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FOREWORD 

This manual has been developed for extension workers to facilitate trainings in tree nursery 

establishment and management for catchment management committees. However, it can be used 

for any other development committees. The manual is designed to assist facilitators to enable 

communities to establish and manage tree nurseries step by step to out-planting.  
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1.0 INTRODUCTION 

A tree nursery is an area, which is set aside for the production of tree seedlings with 

special care and protection. Success or failure of your tree planting programme starts in 

a nursery. A successful programme depends upon production of nursery stock of 

sufficient number, vigour and of the right size to withstand field planting conditions. 

Selection of a good nursery site followed by adequate preparation is essential for a 

successful nursery, and this is true for all trees, both indigenous and exotic species.   

2.0 SETTING A NURSERY 

2.1 General 

Seedlings are usually needed in large numbers, and young trees of most species do not 

survive well if directly grown on the plantation site. It is therefore easier and cheaper to 

grow seedlings in one place (the nursery) and plant them only when they need less care 

and protection. 

The purpose of a nursery, therefore, is to grow seedlings of the required species, the right 

size and sturdiness at the beginning of the planting season, in sufficient numbers and for 

the intended tree planting objective. 

A number of decisions need to be made when establishing a nursery, including the 

following: 

i. The type of nursery to be established 

ii. The type of seedlings to be raised 

iii. The required production capacity of the nursery 

iv. Selection of a suitable nursery site 

v. Estimation of equipment/material needs 

vi. Possibilities of obtaining seed of good genetic quality 

vii.  The existing potential to find the required quantity of seed 

viii.  Design and layout of the nursery. 

2.2 Choice of Nursery Site  

There are several factors which should be considered when selecting a nursery site: 

a) Factors important for seedling growth: 

i.  water 

ii.  soil 

iii.  topography 

iv. materials 

v. availability of workforce 

b) Factors important for nursery management: 

i.  location 

ii.  access 

iii.  ownership and  

iv. size 
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a) Factors important for seedling growth 

Water: Guaranteed water all year round is absolutely essential. Water is needed most 

when least available. From 10 – 20 l of water per day per m2 of production area are needed 

(depending on prevailing temperatures).  High salinity which may occur in dry areas 

(water evaporates leaving a salt crust) should be avoided. 

Soil: For potted plants, the soil of the nursery site itself is not so important. However, 

suitable potting soil should be available close to the nursery. It should not be too sandy 

because otherwise it falls out of the pots, nor contain too much clay because extreme 

swelling and shrinking damages seedling roots (you can determine whether soil contains 

too much clay by rubbing some moist soil between thumb and index finger – it should 

have consistency of flour; it should not stick or shine). The soil should have good water 

holding capacity but adequate drainage. Soils of extreme acidity or alkalinity/salinity 

should be avoided: they can usually be recognized by their vegetation cover because it 

consists of specially adapted plants, while agricultural crops cannot grow on such soils. 

Topography: The nursery should not be exposed to desiccating winds such as those 

prevailing on hill tops nor to the flooding or sever frost, as may occur in valley bottoms.   

Relatively flat land is most suitable, ideally with 2-5 per cent slope because this permit 

the water to runoff so that no water-logging or erosion occurs. If flat land is not available, 

terraces have to be constructed. The site should receive sunlight for the major part of the 

day. Shading may be desirable to avoid excessive heating. 

Materials: To condition soil texture, water-holding capacity, drainage and fertility, it is 

convenient if sand or fine gravel and humus, forest soil or turf is available close to the 

nursery. As most nurseries have a problem with the supply of soil suitable for raising 

stock, proximity to a good source of soil is a great advantage. Poles and sticks should 

also be available for fencing, shading, buildings, etc. 

Availability of work force: As manpower is the main input of a nursery, the willingness 

of the surrounding community to provide enough labour must be carefully considered. 

b) Factors important for nursery management 

Location: Close to the planting area to minimize transport. 

Access: Near supervisor’s living quarters. Accessible at all times preferable close to the 

road. 

Ownership: The nursery terrain should preferable be public land (owned by the 

government or the community) so that management may be free in its decisions. Make 

sure traditional rights to use the land (e.g. fuel wood collection, grazing or water) do not 

interfere. For private land and water rights, clear lease agreements have to be made. An 

alternative may be to assist individuals or community groups, women, school, etc.) to set 

up a nursery, within a private garden. 
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Size: The size of the nursery area depends on: 

i.   the number of seedlings required for planting; 

ii.  the time it takes to produce seedlings of the desired size and species in the 

nursery; 

iii.  The size of the containers used. 

3.0 BASIC FACILITIES OF A NURSERY 

3.1 Essential Tools for Nursery Work 

Several tools are needed for nursery work. These include: Hoes, panga knives and 

watering cans. If watering cans are not available, buckets or large tins with holes in the 

bottom could be used. If resources are available, rakes, spades and wheelbarrows would 

also be very useful. A wide variety of simple equipment is needed for efficiently 

producing seedlings using labour-intensive methods. A basic list of items is the 

following. 

i.  For working with the soil: Pick axe, traditional hoe, shovel, flat-pronged fork, 

rake 

ii.  For layout: Tracing line, line level, rope,meter tape 

iii.  For preparation of potting soil: Sieve, funnel, scoop, pot cutting roll 

iv. For watering: watering cane 

v. For transporting within the nursery: Wheelbarrow 

vi. For tending of seedlings: Pruning knife, pruning shear, machete, tools for 

weeding, tools for pricking out (small shovel, spoon, flat piece of wood) 

The list of basic equipment which could be used for a nursery having a capacity of 20 to 

500 thousand seedlings is described in the following table; 
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Table 1: Basic nursery hand tools and equipment   

No. Hand Tools and Equipment  Unit Quantity 

1 Wheel barrow  No. 5 

2 Watering can  No. 10 

4 Spade  No. 5 

5 Rake  No. 5 

6 Crow bar  No. 1 

7 Hammer  No. 1 

8 Root pruning scissors/Panga  No. 3 

9 Hedge pruning scissors  No. 3 

10 Sickle  No. 4 

11 File  No. 1 

12 Knife  No. 2 

13 Bow saw  No. 1 

14 Seedling tray  No. 15 

15 Pick axe  No. 1 

16 Axe  No. 1 

17 Hoe  No. 4 

18 Sand sieve  m 8 

19 Meter (50m)  No. 1 

20 Weighing Balance  No. 1 

21 Polythene tube (various sizes)  No. 550 000 

22 Seed (various types)-depends on 

species 

 Kg 10 

23 Water supply  (adequate)  No. 1 
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3.2 Proper Seedling Production  

 

For proper seedling production a nursery must have the following facilities: 

a) Access roads and paths: The location of the nursery should minimize the need for 

transport of materials and seedlings with vehicles. Where seedling delivery relies on 

transport  with vehicle, access ways have to be wide enough and allow for turning, 

particularly if  trailers are to be used. The path or road surface has to be sufficiently 

stable to support the vehicle during the rainy season. 

b) Fencing: Protection is needed against browsing and trampling animals. Initially 

thorny branches and poles should be used. Fences have to be at least 1.5 m high. If 

the nursery is to be used for a longer time, living fences/hedges are advantageous 

protection against wind, animals and interception of weed seeds. Planting shrubs and 

trees with dense branches down to the ground, e.g. Cypress, Lantana is important to 

be considered. Species which can easily be propagated by cutting are very 

convenient. Where stones are more readily available other materials, stone walls are 

a convenient means of protection. 

c) A shelter for tools, materials and workers: A shelter for the workers and to keep 

tools and materials in a dry and safe place, a simple, small hut should be constructed 

from materials locally available (poles, bamboo, mud, etc.) using the local style. 

d) A soil dump: The production of potted seedling requires large amount of soil, sand 

and humus. Therefore, space is needed to store these materials separately next to a 

place where they can be mixed and the pots filled. 

e) Seed beds: Seed beds should be 1m wide with a 60cm path between them. The bed 

surface should be level with a low earth embankment along the margins of the bed to 

prevent the irrigation water from running off and washing away soil, seed or mulch. 

Best germination results are obtained if the seeds can readily absorb water, easily 

extend their roots and break the surface of the bed with little resistance. A 

germination seed must not dry up even temporarily because this would kill it. 

Stagnant water and permanent high humidity, on the other hand, increase the risk of 

disease, particularly damping off. To obtain optimum conditions, ideal seedbed 

consists of   three layers 

i. gravel to ensure good drainage; 

ii.  humus-rich soil holding water; 

iii.  soil and sand mixture easy to penetrate and well drained. 
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The soil in seed beds should be changed after some years to avoid diseases (it may 

be used to fill pots). In high rainfall areas where water logging occurs frequently, 

raised seedbeds should be used. 

f) Pot beds: Beds 1 m wide and 10-20 m long are most convenient for arranging the 

seedling pots. If the beds are wider, weeding and watering the center will be more 

difficult. On terraces, beds must be along the contour. 

Between the beds, access paths are needed for transport, weeding, watering, etc. They 

should preferably be 60 cm wide to permit the use of wheelbarrows. Note that paths 

are needed on either side of the beds. On flat land, this is achieved with one path per 

bed. On terraces, additional paths are required. 

