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Foreword

CFRE with its Headquarters at Dehradun is an apex body in the

national forestry research system that promotes and undertakes
need based forestry research and extension. The Council that came
into being in 1986 has a pan India presence with its 9 Regional
Research Institutes and 5 Centers in different bio-geographical regions
of the country. Since then research in different fields of forestry has been
amajor focus of ICFRE.

There is an earnest need of publication of its research to the
stakeholders in a simple and lucid manner, to improve the visibility and
relevance of ICFRE. Therefore it was decided that the information
available on the technologies, processes, protocols and practices
developed by ICFRE has to be updated and may be published in the
form of operational manuals/user manuals. It was also expressed that
the manuals should be a comprehensive national level document
depicting extent of knowledge in applicable form.

Accordingly, 18 scientists of ICFRE were nominated as National
Subject Matter Coordinators (NSMCs) to carry out the task on the
specified subject. These NSMCs were assigned the task to select and
nominate nodal officers from other Institutes of ICFRE as well as other
organizations if necessary, collect and collate the information on the
subject from various sources in coordination with the nodal officers of
ICFRE institutes.

The manual "A manual of Modern Nursery Techniques" presents the
general principles and practices of nursery in Part . Methods of
propagation through seed as well as vegetative propagation have been
described. Special discussion has been provided on alternatives to
polythene bags in the wake of recent decision of Ministry of
Environment, Forest and Climate Change, Govt. of India to discourage
their use. Part Il contains the package of practices of important
plantation species. This is followed by tabulated information on a wider
list of plantation species in the Annexure. The contributors hope that the
publication would provide a ready source of information on nursery
practicesto tree propagators and forestry professionals.

Further, the manual has got good number of new initiatives to facilitate
research through innovation. | hope that the manual will provide useful
information to the diverse stakeholders and prove to be helpful
literature for planning future programmes in research for development.

Dr. Suresh Gairola



Preface

Forest is a wonderful entity. A few seeds in a newly exposed area without

any care, if not disturbed, are sufficient to grow and develop into trees
and eventually multiply into a forest. There are several situations where man
tries to intervene in this natural process to direct, modify or accelerate the
development of forest or tree cover. Reforestation, afforestation and
plantation outside the forest in areas such as wasteland, community land,
private land, agricultural field, urban spaces, etc. are important activities
towards augmenting the forest and tree cover. These activities are nowadays
heavily dependent on artificial regeneration. Conservation of forest and
biodiversity, though does not aim at enhancement of forest cover, yet it

inevitably requires regeneration of some favoured species.

Renewal of forest crop is an essential part of forest management. Sustainable forest managementimplies that
forest should be managed in such a way that it continues to provide goods and services to the society in
perpetuity without any loss or decline. Artificial regeneration of forest requires young plants which are raised in
the nursery. Plants in the nursery are raised through seeds as well as vegetative means using appropriate
techniques supported with suitable infrastructure.

The task before the country of increasing forest and tree cover is formidable and cannot be achieved by forest
department alone. Plantation activities generate employment besides providing a host of goods and services.
The forestry sector is working to strengthen liaison and associate the common man with forestry activities in
several ways. Local communities are being involved in forestry activities for over four decades through
programmes of social forestry, community forestry and participatory forest management. National
Agroforestry Policy, 2014 aims to boost the practice of integrating trees, agricultural crops and livestock.
Development of green corridor along highways is a welcome initiative launched by the Ministry of Road
Transport and Highways, Govt. of India, under the Green Highways (Plantation & Maintenance) Policy-2015.
Green Skill Development Programme launched by the Ministry of Environment, Forest and Climate Change,
Govt. of India during 2018 is another initiative launched to train youth towards forestry related activities and
promote forestry-based livelihood. Many such programmes are expected to be implemented in near future.

To make these programmes a success, people need to be trained in techniques of raising nursery stock. This
manual aims to provide technical information to the prospective tree propagators on all aspects of nursery,
besides providing a ready source of package of nursery practices on important plantation species. This will be
of special use to youth, entrepreneurs, farmers and other individuals and non-government organizations
associated with plantation activities. It is an effort on part of National Subject Matter Coordinators (NSMCs) to
prepare an easy-to-understand publication for user group of diverse backgrounds.
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The publication presents the general principles and practices of nursery in Part I. Methods of propagation
through seed as well as vegetative propagation have been described. Special discussion has been provided
on alternatives to polythene bags in the wake of recent decision of Ministry of Environment, Forest and Climate
Change, Govt. of India to discourage their use. Part Il contains the package of practices of important plantation
species. Thisis followed by tabulated information on a wider list of plantation species in the Annexure.

The contributors hope that the publication would provide a ready source of information on nursery practices to
tree propagators and forestry professionals.

Dr. Dinesh Kumar
National Subject Matter Coordinator,
Modern Nursery Techniques
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1 INTRODUCTION

Forests are one of the most prominent constituents of our ecosystem because of their vast expanse, versatility and utility.
Whether natural or planted, they are important to the mankind not only economically and environmentally but also
socially, spiritually, historically and aesthetically as they sustain human life by providing a large number of goods such as
fodder, fuel, timber and non-wood forest produce, and services like soil, water and biodiversity conservation, pollution
control, climate regulation, recreation, etc. Forests are a source of raw material for industry and livelihood for people
engaged in their establishment, management, protection and utilization. Forests improve the quality of air and play a vital
role in maintaining the oxygen cycle, which is essential for the survival of all living being. When properly grown, they act as
barriers against sun, wind, dust, noise and other pollutants. Trees reduce stress on human beings. They help to reduce
temperature by providing shade and by intercepting, absorbing and reflecting solar radiation, specially in warmer places,
where there is year-round warmth and sunshine.

