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Dedicated to renowned
Botanist & My Teacher

Prof. B. Tiagi



Plant Physiology is a “science concerned with processes and functions, the responses of plants
to changes in environment and the growth and development that results from responses.” A
great deal of information about plant physiological processes has been gathered during the last
century, largely because of the growth in these cognate sciences. The present era may be termed
as the era of realistic approach for integrating the efforts of scientists working in different fields
of specialisation to intensify their activities for sustainable development. Sustainable
development embodies the sense of development in such a manner in which we could ensure
the environmentally safe welfare activities. In the present scenario role of plant physiologists in
environmental protection, in enhancing the agricultural and horticultural production in
afforestation programme with reasonable to economic viability, in quality maintenance of
horticultural and agricultural produce in elevating the export potential and also in meeting the
requirements of certain industries relating to the production of agro chemicals etc is very
important. Looking to the present need plant physiologists shall have to shed their habit of
working in isolation. They cannot afford to be defamed as basic scientists. They will have to
come forward with more vigour and enthusiasm to bridge the gap between traditional
ecological knowledge, traditional farm practices and the modern agro-biotechnologies. In this
age of very rapidly expanding information technology, plant physiologists also shall have to
think globally, act globally as well as locally. They should make all round efforts to collect
feedback from grass-root workers agriculturists, environmentalists and foresters. The holistic
approach is the only solution to tackle problems relating to the protection of environment while
maintaining the pace of development.

Plant physiologists shall have to be more active for finding constraints in low productivity
for agricultural, horticultural to forest species especially in comparison with other countries
like the U.S.A. If there is an interaction between genetics and environment responsible for such
a situation, what role may be played by eco-physiologists and plant biologists to break the
barrier. In the new millennium, we will have to produce more food and other agricultural
commodities under the condition of diminishing per capita arable land and irrigation water
resources and fast expanding biotic stresses. Enhancing the production of agricultural sector
without taking care of environmental safety shall not be acceptable to society, as they will go

Preface



against the concepts of sustainable development. For sustainable agricultural development, we
should focus on productivity and our R & D priorities must be carefully formulated.

Advances in Plant Physiology contains 17 articles on different facets of Plant Physiology. The
book embodies original and thought provoking review articles and research papers contributed
by experienced and eminent specialists in their respective fields. Articles on diagnosis and
management of physiological disorders; advances in physiology of vegetable crups; effect of
sulphur dioxide on growth, photosynthesis and antioxidant enzyme activities; effect of
herbicide on pollen germination; protected cultivation of vegetables in north Indian condition
etc. have been reviewed covering latest information in the field. Topics on abiotic stresses and
physiology of drought resistance; stress caused by pollutant and micronutrient stresses and
their management have added to the value of the book. Articles on system of rice
intensification—a physiological perspective; effect of different photoquality on germination
and germination and early seedling growth; absolute growth and growth rate of guava of
different maturities during the ontogeny provide information on role of different physiological
processes. It also covers information on breeding efficient crops for dryland condition;
physiology of groundnut; seed priming and potash nutrition as the management tools for
drought investigation; interactive effect of ABA and cytokinin on mustard under water stress
condition etc.

I am grateful to all the contributors for writing authoritative and informative articles for
this volume. The publication of the present volume could not have been possible without the
sincere co-operation and hard work of the contributors. I have tried to honour their ideas in the
original shape, however, the onus of technical content rests with the contributors.

Advances in Plant Physiology is dedicated to prof. B. Tiagi in recognition of his contributions
to Botany. His main contributions are in the field of plant embryology and plant nematology.
Under his leadership Botany department of Rajasthan University received due recognition at
national and international level. He has served for a long time on most of the University
academic and administrative bodies. Prof. Tiagi is not only a true friend, guide and philosopher
but above all, a wonderful human being. I am indebted to Prof. B. Tiagi for his able guidance
and constant encouragement throughout my career. I wish him many more happy and fruitful
years of service to the cause of botany and society.

I wish to thank my wife Kusum, daughter Priyanka and son Rohit for endurance during the
compilation of the text.

The book will certainly be found useful by scientists, teachers, planners and administrators
interested in disciplines like Botany, Agricultural Botany, Plant Breeding, Plant and Crop
Physiology, Horticulture, Forestry and related industries.

I am confident that the book will be widely accepted by all students, teachers and
researchers in the field of Plant Physiology.

P.C. Trivedi
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The quality of fresh fruits offered to consumers is constrained by the level of quality achieved at
harvest and postharvest storage. To maintain the quality attributes of perishable fruits, it is
necessary to check the preharvest and postharvest physiological disorders of the fruits.
Physiological disorders may result from some adverse environmental conditions and may be
associated with some varieties and not with others. Some disorders may affect only certain
tissues while others affect the entire fruit. Some are visible at harvest while others occur only
after a period of storage.