Normally, seed beds are level with the ground. In high rain fall areas where water 

logging occurs frequently, raised pot beds should be used. In dry, hot climates and 

on well drained soils (sand, gravel), sunken seedbeds are convenient to protect the 

pots from excessive heating. To keep the pots in upright position, frames of local 

materials like stones, bamboo, poles, sawn timbers, bricks, rope or simple earth 

should be placed on all sides of the pot beds. Solid frames made from earth or sawn 

timbers have the additional advantage of reducing heating and the growth of algae in 

the pots of the outer rows. 

g) Shading and shelter: All seedlings need shelter from the sun, frost and hail/heavy 

rain when they are still very young and delicate. Shades are therefore made from 

locally available material such as sorghum or millet stalks, bamboo, grass, etc. 

Because shading is only temporary, they should be easily removable. The best 

method is to tie the material with ropes so that the shades can be rolled when not 

needed. The mats can conveniently be placed on frames made of branch wood, stalks 

or wire of a height of about 50 cm. Shading mats should allow about half the sun 

light to pass through. If they are too dense, seedlings will grow too slowly. Where 

frost, hail or heavy rain occur, especially dense mats or double layer of normal 

shading mats can be used at night and during storms to protect seedlings. 

h) Windbreak: Where strong and/or desiccating winds prevail, a windbreak consisting 

of at least one, but preferably two, rows of shrubs and one row of trees should be 

planted along the nursery side facing the main wind direction. Larger species with 

medium dense crown are best, e.g. Cassia, Grevillea. The trees should be fast growing 

in order to become quickly effective. The trees should be far enough from the beds 

to avoid the crowns extending over them.  In some cases, windbreaks made of dead 

materials may be needed permanently or as a temporary solution until living 

windbreaks become effective. 

i) Compost (detail description is given in part 2, BSWC of the manual): In humid 

climates, compost is prepared in heaps/piles because compost pits would fill with 

water, interrupting the formation of compost. In areas where the climate is dry, pits 

are dug and used for compost preparation. For both compost pits and compost heaps, 

a shading mat/roof has to be constructed, unless there is a shade from trees. Enough 

space has to be available next to the compost pile or pit to turn the compost over 



12 
 

while it is maturing. Compost heaps and pits are not places for rubbish disposal! (i.e 

No plastic bags, tins, bottles, etc.) 

j) A working shed: To protect workers, potting soil and plants from sun and rain during 

pot filling and pricking out of plants from seed beds to pots, a shed should be erected. 

To accommodate workers and pots awaiting transport to the pot beds a shed of 3 x 5 

m wide and 2 m high is appropriate for a nursery with a capacity of 100,000 

plants/year. 

k) A seed extraction area: If the project collects the seed it needs, an area of 10m² for 

drying and extraction of seed from pods, cones, etc. has to be available. This area 

should receive full sun light to reduce drying time. It should be level. For drying and 

extraction, seeds are placed on mats or canvas to avoid mixing with soil, weeds, etc.  
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4.0 PREPARATION OF NURSERY 

There is no standard layout and/or design for nursery, since differences between sites 

(land availability, sloppiness, access to water etc.) must be taken into account. An ideal 

form for a nursery is from square (by which the expensive boundary fencing is kept in 

minimum) to slightly rectangular (by which longer working lines are provided). Only 

seldom an ideal, level site can be found to meet these conditions: enough space for ideal 

nursery form, good road connections from any direction, water available in any corner. 

In practice the form of the nursery must be tailored into road access, into water points, 

and into sloppiness of the site. 

When determining the required size, the area needed for production (pot beds, seedbeds, 

and reserve beds) and for roads, paths, buildings, fences, wind breaks, etc, has to be taken 

into account. An area for possible extension in the future may also be desirable. 

4.1 Nursery Size Determination 

The nursery size is determined by: 

i.  maximum annual need of seedlings 

ii.  pot size/pot diameter 

iii.  area  need  for  infrastructure  (buildings,  water  tanks, composites,  roads,  

fencing, windbreaks) 

 

a) Annual need of seedlings: The annual need of seedlings is calculated from the area to 

be planted and from the planting density. If the spacing is 2.5x2.5m, a minimum of 1,600 

seedlings per ha are needed. If the annual planting area is, say 600 ha, a minimum of 

960,000 seedlings are needed. 

 

Here, additional points must be taken into consideration. The above calculation gives the 

maximum number of seedlings that the nursery must be able to produce at its full 

capacity. Based on the maximum number of seedlings to be produced, the area can be 

calculated. When making calculations of area required, allow for the fact that not all pots 

contain a live seedling, and furthermore that not all living seedlings are of plantable  

quality. Culling should frequently reject at least 10-15% of seedlings, and therefore 

calculations should be made on the basis of about 20% production above the actual 

number of plantable seedlings required. 

 

b) Effect of pot size: The area needed for a nursery depends not only on the number of 

seedlings to be raised, but also on the proportion of the nursery stock that is raised as 

potted plants, as bare-root seedlings and as cuttings. The diameter of the pot or the 

spacing between bare-root seedlings will also have a major effect on the area needed. For 

example, if the pot diameter is 5 cm, then 400 pots per square meter can be 

accommodated in pot beds. If the pot diameter is increased to 8 cm, then only 156 per 

square meter can be accommodated. The area required per pot increases in proportion to 

the square of the radius of the pot, therefore pot-bed area needed increases rapidly with 

increasing pot diameter. The number of tightly packed filled tubes (N) accommodated in 
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1 square meter can be calculated using the following formula (where d = diameter of pot 

in centimeters): 

 
 

A simple calculation gives the pot-bed area required for any number of seedlings grown 

in a specific size of pot. (Total pot-bed area needed = total seedlings produced divided 

by number of tubes per square meter). Doubling the diameter of the pot results in an 

increase in nursery size by a factor of 4. 

 

 Table 2: The effect of pot diameter on the size of nursery 

Pot diameter cm Pots Per square meter Net area (ha) needed  for  1 million 

pots  

4 

5 

6 

7 

8 

625 

400 

278 

204 

156 

0.16 

0.25 

0.36 

0.49 

0.64 

For open-root seedlings, calculations can be based on a spacing of 20 cm between rows 

and 5- 10 cm along rows between adjacent plants. 

c) Effect of infrastructure: Besides effective bed area, additional nursery space is needed 

in addition to that reserved for the seedling beds. This includes areas for working paths 

between beds, for other pathways, roads, channels for irrigation, water tank, soil dump, 

stores, fences and windbreaks. If seed is collected by the project, an additional corner is 

needed for threshing and cleaning the seed. 

The ratio of total area required for the nursery (including roads, windbreaks, etc.) to the 

area for pot beds is likely to be approximately 3:1. Unless a very large nursery is to be 

established, this ratio figure can be used for planning purposes. This means that for 1 

million potted seedlings in 5-cm-diameter tubes a total nursery area of about 7,500 m²(or 

0.75 ha) would be required. Thus 1 ha should be quite adequate for production of 1 

million seedlings. Based upon an annual production of 1 million seedlings, the total 

nursery size is calculated according to Table 2. 
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Table 3: Area required for a nursery 

Pot diameter cm Net area for 

seedling beds ha 

Total area include 

infrastructure ha 

4 

5 

6 

7 

8 

0.16 

0.25 

0.36 

0.49 

0.64 

0.48 

0.75 

1.08 

1.47 

1.92 

 

 Figure 1: General layout for a nursery 

 
 

When determining the required size of nursery, as described above, the area needed for 

production (pot beds, seedbeds, and reserve beds) and for roads, paths, buildings, fences, 

wind breaks, etc. has to be taken into account. In addition, an area for possible extension 

in the future may also be desirable. 
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Example: 

Let us assume that 85,000 seedlings are required per annum, including replacement of 

last year’s failures. Because not all plants raised will survive to seedling stage and a 

certain number will not be of good enough quality to be delivered for planting, more 

plants have to be produced than will be planted. This reserve should be about 10-15 per 

cent of the requirements. For 85,000 seedlings, this is, say, 11,000. We assume that pots 

of 20 X 12.5 cm flat are used. When filled, their diameter is about 8 cm. One square 

meter of pot bed can hold 156 pots of this size. 96,000 pots require: 

96,000m² / 156 = 615 m²of pot beds 

The seed bed area can be estimated as 20 per cent of the potted area. For our example 

this would be: 615m² x 0.2 = 123m². An additional 20 percent of the bed area is set aside 

as a reserve area to produce a larger number of plants or seedlings in larger containers 

(e.g. for difficult sites for fruit tree seedlings for grafting). This brings the total bed area 

to 886m². 

Preferably, all seedbeds and pot beds should be of the same size and shape. The roads 

should be wide enough to permit passage of pick-up cars and light cars and light trucks, 

i.e. 3-5 m, preferably 4 m. Indications for the dimensions of buildings and other facilities 

are given in table 3 above. As can be seen in the table, more nonproductive area is needed. 

Table 4: Example of area required for a Nursery 

Productive area No. of beds                size of beds           Area 

Seedbeds                 13                                10 x 1                  130 m²   

Pot beds                 62                                10 x 1              620 m² 

Reserve bed area    15                                10 x 1(20%) 150m² 

       Total                                                                                           900 m² 
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Non-productive area (facilities) 

Access paths between beds                         0.6 m wide        600 m²  

Roads                                                                4 m wide        430 m² 

Tool shed                                                   3 x 4 m          12 m² 

Soil dump                                                   5 x 10 m          50 m² 

Soil mixing                                                            10 m² 

Working shed                                                   3 x 5 m          15 m² 

Compost                                                   4 x 4 m           16 m² 

Fences and windbreaks                                                         260 m² 

Vacant                                                                                             117 m² 

Total non-productive area                                                       1500 m² 

Total area                                                                               2400 m²                                                                                                     

 

Note that in favorable conditions where survival rates of plants raised in smaller pots 

are satisfactory, the same bed area can produce a much higher number of seedlings.  

