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ABSTRACT

Malihabad region of UP, India is famous for diversified mango cultivation; most of the species are
indigenously grown. The area is having ecological importance from view point of livelihood and
nutritional security of millions of growers. To sustain the productivity, soil fertility status in turn soil
nutrients have immense role. Thus, 200 mango orchards soils were undergone to develop soil nutrient
index (SNI), an index for soil sustainability. Individual nutrients in each orchard were tabulated to show
the vast changes in its contents, a source of farmers led nutrient variance. It was found that Zn, P and K,
the essential nutrients for producing quality fruits were rated as low while Cu, Fe and Mn showed
medium ratings. SNI and fertility ratings showed need for proper precision management of orchards for
long-term sustainability of the ecologically dependent mango growing areas.
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Introduction

Mango growing areas of Malihabad,
Lucknow, Uttar Pradesh, India is best known for
ecosystem service to the farming population by
ensuring the profitability of mango cultivation.
The areas are thus having immense potential for
ecological importance in terms of mango fruit
production and were well known for indigenously
grown Dashehari fruit. However, over the decades
or more, the continuous farming might have an
impact on soil fertility which in turn may reflect
on quality production (Ganeshamurthy et al.,
2016; Adak et al., 2018a). The extension and
communication system enables growers and end
users of business community for time bound
adoption of key management practices needed to
be updated over time. The sensitization workshop
and scientist-farmers interaction meet helps in
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sensitizing and motivating for the role of one or
more depleted nutrients to the added productivity
(Adak et al., 2018c). Soil nutrient index, an index
for showing the status of soil nutrients through
development of fertility ratings indicates the
orchard soil health and is essential component in
ecological profiling of sustainable fruit production
system. It ensures growers benefit via adoption
of precision farming technologies on real time
basis for ensuring better profitability vis-a-vis
long-term fertility sustainability. Since, no such
information over the century was available in this
aspect or developed over the time periods, the
present study was conducted in 200 mango
orchards of Malihabad region of Lucknow, UP,
India to develop soil nutrient index for orchard
sustainability.

Materials and Methods

The current study was completed in 10
villages viz., Gulabkhera, Dugauli, Mujasa,



92 Journal of Agricultural Physics

Mehmoodnagar, Mandauli, Naibasti, Sanyasibag,
Habibpur, Sahilamau and Allupur covering 200
mango orchards in the GI status areas of
Malihabadi Dashehari fruit. Growers practiced
standard management protocol for soil and tree
canopy, pest and weed controls. Soil samples
from each of the orchard were collected, from
four different locations randomly indentified
within the orchards and tree basins at a depth of
0-30 cm in the months of September to February
during 2018 to 2019 aged between 30 to 40 yrs.
A sum of 200 soils was thus collected
representing the composite soils for 200 mango
orchards. Soils were undergone standard
procedural practices for laboratory analysis. Soil
pH was recorded in each orchard of ecological
niche area; P, K, Zn, Cu, Mn and Fe were
estimated (Jackson, 1973; Olsen et al., 1954;
Lindsay and Norvell, 1978). Soil fertility ratings
were developed after calculating the soil nutrient
index values following Amara et al. (2017). The
outcome was then discussed in detailed.

Results and Discussion

Nutrient distribution and productivity
analysis

The distribution pattern of soil nutrients in
200 mango orchards were tabulated in the Table
1 to 4. Variations across these orchards were
noted. Likewise, Cu, Mn and Fe were also
observed in a range of 0.46 to 3.34, 3.62 to 19.82
and 4.46 to 19.36 mg kg! respectively. Soil
available P was ranged between 1.72 to 35.70 mg
kg, whereas, K from 60.45 to 213.10 mg kg
across composite soil samples from 200 mango
orchards. Soil pH had 6.11 to 8.47 ranges; some
of the orchards (68) had greater pH values over
7.5. Big data analysis showed fertility variations
in the mango orchards; these might be the
resultant effect of farmers own practice of their
orchard with different nutrient management
modules. The productivity level when compared,
it was found that orchards in general had <10.0t
ha!. To further categorize, lower percentage
(18%) in the range of 6.1 to 10.0 t ha' was
recorded. Productivity data concluded that 51%
was in the range of 4.1 to 6.0 t ha'! with 31%

[Vol. 19

orchards had 1.0 to 4.0 t ha™! respectively. Growers’
way of farm management had immense impact
on the nutrient transformations and availability
content. Many a times, perception varies across
growers based on socio-economic and knowledge
level. For small and marginalized farmers,
obtaining the sustainable fruit production becomes
questionable over depleted nutrients in soil. For
this purpose, site based precision farming modules
needs to be developed and disseminated to
growers. It was found that the soil resources in
different ecologically importance fruit growing
system do vary over a vast range of issues from
cultivation practices to post harvest protocols.
Production measurement in sustainability
becomes vulnerable under non-synchronized way
of production practice over an ecological niche
area. In many parts of the world, it was noticed
that farm sustainability was in question (Hansen
et al., 1997). Therefore robust research avenues
may improve the situation (Akohoue et al., 2018)
and advanced land based management options
may provide economic ecosystem services
(Keesstra et al., 2018).In the present study, lower
soil fertility is responsible for lower productivity
suggesting need for adoption of hi-tech
horticultural intervention for better input use
efficiency and to sustain livelihood of growers as
well. Of course, biotic interactions are important
for quantifying the soil nutrient dynamics (Van
Der Heijden et al., 2008; Larsen et al., 2015) and
successful soil analysis report vests on precise
sampling in perennial crops (Nelson et al., 2015;
Singha et al., 2016). Joshi et al. (2015) recorded
the micronutrient status in mango orchard soils
of Ratnagiri district and also develop relationship.
During 2018b, Adak et al. observed the
significant difference in soil properties in mango
orchards of different villages and actual status
indicated the need for precise management of key
nutrients whereas Reddy et al. (2000) suggested
positive response of N, P and K on Totapuri
mango. Satisha and Ganeshamurthy (2015) nicely
described the role of soil fertility vis-a-vis
productivity in mango while Talang et al. (2017)
concluded for inclusion of both inorganic and
organic sources for economical yield attenuation.
The canopy management within the tree
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ecosystem (Wen et al., 2018) as well as yield
response was also dependent on water availability
(Moriana et al., 2003). Thus, participatory rural
approaches and knowledge sharing are key issue
for securing immortal soil resources and
betterment of farming community (Stoate et al.,
2019; Shaban et al., 2017).

