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PREFACE

Climate change and increased climate variability in terms of rise in temper-
ature, shifting rainfall pattern, and incidences of extreme weather events
like severe drought, devastating flood, etc., have now started posing a real
threat to the production of agricultural/horticultural crops and natural re-
source management in the several countries. The rate of climate change
and warming expected over the next century is anticipated to be more than
what has occurred during the past 10,000 years. Predictions clearly indi-
cate that the impact of the climate change is going to be more intensified
in coming years. Climate change is already affecting—and is likely to in-
crease—invasive species, pests, and disease vectors, all adversely affect-
ing agri-horticultural crops productivity. Climate change makes agricul-
ture more difficult to sustain with higher frequencies of floods, droughts,
heat weaves, erratic rainfall, increased salinity, as well as a rise in sea
level. These phenomena have direct impact on crop yield, quality, and
consequently food security. Attempts to develop pioneering solutions to
adapt climate change and address its own needs are required urgently.
Horticulture has emerged as the most dynamic and indispensable part
of agriculture, offering a wide range of choices to farmers for crop diver-
sification and much-needed nutrition for people. The changing of dietary
habits of people with an improved standard of living has increased the
demand for horticultural products. Horticultural crops are sometimes more
vulnerable to the changed scenario of climatic aberrations. The depen-
dence of crops on natural resources is sometime more pronounced on cere-
als or pulses, and so is their reaction to the extreme variations in seasonal
temperature. Increase in productivity of horticultural crops is essentially
required to cope with the demand of the increasing populace with dimin-
ishing per capita arable land and water, with degrading soil resources, and
with expanding biotic stresses, and efforts to mitigate the adverse impact
of climate change on productivity deserve attention of crop scientists/
growers. Meeting the goal of enhanced production of nutritious fruits and
vegetables in altered climatic conditions is achievable, but the strategies
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that enhance tolerance of crops to such variability in the growing environ-
ment of this region are yet to be formulated.

This book, Climate Dynamics in Horticultural Science: Volume 1: Prin-
ciples and Application, deals with the basic concepts of climate change
and its effects on horticultural crops. Different effects of climate change
and their possible mitigation strategies are discussed. This book—along
with its companion volume, Volume 2: Impact, Adaptation, and Mitiga-
tion—will be a standard reference work for policymakers who are charged
with developing programs and legislation. Moreover, researchers will also
understand the implications of climate change to provide a sound basis for
decisions on adaptive strategies that enhance the agri-horti sector’s ability
to manage climate risks and take advantage of opportunities.

— M. L. Choudhary, PhD, V. B. Patel, PhD,
Mohammed Wasim Siddiqui, PhD, and
Syed Sheraz Mahdi, PhD



CHAPTER 1

HI-TECH HORTICULTURE AND
CLIMATE CHANGE

P. K. RAY

Horticulture Department, Rajendra Agricultural University, Pusa - 848 125,
India; E-mail: pkray@gmail.com
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2 Climate Dynamics in Horticultural Science - Volume 1

1.1 INTRODUCTION

Horticulture crops, in general, are more knowledge and capital-intensive
than staple crops. Today horticulture in India is a more vibrant and dy-
namic sector than ever before. It contributes nearly 30% of the agricultural
GDP. Annual production of 74.8 million tons of fruits, 146.5 million tons
of vegetables and 1.03 million tons of loose flowers (NHB, 2011) have to
be increased substantially to cope with increasing demand of these com-
modities due to increasing population and expanding domestic and exter-
nal markets. Short-term growth and long-term viability of any sector are
critically dependent on access to technical knowledge, the ability to adapt
that knowledge to local conditions and the flexibility to develop new pro-
duction systems as market conditions change. Successful production of a
horticultural crop depends on understanding of various factors affecting
plant growth, fruiting, and manipulation of these factors for higher pro-
ductivity and improved quality cultural activities.

In the past three decades aspects like plant density, planting time, ma-
nuring, irrigation, weed management, intercropping, training and prun-
ing, disease and insect pests management have attracted attention of the
scientists and a great deal of work has been done on standardizing these
practices for higher productivity per unit area and possible reduction in
the cost of production. In the recent past, the growth of horticulture sector
has been far better than the overall growth of the agriculture sector. How-
ever, expanding the scale of horticultural production is often complicated
by substantial problems. In the last 20-25 years, research and develop-
ment scenario in horticulture has gained momentum with an impressive
public and private support. The research institutes have developed a large
number of technologies to improve the productivity and quality of fruits,
vegetables and flowers. Some of these technologies require high degree of
instrumentation and involves specific skills and accuracy to perform them.
They are generally considered under hi-tech horticulture.

1.2 CLIMATE CHANGE

There are growing evidences to show that climate change has already af-
fected agricultural productivity and will put increasing pressure on agri-
culture in the coming decades. Record breaking extreme weather events in
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the recent past different parts of the world offered a glimpse of the chal-
lenges climate change would bring. Analysis of recorded climatic datasets
clearly indicates that there has been a 0.3 °C to 0.6 °C warming of earth
surface since the late nineteenth century. The average global temperature
has increased by 0.8 °C in the past 100 years and is expected to rise by
1.8 °C to 4.0 °C by the year 2100. For Indian region (South Asia), the
Intergovernmental Panel on Climate Change (IPCC) has predicted 0.5 to
1.2 °C rise in temperature by 2020, 0.88 to 3.16 °C by 2050 and 1.56
to 5.44 °C by 2080, depending on the scenario of future development.
The atmospheric warming will also be associated with changes with rain-
fall patterns, increased frequency of extreme events of drought, frost and
flooding. Since the late 1970s, there have been increases in the percentage
of the globe experiencing extreme drought or extreme moisture surplus.

