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FOREWORD
 

Better seed production technology is vital to furnish quality seed 
of improved varieties. For ICARDA's agricultural research to produce
practi 71 results, i/is seed must reach the farmer, who should also be 
convinced of the benefits of using it. The ultimate payoff is more 
and better Jbod for the developing countries of the Middle East and 
North Africa--the basic aim of ICARDA. 

The countries of" the region are extremely diverse both i/i the type
of agricultural systems evolved and il the climatic conditions 
confronted by jarmners. Many ew crop varieties are already available, 
but /the region 's seed production infrastructure--at dijferent levels of 
developmemt iii various countries--needs furiher strengthening. This 
book therefore lays out the "groumd rules" for seed productionl--a 
plethora of options from which each coultry must select the most 
suitable. F/ie atiors have aimned to produce a practical handbook for 
seed produc 'rs and techn iciais to keep them abreast of the latest 
teemologies availoble. 

The getnesis of this book was a symposiun held iml March 1981, which 
was atttmhided by 33 seed specialists from /0 developinig coumitries amid 
spoisored by ICARDA amd tie Seed Testing Station of the Poyal 
Netherands Governmnent (RPvZ). Is a result, the sate spomsors held a 
seed prodtuction course at ICARDI in April amid Ma' 1981, attended by 
seed technologists from /0 Middle Eastern and North .A'lfriculi couttries. 
"The Course lectires were published as Seed Production 1"cclnology in 
1983. 

Oi behaf of" ICARDA, I would like to express deep appreciation for 
extensive tssistance 'fron tie govermnents of /ie Netherlan ds amid the 
Federal Republic of Germany. which jointly sponsored /the third seed 
production traininig course it, 1984. 

I hope ihat this revised versioi of Seed Production Technology -

substantially e.panded to cover a more comprehensive range of topics -
will prove a valuable tool forl seed growers both wiihin and otside tiie 
region. 

Mohamned ,,I. Nour 
Director Genteral 
ICAIRDA 
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INTRODUCTION 

The information in this practical guide for seed producers and
technologists has been distilled from two sources: the experience ofthe national research programs of the Middle East and North Africa, and
the expertise of those who have conducted seed technilogy training
courses in the i'egion. The book is intended as a reference for all
concerned with seed production, processing, marketing, and 
distribution, as well as for agricultural policy makers. 

The first section of the book gives an overview of" the seedproductioni si;uation in the region, and outlines the components of a
seed production industry. The case studies that follow illustrate how
seed industries have developed in different countries. The 1i''k of the
book is devoted to techniques and methods for seed production,
including the certification, testing, processing, storage, and
marketing of seed. Producing seed of the crops on which ICARDA 
concentrates has special problems, which are addressed in the final 
section.
 

The editors and ICARDA would 
 like to express particular
appreciation J6/r he generous support of the Government Seed Testing
Stution (RI'vZ) of the Royal Netherlands Government, and for the
additional assistance theof German Agency of Technical Cooperation 
(G7Z). 

Thre efforts of Mr W.J. van der Burg, RI'vZ, and Dr P.K. Agrawal,Indian Council of Agricultural Research, (ICAR), are most gratefully
acknowledged; without their review of selected chapters, and valuable
suggestions, the book could not have been produced in this form. 

We also extend deep gratitude to Mr Alexander Heydendate,
Agricultural Attache of the Netherlands, for his keen interest in
 
ICARDA's seed production work; 
 as well as to Dr Ekkehard Clemens (GTZ)
and Dr G.J. Koopman (now Deputv Director General-International
 
Cooperation, ICARDA) for arranging financial support from the
Netherlands and German governments. We thank, as well, ICARDA's
Director General Dr Mohamed A. Nour, Jur his staunch support of the
center's seed production efforts, including this book. We are alto
grateful to the national research programs of the region for providing 
essential information. 

Thanks are also due to the ofstaff ICARDA's Scientific and
Technical Information Program ($71'): Ms Fiona ThIomson for editorial
assistance, Ms Sylva Cholakian for typesetting, Mr Abdul Rahimnan Hawa
and Mr Hassan Khairallahfor artwork, and Mr Fouad Wehbe for printing.
Ms Samira Maksoud of the Cereals Program typed the manuscript. 

Editors 
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Status of Seed Production in the
 
ICARDA Region
 

J.P. Srivastava 
Cereal Improvement Program,
 

ICARDA, P.O.Box 5466, Aleppo, Syria
 

Quality seeds of improved varieties are the key to agricultural 
progress. The production potential and other desirable characteristics 
of seeds set the limits on production. Other inputs such as 
fertilizers, pesticides, herbicides, and overall crop management help 
to realize the production potential of seeds. 

Seed has been an important agricultural commodity since crops were 
first domesticated. Part of the success of a farmer's crop depends on 
the quality of seed he plants. Even good management cannot produce
good yields from a low-yielding, unadapted variety. If the farmer 
plants a mixture of disease-susceptible varieties with different crop
durations and plant heights, his yields will be low and the diseased 
plants may contaminate his entire harvest. If his seed has low 
viability, the plant stand will be poor. Similarly, if his seeds are 
mixed with inert matter or weed seeds, his crop will be inft's!ed with 
weeds and yields will go down. 

Farmers are gradually becoming seed-conscious and are willing to 
pay higher prices for quality seeds of improved varieties. The seed 
industry covers a broad range of activities such as crop improvement,
production, and certification. Seed quality control, processing, and 
marketing also form integral parts of the seed production 
infrastructure. 

The ICARDA region covers the countries of West Asia and North 
Africa (Fig. 1), stretching from Morocco in the west to Pakistan in the 
east, and from Turkey in the north to Sudan in the south. Seed 
production and related activities are not well developed in the region
and vary from one country to another. The lack of seeds of improved
varieties for farmers is one of the most important constraints to 

1 



increased productivity, making most countries in the region unable to 
utilize the fruits of crop improvement work being done at national and 
international centers. Several countries do have good crop improvement
and testing programs but lack good facilities to multiply varieties 
identified as superior lines. In spite of considerable research 
effort, therefore, most of the area under commercial cultivation is 
still planted with old cultivars that do not respond to improved
agricultural practices and are susceptible to diseases and pests. For 
crops with which ICARDA is concerned, seed production efforts in the
region are better for wheat and poor for barley, food legumes, and 
forage crops.


It is imperative to develop a functional seed production
program--the weak link at present--alongside crop improvement and 
varietal testing activities. Most of the countries in the regb,--n are 
interested in improving overall seed production, certification, quality
control, processing, storage, and marketing facilities. A sound seed 
production program requires suitable legislation, aggressive crop
improvement activities, proper certification and quality control 
agencies, and a thorough marketing and distribution network. 

Different factors affect seed production in different countries, as 
showr in Table 1. In most of the countries, seed production is 
adversely affected by diseases, although the insect problem is not very 
severe. Tihe lack of improved seed, trained manpower, and facilities 
are other constraints. Most of the countries still must develop
effective seed legislation to regulate production and marketing of 
quality seed (Table I), as well as adequate facilities for testing,
processing, storage, transporting, marketing, field inspection, and 
credit (Table 2).

In most of the countries, however, facilities for varietal 
improvement and testing do exist (Table 3). Most countries have 
regulations for varietal release, and the nucleus (breeder) seed of 
released varieties is being produced by research stations. In some 
countries, however, the link between breeder seed, nucleus seed, 
foundation seed, and certified seed is poor, apparently because of the 
lack of a strong seed production certification agency (Table 3). Also, 
some countries have inadequate facilities for quality control, seed 
processing, marketing, and distribution- -essential components of the 
seed production infrastructure. 

The present stage of development of seed production in the 20 
countries is presented in Table 4 for wheat, barley, forages, and food 
legumes. Production systems are rated as developed, semi-developed,
poorly developed, and non-existent. In wheat, only eight countries are 
fully-developed, and II are semi-developed, while in barley, only one 

strengthened seed production 

is fully-developed. None are fully-developed in forages or food 
legumes. 

The situation, however, is changing. National programs have 
infrastructure and, in recent years, more 
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facilities and skilled personnel have been provided to this sector. 
ICARDA is actively engaged in assisting national programs in this area 
through training, provision of some breeder seed, and advice. In 1985, 
a seed scientist was appointed at the center whose principal 
responsibility is to assist national programs in improving their seed 
production industry so that good quality seeds of improved food crops 
become easily available to farmers. 

Acknowledgement 

The author is grateful to the many scientists from the national 
programs who provided valuable information to enable the presentation 
of the tables in this chapter; the tables are, however, indicative at 
best. In some cases, a country's facilities may have improved 
considerably since the data were gathered for the tables; the author 
would appreciate receiving information on such changes. 

3 



Mioroca 

TnsaCYprusC:: 

Libya 

Tu rkeyA 

SyriaAfhnta 

Lebancn Iraq 

Jordan 

Egypt 

Saudi 

Iran 

U.A.E. 

f h n s a 

Pakistan 

Sudan Yeme 

Fig. 1. The ICARDA region. 



Table I. Factors affecting seed production in different countries (for winter cereal, food
 
legume, and forage crops). 

Factor 

Country Disease Insects 
Improved seed 
availability* 

Seed 
price 

Laboratory 
processing 

Trained 
manpower Labor 

Effective 
seed laws 

Afghanistan Yes No Yes NA Yes Yes No Yes 
Algeria Yes No Yes Yes No No Yes Yes 
Bangladesh Yes Yes Yes Yes Yes No No NA 
Cyprus Yes Yes No No No No Yes Yes 
Egypt Yes Yes No NA No No No NA 

India Yes Yes No No No No No Yes 
Iran Yes No Yes No Yes Yes Yes No 
Iraq 
Jordan 

Yes 
No 

No 
No 

Yes 
No 

NA 
No 

No 
No 

Yes 
Yes 

Yes 
Yes 

NA 
No 

Lebanon Yes No Yes No Yes Yes Yes No 

Libya Yes Yes No No No Yes Yes Yes 
Morocco Yes Yes Yes Yes No No No Yes 
Pakistan Yes Yes No Yes No No No Yes 
Saudi Arabia 
Sudan 

No 
No 

Yes 
Yes 

Yes 
Yes 

No 
Yes 

No 
No 

Yes 
No 

Yes 
No 

Nc, 
No 

Syria Yes No Yes No No Yes No No 
Tunisia Yes No No Yes No Yes No Yes 
Turkey Yes No No No Yes Yes No NA 
Yemen A.R. Yes Yes Yes No Yes Yes No No 
Yemen P.D.R. Yes No Yes 

* 

In many countries, improved wheat seed is available. 
NA - not available. 



Table 2. Present status of seed industry facilities for winter cereal, food legume,
 
and forage crops.
 

Facility
 

Test- Trans- Field
 
ing Process- Trained portation Market- inspec-


Courtry lab ing Storage personnel network ing tion Credit
 

Afghanistan * * * * * * * * 
Algeria # 0 * * * 0# 
Bangladesh * * * * * * # * 
Cyprus # * # # # # # 
Egypt NA * NA # # * # * 

India # * # * #* 
Iran * * * * * * # 

Jordan * # Q * * * * # 
Lebanon * * * * * * 
Libya # NA * * # NA NA 

Morocco # 0 * * * * 0# 
Pakistan # * * * #I * 

Saudi Arabia # # # # * * # 
Sudan # I * * * * 
Syria * # * * * ## 

unisia # 5 * * * * 
Turkey * * NA * NA * NA NA 
Yemen A.R. * * * * # * * 
Yemen P.D.R. # * 0 * * * * 
# = Adequate 

* Needs improvement 

NA = Information not available 



Table 3. Seed production infrastructure (primarily for weat) in the ICARDA region.
 

Institurions 
Seed 

production 

Country 
Breed-
ing 

Varietal 
testing Release N F C 

C-rtifica-
don agency 

Process-
ing 

Testing 
lab 

Distribu
tion 

Afghanistan 
Alger' 

Bangladesh 

Cyprus 

Egypt 

* 
* 

* 
* 
* 

* 
* 

* 

* 
* 

* 
* 

* 
* 
* 

* 
* 

* 
* 
* 

* 
* 

* 
* 
* 

* 
* 

* 
* 
* 

NA 
* 

* 
* 
* 

* 
* 

:A 

* 
, 

* 
, 

, 

NA 
, 

* 
, 

, 

India 

Iran 
Iraq 

Jordan 

Lebanon 

* 

* 
* 
* 

* 

* 

* 
* 
* 

* 

* 

* 
* 
* 

* 

* 

A 
* 
* 

* 

* 

* 
* 
* 

* 

* 

* 
* 
* 

* 

* 

* 

NA 
* 

NA 

* 

* 

* 
* 

* 

, 

, 

* 
, 

NA 

, 

, 

NA 
, 

* 

Libya 

Morocco 
Pakistan 

Saudi Arabia 

Sudan 

* 
* 
* 
* 
* 

* 
* 
* 
* 
* 

* 
* 
** 

* 
* 

* 
* 

* 

* 
* 

* 

* 

* 
* 

* 
* 

* 

* 
* 

-

* 

* 

* 
* 

* 
* 

* 

* 
* 

-

* 

* 

NA 
, 

* 

* 

Syria 

Tunisia 

Turkey 

Yemen A.R. 

Yemen P.D.R. 

* 
* 
* 

* 

* 
* 
* 
* 
* 

* 
* 
* 
* 
-

* 
* 
* 
* 
* 

* 
* 
* 
* 
* 

* 
* 
* 
* 
-.... 

* 
* 
.... 

-

* 
* 

* 

* 
* 

-

, 

, 

* 

* = Exist 

- Non-existent 

NA = Information not available 
N = Nucleus 



Table 4. Developmental stage of seed pcoduction in 21 countries.
 

Wheat Barley Forage Food legumes 

Country 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 

Afghanistan ( # # 
Algeria # # # # 
Bangladesh # # # U 
Cyprus # # # 
Egypt # # # # 

India # # # U 
Iran # U# # 
Iraq # # # # 
Jordan # # # # 
Lebanon # # # 

Libya # # U NA 
Morocco ## # # 
Pakistan # # U 
Saudi Arabia # # # 
Sudan # # U 

Syria # U # 
Tunisia # # # # 
Turkey # # # # 
Yemen A.R. # # # 
Yemen P.D.R. 0 # # # 

I. Developed 3. Poorly-developed NA Not available 
2. Semi-developed 4. Non-existent 



Table 5. Proportion of seed requirements %) met by existing
 
facilities. 

Country 
Bread 
wheat 

Durum 
wheat Barley Forage 

Chick-
pea 

Faba 
bean Lentil 

Afghanistan 
Algeria 
Bangladesh 

N 
50 
N 

N 
50 
0 

0 
30 
0 

0 
10 
0 

N 
N 
N 

0 
N 
0 

N 
10 
N 

Cyprus 
Egypt 

60 
70 

45 
60 

60 
NA 

60 
NA 

0 
N 

0 
NA 

0 
NA 

India 
Iran 

25 
N 

10 
N 

N 
0 

N 
0 

N 
0 

0 
0 

N 
0 

Iraq 
Jordan 
Lebanon 

20 
N 

25 

10 
40 
25 

N 
N 

10 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

Libya 
Morocco 
Pakistan 
Syria 
Saudi Arabia 

60 
70 
10 
40 
60 

40 
30 
0 

40 
0 

60 
10 
N 
N 
0 

N 
N 
N 
0 
0 

N 
N 
5 
N 
0 

N 
N 
0 
0 
0 

0 
N 
N 
0 
0 

Sudan 

Tunisia 
50 

70 
-

70 
-

10 
5 

70 
0 

0 
8 

10 
0 

0 
Turkey 
Yemen A.R. 
Yemen P.D.R. 

NA 
25 
40 

NA 
0 
N 

N 
0 
0 

N 
N 
0 

N 
0 
0 

N 
N 
0 

N 
0 
0 

N = Negligible 
0 = Non-existent 
NA = Information not available 
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Table 6. Total area under wheat and estimated seed requirements.
 

Certified seed requirements
2
 
(1000 tonnes)
 

Areal 5-year 10-year
 
Country (1000 ha) Annual replacement replacement
 

Afghanistan 2400 240 48 24
 
Algeria 1700 170 34 17
 
Bangladesh 265 27 5 3
 

Cyprus 29 3 0.6 0.3
 

Egypt 584 58 12 6
 

Iran 4550 455 91 46
 

Iraq 1750 175 35 18
 
India 22220 2222 444 222
 

Jordan 94 9 2 1
 

Lebanon 50 5 1 0.5
 

Libya 340 34 7 3
 

Morocco 1656 166 33 17
 
Nepal 356 36 7 4
 
Oman 2 0.2 0.04 0.02
 
Pakistan 6696 670 134 67
 

Saudi Arabia 85 9 2 0.9
 

Sudan 248 25 5 3
 
Syria 1441 144 29 14
 

Tunisia 1134 113 23 12
 
Turkey 9300 930 186 93
 
Yemen A.R. 75 8 2 1
 
Yemen P.D.R. 15 2 0.4 0.2
 

Total 54990 5501 1101 553
 

1 From FAO Production Yearbook, Vol. 33, 1979.
 

2 Seed rate 100 kg/ha.
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Table 7. Total area under barley and estimated seed requirements.
 

Certified seed requirements

2
 

(1000 tonnes)


Areal 5 year 10 year
 
Country (1000 ha) Annual replacement. replacement
 

Afghanistan 32 32 6 3
 
Algeria 800 80 16 8
 
Bangladesh 20 2 0.5 0.25
 
Cyprus 40 4 1 0.5
 
Egypt 45 5 1 0.5
 

Iran 1200 120 24 12
 
Iraq 920 92 18 9
 
India 1836 184 37 19
 
Jordan 42 4 1 0.5
 
Lebanon 5 0.5 0.1 0.05
 

Libya 450 45 9 5
 
Morocco 2193 219 44 22
 
Nepal 26 3 0.6 0.3
 
Pakistan 177 18 4 2
 
Saudi Arabia 13 1 0.2 0.1
 

Syria 1102 110 22 11
 
Tunisia 642 64 13 7
 
Turkey 2750 275 55 28
 
Yemen A.R. 65 7 1 0.5
 
Yemen P.D.R. 2 0.2 0.04 0.02
 

Total 12648 1265 258 129
 

1 From FAO Production Yearbook, Vol 33, 1979.
 
2 Seed rate 100 kg/ha.
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I
Table 8. Total area under pulses and estimated seed requirements.
 

Certified seed requirements

2
 

(1000 tonnes)
 

3
Area 5-year 10-year
 
Country (1000 ha) Annual replacement replacement
 

Afghanistan 35 4 1 0.5
 
Algeria 111 -11 2 1
 
Bangladesh 361 36 7 4
 
Cyprus 8 1 0.2 0.1
 
Egypt 149 15 3 3
 

Iraq 52 5 1 0.5 
India 23429 2343 469 234 
Jordan 18 2 0.4 0.2 
Lebanoa 13 1 0.2 0.1 
Libya 6 1 0.2 0.1 

Morocco 434 43 9 4
 
Nepal 112 11 2 1 
Pakistan 1687 169 34 17 
Saudi Arabia 4 0.4 0.1 0.05 
Sudan 76 8 2 0.8 

Syria 230 23 5 2 
Tunisia 152 15 3 2 
Turke5 694 69 14 7 
Yemen A.R. 84 8 2 1 

Total 27657 2765 582 277
 

21 Chickpea, faba bean, pea, lentil, and other beans. 
For simplicity the average seed rate has been taken as 100 kg/ha.

From FAO Production Yearbook, Vol. 33, 
1979.
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Table 9. Total 
area under chickpea and estimated seed requirements.
 

Certified seed requirements
 
(1000 tonnes)
 

Area 5-year 10-year

Country (1000 ha) Annual 
 replacement replacement
 

Algeria 42 4 
 1 0.5
 
Bangladesh 56 6 
 1 0.6
 
Cyprus 
 1 0.1 
 0.02 0.01
 
Egypt 6 
 0.6 0.12 0.06
 
Iran 39 
 4 1 
 0.4
 

Iraq 
 14 1 0.2 0.1
 
India 7871 
 787 157 
 79
 
Jordan 
 1 0.1 0.02 0.01
 
Lebanon 
 1 0.1 0.02 0.01
 
Morocco 62 
 6 
 1 0.6
 

Nepal 68 
 7 1 
 0.7
 
Pakistan 1224 
 122 14 7
 
Sudan 
 3 0.3 0.06 0,03
 
Syria 47 5 
 1 0.5
 
Tunisia 37 4 
 1 0.4 
Turkey 180 
 18 4 
 2
 

Total 9652 
 965 182 92
 

From FAO Production Yearbook, Vol 33, 1979.
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Table 10. Total area under lentil and estimated seed requirements.
 

Certified seed requirements
 
(1000 tonnes)
 

Area* 5-year 10-year
 
Country (1000 ha) Annual replacement replacement
 

Algeria 16 2 0.4 0.2 
Bangladesh 85 9 2 1.0 
Egypt 9 1 0.2 0.1 
Iran 35 4 1 0.5 
Iraq 10 1 0.2 0.1 

India 925 93 19 9
 
Jordan 12 1 0.2 0.1
 
Lebanon 3 0.3 0.06 0.03
 
Morocco 29 3 0.6 0.3
 
Pakistan 106 11 2 1
 

Syria 89 9 2 1
 
Tunisia 3 0.3 0.06 0.03
 
Turkey 200 20 4 2
 

Total 1522 155 32 15
 

From FAO Production Yearbook, Vol. 33, 1979.
 

14
 



Seed Program Components 

A.J.G. van Gastel 
iternational Cooperation, 
ICARDA, P.O. Box 5466, 

Aleppo, Syria 

Introduction 

A seed program is a complex and integrated organizational concept
which can be defined as "an outline of measure3 to be implemented and 
activities to be carried out to secure the timely production and supply
of seeds of prescribed quality in the required quantity" (Feistritzer 
and Kelly 1978).

A comprehensive seed program has several essential components (Fig.
1) which are strongly interrelated. The most important of the.e aie"
variety breeding, evaluation, and secdrelease; multiplication;
processing and storage; seed quality control; aiid marketing and
distribution. Each stage must be implemented at the proper time and in
the correct sequence. If one component is not operative, the entire
seed program will not work properly. A highly sophisticated seed
quality control service, for example, useless if theis seed processing
pla,':s are poorly designed and unable to produce high quality seed. 

Breeding 

A sound seed program must be supported by strong breeding
activities. The production of quality seed of traditional varieties 
seldom generates sufficient benefits to the farmer compensateto for
the increased cost of the seed. The breeding program for a new variety
produces small quantities of what is called breeder seed. This seed is 
the parent material for further multiplication, and the source of all 
certified seed. 
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A country can also obtain new varit.ies from abroad. In fact, at 
the initial stages of sced program development, varieties often 
originate from screening international collections in national trials.
Imported seed (either basic or ready-to-use certified seed) is another 
alternative. At later stages, the national breeding programs will 
develop the new varieties for the country, at least those of basic food 
crops. 

Variety testing 

A proper system should be established to evaluate new varieties 
before they are released to farmers. Varieties are usually evaluated 
in field tests for about three years. In such experiments, which 
should be conducted in the various ecological zones of the country, the 
agricultural value of new varieties is compared with that of existing 
ones. If possible, such experinients should be carried out under 
different farming systems.

When the number of varieties increases ind the program advances 
beyond the initial stage, accurate variety description is required,
particularly when seed certification or a system of plant breeders' 
rights must he implemented. Varietal description is also necessary for 
consumer protection. Therefore, in addition to agro-ecological value,
varieties are also tested for distinctness, uniformity, and stability 
(DUS tests). 

Variety release 

Governments wik;h to have some control over the varieties multiplied
in c,:der to ensure that only superior varieties are grown in the 
country. A national variety release committee often advises on release 
based on the IesCts of performance tri-ils and DUS tests. 

Maintenance breeding 

'he purpose of maintenance breeding is to produce new lots of 
breeder seed with the same genetic composition. It is the breeder's 
task to maintain the variety once it has been released. For cereals,
plants representing the variety are grown in ear-rows and very
carefully observed. Plants from celected rows are harvested and grown
in small plots. The best plots produce the breeder seed, which should 
be very pure. because poor maintenance is difficult to correct later 
on. 
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Plant breeder's rights (PBR) 

To protect the investments of plant breeders in the"development of 
new varieties, many countries with developed seed industries have 
adopted PBR, granting proprietary rights to the breeder of a new 
variety. The breeder's authorization is needed for multiplication and 
a license fee or royalty must be paid to him. PBR systems have been 
adopted mainly in countries where many private breeders are involved in 
developing new varieties. In countries with publicly-financed 
breeding, such systems are less appropriate. 

Seed Multiplication 

The small amount of breeder seed is multiplied a number of times to 
produce the large quantities of certified seed needed to satisfy 
farmers' requirements. 

The breeder seed is first multiplied to produce basic seed; this in 
turn is used to produce certified or commercial seed. The quantity of 
seed and the acreages in the different classes increase at each step. 
The nurnber of cycles in each class depends o the stability of tile 
crop. the risk of diseases, the multiplication rate, and the final 
amount of seed required. Throughout thc multiplication cycles, a high 
level of purity should be sustained to guarantee a high quality end 
product. The standards for early generations are slightly higher than 
for later get. rations. 

To prevent genetic changes, the early generations should be grown 
in areas to which the variety is adapted. No selection should be 
attempted, other than roguing off-types, and the best possible 
agricultural practices and inputs should be applied. 

Processing and Storage 

Careful processing is very important in producing quality seed. 
This step is the most capital-intensive component of the seed program. 

All seed requires processing; the seed is dried, cleaned, graded, 
sized, blended, treated, and packaged. The entire prccess is a 
complex, largely mechanized operation using relatively sophisticated 
equipment. 

The processed seed is stored in specially constructed seed stores 
protected against damaging environmental conditions such as high 
temperature and seed moisture content, under which viability rapidly 
deteriorates. In the humid tropics where conditions are particularly 
unfavorable for seed storage, the investment in drying equipment and 
seed stores can be very high. 
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Marketing 

Marketing is vial for improved varictie5 to reach the farmer, The
seed should be of the right quality and available at the right time, inthe required quantities, and at reasonablea price. All required
inputs must also be available. 

In countries with a developed seed program and a strong privateseed sector, ccrtified seed is distributed to the farmers through ahighly organized and CfLcti, distribution network, involving
wholesalers and retailers. Such an organization, which takes many
years to evolve, also promotes sale of seed anl helps to forecast
accurate market demand. which is essential for production planning.
The success of a distribution network depends thelargely on selection 
of competent retail dealers. 

I many developing countries without a private organized network,
seed is usually distributed through a public supply system. Effective,
efficient distribution is often of the mainone constraints in getting
the improved seed to the farmer. 

Seed Quality Control 

The seed quality control service is a central unit which carries 
out checks at most stages to ensure high quality seed. Such an agencyshould not be linked directly to the organizations performing the other 
steps, but rather function as an independent governmental orsemi-govern mental organization directly responsilble to the country's
ministry of agriculture.

Seed quality includes purity, germination, health, weed seedcontent, moisture content, and other characteristics. Quality control
is carried out through testing, certification, and legislation. 

Seed testing 

Seed testing is often the first step in enhancing the quality ofthe seed. The testing can be minimal (only for germination). or very
extensive (for moisture, purity, germination, health, and other
characteristics). Either one national or several regional testingstations can be established. Countries should follow the procedures
the International Seed Testing 

of 
Association to facilitate ISTA 

membership at a later stage. 
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Seed certification 

Seed certification ensures that the seed sold to the farmers is of 
the indicated variety, sufficiently pure, of good germination capacity, 
and di-3e-free. Certification steps include: 

- Field inspection to verify seed source, varietal identity, previous 
cropping. isolation distance, impurities (off-types, weeds, other 
crops, and/or varieties), and diseases. In many c. rtification 
schemes, the field inspector also estimates the yield and checks 
cultural practices. 

- Seed inspection at the processing plant and in the seed store. Seed 
samples are taken and tested at the seed testing laboratory. 

- Pre- and/or post-control plots grown on the farm of the certification 
agency tc allow additional verification of varietal identity, 
varietal purity, and seed-borne diseases. Pre-control plots are 
grown in tile same season as the main seed field and results are used 
for certification. Post-control plots, grown fron seed that is 
already certified, ftnction as checks on the effectiveness of field 
inspection. 

Seed legislation 

The quaiity of weed is more difficult to judge than that of any 
other commodity. Seed with very poor germination capacity, for 
example, may appear good. If such seed is planted, the farmer loses 
both his investment in the sowing seed and the entire value of the 
expected harvest. Seed legislation therefore regulates the various 
steps of the seed program to protect the farmer, using one of two 
different regulatory mechanisms: 
- Minimum standards: specified for all seed allowed in trade. 

Substandard seed is excluded from the market. This approach is often 
used in countries whose farmers are not sufficiently educated. 

- Trudl-in-labelling: all seed is allowed to be marketed, but the 
quality is indicated on the label. The truth of the label is ensured 
by the quality control agency. 

Generally speaking, it is not advisable to regulate all aspects of 
a seed industry in the early stages of development, nor should seed 
quality standards be set so high as to cause a seed shortage. 
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Other Considerations 

A successful seed industry also depends upon outreach mechanisms 
such as extension--the education of farmers in th benefit and use of 
improved seed. Often, a system of credit facilities must also be 
established to enable farmers to purchase improved seed and 
complementary inputs. It is also important that markets exist to 
absorb the increased yields resulting from the new seed. 
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Organizing and Managing a Seed Production
 
Program
 

G.P. Termohlen 
Director, Government Seed Testing Station,
 

Binnenhaven I, P.O. Box 9105,
 
6700 H.E. Wageningen, The Netherlands
 

Introduction 

Seed is the first link in the food production chain, and carries
the genetic potential for higher crop production. The first step in
developing a seed program is to asses-. the existing situation: the 
present seed production of various crops, seed import and export,
supply to farmers, availability of trained personnel, agricultural
organizations, and seed production potential. Subsequent evaluation and 
guideline-setting are also important. 

Crop Research 

Breeding of new varieties is the basis of a seed program, but 
research on cultural practices (plowing. fertilizing, planting density,
weed control, and harvesting) is also essential. Farmers must then be 
convinced through field demonstrations to accept the new varieties and 
practices.

The breeder must maintain the purity of a variety, sometimes in 
partnership with a hasic seed organization which furtfher multiplies thebreeder seed. A seed processing plant must be established to handle 
both small seed lots and larger quantities of basic seed. The number 
of multiplications from breeder seed depends on the seed program's
stage (.; development and upon the type of crop. Basic seed is then 
multiplied to produce certified seed. 
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To increase the seed production capacity from a seed program's 
initial stage requires persistent effort to generate interest among all 
involved. Public and/or private seed enterprises should be 
established. These can take various forms, including famil) 
operations, partnerships, cooperatives, companies, or corporations, 
depending upon national policy and the scope of seed production 
activities. Each program must be developed in the context of local 
conditions and potential, taking into account the demand for seed, 
availability of varieties, type of crops, ecological and other 
conditions for seed growing, availability of farmers/seed growers, 
methods of harvest, processing and storage, and seed supply' to farmers. 

Establishing a seed enterprise is but a first step. On-going 
management i1must take into accoumt several factors including dependence 
upon weather conditions, seasonal nature of the work, timing and 
sequence of activities, and providing extension information to seed 
growers. Personnel must be trained in managerial and technical skills, 
including speci!ized staff for different tasks in large seed 
enterprises. 

A seed enterprise may have its own farms for seed production and/or 
produce seed through contract growing. The seed organization must 
ensure that the contiact grower receives adequate compensation, wi!h 
the level of the premium ,atove a commercial crop set by contract. 

Seed Production Risks 

Risks of see'd growers: A grower expects an economical return; if the 
crop fails, he may be less inclined to start again the next season. 
Planning to eliminate some of the risks should include the following 
activities: 

- Provision of viable and disease-free basic seed.
 
- Choice of a suitable seed production area.
 
- Selection of farmers genuinely interested in seed production.
 
- Insuring ,lat equipment Io land preparation, crop husbandry,
 

harvesting, and drying is available. 
- Furnishing trained staff to guide the seed grower. 
- Provision of adequate compensation for the grower, in line with 

the price of commercial crops. 
- Compensation for the grower to some extent in the case of crop 

failure, particularly to" a new crop or variety. 

Risks of a central organizafion or seed coMpnany: 

Seed supply: Once a market has been developed, a steady seed supply
 
is importanlt; if shortages occur. the organization may lose
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credibility. Oversupply should also be avoided; adequate storage
facilities can help, but the additional cost must be taken into 
consideration. 

- Financing: In the planning stage, funds are required for capital
inputs (building, machinery, transport, and equipment), as well as 
for "working" capital (for running expenses and for purchase of seed 
and other raw materials). The cost of capital inputs can usually be 
estimated fairly accurately, but care should be taken not to 
over-capitalize in early stages to enable a reasonable return on 
capital employed. 

Profitability 

In a well-functioning seed enterprise, the seed grower, the seed 
organization cr company, the seed distributors, and the farmer should 
all make a profit. The cost of good seed is usually relatively low 
compared to the cost of other agricultural inputs such as fertilizer
and equipment, so the seed organization should be economically viable 
or profitable. 

No commercial organization can survive without making a profit, if 
profit is considercd the money required to cover future costs. In astate-owned and/or private organization, the manager's task is to 
ensure that the organization will continue to serve its purpose in the
future. The most efficient way is to make a profit, which can be
calculated in several ways, commonly as return on capital ei.ployed. 

Risks in Defining Seed Demand 

Many factors influence the ultimate demand for seed in a given year 
as well as over the long-term. Overproduction, in which actual demand 
is lower than estimated, can be caused by several factors, including
seed distribution problems, the switch of farmers to other crops which
have suddenly become more profitable, marketilig problems with the final
product, and unrealistic estimates. A seed organization's management 
must be alert to changes in the trend of demand. 

Underproduction, or seed shortage. can be caused by a number of
factors. The farmers' response to new introduced seed may be greater
than estiniated, or unfavorable growing conditions can reduce the 
expected seed yield. Inadequate harvesting equipment might result in 
large harvest losses, and poor storage facilities can lead to storage 
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losses. Initially inadequate compensation of seed growers can lead to 
future difficulties in finding good growers. 

Slight seed shortages often may be more financially beneficial thaa 
surpluses, but substantial shortages should be avoided as inuch as 
possible, because they can seriously affect the country's food 
situation. 

One of the most hazardous exercises in the seed industry is 
defining future demand, which can be estimated as minimum, medium, or 
maximum: 

Minimum Medium Maximum
 
Seed to be sold 
 x x x kg
 
Seed to stock 
 Y y y kg 

Seed to be produced z kgz z 

The management must decide upon the acceptable amount of variation 
from each total. Defining demand is more difficult in a new 
organization than in a concern that has operated for many years.
Estimates of demand take accountfuture should into the following
 
factors:
 

Basic seed reserves: There should be a strategic c of onerose. 

season's 
 supply of basic seed to ensure against unforeseen disasters 
during tie growing season. Shortage of basic seed can jeopardize the 
entire seed production effort. 

Unreliable rainftidi: When a seed crop is grown iin an area with 
unreliable rainfall and without irrigation facilities, a higher margin
should be allowed than under more reliable conditions. 
Available storage: Good storage facilities ensure a more certain seed 

supply than do poor facilities in which seed qtuickly deteriorates. 

Seed characteristics: If seed cannot be stored for a long period, it is 
iml)ortant not to overproduce. and to aim for a "planned shortage."
Some crop species, however, l)rodluce seed that remains dormant and 
requires a certain storage period before it can be sold. 
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Seed Marketing and Distribution Channels 

Seed marketing--a key task in improving seed supply--must include 
extension and demonstration plots; sales promotion and selection of 
sales storage sites: seed distribution, including transport; education 
of dealers (wholesale and retail): financing arrangements, including
credit: price negotiations: estimates of marketing cost: and post-sales 
market surveys. 

Seed distribution has unique problems, since most seed is required 
at the beginning of the planting season when an abrupt peak in demand 
must be riet. A serious marketing effort--an essential part of total 
production--requires specialized staff who can do follow-up visits 
during the off-season and prepare for the next season's distribution 
well in advance. 
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Variety Testing 

A.J.G. van Gastel 
hiternationalCooperation, ICARDA, 

P.O. Box 5466, Aleppo, Syria 

Introduction 

The breeder initially evaluates new material at the breeding
station. are notS'ich trials often sufficient and more experimental
sites, located it, different ecological zones, are required to obtain a 
reliable agronomic value for experimental varieties. In comprehensive
seed programs, the final evaluation is usually carried out by a 
separate varietal evaluation agency. Varieties from different breeders 
are objectively compared with existing varieties at large numbera of 
locations with a wide range of soils and climalic condiions. 

The Varietal Evaluation Agency 

In many countries, the variety evaluation agency is an independent
governmental organization, charged with the final evaluation of new
varieties before release. Th is agency's farm must be centrally
locoted, and sited to represent the conditions in major growing areas. 
Many agencies have sub-stations or additional experimental farms. 

Varieties are tes(ed using two types of experiments: performance 
trials, and tests for distinctness, uniformity and stability (DUS). 
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Performance Trials 

Performance trials aim to compare the agricultural value of new 
varieties with that of existing commercial varieties and to identify 
those that are superior in certain ecological zones. Varieties with 
wide adaptability are also identified. Varieties are commonly tested 
in three subsequent years. 

Variety trials in the different agro-ecological zones are carried 
out by breeding stations, universities, agricultural schools, and 
training centers, and also in farmers' fields under the supervision of 
the varietal evaluation agency. 

I reparation of samples 

The varieties to be tested may come from different breeding 
institutions. To minimize the risk of differences in agricultural 
performance due to differcnl pre-planting treatments, seeds for all 
location, should be prepared by the varietal evaluation ,gency. If 
seed treatment is needed, the ageiicy should treat all seed before it is 
dispatched. 

Experimental set-up 

Performance trials require the selection of appropriate statistical 
designs as well as the proper size. shape, and number of replicates. 
The choice of experimental design depends mainly on the number of 
varieties to be tested. For a small number of varieties, a randomized 
block design can he used. If the number of varieties is large, more 
sophisticated experimental designs must b- used, such as Latin squares 
or lattices. 

When yielding ability must he assessed under different management 
schemes, such as various nitrogen levels or different cultural 
practices, a factorial or split plet design can be used. Statistical 
textbooks give complete explanations of these methods. 

The varieties must also be grown with the same cultural practices 
used by the farmer to produce a coilnmercial crop. 

Field observation and scoring 

For cereals and pulses. the most important character to assess is 
the yield (kgs) of grain per hectare (taking into account the moisture 
content of the crop). For pasture and forage crops, the total dry 
matter is the key character: the different quantities of dry matter 
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produced at different times throughout the year are valuable agronomic
data. Grain yield is only of interest in this case for seed production 
purposes. In addition to yie!ding ability and dry matter production, 
data are recorded on other important agronomic characteristics. 

Table I shows the characteristics recorded for wheat as an example.
The same type of observations are made for other crops, but each crop
has a number of specific characters to be recorded. Many characters 
are scored on a I to 9 scale, with I indicating the less desirable 
state and 9 the most desirable. A more sophisticated scoring system is 
often used for disease resistance. 

Table 1. Characters recorded in field observation of wheat in
 
performance trials. 

Characters 

Frost resistance Resistance to diseases Lodging

Germination capacity 
 and pests: Drought resistance
 
Vigor stripe or yellow rust Tolerance to salinity

Tillering leaf brown Sprouting
or rust 

Ieading date stein or black rust 
 Shattering

Number of heads loose smut (Ustilago) Date of maturity
 

covered out or bunt
 
(TI Ilet ta)
 

Septorta
 
Fusariuni 

Special tests 

Special laboratory tests may also be done, depending on how the 
crop is used. For wheat milling properties, dough quality, baking
quality. and thousand kernel weight are determined. For barley, beer 
making quality is assessed. Other crops have their specialown tests. 
The variety evaluation agency does not carry out all such tests, but is 
assisted by other specialized organizations. 

Statistical analysis and reporting 

Extensive analysis is usually carried out only theon yield data. 
Each experimental has own method of statisticaldesign its analysis.
The method chosen, however. must allow analyses to be carried out over 
a n nber of locations within a year, as well as over different years.
Srince variety evaluation is a continuous process, witlh new promising
varieties eitered in experi ments otheryearly the and varieties 
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withdrawn upon completion of the three-year performance trial cycle,
the method, must be able to handle a changing number of entries. 
Computer facilities are often required.

To make the yield description more meaningful, yields are often 
expressed as a percentage of the yield of the control variety. This is 
done because a variety's yield varies at different locations in the 
same year. and in different years at the same location. 

Many other characters are expressed on a I to 9 scale (see Table 2 
for examples), with the higher number indicating the more desirable 
state, or by abbreviations, with each abbreviation representing the 
status of a character (for example, la=late maturing, me=medium 
maturing, er early maturing). 

Table 2. Examples of scoring for three characters.
 

Score
 
Character
 

1 3 5 7 9 

Presence of absent 
 present
 
anthocyanin
 

Intensity of absent or weak medium strong 
 very
 
anthocyanin very weak 
 strong
 
color
 

Plant growth erect intermediate prostrate
 

DUS Tests 

Distinctness, uniformity, and stability (DUS) tests are conducted 
to establish whether or not a varety is sufficiently distinct from all 
other varieties, and sufficiently uniform and stable. Based on DUS 
tests, a variety descriplion is produced that is often used for field 
insp'.'ctions and granting proprietary rights. 

Dislinctn's.: This qualily is essential because a new variety bem11tist 
different from an existing variety. Each variety nust be recognizable 
not only in field inspection., hut also for seed growers and farmers who 
want to grow a specific variety. For granting proprietary rights
(Plant Breeder's Rights), the variety must he clearly recognizable. 
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The distinctness may be morphological, physiological, cytological, 
or chemical. A clear morphological distinction is obviously preferable
but not always possible because of the large number of varieties 
available. 

Uni/brmiy: To guarantee constant quality and also for field inspection 
purposes, a variety must be uniformas as possible. The degree of 
uniformity depends ol the mode of reproduction. Varieties of 
self-pollinated crops are more uniform than varieties of
cross-pollinated crops. In a highly nmechanized agricultural system in 
a region that is agric,;!tu rally and climatologicaliy homogeneous, a 
high degree of uniformity may be desirable, but under other conditions, 
a certain degree of variability may be advantageous. 

Stabilitv: )uring the various stages of seed multiplicauion from
breeder seed to certified seed, the variety should not lose its 
distinctive characters. The genetic make-up should remain as near as 
possible the same. Varieties of self-pollinated species are more 
stable than varieties of cross-pollinated species; hybrids are not 
stable, and new hybrid seed must be produced each year for farmers. 

Experimental set-up 

The I)US tests are carried out at the farm of the varietal 
evaluation agency. The farm's location should be representative of the
,ajor growing areas, because environmental conditions can influence the 
expression of the varietal characters. 

The seeds to ie tested shotuld not be treated, because treatments 
can affect the expression of characters. The seeds are often planted
by hand to minimize the risk of admixture. It possible, plants should 
nlot be sprayed for weed control but hand-weeded instead. 

As far as experimental design is concerned. DUS plots usually have
only two replications, since such a large number of observations must 
be made. Varieties are not planted randomly: instead, those varieties 
that closely resemble each other are planted adjacently,

I)US tests are carried out lor two subsequent years. The breeder
Supplies new seed for each year, preferablly from a next ger.eration of 
breeder seed. 

Field and laboratory obser'alions 

Distinctness, uniformity, and stability are studied on individual 
plants sown in snall plots. A wide range of existing varieties is 
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usually available for comparison. During tile growing period, careful 
obseivations are made on individual plants; after the crop has matured 
and ripened, el.aborate scorings are made of ears, heads, and other 
parts, as well as of seeds in the laboratory. Such tests are often 
difficult, requiring considerable skill and time. More than 40 
different characters may well be recorded in DUS tests. 

A special method often used in DUS tests is the observation of the 
progenies of single cars. Progenies of 50 to 100 ears are grown in 
rows (ear-rows) and carefully observed. Any lack of uniformity is thus 
easily detected. 

Further details on the characteristics to be scored can be found in 
publications of the International Union for the Protection of New 
Varieties of Plants (UPOV) and the Organization, for Economic 
Cooperation and )c ,clopnient (OECD).* 

Scoring 

Either quantitative or qualitative characteristics may be used to 
distinguish varieties. Qualitative characteristics are recorded 
visually, whereas quantitative characteristics are measured. Many 
characters are scored on a I to 9 scale. Table 2 shows examples of 
scoring fbr three characters. 

Statistical analysis 

No straightforward statistical analysis is done on the data from 
I)IJS experiments; inastead, the average scores compared andare 
conclusions drawn about distinctness. A clear and consistent 
difference in just one chai'acter can be sufficient to qualify a variety 
as distinct. For ieasured characteristics, a difference is considered 
sufficient if it is significant at the I ' level (.SD). 

hniformitrty is judged from the individual plant cres within a 
replicate andeI, to a certain extent, from the (Iifferences between the 
two rellicates. For measured characteristics, the standard deviation 
is Used. A variety is not considlered homogeneous if its variance 
exceeds I.0 tinles the average of the variance of the varieties tised for 
conparison, 

Stability is Julged h com pa ri iig data obta ined in twoby the 
conse cttive years. It is usually assumed, however. that a uniform 
variety is also stable. If lack of uniformity or stability is so 

*The I mit'rnational Union for the 1Protection of New Varieties of Plants 
(UPOV). 32 Chemin des Coloinbettes, Geneva, Switzerland; Organization 
for Economic Cooperation and Development (OECD), 2 rue Andre Pascal, 
75775 Paris. Cedex 16. France. 
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slight that it is not obvious during two years of tests, it is not 
considered significant. 

Reporting 

The final report is often brief, listing only the major differences 
betw .-n similar varieties, as well as stating that the variety is 
sufficiently distinc., uniform, and stable. More elaborate 
descriptions are always available upon request. 

The Variety Release Committee 

The test results are reviewed by the variety release committee, 
which is usually composed of six to eight persons representing 
organizaions involved in the seed industry such as breeding 
institutes, seed multiplication organizations, seed firms, extension 
services, and farmers' organizations. The committee reviews the 
performance of existing and new varieties and makes recommendations for 
releases and withdrawals. 

Variety Lists 

In many countries variety lists are prepared each year to inform 
the farmer about the morphological and/or agronomic characteristics of 
the commercial varieties, including the latest releases. Information 
on cultural practices is often included as well. The list also 
indicates those varieties eligible for certification. 

Variety lists can either be advisory or restrictive: in the latter 
case, seed trade is limited to the listed varieties. 

33 



Variety Release and PrGmotion of 
Quality Seed 

Samir El-Sebae Ahmed 
International Cooperation, 
ICARDA, P.O. Box 5466, 

Aleppo, Syria 

Introduction 

Quality seed is one of the cheapest anr; most essential inputs forcrop production. Most developing co'jntries in West Asia and NorthAfrica recognize the importance of seer, production, but means andfacilities are inadequate for effe-tive seed production, qualitycontrol, distribution, marketing, variety evaluation, and release.The main objective of a plant ;mprovement program is to identifyand produce new varieties capable of increasing product;on per unitarea. These new cultivars should also have better defined charactersthan the existing cultivars. Their seed should be increased quicklyand distributed to farmers. At samethe time, old and improvedcultivars should be compared in demonstration plots as to yieldingability, disease pestand resistance, earliness, consumer preference,quality requirements, and other desirable characteristics. A perfectcultivar with ah desirable characteristics is very difficult todevelop, so national programs should quickly adopt new cultivars that
outyield local ones or have better qualities.

Plant improvement programs are organized differently in variouscountries, and cultivarsnew may be produced by governmental agencies,private companies, or individuals, Many of these countries controlcultivar release by seed laws or regulations, while others give thisresponsibility to breeders. Western systems of variety release andseed production are often expensive and laborious for adoption by manydeveloping countries; therefore, relatively cheap but technically soundsystems must be developed for producing quality seed in the region. 
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Cultivar Release 

Newly developed cultivars are released in different ways. 
Government agencies often regulate release, particularly in countries 
with private breeding programs, to protect farmers from new cultivars 
that are too similar to old ones, or have not been tested sufficiently. 
Such regulations also protect breeders against misuse of their new 
cultivars. In developing countries, where research organizations carry 
out most plant breeding, special release iegulations are rare, but 
should be developed and implemented. 

Before marketing a new cultivar, a breeder must test its qualities 
and assess its agricultural or horticultural value. Based on 
preliminary tests, breeders select their best lines for comparative
Itia;s, which are often done in different locations. When results are 
acceptable, the new cultivar can be multiplied in reasonable quantities 
and submitted for release. However, acceptance by farmers ultimately 
determines how widely the new cultivar will be used. 

In comparing a new cultivar with established ones, the following 
criteria are used to decide whether or not seed should be multiplied 
and released for commercial planting: 

unijrmity: The degree of varietal uniformity depends on the breeding 
systems employed. In pure lines, all individual plants can be 
identical, but such uniformity depends on the farming system for which 
the new cultivar is intended. If the new variety is aimed at a highly 
mechanized system in a homogeneous region, absolute uniformity within 
the new cultivar is ideal, but under other conditions, variability has 
some advantages. Although the standard of uniformity can vary for 
different species or even fo;' different cultivars of the same species, 
it should be kept as high as possible. Examples of cases in which 
different purity standards are required are Fl hybrids, pure lines, and 
composite and synthetic cultivars. 

Varietal distinctness: The identity of the new cultivar and its 
distinctness from other cultivars are important characters which assist 
multiplication and certification. Distinctness may be based upon
morphological, physiological, or agronomic characters; however, 
morphological distinction has the greatest practical value in 
maintaining a pure variety. 

