
UNIT-I

BIOTIC AND ABIOTICS STRESS MANAGEMENT IN FRUIT CROPS

Stress:

 Stress in biology is any change in environmental conditions that might reduce or

adversely change a plant’s growth or development.

 Strasser 1998 defined it as ‘a condition caused by factors that tend to alter an

equilibrium’, 'Stresses' that impact upon seeds can affect plant reproduction and

productivity, and, hence, agriculture and biodiversity.

Types of Stresses:

Biotic Stress:

 Biotic stress is stress that occurs as a result of damage done to plants by other

living organisms. It includes bacteria, fungi, nematodes, viruses and insect-

pests.

 600 insect and mite pests are present in temperate fruits alone in India (Sharma

and Singh 2006).

 Diseases both in field and storage accounts for 25-30 per cent losses in fruit

crops (Rangaswami and Mahadevan, 2002)

Abiotic Stress:

 The negative impact of environmental factors on plant growth and yield.

 Any adverse factor acting on physiological processes/ biochemical activity of   the

plants is called as abiotic stress.

 10 million ha under salinization in India (Singh et al, 2006)

Effect of Abiotic Factors on plants:

1. Temperature:
(i) High Temperature: It results in-

1. Excessive membrane fluidity.

2. Disruption of protein function.

3. Metabolic imbalances.

4. Disruption of normal protein synthesis.

5. Disruption of normal mRNA precursors.

Effect of High Temperature in various stages of Crop Growth



Growth Stage Effect of High Temperature

Vegetative growth High temperature exposure (43oC) in Almond bud failure
like symptoms appear in which there is complete
separation of distorted and compressed cells from
surrounding tissues takes place by a periderm like layer
( Hellali and Kester, 1979).

Flowering Abnormal pattern of bud break and development in
temperate fruit trees. In apricot, the warm temperature
(15.9oC) 3-5oC higher than the normal results in
underdeveloped pistils. Rodrigo and Herrero (2002).

Fruit set and Yield  The higher temperature during fruit let stage also
affect the fruit retention.

 On trifoliate orange rootstocks, when exposed to 30-
35oC for 48h in a controlled environment increased
the fruit drop.

Effect of High Temperature on various Fruit Crops

Sr. No. Name of Fruit
Crops/Cultivars

Effect of High Temperature

1. Apple Sunburn
2. Apple cv. Jonagold Bitterpit
3. Apricot Reduction in the no. of buds, flowers and fruits
4. Avacado Reduced fruit set
5. Cherry Accelerated pollen tube growth
6. Citrus Poor colour development
7. Mango Spongy tissues and fruit cracking
8. pineapple Sun Scald

Mitigation of high temperature stress:

a) Use of reflective fabric

b) Evaporative cooling

c) Bagging of fruit

d) Use of Anti transpirants

(ii) Low Temperature stress: It results in-

1. Black heart

2. Collar injury

3. Crotch injury



4. Splitting of bark

Effect of Low Temperature on various Fruit Crops

Sr. No. Name of Fruit
Crops/Cultivars

Effect of High Temperature

1. Almond Pollination & fertilization is highly reduced
2. Aonla oozing of water from fruits
3. Banana Below 10oC leads to impedance of

inflorescence and malformation of bunches.
4. Ber fruits are shrivelled, brown and turn black

afterwards5. Citrus Drying up of fruits and twigs
6. Mango Floral induction
7. Pomegranate Hardening of fruits

Mitigation of Low temperature stress:

a) Artificial frost protection methods, which modify the microclimate of the plants

(e.g. foams, covers and fogging)

b) Avoiding freezing through a decrease of the freezing point or an increase in

the degree of super cooling.

c) tolerance of extracellular freezing by reducing the amount of ice formed due to

an increase of the concentration of solutes in the protoplasm.

d) tolerance of a higher degree of desiccation due to the plasmolysis of the

protoplasm or increasing the permeability of the plasma membrane to avoid

intracellular freezing.



WATER STRESS
Condition of soil or atmosphere or both that prevents the plant in obtaining sufficient

water for its function.

Water stress is of two types: 1) Drought stress 2) Flooding stress

Drought stress: Drought in meteorological term, it is commonly defined as period

without significant rainfall.

Flooding stress: Water supplied excessively to an area. It can also be defined as

overflow of water in soil in excess of field capacity.

Impact of drought on fruit growth

Apple fruit growth continues during the season. Constant water supply is needed.

Peaches, apricots and plums fruit growth slows during pit hardening but picks up

afterwards.

Studies have shown that peach fruit growth is linearly related to the water stress of

the tree.

Changes in nutrient levels in drought stressed trees

 Has no effect on nitrogen or phosphorous.

 Increased magnesium and manganese.

 Decreased calcium, potassium and boron.

 Reduced photosynthesis and respiration.

 Reduced leaf size, shoot length and root growth Water deficit in apple.

Impact of Flood on fruit growth

 The roots suffocate.

 The uptake of nutrients also gets adversely affected, because of lack of oxygen in

soil.

 N, B, Mg, and K are highly soluble in water and go deeper in the soil, below root

zone, causing their temporary deficiency.



Sr. No. Name of Fruit
Crops/Cultivars

Effect of Flooding

1. Apple

 Resulting in severe injury to the root system.
Tree roots in waterlogged soils stop growing,
minerals are not absorbed, leaves turn yellow and
remain small, and finally roots begin to die as
infections of phytopathogen microorganisms occurs
in “wet-feet” conditions.
 Often, apple trees in poorly drained areas are
infected by Phytophthora root and crown rot, slowly
declining over one or more years.

2. Cherry Fruit cracking

3. Pineapple Excess moisture may cause the yellowing of the
leaves followed by red and it reduces the length

4. Papaya Papaya is susceptible to fungal root diseases. Killing
of waterlogged plants.

5. Mango
Reduce root dry weight, resulting in an increased
shoot to root ratio, reduced net carbon dioxide
assimilation rates.

Mitigation of Water stress:
1. Use of drought tolerant cultivar
2. Nutritional Management
a. Potassium and magnesium during conditions of water deficit enhances the water
uptake as well as the water relations in the plant tissues by osmoregulation
processes.
b. Magnesium is component of chlorophyll, its content and uptake is drastically
reduced due to the water stress effect.
3. Use of Antitranspirants or Materials causing stomatal closure:

a) Herbicides: like 2, 4-D, Phosphon D and Atrazine.
b) Fungicides like Phenyl Mercuric Acetate (PMA).
c) Metabolic inhibitors like Hydroxyl sulfonates, Potassium metabisulphite etc.

Growth hormones like ABA, Etheral, TIBA, Succinic acid, Ascorbic acid and
Cycocel (CCC).

4. Use of Plant Growth Regulators (PGRs)
a) Spray of Cycocel & Mepiquat chloride
b) Cytokinins and Salicylic acid
c) Brassinolides increase the photosynthetic activity of the plants
d) Ascorbic acid



WIND STRESS

Wind stress is visual stress incurred by wind causes damage to seedlings, breaking

branches and even uprooting the whole plants. It helps to covert ground fires to

crown fires.

Wind can be detrimental to crop production in many ways:

 Wind stresses plants, reducing their growth, vitality and yield.

 Wind physically damages plants by breaking stems or branches, stripping leaves

or tearing flower or fruit from crop plant.

 Wind dries the air around plants, causing them to lose moisture.

 Wind pulls moisture from soil pores on the surface drying soil.

 Wind removes topsoil and organic matter from exposed soil.

 Wind carries salt, especially near coastal areas or on small islands, which draws

moisture out of the soil and can harm plant tissue.

Impact of Wind Stress on fruit growth

Sr. No. Name of Fruit
Crops/Cultivars

Effect of Wind Stress

1. Banana Uprooting, tearing and removal of whole leaf lamina,
susceptible to toppling

2. Litchi Fruit skin cracking and sun burn
3. Mango Fruit Drop

4. Papaya Crinkled leaves, reduced growth, fruit set, fruit
quality, and productivity, susceptible to toppling

5. Strawberry Increased symptoms of bacterial or fungal diseases

Mitigation of Wind stress:

a) Shelter belts and wind breaks: Refers to growing trees and tall crops across

the direction of prevailing wind to reduce the physiological and mechanical

damage to crops.

b) Wind breaks reduce the wind velocity and create favorable microclimate.

c) Staking: Providing support to the crop plants like Banana.



SALT STRESS
When salt concentration exceeds threshold value is known as Salt Stress.

 Growth rate and size of plant progressively decreased.

 Plants become stunted.

 Reduction in size of leaves and fruits.

 Decrease in fresh and dry wt. of different plant parts

Effect on fruit crops:

Sr. No. Name of Fruit
Crops/Cultivars

Effect of Salt Stress

1. Mango
scorching of leaf tips and margins, Leaf curling,
reduces growth, causes abscission of leaves and
death of trees

2. Pineapple

Leaf length and mass, plant fresh and dry weight,
leaf elongation and leaf water potentials decline with
increasing the salinity in pineapple.
Saline irrigation water also adversely affect the fruit
yield and quality.

3. Grapes Leaf burn and Necrotic symptoms.

Mitigation of Salt Stress:

Grow more resistant/ tolerant varieties:

Sr. No. Name of Fruit Crops Rootstock/Cultivars

1. Citrus
(Citrus Spp.)

Rangpur Lime, Rough Lemon, Sweet Orange,
Sour Orange.

2. Stonefruit
(Prunus Spp.) Lovell, Shalil

3. Avacado
(Persea americana) West Indian Mexican

4. Grape
(Vitis Spp.) Salt Creek, Dogridge, Thompson Seedless

5. Berries
(Rubus Spp.) Boysenberry, Indian Summer Raspberry

6. Strawberry
(Fragaria Spp.) Lassen, Shasta



RADIATION STRESS
 Irridiation increase activity of polygalactouronase and pectin methyl esterase which

leads to significant degradation of pectin.

 Ionizing radiation may increase anthocyanins in strawberries (Breitfellner et al 2002),

flavinoides in grapefruits and other phenolic compounds in oranges (Vanamala et al

2003)

 The dissolution of middle lamellae of cell wall in apple (Golden Delicious) increase

with increasing radiation doses which cause lipid peroxidation as well as osmolyte

leakage.

 Increased oxidative damage of macromolecules and signaling dysfunction.

 Synthetic auxin like 2,4-D is destroyed with radiation between 340-390 nm and 2,4-D

is converted into 2,4 dichlorophenol which is cell poison.

 Even in the visible range, irradiances far above the light saturation point of

photosynthesis cause high light stress, which can disrupt chloroplast structure and

reduce photosynthetic rates, a process known as photoinhibition.

 Photoinhibition by high light leads to the production of destructive forms of oxygen.

Excess light excitation arriving at the PSII reaction center can lead to its inactivation

by the direct damage of the proteins.



POLLUTION

 Pollution is the introduction of contaminants into the natural environment that cause

adverse change. Pollution can take the form of chemical substances or energy, such

as noise, heat or light. Pollutants, the components of pollution, can be either foreign

substances/energies or naturally occurring contaminants.

 Major forms of pollution include: Air pollution, light pollution, littering, noise

pollution, plastic pollution, soil contamination, radioactive contamination, thermal

pollution, visual pollution, water pollution.

i. Air pollution: The release of chemicals and particulates into the atmosphere.

Common gaseous pollutants include carbon monoxide, sulphur dioxide

,Chloro Fluoro Carbons (CFCs) and nitrogen oxides produced by industry and

motor vehicles.

ii. Light pollution: It includes light trespass, illumination and astronomical

interference.

iii. Littering: the criminal throwing of inappropriate man-made objects,

unremoved, onto public and private properties.

iv. Noise pollution: It encompasses roadway noise, aircraft noise, industrial

noise as well as high-intensity sonar.

v. Plastic pollution: involves the accumulation of plastic products

and microplastics in the environment that adversely affects wildlife, wildlife

habitat, or humans.

vi. Soil contamination occurs when chemicals are released by spill or

underground leakage. Among the most significant soil

contaminants are hydrocarbons,

MTBE, herbicides, pesticides and chlorinated hydrocarbons.

vii. Radioactive contamination, resulting from 20th century activities in atomic

physics, such as nuclear power generation and nuclear weapons research,

manufacture and deployment.

viii. Thermal pollution: It is a temperature change in natural water bodies caused

by human influence, such as use of water as coolant in a power plant.



ix. Visual pollution, which can refer to the presence of overhead power lines,

motorway billboards, scarred landforms (as from strip mining), open storage

of trash, municipal solid waste or space debris.

x. Water pollution It is the discharge of waste water from commercial
and industrial waste (intentionally or through spills) into surface waters;
discharges of untreated domestic sewage, and chemical contaminants, such
as chlorine, from treated sewage; release of waste and contaminants
into surface runoff flowing to surface waters (including urban runoff and
agricultural runoff, which may contain chemical fertilizers and pesticides; also
including human feces from open defecation; groundwater
pollution from waste disposal and leaching into the ground, including from pit
latrines and septic tanks; eutrophication and littering.

INDUSTRIAL WASTE
 Industry is a huge source of water pollution, it produces pollutants that are

extremely harmful to people and the environment.

 Many industrial facilities use freshwater to carry away waste from the plant and

into rivers, lakes and oceans. Pollutants from industrial sources include:

i. Asbestos – This pollutant is a serious health hazard and carcinogenic.