Tree planting is receiving considerable attention in national policies and programmes. In the rural areas, trees play a vital
role in the supply of fodder, fuel, small timber, edible products and medicines which enhance livelihood support to the
farming communities. Tree plantation provides scope for economic and sustainable utilization of degraded lands where
agricultural crops cannot be grown. Social forestry, community forestry, National Forest Policy, 1988, Mahatma Gandhi
National Rural Employment Guarantee Act, 2005, National Agroforestry Policy, 2014, Green Highways (Plantation &
Maintenance) Policy-2015, Green Skill Development Programme, 2018, etc. emphasise massive plantation efforts
specially focusing on areas outside the forest. However, one of the major constraints of these programmes has been the
lack of quality planting material and its availability and accessibility to the growers. Establishing tree nurseries and
equipping manpower with the requisite skills is vital to achieve the target of a green India. The quality of planting material
must receive greater emphasis in order to ensure that the country is able to enhance forest and plantation productivity to
meetincreasing societal demands and achieve the carbon sequestration target in tune with the Paris Agreement.

Growing tree is an art and science. The process of growing a forest artificially usually begins with the raising of plants in
the nursery. Tree nursery plays important roles in production and supply of quality planting stocks of important tree
species. A good nursery stock is a pre-requisite for a quality plantation. A healthy and vigorous stock is essential for
ensuring good survival and growth of any plantation. This can be achieved only if nursery is properly designed and all
nursery operations are conducted cautiously.

The success of nursery depends upon:

» Selection and development of suitable site

«  Efficient supervision and administration

« Adequate planning, forecasting, control procedures and orderly timing of operations

» Use of appropriate cultural methods

« Protection from pests, diseases and other damages

Plants must have a well-developed root system with many root tips from which new roots can quickly develop. This

becomes specially important in adverse environments, such as dry, rocky, saline or nutrient-deficit sites. In weed infested
sites, larger plants are better as they can outgrow the weeds quickly.

This user friendly nursery manual has been prepared in such a manner to help the users to understand about nursery



practices of important tree species and to guide them to produce quality planting stock for their own use as well as for
sale.

MEANING OF NURSERY

Nursery is an area where plants are raised for eventual planting out. It comprises nursery beds, paths, irrigation channels,
shade house, mist chambers etc.

NEED FOR NURSERY

Plantations of many species by direct sowing of seed on planting of cuttings in the field is not successful. Planting of
nursery grown seedlings is the surest method of artificial regeneration of poor sites. Success of roadside and avenue
plantations also depends largely on tall and sturdy plants which can be obtained only from a nursery.

= Seedsare not available every year and throughout the year. They often have a short viability. Germination percentage
ofthe seed in many species is low which demands efficient utilization of the seed.

= Direct sowing gives unreliable results.

= Seedlings of right size for a plantation can be ensured if they are raised in the nursery. Some locations, especially
wastelands and roadside need bigger seedlings

= Beating up of failures can be done by planting sturdy seedlings of nursery
= Exotics areintroduced by planting out nursery stock.

= ltiseconomicalto intensively manage plantsin a smaller area as in nursery where plants are planted closely.

NURSERY PRODUCTION METHODS

Several methods are employed for raising plants in the nursery. The methods are illustrated in Figure 1. The process of
raising plants through tissue culture is also known as micropropagation while other procedures constitute
macropropagation. Microprogation procedure is initiated in the laboratory leading to production of a plantlet from any of
the vegetative parts or callus under artificial conditions. The plantlet is then raised in the nursery to attain plantable size.

Plant
Production

Through
Tt;rgggh Vegetative
Parts
J I J
Cutting Layering Budding Grafting g'jﬁlfr%
J J

Fig 1. Classification of major methods of propagation
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2 NURSERY ESTABLISHMENT

TYPES OF NURSERY

A permanent nursery is centrally and conveniently located and has permanent residential buildings for staff, stores for
equipments and machinery, fencing, water arrangements etc. It is meant for supplying plants for planting on a long-term
basis.

When planting programme is short (five years or less) a temporary nursery is sufficient which has just the most essential
low-cost facilities and structures to produce plants for meeting the specific planting target. Temporary nursery is generally
much smaller than permanent one, and is also referred to as site nursery, field nursery, or flying nursery.

In a continuing programme that is likely to go on for more than five years, it is desirable to have atleast a few permanent
nurseries with proper infrastructure. However, in case of afforestation projects lasting five years or less, temporary or
semi-permanent nurseries can be established in which the cost can be reduced by dispensing with some of the
infrastructure elements such as permanent structures for green houses, nursery sheds, fencing with angle iron posts and
modern irrigation facilities.

FACTORS TO BE CONSIDERED FOR SELECTING A SITE FOR NURSERY

It is very important to critically consider all factors while selecting the site for a nursery. One should consider not only the
physical aspects for the selection of the site but also the end use of the seedlings. Following points may be kept in mind
while selecting a site for the nursery, however, in reality, a decision of compromise is often made in many situations based
onnursery manager’s priorities.

Location

The site should be centrally located with easy access for transportation of seedlings. It should be close to the area
where seedlings are to be utilized. The site should be as square as possible. Sites used earlier for agriculture may be
avoided and preference be given to former forest sites where weed problems will be less and beneficial mycorrhizae
forming fungi are often endemic.

