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Preface

Planting healthy and well grown seedlings in the field is essential for the success of a social forestry programme. Such seedlings can be grown in the nurseries by the people themselves who want to establish a social forestry.

This booklet describes all the basic management  practices such al site selection, seed selection, germination, seedlings transplantation  into various beds or polythene bags and maintenance till they are transplanted out into the field.

Dr. K.T. Chandy, Agricultural & Environmental Education

I. Nursery for Plants

Nursery  is a place where young plants are raised from seeds, cutting, grafting and budding and are cared till they are planted out. It consists of nursery beds, shade trees, paths, irrigation or drainage system, store rooms watchmen’s house, compost pits and a good fencing.

1. Need for nursery
There are several reasons for raising plants in a nursery. Some species do not seed every year. For example bamboo seeds only once in its life time (around 40 years). Plantations of these species can be raised annually only if we collect all available seeds annually only if we collect all available seeds at one time and raise seedlings in a nursery according to the needs. Some species like teak, sal and mahua grow very slowly and could be suppressed or killed by weeds if the seeds are sown directly in the fields.

Newly germinated seedlings of most tree species are unable to compete with seeds or other crop plants. During the early seedling stage, the plants need utmost care and protection for survival and this becomes impossible, if they are planted in a field. Therefore, seedlings are raised together in a nursery free of any competition until they are sturdy enough for planting out.

Only in a nursery we can provide ideal soil conditions to raise healthy and vigorous plants. Mainly for reasons of economics, the planting site receives minimum of soil preparation, fertilizing and maintenance.

Casualties in plantations have to be replaced either in the same year of plantation or in the subsequent year with seedlings of the same age. Therefore, 15-20% more seedlings are raised in the nursery to ensure availability of sufficient plants of the same age for gap filling.

2. Nursery size

The area of the nursery depends upon the number of plants raised at a time, species to be raised and age of seedlings at the time of planting out. The area calculated in terms of these considerations should be increased by 50 per cent to have paths, roads and irrigation channel. Normally the nursery area constitutes 0.5 % of the plantation area. For economic viability, the nursery should have a capacity to raise at least 25000 seedlings at a time.

3. Nursery site

The nursery, if possible, should be situated at the center of the plantation area or near it. The site should be selected along the road for easy transportation of saplings. For proper supervision and management, the nursery must be easily accessible. The site should be such that within the nursery there can facilities for easy movements. The site also should be close to the source of continuous supply of good quality water for irrigation with saline water is not uncommon.

The soil should be fertile, deep and sandy loam and should not suffer from salinity or alkalinity, waterlogging or any other adverse condition. The site selected should offer scope for further extension to meet further requirements. 

Easy availability of sufficient quantity of farmyard manure for incorporating with the soil-mix to be filled in the polythene bags is also important in view of the fact that container grown seedlings will constitute most of the planting stock to be produced.

Sites exposed to wind and sun should be avoided. In hilly areas, the nursery should not be established on the southern side to avoid afternoon scorching sun. In the hills, locations at the middle to lower slopes are preferred for a nursery. Ideally the site should not slope more than 1 to 3 degree to prevent soil erosion but to allow rainwater to run off. If the slope is more, beds should be formed on terraced plots. Though sites heavily shaded for a large part of the day are to be avoided, partially shaded sites are desirable to avoid excessive sunlight.

3. Nursery protection

The site should be well protected from the domestic animals especially sheep and goats. Effective fencing of the nursery is necessary. Four strand barbed wire fencing supported on wooden or angle iron poles spaced about 3 m apart is preferred for a permanent nursery site. This is combined with trenches for a third method of protection. If nurseries are located in forest areas, they should be protected from wild animals too.

a. Protection trench

A cattle proof trench having a top width of 1.2 metres, base width of 1 m and depth of 90 cm is dug all round the nursery area. The excavated earth is piled on the inner side of the trench at a distance of 15 cm from the edge and arranged in the form of a ridge. This is sown with species like prosopis, babul or pithecellobium dulce (jungal jilebi/vilayati imli). Sowing is carried out in June and the hedge germinates during the rains. This live hedge becomes effective in six months time.

b. Live hedges

Where pressure from cattle is not much, live hedge or a fence around the nursery alone is sufficient. This is done by planting on the boundary, trees or bushes which are not eaten by cattle. Any tree, which does not branch profusely, can be used for love hedges. If bushes are planted, select those that are quick growing and profusely branching. A combination of trees and bushes is an ideal live fencing for a nursery. They are periodically trimmed down to proper shape. Hence thorny bushes are unsuitable for live fencing. Trimming of live fences provides a lot of biomass for composting and mulching in the nursery beds.

c. Barbed wire

Fencing with barbed wire is costly but is not time consuming as in live fencing, nor is it labourious as in digging trenches. The choice of any protection measure is made on the basis of cost, labour availability, time at one’s disposal and the level of effectiveness of protection. 