The Intergovernmental Panel on Climate Change (IPCC) predicts that
by 2050, mean temperatures around the planet may rise by between 2 and
5 °C or more and atmospheric CO, concentration are likely to be >550
ppm (cf. 380 ppm at present). Tropical and semitropical climates in par-
ticular are expected to experience dramatic increases in temperatures, as
well as more variable rainfall (Jarvis et al., 2010). Of serious concern is the
fact that most of the world’s low-income families dependent on agriculture
live in vulnerable areas, namely in Asia and Africa. Farmers having small
land holdings in India will need to adapt to higher temperatures and shift-
ing precipitation patterns. In addition, climate variability will likely cut
into global food production, exacerbating the existing problems of pov-
erty, food insecurity, and malnutrition. Furthermore, the greenhouse gas
emissions are once again rising rapidly, making the climate change chal-
lenge to food security much greater.

In general, alterations in our climate are governed by a complex system
of atmospheric and oceanic processes and their interactions. In the con-
text of crop production, relevant atmospheric processes consist of losses
in beneficial stratospheric ozone (O,) concentration and increasing con-
centrations of the surface-layer trace gases, including atmospheric carbon
dioxide (CO,), methane (CH,), nitrous oxide (N,O) and sulfur dioxide
(S0,). Surface level O,; SO,; and CO, have direct impacts on crops, while
CO,, CH, and N, O are critical in altering air temperature.

Particular attention is paid to likely changes on extreme events and sea
level alterations. It is reported with high to very high confidence that in
the 1990-2100 periods most extreme events will increase in intensity
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or frequency, or both. The published reports on the subject predict higher
maximum temperatures and a greater number of hot days, higher mini-
mum temperatures and fewer cold days, reduced diurnal temperature rang-
es, more intense precipitation events, increased risk of drought in summer
periods, increases in peak wind intensities of cyclones, and increases in
mean and peak precipitation intensities of tropical cyclones. On top of
that, sea level is predicted to increase by 0.09—0.20 m.

1.3 CONSEQUENCES

The major changes in the earth’s atmosphere are the concentrations of
CO,, which have increased by about 25% since the beginning of the indus-
trial revolution. The CO, concentration has increased from preindustrial
level of about 280 ppm to 393 ppm in 2010. Carbon dioxide enhances
photosynthesis and depresses plant respiration; these effects are expect-
ed to increase plant growth as well as affecting various other processes.
However, a number ofplants physiological processes are also affected by
changes in temperature, ozone, ultraviolet radiation, nutrients and water,
all of which are variable factors often associated with climatic change.

Weather is the most important cause of year-to-year variability in crop
production, even in high-yield and high technology environments. There
has been considerable concern in recent years about possibility of climatic
changes and their impact on the crop productivity. Today the entire world
is suffering from global warming and its consequent climate change. Its
impact on productivity and quality of crops has been documented fairly
well. Since a crop could be defined as a biological system tailored to give
certain products, the product output and quality is bound to vary with
change in the growing environment.

Crop productivity will not only be affected by changes in climatically
related abiotic stresses (i.e., increasing temperatures, decreasing water
availability, increasing salinity and inundation) and biotic stresses (such
as increases in pests and diseases), but also changes in the atmospheric
concentration of carbon dioxide, acid deposition and ground level ozone.
Hence, a key challenge is to assess how crops will respond to simultane-
ous changes to the full range of biotic and abiotic stresses. Responding to
these challenges will require advances in crop research and the adoption
of appropriate technologies.
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1.3.1 IMPACT ON FRUIT CROPS

The recurrent developmental events of phenology and seasonality in veg-
etative flushing or bud differentiation distinguish trees from annual or ag-
ricultural crops. The fact that trees live over multiple growing seasons
implies that every year there is a considerable renewal cost of some organs
(leaves and fine roots), and that trees are more responsive or susceptible
to climatic changes. When horticultural productivity is the goal, the al-
location of resources toward reproductive processes must be maximized.
However, the tree must also preserve its growth potential for future years;
thus, a delicate C balance must be maintained between vegetative and re-
productive needs. In spring, stored sugars and nutrients support actively
growing shoots and inflorescences. Competition occurs between vegeta-
tive and reproductive meristems, and the fruit is growing essentially on
the currently produced photosynthates. Fruits represent a major C sink in
tree crops. The relationship between fruit load and photosynthetic activ-
ity (Palmer et al., 1997), as well as the effects of several climatic vari-
ables, has been intensively studied (Buwalda and Lenz, 1995; Wibbe et
al., 1993). Among all tree crops, cultivated fruit trees are the ones most
adequately supplied with water and nutrients; thus, there should be few, if
any, constraints to a positive CO, response (Janssenet al., 2000).