Stability: A stable cultivar should be able to reproduce itself over 
several generations without losi.g its distinctive identity. The 
degree of stability is influenced by the breeding system. Pure line 
cultivars are stable, but seed of an F1 hybrid cultivar is completely 
unstable 

Value: The new cultivar must have suitable economic qualities or value. 

35 



For instance, wheat should be suited to bread-making needs, peas for 
canning, sunflower seed for oil, and forage for feed. Such values 
become increasingly important in a cash crop economy. 

Agronomic performance: Unless the new cultivar is attractive to the 
farmer, it will not be grown to any extent. Performance includes 
characters such as yield per hectare, days to maturity, plant height.
resistance to lodging, response to fertilizers, resistance to common 
diseases and pests, quality characteristics, and reaction to adverse 
environmental conditions such as drought, cold, and salinity. 

Variety Release Committee 

In developed as well as in most developing countries, the decision 
to register new cultivars is usually entrusted by law to an official 
committee, with members generally selected from official governmental
agencies or institutes concerned with crop improvement. These
individuals should be independent, from the crop improvement specialists
submitting new cultivars for release. It is important, however, that 
at least one member of the release committee has sufficient knowledge 
of crop improvement.

Variety i lease committees normally meet at regular periods to 
approve new cultivars after producers have submitted their 
applications. The committee has to evaluate different types of 
information, particularly the cultivar description and field trial 
results. The degree to which a release committee considers a breeder's 
evaluation differs from one system to another. Voluntary registration
schemes often give great weight to the breeder's evaluation, while 
compulsory systems generally accept only official tests and methods. 
The release committees are also responsible for cultivar denomination, 
afqer considering the applicant's proposal. 

Cultivar Denomination 

The name of a new cultivar must be approved by the release 
committee, 'o prevent confusion with other cultivars. It is important
that denominations are short, simple, and easy to remember. Names 
should not include descriptive elements referring to the quality of the 
new variety, since these often become outdated and also increase the 
risk of error and confusion, especially in translation. 

The earlier procedure for using the breeder's name or trademark for 
cultivar denomination is no longer permitted for official registration
in most countries. An international code of nomenclature for 
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cultivated plants was developed by a commission of the International 
Union of Biological Science, under the United Nations Educational, 
Scientific and Cultural Organization (UNESCO). This code governs tile 
use of non-Latin names for cultivars within a botanically-named 
species. This system encourages uniform practice in naming cultivars 
through stating guiding principles ar.d by making specific 
recommendations about the formation, use, and recognition of such 
names. 

The code includes the following recommendations: 

- Numerals and symbols should not be used as names (e.g., "S.23" 
perennial ryegrass). 

- Names should not exaggerate the merits of a cultivar, theyas may 
become inaccurate when new cultivars are introduced (e.g., 
"Earliest of all" tomato). 

- Names should not consist of more than two words. 
- Names should be simple, short, easily pronounced, and unlikely to 

be misspelled. 
- After a cultivar stops being grown by farmers, its name should not 

be used for another cultivar for at least 10 years. 

Promotion of Quality Seed 

Utilization of quality seed is an essential factor in increasing 
agricultural production and farmers' net income. No one benefits from 
the time and money invested in developing quality seed of improved and 
high yielding cultivars, until farmers harvest a good crop from the 
seed. 

Directors of seed programs should be aware of the factors that 
influence farmer acceptance and use of improved cultivars. These 
include: 

Cultivar profitability: The degree to which farmers recognize that the 
improved seed or new cultivar will increase benefits, or reduce costs, 
compared to old seed or cultivars. This factor also encompasses the 
difference in efforts, risk, prestige, or social approval that may 
result from using the improved seed or cultivar. 

Yield stability: The degree to which a farmer recognizes that the use 
of the new cultivar will consistently yield well, especially when he 
faces difficult environmental conditions. 

Simplicity: The degree to which farmers recognize that the new 
cultivar's seed is easy to obtain, and also that associated growing 
practices are easy to use. 
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Compatibility: The degree to which a farmer recognizes that a new
cultivar fits his needs, values, past experience, and available farming
systems. As an example, a cultivar with an extremely long or short 
growth cycle might not fit into a farmer's cropping system or his
community's cropping pattern. An inappropriate cycle might cause 
serious problems with the use of irrigation, pest control, access to
labor for cultivation and harvest, or the availability and suitability
of equipment for marketing, processing, or transportation. 

Visibility: The degree to which a farmer can see the results of having
utilized a new cultivar, and how apparent they are to others. A new
cultivar with distinctly different growth characteristics will look 
better in the early stages than the old culti.ar. Difference in 
quality and quantity of the yield should also be visible. 

Limited risk: The degree to which farmers recognize that they can try a 
new innovation on a limited basis. The use of quality seed has a 
distinct advantage over some other innovations in that a farmer can 
usually limit his trial to a small fraction of land. 

Independence: The degree to which farmers recognize flat they can adopt
the new innovation without consulting others. Unless landlords, credit 
institutions, or the community impose demands or restrictions, the
decision to use seed of a new cultivar can be made indcpendently. If 
the seed is readily available, farmers are generally free to choose to 
plant it. Many innovations may have a lesser degree of independence. 

Heads of farmers' unions, progressive farmers, and directors of
seed programs should establish communication with farmers and inform 
them about new seed. They should also develop a sound marketing system
to provide farmers with the cultivars, while encouraging appropriate 
governmental policy. 

The acceptance of new innovation5 such as seed of impoved
cultivars is strongly influenced hy the availability of production
inputs and access to markets for harvested crops. Setting specific
goals, identifying the groups with whom communication is needed, and
committing resources to stimulate action are important factors in 
formulating campaigns to introduce new cultivars and related 
technology. 

Research activities on seed production should be linked to
extension programs in order to effectively tran,,Frr appropriate
technology to farmers. Increasingly, national and international 
organizations as well as seed enterprises are relying more and more on
applied or adaptive research in farmers' fields. This technique makes 
it possible for farmers to participate and learn, and also motivates
them to obtain seed of promising cultivars. Agronomists and extension 
workers also learn how to manage the new technology effectively. 
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Technical knowledge, scientific know-how, economic understanding,
and farming ability should be strengthened for staff of research 
programs and extension services. Communication skills and successful 
campaigns also require adequate resources for staff training, a budget
for salaries, operational and maintenance costs, travel costs. and
personnel policies with incentives for encouraging staff. 

An effective seed promotion program requires close cooperation
between staff involved in research, extension, communication, seed 
enterprises, and marketing. No single group has a monopoly on 
communicating with farmers. 

To determine the actual demand for seed, market .research is
required at both the national and the seed enterprise level. Market 
information is important for organizing production and marketing 
programs, while a seed enterprise can forecast market demand by what 
buyers, sellers, or experts say, do, and have done in the past.

Pricing procedures for seeds may differ widely tofrom crop crop,
depending to a large extent on whether the farmer can save some of his 
own seed or not. Direct and indirect costs, profit, and an estimate of
what buyers will pay should also be considered in pricing new seed.
The economics of shipping or transporting the seed from the place of 
production to the place of use also requires close examination in 
planning marketing activities. 

Government policy and action affect the use of seed. For example, 
a policy that permits seed prices to include all costs, as well as some 
opportunity for profit, should stimulate the growth of seed clterprises
and marketing groups. Well-planned crop production campaigns alsocan 
stimulate the demand for quality seed. 

To promote use of good seed, a vigorous seed extension program
should be developed to advise farmers on the advantages of using
controlled quality seed of improved cultivars. Such a program should 
lead to increased production and higher income for farmers, and overall 
benefits for the rural communities. The extension program should: 

- Inform farmers of the existence and advantages of quality seed. 
- Convince farmers to use quality seed on a large scale. 
- Inform farmers about ways of getting quality seed and about related 

government policies.
 
- Train farmers in how to cultivate ,lie seed.
 
- Establish an effective liaison between farmers, 
 plant breeders, and 

seed production specialists. 
- Organize field days and demonstration plots on farmers' fields. 
Farmers and others can be informed about the new cultivars or 

quality seed through radio, television, and newspapers. Meetings
should also be held between farmers, their leaders, seed specialists,
and policy makers. Visits to field or demonstration plots can be 
organized, and field days can he held at villages, cities, and farmers' 
organizations. Visits to other successful seed programs within the 
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country or abroad should also be encouraged, and occasional specialized 

training courses held for farmers, seed specialists and policy makers. 

Conclusion 

Seed programs, a service to farmers, fulfill their function only
when most farmers can easily obtain and plant quality seed. Seed 
production should be considered as only one component of a program's
objectives; other components are development of stronger research 
capabilities, effective maintenance and multiplication of initial seed 
increases, and the establishment of effective seed enterprises, quality
control systems, marketing mechanisms, and educational units. In the 
long run, these initiatives are successful when they foster growth in 
agricultural production and when seed of improved varieties can flow to 
farmers through an ever-expanding pipeline. 
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6700 HE Wageningen,
 

The Netherlands 

Introduction 

This paper describes the components of the Dutch seed industry and 
the links between them. The seven main steps or components, from the 
breeding of a new variety to its use by the farmer, are given in Fig. 
1. 

Most of the components of Holland's seed industry have evolved over 
a long time under specific conditions which may differ in other 
countries in the same stage of development. Over the last few decades, 
mainly because of extensive communication and trade with other 
countries, seed industries have begun to follow more or less standard 
international procedures, which are important for countrites that wish 
to export seed. In such countries, varietal evaluation, and especially 
seed testing and labelling, should conform to international agreements. 
Holland's seed industry, described here, is only an example; each 
country must develop a system that fits its own climatological, 
ecological, and socio-political conditions. 

Plant Breeding 

Plant breeding in Holland has always been a private enterprise. 
For centuries,'farmers did their own crop selection. Private or public 
breeding organizations later selected from already existing landraces, 
with further refinements in resistance, yield, homogeneity, and other 
characteristics, to produce new cultivars. The profession of breeding 
developed gradually in the 1920s, and progressed rapidly during the 
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Plant breeding 

VarirtV testing 

Variety release 

Multiplication 

Quality =control 

, Seed processing 

Distribution 

Fig. 1. The basic components of a seed industry. 

1940s. The government has always supported private initiative throughresearch by special institutes and the Agricultural University's
breeding department. The Ministry of Agriculture also has two breedinginstitutes, one for aralie crops and forone horticultural crops.Priorities for basic breeding research are set according to twoconsiderations: general priorities in agricultural research; and needs
of private breeding firms, farmers, and growers.

Basic biceding material with a new, highly-valued property such a new resistance, but not yet stable in all its characters, is released
as 

to private breeding companies, which have the experience and facilitiesto breed true varieties to meet demand. The institutes and privatecompanies regularly discuss the progress in breeding projects, withinformation kept confidential. When basic material is ready forrelease, the institute reports the material's background well as theas
price and available quality of orseed plants. Such interaction 
ultimately benefits the farmers and growers.

Private companies are always under pressure to release basicmaterial as soon as possible, while the institutes have theresponsibility to prepare basic material up to the stage of developmentat which it can be taken over by the private breeder, and to ensure
hat no valuable material is lost. 
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Other institutes and experimental farms also contribute, often 
indirectly, to breeding programs. A phytopathological institute, for 
instance, provides sister institutes and private companies with 
infection material to enable breeding for disease resistance. 

Varietal Testing and Release 

A variety submitted by a breeder is not ready for multiplication 
and marketing until it has undergone extensive variety research. A 
tarmer simply cannot carry out extensive comparative trials of many
varieties; only government institutes, with trial farms throughout the 
country, can perform such evaluations to suit the various conditions of 
different farms (i.e., varieties appropriate for mechanized operations, 
different edaphic and climatological conditions, and different sowing 
and harvest times). 

The proposed variety must also be established as an actual new 
variety. It must be subjected to botanical variety research for 
distinguishing characters; at least one character should foundbe to 
establish that it is a new, independent variety entitled to protection
by "Plant Breeder's Rights" (which lasts 20 years for cereals). Based 
on distinguishability or identity, uniformity, and stability, the Board 
for Plant Breeder's Rights then registers the variety in the "Register
of Varieties." Varieties considered valuable for growing in the 
Netherlands are put on the "List of Varieties." 

For agricultural crops, the agricultural value must also be 
established, and must be better than that of already existing varieties 
in order to appear on the Variety List. This list is "binding" for 
agricultural crops, which means that only varieties on the list can be 
used commercially (with some exceptions for grasses and clovers, and 
for limited quantities of new varieties still undergoing varietal 
research; i.e., small-scale trials in practice). The list for 
horticultural crops, however, is not binding, so trade of unlisted 
varieties is possible. These lists also have an advisory function, 
especially for the crop grower. Varieties of horticultural crops 
listed on tie so-called Common List of the European Economic Community 
can automatically be traded in all member states. 

Multiplication, Processing, and Distribution 

Private companies do the multiplication, processing, and 
distribution of seeds in Holland, so the government need not operate a 
separate seed distribution system. Every company, shop, or person 
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trading in seed, however, 	 must be affiliated with one of four 
inspection services or certification authorities serving the various 
groups of crops: the General 	Netherlands Inspection Service (GNIS) for 
agricultural seeds and plants (NAK), the GNIS for vegetable and flower 
seeds (NAKG), the GNIS for ornamental plants (NAKS), and the GNIS for 
arboricultural produce (NAKB).

The inspection of cereals provides an example of these processes. 
The breeder is responsible for maintenance of the variety, so basic 
seed is produced under the breeder's responsibility on special
multiplication farms. Varietal maintenance is controlled on the 
inspection service's central control farm through special pre-control
plots of the generation before basic seed. There are two classes of 
basic seed (super elite and elite) and two classes of certified seed 
(first and second generation). In practice, second generation 
certified seed is produced, but used only if there is a shortage of 
first generation seed. (Table I gives seed certification terminology 
in Holland.) 

Post-control is carried out on each certified lot of basic seed. 
The results are used as a pre-control for inspecting first generation
 
certified seed. Field inspectors inspect pre-basic and basic seed
 
fields twice, and certified seed fields once. For certified seed,

post-control is random; approximately one lot in five is checked. For
 

Table I. Cereal certification terminology in Holland.
 

Seed multiplier 	 Type of seed
 

Breeder 	 individual lines or clones
 
breeder seed
 

Multiplication farm *pre-basic seed
 
(under supervision of *basic seed
 
the breeder)
 

Contract growers 	 *certified seed, first generation
 
*certified seed, second generation
 

*OECD terminology.
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this system to work, careful administrative checking is necessary to 
control the origin of the propagating material, so an application form 
and all certificates of the seed used must be sent in by the farmer. 
All operations such as harvesting, storage, transport, and cleaning are 
supervised by the inspection service. Adequate regulations have been 
developed to safeguard the identity of the seed lots. During lot 
inspection and sampling, special attention is given to homogeneity; 
only uniform lots can be certified, and sampling is done according to 
the International Seed Testing Association (ISTA) Rules. When the lot 
meets the standards for moisture content, purity, germination capacity. 
health condition, etc., the lot is ready for certification. Labelling 
is done by the inspector or under his direct supervision. After 
sealing, the lots can be marketed. 

Quality Control 

Many aspects of quality control have already been discussed. 
Laboratory seed testing is another aspect; although part of seed 
certification, it also has some other functions (see Fig. I). Because 
seed testing in Holland is done by only one institute, and performed 
according to the ISTA Rules, the procedures and regulations will not be 
detailed here. 

Still another vital aspect of quality control is the advisory 
function of a seed testing station, whether in a new or an advanced 
seed industry. The advisory function may require more effort than the 
station's regular task of routine testing, particularly in a new seed 
industry. IV,-re may be many reasons for the industry's problems, 
including high temperatures, high moisture content, or even fraud, but 
major causes are usually ignorance and negligence. In many cases, the 
seed testing station can assist, through ad hoc applied research, in 
solving the "mystery" by checking the stages of production through 
germination tests before and after harvest, before and after drying, 
and at other stages. 
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Seed Industry Development in India 

P.K. Agrawal 
Division of Seed Science Technology,
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New Delhi, 110012, India
 

Historical Background 

In recent years, India has made rapid progress in seed production
and technology. An early landmark was the first analysis of seed
production needs and problems in India, in the 1928 report of the Royal
Commission on Agriculture. In 1957, the Indian Council of Agricultural
Research (ICAR) in collaboration with the Rockefeller Foundation
introduced the All-India Coordinated Maize Project, marking the
beginning of an ntensive, integrated, and multidisciplinary approach
to crop improvement in India. In 1960, ICAR started a similar project
for sorghum and pearl millet, for which hybrids were released in 1964
and 1966. respectively. The complex seed production process needed for
these hybrids demonstrated the inadequacy of the existing seed
production system. The government of India decided to set up a seed 
corporation, and the National Seed Corporation (NSC) was incorporated
in 1963 under the Companies Act by the government. The NSC was given
responsibility for India's seed industry development, including the
initiation of measures leading to the production, processing, and 
marketing of high quality seeds, particularly single crosses of hybrid 
maize. 

The years 1963-69 saw rapid development of both the public and
private industries in India. In 1965, the first 250 tonnes of dwarf
wheat seed were imported from Mexico, followed by a bulk shipment of 
18,000 tonnes in 1965. In the same year, the first dwarf paddy variety
was imported from Taiwan, and in 1966, the Indian Parliament passed the 
Seeds Act. 

46 



Between 1963-69, the NS C was concerned mainly with foundation seed 
production. This period also saw certified seed production expand from 
about 360 ha to 35,000 ha. This production was concentrated inl the 
private sector and in the Tarai Development Corporation, established in 
1969 with World Bank assistance, and focused on the university,
progressive farmers from the area, and tile NSC. The project aimed at 
developing 16,000 ha for seed production, including 5,000 ha of the 
university farm. The main seed to produced was wheat,be with 
substantial amounts of paddy, maize, and soybean as well. This was the 
first attemlpt to develop a compact area for seed production. From the 
f;rst year the Seed Act was enforced, the NSC functioned as the 
certification agency in all but one state. The NSC has also 
established a scientific seed processing industry in India and ielped
manufacturers to produce seed equipmem locally. 

The seed situation in India was reviewed in 1968 by the Seed Review 
Team and, in 1971, by the National Commission oil Agriculture. The 
second review stressed the nece:sity of maintaining seed purity,
considering the rapid deterioration of seeds of high-yielding
varieties. In the light of various recommendations, the government
decided to organize seed prod ,ction agencies in different states of 
India so that seed support to planned crop production programs could be 
assured. These events are briefly summarized in Fable I. 

Table 1. Summary of seed producti o., and technology 
development in India. 

1928 	 Royal Commission on Agriculture Report 
submitted, citing that facilities for
 
increasing che supply of breeder seed were
 
inadequate, and that varietal purity of 
seeds was not maintained. 

1957 	 All-India Coordinated Maize improvement 
Project 	began.
 

1960 	 Similar projects on sorghum and pearl millet
 
began. Training in seed technology started.
 

1961 	 Four maize hybrids released.
 

1963 	 National Seeds Cooperation established.
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1964 First sorghum hybrid released. 

1965 First yearl millet hybrid released. 250 tonnes 
of dwarf wheat seed imported from CIMMYT, 
Mexico. 

1966 Seeds Act passed (came into force in 1969). 

1963-69 Certified seed production increased from 360
 
ha to 35,000 ha.
 

1968 	 Seed review team report submitted.
 

1969 	 Tarai Development Corporation established with
 
World Bank assistance primarily to produce
 
certified wheat seed. Concept of compact area
 
development for seed production initiated.
 

1971 	 National Commission on Agriculture submitted
 
its report. Government decided to reorganize
 
seed production in India. The Indian Society
 
of Seed Technology (ISST) was born.
 

1972 	 ISST organized first All-India Seed Seminar.
 
(Five more have since been held.)
 

1975 	 Project Report on National Seeds Program (NSP)
 
submitted.
 

1981 	 First workshop on seed technology under NSP
 
was held. Certified seed production increased
 
from 137,000 tonnes in 1974/75 to about
 
350,000 in tonnes in 1980/81.
 

The Seeds Act and Quality Control 

The Seeds 	Act, passed in 1966, came into operation in October, 
1969. The act and the subsequent rules established that seed of 
notified varieties of crops could be sold, offered for sale, or 
exhibited for sale only if they conformed to certain minimum standards 
of germination and purity laid down by the central seed committee. 
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Seed certification in India is linked with notification of variety, 
although variety release is not sufficient for certification. The 
responsibility of notification rests with the Central Seed Committee, 
which also sets minimum standards for certification. Such standards 
have been fixed or ,arious crops and detailed methods for field 
inspection have beeni published in two booklets: "Minimum Seed 
Certification Standards" and "Field Inspection Manual." The government 
has established a central seed certification board to belp state 
governments in seed quality control and legislation. 

All state governments have set up one or more state seed testing 
laboratories. Out of 51 such laboratories in India, 32 have been 
designated as official seed testing laboratories. The number of seed 
samples they have tested rose from 65,000 in 1967 to 286,968 in 1982. 
A central seed testing laboratory has also been established. The 
laboratories' function is to check the seed standard for certification 
under the act. Seed certification is voluntary, but truthful labelling 
is compulsory. 

Nonetheless, most seeds produced in India are certified, except for 
vegetable seeds which are truthfully labelled. The generation system 
of seed production is followed. For hybrids, and when rapid 
deterioration of varieties is expected, the generation system is: 
Breeder -- > Foundation -- > Certifie In highly self-pollinated crops, 
the system is: Breeder -- > Foundation I--> Foundation II--> Certified 
I--> Certified II--> Certified III. Steps in !he production of quality 
seeds in highly self-pollinated crops such as wheat and barley are 
shown in Table 2. 

Production of Breeder and Foundation/Basic Seed 

Production of the state and/or !ocal varieties is the 
responsibility of the state universities and the state seed 
corporations, while foundation seed of the national and/or regional 
varieties, which is certified, is produced by the NSC. 

Because breeder seed is not certified, its quality is monitored 
through field inspection by a team consisting of the crop coordinator, 
the breeder, and the NSC representative. The responsibility for the 
production of breeder seed rests with ICAR. Breeder seed thus produced 
is handed over to the national seeds corporation/state seed producng 
agencies for further multiplication. 
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Table 2. Relationship between plant improvement and seed production
 

in a highly self-pollinated crop.
 

1. Plant Improvement 
 2. Seed Production
 

Variety development (breeding, Breeder seed
 
introduction, etc.)
 

New variety
 

All-India Crop Improvement Foundation seed stage I
 
Project 
 (seed certification and quality
 

control)
 

Testing of varieties Foundation seed stage II
 

Variety release 
 Certified seed stage I
 

Variety notification (makes 
 Certified seed stage II
 
a variety eligible for
 
certification) 
 Certified seed stage III
 

(not eligible for further
 
certification)
 

Certified Seed/Quality Seed Production 

The production of certified seed is increasing in India. This
increase was modest up to 1978/79 (only five-fold compared to 1953/54),
but later became spectacular, and the quantity of certified/quality
seed produced in the country had increased about 31 times by 1983/84.
It was projected that by the end of 1984/85 this increase would grow to 
about 40-fold as shown in Table 3. 

The National Seed Programme 

Because of the increasing demand for and production of
certified/quality seed, the government launched the National Seed
Programme (NSP) in 1976 with World Bank assistance (US$ 41 million,
Government of India contribution RS 102.5 million; RS 10.0 = US$ 1.0)
which provides for breeder seed production, seed technology research,
and training and technical assistance (consultancy) for seed 
technology. 
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Table 3. Actual and projected increase of seed sold in
 

India.
 

Quantity of seeds sold
 
Year (in thousand quintals)
 

1953/54 183
 
1978/79 903
 
1979/80 1400
 
1980/81 2501
 
1981/82 2980
 
1982/83 4206
 
1983/84 5703
 
1984/85 7200
 

(Government of India projection)
 

The breeder seed production units are located at 34 centers 
(agricultural universities and ICAR institutes), and 14 agricultural 
universities conduct seed technology re',earch. The NSP has provided 
the financial assistance to create infrastructure and seed storage 
facilities for breeder seed production, and to create facilities and 
train scientists for conducting seed technology research. These 
activities are supervised by a coordinator based at the Indian 
Agricultural Research Institute, New Delhi. 

The scheme helps to supp!y and maintain a constant flow of breeder 
seed to the NSC, the state seed industry, so that adequate quantity and 
quality of foundation and certified seed are supplied. The NSC is also 
helping to organize sound seed technology research in the country to 
produce good quality seed and to make the seed industry self-reliant. 

Four annual workshops on seed technology research have been 
organized under the NSP, with the fifth to take place in 
August-September 1984. At workshops, results obtained at various 
centers are presented and discussed, and future experiments planned. 
After careful analysis of results obtained from seed technology 
research linits, existing field and seed standards may be revised. 

To meet the increased responsibility for certified seed production, 
a number of state seed corporations were developed. These corporations 
are 35% owned by the state governments or their agencies, 35% by 
growers, and 30% by the central government through the NSC. Within 
each state, compact areas of high productivity have been selected for 
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development. The project has provided funds to bring the compact areas 
to a state of high productivity, with long-term funds for development
and short-term funds for current inputs. 

Training of Personnel and Seed Research 

In the early 1960s, the need for trained manpower in seed programs
was realized. Since then, several training courses in seed production
and technology have been conducted by the Indian Agricultural Research
In.titute, the NSC, the G.B. Pant University of Agriculture and
Technology. and other institutions. An elective undergraduate program
in seed technology is offered by the University of Pantnagar, and
post-graduate programs in seed technology are offered by the Tamil NaduAgricultural University, Coimbatore; the University of Agricultural
Sciences, Bangalore; and the Indian Agricultural Research Institute,
New Delhi. Several agricultural universities also offer extension 
education in seed technology.


Seed research is carried out hoth 
 at ICAR institutes and at
agricultural universities. Twenty-four research institutes and 21
agricultural universities are engaged in seed research. Most of these
institutions carry out onresearch isolation distances, planting ratio,
seed storage, germination, dormancy, vigor, seed maturity, various
aspects of seed pathology, processing, drying, quality control, control
of insect pests, marketing, and seed extension. 

Seed Industry in the Private Sector 

The private seed industry has an important role to play in the
overall seed industry development in India. Over the last 10 years,
the seed industry has enlarged considerably, with an estimated 2,000
small, medium, and large seed dealers in business, of which about 200 
appear to have a permanent stake in tie seed business in India. The
Indian Society of Seed Technology published a directory of seed 
personnel in India in February, 1980. A similar directory has beenpublished by the All-India Seed Growers' Merchants and Nurserymen
Association. The private seed industries are playir,, in important role 
both in disseminating certified seeds in India and in exporting seeds 
to different countries. Custom seed production has been taken up by
various Indian seed companies, including the NSC. 
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The Seed Industry in Kenya 

A.J.G. van Gastel 
International Cooperation, 
ICARDA, P.O. Box 5466,
 

Aleppo, Syria
 

Introduction 

Kenya has a basically agricultural economy. Only 20% of its land 
is arable, 20% is grassland, and the rest is mainly dry bushland. The 
population, estimated at 17.5 million in 1983, is increasing at 4.1% 
per annum. It is estimated that by the year 2000, there will be only
0.5 ha of potentially productive land per person. Agricultural
production has doubled over the past two decades, mainly through the 
expansion of area under cultivation, but also through the introduction 
of hybrid maize. Much of the expanded area is farmed by small-holders. 
The government is dedicated to increasing food production through good 
seed production programs. 

Plant Breeding 

Breeding and research are carried out almost exclusively by the 
public sector in several national research stations, each dealing with 
one or several crops. The National Plant Breeding Station at Njoro is 
responsible for wheat, barley, and oil crops (sunflower, rapeseed). 
The Kenya Breweries and the East African Industries, two private
organizations, cooperate in breeding and research on barley and oil 
crops, respectively. 
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The National Agricultural Research Station at Kitale has the 
mandate for maize, pasture, and forage breeding and research. The 
Kenya Seed Company carries out breeding activities in maize and a
number of other crops such as sunflower and rapeseed. The National 
Potato Research Statior breeds potatoes, and other research stations 
work on cotton, dryiand crops, and vegetables. Research stations are 
often assisted by international research centers. 

These breeding activities have produced improved varieties of 
Kenya's main agricultural crops. The area planted with certified seed 
of improved varieties is summarized in Table i. 

Table 1. Area under certified seed of improved 
varieties in Kenya.* 

Area planted Area planted with certified
 
with certified seed as % of total
 

Crop seed (ha) 
 area planted
 

Maize 518,000 43
 
Wheat 56,000 54
 
Barley 24,000 
 100
 
Potato 660 
 1
 

Source: National Seed Quality Control Service
 
Evaluation Report 1983, Ministry 
 of
 
Agriculture, International Agr!cultural
 
Centre, Wageningen, The Netherlands.
 

Variety Testing and Release 

According to the Seeds and Plant Varieties Act, new varieties can 
only be released if they show superior agricultural performance and are 
sufficiently distinct, uniform, and stable (DUS). To establish the 
agro-ecological value of new varielies, a system of national 
performance trials has been set up. Such trials in the different 
ecological zones of the country are carried out by the plant breeding
stations and monitored by the Quality Control Agency. According to the 
Seed Act, such experiments have to be conducted over three subsequent 
years. DUS tests are carried out simultaneously. 
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After three years of testing, Specialist Variety Release Committees 
may propose the release of new varieties to the National Release 
Committee. 

Seed Production 

In 1956, a group of farmers founded the Kenya Seed Company (KSC) to 
meet the demand for seed. Owned at just over 50% by the Kenya 
government, it is the major company for producing agricultural seeds, 
maize, wheat, grasses, and sunflower. The KSC obtains breeder seed 
from breeding stations, while multiplication to basic seed is carried 
out at the seed company's farm. 

Certified seed is produced by seed growers )n contract with the 
company; growers receive a premium of 20 to 25% above the commercial 
grain price, which is relatively high to encourage the farmer to grow 
seed. Seed growers can use the KSC's management service for land 
preparation, sowing, and other operations. The company's field staff 
closely follows the various multiplication steps. 

Production of potato seed is carried out by the Agricultural 
Development Corporation, while vegetable seeds and beans are produced 
and/or imported by a large number of small seed companies. 

Processing 

The KSC has modern processing plants and storage facilities in two 
different locations. There is also a special plant to dry and process 
maize which is harvested at physiological maturity, when nutrients are 
no longer being taken up and the seed need not be left on the plant. 
Such early harvesting reduces harvest losses to insects, disease, and 
rodents, and also allows much more time for drying and processing. The 
seed company has a separate basic seed processin, plant on its farm. 

Marketing and Distribution 

Certified seed of most agricultural crops is marketed through a 
distribution network of 30 Kenya Farmer Association (KFA) outlets and 
4000 retailers (often simple village groceries). The KFA also markets 
all other farm inputs. The network ensures that seed and related farm 
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inputs are always accessible to the farmer. Seed for small farmers is 
packed in small quantities (1, 5, and 10 kgs) and sold mainly through 
the village groccry outlets. 

Concerning price, certified seed of wheat, for example, costs twice 
as much as commercial grain. For hybrid maize, the difference in price
between commercial grain and certified seed is much greater.

It is important that the farm produce can be sold easily. The 
National Cereals Produceand Board, a para-statal organization
responsible for the purchase of cereals, buys 5% of the national maize 
crop and all of the wheat crop. Prices, particularly those of 
essential food crops, must be approved by the ministerial pricing 
committee. 

Quality Control 

Kenya's entire seed program is monitored by the National Seed 
Quality Control Service (NSQCS), which is considered one of the best 
regulatory services in Africa south of the Sahara. The NSQCS certifies 
major agricultural crops (maize, wheat, barley, oats, triticale, 
potatoes, rapeseed, sunflower, and grasses) through seed testing, field 
inspection, and sampling of processed seeds, grows post-control plots;
and certifies some horticultural crops. The service also controls 
imports of seeds through sampling, testing, and nursery plots; carries 
out varietal description (DUS testing): registers seed growers,
merchants, and others; and monitors variety performance testing in 
different ecoiogical zones. 

Kenya, a full member of the International Seed Testing Association,
issues orange and yellow certificates. Kenya is also a member of the 
Organization for Cooperation andEconomic Development (OECD) and 
certification is carried out according to Oi.CD certification schemes.
 

In 1976, a variety section was established to officially coordinate
 
variety testing and, eventually, to implement Plant Breeder's Rights.

Although these rights have not been implemented, Kenya is an observer 
in the 
Plants 

International Union for the 
(UPOV), which works toward 

Protection 
uniformity 

of New Varieties of 
in granting Plant 

Breeder's Rights. 

Legislation 

The seed industry is regulated by the Seeds and Plant Varieties Act 
and its regulations. Although the Seed Act was enacled many years ago, 
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its regulations have still not been approved by the Minister of 
Agriculture, mainly because the regulations for Plant Breeder's Rights 
were not accepted by many government officials. 

Extension and Infrastructure Credit 

An efficient extension service, coupled with vigorous promotion and 
extension by seed companies (primarily the Kenya Seed Company), have 
contributed to the rapid dissemination of improved varieties. Radio 
broadcasts, leaflets, and field days sponsored by breeding stations and 
the Quality Control Agency have all increased food production through
the use of quality seed. An adequate agricultural infrastructure has 
been of considerable assistance in providing seed to the farming
community. The Agricultural Finance Corporation advances seasonal 
credit to farmers for maize, wheat, and potato growing. Loans are 
given only if certified seed is used. 
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The Development of the Seed Multiplication
 
Program in Syria
 

Nassan Mohammed
 
Ministry of Agriculture,
 

Damascus, Syria
 

Introduction 

In all countries and climates of the world, harvest quantity and 
quality are determined not only by soil fertility, fertilization, 
cultural practices, and appropriate chemical application, but also by
carefully chosen varieties and by the use of disease-free seeds with 
good germination capacity.

Multiplying selected seeds is the only way to pass on to farmers 
the results of agricultural research. Crop production can thus be 
increased through selecting varieties that perform better than 
traditional ones, as well as providing high quality seeds to farmers. 

Organization of Syria's Seed Multiplication Program 

Syria has a sound certified cereal seed industry with all the 
components to meet substantial needs for wheat and barley seeds. Four 
organizations play a role in the ':ountry's seed industry: 

1. Research Directorate of the Ministry of Algriculture: plant breeding 
and selection, release of new varieties, and production of breeder seed 
for the General Organization for Seed Multiplication. 
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2. General Organization for Seed Multiplication (GOSM): seed 
multiplication, quality control, and storage, with some marketing; 
established in 1975. The GOSM aims to increase production of all 
crops: cotton, wheat, barley, maize, and potato. 

3. General Organization for Silos and Seed Plants: seed processing in 
cooperation with the GOSM. 

4. Agriculture Cooperative Bank: credit and some marketing. 

Syria's program emphasizes training staff for the different sectors 
of the program, including managers, workers, and growers. Production 
is another important aspect; this is done by contract with the producer 
(the farmer/seed grower, cooperative, or government farm) in the 
multiplication areas designated each year by the GOSM. (See Table I for 
seed production of various crops in Syria.) 

Table 1. Seed production in Syria In tonnes (1000 kg), 1976-83. 

1976 1977 1978 1 )79 1980 1981 1982 1983 

Cot t on 2249 1 23412 23159 24 35) 23983 2357 o 24970) 27900 
Wheat 1485 3846 22379 51746 24153 2358) 3825) 53238 
P'ot-Ito 2) 18 4736 0801 6014 8548 99)3 10020 12372 
Ma I ze 243 213 143 lo1, 175 128 114 101 
Barley - -  - 55 739 1078 1260 
Faba beans - - - 14 17 26 78 

The National Institute for Agricultural Research in Syria supplied 
nucleus seed of a number of varieties of various crops in 1983, as 
shown in Table 2. Other research centers such as ICARDA and the Arab 
Center for Studies of the Arid Zones and Dry Lands (ACSAD) have 
recently submitted nucleus seed of whe:tt (including vatielies Sham I 
and Sham 2) and barley to the GOSM. 

Syria has adopted the following terminology for the stages of 
cereal multiplication: nucleus, foutldation, registered, certified, and 
improved seed.
 

Several inspections are made by the GOSM's regional staff and the 
Ministry of Agriculture's inspection service. Representatives of the 
National Institute for Agricultural Research also help !o inspect 
foundation seed fields. (See "Table 3 for field inspection standards.) 

Before the harvr-t is bought, the seed testing laboratory carries 
out supplementary tests for varietal purity, analytical purity, 
germination, and seed health. 
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Table 2. Nucleus seed supplied by the National Institute for
 

Agricultural Research in Syria, 1983.
 

Crop Variety
 

Cotton Alep 40, Alep 33, Tashkend.
 
Durum wheat Jazira 17, Jouri 69, Bohouth 1, Sham 1, Ilaurani
 

Sinator Capelli.
 
Bread wheat Mexipak, Siete Cerros, Florence Aurore, Sham 2.
 
Barley Arab White, Arab Black, Badia.
 
Maize Ghouta 82, Synthetic 551.
 
Potato Arran Banner, Aran Consul, Sponta, Draga, Radoza,
 

Nicola, Tarban Volcano, Lotina, Ilona.
 

Table 3. Standards for field inspection (maximum allowable plants
 
or heads at final inspection).
 

Seed generation
 
Description
 

Nucleus Foundation Registered Certified
 

Off-types
 
(plant or ear) 1:9000 2:6000 4:6000 
 6:6000
 

Other crops that
 
are difficult to
 
remove by cleaning 1:9000 2:6000 4:6000 
 6:6000
 

Other harmful
 
plants (weeds,
 
oats, etc) 
 0 1:6000 1:6000 2:6000
 

Plants affected by
 
seed-borne diseases 3:9000 3:6000 6:6000 6:6000
 

Seeds are then processed, a step that is extremely important for 
seed quality and requires great care, especially when there is more 
than one variety in a processing plant.

Processing takes place at I1 centers located in the various 
multiplication areas and belonging to the General Organization for 
Silos and Seed Plants. The capacity of each plant is 10,000
tonnes/season. The (reated seeds are put into polyethylene bags of 50 
kg capacity and labelled with the following information: 
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I. Type of seed and variety. 
2. Multiplication class. 
3. Name of the person responsible at harvest. 
4. Original farm identification number and village. 
5. Date of bagging. 
6. Seed treatment. 
7. Syrian Arab R-, ublic, Ministry of Agriculture, GOSM. 
8. Name of seed processing plant. 

Growing a crop for seed is more expensive than growing a crop for 
grain, and the GOSM encourages the seed grower by reimbursing him with 
the cost of transport from the production area to the processing plant. 
In addition, the GOSM gives a bonus of 20-25% above the grain price. 

In order to encourage the use of certified seed, the High Council 
of Agriculture fixes the sales price at a lower level than the actual 
costs. (For example, the 1983 sales price was set at 70% of actual 
costs.) 

In Syria, seed is distributed either through the 53 branches of the 
Agricultural Bank or through the eight branch offices of the GOSM. The 
branch offices of the Agricultural Bank serve as agencies for both 
ordering and delivery. For this service, the bank receives a 2% 
commission fron the GOSM on the sales price. In 1983, 14,948 tonnes 
were distributed. 
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Seed Anatomy, Development and Composition* 

Kevin Boyce 
Department of Agriculture, 

South Australia, 5001, Australia 

Introduction 

Seeds have always been the great staple food of the world, feeding 
more people than any other type of food. The endosperm and cotyledons
of seeds, with their rich food reserves for the developing embryo and 
seedling, are highly nutritious and easily stored. Of particular
importance are the carbohydrate-rich cereals and the protein-rich
legumes used directly for human consumption. Other seeds provide
fiber, spices, beverages, oils, drugs, and plants for flowers and other 
aesthetic purposes.

The seed is a unique organism, often providing its own method of 
dispersal. Most importantly, the seed contains an embryonic plant, a 
link between generations, with capacity for growth under specific 
conditions. 

An understanding of seed makeup and behavior is essential for 
agricultural research. 

Seed Formation 

Figs. 1-4 illustrate flower and seed structure and development.
The seeds of angiosperms originate from the meristematic tissue of the 
ovary wall. One tissue cell divides twice to ultimately form four 

*Adapted from "Introduction to Seed Science and Technology," Technical 
Manual No. 10, ICARDA, Aleppo, Syria. 
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haploid (In) megaspore cells. Normally, only one megaspore is 
functional, while the other three degenerate. 

The megaspore cell enlarges to become the embryo sac and the 
nucleus divides three times to give eight haploid nuclei (I n). Cell 
walls form between the nuclei, resulting in three antipodal cells at 
one end, two polar nuclei (without cell walls) near the center, and the 
egg apparatus at the other end. The two polar nuclei fuse to give a 
diploid nucleus (2n). 

The ovule or ovules around the embryo sac develop by the growth of 
collars or integuments which ultimately fuse to become the testa (seed 
coat) of the mature ovule. The developing ovule is attached to the 
placenta of the ovary by the funiculus which forms the hilum when the 
seed detaches at maturity. The point where the integuments meet is the 
micropyle, and the region of integumental origin and attachment, 
usually opposite the micropyle, is the chalaza. 

b. pollen grain 

pollen tube 

0. pollen sperm nuclei 

grains tube nucleus 

anther 1 
filament'flmJstamen

germinating pollen grains 

stigma 1 
style pistil 

ovarium 

- ovule 

egg cell 
petal " funicle 

sepal receptacle 

peduncle 

C. 

Fig. 1. Structure of a dicot flower, a. detail of anther (cross section); b. germinating pollen 
grain; c. length section of a dicotyledonous flower, with a one-ovuled ovarium (schematic). 
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palea 

lemma 

-s stigma 

bvarium with 

b. one ovule C. 

anthers 

wind 

pollinationpollen 
grains 

a. 

Fig. 2. Life cycle of a grars. a. flowering plant; b. tloret (grass flower) in length section, 
showing the ovarium with one ovule and two feathery stigmas, and the three anthers; c. floret 
with pollen grains caught in a stigma; d. length section of a floret with mature caryopsis; 
a. outside view of floret or "grass seed." 

During the period of flower development, haploid (IN) pollen
microspores are produced in the microsporangia of the anther. At 
maturity the microspores are released to begin fertilization of the 
developed ovule. 

When pollen lands on the stigma of the ovary, it germinates,
sending the pollen tube down the style through the micropyle into the 
embryo sac and double fertilization occurs. 

The ovary wall or pericarp of angiosperm fruits is composed of 
three more or less distinct layers: the exocarp (outer layer), the 
nesocarp (middle layer), and the endocarp (inner layer). The relative 
development of each in various species often determines fruit structure 
and morphology. 

64 



0 antipodal cells 

polar nuclei Wn 

nucellus 

integuments 

egg cell Wn0 

0 -- synergids 

micropyle 

tube nucleus 
4-\.-. sperm nuclei In)a. , -- " 

0e
0s0 


endosperm 
sperm nucleus (3n) 
nuclei 

0 zygote (2n) 

0 

0 

b. C. 

Fig. 3. The process -ifdouble fertilization. Both the egg cell and the polar nuclei are 

fertilized. 

A true seed is a fertilized mature ovule that possesses an 
embryonic plant, stored food material, and a protective coat or coats. 

The embryo is made up of one or more cotyledons, a plumule 
(embryonic bud), hypocotyl (stem portion), and radicle (rudimentary 
root). 
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fruit wall and seed coat 

aleurone layer 

endosperm 

groove 

coleoptile
plumule 

scutellum (cotyledon) 
radicle 

root c~p 
a. coleorhiza 

cotyledon attachment 
plumule 

radicle 

micropyle 

hilum 

cot /ledon 

seed coat 

b. 

Fig. 4. A monocot and a dicot dispersal unit. a. caryopsis of wheat (Triticum aestivum);
b. seed of common bean (Phaseolus vulgaris). 

The wheat grain is a caryopsis 
isin which the single cotyledonmodified to form the scutellum, which absorbs food thefrom endosperm.The bean seed, one of several in the legume fruit, rep:'esentscomplex aof- seed types found in the family Leguminosae. Externalstructural features which are found in most of the species of the

family include: 

The hilum: the remainder of the attachment point of the seed in thepod. It may vary in color, size, and position on the seed. 
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The inicropyle: a minute pore at the radicle end of the hilumn, 
apparently with no diagnostic value. 

The strophiole: a point of weakness in the seed coat at the other end 
of the hilum associated with breakdown of impermeability in some 
pasture legumes, such as subterranean clover. 

The raphe: evident in certain species as a raised ridge between the 
strophiole and chalaza, with no known function. 

The chalaza: evident as a small dark-colored area on the surface of 
many legume seeds near the upper end of the cotyledons. It may be an 
important diagoostic feature, as in the vetches. 

The myriad external variations in seed size, shape, color, and 
surface may be important functional and diagnostic differences. Seed 
weight may vary from almost 10 kg, for a double coconut seed, to 0.08 
mg for a tobacco seed. Common seed shapes are ellipsoid, globose, 
lenticular, oblong, ovoid, reniform, and sectoroid. Seed surfaces vary 
from highly polished to greatly roughened, with attached appendages 
including wings, spines, and hairs. Seed color may vary from black, 
red, green, and yellow to white, although brown and black are most 
common. 

Seed Development 

The zygote begins division to ultimately form the seed embryo. 
Although the mature embryos of monocots (grasses) and dicot: (Iugumes) 
appear to be considerably different, their patterns of development are 
similar. The endosperm and other tissues, however, develop quite
differently, leading to structural differences in the mature seed. 

The endosperm of monocots usually reaches maximum development at 
physiological maturity and persists to comprise the major part of the 
seed. In dicots, the endosperm may not develop or may be used up by 
the developing embryo and may not be part (or only a small part) of the 
mature seed. 

The outermost layers of the endosperm are known as the aleurone 
layer. This layer functions both as storage tissue for protein 
granules and for secretion of hydrolytic enzymes, which when acdvated 
during germination help to break down storage tissues. 
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Seed Growth 

After sexual fusion, the developing seed begins to increase its 
weight by soaking up nutrients and water associated with rapidly 
accelerating cell division and elongation. 

The change. can best be illustrated by the growth of wheat and pea
seeds which represent monocot and dicot seeds. Maximum dry weight is 
achieved at about 40 days after flowering. Initially, amounts of 
sucrose and reducing sugars are high in both the endosperm and 
testa-pericarp, but they decline markedly as they are converted to 
starch. In terms of nitrogenous substances, there is a steady increase 
with time in protein accumulation in the endosperm, but little increase 
in the testa-pericarp. The general metabolic activity of the grain is 
mirrored in the dramatic decreases with time of RNA and DNA in the 
endosperm, compared with the testa-pericarp. 

Seed Chemistry 

A knowledge of the chemical composition of seeds is essential 
because seeds are a basic food source for both man and animals. They 
are also an important source of chemicals for industry, medicines, 
drugs, and various antimetabolites which affect human and animal health 
and nutrition. Seeds, furthermore, contain reserve food supplies and 
growth substances that influence seed germination and seedling vigor as 
well as seed storage and longevity. 

Most knowledge of the chemical composition of seeds covers the 
cultivated species which supply food and industrial raw materials. 
Information on the seeds of wild species is relatively scanty. 

The primary chemical constituents of seeds are water, protein.
lipids, fiber, and carbohydrates. The general chemical composition of 
a range of seeds is shown in Table I. Agriculturally important seeds 
may be divided into three groups: carbohydrate-rich seeds, which are 
all grasses; protein-rich seeds of legumes; and oil-rich seeds. Some 
seeds, however, such as ihose of soybean and peanut, have relatively 
large amounts of both protein and lipid. 

In addition to these main groups, many other chemical substances 
are found in mature seeds in smaller amounts, such as a wide range of 
metabolic enzymes, tannins, alkaloids, growth regulators, and vitamins. 
All of these compounds are important in determining the ultimate use of 
a particular seed species. 
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Table 1. General chemical composition of seed (% by weight).
 

Species 	 Water Protein Fat Fiber Carbo- Minerals
 
content hydrate
 

Carbohydrate-rich
 
Corn (Dent No. 1) 
 13.0 8.9 4.0 2.0 70.8 1.3
 
Japanese millet 10.2 10.6 4.9 14.6 5k..7 
 5.0
 
Oats 9.8 12.0 
 4.6 11.0 58.6 4.0
 
Rice (brown) 12.2 9.1 2.0 1.1 74.5 
 1.1
 
Rye 10.5 12.6 1.7 2.4 70.9 1.9
 
Sorghum (grain) 10.4 10.8 	 2.8 2.3 71.7 2.0 
Wheat (average,
 
all types) 10.5 13.2 1.9 2.6 
 69.9 1.9
 

Protein-rich
 
Alfalfa 11.7 33.2 10.6 8.1 32.0 4.4
 
Beans (faba type) 10.0 22.9 1.4 4.2 57.3 4.2
 
Clover (red) 12.5 32.6 7.8 9.2 31.2 
 6.7
 
Cowpea 11.0 23.4 
 1.3 3.9 56.8 3.6
 
Lupin 	(sweet,
 
yellow) 11.1 4.9 25.7
39.8 14.0 4.5
 

Pea (field) 9.3 23.4 1.2 6.1 57.0 3.0
 
Soybean 10.1 37.9 18.0 5.0 24.5 
 4.6
 
Vetch 	 9.3 29.6 0.8 5.7 
 51.5 3.1
 

Oil-rich
 
Cotton seed 7.3 23.1 
 22.9 16.9 26.3 3.5
 
Linseed 6.2 24.0 35.9 6.3 24.0 
 3.6
 
Mustard (yellow) 4.1 23.0 38.8 5.0 23.6 
 5.5
 
Peanut 5.4 30.4 
 47.7 2.5 11.7 2.3
 
Rape 9.5 20.4 43.6 6.6 15.7 1 i
 
Safflower 6.9 29.8 17.5
16.3 26.6 2.9
 
Sesame 
 8.0 22.3 42.9 10.3 10.9 5.6
 
Sunflower 6.4 16.8 25.9 29.0 18.8 
 3.1
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Suitable Areas for Seed PrcOuction 

P.K. Agrawal
Division of Seed Science and Technology, 

hIdian Agricultural Research Institute, 
New Delhi, 110012, hIdia 

Seed should be multiplied in the most favorable climatic regions to
obtain full expression of eultivar characters, maximum possible yield,
and good harvest conditions. Commercial seed beshould produced in 
relatively dry and cool locations. 