Asbestos fibres can be inhaled and cause illnesses such as asbestosis,

mesothelioma, lung cancer, intestinal cancer and liver cancer.

ii. Lead – This is a metallic element and can cause health and environmental

problems. It is a non-biodegradable substance so is hard to clean up once the

environment is contaminated. Lead is harmful to the health of many animals,

including humans, as it can inhibit the action of bodily enzymes.

iii. Mercury – This is a metallic element and can cause health and environmental

problems. It is a non-biodegradable substance so is hard to clean up once the

environment is contaminated. Mercury is also harmful to animal health as it can

cause illness through mercury poisoning.

iv. Nitrates – The increased use of fertilizers means that nitrates are more often

being washed from the soil and into rivers and lakes. This can cause

eutrophication, which can be very problematic to marine environments.

v. Phosphates – The increased use of fertilizers means that phosphates are more

often being washed from the soil and into rivers and lakes. This can cause

eutrophication, which can be very problematic to marine environments.



vi. Sulphur – This is a non-metallic substance that is harmful for marine life.

vii. Oils – Oil does not dissolve in water, instead it forms a thick layer on the
water surface. This can stop marine plants receiving enough light
for photosynthesis. It is also harmful for fish and marine birds.

viii. Petrochemicals – This is formed from gas or petrol and can be toxic to marine
life.

Increased Level of CO2 in The Atmosphere

 Carbon dioxide (CO2) is an important trace gas in Earth's atmosphere. It is an

integral part of the carbon cycle, a biogeochemical cycle in which carbon is

exchanged between the Earth's oceans, soil, rocks and the biosphere.

 Plants and other photoautotrophs use solar energy to produce carbohydrate from

atmospheric carbon dioxide and water by photosynthesis.

 Almost all other organisms depend on carbohydrate derived from photosynthesis

as their primary source of energy and carbon compounds. CO2 absorbs and

emits infrared radiation at wavelengths of 4.26 µm (asymmetric

stretching vibrational mode) and 14.99 µm (bending vibrational mode) and

consequently is a greenhouse gas that plays a vital role in regulating Earth's

surface temperature through the greenhouse effect.

 Global annual mean CO2 concentration has increased by more than 45% since

the start of the Industrial Revolution from 280 ppm during the 10,000 years up to

the mid-18th century, to 407 ppm as of mid-2017.

 The increase has been caused by human activities, particularly the burning

of fossil fuels and deforestation. This increase of CO2 and other greenhouse

gases in Earth's atmosphere, of which water vapor is by far the most abundant,

has produced the current episode of global warming.

 About 30–40% of the CO2 released by humans into the atmosphere dissolves

into oceans, rivers and lakes, which has produced ocean acidification.

 A 1993 review of scientific greenhouse studies found that a doubling of

CO2 concentration would stimulate the growth of 156 different plant species by an

average of 37%.

 Response varied significantly by species, with some showing much greater gains

and a few showing a loss. For example, a 1979 greenhouse study found that with



doubled CO2 concentration the dry weight of 40-day-old cotton plants doubled,

but the dry weight of 30-day-old maize plants increased by only 20%.

Impact of Stress in Fruit Crop Production

The various stress has following type of Influences in fruit crop Production.

(i) Effect of High Temperature on various Fruit Crops

Sr. No. Name of Fruit
Crops/Cultivars

Effect of High Temperature

1. Apple Sunburn
2. Apple cv. Jonagold Bitterpit
3. Apricot Reduction in the no. of buds, flowers and fruits
4. Avacado Reduced fruit set
5. Cherry Accelerated pollen tube growth
6. Citrus Poor colour development
7. Mango Spongy tissues and fruit cracking
8. pineapple Sun Scald

(ii) Effect of Low Temperature on various Fruit Crops

Sr. No. Name of Fruit
Crops/Cultivars

Effect of High Temperature

1. Almond Pollination & fertilization is highly reduced
2. Aonla oozing of water from fruits
3. Banana Below 100C leads to impedance of

inflorescence and malformation of bunches.
4. Ber fruits are shrivelled, brown and turn black

afterwards5. Citrus Drying up of fruits and twigs
6. Mango Floral induction
7. Pomegranate Hardening of fruits



(iii) Effect of Flood on various Fruit Crops

Sr. No. Name of Fruit
Crops/Cultivars

Effect of Flooding

1. Apple  Resulting in severe injury to the root system.
Tree roots in waterlogged soils stop growing,
minerals are not absorbed, leaves turn yellow and
remain small, and finally roots begin to die as
infections of phytopathogen microorganisms occurs
in “wet-feet” conditions.
 Often, apple trees in poorly drained areas are
infected by Phytophthora root and crown rot, slowly
declining over one or more years.

2. Cherry Fruit cracking
3. Pineapple Excess moisture may cause the yellowing of the

leaves followed by red and it reduces the length
4. Papaya Papaya is susceptible to fungal root diseases. Killing

of waterlogged plants.
5. Mango Reduce root dry weight, resulting in an increased

shoot to root ratio,reduced net carbon dioxide
assimilation rates •(iv) Effect of Wind Stress on various Fruit Crops

Sr. No. Name of Fruit
Crops/Cultivars

Effect of Wind Stress

1. Banana Uprooting, tearing and removal of whole leaf lamina,
susceptible to toppling

2. Litchi Fruit skin cracking and sun burn
3. Mango Fruit Drop

4. Papaya Crinkled leaves, reduced growth, fruit set, fruit
quality, and productivity, susceptible to toppling

5. Strawberry Increased symptoms of bacterial or fungal diseases

(v) Effect of Salt Stress on various Fruit Crops
Sr. No. Name of Fruit

Crops/Cultivars
Effect of Salt Stress

1. Mango
Scorching of leaf tips and margins, Leaf curling,
reduces growth, causes abscission of leaves and
death of trees

2. Pineapple
Leaf length and mass, plant fresh and dry weight,
leaf elongation and leaf water potentials decline and
thus fruit yield and quality.

3. Grapes Leaf burn and Necrotic symptoms.
STRESS INDICES



Heat Stress:
 Heat stress causes multifarious, and often adverse, alterations in plant

growth, development, physiological processes, and yield. One of the major

consequences of HT stress is the excess generation of reactive oxygen

species (ROS), which leads to oxidative stress.

 Plants alter their metabolism in various ways in response to HT, particularly

by producing compatible solutes that are able to organize proteins and

cellular structures, maintain cell turgor by osmotic adjustment, and modify the

antioxidant system to re-establish the cellular redox balance and

homeostasis.

 Heat stress differentially affects the stability of various proteins, membranes,

RNA species and cytoskeleton structures, and alters the efficiency of

enzymatic reactions in the cell for which the major physiological processes

obstacle and creates metabolic imbalance.

 Reduced germination percentage, plant emergence, abnormal seedlings, poor
seedling vigor, reduced radicle and plumule growth of geminated seedlings
are major impacts caused by heat stress documented in various cultivated
plant species

 High temperature causes loss of cell water content for which the cell size and

ultimately the growth is reduced. Reduction in net assimilation rate (NAR) is

also another reason for reduced relative growth rate (RGR) under HT.

 Extreme heat stress can reduce plant photosynthetic and transpiration

efficiencies and negatively impact plant root development, which collectively

can negatively impact yield. The decline in the photosynthetic rate under both

heat and water stresses are frequently attributed to

i. lowered internal plant CO2,

ii. inhibition of photosynthetic enzymes (e.g., Rubisco) and

iii. synthesis of ATP (adenosine triphosphate), which produces chemical

energy that is needed for regulating plant biochemical reactions.

Drought Stress indices:
i. Standardized Precipitation Index (SPI)

ii. Palmer Drought Severity Index (PDSI)



iii. Surface Water Supply Index (SWSI)

iv. Moisture Adequacy Index (MAI)

v. Crop Water Stress Index (CWSI)

i Standardized Precipitation Index (SPI)
SPI, based on probability of precipitation for any time scale, is calculated as :

X - Xm
SPI = -------------



Where
X = Precipitation for the station
Xm = Mean precipitation

 = Standardized deviation

As per Standardized Precipitation Index (SPI), drought is classified as

Index Value Class of drought
Less than -2.00 Extreme Drought
-1.50 to -1.99 Severe Drought
-1.00 to -1.49 Moderate Drought
-0.99 to -0.00 Mild Drought

ii. Palmer Drought Severity Index (PDSI)
PDSI, popular in the US, uses data on precipitation, temperature and local available

water content (AWC) of soil, and calculates the difference between Climatically

Appropriate For Existing Conditions (CAFEC) rainfall and actual rainfall as a drought

indicator. PDSI generally varies between -4.0 (extreme drought) and +4.0 (adequate

moisture condition)

As per Palmer Drought Severity Index (PDSI) , drought is classified as

Index value Class for drought
- 1.00 to –1.99 Mild drought
- 2.00 to –2.99 Moderate drought
- 3.00 to - 3.99 Severe drought

< - 4.00 Extreme drought



iii. Surface Water Supply Index (SWSI)
Designed for river basins with a component of mountain snow input. Integrates

reservoir storage, stream flow and snow and rain into a single index.

Where,

a, b, c, and d are weights for snow, rain, stream flow and reservoir storage,

respectively; while (a+b+c+d) = 1, and Pi = probability (%).

Calculated at monthly time step.

iv. Moisture Adequacy Index (MAI)
MAI used for quantification of agricultural drought, which is defined as :

MAI = AE/PE

 Where AE is actual evaporation, and PE potential evapo-transpiration (in %)

during different phonological stages of a crop.

 MAI is obtained from weekly water balance. Drought impact is related to

moisture availability at certain crop growth stages.

v. Crop Water Stress Index (CWSI)
CWSI values are a daily integration of plant available soil water, evaporative

demand and plant phonological stage susceptibility, and is defined for the growing

season as:

Harvest
CWSI =  (1-(T/Tp) SUS

Planting
T is the computed actual transpiration (mm/day),
Tp is potential transpiration (mm/day),
SUS is seasonally dependent weighting factor for grain yield susceptibility.

Physiological and Biochemical associated with Stress:

1. Low Temperature Injury (Chilling Injury)
i. The first symptom of chilling injury is the phase transition from liquid

crystalline phase to solid gel state.
ii. Water content Total water content decreases and bound water increases.
iii. Unsaturated fatty acid increase in membrane & saturated one decreases.
iv. ABA increases, GA decreases, dormancy appears.



v. Uptake of solutes by root decreases and water balance disturbed
vi. Transpiration is more as compare to the water absorption due to that the plant

loss water and leaf curls.
vii. Rate of photosynthesis become low & the rate of respiration increases.
viii. Aerobic respiration decreases and anaerobic respiration increases.
ix. Catalyses activity decreases, electron transport and phosphorylation

activities decreases.
x. Organic substance degrades.
xi. Protein, RNA, ATP decrease.
xii. Increase in permeability of plasmalemma results in leakage of organic and

inorganic substances.
xiii. Formation of crystalline deposits in root cells, epidermal, mesophyll and

vascular cells of leaves -leading to tonoplast disruption.
xiv. Cytological Changes includes Swelling of plastid membranes and

mitochondrial membranes and Swelling of chloroplast thylakoids.
xv. Grana disintegration and increase in size and no.of plastoglobules.
xvi. Mitochondria with reduced cristae and transparent matrix.
xvii. Ratio of Unsaturated to saturated fatty acids is higher in chilling resistant

plants
xviii. Increase in activity of fatty acid was found in chilling resistant plants.
xix. Chilling reduces activity of enzymes in Calvin cycle and electron transport

chain & Krebs cycle, it inhibits translocation of assimilates, causes protein
degradation. In some fruits, respiration may increase onset of injury
(stimulated by ethylene) and decrease on death.

xx. Chilling reduces photosynthetic activity, and excess energy is directed to O2
and resulting in ROS (H2O2, etc.) accumulation. which damages membrane
(lipid peroxidation), proteins, DNA, etc

2. Drought and Salinity Stress.
(i) Osmotic adjustment:

A biochemical mechanism that helps plants acclimate to dry and saline

conditions. Many drought-tolerant plants can regulate their solute potentials to

compensate for transient or extended periods of water stress by making

osmotic adjustments, which results in a net increase in the number of solutes

particles present in the plant cell.

(ii) Proline & glycine betaine accumulation:



 Glycine betaine accumulation in osmotically stressed plants resulted from

increased rates of synthesis, whereas, with proline, synthesis and catabolism

appears to be co-ordinately regulated in response to water stress.

 Genetic evidence indicates that accumulation of glycine betaine promotes salt

tolerance.

(iii) Mannitol accumulation:

 Mannitol, the reduced form of the sugar mannose and is broadly distributed

among plants.

 Salt stress inhibits sucrose synthesis and promotes accumulation of mannitol

mannitol concentrations increase in response to osmotic stress.

(iv) D-Pinitol :

 A cyclic sugar alcohol is a major solute in members of the Pine Family and

Bean Family.

 Its concentrations are higher among halophytic species and those adapted

to drought. In leaves, pinitol is localized to the chloroplast and cystol but not

in the vacuoles.

(v) Osmotin: Transcription of an osmotin gene is induced by at least 10 signals

i.e. ABA, ethylene, auxin, infection by TMV, salinity, lack of water, cold, UV

light, wounding, and fungal infection.

 Many of the stress-induced genes are regulated by ABA. ABA plays a role

in stomata closure and induction of gene expression.

3. Flooding Stress:
 Flooding is a complex stress that imposes several often concurrent

challenges to normal plant functioning. Dominant is starvation of oxygen and

carbon dioxide that is imposed by extremely slow rates of diffusion through

the floodwater compared to that in air.