5. Nursery beds

 The nursery area is divided into a number of beds on which the plants are raised. The beds may be of uniform size and shape or they may be different. However, different kinds of beds are required depending on the stage of growth and age of plants. Hence we have the following types of beds.

a. Germination beds

Germination beds are specially prepared beds for germinating the seeds or  cuttings. The beds are made in such a way that they provide the optimum condition for germination and are raised up to 30 cm high. The soil is thoroughly prepared, leveled and sufficient sand is added to make it sandy loam. The soil should be free from pests and disease causing organisms, which affect the germinating seeds. Soil need not be fertilized.

b. Seedling beds

Seedling beds are generally used for raising seedlings from germination stage up to 5-6 leaf stages. Germinated seeds are transferred and placed in seedling beds at a distance of about 10 cm and suitable conditions are given to them for their proper growth in the initial stage. The soil should be sandy loam or loam, free from pests and organisms that affect the seedlings. It also should be well mannered and fertilized. It is possible to combine seedling and germination beds into one in that case the seeds and cuttings are planted 10-15 cm apart before germination. However, there is a disadvantage of losing space in the bed corresponding to the percentage of failure in germination. This is avoided by maintaining a separate germination bed and transferring only the vigorously germinating seeds to the seedling bed.

c. Transplant beds

When seedlings grow bigger they need more space. Hence, they are transplanted into other beds called transplant beds. Seedlings are transplanted when they are 5-6 leaf stage at a distance of 30 cm. Seedlings remain in the transplant beds from 6 months to two years in the same bed or in a second transplant bed. If the growth rate and habitat of the plants require more space, they are transplanted again with a ball of mud into a second transplant bed at a distance of 45-50 cm, between 6-12 months of age. Second transplanting becomes necessary especially if budding and grafting is performed. Such plants should remain in the nursery for minimum two years. Hence they can be planted at 45-60 cm distance in the first transplant bed itself to avoid double transplantation.

d. Storage beds

Storage beds are sunken beds used for strong polythene bags in which plants are grown. Use of polythene bags has revolutionalized the nursery practices for raising plants. They can replace seedling and transplant beds because germinated seeds can be transferred directly to the polythene bags with well prepared soil. Plants can remain up to one year in these bags. However, if plants are kept for more than one year it is necessary that they are transferred to bigger and thicker polythene bags along with the mud ball from the previous bag as well as with extra soil and compost mixture (1:1). Seedlings of fruit trees, which require budding and grafting, will need thicker and bigger polythene bags. Following is a diagrammatic presentation of the movement of seedlings through the various kinds of nursery beds.

	                   Germination beds

                                to

Seedling beds        or
 polythene bags

        to

                 1st Transplant bed    or
 bigger polythene beds

                                to

                 2nd Transplant bed   or      Storage beds or polythene

                                                         to

                                                Plant out in Field


6. Paths

Nursery is a place where workers have to move up and down every day for carrying out a number of operations such as preparing beds, manuring, fertilizing, sowing seeds, water, transplanting, weeding, hoeing, spraying, budding and grafting, digging out and selling plants. It is also necessary to move up and down implements, instruments, small carriages and even vehicles inside the nursery. Hence every bed should be surrounded with a path area as wide as its width. Besides there should be common wider paths between rows of blocks. 

7. Irrigation system

An efficient irrigation system comprising of pump set, tank, channels, or pipe lines or sprinkler system is necessary for supplying sufficient water to the nursery. The water source may be a well, pond, a stream or river. Care should be taken to minimize the length of irrigation channel to cover the maximum irrigation area so as to reduce seepage loss. For long return commercial nursery raising, a sprinkler system of irrigation may be economical though initial capital expenditure is very high.

8. Storehouse

A suitable storehouse is a necessary component of a nursery for storing implements, polythene bags, seeds, fertilizers, sprayers, pesticides and other agro-chemicals, etc. The size of the storehouse depends on the amount and number of material for storage. There should be sufficient facilities in the storehouse for storing different materials. Each according to its specific requirements (for example, seeds should be stored in dry cool, well aerated ed and pest free place and fertilizers and agro-chemicals under moisture-free, air-tight conditions). Tore house as far as possible should be centrally located.

9. Watchman’s house

In bigger nurseries a watchman’s house is necessary. It should be so situated that or maximum area of the nursery. Though the watchman’s house can be adjacent to the storehouse, they should never be combined due to the presence of pesticides, fertilizers and other chemical in the store.

10. Compost pits

In a nursery, a lot of biomass in the form of leaves, grasses and weeds will be generated which if composed, can supply a good amount of manure. For continuous composting, there should be at least two pits. The size of the pits depends on the biomass.

Establishment of a Nursery, 

A nursery, whether permanent or temporary should be properly established. The following are the various steps in the establishment of a nursery.

A. Calculation of nursery area

Before establishing a nursery, one should have at least a rough estimate of the area required based on the number of seedlings one proposes to raise. Given below is a methodology for establishing the area of the nursery for 25000 seedlings to be planted out.

Calculation Methodology

Total number of seedlings to be planted out  = 25,000 of which 12,500 are of fruit trees (need grafting) and 12,500 seedlings of fuel wood/fodder/timber trees etc. (needing no grafting).