Climatic change effects are not caused by a single factor (e.g., elevated
CO,), but originate from complex interactions among various factors such
as atmospheric CO,, air temperature, nutrient supply, tropospheric ozone
level, UV-B radiation, drought frequency, etc. A reduction of stomatal
conductance under elevated CO, might have a significant effect on water
transport in trees, since the latter is roughly proportional to stomatal con-
ductance. Hydraulic conductivity was reported to decrease with elevated
CO, (Tognetti et al., 1996) but this effect is very species-specific. A de-
crease in stomatal conductance in response to CO, enrichment is common-
ly observed in many crops. However, under elevated CO,, the increase
in WUE is usually greater than the reduction of stomatal conductance,
especially under drought conditions. Among all plant organs, fine tree
roots generally show the greatest response to elevated CO,. In addition
to increases in fine-root density, trees may enhance their nutrient uptake
capacity through alterations in root morphology and architecture. Trees
grown under elevated CO, initiate more lateral root primordial, leading to
increased root branching and a more thorough exploration of the soil. In
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addition to changes in fine-root density, morphology and structure, altera-
tions in root functioning are also frequently observed in the changed envi-
ronments. However, it has been a general observation that the long-lived
plants have more time to acclimate to changing environmental conditions
than the short-lived organisms. On a time scale, this acclimation might
occur in the order of several years. The acclimation process might be in-
fluenced by seasonal changes in environmental conditions.

1.3.2 IMPACT ON VEGETABLES

Increasing CO, will enhance photosynthesis and improve water-use ef-
ficiency, thus increasing yield in most vegetable crops. Relative benefits
from increased CO, can often be maintained with modest water and N de-
ficiency, but yield benefits on an absolute basis are reduced when water or
N limit growth. The impact of increasing temperatures is more difficult to
predict. Seed germination will probably be improved for most vegetables,
as will vegetative growth in regions where mean daily temperatures dur-
ing the growing season remain under 25 °C, assuming adequate water is
available. Reproductive growth is extremely vulnerable to periods of heat
stress in many important vegetable fruiting crops, such as tomato, pep-
per, bean and sweet corn, and yield reductions will probably occur unless
production is shifted to cooler portions of the year or to cooler production
regions. This vulnerability results from the shortened duration of grain,
storage tissue, or fruit filling and from failure of various reproductive
events, especially the production and release of viable pollen. Processing
crops, which are sometimes direct-seeded and are more frequently grown
in cool-summer areas, are more likely than fresh-market crops to benefit
from higher temperatures. In general, crops with a high harvest index, high
sink demand, indeterminate growth and long growth seasons are consid-
ered most likely to respond positively to the combination of higher CO,
and temperature. Relatively few crops have been studied, however and
cultivars within a crop often differ in their responses, thus making gener-
alizations difficult.

In many crops, high temperatures may decrease quality parameters,
such as size, soluble solids and tenderness. For fresh-market vegetable
producers, even minor quality flaws can make their crops completely un-
saleable in some markets. Reduced or more irregular precipitation will also



Hi-Tech Horticulture and Climate Change 7

decrease vegetable yields and quality, although soluble solids and specific
weight may increase in some crops. Leafy greens and most cole crops are
generally considered to be cool-season crops, so heat stress during the
growing season would be detrimental to these species. High-temperature
effects on lettuce and spinach and low-temperature effects on cole crops
include induction of flowering and elongation of the seed stalk. Perennial
crops also require an overwinter cool period. Thus, planting dates, produc-
tion areas and cultivars may need to be adjusted if temperatures change.

1.4 HI-TECH HORTICULTURE

Hi-tech horticulture is now widely employed for the profitable commer-
cial production of horticultural products. In general, hi-tech horticultural
practices include practices that demand high level of precision for applica-
tion of inputs and management of the crop right from sowing to harvest-
ing. Examples of hi-tech horticulture are biotechnological tools used for
characterization and developing new superior strains, cryopreservation,
micro propagation, greenhouse or protected cultivation, hydroponics, drip
and sprinkler irrigation, fertigation, integrated pest management (IPM),
integrated nutrient management (INM), molecular diagnostics, HDP
mechanization for harvesting, grading, packing and storage of fruits, veg-
etables and flowers, and quality management of value-added horticultural
products throughout the entire cold chain.

Precision farming of fruits and vegetables is also sometimes synony-
mous to hi-tech horticulture as it focuses on the very latest techniques and
innovations with respect to production of the crops. It implies that the
grower knows precisely how to steer his production process to achieve
optimal yield and quality of the concerned crop. By combining minimal
input with maximal output, without wasting resources, he not only pro-
motes environmental well-being, but also increases his profitability. In this
article, discussion is limited to important technologies that are helpful in
providing opportunities for reducing the impact of climate change in fu-
ture, as climate change has been predicted to result in disruption of many
farming or crop production systems. The Food and Agriculture Organiza-
tion (FAO) predicts a 15-20% fall in global agricultural production by
2080. Consequently, developing suitable strategies to mitigate the impact
of climate change is one of the biggest challenges for plant scientists today.
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1.5 BIOTECHNOLOGY

A rapidly changing climate will require rapid development of new variet-
ies of fruits, vegetables and flowers that are capable to withstand vaga-
ries of the weather. As an adjunct of the well-established conventional
approaches of plant breeding, biotechnology can enhance the speed, flex-
ibility and efficiency of developing new hardy cultivars. Important contri-
bution of plant biotechnology would be to improve stress tolerance traits
in fruits, vegetables and other crops of commercial value in horticulture.
Molecular markers are used to provide greater focus, accuracy and speed
in crop breeding programs. In general, the opportunities for enhancing
crop performance under stress conditions lie in identifying key traits that
require enhancement, stress-relieving candidate genes and the appropriate
plant stage of development where enhancement should occur. This process
of gene identification and gene expression patterns associated with quan-
titative genetic traits in crops is becoming more attractive and promising
as the scientific community develops and gains access to large-scale ge-
nomics resources such as EST (expressed sequence tag) databases, high-
throughput gene expression profiling technologies and genomic mapping
information. In recent past stress tolerance of plants has been improved
through gene transfer, or at least identifies cases in which genetic engi-
neering of plants has shed some light on the mechanisms by which stress
tolerance or resistance is conferred.