4.2 Production Units in a Nursery 

For management purposes, a large nursery must be divided in to suitable production 

units. The basic units are bed, compartment and block. Production should be arranged in 

such a way that one bed is sown at a certain time, one compartment is sown with a certain 

provenance and one block is sown with certain species. 

While laying out the land, care should be taken not to bury the top soil (which is important 

for seedling growth) and bring up the subsoil. This is especially important while raising 

bare rooted seedlings. 

While laying out a nursery, the following activities should be done 

i. Clearing of trees and shrubs of the site including 10 meters from the boundary 

of the nursery 

ii. Removing termite mounds and associated soils 

iii. Plowing the whole area and removing roots and big stones 

iv. Putting pillars showing blocks and roads 

 

a) Production units: The major production units in the nursery are beds, compartments 

and blocks 

b) Beds: Whenever designing blocks and beds consider geometric shapes because it helps  

i.  Fast and easy management (follow up and seedling inventory) 

ii.  Avoids unnecessary space wastage. Beds can be divided into two 

 For potted seedlings and 
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 For bare rooted seedlings 

The basic management unit in the nursery is the seedling bed. A standard bed width is 

1m. This width has two practical advantages. First, the calculation of bed area and 

inventory of seedlings is simple. Second, the manual work over the bed-seed sowing, 

transplanting, weeding and watering are easy. For this reason the bed width should not 

exceed 1.2m. 

The standard length of a nursery bed is 20m. It is a compromise between two factors. 

The longer the bed, the more optimal the use of nursery space will be. On the other hand, 

the longer the bed the more cumbersome the watering becomes. 

One square meter of seedling bed can accommodate 400 pots of a diameter of 5cm. Thus, 

a bed of 1x20m can accommodate a maximum of 8,000 seedlings. The working path 

between the seedling beds varies from a minimum of 0.50m to about 1.0m. In flat or 

gently sloping areas, a bed width of 0.5m can be used, but if the soil must be terraced for 

the seedling beds, more space between the beds must be reserved, up to 1m or even more. 

The seedling bed is prepared by first digging a shallow excavation. The depth of the bed 

is one-third the height of the pots. So, if the height of the pots is 15cm, the depth of the 

excavation is 5cm. A layer of coarse sand or gravel can be spread on the bottom of the 

bed to provide good drainage. In this case, the excavation should be dug slightly deeper. 

The earth that has been dug out of the bed may be left as a small ridge along the outer 

row of the pots to protect them from excessive heat. 

All beds should be raised above the ground to prevent damage from flooding and 

sedimentation. If possible, the beds should run from north to south so that either side will 

receive equal exposure to sunlight. The beds can be framed by wood, brick, stone, 

bamboo or plain wire. Wood is usually the best, but it is often too expensive. The frames 

should be constructed about 15 to 20cm high. 

c) Compartments 

The second management unit in the nursery is the compartment. A suitable number of 

seedling beds are grouped into one compartment. Compartments are located at 

approximately 1m from surrounding unproductive land such as roads, hedges and 

windbreaks as well as from neighboring compartments. 

A suitable number of seedling beds in one compartment are 20; the productive area is 

then 400m² and the maximum number of 5-cm pots is 160,000. However, the number of 

seedling beds in one compartment can vary according to the degree of the slope (fewer 

beds). 
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d) Blocks 

The third management unit is the block. Several compartments (for instance, 4 to 6) are 

grouped together, framed by hedges and separated from each other with nursery roads or 

irrigation canals. 

 

Figure 2: Layout for a nursery showing different production units  
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5.0 SEED 

5.1 Seed Source: 

The Department of Forestry has designated the Forestry Research Institute of Malawi 

(FRIM) to collect, process, pack and sell high quality tree seed to the general public, the 

Forestry Department itself, other Government Departments as well as NGOs. Those 

interested in purchasing seed are advised to contact: (The Deputy Director of Research, 

FRIM, P.O. Box 270, Zomba. Tel:      01 522 866, Fax:     01 522 548 or your District  

Forestry Officer. He/she can accept orders on your behalf for tree seed from FRIM )  

Each tree species has different requirements in terms of soil type and local climatic 

conditions. This information is laid out in detail in Appendix II.  This information  is  

very important in making a decision on the species which you  plan  to  raise  in  the 

nursery as there is no point in raising seedlings which will not grow well in your area. 

Local seed collection is advisable as it will reduce the expense of buying seed and ensure 

self-reliance. However, local collection is more suitable for some species than for others. 

For example, local collection of seed of species such as Eucalyptus is not a good idea as 

the seed is likely to be hybrid and not of very good quality.  In general, it is advisable to 

obtain seed of Eucalyptus and Pines from a seed center, such as that provided by FRIM, 

where the seed has been tested.   FRIM will collect any seed which is requested for, if it 

is not found in your locality. FRIM currently supply 98 different tree seed species. Seed 

is normally sold in grams or kilograms and it helps to know how much seed you will 

need when you are ordering. This may prove to be a little difficult as seed vary a lot in 

weight. Five (5) gm of Eucalyptus will have about 4,000 viable seeds (which is more 

than enough to plant 1 hectare), whereas 5gm of Cassia siamea seed will have only 100 

viable seeds. If you are not sure,  then specify  to  FRIM  what area you want to plant 

(and the escapement-i.e. spacing  between  the  trees),  or  how many trees you  want to  

plant,  and they will supply you  with the correct  weight of seed which one  requires. 

5.2 Tips for Good Seed Collection 

The first stage in seed collection is selection of good mother trees. Mother trees are 

healthy trees showing the desired characteristics e.g. for a timber tree, choose a species 

with straight-growth and few branches; for a fuelwood tree, choose a tree species with 

good coppicing ability (i.e. cutting close to ground level to produce new shoots from the 

stump), and fast growth; for a fruit tree, choose seed from a tree with good-tasting and 

healthy fruits. However, it must be remembered that species such as Acacia may have a 

crooked trunk but may still produce healthy seed. It is very important that the seed is 

collected from good mother trees as the offspring from these mother trees are likely to 

have similar characteristics. Select 15 healthy mother trees of the same species which 

occur naturally in your area and collect seed from all 15.  This will ensure some genetic 

variability. 

Also, it might be a good idea to plant a small plot of the main species which will be raised 

in the village nursery close to the nursery. This plot can act as a convenient source of 
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seed in the future and is usually termed a seed orchard.  These trees are grown for seed 

alone, should be planted far apart to encourage branching and early production of seed. 

You will need to plant at least 50 trees to be sure of having enough genetic variability. 

When choosing a "mother" tree, look for the following characteristics: 

i.  Healthy and disease free in all parts; 

ii.  Correct age to produce viable seed, e.g. 2-3 years for  Gliricidia  sepium;  20-30 

years for  Pinus patula (Mkungudza); 

iii. Cylindrical stem, a non-spiral grain, high form factor and low rate  of  tapering 

(timber species only); 

iv. Well-developed crown, e.g. in pines, coned-shape crown must be capable of 

producing enough food to nourish the developing seed; 

v. Must  be  suited  to  its environment,  in terms  of altitude,  rain  exposure  and  frost 

tolerance 

vi. Resistance to insects and fungal attacks; 

vii.  Growth, in terms of height and diameter, should be above average in the stand. 

Tree should be 10% taller and be 10% greater at Breast Height Diameter. 

viii.  Produces wood of good timber volume, if this is the requirement. Light, thin 

branches are best. Large diameter branches will produce big knots if the wood is to 

be used for timber. 

 

Figure 3: Comparison of healthy seedling and unhealthy seedling  
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Seeds are found in pods, cones or fruit. The method of collecting seed depends on the 

tree species but as a general rule, seed, fruit, cones or pods should not be collected until 

they are ripe or nearly so. Fully mature seed not only has the highest viability but also 

stores well. Maturity is normally reached just at the time when natural agents, such as 

wind, and water, begin to cause seed dispersal.  The ripeness of the seeds can be checked 

in many ways. Some pods and fruits fall to the ground when ripe, other pods split or 

explode, dropping or shooting out their seeds.  Seed within fleshy fruits will be ready 

when the fruit is fully ripe, with the exception of Neem.  Neem seed is ripe when the fruit 

is mature but has not yet fallen from the tree. 

Most trees produce seeds once or twice a year but some, such as Acacia species produce 

seed every two or three years.   Therefore a   surplus should be collected in these so-

called seed years and stored for use during the lean years. The time of seed collection for 

the common tree species in Malawi is listed in Appendix II.  

It is a good idea to find seed from the same "provenance" as your area. That simply means 

finding seed which comes from an area with roughly the same environment as yours 

(with similar weather, water, altitude, soil type etc.). Seed from a similar environment 

will be the most likely to survive in your area. However, this is not necessarily true for 

exotic species such as Gliricidia sepium, Pinups patula (Mkungudza) or Eucalyptus 

(Bluegum) species. 

