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High Density Planting  System

WELCOME



HIGH DENSITY PLANTING

Pioneered for temperate fruits in Europe.

First planted in Europe at the end of 1960.

HDP is defined as planting at a density in excess of that 

which gives maximum crop yield at maturity if the individual 

tree grows to its full natural size.

In other words, it is the planting of more number of plants 

than optimum through manipulation of tree size.



HDP is one of the improved production technologies to 

achieve the objective of

        –enhanced productivity of fruit crops.

Yield and quality of the produce -two essential 

components of the productivity.

HDP aims to achieve the twin requisites of productivity 

by 

    –maintaining a balance between vegetative and 

reproductive load without impairing the plant health.

In India, HDP has been proved useful in many fruit 

crops e.g. Pineapple, banana, mango, apple and citrus



Principle of HDP
To make the best use of vertical and horizontal space per unit 

time and 

To harness maximum possible returns per unit of inputs and 

resources.

Advantages of HDP

Induces precocity, increases yield and improves fruit quality.

Reduces labour cost resulting in low cost of production.

Enables the mechanization of fruit crop production.

Facilitates more efficient use of fertilizers, water, solar 

radiation, fungicides, weedicides and pesticides.



Plant Architecture in HDP

Fruiting branches-more and structural 

branches-minimum

Arrangement –minimum shade on other branches.

Plant architecture is influenced by 

–the method of propagation, 

–rootstock and 

–spacing.



Desirable Architecture of Temperate Fruit Plants

Prevent upright growth and develop horizontal laterals.

Space small laterals along the central leader.

Develop and maintain fruiting spurs along entire 

branch as it develops.

Develop rigid, strong, self supporting laterals.

Maintain fruiting branches in one position.

Develop fruiting spurs along the sides rather than top 

or bottom of lateral branches.



Factors Affecting HDP
Cultivar

System of Planting

Planting material

Nutrition and moisture

Economics of production

Methods of HDP
I. Control of tree size

II. Planting systems



I. Control of tree size

1. Use of genetically dwarf scion cultivars

2. Use of dwarfing rootstocks and interstock

3. Training and Pruning

4. Use of growth retardants

5. Induction of viral infection

6. Use of incompatible rootstock



1. Use of genetically dwarf scion cultivars
Crop Genetically dwarf 

cultivars
Desirable features

Mango Amrapalli Precocious & tend to bear regularly

Papaya Pusa  Nanha Dwarf & tend to bear at lower height

Banana Dwarf Cavendish High yielding with dwarf stature

Apple Spur varieties like Red 
Chief, Oregon Spur

Bear on short stem, spurs; grow to 60-70% of standard 
cultivars in vigour and bear more spurs and yield more

Cherry Compact Lambert, 
Meteor and North Star

High yielding, self fruitful, Dwarf

Peach Red heaven Dwarfing & high yielding

Sapota PKM-1
PKM-3

Columnar tree shape
Dwarf tree stature



2. Use of Dwarfing Rootstock
Crop Dwarfing Rootstock

Apple M9, M26, M27, Bud.9, P22 & Ottawa3

Pear Quince C
Peach Siberian C, St Julien X, Prunus besseyi and Rubira

Plum Pixy
Cherry Colt and Charger

Ber Zizyphus rotundifolia

Citrus Citrangequat, Feronia and Severinia buxifolia

Guava Psidium friedrichsthalianum, P. pumilum



Standard plantation on standard apple rootstocks ( 

MM106) at 5x5 m accommodate 400 plants/ha, 

Non spur type cultivar on dwarf rootstock M9 spaced 

at 2 x 2 contain 2500 plants /ha. 

Spur apple cultivar on standard rootstock MM111 at 4 

x 4 m and semi dwarf MM106 and M7 at 3x3m 

accommodate 1111 plants/ha.



3. Training and Pruning
Pruning -dwarfing effect on the tree. 

Slow growing trees respond more favourably to pruning and training 

and can be maintained at a given size and shape without sacrificing 

yield. 

Removal of apical portion -compact and bushy tree

Mango, guava, litchi and most of the other fruit crops in India are 

evergreen and are seldom pruned. 

Pruning -to regulate crop in guava, ber and fig, and rejuvenation of 

old orchards in mango. 

Tree size control through pruning -limited to grape, apple and some 

other temperate fruits. 

Spindle bush raised on M9, M7 and M4 rootstocks -promising 

training system for HDP.



4. Use of Growth Retardant

Commercially adopted are CCC, Ancymidal, 

Paclobutrazol, B-9 (Phosphon D) and 

chloramquat. 

Paclobutrazol -gained commercial application in 

crop regulation in mango



5. Induction of Viral Infection

Not adopted commercially,

   –tree size can be reduced by inducing viral infection 

e.g. Citrus, apple .

In apple, virus free rootstock series East MaIling 

Long Ashton (EMLA) are vigorous than their infected 

counterparts.



6. Use of Incompatible Rootstocks

Use of graft incompatible scion and stock also 

induces dwarfness.

 –not commercially exploited for this end. 

In ber, cultivars on Zizyphus  rotundifolia, Z. 

nummularia induces dwarfness due to graft 

incomaptibility



II. Planting Systems

Aimed to achieve high assimilated production for its 

conversion into economic yield. 

Various planting systems adopted in fruit crops 

 –square, triangular, quincunx, rectangular, hexagonal, 

hedgerow ( single & double), paired planting and 

cluster planting. 

Square and triangular systems are followed 

  –for HDP in mango, Kinnow, banana, papaya and 

Hedge row system in apple and pineapple in India. 



Impact of HDP
In mango, 
–Amrapali at 2.5x 2.5m in triangular system accommodation of 1600

–Dashehari at 3.0 X 2.5 m in square system -1333 plants per hectare, 

Increase in yield per hectare was 2.5 times in Amrapali than that of the 

low density orchards of vigorous cultivar. 

In Dashehari, the average yield in HDP is  9.6 tones compared to 0.2 

tones in low density planting. 

In Citrus, 

Kinnow on Troyer Citrange and Karna khatta rootstocks could be planted at 

1.8 x1.8.m and 3x3 m to accommodate 3000 and 1088 plants per hectare, 

respectively.

In pineapple, population density of 63758 per hectare coupled with improved 

package of agrotechniques result in increase in yield from 15-20 to 70-80 

tones/ha.



Constraints of HDP
Lack of standardization of production technology and 

extension of technical-know how to the farmers. 

High initial establishment cost.

Lack of promising dwarfing rootstock in mango, 

guava, sapota, peach, sweet cherry etc. 

In apple, commercial utilisationof dwarf rootstocks for 

tree size control in HDP is restricted due to their poor 

anchorage, occurrence of sloppy, shallow and rainfed 

lands and low fertility. 

High incidence of some diseases in HDP e.g. Sigatoka 

leaf spot & finger tip in banana.



High Density Apple Plantation



High density planting in Mango





HIGH DENSITY PLANTING AND CANOPY 
MANAGEMENT IN MANGO



HDP in Mango
▪The productivity of mango in India is comparatively less than other mango producing 

countries. The reasons for low productivity are as follows: 

✔Most of the commercial cultivars are location specific with long gestation period with 

alternate bearing habit viz., Deshehari, Langra, Chausa, Bombay Green, Alphonso, 

Banganapalli, Pairi, Himsagar, Kesar, Mulgoa etc.

✔ The normal planting distance for conventional mango planting is ranging from 10-12 

m due to poor soil conditions.

✔Most of the old orchards are seedling progenies and take 10-15 years to give 

economic returns depending upon the cultivar, planting distance and other cultural 

practices.

✔Most of mango orchards are rainfed and seldom applied with nutrients.

✔ Poor early returns and varying cultural requirements for the inter crop grown in 

mango orchards.



▪ High density orchard appears to be the most appropriate answer to 

overcome low productivity and long gestation period for early returns and 

export of mangoes.

▪To meet the challenge of high productivity, optimization of growth 

parameters and minimization of the unproductive components of trees 

without sacrificing the overall health of the tree and quality of the product 

are required.

▪The control of excessive vegetative growth in the tree for increased 

productivity is the major principle of high density orchard.

▪Therefore, controlling tree size by dwarfing rootstocks in high density 

orchards is one of the methods of increasing production.

▪In high density system, yields are improved in early years of orchard life.                                                           



    Once the trees have filled their allotted spaces, crowding may occur and 
canopies of an adjacent tree begin to overlap.

    This may lead to excessive shading and reduction in  photosynthesis by 
layered leaves within the tree canopy resulting in poor yields. 

    In fact, at some point of time most fruit trees require controlled vegetative 
growth particularly in high density orcharding.

    
    The horticultural methods most commonly known to control tree growth 

are training and pruning.

    The training begins when the tree is first planted and continues 
throughout its productive life. 

    Proper tree forms, branch angle and limb spacing in themselves aid in 
growth control.