 A major constraint resulting from excess water, at least for poorly adapted

species, is an inadequate supply of oxygen to submerged tissues; diffusion of

oxygen through water is 104 -fold slower than in air (Armstrong and Drew,

2002). In addition to the threat of oxygen deficiency, excess water also leads

to other changes in the soil that influence plants; levels of the plant hormone

ethylene (Smith and Russell, 1969; Jackson, 1982), and products of



anaerobic metabolism by soil micro-organisms (e.g. Mn2+ , Fe2+ , S2, H2S

and carboxylic acids) can accumulate (Ponnamperuma, 1984; McKee and

McKevlin, 1993).

 Moreover, when flooding results in complete submergence, and in normally

submersed aquatic plants, availability to the shoots of carbon dioxide, light

and oxygen typically diminish (Jackson and Ram, 2003)

 When flooding extends to submergence of the shoot, photosynthesis

becomes severely restricted by a deficiency of external carbon dioxide and by

shading. Furthermore, total submergence can interfere with flowering and

pollination essential for completion of the reproductive cycle.

 Flooding modifies water relations and plants carbon fixation. Closing of

stomata, with or without leaf dehydration, reduction of transpiration and

inhibition of photosynthesis, are responses that can occur in hours or days,

depending on the tolerance to flooding of each plant species (Bradford &

Hsiao, 1982; Else et al., 1996; Insausti et al., 2001; Striker et al., 2005;

Mollard et al., 2008; 2010).

 Under partial submergence (or under waterlogging), at least part of the shoots

are above water and the capture of atmospheric oxygen by leaves is possible.

This oxygen needs to be transported to the roots in order to avoid root anoxia.

Root apex oxygenation is crucial for continuing with root elongation and soil

exploration under flooding conditions (Armstrong, 1979).



Suitable Fruit crops for different Stress situations

Abiotic stresses, such as drought, salinity, extremetemperatures, chemical toxicity and
oxidative stress areserious threats to agriculture and result in the deterioration of the
environment. Abiotic stress is the primarycause of crop loss worldwide, reducing
average yields formost major crop plants by more than 50% (Boyer 1982;Bray et al.
2000). Drought and salinity are becomingparticularly widespread in many regions, and
may cause
serious salinization of more than 50% of all arable landsby the year 2050. Abiotic stress
leads to a series ofmorphological, physiological, biochemical and molecular changes that
adversely affect plant growth and productivity (Wang et al. 2001a). Drought, salinity,
extremetemperatures and oxidative stress are often interconnected, and may induce
similar cellular damage. Forexample, drought and/or salinization are
manifestedprimarily as osmotic stress, resulting in the disruption ofhomeostasis and ion
distribution in the cell (Serranoet al. 1999; Zhu 2001a).

As for other stresses, the slow imposition of drought allows the development of a range of
time-dependent morphological and physiological acclimation responses. Drought stress
causes an increase in solute concentration in the environment, leading to an osmotic flow of
water out of plant cells (Asghariet al., 2009). This in turn causes the solute concentration
inside plant cells to increase, thus lowering water potential and disrupting membranes along
with essential processes like photosynthesis. Winter drought stress can delay flowering,
prevent fruit loss in orange crops (Melgaret al., 2010)

Categories of Drought Stress

Under normal and stress-free situations, the plant will exist in a soil moisture potential
range between - 0.01 and -1.5 MPa. -2.0 MPa to -4.0 MPa is the of soil water potential value
permanent wilting point. At this point, leaf water potential will be still low than the soil
waterpotential. Hsiao (1973) categorised the drought stress based on the water potential as
givenbelow:

Types of stress Water potential (MPa)

Mild stress 0.1

Moderate stress -1.2 to –1.5

Severe stress Less than –1.5

Symptoms of drought

Reduction of leaf area of plants.

Loss of leaf function and premature onset of senescence of older leaves



They suggested that ethylene may serve to determine the onset of natural senescence

and mediate drought induced senescence.

Drought generally reduces plant growth and potential yields of drought tolerant and

non-tolerant crop species alike.

Plant Response to water deficit and Drought

(i) Decreased leaf area

(ii) Stimulates Leaf Abscission

(iii) Water Deficit Enhances Root Extension into Deeper, Moist soil

(iv) Stomata Close during Water Deficit in Response to ABA

(v) Water Deficit Limits Photosynthesis within the chloroplast

(vi) Water Deficit Increases Wax Deposition on the Leaf Surface

(Vii) Reduced protein synthesis and enzyme levels

Drought tolerance in fruit plants are characterized by the following features:

Fruit crops Special features

Aonla, Karonda, Wood apple, Bael,

Tamarind

Reduction in no. and size of leaves

Phalsa and Fig Leaves densely pubescence

Date palm Leaf tips modified into spines

Sapota, Cashew nut, Pomegranate Have shining surface due to presence of thicker

cuticle

Mango, Ber, Bael,  Wood apple Deep and extensive root system

Wood apple, Mango, Bael Dense arrangements of aerial shoots



Ber, Bael, Wood apple, Fig Radiation reflected by the glittering leaves/ waxy

coating/ latex

Ber, Cashew Decreases in stomatal density and frequency

Ber, Pomegranate Low osmotic/ water potential

Fig, Karonda Secretion of latex in leaves

Mango, Cashew High degree of phenol, tannins and oil content

2. Decrease in leaf area: First line of defense against drought. Decrease in turgor leads to

decrease in growth rate, decrease in leaf area and decrease transpiration rate.

Species Leaf Number (%) Total Leaf Area (%)

P. dulcis 10.3 30.9

P. eburnean 33.3 51.9

P. scoparia 36.7 24.6

P. haussknechti 9.0 16.8

P. eleagnifolia 27.3 29.4

3. Leaf area adjustment: Stimulation of leaf abscission with increase in ethylene level in

leaf abscission zone.

4. Root growth:Second line of defense against drought, Leaf expansion reduced and more

assimilates transported to root where they support further growth.



5. Stomatal closure:Stomatal closure act as a third line of defense against drought. The loss

of water from the guard cells cause stomata to close.

Effect of soil moisture levels on the physiological activity in pear cv. Flemish Beauty on

rootstock Kainth (Sanjeev, 2006):

Moisture levels

(bar)

Stomatal

resistance

(Scm-1)

Transpiration

rate

(mmol/m2/S)

Leaf

water

potential

Leaf

chlorophyll

content

(mg/g)

Photosynthesis

(µmol/m2/S)

-0.5

-2.5

-5.0

-10.0

120.8

115.8

106.2

97.80

499.0

431.8

389.2

335.5

0.79

0.81

0.83

0.86

785.6

741.0

677.4

620.7

18.60

15.42

12.20

10.63

CD0.05 1.40 40.5 0.02 19.50 0.43

Flooding injury or water logging condition

The term flooding is termed as the soil condition, where excess water inhibits gas

exchange of roots with the atmosphere. In addition, it refers partial or complete submergence

of shoots. Due to flooding soil oxygen rapidly depletes and plant metabolism highly affected,

thereby growth reduced. Response to flooding varies with the type of plant, with the duration

and timing of flooding.

Flood responses among fruit crops directly relate to dramatic changes in O2

availability and the chemical and physical states of soil that occur after flooding. There are 3

aspects of flooding and its effect on subtropical and tropical fruit production:

1) The negative effect on plant processes (e.g. water and nutrient uptake, plant

growth and fruit production).



2) The adverse effects on cultural practices (e.g. weed control; disease control).

3) The rare positive effect it may have on a few crops (fallow land flooding to

reduce nematode populations prior to planting papaya and banana).

Symptoms of water logging

Leaf wilting and browning (scorching),

Suppression of root hair formation and branching of roots,

Fruit drop and leaf chlorosis and leaf abscission (drop),

Stem dieback, limb dieback,

Tree death

Decrease in net CO2 assimilation, stomatal conductance, and transpirationis the very

first symptoms of flooding stress (Schaffer et al., 1992). Therefore, to measure the degree of

flooding stress leaf gas exchange characteristics is useful (Schaffer et al., 1992). It would be

influenced by number of factors viz., a) soil type, porosity and chemistry; b) degree and

duration of anaerobiosis ; c) soil microbe and pathogen status; d) vapour pressure deficits and

root zones and air temperatures; e) plant age, stage of development etc. (Schaffer et al.,1992).

Most tropical fruit crops are intolerant to flooding. Sensitivity to flooding ranges from

intolerance to even 24 hours of flooding e.g., papaya, jack fruit, sugar apple and avocado; to

moderately tolerant eg., Persian lime, banana, mango, carambola; to tolerant, e.g., some

grafted citrus.

Symptoms associated with flooding injury are

Pattern of yellowing leaves from base to top of plant

Drooping of the petioles while plant is still turgid

Leaf epinasty

Hypertrophy

New root formation from the stems

Wilting under severe condition of flooding

Growth, Anatomical and Morphological Responses:

Reduction in both shoot and root growth are common responses to waterlogging. For

flood-sensitive plants, flooding often results in damage and death of root tips. In apple

trees flooded for one week during the spring had restricted root growth and developed

small leaves which often desiccated on hot days. Shoot growth of apple abruptlydeclined

when O2 in the soil decreased below 12% and then gradually declined as o2



concentrations were further decreased to 1.5 to 2%.,where another abrupt growth

declined occurred.

Flooding has been shown to affect flowering, fruit set, yield and fruit quality of

several fruit crops, both summer and winter flooding reduced fruit set, yield and fruit

size of craneberry.

One of the earliest physiological responses to flooding is a reduction of stomatal

conductance. Decreased of stomatal conductance of sour orange seedlings four days

after flooding. Conductance of apple in an orchard decreased during spring and

summer waterlogging but not after fall waterlogging.

Reduced conductance under flooded conditions may be due to an efflux of k+ ions

from the guard cells associated with stomatal closure.Phytohormones, particularly

ABA and cytokinines have been implicated in stomatal closure under waterlogging

conditions.

SALT STRESS

Under natural conditions, terrestrial higher plants encounter high concentrations of

salts close to the seashore and in estuaries where seawater and fresh water mix or replace

each other with the tides. Far inland, natural salt seepage from geologic marine deposits can

wash into adjoining areas, rendering them unusable for agriculture. Accumulation of salts

from the irrigation water is a major problem in agriculture. Evaporation and transpiration

remove pure water (as vapor) from the soil, and this water loss concentrates solutes in the

soil. Deposition of salt near the root zone may be due to higher concentration of solutes in the

water along with poor drainage system, which is injurious to the salt- sensitive species. It is

estimated that about one-third of the irrigated land on Earth is affected by salt.

These soils contain sufficient concentration of total soluble salts in the root zone soil

to adversely affect plant growth and productivity. The soluble salts in these soils are

predominantly of the chlorides and sulphates of sodium, calcium and magnesium. The

concentration of potassium is generally low. The concentrations of neutral salts (Cl- and SO42-

) are much higher than those of alkali salts, namely carbonates (CO32- + HCO3-). Excessive

concentrations of boron, fluoride and nitrates may also be present in these soils under arid

conditions.



The salinity of soil is due to:

1. Poor soil drainage

2. Improper irrigation method

3. Poor water quality

4. In sufficient water supply and rise in the ground water table.

5. More evaporation of water in arid-semi arid region.

6. Flooding of sea water in cultivated areas.

7. Highly accumulation of Na salt causes the sodic soil.

8. These soils contain high pH, poor infiltration rate

9. Saline soils normally occurs in Punjab, Haryana, U.P.,Gujarat, Rajasthan, West Bengal,

Maharashstra, A.P, Karnataka and Tamilnadu

Physiological effects of salt stress:

1. Nutritional imbalance

2. Effect on germination (toxicity to the embryo or the growing seedling)

3. Growth and development (stunting and retardant is the most common effect of salt stress)

4. Effect on photosynthesis (Structural damage to chloroplasts Inhibition of light and dark

reaction, Reduced transport of photosynthetic assimilates Chlorophyll content of the leaves

are decreased)

5. Effect on respiration (direct effect of Na+ on the respiration chain)

6. Effect on carbohydrates (amylase activity accompanied by decreasing in starch,

accumulation of soluble sugars under salinity)

Highly tolerance Medium Tolerance Highly sensitive

Date palm, Ber,

Aonla, Guava and

Sapota

Pomegranate, Fig, Jamun,

Cashew nut and Phalsa

Mango, Apple, Citrus, Pear and

Strawberry

Highly tolerance Medium Tolerance Highly sensitive

Strawberry,

Raspberry, Fig, Bael

Pineapple, Avocado and Litchi Banana, Pineapple and Jackfruit



and Plum

Tolerant Moderately tolerant Sensitive

Ber

Phalsa

Custard apple

Date palm

Cashew

Pomegranate

Sapodilla

Grafted citrus

Aonla

Avocado

Passion fruit

Litchi

Longan

Carambola

Coconut

Guava

Jackfruit

Sugar apple

Atemoya

Air layered Citrus

Papaya

Banana

Sapota

Carambola

Jack fruit

Rambutan

Apple

Fruits Cultivars Reference (s)

Apple Carola, Afrosiabi, Priscella, Slava, Premozhtsam,

Golden Delicious, Golden Resistant, Kuban,

Mutsu, Pivdenne, Start, Yellow Spur, Stark Spur,

Cooper-6,

Tolstolik and Krasulya

(2001)

Babino, Strimka, Thorber, Granny Smith,

Farsaid

Khalin (1989)



Pear Passé - Crassane, Starkrimson, Yantanaya,

Victoriya, Zimova, Beurre Hardy, Clapp’s

Favorite, William Rouge, Delbard, Nanguali

Tolstolik and Krasulya

(2001)

Plum Nikita Early, Nevena, Vitanova, Elite Lime N

918, Elite Lime N 8364, Bluefri, Strinava,

Ryazanava (2002)

Olive Chemlali Ennajehet al., (2006)

Citrus Orlando, Mortan, Swingle Figveiredoet al.,(2002)

Mulberry 8004, Nongsang 14 Xianglinget al., (2004)

Fruit Genotype Resistance to Biotic And Abiotic Stress

Apple Rootstock

VARIETY COLD HARDINESS CROWN ROT FIRE BLIGHT

NOVOLE NA RESISTANT RESISTANT

M.27,  EMLA 27 M. HARDY RESISTANT SUSCEPTIBLE

M.9 strains HARDY RESISTANT VERY SUSCEPTIBLE

MM.111 M. RESISTANT RESISTANT TOLERANT

MM.106 VERY SUSCEPTIBLE VERY SUSCEPTIBLE M. SUSCEPTIBLE

EMLA 7 M. RESISTANT S. SUSCEPTIBLE TOLERANT

Ottawa 3 VERY HARDY RESISTANT SUSCEPTIBLE

Bud. 9 HARDY VERY RESISTANT TOLERANT

Antonovka 313 HARDY RESISTANT M. SUCEPTIBLE

Mark HARDY RESISTANT SUSCEPTIBLE

Polish 2 VERY HARDY RESISTANT SUSCEPTIBLE

Polish 16 VERY HARDY RESISTANT SUSCEPTIBLE



Polish 22 VERY HARDY RESISTANT M. SUSCEPTIBLE

• Geneva (USA)

 six rootstocks recently released by Dr. Jim Cummins

 The aims of the programme were to produce fire blight, woolly aphid and

Phytophthora resistant rootstocks, the two most dwarfing releases (size control

similar to M.27 and M.9) are not woolly aphid resistant.

