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ABSTRACT
Canopy management practises in mango may be helpful in sustaining the quality fruit production in high density

mango orchards and to achieve potential yield per unit area without having any deteriorating effect on quality

attributes. Ideal canopy for efficient light utilization for better photosynthesis and the leaves inside the canopy will no

longer act as parasitic for leaves of top and peripheral branches. Further, more availability of light in canopy will also

reduce the chance of pest and diseases, which will ultimately reduce the cost of cultivation and by this way socio-

economic status of orchardist will be automatically improved.
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INTRODUCTION
Mango of family anacardiaceae is one of the choicest fruits in the
national and international markets due to its attractive colour,
aroma and taste and recognized as a good source of vitamin-A,
vitamin-C, carotenoids, digestible sugars, dietary fibers and
antioxidants like mangiferin, lutein and zeaxanthin. Although it
is commercially grown between 23° North and 24.5° South
latitudes of the world, the tree usually grows and produce
successfully in frost-free regions with a marked dry season and
high heat accumulation. Mango can tolerate a wide range of
climates from warm temperate to tropical; however, anthracnose
can become a serious problem for mango cultivation in humid
or high rainfall areas. In high rainfall areas, fruits at the time of
maturity are exposed to disease like anthracnose and these fruits
are less attractive because of blackening of the peel

Improvement of productivity continues to be the foremost issue
for mango breeders as it is imperative to improve the
productivity and quality of mangoes to meet the global need.
High density planting is adopted worldwide in mango to
enhance the production per unit area, however, without timely
intervention in tree growth, microclimate of the orchard is
affected by lower light interception by the leaves and lesser air
flow inside the canopy resulting in increasing humidity

congenial for rapid multiplication of insect and disease causing
pathogens. Mango hoppers (Amritodus atkinsoni Lethierry,
Ideoscopus niveosparsus Lethierry and Ideoscopus clypealis
Lethierry) are monophagous insects which hamper fruit set and
lead to dropping of immature fruits. Both nymphs and adults
cluster suck sap from the lower side of tender leaves and
inflorescence, resulting in panicle drying and enormous yield
loss. The trees having dense inflorescence and orchards with
closer spacing are severely affected by hoppers (Reddy and
Dinesh). Mango mealybug (Drosicha mangiferae) is polyphagus,
dimorphic and notorious pest of mango orchard, the nymphs
and females of which suck sap from tender leaves, shoots,
panicles and fruit peduncles thereby affecting fruit set and
causing premature fruit drop. Infested plants are also prone to
sooty mould (Capnodium mangiferae), a fungal infection, due to
which, photosynthetic activity is affected. The orchards with
dense canopy structure are more prone to mealy bug infestation
(Karar). Fruit flies (Bactrocera spp.) are polyphagous pests whose
females puncture the immature fruit peel with ovipositor and
insert the eggs into the mesocarp in aggregates. The maggots
tunnel and feed on the fruit pulp. Its damage is higher in high
density orchards as fly has more chance to access greater number
of fruits per unit area and per unit time as compared to
traditional orchards with wider spacing. The disease incidence in
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mango orchard is also influenced by tree spacing and canopy
orientation. Powdery mildew (Oidium sp.) fungus attacks leaves,
flowers and young fruits, due to which, defoliation occurs and
panicles are destroyed resuting in failure of fruit set. The disease
reduction is directly affected by increased light intensity, which
is altered by canopy architecture manipulation. Anthracnose
(Colletotrichum gloeosporioides) is another fungus which is
favored by wet, humid and warm weather in the orchard with
dense tree canopies. On mango panicles, symptoms are small
black or dark-brown spots, which enlarge, coalesce and kill the
flowers before production of fruits thereby reducing yield. Fruits
affected by anthracnose develop sunken, prominent, dark brown
to black decay spots before or after picking which may drop from
trees prematurely

Therefore, tree productivity shows declining trend with the
overlapping of adjacent tree canopies, if tree vigour management
is not practiced, right from planting. And production potential
of perennial fruit tree can only be harnessed by adoption of
canopy architecture management which involves the removal of
selected branches as well as topping to maximize light
penetration throughout the canopy thereby reducing pest
population within the canopy. Besides, pesticide can be precisely
utilized for pest management in low dense canopy (Kerns). In
this review, we shall discuss in about the holistic approach of
pest control by canopy management strategies so as to achieve
and sustain the potential yield of mango in high density
orchards

