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Abstract

Horticulture sector includes a wide variety of crops under different groups such as fruits, vegetables, root and
tuber crops, mushroom, floriculture, medicinal and aromatic plants, nuts, and plantation crops including
coconut and oil palm. Horticulture, speedily growing sector, makes significant contribution to the Indian
economy. India ranks second in horticulture production in the world, next only to China. Horticultural crops,
being  high value crops, receive high doses of fertilisers coupled with frequent irrigation to ensure proper crop
growth, development, high productivity and quality produce . Nutrient requirements of different horticultural
crops vary widely and even the varieties within one crop also have differential nutrient requirements due to
genetic variability. Formulation of  fertiliser  recommendation   is  a  continuous  process. As a pre-requisite to
the successful implementation of the fertiliser management practice, the evaluation of the nutrient status of
the soils  including  micronutrients is necessary. Soil sampling for horticulture crops should be followed as
per their rooting pattern. Nutrient removal/uptake; changes in crop variety, cultural practices and cropping
intensities; and the yield targets set necessitate revision and updating of fertiliser recommendations. Supplying
needed nutrients for horticultural crop production has to conform to the 4Rs viz., right rate, right source, right
placement, and right timing in  order  to  ensure more economic utilization of the fertiliser resources.

Key Words: Fertiliser, management practices, horticultural crops, nutrient requirement, crop production,
crop response, recommendations
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Introduction

Because of large climatic and soil
type variations in India, a large
range of horticultural crops
including fruits, nuts, vegetables,
flowers, palms, spices, cashew,
cocoa, medicinal and aromatic
plants can be grown.  Recognition
of the critical role of horticulture
in providing nutritional security
and livelihood to small farmers has
made planners to lay a greater
emphasis on this sector. Green
Revolution started in mid-1960s
ended the chronic food deficits.
While cereals command the
attention of policy makers, fruit
and vegetable production have
surged impressively, making India
the second largest global producer
surpassed only by China. In
achieving nutritional security
fruits and vegetables play an
important role.  Although India
has achieved fairly good
production levels of horticultural
crops (Figure 1), however, the
present production of 280.4 Mt falls
short of the need of the country
(Times of India Jan 2016).  Fulfilling
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the nutritional needs of burgeoning
population in a sustainable way
would require a sustained effort to
increase the production both
horizontally and vertically
through a rational and balanced
use of production inputs, especially
the mineral fertilisers.  This would
require a comprehensive insight
into ecologically sound production
processes as the fruit crops

production is concentrated mostly
in the fragile environments
inhabited by the resource-poor
farmers where unscientific and
over-exploitation of basic
resources has already led to a large
scale land degradation and ground
water depletion.

Of the total horticultural
production, approximately 25 to

Figure 1. Area and production growth trends for horticultural crops
Source: Government of India (2016)
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30% is lost during transportation
and storage owing to inadequate
handling facilities. Consequently,
the net quantity reaching the
consumer is about 31.9 Mt, which
is 88 g capita-1 day-1 as against the
recommended dietary quantity of
120 g capita-1 day-1. India occupies
first place in the production of
mango, banana, papaya,
pomegranate, sapota and aonla.
Productivity of grapes in India is
the highest in the world. India also
ranks one in the production and
productivity of banana and sapota.
Conversely, productivity of citrus,
mango, apple, guava and pineapple
continue to be below the world
average.

Production of vegetables increased
manifold to the tune of 162.18 Mt
from 9.21 Mha area, contributing
11.5% to global vegetable
production. Commercial
floriculture has recorded faster
pace of growth during the last
decade. Medicinal and aromatic
plants, which have immense
potential got due recognition in the
last decade. India continues to be
the largest producer, consumer and
exporter of spices and spice
products in the world, producing
more than 50 spices. India is also a
leading producer of plantation
crops in the world, with
contribution of 22.34% in coconut,
25% in cashew nut and 55 % in
arecanut (Singh, 2014).

Among the fruit crops, banana,
mango and citrus contribute 70%
of overall fruit production while in
the vegetable  crops potato,
tomato, onion,  brinjal  and
cabbage  contribute   80% of the
total  production. States viz.,
Andhra Pradesh, West Bengal,
Uttar  Pradesh, Maharashtra,
Tamil Nadu, Bihar,  Gujarat,
Karnataka, Madhya  Pradesh  and
Odisha are  major  contributors to
horticultural production. The
national average productivity of
different horticultural crops is
much below their potential
productivity. Inefficient fertiliser
management practice is one of the
main concerns among several
factors  for   low   productivity.
Being  high  value  crops,  high doses

of   fertilisers   coupled with
frequent irrigation are often
employed in the horticultural
crops to ensure proper crop
growth and high productivity.
Fertilisers  influence the quality of
horticultural crops, particularly
colour, shape,  size, taste, shelf-life
and processing characteristics
(Chadha and Shikhamany, 1990).

Many horticultural crops are
heavy feeders of  nutrients and
high yields can only be sustained
through   the  application of
optimal doses in balanced
proportions. Among the
micronutrients, zinc (Zn)
deficiency - the  most widespread
nutritional disorder in India
(Mithyantha and Perur, 1999;
Murthy et al., 1997; Singh, 2004) -
is the most  widespread
nutritional malady of citrus next
only to nitrogen (N).  Many of the
new crop varieties are more
susceptible to Zn deficiency than
the traditional crops and the
increased use of fertilisers,
especially phosphorus (P), have
further accentuated its occurrence.
Nutrient requirements have
increased with  the  introduction
of high yielding varieties and also
due to high cropping intensity.
Application  of  the  fertiliser to
meet the nutritional needs of the
crops is a must to get good crop
growth, harness higher yield and
have a high quality produce.
Different approaches used to
increase the crop yields and quality
for formulating the fertilisers
requirements for different
horticultural crops  are reviewed
in this paper.

Fertiliser Requirement of
Horticultural Sector

Application of fertilisers to
plantation, fruits and vegetable
crops, though not uncommon, has
not been adequately considered.
Based on the recommended doses
of  fertiliser   for different fruit
crops, Ghosh (1999)  projected the
requirement of 0.83 Mt of N, 0.57Mt
of P

2
O

5
 and 0.12 Mt of K

2
O for the

year 2000. For vegetable crops it
was worked out as 0.74 Mt of N,
0.37Mt of P

2
O

5 
and 0.27 Mt of K

2
O

(Singh and Kalloo, 1999).
Collectively, fruits and vegetables
together had a potential
requirement of 2.90 Mt of major
nutrients (N+P

2
O

5
+K

2
O) in 2000.

First decade of this century has
experienced a significant jump in
the area, production and
productivity of horticultural
crops.  Area   increased from 15
Mha in 2001-02 to 24.2 Mha in
2013-14 and the production
jumped from 146 Mt to 280.2 Mt.
Proportionally, the fertiliser
consumption also increased.  There
is a great need to reassess the
requirement of fertilisers for
horticulture sector in the country
as the horticultural crops have a
tremendous   potential  for  fertiliser
use.