Further, to improve the ability of crops to cope with existing and new
stresses, it is imperative to develop a basic understanding of the mecha-
nisms and processes by which plants respond to biotic and abiotic stresses.
Many of the major abiotic stresses arise because of a common biochemical
phenomenon, efforts to improve tolerance to one abiotic stress have poten-
tial to confer tolerance to other abiotic stresses. Research stations working
on horticultural crops are maintaining a large number of germplasms of
their mandate crops. They can help in breeding strains resistant to biotic
and abiotic stresses. Cryopreservation i.e. storage of tissues, for example,
meristem, embryo or recalcitrant seeds, etc. in liquid nitrogen at 196 °C
has been adopted for storage of germplasm and to ensures safety of rare or
endangered plant spp. This type of storage arrests all metabolic activities
resulting in storage of material for a longer time.

In the past two decades, more emphasis has been given to modifying
crops with stress tolerance-conferring genes. These efforts have demon-
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strated enhanced abiotic stress tolerance to drought, salinity, temperature,
soil pH, and drought stress, and have provided validation to the concept of
enhancing abiotic stress tolerance in crop plants via biotechnology. Bio-
technology is thus providing new solutions to old enigmatic problems. We
are discovering and understanding how to optimize metabolic pathways
and physiological processes in plants to increase crop yield potential and
crop production under challenging agricultural environments. Efforts are
also under way to improve crop quality and nutritional value for human
consumption as well as animal feed.

Climate change is expected to have major effects on population
thresholds of microorganisms and disease vectors. The dynamics affect-
ing host-pathogen interactions lead to the selection of new pathotypes or
pathogens. They also determine the emergence of new diseases and pests.
Increases in yield per unit of area will continue to depend largely on more
efficient control of (biotic) stresses rather than on an increase in yield po-
tential. Integrated crop management is therefore the basis for sustainable
agriculture. The range of options for adapting to the changes increases
with technological advances. Breeding for pest and disease resistance us-
ing molecular tools is critical and will remain an essential part of crop
improvement programs in horticultural crops.

It is now apparent that the recent advancements in biotechnology are
providing the research communities with new tools such as genomics and
proteomics that will allow researchers to discover new genes and under-
stand their function in higher numbers, and with greater speed and more
precision. The knowledge gained from these technologies has helped
bringing more opportunities and tools to solve agricultural problems that
once were hard to approach or understand. Several transgenic varieties
of horticultural crops showing resistance to biotic and abiotic stresses are
available today (Kaur and Bansal, 2008; Mou and Scorza, 2011). How-
ever, molecular biology tools will never replace the input and role of crop
breeders in improving agronomic traits, but these tools will enable them to
be more responsive in both time and breadth of environmentally sensitive
traits to meet agricultural market needs and opportunities. Biotechnology
tools combined with conventional breeding should position us to be able
to take greater care of the production environment and allow us to achieve
adequate food production and security for the growing world population.



10 Climate Dynamics in Horticultural Science - Volume 1

1.6 MICROPROPAGATION

Fast, large-scale vegetative multiplication of plants by application of tis-
sue culture technique is known as micropropagation. It is used as an ac-
celerated form of clonal propagation and usually conducted in growth
chambers. The propagation is completed in several stages under controlled
conditions and through this technique large quantity of disease free quality
planting materials can be supplied within stipulated time. HDP of crops
has necessitated faster multiplication of plants through this technique.
Each step of the process can be manipulated by control of the tissue cul-
ture environment. Many people consider it as a biotechnology component
as it is helpful in faster multiplication of a newly bred, superior cultivar
or regeneration of genotypes conserved or kept under cryopreservation.
In a situation, when large scale crop devastation occurs due to climatic
catastrophes this can be a powerful tool for producing large number of
plants of a particular clone or clones. Since most of the operations are
performed under room conditions under sterile conditions, the impact of
climate change on efficiency of production or multiplication is lesser in
magnitude. However, hardening of TC plants at later stages suffers from
weather aberrations. Although hardening is also done under polyhouse
or nethouse conditions, storms/hurricanes can tear the coverings of these
structures and cause substantial damage.

It is expected that more than 100 tissue culture units are operational in
public and private sectors in our country, out of which 25% have gone for
commercial production of plants. Although all these tissue culture units
are having high production capacity, there is a cause for concern because
the target crops are the same in all. Many institutions are working on de-
veloping protocols in different crops. However, today well-tested proto-
cols are available only in case of banana, papaya, strawberry, orchids and
anthuriums. Protocols are also available but not yet commercially adopted
in respect of apple, citrus, black pepper, potato, ginger, rose and grape.
Bulk of tissue-cultured material being exported is primarily of ornamental
plants for which the domestic demand is limited.