The best way of collecting seed is to harvest the pods or fruit from the tree when  \they 

are ripe and before they open or fall to the ground. This is especially important for the 

following species which produce small, light seeds which disperse quickly from the tree 

once fully mature: Senna siamea*(Kes(h)ya); Casuarina spp.; Eucalyptus spp. 

(Bluegum); and Grevillea robusta. 

Many large or hard coated seeds can be collected just after they fall to the ground: e.g. 

Acrocarpus fraxinifolius; Balanites aegyptinca; Acacia spp. Do not collect old seeds 

which are lying on the ground under trees. It is a good idea to first clear the ground below 

the tree of debris and old seeds.   Collect freshly fallen seeds the next day. 

Remember that seeds from green, unripe fruit or pods are unlikely to germinate.  Seeds 

in ripe fruit or brown pods will usually be ready for planting. If you are uncertain as to 

whether a fruit or pod is ripe, pick it from the tree. If it comes away easily in your hand, 

then it is probably ripe. Most seeds are ready for sowing as they fall from the tree. In 

species where ripe cones or seed pods can easily be detached, the trees can be shaken 

after the seeds have reached maturity but before they are released. 

Many trees drop their fruits or seeds when they are ripe, but some pods and fruits remain 

on the tree. If collecting seeds from trees, take care not to damage the tree by breaking  

branches or main shoots.  If the tree is very tall (e.g. Acacia tortilis) then you will need 

to climb the tree and shake or hit the branches with a long stick. The seeds can be 
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collected by a person standing underneath with a blanket or "chitenje" (piece of cloth). 

There are species where the seed pods or cones are firmly attached to the branches and 

hence are difficult to detach when the tree is shaken. With these trees, it is necessary to 

climb into the crown and pick the seed pods or cones by hand. 

You will need to keep a record of the number and location of mother trees and the date 

of collection of the seed and attach this information using a label in the seed bed and later 

on in the pot. This is important as it is a way of finding the most superior mother trees to 

collect from in the following season.  
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6.0 PROCESSING OF SEEDS 

Healthy seed is "full" solid seed, as opposed to poor seed which may be shrunken or 

damaged. Taking the time to collect full, healthy seed will save you a lot of time and 

energy in the long run, because you will not waste as much time preparing seeds which 

will never sprout or planting 

seedlings which may be weak and 

will not survive. Do not plant seeds 

which are smaller or different in 

colour than the other seeds. Throw 

away seeds which have small holes 

in them because these have been 

damaged by insects. 

6.1 Extraction 

Once pods, cones or fruits have 

been collected the seeds that they 

contain need to be extracted 

(physically taken out) and dried. 

The purpose of extraction and 

associated processes is the maximum production of clean seed having higher viabilit y.  

Most pods or cones which will open up after being left out to dry in the shed (e.g.  Acacia 

spp., Senna spp., Cupressus spp., Leucaena leucocephala and  Pinus spp.).  It is advisable 

to raise the seeds up off the ground when drying as it speeds up the process and guards 

against attack from pests and diseases.   A simple wire frame is ideal for this purpose. 

Pods of species such as Tamarindus indica do not open after being dried out. The 

seeds have to be extracted by hand. Species with soft, pulpy fruits such as 

Azadirachta indica and Melia azedarach are cleaned by soaking in water for a day 

or two. The pulp can then be scraped off. 

To extract seeds from fruits or pods, dry the fruits or pods in the sun until they are brittle  

or open, then rake, roll or beat the fruits to separate out the seeds.  The removal of the 

wings of the seed (dewinging) are done by hands; either by rubbing seeds between the 

hands, against a screen or roughened surface or by hand rubbing in a bag. Hand 

winnowing may be used to separate empty seeds, chaff and dust from full seed. 

After extraction the seeds should be sun-dried for a further few days. This reduces 

the moisture content of the seed and increase the length of time the seed can be 

stored. Clean and dry the seeds and store in a cool dry place. 
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6.2 Viability of   Seeds 

a) Testing for seed viability (large seeds only) 

One way to test whether seeds are "viable", or "good" (whether or not they will 

germinate) is to put them in water. Those which sink and swell are probably viable. 

Those which float to the surface or never swell will probably not germinate. 

b) All seed sizes 

If you have many seeds which you have been storing for some time and wish to see 

whether or not they are still good, take a handful and spread them out on a bed of wet 

sand or wet cloth. Keep the surface moist and the seeds covered loosely with plastic  

or paper. After 3-4 weeks, some of the seeds should sprout roots and leaves. The 

number of seeds which sprout, as compared with the total number tested should give 

you a rough idea of what percentage will grow when they are planted in soil. 

6.3  Storage of Seeds 

Seed storage is the preservation of viable seed from the time of collection until it is 

required for sowing. The reason for this is simple: It is rare that the best time for seed 

collection coincides with the best time for sowing. More often it is necessary to store the 

seed for varying periods. The period for which seed can remain viable without 

deteriorating is greatly affected by its quality at the time of collection, its treatment 

between collection and storage and the conditions in which it is stored. 

Seed of most tree species (unless they are placed in conditions favorable for germination 

or sufficiently dried and kept at extremely low temperature) will suffer changes and will 

eventually lose viability. Storage at low temperature (say 4°C) preserves viabilit y 

reasonably well but varies for different species. However, simple storage arrangements 

(air drying in the sun to about  8% moisture content  and storage in sealed pots at 5°C) 

give good results; with viability of approximately 60-70% after 4-5 years. Seed should 

be stored in a cool dry dark place, in air tight containers (e.g. old jars). Polythene bags 

are not recommended as the seeds tend to sweat, especially if the seed has not been fully 

dried and seeds can germinate or rot in the bag.  Seeds which are likely to be attacked by 

insect pests such as Acacia tortilis and Tamarindus indica can be protected by mixing 

with an insecticidal dust. Care should be taken when using this dust and you should wash 

your hands immediately after using it.  

Most seeds will be stored successfully for a year or two although the ability of the seed to 

germinate decreases with time. There are some species however which will lose their 

ability to germinate within a few weeks, no matter how good the collection, extraction and 

storage techniques were. These species generally contain a good deal of oil in them and 

should be sown as soon as possible after collection. Examples are: Azadirachta mdh: a 

(Nimu) and Vitex doniana (Mpyumbyai/Msipsya). 
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6.4 Treating Seeds before Sowing 

Some seeds will need preparation or pre-treatment before they are ready for planting. 

This is often true because the methods by which seeds are scattered and "planted" in the 

wild involves their being first chewed, eaten and passed through the digestive systems of 

animals or subjected to fire. In order to imitate these conditions, it is sometimes helpful 

to soak, scrape, acidify or burn seeds before planting. Pre treatments are noted in 

Appendix II. Pre-treating seed is not difficult, but may take some planning. 

6.4.1 Soaking Seeds in Hot Water (General Recommendation for Most Seeds) 

Satisfactory pre-treatment of seeds can be achieved by simply immersing in hot 

water for a short time. The water is brought to the boil and the water is taken off the 

fire as soon as it boils and left to cool for 15 minutes. Seeds are then placed in the 

water with a seed: water ratio of 1:2.  The seeds should be left to soak in the cooling 

water for 10 to 15 minutes. The seeds have now begun to germinate and should not 

be stored any longer - they should be sown immediately. 

6.4.2 Soaking Seeds in Cold Water (For Hard Coated Seeds) 

For very hard seeds (shiny hard coat) the seeds should be treated as outlined above and 
then removed and soaked in cold water for 24 hours. They will then be ready for 

sowing. Some seeds which respond to this type of soaking include Azanza garckeana 
(Matodo/ Mtowo), and Schotia brachypetala. 

The following methods are specific for particular species and have proven to be very 
difficult to germinate using the above methods. 

* For information on the specific treatment regime which is recommended, 
for the tree species you are interes ted in, refer to appendix II. 

6.4.3 Scarification  

Hard seeds can be scarified. Scarification means opening up the hard outside coat 

(the testa) so that water can penetrate. This can be done by pricking it with a needle, 

nicking it with a knife blade, filing it on a grinding wheel/stone, with a file or 

abrasive. Although this process increases the chances of fungal attack, it also 

enhances and hastens germination.  If you scarify the seed, you should be careful to 

cut it on the "shoulder", away from the microphyll (where the roots will emerge). 

Once the testa has been broken, the seed will no longer store well, and should be 

planted right away. Some examples of indigenous tree seeds which respond well to 

scarification are Faidherbia albida (Nsangu), Pterocarpus angolensis (Mlombwa), 

Berchemia discolor (Mtata) and Piliiostigma thoningii (Chitimbe). 
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6.4.4 Removal /Cracking of Outer Coat/Shell 

  

Some seeds germinate better if their 

hard outer covering/shell has been 
completely removed. 

Combretum apiculatum (Kadale) 

responds well to this, while Ziziphus 

mucronata (Kankhande) requires 
only cracking of the outer shell, i.e. 

the outer shell is cracked and the 

seed remains inside. Use a nail 

clippers to crack the seed coat 

 

 

 

 

6.4.5 Heating Seeds 

                              

 

 

 

 

 

 

 

 

 

 

 

Heating seed is necessary for certain 

seeds to germinate successfully. This 

can be done by placing them on a pan 

over a small fire for a short period of 

time (1 – 2 minutes). The fire should 

be of the same heat intensity as a bush 

fire. 