 CG202 and CG210 are both resistant to fire blight, woolly apple aphid and

Phytophthora and early work suggests that CG202 may produce a tree in the M.26

size range.

Pear

Pyrus species Black

end

Pear

decline

Fire blight Wooly

pear aphid

Cold

hardiness

Soil

adaptability

P. pashia R MR MS VS S SM

P. communis R MR S VS R TM

P. nivalis R MS S R TM

P. calleryana R MR R R S TM

P. betulaefolia R R MR R MS TM

P. ussuriensis MS S R R MR SM

P. pyrifolia S S MR VS MR TM

Adaptability to different kinds of soil

There are several pear rootstocks which are highly adoptable under different types of soil.

 Pyrusamygdaliformisand P. elaeagrifoliarootstocks perform well in soil withpH 7.5 -

8.0



 BP1 and BP3 are highly suitable for rich soil and poor soil, respectively (Zyl and

Etsebeth, 1981).

 P. betulifoliais recommended for alkaline soil.

 Pyrusussuriensisrootstock is preferred for severe climate. It is also used as a winter

hardy rootstock in several regions like Northern Asia and North America.

 D 6rootstock is highly suitable under drought conditions (Cole, 1966).

 Seedling of Williams Bartlett, Winter Nelis, Clonal seedling of Anjou, Bartlett, Old

Home and P. amygdalifolia, P. pashia, seedling of P. calleryanaetc. can suitably

grown under warm winter or hot summer conditions.

 Old Home, P. ussuriensiscan survive under a temperature as low as -400C

Rootstocks of pear for Nutrient uptake

NUTRIENT ROOTSTOCKS

N P. amygdaliformis, P. eleaegrifolia

P P. amygdaliformis, P. eleaegrifolia, P. pashia

K P. pashia, sorbus spp.

Ca Old Home, OH X F clones, P. betulifolia

Mg Cydonia  oblonga, Sorbusspp

Mn Sorbusspp, P. fauriei

Fe P. amygdaliformis, P. eleaegrifolia, P. pashia

B P. eleaegrifolia, P. pashia, P. ussuriensis,

P. betulifolia.

Zn P. betulifolia, P. eleaegrifolia, P. communis



Peach

Peach  Rootstocks Characteristics

Bailey Cold hardy rootstock with good overall performance

Guardian Vigorous rootstock with resistance to short life syndrome.

GF677 (Amandier) A peach-almond hybrid for adaptation to high pH soils;

highly vigorous, tolerant to wet and dry soil

Nemaguard Resistance to root knot nematode

Siberian C Cold hardy rootstock

St Julian Hybrid No 2 Tolerant to wet soil, salts, bacteria canker

Mariana GF 8/1 Resistanat to water logging, viruses, root knot nematode

Damus GF 1869 Resistant to high soil pH, water logging and bacteria canker

Plum rootstocks

Root stock characteristics Example

Cold hardy St Julian A, Mariana 2624, Mariana GF 8/1

Tolerant to drought Myrobalan 27

High soil moisture tolerant Mariana GF8/1, Mariana 2621, Damas GF

1869

High soil ph tolerant Myrobalan 29C, Mariana GF 8/1, Damas GF

1869

Resistant to crown gall Mariana GF 8/1, Mariana 2624, Myrobalan

GF 31, Myrobalan 29C

Resistant to canker Myrobalan B, Pixy

Resistant to nematodes Mariana GF 8/1, Mariana 2624



Some promising rootstock of grape suited for different stresses

Biotic stress Suitable rootstock

Phylloxera V. rotundifolia, V. riparia, V. berlandieriand V. rupestris.

RipariaGlorie, St. George

Nematodes V. champini, V. cinerea, V. longii.

Pierce’s disease V. champini, V. rotundifoliax V. bourquiniana

Abiotic stress Suitable rootstock

Lime tolerance Vitisberlandieriandvinifera. 41 B, 333 EM, Fercal

Drought tolerance Hybrids of Vitisberlandieri and V. rupesrtis. 110 R, 140 Ru,
1103 P and 99 R, Dogridge

Salt tolerance Vitischampini. Ramsey,  Dogridge, Salt Creek

Characteristics of Citrus Rootstocks

Rootstock Characteristics

Sour Orange

(Citrus aurantium)

resistant to Phytophthora foot rot & gummosis, tolerant to salt,
well suited for heavy moist soils

Sweet Orange

(C. sinensis)

moderately salt and cold tolerant, tolerant to quick decline.

Rough Lemon

(C. jambhiri)

drought tolerant and moderately salt & boron tolerant and is
acceptable for use in alkaline soils. Less cold hardy.

Rangpur Lime

(C. limonia)

Resistant totristeza, gummosis and does well in heavy soil.
More tolerant to salts than other. Tolerant to quick decline. Cold
resistant.

Cleopatra Mandarin

(C. reshni)

Resistant to gummosis. Moderately cold tolerant. Tolerant to
quick decline and tristeza. Better adopted to saline soils.

Trifoliate Orange

(Poncirustrifoliata)

Resistant to the citrus nimatode, Xyloporosis,tristezaand
Phytophthora.



SwingleCitrumelo

(Duncan Grapefruit X Trifoliate Orange)

Tolerant to  tristeza and Phytophthoraparasiticaand is moderate
tolerant to salts. More cold hardy than Rough Lemon

Flying dragon (C.trifoliatavar.monstrosa) Resistant totristezavirus, Tolerant to xyloporosis, exocortis and
gummosis

C. unshiu Tolerant to freezing condition



UNIT-II

Define Crop modelling?

Crop is defined as an “Aggregation of individual plant species grown in a unit area for

economic purpose”.

Growth is defined as an “Irreversible increase in size and volume and is the consequence of

differentiation and distribution occurring in the plant”.

Simulation is defined as “Reproducing the essence of a system without reproducing the

system itself”. In simulation the essential characteristics of the system are reproduced in a

model, which is then studied in an abbreviated time scale.

A model is a schematic representation of the conception of a system or an act of mimicry or a

set of equations, which represents the behaviour of a system. Its purpose is usually to aid in

explaining, understanding or improving performance of a system.

Crop modelling for stress situations

 The crop growth models are being developed to meet the demands under the

following situations in agricultural meteorology :

1. When the farmers have the difficult task of managing their crops on poor soils in

harsh and risky climates.

2. When scientists and research managers need tools that can assist them in taking an

integrated approach to finding solutions in the complex problem of weather, soil and

crop management.

3. When policy makers and administrators need simple tools that can assist them in

policy management in agricultural meteorology.

 The models allow evaluation of one or more options that are available with

respect to one or more agronomic management decisions like:

1. Determine optimum planting date.

2. Determine best choice of cultivars.

3. Evaluate weather risk.

4. Investment decisions.



Types of models

Depending upon the purpose for which it is designed the models are classified into different

groups or types. Of them a few are:

a. Statistical models: These models express the relationship between yield or yield

components and weather parameters. In these models relationships are measured in a

system using statistical techniques.

Example: Step down regressions, correlation, etc.

b. Mechanistic models: These models explain not only the relationship between

weather parameters and yield, but also the mechanism of these models (explains the

relationship of influencing dependent variables). These models are based on physical

selection.

c. Deterministic models: These models estimate the exact value of the yield or

dependent variable. These models also have defined coefficients.

d. Stochastic models: A probability element is attached to each output. For each set

of inputs different outputs are given along with probabilities. These models define

yield or state of dependent variable at a given rate.

e. Dynamic models: Time is included as a variable. Both dependent and independent

variables are having values which remain constant over a given period of time.

f. Static: Time is not included as variables. Dependent and independent variables

having values remain constant over a given period of time.

g. Simulation models: Computer models, in general, are a mathematical

representation of a real world system. One of the main goals of crop simulation

models is to estimate agricultural production as a function of weather and soil

conditions as well as crop management. These models use one or more sets of

differential equations, and calculate both rate and state variables over time, normally

from planting until harvest maturity or final harvest.

h. Descriptive model: A descriptive model defines the behaviour of a system in a

simple manner. The model reflects little or none of the mechanisms that are the causes

of phenomena. But, consists of one or more mathematical equations. An example of

such an equation is the one derived from successively measured weights of a crop.

The equation is helpful to determine quickly the weight of the crop where no

observation was made.



i. Explanatory model: This consists of quantitative description of the mechanisms

and processes that cause the behaviour of the system. To create this model, a system

is analyzed and its processes and mechanisms are quantified separately. The model is

built by integrating these descriptions for the entire system. It contains descriptions of

distinct processes such as leaf area expansion, tiller production, etc. Crop growth is a

consequence of these processes.

A few successfully used models in agrometeorology

1. The de Wit school of models

• In the sixties, the first attempt to model photosynthetic rates of crop canopies was

made (de Wit, 1965).

• The results obtained from this model were used among others, to estimate potential

food production for some areas of the world and to provide indications for crop

management and breeding (Wit, 1967; Linneman et al., 1979).

• This was followed by the construction of an Elementary CROp growth Simulator

(ELCROS) by de Wit et al. (1970).

• This model included the static photosynthesis model and crop respiration was taken as

a fixed fraction per day of the biomass, plus an amount proportional to the growth

rate.

2. IBSNAT and DSSAT Models (International Benchmark Sites Network for

Agrotechnology Transfer and Decision Support System for Agro-Technology Transfer)

• The goal is to obtain higher yields from the crops that they have been growing for a

long time. Also, while sustaining the yield levels they want to :

 Substantially improve the income.

 Reduce soil degradation.

 Reduce dependence on off-farm inputs.

 Exploit local market opportunities.

ALOHA-Pineapple model

• Existing pineapple production models predict fruit development based on heat-units

(Fleisch and Bartholomew, 1987;Fournier et al., 2010).

• A more comprehensive model was developed, the ALOHA-Pineapple model

(Malezieux et al., 1994; Zhang,1992; Zhang et al., 1997) based on the CERES-Maize

model (JonesandKiniry, 1986), which simulates the growth, development, and yield

of the ‘Smooth Cayenne’ cultivar.



• However, this model was calibrated only in locations with low thermal variability and

did not test low input scenarios.

4. SIMPINA model

• The SIMPINA model which simulates, the development and growth of the ‘Queen

Victoria’ pineapple cultivar under various climatic conditions and N and water

management practices on Reunion Island.

• The new model simulates water and nitrogen balances and estimates stress

coefficients that affect pineapple growth and development.

Advantages

 In agro-meteorological research the crop models basically helps in:

• Testing scientific hypothesis.

• Highlight where information is missing.

• Organizing data.

• Integrating across disciplines.

• Assist in genetic improvement;

• Evaluate optimum genetic traits for specific environments.

• Evaluate cultivar stability under long term weather.

Cropping System

• The term cropping system refers to the crops, crop sequences and management

techniques used on a particular agricultural field over a period of years.

• Cropping system= Cropping pattern + Management Types of cropping systems in

horticultural crops

Types of cropping system

1. Mono-species orchards: Mono-species also referred as monoculture.

• In this, fruit trees of a single species are planted in the field.

• This system is common in modern horticulture, where trees are planted densely,

using dwarf or semi-dwarf trees with modified canopy to ensure better light

interception and distribution and ease of mechanization

2. Multi-storeyed cropping : Growing plants of different height in the same field at

the same time is termed as multi-storeyed cropping



Examples of some multistoried cropping

i. Coconut+ banana + pineapple                      ii. Coconut+ banana

iii. Coconut+ pasture                                            iv. Mango+ pineapple

v. Mango+ papaya+ pineapple

vi. Coconut+ jackfruit+ coffee+ papaya+ pineapple

vii. Coconut+ papaya+ pineapple Multiple cropping

3. Intercropping:

• Intercropping, as one of the multiple cropping systems, has been practiced by farmers

for many years in various ways and most areas, and has played a very important role

in India.

• Intercropping with leguminous crops.

4. Mixed cropping:

• It refers to the practice of growing certain perennial crops in the alley spaces of the

main perennial crops.