Fertiliser application to many
horticultural crops have been
arbitrary and often erratic. Many
fruit crops like mango and guava
hardly receive  any fertiliser.  On
the other hand a survey of
Vineyard in Maharashtra and
Karnataka and pomegranate
groves in Maharashtra and
Karnataka, vegetables in West
Bengal and Karnataka have
indicated   excessive  use  of
fertiliser nutrients, amounting  to
as high as  3000 kg (3 t)  of    nutrients
ha-1  which  has led  to loss of
quality, pollution of ground water
and  development  of  salinity in
the poorly drained soils
(Raghupathi  and Ganeshamurthy,
2013;  Ganeshamurthy et al., 2015).
In view of the growing importance
of horticultural crops both for
home consumption and  exports,
ensuring adequate fertiliser
management assumes special
significance. Based on the general
recommendations to various
horticultural crops, fertiliser
nutrient requirements of different
horticultural crops have been
computed (Table 1). As per these
estimates   horticulture sector
requires about 9.93 Mt of major
nutrients (N+P

2
O

5
+K

2
O). The

decadal trends show that the
consumption of these nutrients
increased by 119%.  Sector-wise
the fruit, vegetable and plantation
crops showed an increase of 153,
109 and 17%, respectively.  Though
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the growth rates appear to be
impressive, many orchards and
fields continue to be neglected. For
example, though the estimate for
mango is about 4,15,140 t of
fertiliser nutrients, the actual
consumption varies enormously
from orchards to orchards.  Most
of the mango growers do not apply
fertilisers at all.  Similar situation
exists in other  crops  as  well.
While some fields,  particularly
vegetables and cash rich fruit
orchards, receive very high rates
of fertilisers, others are completely
neglected.  To realize the full
potential of horticultural sector
there is an  urgent need to achieve
a uniform field  level  of  fertiliser
use in all the horticultural crops.

Diagnosis of Fertiliser/Nutrient
Requirements

The growth, development, yield
and quality of horticultural crops
depend upon the level of soil
fertility. Several approaches have
been employed for assessing the
crop  nutrient  requirements,   some
of  which are briefed as under.

Amount of a nutrient needed can
be derived from data on nutrient
removal by crops, soil testing and
plant analysis. Nutrient uptake/
removal by horticultural crops is
influenced strongly by a host of
factors including variety, stage of
crop growth, season, soil fertility
and  the  targeted  yield levels.
Many horticultural crops annually
remove 500 to 1000 kg of fertiliser
nutrients ha-1 and the high yields

can only be sustained through the
application of optimal doses in a
balanced  proportion.  Quantities
of the nutrients removed by some
of the important horticultural
crops are given in Table 2.
Nutrients removed from the soil
through harvesting and export of
produce should be replenished to
maintain the soil health and
enhance the production potential
of the crops. Nutrient requirement
varies depending on the soil
fertility, climate conditions,
cultivar characteristics and

targeted yields.

Soil analyses are most often used
prior to planting to evaluate the
fertility level of the soil. Soil testing
is a useful tool for determining the
plant nutrient needs. Yearly
sampling of each field is necessary
to make accurate fertiliser
recommendations. The key to good
soil test results is proper sampling
protocol. Routine soil testing
methods followed for
agricultural crops may be
suitable for annual horticultural

Table 1. Horticulture sector-wise NPK requirement during 2003-04 and 2013-14

Sector    2003-04                           Total                        2013-14               Total        Per cent increase
                                                                                                                                                                                over the decade
                                N           P

2
O

5                
K

2
O                             N                P

2
O

5      
          K

2
O

Fruits 738,857 393,081 683,162 1,815,100 1,724,261 1,080,930 1,777,036 4,582,226 153

Vegetables 475,215 450,647 506,230 1,432,093 1,032,882 922,450 1,033,186 2,988,518 109

Flowers NA NA NA NA NA NA NA NA NA

Aromatic and NA NA NA NA NA NA NA NA NA
medicinal
plant crops

Plantation 322,500 157,645 525,940 1,006,085 383,350 185,130 607,560 1,176,040 17
crops
Spices NA NA NA NA 226,785 151493 1,814,86.5 559,764 -

Grand total 1,536,572 1,001,373 1,715,332 4,253,277 3,367,278 2,340,003 3,599,269 9,306,548 119

Source: National Horticulture Board  (2015)

Table 2. Nutrient removal by crops

Crop                          Yield (t ha-1)                          Nutrient removal (kg ha-1)
                        N                        P                       K

Fruits

Mango 15.0 100 25 110

Banana (Robusta) 57.5 322 73 1180

Citrus 20.0 22 12 57

Guava 20.0 120 50 150

Pomegranate 40.0 44 8 70

Apple 29.0 18 2 40

Pineapple 84.0 150 45 530

Papaya 80.0 225 60 180

Grape 20.0 160 40 180

Vegetables

Potato 28 202 50 225

Brinjal 60 175 40 300

Tomato 37 104 22 141

Cauliflower 50 250 100 350

Cabbage 37 112 28 112

Beans 35 130 40 160

Green peas 25 55 20 40

Lettuce 30 160 30 234

Spinach 25 120 45 200

Celery 20 140 55 220

Onion 30 73 36 68

 Source: Ganeshamurthy et al. (2015)
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crops like vegetables,  annual
flowers,  annual medicinal and
aromatic crops.  However,
perennial horticultural crops can
extract nutrients from deeper soil
layers. Under such situations, the
general soil testing programme in
which fertility status of 0-15 cm soil
layer is assessed is not useful. Based
on root distribution and
concentration of active feeding
roots, sampling depths for different
fruit crops have been worked out
(Table 3).

Leaf  tissue  testing is a valuable
tool to examine the nutritional
status of tree, particularly with
respect to mobile nutrients such as
N and K, and for micronutrients
such as copper (Cu), iron (Fe),
manganese (Mn), and Zn (Obreza
et al., 1992). Plant tissue testing has
been used on a wide number of
crops as an indicator of soil and
crop nutrient status.  This
information is used in fertiliser
management decisions (Mills and
Benton-Jones, 1996). Success of this
approach depends mainly on
selecting the right tissue and
deciding the right stage of
sampling. Leaf tissue sampling
guidelines for different
horticultural crops are given in
Table 4.

Direct assessment of nutritional

Table 3. Depth and lateral spread of active roots in fruit crops and recommended soil sampling method

Crop/Variety                          Age                      Soil depth                Radial distance  Recommended         Recommended
                                                                                                                                                 soil sampling           distance for soil
                                                                         cm              %               cm                 %            depth (cm)              sampling from
                                                                                                                                                                                tree trunk, in cm

Citrus/Coorg mandarin 6 years 0-15 76-88 120 80-95 0-15 100-125

Citrus/Sweet orange 7 years 0-30 70-90 120 65-81 0-30 100-125

Citrus/Kagzi lime 4 years 0-25 94-97 120 75-80 0-25 100-125

Mango cv. Alphonso 8 years 0-40 69-75 100 75-80 0-40 75-100

Guava, sapota, anona 6 years 0-30 57-60 100 55-85 0-30 75-100

Ziziphus (Ber) 8 years 0-40 75-100 100 60-75 0-40 75-100

Papaya cv. Surya 1 years 0-45 100 100 100 0-45 75-100

Banana cv. Robusta 90 days 0-2020-40 5644 0-2525-50 8812 0-20 0-25

Banana cv. Robusta 210 days 0-2020-40 6436 0-2525-50 8515 0-20 0-25

Banana var. Ney Poovan 90 days 0-2020-40 6040 0-2525-50 919 0-20 0-25

Banana var. Ney Poovan 210 days 0-2020-40 8218 0-2525-50 7616 0-20 0-25

Apple, peach, plum 6 years 0-30 75 100 60-80 0-30 75-100

Pomegranate 5 years 0-3030-60 4357 0-3030-60 5446 0-45 25-50

Source: Ganeshamurthy and Raghupathi (2014)

status of horticultural crops
through chemical analysis is an
effective means of persuading
farmers to rationalize fertiliser
applications. The nutritional
concentrations measured in the
leaf tissue in a given situation can
be compared with the critical
range of concentrations that are
established  for that particular
crop based on years of
experimentation (Bennett, 1993;
Mills and Benton-Jones, 1996).
However, the results of leaf
analysis have proved difficult to
interpret because the critical
concentration  of  a  specific
nutrient   in   the   shoot for
optimum growth   changes  with
the age of the plant, stage of   the
crop and changes in the
concentration of other nutrients.
Single nutrient ratio pairs are
relatively stable and using these
pairs in place of absolute nutrient
concentrations as   reference
criteria is a sensitive diagnostic
tool. The critical value concept,
nutrient concentration ranges,
diagnosis and recommendation
integrated system (DRIS) and
compositional nutrient diagnosis
(CND) techniques are adopted
widely in leaf analysis. The leaf
nutrient norms for most of the
horticultural crops have been
developed  and  are   given   in
Table 5.