1. Calculation of seeds for fruit trees and non fruit trees are different in methods
a. Calculation of seeds (Fruit trees)

i. Number of seedlings to be planted out


= 12,500

ii. Taking into account 15% mortality in the field

= 100/85 x 12,500

    the number of fruit tree plants to be raised

= 14,706

iii. Taking into account 40% casualties after grafting

     and budding ( success expected is only 60%)

= 100/60 x 14,706

     the number of  seedlings to be grafted and budded
= 24,510

iv. Accounting for 10 % extra seedlings to make up 

    for the mortality in the nursery
(90% survival)

= 100/90 x 24,510









= 27,233

v. Assuming germination of seeds to be only 80% 

=100/80 x 27,233









= 34,041








34,041

vi. Amount of good seeds required (kg)
= ---------------------------








Number of seeds per kg

To find the number of seeds per kg, weigh a unit weight (100, 500 or 1000 gm) and count the number of seeds. By repeating this procedure a few times we can get the average number of seeds per kilogram.

b. Calculation of seeds for non fruit trees
i. Number of seedlings to the planted out 

= 12,500

ii. Taking into account 15% mortality in the field

The number of seedlings to be raised 

= 100/85 x 12,500










= 14,706

iii. Considering 10% mortality in the nursery 

the number of seedlings required to be 

raised in the nursery



= 100/90 x 14,706










= 16,340

iv. Assuming germination of the seeds to 

Be 80%  the number of seeds required

= 100/80 x 16,340








= 20,425











20,425


      v.
     Amount of good seeds required (kg)

----------------------------








                   Number  of  Seeds per Kg 

2. Calculation of area for germination bed (fruit and non-fruit trees)
i. Total number o seeds to be sown in the nursery
= 34,041 + 20,425








=54,466

ii. Total number of seeds expected to germinate
= 27,233 + 16,340








= 43,573

Taking the size of each germination bed to 10 m x 1 m (10 sq m) row to row and seed to seed distance to be 5 cm, there will be 20 rows (widthwise) in one square metre and 20 seeds in each row. Then:

i. The number of seeds sown in one sq. m bed

= 20 x 20

= 400 seeds

ii. Hence the number of seeds in 10 sq. m bed

= 400 x 10 

= 4000 seeds

iii. Number of beds ( 10 m x 1 m ) required for 

    54,466

germinating (fruit and non fruit trees)

= --------------









    4000









= 13.6 beds or 









= 14 beds

3. Calculation of area for seedling beds (fruit and non-fruit trees)
i. Planting distance in a seedling bed



= 10 cm x 10 cm

ii. Number of seedlings in 1 sq. m 



= 100/10 x 100/10








= 100

iii. Number of seedlings in a bed of 10 x 1 m


= 100 x 10 








=  1000

iv. Total number of seedlings expected to germinate 
=  43,573

v.  Number of seedlings beds required


= 43,573/1000








= 43.57 beds or








= 44 beds

4. Calculation of area for first transplant bed (fruit and non fruit trees)
Saplings are transferred from seedlings beds to first. Transplant beds and planted at 30 x 30 cm distance. Calculations given below can be followed for estimating the area for first transplant beds.

i. Number of seedlings to be transplanted 9at a 

   Distance of 30 x 30 cm) into first transplant

   beds after 6-12 months in 1 sq m


=  100/10 x 100/10






=  9,9  (10 approx)

ii. Number of seedlings in one first transplant

    Bed of 10 mx 1 m




=  100

iii. Total number of first transplant beds

                  Required

= 43573/100






= 435.7 or






= 436  beds

5. Area of second transplant be (fruit trees)
In the case of fruit trees, a second transplanting would be necessary at a distance of 45 x 45 cm if grafting and budding are done. Calculations of second transplant bed are as follows.

i. Total number of saplings for budding /grafting
= 24,510

ii. Number of grafts in 1 sq. m  area


= 100/45 x 100/45








= 4.9  or 5

iii. Number of grafts/ budded  plants in one second

 transplant bed of 10 x 1 m area
 

= 10 x 5 = 50

iv. Number of transplant beds required

= 24510/50 490.2








= 490 beds

6. Storage beds for polythene bags

a. Non-fruit trees
It is optional for any one to transfer germinated seeds from the germination beds or seedling from the seedling beds to the polythene containers. The following calculations are helpful to estimate the storage bed area for polythene containers for non-fruit trees if the germinated seeds are planted into the polythene bags.


i. Diameter  of one polythene container

= 15 cm


ii. Number of containers adjusted  in a storage

              bed of 10 sq m (10 x 1 m) width and lengthwise
= 100/15 x 100/15









= 444 containers


iii. Total number of germinated seeds

= 16,340


iv. Number of storage beds required for 16,340

                     germinated seeds



= 16,340/444









= 37

b. Fruit  trees
In similar manner, one can calculate the number of beds required for fruit trees when the germinated seeds transferred to polythene bags of 20 diameter.

i. Number of polythene bags adjusted  in a 

storage bed of 10 sq. metre (10 m x 1 m)

= 100/20 x 100/20





= 250

ii. Number of germinated seeds transferred

to Bigger polythene bags 



= 27,233

iii. Number of storage beds required to store

= 27,233/250








= 108.9








= 109 beds

A. Total nursery area

Total nursery area = germination beds + seeding beds + first transplant beds + second transplant beds + storage beds for 15 cm and for 20 cm polythene bags = 14 + 44 + 435 + 294 + 37 + 109 = 933 beds . Total bed area = 933 x 10 = 9330 sq m  or .9330  ha. Total nursery area should be double the area of total beds to have sufficient and properly laid out paths and roads. Therefore, total area required for establishment of nursery with all kinds of beds for 25000 seedlings = 0.933 x 2 = 1.866 hectares for an ideal nursery set up. 

But, if one is transplanting germinated seeds of non-fruit trees and fruit trees straight away into polythene bags 15 cm and 20 cm respectively then the total area required for nursery will be less. 