Light intensity and duration as well as temperature are the main
factors that affect a crop plant's switch from vegetative to
reproductive phase. When a plant switches to the second phase,
vegetative growth lessens and may even stop. This is an important
physiological consideration for seed production; if a variety which 
requires a long photoperiod is planted in an area with a short 
daylength, the plant may not head at all. 

The following factors should be considered when choosing a suitable 
area for seed production. 

Light 

Plants have been divided into short-day plants (SDP), long-day
plants (LDP). and day-neutral plants. If SDP and LDP plants are not 
grown under the correct daylength, they remain vegetative and do not 
flower. Plants grown in temperate regions tend to flower during I ng
days, while those grown in tropical regions require a shorter day.
Requirements for daylength are generally characteristic of a species;
within species, however, cultivars adapted to different daylengths have 
been developed. Wheat cultivation has spread throughoui the world 
because cultivars adapted to different daylengths have been developed. 
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Light intensity also influences seed production through 
photosynthesis; for example, the flag leaf and ear of wheat perform all 
photosynthesis responsible for grain yield. Light intensity also 
affects pollination as well as drying and ripening of seed. 

Temperature 

The changeover from vegetative to reproductive phase is also 
influenced by temperature, which affects seed germination and crop 
growth and development. In the USA during cotton seed germination, for 
example, soil temperature falls considerably lower, thus .giving lower 
emergence. This is the basis of the cool germination test for cotton. 
In wheat, certain varieties with a chilling requirement are sown in 
early winter to satisfy this requirement at an early stage of growth, 
while appearance of ears requires relatively warmer temperatures. If 
such cultivars are sown after the cold weather has passed, the plants 
remain vegetative and no ears form. Cultivars are also available, 
however, which do not require chillimg temperatures and can be sown on 
warm spring days. 

Temperature influences many other biological processes. 
Pollination. seed setting, and ripening are all favored by warm weather 
at the appropriate time. For example, 18-19'C for four to five weeks 
has been found to be most suitable for maturity of tile wheat seed crop. 
Excessive temperatures, however, may inhibit the development of ovules 
and fruits and cause shedding of flower buds or young fruits, as is the 
case in pulses. 

Rainfall 

Painfall is important for crop growth, affecting water supply and 
humidity. Flowering, pollination, and seed setting require moderate 
humidity, while seed maturation requires low humidity. High humidity 
encourages the production of diseased seeds, while dry climates favor 
the production of healthy seeds. 

Excessive rainfall leads to a higher incidence of diseases, makes 
seed harvestinmg extremely difficult. and interferes with pollination. 
It can also delay matt rity, and cause pre-germination of seed and 
shattering. 

Wind 

Strong winds are unfavorable for seed production. They can damage 
the seed crop through lodging, shattering, and shedding of seeds. Wind 
direction influences crop pollination. 
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Soil and Plot Characteristics 

Soil should be well-drained, fertile, and neither acidic nor
alkaline. In areas where disease spreads through both seed and soil,
soil must be free from pathogens. Fusarium wilt on many food legumes
(e.g., Cicei) establishes itself in the soil through seeds and thus 
spreads further from the soil. 

Soil should also have an adequate supply of mineral nutrients, some 
of which influence seed quality. Soils are usually deficient in trace
elements that may be important to a crop; a deficiency in soil boron, 
for example, causes "hollow heart" defect in pea seed. Areas withoutmineral deficiencies should be selected for seed production.

The soil must also be free from weed seeds. It is much easier to 
produce seeds on such soils than to control weeds later. 

Seed plots should be selected with several considerations in mind.
The plot's soil texture and fertility should fit the seed crop's
requirement. The plot should be free from volunteer plants, weeds and
weed seeds, other crops, soil-borne diseases, and insect pests.
Adequate isolation distance must be available, anid the seed plot must 
be levelled. 
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Seed Certification 

P.K. Agrawal 
Division ofSeed Science and Technology, 

hIdian Agricultural Resear': Institule, 
New Delhi, 110012, India 

Introduction 

Seed production has constraints that differ from those of crop 
production. A successful seed program is able to supply a sufficient 
quantity of high quality seed at the required time, at reasonable cost, 
and at the place it is needed. Good seed companies have systems of 
quality evaluation to ensure that the seed they sell is of good 
quality. Such seed has high germination and vigor; is reasonably pure, 
both genetically and physically; and is free from seed-borne diseases 
and insect damage. 

Good seed can he troduced by controlling seed production. The 
processes of seed multiplication and processing must avoid or minimize 
the risk of mechanical or genetic contamination. In addition, minimum 
field and seed standards must be set, and each seed lot must be checked 
against these standards at the appropriate time. 

To ensure this control, seed certif.cation is necessary--a process 
that secures, maintains, and furnishes high quality seed and 
propagating materials of superior crop varieties that are grown and 
distributed to ensure desirable standards of genetic identity, physical 
purity, and other quality attributes. Certification has five phases: 

1. Verification of land requirements. 
2. 	 Verification of seed source. 
3. 	 Inspection of the seed crop in the field. 
4. 	 Inspection and testing of each seed lot and seed sample during 

processing and bagging. 
5. 	 Tagging and labelling to identify the seed, and sealing. 
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Inspections 

Field inspections are made of the standing seed crops, while later 
inspections and tests are done in the laboratory on representative seed 
samples collected from seed lots. These lots come from the seed crops
that were inspected and approved at the field stage for conformity to 
prescribed standards. 

The primary objective of field inspections is to confirm that seed
produced from a crop grown for seed purposes, is of the designated
variety, and that it has not been contaminated genetically and/or
physically beyond certain specified limits. 

The objective of field inspection is fulfilled by verifying that 
the seed crop is: 

1. 	 Grown in a field that satisfies the prescribed land 
requirements. 

2. 	 Raised from seed whose source is approied.
3. 	 Provided with the prescribed isolation and/or with the 

prescribed number of border rows in hybrid seed production.
4. Planted in the prescribed ratios of female (seed) and male 

(pollinamor) parents, in the case of hybrid seed. 
5. 	 Properly rogued to remove contaminating factors such as 

plants/ears, objectionable weeds, and other crop plants, in 
conformation with the standards for these factors. 

6. 	 True to the characteristics descriptive of the variety.
7. 	 Harvested properly to avoid mechanical admixture. 
8. 	 Grown in compliance with other special requirements for the 

crop concerned. 

Field observations are then compared with a 	 set of certification 
norms which are specific for each crop. The seed certification 
standards specify the requirements for seed crops in relation to 
previous crops, isolation, varietal purity, other crop plants,objectionable weeds, and freedom from certain designated diseases.
They also specify the required physical quality standards for seed lots 
including pure seed, inert matter, other crop seed, weed seed, and 
objectionable 	 as asweed seed, well standards for germination and 
moisture. 

The authority of an agency to inspect a seed crop depends basically 
on whether .the inspection is for certification, or only to assure the
production of high quality uncertified seed. For official 
certification, only the officially notified agency for the region
concerned has the authority to perform the inspection. If the 
inspection is only to ensure the high quality of uncertified seed, any 
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qualified agency such as the seed production or contracting agency may 

make the inspection. 

Eligibility of crop varieties for certification inspection 

In addiion to being of a kind and variety notified for the region 
concerned, a foundation seed crop must have been grown from breeder 
3eed from an approved source recognized by the certification agency, or 
from foundation seed that can be clearly traced to breeder seed. A 
certified seed crop must have been grown from foundation seed from an 
approved source recognized by the certification agency, or, if approved 
by the certification agency, from certified seed, provided the genetic 
identity and purity will not be significantly altered. These classes 
must conform to the following descriprions: 

Breeder seed: The seed or vegetative propagating material directly 
controlled by the originating or sponsoring plant breeder of the 
breeding program or ',stitution. The production of breeder seed is 
personally supervised by a qualfied plant breeder. This seed 
provides the source for the initial and recurring increase of 
foundation seed. 

Founrdaniom seed: The progeny of breeder seed or foundation seed 
which can be clearly traced to breeder seed. Production, 
supervised and approved by the certification agency, sholld be 
handled so as to maintaiin specific genetic identity and purity and 
conform to certification standards specified for the crop. 

Certified seed: The progeny of foundation seed. Its production 
should be handled to maintain specific genetic identity and purity 
according to standards specified for the crop being certified. 

Certified seed may be the progeny of certified seed, provided 
this reproduction does not exceed two generations beyond foundation 
seed, and further provided that the ce'tification agency determines 
that genetic identity and purity will not be significantly altered. 
However, in the case of highly self-pollinated crops, certification 
of one further generation may be permitted. Certified seed 
produced from certified seed shall not be eligible fo further seed 
increase unider certifcation, except in Wle case of highly 
self-pllinated crops, for which certification of one further 
generation may he l',mritted. Certification tags for certified seed 
not eligible for further increase shall be labelled "not eligible 
for further seed increase under certification." However, this 
condition may be lifted as long as the genetic ineitty and pttrity 
are maintained. 
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Inspection timing 

Verification of all factors affecting seea quality in the field maynot normally be possible or necessary in a single inspection, since all
factors may not be apparent or may not occur at the orsame time, all
of them may not affect seed quality at a particular growth stage.
Hence, more than one inspection--phased to cover all the important
stages of crop growth--is required in crops.most The number of
inspections and the stages of crop, growth at which they should be
conducted vary from crop to crop, depending on the crop's duration,
nature of pollination, susceptibility to contamination,
disease-susceptible stage(s), nature of the contarninatfng factor(s),
and other variables. 

For convenience, the stage of crop growth at which inspections are
generally made in sexually-propagated species are classified as 
follows: 

Pre-flowering stage: The entire period preceding flowering is the
pre-flowering stage. Howevc,. for inspections, this includes the 
seedling, vegetative, and flower bud initiation stages, and all
such growth phases prior to emergence of the panicle orinflorescence. In Graminaeceous crops, stagethis extends up to
the time of emergence of the flag leaf. 

Flowering stage.,: In this the orphase, flowers spikelets of the
inflorescence or panicle have opened, the stigma is r.cplive, and 
the anther is shedding pollen. 

Post-flowering stage.- In this stage, the receptivity of the stigma
and the pollen-shedding of the anthers have ended, and the
fertilized ovule st,:rts to develop into seed.a This includes both
the milk stage, when the contents of the fertilized ovule are in
the form of a white milky fluid, and the dough stage, when the seed 
contents are being transformed into a more solid, pasty substance 
that yields to pressure. 

Pre-lcrvest stage: In this phase, the seed becomes harder and
apl)rozches or reaches physiological maturity. The seed is fully
formed. but is high in moisture content. 

Harvest stage: In this phase, the seed is physiologically mature
and i: sufficiently dry to permit safe and easy harvesting and
threshing, or is physiologically mature and can be dried for 
relatively safe storage. 
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In vegetatively or sexually-propagated crops such as potato, 
classifications- such as pre-flowering, flowering, and post-flowering 
may not be appropriate. In'tead, other classifications are used: 
sprouting, seedling, tuberization, tuber-hardening, and 
lhaulm-cutting/de-haulming stages. In root and bu ) c.rops, the enlarged 
root/bulb formation stage precedes pre-flowe.ing; lifting and 
replanting are done after complete root formation. In these crops, 
inspection at lifting and replanting is essential. 

In cross-pollinated crops, inspections during flowering are 
essential to verify freedom from genetic contamination; in 
self-pollinated crops, inspections during flowering are helpful in 
distinguishing off-types by plant characters. 

Observatons during inspections 

Factors to be observed during field inspections vary among crops 
and growth 3tages. In general, the source of genetic and physical 
contamination must be observed and the degree of occurence estimated. 
Geneic contadination is common in cross-pollinated crop species. 

Sources of physical contamination include seed from other varieties 
of the same species or other crop plants, weed plants, and plants/heads 
with seed carrying disease-catsing pathogens. Seed of other 
varieties/kinds may or.cur physically mixed with the crop seed without 
altering the genotype of the crop seed. This type of contamination is 
common in both self- and cross-pollinated crops. While genetic 
repurification is tedious and takes several generations, physical 
repurification is oftei. easier, since it may be possible to separate 
and remove the contaminating seed mechanically. 

Sources of contamination can be broadly classified into one of the 
following categories (for self-pollinated crops). 

Qff-ivpe: This is a plant of the same species as the seed crop but 
deviating in the expression of morphological characteristics. To 
designate a plant as an off-type, it is not necessary to identify 
it definitively as another variety. Plants of other varieties, 
however, are also called off-types. 

Ilseparable other crop planis: These cultivated crop plants, found 
in the seed field, have seed so similar to the crop seed that it is 
difficult to separate them mechanically in an economical way. 

Objecionable -weedplants: These are plants of weed species that 
are harmful to the seed plant being grown. 
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Diseases: Plant diseases, caused by fungi, bacteria, viruses, or 
nematodes; may become pronounced under nutritional deficiencies. 
Seed is known to be partly or wholly responsible for transmitting
the disease-causing pathogens of some diseases from one generation
to the next. Seed may carry the pathogen either internally
(internally seed-borne) or externally (externally seed-borne) or in 
both ways. Although economical and effective measures for 
prevention and/or control of seed-borne infection are available for 
some such diseases, practical and effective measures are not 
available to prevent seed transmission of some disease-causing 
pathogens. In such cases, an effective method to prevent seed 
transmission of pathogen to that ythe is ensure possii infected 
seed is not mixed with clean seed, by eliminating from seed fields 
all plants whose seed is suspected to carry pathogens. 

Taking field counts 

Examining all plants in a field is obviously impossible, so a
random count should be taken. The number and method (.fcounts vary
from crop to crop. For all crops, five counts may be taken anon area 
up to five acres (about 2.03 hectares), and an additional count for 
each five additional acres. 

Procedure': 

The procedure for taking counts in thickly-sown row crops such as 
wheat, soybeans, or paddy is as follows: 

1. Enter the seed field from any side at a randomly-selected site and 
determine the average number of heads/plants/step. This process
should be "epeated at five random locations, and the average number 
of heads/step calculated. 

2. Determine the number of steps required to include sufficient 
plants/heads (e.g., 1000 earheads for wheat and barley or 500 
plants for chickpea).

3. Walk through the field according to one of the different schemes 
shown in Fig. I so that all portions of the field are represented 
in the counts. 

4. Randomly select any row, and from inany point that low take enough
consecutive steps to include a sufficient number of plants or 
earheads (e.g., 1000 earheads for wheat), or take 10 consecutive 
steps in that row. 

5. Within these steps, coit the number of off-type heads/plants,
inseparable other crop plants, objectionable weeds, and heads or 
plants affected by the designated disease. 
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1. Observation of 75% of the field. 2. Observation of 60-70%of the field. 

x
 

3. At random. 4. Clockwise travel patterm. 

5. Observation of 6. Ohbcrvation of 
85% of the field. 60% of the field. 

. sample units 

Fig. 1. Suggested travel patterns for field inspection (Svensson at al., 1975). 
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Table 1. Specific requirements for field inspection.
 

Maximum permitted (%)*
 

Factor 


Off-types (earheads) 


Inseparable other
 
crop plants 


Objectionable weed plants 

Plants affected by

seed-borne diseases 


Foundation 


0.05 


0.01 

0.01 


0.10 


Certified
 

0.30
 

0.05
 
0.02
 

0.50
 

* Standards for off-types, inseparable other crops,
 
and objectionable weeds should be met at 
the final
 
inspection, and those fr loose smut of wheaL should
 
be met 
at any inspection conducted between commencement
 
of flowerlne and harvest.
 

Table 2. Seed standards 


Factor 


Pure seed (min.) 

Inert matter (max.) 

Other crop seeds (max.) 

Total weed seeds (max.) 

Objectionable weed seed
 
(max.) 


Germination (max.) 


for field inspection.
 

Standad
 

Foundation 


98.0% 

2.0% 

10/kg 

10/kg 


2/kg 

85.0% 


Certified
 

98.0%
 
2.0%
 
0.10%
 
0.10%
 

5/kg
 
85.0%
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6. 	 Cross over the pre-determined number of rows and repeat the process 
as many times as required to include the desired number of plants 
or earheads. This completes one count. 

7. 	 Repeat the entire process until completing the number of counts 
required for the field size. 

It is important that the seed field meets the minimum isolation 
requirements and conforms to other minimum field standards. If the 
field does not meet these standards at the first inspection, a second 
inspection may be made. 

Reporlia'g resilis: 

The results of the field inspection must be filed (see Appendix) 
with the certification agency until the seed crop has been harvested, 
processed. sampled, and laboratory-tested and has met all quality
requiren. :ts (seed standards) for certification. As an example, the 
minin, um seed certification standard for wheat and barley is as follows: 

Land requirements: A crop of barley or wheat is not eligible for 
certification if planted on land on which the same kind of crop was 
grown in the previous season, unless the previous crop was of the same 
variety and was approved by the certification agency as having 
certifiable standards of variety purity. 

Field inspection: A minimum of two inspections shall be made between 
flowering and the time the crop is ready for harvest. 

Field standards: A seed field should be separated by 3 m from fields 
of other varieties and fields of the same variety not conforming to 
varietal purity requirements for certification. 

In addition to an isolation distance of 3 in, seed fields of wheat 
varieties susceptible to disease(s) shall not have within a prescribed 
distance any wheat field infected by that disease in excess of the 
prescribed standards. 

For specific requirements, see Table I; for seed standards, see 
Table 2. 
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Aspects of Seed Quality Control 

W.J. van der Burg
Governnent Seed Testing Station, 

P.O. Box 9104, 670(1 HE Wageningen,
 
The Netherlands
 

The development of seed industries requires a great deal of timeand effort. Countries with newly-established seed industries soonlearn that testing and certification are integral facets of seedproduction. Seed quality control encompasses the following eight
factors, which are described in detail. 

1. Analytical purity (physical or mechanical purity) 

Farmers require seed that is uncontaminated with seed of differentcrop species, pieces of straw, sand, and weed seeds. The degree of aseed lot's mixture with foreign material is determined with a manualtest. Completely pure seed is the best, of course, but cleaningmachines cannot usually remove all impurities, and as more and moreimpurities are removed, a greater amount of crop seed is lost in theprocess. Yet, cleaning is one of the most effective ways to upgradeseed quality, and inexpensive when compared with its benefits.The purity test both determines the effectiveness of the cleaningoperation and provideF pure seed for the germination test. Thelaboratory purity test of a small sample determine the percentage byweight of intact seed of tie species named on tie label. Impuritiesinclude seeds of othe. crop species, weed seeds, and inert matter as broken seeds, chaff, pieces 
such 

of leaf, and soil particles. Thepercentages and types of all impurities are recorded, including the
scientific names of seeds. 
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2. Content of other seeds 

The degree of admixture with seeds of other species is determined 
by the number count test, giving only seed numbers per weight of seed 
examined. The test can be used for seeds of weeds or other crops, or 
for both, when the purity test is not sufticiently precise. The purity 
test percentage is expressed to the nearest 0.1%, which equals the 
occurence in the sample of two or three seeds similar in size to the 
pure seed. When barley occurs as an impurity in wheat, for example, 
one or two seeds would be noted, but might not be reported as a 
separate percentage. Furthermore, the analyzed sample is so small that 
significant impurities may be missed altogether. In cereals, the 
sample is about 0.001 of the quantity of seed sown on a hectare, so the 
wheat seed could contain about a thousand barley seeds that might not 
appear in the analyzed sample. 

When it is especially important to avoid contamination, a sample 10 
tinies larger than that used fr tie purity test is examined and tie 
number of seeds of other species is counted. The result is then 
expressed as the number of seeds over the weighl, of seed examined; 
e.g., 2/kg. 

The test is also used to determine the degree of contamination with 
,Aeed seeds. All farmland is infested with weed seeds, and some weed 
seeds in the sowing seed are not harmful. However, certain seeds should 
be completely absent from sowing seed, including those of noxious weeds 
such as vild oats and parasitic plants like Orobanche, Cuscuta, and 
Striga. On the other hand, cleavers (Galimn aparine) are acceptable at 
low levels, but may be \,ery harmful at higher levels at which they are 
highly competitive, promote collapse of the crop, and become mixed 
again with the seed of the harvested crop. 

Weed seeds are best expressed as the number of seeds in the weight 
of seed examined, partly for the same reasons :iiat seeds of other crop 
species are best expressed this way, an( partly because weed seeds 
differ so much in size that a percentage by weight can be meaningless, 
The very small seeds of loose silky bentgrass (AIpera spica-vent), for 
instance, will give rise to plants as tall - nd harmful as wild oat 
species (AIvena Afna, A. sterilis. and others). Only I % of silky 
bentgrass in a I kg cereal sample may represent as many as 100,000 
seeds, while IP%wild oats repre:ents only 500 seeds. It is clear that 
it is not the weight of weed seeds sown that is important, but the 
number. 

3. Cultivar purity 

This aspect of quality is best controlled in the field by 
inspection and tested in field plot tests, because a cultivar can be 
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identified more accurately by examining growing plants rather than dry
seed in the laboratory. Cultivar certification schemes have
established in which the mother plants 

been 
are inspected in a general wayin the production farm's fields, while a plot near the laboratory is sown with the same seed for more careful examination. Cultivar purity

determined this way, however, is not as reliable as a theoreticallaboratory test of a sample from bags actually supplied to the farmer.
Unfortunately, there are few reliable laboratory tests, so they must be
supplemented by control of the source of the zeed sown for 
multiplication. 

4. Gernilnation capacity 

This is the percentage of pure seeds that produce normal seedlingsin a laboratory test; abnormal seedlings are not included in the
germination percentage. The germination percentage indicates the
potential of a seed lot to establish seedlings under good fieldconditions. Most field conditions not optimal,are however, and evenif they are, some seeds will still be attacked by rodents, birds, or
insects: or will fall on or under a stone; or will fail to grow becauseof weed competition. Although most seed lots will not reach thepredicted value, seed lots with a higher germination capacity willalways prove to establish more seedlings than those with a lower
germination capacity. especially under suboptimal conditions.
 

Germination capacity is 
 one of the most important charatcteristics 
to examine when buying seed. Since the germination tesl is carried out on pure seed prepared during the purity test, and becas, pure seeddoes not represent the seeds in the bag, the combination of germination
and purity, the "pure usedlive seed content" (PLS), is the criterion 
to express the quality of a seed lot. In a lot with 90% purity and 80%germination, PLS = 90 x 80/100 = 72; in other words, only thisproportion of the mass in the bag producecan normal seedlings. Tojudge which seed is the best buy, the price paid for seed should be 
calculated as price per unit of PLS. 

5. Vigor 

While germination capacity represents the ability to produce
seedlings under good field conditions, vigor represents the capacity
under poor conditions. Lots with the same germination capacity mayperform quite differently under adverse or suboptimal field conditions,
especially those with low germination capacity.

A general rule is that high germination capacity is associated withhigh vigor, and if there is not an appropriate vigor test, only lots 
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with high germination capacity should be bought. Vigor may be reduced 
by damage fo the embryo or seed coat during harvesting and processing. 
Other factors affecting vigor include environment and nutrition of the 
mother plant, stage of maturity at harvest, seed size, senescence 
caused by long storage, and pathogens. Discrepancies between 
germination capacity and field performance are not equally important in 
different species; in pulses, for instance, discrepancies occur much 
more commonly than in cereals. 

6. Moisture content 

This should also be taken into account when buying seed. As seed 
is mostly traded by weight, moisture content indicates the amount of 
water purchased; 1% greater moisture in a lot of 10 tonnes represents 
100 kg of water that could have been seeds by weight. During 
production, moisture content should be kept low at all stages to 
prevent fungal development and to limit insect growth. On the other 
hand. extremely low levels of moisture ccatent may cause germination 
problems, such as inducing secondary dormancy. 

Moisture content is the main determinant of whether seed will keep 
its germination capacity from harvest to sowing. The laboratory 
moisture test can be carried out simply and accurately. In seed stores 
and during processing, portable moisture meters can help to make quick, 
on-the-spot assessments of moisture. 

7. Health 

In certain crops, seed o,',th is an important factor in the control 
of crop diseases and ield establishment. "Seed-borne diseases" are 
those transmitted by seeds. Different diseases develop in different 
ways; for instance, the symptoms of cereal smut and bunt diseases do 
not appear until the flowering stage, when they then spread the 
infection throughout the crop. Seedlings infected with such diseases 
usually do not show any abnormality. Other diseases such as cereal 
leaf-stripe and root-rot affect the seedlings early by limiting their 
growth or by killing them; then, the infection spreads and the 
remaining plants produce infected seeds. Seed infected with this 
category of pathogens may produce abnormal seedlings, but their actual 
effect on seedling establishment in the field cannot be predicted 
sufficie!t;, hy the standard germination test. so special seed health 
tests are required. 

Seeds may also carry viruses such as mosaic or leaf-stripe which do 
not usually affect seedlings, but which may be infectious and passed on 
to other plants by insects such as aphids long before symptoms appear. 
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Chemical treatment should be used only as a last resort; a good
field inspection for diseases is better than seed tests because 
symptoms usually appear clearly on the plants. Any inspected lotsshowing disease should be discarded if the type and level of disease 
are severe. It is possible to identify most pathogens in thelaboratory, although diagnostic techniques may be very complicated; for
example, pathogenic fungi are often difficult to distinguish fromtotally harmless saprophytic species. An experienced pathologist able 
to distinguish between innocent and harmful fungi must supervise thetesting. It is extremely important that such tests be carried out with
the same degree of exactitude year after year; this is one reason why
seed health tests are beneficial only in the more advanced seed 
industries. 

8. Size and uniformity of size 

In many species, small seeds are inferior to large ones because
they produce smaller seedlings that are less competitive, affected
earlier by disease, and lower-yielding. In many crops, such as
cereals, smaller seeds are often shrivelled because they were immature 
at harvest or produced by diseasedwere plants. At any rate, all
material that passes through screensthe bottom of cleaning machines
should not be sown, although the certifying authority may prescribe a
smaller scieen size in years when seeds are in short supply.
Laboratory sieving machines can be used to check whether a lot meets
the standards. The farmer may be interested to know how many seeds are sown in a quantity of one kHogiam, which can be estimated easily from 
the weight of a thousand seeds. 

Uniformity of size is also related to planting method. Theimportance of uniformity increases from hand planting to automatic
broadcasting, and again to automatic planting in rows, and still
 
further when precision planting is used.
 

Organizations that Develop Quality Control Methods 

International Seed Testing Association (ISTA) 

The ISTA was established in 1924 to promote uniformity of seed
testing. in order to facilitate the international trade of seeds. ISTA
rules describe how to test seed for an international ISTA certificate.
ISTA certificates are widely used, especially in international 
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agriculture in which the certificate is a kind of "seed passport" and a 
guarantee for banks in settling international payments. About 60 
countries belong to the ISTA, and the number is increasing mainly 
because developing countries are establishing seed testing stations 
that fulfill the requirements for accreditation. There are now some 
130 accredited stations allowed to issue international certificates. 
ISTA does not fix standards; rather, it prescribes methods of sampling, 
sealing, and testing for issuing an ISTA certificate. Membership is 
not limited only to accredited stations, and individuals can subscribe 
to the official ISTA journal, Seed Science and Technology, and to many 
other ISTA publications. 

Organization for Economic Cooperation and Development (OECD) 

OECD launched its certification scheme in 1958. The organization 
now includes 30 member countries,- with a scheme for all major crop 
species. Like ISTA, OECD mainly defines procedures and grade names 
(such as pre-basic seed and basic seed). When a seed lot has been 
certified in accordance with OECD's directions, it is entitled to tile 
OECD label which is recognized by the customs authorities of 
participating countries. Member countries adapt their national 
certification schemes to comply with OECD directives. 

Young seed industries which are not yet OECD or ISTA members should 
follow the procedures of the two organizations as closely as possible 
with an eye toward future membership. 
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Seed Sampling 

W.J. van der Burg
Government Seed Testing Station,

P.O. Box 9104, 6700 HE Wageningen, 
The Netherlands 

Introduction 

The object of seed sampling is to obtain a sample of a sizesuitable for tests, with samethe constituents in the same proportions 
as in the seed lot.

The seed sample tested in the laboratory is minute compared toseed lot it represents (e.g., if I g 
the 

is analyzed from a 10,000 kg lot,the ratio is 1:10,000,000). To obtain uniform, accurate results inseed testing, it is es ential that samples be prepared in accordancewith the rules of the International Seed Testing Association (ISTA).It is essential that the sample precisely represents the composition ofthe seed lot. that theand working sample obtained in the laboratory
represents the submitted sample.


ISTA rules for sampling must be followed 
 by seed testers,inspectors, and warehouse samplers, su the seed testing stationauthorized by ISTA can issue international green or orangecertificates; otherwise, only the less valuable blue certificate can be
issued. 

Certificates 

Although various national certificates exist, three internationalISTA certificates (described in detail in the ISA Rules, chapter two)
are most important for the seed trade: 
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I The Orange Seed Lot Certificate, issued when sampling has been done 
according to ISTA rules by an official body approved by the seed 
testing station. _rile testing been carriedsampling and must have 
out in the same country. 

2. 	 The Green Seed Lot Certificate, with the same requirements as the 
orange, but with testing carried out by an authorized station in a 
country other than where the lot was sampled. 

3. 	 The Blue Seed Sample Certificate, onfly referring to the sample. 
This certificaw is used vith unofficial sampling, when the seed 
t-sting station is not certain that the sample represents tile seed 
lot. The certificate only refers to the quality of the sample 
received, and omits the name of the sampling and sealing agency as 
well as the lot's mark and seal. 

Definitions 

Lot: A specified quantity of seed, physically identifiable, for which
 
an International Analysis Certificate may be issued.
 
Primary sample: A small portion taken from one location iv"the lot.
 
Composite sample: A mix of all the primary samples from the lot.
 
Submitted sample: The sample submiited to the testing station,
 
comprising the composite sample reduced as necessary (since Ihe
 
composite sample is usually i . larger than tests require). It must
 
be at least as large as the size specified in ISTA Rule 2.6.3
 
Working sample: A reduced sample taken from the submitted sample in tihe
 
laboratory, used in a given quality test.
 
Sealed: A sealed container, for both lots and samples, is one that is
 
closed in suci a way that it cannot be opened and closed again without
 
either dctroying the seal or leaving evidence of tampering.
 

Principles and Procedures for Sampling the Lot 

A lot that is to be sampled must not show any heterogeneity, which 
means that all primary samples must be exactly the same in aspect. If 
there is evidence of heterogeneity (which can be confirmed with tile 
heterogeneity test, ISTA Rule 2.4.2.A), sampling should not be ca ied 
out. 

rhe size of the lot must not exceed certain limits (Table I, column111 
2, subject to a tolerance of 5%). For most agricultural seeds, tile lot 
must not exceed 10,000 kg, but for large-seeded species, 20,000 kg is 
allowed. An exception is maize, for which 40,000 kg is allowed. 
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TaLle I. Lot and sample 

Species 


Arachis hypogaea L. 

Avena sat 1va L. 

Cicer arietnum I .
 

GlycIne max (L.)
Merr 1i 

lordeum vu giI,. s.1. 

Lens culinaris Medik. 
MedIcagio arabhca (L.)


Huds. (In bmur) 


Md I cago ar bi ca (L.
 
Huds. (out- of bur) 


Medicago lit tri' is
 
Rohde ex l.o0s. 


Mcdl caLe L.2!p I!na 1.. 


feelicag orhlc'.JrLso
U.) Ilartal. 


Med icago jdojm.o h . .
 
MLedti£ sativa i.. 


tied Lcago 'cl tell at a
 
(I..) MIller 


Med icag truncatu la
 
Gaert n. 


Ory sit 1va ,. 

P nLul Liulm ,,cor (C,.)

.1. Br.emend. Stunz 


Phasolil. coccilen s L. 
t'haseo 1 us was (Inc1.a I.. 

p. inens s acfad.) 

t'lhas l rn ,o
mne I. 

Pha:7eo1us radlatus I. 
Phaseoh:s vularts L. 
Pisum sat, ,um ,.s. 1. 
Secale cer-ale L. 
Sesamum ladi c+,m L. 

So 6..lhum almum 'arod I 

Sr_(hm bicolor (L.) 
:hnchci 

oriun_ hai lpyns;e (1, )

Pers. 


So r=.= sudaneo e (' Iper)
Stapf 

Tr i 1 i um i, :aliritin _mI. 

Tri foloen cI mst re Schreb. 
Trifol i.s dublorm ';bt,. 
Tirfolmun .fra7lgferum L. 
Tr r.. i(lumjmeratur L. 
Tr. f lm Ihlirtum Al 1 

weights. 

Maximum 
weight 

of lot (kg) 


2 

20,000 
20 ,000 
2'),000 

20,000 
20 ,000 

1(),000 

10,000 

1),000 

10,000 
10,000 

10,000 
10,000 

10,000 

10,000 

20,000 


20,000 


lO,100 
20,000 

20 ,000 
20,000 

20)000 
20,000 
20,000 
20,000 
10,000 

I0,000 

II) ,000 

10),00() 

lIJ ,f00 
10,()000 

1(,000 
10,000 
10,000 
11,000 
10,000 

Minimum scrmple weights (g) 

Working Working 

Submitted 
simple for 

purity 
sample 
count 

for 
of 

sample analysis other species 

3 4 5 
1000 1000 1000 
1000 120 100C 
1000 1000 1000 

1000 500 1000 
1000 120 1000 

600 60 600 

600 60 600 

50 5 50 

80 8 80 
S0 5 50 

80 8 80 
70 7 70 
50 5 50 

450 45 450 

120 12 120
 

400 40 
 400
 

150 15 150 
1000 1000 1000 

1000 1000 
 O00 
1000 700 1000 

1000 120 1000 
1000 700 1000 
1000 900 1000 
1000 120 1000 

70 7 70 

200 20 200 

900 90 900 

90 9 90 

250 25 250 
60 6 60 

25 0.5 5 
25 2 20 
40 4 40 
25 1 10 
70 7 70 
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Trifolium hybridum L. 10,000 25 2 20 
Trifolium incarnatum L. 10,000 80 8 80 
Trifolium lappaceum L. 10,000 25 2 20 
Trifolium pratense L. 10,000 50 5 50 
Trifolium repens L. 10,000 25 2 20 

Trifolium resupinatum L. 10,000 25 2 20
 
Trifolium subterraneum L. 10,000 250 25 250
Triticosecale spp. 20,000 1000 120 1000
 
Triticum aestivum L. emend.
 

Fiori et Paol. 20,000 1000 120 1000
 
rrlticum durum Desf. 20,000 1000 120 1000
 

Vicia benghalensis L. 20,000 1000 120 1000
 
VicLa faba L. 20,000 1000 I000 1000 
VIcia pannoaica Crantz 20,000 1000 120 1000 
Vi/ia sat va L. (inLI. 

V. inn sfolia L.)
1 20,000 1000 140 1000
 
Vicia illlosa Roth (ncl.
 

V. daqycarpa Yen.) 20,CrO 1000 100 1000 

Vigna marina (Hurm.f.)
 
Merr. 20,000 800 80 800
 

Vigna ungulculata (L.) Walp. 
(incl. V.sinensis (L.)
 
Saviex HIassk.) 20,000 400
1000 1000
 

Zea mays L. 40,000 900
1000 1000
 

Another sampling requirement is that the lot must be in sealed or 
sealable bags or other containers that are labelled or marked for 
identification with a single lot designation. An International Seed 
Lot Certificate cannot be issued for seed that is loose or stored in 
unsealable containers. 

At the time of sampling, all containers must bear a lot 
idtntification corresponding to thit of the certificate. The sampler 
must seal or supervise the sealing of the containers. 

Various instruments are allowed for sampling. A common instrument 
is the stick or sleeve-type trier: a hollow orass tube inside a 
closely-fitting outer shell or sleeve with a solid pointed end. When 
the slots in the tube and sleeve walls are aligned, seeds can flow into 
the tube cavity; a half-turn of the tube closes the openings. Tubes 
are designed fcr different kinds of seed and various container sizes, 
so they vary in length and dianeter, and are made with or without 
partitions In sampling cereal seed in bags, a +760 mm tricr with an 
outside diameter of +25 mm and six slots is suitable. 

Bin samplers aie constructed the same way but ire much larger, 
ranging up to 1600 mm (1.6 in) in lengd and 38 mm in diameter with six 
or nine slots. The trier may be used horizontally or vertically. A 
trier for vertical use must have partitions divh'ing it into 
con:partments, or the seed will drop into the sampler from the tipper 
layers when the crier is opened, giving excess seed from these layers. 
When using a stick sampler ,ertically, some dragging of seeds from the 
top towards the bottom is unavoidablc, but this can be reduced with a 
trier that issmooth and has as few ribs as possible. 
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Whether used vertically or horizontally, the trier should be 
inserted diagonally into the bag or container. (For bulk seed, 
vertical insertion is more practical.) The closed trier is thrust into 
the bag, then opened and turned a couple of times both vertically and 
horizontally or gently agitated to allow it to fill completely. Then 
it is closed again, withdrawn, and emptied into a suitable pan such as 
a pipe cut lengthwise, or into a piece of waxed paper or similar 
material. The trier should be closed carefully without damaging the 
seeds. 

A stick trier up to a certain diameter may be inserted through sack 
walls or coarsely woven jute or similar material. When the trier is 
removed, the point should be run across the hole a couple of times both 
vertically and horizontally to pull the threads togethe." and close the 
hole. Closed paper bags may also be sampled by puncturing the bag and 
sealing the hole later with an adhesive patch. 

Another type of trier, the Nobbe trier, is suitable only for 
sampling bags. It is a pointcd tube long enough to reach the center of 
the hag, with an oval hole near the pointed end. For cereals the 
distance from hole lo handle should be about 350 mm and the internal 
diameter of the tube should be about 14 1m. The trier should be 
inserted gently into the bag. pointing upwards at an angle of about 
30(' with the hole facing downwards tintAI it reaches the center of the 
bag. Then it is revolved 180'. bringinrg the hole face upwards, and is 
withdrawn with decreasing speed so that the quantity of seed obtained 
from successive locations increases progressively from the center to 
side of the bag. Seed will then pour out of the open handle while 
agitated. Alternatively, a trier long enough to penetrate to the far 
side of the bag shonld be withdraw,, at a relatively constant speed. 
While the trier is being withdrawn, it should be gently agitated to 
maintain an even flow of seed. The more polished the inner surface of 
the trier, the more freely seed will flow. 

Sampling should alternate between the top, middle, and bottom of 
bags. A bag on the loor can be placed atop other bags to sample the 
bag bottom. 

For certain species, especially chaffy arid non-free-flowing species 
(mainIy grasses), hand sampling is sometimes the most satisfactory, 
although it is difficult to sample deeper than about 40 cm, and thus 
impossible to obtain samples from the lower layer of bees and bins. 
The sampler may have some bags partly or completely emptied to 
facilitate samling, and then refilled. When sampling is done by hand, 
fingers should be tightly closed around the seeds so that seeds do not 
drop out. 

For seed lots in bags of uniform size (or other containers of 
similar capacity), there are lminimum required sampling intensities. 
For ! lo 5 containers, each container should be sampled and at least 
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ive primary samples taken. For 6 to 30 containers, at least I in 
every 3 containers should be sampled. but never fewer than 5. For 31 
or noe. at least I in every 5 containers should be sampled. hut never 
fewer than 1o. ISTA Rules describe sampling intensities for bulk seed, 
for seed in containers of different or very small sizes, and for 
streams of seed enteri ig containers. 

If the primary samples appear uniform. they should be mixed to form 
the composite sample, from which the submitted sample is taken by one 
of he laboratory methcds referred to below, using larger equipment if 
necessary. If it is difficult to mix and reduce the sample properly in 
the warehouse, the entire composite sample should be forwarded to the 
seed testing station for reduction. A composite sample of apl)ropriate 
size may be used ns tie st bmitted sample witlhot reduction. 

Submitted samlls inust be (lentilicd with their lot designation. 
amples shonld be packed to prevent damagt during transit and not in 

mosture-proof containei.. Blags of cotton, liren, or very tough paper 
are suitable. If moisture content is to be determined, a second sample
inust be packed separately in a moisture-l)roof container excluding as 
inuch air as possible. 

Samples should lie sent quickly to the seed testing station and 
never be left with the owner, applicant, or others not authorized by 
the sampling agency or by tileseed testing station. 

Principles and Procedures for Laboratory Sampling 

Several methods anl apparatus are used to reduce the submitted 
sample to the size of a working sample (for mlinimum weights of tme 
working sample, see Table I ,column 4). Of the methods described, 
method 5. a combination of I and 4, is appropriate for testing a large 
number of different species. especially sniall-seeded species. 

Mechanical divider method 

Three machines can bi use: the conical divider (Boerner type). the 
soil divider (Riffle typc). and the centrifugal divider (Gainet type).
All three divide a given qual.ity of seed into two approximately equal 
portiol3. The sample can he mixed by passing it through the divider. 
recombining the two portions. anid passing the whole sample through a 
second or even third lime if necessary. The sample is reduced by 
passing the seed through repeatedly and removing half on each run. 
This process of successive halving is continued to obtain a working 
sanl)ple of applrox inately, but not less than, tI'erequired size. 
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Modified halving method 

The apparatus comprises a tray fitted with a grid of equal-sized 
cubical cells which are open at the top. Every second cell has an open 
bottom. After preliminary mixing, the s-ed is poured evenly over the 
grid, which is lifted to leave approximately half of the sample on the 
tray. The process is repeated to obtain a working sample of 
approximately, but not less than, the required size. 

Random cups method 

In this, method, six to eight small cups are placed at random 
positions on a tray. After preliminary mixing, the seed is poured 
uniformly over the tray and the seed that falls into the cups is the 
working sample. For a particular group of similar species, a certain 
size cup is needed. At least six cups should be taken, but if the 
minimum weight is not yet attained, a seventh or eighth cup can be 
added. 

Spoon methed 

This method, requiring a tray, a spatula, ar.d a spoon with a 
straight front edge, is permitted only for small-seeded species, and 
never for seed mixtures. After preliminary mixing, the seed is poured 
evenly over the tray, which must not be shaken afterwards. The spoon 
inone hand and the spatula in the other are used together to remove 
small portions of seed from not less than five random places. Seed 
portions should be sufficient to constitute the working sample. This 
method ;iever yields too few seeds nor far too many, saving time spent 
on excessve analsis later. 

Combincd divider-spoon method 

This method combines the benefits of two methods: the rapid 
reduction in size allowed by the mechanical divider (any of the three 
types). .ild the accuracy of the spoon method. This method allows 
laboratory to efficiently sample a large variety of species. 
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Duplicate A.nalysis 

To improve accuracy and at the same time to check the analysis, two 
independent working samples, each half of the prescribed weight, should
 
be taken and analyzed by different analysts. Results can be considered

valid when both fall within the tolerance limits given in fable 2,

column 3.
 

Table 2. Tolerances 
 for purity tests.* This table
 
indicates tolerances for comparing duplicate working

samples from the 
same submitted sample for any component or
 
a purity sample, for either chaffy or non-chaffy seed. The
 
probability is 0.05. calculated
It is 
 from data obtained
 
in a co-operative investigation of variation between actual
 
purity tests carried out in USA and Canada (Proc. Int. 
Seed
 
Test. Ass. 25, 102, 1960).
 

Tolerances for differences
 
between
 

Average analysis of 
two Half Whole
 
half samples or two working working

whole samples samples 
 samples
 

1 2 3 4 

99.95-100.00 0.00- 0.04 
 0.23 0.16
 
99.90- 99.94 0.05- 0.09 0.34 
 0.24
 
99.85- 99.89 0.10-- 0.14 0.42 
 0.30
 
99.80- 99.84 0.15- 0.19 
 0.49 0.35
 
99.75- 99.79 0.20- 0.24 
 0.55 0.39
 

99.70- 99.74 0.25- 0.29 0.59 
 0.42
 
99.65- 99.69 0.30- 0.34 
 0.65 0.46
 
99.60- 99.64 0.35- 0.39 
 0.69 0.49
 
99.55- 99.59 0.40- 0.44 0.74 
 0.52
 
99.50- 99.54 0.45- 0.49 
 0.76 0.54
 

95
 

http:99.95-100.00


99.40- 99.49 0.50- 0.59 0.82 0.58 
99.30- 99.39 0.60- 0.69 0.89 C.63 
99.20- 99.29 0.70- 0.79 0.95 0.67 
99.10- 99.19 0.80- 0.89 1.00 0.71 
99.00- 99.09 0.90- 0.99 1.06 0.75 

98.75- 98.99 1.00- 1.24 1.15 0.81 
98,50- 98.74 1.25- 1.49 1.26 0.89 
98.25- 98.49 1.50- 1.74 1.37 0.97 
98.00- 98.24 1.75- 1.99 1.47 1.04 
97.75- 97.99 2.00- 2.24 1.54 1.09 

97.50- 97.74 2.25- 2.49 1.63 1.15 
97.25- 97.49 2.50- 2.74 1.70 1.20 
97.00- 9 - 2.75- 2.99 1.78 1.26 
96.50- 96.99 3.00- 3.49 1.88 1.33 
96.00- 96.49 3.50- 3.99 1.99 1.41 

95.50- 95.99 4.00- 4.49 2.12 1.50 
95.00- 95.49 4.50- 4.99 2.22 1.57 
94.00- 94.99 5.00- 5.99 2.38 1.68 
93.00- 93.99 6.00- 6.99 2.56 1.81 
92.00- 92.99 7.00- 7.99 2.73 1.93 

91.00- 91.99 8.00- 8.99 2.90 2.05 
90.00- 90.99 9.00- 9.99 3.04 2.15 
88.00- 89.99 10.00-11.99 3.25 2.30 
86.00- 87.99 12.00-13.99 3.49 2.47 
84.00- 85.99 14.00-15.99 3.70 2.62 

82.00- 83.99 16.00-17.99 3.90 2.76 
80.00- 81.99 18.00-19.99 4.07 2.88 
78.00- 79.99 20.00-21.99 4.23 2.99 
76.00- 77.99 22.00-23.99 4.37 3.09 
74.00- 75.99 24.00-25.99 4.50 3.18 

72.00- 73.99 26.00-27.99 4.61 3.26 
70.00- 71.99 28.00-29.99 4.71 3.33 
65.00- 69.99 30.00-34.99 4.86 3.44 
60.00- 64.99 35.00-39.99 5.02 3.55 
50.00- 59.99 40.00-49.99 5.16 3.65 

*This table is Table 3A of the ISTA Rules, 1985. 
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Seed Testing and Quality Control in
 
The Netherlands
 

G.P. Terniohlen 
Governent Seed 7'sting Station,
 

P.O. Box 9104, 6700 HE Wageningen,
 
7Ae Netherlands
 

The Government Seed Testing Station in the Netherlands belongs to 
the Directorate of Arable Farming and Horticulture of the Ministry of 
Agriculture and Fisheries. The other research stations in the 
directorate cover arable farming and field productionI of vegetables, 
horticulture under glass, floriculture, arboriculture, bulbs, fruit, 
and mushrooms. The research institutes dealing with special 
disciplines, such as breeding, phytopathology, mechanization, and soil 
science, belong to the Directorate of Agricultural Research of the 
Ministry of Agriculture and Fisheries. 

Main Activities of the Seed Testing Station 

The Seed Testing Station has a number of functions. It performs 
quality analysis of cleaned seed samples from the seed trade and issues 
analysis certificates, including International Seed Testing Association 
(ISTA) analysis certificates (for moisture, purity, germination, and 
seed health). It also carries out quality analysis of uncleaned 
samples of contract-grown seed lots, and develops and improves analysis 
methods, in cooperation with ISTA. Other functions include research on 
seed problems. giving advice on seed handling, and training in seed 
testing and seed technology. The station also assists in different 
aspects of seed industry development in developing countries. 

The research conducted by the Seed Testing Station aims to simplify 
routine screening and analysis, and also to solve basic problems of the 
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seed industry. About 70 staff members work at the station, with more
than 50% involved in routine testing. The station tests about 23,000
samples per year (7,500 for contract grown seed whichlots, arrive
uncleaned, and 15,500 for tri;'le samples, which arrive already cleaned).
The station is divided into one department for cleaning, ourity,
identification, and cytology; another for germination, storage,
packing, and and formoisturu; others seed health, certification, and 
administration. 

History and Procedure of Seed Testing 

Good quality seed is essential for good crop production; culturalpractices cannot compensate for poor quality seed. To guarantee
quality, seed testing is necessary. 

Seed testing started in 1864 in Germany, followed in 1877 by theNetherlands. Quality control was first restricted to external 
appearance and origin of the seed, but was soon followed by purity andgermination testing, which are maincurrently the standards for seed
evaluation. Testing is also done for cleanliness, presence and kind of
weeds, seed moisture, presen:ce of pathogens, etc. Quality control in
seed production, testing, certification, and marketing starts in the 
field and continues in seed testing laboratories.
 

The Netherlands Inspection Services cooperates
(NAK) closely withthe Seed Testing Station. Both can issue certificates, b.t only the
station is authorized to issue international certificates for export in 
accordance with ISTA r :les. 