Water

Enough water should be available especially during the dry season. A natural source of water, at a higher level, will be
operationally cheaper, as it can be tapped by gravity. If no natural source of water is available, ground water may be
used. It is estimated that the water requirement for a semi-arid area is a minimum of 25,000 litre per day during
summer, for every 1,00,000 seedlings. Requirement of water will be somewhat less for moist or cold areas.

Topography and Drainage

The area should be nearly flat with good drainage. This can be managed by providing gentle slope (<5 degrees) and
channels should be dug to drain out excess water from the nursery. In the hills northern aspectis desirable up to 1,200
m elevation, Western or South Western aspect is best for moist areas and Northern for dry areas. Nursery site should
not be selected close to the edge of a high forest or in the middle of the grassland. Frost pool should be avoided.

Soil
The ideal forest nursery should have sandy loam to loamy texture. Sandy soils may be given preference over heavy
soils. Soil should have pH 5.5 to 7.5, moderate fertility, with a minimum of 2 per cent organic matter. The higher the
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organic matter content of the nursery soil, the better it is. A high organic matter content ensures good retention of
nutrients and water and may improve the working properties of the soil. The depth of soil should not be less than 25
cm. Itis not always possible to get good soil everywhere. Under such circumstances, one has to get extra soil, sand
as well as farm yard manure from outside; therefore, location of nursery should be close to such areas. Air-filled
porosity (a measure of pore space not occupied by water when soil is allowed to freely drain; expressed as total
volume of soil) of 30 per cent is considered good for raising of seedlings and rooting of cuttings.

SIZE AND SHAPE

As far as possible the nursery should be of a rectangular shape; so that it can be divided into smaller nursery beds of
rectangular shape, leaving space for roads, inspection paths, heaping of manure, hut for mali and space for people
working in the nursery to rest or take shelter during periods of rain. In bigger nursery (one ha and above), a road of a
minimum width of 3 m should be constructed to facilitate transport of sand and manure inside the nursery and to carry the
plants from the nursery, leaving space for turning of the vehicle.

The requirement of the total area for the nursery can be calculated by adding together the area required for mother beds,
containers, entire plant/root shoot cuttings and beds required for rooted cuttings. Another 40% area may be added for
making the paths. Area will also increase if seedlings are kept in the nursery for more than one year, specially for raising
tall plants. Area required for sheds, water tank, storage of seed, manure etc. should also be kept in mind. Bags of size 18
cm x 5.5 cm need 1 m? for keeping 772 bags and slightly larger bags 18 cm x 7.5 cm need 1 m? for keeping 400 bags.
Accordingly 1,00,000 bags will require 250 m? area plus 40% for paths. Thus for raising 1,00,000 polypot seedlings, an
area of 350 m’ may be sufficient.

SITE PREPARATION

The site should be cleared properly by removing all stumps, roots, lops and tops. Stones collected from the site may be
used for metalling the main nursery road. Thorough ploughing or hoeing to a depth of 30 cm should be done, especially in
places where plants are to be raised in the nursery beds. The soil should be levelled to form an even slope or, if a site is flat,
should be slightly domed. As far as possible, removing of top soil must be avoided. Drainage channel should be dug as
early as possible to avoid soil erosion. Drains should be dug on both sides of the paths and connected to main drain. In
plains, drain should be adequately sloped and steps should be used in hills to check the flow of water.

Beds should be separated by main paths (2-3 m wide) for vehicles. Secondary paths should be 1 m wide for movement
of wheel barrow. Paths between nursery beds can be 0.5 m wide for free human movement. Location of irrigation
channels must be kept in mind while developing layout plan of the nursery. In the hills, nursery beds are made after
terracing. Atleastone bed is made perterrace with path on both sides.

Size of Beds

Beds are prepared to germinate seeds, keep polypots and transplant pricked out seedlings. In the plains, beds of
10x 1 mor 12 mx 1.20 m size are made. In the hills smaller beds such as of 2 m x 1 m size are generally prepared.
However, size can be changed depending on the availability of the area. Width of beds should not be morethan 1.2 m
otherwise weeding of seedlings; especially in the middle part of the bed shall be a problem. The beds should be
oriented in east-west direction in the plains and should follow contours in the hills. In very cold areas where lifting may
be restricted due to frozen ground, orienting beds in a north-south direction will facilitate early thawing by the morning
sun, and thereby lifting.

Types of Beds

a) Onbasis of Vertical Level

Onthe basis of vertical level with respect to the ground, the following types of beds are prepared in the nursery.
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Sunken Beds

These nursery beds are about 15 cm deep and used in arid areas and hot places to maximise the use of rain
water, protect young seedlings from hot winds, and also to reduce the rate of evaporation, thus reducing the
consumption of water. Sunken beds are also used to keep small flexible bags in an upright position.

Raised Beds

These types of beds are generally used in moist areas. The beds are raised 15 cm above the ground to increase
drainage and promote warming of seedbed. Beds are given side supports of bamboos, twigs, bricks or other
locally available materials.

Seedbeds (germination beds) are generally raised beds and should be located in shade and close to beds of
polythene bags where seedlings will be transplanted.

i

thlll |.'|

Fig 2. A permanent forest nursery

b) Onbasis of purpose

Seedbeds

The plot where seedbeds are to be prepared must be ploughed and levelled and sloped (1 to 3%), depending
upon the texture of soil (less slope for sandy soils). It should be ascertained that the soil in the seedbed is light. If
necessary, sand and soil (1:1) may be mixed so that the seedlings can break through when germinate, and this
will also be helpful when plants are lifted for pricking out. The seed beds should not be filled in completely, so asto
avoid the washing away of top soil and seed. The surface of the seedbed should be made firm by sprinkling water
and then using awooden plank. These beds are generally used for the following reasons:

« For sowing minute seeds which cannot be sown individually, such as Eucalytpus, Adina, etc.