PREHARVEST PHYSIOLOGICAL DISORDERS

Preharvest physiological disorders result from adverse environmental conditions or from
inadequate nutrition during growth and development of the fruit. Examples of adverse
environments are frost, high temperature, limited or heavy irrigation. Plants require a balanced
mineral intake for proper development of plant as a whole and fruits show various disorders
due to mineral deficiencies. These disorders can be prevented by correct nutritional balance
during growth or to some extent by postharvest application. Calcium has been associated more
with deficiency disorders than other minerals e.g. water core or internal breakdown in apple,
soft nose in mango and cork spot in pear. Calcium suppresses respiration and several other
metabolic sequences in plant tissues leading to senescence. Calcium is also associated with
pectic substances in the middle lamella and may prevent disorders by strengthening structural
components of the cells.

Diagnosis and Management of
Physiological Disorders in Subtropical

Fruit Production

1C H A P T E R

Gurcharan Singh and Harminder Kaur

*Address for correspondence: Department of Horticulture, PAU, Ludhiana
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POSTHARVEST PHYSIOLOGICAL DISORDERS

Postharvest physiological disorders during storage result from postharvest handling and
transportation stresses, chilling injury and high temperature injury.

Postharvest Handling and Transportation Stresses

Disorders due to stresses or bruises or injuries occurring in harvesting, handling, packaging
and transportation of fruits from the orchard to the stores or markets lower quality and post-
harvest life of fruits. Compresses or bruises result due to overfilling and staking of boxes one
above the other. Higher the moisture content of the fruits, more susceptible they are to
compression damage.

Impact bruising results either from the fruit drop or something hitting the fruits. Damage
may be on the surface or internal. Similarly, vibration bruising occurs when the loosely packed
fruits are transported.

Mechanical injuries occur in the epidermal oil cells due to rough handling and picking at
advance stage of maturity.

Chilling Injury

Low temperature storage is the most effective tool used to maintain quality and extend shelf life
of the fruits. However, many tropical and sub-tropical fruits develop chilling injury as a result
of their exposure to low but nonfreezing temperature (generally 15°C down to 0°C). The
symptoms most commonly seen are surface lesions such as pitting in pear, scald in citrus and
papaya, and internal discoloration of avocado. Physiological changes that are associated with
chilling injury are cell membrane alteration, changes in respiration rate and ethylene synthesis.
These changes result in the loss of structural integrity and overall quality of the fruits. Increase
in 1-aminocyclopropane-1-carboxylic acid (ACC) level or ethylene production have been
shown to be a response of chilling sensitive tissue.

Chilling injuries may affect some species of the fruits while others are not influenced.
Within a species, some genotypes are more susceptible than others. Within a genotype, some
organs are more affected. Chilling injury generally becomes evident after the fruit is exposed to
non chilling temperature.

Chilling injury is one of the most intensely studied postharvest disorder and affects many
high value crops as citrus, banana, avocado, mango etc. The most obvious way to prevent
chilling injury is to store the susceptible commodities above the temperature at which injury is
incurred, though it may somewhat shorten the shelf life.

High Temperature Injury

High temperature injury can result from chronic exposure for days or weeks to temperature
above typical room temperature (above 30 to 40°C) and acute exposure of short duration to
high temperature. Much less is known about high temperature injury than chilling injury since
the former can be prevented with normal handling practices. Short term injury can be induced
during harvesting operations in warm climates and during storage at ambient temperature.
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Banana and pear are among the crops shown to be susceptible to high temperature injuries.
High temperature response has also been studied in apple and papaya and most extensively in
tomato and pear which fail to ripen above 30°C. Since electrolyte leakage is observed above
40°C, it has been suggested that injury is mediated through membrane lipid.

A. PREHARVEST PHYSIOLOGICAL DISORDERS

(a) Climatic stress
(b) Nutritional disorders
(c) Interaction of plant growth factors, nutrition and growth regulators

B. POSTHARVEST PHYSIOLOGICAL DISORDERS

(a) Postharvest handling and transportation of fruits.
(b) Physiological storage disorders

C. MISCELLANEOUS PHYSIOLOGICAL DISORDERS

PREHARVEST PHYSIOLOGICAL DISORDERS

(a) Climatic stress

1. Spongy tissue in mango

In Alphonso variety, the incidence of this disorder is as high as 30 per cent.
Symptoms: A non-edible, yellowish, sour smelling sponge-like patch with or without air
pockets develops in the mesocarp of fruit during ripening, predominantly at the distal end of
fruit. Postharvest exposure of fruits to the sun during mid day causes maximum spongy tissue
in the mid portion of the fruit. Affected tissue is visible only when the ripe fruit is cut.
Causes: Heat emission from soil as convective flux at fruit maturity keeps the starch
unhydrolysed at the affected part due to biochemical disturbances in the pulp, consequently the
pulp remains unripe.
Management: It is alleviated by mulching or sod culture that reduces the ground temperature
as compared with clean cultivation/bare soil.