• The main advantage is the effective utilization of available area and increase in the net

income of the farm per unit area.

6. Ratooning: One of the important methods of intensive cropping, allowing the stubbles of

the original crop to strike again after harvesting and to raise another crop.

7. Live Mulch System:

Live mulch crop production involves planting a food crop directly into a living cover of an

established cover crop without tillage or the destruction of the fallow vegetation.

Fruit Crop-Based Cropping Systems

A. Fruit based diversified cropping systemfor arid region developed by CentralInstitute

for Arid Horticulture (CIAH)

1) Ber Based System

In-situ budded ber cultivar Gola asoverstorey component and groundnutwheat, clusterbean-

mustard and Indian aloeas ground storey component were integratedinto the system. Among

different cropcombinations, the highest fruit yield of berwas recorded with Indian aloe while

withgroundnut-wheat and clusterbean-mustard,the yield level was almost at par andminimum



yield was recorded under soleplantation. The highest B:C ratio (3.67) was

obtained in ber + clusterbean-mustardsystem.

2) Aonla (Emlica officinalis) BasedCropping System

The tree canopy of aonla allows filteredlight and permit intercropping even after ithas made

full growth. Two models havebeen developed-

(i) M1 = Aonla – Ber – Brinjal –Mothbean – Fenugreek

.

(ii) M2 = Aonla – Prosopis – Suaeda –Mothbean – Mustard.

Highest gross return (25662 Rs ha-1) wasobtained under M2 model.

3) Khejri [Prosopis cineraria (L.) Druce]

Main crop:

Khejri (Prosopis cineraria),

Filler crops: Ber (Ziziphusrotundifolia),Lasora (Cordia myxa), pilu (Salvadoraoleoides) and

ker (Capparisdeciduas)

Inter crops: Jawar (Sorghum bicolor), pearlmillet (Pennisetumtyphoides),

mothbean(Vignaaconitifolius), clusterbean(Cyamopsistetragonoloba) and

sesame(Sesamumindicum).

4) Cordia Based System

Cordia myxahas been observed to be asuitable tree in association with several crops

like

In Rainfed: Pearl millet (Pennisetumtyphoides), clusterbean (Cyamopsistetragonoloba),

taramira(Erucasativa) andvegetables.

In Irrigated: Rapeseed and mustard (Brassicaspp.), wheat (Triticumaestivum) and green

gram (Vignaradiata)

B. ICAR research complex for easternregion at Ranchi recommended following

system.



1) In the locations having comparatively bettersoil conditions and facilities ofsupplemental

irrigation, litchi(Litchi chinensis) based models with guava(Psidiumguajava) as filler crop

can begrown with intercropping of French bean(phaseolus vulgaris) and cowpea (Vigna

sinensis) during initial eight years.

2) For location having no supplementalirrigation with sloppy land, mango

+gamhar(Gmelinaarborea) + Stylosantheshamata(Gass) model will be moreeffective.

3) On the highest part of watersheds havinggravelly land or coarse soil formations,aonlabased

system can be most effective.

C. Directorate of research on women inagriculture, Bhubaneshwar (Orrisa)

developed horticulture based croppingmodels

Like mango based, guava based,minor fruit based, coconut based, cashewnut based and

hortisilvipastural modelswere laid out. More than 25 intercrops,including vegetables, short

duration fruitcrops, flowers, aromatic plants, foddercrops and root crops were planted

amongthese crops. These model helps ingenerating 6F’s of sustainability – food,fodder, fuel,

feed, fibre and finance.

D. National Research Centre forAgroforestry, Jhansi has been workingon aonla(Emlica

officinalis) basedagroforestry systems

Since 1989-90 invery poor soil having very shallow depth and low moisture holding capacity,

knownas rakkarsoil of the Bundelkhand region.NRC for Agroforestry initiated a field

trialduring 1989 with 4 varieties of aonlaviz.Chakaiya, Kanchan, Krishna and NA-7 as

fruit trees, subabul (Leucaenaleucocephala) as multipurpose tree andblackgram (Vigna

mungo) as intercrop inrainfed areas. The subabul was planted onboth sides of the fruit trees at

2m distance.The aonla was planted at 10 x 6m and 5 x6m spacing but 10 x 6m spacing

proved tobe ideal spacing among these. Fruit bearingin aonla started 4 years after plantation.

Atthe age of 6 years, on an average the fruityield from a plant was up to 93 kg. Besides

fruit yield of aonla, 256 kg grain (on anaverage) was obtained from blackgramevery year.

Introduction of Leucaenain thesystem provides organic matter in form ofleaf litter and it also

fixes atmosphericnitrogen in the soil. Leucaenawas cut twicea year and it provided on an

average 1325kg fuel wood and 799 kg leaves ha-1 everyyear. The leaves of Leucaenawere

utilizedas mulch to minimize moisture loss fromsoil during summer, which is verybeneficial



in alfisols in rainfed areas.Besides fuel and fodder yield fromLeucaena, it also helped in

improving soilfertility.

Assessing the stress through remote sensing

What is Remote sensing?

• “Remote sensing" generally refers to the use of satellite- or aircraft-based sensor

technologies to detect and classify objects on Earth, including on the surface and in

the atmosphere and oceans, based on propagated signals (e.g. electromagnetic

radiation).

• It may be split into active and passive remote sensing

• “Active" remote sensing (i.e., when a signal is emitted by a satellite or aircraft and its

reflection by the object is detected by the sensor).

• “Passive" remote sensing (i.e., when the reflection of sunlight is detected by the

sensor)

• Remote sensing techniques offer a unique solution for mapping stress and monitoring

its time-course. (Baret, et al., 2007)

• The case of nitrogen fertilization is used here as a paradigm

• It is used for nitrogen stress evaluation by comparison with a reference unstressed

situation which is, however, not easy to get in practice.

• The combination of remote sensing observations with crop models provides an

elegant solution for stress quantification through assimilation approaches

Techniques of remote sensing and its applications in assessment and mitigation of

various types of stresses

• Ultrasound (acoustic) and radar tide gauges measure sea level, tides and wave

direction in coastal and offshore tide gauges.

• Light detection and ranging (LIDAR) is well known in examples of weapon ranging,

laser illuminated homing of projectiles.

It is used to detect and measure the concentration of various chemicals in the atmosphere,

while airborne LIDAR can be used to measure heights of objects and features on the ground

more accurately than with radar technology.Vegetation remote sensing is a principal

application of LIDAR.



• Radiometers and photometers are the most common instrument in use, collecting

reflected and emitted radiation in a wide range of frequencies. The most common

are visible and infrared sensors, followed by microwave, gamma ray and rarely,

ultraviolet.

• These thematic mappers take images in multiple wavelengths of electro-magnetic

radiation (multi-spectral) and are usually found on Earth observation satellites,

including (for example) the Landsat program or the IKONOS satellite.

• Maps of land cover and land use from thematic mapping can be used to prospect for

minerals, detect or monitor land usage, detect invasive vegetation, deforestation, and

examine the health of indigenous plants and crops, including entire farming regions or

forests.

• Landsat images are used by regulatory agencies such as KYDOW to indicate water

quality parameters including Secchi depth, chlorophyll a density and total phosphorus

content. Weather satellites are used in meteorology and climatology.

• Simultaneous multi-spectral platforms such as Landsat have been in use since the

1970s.

• These thematic mappers take images in multiple wavelengths of electro-magnetic

radiation (multi-spectral) and are usually found on Earth observation satellites,

including (for example) the Landsat program or the IKONOS satellite.

• Maps of land cover and land use from thematic mapping can be used to prospect for

minerals, detect or monitor land usage, detect invasive vegetation, deforestation, and

examine the health of indigenous plants and crops, including entire farming regions or

forests.

• Landsat images are used by regulatory agencies such as KYDOW to indicate water

quality parameters including Secchi depth, chlorophyll a density and total phosphorus

content. Weather satellites are used in meteorology and climatology.

Assessed stress by utilising remote sensing

Water stress

 These technologies acquire many hundreds of spectral bands across the spectrum

from 400 nm to 2 500 nm, using satellite, airborne or hand-held devices.

 The spectral characteristics of vegetation are governed primarily by scattering and

absorption characteristics of the leaf internal structure and biochemical constituents,

such as pigments, water, nitrogen, cellulose and lignin (Asner, 1998; Coops et al.,



2002). Pigments are the main determinants controlling the spectral responses of leaves

in the visible wavelengths (Gaussman, 1977).

 Chlorophyll pigment content, in particular, is directly associated with photosynthetic

capacity and productivity (Gaussman, 1977; Curran et al., 1992).

 Reduced concentrations of chlorophyll are indicative of plant stress (Curran et al.,

1992).

Methods for monitoring indicators of vegetation condition

• It is a site-based monitoring programmes having a long a history of application

(e.g. Lawley et al., 2013 ; Sinclair, 2005), and still being commonly used today.

• It involves selecting sites from within homogenous patches of vegetation of the same

community type and site history.

• The majority of site-based assessments are quadrat-based where detailed information

is collected about the compositional, structural, and functional attributes of a site.

• In some cases landscape metrics have also been added into overall measures, and

benchmarked scores are combined to give an overall condition index for individual

patches of sampled vegetation (Department, 2011; Michaels, 2006; Parkes et al.,

2003).

• It predominantly measure structural and compositional indicators of vegetation

condition, with less emphasis on indicators of function.

Biophysical crop simulation models are normally forced with precipitation data

recorded with either gauges or ground-based radar.

• However, ground-based recording networks are not available at spatial and

temporal scales needed to drive the models at many critical places on earth. An

alternative would be to employ satellite-based observations of either precipitation

or soil moisture.

• The Atmosphere Land Exchange Inverse (ALEXI) model, was used to deduce

root zone soil moisture for an area of North Alabama, USA.

• The soil moisture estimates were used in turn to force the state-of-the-art Decision

Support System for Agrotechnology Transfer (DSSAT) crop simulation model.

• The results indicate that the model forced with the ALEXI moisture estimates

produced yield simulations that compared favorably with observed yields and with

the rainfed model.



• This signal was of sufficient strength to produce adequate simulations of recorded

yields over a 10 year period.

Conclusion

• Various kinds of models are in use for assessing and predicting crop growth and yield.

• Crop growth model is a very effective tool for predicting possible impacts of climatic

change on crop growth and yield.

• Crop growth models are useful for solving various practical problems in agriculture.

• Proper established of cropping system will increased the water used efficiency of the

particular crops

• With the launch and continuous availability of multi-spectral (visible, near-infrared)

sensors on polar orbiting earth observation satellites (Landsat, SPOT, IRS, etc.)

remote sensing (RS) data has become an important tool for yield modeling.

 The crop plants have evolved certain resistance mechanism against various stresses :

 we should identify those mechanisms and traits

 and introgress them into commercial cultivars

Mishra, et al., 2013



UNIT-III

Abiotic Stress Management in Fruit Crops

1.0Greenhouse Effect:

The greenhouse effect is the process by which radiation, from a planet's atmosphere,

warms the planet's surface to a temperature above what it would be without its atmosphere. A

planet's atmosphere contains radiative active gases (i.e., greenhouse gases) they will radiate

energy in all directions. Part of this radiation is directed towards the surface, warming it. The

intensity of the downward radiation will depend on the atmosphere's temperature and on the

amount of greenhouse gases that the atmosphere contains.French mathematician Joseph

Fourier is sometimes given credit as the first person to coin the term greenhouse effect.

1.1 Mechanism

Earth receives energy from the Sun in the form of ultraviolet, visible, and near-

infrared radiation. About 26% of the incoming solar energy is reflected to space by the

atmosphere and clouds, and 19% is absorbed by the atmosphere and clouds. Most of the

remaining energy is absorbed at the surface of Earth. Because the Earth's surface is

colder than the Sun, it radiates at wavelengths that are much longer than the wavelengths that

were absorbed. Most of this thermal radiation is absorbed by the atmosphere and warms it.

The atmosphere radiates energy both upwards and downwards; the part radiated downwards

is absorbed by the surface of Earth. This leads to a higher equilibrium temperature than if the

atmosphere were absent.

Radiative energy losses become increasingly important higher in the atmosphere,

largely because of the decreasing concentration of water vapor, an important greenhouse gas.

It is more realistic to think of the greenhouse effect as applying to a "surface" in the mid-

troposphere, which is effectively coupled to the surface by a lapse rate. Solar heating only

applies during daytime. During the night, the atmosphere cools somewhat, but not greatly,

because its emissivity is low. Diurnal temperature changes decrease with height in the

atmosphere.

1.2 Greenhouse Gas

Greenhouse gases—including most diatomic gases with two different atoms (such as

carbon monoxide, CO) and all gases with three or more atoms—are able to absorb and emit



infrared radiation. Though more than 99% of the dry atmosphere is IR transparent (because

the main constituents—N2, O2, and Ar—are not able to directly absorb or emit infrared

radiation), intermolecular collisions cause the energy absorbed and emitted by the greenhouse

gases to be shared with the other, non-IR-active, gases.

1.2.1Carbon dioxide (CO2): Carbon dioxide enters the

atmosphere through burning fossil fuels (coal, natural gas,

and oil), solid waste, trees and wood products, and also as a

result of certain chemical reactions (e.g., manufacture of

cement). Carbon dioxide is removed from the atmosphere (or

"sequestered") when it is absorbed by plants as part of the

biological carbon cycle.

1.2.2Methane (CH4): Methane is emitted during the production and transport of coal, natural

gas, and oil. Methane emissions also result from livestock and other agricultural practices and

by the decay of organic waste in municipal solid waste landfills.