» Forsowing seeds which germinate slowly or unevenly, like teak.
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« Forseeds whose quality is not known.

» To keep a small reserve of seedlings which can be used to replace direct seeded plants that may not
germinate or that die.

» Seedsowinginseed bed is done more densely than in normal beds.

« TransplantBeds

Seedlings after pricking out from germination beds are transplanted into transplant beds. Planting is done at the
prescribed bed spacing to give enough space to all individuals. Such beds are used for producing naked root
plants (e.g. Quercus, deciduous plants for winter planting) and root-shoot cuttings of teak.

» Bedsfor Normal Sowing of Seeds/Planting of Cuttings

In species with bold seed and good germination (more than 70% germination), sowing is directly done in beds
e.g. Celtis australis (khirak), Sapindus mukorossi (ritha), Bauhinia variegata (kachnar) etc. for winter planting. This
is also used for direct planting of cuttings in species where rooting is above 80% in the open and planting can be
done without earth ball e.g. poplar.

« Bedsfor Polythene Bags

These beds are the most common types of beds used in the present-day nurseries. Raising of nursery plants in
polythene bags is the commonest method and is suited to almost all species e.g. Eucalyptus, Casuarina, Acacia
(khair, babool), Albizia, Leucaena (subabul), Gmelina arborea (gamhar or sivan), Tamarindus indica (imili),
Azadirachta indica (heem), bamboo, shisham etc. It is recommended to spread plastic sheet spread over the
bed on which bags are put to check penetration of roots into the ground. Alternatively, bags are to be shifted
frequently during active growth season to avoid root penetration. Some nurseries have a lining of cement
concrete or bricks to permanently overcome the need of such practices.

OTHER FACILITIES/INFRASTRUCTURE IN NURSERY

Source of Water

About 25,000 litre water is daily required for irrigating one lakh plants in polythene bags during peak season
(summer) by sprinkler system. Provision for 25% extra water should be made to allow for contingency. Tubewell is the
most preferred source of water. It is free from seed of weeds which are normally abundant in water of ponds and
canals. An open well can be another good alternative. A diesel pumping set or an electric motor coupled with a pump
should be provided.

Water Reservoir

The choice between ground level reservoir and overhead reservoir depends upon cost and the necessity of using a
sprinkler system. Ground level reservoir is a cheaper option and should be located at a point of elevation in nursery. It
should be made of cement. Overhead tank is essential when irrigation is done with a sprinkler. Reservoir serves as
backup when tubewell is unserviceable and its size will be greatly determined by frequency and length of tubewell
failure. Smalltemporary nurseries sometimes use plastic storage tanks.

Sprinkler/Water Conveyance Channels

Sprinkler system should be installed wherever budget permits because it saves labour and resultin economy in water
use. Alternatively, a network of water conveyance pipes, usually made of rubber or rigid plastic, is maintained in the
nursery as a low-cost option Irrigation with furrows requires the least capital cost and works well with sunken beds but
it leads to large wastage of water due to percolation of water throughout the course of irrigation channel; this method
should be avoided.
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Tools and Store items

Pickaxe, shovel, crowbar, watering can with rose, forks and hoe, khurpi, secateur, weighing balance, sprayer, saw,
rope, tape, irrigation pipe, enamel tray etc are the basic implements in nursery. Tractor, harrow, tiller, etc. are used in
big nurseries; these can be hired locally whenever needed. Suitable fertilisers, insecticide and fungicides should also
be stored.

Store Room
Storage for tools, bags/root trainers, seed and other consumables should be provided in nursery.

Potting Mixture Yard

A shed for preparing soil mixture and filling of polythene bags should be provided to protect potting mixture and
provide working area for filling of containers bags and protecting workers from adverse weather conditions.

Rainwater Harvesting Water Reservoir

Rainwater can be easily used for irrigation of plants in the nursery. Underground water reservoir may be constructed
and rooftops can be shaped or provided with sides so that rainwater that falls on rooftops and other parts of the
nursery is directed to water reservoir. Excess water overflowing from the reservoir may be channelled into the ground
in a suitable part or nursery or nearby area to recharge the water table.

Compost Unit

A unit may be provided in the nursery where compost or vermicompost may be prepared from leaves of trees or
domestic vegetable waste available in the area.

Source of Cuttings

A vegetative multiplication garden may be raised in a part of the nursery which would serve as source of cuttings to
facilitate vegetative propagation.

Important Propagation Structures
The following table summarises the main propagation structures in the nursery:

Shade House Provides shade to plant to reduce illumination and temperature.

Mist Chamber It provides high humidity (=85% RH) for rooting of cuttings.

Poly House Provides conditions of higher temperature during season of low temperature for
greater plant growth.

Green House It provides controlled temperature, irrigation, humidity, light conditions for better
plant growth.

Net House Its main purpose is to grow plants protected from birds, large insects, animals

and human beings.

Growth Chamber It provides precise control on temperature, humidity, light conditions, carbon
dioxide/oxygen, etc. for study of plant growth during experiments. Plants are
raised in pots inside growth chamber.

A overhead structure of shade is frequently used over mist chamber, green house, polyhouse, etc. in subtropical and
tropical climates to keep the temperature low during summer.