Field inspection is always done by the certifying agencies: the
Netherlands Inspection Services (NAK) for agricultural seeds (including

seed potatoes), and the NAKG 
 for vegetable and flower seeds. The NAK
(NAKG) is a farmer/grower foundation, partly subsidized by the
government for seed testing analysis. Agricultural seed for domestic
 
use is mainly tested 
 in regional NAK laboratories. Horticultural 

is mainly tested in the NAKG laboratory, 

seed
 
which guarantees good seed

quality with NAKGan certificate. If anl internatienal certilicate is

required, 
 the sample must be tested by the Seed Testing Station.
 

In addition to these certificates, there is the International

Phytosanitary Certificale issued only by 
 the Plant Protection Service
 
(a government institute). Testing 
 is done by the Seed Teslinig Station
for agricultural and some horticultural seeds, and by the Service for 
horticultural seeds. 

Developments in Seed Testing 

Purity investigation is an important aspect of seed quality 
evaluation. Impurities a lotin s,ed include seeds of other crop 
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species, weed seeds, and inert matter such ps broken seeds, chaff, 
pieces of leaf, and soil particles. The identification of seed of 
other crops and weeds xequires a thorough knowledge of seed taxonomy. 
The Seed Testing S:mtion condncts a two-year seed taxonomy training 
course in its laboratory, and also advises workers in seed firm 
laboratories. 

The iequirements for pitrity have stimulated the development of seed 
cleaning. The station has I cleaning laboratory with small scale 
machinerv that gives results comparable to those from cleaning plants. 
In modern cleaning plants. the goal is to prodtce very pure seed with 
ninimum loss of good seed and at reasonable expense. Cleaning machines 
arm not able to remove all im rities, however, because the more 
impurities removed, tilemore crop seed removed. Cleaning is 
nevertheless vital to ensure production of good quality seed, and a 
high purity retqluirement is justified. but demands should not be unduly 
strict. 

Another important qualily aspect is seed germination. The 
germination test is done in the laboratory under favorable germnation 
conditions. InI the official test, the distinction between normal and 
abnormal seedlings is very important. The figures obtained in the 
laboratorV test and field emllergen~Ic are generally closely related. 
Each kind of seed belhavcs dilercntly with regard to temperattre, 
light, and moisture. Sed is often dormant and nutl be activated 
before determining the actual germination capacity. The problems of 
germination biology, seed domancy, seedling abnormality, and seed 
vigor, as well as packing and storage conditions, require further 
research. 

Control of seed health is also very important in testing for seed 
(uality. A nuIlbe r of plalnt diseases canl be seed-transmitted, including 
ftnugal, bacterial, tild viral diseases. A disease may also be 
seed-borne, which is of special concern to the health department A 
disease in a given crop canl also be air- or soil-borne, depending 
mainly on the biology of the pathogen. 'he sign ificalce of seed 
transmission of pathogens wais ulnderestimated in earlier years, but the 
demand for seed-health testing is now increasing, because even minor 
occtrrence of a pathogen in a seed lot nay cause severe crop d aage. 

International Cooper-ation 

It is important for international trade that the same seed-testing 
methods are used worldwidr. The European Seed Testing Association, 
founded in 1921. was changed in 1924 to the International Seed Testing 
Association. At present, the ISTA accredits 136 official seed testing 
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stations in 59 countries. These stations, which test samples in 
accordance with the very detailed ISTA rules, have tile right to issue 
ISTA analysis certificates. International trade primarily uses the 
orange ISTA seed lot certificate. 

There are several iSTA technical committees with members firom 
different countries who contribute through research, referee testing,
and discussions to improvement of international agreements and rules. 
Committees cover rules, germination, purity, moisture, storage, plant 
diseases, equipment, and other topics. 

Relationship Between Breeding and Seed Testing 

Seed quality testing has a role in development of new varieties. 
Each phase in the production of seed of a new variety (breeder seed, 
basic seed, and certified or commercia, seed) has a specific seed 
quality requirement. Seed quality, in iclation to storage conditions 
and germinability, is also important in the operation of gene banks. 
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Testing for Genuineness of Varieties: 
Some Special Laboratory Methods 

A.J.G. van Gastel 
ICARDA, P.O. Box 5466, 

Aleppo, Syria 

Introduction 

To produce pure seed for consumer use, the breeder seed--which 
should be 100% put'e and true to variety--is multiplied for several 
generations. During multiplication, deterioration will take place due 
to: 

- genetic factors such as unwanted cross-fertilization, natural 
mutation, and segregation of insufficiently pure material; 

- contamination from the field with seeds 
and weeds

- contamination from drills, combines, trailer
- contamination from seed processing. 

of 

s, etc.; 

other crops, varieties, 

Problems can also arise during field inspection, transport, 
processing, and labelling, but the chance of deterioration is lower 
with fewer generations and stricter control. 

After seed is produced, it is often checked to establish whether 
the seed lot is of the variety indicated (genuineness of variety) and 
whether the variety is sufficiently pure (varietal purity). 

Testing for Genuineness and Varietal Purity 

For the test of genuineness, it is assumed that the varieties are 
distinct, uniform, and stable, based upon morphological, physiological, 
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cytological, chumical, and other traits. Upon release, varieties are 
described using these types of characteristics, and tile test for 
genuineness establishes whether the variety still conforms to its 
original description. 

Examinations may be carried out on seeds, seedlings, or mature 
plants. When testing genuineness, a standard sample that represents 
the variety should aways be used, It is sometimes possible to 
identify the variety in tile dry seed stage, but seedlings and/or mature 
plants inust be studied in many cases. If many different varieties are 
available. differences between them tend to become smaller, often 
making it more difficult to distinguish varieties based on seed 
characteristics. 

Variety Categories 

Varieties fall into three categories: those of 
vegetatively-propagated. self-pollinated, and cross-pollinated 
species. All plants of a vegetatively-propagated variety are alike. 
Varieties of self-pollinated species are usually homozygous, with all 
plants more or less alike: not much variation and segregation occurs. 
The majority of the variation results from environmental conditions. 
Many self-pollinated species have a small percentage of outcrossing, 
resulting in variation. 

Varieties of self-pollinated and vegetatively-propagated species 
are often not difficult to describe, so the test for gent ineness of 
variety is relatively easy. Individuals of varieties of 
cross-pollinated species, however, are not alike and the population has 
a certain equilibr'Mim with regard to gene frequency. Testing for 
genuineness is therefore more difficult and must often rely upon 
segregation percentages. 

Characteristics 

The tests can be based on any characteristic thal can be used to 
distinguish between varieties and species, but the most easily 
observable c ha racte rist ics- -clear morphological (iffereilces--are 
preferred. It is also better to use cha racte is that are less 
influencedl by environmental conditions. The traits are generally the 
same types in all species, but each species has its own particular 
characteristics. The International Union for the Protection of New 
Varieties of Plants (UIPOV) and the Organization for Economic 
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Cooperation and Development (OECD 1971) have developed lists of 

can be used to test for genuineness in differentcharacteristics which 
species. ISTA (1973), Hervey-Murray (1980), and Milatz (1970) describe 

such characteristics in greater detail than this chapter, dealswhich 

oaily with a number of special laboratory methods used to test for 

varietal genuineness inseeds and seedlings. 

Special Laboratory Methods 

The special laboratory methods (Andersson 1984; ISTA 1973; ISTA 

1985; RPvZ 1964: McDonald 1985) include the application of UV light, 

the application of chemicals, chromosome counts, and biochemical tests. 

UV light 

Some seeds fluoresce in LJV light (longwave UV radiation close to 

the UV area: NUIV light). Examples are: 
- oat: yellow oat seeds absorb IV light, but seeds of white-seeded 

varieties fluoresce clearly in UV light. The color of the grain 

under UV light can also be diagnostic in Ihrdcmw. 

- pea: UV light is used to distinguish between garden and fodder pea, 

since fodder pea seeds do riot fluoresce. 
- Vicia fizba: The testa of some varieties clearly fluoresce in UV 

light (Wesemaln 1962). 

Another method uses the exposure of germinating seeds to UV light. 

Examples are: 
can be- Lolium: L. multiflorumr Italian ryegrass) seeds 

distinguished from L. peremc (English ryegrass) since the roots of 

the first species produce substances which fluoresce in UV light 

(Dales 1953). 
- Festca." F. rubra (red fescue) roots fluoresce yellow-green (in an 

ammonia), whereas F. ovina roots fluoresceatmosphere containing 
bluish-grecri (Linder 1958: van der Burg and Vierbergen 1979). 

- ,,lliurm: Seedling" of ,I.cepa (on ion ) produce substances which 

wle -eaq A..porroom (leek) and A. fisulosum (Welshfluoresce Nellow. 
canonion ) fluoresce hibluish. A. Ce/pa id A. porrum be 

which fluoresce in audistinguished by their root substances 
atmosplhere containing ammonia. 
fleet: Roots of different varieties may fluoresce differently-
(Elifrig and Kamra 1960). 

- 'ri/bliimur and Medicago species. 
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Chemicals 

Sodium hydroxide (NaOtH): This chemical can be used to differentiatcbetween red whiteand wheat (grain color). Seeds are submerged for15-20 minutes in a 10% sodium hydroxide solution. After drying, thegrains of red wheat clear whiteare a red: wheat grains are 
white-yellow.

This test is used only when the grains are difficult todifferentiate between because of weather damage or seed treatment.Usually the characteristic grain color can be evaluated easily with the 
naked eye. 

KOH bleach solution: A 1:5 solution of KOI- and household bleach (5.25%NaOCI) may le used to differentiate between varieties of sorghum.Seeds arc soaked for 5-10 miinutes in. the solution; seeds with tannicauid i , the testa (or undercoat layer) dar'!-n, whereas seeds without 
lannic acid remain light. 

Potassim 'ichromatte..A I% K,Cri2O7 solution may be used to distinguishbetween seeds of garden and fodder pea; sodium hydroxide may also be 
used. 

L ol's so/ttioll: This soluiion (iod;ne + potassium + water) is used todistinguish hlween L.upilus varieti,s, based theon presence or absence 
of alkaloids (lBevas 1963). 

HCI: I he HCI test can be used to differentiale between yellow and whiteoats when the fluorescence test notis reliable, as with seeds that are
weather-damaged or treated.
 

HCI may Aso be used to differentiate between 
 the seeds of cucumber(Cecuimis sativus) and melon (C. melo). Seeds are treated with a IN HCIsolution for I -2 hours: melon seeds become more strongly colored 
(orange-yellow) (Steinberger 1961).
 

A I% solution of HCI (or 
 NaCI) is also used to intclsify thecoloration of cereal coleoptiles. The solution is added to the filter 
paper on whic!: the seeds are growing. 

Coloration of tihe he'uront' layer: Beneath the testa, the barley grainhas an aleurone layer which may contain chroinoplasts; these can becolored with a chemical test (Day 1977), which entails soaking them12-16 hours in 50% sulphuric acid, and then for four hours at 40 0 C in
solution of 10% 

a 
HCI (33%) and 90% methanol. 

DDT. Seedlings of various cereal varieties react differently to DDT.
Seedlings at the two-leaf stage are sprayed with DDT suspension, and 
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again one week L.:ter. Certain varieties develop chlorosis (or die),
whereas other varieties are unaffected. This method is not often used 
because DDT is considered a dangerous chemical and is banned in many 
countries. 

Chromosome counts 

In plants with different ploidy levels (grass, beet, wheat), 
couming the number of chromosomes in the root tips is the most 
conclusive way to differentiate between varieties vith different ploidy 
levels. This method, however, is rather time-consuming and difficult. 

The size of the seed often indicates the ploidy level, so grading 
seeds into different size fractions can separate ,arieties with 
different ploidy levels. Counting the number of plastids in the 
stomata is another way to determine the ploidy level. 

Biochemical methods 

Serological, electrophoretic. and chromatographic methods can also 
be used to distinguish between varieties. These methods are very 
time-consuming and expensive, however, and require considerable ski!'. 
In many species. thin-layer chromatography and electrophoresis have 
been used to distinguish between different varieties. Varieties do 
have specific isoetizyme patterns (Andersson, 1984). 

Phenol: The phenol test is the one used most widely to distinguish 
between different wheat varieties. Biochemical studies on phenol color 
reactions show that it involves the enzyme tyrosinase using phenol as a 
substrate. It is an oxidation process in the surface layers of the 
seed. 

Grains are soaked in distilled water for 24 hours: after the water 
is removed, l% phenol is added. The ventral side of the grain should 
face downwards and the solution should not completely cover the grains. 
After 4 (and 24) hours the intensity of the color is evaluated, which 
is a varietal characteristic scored on a 0-9 scale. The lower glunies 
may also give specific coloration with phenol. 

The test can also be used on dehulled oat seeds and on certain 
herbage seeds (ryegrass and Poo praensis), but is less suitable for 
barley, which colors very erratically. Phenol has also been used to 
differentiate between chicory (Cichorium iniybus) and endive (C. 
e'ndiva), by trating enbryos with a 0.5% solution. 

J'eroxidase. Some soybean vaieties can be classified with the seed coat 
peroxidase test. Coats removed from the seed are treated with 0.1% 
hydrogen peroxidase solution (McDonald 1985). 
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An Introduction to Seed Cleaning 

W.J. van der Burg and H. van de Scheur 
Govermnen! Seed Tesihig Station, 

P.O. 	Box 9104, 6700 He Wageningen 
Vie Netherlands 

Introduction 

Seed cleaning is one of the most effective ways to ensure good seed 

quality; done with the right equipment and appropriate methods, it can 

increase purity and germination; decrease the amount of other seeds and 

often also the number of diseased seeds; and improve the visual, 
Harvested seed mustcommercial, and planting quality of the seed lot. 


always be cleaned, for it inevitably contains empty, shrivelled,
 

immature, and/or diseased seeds: bits of fruits, straw, chaff, and soil
 

particles; and frequently seeds of weeds or other crops.
 

plants should be estaflished in severalWell-equipped seed cleaning 
localities in a country. Many manufacturers can install an entire seed 

the machines; suchcleaning plant as well as train staff to operate 
much more effective than those in"turn-key" projects are generally 

done by local staff.which installment and training are 

Seed Cleaning Machines and Working Principles 

1. Air-screen cleaner 

This is the most important machine, the "heart" 

plant. It uses screens and aspiration (air or 
of every 
"wind") 

cleaning 
for two 

separations. 
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The machine: Most air-screen cleaners consist of a shaking screen-case,
a box that contains the screens or sieves, and one or more fixed airchannels. The best separation occurs when the screen-case, or the twoscreen-cases, contain orfour more screens (Fig. 1). The screens canbe used as two sets of screens, to improve capacity; or as four
independent screens (with holes of four different dimensions), toobtain maximum effect. Figure 2 shows three alternative ways to usefour screens, employing two, three, four differentor types of screens.
The machines with sets 

machines with four different screens are 


two equal have the highest capacity, while four 
best for removing virtually

all impurities. 

The screens: These can be made of several types of materials, mostcommonly iron sheet. (Zinc or stainless steel are also available.) Thesheet is perforated v,ith round, oblong, or triangular holes (Fig. 3). 

see'Id 
 false main false 

inlet air air air 
":.V';7valve 
 outletva e 

agitator
 
... :.expansionfochamber
pe-ucio . expansion chamberfrafter-suction . ..:.


feeding roller suc, on. "oystem :system 

top screen

bottom screen 1blind plate -

blind return plate 

intermediate creLn .,,...:
bottomscreen 7 
._. : 

blind plate 

0C_3 
7C) 

t'D
 

Fig. 1. Sophisticated air-screen cleaner, with pre- and post-suction and four screens (two
bottom screens, one intermediate, and one top screen are used). 
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2-------------- -------------.----.- .. .. lJ 

-LJ
 

a. use of 4 different screens; the goocd seed b. use of 3 different screens; the good 
passes 3 screens (12,ar 3) seed passes 2 screens (1 and 3) 
1 bottom screen (4) 2 bottom screens (2 and 4) 

.......- . . "LJ LU receptacles fcr rejects
 

L feeding of uncleaned seeds 

- ... . --- good (clean) seeds to aspirator 

c. use of 2 different screens; the good seed 
passes 1screen (1 or 3)
 
2 bottom screens (2 or 4)
 

Fig. 2. Three vlays to use a four-screen cicaning machine. 

a. b. 

C. d. 

Fig. 3. Different kinds of perforations, a: slotted (oblong); b: round; c: triangular; 
d: mesh. 
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Round holes: The screen size is classified according to the diameter of 
the holes- a sheet with holes 1.0 mm in diameter is called a 1.0 mm 
round (hole) screen. Size can also be specified in inches. 

Obiong holes: The screen size is determined by the width of the oblong 
holes or slots; a sheet with holes 1.0 mm wide and 15 mm long is called 
a 1.0 mm slotted (or oblong) screen. Size can also be specified in 
inches. 

Triangular holes: The length of the sides of the equilateral triangle 
is given in units of 1/64 of an inch. Triangular screen No. 8, for 
example, has triangular holes with sides 8/64 inch in length. Screens 
with triangular holes are mainly used only for Spinacia oleracea and 
Beta vulgaris to remove the triangular seeds of I'olygomm 

Apart from sheet metal, mesh can 2lso be used. Mesh sieves are 
classified ac'.-ording to the number of oi'enings per inch; for example, 
No. 20 has 20 openings per inch. 

The various screen types are suiteJl for separating different types 
of seeds ti )d adnixtures. Seed lots contain round (thin or thick) ad 
'+bl,,g (thir or. th i-lk",. To1) screens have ron ild holes to 
reiiove long stalks from the seed. When seeds slide over such screens, 
long particlcs lre separated from short ones, if the difference in 
length is considerahle. More importantly, round holes separate 
particlcs according to their width, and round particles according to 
diameter (Fig. 4). This works best when seeds are "jumping" rather 
than sliding over the screen, which can be induced by beating the 
screen automatical lh with a beater (knocker), or with rubber balls in a 
special receptacle below the screen (Fig. 5). The heating also 
dislodges seeds that are caught in tile perforations. Moving brushes 
beneahIthe screens are another way to achiev, this, with the advantage 
that the seeds are not forced to bounce. Oblong holes separate 
particles according to their differenrt thicknesses, and round seeds by 
(liaueter. Table I sumnarizes the functions of the round ain(i oblong 
st-iccin., iti ur without knockers or brushes. 

4 ~Wid'th
 
e 11 q It tiI 

Fig. 4. Dimnsions of a ctreal grain. 
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a.m
 

b.
 
10 '..C. 

-

Fig. 5. Three possibilities for constant screen-cleaning, a: using a knocker (beater); 

h: with rubber balls; c:with biushes. 

Table 1. Functions of round and oblong screens.
 

Without knockers or 

balls (with or without 

brush cleaning) 

With knockers or 

balls 

Particle shape 

Round 

holes 

Oblong 

holes 

Round 

holes 

Oblong 

holes 

Short and thick --

Long and thick --

Short and thin 4> 'I' 

Long and thin -, , 4 

pass through screen
 

= remain on screen
 

Note: The functioning of oblong screens is not affected by
 

knockers or balls. On a round screen with knockers, only
 

particles that are wider than the hole are retained (not shown
 

in the diagram).
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Mesh sieves are not often used for agricultural crops, because the
holes of a given screen usually differ in size. Their advantage,
however, is that thoy have a large total area of openings, or effective 
screen area, with up to .± 50% of the area consisting of openings, a 
percentage much lower in round, oblong, and trianguiar screens, 
depending on the hole arrangements. Nevertheless, mesh sieves are used 
for small seeds such as those of flowers. (Table 2 gives more detail 
about screen sizes.) 

Mhe aspirator: Air-screen cleaners have a built-in aspirator which can 
separate light impurities such as empty or partly-filled seeds, husks,
and glumcs from the seed. Larger machines have a double aspirator
(Fig. I ): a pre-suction channel takes up light impurities before the 
seed reache.' tie screens, and an after-suction or blowing system 
removes impurities thawt remain after tie seed has passed the screens. 
The pre-suction should [rot be adjust-:.d too strongly; only impurities
other than seed should lie rlioved. The pre-suction is meant to reduce 
volume, thus making the screens mo:e effective. The after-suction must 
be set very carefuliy to remove em pty or low quality seeds, not straw 
and stalk pieces, which should be theremoved with screens. If straw 
and stalk pieces the hole should bestill remain, round screen replaced
with one of a smaller size, or an oblong screen replaced with a round 
one. 

Th'ere are also aspirators that are not combi ned withIi screens. 
These are often u-.ed as pre-cleaners for heavy-seeded crops such as 
peas and hea ns that contain large amounts of light trash. After the
seed passes through the aspirator, it is fed into 't.,e air-screen 
cleaner. 

2. Indented cylinder 

While the screens of the air-screen cleaner separate seed mainly
accordt i iig to wiidth and thickness, the indented cylinder (or indented 
disk) (Figs. 6 and 7) separates according to length. Because there are 
always impurities (especially broken seeds and weed seeds) that are 
either longer or shorter than the crop seed, this machine is nearly 
always needed. 

Tvo ways to uise I/he indc',ted cv/ider: The indentatior s, also called 
cells or pockets, lift particles up to a certain height. At that 
point, the particles drop out of the cell and fall downwards. The 
cylinders revo!ve at a certain fixed speed, so particles of a 
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Fig. G. In nlite(d cylirldur, iar)oratoty miodel, thw adjusthlt. troujqh is clearly visible. 

/ 7 
* •b. 

Fig. 7. a. working pItincilple of i ndented cylinder; b: round-grain application; c: tong

grain application. 
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Table 2. Specifications of screens and indented cylinders used in cleaning (all sizes in mm).
 

Intermediato 
screen screen 
 Indented
No. Commun name Sciuntific name Upper screen (upper) (lower) Bottom screen cylinder
 

I Barley Hordeum vu!gare 	 6.5 R 4.5 S 4.0 
 S 2.1 -2.4 S 5.5 -6.5
 
2 Baan, broad Vicia faba var.
 

major* 	 10.0-12.0 R  - 5.5 -6.0 S 3 	 Bean, zommon Phaseolus vulgaris 10.0 R  - 3.75-4.5 S and 

4.25-5.5 R
4 	 Bean, soya (ivci:., na>: 9.0 R  - 3.0 -4.0 S 
5 Beet, garden
 

and red Beta vuigaris 9.0 
 R 8.5 R 7.6 
 R 2.0 -3.0 R 

6 	 Beet, sugar
 
and fodder Beta vulnaris 8.0 R -  3.2 R 7 	 Black salsify 
 Scorzonc-a hlispanica 7.0 R 2.7 S 2.6 S 1.0 S 4.5
 

8 Cabbages ilr..ssica oleracea 2.7-
 3.4 R 2.5-3.2 R 2.3-3.0 R 0.9 -1.1 S 9 	 Carrot Daucus cacota 
 4.9 R 4.1 R 
 2.2 S 1.3 R 
 1.75-2.5 and
 

10 Carrot Daucus carota 	 4.5 -6.52.8 R 2.5 R 1.3 S 1.0 R 1.5 -2.5 and 

3.5 	 -5.5 
ii Celery .\,ium i'raveolens 1.8 R 1.6 R 1.5 S 0.4 R 1.5 -2.512 Chickpea Cicer arietinurr* 8.0-11.0 R -  4.0 	-5.0 S and 5.0 -5.5R 
13 Chlcorv -ichorium intvbus 2.8 R 1.8 S 1.5 5 0.7 R 2.5-3.25 
14 Chives Allium schoenoprasum 3.2 
 R 2.5 R 2.4 R 1.2 S -
15 Clover, red TrFolium Pratense 
 2.5 R 2.4 R 
 1.5 S 1.0 -1.2 R 2.5
 

16 Clover, white Trifolium -epens 1.5 R 1.4 R 0.9 Z 0.8 R 
17 Cowpea; 

stringbean Vigna unguiculata* 6.0- 8.0 R  - 3.0 -3.3 S 

http:2.5-3.25


18 Flax; linseed Linum usitatissimum 5.0 R 1.7 S 1.4 S 1.8 -2.0 R 3.5 
19 Gram, black Phaseolus mungo 6.0 R - - 3.0 -3.2 S -
20 Gram, green Phaseolus radiatus 5.0 R - - 2.8 -3.2 S -

21 Leek Allium porrum 3.8 R 2.8 R 2.7 R 1.5 R -
22 Lentil (large) Lens esculenta 8.0 R - - 5.5 -6.5 R -
23 Lentil (small) Lens esculenta 5.0 R - - 3.0 -3.5 R -
24 Lupin, yellow Luninus luteus 6.25 R 6.0 R 5.0 R 3.0 S -
25 Maize; corn Zea mays* - - - 2.5 S 5.5-8.0 

26 Melon Cucunis melo 5.0 S 3.5 S 3.0 S 3.5 R -
27 Oat Avena sativa 7.5 R 3.2 S 3.1 S 1.8 -2.2 S 7.0-8.0 
28 Onion Allium cepa 4.0 R 3.0 R 2.9 R 1.8 R -
29 Parsley Petioselinum crispum 2.8 R 2.2 R 1.6 S 0.6 -0.75 R 2.0-3.0 
30 Pea Pisum sativum 9.0-10.0 R - - 3.75-4.5 S and -

4.25-6.5 S 

31 Poppy Papaver somniferum 1.5 R 1.4 R 1.3 "R 0.3 S -
32 Radish Raphanus sativus 5.0 R 4.5 R 3.8 R 1.3 -. /A S 4.5-5.5 
33 Rape brassica napus 3.4 R 3.2 R 3.0 R 0.9 -1.1 S -
34 Rapeseed Brassica napus 3.2 R 2.8 R 2.3 R 0.9 -1.0 S -
35 Rice; paddy Orvza sativa 6.0- 7.5 R - - 1.8 -2.1 S 5.5 

36 Rye Secale cereale 6.25 R 3.3 S 3.2 S 1.8 -2.0 S 5.0-6.0 
37 Spinach 

(prickly seed) Spinacna oleracea 9.0 R 8.5 R 7.6 R 2.7 -2.8 R 8.0 
38 Spinach 

(round seed) Spinacea oleracea 4.9 R 4.8 R 4.5 R 2.3 -2.4 R 4.5-5.5 
39 Squash Cucumis pepo 8.0 S 7.5 S 6.5 S 6.0 R -
40 Tomato Lycopersicon 

lycopersicum 4.7 R 4.5 R 4.0 R 1.8 -2.2 R 6.5 
41 Turnip Brassica rape 3.2 R 2.8 R 2.3 R 0.9 S -
42 Wheat Triticum aestivum 6.25 R 4.5 S 4.25 S 2.0 -2.5 S 5.5-7.0 

R = round holes; S 
*Great differences 

= slotted (oblong) holes. 
between the varieties makes it n,-arlv impossible to indicate proper screen sizes. 



particular size will always drop out of the cells at a certain height
in the same cylinder. Longer particles will drop out earlier or lower,
and when a tray is placed between these points, a separation occurs. 
One call make use of the machine in two different ways. In the 
round-grain application, shorter impurities are lifted and longer crop
seeds left below. In the long-grain application, crop seed is lifted 
and longer impurities left below. 

Of course, the cell sizes should be larger for the long-grain
application. when the crop is the same for both applications. Also,
there is a higher risk of losing good seed with the long-grain
application; if the crop seeds are not they arelifted, discharged
together with the long impturities, so less volume per time unit can be 
cleaned with the long-grain. To keep up with the capacity of the 
material passing through the air-screen cleaner and the rou nd-grain,
two long-grain cylinders are required. Fig. 8 shows the flow of seeds 
over this combination of machines. 

For many crops, the ai r-screen cleaner combined with the cylinder 
produces a clean seed lot. These two machines separate seed according
to all its important characteristics: width. thickness, length, and 
specific gravity (air separation).

In some cases. especially when standards are very high, additional 
machines are needed that use seed characteristics more extensively
(e.g., long scren maclii ne, vibratory screeners, cylinder screen 
machines, and specilic gravity separators). These specialized machines 
are economical only in certain cases. 

CyVIir+*
 

cyhIrft Ie 
r
 

short BO 

inipuri ties " 

seed q2:1 I 

Fig. 8. The flow of seeds over the standard arrangement of one round-grain and two 
long-grain cylinders. 

116 



3. Specific gravity separator 

Even after the seed is completely clean, it may be necessary to
obtain higher quality seed, if germination capacity is not yet above 
minimum, or if a very high germination capacity is required. Some 
impurities may also remain, such as particles of e.actly equal
dimensions, which are impossible to remove with the normal set of 
cleaning machines. In such cases the seed can be passed over the 
specific gravity separator, a machine whose operation requires care and 
experience. The seed that falls into the higher density classes is 
generally better quality. (Soil clods with a much higher density than 
the seed can be removed separately.) 

Seeds are fed onto the specific gravity separator in a layer 
three-to-five seeds thick (Figs. 9 and 10). The shaking deck pushes
tile seeds uphill (from left to right in tie figures), but because air 
flows evenly through the deck, only the heavier seeds touch the deck 
and are pushed uphill, while the lighter seeds more or less float 
downhill over the heavy ones. Several outlets call be combined if 
needed to collect clean seed and waste material separately. Seed call 
also be separated ino different classes. 

o) light 

Q intermediate 

* heavy 

Fig. 9. Working principle of the specific gravity separator. 
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Fig. 10. A specif'c gravity separator with triangular deck showing the different frac
tions: one light, two intermediate, and one heavy fraction. The fifth side outlet is used 

when soil particles (e.g., clay clods) are present. 

4. Special cleaning machines 

These include the follwing machines with special functions and, 
hence, limited applications. 

grader (Iand jirader, Draper mill):Bel ,; Th is machine consists of a 
feeder that drops seed t1nto an endless urning belt, The speed of the 
belt can be adjusted with a variator, and the angle of the belt's 
inclination is also adjustable. Bells of canvas or ru bber can be 
filled. Smooth seed slides against the dlirection of rotation; rough. 
seed or particles that cannot roll easily, such as stalks, are conveyed 
upwards (Fig. II ). The grading depends on the form, weight, and 
surface strtitre of the seed, and on the inclination, speed, and 
material of the bell. The seed species. and the extraneous matter to 
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be separated, determine whether a canvas or rubber belt is used. Tile 
belt grader is especially suitable for separating stalks from beet seed 
and for cleaning flower seed. 

Spir:al separttor: The spiral separator, which c;ssifies seed according 
to its shape and rolling ability, consists of sheet metal strips fitted 
around a central axis in the form of a spiral (Fig. 12). The unit 
resembles an open screw conveyor sut.oding in a vertical position. The 
seed is in troduCed at the top of tile iner spiral. Rou nd seeds roll 
faster down the incline :an flat or irregularly-shaped seeds, which 
tend to slide or tumble. The orbit of round seed increases with speed 
on its flight around the axis, until it rolls over the edge of tile 
inver flight into the outer flight where it is collected separately. 
The slower-moving seed does not build up enough speed to escape from 
the inner flight. Most spirals have multiple inner flights arranged 
one above the other to increase the capacity. 

:%
 

' "Fig. 11. Belt gra(ler. 

Fig. 12. Spiral separator. 
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The spiral separator is used for damaged seed from lirassica spp., 
peas, and soybeans, and for separating Galium (cleavers) froia spinach. 

Magnetic separaor (Magnetic drum): The magnetic separator separates
seed according to its surface texture or related seed characteristics. 
First, seed is treated with iron filings, which adhere to rough seed 
only. 'rhe treated s'ed lot is passed over a revolving magnetic drilln;
the particles coated wilh iron filings are attracted to the drum and 
separated froni smooth, uncoated seed (Fig. 13).

It may hc!p to add varied amounts of water while mixing seed and
powder, depending on the seed ty'pe. At any rate, tile effectiveness of
magnetic separation (le)ends on the components of the seed lot, and on 
the powder and water used in the treating operation. Tile greater tile
djJ-erence between surface textures of the seed lot's components, tile 
more effectively they can be separated.

The machine is useful for separating Stellaria ,edia (chickweed)
from clovers and lucerne (alfalfa), Cuscuta (dodder) from clovers and 
lucerne. and Sinapis arvenrsis (wild mustard) from Brassica spp. 

Color separator: The color separator is used to separate discolored 
seed, generally of lower 'mdly, from sound seed of peas. beans, and
faba beans. Separation ased on color is necessary because the density 

• 

14 

Fig. 13. Magnetic separator, laboratory model. 
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and dimensions of discolored seed are the same as those of sound seed, 
so other mac'hines are not effective for separation. Electronic color 
separation uses photo cells to compare the seed color with "background 
plates," which are selected to reflect the same light as the good seed. 
Seed that differs in color is detected by the photo cells, which 
generate ain electric impulse. The impulse activates an air je to blow 
away the discolored seed. 

Paddy table: Paddy (rice in glumes) can be cleaned from naked cariopses 
with this machine, which operates on the specific gravity and surface 
texture of the seeds, combined with resilience. Successful 
applications are also possible in linseed, wheat, and barley. The 
machine is otten now replaced by specific gravity separalors; the paddy 
table, however. retains more good seed, and iseasier to operate in 
continuouls processes. 

The Structure of a Cereal Seed Cleaning Plant 

In addition to an office and a small quality lab,,ratory, the plant 
should have the following facilities (see simplified diagram, Fig. 14). 

indentoe 

Cylin. 

dersle 

x 3~ i Kiao storciqo 

glravity t~gy10 

air screvn cleaner 

Fig. 14. Simplified diagram ot a cereal seed cleaning plant (small butfer bins not shown). 

121 



Reception: The crude material is delivered in bags or bulk to the 
reception area. Bags must be opened or placed on a dryer for bagged 
seeds. 

Scalper: It is more economical to remove the largest trash before the 
raw material is dried. A simple screen machine with large perforations 
in the screens removes only particles much larger than the seeds. 

Dryer: If the moisture content requires, it, seed is dried in this 
machine. 

Debearder (Brushing machi,,e. De-awner): 'he seed is kept in a storage
bin until it can be itin through a debearder or brushing machine, which 
completes what the thresher has left undone. The brushing machine is 
not always needed. but is useful to separate oat seeds from one 
another, to remove awns from barley, and to separate rye and wheat from 
their husks. 

Pre-cleaner: If a scalper is not used, pre-cleanera bemay necessary 
to remove large impurities and reduce the volume. It also feeds 
material evenly into the air-screen cleaner. 

Air-screen cleanler: ''his machine an(I the indented cylinder separator
form the heart of the seed cleaning plant, where the basic or fine 
cleaning is done. This machine both separates larger and smaller 
impiurities, using screen perforations of carefully-chosen sizes; and 
carries out one or more air-separations to remove the light impurities 
and empty or shrivelled seed. 

hnhntied cylinder separator (or disc separator): This machine is also 
essential: it separates shorter anld/or longer impurities (shorter seeds 
of other species, broken seeds, soil particles, or stalks). 

Speciic gravitv separator:This machine, used in many plants, does 
specific gravity grading which the air has left undone. It is able to 
separate according to smaller differences in specific gravity than the 
air-screen cleaner, so that germination capacity can be improved by
removing inferior grains: ergot-affected seeds can be partly 
eliminated: and the number of soil particles can be further reduced. 

Treater (Dresser): The seed is then stored in a silo to await 
treatment, bagging, and dispatch. If the seed needs fungicide and/or
insecticide treatment, it is passed through a seed treater. 
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Bagger-weigher: After treatment, the seed can be bagged with an 
automatic weighing and bagging unit. 

Internal transport: Vertical conveying is usually done by bucket 
elevators, while horizontal transport is done mostly with belt 
conveyors. Pneumatic transport is not recommended for sowing seed 
plants. Seed is fed into most of the machines from buffer bins for two 
reasons: to assure a constant flow of seed at the same rate throughout 
the plant, and to avoid overloading certain machines, especially the 
air-screen cleaner, indented cylinders, treater, and bagging unit which 
do not operate properly with excess seed. 

Notes to Table 2 

Nos. 1, 25, 27, 35, 36. 42: Cereals including rice and maize. The 
bottom sieve and air speed must be selected according io the variety. 
The indented cylinder is imnportant to remove broken grains and weed 
seeds from barley. oats, and wheat. The specific gravity separator can 
be used to eliminate stones and clay clods, pr--germiinated seeds, and 
cereal adnixtures (e.g.. wheat from barley). The indicated bottom 
sieve in maize removes broken kernels: a large round (10.0-12.0 min) top 
screen can be used if parts of the cobs must be removed. 

No. 2: Broad bean (f/iba bean). Broken seeds can be partially removed 
with a carefully-chosen bottom screen. Hand picking is essential for 
this crop (see below under "Bean"). 

Nos. 12, 30: Chickpea and pea. Two bottom screens are necessary if the 
lot contains broken seeds. A slotted screen separates the seeds from 
the halves and smaller pieces, while a round screen is fitted to remove 
immature undersized seeds. A typical arrangement of screens is shown 
in Fig. 2b: if this is not used, the seed lot must pass through the 
machine twice, once with the slotted bottom screen fitted and again 
with the round bottom screen. It is necessary to fit a knocker or 
balls below this sieve. 

Nos. 3, 4, 17; Beam, soybean, cowpea. The instructions for broken and 
undersized seeds of peas apply here as well. Broken seeds of soybean 
can also be removed with a spiral separator. Discolored diseased seeds 
and seeds da'naged by the harvester/thresher can be removed either with 
a color separator or by hand along a picking-belt, which moves the 
seeds in a continuous stream past worker- who remove the bad seeds. 

Nos. 19, 20: Grams. InIsect-damaged seeds can be removed partly by air 
and partly with a needle cylinder--an indented cylinder provided with 
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thousands of needles parallel to the inner surface, pointing in tile 
direction of rotation, that lift those seeds with holes. Undersized 
and shrivelled seeds need special treatment beand can removed with the 
proper bottom screen. 

Nos. 22, 23, 24: Lentils and lupins. 'These seeds are difficult to 
clean, especially lentils because they are flat. It is necessary to
knock the screen to force the seeds to "jump", otherwise they block all 
the screen holes. Small weed seeds can be removed with the indented 
cylinder. The spiral separator can be used for round-seeded weeds.
Depending on the seed lot, a top withscreen oblong perforations is
 
often used.
 

Nos. 5, 6; Beets. Stem parts are removed on a belt grader for
 
pre-cleanintg (stems are transported 
 upwards, seeds roll down). Soil
clods and large seeds of other species (pulses, cereals) are removed

with the air-screen cleaner using "reversed blowing" 
 : extra high air
 
speed 
 blows up good seed and leaves the impurities. Polygonmn seeds are
 
removed with triangular screen No. II.
 

Nos. 8,32, 33, 34, 41: Crucifeirae (cabbages, rapeseed, radish, etc.).
Clay particles can be removed with the spiral separator. The bottom
 
screen, if knocked, can separate the broken, halved 
 seeds. Charlock
 
(vild mustard, Sinapis arvensis) can be removed witl the magnetic
 
separator. Pre-germinated and insect-damaged seed can be removed with 
an increased air speed, but some good seed will be lost as well. 

Nos. 9, 10, /1,39: Umbelliferae (carrot, parsley, celery). Carrot
 
seeds must be brushed to kemove most or all "hairs" 
 before the actual 
cleaning. The seed should not be stripped completely naked, however,
because the embryo might be damaged. Indented cylinder 1.75-2.5 mm is 
used to remove small weed seeds. Cylinders 3.5-5.5 mm are used to lift
the seed and leave stem pieces and flower stalks (in the long grain 
application). 

Nos. 14, 21, 28; Onion, leek, chive.s. The gravity separator is used to 
remove the light-colored parts of fruits and inflorescences. 

Nos. 15, 16: Clovers. Rough weed ,eeds can be removed with velvet 
rolls or a magnetic separator. Splitting the seed a 0.7lot with muin
slotted scretmn can often solve the weed problem: both lots are treated 
differently, using round screens, ventilation, or an indented cylinder,
depending on the type of weed seeds present. The good seed from both
lots is later mixed again. The specific gravity separator is useful 
for removing grasses and clay clods. 
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No. 40; Tomato. Seeds that adhere to one another can be separated with 
a slotted screen of 1.7, 1.8, or 1.9 mm, depending on the seed variety, 
and by sul-sequent rubbing between the hand Extraction from fleshy 
fruits can be done with a pulper, after which iie seeds are usually 
fermented. The liquid temperature should preferably inot exceed 25C 
(maximum 30T'C). with the bin placed in the shade outside the building 
for no more than two days to avoid damaging the seed. Drying 
temperature after washing should also not exceed 30'C (maximum 35'C). 
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Moisture Determination of Seeds 

The moisture content of seeds is an important determinant of the 
duration of seed viability. High moisture content at harvest can 
increase tie seeds' susceptibility to threshing damage. Later, (luring 

storage, a high moisture content decreases viability more rapidly 
because of mold growth, heating damage, ageing, and greater insect 
damage. It is important, therefore, to know the seed's moisture 
conicnt immediately after harvest and, when necessary, after artificial 
drying as wkell. 

The seed trade allows a certain moisture perceltage depending upon 

the seed type. The obljective of moisture a-alysis is to determine the 
moisture content of a seed lot at sampling. Therefore. the sample maust 

be handled in such a way as to conserve its initial moisture content: 
it should be packed in a moislure-proof container (metal or plastic), 

submitted to tlie .evd testin, station without delay, and analyzed 
immediately npon arrival. During the determination, the seed should be 
exposed to the laboratory atmosphere as little as possible. For 
specie'; that do not require grinding, the sample must be transferred 
from its original :ontainer to the drying container within two minutes 

or less. (]ig. I illhstrates some equipment used to test moisture.) 

Moisture Determination Methods 

Air-oven method: This is the common standard method, which removes 
water from the seed by drying tnder prescribed and controlled 
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Fig. 1. Moisture testing juipment. 

conc tions. For detaj Ie(I sp)ecifications, see International Seed
Testing Associ tion Rules, Chaplter 9 (ISTA 1976). 

Equipment 
-Containers of non -corrosive mIetal approximately 0.5 min thick, withsides rounded at the base, a flat bottom, level edges, and aloose-ilting cover. The container should be 3 cm high with a based ianmLter of 6 cm. The effective surface of the bottom intist be largeenough to distribute the working sample in a laver of not more than20.3 g/m 2 (-=-1 17 cm for the usual 5 g). Both the container and its cover should be labelled with the same number so that each sanple can 

be identifiel during ihe test. 
- An electrical oven with adequate \ciltilation and a thlerillostatic or

electronic Control for Constant lellp.rat e. 
- A balance that weighs accurately in gralms to three decimal places 

(precision of I Ing).
- A grinding mill coniruictcdl of ltaterial that cannot absorb moisture.(Wood is not suilalei.) The mill's construction should protect theseeds and tte retsulting ground malterial as much as possible fromexposlure t o liltle( )olll', attltllele (lurilg grinding. The illill shouldgrind evenl. and not be rIll at a spced high enoigh to heal theground Inalatrial-. Air curremlts that accelerate the evaporation of

moisture must be reduced to a mininlill. The mill should be able to bead.itsted to different degrees of grinding fineness, anid allow 
tlhorough clea ling. 
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- Two mesh sieves with receptacle and lid. Th mesh openings should be 
0.5 and 1.0 min wide. 

- A desiccator with a suitable desiccant such as silica gel. The 
desiccator should have a thick metal or porcelain plate to accelerate 
cooling of the containers and seed. The desicca or's bottom 
compartment contains the silica gel, preferably colored with cobalt 
chloride as an indicator. As soon as the dark blue color turns pa!e 
pink, the desiccant should be reactivated by heating at 130C in the 
oven. 

- A brush and a steel brush to clean the mill after grinding. 
- Several metal trays with holes about 5 mm in diameter. Seed 

containers placed on the trays can bc moved easily into and out of 
the oven: the tray holes promote air circulation in the oven. 

- A pa'r of crucible tongs and a cloth to remove hot containers in the 
trays from the oven. 

- A small spoon to transfer the seeds into the container. 

Procedure 
Moisture analyses are carried out on independently-drawn duplicate 

working samples, weighed to an accuracy of I rg. Most species are 
dried for ,ne hour at 1300C, except for cereals (two hours) and maize 
(four hours). Also, seeds containing oil are dried for 17 hours at 
103C. (For detailed specific;rtions, see ISTA Rules, Chapter 9; and 
Table I of this papL;r ) 

Each empty container is weighed with its cover. The submitted 
sample i:s mixed thoroughly with a small spoon, and two portions of 5.0 
g each are weighed along with the containers. The seed should be 
distributed evenly over the bottom of the container. After weighing, 
the containers are placed on top of their covers on the tray in tile 
pre-heated oven (heated to the prescribed drying temperature, Table I). 
After drying, the containers are closed with their covers (using tongs 
and a cloth), allowed to cool for 30 minutes in a desiccator, and 
weighed again. 'I'he moisture content (NI) is calculated to one decimal 
place using the formula: 

M M2 - NI3 1 loss of weight . 100
1\ 2 - M I 0 - initial weight of seed 

M I = weight of empty container with c.,vt r 
M2 = weight of container with cover and seeds before drying 
M3 = weight of ccntainer with cover and seeds after drying. 

The results of the duplicate determinations should not differ by 
more than 0.2%; otherwise, tie analysis should be repeated in 
duplicate. 
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Table Io Spec fict tone for moisture test of dIfferent spec l.o ulg the air-ovn method. 

1)ry 11g [rv. i) %)Istore cont %t 
detent ific name time t impratrito r above whicih pre-.Common nae r ld ig* (houri,) (o) drying i, done (if 

Alflm.M spp. onion, leek  17 103 -
ArachL Ii I li I groindnuL C 17 1111Aven,a natlva oelts 17.0

F 2 130 7.)Brisslca ,pp. cabbaegi - 17 103 -Cicer ariet lnim chltckpta. C 1 13) 17.0 

I)a.ICnI corot,, carro t I 13 ;IvclIine mIx soya bean 10.0G 17 103-i;j2 ji~om C;i7 . cotton F 17 103 17.0lordehn vjlir, r " barley F 2 130 17.0 , C l
l Inn'i(1 irl lnt i 130 17.0 

LcoprsIci:nt omtto 1 130 . . med ic  1 130 -Orvza snati, rice F 2 130 13.0'eoiil,c tun y "T,ni 1!;i r I millet F 1 10 17.0Phast-ol -, ,1I-.; ,l'e c 1 130 17.0 

P l sen, t eim pea C 1 130S, eereih l ry,. 
17.0 

F 2 130 17.02.r_|.jo'i app. ii rgnhum F 1 130 17.0Trl I irI in ;,1. t refol 1 1 13(1 -Tr L.t1iN,,i I. pip. t r I t lca le F 2 1301 17.0 

Trilt"m ipp. wheat F 2 
 130 17.0
vi' I spp.pa vetch C 13(i1 17.0L Slipj. v'Owpeta; 
st ri ling ;in C 1
Zv. ma,; niI i 


1 . 
4 13(1 17.0 

* iitf rllfn,'; C: - 'iiirni grl[(Ilnl; - grlllelgr iie ry.uito 

Grinding anId pre-drying 

Some seed species must be ground before the actual moistiure content
is determined (e.g., cotton, rice, maize, cereals, peas, and beans).
Cereal and cotton seeds must be finely ground; at least 50% of the
ground material must be able to pass through a wire sieve of 0.5 mm
mesh size, and not more than 10% should remain on a sieve with 1.0 Ini
meshes. For leguminous seeds, only coarse grinding is necessary; at
least 30% of tie ground material shoul! pass through a wire sieve with
1.0 11111meshes. The grinding mill should be adjusted to produce
particles of the requitred dimensions, and it quantity of the sample
larger thai that reqtiiied tfor the test (about 20 g) should be ground.
Seeds of t'icia *J.ba might be difficult to grind because of their size;
they can be cut into small pieces before grinding. 
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If the seed sample requires grinding and the moisture content 
exceeds 17% (or 10% in soybeans and 13% in rice), pre-drying is 
necessary before grinding. For this, two 50 g samples are weighed and 
placed on two open trays at 130'C for 5 to 10 minutes. Very moist 
seed, about 25% moisture content or greater, is spread on two open 
trays and dried at 700C for two-to-five hours, depending oil the initial 
water -- ntent. The trays are then left uncovered in tile laboratory for 
at least two hours. If the laboratory room's relative humidity exceeds 
70%,. it is preferable to put the pre-dried seecs in a closed 
desiccator. Tiie two sanples are then weighed separately and a portion 
is ground (e.g.. 20 g). 

The ground material is then subjected to a moisture test using the 
air-oven method. Tihe moisture content (M) is calculated according to 
the following formula: 

N1 = S + S, -S x S2 

100 

SI = percentage of moisture lost by pre-drying (stage I) 
S,- percentage of moisture lost by the oven method (stage 2) 

The reported moisture content of tile pre-dried sample is tile 
averaged result of tile pre-dried duplicate determination, rounded off 
to tle nearest (), .I (; 


Quick methods 

A variety of brands and types of equipment are available to shorten 
tile tiile needed for noisture determination. The quick-test methods 
should be calibrated or checked against the standard air-oven method. 
Because of the uncertainties associated with using most quick methods, 
ISTA has designated tile air-oven melhod as the onlv official ulethod. 

The types of equipment for the various qu;ck metliods operate on 
different principles. lquipment includes: 
- All apparaitus that weighs seed on a huilt-in balance: seed is heated 

directly with an infrared lamp or electric heating elements. 
- Electric loisture meters, which determine seed moisture by its 

conductivity. 
- Electronic hunidity-ineasuring instrtuments, whichil measure tlhe relative 

humlidity of the air around tie seed. (The RH is ii) equilibrium with 
a certain or absolute moisture content of the seed.) 