Terminalia sericia (Naphini) has 

improved germination if it is first 

burned. 
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6.5 Pregermination 

Pregermination of seeds is generally confined to hardwoods and is done to ensure germination 

of the seed before it is sown into the bed, or before it is directly planted out in the field. It is 

necessary to pre-germinate seeds since some species are slow and irregular to germinate; some 

species have low germination percentages, resulting in wastage of expensively prepared nursery 

space and with some species, there may be two or more seeds in one seed case, e.g. Gmelina 

arhorea (Malaina). Pterocarpus angolensis (Mlombwa) definitely requires pre-germination. 

6.5.1 Tray Method 

Seed is placed in a wooden tray or a shallow depression in the ground (I0cm deep). The seed is 

covered by a layer of straw. This is kept frequently watered. Seeds which show signs of 

germination are transplanted into pots or directly planted in the field. Be careful not to damage 

the tiny roots which have developed on the pre-germinated seed. Seconds of exposure to the 

sun or hot dry wind can destroy these roots 
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7.0  SOIL 

7.1  Soil Collection 

The site of the nursery should have been selected with the knowledge of the availability of 

good soil nearby. As mentioned earlier, the ideal soil for a nursery is a light clay loam. 

Collection of soil is a difficult job at the best of times and so the distance from the nursery to 

the source of soil should be as short as possible (a radius of 250m is practical).  Soil can be 

collected by wheelbarrow or ox-cart. 

The soil itself must stick to the inside of the polythene tube when moist but must not crack 

when dried out (this happens when the soil contains too much clay).  If the soil has a tendency 

to develop a crust on the top after watering (called "capping"), then adding sand to the soil will 

ease this problem.  The proportions are usually worked out by trial and error but a 

recommended "rule of thumb" would be: 1 part of river sand to 1-2 parts of good top soil. If 

forest top soil is available (i.e. a dark loamy soil with a high content of organic matter) then 

this can be used unmixed or mixed with good top soil.  Soil which is to be used in the seed 

beds should be very sandy and light and free draining. 

Once the soil has been transported from the local source to the nursery, stones and compacted 

lumps should be removed by hand and then mixing can be carried out. 

7.2 Fertiliser and Compost Making 

7.2.1 Compost 

Compost not only supplies nutrients to the soil (commercially available inorganic fertilizers) 

but they also improve the structure of the soil. This added benefit is essential as the soil is then 

better able to hold water and nutrients and is more resistant to erosion. Compost is also less 

expensive than inorganic fertilisers. Compost is basically a mixture of organic matter 

(cattle/goat/chicken manure, leaves, grass, potato peels, maize cobs etc.) and soil that are piled 

into a heap, watered and left to decompose for 3 months. If there is some land available then it 

might be a good idea to assign a piece of your garden for the growing of a manure crop 

specifically for composting. This involves harvesting of the crop and making a compost heap 

which, when well-rotten can be added to your nursery soil.  

Suitable manure crops would be: Desmodium, Leucaena beans and Lucerne. Otherwise you 

can build a compost heap using any waste organic material found in your garden and kitchen, as 

indicated above. Compost should be added to the soil after mixing in the ratio: 1 part manure to 

5 parts of soil. This mixture can then be used for filling transplant beds for growing bare 

rooted stock or for filling the pots (potted stock) and will boost growth of the seedlings. Note 

that this organic fertiliser should not be mixed with soil intended for the seed bed as the seeds 

themselves will contain enough nutrients to facilitate germination and early growth. It is very 

important to note that the compost should not be fresh - it must have been allowed to rot for at 

least 3 months. 
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7.2.2 How to make compost 

Choose a level area near the nursery site. Put 4 sticks in the ground to mark out a square 

measuring 1m x 1m. Loosen the soil within the square. Place small twigs and broken branches 

in a layer 10cm thick (layer 1). Cover this layer with a layer of leaves, grass and kitchen waste 

(vegetable peelings, maize cobs etc.) which has been moistened and well mixed. This layer 

should be 15cm thick (layer 2). Now place a thin layer (2cm) of chicken, goat or cattle manure 

over this (layer 3). Cover this with a 4cm layer of topsoil (layer 4). Repeat all 4 layers until the 

heap is 0.5m high (i.e. repeat about 16 times). Water the heap but be careful not to soak it.  

Cover the finished compost heap with banana leaves, sacking or a plastic sheet. 

The compost heap will heat up in a few days. This is due to the activity of tiny microbes 

(bacteria and fungi). Over time, these microbes cause the layers above to break down, change 

texture and become compost. The heap will also shrink and  lose volume over time. After 3-4 

weeks, turn it over so that the outside material goes to the middle of the heap. Turn it again 

after another 3 weeks. After 3 months your compost will be ready for use. 

7.3 Inorganic Fertilisers 

Inorganic fertilisers i.e. those which are commercially available, are not usually 

recommended at the pot filling stage. Once the soil is reasonably fertile then the seedlings 

should grow well, if cared for properly. Inorganic fertilisers should be used if there is a 

problem with seedling growth later on after pricking out, or after a few weeks, in the case 

of direct seeding. If, after a pricking out (transplanting the seedlings from a seed bed to 

pots), or after a few weeks, you notice that some seedlings are not growing well, then it 

is a good idea to add commercially available inorganic fertiliser to the  pots at this stage 

in order to  give them a "boost" of growth. 

7.4 Soil Sterilisation 

Sterilisation of soil is carried out in order to kill fungal pathogens and most insect pests 

as well as some weed seeds in soil destined for seed beds. Treat the soil by spreading dry 

grass on top of the seed bed. Bum the grass and leave for 24 hours. After that the soil 

should be sterile. 
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8.0  SEED SOWING 

8.1  Direct Sowing In Pots  

Direct sowing into individual pots is used for seeds which have good germination rates. 

This method avoids the lengthy process of sowing the seeds in a seed bed and then 

transplanting or pricking out into individual pots. The seeds which can be sown in this 

way are usually relatively large in size.   Plant large seeds in holes two or three times as 

deep as the size of the seeds. The seeds are allowed to germinate in situ. Normally 2or 4 

seeds are sown in each pot. The exact number of seeds which are sown in each tube will 

depend on the average viability of the tree species -the higher the viability the lower the 

number of seeds which are sown in each plot. The number of viable seed per kg = seed 

per kg multiplied by germination  percentage.  The number of viable seeds per kg and the 

recommended number of seeds to sow for common species are given in Table 5. Refer to 

Appendix II for details on the number of viable seeds per kg, for other multipurpose 

tree species in Malawi. Note that one species which is very sensitive to root pruning and 

should not be raised in pots, but directly planted in the field is: Faidherbia albida 

(Nsangu). 

 

 

  Table 5: Seed information for common species. 

Species         No. of viable seeds per kg        No. of seed tobe sown Per pot   

Azadirachta indica  3,700    1 

Acacia nilotica    3,300    3 

Albizzia lebbeck    5,000    2 

Delonix regia  1,200     2 

Faiderbia (Acacia)    5,300    2  

albida 

Melia azedarach 

Parkinsonia aculeata  

Pinus patula 

Senna siamea Senna 
spectabilis  

Tamarindus indica  

Tecoma stans 

Ziziphus mauritiana 

(Masau) 

       2,000 2 

    50,000 3 

      6,350 2 

    23,000 2 

      6,000 2 

      1,700 1 

    68,000 2 

         300 {fruits} 3 

 

Source: FRIM seed catalogue  1995 
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If the germination rate is not known for the species which you are interested in 

growing, then you can set up a germination trial with 100 seeds (tray method of pre 

germination). After 4 weeks, the percentage of seeds which germinate from this lot 

will give you an estimate of the germination rate.  The number of seeds which should 

be sown in each pot will depend on the germination rate and this information is given 

in Table 6 below. 

    

  Table 6: Estimated germination rate of seeds and corresponding number of seeds to 

be sown per pot. 

  

Estimated Germination Rate  No. of Seeds to be Sown per Pot 

Over 90% 1 

60 – 90% 2 

40 – 60% 3 

25 – 40% 4 

Less than 25% Direct sow not recommended 

    

In summary, good results are obtained with sowing directly into pots with most species, 

except with small seed and seed with low viability.  Examples are: 

Afzelia  quanzensis (Mngongomwa/Msambamfumu) 

Khaya anthotheca (M’bawa/Muwawa) 

Pterocarpus angolensis (Mlombwa). 

 

After sowing, the pots should be covered with dried grass, which protects the soil from 

disturbance and prevents the surface of the soil from drying out. It is very important to 

ensure that the seed does not dry out once it starts to germinate so the pots should be 

watered at least twice a day. Watering should be done with a watering can with a fine rose 

(i.e. one with small holes in the head), or using any tin or bucket with fine holes made in 

the bottom. Take care not to apply too much water as the young seedling will rot in the pot.  

The time for germination of the seed varies from 3 days to as long as 2 months, depending 

on the species but for most species germination takes between 8 and 14 days. Once 

germination has started you need to raise the shade off the pot to give light and air to the 

young developing seedling. Raise the shade to about 15 cm (6 inches) above the surface of 

the pot. If more than 1 seed germinates in each pot, the strongest one should be left. If there 

are other strong seedlings in the pot then you can carefully transplant these into empty pots.  
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8.2 Broadcast Sowing 

Broadcast sowing is used for seeds which have low germination rate. Also this method is useful 

for sowing of small seeds as it is difficult to plant small seeds one by one. Small seeds will not 

germinate if they are planted deeply. The method involves scattering the seeds evenly onto a seed 

bed. Seed beds are specially constructed beds intended solely for germinating seeds and contain 

a high proportion of sand. After the seeds have germinated they are transplanted (pricked out) 

into individual pots. Achieving an even scattering of seed over the seed bed can be done in 3 

different ways. 