Fig 3 (c). Polyhouse

Fig 3 (e). Net house

i

Fig 3 (f). Growth chamber
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ENVIRONMENTAL FACTORS FOR PROPAGATION IN MIST CHAMBER

The following conditions are required in the mist chamber:

Light
Light is an essential component for plant growth and development. It influences germination, rooting of cuttings,
shoot growth etc.

Humidity
High humidity is required inside the mist chamber for cutting propagation prevents cuttings from drying. It also helps

in evaporative cooling of the cuttings / plants permitting us to use higher light intensities for better plant growth. More
than 85% relative humidity is required to prevent desiccation of cuttings/ plants.

Temperature

For rooting of cuttings temperatures, generally about 30°C temperature is required forinduction of roots.

Gas exchange
The propagation structure should allow healthy exchange of gases. Build up of ethylene gas should not occur.
Ethylene being a plant hormone may cause damage to the plants.

POTTING MEDIA

The better the media, the better will be development of healthy, fibrous root system. A better quality seedling is produced
having good survival rate. Potting media are usually blends of different elements.

Significance of potting media
The potting media serves the following purposes:
- physically supports a growing seedling

« supplies nutrients, water and air to the root system.

Characteristics of a good potting media
A good potting medium should possess the following characteristics:
= Lowbulkdensity (e.g. sandyloam 1.0-1.1gcm®)
= Good porosity:
>50% porosity
* 20-35% Aeration porosity
= 15-30% Water retention porosity
= Well-drained but with good water holding capacity
= Slightly acidic with good cation-exchange-capacity
= Ableto maintain a constant volume when wet or dry
=« Freefrominsects or their eggs,, disease-causing organisms and seeds or roots of weeds
= Lowinsilt, clay and ash content
= Easily stored for long periods of time without changes in physical and chemical properties; and
= Easily handled and blended.
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Components of a potting media

A potting medium is not a single element or compound but a mixture of several naturally occurring materials, such as

e Sand

- Soll

e FYMorcompost
e Mycorrhizae

= Vermiculite

= Bagasse

e Peat

= Barkand sawdust
« Perlite

Factors to be Considered while Selecting Ingredients for Media

Costis one of the mostimportant factors. As planting of forestry species is done in large numbers, cost per seedling
becomes a critical factor. Efforts should be made to use cheaper, locally available materials. Materials such as peat
and vermiculite are expensive and should be used only when their use is justifiable.

CONTAINERS

The type of container selected depends on the species to be raised, their purpose and size. Forest nurseries presently

have two major types of containers:
« Polythene Bags
« RootTrainers

Pots are expensive and are not used in plantation programmes in forestry.

Polythene Bags

They are made of flexible plastic. Size of polybags may vary according to the size of the seedlings to be raised.
Polythene bags are usually of 23 cm x 15 cm size For larger seedlings polythene bags of 30 cm x 20 cm size are

Fig 4. Polythene bags in a forest nursery

used. Polythene bag should have 8-10 holes of
about 0.5cm diameter in the lower half. Polythene
bags may be black or transparent. Black polythene
bags do not allow growth of algae on the potting
medium on sides and suit better than transparent
ones.

Polythene bags need to be shifted in nursery
frequently during active growing season to prevent
root penetrating into the ground.

Advantages : Verycheap, readily available
and can be made of any
desired size

Disadvantages : Cannot be reused, not very

easy to carry, occurrence of
coiling of roots
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Root Trainers

A new trend in the nursery is to use rigid containers called root trainers. Root trainers are conical shape rigid
containers. Root trainers comprise cells in groups of about 16 to 30 formed into a frame of moulded plastic sheet.
Cells have vertical ribs on inner surface. The lower end of the root trainers is open, the diameter the base is smaller
than the top. The lower end allows air pruning of roots. The bottom opening is called drainage hole. Root trainers are

kept suspended on a wire frame above ground level. Seedlings possess very fibrous root system. Root coiling is
prevented.

The vertical ribs on inner surface direct the growth of roots vertically downwards to avoid root coiling. The root trainers
are kept suspended on a wire frame at least 10 cm above ground. Growing medium is filled in the root trainers. As
roots emerge from the base of the root trainer, they get dried up i.e. air pruned. This results in a very fibrous root
system compared with polythene bags. Coiling of roots observed in the polythene bags is prevented in this method.

Fig 5. Root trainers in a forest nursery

The capital cost on purchase of root trainers is about 20 times greater in this method than polythene bags. Normally
150 to 300 c.c. root trainers are used. Hence growth of seedlings during the nursery stage in root trainers is slower
thanin polythene bags of 23 cmx 15 cm size.



The main advantages of using root trainers are as follows:

- They require lesser nursery space.

- They require less amount, of porting mixture and are easy to fill.

- They are well aerated.

- Aerial pruning of roots takes place.

- They do not cause root coiling.

- Itis easy to check soil moisture and root growth during the growth of seedlings.
- Seedlings have a good root/shoot ratio.

- Lateral/ adventitious root developmentis considerably good.

- Labour cost onfilling, weeding, watering and transportation is less.

- The containers are reusable and lasts for 5to 6 years.

- Culling and sorting of seedlings is very easy. It helps in better utilization of nursery space as well as in
maintaining the uniform size of seedlings.

- Outplanting success in many sites is found to be higher than polythene bags.

The main disadvantages of using root trainers are as follows:

- Initial cost to switch over to root trainer nursery is very high

The disadvantages associated with the use of polythene bags are:
- Requires large quantity of nursery space and potting media.
- Root growth specially lateral root growth is poor.
- Root coiling occurs which results in slow growth, poor drought tolerance and lack
- of wind firmness after out planting.
- Poorly aerated.
- Comparatively higher cost of weeding, watering and transportation.
- Seedlings rarely develop extensive fibrous roots to bind the core plug of the potting mixture.