1.2.3Nitrous oxide (N2O): Nitrous oxide is emitted during agricultural and industrial

activities, as well as during combustion of fossil fuels and solid waste.

1.2.4Fluorinated gases: Hydrofluorocarbons, perfluorocarbons, sulfur hexafluoride, and

nitrogen trifluoride are synthetic, powerful greenhouse gases that are emitted from a variety

of industrial processes. Fluorinated gases are sometimes used as substitutes for

stratospheric ozone-depleting substances (e.g., chlorofluorocarbons, hydrochloro-

fluorocarbons, and halons). These gases are typically emitted in smaller quantities, but

because they are potent greenhouse gases, they are sometimes referred to as High Global

Warming Potential gases ("High GWP gases").

2.0 Methane emission:

Methane is produced by microorganisms in a process called methanogenesis. Methane

stored in rocks and soil stems from ancient biomass and the generation mechanisms are the

not the same as for other fossil fuels.

There are both natural and human sources of methane emissions. The main natural

sources include wetlands, termites and the oceans. Natural sources create 36% of methane

emissions. Human sources include landfills and livestock farming. But the most important

source being the production, transportation and use of fossil fuels. Human-related sources



create the majority of methane emissions, accounting for 64% of the total. Most of the

methane releases come from paddy fields (91%) and less significantly from animal husbandry

(7%) and the burning of agricultural wastes (2%) (Aydinalp and Cresser, 2008).

2.1 Natural sources of atmospheric methane

2.1.1 Methanogens: Methanogens are methane producing microorganisms. In order to

produce energy, they use an anaerobic process called methanogenesis.

2.1.2 Wetlands: Wetlands account for approximately 20 percent of atmospheric methane

through emissions from soils and plants.

2.1.3 Animals: Ruminant animals, particularly cows and sheep, contain bacteria in their

gastrointestinal systems that help to break down plant material. Some of these

microorganisms use the acetate from the plant material to produce methane, and because

these bacteria live in the stomachs and intestines of ruminants, whenever the animal “burps”

or defecates, it emits methane as well.

2.1.4 Plants: Living plants (e.g. forests) have recently been identified as a potentially

important source of methane, possibly being responsible for approximately 10 to 30 percent

of atmospheric methane.

2.1.5 Rice agriculture: Due to the swamp-like environment of rice fields, this crop alone is

responsible for approximately 50-100 million metric tons of methane emission each year.

2.1.6 Landfills: Due to the large collections of organic matter and availability of anaerobic

conditions, landfills are the third largest source of atmospheric methane in the United States.

2.1.7 Waste water treatment: Methane emission in waste treatment facilities occurs as a

result of anaerobic treatments of organic compounds and anaerobic biodegradation of sludge.

2.1.8 Biomass burning: Incomplete burning of both living and dead organic matter results in

the emission of methane.

3.0 Impact on Agriculture:

3.1 Effect on crop

 Increased incidence of physiological disorders such as tip burn and blossom end rot.

 Due to temperature increase early maturity of Citrus, Grapes, Melons and Onion.



 Low fruit set in Citrus due to warm temp.

 Two recent warm spells triggered many spring flowering plants (e.g. Mango) to

blossom up to 4 days earlier for every 1℃ rises in average spring temperature.

 The traditional region (Hilly mountain area of Himachal Pradesh) of apple and other

temperate crops were found suitable for the cultivation because of prevalence of

optimum temperature required for flowering & fruiting but gradually becoming

warmer due to global warming and may likely to become unsuitable for the cultivation.

3.2 Effect on water

 Rise in sea level may lead to salt water ingression in the coastal lands, turning them

less suitable for conventional agriculture.

 Demand for irrigation water would increase with rise in temperature and evapo-

transpiration rate. It may result in lowering of groundwater table at some places

 The water balance in different parts of India will be disturbed and the quality of

groundwater along the coastal track will be affected more due to intrusion of sea

waters

 Reduction in yields in the rainfed areas due to changes in rainfall pattern during

monsoon season and increased crop water demand.

 Kharif crops to be impacted more by rainfall variability while rabi crops by minimum

temperature

 There may be a change in rainfall volume and frequency and wind may alter the

severity, frequency and extent of soil erosion.

 Rainfall drives water availability and determines Sowing time (rainfed crops)

4. HSP (Heat Shock Protein)

HSPs is another category of stress proteins which though originally discovered for

their expression in response to heat stress are now reported to be generated due to drought,

salt, and cold stresses (Sabehatet al. 1998). The induction of HSP-expression is not restricted

to high temperature stress, HSPs are also linked to a number of other abiotic stresses

including cold, freezing, drought, dehydration, heavy metal, and oxidative stresses. HSP are

molecular chaperones, which either prevent complete denaturation (small HSP: sHSP) or are

supporting proper folding (other HSP) of enzymes under or after protein denaturing

conditions.





Especially, families of HSP90, HSP70 and small HSP’s (15-30 k Da) have been

shown to accumulate due to cold stress (Lopez-Mataset al.2004). HSP’s have a role in

translation, translocation into organelles, refolding of denatured proteins, prevention of

aggregation of denatured proteins and protection of membranes (Tsvetkovaet al.2002). Under

drought conditions, different events take place: small heat shock proteins (HSPs), acting as

molecular chaperones, are synthesized at high abundance (Vierling 1997), Ca2+ influx is

enhanced and ROS accumulate rapidly in different parts of the cell. Although the function of

many HSPs during heat stress is still unknown, they have been found to accumulate in all

prokaryotic and eukaryotic organisms under high temperature stress and are thought to

contribute to the stabilisation of cellular structures and prevent the thermal aggregation of

proteins (Lee et al. 1997). Responses to heat stress show overlapping signal events to other

non-related stresses, for example the accumulation of HSPs, which is seen in different

stresses. The expression of some HSPs is ABA dependent, and ABA treatment can induce

HSP accumulation at ambient temperatures.

4.1 Functions

 HSPs 60, 70 and 90: act as molecular chaperons, involving ATP dependent stabilization

and folding of proteins and assembly of oligomeric proteins.

 Some HSPs: assist in polypeptide transport across membranes into cellular compartments.

 Some HSPS: temporarily bind and stabilize an enzyme at a particular stage in cell

development, later releasing the enzyme to become active.

 Binding of HSP with particular polypeptide within subcellular compartment avoid

denaturation of many proteins at high temperatures.

5.0 Techniques of soil moisture conservation

The water conservation is inseparable from soil conservation. It is the application of

all measures necessary to conserve the whole complex of land and water resources. The

maximum benefit of a variety can be derived only after maintaining a high fertility level.

Mechanical soil and water conservation measures are required for controlling soil erosion,

retaining maximum rainfall within the slope and safe disposal of excess run off from the top

to the foot hills. These structures are used in case of extreme soil degradation, where other

approaches are not possible or slow. The measures useful in controlling are discussed below.



5.1 Methods to conserve moisture

5.1.1 Organic matter: -

 It influences many of the physical, biological and chemical properties of soil.

 Soil organic matter generally has a positive relationship on water availability, regardless

of the soil texture. Organic matter decreases the bulk density of soil and increases soil

aggregation, thus greatly improving structure and water infiltration.

 The presence of crop residues protects the soil from solar energy and acts as a windbreak

to reduce evaporation. Residues also aid in moisture retention by reducing water losses

due to runoff.

5.1.2 Crop rotation: crop rotation between different types of crops (e.g. row crops and “soil

building” crops such as forages) is a recommended practice, especially for vegetable growers

Growing a different crop each year prevents organic matter loss, improves soil structure and

reduces the incidence of weeds and pests.

5.1.3 Green manuring: Green manuring adds organic matter to the soil, returns nutrients to

the soil, improves soil structure and moisture conservation through better infiltration

5.1.4 Water use efficiency:-It is the yield of harvested crop product achieved from the water

available to the crop through rainfall, irrigation and the contribution of soil water storage.

5.1.4.1 Strategies for water use efficiency: -

i) Efficient recycling of agricultural wastewater

ii) Soil-water conservation measures through crop residue incorporation,

adequate land preparation for crop establishment and rainwater harvesting

iii) Conservation tillage to increase water infiltration, reduce runoff and improve

soil moisture storage.

iv) Fertigation, which combines irrigation and fertilization, maximizes the

synergy between these two agricultural inputs increasing their efficiencies.

5.1.5 Broad bed and furrow systems

 Broadbed and furrow systems are a modification of contour ridges, with a catchment

ahead of the furrow and a within-field micro-catchment water harvesting system.

 The systems are made as small earthen banks with furrows on the higher sides, which

collect runoff from the catchment area between the ridges.



 The catchment area is left uncultivated and clear of vegetation to maximize runoff.

Crops can be planted on the sides of the furrows and on the ridges.

 The system is most suitable in areas where the annual rainfall is from 350 mm-700 mm,

even topography, gentle slopes of about 0.5-3 % steepness and soils fairly light due to

high infiltration rates.

5.1.6 Contour bunds: Bunds are either mechanical or vegetative barrier created across the

slope. The purpose is to divert the excess run-off during rain to the waterways and to retain

eroded soil. The vertical interval of these bunds may vary from 0.5 to 5 m depending on the

land use, soil depth and slope of the land.

5.1.7 Bench terrace: Bench terraces are flat beds constructed across the hill slope; spaces

between two contours are levelled by cut and fill method. The vertical interval of such

terraces should not increase more than one meter. Such measures can be adopted where the

soil depth is more than 1.0 m.In case the entire hill slope is to be converted into benches, the

construction should start from foot hill.

5.1.8 Half-moon terrace: These are level circular beds having 1 to 1.5 m diameter cut into

half-moon shape on the hill slopes. These beds are used for planting and maintaining sapling

of fruits and fodder trees in horticulture/agro-forestry land uses.

5.1.9 Mulching

Mulching is the process or practice of covering the soil/ground to make more

favourable conditions for plant growth, development and efficient crop production.

5.1.9.1 There are two types of mulching:

5.1.9.1.1 Organic mulching which include use of leaves, Use of dry leaves, straw,

hay, stones, corn stalks, wood chips, Bark Chips, shredded bark, grasses and organic

wastes etc.Dried disease-free banana leaves are used for mulching during summer

months to prevent evaporation loss and suppress weed growth

5.1.9.1.2 Inorganic mulching includes use of plastic films



5.1.9.2 Advantages of plastic mulching

 It is completely impermeable to water.

 It prevents the direct evaporation of moisture form the soil and thus limits the water

losses and conserves moisture.

 By evaporation suppression, it prevents the rise of water containing salts.

 Mulch can facilitate fertilizer placement and reduce the loss of plant nutrient through

leaching.

 Mulches can also provide a barrier to soil pathogens

 Opaque mulches prevent germination of annual weeds from receiving light

 Reflective mulches will repel certain insects

 Mulches maintain a warm temperature even during nighttime which enables seeds to

germinate quickly and for young plants to rapidly establish a strong root growth

system.

 Synthetic mulches play a major role in soil solarisation process.

 Mulches develop a microclimatic underside of the sheet, which is higher in carbon-di-

oxide due to the higher level of microbial activity.

 Under mulch, the soil structure is maintained during cropping period

 Early germination almost 2-3 days.

 Less nematodes population.

 Water erosion is completely averted since soil is completely covered form bearing

action of rain drops.

6.0 Hydrophilic polymers

 Hydrophilic polymer is class of polymers which dissolve or swollen by water. As a class

they are characterized by the presence of main polymer “backbone” with attached polar

groups (e.g. hydroxyl,carboxyl and amino groups)

 Together they form three dimensional network of macromolecules carbon chain which

have tremendous capacity to absorb solution(as much 100 times their weight

(L.O.Ekebfe 2011)

 When used correctly, it has potential for improving soil physical properties, aiding seed

germination and emergence, increasing seed survival, reducing the irrigation



requirementfor plant and increase nutrient recovery from applied fertilizers. (Bakase M

et.al 2002)

 Hydrophilic polymers (HPs) are either natural or synthetic. Some natural hydrophlilic

polymers are polysaccharides, 2-polyuronids and 3-Aljinic acids

 Synthetic HPs usually are either polyvinylalcohols andpolyacrylamides

 Synthetic polymers are used more than natural polymers because they are more resistant

to biological degradation (Peterson, 2002).

7.0 Anti-transpirants

Antitranspirants are the materials or chemicals which decrease the water loss from plant

leaves by reducing the size and number of stomata.

7.1 Types of Anti-transpirants

7.1.1 Film forming type: - Low viscosity waxes, Silicone oils, Hexadeconol,

Methanol, Ethyl alcohol

7.1.2 Stomata closing type:- ABA, PMA (Phenyl Mercuric Acetate), -napthoxy

acetic acid and Hydroxyquinolinesulphate

7.1.3 Reflectant type: - Kaolinite clay, Lime wash and Celite

7.1.4 Growth retardant type: - Cycocel

7.2 Features of Antitranspirant

 Non toxicity

 Non-permanent damage to stomata mechanism.

 Specific effects on gaurd cells and not to other cells.

 Effect on stomata should persist at least for one week.

 Chemical or material should be cheap and readily available.

8.0 Use of plant growth regulators (PGRs)

The plants possessing moderate canopy development (moderate values for LAI), less

reduction in photosynthesis, deeper root system, higher root / shoot ratio and delayed

senescence will perform better under water stress conditions. Toward this, application of

some of the PGRs will prove beneficial for better crop growth and development when grown

under water deficit situations.



8.1 Cycocel: For promoting root growth (for more water absorption) and suppressing leaf

area development (for reducing transpiration loss of water) and delaying on set of leaf

senescence.