Fertiliser Management Practices

Fertilisers or nutrients are required
in most of the horticultural crop
production systems.  Plants require
differing amounts of nutrients at
differing phases of their growth
cycles. The nutrients in soil may
not be always available in
adequate amounts for economical
crop production. Fertiliser
nutrients play a major role in
meeting the crop yield and quality
goals of modern horticulture. In the
current context of food and
nutritional insecurity, escalating
cost of production and increasing
focus on environmental issues, it is
imperative to take necessary
measures to maximize the benefits
of fertiliser use and minimize the
negative impacts associated with
its over-use/under-use. Better crop
and soil management has resulted
in realizing the higher crop yields.
This, in turn, has  increased the
need to replace/replenish the
nutrients removed by the larger
crop harvests. Generalized
recommendations of fertilisers for
different groups of horticultural
crops are given in Table 6. In
general, for flowering plants
application rates of N are equal to
or less than P because P encourages
flowering and excess N might
stimulate  green  leafy growth at
the expense of flower production.
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Supplying nutrients needed for
crop production involves attention
to four major fertilization factors
(the 4Rs): right rate, right source,
right placement, and right timing.
The 4Rs (terminology promoted by
the International Plant Nutrition
Institute [2014]) are important
components of nutrient best
management practices. Fertiliser
best management  practices
(FBMPs) are agricultural
production techniques and
practices developed through field
researches and verified in farmers’
fields to maximize economic, social
and environmental benefits. The
FBMPs are aimed at managing the
flow of nutrients in the course of
producing affordable and healthy
food in a sustainable manner that
protects the environment and
conserves natural resources at the
same time profitable to producers.
With FBMPs, farmers implement
under specific site, crop and soil
conditions, the concepts and
elements of balanced fertilization,
site-specific nutrient management
(SSNM), integrated plant nutrient
management (IPNM), etc.

Horticultural crops require large
quantities of fertilisers compared
to agricultural crops. The data
shown in Table 7 reveals that
horticultural crops usually
consume twice as much fertiliser
as do the agricultural crops.
However fertiliser application in
many horticultural crops has been
arbitrary and often erratic.
Fertiliser application in fruit crops
is determined by the expected
economic returns.  Among the
crops that receive  highest
amounts of fertiliser nutrients,
horticultural crops account for the
first seven ranks (Table 8). Majority
of farmers do not apply fertilisers
to mango and guava while grapes,
banana and pomegranate (selected
commercial enterprises in
Karnataka and Maharashtra)
receive abnormally high amounts
of fertilisers [grapes, 3,500 kg (3.5
t),  banana, 4000 kg (4.0 t) and
pomegranate 1500 kg (1.5 t)] which
has led to loss of quality,  pollution
of   ground water and development
of salinity in poorly drained soils

Table 4. Plant tissue sampling guidelines for horticultural crops

Crop                      Plant part                                      Growth Stage/ Time

Fruit crops
Banana Petiole of 3rd open leaf from apex Bud differentiation stage.

Cashew 4th leaf from tip of matured branch At beginning of flowering
Custard apple 5th leaf from apex 2 months after new growth
Fig Fully expanded leaves, mid July-August

shoot current growth
Grapes 5th petiole from base Bud differentiation stage for

yield forecast. Petiole
opposite to bloom time for
quality

Citrus 3 to 5 month-old leaf from new June
flush. 1st leaf of the shoot

Guava 3rd pair of recently matured leaves Bloom stage
(August or December)

Mango Leaves + petiole 4 to 7 months-old leaves
from middle of shoot

Papaya 6th  petiole from apex 6 months after planting
Passion Fruit Matured leaf opposite to Bloom

last open flower
Pineapple Middle 1/3rd portion of white 4 to 6 months.

basal portion of 4th leaf from apex
Pomegranate 8th leaf from apex Bud differentiation.

In April for February crop and
August for June crop.

Sapota 10th leaf from apex September
Phalsa 4th leaf from apex One month after pruning
Ber 6th leaf from apex from secondary Two months after pruning

or tertiary shoot

Vegetable crops
Bean Upper most recent fully 2-3 months old

developed trifoliate leaves
Cabbage Wrapper leaf
Carrot Most recent fully matured leaf Mid-grown
Cauliflower Most recent fully matured leaf At heading
Peas Most recent fully developed leaflet First bloom
Cluster bean 1st fully developed leaf
Cucumber 5th leaf from tip Flower bud start to small fruit
Brinjal Leaf blades with midribs minus

petioles from most recent fully
developed leaf

Garlic Most recent fully matured leaf Pre-bulb
Onion Top-no white portions 1/3  to ½ grown
Tomato Leaves adjacent to inflorescence Mid-bloom

Plantation crops

Coconut Pinnal leaf from each side of 4th leaf
Oil palm Middle 1/3rd minus midrib of

3 upper and 3 lower leaflets from
17 frond of mature trees and
3rd frond of young trees

Coffee 3rd or 4th pair of leaf from apex of
lateral shoots

Tea Third leaf from tip of young shoots
Clove 10th to 12th leaves from tip of non- End of blooming period

fruiting shoot

Ornamental crops

Jasmine Most recent fully developed leaf
Chrysanthe-mum 4th leaf from tip, omit unfurled Bud burst
Hibiscus Most recent fully developed

whole leaves
Lilly Most recent fully developed leaf
Rose Most recent fully developed Flower bud pea size

compound 5th leaflet leaf

Source: Bhargawa and Chadha (1993);  Raghupathi et al. (2014)
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(Ganeshamurthy et al., 2013).

Tree crop nutrition differs from
that of the annuals. In perennial
fruit crops more than 90% of the
absorbed nutrient gets locked-up
in the woody part of the tree and
current application will not
influence the yields of current
season.  Because of this reason yield
predictions to applied nutrients
are difficult in perennial fruit
crops. Deep root systems help them
to bring in nutrients from a large
volume of soil.  Because the
perennial fruit crops can store
nutrients in the vegetative part
and resume them again and again
during later growing seasons,
perennials do not need as much
fertilisers as do the annuals.  An
annual plant’s whole life is
dedicated to setting as much seed
as possible   and  sacrifices the
entire plant at the end of the
growing season.  Goal of the
perennial plants like fruit crops is
to make it to next year and the
years beyond and set the seeds
(fruits) in the years it can.  Trees
take a long time to respond to
fertilisers, with new leaves, flowers
and fruits dependent on reserves
in the tree rather than on fertiliser
applied to the soil. There are key
stages in the phenology of every
fruit crop that have a greater
demand for nutrients than others.
Flowering, fruit set (with its
associated period of early fruit
drop) and fruit drop that occurs
when  exponential  fruit growth
and vegetative shoot and root

Table 5. Optimum nutrient norms for fruit crops

Nutrient Unit            Grape                              Mango                 Acid lime              Pome-                  Banana
                                                                                                                                                           granate

Anab-e-      Thompson     Alphonso    Totapuri                         Robusta        Elakki
                                                Shahi          Seedless

Nitrogen % 0.50-1.25 0.87-1.61 0.78-1.65 0.84-1.53 1.53.2.10 0.91-1.66 1.67-3.43 2.23-3.35

Phosphorus % 0.46-0.68 0.29-0.65 0.02-0.33 0.064-0.147 0.10-0.15 0.12-0.18 0.12-0.21 0.12-0.23

Potassium % 1.16-2.42 2.00-3.02 0.77-1.73 0.52-1.10 0.96-1.66 0.61-1.59 2.28-4.14 2.68-4.78

Calcium % 1.40-2.07 0.98-1.36 0.76-1.63 0.76-3.20 3.05-3.43 0.77-2.00 0.48-1.70 0.40-1.28