- Roots come out of the bags and break off while taking out seedlings which gives a severe shock to plants
postponing its recovery and growth.

Eco-Friendly Alternatives to Polythene Bags in Nursery

Polythene bags are the most common containers in the forest nurseries in India. Polythene bags have been, in fact,
the major factor that shifted forest practice from the traditional naked root planting to containerized planting. There
are several advantages of the use of polythene bags as elaborated earlier in this Chapter. The biggest drawback of
polythene bags is that the material of these containers is not biodegradable. Polythene bags are a source of
pollution. Ministry of Environment, Forest and Climate Change, Govt. of India has taken steps to do away with the
use of these bags. Hence, itis imperative to look at ecofriendly alternatives. One approach would be to use bareroot
seedlings with root culturing operation. Though some research has been conducted on bareroot nursery technology
in our country, ithas not led to its acceptance probably due to low success.
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The following technologies /products are suitable for testing as replacement for polythene bags:
« Wooden Boxes

« Peatfibre pots

« Bamboo pots

» Jutebags

- Bamboo leaf sheath pots

« Coconutshell

» Paperbags and cloth bags (developed at FRI): To explore suitable substitutes of polythene bag, research was
carried out at FRI Dehradun during 2009-2011. The following two containers showed good results with acceptable
seedling growth and acceptable level of biodegradation of container in nursery environment:

(a) Container A: Bag made of paper pulp + cotton linter in appropriate ratio with specified quantities of non-
phytotoxic fungicide and water proofing

(b) Container B: Cloth bag coated with specified quantities of non-phytotoxic fungicide and water proofing

The cost of Polythene bag, Container A and Container B per piece were estimated at Rs. 0.50, Rs. 1.20 and Rs. 2.00
respectively during 2011. Itwas, however, concluded that the price of Container A and Container B would come down
when produced on a large scale under optimised conditions. Hence, these containers could be economically viable
replacement of polythene bag.

However, water loss from these containers was significantly higher than polythene bags. The daily water loss of
polythene bag, Container A and Container B during summer season were estimated at 16.07%, 20.50% and 36.26%
respectively.

From these findings it is concluded that a larger study needs to be undertaken in the nursery on more species using
the best substitutes identified in this study.

Earthen pots, metal containers, aluminium or copper foil bags, waste paper pulp nursery pots are also suggested as
alternatives of polythene bag. Most of the alternatives, other than those developed at FRI, have not been scientifically
tested.

It is therefore concluded that root trainers are the only substitutes for polythene bags that can be reliably used in
operational forestry plantation programmes.



3 NURSERY OPERATIONS

A number of procedures are carried out in the nursery for production of plants and their maintenance. This Chapter
provides a discussion on nursery operations.

SEED COLLECTION

Genetic quality of seed must be given highest importance as the result of poor genetic quality will be known after several
years of plantation and nothing can be done at that stage to overcome the loss. As far as possible, seed should be taken
from seed orchards, seed production areas or superior trees in a given stand. Seeds can be purchased from state forest
departments, or from reputed seed suppliers or collected from known stands of trees. Seed collection from state forest
departments or known stands of trees is considered as the better approach since the quality and provenance of seeds
are known. All required species may not be available locally, hence procurement from private seed suppliers is also done
in such situations. It is improper to collect seeds from population of crooked, poorly-formed, slow-growing, abnormal,
unhealthy or old trees. Straight, less branched, middle-ages with good growth rate and freedom from defects and
insect/disease infestation should be preferred. Following precautions are required to be followed at the time of seed
collection:

« Only fully matured seeds should be collected as the unripe seeds of most species do not germinate e.g. Haldu,
Harar, Bahera, Arjun and Walnut.

« Mothertrees should notthe damaged or heavily lopped for seed collection, otherwise the seed tree may be adversely
affected.

Different species have different seeding time; therefore it is necessary to have a time table for collection or purchase of
seeds (see Annexure).

SEED PROCESSING

The seed of most of the species is extracted from fruit. The cones of trees like pine or other coniferous trees should be
dried in sun instead of breaking them by hard hitting because drying in sun helps in opening spontaneously. Seeds of
pulpy fruits can be extracted by rubbing them in water followed by washing, drying cleaning respectively e.g.
Diploknema, Mulberry, Bel, Kadam, etc.

The collected seeds must be dried properly before storing to minimise the possibility of damage. However, excessive
drying should be avoided. Insecticide, rodenticide should be kept near the seedlot to prevent damage from insects and
rodents. Properly treated seeds should be stored in a place of good ventilation and free from moisture to safeguard them
from decaying or losing viability.

ESTIMATING QUANTITY OF SEED

It is necessary to compute the required quantities of seed before collection or procurement to reduce wastage of seed
and money. Factors like germination percentage, number of plants to be raised and amount of losses involved, all affect
quantity of seeds. It is convenient to have a seed weight chart depicting the species wise details of the number of seeds
per kilogram to make it handy while computing the quantity of seed required. The information about seed weight and
germination percentage of important tree species is given in the Annexure.
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When sowing is to be done in beds (rather than containers) the following formula is used:

AxD
W= x 100
PxN
Where W = Weightofseedrequired (in grams)
A = Areaofbeds(m?
D = No. of plants required per m*
P = Plantpercent ofthe species (i.e. percentage of seeds, by

number, which develop into seedlings of plantable size)
N = No. of seeds per gram
In practice, twice the quantity of seed should be used for drill sowing and 6 times for broadcast sowing.
When sowing is to be done in containers, the calculation of quantity can be illustrated using the following example:
Letus assume that

50,000 plants of Acacia catechu are to be raised.