1.7 MICRO-IRRIGATION/FERTIGATION

With apparent change in climatic conditions growth rate of plants is ex-
pected to be faster due to increased plant temperature, which reduces the
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window of opportunity for photosynthesis since the life cycle is truncated,
whileboth heat and drought stress may inhibit growth directly at the meta-
bolic level. This ultimately is responsible for lower productivity of crops.
As frequency of drought like situations is increasing in many areas, ef-
ficient irrigation technology like drip or sprinkler irrigation can play a
major role in improving productivity of crops not only in drought-prone
areas but also in areas receiving normal rains. Drought and salinity are
the major and most widespread environmental stresses that substantially
constrain crop productivity in bothnonirrigated and irrigated agriculture.
Irrigation management practices used to increase crop outputs exacerbate
the detrimental impact of salinity in agriculture. In the recent years, the
more emphasis has been laid on microirrigation techniques. In majority
of the crops, yields for micro irrigation systems were better than surface
method of irrigation. Micro irrigation system was found to result in 30 to
70% water savings as compared to traditional irrigation methods (flood-
ing/furrow or check basin) in various orchard crops and vegetables along
with 10 to 60% increases in yield. Mulching with drip further enhanced
the crop yield to the tune of 10-20% and controlled weeds up to 30-90%
(Rajput and Patel, 2008).

Fertilizer solutions can be injected into the irrigation system (ferti-
gation) in commercial crop plantings to avoid stress and poor growth of
plants. The water (and some of the fertilizers present) can then be recycled
by pumping it back out of the holding tank or pond, after some of the im-
purities (sand and silt) have settled out. Recycled water has actually been
shown to improve plant growth. In experiments with more than 100 spe-
cies of ornamentals grown in 2.8 L containers, the mean relative growth of
plants irrigated with continuously recycled water was 103% over that of
the control. Another way to reduce runoff is to use pulse irrigation. In this
system, instead of applying one heavy watering daily, a small amount of
water is applied five or six times during the day. Very little water escapes
from the container or runs off from the field. The production advantage to
this is that less fertilizer has to be applied, because there is less leaching.
Plant growth may be more effectively maximized by reducing moisture
stress than by increasing fertilizer concentration. A fertilizer concentration
ranging between 50 and 200 mg/L of nitrogen gives good results for potted
plants. Sufficient evidences are available to show that water stress might
limit growth more frequently than does limited nutrition under container
production of flowering and foliage plants.
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1.8 HIGH DENSITY PLANTING

HDP of perennial fruit trees like apple, pear, peach, mango, guava or litchi
is considered as one of the technological advancements of recent past as
it can lead to cost-output and fruit quality enhancements. The main fac-
tors here are intra and inter-row spacing, training system, and canopy and
hedgerow profiles. This is perhaps the most important, irrevocable and
decisive set of criteria, for these decisions are made before planting and
often determine yield and the orchard’s overall economic viability. The
primary reasons for the adoption of high-density orchard systems have
been earlier cropping and higher yields, which translate to higher produc-
tion efficiency, better utilization of land, and a higher return of investment.
Trees in high-density orchards may be free-standing, staked, or supported
by a trellis. This is a function of the training system, the tree species the
rootstock and cultivar selected, and the goals of the enterprise. Intensive
orchards require a greater outlay of capital, labor and managerial skills,
especially during establishment. The need for greater investment is a func-
tion of the larger number of trees and tree supports and will be especially
significant if a wire supported training system is proposed.

The concept of HDP is becoming widespread all over the country, al-
though there are limits to it, and varying constraints linked to given cir-
cumstances when the goal is to produce high-quality fruit at competitive
prices. It is an approach dictate by two key factors: shorter life-span of
the orchard to quickly depreciate start-up outlays (by years 4 to 8 of or-
chard life) by planting early cropping cultivars, and to establish a manage-
ment system that will reduce per-unit production costs. Once established,
high-density orchards with smaller trees require less labor per unit of fruit
produced than low-density orchards. Smaller trees and readily accessible
canopies are easier to harvest, and the need for using and transporting
ladders is minimize or eliminated. The ability to harvest most of the fruit
from ground level is also valuable in pick-your-own operations where the
absence of ladders reduces concerns of liability. Pruning is less labor-in-
tensive in many systems, and the trees are easier to manage, provided plant
growth is regulated by early and regular cropping.

Pest control in high-density orchards is facilitated because tree cano-
pies are smaller and in many systems (especially trellised ones) are not
very deep. This allows enhanced spray penetration into the canopy and
reduces the need for large orchard spray equipment. Studies on spray de-
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posits have shown that the coverage of spray materials on the leaf surfaces
of trellised and nontrellised high-density trees is better than on standard
trees. This, however, varies with the training system. For example, hori-
zontal canopies have reduced spray penetration compared to vertical ones
and consequently may have higher insect and disease damage. One of the
greatest advantages of dwarf trees is that the interior shaded areas of the
trees is greatly reduced on each tree, and with many more trees per hect-
are, light penetration and orchard efficiency are dramatically increased.