Magnesium % 0.24-0.58 0.63-1.10 0.40-0.65 0.40-0.65 0.40-0.60 0.16-0.42 0.33-0.58 0.14-0.65

Sulphur % 0.08-0.18 0.09-0.13 0.035-0.131 0.0147-0.215 0.25-0.29 0.16-0.26 0.03-0.18 0.06-0.13

Iron ppm 38-107 54-80 657-963 48-86 117-194 71-214 53-196 58-189

Manganese ppm 18-86 42-209 13-408 57-174 21-63 29-89 112-417 142-516

Zinc ppm 25-94 30-88 7.8-18.3 25.33 25.50 14.72 8-38 14-37

Copper ppm 10-30 5-10 14.3-17.8 3.10-8.00 8.7-14.8 29.72 10-32 11-33

Yield limit -- 40 t ha-1 25 t ha-1 6 t ha-1 10 t ha-1 15 t ha-1 15 t ha-1 30 kg plant-1 12 kg plant-1

Source: Raghupathi et al. (2014)

Table 6. Recommended dose of N, P and K for horticultural crops

Crops                                            Recommended dose of NPK (kg ha-1)
             N                              P

2
O

5                                               
K

2
O

Fruit crops
Banana 620 310 620
Mango 75 20 70
Citrus 110 35 55
Papaya 925 925 925
Guava 250 175 175
Apple 320 320 320
Pineapple 275 70 200
Sapota 100 50 50
Grapes 300 300 600
Pomegranate 500 425 975
Litchi 50 50 25
Vegetable crops
Potato 60 100 120
Tomato 180 120 150
Onion 125 75 125
Brinjal 180 150 120
Tapioca 45 90 120
Cabbage 150 125 100
Cauliflower 150 100 100
Okra 100 50 50
Peas 25 75 60
Sweet Potato 20 40 60
Chilli 150 75 75
Plantation crops
Coconut 100 55 210
Cashewnut 100 40 60
Arecanut 140 55 200
Cocoa 70 30 100
Spice crops
Garlic 40 75 75
Turmeric 150 60 108
Ginger 37.5 50 37.5
Cumin 30 20 20
Coriander 10 40 20
Tamarind 20 15 25
Fenugreek 30 25 40
Fennel 50 10 10
Pepper 110 50 155
Cardamom 75 75 150
Ajwan 40 20 20
Nutmeg 187.5 187.5 600

Source: IIHR (2010, 2012) and Muvel et al. (2015).
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timing and placement of fertilisers
to coincide with crop requirement
to attain high nutrient use
efficiency. Applying fertilisers to
the soil, or   foliage,   at   key stages
of crop phenology  when nutrient
demand is high is   fundamental to
fertiliser best management
practices because it improves
fertiliser use efficiency, is cost-
effective and protects the
environment. Based on the studies
at ICAR-IIHR, Bengaluru using
radioisotope-tagged fertilisers,
fertiliser use efficiencies were
worked out   for   different fruit
crops on   a    sandy loam soil.
Results showed that the
absorption    of   nutrients   from
the  fertiliser  was quite low (0.51-
2.90%  for   P   and   6.8%  for N)
under some treatments.   However,
appropriate  timing and placement
in other treatments invariably
improved the absorption which
was substantial for P (17.7%) in
guava and N (60.0%) in banana
(Table 9).  While the scope of
applying  solid  fertilisers  is
limited to shallow depths (0-15
cm), the use of liquid forms as
fertigation through drip irrigation
appears promising for deeper
application.

An essential parameter that is used
in deciding the placement of
fertiliser in fruit crops is to
understand the root distribution in
each of the fruit crops. Technique
of soil injection of carrier-free 32P
at 20 cm depth was used to study
the root activity distribution of
important fruit crops under
rainfed conditions at ICAR-IIHR,
Bengaluru. Results showed that the
citrus varieties (Kagzi lime, sweet
orange cv. mosambi, Coorg
mandarin and kinnow mandarin)
were shallow-rooted and the
Anab-e-Shahi and Thompson
Seedless varieties of grapes,
Alphonso variety of mango and
Arka Mridula variety of guava
were deep-rooted in nature.
Spread of the active roots was
uniform during north-east
monsoon period due to uniform
moist soil water regime. During
summer the active roots moved
toward soil surface and away from
the trunk   towards the periphery

Table 7. Comparison of fertiliser consumption by horticultural crops with
agricultural crops in India

Crop Fertiliser consumption
      Total  in Mt in year                      kg ha-1 in year

                                                    2003                      2011                        2003

Fruits 0.61 1.01 163

Vegetables 0.82 1.36 242

Roots and tubers 0.77 1.27 212

Horticulture 2.21 3.65 206

Cereals 12.54 20.72 102

Oil seeds 1.12 1.84 85

Pulses 1.35 2.23 39

Sugarcane 1.29 2.14 216

All crops 17.00 28.10 109 (Average)

Source: Ganeshamurthy et al. (2013)

Table 8. Crops with the highest
fertiliser application rates

Rank       Crop    Average rates
                                      N + P

2
O

5
 + K

2
O

                                          (kg ha-1)

1 Banana 479
2 Sugar beet 254
3 Citrus 252
4 Vegetables 242
5 Potato 243
6 Oil-palm 242
7 Sweet potato 225
8 Tobacco 225
9 Tea 225
10 Sugarcane 202

Source: Soh (1997)

Table 9. Fertiliser use efficiency in some fruit crops on a sandy loam soil

Crop (Variety)           Age Range of fertiliser use                  Reference
                               (Years)          efficiency observed
                                                    Least           Highest

Phosphorus derived from fertiliser (Pdff, %)

 Mosambi 9 0.51 2.36 Iyengar and Murthy (1988)
 Citrus 9 1.08 4.51 Iyengar and Murthy (1989)
 Grapes 10 2.35 3.21 Murthy and Iyengar (1992)
 Mango (Alphonso) 9 1.32 4.85 Murthy and Kotur (1999)
 Guava 2 2.90 17.7 Murthy and Kotur (1998a)
 Sapota 6 0.70 6.72 Kotur (2004)
 Anona 6 0.83 10.27 Kotur (2004)

Nitrogen derived from fertiliser (Ndff, %)
Banana (Robusta) 1                6.8            60         Murthy and Kotur (1998b)

growth are simultaneous are
phenological stages of high
nutrient demand.  It   is during
these stages that the greatest gains
in fruit number and retention,
determinants of final yield, can be
made. Hence field crops and
perennial fruit crops have different
goals and different strategies.

Certain recommended fertiliser
management practices, such as
timing, placement, form of
fertiliser, etc., play a vital role in
the environmental aspects of a
fertiliser recommendation.
Fertiliser best management
practices must aim at proper



of the drip circle. Intensity of the
root activity was highest during
south-west monsoon due to the
abundant soil moisture and it
decreased during winters
coinciding with the receding of
monsoons. Lowest activity was
observed during summers due to
depletion of soil moisture.
Generally, the period of high root
activity alternated with that of
shoot growth except in guava in
which both high root and shoot
activities coincided.  In papaya cv.
‘Surya’, under irrigated conditions,
the active roots spread uniformly
to a depth of 45 cm and radial
distance of 100 cm from the trunk.

Information generated on the root
distribution   in   tropical   fruit
crops has been utilized in
designing the fertiliser placement
methods. Some of the important
findings are listed below:

–  Better absorption of fertiliser
takes place in citrus crops during
the late rainy season when placed
in a circular band between 90 and
120 cm from the trunk.  Placement
on one side of the plant results in
accumulation of the fertiliser
nutrient absorbed on the same side
of the plant.

–  In grape there is faster and higher
uptake of fertiliser during the
vegetative phase than during the
reproductive phase

– In Robusta banana, application
of P fertiliser in 3 splits, first at
planting, second at the 8th leaf stage
placed in a circular band between
25  and 50 cm and the third at the
16th leaf stage placed between 25 to
75 cm distance results in better
absorption and utilization of P
fertiliser

– In banana there is a substantial
mobilization and movement of
nutrients from mother plant to the
sucker and it is beneficial to leave
the  psuedostem  for at least 45
days after bunch harvest to
mobilize nutrients to the following
ratoon  crop and to reduce
its fertiliser requirements
substantially.

