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Introduction

“  NAE-HANSAKU  ”

• The proverb that has been told in Japan for a long time
– It means “If you could succeed in raising seedlings, you can almost accomplish more than 50% 

of whole cultivation.”

• Raising seedling is important
– Especially in fruits vegetables, flower bud initiation start at the nursery stage, so it is 

important to raise well-balanced seedlings of both top and root by performing appropriate 
environmental control.  
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苗半作



Seedling raising in the field of technical cooperation

The importance of raising seedlings is being recognized
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Preparation of media for potting
(Ghana 2020)

Sowing on raised bed
(Ethiopia 2018)

(Photo provided by the "Market-Oriented Agriculture Promotion for Extension Officer” course) 

※Refer： Technology that participants learned the most from the Knowledge Co-Creation Program in Japan
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Technical issues in the field of extension and locally applicable technologies
Issue and challenge identified at the beginning of the training Skill & knowledge to be applied after the training No. of participants

Variety selection Adaptability Cultivation trial (sensory test) 1

Seed production Non-certified seeds Seed production (fermentation, washing and drying) 5

Nursery technique Quality of seedlings Raising seedlings (media and skills)
Neridoko

38
2

Pest & disease management Soil borne diseases
Fungicide
Knowledge

Grafting 26

Solarization, soil burning 8

Pest & disease identification and management 5

Seed treatment 2

Conservation of natural enemies 1

Cost saving chemical sprayer 1

Fertilizer application Amount & timing
Organic manure

Compost making 22

Utilization of carbonized rice husk 4

Fertilizer application 4

Soil analysis 1

Cultivation technique General knowledge
Plant density
Training & pruning
Mulching
Ridge size
Rain shelter
Irrigation & water

Use of mulching for tomato production 17

Pruning & training for Solanaceae and Cucurbitaceae 14

Potato planting using cut tubers 2

Carrot thinning according to market needs 1

Planting in raised beds 1

Potato ridging 1

Postharvest handling & marketing,  Others (The rest is omitted)

Material provided by:
Market-Oriented Agriculture 
Promotion for Extension 
Officer Course

－Technical issues in the field of extension by trainees, individual issues implemented during training in Japan, and locally applicable technical items(2015～2019)－
Reference



Seedling raising in the field of technical cooperation

Main theme of the technologies are;
➢Growing media

➢Container

➢Raising seedling method

➢Grafting technology
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Nursery media preparation
(Sudan 2016)

Preparation of nursery media

(Lesotho 2020)

Preparation of nursery media
(Kenya 2013)

Mixture of nursery media
(Tanzania 2020)

Compost making
(Zimbabwe 2020)

Growing Media

Making carbonized rice husk 
(Kenya 2019)

Making carbonized maize stover
(Zambia 2014)

Sawdust for media mixture
(Uganda 2017)

(Photo provided by the "Market-Oriented Agriculture Promotion for Extension Officer” course) 
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Utilization of egg tray
(Malawi 2018)

Raising tray seedlings
(Tanzania 2010)

Improvising egg tray 
(Ghana 2020)

Utilization of seedling tray 
(Zimbabwe 2011)

Paper pot nursery
(Zambia 2020)

Paper pot seedlings
(Nigeria 2020)

Container

Potting of seedlings
(Uganda 2014)

Utilization of sowing box 
(Rwanda 2014)

(Photo provided by the "Market-Oriented Agriculture Promotion for Extension Officer” course) 



8

Soil block nursery demo (Malawi 2019)

Soil block nursery (Tanzania 2019)

Grafting of tomato (Kenya 2012)

Soil Block Grafting

(Photo provided by the "Market-Oriented Agriculture Promotion for Extension Officer” course) 
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１ The objectives of raising seedlings and methods
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1.1 The objectives of raising seedlings

1.2 Types of seedlings and raising seedling methods

1.3 History of raising seedling technique



1.1  The objectives of raising seedlings

1. Ensure germination and initial growth, enhance its uniformity.

2. Protect young seedlings from damage caused weather or pest 
and disease.

3. Possible to start early sowing and raising seedling when  the 
natural environment such as temperature is still unfavorable.