1 kg contains 40,000 seeds; Germination percentage = 90%;
Loss during transplanting = 16%,
Mortality in polythene bags or nursery beds =  15%,
Undersized or unhealthy seedlings = 12%

0.90x0.84x0.85x0.88
0.565 = 56.5%
Therefore, no. of seedsrequired = (50,000x10)/56.5 = 88,496 seeds

= 88,496/ 40,000 =  2.12Kg (approx.)

Hence plant percent =0.90 x (1-0.16) x (1-0.15) x (1-0.12)

A general scheme is to sow one seed per bag if expected germination percentage is above 90%, two seeds per bag if itis
65-90% and three seeds if itis 40-65%, After germination is over, surplus seedlings are pricked out and transplanted into
polythene bags where germination has failed. Only one seedling should be retained per bag.

In case of poor or unknown germination, sowing can also be done in germination beds. Seedlings are then pricked out
and transplanted into containers.

SOWING TIME

Sowing time depends upon time to seed ripening, growth rate of species and size of plants for out planting. Spring
sowing is practised for most of the species and the plants are planted out during rainy season. When tall plants are
required for out planting or when stumps are to be made, seeds are sown in rainy season to give plants of proper size by
the next rains. Where there is a danger of plants becoming very tall in one year, growth rate may be retarded by late
sowing, less watering, less quantity of manure and fertiliser, transplanting, pruning of root and shoot.

Seed viability and dormancy are also important factors, which decide the sowing time. Species with very short seed
viability must be sown immediately otherwise the germination percentage will go down drastically. Seeds with long
viability should be sown when temperatures are moderate, i.e. between September to October and February to March.
The time from sowing to out planting, which depends on growth rate of species and out planting season, should also be
keptin mind so that the nursery stock attains plantable size at time of out planting. Whether the required plants are to be of
sixmonths, one year or one and a half year age will also affect the sowing time.
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PRE-SOWING TREATMENT

In order to achieve early and uniform germination seed of most of the species should be soaked in water at room
temperature for 24 hours before sowing. This is, however, not done in species with very minute and light seed
e.g. Eucalyptus , Kadam, Adina cordifolia, etc. or in recalcitrant seeds.

. Seed of some species e.g. Albizia, Acacia, Cassia, Acrocarpus, Leucaena etc germinate quickly if seed is putin hot
water (container removed from fire before water starts boiling, seed is dropped initand itis allowed to cool).

. Seed of Robinia pseudoacacia, babul and other leguminous species with very hard and impermeable seed coat
germinate quickly if seed is treated with conc. sulphuric acid for 2 minutes and then soaked in cold water for
24 hours.

«  Teakseed s alternately wetted and dried to hasten germination. Teak also germinates quickly if it is treated with fresh
cow dung in a pit. The pit is watered daily to maintain moisture. After one week, seeds are dried in the sun for
3-4 days. This process is repeated for 7-8 weeks.

. Seeds of temperate areas that ripen during autumn season germinate better and quicker if seeds are subjected to
stratification (moist chilling at 0.5 to 5 °C temperature) for about one month before sowing.

SOWING METHOD

Seed is sown either in lines, dibbled into small pits or broadcast depending upon seed size, germination percentage and
container. Minute seeds are sown by broadcast while bold seeds are sown in lines. Spacing in nursery beds is kept at 10
cm — 15 cm between rows and 5 cm-6 cm between plants within row, depending upon species. Very minute seed e.g.
Eucalyptus, Adina, Anthocephalus (kadam), Casuarina are mixed with equal quantity of sand at sowing time to facilitate
uniform dispersal. Such seeds need to be sown on upper layer of bed and covered with a fine layer of sand or soil. The
seed is watered lightly with a fine rose-can to avoid splashing them out of soil. Sowing in containers is done after making
small holes near the surface.

Medium sized seeds of Acacia, cassia, Albizia, Prosopis etc should be sown about one centimetre deep. Large sized
seeds e.g. Azadirachta, Tamarindus, Erythrina, etc. should be sown about two centimetre deep. Very large seeds e.g. of
Tectona, Zizyphus, Swietenia etc. are sown at three centimetre depth. In general, the sowing depth should be 1 to 2 times
of seed diameter.

In polythene 1 to 3 seeds are sown depending upon germination capacity of the seedlot but after 15-20 days of germination,
only one seed should be left per polythene bag. Immediately after sowing, irrigation should be done with a fine rose can.

TRANSPLANTING

Seedlings from germination beds are pricked out and planted in containers or transplant beds. This operation is called
transplanting or pricking out. Transplanting should be done when seedlings have 2-3 pairs of leaves. Late transplanting
results in death of seedlings due to damage to roots during pricked out or results in root coiling. Before pricking out, soil
should be moistened. A scoop should be used to lift a group of seedlings. Individual seedlings are then separated. If
required, the pricked out seedlings may be kept in water for 2-3 hours pending their turn for planting in the container. A
hole is made at the point of transplanting and root is vertically inserted in it without coiling. Hole is closed over upto the
collar of seedlings. Transplanting should be done in shade and transplants should be kept in shade for one week till they
establish. Irrigation must be done immediately after transplanting with a fine rose can

When seedlings are grown in polythene bags, the polythene bags should be shifted frequently during active growth
season so that roots of seedlings do not go deep into the soil after rupturing the bag. Seedlings of conifers which are
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retained in nursery for more than one year (e.g. deodar, fir, spruce) are also shifted in nursery for similar reason even if they
are notin polythene bag.