The total nursery beds required = germination beds + storage beds for nonfruit trees + storage beds for fruit trees = 14 + 37 + 109 = 160 beds. The bed area required = 150 x 10 =1600 sq.m ( 0.1600 ha). Hence the total nursery area required = 0.160 x2 = 0.32 ha.

B. Preparing the nursery area 

The nursery area is first demarcated and cleared of all the bushes herbs and other material. These are collected at one place and burned or composted. The entire nursery area is then leveled. 

It is better not to fell the trees standing in the areas not used for beds, as they can provide shade during summer and also a place for stocking the plants before transporting them for planting in the fields. 

The nursery bed area should be ploughed at least twice to a depth of 25 cm. Desi plough can go up to a depth of only 10-15 cm and so several sloughing may be necessary to reach the required depth. It is better to do soil preparation when the soil is moist from the rain or irrigation.

C. Laying of the beds

After demarcation and clearing, the nursery area should be divided into blocks of 11 x 10 m size by permanent paths, about 1.8 m wide. In each block beds of 10 m length and 1 m width are laid. The path between the beds block would have 6 beds and 5 paths of 10m x 1m dimension. The blocks may be of any convenient length, and any number of beds, but it is highly recommended that the width of the plot be kept one metre only. 

D. Soil preparation and manuring
Beds are dug to a depth of 0.3m to 0.5 m so that strong roots and other materials lying underneath are all dug out and thrown outside the nursery area. The dug up soil should be kept aside for a fortnight for weathering. If the dug out soil is gravelly, then it should be sieved through a wire mesh of 2-4 mm size to remove gravel and to get uniform sized soil particles.

It is important to add sand to the soil of the germination bed to make it sandy loam. Similarly manure and sand are added to seedling bed to make it a well manured sandy loam or loamy. Well rotten dry farmyard manure or compost should be added at the rate of one Kg/square metre in the beds. The amount of sand incorporated into the bed varies from 40 to 80 per cent depending on the clay content in the soil; higher the clay content grater the amount of sand needed and vice verse, and manure and fertilizer to transplanting bed to make it well enriched with all plant nutrients. Transplanting beds should receive sufficient quantity of nitrogen, phosphorus and other elements needed for the plant growth. Therefore, well rotten farmyard manure is applied at the rate of 12-15 tonnes per hectare (1.2 to 1.5) kg per sq metre) into the transplanting beds about 3-4 weeks before planting. Instead of farmyard manure, green manure at the rate of 25 tonnes per hectare (2.5 kg per sq. mtr) or compost at the rate of 12-15 tonnes per hectare (1.2 to 1.5kg per sq metre) can be applied. This amount should be applied once in 2-3 years. In order to protect the nursery from white ant attack, Aldrex 5% dust should be mixed with the soil at the rate of 75 kg per hectare. No manuring is required for storage beds. 

The germination, seedling and transplanting beds are generally raised beds, whereas storage beds are generally sunken beds. The raised beds are supported either by bamboos or by a line of bricks or stones. This prevents edges of beds from crumbling in dry seasons and from eroding during rains or at the time irrigation. The surface of the bed should be either perfectly flat or should preferably be given a slight convex. 

E. Fertilizer recommendation
Soil should be very fertile for nursery raising. Application of fertilizers is inevitable to get healthy saplings from a permanent nursery. 

Chemical fertilizers are used in the nursery bed at the ratio 2:1:1 for nitrogen, phosphates and potash (NPK) respectively. If the nursery bed is occupied by growing seedlings continuously for months or years, it may require as much nutrients as a cereal crop 980-100 Kg/ha). Application of micronutrient fertilizers may also become imperative, especially in light  textured soil. The amounts of phosphorus and potash taken should be half of the total amount of nitrogen required. Hence NPK should be applied at the rate of 100:50:50 kg, respectively, per hectare. Application of nitrogenous fertilizers should be made in split doses depending upon the duration on seedling growth in nursery bed.

If the germinated seeds are to be sown in polythene bags a mixture of soil and farmyard manure (FYM) at a ratio ranging between 3:1 and 1:1 (pot mixture) depending on the availability of FYM should be prepared for filling the bags. It is advisable to incorporate chemical fertilizers into the pot mixture since the soil and farmyard manure alone cannot supply all the nutrients required for the pants in the polythene bags for a period of one or two years. NPK can be mixed with the pot mixture at the rate of 100:50:50: kg per hectare area of polythene bags. That means fertilizers are mixed to the volume of soil, which is required to fill the polythene bags, which can be arranged in one-hectare area. Based on this rate the amount of NPK required for each nursery bed according to different type of fertilizers is calculated. (for calculations of fertilizers refer to booklet: MF-7).

F. Use of polythene bags

Use of polythene bags has become very common in the nursery for raising seedlings as they can be handled easily in the nursery as well as out side while transporting and planting in the field. They have their own advantages and disadvantages.

a. Advantages

1.Handling, caring and management of individual seedlings become easier. 

2.Transportation of seedling in the polythene bags from the nursery to the plantation site is easier.

3.Swampy area or eroded area or alkaline soil is not good for nursery. In such areas seedlings are raised in polythene bags, which are filled with good soil.

4.The survival rate is greater in polythene bags than in seedling beds, because proper care and management of plant is possible when they are in polyphone bags. 