   Once the tree is mature, excessive growth can be regularly removed by 
pruning to provide a short term or immediate benefit.



Density in mango orchard
     In mango three different methods of high density planting viz.,  low 

density, moderate density and high density planting are followed.

   The low density planting at a spacing of 10 x 10 

m accommodates 100 plants/ha (40 

plants/acre), the moderate density at a spacing 

of 7 x 7 m accommodates 204 plants/ha (82 

plants/acre) and high density planting at a 

spacing of 5 x 5 meter accommodates 400 

plants/ha (160 plants/acre).
  The study the ultra high density system of 

planting using compact varieties, dwarfing 

rootstocks and chemical retardants. 



▪ The availability of the natural resources decides the plant population per 
hectare and it is estimated as follows:

Details Conventional 

planting

(plants/ ha)

Resource 

Rich

(plants/ ha)

Resource 

moderate

(plants/ ha)

Resource 

poor 

(plants/ ha)

No.of plants 100 204 278 400

Spacing 10 x 10 m 7 x 7 m 6 x 6 m 5 x 5 m

Planting system for mechanization
▪Paired row planting is practiced to facilitate mechanization in mango 

orchards.

▪For mid season and late season varieties, 10 x 5 x 5 m spacing in 

paired row planting with 222 plants/ha is found to be an ideal 

population.



Pruning is important in mango because
Restrain the exuberant vegetative growth of mangoes to manageable sizes and 

forms thereby to achieve optimum production.

Judicial removal of excess vegetative growth for more efficient management. 

Synchronize flowering to extend the production cycle and market availability

Increase productivity of orchard

  Stimulate precocious flowering of new plantings

  Extend the productive life of the orchard

  Recuperate overgrown, older orchard and

 Increase air circulation in the orchard, which lowers losses associated with 

diseases.                 



Pruning is important in mango because

•  High density orcharding appears to be the most appropriate 

answer to overcome low productivity and long gestation period for 

early returns and export of mangoes.  
To meet the challenge of high productivity, optimization of growth 

parameters and minimization of the unproductive components of trees 

without sacrificing the overall health of the tree and quality of the 

product are required.

The control of excessive vegetative growth in the tree for increased 

productivity is the major principle of high density orcharding.

Therefore, controlling tree size by dwarfing rootstocks in high density 

orchards is one of the methods of increasing production. 



Pruning is important in mango because

❑  In high density system, yields are improved in early years of orchard 

life. Once the trees have filled their allotted spaces, crowding may 

occur and canopies of an adjacent tree begin to overlap.

❑  This may lead to excessive shading and reduction in photosynthesis 

by layered leaves within the tree canopy resulting in poor yields.

❑  In fact, at some point of time most fruit trees require controlled 

vegetative growth particularly in high density orcharding. 

❖ The horticultural methods most commonly known to control tree growth 

are training and pruning.

❖ The training begins when the tree is first planted and continues 

throughout its productive life.



Pruning is important in mango because

    Proper tree forms, branch angle and limb spacing in themselves aid in 
growth control.

   Once the tree is mature, excessive growth can be regularly removed 
by pruning to provide a short term or immediate benefit.

    In mango three different methods of high density planting viz., low 
density, moderate density and high density planting are followed.

   The low density planting at a spacing of 10 x 10 m accommodates 100 
plants/ha (40 plants/acre), the moderate density at a spacing of 7 x 7 
m accommodates 204 plants/ha (82 plants/acre) and high density 
planting at a spacing of 5 x 5 meter accommodates 400 plants/ha (160 
plants/acre).

   Research is on to study the ultra high density system of planting using 
compact varieties, dwarfing rootstocks and chemical retardants.                                                                                                         



High Density Planting in Guava



Ultra HDP system in Guava
• Plants spaced at 1x2 m 

accommodates 5000 plants per 
hectare

• Plants are topped 2 months of 
planting in October for emergence of 
new shoots below cut ends

• 50 per cent length of each new shoot 
, pruned again in December-January 
for induction of more shoots ; good 
spread is attained by May ; flower 
buds differentiate

• Production starts from very first year 
of planting, 12.5 tons reaching up to 
55 tons per hectare  by 6-7 years

• Lalit performs very well in  UHDP 
system

This technology for meadow orcharding in guava developed at CISH, 
Lucknow which has spread to different parts of the country especially in 
Maharashtra, Andhra Pradesh, Jharkhand and Uttar Pradesh ; Lalit Guava 
responds very well  



(UHDP ) SYSTEM IN GUAVA

Planting distance: 2.0 x 1.0m Heading back at height of 30 
to 40 cm 

New growths after pruning 

Growth after 2nd  pruning Growth after 3rd pruning Flowering after 3rd pruning



1st year 

Fruiting in UHDP : Guava

2nd year 3rd year 

4th year 5th year After 5th year 



Attributes Traditional systems Meadow systems

Bearing After two years From first year

Production Overall production is low 
(12-20 t ha-1)

Increased overall production  
(30-50 t ha-1)

Management Difficult to manage due to 
large size of trees

Easy to manage due to small trees

Labor 
requirement

More Minimum 

Production cost Higher cost of production Reduced cost of production

Harvesting Difficult Easy

Quality Large canopy, poor sunlight 
penetration and poor quality

Small canopy encourages air to 
circulate and sunlight to penetrate into 
centre of the tree canopy, good air 
circulation minimizes disease, sunlight 
interception contributes to high fruit 
quality and colour

Comparison between traditional systems and                                  
HDP systems of guava growing



UHDP in guava



To increase productivity in unit area, it is advisable to go for high density planting systems. 

Besides higher yield, high density planting also helps to reduce labour cost for matt 

management and increase the efficiency of utilization of inputs such as fertilizers and water. 

Experiments conducted by TNAU in cv. Nendran and Robusta with increased population per 

hectare has indicated that very high yields can be achieved

The population is increased by adjusting the row to row spacing and planting more than one 

sucker / hill. 

Accordingly, the following spacing is recommended. For cv. Nendran, adopt a spacing of 2 x 3 

m with 3 suckers per pit (5000 plants/ha) with 25% extra NPK fertilizers per pit. In the case of 

Robusta, adopt a spacing of 1.8 x 3.6 m with 3 suckers per pit (4600 plants/ha) with 

300:90:450 g of NPK per pit

HDP in Banana



Population density and spatial arragement



Option for spatial arrangements



Planting operation in HDP



HDP-3 suckers per pit



3 suckers per piy



4 suckers per pit



Paired row planting





Graft incompatibility and Stock-scion relationship
Learning objectives
Importance of graft incompatibility
External symptoms of graft incompatibility
Types of Incompatibility
Stock-scion relationships



Introduction
The inability of two different plant parts grafted or budded together, to produce a successful
union and to develop into a composite plant is termed as „graft incompatibility‟ (Fig.10.1). 
Graft failure
can be caused by anatomical mismatching, poor craftsmanship, adverse environmental 
conditions,
diseases and graft incompatibility. Graft incompatibility occurs because of following reasons:
Adverse physiological responses between the grafting partners
Virus or phytoplasma transmission
 Anatomical abnormalities of vascular tissue in the callus bridge.
External symptoms of graft incompatibility
Graft union malformation resulting from incompatibility can usually be correlated with 
certain
external symptoms. The following symptoms have been associated with incompatible graft
combination:
I. Failure to form a successful graft or bud union in a high percentage of cases.
II. Yellowing of foliage in the latter part of the growing season, followed by an early 
defoliation,
decline in vegetative growth, appearance of shoot die-back, and general ill health of the tree
III. Premature death of the trees, which may live for only a year or two in the nursery
IV. Marked difference in growth rate of the scion and rootstock
V. Over growth at, above or below the graft union
VI. Suckering of rootstock
VII. Breakdown of graft union cleanly



Types of Incompatibility
Graft incompatibility is of two types 1) Localized 

(non-translocated) incompatibility and 2).
Translocated incompatibility.

Localized (non-translocated) incompatibility
 Graft combination in which a mutually compatible 

interstock overcomes the incompatibility of
the scion and rootstock.

 The interstock prevents physical contact of the 
rootstock and scion and affects the physiology of
the normally incompatible scion and rootstock.

 A good example is Bartlett pear on quince rootstock. 
When mutually compatible Old Home or

(Beurre Hardy) is used as inter-stock the three graft 
combination is completely compatible and

satisfactorily tree growth takes place.