– Crop inoculation of citrus,
papaya and mango crops with
vesicular arbuscular mycorrhizal
(VAM) fungi results in greater
absorption and uptake of zinc and
phosphorus and improvement in
growth and dry matter production.
In citrus, rootstocks rough lemon
and Rangpur lime are highly
dependent on the VAM fungi.  In
papaya increase in uptake of P to
the extent of 50% using 32P-labeled
fertiliser under pot culture
conditions and possibility of
reducing P fertiliser requirement
by 25% under field conditions by
inoculation of VAM fungi has been
demonstrated.

– Better absorption of fertiliser
takes place in citrus crops during
the late rainy season when placed
in a circular band between 90 and
120 cm from the trunk.  Placement
on one side of the plant results in
accumulation of the fertiliser
nutrient absorbed on the same side
of the plant.

Nutrients Injection through Tree
Trunk

Flow of nutrients in plants occurs
through the xylem tissues.  Since
trunk of fruit tree is thick enough
for injection, nutrients can be
directly injected into the tree
trunks for meeting plants’
requirements avoiding the possible
nutrient interactions with the soil.
This method prevents the loss of
nutrients to the environment and
enhances the use efficiency of
fertilisers.  Further quantity of
fertilisers needed to get economic
yields might come down
drastically as losses and
interactions are minimized.  Such
techniques have been developed
and demonstrated on grapes and
mango in Egypt (Shaaban, 2009).
However, this  method has not
been tried in India and needs
serious attention as one of the
priority area for research.

Site-specific Nutrient Management

Site-specific nutrient management
(SSNM) approach aims to enable
farmers to dynamically adjust
their fertiliser use to optimally fill

the deficit between the nutrient
needs of a high-yielding crop and
the nutrient supply from naturally
occurring indigenous sources such
as soil, crop residues, organic
inputs and irrigation water. The
implementation of SSNM involves
management of different nutrients
in different areas of a field or
landscape, in different cropping
seasons, and in different years in
the same area or a field. The SSNM
approach does not specifically aim
to either reduce or increase
fertiliser use. Instead, it aims to
apply nutrients at optimal rates at
appropriate time to ensure high
profit to the farmers. High
efficiency of nutrient use by crops
across spatial and temporal scales
prevents nutrient leakage to the
environment. Soil- and canopy-
based sensors are either available
or are in the developing stages for
different nutrients.  These sensors
can be used to monitor the
nutritional stresses in plants and
accordingly corrective steps can be
taken to correct the same. Such an
approach will enhance the nutrient
use efficiency and minimise the
environmental pollution in
addition to enhancing the
productivity and income of the
farmers. Site-specific nutrient
management involving within-
season variable rate adjustment in
fertilisers continues to be evaluated
and promoted in precision
agriculture.

Controlled-release Fertilisers

Several brands of controlled-
release fertilisers (CRFs) are
available for supplying N. Some
vegetables have shown increase in
yield when controlled-release
fertilisers such as polymer-coated
or sulphur-coated urea were used
to supply a portion of the N
requirement. Although more
expensive, these materials might
be useful in i) reducing fertiliser
losses through leaching and
possible N loss through ammonia
volatilization in high pH soils, ii)
decreasing soluble salt damage,
and iii) supplying adequate
fertiliser for long-term crops.
Controlled-release  K  fertilisers
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also  have  been demonstrated to
be beneficial for several vegetables.
It is essential to match the nutrient
release pattern of the CRFs with the
crop’s uptake pattern.

Foliar Feeding

Foliar fertilisation can successfully
supply essential nutrients more
rapidly and more efficiently than
does the soil fertilization. Foliar
fertilization most aptly applies to
micronutrients and not to macro-
nutrients such as N, P, and K. On
deficient soils, foliar feeding of Zn,
Mn, B and Mo has been shown to
be 4 to 30 times  more   efficient
than soil application. Foliar
fertilisation scores over soil
application as it can meet the tree’s
demand for a nutrient at times
when soil conditions (low
temperature, low soil moisture,
poor drainage,  pH,  salinity) render
the soil-applied fertilisers
ineffective. Nutrients, especially P,
K and micronutrients get fixed in
the soil and consequentially
become unavailable to plants.
Applying nutrients directly to
leaves, the major organ for
photosynthesis, ensures that the
plant’s   metabolic  machinery is
not compromised by low
availability of the essential
nutrient.

Foliar sprays use very small rates
of Zn, afford uniform application
and the response is almost
immediate so that correction of the
deficiency is possible during the
same season (Mortvedt  et   al.,
1972).  Leaf burn is possible if the
concentration is too high.  For
instance,  Kotur (1984) observed in
5-year old Coorg mandarin (Citrus
reticulata Blanco), budded on
Trifoliate orange (Poncirus trifoliate L.)
rootstock, that application of ZnO
@ 0.3% and  unneutralized  ZnSO

4

@ 0.4% caused injury to leaf  which
manifested in the form of rusty-
brown spots and severe
discoloration. Neutralization of
ZnSO

4
 with slaked   lime

inactivated Zn by precipitating it
as Zn(OH)

2
 and  therefore,  was  less

efficient in  correcting  Zn
deficiency (Kiekens,L.1995).  If the

plants are small and leaf area is
limited the plant requirement
cannot be met. If the spray is
delayed in the growing season as
also when the  deficiency
symptoms have already appeared,
maximum yields may not be
realized. The residual effect of foliar
sprays is minimal needing
multiple sprays for season-long
correction, especially in fruit
plants.

Mulching, Drip irrigation
and Fertigation

Many vegetable crops, such as
tomato, chillies, bhendi, egg plant,
water-melon, cucumber, and
others are grown on polyethylene-
mulched raised  beds. This
mulched cultural system
characteristically includes drip
irrigation for providing water and
fertiliser to the crops.  The  mulched
system is considered to be the best
management practice as it helps in
reducing the rainfall-induced
leaching losses of fertiliser when
the fertiliser is placed beneath the
mulch. Mulching and drip
irrigation synergistically enhance
the efficient fertiliser use by the
crop. Drip irrigation is becoming
popular in horticultural crops as
water and fertiliser management
are interconnected.

Since leaching potential is high for
the mobile nutrients like N and to
some extent K in low-activity acid
soils, over- irrigation can result in
movement of these nutrients out of
the root zone and cause
groundwater pollution e.g.,  N.
With the changing pattern of the
irrigation system, fertiliser use
pattern is also changing.
Fertigation (applying nutrients

through irrigation water) has
started gaining importance in
horticultural crops and for this
reason completely water soluble
sources of nutrients are in a great
demand. Application of fertilisers
to horticultural crops through drip
irrigation has the greatest potential
for the efficient use of both water
and fertilisers.  Fertigation allows
precise-timing and uniform
distribution  of  applied nutrients
to meet the crop nutrient demand,
thus ensuring   substantial saving
in fertiliser usage. Limited area of
wetting under this method reduces
the active root zone and also the
foraging area of plants to draw
water and   nutrients   from the soil.
Fertigation has  several
advantages such as higher use
efficiency of water and fertiliser,
minimum losses of nutrients
through leaching, supplying
nutrients directly to  root zone in
available  forms,  control of
nutrient concentration in soil
solution, and saving in the
application costs. A general picture
of fertiliser use efficiency under
fertigation compared with other
methods is presented in Table 10.
Tremendous   increase   in   fertiliser
use   efficiency can be obtained by
shifting on to fertigation besides
preventing leakage  of   nutrients
to the environment. Fetrigation
saves  significant amounts  of
water in high water requiring fruit
crops like banana (Table 11).