Using the first or direct heating method, the material niust be 
heated to a temperature higher tha that required for tile air-oven 
method. Most of these apparatus have a balance wh ich continuously 
measures tile weight loss of the sample during heating. The moisture 
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percentage is usually read from a direct reading scale, and 
calculations are required. The test call be finished in 10-15 minutes, 
depending on the kind of seed under analysis. 

Electric moisture meters are also frequently used for a quick test, 
because they are faster than any other method, and the test can be 
completed in one minute. Such meters measure either conductivity or 
dielectric properties of seeds. 

For accuracy, meters used for the quick methods must be calibrater' 
for each species against the standard air-oven method. The moisturt 
determination should be executed under standardized conditions. In 
general, however, the results from the meters are less accurate than 
those from the ai-oven method, because the meters cannot be read very
precisely. Consequently, calibrated meters are only suitable for 
approximate determinations of moisture content. 

In order to use the relative humidity instruments, it is important 
to understand the relationship between relative humidity and seed 
moisture content. (The following explanation was derived from Justice 
and Bass. 1978.) The moisture percentages of seeds in equilibrium with 
a specific relative humidity vary with crop species. At any 
temperature, air will hold a given amount of water in the form of 
vapor; air that contains all the moisture it can is called "saturated", 
a state equivalent to the dewpoint or 100% relative humidity. Warm air 
can hold more water than cool air. If the amount of water in the air 
is lowered, the relative humidity will Ie decreased. Data from Hubbard 
et al. (1957) (quoted by Rober~s 1972) show that a decrease in 
temperature from 35 to 25C incr !ases the moisture content of wheat by 
almost I% at 75% relative hunmiity. 

Under all storage conditions the moisture content of seed will 
reach equilibrium with the surrounding air if enough time elapses and 
storage conditions permit. in fact. equilibrium is reached between the 
seeds and the air in the spaces between them when the net movement of 
moisture from air to seed, or from seed to air, is zero. 

The relative humidity of the air is calculated with an electronic 
humidity measuring instrument, which also has a temperature control. 
The apparatus should be equipped with different probes for measurements 
in large and small seed lots packed in bags or seed containers. The 
measurements can be done without sampling the seed. The result should 
be calibrated against a moisture test done by the air-oven method. 
Table 2 gives the equilibrium moisture content of several crop seeds at 
different relative humidities, at approximately 15-25'C. 
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Table 2. Equilibrium molnture content at different relattv humilditles at approximaLely 15-25'C. 

50 60 70 75 80 85 90 100Sc1o.titflc nae Coceva nav'e 10 20 3 40 45 

At11m oni on 4.6 6.8 8.0 9,5 11.2 13.4 

Arol hyl ;roov dnut 3.0 3.9 4.2 5.1 5.9 7.0 8.5 11.1 17.2 
Aven ,atlv,, ots 5.6 8. 4 9.9 10.2 11.2 12.5 14.3 15.3 16.8 18.6 22.3 24.1 
H"as.ca
 

o eracea cahblage 3.2 4.6 5.4 6.4 7.6 9.6 10.0 

Daocu. carota carrot 4.4 5.8 6.9 7.9 8.9 10.0 11.9 14.2 

Gl'-,'ie c.ax s,,, bean 5.5 6.5 7.1 7.5 8.0 9.3 11.5 13.1 14.8 18.8 

.os lv pp. cotton 3.7 5.2 6.3 6.9 7.8 9.1 10.1 12.9 19.6 

Ilordeon raLer, barley 8.3 9.8 10.6 11.4 13.2 15.0 16.1 17.2 22.7 26.8 
i r rIco,, 
IY er .'LL, tomato 3.2 5.0 6.3 7.5 7.8 9.2 11.1 12.0
 
.Itdis' n tlva lacerne 4.8 6.4 7.8 9.0 10.0 11.7 14.0 15.0
 

Lr1, t.-'a rice 7.5 8.6 10.3 10.7 11.3 12.8 11.7 14.6 15.2 18.4 

v, I-aIs comon I-m 3.0 4.8 6.8 1.4 12.0 15.0 16.0 

Ptarn natIlovn pe, 5.3 7.0 8.6 10.3 1! .9 13.5 15.0 17.1 22.0 26.0 
'le- , ream rye 6.9 8.2 9.0 10.5 10.9 12.0 13.4 15.1) 15.7 17.4 20.1 23.0 

nI mt Suldan ra-m 8.6 :3.5 12.0 15.2 18.8 21.9 

Irlio1 oInI, lnike 

I vl,rId m clover '.9 9.3 15.9 18.9 

8.7 10.9 15.4 18.0
Trtfou r7jv'o ad no clover 7.2 

-

Tr1 to,,l i 

jr.vc re) clover 7.6 9.1 11.2 15.6 18.7 

Trltlcmm d1-rar dor-m wheat P .5 10.0 11.5 14.1 19.3 26.6 
TrIt I om hold red 

a'st lvov spring wheat 8.5 10.1 11.8 14.8 19.7 25.0 

rr I t€ .uI- hard red 
-ne-t-lv winter hLeat 8.5 10.5 12.5 14.6 19.7 25.0 

TritticeM soft red 
aest ivoM wnter wheat 9.6 10.6 11.9 14.6 19.7 23.6 

Tritltmo 
15.0 19.7 26.3 

VIcla faba broad bean 4.2 5.8 7.2 9.3 11.1 14.5 17.2 22.6 

Vicla vlllosa vetch 

aestlvum white wheat 8.6 9.9 11.8 

11.0 13.0 17.4 18.7 

zpci 22__ maie 6.2 7.9 9.3 10.7 11.S 13.1 14.6 15.5 16.5 20.7 
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An Introduction to Purity Analysis
(with emphasis on cereal and pulse seed) 

W.J. van der Burg
Government Seed Testing Station, 

Binnenhaven 1, 6700 HE Wageningen, 
7T" Netherlands 

Introduction 

Good seed should not have a high percentage of chaff, straw, sand,and weed seeds. In practice, however, it is impossible for cleaningmachines to completely remove all these admixtures. Purity analysisdetermines exactly how much of the impurities remain, even if the 
percentage is very low. 

Many countries, as well as the European Economic Community,
seed regulations to protect 

have 
the buyer which prescribe the minimumquality standards for seed lots. In many countries, seed testingstations are associated with the International Seed Testing Association(ISTA), whose International Rules for" Seed Testing (ISTA 1985)prescribes testing methods but does not set standards for seed lots. 

Objectives of the Purity Test 

The purity test has two objectives. The first is to determine thecomposition by weight of the sample being tested and, by inference, thecomposition of the seed lot. In other words. the composition of thesample is expressed as weight percentages. If a representative sampleis used, the test results apply to the !ot as well. The secondobjective is determineto the identity of the various species of seedsand inert matter particles in the sample. Thus, all seeds mustidentified by scientific name, using the 
be 

ISTA List of Stabilized Plant 
Names (ISTA 1983). 
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a. 	 Size of submitted sample: The "submitted sample," sent to the seed 
testing station by a person, company, or sampling agency, is much 
too large for a single purity test. The submitted sample's minimum 
size is specified by species in Chapter 14 of this book, "Seed 
sampling," Table 1, Column 3. As shown in the table, a submitted 
sample of lentil seed, for instance, must weigh 600 g or more, 
whereas the purity test requiles only 60 g. There are a number of 
reasons for this difference: 

Sampling in the warehouse is inaccurate for smaller quantities. 
The sample must be of sufficient size for a1l tests, including 
those for seed health, cytology (chromosome counts), cultivar 
determination, and others. (The moisture test requires a 
separate sample). 

- The seed testing station must sometimes perform a second lest 
because results of tile first (preferably done in duplicate) 
exceed tolerance limits. 

- A number count test for other species must often be done in 
addition to the purity test. This ,otermines the number (not 
weight) of seeds of other species, in an amount of seed 10 times 
the sample size required for the purity test. 

- The sub-sample for tile purity test cannot be extracted easily and 
reliably from amounts smalier than those specified in the table. 

- A certain amount of the submitted sample should be stored for one 
year, should re-testing be required. 

b. 	 Preparation of the working sample: Sub-samples are taken from the 
submitted sample for nurity analysis. The sub-sampie or working 
sample has the same composition as the submitted sample, ut call be 
analyzed more quickly. 

The ISTA Rules give detailed prescriptions for sub-sampling 
equipment and procedures. For taking a purity working sample, 
which is preferably two independently-drawn half working samples, 
the Wageningen station combines the mechanical dividing and spoon 
methods, which suits the size and composition of most submitted 
samples, and enables the operator to work with optimal speed and 
efficiency. The mechanical divider minimizes any bias in the 
sub-sampling. The sample is thoroughly mixed by passing it through 
the divider several times before separating the portion required. 
The spoon method is used to reduce the sub-sample further, so that 
its weight is as close as possible to the minimum weight prescribed 
for the ialf working sample. 
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Various types of mechanical dividers are described in the ISTARules. The best is the soil divider (Fig. I), which consists of a
divider and three pouring pans (labelled a, b, and c in the 
figure). 

The procedure for using the soil divider is as follows: 
- The submitted sample seed is scattered evenly into the 

pouring pan a.
 
- The two receiving pans, b and 
 c, are placed alongside the 

soil divider. 
- Pan a is emptied into the hopper, allowing the seed to flow 

at about equal rates along the hopper's entire length,
filling pan b with half of the submitted sample and pan 
with half. 

- Pan b is replaced by empty pan a. 
- Pan b is emptied into the hopper, as was done with pan a,

making equal parts (each one-fourth of the sample) flow into 
c and a. 

- Pan a is replaced by the emply pan b, emptied into the 
hopper, and the procedure continued. 

a
 

Fig. 1. Soil divider. The first of a series of halvings is 
shown. The three pouring pans are labflled (a), (b), and c). 
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A s'ubmitted sample is thus reduced successively by half, 
until a sub-sample fivc Ic t0 times the prescribed weight of 
half the working sample is obtained. 

The spoon mediod is then employed, using the tools shown 
in Fig. 2, as follows: 
- The sub-sample is poured carefully with a side-to-side swing 

onto a shallow tray, making an even layer. The tray should 
not be shaken. 

- With a straight-edged spoon (Fig. 2) in one hand and a 
straight-edged spatula in the other, small portions are 
transferred to the weighing beaker on a balance (Fig. 3). 
Each spoonful should not be more tian one-tenth the weight of 
the prescribed working sample. Spoonfuls should be taken 
from the entire sub-sample, to prevent bias caused by 
segregating the seed layer either vertically or horizontally. 
Care should be taken to scrape the spoon over the bottom of 
the tray so the lower layer is not merely skimmed. 

- The weighing beaker should be filled to no more than 5% of 
the prescribed weight, but not less. The operator should 
never remove the surplus; it should either be left (although 
the sample will take longer to analyze), or the process 
started again. In the latter case, the weighing beaker can 
be emptied back into the submitted sample bag and refilled 
with about 10 spoonfuls of the material left in the tray. 
(Figs. 4-6 show other equipment used in the purity test and 
discussed in detail later in this paper). 

Fig. 2. Tools for the spoon method: tray, straight-edged spatula, and three straight-edged 
spoons. 
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Fig. 3. Analytical balance. 

a. '.: b. 

C. 

Fig. 4. Weighing tables, (a) and (b) show two types ot tables that can be placed on the ground; 
note the rubber blocks (b) placed between the stone slab and the base. (c) can be used when a 
stable floor is unavailable. 

38 



Fig. 5. FPoritv wot kinql tahlu and toocls. 

a,. 

b. 

d..Ld. 

Fig. 6. Vario0us small IoStIIUImIets (a) flat spatula for pluity test andi cnouirti) smmedasfor 
germination. (h) scalp l nemlh, fur sanw, purposes, (C) s(riae! fo) enmOvinlmand lewvelling 
sand in lermlmimatinl cortamn s, an (d) t e!zers, (laxji from tn amulles. 

The wtight i , Itc tdt'.d il i piI anal,'sis lmit to ,cie ias 
t c h.'ck la.'tr Onf, v.hen di. o.) kill sample has undergone 

plirilv a taI,,sis atnd collip .nttill ,,ei.hl' adde.(d up. h . initial 
%kiglht itt[d th. StUM Of ' I)Ml)IW'tt WC i hs av,li l, ri 10r 
ticICeti tietstts: H 111t, (Iiltertcttt c\ccesl a celilitl ligniP. 
Manot pi tc'St sltoti 1( hC (1t1nC. A stuggested hi ittit is 2"; of the 
initial Ackight. 
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- The working sample is transferred from the weighing beaker to 
a purity working sample container, and taken to a purity 
table for analysis. 

- Tile remaining quantity of submitted sample is returned to tile 
bag, either for storage (for a whole working sample), or to 
furnish seed for independent drawing of the duplicate half 
working sample to confirm the first test (when analyzing two 
duplicate half working samples). (Storage of a seed 
collection is illustrated in Fig. 7 and discussed later in 
this paper.) 

Fig. 7. Main seed collection. 
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Definitions of the Three Purity Test Components 

The purity test procedure separates tie sample's particles into 
three groups. Since 1976, the international certificate has listed 
only three components; "other crop seed" and "weed seed" noware 
combined into one fraction called "other seeds", since a species 
considered a in country be usedweed one may as a crop in another. The 
receiving country receives a certificate listing all species in the lot 
and can then define "weeds" as appropriate. Many national certificates 
still have four components. however, and percentages of "other crop
seed" and "weed seed" must he combined for international certification. 

The ISTA Rules define the three components as follows: 

a. 	 Pure seed 
The pure seed shall refer to the species stated by the sender, or 
found to predominate in the test, and shal include all botanical 
varieties and cultivars Theof that species. following structures 
(even if immature, undersized, shrivelled, diseased or germinated,
provided they can definitely he identi fed as of liat species) 
shall be regarded as pure seed: 

- Intact seeds (i.e., seeds in the botanical sense). 
- Achenes and sirilar fruits, schizocarps. arid mericarps with 

or without perianlth and regardless of whether they contain a 
true seed, unless it is readily apliparent that no trne seed is 
present (refers to iompositae. nmbellierae, ec.). 

- Pieces of seeds, achicies. rnerica:rps, and caryops, resultim' 
from breakage, that are more than one-half their original
size. lowever, l eguiin sae and Crucifter'e seeds with the 
seed coats entirely reumoved shall he regarded as inert 
matter.
 

- Florets and caryopscs of (raiinvae as follows:
 

i 	Florets arid one-flowered spikelets with an obvious 
caryopsis containing endosperm. A sterile floret 
attached to a fertile floret in -tvena, 'a nicium. and 
Sornlntum is not remov(led hut left attached and iricluded in 
the pure seed firaction. In other genera, this sterile 
floret shall be detached and plact.d in the inert maller 
fiaction. 

ii. Free caryopses, and pieces of caryopses resllting from 
breakage that are more than onie-hahf their original size. 
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b. 	 Other seeds 
Other seeds shall include seeds and seed-like structures of any 
plant species other than that of pure seed. With respect to 
classification as other seeds or inert matter, the distinguishing 
characteristics set out for pure sced shall also be applicable to 
other seeds, except in the case of Ctswla spp. (see c(2), below). 

c. 	 Inert matter 
Inert matter shall include seeds, seed-like structures and other 
matter as follows: 

- Seeds and seed-like ntricwit 's 
.Pieces of broken or damaged seeds: achenes: mericarps one-half 
the original size or less: seeds of Leguiminosac and Cruciferae 
with the seed coats entirely removed: and structures defined 
in "Pure seed.b" in which it is readily apparent that no true 
seed Is ipresent. 

2. Seeds of (u.u',a species that are fragile (frequertly 
enlarged) or ashll grey to creamy white illcolor in section. 

- Other mitl'" 
Soil. sand, stones, stems, leaves. pieces of ba'k. flowers. 
nematode galls, fuligus bodies (such as ergot, other sclerotia, and 
uilt halls), and all other inal~itter that is not seed. 

)etlnitimiis of ['tire Seed of' Major Cereal and Pulse Crops 
(from Felfoldi 1983) 

Only the structurts described ill the p ie seed (ltfititiOil are 
classed as )0irc seed, All other struc iires anong the seeds or attached 
to seed must he clissed either an other seed or as inert ntalter, 
depending on the ialture of the structure. 

Sesamum 
- Seed, wilh or without testa. 
- Piece of seed larger than one-half the original size, with or without 
lesm. 

Arachus, Citer, Glycine, Lens, Medicago, I'maseolus, 'isuin, Trifolium, 
Vicia, Vigna 

- Seed, provided a portion of the tcsta is attached. 
- Piece of seed arget than one-haRlf the original size, provided a 

portion of the testa is attached. 
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Avena 	(see Fig. 8) 
- Spikelets, with lemma and palea enclosing a caryopsis, with or 

without awn, plus attached sterile floret. 
- Floret, with lemma and palca enclosing a caryopsis, with or without 

awn. 
- Caryopsis
 
- Piece of caryopsis larger than one-half the original size.
 

Note: 	- Separate spikelets consisting of two fertile florets. 
- )o not separate units in which the lemma of the outer sterile 

floret partly envelops the inner fertile floret. 
Remove stalk at point of attachment. 

- Single florets containing only the ovary are classed as inert 
matter. 

Ilordeum 
- Floret. with lemma and palea enclosing a caryopsis, excluding entire 

awn when the length of the avn exceIcds the length of the floret. 
- Caryopsis. 
- Piece of caryopsis larger than one-half the original size. 

Floret Spikolet 

awn 

temmua 	 lemmna ' 

racil pa 	 / palea 

rachila t 
 -- sterile floret 

C.. ,talk 

Fig. 8. 	 Floret and spikelet ot Avena sativa. 

Oryza (sce Fig. 9) 
-Spikelet, with glumcs. lemma, and palea enclosing a caryopsis,

excluding cut ire awn whetll awn[I length exceeds floret length. 
- Floret. wilh leninia and palca enclosing a caryopsis. excluding entire 

awn when awn length excee(ds floret length.
 
- Caryopclis.
 
- Piece of caryopsis larger Ihan onte-hall the original size.
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Floret Spikelet 

lmmma 

- palea 

palea 

glumes 

Fig. 9. Floret and spikelet of Oryza sativa. 

Pennisilum (see Fig. 10). 
- Fascicle of one-to-five spikelets with involucre of bristles. Tile 

spikelet must hve gluncs. lemma, and palea enclosing a caryopsis, 
plus attaclied sterile lemma. 

- Floret, with lemma and palca enclosing a caryopsis. 
- Caryopsis.
 
- Piece of caryopsis larger tIani one-half the original size.
 

Floret Caryopsis 

palea l-- a --. embryo 

S- hlemma-

Fig. 10. Floret and caryopsis of Pennisetum glaucurn. 

Secale, Irfticosecale, Tritir,'m, 7xa 
- Caryopsis.
 
- Piece of caryopsis larger tian one-half the original size.
 

Sorghum (see Fig. I I) 
- Fertile (sessile) spikelet (with or without awn), with attached
 

pedicel (of sterile 5pikelet) and rachis segment (stalk), provided

that the stalk is not longer than the spikelet. (Wheni the stalk is

longer than the spikelet, the entire stalk is to be removed.)

Note: The 
 fertile spikelet consists of hardened glimes enclosing two 

florets (therefore not visible), one colrsisting of a 
transparent sterile lemma, the otlier containing the caryopsis
within a tissue-like lcm ma and palea, with or without awn. 

- Caryopsis.
 
- Piece of caryopsis larger than one-half the original size.
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Spikelets 
(after purity test) 

- sterile spikelet 

fertile (sessile) 
spikelet 

rachis segment -

I (removed) 

edicel 
I T 

caryopsis 

glumes 

rachis segment 
(stalk) 

-es 

(a) (b) 

Fig. 11. Spikelets of (a) Sorghum sudanense and b) S. bicolor. 

Purity Test Procedure 

a. 	 Working sample 
The purity analysis shall be made on a working sample taken from 
the submitted sample in accordance with Rule 2.7 and as explained 
in paragraph 3.1) of the ISTA Rules. 
The working sample should not be less than the weight indicated 
in Chapter 14: "Seed sampling," Table I, Column 4; or, if the 
species is not mentioned, the sample should be of a weight 
estimated to contain at least 2500 seeds, subject to a minimum of 
0.5 g 	and a maximum of 1000 g. The analysis may be made on 
one working sample of this weight or on two independently
drawn sub-samples, each of at least half this weight. 

b. 	 Separation 
- The sub-sample (purity working sample) is spread on the working 

table. 
- Each particle is judged individually based upon external 

appearance (shape, size, color, gloss, surface texture) and/or 
appearance in transmitted light. 

- All other seeds and inert matter particles are rer'oved, leaving 
the pure seed. (The separations result in the three components 
described earlier.) 

- Seeds enclosed in fruits other than Ai;se cited under "Pure seed" 
shall be separated and the detached empty fruit classed as inert 
matter. 

- After separation, each component part, any species of seed, and 
any type of other matter which requires a ieported percentage 
shall be weighed in grams to the minimum number of decimal places 
necessary to calculate the percentage to one decimal place, and 
recorded on the purity form (paragraph 10 of the ISTA Rules). 
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Examples:
 

When the working sample
 
and its components to
 

When the weight Cf the following number Example of
 
sample (gms) is: of decimal places: results (g):
 

<1 	 4 
 0.8036
 
1 - 9.999 3 8.036
 

10 - 99.9 2 80.36 
100 - 999.9 1 803.6 

>, 1000 0 8036 

- Components may be retained for future reference; the pure seed, 
however, is sent to the germination unit, where 400 seeds will be 
used for the germination test. 

c. 	 Tolerances 
- If a duplicate analysis is made of two half-samples, the 

difference between the two must not exceed the tolerance between 
duplicate analyses given in Chapter 14 " Seed sampling," Table 2, 
Column 3. If the difference exceeds the tolerance, further pairs 
must be analyzed using the procedure given in the ISTA Rules. 

-	 When two or more purity analyses of whole working samples are 
made, the results must fall within the tolerance given in Chapter 
14 "Seed sampling," Table 2, Column 4. These tolerances can also 
be used to compare results of different stations that have tested 
the same seed lot. 

d. 	 Reporting results 
The results of a purity test must be reported to one decimal place 
and the percentage of all components added together must total 100. 
Components of less than 0.05% should be reported as "trace". 
Components of 0.05-0. 1% are reported as 0. 1%. The Latin name of 
the species of pure seed, the Latin name of each species of other 
seed, and the kind of inert matter must also be reported. 

Test Equipment 

Optical aids: A magnifying glass of 3-5x magnification is very useful. 
A binocular microscope may be needed for the small-seeded species, or 
to determine the presence of species difficult to distinguish from the 
crop seed. 

Balances: 
fractions, 
precision. 

Bala
and 

nces 
comp

intended 
onents 

for 
must 

weig
meet 

hing 
certain 

samples, 
requirements regarding 

sub-samples, 
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The entire range of weights between 0.5-1000 g can be determined 
with twc balances: an analytical balance accurate to 0.1 mg (capacity 
160-200 g), and a precision balance accurate to 10 mg (with about 1 kg 
capacity) (c Trable 1, Precision balance 1). 

Table 1. Types of balances.
 

Capacity Readability
 
(g) (mg)
 

Analytical balance 160 (200) 0.1
 
Precision balance 1 1000 (2000) 10
 
Precision balance 2 160 (220) 1
 

When many samples must be tested, either during the peak season or 
for moisture, it is necessary to have a third balance of an 
intermediate type (Table 1, Precision balance 2). The three balances 
should allow direct reading and have tare mechanisms. 

Balances should be chosen that are made by a firm with a reliable 
service contract. The balances should be serviced at least once 
(preferably twice) a year. 

Weighing table (Fig. 4): The balance should be placed on a weighing 
table, consisting of a stone slab 8 cm thick, resting on anti-vibration 
cushioning and supported by concrete or brick pillars. Weighing tables 
can be purchased from balance manufacturers, but are usually made 
locally. The weighing table must be situated on a concrete floor or 
against a brick wall. 

".ieves: A set of small hand-sieves with different perforations can help 
to divide the working sample into two or more portions that are more 
homogeneous. This makes the test more accurate and speeds up analysis. 

Other equipment (Figs. 5 and 6): Also required are spoons, spatulas, 
forceps, scalpel, needles, and shallow trays. Funnels and watch 
glasses are needed for normal purity analysis. It is better to put the 
working sample and its components into metal containers instead of 
paper bags.
 

Seed collection: The main seed collection should be stored in a 
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cupboard with metal units containing small plastic drawers. The seeds 
are put into labelled glass test tubes and stored in the drawers (Fig.
7). Also useful is a small collection for quick reference made up by
each analyst. Specimen tubes of crop are inand weed seeds arranged

holes in a wooden block (Fig. 5).
 

Special Tests 

Several other tests, not actually part of the purity test, can be 
done by the purity department. 

Number count test for other species (ISTA Rule 4): In international 
trade, this test is used mainly to identify seeds of noxious or
undesirable species. The quantity of seed used for a purity test is
insufficient for this test and usually must be increased tenfold. (See
Chapter 14 "Seed sampling," Table 1, Column 5). The analyst counts 
only the number of seeds of each species cited by the sender or a given
seed law; the sample is not separated into purity components. To
determine any significant .difference between determinations made by the 
same or different stations, refer to Table 4A of the ISTA Rules. 

1000-seed weight (ISTA Rule 10): Tl-e 1000-seed weight is determined by
the so-called weight determination. The procedure outlined in ISTA 
Rule 10 is rather complicated and less reliable than counting the
number of seeds in the pure seed fraction of each half working sample
(after completing the purity test). If results do differnot more than

2%, the average of the two halves can be used to calculate the weight
 
per 1000 seeds.
 

Verification of species cultivar (ISTA Ruleor 8): This test has many
applications and is performed with different techniques, but must be 
done by an exceptionally skilled analyst. 

Cytological test: For sugar beets and some grasses, the degree of 
ploidy is a major quality aspect. Triploid seeds of sugar beets, for
instance, give rise to better crops than diploid or tetraploid seeds. 
Seed lots are always a mixture of all three types, however, and this 
test determines the presence of each, by counting the chromosomes in
cells from. squashed, stained root tips or from seedlings' primary 
leaves.
 

For Beta, the submitted sample must be fractioned with sieves to 
produce a representative working sample, and the chromosomes of 4 x 50
seeds counted. ISTA Rules do not describe this procedure, which 
requires special training to carry out. 
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Pelleted seed (ISTA Rules Annexes, Appendix A) 

ISTA Rules Annexes give only provisional rules for testing pelleted 

seeds. The working procedure for normal seeds is followed, but the 
seeds are separated into fractions of pure pellets, unpelleted seed. 
and inert matter (ISTA Rules, Appendix A, 3.2). After weighing, 100 
pellets from the pure pellet 'raction are placed in water in a small 
container. After a few minutes, the contents are poured into a fine 
mesh sieve to trap the particles th,',t were mixed with the pellets. Tile 
number of seeds of each species is counted and the type of inert matter 
specified (see compleke explanation in the ISTA Rules, Appendix A, 
3.4). 

Purity Registration 

Purity form: The purity form (Fig. 12), like the other forms, has twc 
main sections separated by a double line; the lower section is for 
recording the analysis, and tile upper section for final conclusions and 
additional information. 

A purity test should be executed in duplicate on two sub-samples 
(or half working samples) drawn and tested independently (referred to 
as "1st Replicate" and "2nd Replicate" on the form). Two purity forms 
are therefore required: one for tile results of the "2nd Replicate" and 
the other for the results of tile "1st Replicate" along with the average 
of the two. This way, one analyst's results cannot bias the other's, 
since the two sets of results are compared after percentages have been 
calculated. 

Filling out the form: When the submitted sample and its duplicate 
purity analysis forms are received, tile purity section's leading 
analyst designates two analysts to draw the duplicate half working 
samples and to carry out the analyses. 

Each analy,: 
- confirms that the analysis number on the submitted sample's label is 

the iame as the number on the form. 
- writes the analysis number, species name, and "lst" or "2nd" on the 

working sample container, and signs it. 
- draws a working sample (using the procedure outlined in this paper), 

weighs it, writes the weight at "working sample" at the top of the 
"grams" column of the form, dates it, and signs at "weighing working 
sample." 
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- subjects the working sample to blowing and encloses tie fractions in 
separate containers (if the sample requires fractionation by blowing, 
either as an aid or to meet a requirement). 

- records the blowing speed (i.e., manometer reading, or valve opening 
reading) on each container. 

- records the blowing speed and the date, and signs at "blowing" on the 
form. 

- takes the fractions and the form tu a working table. 

At the working table, the same or another analyst:
 
- subjects the sub-sample (fractionated or not) to a purity test.
 
- records the type of inert matter 
 after "I" and the scientific or 

Latin names of other seeds after "2". 
- records the scientific name of the pure seed at "Latin name of 

species (established by analyst)". 
- records the date and signs in the "analysis" space.
 
- has data checked by the leading analyst.
 
- weighs the components in the weighing unit.
 

The leading analyst is responsible for all results reported.
He/she signs and dates the form, contiruing the name of the pure seed 
species (see ISTA List of Stabilized 'lant Names, ISTA 1983), by
writing it tnder "species as analyzed", and then sends the form to the 
office, if the calculation is performed by an administration centel'. 
In the office, the clerk: 
- calculates the component percentages to two decimal places. 
- compares the two series of percentages from the two replicates, and 

compares the difference with the prescribed table of tolerances. 
If the difference between comparable percentages exceeds the 

tolerance, the analyst writes the analysis number in the upper right 
corner of a purity analysis form and orders an additional purity test. 

If the Jifference between comparable percentages is within the 
tolerance, the analyst: 
- writes the average percentage of the test in the column "average of 

replicates." 
- rounds off these percentages to one decimal place. 
- corrects the percentages so they total 100%, by correcting only the 

inert matter percentages. (Impurities present at less than 0.05% are 
reported as "trace" and not included in this calculation.) 

- copies the corrected percentages at the head of the form. 
- fills in the data for "l) kind of inert matter" and "2) kind of other 

seeds" in the center of the top of the form, for both replicates, and 
adds them up. The data are then ready to be reported on a report 
form (certificate). 
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pur- inert 1) other 2) 

seed matter seeds 

space for additional specifications 
1) k:nd of inert matterconcerning the seed lot 

species as stated by sender 2) kind of other seeds 	 analysis 5) 
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species as analyzed (Latin) 
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established by analyst REPLICATEIST/2ND 
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Average % of 
repi!cates 1) kind of inert matter of this replicate 

Pure seed 

inert matter 

21
other seeds 

total 2i kind of other seeds of this replicate 

.Fig. 12. Purity form. Each replicate requires a separate sheet. 



raother fals 6) 

species as stated by sender other determinati nsher 
Cuscuta Orobanche species seed 

_ _ by number wight 

species as analyzed (Latin) 

by leading analyst; 
1ST/2ND REPLICATE grams analysis weighing analysis 

approved 

space for results of one replicate 

Fig. 13. Extra form. 



The extra form (Fig. 13) is used to report special determinations 
that are normally reported under ISTA Certificate heading "Other 
Determinations". Such tests include: other seeds by number (number 
count test), 1000-seed weight, hectolitre or bushel weight, 
verification of species or cultivar, seed health, percentage of 
sprouted grain, percentage of cracked seeds, and others. 
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Phenol Color Reaction for Varietal
 
Identification of Wheat Seeds
 

P.K. Agrawal 
Division of Seed Science and Technology, 

hIdian AgricuitralResearch hislitue, 
New Delhi, 110012, hIdia 

The phenol color test provides a useful tool for varietal
identification, which is an important aspect of a good seed production 
program. Since Pieper (1922) showed that phenol tests could be used to 
identify wheat cultivar,, several workers have standardized this test,
including Esbo (1945), Korpinen (1964), and Walls (1965). The use of 
phenol color reaction is now one of the recommended tests for
identification of wheat cultivars (International Seed Testing 
Association 1976).

The phenol test is a v'ery simple method for classifying wheat 
cultivars into different color groups. Biochemical studies on phenol
color reaction have shown that it involves the enzyme tyrosinase using
phenol as a substrate (Esbo 1945). The seed coat is the site of 
biochemical reactions giving black, dark brown or mars brown, brown or 
snuff brown. light brown or deep olive, and negative color. 

Often, however, more than one cultivar falls into a particular
color group, making it difficult to identify a particular variety.
Nonetheless, if observations are taken frequently during the 
development of color on the seed coat, it will be possible to further 
resolve varieties into the different color groups. 

Experimental Procedure 

Soak different cultivars of wheat in water overnight, preferably
20 0C. 

at 
Line a petri dish (about 15 cm diameter) with two sheets of 
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filter paper. Saturate the filter paper with about 4 ml of I % aqueous 
solution of phenol. Transfer the seeds onto the filter paper, cover 
the dish, and place it at temperature of 30'C for about four hours. 
Note the color reaction according to the following scale: black (++ + +), 
dark brown (++ +), brown (+ +), light brown (+), and negative (-). 
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Physiology of Seed Germination 
and Dormancy 

P.K. Agrawal 
Division of Seed Science and Technology,
 

Indian Agricultural Research hisliute,
 
New Delhi, 110012. India
 

Seed Germination 

The resumption of active growth by the embryo resulting in rupture
of the seed coat and emergence of a young plant is known as
germination. In seed testing, however, the International Seed Testing
Association (ISTA) defines germination in a laboratory test as the 
emergence from the seed embryo and development of those essential 
structures which indicate the ability of tile seed type tested to
develop into a normal plant under favorable conditions in the soil. Aseedling is classified as normal only if ;t has the capacity for 
continued development into a normal plant.

Germination is of two types: hypogeal, in which the cotyledon doesnot emerge above the soil surface (e.g., pea); and epigeal, in which
the cotyledon emerges above tie soil surface (e.g., bean). Germination 
has four phases: imbibition, enzyme activation, cell 
elongation/division, and protrusion. 

Factors Influencing Germination 

Water, oxygen, temperature, and light all influence germination,
although the first three are classified as essential. 
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1. 	 Water: The extent to which imbibition of water occurs is determined 
by the chemical composition of the seed, the seed coat's 
permeability to water, and the availability of water in the 
environment. Imbibition is not related to seed viability. 

Seed swelling to some extent reflects the storage materials 
present in seeds. Protein is thc chief water-imbibing component of 
seeds, although other components such as come cel!tilose parts and 
pectic compounds also swell. Starch, even in large amounts, does 

not add to the total swelling of seeds. Starch swells only at a 
very acidic pH or after treatment with high temperature, neither of 
which occur in nature. 

2. 	 Oxygen: Trhe process of germination requires an expenditure of 
energy, therefore oxygen is essential for aerobic respiration. 

3. 	 Temperature: Different seeds germinate within different temiperature 
ranges. Very low and very high temperatures prevent the 
germination of all seeds. The effect of temperature does not 
depend on other factors. 

4. 	 Light: The seeds of most cultivate( plants usually germinate 
equally well in the dark or light. However, enhanced germination 
in light has been observed in fi eshly-harvested seeds of some 
species, e.g., lettuce (Lacta saliva). 

The pigment phytochrome, responsible for absorbing light energy 
in seeds during germination, is protein in nal.ure and blue in 
color. It exists in two forins: one which absorbs red light (P 
and another which absorbs far-red light (P1 .). The nature of light 
given during the treatinent determines the response. Red light (660 
nm) promotes germination, whereas far-red light (730 nm) inhibits 
germination. The reaction is reversible as shown below: 

Factors Promoting Seed Dormancy 

The state of inhibited seed growth resulting from various internal 
causes is known as dormancy or rest period. Dormancy can be affected 
by the characteristics of the seed coat. The coat may be impermeable 
to water, as in many legumes and water lotus- impermeable to oxygen, as 
in Xanthiuim: or mechanically resistant, as in pigweed (Amaraithms 
retrofle.'s). The embryo's character also affects dormancy, Holly and 

European ash: for example, have rudimentary embryos, whereas apple and 
peach have dormant embryos. There are also germination inhibitors such 
as phenolic compound (caffeic, ferulic, and abscisic acids). 

Dormancy can be broken by scarification, low temperature (5-8'C), 
high temperature (40-45C), alternate temperatures (20 and 30C), and 
light, Various chemicals are also used to break dormancy (Table I). 
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Table 1. Chemicals used 
to break dormancy.
 

Growth regulators 	 gibberellins; cytokinins;
 
ethylene
 

Plant products 	 fusicoccin; cotylenol;
 

cotylenin; strigol (root
 
exudate of a host plant)
 

Respiratory inhibitors 
 azide; cyanide; malonate;
 
hydrogen sulphide; carbcn
 
monoxide; sodium fluoride;
 
iodoacetate; dinitrophenol;
 
L- and D-chloramphenicol;
 
hydroxylamine
 

Oxidants 
 hypochlorite; oxygen
 

Nitrogenous compounds 
 nitrate; nitrite;
 
hydroxylamine; thiourea
 

Sulphydryl compounds 
 dithiothreitol;
 
2-mercaptoethanol;
 
2,3-dimercaptopropanol
 

Various 
 acetone; ethanol; ethyl ether;
 
chloroform; methylene blue;
 
carbon dioxide; phenols;
 
hydroxyquinoline;
 
di methylglyoxime 

In seed testing, however, potassium nitrate, gi[ berellic acid (GA3) .kinetin, sulplihuric acid, and hydrochloric acid ha 'e frequently been 
used. 

In a hormonal model proposed for the control of seed dormancy. tile 
essential role of gibberellic acid and tie enabling role of cytokinins
in seed germination have been shown (Fig. I). Gibberellins apparently
have the prinmary role in regulating germination and in triggering the
release of dormancy. Tie role of inhibitors such as abscisic acid and
of cytokinins is secondary; i.e., preventive and permissive, 
respectively. 
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Without gibberellins With gibberellins 

[ Cytokinin + 

Cytokl'iin - Germination Germination 

Inhibitor No germina-tion Inhib;1or No germina-tion Germination 

Fig. 1. The essential role of gibbercllins and the enabling role of cytokinins in seed 
germination. 
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An Introduction to Germination Testing 

A. van Geffen 
Government Seed Testing Station, 

P.O. Box 9104, 6700 HE Wageningen
 
The Netherlands
 

Introduction 

rie aim of the germination test is to furnish reliable information 
on the field planting value of a seed. The test results can be used to 
compare the quality of different seed lots. The germination test must 
produce results that are uniform and reproducible within and between 
seed testing laboratories. 

Testing under field conditions is normally unsatisfactory as the 
results cannot be repeated reliably, so laboratory methods have been 
developed in which most or all external conditions can be controlled to 
give the most regular, rapid, and complete germination for most samples 
of a particular kind of seed. 

In a laboratory test, germination is defined as the emergence and 
development from the seed embryo of those essential structures which,
for the kind of seed in question, indicate the seed's abi'ity to 
produce normal plants under favorable conditions in soil. The 
conditions for laboratory germination, therefore, must not only be 
precise enough to initiate the seed's growth, but must also favor 
seedling development, in a limited period of time, to a stage in which 
all essential structures can be evaluated, to enable the separation of 
normal seedlings from abnormal ones without practical agricultural 
value. Germination is expressed as the percentage of pure seed of a 
given type of seed that produces normal seedlings under optimal 
conditions. 

Based on the nterntional Seed Testing Association Rules. 

160 



Generally, if the seed to be tested is cleaned well, of reasonable 
quality, and not dormant, the results of the germination test performed 
under optimal laboratory conditions will correlate positively with 
emergence under practical sowing conditions. The germination test is 
not a precise forecast of emergence; instead, it indicates that under 
the same set of conditions a seed lot of relatively high quality will 
emerge better than a seed lot of lower quality. The International Seed 
Testing Association (ISTA) has developed germination methods and 
directions for seedling evaluation for international use, which are 
generally followed by different countries for national evaluation as 
well (ISTA 1985). 

General Principles 

The germination test should always be done on seeds from the pure 
seed fraction. From well-mixed pure seed, 400 seeds are counted at 
random into replicates of 100, 50, or 25 seeds. The seeds are spaced 
uniformly on a moist substratum, sufficiently separated to facilitate 
easy seedling evaluation and to prevent the seedlings from fouching one 
another before they are counted and removed. This helps to prevent the 
spread of any infections. 

The replicates are then placed ut'der optimal gernJt-.i on 
conditions, usuaily including a treatment to break dormancy if needed. 
Fungicide treatment, although not used in an official germination test, 
may be undertaken upon request. 

The first count is made when the majority of seedlings have reached 
the developmental stage at which proper .valuation is possible. Since 
the seedlings being Icsted are completely dependent for growth on 
reserve nutrients stored in the seed, they must be evaluated before 
they use tp the nutrients and begin to rot. 

The nornai seedlings are removed aijd counted. Rotten seeds and 
decayed seedlings are also removed to prevent contamination and 
counted. Repeated counts are taken during the course of the test, 
following the same procedure. The final count also records the number 
of hard and fresh ungerminated seeds. If some seeds start to germinate 
only at the end of fthe test, the test can be prolonged. When the 
results of the test replicates fall within the maximum tolerated range, 
the average of tl~e normal seedlings represents the percentage 
germination. 
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Procedures and Materials 

Preparing the substratum 

Substrata used in the germination lest include paper, sand, and
soil, depending on the laboratory's germination facilities, the seeds' 
dimensions, and the plants' light requirements. (Detailed
specifications for paper, sand, and soil are given in the ofannexes 

the ISTA Rules 1985. 5.4.A).
 

The substratu m inust be non-toxic 
 and relatively free of molds,
other microorganisms, and their spores. It inust also provide adequate 
aeration and moisture for germinating seeds. The substratui must be
sufficiently but not excessively moist for germination requirements.
The initial quantity of water added depends on the substratum 's nature 
and dimensions. o cut down on watering after planting, the relative
humidity of the air around the seed~ should be kept as close to 
saluration as possible. The p1l value of the paper and sand should be 
6.0-7.5. 

Water 

Tap water can be used to moisten the substratum, provided it is 
reasonably free from acidic, alkaline, organic or other impurities.
Otherwise, distilled or deionised water should be used. 

l'aper
 

All paper substrates should be porous, but with a textuire fine
enough to prevent seedling rools from growing into the paper. For most 
seed types, the paper should not be so wet that a film of water forms 
around the finger when tie moistened paper is pressed. Filter paper,
blotter paper. or paptr towels can be used to germinate seeds. Seeds 
can he placed on top of one or more layers of paper or, alternatively,
germinated between two layers of paper (using envelopes. rolls, or
"plealed" paper). Pleated paper seems to he a very good substratum for
germinating seeds that are pelleted and those very susceptible to
surplus moisture, because the test is normally caried out in closed 
boxes. making it possible to regulate moisture. 

The paper substlrates can be placed either directly inon trays a 
germination cabinet, in a room with humidity near saturation, or in 
closed boxes with a thick layer of moistened phper beneath the paper
substrates. 
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Sand 

Sand is normally used as a substrate for larger seeds such as 
cereals, peas, and beans. Depending on their size, the seeds can 
either be planted on a layer of sand and covered with 10-20 nim of loose 
sand, or planted atop the sand and pressed into its surface. The sand 
should he free from both fine and large particles; ie., able to pass 
through a sieve with 0.8 mm diameter holes and be retained by a sieve 
with 0.05 mm diameter holes. When necessary, the sand must be washed 
and sterilized to kill microorga nisms and foreign seeds. The amount of 
water added to the sand depends on the seeds' characteristics and size, 
but tile sand sholld not he so wet that optimal aeration is prevented. 
For seeds of maize and large-secded legumes, the sand should be 
moistened to approximately (() %' of water-holding capacity. For most 
other species. the sand sluid bc moistened to approximately 50% of 
complete satimtion. The top ,,od bottom layers of sand should be raked 
to enable good gas exchange. 

The sand bed should then be prepared (Figs. 1-10). first by filling 
the germination pan with a levelled layer of moist sand (preferably 
with a metal ;craper). and then loosening the sand with forceps or a 
rake. After the seeds Pro planted and covered to a depth of 1-2 cm, 
the sand cover i:again loosened and levelled (without touching the 
seeds). The stnd surplus is removed with the scraper but without 
pressing the sand. 

Soil 

Soil or an artificial comios is commonly used instead of sand to 
test samples that produce seedlings with phytotoxic symptoms when 
germuinatd in sand or paper. Such seedligs may become notral if the 
toxic sulslancrs can be absorl,'w by'the humus complex of the soil. 

The soil Itst is also used to conlirm tie evaluation of seedlings 
ill(1o 1)t1l e'ases, b1ut it is not ITC ml11lCRelided for routine gernlination 
tests since soils are more difficult to standardize and therefore 
liable to cause greater 'variation henween test resulls. 

'I moist the soil. water should be added until tile soil can be 
formed into o ball that is easily broken when pressed between two 
finge rs. The soil should be furrther prepared as described earlier for 
sand. 
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Fig. 1. Container is fillet: iA/iti noist sand and levelli!d with the aid of a sciapi'. 

•A,;,,7) ¢ 

Fig. 2. The seed bed is loosened with a rake. 
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Fig, 3. Couninq hoard is venly filled with st .ads. 

Fig. 4. Surplus of seeds i snaken off. 
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Fig. 5. The number of seeds is corrected, using tweezers. 

4
 

Fig. ii. The counting board is placed on top of the seed bed and the lower plate is pulled t, 

release the seeds. 
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Fig. 7. Planted setelsacarefully covered with loose moist sand. 

Fig. 8. The sand cover is caratully losnedf arn I ewellmid with~a rake without touchinqjthe, 

seeds. 
167 



Fig. 9. The suruls of sand is removed with the long side of the scraper. 

11..A 

Fig. 10. Slips with analysis number are inserted in the beds. 

108 



Preparing the replicates 

The replicates of the working sample (tle pure seed fraction) are 
either counted by hand or with mechanical devices such as vacuum 
counters and counting boards. Vacuum counters are usually used for 
smooth, non-hairy, and round-ti-elliptical seeds (clovers, cabbages), 
with counting boards generally used for larger seeds (maize, peas, and 
beans). 

Both vacuum heads and courting boards should be approximately the 
same size as the substratum in/on which the seeds are germinated. 
Because such counting devices are difficult to clean, different heads 
and boards should be used for chemically-treated and untreated seeds. 

Hand counting (see Fig. I I) 

The pure seed fraction is poured onto the working table, mixed 
well, and divided with a spatula into the same number of equal parts as 
replicates (e.g., 4 x 100, 8 x 50). Each part is mixed well again and 
the replicates counted at random. 

100 seeds 

seeds 

pureseed100 

fraction 
100 seeds 

100 seeds 

FIg. 11. Hand counting. 
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Vacuum counting (see Fig. 12) 

The seeds are spread oil tie vacuum head whose plate is perforated 
with 50 or 100 holes; the seed is sucked against them when the vacuum 
is drawn. Vacuum counters should have interchangeable heads of various 
sizes, hole diameters, and hole numbers that are suited to the seed 
size and the suhstratum's dimensions. 

.Pic'% 

,Y
 
Fig. 12. VacuuM coun tirl Iads. 

To prevent segregation, tile enltire surface of the counling head 
must be evenly tilled with seeds before the vacuum is drawn. File 
excess seed is discarded h ilnverting the cou nting hed, and holes 
which happen to have no seed or more than one seed are corrected. The 
coulnting head should never be placed face downward on a seed sample, as 
lighter seeds wil! he selected. 

Cotm/i',t; boaril (see Figs. 3-6) 

The counting board consists of two plates one above tile other. 
Each plate has a number of' holes (e.g., 50 or 100). The lower plate 
serves as a fallse bottom which can be slid back and forth so that, in a 
certain position, the holes in both plates correspond and the seeds 
fall into I)lCe tupon the sulstl'atul. To avoid selection, tile diameter 
of the colunting hoat'd's holes shotld be wide enough for even the 
sample's largest seeds to fit in the holes. 
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Conditions 

Temperature 

Temperature is one of the most critical factors in laboratory 
germination testing. Different seeds often require different 
temperature ranges for germination, usually including an optimal 
temperature for the highest and most regular germination in the 
shortest time. 

Growing conditions can affect the temperature requirements of the 
seed. Seeds may require either constant or 1lternating temperatures. 
Usually, when alternating temperatures are used, the lower temperature 
is maintained for 16 hours a day and the higher temperature for eight 
hours. The temperature changeover may last approximately three hours, 
but a sharp changeover of one hour or less may be necessary for dormant 
seeds. If the alternating temperatures cannot be controlled for a 
certain period (weekends, holidays), the seeds should b kept at tlhe 
lower temperatures. The temperature should be kept as uniforn as 
possible throughout the germination period and within the germination 
apparatus, with variation noi exceeding + IC in each 24 hour period. 
Testing should not be done in direct sunlight which could cause 
temperature to vary more than I°C. 

Light 

Germinating seeds hlave varied light requirements. Some seeds 
germinate only in the (lark, others require light, and others are not 
affected by light. In addition to promoting germination in some seeds, 
light fosters sturdier seedlings, which enable more certain evaluation 
of essential structures and also reduce the possibility of attack by 
microorganisms. The test should be executed in darkness only in the 
rare case when light retards germination. 

For a germination test. daylight or artificial light can be used, 
but heat from the light source should not alter the germination 
temperature. Far-red light negatively affects germination of many 
seeds, while ied light often promotes germination. Cool white 
fluorescent lamps are ideal because they em it relatively little far-red 
light and a great deal of red light. 