4. Increase utilization efficiency of field and cultivation facilities.

5. To do several treatment, such as grafting or promotion of 
flower bud differentiation etc., efficiently. 

6. Save labor in cultivation management and materials, by 
concentrating on a limited space. 
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1.2 Type of seedlings and raising seedling methods

1. Type of seedlings     
• Molded seedling：Plug seedling, Pot 

seedling, Soil block, etc.

• Non-molded seedling：Outdoor 
raising seedling, Bare seedling, etc.
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Plug seedlings

Pot seedlings
Soil block seedling 

(Source: httpecovillagehokkaido.blogspot.com2009050506.html)
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1.2  Type of seedlings and raising seedling methods

2. Raising seedling methods
• Place of raising seedlings： Green 

house, Open field

• Temperature control： Heating /Heat 
insulation, Unheated raising seedling

• Container : Raising seedling in Plastic 
pot, Paper pot, Cell tray, Soil block 
etc.
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Fig.  Sample of Electric-heated bed

. Raising seedling container Electric- heated bed



1.2 Type of seedlings and raising seedling  methods

2. Raising seedling methods 
• Cultivation management: Night 

cooling treatment, Grafting seedling , 
Soilless culture, etc.
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Grafting

Night coolingSoilless culture

(Cont.) 

To promote flower bud 
initiation  (strawberry)



1.3 History of raising seedling technique
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Fig.  History of raising seedling technique in Japan

（Source：施設園芸・植物工場ハンドブック）

Hot bed

Grafting
Hotbed by Elect. Heater

Night cooling
Long term raising

Mixed potting media
Poly-pot
Plastic house raising
Cooperative raising

Soilless raising
Rice husk charcoal raising

Plug raising
【Leaf vegetable】

【Fruit vegetable】

Neridoko raising
Soilless raising

Paper-pot raising
Plug raising

Chain-pot raising
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Making Electric- heated bed

＜Practice case＞

Making hot-bed



２  Raising Ordinary seedlings
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2.1 Glowing media

2.2 Container

2.3 Raising seedling management

2.4 Transplanting



2.1 Glowing media

◼ Requirement of growing media

1. Both drainage and water holding capacity are good.

2. Retain sufficient amount of fertilizer component and its 
component are well balanced.

3. Free from pathogenic organisms, pests, weed seeds, 
harmful substances.

4. Easy to handle.
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2.1 Glowing media

◼ Types of media
• Piled bed soil

• Instant bed soil

• Artificial soil mix

• Soil block

• Rice husk charcoal

• Rock wool

• Peat moss etc.
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Artificial soil mix 
product

Rice husk charcoalSoil block Rock wool Peat moss

Instant bed soil  Piled bed soil for sale
(Source:httpsukagawaten.blog33.fc2.comb
log-entry-129.html)

(Source:httpsblogs.yahoo.co.jpmetalwoodmanGA
LLERYshow_image.htmlid=35704739&no=0)



2.1 Glowing media

◼ Piled bed soil
• Pile several layers of soil, immature organic matter, fertilizer, and mature well by 

turning and mixing the soil 2 or 3 times.  
• Use soil from sub-soil or mountain which is uncontaminated from disease. 
• For organic matter, rice straw, wheat straw, fallen leaves etc. are used. 
• Add appropriate amount of fertilizer and water.

/
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PVC or Polyethylene film

Organic 
substance

Soil

How to layer soil and compost

1.2m

Turning

Fertilizer

Fig.   Piling and turning of bed soil

（Source： 野菜園芸ハンドブック）



2.1 Glowing media

◼ Instant bed soil
• Mix organic matter(well matured compost, leaf mold, matured organic matter 

etc.) and fertilizer to the soil and make it.