Translocated incompatibility
 It includes certain graft/rootstock combination in which the insertion of a mutually compatible

interstock does not overcome incompatibility.
 This can be recognized by the development of a brown line or necrotic area in the bark at the

rootstock interface.
 Consequently carbohydrate movement from the scion to the rootstock is restricted at the graft

union.
 Hale‟s Early peach grafted onto Myrobalan-B plum rootstock is an example of translocated

incompatibility.
 The tissues are distorted and a weak union forms. Abnormal quantities of starch accumulate at

the base of the peach scion. If the mutually compatible „Brompton‟ plum is used as interstock
between Hale‟s Early peach and Myrobalan- B rootstock the incompatibility systems persists,

with an accumulation of starch in the Brompton inter-stock.
 Nonpareil almond on Mariana „2624‟ plum rootstock shows complete phloem breakdown,

although the xylem tissue connections are quite satisfactory. In contrast Texas almond on
Mariana- 2624 plum rootstock produces a compatible combination. Inserting 15 cm piece of

„Texas‟ almond as an inter-stock between the Nonpareil almond and the incompatibility
between these two component.



Delayed incompatibility
 Some apricot cultivars grafted onto Myrobalan plum rootstock will not break at the graft 

union
until the trees are full grown and bearing crops.

 Graft incompatibility can take as long as 20 years to occur. Other examples are conifers, 
oaks

and cherry on pazza (Prunus cerasoides) rootstocks.
Pathogen induced incompatibility

 These graft union failures resemble incompatibility symptoms, but are due to pathogens 
like

virus or phytoplasma. Tristeza is an important example of virus induced incompatibility in 
citrus. Failure of sweet orange (Citrus sinensis) budded onto sour orange (Citrus aurantium)

rootstock is due to toxic substance from sweet orange, but lethal to the sour orange 
rootstock.

 Other examples are black line in English walnut (Juglans regia), which infects susceptible
walnut rootstocks, apple union necrosis and decline and brown line of prune, which is 

caused by
tomato mosaic virus that is transmitted by soil-borne nematodes to the rootstocks and then 

to
the graft union.

 Pear decline is due to a phytoplasma, rather than a virus.



Causes and mechanism of incompatibility
The large number of different genotypes that can be combined by grafting produces a wide range of

different physiological, biochemical and anatomical interaction when grafted. Several hypotheses have
been advanced in attempts to explain incompatibility.

A. Physiological and biochemical mechanism
 In case of incompatible combination of certain pear cultivars on quince rootstock, the

incompatibility is caused by a cyanogenic glucoside, prunasin, normally found in quince, but
not in pear tissues.

 Prunasin is translocated from the quince into the phloem of the pear. The pear tissues,
breakdown the prunasin in the region of the graft union, with hydrocyanic acid as one of the

decomposition products.
 The presence of the hydrocyanic acids leads to a lack of cambial activity at the graft union, with

pronounced anatomical disturbances in the phloem and xylem at the resulting union. The
phloem tissues are gradually destroyed at and above the graft union.

 Conduction of water and material is seriously reduced in both xylem and phloem. The presence
of cynogenic glucosides in woody plants is restricted to a relatively few genera. Hence, this

relation cannot be considered a universal cause of graft- incompatibility.
B. Modification of cells and tissue: The lignification process of cell in walls is important in the

formation of strong union in pear-quince grafts. Adjoining cell walls in the graft union of incompatible
combination contain no lignin and are interlocked only by cellulose fibres. With incompatible

apricot/plum (Prunus) grafts some callus differentiation into cambium and vascular tissue does occur,
however, a large portion of the callus never differentiates. The union that occurs is mechanically weak.

C. Cellular recognition: “Cellular recognition is defined as the union of specific cellular groups on the
surface of the interacting cells that results in specific defined response e.g. pollen-stigma compatibility

recognition responses with glycoprotein surface receptors in flowering plants.”



It has been postulated that the critical event deciding compatible and incompatible grafts may
occur when the callus cell first touch. There may be cellular recognition that must occur in successful

graft union formation.
Predicting incompatible combination: To be able to predict in advance of grafting whether or not the
components of the proposed scion-stock combinations are compatible would be of tremendous value.

The different methods used are:
1) Electrophoresis test: This test is being used for testing cambial peroxidase banding pattern of the
scion and rootstock of chestnut, oak and maple. Peroxidases mediate lignin production. Increased

peroxidase activity occurs in incompatible grafts as compared to compatible auto grafts and adjacent
rootstock and scion cells must produce similar lignin and have identical peroxidase enzyme pattern to
ensure the development of a functional vascular system across the graft union. With electrophoresis if
the peroxidase bands match the combination may be compatible, if they do not match incompatible

may be predicted.
2) Magnetic resonance imaging (MRI): Magnetic resonance imaging can be used to detect vascular
discontinuity in bud union of apple. High magnetic resonance imaging signal intensity is associated

with bound water in live tissue and the establishment of vascular continuity between the rootstock and
scion. Magnetic resonance imaging may be useful for detecting graft incompatibility caused by poor

vascular connection.
Correcting incompatible combination: This is not a practical, cost-effective way to correct large

scale planting of incompatible grafting partners. Plants would normally be rogued and discarded. With
perhaps some isolated specimen trees of value, if the incompatibility is discovered before the tree die or

break off at the union, a bridge graft could be done with a mutually compatible rootstock. Another
costly alternative is to inarch with seedling of a compatible rootstock. The marched seedlings would

eventfully become the main root system.



Stock-scion relationships
A grafted or budded plant can produce unusual growth patterns which may be different from
what would have occurred if each component part of a graftage viz., rootstock and scion was 

grown
separately or when it is grafted or budded in other types of rootstocks. Some of these have 

major
horticultural value. This varying aspect of rootstocks will influence the performance of a scion

cultivar or vice versa is known as stock-scion relationship.
A. Effect of stocks on scion cultivars

1. Size and growth habit:
 In apple, rootstocks can be classified as dwarf, semi-dwarf, vigorous and very vigorous

rootstocks based on their effect on a scion cultivar.
 If a scion is grafted on dwarf rootstocks (e.g. M.9), the scion grows less vigorously and 

remain
dwarf only. On the other hand if the same scion is grafted on a very' vigorous rootstock (e.g.

M2) the scion grows very vigorously.
 In citrus, trifoliate orange is considered to be the most dwarfing rootstock for grape and 

sweet oranges. On the other hand, in mango, all plants of a given variety are known to have 
the same

characteristic canopy shape of variety despite the rootstocks being of seedling origin.



 But mango rootstocks like Kalapade, Olour have been found to impart dwarfness in the scion
cultivars. Guava cultivars grafted on Psidium pumilum are found to be dwarf in stature. „Pusa
Srijan‟ guava rootstock also imparts dwarfness in Allahabad Safeda, a commercial cultivar of

guava.
2. Precocity in flowering and fruiting:

 The time taken from planting to fruiting i.e., precocity is influenced by rootstocks. Generally
fruit precocity is associated with dwarfing rootstocks and slowness to fruiting with vigorous

rootstocks.
 Mandarin, when grafted on Jambhiri rootstock is precocious than those grafted on sweet orange

or orange or acid lime rootstocks.
3. Fruit set and yield

 The rootstocks directly influence on the production of flower and setting fruits in oriental
Persimmon (Diospyrous kaki cv. Hachiya). When it is grafted on D. lotus, it produces more

flowers but only few mature into fruits. However, when D. kaki is used as the rootstock, the
fruit set is very high.

 The influence of rootstock on the yield performance of cultivar has been well documented in
many fruit crops. Acid limes budded on rough lemon register nearly 70 per cent increased

yield than those budded on troyer citrange, Rangpur lime or its own rootstock. Sweet orange
var. Sathugudi budded on Kichili rootstock gave higher yield than on Jambhiri or on its own

seedling.
4. Fruit size and quality

 Sathugudi sweet oranges grafted on Gajanimma rootstocks produced large but poor quality
fruits while on its own roots they produced fruits with high juice content and quality.

 The physiological disorder 'granulation' in sweet orange is very low if on Cleopatra mandarin
seedlings, on the other hand, rough lemon seedling stocks induced maximum granulation.

 The physiological disorder black end in Bartlett Pear did not appear if Pyrus communis was
used as the rootstock. When P. pyrifolia was used as the rootstock this disorder appeared,

affecting fruit quality.



