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Introduction: 

 High Density Planting (HDP) is an 

advanced orchard management system that 

involves growing a large number of fruit plants 

per unit area by using dwarfing rootstocks, 

compact varieties, and scientific canopy 

management practices. The primary objective 

of HDP is to maximize productivity per 

hectare without compromising fruit quality. 

This system ensures efficient utilization of 

land, sunlight, water, and nutrients, which is 

especially important under conditions of 

shrinking land holdings and increasing demand 

for fruits. 

HDP enables early bearing, uniform 

fruiting, higher yield efficiency, and ease of 

intercultural operations such as pruning, 

spraying, and harvesting. When combined with 

modern techniques like drip irrigation, 

fertigation, and regulated pruning, HDP 

significantly enhances resource-use efficiency 

and profitability. Due to these advantages, 

high density planting has emerged as a key 

strategy for sustainable and intensive fruit 

production 

 

 

 

 

 

 

 

 

production in both tropical and subtropical 

regions. 

Amrapali cultivar could be planted at a 

spacing of 2.5 m x 2.5 m with a density of 

1600 plants per hectare and Dashehari at 3.0 x 

2.5 m with density of 1334 plants per hectare. 

(Ahmed et al., 2022). 

Principles of High-Density Planting (HDP) 

in fruit crops 

High-Density Planting is based on a set 

of scientific principles aimed at maximizing 

productivity per unit area while maintaining 

tree health and fruit quality. The key principles 

are: 

Optimum Plant Population 

Increasing the number of plants per 

unit area by reducing spacing, without causing 

excessive competition among plants. 

Use of Dwarfing Rootstocks and Compact 

Varieties 

Selection of dwarf or semi-dwarf 

rootstocks and naturally compact, spur-bearing 

or low-vigour cultivars to control tree size. 
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Canopy Management 

Scientific training and regular pruning 

to maintain a small, efficient canopy that 

allows better light interception and aeration. 

Efficient Utilization of Light 

Proper tree architecture and row 

orientation to ensure uniform distribution of 

sunlight, enhancing photosynthesis and fruit 

quality. 

Early Bearing and High Yield Efficiency 

HDP promotes precocity, leading to 

early fruiting and higher yield per unit area 

rather than per tree. 

Balanced Nutrition and Water Management 

Adoption of drip irrigation and 

fertigation for precise and efficient supply of 

water and nutrients, reducing wastage. 

Key Components of HDP 

Planting Material 

Use of true-to-type, healthy, disease-

free planting material of dwarf or low-vigour 

varieties and suitable rootstocks. 

Rootstock–Scion Combination 

Selection of compatible dwarfing or 

semi-dwarfing rootstocks that control tree size 

and induce early bearing. 

Optimum Spacing and Plant Geometry 

Scientific adjustment of spacing and 

row orientation to accommodate more plants 

while ensuring adequate light penetration. 

Training and Pruning Systems 

Adoption of appropriate training 

systems (spindle, central leader, Y-trellis, 

meadow orchard, etc.) and regular pruning to 

maintain canopy size. 

Canopy Architecture 

Development of a compact, well-

structured canopy that maximizes light 

interception and minimizes shading 

Pest and Disease Management 

Integrated pest and disease 

management (IPM) for maintaining plant 

health under intensive planting conditions. 

USE OF GENETICALLY DWARFING 

SCION CULTIVARS 

Genetically dwarfing scion cultivars 

possess inherent low-vigour growth, resulting 

in compact canopy architecture. Their use in 

high-density planting enables closer spacing, 

improved light interception, early bearing, 

easier canopy management, and higher yield 

efficiency per unit area, making intensive fruit 

production more productive and sustainable. 

Use of Dwarfing Rootstocks 

Dwarfing rootstocks are used in high-

density planting to control tree vigour, reduce 

canopy size, and induce early bearing. They 

allow closer spacing, improve nutrient and 

water-use efficiency, and enhance yield per 

unit area. Common examples include M.9 in 

apple, quince in pear, and trifoliate orange in 

citrus. 
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Mango – Vellaikolamban, Olour 

(induce reduced vigour and early bearing) 

Guava – Aneuploid-82, Pusa Srijan, 

Portugal (suitable for meadow and HDP 

systems). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Citrus (Orange, Mandarin, Lime) – 

Trifoliate orange, Flying Dragon (strong 

dwarfing effect) 

Sapota (Chikoo) – Rayan (moderate 

dwarfing and better productivity) 

 

Table 1: High Planting Density of Different Fruit crops 

Fruit crop HDP spacing (m) Plant density (plants/ha) 

Mango 5 × 5 400 

Mango (UHDP) 3 × 2 1,667 

Guava 3 × 3 1,111 

Guava (Meadow orchard) 2 × 1 5,000 

Apple 3 × 1 3,333 

Citrus (Mandarin/Orange) 4 × 4 625 

Pear 3 × 2 1,667 

Peach 4 × 4 625 

Plum 4 × 4 625 

Papaya 2 × 2 2,500 

Banana 1.8 × 1.8 3,086 

Pineapple 0.9 × 0.6 18,500–20,000 

 

Table 2: Mango varieties suitable for High-Density Planting State Varieties 

Uttar Pradesh Amrapali, Mallika, Dashehari (under HDP with pruning) 

 

Bihar 

 

Amrapali, Mallika, Langra (managed HDP) 

 

West Bengal Amrapali, Mallika, Himsagar (semi-compact) 

 

Andhra Pradesh & 

Telangana 

Banganapalli (Safeda), Amrapali, Rumani 

 

Tamil Nadu Amrapali, Neelum, Rumani 

 

Maharashtra Alphonso (HDP/UHDP with pruning), Amrapali, Ratna 
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Peach – Nemaguard, Flordaguard 

(semi-dwarfing under subtropical conditions) 

Pear (Sub-tropical types) – Quince A, 

Quince C (dwarfing and precocity). 

