-1. Six treatments viz.,
T1: 3 sprays of 0.4% ZnSO4 + 0.2% borax before
flowering, after fruit set and during fruit growth,
T2 : 2 sprays of 0.4% ZnSO4 + 0.2% borax after fruit
set and during fruit growth, T3: 2 sprays of 0.4%
ZnSO4 + 0.2% borax during fruit growth at 1 month
interval, T4 : 2 sprays of 0.4% ZnSO4 + 0.2% borax
before flowering and during fruit growth, T5 : soil
application of 200 g ZnSO4 + 50 g borax/tree just
before flowering and T6: control, were imposed every
year as soil application in September-October and
spraying at critical stage wise i.e. flowering, fruit set
and development, in randomized block design with
four replications. Fruit yield and fruit quality attributes
viz. ,  acidity (%), TSS (°Brix), ascorbic acid
(mg/100 g) and micronutrient content (Fe, Mn, Zn and
Cu) recorded and analyzed during 2015-16 and
2016-17. Atomic absorption spectrophotometer (model
‘Chemito’AA203D) was used to estimate the
micronutrient contents. Quality attributes was
estimated as per the standard procedures (Ranganna,
2001). Sustainable yield index (SYI) was calculated
based on Singh et al. (1990) and also to identify the
best treatment so that farmers get best option for
enhancing yield in sandy loam soils of guava growing
region.

SYI = (Y– σ n-1)/Ym

Where, Y: average annual fruit yield and
Ym: maximum yield recorded in a given set of
treatments from all years; σ n-1: standard deviation.

Statistical significance of data and standard error of
mean for yield and quality attributes, micronutrient
concentration of guava fruit pulp and leaves was
carried out using OPSTAT (Sheoran et al., 1998).

RESULTS AND DISCUSSION
Significant positive effect of soil and foliar
applications of micronutrients at different phenological
stages on guava fruit yield and fruit quality (Table 1)
inferred improvement in fruit yield from 16.3 to 39.12

kg tree-1 (control) and 26.28 to 73.57 kg tree-1 (T3),
respectively during 2015-16 and 2016-17. The
treatments and seasonal effects may be responsible for
such yield enhancement. The role of Zn and B nutrition
on TSS, acidity and ascorbic acid was also evidenced.
In control fruit trees, lowest content of TSS (11.53,
11.78), acidity (0.548, 0.564), and ascorbic acid
(239.81, 247.02) was recorded. Higher fruit quality
attributes was observed in T1 to T3 treated guava trees
where Zn and B was applied at different critical
phenological stages. The SYI (sustainable yield index)
in guava varied from 0.22 to 0.28. The highest SYI
(0.80) was recorded in the treatment T3 (Table 2). The
index concluded that for maintaining the stability in
guava yield, T3 treatment should be practiced at
farmers’ field. Further the CV data also showed the
yield variability across the treatments within the guava
orchards. Standard deviations and associated
univariate statistics of yield data practically suggested
for wide spread variability.

In order to assess the effect of nutrient enrichment
treatments on fruit pulp and leaf tissues of guava trees,
statistical significance was observed in Zn and B
concentrations (Table 3). Greater Zn concentrations
(16.10 to 16.75 and 13.25 to 16.50 mg kg-1) in fruit
pulp of guava trees were recorded across T1 to T3
treatments, whereas, lower contents (13.00 to 14.43
mg kg-1) under control plot (T6) was recorded.
Similarly, lowest B concentration (11.40 to 13.43 mg
kg-1) in fruit pulp of control plots and higher contents
(15.38 to 16.45 and 15.95 to 18.15 mg kg-1) in T1 to
T3 treatments was recorded. The analysis inferred
greater Zn and B content in guava fruit pulp.

Non-significant difference in foliar micronutrient
concentration was evidenced in case of Fe, Mn and
Cu (Table 4). The B content varied between 23.30 to
25.70 mg kg-1 in leaf tissues of T6 treatment, while,
43.63 to 47.68 and 34.15 to 42.28 mg kg-1 in T1 to
T3 treatments. Likewise, Zn concentration of 19.23 to
25.43 and 53.90 to 59.28 and 32.60 to 52.65 mg
kg-1 was recorded in T6 and T1 to T3 treated plots.
Interestingly, T4 and T5 treatments showed lower yield,
SYI, nutrient concentrations as compared to T1, T2 and
T3 treatments but greater than control plot (T6).
Greater nutrient build up (Zn and B) in the T 3
treatment was obtained because of two sprays during
fruit growth times at one month interval. This may
have facilitates nutrient penetration in the fruits. The
economic calculations based on prices of ZnSO4 and
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Table 1 : Effect of phenological stage wise application of micronutrients on fruit yield and quality
of guava