5. Nutrient status of scion
Rootstocks do influence the nutrient status of scion also. Sathugudi orange trees have a better
nutrient status of all nutrients in the leaves when it is budded on C. volkarimariana root stock than on
its own rootstock or Cleopatra mandarin stocks.
6. Winter hardiness
Young grapefruit trees on Rangpur lime withstand winter injury better than on rough lemon or
sour orange. Sweet oranges and mandarins on trifoliate stocks were more cold hardy.
7. Disease resistance
In citrus, considerable variability exists among the rootstocks in their response to diseases and
nematodes. For instance, rough lemon rootstock is tolerant to tristeza, xyloporosis and exocortis but is
susceptible to gummosis and nematode. On the other hand, troyer citrange is tolerant to gummosis but
susceptible to exocortis virus disease. Similarly, guava varieties grafted on Chinese guava. (Psidium
friedrichsthalianum) resist wilt diseases and nematodes.
8. Ability to resist soil adverse conditions
Among the citrus rootstocks, foliate orange exhibits poor ability, while sweet oranges, sour
orange, rangpur lime rootstocks exhibit moderate ability to resist excess salts in the soil. Similarly, in
pome fruits, variation exists among rootstocks to resist excess soil moisture or excess boron in the
soil. Myrobalan plum rootstocks generally tolerate excess boron and moisture than Marianna plum
root or other rootstocks' viz., peach, apricot or almond.
B. Effect of scion on rootstock
1. Vigour of the rootstocks:
In apple, it has been found that if apple seedlings were budded with the 'Red Astrachan' apple,
the rootstock produced a very fibrous root system with few tap roots. On the other hand if scion
'Goldenburg' was budded on the seedlings, they produced two or three pronged deep roots without
fibrous root system. In citrus, if the scion cultivar is less vigorous than the rootstock, the rate of growth
and the ultimate size of the tree is more determined by the scion rather than the rootstocks.
2. Cold hardiness of the rootstock
Cold hardiness of citrus roots is affected by the scion cultivar. Sour orange seedlings budded to
'Eureka' suffered much more from winter injury than the unbudded seedlings.
3. Precocity in flowering
Young mango rootstock seedlings (6 months to one year old) were found to putforth
inflorescence when the branches from old trees are inarched which can be attributed to the influence of
scion on the rootstock.



Factors influencing the healing of graft union
1. Incompatibility: Certain rootstocks and scions 

are incompatible, therefore the graft union
between these two will not normally take place.

2. Kind of plant: Some species like oaks are difficult 
to graft, but apple and pears are very easy in

producing a successful graft union.
3. Environmental factors during and following 

grafting: There are certain environmental



requirements which must be met for callus tissues to develop and heal the graft union.
a) Temperature has a pronounced effect on the production of callus tissues. An optimum
temperature is essential for production of callus, In most of the temperate fruit crops
callus production is retarded after 42.5o C.
b) Relative humidity must be high is maintaining a film of water against the callusing
surface is essential to prevent these delicate thin walled parenchymatous cells from
drying.
c) Presence of high oxygen content near this surface is essential.
4. Growth activity of the stock plants: Some propagation methods, such as „T‟ budding and 
bark
grafting depend upon the bark slipping which means the cambial cells are actively dividing 
and
producing young thin walled cells on the side of the cambium. These newly formed cells
separate readily from one another as the bark slips.
5. Propagation techniques: Sometimes the techniques used in grafting are so poor that only 
a
small portion of the cambial regions of the stock and scion are brought together. This may 
result
in failure of the graft union.



Effect of Scion on Rootstock
In apple it has been found that if apple seedling were budded with the "Red Astrochan“ 

apple the rootstock produced a very fibrous root system with few top roots.

Cold Hardiness of the Rootstock: 

Cold hardiness of citrus roots is affected by the scion cultivar. Sour orange seedlings budded 
to 'Eureka' lemon suffered much more from winter injury than the unbudded seedlings. 

 Age of Root Stock Seedling: 

Young mango rootstock seedlings (6 months to one year old) were found to put forth 
inflorescence when the branches from old trees are inarched which will be attributed to the 
influence of scion on the rootstock. 

 



1. Incompatibility:
Certain rootstock and scions are incompatible; therefore, the graft 

union between these two will not normally take place.
2. Kind of Plant: 

Some species like oaks are difficult to graft but apple and pears are very 
easy in predicting a successful graft union.  

3. Environmental Factors During and Following Grafting: 
There are certain environmental requirements which must be met for 

callus dissues to develop and heal the graft union.
a) Temperature has a pronounced effect on the production of callus 
tissues. An optimum temperature as essential for the production of 

callus tissues. In most of the temperate fruit crops callus production is 
retarded after 1000F.

b) Relative humidity must be high or maintaining a film of water against 
the callusing surface is essential to prevent these delicate thin walled 

parenchymatous calls from drying. 
c) Presence of high Oxygen intent near this surface is essential. 



4. Growth Activity of Stock Plants
Some propagation methods, such as 'T' budding and bark 
grafting depend upon the bark 'spipping' which means the 

cambial cells actively dividing and producing young thin 
walled cells on the side of the cambium. These newly formed 

cells separate readily from one another as the book slips. 
5. Propagation Techniques: 

Sometimes the techniques used in grafting are so poor that 
only a small portion of the causal regions of the stock and 

scion are brought together. This measurement in is failure of 
the graft union. 



Effect of Stocks on Scion Cultivars 

1. Size and Growth Habit: 
In apple, rootstocks can be classified as dwarf, semi dwarf, vigorous and very 

vigorous rootstocks based on their effect on a scion cultivator. If a scion is grafted 
on dwarf rootstocks the graft combination will be dwarf while the same cultivar 

grafted on very rootstock would grow very vigorously. In citrus, trifoliate orange is 
considered to the most dwarfing rootstock for grape fruit and sweet oranges. On 
the other hand, in mango all plants of a given variety are know to have the same 

characteristic canopy shape of the variety despite the rootstocks being of seeding 
origin. But recently, rootstocks of kalarady, Olour have been found to impart 

dwarfness in the scion cultivators. Guave cultivars grafted on Psidium puminum are 
found to be dwarf in stature. 

2. Precocity in Flowering and Fruiting: 
The time taken from plating to fruiting (Precocity) is influenced by rootstocks. 

Generally fruiting precocity is associated with dwarfing rootstocks and slowness to 
start fruiting with vigorous rootstocks. Mandarin, when grafted on Jamberi 

rootstocks are precious than those grafted on sweet orange or sour orange or acid 
lime rootstocks. 



3. Fruit Set and Yield: 
The rootstocks directly influence on the production of flowers and setting fruits in 
oriental persimmon (Diospyrous kakij cv. Hichiya). When it is grafted used as the 

rootstock, the fruit set is more. 
The influence of rootstock on the yield performance or cultivar has been well 

documented in many fruit crops. Acid limes budded on rough lemon register nearly 
70 percent increased yield than those budded on troyer citrange, Rangpur lime or 

its own rootstock. Sweet orange var. Sathgudi budded on Kichili rootstock gave 
higher yield than on Jamberi or on its own seeding (South India).

4. Fruit Size and Quality: 
Sathgudi sweet oranges grafted on Gjanimma rootstocks produced large but poor 

quality fruit, while on its own roots they produced fruits with high juice content and 
quality. The physiological disorder 'granulation' in sweet orange is very low of 

grafted on Cleopatra mandarin seedlings, on the other hand Rough lemon 
seedlings, stocks induced maximum granulation. The physiological disorder 'black 
end' in Barlett Pear did not appear if Pyrus commnis was aged as the rootstock, 
when P. pyrisfolia was used as the rootstock. This disorder appeared, affecting 

fruits quality. 
 



5. Nutrient Status of Scion: 
Rootstocks do influence the nutrient status of scion also. Sathgudi sweet orange 

trees have a better nutrient status of all nutrients in the leaves when on its budded 
on C. volkarminriana rootstock than on its own rootstock or Cleopatra mandarin 

stocks. 

6. Winter Hardlines: 
Young grape fruit trees on Rangpur lime withstand winter injury better than on 

Rough lemon or sour on orange. Sweet orange and Mandarins on trifoliate were 
more cold hardy. 

7. Disease Resistance: 
In citrus considerable variability exists among the rootstocks in their response to 

diseases and nematodes. For instance Rough lemon rootstock is tolerant to 
tristesa, xyloprosis and exocorita but is susceptible to gummosis and nematode. 

On the other Troyer citrange is tolerant to gummosis but susceptible to exocorita 
virus disease. Similarly guava varieties grafted on Chinse Guava, (Psidium 

friendichthalliahum) resist wilt diseases and nematodes.



8. Ability to Resist Soil Adverse Conditions: 
Among the citrus rootstocks Trifoliate orange exhibits poor 

ability, while sweet oranges, sour orange, Rangpur lime 
rootstocks exhibit moderate ability to resist excess salts in 

the soil. In some fruits, similarly, variation exists among 
rootstocks to resist excess soil moisture or excess boron in 

the soil. Myroblam plim rootstocks generally tolerate excess 
boron and moisture that Marianna pljum root or other 

rootstocks viz., peach, apricot or almond. 



Stock -Scion Relationships
A grafted or budded plant can produce unusual growth 
patterns which may be different from what would have 

occurred if each component part of a graftage viz., 
rootstock and scion was grown separately or when it is 
grafted or budded in other types of rootstocks. Some of 

these have major horticultural value. This varying aspect of 
rootstocks will influence the performance of a scion 

cultivar or vice versa is known as stock-scion relationship.



A. Effect of stocks on scion cultivars
1. Size and growth habit:

In apple, rootstocks can be classified as dwarf, semi-dwarf, vigorous and very 
vigorous rootstocks based on their effect on a scion cultivar.