Mango varieties suitable for High-Density 

Planting State Varieties  

Mango varieties suitable for High-

Density Planting (HDP) are generally dwarf or 

semi-dwarf, regular bearers, and responsive to 

pruning. Important state-wise recommended 

varieties are given above in table (2). 

Canopy Management 

Canopy management refers to the 

scientific regulation of tree shape, size, and 

structure through training, pruning, and 

spacing. It ensures optimum light penetration, 

proper aeration, and balanced vegetative and 

reproductive growth. Effective canopy 

management improves fruit quality, increases 

yield efficiency, and facilitates easy orchard 

operations in high-density planting systems. 

Central leader system 

The central leader system is a training 

method in which a single strong main stem is 

maintained as the leader, with well-spaced 

lateral branches arranged spirally. This system 

ensures good light penetration, strong 

framework, controlled canopy growth, and is 

widely used in apple, pear, and other fruit 

crops under high-density planting. 

The open center or modified leader system 

The open center or modified leader 

system is a training method where the central 

leader is removed or headed back to allow 3–5 

main scaffold branches to develop. This 

creates a vase-shaped canopy, improves light 

penetration and aeration, and is commonly 

used in peach, plum, apricot, and other stone 

fruit crops. 

The hedge row system 

The hedge row system is a high-density 

training method in which fruit trees are planted 

closely in rows and maintained as narrow 

hedges through regular pruning. It improves 

light interception, facilitates mechanization, 

ensures uniform canopy structure, and is 

commonly adopted in apple, guava, citrus, and 

mango under high-density planting systems. 

The Y-trellis system 

The Y-trellis system is a training 

method in which two main scaffold branches 

are trained in a Y-shape on a trellis support. 

This system improves light distribution, 

increases fruiting surface, enhances yield and 

fruit quality, and is widely used in apple, pear, 

and peach under high-density planting 

systems. 

Trellis System 

The trellis system is a training method 

where fruit plants are supported on wires or 

frames to guide branch growth. It maintains 

canopy structure, improves light interception  
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and aeration, allows closer spacing, and 

facilitates efficient pruning, spraying, and 

harvesting. This system is commonly used in 

grape, apple, pear, and kiwi under high-density 

planting. 

Meadow orchard planting system 

The meadow orchard planting system 

is an ultra-high-density planting technique 

characterized by very close spacing and severe 

annual pruning to maintain bush-like plants. It 

promotes early bearing, high yield per unit 

area, efficient light use, and easy orchard 

operations. This system is commonly adopted 

in guava and mango under intensive 

management conditions. 

Square system of planting 

The square system of planting is a 

traditional orchard layout where plants are 

spaced equally in both row-to-row and plant-

to-plant directions, forming squares. This 

system ensures uniform distribution of plants, 

easy intercultural operations, efficient 

irrigation, and is suitable for most fruit crops 

under both traditional and high-density 

planting systems. 

Rectangular system of planting 

The rectangular system of planting is 

an orchard layout in which the distance 

between rows is greater than the distance 

between plants within a row. This arrangement 

facilitates easy intercultural operations, 

mechanization, and efficient movement of 

implements, while allowing higher plant 

population compared to the square system.  

Triangular System of Planting 

The triangular system of planting is an 

orchard layout where plants are arranged at the 

corners of equilateral triangles, with each 

alternate row staggered. This system 

accommodates about 15 percent more plants 

than the square system, ensures better light 

interception, and provides efficient utilization 

of land in fruit crop plantations. 

Hexagonal system of planting 

The hexagonal system of planting is an 

orchard layout in which six plants are placed at 

the corners of a hexagon with a seventh plant 

in the center. This system accommodates more 

plants than the square system, ensures efficient 

land use, uniform light distribution, and is 

suitable for fruit crops under intensive orchard 

management. 

Contour system of planting 

The contour system of planting is 

adopted on hilly and sloping lands where fruit 

trees are planted along contour lines. This 

system reduces soil erosion, conserves 

moisture, improves water infiltration, and 

ensures better plant establishment. It is 

particularly suitable for perennial fruit crops 

grown in mountainous and undulating terrains. 

Training 

Training is the practice of directing and 

shaping plant growth to develop a strong 
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framework and desired canopy structure. It 

involves guiding branches through bending, 

tying, pruning, or support systems. Proper 

training improves light interception, enhances 

air circulation, ensures early and regular 

bearing, and facilitates efficient orchard 

management in fruit crops. 

Pruning 

Pruning is the selective removal of 

unwanted, diseased, or excess plant parts to 

regulate growth and productivity. It helps 

maintain tree shape, balance vegetative and 

reproductive growth, improve light penetration 

and aeration, and enhance fruit size and 

quality. Pruning is essential for sustaining high 

yield and longevity in fruit crops, especially 

under high-density planting systems. 

Conclusion 

High Density Planting has emerged as 

a modern and efficient orchard management 

system to meet the increasing demand for 

fruits under limited land resources. By 

integrating dwarfing rootstocks, compact 

varieties, scientific training and pruning, and 

precise water and nutrient management, HDP 

enhances productivity, ensures early bearing, 

and improves fruit quality. It enables efficient 

utilization of sunlight, soil, water, and labor 

while facilitating mechanization and ease of 

orchard operations. When properly managed, 

HDP contributes to higher economic returns 

and sustainability, making it a promising 

approach for intensive and profitable fruit 

cultivation in both tropical and subtropical 

region. 
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