Relationship between canopy architecture and pest
incidence

The distribution of pests within tree canopy is heterogeneous. It
is obvious that under higher planting density, plant canopies
overlap into the rows, reducing light incidence on leaves,
thereby making the tree canopy dense and compact which
encourage more pest and disease incidence. Observed maximum
incidence of mango hoppers/inflorescence and powdery
mildew/ inflorescence in closer plant density of 5 m × 5 m
(48.10 and 0.61% more than those of 10 m × 10 m, respectively),
besides reducing fruit yield and total soluble solids by 43.37 and
3.57%, respectively in mango cv. Kesar under Pune,
Maharashtra condition (Fig. 1). Management and maintenance
of tree vigour implies finding the correct balance between
growth, vigorous enough to bear large fruit and to provide light
penetration, and air circulation inside canopy for minimum pest
and disease occurrence in the interior canopy.        Foundthat the
penetration of light and spray chemicals into canopies by
pruning in citrus orchard lead to a gradual reduction in
amounts of dead wood in trees. They stated that dead wood
holds spores of many major post-harvest pathogens, and cause
mechanical injures to fruit. Protection of re-growth after pruning
from pests and diseases is necessary. Pruning makes trees easier
and faster to spray, thus spray units should be recalibrated to
reduce spray costs. It is advisable to revise pest management
plans to enable inside-canopy fruit and flush to be protected.
Thus alteration of the population dynamic of pests is expected
from the manipulation of tree architecture. Beside the direct
effects of branch or shoot removal as a sanitation practice

against borers and foliar pests are involved in the success of
direct control of pests in orchards: canopy porosity, and the
orchard height and shape. Canopy architecture manipulation
affect quality of chemical spray and/or diffusion of pheromone
within the orchard and canopy. The penetration of sprayed
compounds in the orchard canopy (i.e. particle deposition on
leaf and fruit) is reported to be different according to tree total
leaf area and tree size; the deposit of the active ingredient on the
target organs is greater in small and porous trees. However, to
promote tree architecture manipulation as a control method of
insects and diseases, research is needed on the within-tree spatial
dynamics of colonization of insets and pathogens in relation to
tree growth pattern. Indeed, the level of insect infestation or
disease incidence and the colonization dynamics within the tree
are of utmost importance to understand which categories of
shoots, leaves or fruits are more susceptible to insect and disease
attack during the growing season and are to be manipulated
through tree pruning to decrease infestation rates. There is also
a need of wide and inter-disciplinary field of research to
investigate the relationship between architectural and chemical
aspects of the plant and insect and pathogen behaviour.
Complementary experimental and modelling research on the
subject has to provide some bases to improve the knowledge on
the benefits and risks of various manipulations of tree
architecture in orchards. Thus, knowledge about tree phenology,
pest and disease cycles affecting local trees and incorporation of
this knowledge into management systems is very much essential
for sustainable production of quality fruits in high density
mango orchards