5.In the seedling bed the roots of the seedling can go very deep in some cases or get entangled with the roots of the other saplings and it will pose a problem while removing them for planting out. On the other hand the roots in the polythene bag neither penetrate the bottom of the bag nor can they get entangled with the roots of the adjacent plants. 

6.Seedlings do not wilt during the transport.

7.Transplanting shock is less.

b. Disadvantages

1.pot mixture (soil and farmyard manure or compost at the rate 1:1 ratio or soil, sand and compost 2:1:1 ratio by volume with other required fertilizers and insecticides) has to be prepared for filling polythene bags.

2.more compost or farmyard manure is required.

3.Time is taken to remove or split the polythene bag at the time of planting: otherwise the root growth is distorted leading to instability of the tree.

4.The seedlings left too long in bags becomes “pot bound”. The roots unable to grow outwards, coil around the sod inside the polythene bag a habit, which continues even after planting out. Lateral root development is impaired and become unstable. Hence, polythene bag is required.

G. Size and type of polythene bags 

The size and type of polythene bag differs with the species of trees and duration of nursery period. For raising fruit trees, the size of each bag should be of 150 gauge, 20 cm diameter and 30 cm long whereas for raising other trees, the size of each bag should be 100 gauge 15 cm diameter and 20 cm long. They are perforated at 4-6 places on the sides near the bottom for aeration and at the bottom for drainage.

H. Filling and arrangement of bags

The polythene bags should be filled with well pulverized nursery soil, sand and powdered cow dung in the proportion of 2:1:1 respectively by volume. Care should be taken that soil and cow dung are well powdered and mixed with sand after beating with a wooden mallet. To get uniform size of soil particles the mixture could be sieved through a wire mesh of 2-4 mm size. The bags are filled with this mixture up to three fourth heights and are arranged in the storage beds in vertical position.

I. Number of polythene bags

The number of polythene bags depends on the number of seedlings raised for selling or planting out. Generally, the bags are sold by weight. First of all, the number of polythene bags required under each category of size and thickness (gauge) should be determined. Twenty per cent is added to make up for any damage. After establishing the total number of bags required count the number of polythene bags to be purchased.
Total number of polythene bags required 
=     ---------------------------------------------------------

      
Number of polythene bags per Kg.

Seed Management, 

A. Calculation of quantity of seed

The required quantity of seed is determined by weight. For this one should take a standard unit weight of seed 9100,500 or 100 gram) and count the number of seeds. The smaller the seed, the small can be the unit weight taken for counting. Higher units can be taken when the seeds are large in size. Once the number of seeds per unit weight and the total number of seeds required is determined, the quality of seeds required is calculated using the following formula.






     Total number of seeds 

Qty of seed required in kg = ---------------------------------






    No. Of seeds per unit weight

Assume that there are 120 seeds in 100 gram and we require 34041 seeds of a particular fruit trees. Applying the formula, the calculation is as follows. 

34041/120/100  = 34041 x 100/120  = 28367 gm  = 28.36 kg

B. Seed collection

The criteria for selection seeds are the following:
1.Seeds should be collected from an area, which has similar agro-climatic conditions.

2.Seeds should be collected only from well-grown and healthy trees. Too old and too young trees should not be used for this purpose.

3.Only ripe seeds, fruits or pods should be collected .

4.Indication of maturity should be known and collection started accordingly. As a rule, the first and the last crops of seeds are not as good as those that ripen in the middle of the fruiting season. In most species, mature seeds are identified by visual observation. However the time of ripening varies from locality to locality for a given species due to climatic variations;

5.Seeds should be thoroughly clean and free from impurities;

6.Seeds should be stored in clean gunny bags or in suitable containers. The store should be free from damp, excessive heat, pests and insects. The container should not be air tight as the seeds need oxygen;

7.Each container should have the following information written and enclosed in it: 

i. name of the tree and variety;

ii  date and place of collection and 

iii. weight of the seed.

C. Seed quality

Seed quality is generally determined by size and weight. Normal sized, plump and full size seeds germinate better. Light seeds give less germination and weaker seedlings. When seeds are immersed in water those which sink are good and those which float are poor.

D. Germination test

To determine the viability of the seeds, it is essential to perform the germination test before the seeds are actually sown on the germination bed. This test is necessary specially when the seeds are obtained from outside.

1. Procedure for test

Hundred seeds are selected at random and sown on the germination bed. Then, the following information is recorded:


a. Name of species;


b. Place of collection,


c. weight of seeds (g/100 or 1000 seeds)


d. Date of sowing,


e. Number of seedlings germinated,


f. number of seeds per gram.

Care should be taken that the seeds are not destroyed by rodents or insects.

The germinated seeds are counted each day and the number of healthy seedlings totaled when the normal germination period is over. Germination per cent in terms of number of seeds germinated to number of seeds sown is calculated. The test should be replicated and average of germination percentage is calculated with a margin for 5 per cent error due to any exigencies. Based on the weight of 100 seeds, the quantity of seeds required for sowing in the nursery can be determined

E. Seed record

Table-1 provides information on the time of collection and sowing of seeds for the most common fruits and non-fruit trees. Columns are provided for entering information on number of seeds per 100 gm germination percentage, and approximate number of seeds for obtaining 10 plant out saplings. This table will serve as a ready reckoner for nursery raiser.

Table 1 Time of seed collection sowing time and germination percentage

	Sl. No
	Species
	Seed collection time
	Sowing time
	Germination 

percentage
	Appro-

Ximate nos  of

 Seeds/ 

In 100 gms *

	1.