Treatment Fruit yield (kg/tree) TSS (°Brix) Acidity (%) Ascorbic acid (mg/100 g)

2015-16 2016-17 Mean 2015-16 2016-17 Mean 2015-16 2016-17 Mean 2015-16 2016-17 Mean

T1- Three sprays of 26.03 59.86 42.95 12.70 11.85 12.28 0.632 0.579 0.61 252.28 252.28 252.28
0.4% ZnSO4+0.2 %
borax before
flowering, fruit set
and during fruit
growth
T2- Two sprays of 24.82 62.04 43.43 12.83 12.10 12.47 0.628 0.615 0.62 252.87 256.37 254.62
0.4% ZnSO4+0.2 %
borax after fruit set
and during fruit
growth
T3- Two sprays of 26.28 73.57 49.93 13.13 12.40 12.77 0.616 0.652 0.63 259.88 262.21 261.05
0.4% ZnSO4+0.2 %
borax during fruit
growth at one month
interval
T4- Two sprays of 20.58 49.39 34.98 12.63 12.13 12.38 0.648 0.584 0.62 244.85 254.04 249.45
0.4% ZnSO4+0.2 %
borax before flowering
and during fruit
growth
T5- Basal application 19.28 46.26 32.77 12.73 11.95 12.34 0.632 0.584 0.61 247.44 252.87 250.16
of 200 g ZnSO4+50 g
borax/ tree just before
flowering
T6- Control 16.30 39.12 27.71 11.53 11.78 11.66 0.548 0.564 0.56 239.81 247.02 243.42
CD (P=0.05) 6.17 15.31 0.46 0.274 NS 0.037 12.37 3.85
SEm± 2.00 5.00 0.15 0.09 0.03 0.01 4.10 1.30

Table 2 : Sustainable yield index and other statistical parameters of yield of guava

Treatment SYI sd Skewness Kurtosis CV (%)

2015-16 2016-17 2015-16 2016-17 2015-16 2016-17 2015-16 2016-17 2015-16 2016-17

T1- Three sprays of 0.4% 0.28 0.63 5.7 13.2 0.32 0.32 -2.67 -2.67 22.1 22.1
ZnSO4+0.2 % borax
before flowering, fruit set
and during fruit growth
T2- Two sprays of 0.4% 0.25 0.62 6.5 16.3 0.62 0.62 1.27 1.27 26.3 26.3
ZnSO4+0.2 % borax after
fruit set and during fruit
growth
T3- Two sprays of 0.4% 0.28 0.80 5.4 15.1 -0.28 -0.28 -3.82 -3.82 20.5 20.5
ZnSO4+0.2 % borax during
fruit growth at one month
interval
T4- Two sprays of 0.4% 0.23 0.55 3.8 9.1 -0.05 -0.05 -2.06 -2.06 18.4 18.4
ZnSO4+0.2 % borax before
flowering and during
fruit growth
T5- Basal application of 0.23 0.54 2.7 6.5 -1.12 -1.12 1.98 1.98 14.1 14.1
200g ZnSO4+50 g borax/
tree just before flowering
T6- Control 0.22 0.52 0.5 1.1 0.47 0.47 -3.23 -3.23 2.8 2.8
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Table 3 : Effect of phenological stage wise application of Zn and B on micronutrient content of guava
fruits

Treatment Micronutrient concentration (mg kg-1) in fruit pulp

Fe Mn Zn Cu B

2015-16 2016-17 2015-16 2016-17 2015-16 2016-17 2015-16 2016-17 2015-16 2016-17

T1- Three sprays of 0.4% 117.4 117.50 8.25 7.50 16.75 13.25 6.43 6.25 15.53 17.40
ZnSO4 + 0.2 % borax before
flowering, fruit set and
during fruit growth
T2- Two sprays of 0.4% 114.9 112.50 7.78 7.25 16.10 15.25 6.25 6.75 15.38 15.95
ZnSO4 + 0.2 % borax after
fruit set and during
fruit growth
T3- Two sprays of 0.4% 119.8 120.00 7.68 8.25 16.50 16.50 6.38 7.75 16.45 18.15
ZnSO4 + 0.2 % borax
during fruit growth at
one month interval