If a scion is grafted on dwarf rootstocks (e.g. M.9), the scion grows less vigorously 
and remain dwarf only. On the other hand if the same scion is grafted on a very' 

vigorous rootstock (e.g. M2) the scion grows very vigorously.
In citrus, trifoliate orange is considered to be the most dwarfing rootstock for 

grape and sweet oranges. On the other hand, in mango, all plants of a given variety 
are known to have the same characteristic canopy shape of variety despite the 

rootstocks being of seedling origin. 
But mango rootstocks like Kalapade, Olour have been found to impart dwarfness in 

the scion cultivars. Guava cultivars grafted  on Psidium pumilum are found to be 
dwarf in stature. ‘Pusa Srijan’ guava rootstock also imparts dwarfness in Allahabad 

Safeda, a commercial cultivar of guava. 



2. Precocity in flowering and fruiting:
The time taken from planting to fruiting i.e., precocity is influenced by rootstocks. 
Generally fruit precocity is associated with dwarfing rootstocks and slowness to 

fruiting with vigorous rootstocks.
Mandarin, when grafted on Citrus jambhiri rootstock is precocious than those grafted 

on sweet orange or orange or acid lime rootstocks.
3. Fruit set and yield

The rootstocks directly influence on the production of flower and setting fruits in 
oriental Persimmon (Diospyrous kaki cv. Hachiya). When it is grafted on D. lotus, it 

produces more flowers but only few mature into fruits. However, when D. kaki is used 
as the rootstock, the fruit set is very high.

The influence of rootstock on the yield performance of cultivar has been well 
documented in many fruit crops. Acid limes budded on rough lemon register nearly 70 
per cent increased yield than those budded on troyer citrange, Rangpur lime or its own 

rootstock. Sweet orange var. Sathugudi budded on Kichili 
rootstock gave higher yield than on Jambhiri or on its own seedling.



4. Fruit size and quality
Sathugudi sweet oranges grafted on Gajanimma rootstocks 

produced large but poor quality fruits while on its own roots they 
produced fruits with high juice content and quality. 

The physiological disorder 'granulation' in sweet orange is very low 
if on Cleopatra mandarin seedlings, on the other hand, rough 

lemon seedling stocks induced maximum granulation. 
The physiological disorder black end in Bartlett Pear did not 

appear if Pyrus communis was used as the rootstock. When Pyrus 
pyrifolia was used as the rootstock this disorder appeared, 

affecting fruit quality.
5. Nutrient status of scion

Rootstocks do influence the nutrient status of scion also. 
Sathugudi orange trees have a better nutrient status of all 

nutrients in the leaves when it is budded on C. volkarimariana root 
stock than on its own rootstock or Cleopatra mandarin stocks.



6. Winter hardiness
Young grapefruit trees on Rangpur lime withstand winter injury better than on 
rough lemon or sour orange. Sweet oranges and mandarins on trifoliate stocks 

were more cold hardy.
7. Disease resistance

In citrus, considerable variability exists among the rootstocks in their response to 
diseases and nematodes. For instance, rough lemon rootstock is tolerant to 

tristeza, xyloporosis and exocortis but is susceptible to gummosis and nematode. 
On the other hand, troyer citrange is tolerant to gummosis but susceptible to 

exocortis virus disease. Similarly, guava varieties grafted on Chinese guava. 
(Psidium frie-drichsthalianum) resist wilt diseases and nematodes.

8. Ability to resist soil adverse conditions
Among the citrus rootstocks, foliate orange exhibits poor ability, while sweet 

oranges, sour orange, rangpur lime rootstocks exhibit moderate ability to resist 
excess salts in the soil. Similarly, in pome fruits, variation exists among rootstocks 

to resist excess soil moisture or excess boron in the soil. Myrobalan plum 
rootstocks generally tolerate excess boron and moisture than Marianna plum root 

or other rootstocks' viz., peach, apricot or almond.



B. Effect of scion on rootstock
1. Vigour of the rootstocks:

In apple, it has been found that if apple seedlings were budded with the 
'Red Astrachan' apple, the rootstock produced a very fibrous root 

system with few tap roots. On the other hand if scion 'Goldenburg' was 
budded on the seedlings, they produced two or three pronged deep 

roots without fibrous root system. In citrus, if the scion cultivar is less 
vigorous than the rootstock, the rate of growth and the ultimate size of 

the tree is more determined by the scion rather than the rootstocks.
2. Cold hardiness of the rootstock

Cold hardiness of citrus roots is affected by the scion cultivar. Sour 
orange seedlings budded to 'Eureka' suffered much more from winter 

injury than the unbudded seedlings.



3. Precocity in flowering
Young mango rootstock seedlings (6 months 

to one year old) were found to putforth 
inflorescence when the branches from old 

trees are inarched which can be attributed to 
the influence of scion on the rootstock.
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Introduction
� Fruits like Guava, pomegranate, lemon etc. produces various flowering 
flushes. 

� There are three distinct flowering season:
 

� If fruiting regulated in one bahar, good production for the commercial point 
of view can be obtained. 

� Plants are forced to produce only one crop instead of two or three crops 
with good quality production. 

Sr 
No.

Name of flush Time of Flowering Crop maturity

1. Ambe Bahar Feb-March July-August

2. Mrig Bahar June-July November-December

3. Hasth Bahar October-November April-May

conti......



� It is the basis for the regular and quality crop.
 
�A range of methods are applied to increase quality fruit 

production.
� Selection of bahar depends on  production constraints

� A heavy fruit set has been reported in many fruit crops 

� Fruit competes with each others for assimilates.

� Mango, olive, apple, cashew nut, coconut,  kinnow, mandarin 
and orange exhibit the problem of irregular or alternate bearing 
with normal crop in ‘on’ year followed by negligible crop in ‘off 
year’. 



Objectives of crop regulation

� The main objective of crop regulation is to force the tree for 
rest and produce profuse blossom and fruits during any one of 
the two or three flushes.

� To regulate a uniform and good quality of fruits and to 
maximize the production as well as profit to the grower.

� To reduce cost of cultivation because uninterrupted continuous 
blossom would produce light crops over the whole year and 
require a high cost for the monitering and marketing.



Selection of Bahar/Crop

The selection of bahar at a location is mainly determined by: 
 
� Availability of the irrigation water, 

� Quality of products

�Occurrence and extend of the damage by the disease and pests 

� Market demands

�Climate of the area

�Availability of fruit in the market

�Comparable yields



Methods of crop regulation 

� Withholding of irrigation

� Root exposure

� Root pruning

� Pruning

� Hand thinning

� Chemical thinning

� Smudging



Withholding of irrigation



Physiology under water deficits…



Root exposure



Root pruning



Filling dug with manure and fertilizers



Shoot pruning



Don’t 
like 
shade

I love 
the 
light!



� Hand thinning: Remove flower buds by hand.

� Chemical thinning: Apply NAA (600-800ppm), Ethrel 1000 
ppm, Urea (10-20%)

� Smudging: Practices in Philippines





Guava

Parameters Rainy season Winter season Spring season
TSS 10.63 13.31 11.18
Total Sugar (%) 6.80 8.30 5.77
Vit-C (mg/100g) 124.20 315.20 175
Pectin (%) 0.66 0.85 0.80
Water moisture 
(%)

84.10 82.60 82.10



Bahar treatments in guava

1. Withholding irrigation: 
 The flower and fruitlets are made to drop by withholding irrigation during 

Jan-June to eliminate rainy season crop
2. Root pruning: 
          Roots are pruned upto the depth of 30 cm during March-April and no 

irrigation till monsoon.
3. Deflowering: 
 Removal of all the flower between period of February to May to ensure winter 

crop.
4. Use of bio regulators:
 Two spary of NAA @ 800 ppm to eliminate ambe bahar flowering
5. Use of Urea:  
 One spray of urea (10-20%)  at peak flowering time to wards off the rainy 

season crop.
6. Pruning of new shoot: 
Since guava bears fruits on new shoot, prune the new shoots during last 

week of April to first week of May gives good winter crop.



Crop Regulation of Guava by Bending of Shoots:

• This practice is very much dependent on 
training of guava branches. On the basis of 
calculation of expected flowering, the 
branches of guava plants are bent down 
about 45-60 days before the expected date of 
flowering and to produce fruits in the off 
season.

• First time bending of branches of guava plant 
should be employed at the age of 2nd year of 
plant.

• Before bending, the leaves, small shoots, 
flowers & fruits from branch are removed or 
cut off, keeping 10-12 inch of terminal twig 
intact.



Crop Regulation of Guava by Bending of Shoots- contd…….

• During summer (April – June), the new shootlets 
emerged within 8 to 10 days of bending

• During autumn (Sept. – Nov.), the new shootlets 
took 20-25 days to emerge

• Bent branches should be untied when the new 
shootlets is about 1 cm in length

• Flowering occurs in the new shootlets at 4-5 pair 
of leaf stage, after 45-50 days of summer 
bending & 60-65 days of autumn bending

• Manures & fertilizers should be applied 15 days 
before bending of branches & again at pea stage 
of fruit growth followed by irrigation.