• It takes less time and labor by making just before to use.
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crops Mixture ratio
Soil: Compost

Fertilizer(g/m3) Remarks

N P2O5 K2O

Cucumber 1:3 100 1,000 100 Watermelon, Pumpkin

Tomato 2:2 100 1,000 100 Tobacco

Egg plant 3:1 200 1,000 200 Pepper, Sweet pepper

Table:   Instant growing media mixture 

(Takahashi)



2.1 Glowing media

◼ Soil Block
• Add water and soil to peat moss, well 

fermented compost etc., and knead it. 

• Make block with a size of 3～ 15cm 
square. 

◼ Rice husk charcoal
• Used alone with as rice husk charcoal, or 

mixed with other medium.

• Alkalinity is strong, so adjust acidity and 
use it.

23
Rice husk charcoal

Soil block



2.2 Raising seedling container

◼ Type of container

1. Sowing box
• Used as sowing bed, and after cotyledon 

spreading, potted in plastic pot. 

2. Plastic pot
• Made of plastic, individual or connected.

3. Paper pot
• Made of paper, light weigh and compact 

collapsible connection pot.

• Connection pot, connected in a chain 
form at the end of raising seedling. 
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（日本甜菜製糖）



2.3 Raising seedling management

◼ Light condition management
• The intensity of light directly affects photosynthesis.

• It also affects flower bud formation and succulent growth of seedling. 

• Raising seedlings in winter when light to be weak, take proper space between 
seedlings.

• Raising seedlings in hot season, may need to shade with cheesecloth or 
nonwoven fabric. 
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2.3 Raising seedling management

◼ Temperature control 
• Generally, the optimum growth temperature 

of crops is high during seedling season and 
decreases as growth progresses.

• If it is higher than optimum temperature 
during raising seedling, it cause low quality 
of seedlings, such as succulent growth or 
effect on flower bud differentiation.

• The seedlings grow compact and firm by 
temperature management of 7 to 10 ℃ 
difference of day and night.   

• Good seedling with well developed root can 
be raised by temperature management of 5 
to 7℃difference of day and night.

• The growth will be of reproductive type, if 
the temperature controlled lower.
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Vegetable Temperature（℃） Soil（℃）

Day Night

Tomato 24～27 15～17 18～20

Eggplant 25～30 18～20 23～25

Sweet 
pepper

25～30 18～20 25～26

Cucumber 25～28 17～20 20～23

Watermel
on

25～30 18～20 23～25

Melon 25～30 18～22 23～25

Table:  Optimum temperature
for raising fruits vegetable seedling

(Itagi)



2.3 Raising seedling management

◼ Water management
• Basic watering method is to irrigate the amount of water that required for the 

day, in the morning.

• Watering on cloudy weather or in evening time are one of the cause of 
succulent growth.

• Volume of watering amount is closely related to amount of fertilizer absorption 
of the seedlings.
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2.4 Transplanting

◼ Duration of raising seedlings

1. Cucurbitaceae vegetables：
• Rooting ability of seedling is weak and easy to be over aged, so transplant in 

young seedling stage. 

2. Solanaceae vegetables：
• It has strong rooting ability.

• Young seedling is vigorous in fertilizer and water absorption, then suitable for 
transplanting when environmental condition after planting is bad. 

• Large seedlings are capable of early harvesting or shortening of field occupying 
period, however rooting ability is weak, then suitable for transplanting when 
environmental condition after transplanting is good .
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2.4 Transplanting

◼ Acclimatization
• In order to adapt to the environment after transplanting, refrain from watering, 

lower the night temperature, and increase ventilation, in the late stage of 
raising seedlings.     

◼ Transplanting method
• Plant in a depth that the root bowl is slightly hidden.

• In dry season, to be planted somewhat deep, and in cold season, planted after 
soil temperature rise by plastic mulch etc.   
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３ Raising plug seedling

31

3.1 Characteristics of plug seedlings

3.2 Plug seedlings production system



32http://www.bergearth.co.jp/manufacturer/product/seedling05.htmlShipping style

Bed soil filling machine

Sowing machine

Germination room

Grafting robot Direct planting

Secondary nursery 

Production  system

Nursery center

Fig. Usage sample of plug seedling 

Source: 「Yasai Saibai no Kiso」



3.1 Characteristics of plug seedlings

• The production efficiency is high, because of seedling size is small and large 
number of seedlings can be grown in a small area.