Relationship between canopy architecture and
mango malformation

Mango malformation caused by Fusarium mangiferae is a
serious malady in mango production, occurring worldwide and
causing significant economic loss due to the general incapacity
of malformed vegetative and inflorescences bearing fruits.
Mango tree malformation has been attributed to a four-fold
decrease in the chlorophyll levels, particularly in the chlorophyll
a contents in the leaves, which is decreased with an increase in
the number of malformed shoots, as reported in ‘Dashehari’
mango trees under subtropical climate of Delhi. On young
seedling the disease appears at quite an early stage. Even 3-4
months old plants have been found to be affected. The
malformed bunch may be at the apex or lower down at leaf axil.
The seedlings produce small shoot lets bearing small scaly leaves
with a bunch like appearance on the shoot apices. Apical
dominance is lost in these seedlings and numerous vegetative
buds sprout, producing hypertrophied growth, which constitutes
vegetative malformation. The multi-branching of shoot apex
with scaly leaves is misshapen and have dramatically shortened
internodes known as “Bunchy Top”, also referred to as ‘Witch’s
Broom”. Floral malformation appears in the panicles, which
impacts fruit production since affected inflorescences usually do
not set fruit. Thus, it is more serious problem than vegetative
malformation. The symptoms appear in the primary; secondary
and tertiary rachises which become short and thickened and are
much enlarged or hypertrophied and highly branched. Such
panicles are greener and heavier with increased crowded
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branching; possessing numerous flowers that remain unopened.
Malformation increases the number of male flowers in an
inflorescence and the ovary of malformed bisexual flowers is
exceptionally enlarged and non-functional with poor pollen
viability or either sterile or, if fertilized, eventually abort. The
mechanism of fungal pathogen causing malformation may be via
root, which completely colonize the seedling root systems and
become systemic, spreading to apical plant tissues including
apical buds. Mango bud mite, Eriophyes mangiferae, may also
play an important role in the natural development of
malformation, and is often observed in high numbers on
malformed trees. Mango malformation is highly linked with
flushing pattern mango. More number of malformed panicles
emerges on triple flushes followed by double and ceased flushes.
Noted that early cessation of vegetative growth favours increased
fruit production and leads to reduction of malformation of
inflorescence. It is again speculated that the emergence of more
malformed panicles on double and triple flushes could be due
to prolonged growth of these shoots, leading to depletion of
their carbohydrate reserves, and thus to a reduced number of
sufficiently matured terminals for normal development of
panicles (Lu). Muhammad et al. proved that older flushes
(ceased flushes) attained maturity and got more blooming with
low intensity of malformation of inflorescence. Abiotic factors
directly or indirectly affect the incidence of the malformation
disease. Studies have revealed a correlation between abiotic
factor like temperature and occurrence of mango malformation
as seasonal variation in temperature at the time of flowering
affects the intensity of malformation. In north-west India the
disease is severe at 10-15°C, mild at 15-20°C, sporadic at
20-25°C and nil at temperature over 25°C depending upon the
mean temperature during flowering (Kumar). Occurrence and
severity of the disease can be correlated with ambient
temperature at the time of flowering. As, in Egypt, the panicles
appearing in the spring shoots have been found to be most
severely affected. Found significant effect of pruning floral
malformation in 23-25 years old high density orchards of mango
cv. Amrapali, Mallika and Deashehari under subtropical climate
of Delhi. The highest number of floral malformed panicles was
observed in un-pruned trees, whereas, minimum in light pruned
trees (tip pruning of 30 shoot cm from apex). Less malformed
panicles in moderately pruned trees lead to realization of higher
yield compared to un-pruned trees because later had slow growth
and higher floral malformation. Severe pruning results in a
higher number of young leaves which contain higher levels of
chlorophyll a and total chlorophyll than in non-pruned trees
which may result in a substantial reduction in floral
malformation after pruning. Annual bearing cultivar such as
‘Amrapali’ exhibits lower polyphenol oxidase (PPO) activities
and shows higher incidence of malformation compared to
biennial-bearing cultivar like ‘. Thus, PPO activity is inversely
related both to flowering and the incidence of malformation,
and decline during fruit bud differentiation in the ‘on’-year
(Sharma). PPO activities are found to be highest in severely-
pruned trees and lowest in lightly-pruned trees in an ‘on’-year;
thus justifying an increase in pruning intensity, which result in
higher PPO activities. After pruning, mango plants may induce
a self-defense mechanism by increasing the activities of both
PPO enzyme fractions. Thus, increased severity of pruning not

only minimise the incidence of malformation, but also increase
PPO activities. The proline contents of malformed, non-pruned
seedlings are higher than in healthy seedlings due to a higher
rate of biosynthesis in malformed tissues and improved
translocation of amino acids from healthy to malformed tissues.
The emergence of new shoots and young leaves with a low
incidence of malformation after pruning, delay senescence, but
reduce proline contents. Thus, moderate pruning (60 cm from
the shoot tip) in high-density mango orchards can be adopted to
restore optimum vegetative growth and fruiting and lower the
incidence of malformation in subtropics (Singh). Early removal
of malformed panicles along with pruning helps to promote
healthy vegetative growth followed by emergence of normal
inflorescence. During ‘on’ year, the malformation incidence
increases due to time lag between pruning and onset of
flowering and also due to increase in canopy volume. Moderate
pruning of 20 cm shoot bearing malformed panicles in the
month of January at panicle emergence stage can be effective in
suppressing the incidence of malformation in cv, which is
usually very high in early emerging flower buds and panicles,.
Pruning of shoot probably removes malformation inducing
principle which accumulates at the shoot tip. Conventionally,
affected terminals and the subtending three nodes are cut from
trees and can be removed from the field. If these measures are
practiced for 2 or 3 consecutive years, the disease can be reduced
to insignificant levels. Thereafter, the disease can be kept in
check by removing symptomatic tissues every other year. In
south Africa, , United States and Egypt, the only control
method recommended commercially is the pruning of infected
branches while in Mexico, pruning after harvest at 80 and 30
cm from the affected zone maintain the lowest bud deformation