Crop Responses to Micronutrients

Micronutrients like zinc, boron,
copper and molybdenum perform
a specific role in the growth and
development of plant, quality of
produce and uptake of major
nutrients. These also help in

Table 10. Comparison of fertiliser use efficiency under different methods
                of  application

Nutrient                                 Fertiliser use efficiency (%)

Soil application          Drip     Fertigation*

N 30-50 65 95
P 20 30 45
K 50 60 80

* 95 % applied fertilisers taken by plants.
Source:  http://www.crida.in/DRM2-Winter%20School/GSK.pdf
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maintaining nutrient balance and
enhancing the nutrient use
efficiency and minimizing mining
from native sources. Crop
responses to applied micronu-
trients are discussed group-wise
e.g., fruits, vegetables, plantation
crops etc.

Fruits

Mango

In mango, soil application of 30 kg
ZnSO

4
ha-1) along with 20 kg borax

and 10 kg CuSO
4 

increased fruit
yield and quality parameters of
‘Dashehari’ mango compared to
other combinations (Table 12). On
the other hand, Singh et al. (1994)

could be attributed to greening
virus disease also. Parameter
called ‘zinc deficiency rating’ was
developed to  assess the usefulness
of corrective measures of Zn. This
rating effectively augmented
chlorosis observation in the Zn-
related studies (Kotur, 1983; Raja
and Iyengar, 1986). While trying to
increase the Zn input into the plant
by foliar sprays, Kotur (1985) made
the following observations:

i) Complete recovery from Zn
deficiency was not achieved even
at the highest concentration (0.75%
ZnSO

4
) or highest frequency of

spray (6 sprays); zinc application
failed to prevent the symptoms of
Zn deficiency from developing in
the new flush necessitating
corrective sprays on every new
flush.

ii)  Improvement of Zn in leaf to as
high as 52 ppm did not eliminate
deficiency symptoms completely.
The high Zn level may be due to
residues of the spray on the leaf or
in active Zn fraction in leaf.

iii)  Presence of other secondary or
micronutrients in the spray
solution reduced Zn absorption
compared to Zn applied to foliage
alone.

However, significant yield
responses were recorded in
mandarin (Tables 13, 14). Durga
Devi et al. (1997) observed a
significant response of ‘Sathgudi’
orange (Citrus sinensis) to combined
application of  ZnSO

4
 (50 g tree-1,

soil) and MnSO
4
 and FeSO

4
 (0.5%,

foliar). Fruit yield of 56.96 kg tree-1

was obtained in treated trees
against 12.5 kg tree-1 in untreated
trees.  Treated trees showed 2.5%
chlorosis against 64.5% in control
trees>  Treated trees had 31.4 mg
kg-1 of Zn in leaf  against  11.9 mg
kg-1 in control.

Table 11.  Water saving, yield under fertigation

Crop                    Water saving (%)           Yield (t ha-1) under
                          Conventional              Drip        Fertigation

                                                                    method

Banana 35 26 30 37

Sugarcane 29 120 160 207

Tomato 32 45 56 65

Source:  http://www.crida.in/DRM2-Winter%20School/GSK.pdf

Table 12. Effect of Zn in conjunction with other micronutrients on yield and quality
parameters of ‘Dashehari’ mango (mean of 2 years)

Treatment          Yield            Total soluble        Ascorbic acid       Sugar:acid ratio
                       (kg tree-1)           solid (%)       (mg 100-1 g pulp)

Control 19.50 18.3 30 30

Zn 23.6 20.8 33 38

Zn + B 24.85 22.3 35 36

Zn + Cu 24.50 21.5 33 38

Zn + B + Cu 25.55 22.4 37 43

Source: Singh et al. (2003)

Table 13. Effect of zinc in combination with other nutrients on fruit yield and
quality of mandarin orange

Treatment              No. of          Fruit weight     TSS(%)     Titratable         Total
                           fruits tree-1                      (g)                             acidity(%)     sugars (%)

Control 109 121 7.0 18.1 5.7

Zn+Urea 159 126 8.0 24.2 6.4

Mg+Mn+Urea 202 131 8.5 22.3 6.5

Zn+Mn+Urea 277 140 9.0 20.5 7.3

Zn+Mn+Mg+Urea 198 137 9.0 20.4 6.3

Source: Saraswathy et al. (2014)

did not observe any relationship
between level of Zn in tissue and
mango malformation.  Application
of increasing level of K increased
the Zn content  of  leaf from 34.7
mg kg-1 in control (-K treatment)  to
39.5 mg kg-1 with application of
1500 ppm K  (Singh and Dhua,
1999).

Citrus

Among micronutrients, Zn
deficiency is most prevalent in
citrus. Kotur (1985) reported that
the interveinal chlorosis observed
in  Coorg mandarin was not
wholly due to Zn deficiency and

Table 14. Effect of Zn and other micronutrients on fruit yield and quality of ‘Khasi’  mandarin

Treatment                        No. of fruits   Fruit weight         Yield        Juice (%)      Total soluble    Titratable        Ascorbic acid
                                           per tree             (g)              (kg tree-1)                             solid(%)        acidity (%)     (mg 100-1 g pulp)

Control 88.4 88.6 7.82 33.4 8.4 1.25 22.5

M g 112.0 102.76 11.50 42.0 8.92 1.15 26.24

Zn 124.6 111.60 13.90 47.60 9.20 1.05 31.24

Mn 120.0 108.26 12.98 45.00 9.12 1.10 30.00

Source: Saraswathy et al. (2004) Dhinesh Babu and Yadav (2005)
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Banana

Kumar and Jeyakumar (2001)
reported that foliar application of
ZnSO

4
 (0.5%) + FeSO

4
 (0.2%) +

CuSO
4
 (0.2%) + H

3
BO

3
 (0.1%) during

3rd, 5th and 7th month after planting
of banana receiving recommended
fertiliser dose  of  NPK @ 110 g N:35
g P:330 g K plant-1 year-1 improved
the leaf micronutrient status,
chlorophyll content and resulted
in higher bunch weight besides
better fruit quality. Combined
spray of micronutrients was able
to increase the pseudo-stem girth
and number of leaves which
possibly helped in synthesis and
translocation of   greater quantities
of photosynthates necessary for
enhanced bunch yield.
Jeyabaskaran and Pandey (2008)
found that application of 0.5%
ZnSO

4
 (3 sprays 3rd, 5th and 7th month

of planting) to foliage of banana
raised on the alkaline soil increased
the bunch weight by 23.1% over
control;  soil  application of Zn
alone was  ineffective.   Bunch
weight was  significantly
correlated with leaf Zn content
with ‘r’ values of 0.252, 0.521 and
0.605 at control, 0.5% and 1.0%
ZnSO

4
 treatments, respectively.

The corresponding in leaf Zn
contents were 10, 13 and 15 ppm.

Papaya

Foliar spray of Zn as in
combination with Fe and B (all at
0.15%) showed maximum response
in terms of improved femaleness and
fruit yield in papaya (Table 15).
Combined application of Fe and Zn
resulted in the highest femaleness
(55%) leading to maximum yield
per hectare.  Addition of B gave
maximum number of fruits/plant
but femaleness was relatively low
(50%). Jeyakumar et al. (2001)
observed  significant  physiological
changes due to foliar spray of Zn
(0.5%) + H

3
BO

3
 (0.1%) during fourth

and eighth  month  after planting
in papaya cv. Co 5. The higher
number of fruits (80.63) could be
due to better fruit set owing to Zn-
mediated protein and IAA
synthesis and B-mediated
stimulation of pollen germination,
pollen tube growth, fertilization

process and higher metabolite
synthesis.  Higher  TSS could be due
to efficient translocation of
photosynthates to fruit pulp
promoted by Zn and hydrolysis of
complex polysaccharides into
simple sugars aided by B.