Soil nutrient index and fertility ratings

Soil nutrient index value for each nutrient was
calculated and results concluded that nutrients
falls in the category of low and medium ratings
(Table 5). Zn, P and K had low ranked SNI values
of 1.415, 1.600 and 1.165 respectively. Cu, Mn
and Fe had medium ranked SNI values of 1.995,
1.995 and 2.000 respectively. Soil fertility ratings
are therefore pivotal for ranking the nutrient
limitations (Table 6). The percentage of such
nutrients in sufficiency or deficiency levels
indicates the soil condition. The present study
showed wide variations in percentages of low,
medium and high categories, 55.5, 43.0 and 1.5

Table S. Soil nutrient index and fertility ratings in 200
mango orchards

SNI Values Fertility ratings
Zn 1.415 Low
Cu 1.995 medium
Mn 1.995 medium
Fe 2.000 medium
P 1.600 Low
K 1.165 Low

Table 6. Percentage of nutrients in sufficing or defi-
ciency level

Low Medium High
Zn (mg kg') 0-0.5 0.5-1.0 >1.01
Per centages 55.5 43.0 1.5
Cu (mg kg™) <4.5 4.5-5.5 >5.5
Per centages 100.0 - -
Mn (mg kg™) 4 >4
Per centages 0.5 99.5 -
Fe (mg kg) <2.0 >2.01
Per centages - 100 -
P (kg ha') <22 22-54 >54
Per centages 18.0 71.0 11.0
K (kg ha') <123 123-293 >296
Per centages - 83.5 16.5
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for Zn. For P, the corresponding values were 18%
in low and 71% in medium categories while for
K, 83.5% in Medium and only 16.5% in high
category respectively. Hundred percent of Fe was
in medium category and 100% of Cu in low
category while 99.5% Mn in medium category.
The exiting scenarios of soil in 200 orchards are
vital for growers’ livelihood and nutritional
security. The SNI value is thus should be
considered as top priority index for correlating
soil sustainability with overall productivity in any
agri-horti ecosystem. Researchers from all over
the world emphasized for the betterment of fruit
produces in a way for future generations while
also keeping the soil healthy and safe. Accurate
measurement of problematic soils and their
management may further enhance the economic
yield and profitability. Reduction of erosion, both
soil and water, and conservation practices either
in-situ or on vast regions of sloppy lands, arid,
semi-arid, humid, coastal in tropical or sub-
tropical fruits provides an opportunity for making
farm sustainable. Organic production is also
considered for betterment of profitable fruit
business and harnessing optimization of soil
organic resources. Avoidance of stress complexes
and its identification, management is the best
option in present day quality fruit production
system. In the current study, lower SNI values
indicated the immediate need for resource
optimization. Literature suggested for increasing
input use efficiency. Natural resource may
sometimes influence the phenolic compounds in
mango (Ribeiro et al., 2008), therefore accuracy
in its management is pivotal. Bhupal Raj and
Prasad Rao (2006) developed yield limiting
nutrient array for correlating mango productivity.
Critical phenological stage wise irrigation may
improve the productivity in mango (Wei et al.,
2017). Detection of water stress is very crucial
for making farm productivity sustainable
(Ballester et al., 2013; De la Rosa et al., 2015).
Sometimes, saline water management enhances
the required yield (Durédn et al., 2004; Romero-
Trigueros et al., 2014). Knowledge on sap flow
is another aspect for getting best response in
precise irrigation scheduling from fruit farming
(Fernandez et al., 2008). Growers may invest less
attention on the conservation practices (Gao et
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al., 2018) but investment in organic production
may help in economic benefit (Tzouramani et al.,
2013). Thus, consideration of physical, micro-
nutrients and other soil indicators become obvious
for precised fruit productivity (Adak et al., 2016).
All these aspects suggest for decision support
system to growers for improving SNI in turn soil
sustainability.

Conclusion

In the current study, soil nutrients in 200
mango orchards grown indigenously by the
farmers of famous Malihabad region of Uttar
Pradesh were documented. Soil nutrient index was
calculated and a fertile rating was allotted. Big
data analysis concluded that micronutrient like
Zn and Major nutrient like K was rated as low
and needs utmost attention for soil or foliar
application for producing quality fruits. Nutrients
in medium ratings also asked for special attention
in terms of management requirement. Scientific
interactions with growers on regular basis should
be the immediate solutions for keeping soil
productive and ensuring growers’ profit.
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