Figure 4: Sowing by hand 

 

 

 

 

 

 

 

 

 

 

 

 

This is the most common method employed and the most effective. Seed is       

scattered evenly onto the seed bed, leaving a margin of 6 or 8cm round. 

This is to avoid wastage of seeds during sowing and watering. 

Sowing using a sieve (sefa) 

This is done with very small seeds, such as Eucalyptus. The seed is mixed with sand to make it 

bulky and then put into a sieve and sieved on the bed. The mixture is made in the ratio of 1:10, 

that is, one part of seeds to 10 parts of sand. This method, although effective may prove to be 

too expensive for the average small-holder farmer (due to the cost of a sieve). 
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Sowing using a watering can 

Seed is put in a watering can full of water, stirred and watered onto a seed bed. The water 

must be stirred often to prevent the seeds from settling to the bottom of the can. The 

drawback of this method is that the seed tends to stick to the sides of the watering can itself.  

In all of the above cases, it is important that a margin of 6-8cm is left around the edges of 

the seed bed. The scattered seeds should be covered with a thin layer of fine river sand. 

Water' the seed bed from a watering can having a fine rose before and after sowing. Be 

sure to provide shade in the form of dried grass to newly seeded beds.  It is a good idea to 

keep a record of all seeds sown, including: date sown, species, quantity, batch number, 

source, special conditions, etc. 

8.3 Time of Sowing 

Seeds should be sown so that the seedlings will have time to grow to a height of 23-30 cm 

and be ready for planting by the first rains. The following factors should be considered in 

deciding when to plant: 

i.  Species 
ii.  Local conditions 

iii.  Size of the planting programme 
iv.  Labour supply 
v.  Availability of transport. 

When the nursery is required to produce a large number of seedlings over an extended 

period, staggered sowing is used to produce ideal sized stock at planting time. This 

involves sowing seeds successively over a number of days, weeks, or months. 

Staggered sowing also spreads out the work load of nursery staff 

8.4 Calculation of Seedlings Required 

When planning the amount of seedlings required, the following factors must be taken 
into account: 

i.  Area of land to  be planted by species 

ii.  The species planting escapement 

iii.  Allowance for deaths, culls, and beating up from  previous planting 

iv.  Stocking number found from the formula: area divided  by escapement 

v.  The number of viable seed per kg 

vi.  The percent losses to be expected on this nursery site through diseases, insect 

damage and other natural causes.   This is often done from previous experiences. 
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Sample Calculation 

  

= 16,000 seedlings + 1,600 seedlings 

= 17,600 seedlings 

NOTE: A total of 17,600 seedlings would be required to cover an area 

of 10 ha with a planting escapement of 2.5m x 2.5m. 

 

Escapement depends on the end-use(s) which you expect from the tree species you are 

planting. Escapement varies from lm x lm (Eucalyptus) up to 5m x 5m (e.g Mlombwa).   

If land is in very short supply and provision of fuel wood  and thin diameter poles is 

required in a relatively short time period, then species such as Eucalyptus and  Acacia 

(exotic)  can be planted  as closely as  lm  x  lm  apart.  For all other exotic species the 

escapement must be at least  2.5 m x  2.5 m. Some indigenous species require as much 

as 5.0m x 5.0m e.g. Faidherbia albidia (Nsangu), Pterocarpus angolensis (Mlombwa) 

and Acacia (indigenous). 

8.5 Determination of seed bed area to be prepared 

To determine the area of seed bed to be sown with any given amount of seeds, the 

sowing density for such seed must, be known. Sowing density is the number of seed 

which can be sown on a given area without running into the risk of overcrowding or 

wasting space. For pines and cypress the sowing density is 2,000 viable seed per 

square meter, whereas for Eucalyptus, the sowing density is 1,600 viable seed per 

square meter. 

Example: 

Area Covered = Viable seed per kg x Quantity sowing in kg     

Sowing density                                                          

Question: Intended total planting area is 10 hectares. 

How many seedlings would be required for this area with a 

planting escapement of 2.5m x 2.5m? 

 

Planting escapement  = 2.5m x 2.5m 

 

 

 

 



36 
 

 

0.5Kg  Pinus patula seed with 80,000 viable seed per kg. (Sowing 

density is 2,000 viable seed per square meter). 

 

= 80,000 X 0.5 

      2,000 

= 20 square metres of seed bed to be sown 

 

8.6 General Points in Seed Sowing 

If seeds are sown too thickly, there will be competition mainly for moisture air and 

food resulting in sickly seedlings. This overcrowding may also allow the quick spread 

of fungal diseases associated with nurseries (e.g. dumping off). Seeds must not be sown 

too thinly as this may result in the wastage of well-prepared land. As seed viabilit y 

varies from species to species, it is always important to follow the recommended 

sowing density. 
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9.0       SEED COVERING AFTER SOWING 

Nursery soil is normally used and is generally satisfactory as long as it is of high sandy 

loam content. Since under some circumstances, failure in germination has occurred due 

to poor soil used, it is strongly recommended that sand be used as a covering medium. 

The advantages of using sand are: 

• It prevents the soil from compacting, (compacting prevents the seed from 

getting water and air). 

• Control of watering is less critical than when ordinary soil is used. 

• The soil under sand is much protected from the actual impact when watering. 

• The light colour of sand reflects the sun's heat, therefore reducing the chances 

of damage by scorching to the seedlings. 

As a general rule, seed should be covered with a thickness of soil equal to its own 

diameter. Covering too deeply will impede germination. If covering is too shallow, 

there may be insufficient moisture to support germination. Seed left on the surface may 

be picked up by birds or rodents. 

After planting, build a grass shelter to cover the soil. This will help to keep the soil wet 

and prevent rain or water from moving the seeds. Water both early in the morning and 

in the late afternoon (through the shade material). Remove some of the grass when you 

see the first leaves. A week later, remove the rest of the grass. 

Seeds take different lengths of time to germinate, but usually they take from one to 

four weeks. Since it is difficult to plant small seeds one by one, the seedlings of small 

seeds will probably be growing too closely together.  When these seedlings have two 

or four leaves, you must thin them, or in other words, pull out some of the seedlings 

to give the others more space to grow.  Gently press back the  soil that has been 

disturbed. 
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10.0 POT FILLING  

10.1 Pots 

When establishing your nursery, you have a variety of pots to choose from. Perhaps the 

most common are polythene tubes, which come in a different sizes. The most popular 

size for seedling production in Malawi is: 7.5c ("layflat" width, i.e. half the 

circumference) x 12.5cm in height. These pots are obtainable? from mainly Poly pack. 

The prices change so often that there is no need to mention them here. 

 

10.1.1 Improvised pots for seedlings 

 

Cardboard packets e.g.  

Chibuku packets, plastic packets, tin cans. 

 

 

 

For community or single farmer nurseries, it is critically important that costs should be 

kept to a minimum. 

The use of low cost alternatives to polythene tubes should be encouraged if these prove 

to be too expensive or difficult to obtain. These alternatives include: used "Chibuku" 

packets, sugar packets, milk packets, clay pots, used tin cans, banana bark, and mature 

bamboo tubes.  Regardless of the type of pot used, always ensure that there are openings 

in the bottom or sides to allow drainage of excess water and that the seedlings can be 

easily removed without damage at planting time.
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Bamboo can be used instead of  polythene tubes.  Make sure to split and tie the pieces of 

bamboo together, otherwise you won't be able to remove the tree seedling from the pot, 

once it has grown bigger. 

Figure 6

 

 

Banana bark can be used as containers for seedlings but are susceptible to 

attack by termites.  Keep moist by watering regularly. 

 

 

 

 

 

 

 

Tie and fi ll with soil 
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10.2 Polythene Tubes 

Polythene  tubes have the following advantages and disadvantages: 

 

a) Advantages 

i.  Made of plastic which does not rot or encourage fungal or bacterial 
growth. 

ii.  Do not change shape or stretch. 

iii.  Non-porous, retaining soil moisture. 

iv.  Light and easy to carry. 

v. Can be used for two or more seasons. 

vi.  Efficient and small in size. 

vii.  Open at the bottom allowing free drainage. 

viii.  Facilitate root pruning. 

b) Disadvantages 

i.  Expensive - cost of buying. 

ii.  Difficult to obtain in remote locations. 

iii.  Recycling is limited to 2-3 years whereas with used "Chibuku" packets and 

similar pots, there is no additional cost and there is a constant supply so 

new pots can be used each year. 

10.3 Filling Pots 

Planting pots should be filled with soil (refer to soil section on page 25 for further 

details), ready for transplanting seedlings from the nursery bed into the pots. The soil 

used should be collected from natural woodlands, preferably Brachystegia.  For pines it 

is necessary to add soil inoculated with mycorrhiza fungi, which is absolutely essential 

for successful pine growth. The inoculated soil .should be collected from a well-

established healthy pine plantation of at least 15 years of age and mixed with the ordinary 

soils in the ratio of 1 part mycorrhiza soil to 10 parts of Brachystegia woodland soil.   