2. Black tip of mango/Black tip-Necrosis of guava

This is widely prevalent in Punjab, Uttar Pradesh, Bihar and West Bengal.
Symptoms: Development of a small etiolated area at the distal end of the fruit, which
gradually spreads and turns nearly black and covers the tip completely.
Causes: Gases like CO2, SO2, acetylene and fluorine emitted as fumes from adjacent brick kiln
are the causal factors. Cultivars having dense lenticels on fruit surface are more susceptible. In
guava, trees growing in the vicinity of factories producing S products prone to this disorder.
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LVS show discolouration, necrosis of tips and margins, distal end of fruit turns black,
resembling black tip of mango.
Management: (i) This disorder can be avoided by planting the orchard at a distance at least
1.6 km in east and west and 0.8 km in north and south of brick kiln. (ii) Chimney height of brick
kiln 15 to 18 m minimises the damaging effects. (iii) Three sprays of Borax (0.6%) and Caustic
soda (0.8%) each before and during flowering and at fruit set stage. These basic chemicals
neutralise the acidic fumes of brick kilns.

3. Sun Scald and Sunburn (of leaves, bark and fruits in citrus and fig)

Symptoms: Sunburn injury occurs as whitish patches on leaves as in lemons; cracking and
peeling off bark as in young fig and orange plants.
Causes: High temperature, desiccating winds, low relative humidity, long exposure to sun
high transpiration and subsequently sunburn injuries. Alternating high temperature during
day followed by low temperature after sunset causes sun scald injuries on exposed trunk bark
of citrus trees. Heavy pruning in fig exposing the trunk and branches is responsible for
sunburn.
Management: (i) Avoid heavy pruning in fig. (ii) Whitewash exposed parts. (iii) Planting of
wind break. (iv) Do not plant lemons close to cemented walls in kitchen garden. (v) Light but
frequent irrigation from April-June.

4. Purple/Reddish Brown spot/Wind Injury of Loquat

Symptoms: Purple/reddish brown spots develop in late ripening cultivars of Loquat during
first fortnight of April and the fruits lose their succulence and become insipid in taste.
Causes: Abrupt shift in temperature from low to higher side coupled with low relative
humidity and soil moisture and strong winds.
Management: (i) Plant early ripening cultivars. (ii) Light but frequent irrigation in April. (iii)
Wind break/Inter planting in loquat. (v) Application of grey paper bags, black from inside with
low light transmittance reduced the incidence.

5. Split pit and Gumming (Peach)

A serious quality defect affecting both cling and free stone peaches.
Symptoms: This disorder is serious where the downward translocation of food is interfered
with so that top and twigs are high in carbohydrate. Cross diameter of the fruit is relatively
greater in proportion than in normal. Embryo of split pit is aborted in a high per cent of cases
but the development of flesh to maturity is normal. Fracture of the pit takes place mainly along
the line corresponding to dorsal and ventral sides.

Abortion of embryo is associated with gumming at pit hardening stage either on the dorsal
side opposite the ventral suture about one-third distance from distal end. Fruit falls after 7-10
days of gumming. No organism is associated with gumming.
Causes: Split pit mostly occurs at pit hardening stage. Favourable temperature and soil
moisture that affect fruit growth contribute to potential split pit.
Management: Since pit size and fruit growth are genetic in nature as likely solution is through
the genetic approach.
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FigFigFigFigFig. 1.1:. 1.1:. 1.1:. 1.1:. 1.1: Potassium deficiency in Plum (leaves and fruits)

(b) Nutritional Disorders

Nitrogen: Its excessive use or calcium deficiency can cause disorders in fruits.

1. Soft-nope of mango and peach/Tip pulp/Insidious fruit rot

Symptoms: Break down of flesh towards the apex of fruit before ripening is apparent through
marked cell separation and cell wall disintegration in mesocarp cells. Cultivars differ in
susceptibility to this disorder.
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Causes: It increases with increase in N fertilization that reduces leaf calcium.
Management: This can be reduced by maintaining leaf Ca at 2.5% either by supplying
Nitrogen as calcium nitrate or by adding lime stone or Gypsum.