• Weigh of seedling is light, easy to handle,  and exceed for  carrying or 
transportation.

• The formation of root bowl is good and easy to transplant, and little damage at 
the transplanting.

• Suitable for mechanization of sowing or planting.

• Easy to systematize and automate seedling production.
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3.2 Plug seedlings production system

◼ Seedling production process

1. Sowing

2. Germination

3. Raising seedling

4. Distribution
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3.2 Plug seedlings production system
◼ Characteristics of materials and equipment

1. Seed
• High germination rate is required.

2. Nursery medium
• Since the capacity per cell is small, appropriate water holding and well drainage are required. 

3. Cell tray
• Plug is trapezoid shape for easy removal.
• Volume per cell for fruit vegetables: 30～50ml, leaf vegetables: 20～30ml .

4. Nursery bench
• Put seedlings on the bench so that roots do not come out.

5. Sowing machine
6. Watering equipment

• Equipment for uniform watering.
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４ Grafting
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4.1 Purpose of grafting

4.2 Dissemination of grafting

4.3 Kind of rootstock

4.4 Method of grafting

4.5 Seedling management after grafting



4.1 Purpose of grafting
1. To prevent from soil-born

disease
• Fusarium wilt of Watermelon, Bacterial wilt 

of Tomato etc.

2. Expansion of cultivation
duration and improvement of 
yield

• Expansion of root zone, improvement of 
fertilizer absorption, growth promotion in 
cold season, keeping plant’s vigor.

3. Improvement(Modification) of 
fruit quality

• Reduce bloom appearance of cucumber etc.
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トマトの青枯れ病

（出所：タキイ種苗）

キュウリのブルーム（品種：四葉）

（出所：タキイ種苗）

Tomato Bacterial wilt

Bloom of Cucumber
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Watermelon

Cucumber

Melon

Bitter gourd

Tomato

Egg plant

Pepper

Paprika

Vegetable

Table:    The purpose of grafting for fruit vegetables   (2009)

Tolerance 
to disease

Number of 
prefecture Plant vigor 

promotion
Yield 
increases

Effect on 
fruit quality

Tolerance to cold 
temperature Others

The purpose of grafting (Number of prefecture )

（Source：Vegetable research institute）



4.2 Dissemination of grafting

• Disseminated as the technology of 
high-quality, high yielding, soil born 
disease prevention, and extension of 
cropping duration, for fruit vegetable 
production.

• The grafting rate of the main fruit 
vegetables are;  watermelon 
cucumber 90% more, eggplant 80% , 
tomato 60 %. Melon that focuses on 
fruit quality is lower ratio.  

44

Crop Rate of grafting

Water melon 93.9

Cucumber 92.6

Melon 32.0

Tomato 57.7

Egg plant 79.0

（Source：Vegetable research institute）

Table.  Grafting rate of main fruit vegetables (2009)
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（野菜茶業研究所研究資料）

Watermelon

Cucumber

Melon

Tomato

Eggplant

Table:    Rate of grafting and movement   (2009)

（Source：Vegetable research institute）

Vegetable Cropping type
Rate of Grafting(%) Movement

Total

Plastic house

Open field/Tunnel

Glass house

Open field/Tunnel

Plastic house

Total

Glass house

Open field/Tunnel

Plastic house

Total

Glass house

Open field/Tunnel

Plastic house

Total

Glass house

Open field/Tunnel
Plastic house

Total



4.3 Kind of rootstock
Rootstocks are selected according to graft affinity, disease resistance, 
ecological characteristics, and affects in fruit quality.
◼ Cucumber

• Prevention of soil born disease： Pumpkin rootstock.
C.maxima× C.moschata (Shin-tosa)

• Encourage vigor in low temperature: Pumpkin rootstock
C.ficifolia (Kurodane: Black seed) 

• Quality modification: Pumpkin rootstock( Super Unryu, Kitora, etc.)