8.2 Cytokinins: They delay the leaf senescence processes and also favour stem reserve

utilization by the developing grains especially during the water deficit situations.

8.3 Brassinolides:These PGRs increase the photosynthetic activity of the plants

8.4 Ascorbic acid: Ascorbic acid acts as an anti-oxidant agent for scavenging Reactive

Oxygen Species (ROS) accumulating under stress and thus avoiding membrane damage.

8.5 Triazoles: a group of plant growth retardants, improve plant survival under low soil

moisture conditions. Ex: Paclobutrazol, Triapenthenol, Uniconazol and BAS -111

Mode of action: Interfere with biosynthesis of gibberellins by inhibiting the oxidation of

Kaurene to Kaurenoic acid by inhibiting the activities of cytochrome P-450 dependent

oxygenases.Increases the level of ABA.

8.6 ABA: Abscisic Acid contributes to the increase of xylem water potential as well as water

uptake to the plant in the presence of salt. Increase of ABA concentration in the xylem is

correlated with reduced leaf conductance and general inhibition of leaf growth. Salt stress

stimulated ABA synthesis in roots and its xylem transport and well correlated to the stomatal

reactions. It has been reported that exogenous application ABA reduces ethylene release and

leaf abscission under salt stress in citrus, probably by decreasing the accumulation of toxic

Cl- ions in leaves (Gomez et al., 2002).

8.7 Brassinosteroids (BR): BR regulated stress response by activation or suppression of key

enzymatic reactions, induction of protein synthesis, and the production of various chemical

defence compounds. BRs also restored the level of chlorophylls and increased nitrate

reductase activity under salt stress.

8.8 Salicylic acid (SA): It is an endogenous growth regulator of phenolic nature, which

participates in the regulation of physiological processes in plants such as growth,

photosynthesis, nitrat metabolism, ethylene production, heat production and flowering and

also provides protection against biotic and abiotic stresses such as salinity. Exogenous

application of salicylic acid enhanced the photosynthetic rate and also maintained the stability

of membranes, thereby improved the growth of salinity stressed plants.



UNIT-IV

Rainwater Harvesting, increasing Water Use Efficiency, Skimming
Technology, Contingency planning to mitigate different stress situations,

Cropping Systems, Stability and Sustainability Indiecs

Rainwater harvesting

The rain water harvesting may be defined as the technique of collection and storage of rain
water at surface or in sub-surface aquifer before it is lost as surface run off. The augmented
resources can be harvested whenever needed.

Advantages of rain water harvesting
(a) Promotes adequacy of underground water
(b) Mitigates the effect of drought
(c) Reduces soil erosion as surface run-off is reduced (d) Decreases load on storm water
disposal system (e) Reduces flood hazards
(f) Improves ground water quality / decreases salinity (by dilution)
(g) Prevents ingress of sea water in subsurface aquifers in coastal areas 6
(h) Improves ground water table, thus saving energy (to lift water)
(i) The cost of recharging subsurface aquifer is lower than surface reservoirs
(j) The subsurface aquifer also serves as storage and distribution system
(k) No land is wasted for storage purpose and no population displacement is involved
(l) Storing water underground is environment friendly
Rain water harvesting methods There are three methods of harvesting rain water as given

below :
(a) Storing rain water for direct use
(b) Recharging ground water aquifers, from roof top run off
(c) Recharging ground water aquifers with runoff from ground area
(a) Storing rain water for direct use
In place where the rains occur throughout the year, rain water can be stored in tanks.
However, at places where rains are for 2 to 3 months, huge volume of storage tanks would
have to be provided. In such places, it will be more appropriate to use rain water to
recharge ground water aquifers rather than to go for storage. If the strata is impermeable,
then storing rain water in storage tanks for direct use is a better method. Similarly, if the
ground water is saline/unfit for human consumption or ground water table is very deep, this
method of rain water harvesting is preferable.
(b) Recharging ground water aquifers, from roof top run off
Rain water that is collected on the roof top of the building may be diverted by drain pipes to
a filtration tank (for bore well, through settlement tank) from which it flows into the
recharge well. The recharge well should preferably be shallower than the water table. This
method of rain water harvesting is preferable in the areas where the rainfall occurs only for
a short period in a year and water table is at a shallow depth.
(c) Recharging ground water aquifers with runoff from ground area
The rain water that is collected from the open areas may be diverted by drain pipes to a
recharge dug well / bore well through filter tanks. The abandoned bore well/dug well can be
used cost effectively for this purpose.
Components of rain water harvesting



The rain water harvesting system consists of following basic components – (a) Catchment
area (b) Coarse mesh / leaf screen (c) Gutter (d) Down spout or conduit (e) First flushing
device (f) Filter (g) Storage tank (h) Recharge structure

Water Use Efficiency – It the ratio of crop yield (Y) to the amount of water used by the crop
in evapotranspiration (ET).

Water use efficiency     =             crop yield

Evaportranspiration

WUE = Y

ET

Factor influencing water use efficiency

The factors influencing water use efficiency can be classified as follows:

I. Climatic factors
1. Temperature
2. Precipitation
3. Sunlight
4. Wind velocity
5. Relative humidity
II. Genetic factors
1. Crop species
2. Crop varieties
III. Agronomic factors
1. Time of sowing
2. Depth of sowing
3. Plant population
4. Direction of sowing
5. Fertilizers
6. Irrigation methods
7. Pests and diseases
8. Evaportranspiration control measures

Management practices for improving water use efficiency

Water is most critical input for agricultural production. Vagaries of monsoon and declining
water table due to its over use resulted in shortage of fresh water supplies for agricultural use,
which calls for an efficient use of this resource. Strategies for efficient management of water
for agricultural use involve enhancing water use efficiency by crops. Management practices
for improving water use efficiency can be broadly grouped into two:

I. Efficient water management practices



1. Localized irrigation methods
2. Irrigation scheduling
3. Deficit irrigation practices
4. Improving the irrigation efficiency
5. Conjunctive use of water resources
6. Irrigation water pricing

II. Efficient crop management (agronomic) practices

1. Selection of crop and cropping system
2. Tillage
3. Fertilizer use
4. Weed management
5. Mulching
6. Antitranspirants
7. Amelioration of problems soils
8. Interaction with other inputs

Skimming Well TechnologySkimming well is any technique employed with an intention to extract relativelyfreshwater from the upper zone of the fresh-saline aquifer. By this technology shallowfresh water floating over the saline water can be utilized thereby preventing salt waterintrusion into the inland fresh water and keeping the saline fresh water interface intocoastal aquifers far below the critical levels.This technology can be adopted in Andhra Pradesh, coastal parts of Tamil Nadu, Orissaand West Bengal states as high salt concentration in waters of these coastal areas leadto: Reduced growth rate and size of plant,• Stunted growth coupled with restricted lateral shoot development.• Reduced leaves and fruit.• Decreased fresh and dry weight of plant parts.• Leaves become thicker than normal.• Top growth suppresses more than the root growth.• Losses in terms of yield are more in fruit crops as specific toxicity affect more thanosmotic effect.
Need of Skimming Wells• To get fresh water with any salts.• To manage root zone salinity.• To reduce energy requirement for low discharge.• The land wastage and water evaporation is avoided and can be used for productivepurposes.• This technology effectively facilitates the adoption of modern irrigation systems likedrips and sprinklers and helps in improving upon the water use efficiency, improvessoil health and crop yields.
Shallow tube wells and multi-strainer tube wellsDuring the recent past, innovative and progressive farmers tried to install shallowdepth (4.5 - 6.0m deep) low discharge tube wells and multi-strainer bore wells withvarying designs in Andhra Pradesh and Tamil Nadu to tap the top layered shallow depth



fresh water. These systems performance is assessed by AICRP Saline Water Scheme,Bapatla in terms of yield, quality, underground quality changes using state of art multi-electrode imaging techniques and economic viability and social acceptability survey.Performance of different skimming structures _ Harvested water quality analysis wascarried under different skimming structures. There was little change in the salinity ofwater harvested through the traditional doruvus with pot irrigation (0-1.5 %),traditional doruvu with 1 hp

Fig:1 The schematic diagram of a single bore-hole skimming well (source: Saeed et
al., 2003b)

Fig:2 The schematic diagram of a multi bore-hole skimming well(source: Saeed et al., 2003b)



pumping unit (1.5 – 5.9 %), skimming well with horizontal collectors (1.5 – 5.6 %). Incase of shallow tube well, a gradual increase (8.1- 46.0 %) in salinity of pumped waterswith pumping time was observed. In case of multi-strainer well a moderate rise ofsalinity (3.5 to 13.7 %) was observed._ Multi-electrode imaging studies carried-out under horizontal skimming well andshallow vertical tube well with pumping revealed that there is abnormal resistivityreduction in vertical tube well area. The reduction in resistivity indicates the degradingof water quality and there is a possible upcoming of saline waters. In case of horizontalskimming well area negligible change in resistivity, which proves that there is noupcoming and horizontal skimming is safe method of harvesting ground water._ The economic appraisal of the improved technologies at farmers level – usingdiscounting techniques revealed that skimming well with horizontal collectorscontributes higher benefit cost ratio(2.15) to the farmers followed by multi-strainertube well(1.96) and shallow tube well(1.35) technologies.
How to install a skimming well?
 During drilling, take water samples at 3 intervals and measure electric conductivity

(EC) of water.
 At a depth, when EC of water sample is around 3 dS/m, stop further drilling. This

depth may be assumed as fresh-saline water interface.
 Install well 40% penetration ratio. For example if water table is at 10 m depth and

fresh-saline water interface is at 35 m, then water available for pumping is about 25
m. Therefore, skimming well may be installed at about 20 m from the soil surface.

 Select number of strainers based on the freshwater available. Greater the freshwater
thickness, lesser will be the number of strainers required.

 The radial distance of strainers from pump should be less than 3 m.
 Two skimming wells with a discharge of 28 lps (1 cusecs) should not be installed

within a distance of 350 m from each other.
Adaptability of skimming well technologyWith built-in advantages of skimming well, the technology has become very popularwith the farmers of coastal sandy belt in and around Bapatla area. With the developedtechnology more than 84 skimming wells covering 160 ha cultivable area beinginstalled in 22 villages of Guntur and Prakasam districts of Andhra Pradesh. Fiveskimming wells with horizontal collectors were exclusively installed in Guntur districtfor drinking water supply with the help of NGO’s and Rural drinking water scheme,Govt. of Andhra Pradesh. Similarly Tamil Nadu Agricultural University introduced theskimming technology in Myladuthrai and Nagapatnam districts by installing twoskimming wells after detailed investigations on a pilot scale.On the whole, experiences show that system is able to supply good quality water that issufficient to meet crop demands of 2-3 hectares area during rabi through the use ofsprinklers or of 4-5 hectares of plantation crops through mini sprinkler irrigationsystem.Sprinkler system of 8-10 sprinklers can command an area of 2 hectare for cultivation offollowing crops and for raising nurseries.Kharif - Rice, Tobacco, chilli, casuarina, mango and coconut nurseries.- Crussandra and Chrysanthemum.Rabi - Groundnut, Green gram, Black gram Chilli, Brinjal, Bhindi and Colcasia- Marigold and CrussandraSummer - Paddy nurserySimilarly with Drip/Micro-sprinkler system can be operated for cultivation of plantation



crops in 4-5 hectare area.Plantation crops - Mango, Sapota, Guava and Watermelon as inter crop.
Contingency planning to mitigate different stress situations

Mitigation of high temperature stress• Use of reflective fabric• Evaporative cooling• Bagging of fruit• Use of Anti transpirants• Mitigation of low temperature• Artificial frost protection methods, which modify the microclimate of the plants (e.g.foams, covers and fogging).• avoiding freezing through a decrease of the freezing point or an increase in the degreeof supercooling.• Tolerance of extracellular freezing by reducing the amount of ice formed due to anincrease of the concentration of solutes in the protoplasm.• Tolerance of a higher degree of desiccation due to the plasmolysis of the protoplasmor increasing the permeability of the plasma membrane to avoid intracellular freezing.
Mitigation of Water Stress1. Use of drought tolerant cultivar.Nutritional Management a. Potassium and magnesium during conditions of water deficitenhances the water uptake as well as the water relations in the plant tissues byosmoregulation processes b. Magnesium is component of chlorophyll, its content anduptake is drastically reduced due to the water stress effect.2. Use of antitranspirants• Materials causing stomatal closure:• Herbicides: like 2, 4-D, Phosphon D and Atrazine.• Fungicides like Phenyl Mercuric Acetate (PMA).• Metabolic inhibitors like Hydroxyl sulfonates, Potassium metabisulphite etc.• Growth hormones like ABA, Etheral, TIBA, Succinic acid, Ascorbic acid and Cycocel(CCC).3. Use of plant growth regulators (PGRs): • 1. Spray of Cycocel & Mepiquat chloride • 2.Cytokinins and Salicylic acid • 3. Brassinolides increase the photosynthetic activity ofthe plants • 4. Ascorbic acid.
Protection of plants from wind damage• Shelter belts and wind breaks:• Refers to growing trees and tall crops across the direction of prevailing wind to reducethe physiological and mechanical damage to crops. Wind breaks reduce the windvelocity and create favourable microclimate.