2.

3.

4.

5.

6

1.

2.

3.

4.

5.

6.

7.

8.

9.

10

11.

12.

13..


	Fruit  trees

Amla

Bael

Ber

Imli

Jamun

Mango

Fuel,fodder, Timber species

Arjun

Babul

Bakain

Cassia siamea

Jangal jalebi

Kachnar

Kala siris

Mahua

Neem

Peltophorum

Shisham

Subabul

Vilayati babul


	Nov – Februa

Apr – June

Oct – March

Feb – April

Jan – July

June – July

Feb – May

April – June

Nov – Dece

May –June

May-

May – June

Dec – Jan

June –July

June – July

Jan – Feb

Nov – Jan

Oct – Dec

May -- June


	July

June – July

June – July

April- July

June – July

June – July

July

Jun-July

Feb—july

Mar – July

June

May – July

May – July

June – July

June – july

June – July

June – July

June – July

May -- July


	      40

     ---

     ---

      60

      80

      85-90

      ---

      50

   70 - 80

   70 – 80

      ---

       95

       60

       ---

       70

       ---

       45

       50

       90


	   --

   --

   --

   --

   --

   --

  ---

  ---

   --

   --

   --

   --

  --

  --

  --

  --

  --

  --

  --




· The approximate number of seeds per 100 gm should be determined by the field person in order to estimate the amount of seeds to be purchased..

F. Seed treatment

Seeds which have a hard outer covering need pre-treatment before sowing. The aim of the treatment is to soften the hard cover off the seeds so that germination is made easier due to moisture seeping into the cotyledons.

In nature, the seeds after separation from the fruit remain on the ground. Exposure to moisture and heat soften and swell up the seeds allowing the process of germination to occur. This may take weeks and months and sometimes as long as a year. For germination in nurseries, it is not possible to wait for the natural process to occur. So pre-treatment of seeds is necessary. Some of the important seed treatments are discussed below:

1.Gold water treatment

Gold water treatment consists of dipping seeds in cold water for 24 hours. Water seeps into the seed through the seed coat and germination is started. Fruit trees usually do not require pre treatment, but socking them in cold water overnight will hasten their germination.

2. Hot water treatment

In hot water treatment, the seeds are dipped in water that has been brought to boiling point and then with the seeds inside allowed to cool for 24 hours. The seeds should not be boiled in water. No harm is done if the soaking continues even beyond the recommended 24 hours. The seeds are sown in the nursery beds immediately after removing them from water. This treatment also helps in eliminating the pathogens in the seeds of trees like subabul and bhimal. 

3. Acid treatment

In acid treatment, the seeds are dipped in concentrated sulphuric acid for 15 minute. They are then taken out and thoroughly washed and cleaned with water. Care should be taken in the use of sulphuric acid as it may damage the seed if kept too long in it. The seeds are then sown in beds. Seeds of trees like babul with very hard seed coat not soften even in hot water.

4. Fruit rotting 

Some seeds (eg. Arjun) can not be taken out of the fruit. Such fruits are immersed in water till the fruits start rotting. They are then sread on the beds with sand and manure till the seeds start germinating. These are then carefully sown in the seed beds.

5. Cowdung water treatment

For teak seeds the usual practice is to put them in a pit mixed with fresh cow dung and water. They should be taken out after two seeks and spread on germination beds. Germination takes place slowly and after a week or so of germination, the seedlings should be transplanted in nursery beds at 22 x 22 cm spacing.

G. Sowing of seeds

Seeds are normally sown in june-july and in February-March. The germination beds are properly hoed and irrigated for receiving the seeds. Weeds and extraneous matter sould be removed before the final preparation and irrigation of bed.

Sowing is done in lines, 10 cm apart, breadth wise in beds. Seed to seed spacing depends on the size on the seeds and normally varies from 0.2 – 10 cm. Smaller seeds are sown closely whereas bigger seeds are sown with wider spacing. The seeds are  then covered with soil. The thickness of the soil cover depends on the diameter of the seeds. Generally, the thickness should be  equal to the diameter of the seeds. Very small seeds should be mixed with fine sand. Bigger seeds should be covered by layer of soil from both sides of the sown lines. The seed beds are then covered with light  grass or fine wire mesh to prevent bird damage. Light watering should be done after sowing to keep the soil moist till the germination is over.

Management of Seedlings, 

Once the seeds have germinated a number of management practices have to be carried out for the successful raising of plants in the nursery. Give below are some of the most important seedling management practices.

A. Irrigation

Usually irrigation is not required if the seeds are sown just before the monsoon. But if rainfall does not occur it is always beneficial to irrigate them. For seeds sown in Oct – Nov, irrigation becomes absolutely necessary.

However, over watering is as harmful as under-watering. Growth of moss in the nursery beds is an indication of over watering and is usually followed by yellowing of leaves and ultimately death of the seedlings. Therefore, irrigation should be properly supervised.

Irrigation is usually given in the afternoon but in places where damping-off is feared, it may be given in the morning. Damping-off particularly occurs when the seedlings are crowded and, there fore, they should be thinned out. Otherwise water is given sparingly. Addition of a little acetic acid or 4 per cent copper sulphate in irrigation water prevents damping-off. In places where frost occurs, irrigation is given in the evening.