This should be thoroughly mixed before filling pots. 
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11.0    TRANSPLANTING (PRICKING OUT) OF SEEDLINGS 
 

There are three main reasons for transplanting: 

i.  to reduce excessive crowding of seedlings on a seed bed which may result 

in thin, weak and sickly plants which would  be very prone to fungal 

attack; 
ii.  to reduce competition for moisture and mineral salts which  are  

necessary  for growth, (late germinating seedlings may be suppressed);  
and 

iii.  to reduce competition  under ground level which may retard shoot  
development. 

The objectives of transplanting are thus to provide adequate growing space and 

encourage good development of fibrous roots systems, while allowing room for 

cultivation  and  control of shoot development.  Plants grown in this way should be 

able to adapt to the shock of planting out in the forest with quick recovery. 

Seedlings can be transplanted into pots or tubes, which is called pricking out, or into 

prepared beds, which is called lining out. Transplanting should always be carried out 

under shade. Transplanting or pricking out very small seedlings from beds to pots 

should be done with great care to avoid unnecessary deaths. This procedure should 

be carried out when the seedlings are about 1 inch (2-3 cm) in height and have 

developed their first true leaves.  Pines should be transplanted before the seed coat 

is shaken off. 

11.1 Key points in transplanting 

• Keep the seedlings moist; 

• Keep them out of direct sunlight; 

• Handle them by the leaves only; 

• Make sure to firm around the roots after transplanting. 
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Figure 5: Before transplanting, water the seedlings in the seed bed as well as the pots 
(full of soil). 

 

 

Figure 6: Showing use of a "dibble stick" (small pointed stick) to loosen the soil around 
the seedling. 
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Figure 9: Uproot the seedling   gently. Hold the seedling by the leaves and pull by the 

stem. Take care not to damage roots. Leave smaller plants which will be lifted at a 
later date. 

 

 

 

1. If the  seedling  is  to  be 

carried  some  distance  or  

you  have  a lot  of seedlings 

to  transplant, place the 

seedling(s) in liquid mud or 

a pot (small tin) half full 

with water, so that the roots 

do not dry out. Cover the 

entire plant with a wet sack 

to prevent drying of leaves 

or leaders until the time of 

planting. The time between 

lifting out and planting 

should be as short as 

possible. Each worker 

should see to it that his/her 

seedlings are covered and 

planted as soon as possible. 

 

 

The tap root of seedlings may be too long and thin, they should be cut back usually 
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with a thumb, nail etc. Root pruning is not necessary if pricking out is done at the 
correct time. 

 

2. Use the dibble stick to make 

a hole in the soil of the pot 
(or transplant bed) big 
enough for the seedling to go 
for the seedling to go in. The 

hole should be deep and wide 
enough to take roots without 
bending them. 

 

 

 

 

 

 

 

3. Place the seedlings roots in 

the hole (with the root 

collar at the soil level),   

taking care not to damage 

them or  bend them 

upwards. Make sure that all 

of the roots are inside the  

hole.  Close the hole by 

inserting the stick into the 

soil beside the plant and 

forcing the hole shut. 

Ensure that the hole is fully 

and firmly closed 

throughout its entire depth. 

Handle the seedlings by the 

leaves to avoid damages to 
the stem leader. 

4. Press the soil gently around the root of the seedling. Water the seedling to wash the oil 

around the roots to ensure that all of the roots are in close contact with the soil (i.e. 

there are no air spaces around the roots of the seedling). 
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5. The seedling should be lightly and regularly watered and shaded until it is established 

(i.e. it is growing well). Once the seedling is established then water and shade can be 

gradually reduced. 

 

 

 

 

 

 

 

11.2 Note on Fertiliser Application 

If, after a few weeks you notice that some seedlings are not growing well, then it is a 

good idea to add commercially available inorganic fertiliser to these pots at this stage in 

order to give them a "boost" of growth. The fertiliser is usually granular. Add 2-4 

granules of fertiliser (N, P, K compound) per pot (the size of granules varies). Be careful 

to place the  fertiliser at least 5cm down in the soil of the pot and away from the shoot of 

the seedling  it s e lf .   If the fertiliser comes into contact with the shoot system of the plant, 

it will actually   burn it.  Water the pot afterwards.  In order to fertilise 1,000 seedlings 

in this way, you will require approximately 300g of fertiliser. 

 

AVOID 

• Planting too high- exposing   roots. 

• Too low-burying stem/shoot. 
• Leaving air space around roots. 
• Bending of roots, forcing the plants into a shallow hole. 
• Planting other than vertical. 
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Figure 7 : Demonstration of Incorrect and correct transplanting techniques 

 

 

 

 

  

 

- - - - - - -- J 
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12.0  SHADING  

 

Figure 8: Demonstration of correct Shade of seedlings in a nursery  

 

 

The purpose of shading is: 

i.  to provide the correct amount of light for each species; 

ii.  to protect seeds or seedlings from getting damaged by strong sun's heat 
or wind, hail or raindrops; 

iii.  to reduce excessive transpiration through the action of wind and sun; 

iv.  to reduce excessive soil moisture loss; 

v.  to try and produce conditions for optimum growth if warmth is provided, and 

vi.  to reduce or avoid frost damage. 

 

12.1 Factors Affecting the Degree of Shade 

a) Species 

In general most species require shade; up to the stage when they have become 
established in pots, following pricking out. Pines are an exception as they do not need 

shade; they require light for their optimum growth. 

b) Weather 

The amount of sun, cloud and wind varies throughout the day. The shading of 

seedlings may have to be adjusted on a daily basis. 
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c) Local Conditions 

Difference in soil, altitude, temperature, and rainfall all affect the shading required by 

any given species.  For example, lining out in March without shade is possible in 

Dedza, but not in Blantyre. 

12.2 Types of Shade 

The shading may be made from either temporary or permanent material.  Shading 

should be at least 60cm above the tallest plant. Temporary shading materials are made 

from grass or reeds. Permanent shades are made from bamboos or small planks known 

as laths. In the case of laths and bamboos, strips are tied together and can be rolled up 

when not in use. 

 

Refer to Appendix II for information on shading requirements in the nursery for 

individ ual tree species. 
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13.0  WATERING 
 

The objective of watering in a nursery is to provide moisture to ensure optimum growth 

of the plants. This is done by keeping the soil moist to the depth of penetration of the 

roots. The soil must be permanently moist, but never water logged. Proper watering 

assists the plants in producing a short and bushy root system consisting mainly of lateral 

roots while discouraging tap root formation. (Seedlings produce a tap root in order to 

search further down in the soil for water; this tap root is long and unbranched  and not 

of any great advantage to  the plant) 

13.1 Factors Affecting Frequency of Watering 

i.  The current weather conditions (warm and sunny (dry season) or overcast and 

cloudy days (rainy season) 

ii.  Whether it has been raining or not (i.e. if the rains came early) 

iii.  The type of soil. Light and sandy soils will have free drainage, necessitating more 

watering than heavier loamy soils. 

iv.  The age, size and species of the plants being watered. 

v.  The presence or absence of shade. 

vi.  The presence or absence of mulch. 

13.2 Watering Guidelines 

i. Watering must always be done in the morning or evening to keep the soil moist.  

Never water during the heat of midday sun when there is rapid evaporation from 

the soil and transpiration which will cause scorch damage. 

ii.  Don't overwater, this causes waterlogging. It causes damping-off, root rot and 

oxygen starvation of roots. 

iii.  Check frequently that sufficient water is penetrating into the soil. 

iv. Ensure that small and delicate seedlings are watered with a fine nozzle only, the 

holes of which have not been enlarged with a nail. 
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14.0 WEEDING AND CULTIVATION 
 

 

Weeding of potted seedlings  

 

 

 

 

 

 

 

 

 

 

 

 

The purpose of weeding is to eliminate competition from weeds by removing them from around 

the tree seedling. Weeds compete for light, space, food and available moisture with seedlings. It 

is better to remove weeds while they are small because large weeds when removed may disturb 

the soil. Weeding should be constantly carried out on all seed beds, transplant beds, pots and tubes.  

Weeding is very labour intensive and time consuming but it can be minimized by: 

i.  Frequent cultivation of the soil especially during the nursery period. 

ii.  Avoiding grass seed on the nursery material (e.g. do not use seed bearing grass for shade).  

iii.  Using only compost which is free of weed seeds. 

iv.  Keeping the nursery and surrounding area completely free of seeding weeds throughout 

the year. 

v.  Preventing the entry of wind- borne seeds by planting hedges or building walls. 

Cultivation functions in disturbing the germinating weeds, helping to kill them and to prevent the 

soil under constant watering from becoming compacted. Cultivation of potted plants can be carried 

out using a pointed stick, hand trowel, fork or by hand simply by pressing the sides of tubes with 

your fingers. The soil around the plant must be shuffled without disturbing the roots. 

If available, mulch can be added to seed beds, transplant beds, and pots. Mulch is dry grass, leaves 

or any similar material that is laid on top of the seedbed or pots to reduce evaporation thereby 

retaining moisture within the soil. 

Mulching: 

i.  Prevents compaction of the soil by softening the force of water falling on the soil. 

ii.  Reduces evaporation from the soil allowing less watering. 
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iii.  Hinders and prevents weed growth. 

iv.  Protects the plants from scorching 
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15.0 ROOT PRUNING 
 

The purpose of root pruning is to force the plants to produce short, compact fibrous roots 

consisting of mainly lateral roots and to discourage the growth of a long tap root. Since the 

roots of plants should not be bent when planting, it is advantageous to keep roots short and 

dense. Root pruning can be carried out on pot plants, lined out, potted or pricked out plants. 