1.9 INTEGRATED NUTRIENT MANAGEMENT

Modern nutrient management practices rely on fine-tuning the applica-
tion of nutrients of satisfy specific needs of different tree organs at times
most beneficial from the standpoint of tree productivity and fruit quality.
An improved understanding of how tree nutrient reserves are built up and
mobilized leads to fertilizer practices that optimize yield and fruit qual-
ity while minimizing excessive vegetative growth. The use of different
rootstocks with various abilities to acquire nutrients from the soil is be-
ing explored to solve tree nutritional problems via genetic means rather
than fertilizer manipulations alone. A better understanding of the genetic
control of plant nutrient uptake and translocation on a molecular level will
open new frontiers for further improving the efficiency of mineral nutrient
acquisition and utilization with the use of less fertilizer. All these modern
approaches to plant nutrition are aimed at minimizing or eliminating the
environmental pollution that can potentially result from the use of fertil-
izers. In wake of the changing climatic scenario fertilizer practices will
increasingly be assessed by their overall impact on yield, quality of the
produce, soil health, and environment.

Accomplishments of the enhanced rate of productivity require that soil
quality be either enhanced or at least sustained at the present level. The
soil fertility can be managed in complete harmony with sustainable pro-
duction of the crops by careful analysis of soil and plant tissues. Sophisti-
cated instruments are available to do these analyzes rapidly and draw suit-
able inferences so that type of fertilizers and their quantity can be decided
accurately as per the need of the situation.

Land use pattern and soil management practices during crop produc-
tion over a period have large impact on soil health and whether the soil
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functions as a source or as a sink for carbon. Intensive cultivation has been
depleting more nutrients than what was added externally through fertiliz-
ers. It is therefore not surprising that farmers have to apply more fertilizers
to get the same yields. Micronutrients such as sulfur, zinc, manganese, etc.
are generally not replaced externally and so have compounded the prob-
lem of nutrient deficiency. Integrated use of organics (organic manures
and bio-fertilizers) and chemical fertilizers has been found to be promis-
ing in not only maintaining and sustaining higher productivity but also in
providing stability in crop production.

Integrated nutrient management holds great promise in maintaining
sustainability of soil health and its fertility. Use of vermicompost and bio-
fertilizers has been found highly effective in sustaining productivity of the
soil. Similarly, use of a consortium of biofertilizers has helped in reducing
the recommended fertilizer dose in many horticultural crops. More than
50% micronutrient fertilizers could be saved by mixing them with just
1.0 to 1.2t BGS (Bio-Gas Slurry)/ha. Returning crop residues to soil over
long periods has great bearing on its productivity and physicochemical
and microbial properties. Crop residues at 50% of straw produced take
care of micronutrient nutrition to crops in the long run. Similarly, use of
green manure often takes care of micronutrients deficiency in the soil.
Under changing climate when there is widespread deficiency of nutrients
in the soil, integrated approach for nutrient management would definitely
be more sustainable and rewarding.

1.10 INTEGRATED PEST MANAGEMENT

Fruits and vegetables suffer more from residual toxicity of chemicals in
their flesh than cereals and pulses, as they are highly perishable and con-
sumed soon after harvest. A plethora of insect pests and diseases frequent-
ly invade them. It has been reported that the climatic aberrations can alter
pest dynamics of a place. Changing patterns of drought and heat, as well as
elevated CO, are likely to be accompanied by a change in the whole spec-
trum of biotic stresses. For most of the commercial crops, more tropical
environments are also associated with greater numbers of foliar pests and
diseases. Therefore, climate change would be likely to result in increased
risk of epidemics (Legréve and Duveiller, 2010). In dry regions, root dis-
eases such as nematode infestation are also problematic since they further
reduce the plant’s ability to extract scarce water.
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Climate change is likely to alter the distribution and severity of soil
borne diseases affecting both intensive and low-input agricultural produc-
tion systems. Naturally occur ring disease suppressive soils have been
documented in a variety of cropping systems, and in many instances, the
biological attributes contributing to suppressiveness have been identi-
fied. While these studies have often yielded an understanding of opera-
tive mechanisms leading to the suppressive state, significant difficulty
has been realized in the transfer of this knowledge into the development
of effective field-level disease control practices. Early efforts focused on
the inundative application of individual or mixtures of microbial strains
recovered from these systems, and known to function in specific soil sup-
pressiveness. However, the introduction of biological agents into nonna-
tive soil ecosystems typically fails to yield commercially viable or consis-
tent levels of disease control. Of late, greater emphasis has been placed on
manipulation of the cropping system to manage resident beneficial rhizo-
sphere microorganisms as a means to suppress soil borne plant pathogens.
One such strategy is the cropping of specific plant species or genotypes, or
the application of soil amendments with the goal of selectively enhancing
disease suppressive microbial communities.