Irrigation is provided to the nursery from, river canals, well or tubewells. But a nursery should have a water or holding tank. The bottom of the tank should be 1 metre above the highest point of the nursery. Distribution channels from the main tank should be laid out with the help of a leveller so that water can be distributed to all the channels evenly. These tanks can also be used for irrigating seed beds can also be used for irrigating seed beds with a fine hose. The following are some of the irrigation methods employed.

1. Through atomizers:Spraying with atomizers is done till the plats are 10-15 cm in height in the germination and seedling beds. 

2. Through flooding: Flooding is done is areas where rainfall is cantly. Beds are flooded with water and water is allowed to percolate into the soil. Flooding method of irrigation can be practiced for transplanting and storage  beds only.

3. By percolation: Water is flooded in the small irrigation channels surrounding the beds so that water gradually seeps through the entire bed(s).

4. Sprinkler: Watering can be done using a sprinkler. The sprinkler system is costly to establish but is the most effective method of irrigation especially where water is scarce..

B. Manures and fertilizers

Plants in the nursery require a lot of nutrients to maintain their growth rate. Hence manuering and fertilization are necessary for the seedlings in the transplanting beds as well as in the poly bags.

Manuring can be done in the transplanting bed by broadcasting well rotten and powdered farmyard manure or compost followed by hoeing  and irrigation. However, this can not be practiced in poly  bags. For plants growing in poly bags, manuring can be done in liquid form. For liquid manuring make a slurry of fresh cow dung and keep it for one month or till the fermentation is over. Dilute the slurry and irrigate using a rose can. This may be repeated once or twice a month.

Fertilizers supplying nitrogen, phosphorus and potassium should be given regularly. On an average, 100 gm urea, 200 gm super phosphate and 100 gm muriate of potash per square metere can be applied per month in a standing nursery. However, the whole of phosphorus and potassium required for 6 months or 12 months can be applied at a time. Urea can be applied in solution form or by broadcasting and incorporating into the field follwed by light irrigation. This may be increased or decreased according to the growth and development of the plants. Fertilization should always follw light stirring of soil and irrigation. In the case of seedlings in polythene bags, fertilizer (NPK) can be given in liquid form by dissolving them in water and irrigating the plants using a rose can.

G. Weed control: 

A lot of weeds appear on the bed by the time the seeds germinate. The weeds compete with the seedlings for nutrients and ligh and therefore, should be removed carefully with the help of a Khurpi or a pointed stick.

The labourers should recognize the young seedling of the desired species, otherwise the germinating seedlings themselves may be plucked out. While weeding the roots of the seedlings should nbot be disturbed. This is achieved by holding the seedlings firmly between two fingers of the left hand while pulling out seeds by the right hand. 

Weeding is not done when the soil is wet to avoid the removal of soil with the roots of weeds and consequent exposure of the roots of plants. While weeding the thin crust that may have formed on the surface of the soil should be broken lightly using a hoe. If the seedlings are growing densely they can be thinned out also at this stage.

The soil mixture for the polythene bags may contain weed seeds. Therfore, the bags should be filled 3-4 weeks before growing the seedlings so that the germinating weed seeds can be killed in advance.

Chemical weed control requires less labour but is expensive. It also demands great care and supervision. If herbicides are applied, checks have to be done on the following.

1.likely damage to seedling,

2.concentration and dosage,

3.timing,

4.prevailing weather conditions, and

5.safe method of application.

Refer booklet No.W.C.-4 for more details on chemical weed control)

Some of the weedi-cides which can be used in the nursery are:

1. Pre-emergence: Atrazine @ 1.2 kg/ha; Oxidison @ 1-1.5 kg/ha, 

                              Simazine @ 1.5 –  2 kg/ha.

2. Post-emergence: Dicamba @ 1.5 – 2 kg/ha, Glyphosate @  0.75 –1 kg /ha

D. Plant protection

At seedling stage plants are highly succeptible to diseases. Damaging off and moulds are two widespread fungal infestation in seedlings.

1. Protection against diseases

Collar rot leading to damping-off is one of the most serious diseases in the seedling stage in the nursery. Collar rot appears in the form of rotten tissue in the collar region (juncture between root and stem) causing ‘topping over’ of seedlings. Serious outbreaks of damping –off can cause very high seedling mortality if unchecked. The disease usually first occurs in patches and then spreads. As the name suggest, over-moist conditions like over watering, too heavy shading and poor aeration are conducive to the disease spread.

If the incidence of this disease is very common fumigate the soil with formaldhyde  and keep it covered with polythene sheets or banaga leaves for two days.

2. Protection against pests

The larval stage of the insect life cycle is most harmful since this is the time when most of the insects feed voraciously on leaves, shoots, roots and boring into stem tissue take place. Cutworms and white grubs and termites cause much damage in nursery beds if uncontrolled.

For conteracting termites, Aldrin 5% or BHC 10% @ 20-25 kg/ha is used. Carbryl 5% or BHC 10% or Endosulphan 2% @ 20-25 kg/ha is used for controlling cutworm and white grub infestation.

E. Transplanting

Transplanting is necessary for two reasons:

1.because of the high density of the seedlings in the germinating beds they 

   do not grow properly, and

2.if the seedlings are kept in the same beds their tap root increases and 

   causes problems during plantiation. Transplantating the seedlings helps in

   the growth of lateral roots.