T4- Two sprays of 0.4% 115.4 117.25 7.65 7.00 15.70 14.50 6.08 6.50 14.88 13.73
ZnSO4 + 0.2 % borax
before flowering and
during fruit growth
T5- Basal application of 113.3 115.75 7.40 6.50 15.38 13.75 5.95 6.00 17.23 13.13
200g ZnSO4 + 50 g borax/
tree just before flowering
T6- Control 115.3 108.25 8.18 6.50 14.43 13.00 5.83 5.00 11.40 13.43
CD (P=0.05) NS 5.6 NS 1.0 1.26 1.75 NS 1.4 2.86 2.41
SEm± 1.24 1.84 0.23 0.33 0.41 0.57 0.32 0.46 0.94 0.79

Treatment Micronutrient concentration in leaves (mg kg-1)

Fe Mn Zn Cu B

2015-16 2016-17 2015-16 2016-17 2015-16 2016-17 2015-16 2016-17 2015-16 2016-17

T1- Three sprays of 0.4% 247.3 358.8 124.4 209.5 53.90 32.60 6.38 11.00 44.93 37.83
ZnSO4 + 0.2 % borax before
flowering, fruit set and
during fruit growth
T2- Two sprays of 0.4% 248.0 368.3 120.0 189.3 54.83 36.93 6.95 11.50 47.68 34.15
ZnSO4 + 0.2 % borax after
fruit set and during
fruit growth

T3- Two sprays of 0.4% 253.8 363.0 124.1 189.0 59.28 52.65 6.93 13.00 43.63 42.28
ZnSO4 + 0.2 % borax
during fruit growth at
one month interval
T4- Two sprays of 0.4% 267.8 354.8 123.0 178.0 53.55 31.10 7.83 12.50 40.85 29.68
ZnSO4 + 0.2 % borax
before flowering and
during fruit growth
T5- Basal application of 200g 256.8 366.3 125.8 172.5 26.75 27.10 6.98 12.25 36.43 26.28
ZnSO4 + 50 g borax/tree
just before flowering
T6- Control 261.8 340.0 120.7 170.5 19.23 25.43 6.05 13.00 23.30 25.70
CD (P=0.05) NS NS NS NS 6.57 16.35 NS NS 9.6 11.2
SEm± 7.5 21.2 4.1 14.4 2.2 5.4 0.49 0.9 3.2 3.7

Table 4 : Effect of phenological stage wise application of Zn and B on micronutrient content of guava
leaves

Adak et al.

J. Hortic. Sci.
Vol. 18(2) : 345-350, 2023



349

borax, laboures for treatments application along with
guava selling process @ Rs. 20/- per kg of fruit was
analyzed. In control plot, net profit of Rs. 524.2 per
tree, while, in other spraying treatments (T1 to T4) was
Rs. 649.3 to Rs. 948.3 and soil application (T5)
recorded Rs. 649.3 per tree. Therefore, in order to
economize the micronutrient application and stage, T3
treatment should be the best option for guava growers.

Assessment of yield sustainability in any
agroecosystem is topmost priority as resources are
getting scarce under the influence of climate change
(Vittal et al., 2002). Wanjari et al. (2004)
recommended the usefulness of SYI as an indicator
for assessing the sustainability across systems.
Actually, Neilsen et al. (2014) opined that tree
performances is dependent on orchard floor
management, and precise orchard managements were
good enough for providing the ecosystem services
(Montanaro et al., 2017) also. Adak et al. (2019b)
reported the importance of adoption of advanced soil
and water conservation practices in fruit orchards in
order to sustain the soil and tree. The positive response
of any nutrient doses and its split spray in single or
in combination had significant positive effect (Ares et
al., 2003). In the present field study, spraying of Zn
and B during fruit growth and development was found
to be beneficial for fruit growth and overall yield
performance. Significant difference in pulp and leaf
micronutrient content was the resultant for these types
of nutrition application. Adak et al. (2018) also
observed the variable content of B and K in major
mango germplasm.

CONCLUSION
Robust guava cultivation needs resource allocation for
the betterment of yields and quality fruit. Application
of ZnSO4 and borax before flowering, after fruit set
and fruit growth stages enhanced the yield from
39.12 kg tree-1 (control) to 73.57 kg tree-1. Likewise,
improvement in TSS, acidity and ascorbic acid content
was also observed. SYI suggested that for maintaining
highest index, 2 sprays of 0.4% ZnSO4 + 0.2% borax
during fruit growth at monthly interval should be
practiced. Farmers of Uttar Pradesh and other region
should practice precise application of Zn and B for
ensuring higher sustainability.
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