Seedlings are usually exposed to light for eight hours in every 24; 
with alternating temperatures, light is provided during the high 
temperature period. *Fhe light should be approximately 750-1250 lux in 
intensity. 
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Additional treatments to break dorniancy 

Many viable seeds do not germinate under normally favorablegermination conditions because of physiological dormancy, inhibitingsubstances, or hard seededness. The dormancy-breaking effect of lightand alter'ating temperatures was already mentioned, but othertreatments may be used, all of which require extreme care to preventinjuring the resultant seedling. Odher germination-inducing treatments 
are: 

- Dly slorag'." The seeds are stored for several weeks or months before 
germination. 

- Predr 'ing. The seeds are heated at a temperature not exceeding 400C(usually 35"C). with free air circulation for up to seven days before 
the germination test. 

- i'reh/i/ink: The seeds are placed on a moist substr:itun at a lowtemperature ( -IT0 C) for an initial period before removal to therequired germination temperature. Prechilling usually takes one toseven days, but tree seeds often require a longer period (seven days
to 12 months) and Ilower temperature (I-5)C).
Potassium itrate: The stibstratum may be moistened with a 0.2%soltltion of KNO 3 (2 g/l of water). Water is used for subsequent
moistening. 

- Gibbere/ic acid (GAl3): It is known that plant regnlators such asgibberellic acid, kinetine, ethylene, and auxins break dormancy inseveral seed types. III official laboratory germination testing, the 
use of GA 3 is allowed for only a few species.

Depending on the degree of seed dormancy, the substratum ismoistened with 200-1000 ppm solution of GA 3. prepared by dissolving200-1000 mg GA 3 in one liter of water. For concentrations higherthan 800 ppn, the GA 3 should be dissolved in a buffer solution 
prepared by dissolving 1.7799 g of Na.,HPO 2H,O and 1.3799g of
NaH,1 G. H2,0 in one liter of distilled water. 

- Pretalshig.. Natural inhibitors that are water-soluble may be removed
by soaking and washing in water before the germination lest. Thewater temiperature is usually kept between 20 and 25C. After thistreatment, it bemay necessary to remove the excess water before 
planting the seeds (e.g., Ie'iu). 

- AIodificatiml of III('secd coot atd/or other Strt('I cr's: Thi isIrealment is applied mainly to Leguiinosae seeds and can be done byhand scarificalloll--pie.cing. chipping or filing the testa with a
needle, scalpel, or file at the colyledon end of the seed--or by acidscarification. The latter treatment, although less labor-intensive,
requires special because tie acid calcare lamiage the seed. As thetime lor soaking in acid can vary for different seed samples of the 

172 



same species, seeds must be regularly examined during treatment, and 
later washed. thoroughly in running water for twice the duation of 
the acid treatment. Removing the seed pulp (e.g., Teiragonia) is 
also an accepted method to initiate germination. 

Evaluation of the Test 

The degree of correctness with which seedlings are assessed greatly 
influences the uniformity of test results. Seedlings can only be 
properly distinguished as normal or abnormal at a developmental stage 
in which all essential structures can be inspected, (Figs. 13 and 14), 
and before seedlings arc running out of reserve nutrition stored in the 
endosperm, perisperm, or cotyledons. Whenever a sample produces 
seedlings which cannot be readily evaluated, another test should be 
made in good quality sand or soil under favorable conditions. 

Normal seedlings 

A normal seedling shows the capacity for continued development into 
a normal plant when grown in good quality soil with favorable water 
supply, temlerature, and light. Normal seedlings can be completely 
intact or have slight defects or secondary infections. Detailed 
classification of normal seedlings is given in the ISTA Handbook for 
Seedling Evaluation (Bekendani and Grob 1979). Some examples of 
seedlings with slight defects are: 
- Seedlings of which the primary root, hypocotyl, or epicotyl shows 

limited damage such as discolored or necrotic spots, splits, or 
cracks which are healed or limited in depth. 

- Seedlings of Zca, all Malvaceae and Cucurbitaccae species, and 
large-seedod Legmimnsae with a badly damaged plrimiarv root, but with 
a sufficielt n1umber" of secondary roots. 

- Seedlings of dicotvledons of which the coityledons or the primary 
leaves are damaged, [ut not to such a d.gice that more than 50% of 
the total area of the cotvledons or primary leaves is not functioning 
normally. 

- Scedlings of ;ranti cac of' which the coleoptile or mesocotyl is 
superficially daimaged. 

Abnormal seedlings 

An abnormal seedling does not show the capacity to develop into a 
normal plat when grown under favorable conditions in good quality 
soil. Detailed classification of abnormal seedlings is given in the 
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Fig. 13. The essential structures of monocotyledonous seedlings (from Bekendam and Grob 
1979). (1) adventitious roots; (2) coleoptile; (3)cotyledon; (A) lateral roots; (5) mesocotyl; (6) 
primary leaf; (7)primary root; (8) secondary root; (9)seminal roots. 
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Fig. 14. The essential structures of dicotyledonous seedlings (from Bekondlam and Grob 1979). 
(1) cotyledons; (2) epicotyl; (3) hypocotyl; (4) petiole; (5) primary leaves; (6) primary root; 
(7) scale leaves; (8) secondary roots; (9) terminal burl. 
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ISTA Handbook for Seedling Evaluation (Bekendam and Grob 1979). The 
three major classes of abnormal seedlings are:
 
- Damaged seedlings, in which any essential structure 
 is missing or 

badly damaged. 
- Deformed or unbalanced seedlings with an abnormality often caused by

internal disturbances of a physiological/biochemical character (e.g.,
chlorophyll deficiency, roots with negative geotropism, and twisted, 
spindly or glassy seedlings). 

- Decayed seedlings in which any essential structure is diseased or 
decayed from primary fungal or bacterial infection to the extent that 
normal development is prevented. 

Hard seeds 

Seeds that remain hard at the end of the test because, the structure 
of the seed coat does not allow water absorption are classified as hard 
seeds (Leguminosae and Malvaceae). 

Fresh ungerminiated seeds 

Seeds that are able to imbibe water but remain firm and apparently

viable, even after appropriate treatment to break dormancy, are
 
classified as fresh ungerminated seeds.
 

Dead seeds 

Ungerminated seeds that are neither fresh nor hard are classified 
as dead seeds. They can be removed from the substratum at any count,
but they must clearly be rotten. (Empty and insect-damaged seeds are 
usually considered dead seeds as well.) 

Duration of the Test 

The germination test varies in length according to the seed
species, the type of substratum, the temperature, and the illumination. 
The chiiling period for breaking dormancy is not part of the test 
period. 

It is not possible to specify exactly when the first count should 
be taken, but it must be done when proper evaluation is possible. If 
the test period is long, intermediate counts may be necessary for
seedlings that have reached a stage of development sufficient for 
evaluation, and also to remove badly decayed seedlings and rotten 
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seeds. The number of intermediate counts, however, should be kept to a 
minimum to reduce the risk of damaging insufficiently developed 
seedlings. More frequent counts are sometimes necessary when a sample 
contains seeds infected by fungi or bacteria. 

In many cases, seeds tested in sand or soil are subject only to a 
final count. In official seed testing, a test may be prolonged for an 
additional period of seven days if some seeds have just started to 
germinate at the end of the test. The test can also be ended before 
the end of the official period when the analyst is certain that the 
sample shows maximum germination. 

Recording and Calculating Test Results 

Special pre-printed forms are useful to record the results of 
germination analyses (Fig. 15), as well as information on planting and 
counting dates, the location of the replicates, and the type of 
abnormalities. The form also facilitates calculation of the averages 
of different categories. 

At the first count, the normal seedlings are removed and recorded 
(under N). Obviously rotten seeds and decayed seedlings are also 
removed and their numbers recorded (under D and A, respectively), along 
with tI'e numbers of insufficiently developed seedlings and ungerminated 
seeds (under R). This procedure is repeated at subsequent intermediate 
Lounts. Seedlings classified as abnormal for any other reason than 
decay are not removed from the substratum (and not recorded as abnormal 
but included under R) until the final count, which allows the senior 
analyst to check the types of abnormalities. 

On the last counting day, evaluation is completed. Hard and fresh 
ungerminated seeds are now also recorded (tinder H and F, respectively). 
The number of seeds and seedlings in different categories must equal 
the number of seeds originally planted ("missing" seeds are not 
acceptable). 

When the numbers in the different categories of the four replicates 
of 100 seeds fall within the maximum !olerated range (refer to Table 5B 
of the ISTA Rules, 1985), the average value is calculated to the 
nearest whole number (0.50 and 0.75 are rounded upwards and 0.25 is 
rounded downwards). A second test is required if the results of the 
100-seed replicates fall outside the maximum tolerated range: when 
results seem unreliable because of an incorrectly-conducted test, the 
spread of fungi or bacteria, the existence of phytotoxicity or 
dormancy: or because of incorrect seedling evaluation, calculation, or 
recording of results. When the resuits of the second and first tests 
do not match, one more test should be done. 
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Germination Apparatus 

Different types of germination equipment are available to meet the 
following requirements: 
- All constant or alternating temperatures letween 5-35°C. 
- Temperature tolerance not exceeding ± 1C. 

A sharp change in temperature (between 10-30 0 C in less than one 
hour). 

- Air humidity very close to saturation. 
- Facilities for adequate illumination that does not affect test 

temperature and relative humidity. 
- Automatic control and regulation. 
- Easy repair or availability of interchangeable units. 
- Easy to clean. 

The apparatus used most widely in germination testing are the 
gerrn...,,,on cabinet, the germination table, and the germination room. 
Apart frou. financial constraints, the choice of equipment depends on 
the number and kind of seeds to be tested. Laboratories should use 
germination rooms, for example, if they must lest a large number of 
cereals in sand, which usually need pre-chilling. Whatever apparatus 
is selected, it should be serviced regularly and have a constant supply 
of clean water and electricity--admittedly difficult conditions to meet 
in many tropical and sub-tropical regions. 

Germination cabinets 

Cabinets may either be equipped for constant temperatures or for 
both constant and alternating temperatures. They may be "wet" cabinets 
for seed germination on open seedbeds, or "dry" cabinets in which the 
germination substratum must be provided with a cover in order to avoid 
dessicaion. (Wet cabinets are very efficient, but usually far more 
expensive than dry cabinets.) Temperature and light are usually 
controlled automatically. 

Jacobson or Copenhagen tables 

This apparatus consists of a plate for placing the filter papers 
with seeds. The papers are kept moist with a wick which extends fro.a 
the seedbed, through slots or holes in the germination plate, into the 
underlying water balh. To prevent dessication, the seedbed is covered 
by a bell jar with a small hole in the top, which allows ventilation 
without excessive evaporation. Temperature is maintained either 
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indirectly by heating/cooling the water in the water bath, or directly 
by regulating the plate (usually done automatically). The entire unit 
is placed under ar~ificial or natural light. 

Germination rooms 

Rooms can also be equipped for constant or for both constant and 
alternating temperatures. The rooms may be wet or dry, and with or 
without light facilities. Wet rooms are expensive to build, run, and 
maintain. Much cheaper and easier to operate are rooms in which only 
the temperature is controlled, by an air-conditioner; however, the 
germination substratum must be protected against dessication. Rooms 
can be furnished with shelves, but trolleys make it easier to transport
material from one room to anodcr, whes alternating temperatures or 
prechilling are required. 

Special Directions for Germinating Wheat, Barley, Chickpea, 
and Lentil 

Details on germination media and apparatus can be found in the ISTA 
Rules (ISTA 1985), especialiy in paragraphs 5.4A, 5.5A, and 5.6A. 
Table I gives the specifications for the species discussed here. 

The following is an extract from the ISTA Handbook for seedling 
evaluation (13ekendam and Grob 1979). 

Table 1. Specifications for the germination test for different species.
 

First Final
 
Temperature count count Additional
 

Species Substrate (0c) (days) (days) remarks
 

1. Ifordeum S; BP 20 4 7 Preheat (30-35 C);
 
vulgare 
 prechill; CA3
 

2. 	Triticum S; BP; TP 20 4 
 8
 
aestivuin 
 As 	for Hordeum
 

3. Triticum S; BP; TP 20 4 8
 
durun 
 As 	for 1lordeun
 

4. 	Cicer S; BP 20; 20-30 5 8 -
arietinum 

5. 	Lens S; BP 20 5 
 10 Prechill
 
culinaris
 

S sand; BP - between paper; TP - top of paper; GA3 - gibberellic acid. 
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Evaluation of wheat, barley, rye, and oats 

The mature grain consists of a caryopsis, which may be naked (e.g., 
Triticum) or remain enclosed within ihe lemma and palea in the 
harvested unit (e.g., Hordetan). The embryo is situated at one end of 
the caryopsis. The scutellun remains in direct contact with the 
endosperm, which forms the main food teserves. The embryonic axis 
consists at its lower end of the radicle and a specific number of 
initials of seminal roots. The radicle is protected by a sheath, the 
coleorrhiza. The plumule at the tipper end of the embryonic axis is 
also surrounded by a protective sheath, the coleoptile. The part of 
the seedling axis between the attachment of the scutellum and the 
coleoptile is termed the mesocotyl. 

At the start of germination, the coleorrhiza breaks through the 
pericarp and the primary root pushes through the coleorrhiza followed 
almost simultaneously by the other seminal roots. The appearance of 
the seminal roots is followed by the elongation of the coleoptile with 
the first leaf developing inside, which later in the test emerges from 
the coleoptile near the tip. The nicsocotyl may elongate considerably
depending on the species tested and in response to test conditions. 

Normal seedlings have: 
- At least two seminal roots intact or with only slight defects 

(discolored or necrotic spots). 
- The mesocotyl (where developed) intact or with only slight defects. 
- The coleoptile intact or with only slight defects (discolored or 

necrotic spot:,, loose twists, or the coleoptile split for one-third 
or less from the tip). 

- The leaf intact, emerging through the coleoptile ncar the tip (or at 
least reaching halfway up), or with only slight defects (discolored 
or necrotic spots or slight danmage). 

Tests should not be evaluated before the first leaf has emerged 
from the coleoptile in most seedlings. Serdlings which have not 
reached this stage of development at the end of the first period are 
considered normal if otherwise normal, unless the leaf extends less 
than halfway up the coleoptile. 

Seedlings with a split coleoptile are considered normal when the 
split runs down from the tip to one-third or less of the coleoptile 
length. If the split exterds to more than one-third the length, or if 
the coleoptile is split at its base, the seedling must be classed 
abnormal. When the length of the split is assessed, care should be 
taken not to enlarge the split by handling the seedling. 

A seedlitig with a coleoptile trapped by .. glumes or the fruit 
coat is considered normal when development is otherwise normal, but 
abnormal if development is considerably retarded. 
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Seeds of chemically-treated cereals germinated on an artificial 
substrate, especially often withpaper, produce seedlings phytotoxic 
symptoms, such as short and swollen coleoptiles and stubby seminal 
roots. If a number of such seedlings are found in a test, a new test 
should be conducted in soil, which will absorb some of the chemical and 
reduce or eliminate phytotoxic symptoms. All seedlings which show 
phytotoxic symptoms even in soil are considered abnormal. 

Evaluation of chickpea, lentil, peas, and Vicia spp. 

These are dicotyledons with hypogeal germination. The shoot system
consists of an elongated epicotyl and the terminal bud with developing
primary leaves. The cotyledons usually remain inside the seed coat. 
The hypocotyl is not visible. 

The root system consists of a primary root, usually with root 
hairs, and secondary roots which are to be taken into account, if the 
primary root is defective. 

The embryos of mature seeds in the genera of this group have two 
large, fleshy cotyledons containing the food reserve. A, the start of 
germination, the primary root emerges through the tL--Ia and elongates
rapidly, and secondary roots soon develop. The hypocotyl is hardly 
discernible, but the epicotyl elongates considerably. In many genera 
of this group (e.g., Vicia and Pisum) the epicotyl carries one to three 
scale leaves below the primary foliage leaves and the terminal bud. 
The bud in the axil of each cotyledon normally remains dormant unless 
the terminal bud is seriously damaged. 

Normal seedlings have: 
- The primary root intact or with only slight defects, discolored or 

necrotic spots, healed cracks or splits, or cracks and splits of 
limited depth. (Note: Seedlings are also classed as normal when the 
primary root is defective but a sufficient number of normal secondary 
roots have developed.) 

- The cotyledons intact or with only slight defects (less than 50% of 
the original tissue not functioning, or three cotyledons). 

- The epicotyl intact or with only slight defects (discolored or 
necrotic spots; healed cracks, splits, or breaks; cracks or splits of 
limited depth; or loose twists). 

- The primary leaves intact or with only slight defects (less than 50% 
of the area not functioning). 

- The terminal bud intact. 
The point of attachment of the cotyledons should be inspected for 

signs of decay or disease. Also, when the main shoot does not 
develop satisfactorily, the seedling is classed abnormal, even ifas 

axillary shoots have developed.
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Tetrazolium Test for Seed Viability 

P.K. Agrawal 
Division of Seed Science cd Technology
 

Indion Agricultural Research Institute
 
New Delhi, 110012, India
 

The tetrazolium test was developed in Germany by Lakon in the 
1940s, and introduced in the USA after World War II. The test was 
developed to furnish a quick estimate of seed viability.

The living embryo or root-shoot axis of seeds converts absorbed 
colorless tetrazolium solution into a red colored substance called 
formazen. The reaction by which the color develops is as follows: 

N -- N-C 6II 5 + 211 N -- N -C 611 

+ 2c 	 6 
C6 H15 -C ---- C6 115 -C + IICI 

N+2, 3, 5 triphenyl N = C6 Il5 	 N N -- C6 I 5 

tetrazolium chloride Cl triphenyl formazan 
Method (red incolor) 

1. 	 Wheat and chickpea seeds should be soaked overnight in water at 
room temperature.

2. 	 The water-soaked seeds are then cut longitudinally (e.g., wheat, 
maize) or laterally (e.g., small-seeded grasses) to expose the 
embryo. Seed coats of dicots (e.g., Cicer) should be removed to 
facilitate the quick penetration of tetrazolium. 

3. 	 After the desired number of seeds are prepared they should be 
soaked in 1.0% solution of tetrazolium (TZ) of pH 6-7 and kept,
preferably in darkness, at 30'C for 3-4 hrs. Temperature
influences the reaction; e.g., at 26'C, staining will be twice as 
fast as at 20'C, and 32'C, twice as fast as at 	 26'C. It is 
preferable not to conduct the test above 40'C. If the acidity of 
the TZ solution is much higher, the color will not develop even on
viable embryos. Solution with ph values progressively lower than 6
tends to be reflected first by weaker staining and later by failure 
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to stain. On the other hand, solutions with pH values 
progressively higher than optimum reflect progressively darker 
staining. There may be problems with evaluation at exceedingly 
high pH values. 

4. When the color has developed, the TZ solution should be drained, 
and the seed should be rinsed two or three times with water and 
evaluated. During evaluation, seeds should be immerseu in water. 
If it is impossible to evaluate seeds the same day, the stained 
seeds may be kept in a refrigerator in water for one or two days. 
Staining patterns for Triticum aesivuin (wheat) are giveni in Fig. I 

15 9 13
 

2 6 10 14 

311 15
 

4 2 12 16 

Fig. 1. Wheat: tetrazolium staining patterns for germinable and non-germinable seed. (Based
 

on International Seed resting Association diagram.)
 

Criteria for interpreting tetrazolium test results on wheat seed. Black areaq indicate stained,
 
living tissue; white represent unstained and ricad tissue.
 

No. 1 GER. 1NABLE. Entire embryo stained bright red.
 
No. 2-5 GERMINABLE. Extremities of scutellum unstained.
 
No. 6 GERMINABLE. of scutellum, radicle tip, and coleorhiza unstained.
E;,..rem;i'-s 

No. 7 NON-GERMINABLE. More than three-fourths of radicle unstained.
 
No.8 NON-GERMINABLE. Plumule unstained.
 
No.9 NON-GERMINABLE. Central portion of scutellum and scutellar node
 

unstained. 
No. 10 NO(:-GERMINABLE. Embryonic axis unstained. 
No. 11 NOI-GERMINABLE. Extremities of scutellum and plumule tip unstained. 
No. 12 NON-GERMINABLE. Entire upper half of embryo unstained. 
No. 13 NON-GERMINABLE. Scutellum unstained. 
No. 14 NON-GERMINABLE. Scutellum radicle, and coleorhiza unstained. 
No. 15 NON-GERMINABLE. Stain very faint pink. 
No. 16 NON-GERMINABLE. Entire embryo unstained. 
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and for a typical dicot seed in Fig. 2. Many seeds are neither 
completely dead nor completely alive, therefore staining patterns
should be correlated with the seedling descriptions (Figs. 3 and 
4). 

Fig. 2. Tetrazoliurn staining patterns :jid non-gerrninabie seeds. * 

Criteria for interpreting tetrazoliurn test results of hairy vetch seeds, Illustrations are paired anddepict both sides of seed. Black areas indicate stained, livinctissue; white areas represnt un
stained andl dead tissue. 

No. 1 GERMINABLE. Seed completely stained. 
Nos. 2-5 GERMINABLE. Non-critical, unstained areas on cotyledons. 
No. 6 GERMINABLE. Extreme tip of radicle unstained,
No. 7 GERMINADLE. Extreme tip of radicle unstained: one-half of one cotyledon 

unstained.
No.8 NON-GERMINABLE. More than extreme tip of radicle unstained. 
No. 9 NON-GERMINABLE. Unstained area on upper portion of radicie. 
No. 10 NON-GERMINABLE. Juncture of radicle andtcotyledons unstained. 
No. 11 NON-GERMINABLE. More than one-half of cotyledonary tissue unstained. 
No. 12 INON GRMINABLE. One cotyledon almost entirely unstained. 
No. 13 NON-GERMINABLE E>tensive mottled areas of unstained tissue. 
No. 14 NON-GERM INABLE. Only small central portion of cotyledons stained. 
No. 15 NON-GERMINABLE Seed corrphetely unstained. 

"Based on Internatinnal Seed Testingl Association diagram. 
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Fig. 3. Wheat: seed and seedling structure. A. intact seed; B. seedling; C. bisected seed. 

a, pericarp; b, germ; c, ilumule; d, secondary root; 13,primary root radicle; f, endosperm; 
g,scutellum. (Based in International Seed Testing Association diagram.) 

Accurate interpretation of tile tetrazoli uin test depends upon 
knowledge of seed and seedling structures, understanding of the 
mechanism of the test and its limitations, the interpretation of 
staining patterns combined with other visible aspects of seed quality, 
and experience with the method. 

The analyst shoul d be familiar with cell division areas in embryos. 
In grasses, these areas include the radicle tips, the seminal roots. 
and the plumule bases. If a dead area includes mesocotyl and seminal 
roots, the embryo cannot develop into a seedling. In wheat and rye, 
the tips of coleorhizas are frequently injured or dead. In maize that 
has been shelled at high moisture, the upper and lower lips of 

scutellum frequently fail to stain. These symptoms do not necessarily 
prevent germination under favorable conditions, especially if seeds are 
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Fig. 4. Beans: sEed and seedling structure. A. external view, seed coat removed; B. interiorview, one cotyledon removed; C. seedling. a, cotyledon; b, radicle" c, plumule; d, epicotyl;e, primary Icaf, f, growing point; g, hypocotyl. (Based or Intprnational Seed Testing 
Association diagram.) 

properly treated with a suitable fungicide. Damage to legume seedfrequently occurs in hypocotyls and at points of attachment ofcotyledons and hypocotyls. Injuries that involve growing points, orthose occuring between adjacentor to essential structures, are morecritical than iniuries that are 	of similar magnitude but occur in morerenote regions, such as in cotyledoa tips. All of these 
considered when deciding whether seed is germinable or not.

points should be 

Results ironi properly conducted TZ and germination tests aregenerally close. High quality Feed usually gives closer results than 
low 	quality seed.
 

Discrepaiicies in 
 results betwecn the TZ and germination tests mayhave various causes including sample differences, improper germinationtesting, improper TZ lest teulhniques, dormant seed, hard seed, orseed-borne organisms. Another reason might be chemical injury;fumigation, injury, and excessive n-ercurial seed treatment may not bedetected with the TZ test. The chemical damage that prevents normal
germination may not i.hibit the TZ staining process.

When the pigment within the seed coat or 	 lemma prevents clearviewing, a few drops of a lactophenol clearing solution can Le used,cortiposed of lactic acid, phtnol, glycerin, and water in a ratio of 
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20:20:40:20. Removal of pigmentation from the covering s.ructure 
requites about 10-30 minutes. 

In summary, the TZ test gives a quick estimate of viability (within 
12-20 hours). With dormant or slow-germinating seed, a viability test 
is extremely useful. In the TZ test, seeds are not damaged by 
analysis, so they can still be germlnated. On the other hand, it is 
difficult with the test to distinguish between normal and abnormal 
seedlings. The TZ test also does not differentiate between dormant and 
non-dormant seeds, and since the test does not involve germination, 
microorgaiiisms harmful to germiii.,,ing seedlings are not detected. 

References 

Moore, R.P. 1985. Handbook on tetrazolium testing. International Seed 
Testing Association, Zurich, Switzerland. 

189 



Seed Vigor: Concepts and Measurement 

P.K. Agrawal 
Division of Seed Science and Technology,
 

Indian Agriculiural Research Instinue,
 
New Delhi, 110012, India
 

In seed evaluation, germination is defined cs the emergence and 
development from the seed embryo of those essential structures which, 
for the kind of seed in question, indicate its ability to produce a 
normal plant under favorable conditions. Procedures for determining
germination percentage have been perfected and standardized so that 
different laboratories obtain remarkably uniform results when testing 
seeds of the same lot. 

Conditions used for the standard germination test, however, are 
almost in direct contrast with conditions to which seeds are normally
subjected in the field. In the standard germination test, weak, 
deteriorated seeds may be capable of producing a normal seedling, 
because moisture and temperature during the test are optimum and the 
germination substrata, unlike scl. are not loaded with nicroorganisms,
herbicides, fertilizers, fungicides or systemic insecticides. In many
instances, seed lots of apparently equal quality as indicated by
germinaion percentage will produce largely different responses in 
field emergence. Therefore, determining "the degree of aliveness" 
(vigor) of a seed is just as important as determining whether the seed 
is alive. 

Below are some examples of the large differences between field and 
laboratory germination percentages: 

Lot Lab germination Field emergence 

(M) (M) 
Pea A 70 32 

B 65 69 
C 45 42 

Onion A 63 60 
B 65 27 
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Variations such as these arise due to differences in vigor of seeds in 
a seed lot. Clearly, a germination test alone is not enough to assess 
seed quality. 

Jsley (1957), in one of the first attempts to conceptualize seed 
vigor, defined it as "the sum total of -Il seed attributes which favor 
stand establi.hmerit under unfavorable field conditions." Fig. 
illustrates lsley's concept. His definition, however, was criticized 
by many seed technologists because it emphasizes the environment 
(unfavoi-able field conditions) instead of the seed. 

Maximum degree of vigor, 

Normal sprouts of germination 

test (Vigor test applicable in 

this areal
 
Greatir vigor
 

Abnormal sprouts 

Dead seeds 

Fig. 1. Schematic representation of relationship between germina

tion and vigor Irevised from Isley 1957). 

Subsequently, vigor ias been defined in other ways. The 
Association of Official Seed Analysts (Anon. 1975) defines it as 

follows: "Seed vigor is the sum total of all those properties in seed 
which, upon planting, result in rap'd and uniform production of healthy 

seedlings under a wide range of environments including both favorable 
and stress conditions." Another definition is that of the 
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International Seed Testing Association: "Seed vigor is the sum total ofthose properties of the seed which determine the potential level ofperformance and activity of a non-dormant seed or seedlet during
gei mination and seedling emergence."


It must be understood that ,igor is not a 
 single measurableproperty like germination viability, but rather a quantitativecharacter, controlled by several factors that affect the germinatingseed or suosequent seedling. Therefore, vigor tests wer eventuallydeveloped that took into consideration one or more seed/seedling
attributes manifesting vigor.


A vigor test cannot replace a germination test but 
 rathersupplements it with more information about seed quality. A number ofvigor tests proposed by different workers include those listed in Table1, some of which are described in detail in this chapter. 

Table I . Various tests fcr seed vigor. 

Type of test 

Phys Ica l Per for'mance Stress Bitoclemical 

Seed size I rs t count Cold test Glutanltc acidPhysical Speed of germiniation Cool germinaLtion test decnrboxylasesoundness Coefitclent activity
of germ- rick gravel test (;AIDA test)

ination Paper piercing test testTotrizol turnSeedlinlg growth rate Compacted solt Resptration andSeedling RQdry wel ght Wet or dry sotl ,MLtochondrial activity 
Pathogen infested soil ATP level 
Accejerated aging test Membrane integrity 
Low or high P 

Selected Tests for Vigor 

1. First count. This test can be incorporated into the standard
germination test. The number of normal seedlings removed when thepreliminary count (first count) of the germination test is made is anindication of the seed lot's quality; the higher the percentage ofnormal seedlings removed at the preliminary count, the better the seed 
quality.

If the first count is to be used to compare different seed lotsover several months, all first counts must be done at the same time 
interval after planting. 
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2. Speed of germination: If a more detailed test is desited, speed of 

germination may be used. This test can be incorporated into the 
standara germination test, but requires more time to evaluate than the 

standard germination test. After the seeds have begun to germinate, 

they must be checked at approximately the same time daily. Norm-.I 

seedlings are removed from the test when they reach a predetermined 

size, until all seeds that are capable of producing a normal seedling 

have germinated. An index is computed for each seed lot by dividing 

the number of normal seedlings removed each day by the day after 

planting on which they were removed. Thus, quality indexes of lots A 

and B (15 and 20, respectively) are obtained in the following manner: 

N o.ofseedling d-404 0 4 + 10+2J v 28 f2-1 

'nilos.ed dAily
 
LotA . . .... . .
 

day alterplaning 1 2 3 4 5 6 7 n
 

(0)+ (0) 0)- -(2)+ (2)+ (4)+(-)4 (3) = 15 

No. of se'rdling 04 04 12 + 24 + 45 + 7 
reniosed daiy

Lot 1 . . . .. .. .. . ... .. . 

tdylittr plIantinlg I 2 3 4 5 6 

.ot 11%%ouldbe considervd ut btiir t,-i i Y of the i o loi since h11e 
higher inidexildiale,etlci 'tdt-Hi;ilit'. 

Lot B, with a higher index, would be considered the better quality lot. 

3. Seedling growth rate and seedling dry weight: Total seedling growth 
in the greenhouse, field, or laboratory may be measured at a specific 
number of days after planting. The seed lot producing the most growth 
per normal seedling is considered the bczt quality. Seedlings may be 
cut, dried at I I0 C for 17 hrs, and weighed for additional information. 
Better quality seed is considered to produce heavier seedlings. 

4. Cool germination test (for cotton): This test may be conducted by 
using any type of germination cquipment capable of mniintain.ing a 
constant 18C temperature and sufficient humidity to prevent drying of 
the substrata. It requires only one count, done on the sixth day for 
acid-delinted cottonseed and on the seventh day for machine-deliated 
cottonseed. 

This type of test is limited to measuring the effect of cool 
temperature on the germination of cottonseed and the growth rate of 
cotton seedlings. This test differs from the cold test (a pathological 
test) in that it is a cool germination test conducted at a constant 
temperature of 18"C. 
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5. Cold test (for corn): The cold test is the oldest routinely-used
vigor test. It was developed for corn seed but is equally useful for 
cotton, sorghum, and soybean seed evaluations. However, procedures and 
interpretation should be more standardized. This test is most useful 
to estimate field performance of seed in low temperature soil 
conditions. 

The test is performed by planting seed in unsterilized soil 
obtained cornfield. cold should atfrom a A test use least four 
replicates of 50 seeds cach. In general, the planting procedure is to 
place a 3/4" (about 2 cm) thick, levelled soil layer on the bottom of a 
plastic box. The seeds are distributed on the soil with a piece ofwood cut to fit the box. Approximately the same amount of soil is then 
placed atop the seeds, levelled, and compacted. Enough water is .dded 
to bring the medium to 70% of its water holding capacity. This water 
should ",:brought to 100C beforehand. After adding water, the boxes 
are cc CL.and put into a refrigerator at 10'C. After seven days, the 
boxes are transferred to another chamber 25'C.at Seedling counts 
and/or measurements are made four days after transfer. 

The results of cold tests are usually expressed as percentage
germination: that the percentageis, of seedling-producing seeds that
would be considered normal ina standard germination test. Additional 
information can be obtained from cold tests by making daily counts of 
emerged seedlings or by measuring comparative seedling heights. 

6. Brick gravel test: This test was developed in Germany by Hiltner in 
1911 to show pathogenic infection. 

The method uses rather por'ous brick gravel of 2-3 mtn diameter. In
vigor tests on small grain, a layer of moist gravel about 1 1/5" (2.5
cm) thick is placed above the seed, which impedes the emergence of 
weak, partial!y diseased. corkscrew-type seedlings and other seedlings
with injured coleoptile tips. Minor differences exist between the 
testing procedures at various laboratories, but the principles are
 
about the same. The interwedging of the brick gravel places 
a stress 
upon the emergence o" elongating shoots. The seedlings that emerge
through the layer of brick gravel are traditionally considered strong.
In 1955, German laboratories were requested to use the brick gravel
value to separate the results from other types of vigor tests. 

7. Paper piercing test: This method utilizes regular testing sand plus 
a special type of paper disc which seedlings must penetrate to be 
considered strong. The quality of paper selected provides results 
comparable to those from a test tinder favorable soil conditions. The 
test is especially suitable for small grains. 
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The paper must have the following chaiacter-istics: basic weight: 90 
gn/mt2 , thickness: 0.4 mm, bulk: 4, (try burstir,, strength: 0.3 kg/cm2 , 
breaking length: 1000-5000 mm, filtering sp,.ed: 500 mIl/min, wet 
bursting strength: 150 mam, ash content: jJ.1%, fiber composition: 
chemical wood pulp with high alpha percenta-e. 

The test as used for cereal crops requires placing seed on top of 
approximately 1/2" (about 1.2 cn) of moist sand, covering seeds with a 
special dry filter paper, and covering the paper with about 1 1/4" 
(about 3 cm) of moist sand. Tests are done at 20T1C for eight (lays. 

8. Accelerated aging test: This test was developed at the Seed 
Technology Laboratory, Mississippi State University, USA for different 
kinds of seed. This technique requires exposing seed to 40-45TC 
temperature and 100% relative humidity for two to eight days, followed 
by a regular germination test. Seed lots that maintain good 
germination even after accelerated aging also maintain it tinder normal 
storage conditions. On the other hand, lots with severely reduced 
germination after accelerated aging treatment decline rapidly in 
germination during storage. 

The basic assumption of this test is that the germination 
percentage of a seed lot after a period of accelerated aging is highly 
related to the lot's vigor and hence to its capacity to perform well 
under field co,,ditions. 

9. G,DAI test: The glutainic acid decarboxylase activity (GADA) test 
measures the activity of one specific enzyme rather than a system of 
enzymes as in the tetrazolium test. The level of enzyme activity is 
determined b. the amount of carbon dioxide (CO2) given oft and is 
positively correlated to seed quality; i.e., the more CO. given off, 
the better the seed quality (Grabe 1965). The relatively inexpensive 
equipment needed for this test consists of a water bath for controlling 
temperature: simple, easy-to-make manometers; a scale for measuring 
manometer fluid movement; small containers such as half pint jars; and 
a small grinder. Although the GADA test has given valuable results for 
corn and wheat, it has not proven as valuable for all seeds. 

10. Tetraizoliu' test (17): The 17 test is used more and more widely to 
rapidly determine the viability of seed lots. it is used less often to 
evaluate vigor, which is unfortunate, because it provides the illost 
accurate and useful information of any test oii the physiological 
quality of seed. Admittedly, the information generated by the test is 
useful only to an experienced TZ analyst, but this should not impede 
wider use of thit test. 
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The TZ vigor test involves the identification., location, and 
appraisal of sound, weak, and dead embryo 	 tissues for dheir possible
influence upon seed storage qualities, seed germination, and early
seedling development under unfavorable as aswell 	 favorable conditions.
The degree of soundness of different areas of embryonic tissues is made 
visible by use of a colorless, mainly aqueous solution of tetrazolium 
salt. The chemical 2,3,5-triphtnyl tetrazolium chloride is used as the
indicator. Diffcrences in color, or lack of color, along with
observation of tissje turgidity or flaccidness, permit recognition of
sound. weak. and dead tissues. Simultaneous observations of the 
presence, location, and extent of fractures, missing embryo parts,insect cavities, and other abnormalities provide s:pplcmental
information essential for evaluating embryo soundness. 

The soundlness of embryos of individual seeds i; appraised largely 
on the presence, amount, and depth of essen'lial embryo structures. 
Comparative TZ, storage germination, and seedling tests are helpful to
analysts who are learning to recognize and establish a general
relationship between embryo observations and performance of seed and 
resulting seedlings under favorable conditions.
 

The TZ vigor test 
 permits the si nulta-meous establishment of 
different levels of sour.dness. The simplest and accepted
classification is to divide viable seeds soundinto and unsound 
classes. Seeds with minor imperfections are considered sound. 

11. Respiration and R. Q.: Respiration--especially dli ng early hours of
imbibition in water--has been shown to be closely correlated with
seedling 	growth rate of lima bean, corn, wheat, soybean, and paddy. In 
corn and paddy, differences in respiratio rate have been used to
distinguish be!ween high, medium, and low vigor seeds. However, in the 
case of paddy, intravarietal differences were obtained. 

During the process of respiration, oxygen is taken tip by seeds and 
carbon dioxide is evolved. The ratio of the volume of carbon dioxide
evolved per unit time to the volume of oxygen consumed per unit time is 
caled respiratory quotient (R.Q.) 

(R.Q. 	= QCO,
 
Q002
 

The respiratory quotients were found to be more often related to
the vigor than was oxygen uptake alone. The rate of gas exchange is 
measured in the Warb,.rg respirometer.

The mearcurement of respiration never usedhas been routinely in
seed testing laboratories, perhaps because expensive equipment is 
required. 
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12. Aiembrmr' integrity (ne'asurement of leachates): As seeds age. tile 
seed membrane becomes more permeable, so many substances in seeds such 
as sugars. free amino acids, organic acids, and various elements leach 
out in the presence of water. The concentration of leachates is 
normally measured either by the electrical conduclivity method or by 
chemical methods. The a1thor (I977), while working on paddy, observed 
that leaching of sugars is related to the total soluble sugars present 
in seeds. Temperatu re was also loMind to have a pronounced effect on 
leaching. With a temperatu re increase from I()C to 40C, a 122-153% 
increase in leaching was observed in paddy seeds. showing that while 
performinrg experiments on leaching, temperature should be carefully 
maintained. It should also be rioted that leaching of sugars has not 
always been !otrid to bet"related to vigor in crop seeds. 

Concluding Remarks 

()f all the tests described for evaluating seed vigor, not a single 
one has proven successfil for all kinds of seeds. At one stage, the 
GAI)A test was \er\' popular in the ISA. but for variours reasons it has 
lost poprrllrlritv. If a %igor test must be used b, a seed analyst in a 
seed testing Iaborat o' . it should bei inexpensive, rapid, easy to 
perlorm. and reprodircible. Sced aralvsts the world over have been 
relut anl to use anl elabhorat irethod inrvolvirg sophisticated equilpment. 
No single test will ,;ltisv ll] requirntlents and a method or 
conilbimaion of iriethods should be choserr to suit tileseed type and 
s(wi ig elnvironmernt. 

O)f the various tests described, first count. speed of germination. 
seedling growth rate. see(lhinrg ( ry weight. cold test, cool germination 
test, tccelerated aging te t tetrazolium test, and membrane integrity 
test are ised mi1ost olteri to test vigor of various crop seeds in seed 
testing laboratories. 
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Seed used for propagation should be healthy and disease-free. 
Diseased seed is less viable, has low germination capacity and reduced 
vigor, and may show some morphological changes. In addition, diseased 
seed may have toxic effects on humans and animals. 

Seeds in general are vehicles for the distribution and 
dissemination of plant pathogens and new pathotypes. Seed-borne 
pathogens are sometimes the cause of disease outbreaks, since small 
amounts of seed-borne inoculum can be of great epidemiological 
significance. 

Seed-transmitted pathogens include bacteria, fungi, nematodes, and 
viruses. Most seed-transmitted pathogens are fungi. Seeds of the 
flowering parasitic plants (Cuscuta spp.) can also be transmitted by 
seed (Masri et al. 1983). Pathogens not transmitted by seed are 
mycoplasma-like organisms (MI.O), rickettsia-like organisms (RLO). and 

the phloerr-limited viruses (Neergard 1977; Nienhaus and Sikora 1979). 

Mode of transmission 

Pathogens can be transmitted with the seed in three ways (Table I), 
as follows: 

Seed contlamintlts: Inert materials such as soil clods, plant debris, 

and/or loose reproductive organs o7 the pathogens might act as carriers 
of the active or resting stages of organisms. Important pathogen 

organs which can be carried with seed are fruiting bodies, telio- and 

uredospores, nematode galls, chlamydospores, and sclerotia. 
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Table 1. Mode of transmission of seed-borne pathogens.*
 

Contaminants/ 

Contamination/ 

Infection 


Pathogen 

organs 


Pathogen 


Seed contaminants 


soil clods, plant 

debris, loose 

reproductive organs 


pycnidia, fruiting 

bodies, telio-

urediospores, 

chlamydospores, 

nematode galls, 


sclerotia 


nematodes, 


sclerotia-forming 

fungi, 

rusts 


Modified after Neergaard (1977).
 

Seed contamination 


surface-borne (on 

seed coat/ 

pericarp) 


oospores and spores, 

fruiting bodies, 

pycnidia, micro-

sclerotia (virus 

particles, bacterial 


cells)
 

covered smuts, 

downy mildew, 

powdery mildews, 

wilt pathogens 


(viruses and bacteria)
 

Seed infection
 

embryo,
 

endosperm, seed
 
coat/pericarp
 

dormant mycelium,
 
fruiting bodies,
 
microsclerotia,
 
virus particles,
 
bacterial cells
 

viruses,
 

bacteria,
 
loose smut,
 
nematodes
 



Contamination of'the seed surface: The seed coat and/or pericarp can 
carry different pathogen organs. Different kinds of spores, fruiting
bodies, and microsclerotia are carried on seed strfaces. Even some 
viruses and bacteria can be transnitted this way. 

Seed ih'ction: Infection may occur in the embryo (embryal infection).
in the endosperm, and on the seed coat (extra-embryal infection). Most 
seed-borne vir'uses and all loose smut pathogens fall into this category
of transmission. Pathogen organs found in infected seed dormantare 
myceliun, chlamydospores, fruiting bodies, virus particles, bacterial 
cells, nematode larvae, and in icrosclerotia. 

Seed-Transmitted Pathogens 

Table 2 shows sorne leg'tlme and cereal pathogens that can be 
transinitted by seed. Species of the three bacteria genera 
Corvyllt'ba('f'itr. I s('uton(is, and Xant/noinoas ate seed-borne and can be 
transm ined by seed. At least eight viruses and a large ntn ber of 
ftngus species are also transmitted by legume seeds. 

Seeds inlcted bv Ast'vco/la spp. have lesions: the myceliun is 
usually located betteath the seed coat. In some seeds the myceliun 
penetrates even deeper ( hlalfoti-Ieiri 1970)..JA/We has little chance
of infecting field rops plantl debris volunleetbean troin or seedlings: 
itifected seed is the usual SOutrce of attck (Ilewett 1983). 

Pea seeds canil be attacked v brysiphe pisi (grey-brown seeds).
This seed-borne disease becane a limiting factor lor pea production in 
some areas of the world through seed transmission (31ltnmer 1967: )ixon
1978. I'erYtospora vicia was i tirodtced into Itay with iiported pea
seed (('iccarone 1952. cited in Ncergaard and is also in1977) found 
vetch seeds. 

Sclerotillia spp. are very serious pathogensi and nay accompany seeds 
as easily detectable sclerotia, or as tyncelial infection. l'ertikilliitn 
atlbouttrin which attacks species of Alledica, o and lir/blitlm, is a 
serious parasite ii alkaline soils and a major wilt disease. Seed 
transinissiotl ,!this pathogen is usually underestimated. Of the stein 
nematode lilvlcetchus di?.%aci, both races (oat race and giant race) are 
know n to be seed-horne: the introductlion and dispersal of I). dipsaci 
with liba bean seed is a real threat (looper 1980).

IiNceradIs, severnl' species of the three bacteria genera are 
transnitted by seed. arlcy stripe niosaic virus is seed-borne. 
Ih'linihosporiun spp. can cause infections that mainlyare systemic, 
and I)rech.sle a victoria in Triticuin aestivumi should be regarded as ati 
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Table 2. Seed-borne pathog-s of legumes and creals.
 

Alfalfa, chickpeol, faba beans, iAtls, medics, veches
 

Bacteria Viruses, FngI Nematodes 
Corynebacterium sp. Alfalfa HV A;cochvta spp. Criconemoidej sp. 

Pseudomonas fabae BYMV i _tryLisspp. Ditylenchus dipsaci 

Xanthomosas spp. BBMV Cerospora zebrina IleIicotjlenclhu_._s spp. 

BBHMV Cladosporliim spp. Ileterodera 
gcettinFiana 

PSBMV EX I.liheTisa 
Pea early Fusarium spp. 

brI-w ing viris 

Pea mild mosaic LyEc2 sphaereLa pjnodes 
Peronospora viciae 

Phoma med icalltns 

PlIeosriora lierbarun 
Rhzoctonui solani 

Sclerot inia app. 

Septoria piI 
Sclerot[um rolftsii 

S temphy 1 tiumsarc itnfo ,ae 

Vert IciLIhum albo-atrm 

Uromvcus fabae 

BarLey and Wheat 

Corynebacterium ',pp. Barley stripe Alt erearia spp. .Airina tritici 

mosaic virus 

PIseudomonas. -pp. 	 Claviceps purpurea CrIconemolues sp. 

Xanthomonas spp. 	 Helmintlinsporiun spp. 1iaplolatmus spp. 

Fusarlim spp. Ilelicotylenchus sp. 

Rhynchosporlum secalts Protylenchus spp. 

Septoria spp. Tylenchorhynchus spp. 

Sclerotinia spp. 

Tilletia Spp. 

Urocystis arupyri 
sstilagospp. 

important threat for quarantine for many developing countries 
(Neergaard 1977). IRynchosporium secalis, though found in seed of 
barley, is carried predominantly in infeced plant debris. Anguina 
Iriiici, the seed gall nematode, is dispersed principally by seed galls 
mixed with grain; larvae may be carried by seed of relatively normal 
appearance. Uelninlhosporiwn spp., R. secalis, Ustilago spp., and 

Tilletia spp. are the most important seed-borne diseases of cereals. 
All other nematodes of legumes and cereals mentioned in 'Table 2 are 
transmitted as seed contaminants (NBPGR 1980). 
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Important Seed-Borie Diseases of Wheat and Barley 

Wheat 

Common bunt (Tilletia caries and 7'. foetida) 

I. At emergence the ears look normal, but the symptoms become apparent 
when the ears become older. Infected ears have a loose, open 
appearance, and the bunt batls are falter than in healthy cars. The 
pericarp of the infected grains remains intact. Rupture of the grains 
reveals the dark teliospores and a strong unpleasant odor will be 
noticed. 

2. Disease cycle: The fungus survives as teliospores on the kernel. 
Teliospores can over-suminer two growing seasons in the soil, providing 
thi-t the soil remains dry; in wel soil, the teliospores stay alive only 
a few weeks. Seedlings are only susceptible to the disease until the 
roleoptile splits (about 10 days at 12k)C). The fungus grows with the 
plant and can reach the tissues just below the growing point. The 
myceliurn infects the kernels, and mycelium cells are transformed into 
teliospores. 'hrough threshing, spores are dispersed over healthy 
kernels and in the soil. 

3. Prevention: 

- Resistant cultivars can be used, although in the past the resistance 
of some cultivars broke (own. 

- Clean seed through field inspection. 
- Sowing (late: by sowing in early autumn, the young seedling passes 

through the susceptible stage faster. 
- Chemical control: organo-mercury fungicides have been used in the 

past, but are now being replaced by more modern systemic types. 

Loose smut ( Ustiah'o lritici) 

I. Loose smut symptoms are obvious between heading and maturity. 
Initially, diseased heads are black and clearly visible among 
newly-emerged, green, heahhy heads. The infected heads emerge 
slightly earl;er; later, the whole head is transformed into a dry mass 
of olive-black spores. The teliospores are held by a thin membrane; 
after it breaks, the spores are released and only the rachis of the 
kernel remains. 
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2. Disease cycle: The infection of tile heads is only possible during a 
few days following fertilization of the flowers. Since tle diseased 
heads emerge earlier, the release of the spores is synchronized with
 
the susceptible period of the plant. The teliospores germinate oil the
 
flowers. Myceli um invades part of the seed embryo, thus the fungus
survives as mycelium inside tie seed. This makes controlchemical 
complicated compared to control of common bunt fungi which remain on
 
the seed surface. The infection of the young seedling 
 occurs 
intracellularly out of the seed. and the ;,igus follows the growth of
 
the plant intracellularly.
 

3. Prevention:
 
- Resistant cu Itivars: Resistance can be based 
 on different mechanisms. 

The adult pla ut may possess resistance to the infection of the 
flowers by the teliospores, or the embryo may be resistant. Another 
possibility is selection 4oir closed towering. The plant then has a
 
good chance of escaping infection.
 

- Clean seed through field iispection.
 
- Seed certification: Presence of the fungus can 
 be detected by 

microscope. 
- Chemical conlrol: Only systemic fungicides are effective and have
 

replaced the heat treatment, which is complicated and has a high risk
 
of damaging the seed.
 