Germinated seeds are transferred from the germination beds when they develop 4-6 leaves. They are either transplanted into the seedling beds at 10 cm distance or sometimes into the polythene bags if their nursery period is short and have to be planted out after a year. For the slow growing plants (eg.fruit plants) transplanting is done from seedling beds to first transplant beds in August/September, and again to second transplant beds giving more space in May/June.

The seedlings should be taken out very cautiously from the seedling beds and again from the first transplant beds without damaging the roots. From the first transplant beds plants should be dug out with a ball of earth. Their tap root is cut by a sharp knife at a depth of 20-30 cm from the ground if they are too long. The planting should be done in a straight line at a distnce of 30-45 cm in th first transplant beds and in the second transplanting is completed, it is watered with a watering can having a fine shower so that the soil settles down and comes in contact with the root. If a depression is formed, some more soil is put round the plants and properly pressed. Also watering helps the transplanted plants to recover from the shock of transplanting and commence growth. Shading of the transplant beds is necessary particularly on exposed sunny sites. These transplants are regularly weeded and watered and maintained.

Table 2: Planting distance in transplanting bed

	Sl.

No.
	Age at which seedlings

transplanted
	Spacing between lines &

 Plants in the same line

	 1.

 2.

 3.
	 3 months –1 year

1 to 2 years

2 to 3 years
	             30 cm

           30-45cm

           45-60 cm


Seedlings raised in smaller polythene bags too require chage into bigger polythene bags if they are more than one year old. The old bag is slit open and removed. The plant with the mud ball is introduced into a new bigger polythene bag and the empty space is filled in with pot mixture. This is followed by watering and other normal care.

F. Removal of field planting

Before removing the plants from the beds, the nursery should be irrigated and the plants taken out with the balls of earth should be arranged according to the height classes (80-100; 100-120; 120-140 and 140-160 cm) and stored in shade. The balls of earth are normally maintained 25-30 cm length, 20-25 cm upper diameter, and 10-15 cm lower diameter.

Economics of Nursery Management.

Many nurseries are managed uneconomically. The main reason for such a sad state is that people do not know the components that are to be taken into consideration while making the cost benefit analysis. The  following guidelines will help the nursery raiser to determine the economics of nursery management.

Fixed cost

1. Cost of land for nursery……………………………..Rs……………

2. Cost of clearing and leveling………………………..Rs……………

3. Cost of fencing…………………………………….…Rs……………

4. Cost of laying out of beds and paths……………....Rs………………..

5. Irrigation ……………………………………………...Rs……………….

a. Bore well……………………………………..Rs……………….

b. Pump house………………………………….Rs……………….

c. Pump set……………………………………...Rs……………….

d. Pipes…………………………………………..Rs……………….

e. Tanks, masonry works……………………….Rs……………….

f. Channels………………………………………Rs………………

6. Cost of machines, plough, implements etc…………Rs……………

7. Cost of vehicle…………………………………………Rs……………

8. Cost of store house……………………………………Rs……………

9. Cost of watchmen’s house……………………………Rs……………

10. Cost of shed……………………………………………Rs……………..

11. Cost of any other permanent structures…………….Rs…………….

12. Cost of electric installations…………………………..Rs…………….

13. Cost of bullocks………………………………………..Rs……………

14. Cost of compost pits…………………………………..Rs……………

Variable cost

1. Cost of seeds ………………………………………….Rs……………

2. Cost of fertilizers and manures.………………………Rs……………

3. Cost of pesticides 7 weedicides………………………Rs……………

4. Cost of agro-chemical for disease……………………Rs……………

5. Cost of agro-chemicals for disease………………….. Rs……………

a. Diseal, petrol, electricity………………………Rs……………

b. Feeding of bullocks……………………………Rs……………

6. Cost of transport………………………………………...Rs…………….

7. Cost of maintenance of machines…………………….Rs……………

8. Cost of polythene bags………………………………….Rs……………

9. Cost of sand and soil…………………………………….Rs……………

10. Miscellaneous…………………………………………….Rs……………

11. Labour:

a. Bed preparation …………………………………Rs……………

b. Bed repair………………………………………...Rs…………..

c. Seed collection & germination test………………Rs…………..

d. Seed preparation, storage………………………..Rs…………..

e. Seed treatment …………………………………...Rs……………

f. Seed sowing……………………………………….Rs……………

g. Transplanting………………………………………Rs……………

h. Polythene bag  preparation………………………Rs…………..

i. Irrigation …………………………………………...Rs………….

j. Fertilization…………………………………………Rs………….

k. Shifting plants………………………………….…..Rs…………..

l. Pest control…………………………………………Rs……………

m. Disease control…………………………………….Rs……………

n. Grafting and budding………………………………Rs…………..

o. Weeding………………………………………….…Rs……………

p. Hedge pruning, repair……………………………..Rs……………..

q. Miscellaneous……………………………………...Rs…………….

12. Interest on fixed cost at prevalent rate…………………...Rs……………..

13. Rent on land………………………………………………...Rs………………

14. Depreciation on:

a. Machinery (10years)……………………………….Rs……………….

b. Implements (10years)……………………………...Rs………………

c. Structures (15 years) ……………………….. …... Rs………………

15. Insurance:…………………………………………………....Rs………………

             Total variable cost……………………….……….……Rs………………


        Value of total seedlings produced/year….……….…Rs………………





Total variable cost + margin of profit

Cost of one seedling  =   -------------------------------------------------

                                                  Total seedlings produced
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