• Adjusting the direction of planting.• Providing support to the tall crops (eg) Banana.
Mitigation to salinity stressGrow more resistant/ tolerant varieties:Crop Rootstock/Cultivars Citrus (Citrus spp.) Rangpur lime, Cleopatra mandarin, Roughlemon, tangelo, sour orange, Sweet orange, citrange Stonefruit (Prunus spp.) Marianna,Lovell, Shalil,Yunnan Avocado (Persea Americana Mill.)West Indian Mexican Grape (Vitis spp.) Salt Creek, 1613-3, Dog Ridge Grape (Vitis spp.)Thompson Seedless, Perlette, Cardinal, Black rose Berries (Rubus spp.)Boysenberry, Olallie blackberry,Indian Summer raspberry Strawberry (Fragaria spp.)
Cropping SystemThe term cropping system refers to the crops, crop sequences and managementtechniques used on a particular agricultural field over a period of years.Cropping system= Cropping pattern + Management
Types of cropping systems in horticultural crops1. Mono-species orchards:• Mono-species also referred as monoculture.• In this, fruit trees of a single species are planted in the field.• This system is common in modern horticulture, where trees are planted densely, usingdwarf or semi-dwarf trees with modified canopy to ensure better light interception anddistribution and ease of mechanization.2. Multistoried cropping:Growing plants of different height in the same field at the same time is termed asmultistoried cropping.Examples• Coconut+ banana + pineapple• Coconut+ banana • Coconut+ pasture• Mango+ pineapple• Mango+ papaya+ pineapple• Coconut+ jackfruit+ coffee+ papaya+ pineapple• Coconut+ papaya+ pineappleMultiple croppingIntercropping:Intercropping, as one of the multiple cropping systems, has been practiced by farmersfor many years in various ways and most areas, and has played a very important role inIndia • The recommended intercrops for some important horticultural crops are given:



Crops Age IntercropsMango Up to 7yrs Leguminous vegetables,papaya (filler)Grapes Up to 8 months Bitter gourd in pandalApple, pears Up to 5 yrs Potato, CabbageBanana Up to 4 months Sunhemp, onionMixedcropping:• It refers to the practice of growing certain perennial crops in the alley spaces of themain perennial crops.The main advantage is the effective utilization of available area and increase in the netincome of the farm per unit area.Extensive research conducted by CPCRI, Kassargode on mixed cropping in coconut andarecanut plantations showed that cocoa, pepper, cinnamon, clove and nutmeg can begrown as mixed crops in coconuts while nutmeg and clove as mixed crops in betweenfour arecanut palms on alternate rows.
Stability and Sustainability Indiecs to measure plant stress

Measurements can be made from living plants using specialized equipment. Among the most
commonly used instruments are those that measures parameters:-

A) Related to photosynthesis: Declined photosynthesis is suggested as measure of heat stress
sensitivity in plants.

1) Chlorophyll  content matter (SPAD): Measured the chlorophyll content and other
parameter i.e. canopy, temperature, N content etc.

2) Chlorophyll fluorescence meter: chlorophyll fluorescence emitted from leaves, gives an
insight into the health of the photosynthetic systems within leaf. Chlorophyll flurometers are
designed to measure variable fluorescence of photo system II.
This variable fluorescence can be used to measure the level of plant stress.

3) Gas exchange meter:
4) Laser- induce fluorescence (LIF)
5) Integrated flurometer : To measure non destructively the plant:

1) Gas exchange 2) chlorophyll fluorescence 3) photosynthetic efficiency
4) Photosynthetic rate 5) Stomotal conductance
6) Sub-stomatal CO2 concentration 7) mesophyll conductance
8) Dark  respiration in the light 9) CO2 at the site of carboxylation

B) Related to water stress:
1) Porometer: Measured the water use efficiency.
2) Pressure bomb: Measured the total water potential of plant organ.( leaf, leaf strip, twig,

root.)
3) Viscous flow porometer : plants can be assessed for leaf stomotal conductance using a

viscous flow porometer .that is available on the market ( thermo line and CSIRO, Australia).
This instrument can give a relative measure of stomatal conductance in a few seconds,
making it possible to identify physiologically superior genotypes from within bulks.



4) Osmometer: measured the osmotic potential.
5) Infra- red thermometer: measured the canopy temperature and ambient temperature

C) others plant parameters for stress:
a) Osmotic adjustment:

When a plant is exposed to water deficit, it may accumulate a variety of osmotically active
compounds such as amino acids and sugars, resulting in a lowering of the osmotic potential.
Examples of amino acids that may be upregulated are proline and glycine betaine. This is
termed osmotic adjustment and enables the plant to take up water, maintain turgor and
survive longer.

b) Membrane thermo stability or cell membrane stability (CMS): The ability to survive
dehydration is influenced by a cells’s ability to survive at reduced water content. This can be
considered complementary to OA because both traits will help maintain leaf growth ( or
prevent leaf death) during drought.

c) Epicuticular wax: Epicuticular wax in sorghum ( Sorghum bicolour) drought resistance is a
trait that uis highly correlated with the thickness of the epicuticular wax layer. Experiments
have demonstrated that rice varieties with a thick cuticle layer retain their leaf turgour for
longer periods of time after the nonset of a water stress.

d) Accumulation of ABA: The benefit of ABA accumulation under drought has been
demonstrated. It appears to pre adapt plants to stress by reducing stomotal conductance rates
of cell division, organ size, and increasing development rate. However, high ABA can also
result in sterifying problems since high ABA levels may abort developing florets.

1) Seedling drought traits:

1) Large seed size, helps emergence

2) Long coleoptiles, for emergence from deep sowing

3) early ground cover, thinner, wider leaves (i.e. with a relatively low specific leaf weight)
and a more prostate growth habit help to increase ground cover, thus conserving soil moisture
and potentially increasing radiation use efficiency and initial biomass.

f) RWC: High RWC (relative water content) during grain filling to indicate ability to extract
water  from the soil.
g) Relating electron transport (RET) to carbon fixation: a powerful research technique is
to simultaneously measure chlorophyll fluorescence and gas exchange to obtain the full
picture of the response of the plant to the environment. One technique is simultaneously
measure co2 fixation and PS II photochemistry indicates the electron requirement per
molecule co2 fixed. From this estimation, the extent of photorespiration may be estimated.
This has been used to explore the significance of photo respiration may be estimated. This
has been use to explore the significance of photorespiration as a photo protective mechanism
during drought.

h) canopy temperature depression (CTD): CTD has shown clear association with yield in
warm environments shows it association with heat stress tolerance. CTD shows high genetic
correlation with yield and high value of proportion of direct response to selection.



i) Leaf anatomy: waxiness, pubescence, rolling, thickness, posture: These traits decrease
radiation load to the leaf surface, benefits include a lower evapotranspiration rate and reduced
risk of irreversible photo inhibition. However they may also be associated with reduced
radiation use efficiency , which would reduce  yield under more favorable condition.

j) Early ground cover: thinner, wider leaves (i.e. with a relatively low specific leaf weight)
and a more prostrate growth habit help to increase ground cover, thus conversing soil
moisture and potentially increasing radiation use efficiency.

k) Heat tolerance: the contribution of heat tolerance to performance under moisture stress
needs to be quantified, but it is relatively easy to screen.

l) High tiller survival: comparison of old and new varieties have shown that under drought
older varieties over produce tillers many of which fail to set grain while modern drought
tolerance lines produce fewer tillers most of which survive.

m) Partitioning and stem reserve remobilization: as photosynthetic becomes inhibited by
drought, the grain filling process becomes increasingly reliant on stem reserve utilization,
numerous study have been reported that stem reserve remobilization capacity is related to
yield under water stress in wheat. In rice a few studies also indicated that this mechanism
maintains grain yield under water stress at the grain filling stage. This drought tolerance
mechanism  maintains grain yield under water stress at the grain filling stage. This drought
tolerance mechanism is stimulated by a decrease in gibberellic acid concentration and an
increase in abscisic concentration.

n) Manipulation and stability of flower processes

o) High spike photosynthetic capacity: wheat, barley and rice etc.

Growth analysisGrowth analysis can be used to account for growth in terms that have functional orstructural significance. The type of growth analysis requires measurement of plantbiomass and assimilatory area (leaf area) and methods of computing certain parametersthat describe growth. The growth parameters that are commonly used in agriculturalresearch
i. Leaf AreaThis is the area of photosynthetic surface produced by the individual plant over aperiod of interval of time and expressed in cm2 plant-1.
ii. Leaf Area Index (LAI)Williams (1946) proposed the term, Leaf Area Index (LAI). It is the ratio of theleaf of the crop to the ground area over a period of interval of time. The value of LAIshould be optimum at the maximum ground cover area at which crop canopy receivesmaximum solar radiation and hence, the TDMA will be high.



Total leaf area of a plantLAI = Ground area occupied by the plant
iii. Leaf Area Ratio (LAR)The term, Leaf Area Ratio (LAR) was suggested by Radford (1967), expresses theratio between the area of leaf lamina to the total plant biomass or the LAR reflects theleafiness of a plant or amount of leaf area formed per unit of biomass and expressed incm-2 g-1 of plant dry weight.Leaf area per plantLAR = Plant dry weight

iv. Leaf Weight Ratio (LWR)It was coined by (Kvet et al., 1971) Leaf weight ratio is expressed as the dryweight of leaves to whole plant dry weight and is expressed in g g –1.
Leaf dry weightLWR = Plant dry weight

v. Leaf Area Duration (LAD)To correlate dry matter yield with LAI, Power et al. (1967) integrated theLAI with time and called as Leaf Area Duration. LAD takes into account, both theduration and extent of photosynthetic tissue of the crop canopy. The LAD is expressedin days. L1 + L2LAD = X (t2 – t1)2L1 = LAI at the first stageL2 = LAI at the second stage, (t 2 - t 1) = Time interval in days



vi. Specific Leaf Area (SLA)Specific leaf area is a measure of the leaf area of the plant to leaf dry weight andexpressed in cm2g-1 as proposed by Kvet et al. (1971).Leaf areaSLA = Leaf weightHence, if the SLA is high, the photosynthesizing surface will be high. However norelationship with yield could be expected.
vii. Specific Leaf Weight (SLW)It is a measure of leaf weight per unit leaf area. Hence, it is a ratio expressed as gcm-2 and the term was suggested by Pearce et al. (1968). More SLW/unit leaf areaindicates more biomass and a positive relationship with yield can be expected.Leaf weightSLW = Leaf area
viii. Absolute Growth Rate (AGR)AGR is the function of amount of growing material present and is influenced bythe environment. It gives Absolute values of biomass between two intervals. It is mainlyused for a single plant or single plant organ e.g. Leaf growth, plant weight etc.h2 – h1AGR = cm day-1t2 – t1Where, h1 and h2 are the plant height at t1 and t2 times respectively.
ix. Net Assimilation Rate (NAR)The term, NAR was used by Williams (1946). NAR is defined as drymatter increment per unit leaf area or per unit leaf dry weight per unit of time.The NAR is a measure of the average photosynthetic efficiency of leaves in a cropcommunity. (W2 –W1) (loge L2 - loge L1)NAR = x(t2 – t1) (L2 - L1)



Where, W1and W2 is dry weight of whole plant at time t1 and t2respectively L1 and L2 are leaf weights or leaf area at t1 andt2 respectively t1 – t2 are time interval in daysNAR is expressed as the grams of dry weight increase per unit dry weight or area perunit time (g g -1day-1)
x. Relative Growth Rate (RGR)The term was coined by Williams (1946). Relative Growth Rate (RGR) expressesthe total plant dry weight increase in a time interval in relation to the initial weight orDry matter increment per unit biomass per unit time or grams of dry weight increaseper gram of dry weight and expressed as unit dry weight / unit dry weight / unit time (gg -1day-1) loge W2 – loge W1RGR = t2 – t1Where, W1 and W2 are whole plant dry weight at t1 and t2respectively t1 and t2 are time interval in days
xi. Crop Growth Rate (CGR)The method was suggested by Watson (1956). The CGR explains the drymatter accumulated per unit land area per unit time (g m-2 day-1)(W2 –W1)CGR = ρ (t2 – t1)Where, W1 and W2 are whole plant dry weight at time t1 – t2 respectivelyρ is the ground area on which W1 and W2 are recorded.CGR of a species are usually closely related to interception of solar radiation
xii. Total dry matter production (TDMP) and its distributionThe TDMP is the biomass accumulated by the whole plant over a period ofinterval of time and its distribution (allocation) to different parts of the plant such asroots, stems, leaves and the economic parts which controls the sink potential.



xiii. Translocation percentage (TP)The term translocation percentage indicates the quantum of photosynthatestranslocated from source (straw) to the grain (panicle/grains) from flowering toharvest.
Straw weight at flowering – straw weight at harvestTP = Panicle weight at flowering – panicle weight at harvest

xiv. Light extinction coefficientIt is the ratio of light intercepted by crop between the top and bottom of cropcanopy to the LAI. loge I / IoK= LAIWhere, Io and I are the light intensity at top and bottom of a population with LAI
xv. Light Transmission Ratio (LTR)It is expressed as the ratio of quantum of light intercepted by crop canopy at topto the bottom. Light intensity is expressed in K lux or W m-2

LTR = I / IoWhere, I : light intercepted at the bottom of the crop canopyIo: light intercepted at the top of the crop canopy
xvi. Dry Matter Efficiency (DME)It is defined as the percent of dry matter accumulated in the grain from the totaldry matter produced over the crop growth period.

Grain yield 100DME = xTDMP Duration of crop
xvii. Unit area efficiency (UAE)It is expressed as the quantum of grain yield produced over a unit land area for a



specified crop growth period.Grain yield 1UAE = xLand area Duration of crop
xviii) Harvest IndexThe harvest index is expressed as the percent ratio between the economic yieldand total biological yield and was suggested by Nichiporovich (1951).Economic yield

HI = x 100Total biological yield