FigFigFigFigFig. 1.2:. 1.2:. 1.2:. 1.2:. 1.2: Foliar magnesium deficiency in Peach
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2. Bud-killing in grape

Bud killing has been reported to be associated with poor productivity in Thompson Seedless.
Symptoms: About 50% of the differentiated buds are found shrivelled and brownish black in
colour under microscopic studies. These fail to sprout.
Causes: Excessive nitrogen application may be the cause of this disorder.
Management: No direct association of fungus has been ascertained so far. Girdling and
exogenous application of auxins have been found to reduce bud-killing in Thompson Seedless.

3. Water berry in grape

Symptoms: It refers to the watery, soft and flabby berries resulting from interrupted flow of
sugars and other ripening metabolites into the berries.
Causes: Excessive application of nitrogen fertiliser and irrigation resulting over bearing are
the causal factors.
Management: Judicious irrigation and fertilizers should be applied to manage this problem.

Phosphorus

1. Bronzing and Marginal Scorching of Leaves (Peach, Plum and Pear)

Common problem in low-chilling peach varieties under subtropical conditions.
Symptoms: The symptoms first appear in the rainy season; with leaves exhibiting burning
purple margins. In acute cases the whole tree becomes dark purple causing leaf shedding.
Causes: High temperature of soil during rainy season ceases the uptake of phosphorus by the
roots in soil of high pH resulting into its deficiency in leaves.
Management: Confirm the phosphorus deficiency by leaf and soil analysis and apply
phosphate fertiliser according to age and vigour of the tree.

Potassium

1. Fruit splitting/Cracking and Creasing (Lime, lemon and sweet orange)

Symptoms: Fruit cracking takes place at both planes viz., longitudinally or transversely.
Former splitting is more common.

Creasing is noticed in some varieties of oranges in albedo in the last stage of ripening.
Flavedo sinks in and gives the fruit a creased appearance.
Causes: In addition to fluctuating soil moisture and atmospheric temperature, potassium
nutrition is also associated with splitting of fruits via the general strengthening of the fruit rind.
Similarly, creasing of the fruit is also mediated through potassium nutrition.
Management: (i) Apply light irrigation frequently (ii) Regular picking of fruits (iii) Check
direct contact of fruits to soil. (IV) Fruit splitting and creasing can be checked by the application
of K2SO4 [( 6–8%) and KNO3 (4–6%)] during May in lemon and oranges respectively.

2. Scorching, Crinkling and Mottling of leaves (Peach, Plum, Pear, Grape and
Mango)

Symptoms: Marginal scorching and crinkling along the mid-rib of basal leaves, small leaves,
upward curling and etched browning of the lower surfaces near the lateral margins, interveinal
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chlorosis in peach and plum on shallow light textured soils in summer months are the common
symptoms.
Causes: K deficiency or chloride toxicity.
Management: (i) Follow the recommendations of K fertilisation as given for certain areas. (ii)
Regulate moisture supply during summer season. (iii) In high pH soils, the application of
Gypsum is advisable.

Calcium

Since Ca is not freely mobile, therefore, its deficiency first appears on shoot tips and at youngest
leaves.

1. Cork spot of pears

Symptoms: It is a hard compressed tissue which is either more green or red than the
surrounding appearing early in the development of fruit.
Causes: Low level of Ca in fruits has been related to this disorder. Calcium level in the normal
pear fruit is 40–66 ppm while in the cork-spot fruit its range is 33–42 ppm.
Management: This storage disorder can be prevented by calcium salt sprays as chlorides
nitrate or bi-phosphates on the trees or fruits. However, CaCl2 consistently increased Ca
concentration of fruits and reduced this disorders after storage.

2. Blossom end rot of grapes

Symptoms: Black sunken spots develop at the blossom end of the berry which later on
spreads with water-soaked regions around it.
Causes: Defective Ca nutrition and assimilation appear to be the cause of this disorder.
Management: Spray of CaNO3 @ 1% during mid fruit development period reduces this
incidence.

3. Stalk Necrosis (Grape)

Symptoms: Dead areas appear on pedicels of flower or rachis of panicle that leads to the
drying of cluster beyond dead areas.
Causes: This necrosis is associated with the low level of Ca in leaves.
Management: K is highly antagonistic to Ca uptake. Sprays of CaCl2 or CaNO3 during full
bloom check this disorder.

Magnesium

1. Islands/Herringbone Pattern of chlorosis/V-Pattern green Island at Base:Base:Base:Base:Base:
(Peach, Plum, Grape, Mango, Citrus).