Flow chart of Crop regulation in guava by bending shoots

conti......

Before bending, remove leaves & small shoots, keep 10-12 inch  

Apply manure & Fertilizer15 days before bending

Branches are bent down about 45-60 days before flowering

During summer (April-June), new shoot emerge within 8-10 days



Continue………

Flowering starts within 45-60 days after bending  

For Hastha Bahar

During autumn (Sept-Nove) new shoots emerge within 20-25 
days

Flowering occurs 60-65 days after bending



Crop Regulation of Guava by Bending of Shoots



Crop Regulation of Guava by Bending of Shoots



Crop Regulation in pomegranate



flowers continuously when watered regularly. 

In tropical condition, there are three flowering seasons, viz., 

1. January-February (ambia bahar) 

2. June- July (mrig bahar) and 

3. September-October (hasta bahar).

The choice of flowering/fruiting depends

�availability of irrigation water, 

�market demand and 

�pest/disease incidence

Pomegranate



Bahar Treatment in pomegranate: Mrig-bahar

Withhold irrigation during March-April

Trees shed leaves and remain dormant till May

Apply light irrigation and fertilizers

New growth occur within 15 days 

Fruits ripe during October-November



Bahar Treatment in pomegranate: Ambe-bahar

Withhold irrigation during November-December  

Trees shed leaves  

Apply manure & Fertilizers

Flowering in Feb-March and harvesting during July-August



Bahar Treatment in pomegranate:

Stop irrigation for 1-2 month

Light pruning (15-20cm) is done

New flushes within 15-30 days and flowering within 30-60 days

Spray Ethrel 1.5-2ml/litre (80-85% leaf fall)

Light irrigation and apply fertilizer



Manuring and fertilization

�600–700g N, 200–250g P2O5 and 200–250g K2O/tree/year

�non-bearing trees - 3 split doses coinciding with growth flushes during 

January, June and September. 

�From fourth year, the fruiting can be taken. 

�Now apply N in 2 split doses starting at the time of first irrigation after 

bahar treatment and next at 3 weeks interval, 

�shallow circular trench below tree canopy not beyond 8–10cm depth.  



Crop and grade regulation
A grown-up, well-managed tree gives 60–80 fruits annually, 

1. 5–6% are of ‘A’ grade 

2. 20–25% of ‘B’ grade, 

3. Remaining ‘C’ and ‘D’ grades, and cracked fruits. 

Improve average grade by crop regulation. 

� After the fruit set, do not allow, fruits to develop in 

clusters. 

� Keep only solitary fruits.

�  After getting set remove all the flowers coming 

thereafter. 

� About 60 fruits/tree is optimum crop



Grading
on the basis of their weight, size and external (rind) colour. 

1.Super-sized: more than 750g each and without any spot on the skin.

2.King-sized:  weighing 500–750g. no spots.

3.Queen-sized: 400 and 500g, having bright red colour and no spots.

4.Prince-sized: weighing between 300 and 400g with red colour.

also graded into 2 grades—12-A and 12-B. 

�250 and 300g with some spots belong to 12-B grade. 

�12-A grade no spots



Crop  regulation in Citrus



Crop regulation in citrus

�South and central India, mandarins bloom thrice

�February -ambe bahar; 

�June -mrig bahar

�October- hast bahar. 

�Fruitful yield in any of the 3 flowering seasons, 



Crop regulation in citrus

Method

�Roots exposed to sun 

�Remove up to 7–10cm soil around 40–60cm radius of tree 

trunk. 

�Withhold water for a month or two before flowering. 

�Water stress, leaves show wilting and fall on the ground. 

�At this stage cover the roots with a mixture of soil and FYM and 

irrigate immediately. 

�Consequently, new growth, profuse flowering and fruiting. 

�In light sandy and shallow soils, withhold water for 2–3 weeks



Crop regulation in citrus

�choice of the grower =which of the 3 bahars 

�Non availability of water in central India during April–May, 

�farmers prefer mrig bahar 

�forced for rest in April–May

�followed by flowering (July–August)

�Not feasible in north India, plants rest in winter and flower once 

a year. 

�Resting treatment in general is a devitalizing process



Remove soil 7-10 cm around 40-60 cm radius of tree trunk

Withholding irrigation for 2 months

Simple ploughing/Root expose to sun 

Leaves show wilting and fall on ground

Apply irrigation and fertilizers



Erratic flowering in pineapple

Irregular/uneven flowering is major constraints 
which hinder cultural operation and management 
practices in pineapple. 

Management:
Spray of NAA (100-200 ppm)
Pouring of 50 ml solution to the heart 
of plant to induce uniform flowering.
Effectively uniform flowering by application
 of ethrel 25 ppm + urea (2%) and sodium carbonate (0.04%) when 
plants have 35-40 leaves.



Alternate bearing 

Alternate bearing:
 It refers to heavy fruiting in on year ‘on year’ followed by less or 
no fruiting in the following year ‘off year’. It is most common in 
mango, olive, persimmon, European plum, Date palm, Apple, 
Peanut, Cashew nut, Coconut,  orange, mandarin. 

Biennial bearing: Fruiting in regular interval of the year

Shy Bearing: less than expected production



External factors
�Temperature
�Relative Humidity
�Rainfall
�Frost
�Hailstorm
�Wind
�Pest and diseases

Causes of alternate bearing

Internal factors
�C:N ratio
�Nutritional deficiency
�Varietal differences
�Genetic causes
�Hormonal imbalances



Management of alternate bearing

�Deblossoming

�Ringing and girdling

�Salt application

�Proper nutrition

�Proper orchard management practices

�Growing regular bearer variety

�Control of pests and diseases

�Use of paclobutrazol



Advantages 

� Regulated crops are desired to avoid the glut in the 
market and ensure the regular supply of fruits.

� It ensure quality production.
� It ensure good market price.
� It ensure availability of fruits throughout the year.
� It helps to satisfied consumer preferences
� It reduces cost of cultivation.
� It provides more profit to the growers

Disadvantages

� Plants may suffer, if pruned severe
� Root pruning imparts infections of pathogen
� Life of plants may reduce



Some research findings

Effect of pruning intensity and chemical on guava cv Allahabad 
Safeda,  Singh et al., 1996, CISH, Lucknow

Fruits, Vol 51 (4): 241-246



Treatments Abscission (%) Mean Fruit 

wt (g)

Fruit yield (kg/plant) TSS˚ Brix Vit-C 

(mg/100g)

Leaf Flower Rainy 

season

Winter season

Ethrel 600ppm 29.36 86.45 98.86 8.96 42.29 9.33 215.04

Ethrel 1200ppm 39.35 94.18 91.70 6.37 45.5 9.40 225.25

Ethrel 1800ppm 58.69 100 105.17 0.5 60.41 11.20 209.23

NAA  200ppm 27.40 93.65 104 6.13 40.07 11.47 194.62

NAA  400ppm 45.64 96.63 125.53 3.25 40.27 10.70 183.40

NAA  600ppm 60.51 100 157.96 0.29 59.21 9.50 230.20

Urea 10% 79.86 80.65 12.33 5.13 84.81 13.27 169.48

Urea 15% 89.81 100 109.46 0.66 33.98 12.93 155.98

Urea  20% 100 100 90.33 0.0 11.17 13.20 162.62

Potassium iodide 0.5% 97.87 100 97.50 2.88 61.60 13.13 180.50

Potassium iodide 1% 100 100 79.67 0.0 53.36 13.67 178.47

Potassium iodide 2 % 100 100 98.04 0.0 26.85 10.80 162.57

Pruning 50% 55.45 45.63 102.17 16.18 40 13.93 148.67

Pruning 75% 75.60 74.02 93.50 9.29 35.99 11.07 136.49

Pruning 100% 100 100 104 0.0 35.36 13.80 207.25

Control 5.17 45.09 104 31.76 25.83 10.53 176.05



Effect of pruning, date and their interaction on yield 
parameters of guava during (2010/2011) seasons. Sahar and Hameed, 
2014, Desert Research Centre, Cairo (Egypt)  J. of Agri and Vet. Science, Vol 7(12): 41-44

Fruit set % No. of fruits/tree Yield (kg/tree)

First season

May June July May June July May June July

Control 0.54 0.53 0.45 247.6 282 97 25.09 26.55 8.3

Pruning 

10 cm

0.73 0.65 0.45 309 276 174 33.83 28.74 17.98

Pruning 

20 cm

0.47 0.46 0.43 168 140 151 18.79 15.54 15.20

Second season

Control 0.55 0.58 0.44 282 186.6 99 27.7 20.2 8.3

Pruning 
10 cm

0.75 0.67 0.43 312.3 286.3 157 34.79 29.60 17.98

Pruning 
20 cm

0.49 0.47 0.47 225 146.6 173.3 25.81 16.65 15.20



Effect of pruning, date and their interaction on fruit wt, 
TSS and vit- C in guava during (2010/2011) seasons. 