◼ Watermelon
• Prevention of soil born disease: Bottle gourd  C.moschata

◼ Tomato
• Prevention of soil born disease: Tomato rootstock

◼ Eggplant
• Prevention of soil born disease:  Torvum vigor, etc.
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50( Source: Scientia Horticulturae 127 (2010) 93–105 )



51( Source: Scientia Horticulturae 127 (2010) 93–105 )



（Source：野菜栽培の基礎）

4.4 Method of Grafting

◼ Types of grafting
• Hole insertion(Peg) grafting

• Cleft(split) grafting

• Approach grafting

• Splice (Diagonal Sp., Flat Sp.)grafting 

• 0
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Peg grafting Cleft graftingApproach grafting

Watermelon
eggplant

Eggplant, 
Tomato

Cucumber, Melon, 
Tomato Watermelon Tomato, Eggplant

Fig. Major grafting method and vegetables to use

Peg grafting
（Root cut)

Splice(diagonal) 
grafting(Plug pot)

Rootstock Scion
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Watermelon
Cucumber

Melon
Bitter gourd

Tomato

Egg plant

Pepper
Paprika

Table:    Cultivated Area of Grafting Method   (2009)

1. Grafted seedlings produced own

2. Grafted seedlings purchased

Watermelon
Cucumber

Melon
Bitter gourd
Tomato

Egg plant

Pepper
Paprika

Vegetable Answered Area(ha)
Peg grafting

Peg grafting
(Root cut)

Diagonal 
splice grafting

Diagonal splice 
grafting(Root cut)

Cleft 
grafting

Approach 
grafting

Others

Grafting method (%)

Grafting method (%)

Answered Area(ha) Peg grafting Peg grafting
(Root cut)

Diagonal 
splice grafting

Diagonal splice 
grafting(Root cut)

Cleft 
grafting

Approach 
grafting Others

（Source：Vegetable research institute）

Watermelon
Cucumber

Melon
Bitter gourd
Tomato

Egg plant

Pepper
Paprika

Vegetable



4.4 Method of Grafting

◼ Insert(peg) grafting
• Method of inserting the scion into 

the hole which was made  on the cut 
surface or side of the rootstock stem. 

• It need not be used extra materials, 
so the grafting work could be done 
efficient.

• Insert grafting method, in which the 
hypocotyl of the rootstock is also cut, 
has good working efficiency and 
improve the seedlings uniformity.

• The method is commonly used  for 
watermelon and cucumber.
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Souece:httpwww.seibutsushi.netblog200908867.html



4.4 Method of Grafting

◼ Cleft grafting
• The most basic method, with a wide 

range of adaptation.

• The stem of the rootstock is cut 
horizontally, a cut is made 
longitudinally, a wedge-shaped scion 
is inserted into it, and hold with a 
clip.

• Used for tomato and eggplant.
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（Source：httpswww.ja-osakahokubu.or.jpkateisaie）

Cut

Rootstock

Scion

Cut

Clip



4.4 Method of Grafting

◼ Approach grafting
• The method is to put a cut downward 

on the rootstock and an upward cut 
on the scion, and fix them together 
with a clip.

• Both rootstock and scion leave roots, 
so there is less wilting after grafting 
and management is easy, and graft-
taking ratio is high.

• The root of the scion is cut off after 
the graft has taken. 
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（出所：httpsblog.goo.ne.jpyashima-
farmebcd50617387d2294ef12f77dcde3d96f）



4.4 Method of Grafting

◼ Splice (Diagonal) grafting
• The method of cutting stem of rootstock and scion diagonally, joining the cut 

surface and fixing them with clip or tube.

• It is easy to operate and is applied to mechanical grafting

◼ Splice(Flat) grafting
• The method of cutting the stem horizontally in both rootstock and scion, joining 

the cut surface together and fixing them with adhesive or other materials.