Barley 

Corercd sIIIII (Ustilcao Ihordi) 

I.Infected heads emerge at about the same time as normal healthy ones. 
The black teliospores are usually retained within the persistent
 
membrane of the grain.
 

2. )isease cycle: The teliospores sLrvive on the grain under the hliIll. 
The in fection cycle is imore or less comparable to that of Tilletia 
caries oil wheat; the seedling is only susceptible uLiil the first green
leaves appear. The nlycelium advances intercelli larly through the 
parenchymla until it penetrates the fihwer primordia. Hea!thy kernels 
are uisually contaminated during threshing. 

3. Prevention: 

- Resistance breeding is possible.
 
- Chemical control can be done with contact 
 fungicides although
 

systenlics are betler.
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Loose smtu (Ustilago nuda) 

The smutted head is surrounded by a very tSin membrane which breaks 
down soon after head emergence. The olive-brown "teliospores are then 
released and tMe heads can be reduced to a nude rachis. 

2. Disease cycle: Like Ustilago eiicion wheat, this pathogen
survives as mycelium in the embryo. Healthy plants are infected during 
flowering.
 

3. Prevention. Resistant cultivars, heat treitment. or chemical control 
with systemic fungicides can all prevent this disease. 

Stripe disease (I'yrn/top/ora graminea syn. Hehninthosporithan gra'nltianl 

1.First symptoms are long, pale green stripes that may extend the 
entire length of the leaf. They can appear on the first leaf but
usually do not appear until the four-to-five leaf stage. The stripes
later turn greyish yellow and leaves can split along he stripes.
Affcted plants are often only half the size of the ones: mostnormal 
do not reach the stage of earing. 

2. Disease cycle: The pathogen survives as mycelium inside the grain
but ouiside the em bryo. )uring seed germination, the fungus grows into 
the young plant and penetrates fnrther up. Conidia deveofp on the
killed tissues and spread to the healthy flowers where they germiniae,
generally near tie avn end of mhe giume, giving rise to mvcelium growth
between glume and pericarp. Humid conditions in the heading period 
favor the inflection of the kernels. 

3. Prevention:
 
- Resistance breeding is possible.
 
- Use of certified seed.
 
- Hot water treatment or systemic fungicides.
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Chickpea 

Introduction 

Of about 50 pathogens infecting chickpea (Cicer arietinum L.). six 
are of majur importance (Nene 1980). These pathogens, including fungi, 
bacteria, viruses, mycoplasmas, nematodes, and parasitic weeds, reduce 
crop yield and affect the stability of chickpea production. At 
present, these pathogens are also tile major impediment int realizing tile 
potential ield of ciickpeai. The average yield of chickpeas--about 700 
kg/ha--is very low, but yield levels of about 1500 kg/ha are obtainable 
with some minimum inputs of nilrogen, phospiiorus, and irrigation, and 
with better nanagermen t. The susc'ptibility of the present -ultivars to 
a large numlb er of diseases, however, and the isk of !osing the entire 
crop through sudden disease development do not encourage farmers to 
apply inputs to the crop. Disease control is therefcre essential both 
to increasc and stabilize chickpea production. 

Seed-Borne Diseases 

Produclion and use of healthy seed for sowing is essential to 
obtain a good crop, especially for chickp'a whose major diseases are 
seed-bortte (Luthra and Bedi 1932: Haware er at. 1978: Cother 1977: 
Gurha eI a/i 1982). These disease.; are ascochyta blight (,Iscochya 
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rabie (Lab.) Pass.). wit (ksiti o.ysportni r. sp.cicer), gray mold 
(lioiris cilierea). and alterna ia blight (,llernariacirciuM). The 

presence of physiologic races in ,. rabid and F. oxyspormn 
necessitates strict control on the exchange of seeds. 

In addition to these major seed-borne diseases, several other 
nungi, some of which cause minor foliai diseases, root rots. seed rols, 

and seed decay have been repoted as associaled with chickpea seed. 
Mitra (1935) from Bihar state of India reported that the fungus 
Nv'slrosporiun caused a new Night disease to be seed-borne. Zachos 
(1952) reported 27% of seed in Crete to be attacked and prevented from 

I'h's/)or,% /rbarwngerlinaling by to (.Stemphyliuln botroyswn). .l/h'Trolria 
sp. and MAgcooe sp. were recorded on stored seed from India (Anon. 
1954). Das and Sengupta (1961) from West Bengal, India reported 
Stellyiph/n sarc/lillIbrlen causing leaf spot of chickpea to be 
seed-borne.
 

WVe',terlund ei Il.(1974) 1epor ed Fsarii soMuli f. sp. pisi 
causin ' ot rot of chickpta to be sced-borne . Shukla and Bhargava 
(1977) also rt'poried F. soli to he associated with chickpea seed. 
Mengis. aMd Sinclair (1979) reported 15 fungi and a bacterium. 
Iaw'i/tlu: .Sblilts. il seco iCC'tiLthiopia. 

Du~o and (Gupta (1980) repuiwed 34 flangi belonging to 18 genera on 
stored seed. including nine species of .tspergillus (the four most 
coinonnon being I. cwididis, .. t. ficvus. , sleoinms, and A.A. twilarii): 

".
five species of /'cloci/illbnr ('. c'orotf siion, 1 clr1soe, iuon, P. 

isiandi tri.,P, IiIdiu,. and P. ioplic'is.sill1t): and three species of 
.Vi0roori(I (.. o/lrClW/ooa. ..t. /Itolic'al. anI one ullidentilied). Three 
species of Ir t rio If . /tcariide.s. and 1iiollii/i i')equiAsi, F. F. 

tr'quc ly. eatcapared quilt. while .hrt'lmriill percisifu'r, O'!lacjoritl 
tJ,[ob.)sl'l!. (h .'/'d,701¢t'lttl 'lt0.,71ll ( "t111linght,]Imllo[ sp.., CuIII"IlUa 'ia
 

/1 ]lol,tl..
11/,11,. 1),,h11"ro G;/im 1 dill.7 I'oselll1,,'olli//ia sp)., 
1 ',(o'ci/,u l\c'c' ;In(d i/i /IIt l Spol)ldic .cVlI'olil, M o!/ o hortL m!'were /A. 

/fav.o si,o,d the greatet, ani A plisimn the lowest.incidence ,.t. 
l)'lrcole and Sportelli (982) Iltlv .. F.i from recorded so/tlli, 
m110llilt/llll0. F. rOstelon, V o.=lVI / / ll, 'clic ' p.,I. I'. Ic illhinl si Chadospo 'ittl: 
ierbc ur and pl.o ilit'ri(tis Inore. c/llzo often thall Iorvlis ('illel'C-, 

.
hlv' o.sp/hat're / pp., 0lh spp., l(Tt'ollo ,A /iVh aind lill from 
shrrfac -slteriliied setecf 

At IC RISAT. ,t/rllalcic spp .,,.bO(.wlVia rabici. ,.Ispergil/is spp.. 
olr\iv ( il Ica, Curiol(lli( sp.. il5.salrilml spp.. F. o kVS/)orlil. 

Ie'llicillio spp.. I'/loti .ortghilla, lliwctollit ba'ifico/l, anI I?/hizoplt 
Sp. \%C"t' iSO'lated 110m uihlt'Irilized seed. From saiiiface-sterilized 

ruhw!. sp., ainVlseed. l. ,l'l/al1ri U. icr . 1. vkys/ol'Itlnl Were 
isolated. I\ I(i,%R. ),,.. 'I .o I wl rabiti.e Liici/i1 )i spp.. cl dosp)l ifill 
sp.. I?;,bipi. sp.. and an unidentified bacleriun have been detected ill 
blo"er teis. 
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Control of Seed-Borne Diseases 

Control of seed-borne diseases in chickpea is essential, since 
seed-borne hingi such as Alcochy'a rabi i and Borytis cicu'rea in 
extremelV low aIounts canl cause severe disease epiphylotics under 
favorable conditions, resultiNg in complete crop loss. To minimize the 
role Af secd-born t gi . heaIly seed should be )roduced for sowing 
pU 'IJOSCS. resistant varieties should be developed and cultivatel and 
fu ngicidalI seed -dressing should he used to eradicate seed-borne fungi 
(Table I). The combined use of the three methods is necessary in many
situations. 

Table ". Seed-borne di,;eases/mycf lora of chickpea and their control. 

Re conunended 
Iisese Calsi l wn f sm seed-dress ing References 

Aacochy: ALscw olvtrabi,__ Cllxin .13 g/kg/ Reddy 1980, 
hl Ight C til-i N + BLnIl att. Reddy 1984 

(1: I) 3 t;/kg/ 
Thi alo i tle ' II g 

'Wilt Ftsar I,ur xp.u urnm 	 toilate T (bolsomyl Ilaware et al. 
f. sr , r30, 4-r.hirm 1978 

30: ) 2.5 ../ g 

Gray mold __trt ,.iB, 	 Blv I!t i 2%Y + TMTI) Grew l 1982 
50Z 2.5 ,,/kg 

-ystrosori.-im ,str.ejloru p Formlt IIn !.5% McRae 1932 

Pre- and Seed ovet lra Aprosoll G N Suhag 1973 
tOaSt-emer- AgalI!)I , Capttan 
iltile rot Lhiram 

St orap, "3 fungi he longing Ceresan, Dilthane 7-78, leo and gupta 
fuin,I t, 18 genera calcitm propl,mate, 1983 

sorbic acid 

Si ncc seed- blne ilOt illII Ao 1. talbie, is th ,lost ill tinpol 
prilnary source of illoculuill toi blight development, a number of studies 
have been conducled io identity a suilable fungicidal seed dressing for 
eradicating it- fIiingus frol infected Ceed. 

Sattar (1933) suggested use Aitclean seed, disinfection of seed in 
0.5% copper sulpha1te solution for 10 iiinntes, and treating 
intcrnallv-inifecic.I seed by pre-moaking ini watrr at 200C for 6 frs and 
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then dipping it into hot water at 53'C for 15 minutes. Zachos (1951)
reported that dipoing surface-sterilized infected seed in 0.005% 
malachite green formalin and hotfor 2 hrs, 0.05% for 4 firs, water at 
45-470C for 10 minutes gave 84, 93.3, and 87.5% control, respectively.
Khachatryan (1961) treatments withfound seed thiram and 50' T.S.E. at 
5 and 10 kg/ton most effective. Ibragiiiov ei al. (1966) reported that 
use o, phenthitiram (40% thi:'am. I0% Cu trichlor-phenolate, and 20% 
Y-BHC) and phenthinram molybdate at 3-4 g/kg controlled blight
infection. Karahan (1968) ieported best results by treatment with 
Arasan-75 at 300 g/l()0 kg seed. 

Kaiser et al. (1973) rep)or~ed that seed treatment witi htnomvI\l and 
TBZ greatly reduced seedling itlhetion. Seed dressing with Calixi IM 
(II % tridernorph and 361 Ir alreb) (3 g/kg), mixture of Oenlateand Cali.irr 
M (1:1) (3 g/kg), and thihhndazole (Tecto 60) (3 g/kg) almost 
compieely eradicated A. rbit'i fromt deeply infected seed (Reddy 1980: 
Reddv e/ al. 1982: Reddy i981). 

:oliar spraying of chlorothaloil (Bravo 500) at iner.'als of 10-15 
days produced hcblhv seed ever trou a highly susceptible culItivar 
under favorable conditions for blight development. L.ines with high
levels of rcsistance to blight with pod and seed infection areno 

identified, arid use 
 of such litres in the development of blight
resistant cultivars could greatly ruduce the problem of seed infection 
with A. niic (Reddy 1983). 

R711
 

Seed treatment with Benlate-T (benoiryl 30% + thiram 30%) at the 
rate of 2.5 g/Kg seed was foutnd to eradicate it ternallv seed-borne 
Eu sarlonit .\'.or f. sp. c iceri. It remained effectivye fotr at least
 
one year after treatlie it (1-laware ci a. 1978; 1laware ard Nere 1981).
 

Gray Jit('1d 

Grewal (I1982) reported that seed dressirig with a combination of 
Bavistin 251 + TMTi) 50% showed a synergistic effect and controlled 
internal anrd external seed infection s of A. rabici ard BoItris 
cilre/'a. 

Other seed-boriie /iotgi 

Ile above fiutgicides recolimend i d ot ascochla blight, wilt, and 
gray mold also eradikate most other seed-borte frngi. Some of the 
fungicides found specifically effective for eradicating storage fungi 
are also reporwld. 
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McRae (1932) reported that seed disinfection with 0.5% formalin 
killed the spores of Alvstrosporium leaf blight. Suhag (1973) obtained 
best control of mycollor, of gram causing pre- and post-emergence rot 

by treating the seed with Agroson G N. Agallol, Caplan, and Thiran. 

Deu and Gupta (1983) reported that seeds treated with Ceresan, Dithane 

7-78, calcium propionate, and sorbic acid considerably decreased the 

incicjence of storage fungi and maintained good germination. 

Lentil 

Introduction 

Lentil suffers from diseases caused by fungi, bacteria, viruses, 

nematodes, and ihanerogamic plant parasites. The important ones are 

wilt (Fusarihon oxvsporcn f. sp. lenlis), rust (Urom,yces ftibae-h'niis), 

ascochvta blight (Ascoch yia letis), boti ,tis bligh! (Ilotr'is 

cinerea,), downy mildew (Ieronospora Peaiis), powdery mildew (En'siphe 

po.vqohcij, altornairia blight (Altcrnaria ieuis), stein rot-blight 

Sclb'rotid sc'/'ero/ioru 1),collar rot (Scer'oliumi rol[isii), root rot 

(RhIizucto),ial bclalicoa. F. .()uli, F. rosc'tm, Pvillitumn tirion, 1. 

debearaniumn, viri. -s (bean yellow mosaic, pea leal- roll vi r us, alfalfa 

mosaic, ctctlinber mosaic, pea mosaic), and nem atodes (root-knot: 

Aheloidogey, sI., tucisneliatode: ft'ierodc'ra sp.). 

Seed-Borne liseases 

The importalt diseases reported to be seed-borne are wilt, 

ascochvta blight, hotrylis blight, alternaria blight, and pea mosaic 

virus. The other fuingi repo'ted to be associated with lentil seed and 

causing lool rot and seed rot are I'enicilliunz spp.. Fusarihni 

a0i11 F. se ntitectm, F. equiseti. F. solanl, F. rosei ti,i/i/rmIt'. 
Rh izociiia biaultico/. /tsp'rgilt.u f/a vts, A. a i.ter, A1. oc/raccOus, 

and .Sclcre oum 'o//lii. The other storage fungi found to be associated 

witi the seed are .l/ier aria ucctttiala. A. te'uissima, Fulvia ita. 

(i.urvtaria /uta sp.,m , //'bcmiltlosporiu Spi.. Cha'lo inll l* IiillOh'/)/l~o'5s 

cmlu +lr..i'/nca .,pp., and Sac/ybairv3 s.I 

The sclerotia ol S. scleraiiorucm and plant parts infected with 

throyces ./ibc and /'t'rooSpo a ltlis (downy inildew)(lust) i become 

mixed with seed and cause contanmination. 
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Control of Seed-Borne Diseases (Table 2) 

For wilt, seed 	 treatment with thirani + brassicol or thiranm +
Bavistin (1:1) at the rate of 2.5 g/kg seed, Benlate (0.37,, by weight),
0.15% boric acid and KMNO 4 considerably reduced disease incidence. 

For stem rot/bligh t (S. sch'rotiorun, seed-dressing witi thira ni or 
Phaltant (0.2% by weight) has reportedly provided effective control. 

Table 2. 	Seed-borne diseases/mycoflora 
 of lentil
 
and their controt. 

Recommended
 
Disease Causal organism seed dressing
 

Wilt 	 Fusarium oxysporum Thiram + brassicol or 
f. sp. lentis thiram + Bavistin (1:1) 

2.5 g/kg Benlate 0.3% 
and 0.9/ boric acid 
and KMNO 4 

Stein rot/ 	 Sclerotinia Thiram or Phaltant
 
blight sclerotiorum 0 .2/
 

Rust 	 Uronyces fabae- Organomercury 
lentis fungicides 

Ascochyta 	 Ascochyta lent:is Benomyl 

Collar rot 	 Scferotium rolfsLL Thiram + brassicol 
(1:1), 2.5 	g/kg
 

Seed rots 	 Rhizoctonia , Vitavax and Benlate 
Sclerotium, 0.2% 
FusartUm, Phoma 

Root rot R. solani 	 Agrosan 0.3% 
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For rust, use of seed that is free from rust-infected plant
material is essential, since infected plant material can act as pri mary
inoculhnm. Seed treatnent with organomercury fungicides has been 
recominmended to render the seed-borne inoculuni ineffective.
 

For ascochyla blight, seed treatment with benomyl 
 was found to 
effectively disinfect and protect the seeds. For collar rot caused by
Sclerof ro/vh!, seed treatment wil tiram + brassicol (1:1) at 2.5 
g/kg seed has given promising results in the field. 

Seed dressing with thirat, Captan and Bavistin have been reported 
as very effective in controlling the seed mycoflora of lentil and 
itoproving yields. 

A seed dressing of Vitavax followed benlate rates 0.2%by at of 
gave best cont rol against Ihicizona, Schlerolij1, rt.sal.iljo. and I'lona. 
Agrosan at a rate of()0 .3'I gave the best control against R.solwri. 

Seed Health 'TestingProcedures (Summarized from Neergaard 
1977) 

IDiffer:nt tl seedihods of health testing have been developed.
Generalized tests a wide ofmay reveal range pathogens. while 
specialized tests detect a particular species, pathogenic race, or"strain. Most corotnonly used generalized tests for detecting fungi are 
the ordinary (standard) blotter test anld agar late test, which reveal 
a wide range of fungi, although they are largely restricted to the 
Fungi It perfecti. The other very versatile testing procedures are 
seedlinrg syiptori tsts and growing-on tests. Ile specialized tests are 
serological. used for detecting and identifying different viruses,
bacteria, or strains of each: phage-plaque tests used for identifying
bacterial strain-; and indicator-plant tests used for identifying 
physrologic races of palhogeis. 

1. Direct inspection: ELxarninatiot of iripure (icr;' seed using a hand lens 
or', prefcrahly, a stcreoscopic inicroscope. Seeds iiay be srbrierged
 
inwater drops to release spores and facilitate detection.
 
,lpplhcalio: Sclerotia of frngi. smtt ball, nieriatole galls,

infect Cd plant de ris: e.g.. Sclerofil ia sI'rolioriln , Bolrvis 
('itl'er'U., C/lavi 'el.si)urp1o 'ca. Seeds discolored or' with lesions 
p.roduced by furigi, bacteria, or viruses: e.g. Xatll/lonlolt(s phascoli, 
and viruses such as soybean rrrus:lic virus in legurririous sed. 

2. Exaniination of srspersion fnr" washings of seed: An electrical 
ricanical shaker can be used to obtain standardized washings. 
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Samples of the suspension are examined under a compound microscope. 
Appliction: Covered smut; e.g. Ustiago hordei and TMlh'tia spp. 
in cereals: oospores of certain downy mildews: quick detection of 

other fungi that must be adequately detected by incubation 
procedures: e.g.. l'trW'aiario orztae, Drechlisle' orvzae, and 

Iriclhocoiispadwickii iln rice. 

3. 	 Whole emb.yo count method: Soaking grains overnight in 10/ NaOH 

at 22C. then wshirig with warm wtetlttough sieves of decreasing 

mesh size. lintryos finally cleared in lactophenol. 
.-lpplicutionl: Loose smuts of barley, Ustilago nuda, and wheat, 
Usli!tl,,o 11rifici. 

4. 	 Blotter method: Seeds are incubated on a water-moistened blotter. 
usually for seven days at 20C. Spor ulation of fungi is stimtilated 
by tear-ultraviolet (NtUV) irrad atioln, standard 12/12 hr light/dark 
cvcIC. Petri dishes ate usually used As containers. To allow NUV 

penet ation plastic or pv'e glass containers should be used. 

Someti mes bltters are soaked in 0.1-0.2% 2,4-1) solution to 
counteract seed germination , thus aidinig recording. 
,.pplliol: TlW metlho1d is used most comnmotnlv to detect a 
colsidt,'ahhf lrange of" Fungi Im lperlecti, ilic!tding different spp. of 
.'t t't1?0 lllilt . ,ltro )'ridI'lhI. je'o'':ms. ,'l/1C''Irioj . AS( ot /vItw. 
CIc.Pot'm. Collc'( oriic/lmlm. Dil)/odia, ert'chslcti', F]oarit117, 

,
1 0. , /lt'i/i , . 011'oorio. otlhers, 

and also lotr 1)rtic tlIv all kinds o seed, including cereals. 

grasses, ornatmetitals dllvter seeds), forest seeds, and vegelbles. 

loh'ropl mlin 'I I'llillo. l /otmmopsis , andl 

5. 	 Agair plate tmethnd: Ihe seeds are Ilaced in pletri dishes on nuttrient 
agar, in particular malt extract agar (IMA), and potat dextrose 
agar (P'DA). Some selective media arc available for specific tests. 
Light treatment is the same as for the blotter test. and incubation 
is for five-to-seven days. Ex perietnced analysts can assess results 
by nakcd-eye exami nation usiig colouy characters as criteria. 
,lpplicaiin: This is the classical procedunre for flax seed oil MA 

(Ulster method), and used (on I-I)A) for detection of Sepioria 

iodortm iti wheat (Blronnitiann's method, continuous daylight for 

seven days), for ,'scochynt spp. on pea, and for other fungi and 

hosts. Although slow growing futgi cannot be adequately detected, 

the procedure is relatively sensitive for revealing minor amounts 

of inoculum. 

6. 	 Freezing method: A modifled blotter method. After one-to-two days 

at 10-20tC, according to speciication. itcitbaion fOr some hotts 
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or for one day at -20'C, then at 20'C NUV light for five-to-seven
 
days.
 
Aplwai/mu: Somietimes preferred lor detecting certain fungi; e.g.,
 
IItoma li,:ga in cruciferous seeds, Septoria nodorumn in wheat, and
 
Alh'eruaricz /porri ii. onion.
 

7. 	 Ordinary seedling s'iptnmu test: The seed is sown in autoclaved 
sail, sand, or similar material and placed under normal daylight 
conditions for observation of symptomns. A special i)rocedure. the 
classical Hiltner lest, offers standard conditions for detecting. 
seedling palhogens. 
Applicatiou: Often used for detecting seedling syml)toins which 
reveal pathogens rather than fungi to be identified. Useful for 
detecting it t'ser, pathogens of forests and detecting cereal 
seedling pathogens. 

8. 	 Waver agar seedling symptom test: The seeds are sown on water agar 
in 16 iln test tubes, one seed per tube, or in nticroctlture plastic 
plates or petri dishes. They are placed under daylight conditions: 
i.e.. 12/12 fir cycle of artificial daylight and ciarkness. 
Seedlings are inspectCd fo syMptomS. atd healthv seedlings may be 
transluallttl for Iurtit er post-quaratitnie c ultivation. 
,Appliiion: Can he used tor niinv kinds of seed is all economical 
piroced(ltrt which, inl test tubes. allows ste-paralion of healthy and 
illfccted seedling;. Iltas been tisd tor detecting l)rechslera 
N'raninco. 0 . sorokinian., and I). 'ro' in barley: ,Seporitl 11odol'rtwu 
and 1). sorokiaiua in wheat: Didevl/la brvyoiwe in cucubit; 
Mac)'olhomilna plzatscito)in in se;antle: ail 2 otherIpat hogets and hosts. 

9. 	 Indicator test, inoculation methods: A standard technique for 
identifyinug viruses hut also used for detec ing trace amounts of 
pathogenic bacteria; e.g., by hypodermal injection of indicator 
plants with naterial of the tested pathogen. 
Atlp!ication: Used for detection of Xanuh,,omoas pliascoli and other 
bacteria in French bean. ,wnhoinonons c'mpeslris in crucifers, and 
possiblet use for detection of A'. orvzw' in rice, etc 

10. 	 Phage-plaque nietihd: NI ccratiot of the seed to be tested after 
incubation for 21 irs to enable multiplicatiot of bacteria. 
Samples of this material a'o transferred to sterile flasks, and a 
standard suspenlsion of phage particlks is added. Samples of this 
Inixtnre are )late'd immediately for 6-12 hrs on plate' with tte 
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indicator bacterium. Presence of homologous bacteria is indicated 
by significant increase in number of phage particles in the second 
plating.
 
Application: Used fo!" detection of lPseudomonas Iaseolicola and
 
X_,,;honionas phuseoli in French bean, lPseudomonas pisi in pea, and
 
Coynztbacteriutm michiganie'se anmd Xmithomonas vesicatria in tomato.
 
Used for routine testing of foundation seed of French beanl in
 
Canada.
 

It. 	Serologica, methods: An antiserum must be provided and tl-,. tests 
may foll,,w different procedures: the slide agglutilnati an test, the
 
tube pre,.ipitin test, the micro-precipitin test, the gel double
 
diffusio,1 test. the latex t'locculation test. and the
 
in ntl unfl norescence test.
 
,Ipplication: Used for different seed-borne viruses, and may be used
 
for ,i\ pathogen for delection of I'seudomonas phaseolicola.
 

Methods for Detecting Seed-Bornie Viruses 

1. 	 Visual examination of seed for externally visible seed 
abnormalities associated with virus infection, such as seed-coat 
mottling in soybeans due to soybean mosaic virus infection. 

2. 	 Growing-on testq in which seedlings produced are examined for 
symptoms. These tests, however, cannot detect viruses that are 
carried with no symptoms. 

3. 	 Infectivity test employing indicator plants that specifically react 
to certain viruses irrespective of symptoms in the tested material. 
When tu.-ed along with growing-on tests, these provide additional 
information. 

4. 	 Serological tests overcome the shortcomings of the above tests and 
are direct, specific, and rapid. 

5. 	 Electron microscope tests. 
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Seed Treatment 
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Seed health is ar, important attribute of qualit seed. A seed lot 
that meets high standards of germination, vigor, and purity, but is 
contaminated with seed-borne pathogens, may be useless for farmers, 
because it may result in severe yield losses or even crop loss in an 
entire area. 

Seed may be affected by viruses, bacteria, fungi. nematodes, and 
insects. Seed pests and diseases of which the seed is a victim (e.g., 
grain weevils, Trogoderma spp., and storage pathogens such as 
AspergillUs JIhvus) should be distinguished from seed-borne diseases, 
of which the seed is the vehicle of pest and pathogen dissemination 
(e.g., bunt of cereals, ijilletia spp.) 

Since the first group is easily detected and may destroy a seed 
lot, it is usually taken care of. Optimum storage conditions help in 
suppressing this group. For the second group, seed treatment is onc 
means among others to achieve healthy seed. The other methods, 
mentioned only briefly in this context, include seed production in 
disease-free areas, seed production under effective disease control, 
and field inspection sciaunes. 

Only certaint groups of pathogens can be controlled effectively by 
seed treatment. There are good pesticides available to control ftngal 
pathogens and insects: for viruses, bacteria and neiatodes. there are 
still problems to be solved. 

Seed treatment can be carried out through application of heat, 
mixing chemicals wiih seeds (seed dressing), and fumigation. Each 
treatment is describe(] here in some detail. 
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Application of Heat 

Heat call be applied using hot water or hot air. or as solar leat.-lot water, the most widely used, was first applied at tile end of the
19th century to control cereal smuts. Until the introduction ofsystemic fungicides in the Hte 1960s, hot water treatment was the onlyway to control loose sot Ut (Ustilago muda, U. iritici). It is currently

used by the Australian quarantine authorities to control exotic 
pathogens. The )rocedure for wheat is to presoak the seeds for 4-5hours at 37-40.C then treat them for 10 minutes at 54C followed byatr drying. 1-lot air is also sometimes applied to eradicate virusesfron seed, and solar heat treatment is usa-d in cotntr;es with hotclimates such as Egypt, but is being replaced by chemical 
treatment. 

Mixing of Chemicals with Seeds (Seed Dressing) 

This is now a standard seed trealment l)rocedure for many crops such as cereals, rapeseed, and cotton. The wide range of chemicalsavailable is increas ng. lFquipnent has been developed to ensure a 
safe, exact dosage. 

Chemicals 

Table I gives an overview of chemicals used for seed dressintg.
This list is certainly not conplete, nor does it imply a recommendation
of the chemicals listed over otlers. It shortld also be noedI that
chemicals may not be registered in some cottries, or may Ie 
 registered

under different trade nalles.
 

Chernicas may be available in 
 different formulations: e.g., dust,wettabe powder sluryfor treatment, or liquid concentrates. Ingeneral, dusts are applied at a rate of approximately 2 g/kg seed, and
slurries or liquids 
 at 5-10 nil/k), seed. The latter formulations arefrequently prelerred over dutst. beca use they enable easier exactileaSlll'eTlntll. atlow better coating of the seeds, and less hazardcause 

to optevalors hw avoiling dtlstiless. 
 l)ifferetlt adtiixlires ut1ay be usedit) (iSt Ireatictll to avoid the last probhtcas.two A cheap additive is a 0.2% dextrine solotion. added at a rate of 3-5 til/kg seed. More
effective., hill also more expensive. ate special "i crusters:" e.g.,
Sacrtst. 

Selection of tile proper chemicals depends ot tie target organisms.
In general, we ti',tdisti nguish between thr'ee types of palhogens: 
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Table 1. Some chemicalsOnis,. nt. 
Important: Rvadi the llh.l bitf i,te 

Follow mII truc lo,; on 

Pest/11'a~e tiro, 

Mo.t ;Liorig,. all n'iI pIb 
rpt.,
t ,A: 

Wire wormi , other 


ol1 insecti 

Manly soil 
Iniriecti, bird, 

sXantin nois.. 
mn,ivoitc' arim 

B.lCterli 
nln t.imnn' 

TiIletla 
S.,pf io.rI 
Ius arm 

1,,tl._gn 
Ttlletia 
I'nv.ilnIlm 
linI nnIctinn 

nnnnI in I 

II'[nintfC I 

spi). 


,jntinr 'i 

pp. 


upit. 
n I I,-

,l). 

'pp. 

nlvai 
I 


lornut 

inn.n;n)r', 

: Iihh,_-,Ila 

f'._nr-E 

in nmnl nnntnpn)r inn.: 

0 0 .

lnvn.3n.n1JL.ci inn 

maimnly snigir 
beet, 

conrin, SnJgitr 
iett 

cn'tnnon 

litrnfirent 
r'rops 

re.rnnlnnnl.nt. 

lv 


cirt,a I; 

inn tnnnn 

cnre iIf 

r I ce 

certeals 
si.Rhu.t.-Poulenci. 


1il 1tIa carlie.-
Finiir mm-n'. 

Ir, tI1I ag'ni innini. 

Tlerli-j ,;n;n. 
IstIl2.jn 'Ipp. 
id mlethosorInun 

!;ppl.
 

TIL(mta p,;n. 

rn"ct in I 'pp. 

mnnn;nrin,'rt mIva I-, 

let i l/np. 
15)St itl. 

Ist I spit. 

I I i mnnjnnit Iunn 

cereals 


wheilt 

rve 


corinals 

-- tI dir'sliv.* 
ipplylio nest i" idnn. 

tit, Il ,' I. 

Trade rnann'/ 	 Act lv, 
Mainufn.t r,,r 	 I ngied h.int(ni1 

tlalinlhhn/ ri. Itiin 

me r I calni
 

nCvananId! 

nantInn! 	 n'tnhacrlf-

.ii/t hi onlv,, 
Clh~i 70) g/l(;,. ;:'/ 


AnL'l I ' l.irlfipio;-

ICI inet iyi
 

Agr .nr,xn/ 	 I Innii 
Cchn..rck 	 21(i) 

/I,;nni,l ,.-rca;Itnlolfi-
itlyi, Innir 817 

lrnni'nnln-n .' 	 2' lnrnninpn I 
ICI 


n;I'plp,/i ni llipniatn 
nAy. ( I, g/

1
i p'.r) 

lrn/ I). rnppt 

(ul11 - oxnI hljII.nti' 


la
Quinlit. 


Camm..gran/ .n.yc li
 
RASF 500 :nil (liquid) 


40' (pond!.'dr 


Sportak 	 200 g/Il 
Bejdne/FBC 	 prochloraz 

Sportak/ 	 250 g/l 
Fu 	 prochlIoraz 


E 1) I nmnila
ll i Onnnl,,t 

Rivrini ts/ 	 ,5, I prnllnnne 
17 .",. 

Calbnina, I.n 

Arbosnn IIT/ 154 1nmtifuroxin 

Clint Geigy 2.'. I I I
nmazal 

2., tihlnabl'ndil. 

Silbitol/ 	 37.5% bit t i 
liyor 	 2.1 tubn'rleinln' 

Baytan/ 22* trinndiennl 

nllvi nrsal 1.1' InmnanelI I 

Bayer 	 i7. 1tierIdl71eli 

lecnntnended 
Ioi)nngo 

1l0 prm 1..I. 

5-10 g a.l./ton
 

2-) dl/ttn 

4-l0 ppm a.to 

50)0-HU) g/ 
10)0kg
 

I kg/00 kg 

I Ig/ 
1'0-20)( kg 

VhitlrlIst 

2()1) g/l10 kg
 
or 2)0 g +
 

M00-500 cc
 

watnr/ 10 kg 

250) mi/lOll kg
 
2 ,1 00I)Ckg
 

. g 
A.1 I.g 

ileedin sinked 

24 iourg In 
itlof 

12.5 p a.l. 

1501g 1(0 kg; 
tor U i t la 

inncri,lnn rate 
to 2nio1-2n); g 

200 g/0ll/l kg 

1Ynni v /Ii) kg; 
fir "'. ront taver;, 
inncrnan, rate 
to 200 p 

'iil-2'g/
 
1inn) I-; 
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Tilletia spp. cereals Vitavax 200 17% carboxjn 250 g/100 kg
 
Urocv t s accculta and other 17% thiram
 
Uat glaospp. formulations/
 
lIe inIthnhFporL 0 Un I roya 1
 

Spp. 

lhiLzoctolkiiia t.pp. pepper 	 Rovral t/ 35% iprodio e 25 i,-"/0,/ 
F',.iriina ;pp. tomato Rhone- 17.5% carben- 1(0) kg
 
Alt oriarta app. cabbage Poulenc dazim
 
VerL1Ctlhlre sp: . eucumomr
 
Scler__ tol. :;pp.
 

o
Rhizoctonia cotton Oet' e. 60 59.4. c.ih,-n- 180 g/
 

Wantla WP/ IloechSt L daz i Iin0 kg
 

Colletotrchrac heatns ''e osal 60 Wi/ 549.4% carben- 300 g/lO0 kg
 
- nd IId oelhst daz In
Ii tu 

Ascoch ta legImesaiu C(ga, / 11% trld morph 300 g/100 kg
 
sml). BASF 36% maneh
 

Iamping-off legumes, Aat I ram/ 61' thiram 300 g/100 kg 
di is,! S otlher "rops 	 Aai r iio I1-


St tich r
 

Colpi led from l lorr!; ' iftor'a ton bri,,h,,ri, s.ianoel t 

- Pathogens contamiating the seed superficially and infecting the 
seedling after planting: e.g.. common bunt (7lilictia spp.) and flag 
snultl ( 1rocvslis lgrolvi). These are easy to contolo with a wide 
range of chemicals. 

- Pathogens infecting the embryo during lowering: e.g.. loose slt 
(Us ilao spp.). These call be controlled only with systemic 
fungicides. 

- Pathogens infecting niany parts of the plant (leaves, stems, pods, 
seeds)" e.g.. lueInlrosporium; spp. and Asco'h yia spp. These are 
controlled witI s'stetn ic lungicides. 

The first two groups of )atlhogens have only One generation per 
year, and are exclu,ively seed-transmitted, while the third group can 
also be controlled with fuuigicide applied in the field. 

For insects, conmrol ol storage pets is usually more effective 
with unligatioti. In some cases, however, seed treatment may be 
preferable. especially to pruotcct the seedling against soil insects. 

liven with excellent clicuicals available, it is difficult if not 
impo)ssible t(, achieve 100% coitrol. During the treatment process, some 
seeds almost always escape proper trealtment, whereas others receive 
miore than the recommended docitge. 

FuItpuimet 

The simplest way to mix seed with chemicals is with a shovel. This 
method. however, does not meet the requirements of even mixing, 
avoiding under- and overdosage. and operator safety. 
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Better methods include using a concrete miner or a hand- or 
mnotor-driven drum, preferably in a diagonal position. Care must be 
taken to ensure that these devices are operated long enough to 
distribute the chemicals evenly. A major disadvantage is that the 
dosage is measur,1 b hand. More often than not, an uinknown quantity 
of chemicals is added to an unknow\'n quantity of seed, usually resulting 
in over-treated seed, which is not only quite expensive, but may also 
damage Seed , iabilitv. 

For these reasons, Ilachines have been developed that ensure 
autolnltk mcasuring of " .un'tajt . ec:. ta,chemikI.. dir 
instance. the \\eight of the seed. measured in a weigh pan, is used to 
opetrate the chelnical measuring syslem. 13y adjustilg a co'unter\vight, 
the same quantity of seed is treated with the same quantity of 
cthcmieal, measured in standard cups and operated with the trip of the 
we;gh pan. Sizes appropriate for the required treatment capacity are 
available lor this device and for similar devices from other 
ill all utfact ers. 

All automatic seed treaters w-ork reliably only when properly 
calibrated. The iianuacltrer's instructions should be followed. 

Saferty 

'Tihrr ;s -i general temidenlc\ to use chemicals that are safe for user 
and enVirtmlinte. toxic such as organic illercurialst/eiv substailces, 
((.'eresan and other). aid very, persislant fungicides. such as 
IliVIC,.'olwN-ezeiie (11(CH). are being replaced by new chemicals. In tile 
past, these chienlic'il ha e caused se'ere cases (' pisolling. Some 
resultin2g in edt1li . Most if lot all occured because tiealtd seed was 
use-d 1or hulmiiI 'ouSiil)lioi ald'or li\estock ITdilic intead of for 

I:inliil en %itl. lie ne%, Iess toxic 'heu iCils, the hollow ig 
saleLvty prC til)It S IIUS1 IVt lle tlI l: 

-T altied seed IliSt I)(- cleals\ ljahtll'd ailldl uinlder no tcircuistnSllClet.s e 
uq d lo(lour d ore l(i jd. 

- Seed tati llt should he carried otll in a \\el-ae'raled area. (ionlact 
with chelicails lhiroiugh hratlhilig of (lusts and sIlO contact iliist e 
avoided. Pi')lro tlise clothing should he \,oru. 

-As with all p slicides. e'niptvy conlitaincus', should hiv Ilrdil)peiy dislpos(d 
of and never rellsed ini the household or oil he fati . 

Fuilnigaiiin 

Iii many counlries, fumigation is a routine treatment, carried out 
mainly lgainist storage inscts (giainl weevils, brulchids). In genteral, 
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i. oid 	 r 
a volatile insecticidetothe procedure is apply 	

For effective fumigation, 
or fumigaiio chamber).

(silo, warehouse, 
The main advantage of fumigation

air-tight sealing is 	 essential. 
is 

are controlled.that all insect stages 

Chenicals
 
Two chemicals are widely used: phosphiine and methyl bromide.
 

Others arc dichlorvoS, carbon dioxide, ethylene oxide, and HCN.
 

in a so~lid formi (0 . g pellets, 3 g tablets). TheI'hospliiC Availtable 

am Ioni in carbonate
phosphide. mixed with 

active ingredient is alu mnliurll 	
After exposure to the 

Phostoxin).
and lar, ffin (trade iia me:deconmpse and release the active substance,at mospheetheil pellets 

)I), which has the same specific weight as air,
hydrogen phosphide (P 	 material chamber.

in tile fumigated or 
distributedis thus evenly 	 and othera:d 	 bags, carton boxes,penetratealso able toPhosphine is 

contaiers. 1/2 to I tablet/i 3 , with an exposure time 

The recommended dosage is 
pellets

pellets and 3-5 das for tablets. Tablets or 
of 2-4 days for 	 apa to prevent

sufficicentlyca rdbo3 1d .Pacsp' 

are placed on 
be reioved.tThe po'wdery resides can

sp) ntaneous ignition. 	 are that it lacks residues, does 
of Phostoxiliad w'a:;agcsThe major 


not affect lavoi or germination. and is easy to handle.
 

is in the gas phase, and is 
methl bromide 

Ah'rhyl Irmiide: Ahome 5.0( .. 
used for cooking gas. Since it 

thosesinilar toin cvlindcrsavail able 	 are sometimes added to 
mhvr gases such as chlhiopiocrin

is odorless. 	 bromide is 3.5 times 
lBecatuse methylIittLaks.faciliiatte (:tcctionl 	

that it is properly distributed 
to be taken 

heavier than air, care has 
cali beulsed). The recolmfliended

in igated (tan
the good, towitin 

hrs.
dosage i,, 2) g,tiwi, 24-A8 	

since methyl bronide is 
are (required,c1asuiesSpecial safltt 	

to accumulate ill coniodities. 
the nkn. It tends


absorbed through 
repeated touin igation is necessary.
 

which is i mportaiit \0whnvecr 

Equipmtrcl 

cm overlap, firmly
with at least 50 

are( as-prol plastic sheets 	 other weightsiroil bars. or
with sand.grouildto the 	 effect andpressed 	 insecticidal 

escape resuilts in reduced 
frequently used. Gas 	

floor is necessary to prevent gas
A cementto users.is a hazard 	 isfu in igation area 

Care muust be taken that the 
ewcape through soil. 


rans sometimes help.
properly aerated" 
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If a store's doors and windows can be hermetically sealed, 
fumigation of the entire store is possible. Most stores, however. 
allow gas to escape through other openings. Silos are usually good 
fuinigation facilities. When large quantities nust be furnigated within 
a short time, a vacuum lurnigation chamber is appropriate. These 
chambers are available in sizes between 1 and 50 m3 , and sometimes as a 

3plant of up to 6 x 50 rn , equipped with coni non fans, punips, and other 
equipment. The insecticides used are methyl bromide or ethylene oxide. 

Safety 

Face masks with a proper canister should be used, especially during 
the aeration process. When handling Phostoxin, cotton gloves should be 
worn. Gas concentration can be checked with a Halide gas detector for 
methyl bromide and with a tube detector (Draeger) for Phostoxin. A 
waning sign should be clearly visible to prevent people from 
inadvertently removing plastic sheets or enter ng a building under 
fumigation. 

Appendix. List of manufacturers' addresses. 

Aagrunol - Stachler FBC limited 
Postlach 2047 Hauxton. Cambridge 
2160 Stado C132 5HU 
West (ernran v England 

Amnerican Cvanarnid Hoechst AG 
Berdlan A',rntue Postfach 80 03 20 
Wayne. N.I. 07470 6230 Frankfurt 80 
I.S.A. West Germany 

BASF ICI 
6700 lmudwigshafen Plant Protection Division 
West Germany Fernhurst, lasslemere, 

Surrey, (1127 3.1 
Bayer AG l'lanzenschutz England 
509 Leverku en - Bayerwerk 
WVest (icrlnany Oeino - la Qunoleine 

Qelam' Ick 43, rue de Liege 
Binger Strasse 75008 Paris 
6507 Ingelheim France 
W~est (;en'man v 

Rhone-lPoulenc 

(iba (hcy P.13. 9163 
4002 BasI 69263 Lyon Cedex I 
Svilzerhand France 
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Seed Storage
 

P.K. Agrawal 
Division of Seed Science Technology,
 
Indian Agricultural Research histitute,
 

New Delhi, /10012, India
 

Quality seeds are the cheapest input in modern agriculture. 
Availability of viable and vigorous seeds at planting time is very 
important for increasing agricultural production, because gcod seeds 
act as a catalyst for realizing the potential of other inputs. 

The loss of seed viability during storage cannot be stopped, nor 
call viability be increased during storage. Seed storage, however, 
should minimize the loss of seed viability and vigor. 

There are three typcs of storage, of which the first two are 
discussed in this paper: 
1. Storage of seeds from harvest to next planting (short duration, 6-8 

months). 
2. 	 Storage of carryover seeds (medium-terlm, usually 12-14 months). 
3. 	 Storage of germplasm, breeder seed, samples tested in seed testing 

laboratories for regulatory purposes, etc. (long-term, usually 5-20 
years). 
Seeds can be divided into two maj1cr groups. orthodox and 

recalcitrant, according to their viability characteristics. The period 
of viability in orthodox seeds is increased with the decrease in seed 
moisture and storage temperature. Examples include seed of cereals, 
food legumes, and forages. Orthodox seeds of different species vary 
considerably in storage characteristics. They may ix good (Oryza 
saliva, l"igma rudiata): intermedi'tte ((Gossyl irIIn sp., Sorghlinmt bicolor, 
iriticum sp.)" or poor ((;lvci' na., /4rachishylogea). 

Recalcitrant seeds, the second type, cannot be dried without 
harmful effects, and have a short viability period under ambient 
conditions. Examples include seeds of coffee, rubber, cocoa, and oil 
palm. 
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A number of factors influence the viability of seed during storage. 
Tihe two most important are seed moisture, or relative huimidity of the 
atmosphere, and storage tenperature. Other factors include the storage 
temperature of the seed, inheritance, gas during storage, microflora 
and insecis, and fungicides. 

Relative Humidity 

ReLtive humidity (RII) is a measure of water vapor in the air 
relative to the amiount that air can hold at saturation at a given 
temperature. As air temperature increases, the water-holding capacity 
of air also increases. If the absolute weight of moisture re,'"iins 
coustant, R decreases upon heating. If the air is heated, the 
water-holding capacity of the air increases rapidly (Table 1). 

Table I. Moist-re in air at saturation 
(100%) at different temperatures. 

Temperature Water vapor (g)/
 
°C dry air (kg)
 

-5 2.48 
0 3.78
 

10 7.63
 
20 14.70
 
30 27,18
 
40 48.79
 
50 86.11
 

Each kind of seed will attain a characteristic moisture content at 
a given RIH at a particular temperature, which is called the equilibrium 
moisture content (Table 2). Seeds of most species can be dried to 2-3% 
moisture without significant injury, provided injury is not caused by 
another factor associated with seed drying, such as high temperature. 
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Table 2. Seed moisture equilibrium at various levels of relative humidity
 
at about 25 0C (wet weight basis).
 

Relative humidities
 

Crop 15 30 45 60 75 90 100
 

Moisture content
 

Barley (Ilordeum
 
vulgare L.) 6.0 3.4 10.0 12.1 14.4 19.5 26.5
 

Corn, field 
(Zea mays L.) 6.5 8.5 9.9 12.2 13.6 18.3 23.0 

Cottoii (Gossypium 
hirsutum L.) - 6.0 7.5 9.1 11.5 18.0 -


Flax (Linum
 
usitatisqiumum L.) - 5.6 6.3 7.9 10.0 15.2 21.4 

Oat (Avena
 
sativa L.) 5.7 8.0 9.6 11.8 13.8 19.5 24.1 

Groundnut (Arachis
 
nypogaea L.) 2.5 4.2 5.6 7.2 9.8 13.0 -


Rice (Orvza
 
sativa L.) 6.8 8.6 10.7 12.6 14.4 18.4 23.6
 

Rye (Secale
 
ceceale L.) 7.0 8.7 10.5 12.2 14.8 20.6 26.7
 

Sorghum (Sorghum 
bicolor (L.) Moench) 6.4 8.6 10.5 12.0 15.2 18.8 21.9 

Soybean (Glycine 
max (L.) Mew) 4.3 6.5 7.4 9.3 13.2 18.8 -

Sunflower (lHelianthus 
annuus L.) - 5.1 6.5 8.0 10.0 15.0 -


Wheat, white (Triticum
 
aesttvum L.) 6.7 8.6 9.9 11.8 15.0 19.7 26.3
 

Wheat, durum (Triticum 
durum Dest.) 6.6 8.5 10.0 11.5 14.1 19.3 26.6
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Temperature 

In general, the higher the temperature, the more rapidly a seed 
deteriorates at a given level. Seed moisture and storage temperature 
interact in influencing seed viability during storage. Low temperature 
is 	 more effective than higher temperatures for storing seeds, but 
temperatures above freezing, especially between 5-0'C, have been 
consicic'ed adequate. Maintenance of low temperature is expensive, 
however. 

Heat from external sources penetrates slowly into the seed bulk. 
Diurnal temperatures rarely affect seed below a few centimeters from 
the 	surface. The metabolic heat produced exclusively by dry seed is 

-7
about I x 10 cal/sec/cm3: and by damp seed/grain, approximately 1.3 x 
10-5 cal/sec/cm 3. The amount of heat produced by fungi, insects, and 
other organisms invading the gra:a is considerably higher. In building 
better seed storage structures, important points to remember about 
temper3ture are: 
I . Mites do not develop below 5'C (417) , nor insects below 15'C 

(60('F). 
2. 	 Most storage fungi do not develop nt-low 0 C (32'F). 
3. 	 The effect of temperature on an organism is correlated with the 

amount of moisture present, because a rise in temperature 
corresponds to the decrease inl the relative aimount of moisture in 
the atmosphere. Harrington's (1960) rule of thumb states that for 
each I% increase in seed moisture, the life of the seeo is halved. 
This applies when the seed moisture content is about 5-14%. 
The rule further states that for each 5"C increase in temperature, 

the life of the seed is halved. This applies hetween 0-50C. The two 
aspects of the rule apply independently. Thus, seeds having 10% 
moisture and stored at 20"C will survive about twice as long as those 
with 8% moisture stored at 30'C. 