Three essential components are required simultaneously for a disease
to occur: a virulent pathogen, a susceptible host and a favorable environ-
ment for multiplication often referred to as the ‘disease triangle.” Cli-
mate change, as well as sometimes fulfilling the last link of that triangle,
can also drive evolutionary change in pathogen populations by forcing
changes in reproductive behavior (Gregory et al., 2009). One of the most
challenging aspects of adapting crops to climate change will be to main-
tain their genetic resistance to pests and diseases, including herbivorous
insects, arthropods, nematodes, fungi, bacteria and viruses. Breeding for
host resistance will continue to have a pivotal role in offsetting the adverse
impact of climate. Rising temperatures and variations in humidity affect
the diversity and responsiveness of agricultural pests and diseases and are
likely to lead to new and perhaps unpredictable epidemiologies (Gregory
et al., 2009). Factors driving new outbreaks include extraordinary climat-
ic events and trends in temperature selecting pathogens and their natural
enemies towards new critical thresholds for inoculums survival. Disease
cycle components such as survival, infection, colonization processes and
latency period, in addition to production and dispersal of inoculum, are all
affected.
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Integrated management for controlling potential new disease and pest
epidemics are need of the hour. The management methods used for a
particular insect or disease problem will depend on the insect species or
pathogen involved the extent of the problem, and a variety of other factors
specific to the situation and local regulations. Nevertheless, the efficient
IPM practice will depend on a thorough knowledge of the pest life cycle,
environmental conditions, cultural practices, and minimizing host plant
abiotic stresses. A stressed plant grown under drought, saline or water-
logged situation is much more susceptible to pest problems.

The need for more expensive control practices of a pest would be re-
quired if the problem is permitted to spread. Total elimination of a pest
is not always feasible nor is it biologically desirable, if the process is en-
vironmentally damaging or leads to new, more resistant pests and elimi-
nates beneficial fungi and insects. IPM uses as many management (con-
trol) methods as possible in a systematic program of suppressing pests
to a commercially acceptable level, which is a more ecologically sound
system.

InIPM better-targeted control with less chemical usage occurs because
of the integration of additional biological and cultural management mea-
sures. Cultural control begins with the preplant treatment of soil mixes to
suppress pathogens and pests. Other cultural control techniques include
sanitizing of soil or growing media, not allowing any drought stress,
providing good water drainage to reduce the potential of Phytophthora
root rot and other damping-off organisms, reducing humidity to control
Botrytis, minimizing the spread of pathogens by quickly disposing of dis-
eased plants from the field. Biological control measures include predator
insects and mites; beneficial nematodes and beneficial fungi and bacteria.

Bioinsecticides or biofungicides are preventative, rather than curative,
and must be applied or incorporated before disease onset to work properly.
Recently, neem (4zadirachta indica) products have been found highly ef-
fective among several botanicals used for pest control. Pheromone traps
are being used to manage fruit flies in mango. Likewise, the beneficial
fungus Gliocladium virens is an alternative to the chemical fungicide
Benomyl. As higher plants have evolved, so have beneficial below-ground
organisms interacting with the plant root system (the plant rhizosphere).
Examples of this include symbiotic nitrogenfixing bacteria, which are im-
portant for leguminous plants, and selected nematodes that control fungal
gnats. It is wellknown that beneficial mycorrhizal fungi (which naturally
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colonize the root systems of most major horticulture plants) can increase
plant disease resistance, and helps alleviate plant stress by enhancing the
host plant water and nutrient uptake. Mycorrhizae can also benefit propa-
gation of cuttings, seedlings, and transplanting of liner plants. Tricoder-
ma virde and Tricoderma harzianum have been frequently used in recent
years to manage Fusarium wilt in crops. These species have plant growth-
enhancing effects, independent of their biocontrol of root pathogens.

These beneficial microorganisms suppress fungal root pathogens by
antibiosis (production of antibiotic chemicals), by parasitism (direct at-
tack and killing of pathogen hyphae or spores), or by competing with the
pathogen for space or nutrients, sometimes by producing chemicals such
as siderophores, which bind nutrients (such as iron) needed by the patho-
gen for its disease-causing activities. The inhibitory capacity of these bio-
control antagonists increases in the presence of mycorrhizal fungi, and in
the absence of plant pathogens there is a stimulation of plant growth by
bacterial antagonists; somehow these bacteria stimulate plant growth, but
the mechanism is not well known.

1.11 PROTECTED CULTIVATION

The name ‘protected cultivation’ involves a series of techniques for the
modification of the natural environment of plants, which totally or par-
tially alter the microclimate conditions, with the aim of improving their
productive performance. Among the protected cultivation techniques, it is
worth noting that mulches, direct covers, net houses, low and high tunnels,
glass and polyhouses and microirrigation, mist system, etc., play major
roles. The main objectives of protected cultivation are, among others, to
protect the crops from harmful temperatures, wind, rain, hail, snow, insect
pests, diseases and predators, and creating a favorable microclimate that
allows for the improvement in their productivity, product quality and early
maturity.

Protected cultivation is thus ideal for the areas, which face frequent
fluctuations in weather conditions or experience extreme events like pro-
longed cold or heat wave or severe droughts or unprecedented heavy rains.
Walk-in tunnels are suitable to raise off-season nursery and off-season
vegetable cultivation. Insect proof net houses can be used for virus-free
cultivation of tomato, chili, sweet pepper and other vegetables particularly
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during the rainy season. Green houses can be used for high quality veg-
etable cultivation (Ghosh, 2009).

Greenhouses provide better control over environmental factors affect-
ing plant growth. If environment is controlled, crops can be produced to
specific market dates and the quality maintained by eliminating many of
the variations and hazards associated with weather and biotic pests. Tem-
perature can be regulated with varying degree of precision, damage from
wind and rain is avoided; injury from plant diseases and insects is reduced
to a great extent. Growing media, moisture content, and fertility levels can
be adjusted to meet plant requirements. However, the precision with which
the environment is regulated is determined by the ability of the grower to
manage the greenhouses equipments and controls. A profitable operation
demands maximum and efficient utilization of greenhouse space. Crop
must be mature when demand is greatest. To meet this demand, complete
control of the greenhouse environment is essential.