Sahar and Hameed, 2014,  DRC, Cairo(Egypt)  J. of Agri and Vet. Sci, 7(12):41-44

Fruit weight (g) TSS (%) Vit-C (mg/100g)

First season

May June July May June July May June July

Control 101.3 94.1 87.9 7 7.33 7.33 89.6 85.2 80.8

Pruning 10 

cm

109.5 104.1 103.3 10.33 9.66 7.66 72.6 70.4 60.4

Pruning 20 

cm

111.8 1111 100.7 9 8.66 6 66.7 63.3 65.4

Second season

Control 98.5 109.4 90.8 8.33 7.66 8 90.3 85.3 86.2

Pruning 10 

cm

111.6 103.4 105.4 10.6 9.33 7 75.02 69 71.4

Pruning 20 

cm

114.5 113.5 101.4 10 8 8 59.3 56.7 62.5



Effects of defoliation and deblossoming  on guava cv. ‘Gola’  

,Pak J. Bot 43(6) 2891-2896Khan et al.,2011, Inst. Hort. Scie,  Faisalabad, Pakistan

No. of flower buds Leaf size 

(cm2)

Fruit set% No. of fruit /plant Yield/plant (kg)

Treatments Summer 

crop

Winter 

crop

Summe

r crop 

Winter 

crop

Summer 

crop 

Winter 

crop

Summer 

crop 

Winter 

crop

T1 = Control; 80.7 35.3 37.7 54.3 84.5 119.3 57.5 7.7 6.0

T2 = 100% defoliation 

+ 100% deblossoming;

93.9 13.5 33.8 0.00 93.0 0.0 18.3 0.0 2.5

T3 = 50% defoliation + 
50% deblossoming;

69.3 15.1 33.3 24.6 83.7 24.5 46.5 2.2 6.9

T4 = 0% defoliation + 
50% deblossoming;

71.5 12.6 42.3 26.2 96.9 28.5 65.5 3.0 8.3

T5 = 0% defoliation + 

100% deblossoming

102.8 10.2 26.5 0.00 78.6 0.0 19.3 0.0 3.1

CD 5% NS NS NS NS NS NS NS NS NS



Effect of some chemicals on crop regulation in  cv Sardar Guava

Treatments Fruit Length (cm) Fruit Diameter (cm) Weight (g) Number of 

fruits

B:C ratio

Rainy Winter Rainy Winter Rainy Winter

T1-NAD 40ppm 5.78c 6.67d 5.76cd 6.12cde 104.33bc 142.15bcd 58.52bc 5.39b

T2-NAD 60ppm 6.50b 7.82a 6.05bc 7.15a 117.75bc 189.58a 81.19a 7.84a

T3-NAA 250ppm 5.98c 6.26e 5.83c 5.93def 107.00bc 132.22cd 50.39cde 3.65e

T4-NAA 500ppm 6.65b 7.56b 6.27b 6.65b 122.62b 167.65ab 61.91b 4.85c

T5-Urea10% 6.42b 6.17f 5.88bc 5.75ef 110.62bc 121.08de 41.84e 3.28f

T6-Urea 20% 7.62a 6.79d 7.07a 6.27cd 167.37a 147.88bc 52.52cd 4.51d

T7-Manual 

debossoming

- 7.36c - 6.43bc - 154.68bc 44.64de 3.65e

T8-Control 5.71c 6.11g 5.40d 5.64f 99.77c 104.47e 51.95cd 2.29g

Maji et al., 2015, BCKVV, Mohanpur WB

Scientia Horticulturae 188:66-70



Effect of various crop regulation treatments on guava cv. L-49

Sharma et al., 2013, SKUAST, Jammu

Madras Agric. J., 100 (1-3): 92-94

Treatment Fruit wt (g) Yield (kg/plant) Acidity TSS Vit-C

Rainy 

season

Winter season Rainy season Winter 

season

Rainy 

season

Winter 

season

Rainy 

season

Winter 

season

Rainy 

season

Winter 

season

1 pair leaf pruning 200.55 221.20 10.48 80.58 0.54 0.46 12.60 13.80 245.93 301.82

2 pair leaf pruning 202.07 214.44 17.80 70.00 0.57 0.49 12 13 212.43 286.47

3 pair leaf pruning 161.25 182.67 30.67 57.37 0.60 0.51 12 13 201.09 249.82

GA3 100ppm 117.59 121.47 48.33 35.83 0.68 0.58 10.90 11.70 198.28 220.97

GA3 150ppm 135.09 129.36 52.56 30.80 0.62 0.54 11 11.80 182.95 229.08

GA3 200ppm 128.22 137.44 50.46 29.43 0.65 0.50 10.70 12 195.12 225.13

NAA200ppm 148.29 174.70 35.00 50.00 0.60 0.50 11.44 12.80 201.21 261.29

C.D. 5% 4.40 3.13 2.50 2.73 0.03 0.03 0.43 0.34 8.72 8.62



Effect of hormones and various stress period on acid lime

Treatment Av wt of 

fruit (g)

Volume 

(cc)

Yield/plant 

(kg)

Juice % TSS % Vit-C 

(mg/100g)

Tl- 30 days stress 28.94 28.64 15.89 45.24 7.64 28.72

T2- 40 days stress 29.16 29.17 15.32 46.81 7.59 29.05

T3- 30 days stress + Alar 1000 ppm 30.56 29.98 19.16 47.39 7.74 28.09

T4- 30 days stress+NAA 25 ppm 32.30 31.65 21.20 49.55 8.11 29.08

T5- 30 days stress + ascorbic acid 50 

ppm

34.14 33.37 25.49 49.91 7.82 29.45

T6- 30 days stress + KN03 1% 33.29 32.38 20.45 48.53 8.07 28.76

T7- 30 days stress + 2, 4-D 10ppm 29.22 29.06 21.38 49.25 7.67 30.34

T8- 30 days stress + cycocel 500 ppm 32.27 31.80 20.03 49.04 7.78 30.25

T9- 30 days stress+ deblossoming + 

GA 10 ppm

33.11 32.49 24.22 49.77 7.71 28.66

TlO- Control 27.60 27.22 13.40 45.31 7.34 27.65

SE(m)± 0.473 0.464 0.648 0.226 0.049 0.631

CD at 5% 1.40 1.37 1.92 0.67 0.14 -

Ingle et al. 2001 at PDKV, Akola, MH,  Agri Sci Digest, 21 (3):186-188
 



Flowering and fruiting behaviour of lime before & after the  
GR treatment, Devi et al.,2011, BCKV, WB, J. of crop & weed, 7(2):87-90

Treatments Before imposition (2007-08) After imposition (2008-09)

No. of fruit/tree Yield /tree (kg/) No. of fruit/tree Yield/tree 

(kg)

Paclobutrazol 2.5ml/m2 11.17 0.32 78.33 2.59

Paclobutrazol 5ml/m2 31.33 0.86 195.67 6.19

Bromouracil-50 ppm 48.17 1.38 112.17 3.95

Bromouracil-100 ppm 38 1.10 83.33 2.74

GA3  25 ppm 45.67 1.30 62.67 1.98

GA3 50ppm 99.17 2.79 54.33 1.78

2,4-D 20 ppm 49.83 1.37 47.33 1.55

2,4-D 40 ppm 52.50 1.41 80.33 2.72

Control 21.11 0.60 17.17 0.49

SEm (±) 25.3 2.12 19.94 0.63

C.D. (5%) NS NS 59.77 1.88



Effect of severity of pruning on acid lime during 2001 – 2002 

Treatment pruning Mean 

Height 

(m)

Mean 

canopy 

(m3)

Yield (kg) Fruit wt 

(g)

Juice % TSS % Vit-C 

(mg/100g)

Light (15-25 cm) 4.25 29.79 870 31.59 52.20 7.80 30.34

Medium (25-45 cm) 4.10 32.23 1020 32.70 52.60 7.90 30.90

Heavy (45-75 cm) 4.18 33.60 912 32.49 51.80 7.81 30.15

No Pruning 3.81 29.00 738 30.42 50.70 7.68 30.39

CD at 5% 0.17 - 271.43 0.69 0.253 0.116 -

Agri Sci Digest, 25(2):127-129

Ingle et al. 2005 at PDKV, Akola



Quality of pomegranate in different bahar

Parameters Mrig Bahar Hasth Bahar

Quality average best

Seed soft hard

Juice Dull colour Attractive colour

Fruit wt (g) 95-200 141-261

Length (cm) 50-75.5 66.5-75.5

Diameter (cm) 50.05-73.5 70.2-78

Aril/seed 0.63-1.42 0.69-3.02

Juice % 58.3-77.3 62.29-78.25

Acidity % 0.35-1.45 0.28-0.90

Hiwale et al., 2009

International Symposium on Pomegranate at USA Dharward, 23-27th June



Effect of plant growth regulators on fruit characters and yield of 
pomegranate cv. Ganesh, Reddy and Prasad, 2012., KVK Adilabad, AP