• It is applied to mechanical grafting. 
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（出所：httpswww.sakataseed.co.jpproductsearchcode069330.html）

Source:httpwww.nishikawazen.
co.jpproductfarmingpost-9.php

Source:httpwww.nishikawazen.
co.jpproductfarmingpost-9.php

Fig.  Splice grafting

Rootstock

Table:  Compression strength of the joint and taking ratio

Table: Rootstock, Scion cutting angle and taking

出所： 野菜の成型苗利用と生産システム 東京近郊蔬菜技術研究会



4.4 Method of Grafting

Recent research result
◼Double Grafting

• A method of enhancing the disease-
suppressing effect by grafting an 
intermediate rootstock with different 
disease resistance between the 
rootstock and the scion.

◼High Grafting     

• A method that is expected to have an 
effect of suppressing disease onset 
by grafting at a higher position than 
conventional grafting.
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Source: Nakaho

https://www.pref.niigata.lg.jp/sec/nosoken/kiban-top.html



4.5 Seedling management after grafting

◼ Acclimatization of seedlings
• After grafting, avoid strong sunlight 

and dryness, reduce transpiration 
and control appropriate temperature 
environment. 

• Keep temperature 30℃ and humidity 
100%.
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Source：httpsencrypted-tbn0.gstatic.comimagesSource：httpsakagefarm.coms-re-
nae4.html

Source：httpsakagefarm.coms-re-
nae4.html



５ Dividing labor of raising seedlings
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5.1 Specialization of raising seedlings

and distribution



5.1 Specialization of raising seedlings and distribution

◼ The reason of seedling industry grew
• Labor saving of cultivation
• Diffusion of grafting vegetables 
• Popularized of plug seedlings

• 0

62
（出所：野菜茶業研究所研究資料）

Table:  Purchasing rate of fruit vegetables seedling and movement (2009)

Cultivated area(ha) Seedling purchased rate(%) Grafted seedlings(%)Crop

Watermelon
Cucumber

Melon

(Net type)

(Others)
Bitter gourd

Tomato

Eggplant

Sweet pepper

Paprika

（Source：Vegetable research institute）
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Case of JA nursery center

ー JA Yumemirai ー
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Case of overseas nursery center ー Vietnam, DaLat area ー
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- End -

Thank you very much



-主な参考資料・引用文献 -
• 野菜園芸ハンドブック 西貞夫監修 養賢堂

• 野菜栽培の基礎 農文協

• 施設園芸ハンドブック 施設園芸協会

• 野菜の接ぎ木栽培の現状と課題 野菜茶業研究所

• 農業技術体系（トマト、キュウリ、スイカ・メロン、共通技術、各編） 農文協
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-参考リンク -
• Introduction to NERIDOKO ~Evolution of vegetable seedling raising & Environmental friendly seedling~：

https://www.youtube.com/watch?v=aZYsFYS2NUI

• Compost and BOKASHI:     https://www.youtube.com/watch?v=OvSsnt-JKMc

• Newspaper pot:   https://www.youtube.com/watch?v=PmD8ZJNEN8c

• Vegetable Grafting Technique：  https://www.youtube.com/watch?v=wlI65cSRx7o

• 葉菜類全自動機械移植システム育苗・移植マニュアル（JA全農）：
https://www.zennoh.or.jp/eigi/research/pdf/manual_01.pdf

• 革新的接ぎ木法によるナス科野菜の複合土壌病害総合技術の開発：
https://www.affrc.maff.go.jp/docs/public_offering/agri_food/2016/25062c.html

https://www.youtube.com/watch?v=aZYsFYS2NUI
https://www.youtube.com/watch?v=OvSsnt-JKMc
https://www.youtube.com/watch?v=PmD8ZJNEN8c
https://www.youtube.com/watch?v=wlI65cSRx7o
https://www.zennoh.or.jp/eigi/research/pdf/manual_01.pdf
https://www.affrc.maff.go.jp/docs/public_offering/agri_food/2016/25062c.html
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