The frequency at which this needs to be carried out will depend on the rate of growth, 

species, and local weather conditions.  However, as a general rule, root pruning should be 

carried out every 2 weeks. Note that one species which is very sensitive to root pruning and 

should not be raised in pots, but directly planted in the field is: Faidherbia albida (Nsangu). 

15.1 Methods of Root Pruning 

Potted plants can be lifted and any roots protruding out of the pot cut or pinched off. Root 

pruning with plants which are not in pots and have been transplanted directly to a transplant 

bed is done with a long knife. The end of the knife is cut squared and sharpened chisel-like. 

Insert the knife an angle beside the plants so as to cut the tap root below the surface of the 

soil. 

 

Table  7: Different methods of root pruning. 

 Lifting and Cutting Potted Stock Cutting in Situ Bare-rooted 
Stock 

Advantages Operation is clearly visible Quick and easy 

Allows clean cut at required length Plant is undisturbed 

 Little damage 

Disadvantages Slow and costly, danger of drying out Blind operation 

Damage to lateral roots Very difficult to control 

Roots disturbance to plant Requires skills and supervision 
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Root pruning of bare rooted seedlings 

 

 

 

( 

 

 

 

 

 

 

 

 

 

 

 

Root  
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16.0     HARDENING OFF SEEDLINGS 

Prior to planting seedlings in the field, they must be hardened off. This means steadily 

decreasing the amount and frequency of watering and shading before transplanting, so 

that they are able to survive under natural conditions in the field.  The frequency of root 

pruning can be increased in the 4 to 6 weeks before planting out, to once a week. If 

seedlings are not hardened off before they are planted in the field then they will 

experience shock and will have less chance of surviving. Hardening should be done 

some weeks before seedlings are planted out to imitate the harsh conditions they will 

face in the open where there is little or no protection, and no extra watering. 

16.1  Wate ring Regime 

Reduce watering from twice to once a day, 4 to 6 weeks before planting out.  Water 

every day for the first week and then every second day from then on. Always water when 

the plants look like they are wilting and remember that you may need to water twice a 

day if the weather is particularly hot.  Always water just before out planting. 

16.2  Shading Regime 

If a seedling has been growing in the shade, it should not then be placed immediately in  

full, direct light. Harden it off by bringing it into the light for longer and longer periods 

every day, until it is adjusted. After 3 to 4 weeks in the nursery, shade for the plants 

should be halved.  Two to three weeks after that remove it completely. 

If a tree is to survive in the open, it is essential that the seedling becomes well 

established (strong and healthy) before it is transplanted. Wait as long as possible 

before planting out your seedlings (at least 3-4 months), to give them a better chance 

of survival in the field. 

 

  



56 
 

17.0 GRADING 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

All nursery stock should be graded after root pruning has been carried out.  

Four classes are suggested: large, average, small and culls. Culls will 

include excessively stunted or damaged seedlings and should be thrown 

away. The three remaining classes should be placed in separate sections of 

the bed, i.e. categorised. 

Larger plants should be deprived of water as much as possible while 

smaller plants should be well watered and maybe given fertiliser, if 

available. 
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18.0    NURSER Y RECORDS 
 

In order to determine the progress and development of a nursery, each nursery should 

keep a nursery register in which all operations done are recorded. Information 

required is as follows. 

For each batch of seeds purchased or acquired, the following information should be 

recorded: 

• Species; 

• Origin (FRIM or local collection); 

• Batch Number (code number) (FRIM) or location of mother trees, if locally 

collected; 

• Quantity received; 

• Viable seeds per kg; 

Germination percentage (can be estimated by germinating 100 seeds, as previously 

outlined). 

 

Table 8: Sample nursery register. 

Species  

Source and ID Number 

   

Date sown    

Quantity sown    

Method of sowing    

Date of first germination    

Date of last germination    

Number germinated    

Date pricked out    

Number of plants pricked out    

Percentage dead seedlings after 2 months    

Culls    

Number of seedlings distributed    

Remarks    
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Table  9: Calendar of nursery activities. 

 

January (New nursery) – location and clearance of nursery site. Planting 

February Building or maintenance/rebuilding of fencing and collection of pots for 

next season. 

March Cleaning of nursery. Collection of sand and soil. Preparation of seed. 

Germinate and grow (e.g. Afzelia  quanzensis, pine spp,  Khaya anthotheca,  

Pterocarpus angolensis, Cupressus. 

April Preparation of transplant beds. Collection of top soil and compost 

May Sowing of other seeds which are slow to germinate 

June Pot filling 

July Pricking out. Sowing of most fast growing species (Eucalyptus spp,  Senna 

siamea, Acrocarpus angolensis). Nursery management/ watering and 

weeding 

August Pricking out. Nursery management, watering, weeding and beginning root 

pruning 

September Watering, weeding, root pruning 

October Watering, weeding, root pruning 

November Hardening-off (reduction of watering), grading, pitting 

December Filling of pits. Seed distribution, planting, sale of seedlings 

Note: Seed collection and storage activities are carried out throughout the year. 
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19.0     OTHER METHODS OF TREE PROPAGATION 
 

Vegetative propagation of trees can be carried out when seed is scarce or difficult to 
obtain, when species are difficult to be raised from seed, or it is considered necessary 
to retain special heredity (characteristics of a particular species). 

Vegetative (or asexual) reproduction can be carried out in a variety of different ways 

and the most common methods employed in nurseries are: Cuttings, Truncheons, 

Suckers, and Grafting and Budding. Grafting and budding is useful for fruit tree 

propagation and is discussed in detail in the booklet on fruit trees. 

 

19.1 Cuttings 

There are some trees which will not grow well from seed, but can be easily grown from 

stem or root cuttings. A cutting is a piece of stem or root from an older tree. Cuttings 

are placed in soil where they form new roots and leaves. There are some disadvantages 

to growing trees from cuttings as opposed to those raised from seed; the trees which 

grow from cuttings are often not as vigorous (healthy, fast-growing) as those which 

grow from seed. Also, it is often more difficult and time consuming to collect and 

prepare cuttings than to collect and plant seeds. The advantage of growing trees by 

the cutting method is that the resulting tree will be exactly the same as the tree from 

which the cutting was taken i.e. you will know the type of tree that you will have. 

Trees grown from seed, on the other hand, may differ from the trees from which the 

seed was taken. 

Stem or hardwood cuttings are best taken from July to September, at the end of the 

dormancy period, just before new tree growth starts. Cut a piece of a branch that grew 

the previous year, and which is about 15-20 cm long and 1 to 2 cm in diameter (the 

thickness of a pencil). Take off all of the leaves and put the cutting into a mixture of 

sand and soil, so that no more than 5 cm is sticking out of the soil. Flower buds on the 

cutting will not help it to form roots, but leaf buds will. Remove any flower buds, and 

leave the leaf buds, on the branch. 

Be sure to plant the cuttings with the right side up or they will not take root. Keep the 

soil moist and shade them from excessive sun. After two to four weeks, the cuttings 

will produce new shoots and roots. When the roots are 3-5 cm long, the cuttings can 

be transplanted into pots and treated in the same way as seedlings. Trichilia emetica 

can be propagated in this way. 
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19.2 Suckers 

Suckers are shoots which develop on the side roots of some species, sometimes as a result 
of damage to the roots. They can be dug out and planted in the forest as separate plants. 

The root is carefully severed on either sides of the sucker shoots and trimmed before being 
planted. Like germinating seeds, suckers need moisture and warmth. They should be left 
undisturbed until they are well-established, which will be long after a new stem appears 
above the ground. Bananas are propagated in this way. 

Figure 9: Propagation using suckers  

'
\ 
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19.3 Truncheons 

Growing trees from truncheons can also be a successful method of propagation.  A good 

example of trees which grow from truncheons are those which when cut for fencing posts, 

take root and grow into new trees, providing  permanent  productive  trees as well as fence 
posts. 

To prepare a truncheon, cut a piece of branch or stem which is 5 to 10 cm in diameter and 
one and a half to two meters long from a healthy mother tree. Remove any small branches 

or leaves on the branch and then plant it in a mixture of sand and soil, to 3/4 of its length. 

Water it on a regular basis until new roots and leaves develop. This method results in the 

immediate establishment of a fairly large tree but it has the disadvantage of involving 
damage to the mother tree. Truncheons are susceptible to termite attack, therefore 

precaution measures should be taken. Many indigenous species can be propagated in this 

way. Examples are: Pterocarpus angolensis (Mlombwa), P. rotundifolius (M'balitsa),  

Sterculia quinqueloba (Msetanyani) and Dalbergia melanoxy lon (Phingo). 

 

 

19.4 Direct Seeding 

 

Direct seeding means planting seeds directly into the field and can be a successful 
method of propagating trees. This method cuts out the requirement for a tree nursery. 

It is particularly appropriate for species which are adversely affected by root pruning 

e.g. Faiderbia albida (Nsangu). 
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19.5 General Points 

 Cuttings should be taken during the dormant winter/autumn periods. 

 Suckers and truncheons should be taken immediately before first rains. 

 Root formation of cuttings and truncheons may be stimulated by hormones 

application ("Seradix" is one recommended hormone).  The root end of the 

cutting is dipped in water to a depth of 3cm and then into the chemical (which 

is in powder form). 
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