drop

The worldwide production of mango is frequently reduced by
severe losses of fruit numbers throughout the growing season, a
phenomenon that is referred to as premature fruit drop (Singh).
Mango produces an abundance of male and polygamous
flowers, but only a small proportion of the latter group is
successfully pollinated and has the potential for setting fruit.
The number of fruits per panicle at harvest stage is very
speculative for yield estimation but it varies with the bearing
behaviour of cultivar and fruit set per panicle. Numerous biotic
and abiotic factors reduce pollen viability, the fertilization
process of the flower, and embryo survival, which are all
commonly associated with extensive fruit drop in early season.
Fruit that remains in the tree attracts a greater share of the
available tree resources for continued growth and development.
Subsequent fruit drop is induced by any factor reducing
carbohydrate availability and thus the demand of the growing
fruit is not sufficiently matched by its supply. This carbohydrate
imbalance can occur, for example, by air temperatures below
13◦C or exceeding 36◦C as a result of heavily reduced leaf
photosynthesis rates in dense crowded canopy of high density
mango orchards. Tree spacing has become an increasingly
important consideration in fruit crop production. Closer tree
spacing has significant effect on increase in tree height than that
of wider spacing. This is mainly due to the competition for light
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in plants at close spacing. So naturally for active photosynthetic
reaction plant produce terminal branches. Similarly, increase in
plant spacing result in incremental trend in stem girth while
closer planting density causes lesser production of leaves and
flowers per plant and fruit drop can also be more in closer plant
spacing. This is mainly due to reduced light penetration in
closer plant spacing which affects plant growth, flowering and
fruit retention. Thus manipulation of tree canopy architecture
by pruning improves light availability at the interior of tree
canopy which thereby improve tree growth and fruit yield due to
improvement in tree photosynthetic efficiency. Insufficient pest
management in overcrowded dense canopy of high density
orchard can also lead to increase in fruit drop in mango

However, fruit drop can be minimized by severe pruning (tip
pruning of 90 cm shoot from the apex) rather than light
pruning (tip pruning of 30 cm shoot from the apex) or moderate
pruning (tip pruning of 60 cm shoot from the apex) in mango
because supply of available reserves to remaining blossoms is
increased after pruning and subsequently fruit drop decreases
with the pruning intensity. Pruning creates vigor, which had
favorable effect on fruit set to counteract fruit drop. Un-pruned
trees can have lower fruit set due to misbalanced ratio of growth
promoters and inhibitors, low sugar reserve in older shoots
(dead, decayed and infected) and more malformed shoots.
conducted a study on 15 years old senile orchard of Indian
gooseberry cv Francis to convert into productive
through canopy and nutrient management. They found that 50
per cent pruning of previous season growth resulted in
maximum duration of flowering, fruit set and retention, yield,
physical and chemical qualities of fruit and leaf as well as soil
nutrient status. Intensity of pruning significantly affects the
number of fruits per panicle. Fruit set is more in moderately
pruned mango trees (tip pruning of 60 cm shoot from the apex),
in ‘on’ year but in ‘off’ year the maximum fruits can be observed
in light pruned (tip pruning of 30 cm shoot from the apex) trees
while the number of fruits per panicle is comparatively lesser in
un-pruned trees in both ‘on’ and ‘off’ year (Singh). This is
primarily due to unavailability of adequate light and high sex-
ratio in un-pruned trees. Thus tree pruning can be used as
canopy management strategy to reduce the fruit drop and
improve canopy yield efficiency.

CONCLUSION
The most important measures of efficiency of canopy
management are yield of high quality fruits per unit of inputs.
As population dynamics of mango pests are influenced by
planting density, tree canopy management has become a critical
component of overall tree productivity which is mandatory for
adequate light penetration and air flow inside the tree canopy.
Thus, it is obvious that once farmers adopt high density
orcharding, formative pruning to develop proper tree
architecture and annual canopy management are to be followed
regularly. If these practices are followed, the management of
pests and diseases would be very effective. As some studies on
the effect of canopy management on population dynamics of
mango pests have been conducted by some investigators,
therefore, a systematic and comprehensive compilation have

been tried to explain the effects of tree canopy architecture on
holistic pest management, which will be helpful for achieving
good yield of quality fruits without relying on application of any
chemicals or other extra inputs for pest control thereby reducing
cost of cultivation and minimizing the damage of ecosystem.
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