Climate change in the form of temperature rise, a distinct change in the
rainfall pattern has already worried farmers in areas where crop produc-
tion is monsoon dependent. It has also raised questions over the profitabil-
ity of growing high value crops like roses, gerbera, anthurium, capsicum,
tomato, cucumber, etc. under open field conditions. This year droughts in
the initial phases and heavy rainfall towards the end disturbed the farming
schedule in parts of our country. This has raised the scope of protected
farming in our country. Fortunately, some farmers and enthusiasts are al-
ready reaping benefits of the system. Protected farming provides distinct
advantages with respect to quality, productivity and better market price
of the produce. Vegetable and flower growers can increase their income
by cultivation of vegetables/flowers during the off-season. The vegetables
produced during the normal season generally do not get good returns due
to their large availability or glut in the markets. Considering the volatile
climate, protected farming is now becoming more relevant to quality pro-
duction of high value crops, for example, vegetables, flowers and other
ornamental crops.

1.11.1 TEMPERATURE CONTROL

A basic reason for using a greenhouse is to control the temperatures at
which plants are grown. During the winter months, night temperatures
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can be maintained at any level with a well-designed heating system and
overhead or perforated tube ventilation. Good control is possible in the
spring and fall for temperatures equal to or higher than ambient levels.
In the summer, however, night temperatures will be higher than outdoor
temperatures until the radiant energy absorbed by plants, benches, and
walks is dissipated. Heat transfer can be accelerated with exhaust fans.
Evaporative cooling, however, is not very effective at night and it raises
the relative humidity to levels that favor disease development, particularly
Botrytis. Summer night temperatures above ambient levels can be main-
tained easily if the heating system is in operation.

Day temperature control is an entirely different situation. Although
greenhouses are constructed to regulate temperatures, they actually inter-
fere with temperature control. The problem is mainly one of keeping the
greenhouse cool. When outdoor temperature are low, it is relatively easy
to maintain day temperatures within desired limits. Heat can be added
through the heating system or it can be removed by overhead or perfo-
rated tube ventilation. As seasonal temperatures increase, however, pre-
cise control of day temperatures becomes more difficult. It generally re-
quires forced ventilation or evaporative cooling. In the summer months,
acceptable control of day temperatures requires ventilation with roof and
side ventilators, use of curtains for roof shading, ventilation with exhaust
fans, fan and pad for evaporative cooling, misting and the operation of
an evaporative cooling system. Several methods for cooling greenhouses
are available. They depend on convection or forced air movement with or
without the evaporation of water.

1.12 CONCLUSIONS

Predictions on future climatic conditions indicate possibilities of increases
in temperature from 1 to 3 °C by 2050 combined with some complex spa-
tially explicit changes in rainfall. However, there remains high uncertainty
in predictions of extreme events, especially hurricanes. Consequently, cli-
mate change is likely to invoke substantial changes to production of hor-
ticultural crop in a region and the severity with which biotic and abiotic
stresses will affect the productivity of these crops. Since climate change
can be expected to have varying effects in different areas on the expres-
sion of drought, salinity, water logging and pest infestation, the mitigation
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strategies also vary according to the prevailing situations. While there will
be increased irrigation under drought conditions, urgent measures are re-
quired for irrigation in drought areas and drainage of water from locali-
ties getting excessive rain or flood causing waterlogged situations. New
advance technologies can be helpful in offsetting the negative effects of
climate change.

Biotechnology can enhance the speed, flexibility and efficiency of de-
veloping new cultivars showing resistance to biotic and abiotic stresses
arisingdue toimpact of the climate change. Cryopreservation can be ad-
opted for long-term storage of genetic materials. This can eliminate the
chances of losing the genotype due to bad weather from the field gene
bank. Through micropropagation technique large quantity of high quality,
disease free planting materials can be prepared within a stipulated time.
The concept of HDP is becoming widespread all over the country. The pri-
mary reasons for its adoption have been earlier cropping and higher yields,
which translate to higher production efficiency, better utilization of land,
and a higher return of investment. This system offers better opportunities
than the traditional planting approach. Under changing climatic scenario,
drought and salinity are the major and most widespread environmental
stresses that substantially constrain crop productivity. Drip irrigation and
fertigation systems have been found highly effective and beneficial with
a yield gain of 10 to 60% and water saving from 30 to 70% compared to
traditional irrigation methods.

Rising temperatures and variations in humidity not only affect the re-
sponsiveness of crops to various pests and diseases but are likely to have
distinct effects on population thresholds of the insect pests, disease caus-
ing pathogens and both beneficial as well as harmful soil microbes. INM
and IPM are better solutions for sustainable higher production of crops
even in altered climatic conditions. Protected cultivation can be a suitable
option to protect the crops from harmful temperatures, wind, rain, hail,
snow, insect pests, diseases and predators in the areas, which face fre-
quent fluctuations in weather conditions or experience extreme events like
prolonged cold or excessive heat. Advancement in technologies has done
fairly well in tackling various abiotic and biotic stress related problems.
Tomorrow’s horticultural industry will be dominated far more than today’s
by crop improvement, production, and protection technologies. Research
generates technologies and technology generates a series of benefits to
the growers. Thus, tomorrow’s growers would be far more well versed in