Symptoms: V-pattern of green island, interveinal chlorosis followed by necrosis in citrus,
peach, mango and plum leaves. In the basal leaves of grapes, reddish-yellowish leaf
discolouration begins first from margins between the main veins, followed by 2/3 chlorosis of
main veins from tip and margin side with a green pattern at base giving a herringbone
appearance of chlorosis.
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Causes: Mg deficiency can occur in orchards in low Mg soil or soil with high Ca : Mg ratio or
those with heavy K fertiliser.
Management: Mg deficiency can be corrected by the foliar spray of magnesium sulphate or
oxide or nitrate. In Florida, Mg(NO3)2 1.26 kg/100 l of water as sprays are recommended for
citrus orchards. Spray residue should remain on leaf surface for 72 hours or longer.

For proper control of Mg deficiency, excessive use of KCl should be avoided and N supply
should be adequate. Mg has synergetic effect on Zn and Mn content in leaves of citrus.

Micronutrients

Zinc

1. (a) Little leaf, Rosette; Mottle leaf, Frenched leaf/Frenching of Citrus,
Peach, Plum, Pear and Grape

(b) Bronzing in guava and litchi leaflets

Symptoms:
(a) Smalling of leaves, reduction in internodal distance, rosette formation at apical

portion of twigs, interveinal chlorosis of newly developing small leaves and
variegated colour of leaves are the common Zn deficiency symptoms in citrus.

FigFigFigFigFig. 1.3:. 1.3:. 1.3:. 1.3:. 1.3: Magnesium deficiency in grapes
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FigFigFigFigFig. 1.4:. 1.4:. 1.4:. 1.4:. 1.4: Zinc deficiency in citrus

These deficiency symptoms develop in deciduous fruits only on sandy, arid, and high pH
soil or on sandy coastal plains. In grape the affected leaves exhibit widening of the basal lobes of
blades from petiole, leading to a low fruit set that results in straggly clusters with shot berries.
In citrus, the fruits with severe Zn deficiency are small, misshapen and lose their green colour
prematurely.



Diagnosis and Management of Physiological Disorders in Subtropical Fruit Production 11

(b) In guava, bronzed leaves show inter-veinal chlorosis of older leaves on a branch
turning red to purplish-red. The terminal 1st or 2nd pair of leaves remains green.
Incidence is severe during rainy season (up to 80% of trees show these symptoms)
and very little during winter (up to 10% in December).

Causes:
(a) Zn deficiency in citrus, grapes and other fruits is responsible for “Little leaf/Mottling/

Rosette” of leaves.
(b) Bronzing is a complex nutritional disorder due to P, K and Zn deficiencies. Water

soluble P status of leaves is a better index in identifying bronzing due to nutrient
deficiencies.

Management:
(a) To control Zn deficiency, give three sprays of ZnSO4 each at 0.3–0.45% concentration

depending upon the intensity of disorder during April-May, June and August-
September.

(b) (i) To check bronzing apply phytosanitary measures in orchards (ii) Allahabad cv. is
less susceptible than L-49. (iii) Apply recommended doses of balanced fertilizers
and Zn as foliar sprays. (iv) Avoid planting guava in acidic soil or soil having high
water table. (v) Avoid extremes of water stress.

Copper

1. Die back, Multiple bud/Witch broom/Ammoniation, Exanthema, Red Rust,
Gumming on rind, Tending of Cracking and Splitting (Citrus), Peach, Litchi

Symptoms: Partial dying back of terminal shoots followed by buds growing below dead area
result in bushy appearance of new growth. Leaves become chlorotic and small. Some species
show brown/bronze areas and necrotic spots in acute cases. In citrus, gum pockets appear at
nodes. Gum excretions on rind of fruits and a tendency of cracking/splitting can be seen in
fruits.
Causes: Cu deficiency in affected trees is sure.
Management: Normally Bordeaux mixture, the usual formulation employed to control
several fungal diseases in fruit plants is beneficial. It is very effective in correcting Cu deficiency
in citrus. In case of orchards on mineral soils, a single application of Copper sulphate (0.2-0.5%)
is enough. On organic soils, higher doses are recommended. Besides, copper chloride, nitrate
and finely ground ores of copper can also be applied.

Boron

1. Internal Fruit Necrosis (Aonla)

Symptoms: Necrosis starts with the browning of the mesocarp in the fruits extending towards
the upper surface and terminating into brownish-black areas on the fruit surface in 2nd and 3rd
week of October. Finally pulp turns black, corky with gum pockets.
Causes: Problem is non-pathogenic and is due to B deficiency.
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