SHADING

Seed beds of minute seeds and young seedlings of shade-bearing species e.g. Michelia champaca (champak),
camphor etc require shade in initial stage. Transplants also require shade, otherwise young seedlings desiccate and
perish in the sun. Protection of frost-tender species from frost is also essential. Shade can be provided by trees, thatch,
mat, plastic or tin sheet or by a shade house made of net. Plants grown in shade get used to itand need to be hardened off
before out planting. This can be done by decreasing the period of shade.

IRRIGATION

Excess watering is as harmful as less watering. For most species, one irrigation a day by thoroughly saturating the
polythene bag, is sufficient. During winter one irrigation in 2-3 days will suffice. Evening times are best for irrigation but in
large nurseries, irrigation is conducted throughout the day to cover the entire area. Water should not fall on young
seedlings with much pressure.

Since the concentration of soluble salts in plant tissues increases as moisture levels decrease, it is important to monitor the
water content of the growing medium. In the presence of excessive soluble salts, growing media should not be allowed to dry
out. Maintaining adequate moisture levels can be difficult in porous growing media and requires careful attention.

Irrigation water should ideally have pH of 5.5 to 7.5, and salt less than 400 ppm, beyond sodicity develops and plants
show drying of leaf tips and eventual loss of growth. Quality of irrigation water needs to be checked in arid and semi-arid
environments. Electrical conductivity is best if low (<250 micromhos/cm). At moderate level (250-750 micromhos/cm,
aluminium sulphate can be added. Levels above are not fit for most of trees. About 25 g aluminium sulphate/100 litre
water can reduce pH from 6 to 5. Sodium absorption ratio should preferably be <10%. SAR of 10-15 can be corrected by
adding gypsum. SAR above this range should preferably be avoided.

However, a more practical approach to the problem of saline soil or water in forestry sector is to raise tolerant species.
Acacia nilotica and Eucalyptus can be grown with <50% reduction in growth upto 5dS/m salinity (one deci-Siemen/metre
equals one millimhos/cm). A. nilotica can tolerate salinity upto 15dS/m while Ceiba pentandra and A. auriculiformis do not
survive beyond 2.5dS/m.

Effect of saline water is more on root growth than on shoot length. However, EC 8-10 mmhos/cm and SAR upoto 30 can
be used in Acacia nilotica, Pongamia pinnata, Prosopis juliflora. Water with EC 4-6 mmhos/cm and SAR upto 15 can be
used in Acacia tortilis, Azadirachta indica, Lawsonia glauca, Parkinsonia aculeata and water of EC less than 2 mmhos/cm
in Eucalyptus hybrid.

WEEDING AND HOEING

Undesired plants (weeds) come in the nursery with manure, irrigation water and with seed of the desired species. These
compete with desirable plants for moisture, nutrients, light and space, and hence these need to be removed periodically.
Weeding is especially essential when seedlings are small, otherwise they are suppressed by weeds. Weeding is done
with khurpis by uprooting them. Damage to seedlings should be avoided. Removal of weeds by uprooting also results in
hoeing (loosening of soil) to provide better aeration and reduce run-off of water. Weeding should be avoided when soil is
wet otherwise it results in removal of soil with roots of weeds and exposure of roots of desired species.

FERTILITY MAINTENANCE

N, P and K are three major nutrients required by plants in large quantities. FYM applied at the rate of 20 tonne/ha provides
most of the nutrients for plants. Only well-decomposed FYM should be used. The need for fertilisers depends upon
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Fig 6. Soil mixture, sowing and transplanting operations

species. The following doses are recommended for some species.

Eucalyptus : N 100kg; P200kg; K 100kg/ha
Chirpine : N 200kg; P 200kg; K 400kg/ha
Teak : N 400kg; P 200kg; K 400kg/ha

P and K are applied as based dressing (mixed while preparing soil mixture). N is applied as top dressing (applied to
seedlings after emergence) in 2-3 splitdoses.

N is supplied by urea (46% N), ammonia sulphate (20% N), sodium nitrate (16% N). P is supplied by single super
phosphate (16% P,O;), triple super phosphate (48% P,O;), rock phosphate (33% P,O;), basic slag (12% P,O;). K is
supplied through muriate of potash (60% K,O). DAP (di-ammonium phosphate) has 21% N and 53% P,O,).

In case of visible deficiency of nitrogen during growth of seedlings, spray urea (1 kg urea per 20 litre water).



MODERN NURSERY TECHNIQUES

Seed

A MANUAL

2

Very minute seed with
good germination
(e.g. Eucalyptus,

Seed with erratic or
poor germination
(e.g. teak, amla,

v

Medium or big seed
with good germination
(e.g. shisham, neem,
babool, khair, semal, etc.)

kadam, etc. gamhar, dhaura, etc.)

presowing ‘L .

treatment ot
Sowing \l' Sowing |

Germination
tray/bed
l Seed germination
Root trainer | |Po|ythene bags

Stand for
root trainer

Seed germination

Seedling l

Polythene bags

Root trainer

Transplanting

AN

\A Sun
Sun
Stand for |
root trainer Sthe Sthe Frequent shifting
sun Sun Aftercare
| | Aftercare
Aftercare Frequent shifting
Aftercare
\l’ v v

Outplanting in field

Fig 7. Schematic representation of major steps in raising nursery stock through seed