 IJPAES, Vol 2 (2):91-93

Treatment Fruit 

length, cm

Diameter, cm Fruit 

wt(g)

Aril wt(g) Aril % No. of 

fruits/plant

Yield/plant (kg)

NAA 20ppm 7.06 7.13 174.57 99.9 57.22 53.17 9.28

NAA 30ppm 7.30 7.33 181 104.70 57.84 61.50 11.13

NAA40ppm 8.41 8.45 221.67 148.53 67.01 63.17 14

2,4-D20ppm 7.57 7.59 192.67 117.67 61.07 57 10.98

2,4-D30ppm 8.49 8.62 235.57 160.73 68.23 59.33 13.98

2,4-D40ppm 8.85 8.91 262.23 188.90 72.03 64 16.78

GA325ppm 7.75 7.78 209.57 135.80 64.80 52.33 10.96

GA350ppm 8.39 8.53 223.10 150.70 67.55 55.50 12.38

GA375ppm 8.69 8.74 250.43 175.77 70.19 56.17 14.06

Control 6.67 6.67 169.07 93.70 55.42 43.83 7.41

CD 5% 0.25 0.264 4.43 4.94 1.24 10.92 3.47



Effect of bahar treatment on cracking and physical-chemical characteristics 
of pomegranate fruits (pooled data for 2003-04 and 2004-05) 

Singh and Kingsly, 2007, CIPHET, Ludhiana

Indian J of Agr Sci, 77(10):692-694

Bahar 

Treatment

Harvesting 

period

Cracking 

%

Weight 

of fruit 

(g)

Peel wt 

(g)

Peel 

thickness 

(mm)

TSS 

%

Acidity 

%

Total 

Sugar

%

Vit-C 

(mg/100g)

Feb-Marc

h

September 0.73 240 52.48 3.28 17.63 0.71 14.92 24.77

March-Ap

ril

October 2.8 213.5 61 3.87 17.61 0.74 14.62 25.16

April-May November 14.38 207.4 57.15 3.53 17.54 0.77 14.73 25.36

May-June December 35.16 204 62.55 3.71 17.15 0.78 14.55 25.31

CD 5% 6.06 0.875 2.51 9.98 1.32 1.50 0.345 0.17



Effects of PBZ on percentage flowering of biennially bearing  
mango cultivars, Miska, Mahmoudi and Totocombo. 

Abdel Rahim et al.,2011, Hort Research Station, Sudan

ARPN Journal of Agricultural and Biological Science, 6(2):55-67

Cultivars Flowering percentage (2002)

60 days after PBZ treatment 90 days after PBZ treatment

PBZ treated Control PBZ treated Control

Miska 50% 0% 100% 0%

Mahmoudi 50% 0% 100% 0%

Flowering percentage (2003)

60 days after PBZ treatment 90 days after PBZ treatment

PBZ treated Control PBZ treated Control

Totocombo 50% 0% 100% 0%

Miska 50% 0% 100% 0%



Effect of dose and time of urea spray on blooming of irregular 
bearing mango cultivars Nafees et al. 2013 , IHS, Faisalabad,Pakistan

World Applied Sciences Journal, 24(10):1368-72

Chuasa Dushehari Anwar Retool Means

On Year 3.95b 9.92a 3.62b 5.83a

Off year 3.91b 3.87b 3.4b 3.75b

Means 3.93b 6.9a 3.54b

Chausa Dushehari Anwar Retool Means

On Year 87.29b 124.92a 68.6c 93.6a

Off year 38.79de 53.8cd 28.48e 40.35b

Means 63.04b 89.35a 48.54c

Effect of urea spray on yield in mango cultivars during on and off Years

Control 1% Urea 2% Urea 3% Urea Means

Spray in February 46.11b 54.55a 55.89a 58.32a 53.71a

Spray in September 45.96b 43.28b 43.92b 45.62b 44.7b

Means 46.03b 48.91ab 49.91a 51.97a

Effect of urea spray on fruit setting in mango cultivars during on and off years



 Effects of paclobutrazol soil drench on flower and quality related 
parameters of 'Tommy Atkins' mango

Yeshitela et al., 2016, Dept of  Plant Prod and Soil Sci, Uni of Pretoria,  Ethopia

New Zealand Journal of Crop and Horticultural Science, 32:281-93

Treatments Tagged 

branches 

flowered 

(%)

No. of days 

for 

inflorescence 

development

Perfect 

flower 

(%)

Total no 

of 

fruit/tree

Fruit 

wt 

(g)

Yield/tree 

(kg)

TSS (°

Brix)

Total 

sugar 

(%)

Control 41.67e 116a 43.08f 131.80d 368a 47.85c 13.33c 11.22b

2.75g/tree 60c 105b 56.30c 183.7c 362a 66.12bc 14.42b 12.72a

5.50g/tree 69b 87.78d 69.35a 247b 368a 93.28ab 14.67b 12.77a

8.25g/tree 76.89a 82.22e 73.09a 299.3a 398a 121a 15.63a 12.93a



Effect of monthly applications of chemicals on number of 
inflorescence of mango at different Seasons

Month/
Treatment

Off Season 2011 Main Season 2012
Control PBZ KNO3 Mean Control PBZ KNO3 Mean

April 8.6 15.6 12 12.1 12.3 21.8 12 15.4
May 14.8 18.2 12.8 15.2 11.8 16.8 12.8 13.8
June 10.8 17.3 13.5 13.9 16.3 15.1 13.5 15
July 16.5 14.6 15 15.4 12.1 11.8 15 12.9
August 13.0 14.5 16.3 14.6 11.2 14.3 16.3 13.9
September 13.0 13.5 15.7 14.1 14.6 18.4 15.7 16.2
Mean 1.78 15.60 14.20 14.19 13.04 16.36 14.20 14.33

S.Ed. C.D (5%)

Chemical 0.158 0.441

Month 0.216 0.443

Season 0.097 0.198

Interaction NS NS

Sathiyaraj et al., 2014, TNAU, Coim

Trends in Biosciences 7(22): 3664-3668



 
Effect of monthly appl. of chemicals on yield at different season

Month/
Chemical

Off Season 2011 Main Season 2012

Control PBZ KNO3 Mean Control PBZ KNO3 Mean

April 32.02 45.57 32 36.53 35.91 42.79 32 36.90

May 29.99 49.17 32.91 37.12 43.96 44.91 32.91 40.59

June 27.65 46.05 33.75 35.82 32 45.58 33.75 37.11

July 38.47 41.44 35.25 38.39 37.25 48.17 33.25 40.22

August 28.47 40.90 39.96 36.44 40.61 56.35 39.96 45.64

September 35.57 38.26 38.61 37.48 35.91 51.25 38.61 41.92

Mean 31.91 43.57 35.41 36.96 37.61 48.18 35.41 40.40

S.Ed. C.D (5%)

Chemical 0.380 1.055

Month 0.224 0.459

Season 0.145 0.294

Interaction NS NS
Trends in Biosciences 7(22): 3664-3668

Sathiyaraj et al., 2014, TNAU, Coim



Effect of different doses and month of application of paclobutrazol 
on mango cv Alphonso

Month/
PBZ

No of perfect flower/panicle Yield/tree (kg)

Control 0.25 0.50 0.75 Mean Control 0.25 0.50 0.75 Mean

July 129.24 216.25 239.41 293.46 219.59 91.47 137.71 102.33 211.14 135.66

August 136.56 226.25 256.14 355.95 243.72 91.98 121.89 200.02 107.71 130.40

September 156.83 214.54 400.39 456.78 307.13 95 139.47 230.11 248.50 178.27

October 166.26 193.32 222.14 288.54 217.56 67.25 118.50 59 50.31 73.77

November 232.67 230.10 110.03 121.69 173.62 82.63 73.50 39 49.13 61.06

Mean 164.31 216.09 245.62 303.28 232.33 94.56 109.32 126.09 133.36 115.83

S.Ed. C.D (5%) S.Ed. C.D (5%)

Paclobutrazol 15.14 31.69 2.29 4.79

Month 16.93 35.43 2.56 5.36

Interaction 33.85 70.86 5.12 10.72

Trends in Biosciences 7(12): 1213-1216

Anusuya and Selvarajan, 2014, TNAU, Coim



Conclusion
�It is  important  for quality production

�It is necessary in  crops  which  flower and  fruits throughout 
the year

�It ensure profit to the growers

�Break the life cycle of pathogens

�Regular quality production

�Ambe bahar can be taken if water is available

�Mrig bahar is best in guava and pomegranate.



Thank 
you!
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