Guava

In a 7-year old Allahabad Safeda
guava, foliar spray of 0.6% ZnSO

4

produced significantly higher
yield and  quality  of   fruits
(Sharma et al., 1991). Application
of zinc yielded 72% fruit set, 166 g
fruit weight, 499  fruits tree-1, 82.39
fruits tree-1 fruit yield, 11.3% TSS,
0.36% acidity and 127% ascorbic
acid of fruit against the
corresponding values 64, 143, 426,
60.66, 9.6, 0.43 and 103,
respectively in control. In 5-year
old ‘Perlette’ grape vines,
application of 0.4% ZnSO

4
 was

most effective in increasing yield,
bunch weight,  berry weight and
quality parameters (Dhillon and
Bindra, 1995; Singh et al., 2002).
Zinc spray produced 22.4 kg vine-1,
365 g bunch-1 weight, 1.69 g berry-1,

14.7% TSS, 0.66% acidity, 22.3
sugar: acid ratio and 39.1 ppm Zn
in leaf with respective values of
18.3, 306, 1.36, 13.1, 0.72, 18.2 and
39.1, respectively in control vines.

Sapota

In  bearing   trees  of    ‘PKM-1’
sapota application of 50 g ZnSO

4

and 25g of borax per  tree  and 2
foliar sprays of 0.5% ZnSO

4
 and

0.3% borax during  50%  flowering
stage, singly or in combination
gave remarkable  yield  response
(Table 16). Kar et al. (2002) reported
that the fruit weight, pulp:peel
ratio, juice content of fruit, TSS,
acidity and ascorbic acid content
in ‘Giant Kew’ pineapple
significantly increased with
increase in the  concentration of
ZnSO

4
 in foliar sprays. Inclusion of

boron in the spray reduced this
effect but improved the  TSS,
acidity and ascorbic acid content
relative to the application of Zn
alone. Foliar spray of 0.6% ZnSO

4

was associated with the highest
yield (Table 17).

Table 15.  Effect of zinc and different combinations of micronutrients on growth
                 and yield of papaya

Treatment                                    Femaleness      No of fruits       Yield          Yield
                                                             (%)             per plant     (kg plant-1)    (t ha-1)

Control 45 16.6 10.4 34.6

ZnSO
4
 (0.15%) 50 20.6 18.9 73.7

FeSO
4
 + ZnSO

4
 (0.05% each) 55 26.3 20.4 90.8

FeSO
4
 + ZnSO

4
+ borax (0.15% each) 50 29.3 21.2 82.1

Source: Pant and Lavania (1998)

Table  16. Effect of application of zinc and boron on production of sapota fruits

Treatment                                                 Fruit                No. of                         Yield
                                                            weight (g)         fruits tree-1         (kg tree-1)

Control 75.1 858 48.4

50 g ZnSO
4
 tree–1 78.8 864 51.4

100 g ZnSO
4
 tree–1 79.2 864 52.97

50 g ZnSO
4
 + 25 g borax tree–1 83.1 87.5 56.33

100 g ZnSO
4
 + 50 g borax tree–1 84.5 912 58.17

0.5% ZnSO
4
 spray 82.4 863 52.93

50 g ZnSO
4
 + 25g borax tree–1 + 86.5 930 59.13

0.5% ZnSO
4
 spray

100 g ZnSO
4
 + 50g borax tree–1 

+
84.5 918 58.07

0.5% ZnSO
4
 spray

Source: Saraswathy et al. (2004)
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Litchi

In ‘Rose Scented’ litchi (Litchi
chinensis Sonn.), application of
ZnSO

4
 up to 1.0% concentration

showed  significant  increase in
fruit yield and acidity and
reduction in sugar:acid ratio, fruit
drop and fruit cracking (Table 18).
In ‘Dehra Dun’ litchi, foliar spray
with 1.5% ZnSO

4
 reduced cracking

of fruits as compared to 0.5 and
1.0% sprays (Sharma and Dhillon,
1987).

In other fruit crops like apple, peach
and kiwifruit response studies
have not been reported. However,
in apple, Zn content in leaf showed
positive correlation with DTPA-
extractable Zn in surface soil (0-
20cm) but not with that of
subsurface soil up to 40 cm. In this
soil, a negative correlation was
evident between DTPA-extractable
Zn and CaCO

3
 content (Ahmad et

al., 2005). In field trials carried out
in sixteen apple orchards of
Himachal Pradesh varying widely
in Zn content, threshold value of 1.4
mg kg-1 of DTPA-Zn was reported.
In these orchards DTPA-Zn was
correlated with yield increment of
apple (r = 0.872**). In peach, Arora et
al. (1999) observed a fairly positive
correlation between Zn content in
leaf and increasing level of
N  application (0-450 g tree-1 of
>5 years of age). In a nutritional
survey of kiwifruit orchards of

Himachal Pradesh,  Chandel and
Rana (2005) reported that Zn
content  in leaf was optimum to
high (26-40 mg kg-1) and showed
good correlation with yield
(r = 0.403).

Vegetables

Response in vegetables are
described below.

Okra

In okra, combined spray of Zn and
Mo (20 ppm each)  gave  highest
pod yield of 6.9 t ha-1 compared to
2.8 t in control. Synergism was
evident as Zn alone yielded 5.9 t
and Mo alone produced 5.8 t yield
(Srihari et al., 1987). Kumar and
Sen (2005) reported that maximum
yield of okra cultivar  Pusa
Parbhani Kranti  was obtained
with soil application 30 kg ZnSO

4

ha-1; this was also cost-effective
dose (Table 19).  Significantly
higher yield of 5.5 t ha-1 was
obtained when  40 kg ZnSO

4 
ha-1

was applied as basal soil application
as  compared  to   4.1 t ha-1   obtained
with 2.5 kg ZnSO

4
 ha-1  dose applied

to foliage twice and control  (Raghav
and Singh, 2004).

Cucumber

Application of 0.75% foliar spray
of ZnSO

4
 to ‘Pudukottai local’

cucumber produced maximum
fruit set,  number   of  fruit/vine,
fruit weight and yield (Table 20).

Peas

In vegetable pea, a basal soil

Table 17. Effect of Zn and its combination with B on fruit weight and quality of
‘Giant Kew’ pineapple

Treatment            Fruit        Pulp:          Juice      Total soluble   Acidity    Ascorbic
                           weight  peel ratio   (mL fruit-1)    solid (%)          (%)          acid
                            (kg)                                                                                (mg 100-1 g

                                      pulp)

Control 1.42 1.79 302 12.9 0.32 19

0.2% ZnSO
4

1.69 1.95 427 13.8 0.36 20

0.4% ZnSO
4

2.07 1.99 457 14.7 0.44 22

0.6%  ZnSO
4

2.29 2.06 488 14.1 0.46 21

0.2%  ZnSO
4
 +

0.05% borax 1.81 1.98 397 13.1 0.37 22

0.4%  ZnSO
4
 +

0.05% borax 1.97 1.99 460 15.3 0.62 27

0.6%  ZnSO
4
 +

0.05% borax 2.05 1.97 415 15.7 0.65 28

Source: Kar et al. (2002)

Table  18. Effect of ZnSO
4
 foliar sprays on yield and quality of

‘Rose Scented’ litchi

Treatment              Fruit yield        Acidity       Sugar:acid   Reduction in    Fruit
                               (kg tree-1)            (%)             ratio         fruit drop       cracking
                                                                                                  (%)               (%)

Control 47.02 0.46 27.5 81.56 13.07

0.5% ZnSO
4

60.61 0.55 25.6 68.52 4.36

1.0% ZnSO
4

62.77 0.56 22.5 67.32 4.64

Source: Rathore et al. (2009)

Table 19. Effect of graded doses of Zn on yield and benefit:cost ratio in ‘Pusa
Parbhani Kranti’ okra

Treatment Fruit                Yield             Yield (t ha-1)        B:C ratio
(kg ZnSO

4
 ha-1)          weight (g)        (g plant-1)                                     Rs Re-1

Control 15.38 170 115 1.63

15 15.97 192 131 1.89

30 16.58 219 147 2.14

45 16.25 210 144 2.03

Source: Kumar and Sen (2005)
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application of 40 kg ZnSO
4
 ha-1 gave

pod yield of 4.6 t ha-1 compared to
3.9 t ha-1 when 2.5 kg ZnSO

4
 was

applied to foliage twice and 3.1 t
ha-1 under control (Raghav and
Sharma, 2003).

Cabbage and Cauliflower

Foliar application of 0.5% ZnSO
4

recorded  minimum mean weight
loss (20.16%) of cabbage heads
which was superior in respect of
colour change during storage
(Sarma et al., 2005). Application of
20 kg ZnSO

4
 ha-1 to cauliflower

cultivar  Snowball-16 produced
the highest  marketable curd yield.
Performance  of  the applied Zn
was distinctly superior  when
applied in conjunction of 22 kg P
ha-1 (Table 21).

Cabbage, French Bean and Tomato-based
Cropping Sequence

Studies were conducted at ICAR-
IIHR on the dynamics of applied
and native Zn and their response
to   Zn  fertilisation in the
vegetable-based  cropping
sequence on Alfisols of
Chikkaballapur and  Kolar
districts of Southern Karnataka.
Two years pooled data  revealed
that in comparison to the control
plot, annual  application of 15 kg Zn
ha-1 resulted in significantly higher
mean crop equivalent yield which
was on par with biannual (30 kg Zn
ha-1) and alternate crop applications
(10 kg Zn ha-1) in cabbage- French
bean- tomato based cropping
sequence (Table 22).

Potato

Application of  8 kg Zn ha-1 gave
16% higher yield than control and
4.5% higher than foliar sprays @ 1
kg ha-1 (Raghav and Singh, 2004).

Tomato

Combined  application  of  B, Zn,
Cu, Fe, Mn @ 100 ppm  and Mo @ 50
ppm  produced   the  highest
tomato fruit yield of 26.7 t ha-1

compared to the yield of 24.0 t
obtained with Zn and 20.0 t ha-1 in
control (Bhatt et al., 2004). Raghav
and Sharma (2003) obtained 14.5 t
ha-1 fruit yield when 40 kg ZnSO

4

ha-1 was basally applied   to  tomato
against 19.2 t ha-1 in a treatment
where 2.5 kg ZnSO

4
 was applied to

foliage twice and 14.5 t ha-1 in
control. In ‘Pusa Ruby’, application
of 11 kg ZnSO

4 
ha-1 increased

biomass, yield   and  quality of
fruits (Table 23).    Sujatha  (1997)
reported that combined spray of
Zn (0.2%), B (0.1%), CaNO

3
 (0.1%)

and CaCl
2
 (0.1%) prior to flowering

caused significant changes in
chlorophyll content, soluble
protein and activities of enzymes
such as NRase, IAA oxidase,

Table 20. Effect of soil and foliar application of ZnSO
4
 on productivity of

cucumber

Treatment               Sex ratio    Fruit set       No. of fruits    Fruit weight      Yield
                                                        (%)              vine-1 (g)           (g vine-1)
   Soil       Foliage
(kg ha-1)   (%)

Control 14.5 66 7.5 44 329
25 - 8.9 83 12.0 48 577
35 - 8.0 86 12.9 48 623

- 0.50 10.7 77 10.2 48 488
- 0.75 9.8 80 11.1 48 533
25 0.50 6.1 90 14.5 49 711

25 0.75 7.1 88 13.7 49 667
35 0.50 10.7 74 9.3 48 442
35 0.75 12.8 70 8.4 47 397

Source: Nag Madhu Sudhan and Armugam Shakila (2003)

Table 21. Marketable curd yield (t ha-1) of ‘Snowball-16’ cauliflower at
                different Zn levels in conjunction with P

P levels (kg ha-1)                                   ZnSO
4
 levels (kg ha-1)

           0                       10                    20                       30

1983-84
0 13.4 16.5 18.1 15.8
22 15.0 17.9 20.9 20.0

1984-85
0 14.2 16.1 18.8 17.0
22 15.5 18.1 21.6 20.8

Source: Balyan et al. (1988)

Table 22. Effect of applied and native Zn sources on crop equivalent yield in
                vegetable-based cropping sequences

Treatment                                  Crop equivalent yield (t ha-1)*

                              Cabbage –       French bean –          tomato –              Mean
                            French bean –       Tomato –         French bean –
                               tomato               cabbage               cabbage

Control 34.66 40.05 42.60 39.10
Alternate crop
application
(10 kg Zn ha-1) 38.08 55.15 51.825 48.35
Annual application
(15 kg Zn ha-1) 42.78 59.32 55.39 52.50
Biannual application
(30 kg Zn ha-1) 37.97 55.72 48.98 47.56
Mean 38.37 52.56 49.70 46.88
Source Main Sub Main x Sub Sub x Main
S.Ed. 2.86 1.28 2.22 3.45
CD  (P = 0.05) 7.95 2.70 4.67 8.85
*Pooled data of
two years
(2011-12 and 2012-13)

Source: Srinivasa Rao  (2016)
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peroxidase and catalase and
resulted in higher dry matter
accumulation (DMA) and more
number of  fruits   in  tomato cv.
PKM 1.

Onion

Application of Zn to onion
significantly enhanced the seed
yield and quality. Foliar spray of
1% ZnSO

4
 to onion produced

highest seed yield per plant and
unit area with high germination
percentage (Khalate et al., 2002),
indicating the  usefulness  of  the
Zn in improving the seed health.

Ornamental Plants

Gladiolus

Gladiolus is an important bulbous
plant cultivated for its beautiful
spike and appreciated as cut
flower. Nutrient management  is of
prime importance to obtain good
quality flowers.  Under sodic
conditions foliar application of
mixture of Zn and Cu (2%)
increased vegetative growth and
floral characteristics like length of
spike and number of florets per
spike in gladiolus (Katiyar et al.,
2005).

Conclusions

The horticulture sector has a
tremendous  potential  for
fertiliser   use  as  fruit and
vegetable crops require large
quantities of  fertilisers compared
to the  agricultural  crops.
Fertiliser application to
horticultural crops is highly
dependent on economic returns
accruing to the growers. High
yields  can   be  obtained from
highly productive varieties
following  appropriate fertiliser

and crop protection management
practices on fertile soils with
adequate water supply. Annual
horticultural crops take up
nutrients continuously and it is
beneficial to provide these crops
with balanced amounts of
nutrients throughout their
growth. Most efficient way to
achieve  this is to apply slow
release fertilisers which are
specifically designed  to  release
nutrients over a relatively long
period of time. Tree crop nutrition
differs from annuals. In perennial
fruit crops more than 90% of the
absorbed nutrient gets locked-up
in the woody part of the tree and
current applications do not
influence the yields of current
season. Adequate and balanced
supply is a pre-requisite to
optimum plant growth and
realizing potential crop yield of
perennial fruit crops. As most of the
soils are generally deficient in one
or more nutrients, balanced
fertiliser application is a right
prescritpion. Balanced nutrition of
horticultural crops can only be
ensured  if  the nutrients
application is based on actual
nutrient requirement of crop and
the nutrient supplying capacity of
the soil on which that crop is
grown. The main governing
principle of any good nutrient
management  strategy is to
enhance the fertiliser use efficiency
by ensuring the maintenance of soil
fertility without any compromise
on environmental quality. This
necessitates that sustainable
horticultural crop production
involve appropriate fertiliser
management practices such as soil
and leaf tissue based nutrient
recommendations, mulching,
fertigation, paying close attention

to the ‘four rights’ of fertiliser
application (right source-rate-
time-place), tree injection, site-
specific nutrient management
based on nutrient sensors etc. for
enhancing the fertiliser use
efficiency while maintaining or
enhancing the quality of
environment. Special efforts are
needed to overcome the serious
problems of mining in soils in
many horticultural crop growing
areas.
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