Physical Conditim of the Seed 

Most mechanical injuries to seed are not readily detected. 
Commonly used tests for mechanical iniuries include observations of 
fractured seed coat or of seedling structures in growth tests. 
Symptoms of mechanical damage in standard growth tests are variable. 
They includ, detached seed structure. breaks within structures, 
,bnormally shaped structures, scar tissue infections, restricted 
growth. untnatural shrinkage oi cotyledons, and split or otherwise 
abnormally developed hypocotyls and primary roots. Injured roots often 
appear dwarfed and twisted and the tips often look blunt and dull. 
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Microflora and Insects 

Storage fungi chiefly comprise several "group species" of the 
genera Aspe;illus and l'enicillium. These fungi do not invade grains 
to any extent before harvest The major effects of storage fungi upon 
seeds are: decrease in germinability; discolored embryo, whole kernels, 
or seeds: production of mycotoxins: heating; development of mustines 
and 	caking; and total decay. 

Seed viability may be affected by the presence of insects in a 
number of ways: 
I. 	 If the insect 'ecomes sufficiently abundant, it may render the 

storage environment harmful to the seed by simultaneously raising 
the temperature, moisture content, and CO 2 content of the 
atmosphere. and by depleting the oxygen. 

2. 	 The embryo may be damaged or killed by the feeding of adults or 
larvae or by oviposition. 

3. 	 Insects may introduce fungi that consum1e the seed or weaken or 
attack the seedling. 

4. 	 Insects may spin webs and corstruct cccoons that interfere 
sufficiently with the even flow of seed to necessitate cleaning, 
and 	also cause loss of seed. 

5. 	 Insect control measures may kill somp seeds. 

Good storage facilitics are r':quired to prevent and control storage 
insect inlestations. Cooling and airtight storage help incan 
prevention. 

Chemical metlods of protection and control include fumigants, such 
as methyl bromide, hydrogen cyanide, phosphine, ethylene dichloride, 
carbon tetrachloride, carbon disulph ide and naphthalene. Phosphine is 
very popuiar; doses are 3-6 g/ 3 (i.e., 1-2 tablets/m3), with exposure
for five days. A maximum of two or three funigations should be given 
at 60 day intervals; after fuinigation, the store should be thoroughly 
aerated. Contact insecticides can also be used, such as DDT (I g DDT 
10% dust/kg of seed), lindane, malathion, and others. 

Gas Diring Storage 

Seed moisture and various gases. individually or in combination, 
interact to affect the loss of viability during storage. An atmosphere 
of oxygen concentration greater than that of air hastens deterioration, 
while an atmosphere of carbon dioxide is reported to increase storage 
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life (seed moisture less than 6%). An atmosphere of nitrogen gas 
delays the onset of deterioration; however, once deterioration starts, 
it proceeds as rapidly as in air. 

Currently, different gases are not utilized commercially for 
storage, but research interest on the subject is increasing. 

Other Considerations 

Since seed moisture and storage temperature are the two most 
important factors influencing seed viability during storage, it is 
essential to restrict their movement in the seed store. In 
constructing an improved storage structure, proper insulation must be 
provided against moisture and temperature migration. 

Even with the best storage facilities, seed deteriorates if storage 
management is inadequate. Therefore, the storage behavior of seeds of 
different species and varieties vithin a species should be known to 
help plan seed storage. Seeds of species that store poorly, such as 
onion and soybean. should be sold in the season to avoid carry-over. 
In addition, proper ventilation should be ensured around seed bags. 
Bags should be stacked only on pallets with at least 10 cm open space 
for air movement and 20-30 cm open space between stacks and wall. 
Germination percentage of stored seeds should be checked regularly, and 
fertilizers, feeds, fuels. etc. should not be stored with seed. Stores 
should be kept c!ean, in good repair, and free from insects and pests 
by fumigation, seed treatment, space spray, poison baits, and other 
appropriate methods. 
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Seed Marketing 

A.J.G. van Gastel 
International Cooperation,
 
ICARDA, P.O. Box 5466,
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Introduction 

The process of seed marketing has two important purposes. One is 
to assess the demand for and related inputs:seed the other is to 
ensure that enough seed of tile right quality is supplied to farmers at 
the right time, and at a reasonable price. Other essential farm 
inputs, such as fertilizers, fungicides, insecticides, herbicides, and 
farm implements must also be available. 

In countries with a strong private seed sector, seed is usually
distributed to farmers through effective private distribution networks. 
In other countries, seed is distributed through the general
agricultural supply system, organized by the public sector. Such 
systems are often less effective and efficient. 

Seed Demand 

Assessing the potential seed demand is rather simple and is based 
on acreages. .seed rates, and renewal rates. Establishing the effective 
demand for high quality seed is more difficult, since it depends on 
many uncertain factors. 

The effective demand increase depends mainly on the introduction 
rate and the replacement or renewal rate. Both rates depend in turn on 
many technical, sociological, economic, and institutional factors. 
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Introduction rate 

Tile rate at which a new variety is introduced, or adopted by the 
farmer, depends upon a number of factors. The first is agronomic 
superiority, including the primary atnd secondary uses of the crop and 
the consumptive quality. The relation between costs and benefits also 
affects the rate. The increased yield must cover the extra price for 
the seed an' other inputs, as well as produce a financial profit to 
induce the fat,::t: to use the high quality seed. Prices must often be 
subsidized at the start. The type of crop also affects the adoption 
rate; farmers are often more willing to introduce a new crop if it can 
be grown as a secovd crop. Other factors include: the availability of 
inputs and markets to absorb the extra production, extension and 
promotion efforts, and the availability of credit. 

Replacement rate 

The replacement rate is the rate at which farmers replace the seed, 
instead of using their own harvested grain as seed. A farmer can 
usually save seed from the harvest of his commercial crop. 

The genetic pui-ity of a new variety wi;I r'main high for several 
generations, particular!y for" self-pollif. d crops. Acceptable 
replacement rates are four-to-five years for self-pollinated crops; 
three years for cross-pollinated crops; and every year for hybrids. 

Extension and promotion 

One part of marketing is seed extension programs which advise 
farmers on the availability and use of quality seed of improved 
varieties. F:,rmers must also be'convinced to use the seed, and trained 
in recommended production methods. In many countries, the gc,eruncnt 
is responsible for extension, but private firms often have their own 
extcnsion progams. 

Many extension services are inadequate because they perform 
administrative and regulatory functions instead of transferring 
improved technology to farmers. They may also have insufficient links 
to research. Careers in the extension services may not be considered 
attractive, and extension officers often lack the necessary information 
about each crop under various growing conditions. 

Credit 

Agricultural credit has become an important tool which enables the 
farmer to use the quality seed and related inputs. In certain cases, 
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credit is advanced only if certified seed is used.
Seed market planning must cope with many uncertain factors. Also,because seed production takes several yeirs, demand has to be assessed 

before the sales period. 

Seed Supply 

Seed must be produced where it is easy and efficient to do so, butpreferably in areaan not too far from potential consumers. The 
en vironmental conditions should be optimal to avoid genetic shift andrisk of crop failure. The seed should be distributed to selling points
in the growiing areas befbre the farmer needs it. 

Marketing channels 

The seed moves from the producer to the consumer via the wholesaler
and retail dealer, with each crop Ihaving its own particular pattern.
The retail deale rs play '! crucial role; in fact, tile success of a(list ri bu tion nelwork depends uponlargely selectin, sufficiently
motivated retail dealers who are able to provide extension services.


There .,hould be numerous 
 retail outlets distributed over thegrowing areas near the farmers. The best dealers are those who 'ready
have contacts with the farmers and have established a basis of trust. 

Translportation of seeds 

In a com prehe sive marketing sysler. transport is required for thedistribution of seed to growers as well as collection, and also for
distribution to wholesalers, retailers, and farmers. Depending on theinfrastructure of the country and the volurme to be transported,
appropriate transport must be selected. Distribution is easier in a
 
country witi a good Iialnsport inrastructutre.
 

Storage 

Adequate storage crilicalis to the supply of good quality seed.Good storage is usually available at processing plants and wholesaledistribution points but less so retailat distribution points. Good 
storage is p~articularly important in countries or regions with high
temperatures and humidity. 
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Seed at low moisture content packed in vapor-proof bags will retain 
its germination capacity: very dry seed withstandcan higher 
temperatures, but is more sensitive to mechanical damage. 

Packing 

Packing the seed requires special attention, not only to ensure 
that the quality of the seed does not change but also so that the 
seed appears attractive to the farmer. Seed should be packed at the 
right weight for easy handling by retail dealers and farmers, as well 
as in amounts appropriate for different farm sizes (in weights of I,5, 
or 10 kgs for small farmers). Bags, containers, and packages should be
sealed and labelled, and opened or partly-empty bags should never be 
sold. 

Price of seed 

The seed price should cover the grain price, the xddiiional costs 
of production, processing, and distribution, and a reasonable profit.
Seed prices range from 150-300% of grain prices, but may be higher
under unfavorable conditions or for hybrid varieties; prices, however,
should not be too high for farmer t,,a pay. Subsidies might be needed 
initially to induce farmers to buy the more expensive certified seed 
and other farm inputs, but should not be necesary after five years. 
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Techniques of Seed Production in Cereal Crops 

H. Ketata 
Cereal hnprovement Program, ICARDA, 

P.O. Box 5466, Alleppo, Syria 

The major cereal crops grown in North Africa and West Asia are 
bread wheat (7)'iiicunz aestivwn L.), durun wheat (Titicon turgidwn L. 
var durum ), and bar!ey (Hordeunm vulgare L.). All are essentially 
self-pollinated crops with an outcrossing rate varying from less than 
I% to 4-5%. One important factor in the production of good, stable 
cereal crops is the availability of high quality seed of high-yielding 
cultivars. 

Seed Production at the Initial Stage 

Cultivar (or variety) development can be based on introductions or, 
more frequently, n hybridization, followed by some scheme of selection 
(pedigree, bulk, single seed descent, etc.). 

In general, during the early generations (F, to F4), the material 
is screened for easily observable differences in traits related to 
disease and insect reaction, earliness, and morphology (such as plant 
height. spike length, and grain color and size). Seed is increased on 
a plar (or head) basis or 'n a cross basis according to the methods of 
selection chosen. The promising material is advanced for further 
evaluation through yield testing, which may start at the F4 or. more 
f[xquently. at the1:5 generation. 

This type of testing is rcpeated for two to four generations 
(depending on the program). Simultaneously, material is scored for 
different atlrihutes under stress conditions (diseases, insects, 
drought, heat, salinity. etc.). Tests for grain or straw quality are 
also needed to assess the iaerixal d'5s economic value. 
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Before an advanced line is proposed for registration, it is tested 
on large replicated plots in farmers' fields or on government farms, 
Some breeders grow two or three of their most promising advanced lines 
in vnreplicated demonstration strips or fields ranging in size from a 
fraction of a hectare up to a few hectares. 

While there are no strict rules for seed increase during the yield 
testing process, during the first one-to-three generations of Viel 
testing, the seed increased consists of the conwbined (bulk) harvest of 
all plots. The breeder examines his trials several times during the 
season and rogues out the off-types, taking care to avoid any serious 
damage to the plots. More fortunate breeders have enough land and 
labor to grow their material in unreplicated plots as well as in yield 
trials, and they use these additional plots for seed increase. These 
plots are examined several times during the season (once or twice 
before flowering and two or three times between flowering and harvest). 
The breeder eliminates the unwanted plants (off-types) and may either 
bulk-harvest the rest of the plot or make single head selection (20-50 
heads/entry). When single iieads are picked, the breeder carries out 
inter-row selection among the progeny in tile following season, thus 
eliminating rows that are not lypical of the entry. He then 
bulk-harvests the remainiing rows. The ear-row p'rocedure takes more 
time and effort but vields progeny tihat are generally more homogeneous. 
This process is usually started in the more advanced generations of 
testing (F7 and later generations). 

Seed Production at the Intermediate Stage 

When a breeder has tested a line and wants to propose it for 
registration, lie should have pure seed which will produce progeny of 
the desired type (in ou,r case, progeny that are idenitical to the 
parental material). This seed usually originates from the harvest of 
ear-rows and is called reeder seed or l)re-basic seed I. Ill general, 
it aloutlls to a bulk of froin a few hundred grants to a few kilograms. 
B~y this time. the line should havt been st'bnitted for registralion. A 
conlinittee usually conmpriscd of researchers, representat;ves of the 
agricultural Inin tily, seed producers. and fllarmnlers" representatives 
either accelts or iejets Ite line. evaluating its overall pedofrInanlce 
relative to other liles or varieties based oil yield, socio-econontic 
factors, and other Iraits. Once registratin is aplproved, the brCeder., 
eitllel at his research institution ol in cooperation with qualified 
personnel from another public ilist:tu1ion, lirocceds to tile 
multiplicatior of breeder seed or pre-basic seed I to get pre-basic 
seed 2. The lalter can be produced in a single generation or ill two or 
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mnore consecutive generations, depending on the program. Pre-basic seed 
is produced completely under the breeder's supervision. Further 
increase, yielding basic seed, is generally done by specialized seed 
production institutions, with the breeder still heavily involved in 
controllinig the varietal purity. 

Final Stage of Seed Production 

While the breeder is involved in production of pie-basic and basic 
seed, seed produced from basic seed--called certified seed-- may be 
produced by specialized public or private organizations, with qualified 
person nel rel resentin g the ministry and/or the research institutions 
cooperatively inspecting the material in the field for varietal purity 
and freedom from seed-borne diseases and noxious weeds. Certified seed 
should also pass laboratory examination for seed moisture content, 
physica; purity, germination, seed health, and, sometimes, 1000-seed 
weight. Althoumgh the same characteristics are checked for pre-basic 
and basic seed. standards for certified seed are more relaxed, and even 
less stringent for generations derived from cerified seed. designated 
as certified seed 2, ceitified seed 3, and so on. This type of seed is 
generally produced in tlhe early stages of seed production for a 
newl,,-rele;sed varietv. 

Other Considerntuions 

At the breeding level. seed is produced under strict conditions 
ensuring genetic purity, physical quality, and good health. Genetic 
pvitv uleaos the absence of seed of other varieties. Among tile 
character. of pllysie al quality are the absence of different crop 
species and weed seed!-. 

The breeder pays particular attention to: choosing the production 
land, keeping in mind the previous crop; ensuring isolation with 
borders and alleys to pre\'ct mixtures; and cleaning of harvesting and 
threshing equ,ipmient. Good culural practices generally ensure quality 
seed that is wel-iIled and highly viable. The health of seed 
undergoing multiplication is maintained through selection of a proper 
site, use (A chemical treatments, and rogneing of diseased plants. 

In general, it takes four generations from the time of registration 
to the distribution of certified seed to the farmer. (See Table I for 
nomenclature of seed inultiplication steps.) An example would be: 
1980-pre-basic 1: 1981-pre-basic 2; 1982-basic; 1983-certified; and 
1984-commercial planting by the farmer. 

239
 



Table I. Comparative nomenclature used for seed
 

multiplication steps.
 

AOSCA2
 OECD1 


pre-basic breeder
 
basic foundation
 
certified 1st generation registration
 
certified 2nd generation certified
 

1Organizat ion 
 for Economic Cooperation and
 
Development.
 

2Association of Official Seed Certifying Agencies.
 

Certain programs have only one pre-basic seed, while others have 
three or more. Other programs have certified seed 1,certified seed 2, 
and so on. Some breeders proceed to bulk-increase of material that has 
gone through yield testing, arid they may start the ear-row process 
Sil[) Ultancotislv by growing I limilted iiin ber of ear-rows the first year, 
buit they do not necessarily wail for these ear-rows to begin 
multiplying ile a v ale 2 coml ares two procedtires: bulk and 
ear-row inTase lor obtaining certified seed. 

Every vear, the bieeder alone or in coot)eration with the seed 
production i"CvtY IUSt Make head selectiols, so that there are all 
kinds of geierationls each year. 

In all phases of ccreil seed i)roduction, care niist be taken to 
avoid waste and increase econornlic efficiency, because production of 
quality seed is inexpensive ,interprise. Seed produiction problems that 
may arise duc to tunfavorable circuiustances (e.g., severe drought, 
frost, heat, and hail) should be alleviated through careful l)lailling 
aind crop inallaigell lnl. 
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Table 2. Comparison of bulk and ear-row increases.
 

Starting
 

Bulk Ear-row
 

1980 Breeder 20 kg 2000 rows
 
1981 Pre-basic 400 kg 75 kg
 
1982 Basic 8000 kg 1500 kg
 
1983 Certified 1 200 tonnes 37.5 tonnes
 
1984 Certified 2 5000 tonnes 937.5 tonnes
 

A higher multiplication factor is assumed for
 
later generations (25) than for ev'rlier
 
generations (20) because of differences in
 
seeding rate and planting pattern.
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Cultural Practices for Cereal
 
Seed Production
 

W.L. Nelson 
Cereal Inprovement Program,
 

ICARDA, P.0. Box 5466, Aleppo, Syria
 

In a breeding program, a new selection which has proven superior 
after three years of multilocation testing for disease, yield, and 
adaptability for a region or regions should be increased for possible 
release. By this time, the genotype will be largely stable 
genetically. Head selections should be made during the third year of 
trials from seed increase blocks of that year. At least 1000 heads 
should be selected for plant row increase to produce breeder seed. 
With three years of data available, head row increase can begin. When 
this seed has been produced, at least four years of yield data, five or 
six years ot disease information, and two or more years of quality 
evaluation (ata will be available. he decision should then be made on 
proceeding with variety release and final seed increase. If a variety 
is subsequently designated for release, final seed increase should 
proceed quickly to make the variety available to fariners as soon as 
possible. An improved variely can begin to be produced only after an 
aggressive evaluation program of prospective selections and a vigorous 
seed increase program. 

tligh quality pure seed is the result of proper techniques in all 
phases of production. The agronomy of production will determine the 
purity and qulility of the seed delivered to the processing plant, which 
can only upgrade the seed it receives by removing foreign material and 
sizing the seed; removal of admixtures of varieties and of all weed 
seeds is difficult. 

241 



Land Selection for Seed Multiplication 

Seed should be produced oil carefully-selected land that is free 
from weeds and voluaiteer cereals of the same class. The earlier the 
generation, the more care that should be exercised in land selection. 
For breeder seed, only a limited area is needed, but only high 
production land in a good rainfall area is suitable. 

I-f irrigation is available, the first generation seed will be 
protected against drought, making maximum increase possible. Areas 
with climatic hazards such as frost, hail, drought, or flooding should 
be avoided for initial increases. 

Knowing the previous cropping history is important in sciccting 
land. Wheat should be planted after one year of clean fallow or after 
a dry legume, vegetable.,,or industrial crop. Irrigated land following 
,,afalfa that has been in production three or more years is ideal. For 
seed ,production, wheat should not follow a forage crop of vetch and 
oats or another cereal crop. 

As the quantity of land required for seed production increases with 
each generation, it becon i more difficult to mailtain high stanldards 
of land selection. If land meets the standards of rotation and freedom 
from volunteer crops, the next criterion must be the Weed situation. 
Fields with noxious perennial weeds should be avoided, especially if 
seed produced by thc" weeds is difficult to remove by processing. 
Heavy infestations of wild oats and grassy weeds cause difficulty in 
rogueing short-statu red varieties and reduce yields. Fields with a 
history of wild oats inist not be used for the increase of basic and 
registered cereal seed. Fields "for later generations should be 
selected to avoid weed problems as much as possible, and herbicides 
must be available to control wild cats, other grassy weeds, and 
broadleaf weeds in cereal production. 

Experiment stations should be lised for seed production only if the 
land and climatic conditions meet seed production standards. If 
experiment station land is used to produce seed, tie land must be 
rotated and managed for seed production, which requires proper 
planning. The multiplication of breeder and basic seed should be 
controlled and supervised by the breeding and seed production staff, 
whether on or off the experiment station. Cereals are too often 
multiplied in early generations on land that does not meet the 
standards foi' maximum increase of breeder and basic seed. 

Special Management for Seed Multiplication 

The practices of seedbed preparation, fertilizing, and weed control 
required for seed production are the same as those for maximum cereal 
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production. These practices resnlt in a prepared seedbed free of weeds 
and germinating seeds. Seeding, fertilizing, herbicide applications, 
rogueing, and harvest must be timely and perforn,ed with proper 
equipment. 

Seeding rate and row spdacing are important management practices in 
seed inuliplication. The rapid increase of early generations can 
reduce the time necessary to produce the seed volume required for 
coil mercial production. In the production of breeder. basic, and 
certified seed, maximum multiplication from the limited seed supply is 
more imlportan: than maximum yield per hectare. The scrd should be 
planted at a rate and manner to give nmaximun multilication per unit of 
seed available. Decreasing seeding rate is the most practical way to 
increase early generation mutiplication in both dryvand and irrigated 
production. 

A row spacing and seeding rate experiment in 1976 at El Khroub, 
Algeria tested the Whofect of reducing rae and increasing rov spacing 
on seed itultiplication in early generations. The experiment used 
seeding rates of 40. 80. and 120 kg/ha at 17.5 cn row siacing: and 33, 
30. and I00 kg/ha at iow slmacings of 51,. 35, and 17.5 cm, 
respectively. In one cxpeaiment;,, row spacing ,Aas kept tht same but 
seed density Within the row was varied. In !hleother experiment, row 
spacing v'aricd but the seed density within the row remained the same. 
Rainfall was adequate for maximum production. Fertilizer nitrogen was 
applied at 100 kg/ha in two equal applications at sealing and 
tillering. Phosphale was applied at seeding with the seed at a rate of 
45 kg/ha. RestilIs are given in Table I. 

Table I. Effct of 'alI,; rate aind row spaclng on An\za wheat, El Khroub 
Stattn, Algerit,, 197'i-7(2 

Seeding Row 
 Yield 
rate qpacing Pants/ lead:a/ tilters/ Y'lcd (kg/100 kg

2(kg/hli) (cm) m plant (kg/ha) see d et) 

120 17.5 258 624 
 2 4 5543 4619
 
30 11.5 172 562 3.3 5393 
 6737
 
40 17.5 86 453 5.3 4683 
 11708 

cv'! 2.6 6 35
 
05 

LSD 8.26 30.8 430
 
100 17.5 236 590 2.5 5152 

50 
 35.0 115 391 3.4 4267 8534
 
33 52.5 80 325 4.1 3562 
 10594
 

7.8 9.3 85
 
u5
 

LSD 30.8 72 641
 

Nelson 1976.
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Yield was decreased abou. 10% (5152 to 4683 kg/ha) when the seeding 
rate was decreased from 100 to '40kg/ha at the same row spacing of 17.5 
cm. Since the seeding date of 5 January 1976 was about one month laic,
tillering was reduced and yield decreased more than would be expected
with an earlier seeding date. Increased row spacing with the same 
deasity within the row affected yield more, yet the seed increase/l-g of 
seed seeded was greater whenever seeding rate was decreased, rega',d!ess
of row spacing. Decreasing seeding rate appears to be the best way to 
increase multiplication of a given quantity of seed. 

In Table 2, the effect of five seed densities -)n five varieties is
given for a trial at Tel Hadya in 1980/81. Actual seeding rate in 
kg/ha varied for each variety at each density, but tie same number of 
viable seeds were planted at each density, All other production
factors remained the same for all varieties. The seeding rates were 
calculated from 	 2the actual counts per m by converting from seed 
weight/1000 kernels, assuming 80% germination. 

The data in Table 2 show that seeding rates below 20 kg/ha are even 
more effective for maximum seed increase than do the data in Table 1.
 
More research on row spacing combined with low seed rates should be 
conducted to find the optimum combination for production of basic seed. 

Cereals' high yielding ability at low seeding rates, especially
that of wheat with its relatively small seed size. allows very rapid
seed increase. Tifis was demonstrated when the variety Gaines was
released in the USA in 1960. Over two years, 1.36 tons of seed was 
increased to 15,000 tons with two crops--an increase ratio of I1,000: 1 
in two cycles. 

The following recommendations facilitate rapid increase: 
I. 	 Increase the number rowsof head and spacing between rows to 

double the breeder seed available. 
2. Increase the breeder seed at the seeding rate of 20 kg/ha under 

the 	highest production conditions possible.
3. 	 Increase the basic secd at 40 kg/ha under good management at 

the highest production conditions possible.
4. 	 Provide empty rows to facilitate rogueing, application of 

herbicides, and top dressing of fertilizer. If the empty row 
pattern matches the tractor tread and is wide enough for the 
tractor tires, tractor operations will cause ninimum damage to 
the cereal crop. 

Table 3 compares increasing seed at 100 kg/ha to ihe lower rates 
suggested in Tables I and 2. By increasing breeder seed 100% and then 
decreasing seeding rates, about 16 times as much seed could be produced
(at conservative yield estimates) for production at the lower seeding
rates. Exact yields could vary, but the ratio of increase would 
approximate that given in Table 3, onbased the data in Tables I and 2 
and also on actual records of seed increase of new varieties. 
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Table 2. Effect of plant density on yield of five varieties
 
at five different seeding rates; Tel Hadya, 1980/81.
 

Seeding 

rate 


Variety (kg/ha) 


16 

26 


Veery"s" 65 

126 

191 


17 

29 


Alondra"s" 73 

144 

214 


18 

31 


Condor"s" 66 

177 

205 


19 

29 


Buck buck"s" 64 

119 

185 


13 

24 


Jup "cross" 46 


84 

135 


17 

28 


Average of 63 

5 varieties 118 


186 


Yield 

(kg/ha) 


3034 

4030 

6863 

4154 

4032 


3093 

3957 

3664 

3979 

3259 


4067 

3957 

4579 

4175 

4211 


3934 

4054 

4076 

3919 

3299 


3238 

4731 

4105 


4482 

3939 


3437 

4146 

4258 

4142 

3728 


Ratio of
 
yield/kg
 
of seed
 

190
 
155
 
75
 
33
 
21
 

182
 
136
 
50
 
28
 
15
 

226
 
128
 
69
 
36
 
21
 

207
 
140
 
64
 
33
 
18
 

249
 
197
 
89
 

53
 

28
 

204
 
148
 
68
 
35
 
20
 

W. Anderson, ICARDA, unpublished data.
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Table 3. Estimated seed increase comparing normal seeding rates to reduced rates with
 
similar production potential.
 

Seed' Area of Estimated T,,tal 
quantilty Seeding seed % area yield production 

Generation (quitatl) rate (ha) increase (quintal/ha) qLS 

Breeder seed 
 I 
Basic seed I 1o0 1 0 40 40
 
Registered seed 40 1(0 40 0 
 35 1400
 
Breeder seed 
 2
 
Basic seed 2 1020 1000 30 300
 
Registered seed 300 40 750 
 1875 30 22500
 

The purity of seed produced decreases with each generation of seed 
increase through mechanical and volunteer mixtures. If the number of 
generations needed to multiply the seed for commercial production is 
decreased, seed purity will be greater when the seed goes into 
commercial production. 

Seed multiplication of an improved variety is perhaps the most 
important part of a variety development program. It is successful only
when it uses land suitable for seed production. The loss of an early 
generation seed source due to improper land selection will delay the 
increase by one or two years. Increase sites for early generation seed 
must therefore be selected to control all possible hazards. All means 
should be employed to get the maximnun seed increase in the first two or 
three generations of increase. Poor kind selection and preparation, 
seeding. fertilizing, and spraying reduce tile rate of seed 
multiplication, delay the benefits to the country of the new improved 
variety, and can result in complete loss of a valuable seed source. 

A multiplication program that rapidly increases new improved
varieties, and maintains reserve stocks of recommended varieties, will 
help stabilize and improve l)roduction. It is especially important to 
have reserve stocks of early varieties that can be used when weather 
conditions necessitate late seeding, as well as a reserve stock of good 
seed from older recommended varieties. 

Reference 

Nelson, W.L. 1976. IDGC Annual Report 1975-76. Algeria. 
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Principles and Techniques for Seed
 
Production in Chickpea
 

K.B. Singh 
Principal Chickpea Breeder
 

(ICRISA 7)
 
Food Legume Inprovement 'rogramn,
 

ICARDA, P.O. Box 5466, Aleppo, Syria
 

Chickpea (Cicer arietinula L.) is a sell-pollinated annual species. 
The rate of natural cross-pollination has been reported to be between 0 

and 2% (Gowda 1981). Chickpea is widely grown in the Indian 
sub-continent, the Mediterranean region, East Africa, and Mexico, and 

efforts are underway to popularize it 'n North America, Australia, and 

parts of east Europe and South Anieiica. 
In recent years, the research effort on breeding for the 

development of improved cultivars has been increased substantially. 
Many countries that have not yet produced improved cultivars are now at 

a stage to release them. The impact of these cultivars on production 

will greatly depend on the seed industry. Unfortunately, the seed 

industry for chickpea has been developed only in a few countries, such 

as India, Pakistan, Iran, Egypt, ant Mexico. Therefor2, this paper 

aims to describe norms that may be helpful in setting up seed 
industries in various countries of the region. 

Development and Release of Cultivars 

It is not intended to discuss the development of improved cultivars 

in detail, but it is appropriate to mention how chickpea cultivars are 

usually developed; that is, through introduction of finished or 

segregating materials followed by pure line selection, and through 

hybridization followed by pedigree, bulk, or backcross methods of 
selection. 
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Once a number of pure lines are developed, they are evaluated for a 
number of ,ears in areas of adaptation. When a new line is found 
superior to standard cultivars in grain yield, quality, disease 
resistance, or other important traits, it is released for cultivation. 
Thereafter, the seed production agency can play an important role in 
popularizing the cultivar and increasing production.

As mentioned earlier, the seed production industry for chickpea in
West Asia and North Africa is underdeveloped. ICAIRA's introduction of 
high-yielding, ascochyta blight-resistant, cold-tolerant, and widely
adapted cultivars for winter sowing, such as ILC 482 and ILC 3279,
provides an excellent opportunity to develop the seed industry in these 
regions. Since these cultiva,'s can yield at least 50% more than the 
best local spring-sown cultivar, they can ,ct as a catalyst for the 
development of a chickpea seed industry. 

Identification of Cultivars 

Two types of chickpea. both geterally erect and bushy, are grown in 
the world: desi (with small, ang ar', colored seed), and kabuli (with
large, ram-shaped, beige-colored set-:;. These two types are shown in 
Figs. I and 2. It is relatively easy to differentiate between desi and 
kabuli types, but it is often difficult within a given type to 
distinguish one cultivar from another. Nevertheless, there arc certain 
criteria which be helpful in 
therefore 

can 
suggested that 

id
detailed 

entifying 
records 

the cultivars. It is 
of various characters are 

kept when a cultivar is released. Some important characters are 
mentioned below. 

1.Morp; a-agronomic characters 

- Plant type: erect, semi-erect, semi-spreading, and spreading. 
- Slem: color, thickness. 
- Leaf: color, size (large, medium, small). 
- Branches: number of primary, secondary, and tertiary branches/plant. 
- Plant height: in centimeters. and fall, mid-tall, and conventional 

type. 
Flower: days to 50(%i flowering, color, and size. 

- Maturity: number of days to maturity. 
- Po: inumber/plant, number of seeds/pod, and size. 
- Seed: 100-seed weight, roughness, shape, and color. 
- Any marker gene: for example, simple leaf. 
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Fg 1 

Fig. 2. Kabuli-type, chickpea. 
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2. Resistance/tolerance to stress conditions 

- Diseases: Cultivars may be rated on a 1-9 scale for major diseases, 
such as ascochyta blight, fusarium wilt, botrytis blight, rust, pea 
leaf roll virus ( tunt virus), and various types of root-rot 
diseases. 

- Insect pests: Cultivars may also be rated on a 1-9 scale for major 
insect pests, such as pod borer and leaf miner. 

- Parasitic weed/Orobancic sp.: Cultivars may be rated on a 1-9 scale 
for resistance to this parasitic weed, which can be a major problem 
only if the crop is winter-sown in the Mediterranean region. 

- Nematodes: Iines may he evaluated on a 1-9 scale for major 
neniato les, suck, as root knot, cyst, and lesion.
 

- Plotoscnsitivity: Sensitive :1nd reduced sensitivity.
 
- *hernosensitivity: For cold and heat.
 
- Drought: Tolerant or siiscept;ble.
 
- Salinity: Tolerant or susceptible.
 
- Any other character.
 

3. Quality characters 

- Protein content (%).
 
- Other characters depending upon the facility, such as amino acids
 

(nuhioninc, tryptolphanle, and lysine); cooking time; suitability for 
preparation of "horn mos-bi-tehinch". for candy, for parching and 
roasting, for flour, and other uses. 

Classes of Pure Seed 

Generally, three classes of pure seed are recognized: breeder seed, 
foundation seed, and certified seed. Hayes el al. (1955) have 
described them as: 

1. Breeder seed: Seed directly controlled by the originating plant 
breeding institution (or, in certain cases, tile sponsoring 
institution) which provides for the inithil and subsequent increase 
of foundation seed. 
2. Foundation seed: Seed slocks that are handled so as to most 
nearly maintain specific genetic identity and purity, and that may 
be designated or distributed by an agricultural experiment station. 
Production must be carefully supervised or approved by 
representatives of an agricultural experiment station. Foundation 
seed shall be a source of all other certified seed classes. 
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3. Certified seed: The progeny of foundation or certified seed 
that is handled so as tc maintain satisfactory genetic identity and 
purity, and that has been approved or certified by a certifying 
agency. 

Purification of Breeder Seed 

Often the seed of a cultivar becomes somewhat impure due to natural 
outcrossing, mechanical mixture, mutation, or some other reason. This 
necessitates purification of the cultivars from tine to time. 

In the common purification method, approximately 2,500 seeds are 
sown in a bulk plot, providing enough space between and within rows (45 
x 20 cm) for observations on: individual plants. Five-hundred 
phenotypically similar plants are chosen with the characteristics 
described for the cultivar at the time of relea-se. The plant rows are 
sown the following year and detailed observations are recorded on each. 
Progeny that differ from the original description are rejected. Seed 
from progeny is thcn tested the following year for any special 
characteristics such as (lisease resistance, or for any quality 
characters. The seeds of' the progenies that are similar in 
agro-morplological and quality characters, resistance to various 
stresses, and yield ,re then bulked and treated as pure seed of the 
cultivars. The entire process is periodically repeated. 

Seed Certification 

The following conditions and procedures are suggested for producing 
certified chickpea seed. 

I Sehction of land: )ue to the problem of volunteers from the 
previous season's crop, it is essential in seed certification to 
avoid a field that was under chickpea the preceding season. 
2. Disca.s-'e soil: Some diseases such as ascochyta blight and 
fusariulm wilt are seed-borne, so seed produced from infested plots 
should be rejected Chickpea seed should also be produced in 
noll-endelic aieas. 
3. Field i,pctciowl: A minimum of two inspections are generally 
(lone between flowering and harvest. lDuring field inspection, 
observations on a few key pois are recorded, including off-type, 
objectionable weed plants, and seed-borne diseases. A minimm of 
500 plants should be taken per count for recording observations. 
(The number of counts to be taken during field inspection is 
discussed elsewhere in this book.) 
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4. Isolation distance: Since chickpea is a self-pollinated crop 
and natural cross-pollinatian is either negligible or non-existent, 
isolation distance between two cultivars helps in maintenance of 
purity by avoiding mechanical or manual mixing at harvest. A 
mininiuin isolation distance of 20 m should be maintained between 
different cultivars for increase of foundation seed, and of 10 m 
for certified seed. 
5. Qlf-ypes: The off-types should be eliminated if possible; if 
not. the maximum penmited percentage is 0.10 for foundation seed 
and 0.20 1or certified seed. 
6. Seed standards: The seed standards for foundation and certified 
classes are suggested in Table I. For breeder seed, 100% pure seed 
is required and any inertimatter is unacceptable. 
7. Seed dressing: Since ascochyta blight and fusariun wilt 
diseases are seed-transmitted, it is advisable to treat the seed 
with suitable fungicides, if the seed has been harvested from plots 
infested with these diseases. Calixin M for ascochyta blight 
(Reddy 1980) and Benlate T (benomy! and thiram) (Haware el al. 
1978) for fusarium wilt have been found effective. Bruchids 
(Callosobruchus chinenisis) reduce germination, and sced dressing 
with Actellic insecticide is known to eliminate this insect. 

Table 1. Suggested seed standards for chickpeas.
 

Class standards (%)
 

Factor Foundation Certified
 

Pure seed (min.) 98.0 98.0
 
Inert matter (max.) 2.0 2.0
 
Other crop seeds (max.) 0 0.05
 
Weed seeds (max.) 0 0
 
Germination including
 
hard seeds (min.) 85.0 85.0
 

Moisture (max.) 9.0 9.0
 

* Personal communication with P.K. Agrawal, Indian
 
Agricultural Research Institute.
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Production of Ascochyta Blight-Free Seed 

Blight caused by Ascochyta rabiei (Pass.) Lab, is the most 
important chickpea disease in the Mediterranean region, Pakistan, and 
northwestern India. Since this disease is seed-borne, it is important 
to produce ascochyta-free seed for distribution in the endemic area and 
also to prevent introducing this disease into uninlected areas where 
environmental conditions may favor spread and develpmenl of blight.
Kaiser (1984) has cited the following conditions and precautions as 
helpful for the production of chickpea seed. These practices can 
prevent the introduction of ascochyla blight into disease-free areas or 
significantly reduce or eradicate the disease in infested areas. 

Arid environment 

Ascochyta blight of chickpea (lepends on cool, vet weather for its 
greatest spread and development. Surface-conta minated or 
internally-infected seed is the most importanl means of spreading and 
perpetuLating the disease. Dry, warm weather impedes disease
development and spread. It is pnreferable locate seed productionto 
twlds in arid areas where little or no rainl falls during flowering. 
fi' ilng, or harvest. 

Crop rotation 

It is highly desirable to grow chickpeas in rotation with other 
crops such as cereals to prevent the builduI) of A. rabWi on any
infested trash left in the field after harvest. Since only chickpeas 
are suLsceptible to ascochvta blight in natulre, ascochyta i)ropagtLles on 
chickpea refuse begin to lose viability as the debris begins to 
decompose. Certain practices such as ploughing will speed up refhse 
decomposition. 

Field sanitation 

It has been reported that .4t.rabiei is able to multiply on chickpea
refuse left in the field after harvest, thereby providing a potential 
source of fingal inoculum which may initiate new centers of infection 
from rain-splashed conidia. lheletore, any chickpea relse in the 
field after harvest should be burned or buried. lDeep ploughing will 
hasten the decompositiol, of infested straw and eliminate it a sourceas 
of fingal inoculum. 
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Chemical seed treatment 

Chickpea seeds introduced into an ascochyta blight-free area should 
be treated with an effective fungicide as a precaution against 
inadvertently introducing the pathogen on infected seed. This is 
particularly important with seed of uncertain origin. Treatment of 
chickpea seed with some of the newer systemic fungicides offers great 
promise in controlling surface and deep-seated infection by A. rabiei. 
Reddy (1980) reported the eradication of A. rabiei in naturally 
infected chickpea seeds with the systemic fungicide tridemorph (Calixi n 
M) used alone or in conbination with benomyl. 

Field inspectio'n 

Ascochyta blight can be present in chickpea plantings at low 
levels, making detection difficult. It is therefore essential that 
trained, qualified personnel inspect seed fields carefully at periodic 
intervals up to the lime of harvest. 

Time of, sowing 

In spite of the very high yield potential of winter-sown chickpcas 
in West Asia and North Africa. it is recommended to sow the chickpea 
crop for seed increase only during spring. This practice may allow the 
)roduction of ascochyta-free seed. 

Production of Wilt-Free Seed 

Like ascochyla highl, wilt caused by Fusariim oxv.,.r'ul-u is a 
seed-borne disCasC. Seed dressing with lBenlate-T has been found 
effective in %%ilt from seed ( laware '' al.eradicating the paihogen 
1978). Wilt collmilonly* occurs iI the Crop is grown under high 
tein peratures whi ch often exceed 3 )<C . Soli e of the liealsures for 

)rolducilug wilt-free seCd art briefly demcrihed here. First, clhickpea
Seed should not be m111uliiliCd in a field or area known to be infested 
with the wilt pathogen. Crop rotation has been found beneficial in 
checking any further buildup of the pathogen, and plants showing 
symptoms of wilt in a seed nultilication plot should be destroyed. 
Finally, seed should be (iessed routinely with Bienlate-T in ally area 
where wilt is known to be a )roblein. 
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Setting up a Seed Laboratory 

A seed laboratory is required for seed certification. The 
laboratory is generally used for determining seed purity, germination, 
moisture, weed seed content, seed health, and other characteristics. 
Such laboratories already exist in most countries and can be used for 
chickpea seed certification work as well. 

Seed Production 

There are no fixed standards for the number of times that certified 
seeds acquired by the farmer can be used, but it is generally accepted 
that seeds can be used for four years and should be replaced every 
fifth year. The land requirements for different classes can be 
determined as follows: 

A4ssuptions: 1. Acreage: I00 ha 
2. Certified seed required for each year = 100/5 = 20 ha 
3. Seed size: 30 g/100 seeds 
4. Seeds required for I ha = 100 kg 
5. Multiplication ratio = 20 times 

Area required: Certified seed: 20/20 = 1.0 ha 
Fou ndation seed: !/20 = 0.05 ha 
Breeder seed: (,.05/20 = 0.0025 ha 

As seed size is highly variable. the area required for seed 
increase will vary. The area required for increase of various classes 
at three seed sizes--15, 30. and 45 g/100 seeds--for 1000 ha has been 
estimated (Table 2). The area required for other seed sizes and areas 
can be calculated from this table. 

Concluding Remarks 

World chickpea production has remained static for tie past three 
decades, and the lack of a seed i ndustry is one of the causes. There 
is a strong possihility to build up a seed indastry using cullivars 
developed for winter sowing is a base in the Mediterrancan region. 
Anolher favorable factor is the high selling price of chickpea, which 
has made its cultivat.on more reniunerative. National program 
scientists shol Id exploit this opportunity to build up a chickpea seed 
industry. 
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Table 2. Land required to produce certified,
 

foundation, and breeder seed for 1000 
ha chickpeas.
 

Seed size Area (ha)
 

(g/100 seed) Certified Foundation Breeder
 

15 5 0.25 0.012
 
30 10 0.50 0.025
 
45 15 0.75 0.037
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Techniques of Seed Production in
 
Lentil
 

IV. Erskine 
Food Legume Inproetnent Program, ICARDA, 

'.O. Box 5466, Atleppo, Syria 

lIltrod uction 

Lentil (Leas culinaris Med.) is an annual self-pollinated legume
grow'n throughout the Mediterranean and West Asian region. The crop is 
still under-exploited, and breeding efforts in the r.' *on hive resulted 
in the reease of only a handful of cultivars. Most of the lentil area 
is sown with landraces, each of which contains considerable variability
maintained in a mixture of pure lines, since the rate of outcrossing 
Woes not exceed I % (Wilson and Law 1972; Skibinski et al. 198,A). The 
released varieties in the region include Giza 9 (ILL 784) from Egypt
and the Kislik serie, from Ankara: Pull II . Yesil 2 1, Yesil 31, and 
Kirizi 51. Letil improvement is now receiving more attention in 
national breeding programs and at ICARDA, and improved varieties will 
consenetilly become a.ailahle. However, there is presently a lack of 
information on seed production aid certification of the crop. An 
authoritative reference book on other aspects of the crop is Lentils 
(Webb and Hawtin 1981). Seed for certification is inspected in the 
field for checking the field standard and in the laboratory for seed 
standard. 

Laboratory Tests 

In the laboratory, seeds are tested for moisture, purity,
germination, and seed health and compared against pre-set standards for 
seed certification. 
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Saimiple composition: Seed may be defined as such if it is more than half 
the original size with testa attached. Decorticated and/or split seed 
are conimon impurities of roughly threshed lentils. Seeds damaged by 
weevils (Bruchus spp. and Callosobruchus spp.) (Hariri 1981) are also 
considered impurities. 

Other impurities include inert matter and seeds of weeds and other 
crops. Standards for these factors are suggested in Table I (P.K. 
Agrawal, Indian Agricultural Research Institute, personal 
cornmunication). Amongst these impurities, some legume weeds pose a 
particular problem because of their similarity to lentils in seed 
characters. For example, a variety "Chi'ean" in the state of 
Washington, USA became so infested with Vicia saliva seed that it was 
withdrawn; thereafter, the identical but cleaned seed of Chilean '78 
was released. 

Table 1. Suggested seed standards for lentils.
 

Class standards (%) 

Factor Foundation Certified
 

Pure seed (min.) 98.0 98.0
 
Inert matter (max.) 2.0 2.0
 
Other crop seeds (max.) 0.1 0.2
 
Weed seeds (max.) 0.1 0.2
 
Germination including
 
hard seeds (min.) 75.0 75.0
 

Moisture (max.) 9.0 9.0
 

P.K. Agrawal, Indian Agricultural Research
 
Institute, personal communication.
 

Sample validity: Validity is measured by conmparison with a description 
or with pure seed. The following characters may be used to test 
validity: 

- Seed weight (g) of 1000 random seeds. 
- Background color of seed testa (green, pink, brown, grey, or 

black). All color characters sho l be examined in daylight on 
freshly harvested seed. 
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- Pattern on testa (as showi2 in Fig. 1: absent, dotted, spotted, 
marbled: or complex/conbination of patterns). 

- Color of pattern on testa (olive green, grey, brown, or black). 
- Cotyledon color (red, yellow or green (turns yellow with age)). 
- Destructive sampling by removal of testa to see seed cotyledon 

color. 
A ninimum of 98% of the seed must conform to type for both 

foundation and certified seed. 

Seed viability: Germination tests on lentil should be done at 20 0 C 
between paper after pre-chilling to 2'C, with the first count of 
germination after five days and the fina! count after 10 days. A 
minimum of four batches of 100 seeds are required for germination 
tests. For seed health, either the blotter method or the agar plate 
method may be used (Anon. 1976). Moisture tests may also be run (Anon. 
1976). 

Seed dormancy due to hard seed coat in lentils is reported to be 
lost after 90 days of storage under natural conditions (Agrawal 1982). 
Dormancy has been successfully overcome by seed stratification at 5' C 
for 48 hours (Muehlibaiier and Slinkard 1981). 

Fig. 1. Pattern on lentil seed testa. 

A: absence of pattern; B: dotted; C: spotted; D: marbled; E: complex. 
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Seed Production 

Site selection: 'Ilhe crop is not eligible for certification if it is 
planted on land on which the same species was grown within tile previous 
two seasons, unless the previous crop was grown from certified seed of 
the same variety. It is also important to avoid sites with a history 
of Orobanche infestation. In case of crop failure, two parcels of land 
in separate fields are preferable to one area. For both foundation and 
certified seed production, an isolation distance of at least 5 m should 
be left between the plot and fields of other varieties (Agrawal 1984). 

Managenent for ed production: The husbandry for seed production is 
the same as for crop production with the exception of seed rate. 
Drilling should be at one half the crop density. In the Middle East, a 
seed rate of 200 plants/m 2 is optimum for crop production (Saxena 
1981), whereas a rate of 100 plants/m 2 is required for seed production. 

The following comments are equally applicable to seed or crop
production. Fertilization with 1O5 on low phosphate soils may be 
recommended prior to planting. Inoculation of the seed with RIhizobiun 
may be necessary in some cases. Weed control with pre-emergence 
herbicides such as Bladex, Tribunil. or Maluran for broadleaves, and 
Kerb for grasses, may be done after drilling. Alternatively, Fusilade 
may be used as a post-emergence grass killer. If herbicides are 
unavailable, late planting following a cultivation to kill the early
weeds can assist in weed control. If enough land is available, wide 
spacing of rows (37.5 cm) can also allow weed control by inter-row 
cultivation. Land rolling will level the soil and depress stones, 
facilitating machine harvest by mower or cbmbine (Papazian 1983). 

At flowering, a contact insecticide like endosulphan or 
methidathion should be applied regularly to control Bruchs spp. The 
appropriate control measures for other pests and diseases should also 
be taken. Strict control of broomrape (Orobanche spp.) by hand pulling 
of the inflorescences prior to seed setting should be undertaken when 
necessary.
 

Field inspection: Inspection of the field should be made at or after 
flowering, with a minimum of two inspections. Characters which may be 
used during field inspections are: 

- Anthocyanin pigmentation of 
(presence/absence) 

- Leaf pubescence (presence/absence) 
- Color of flower standard (white, w

violet, pink, or rose) 

s'em, 

hite with 

leaf, 

blue 

and 

veins, 

pod 

blue, 
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cm 

Large Medium Small 

Fig. 2. Leaflet width of fully expanded leaves from the lower flowering nodes. 

- Plant height (cm)
 
- Time to first flower (days)
 
- Leaflet size as observed at flowering (Fig. 2).
 

The maximum off-'ypc content allowed in a sample is 0.10% for 
foundation seed and 0.20% for certified seed. 

If a sample meets the requirements given in Table I in both 
laboratory and field tests, it may be stated that the name given by the 
sender does not seem incorrect, and the seed may be certified. 
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Problems of Seed Production in
 
Forage Crops
 

S. Ceccarelli 
Cereal hnpt'ovement Program, ICARDA, 

P.O. Boxa 5466, Aleppo, Syria 

Introduction 

A breeding program has a practical impact on agriculture only when 
farmers decide to replace an old variety with one. This isa new 

possible only if the genetic 
 integrity of a new variety is maintained,
and if the seed is produced and distributed in commercial quantities.
Maintaining the variety's genetic integrity is important because it is 
the base of the certification procedure, which is itself the only 
guarantee of the variety's genetic qualities.

The complex process by which the small amount of breeder seed is 
multiplied into tons of certified seed requires solving both genetic
and agronomic problems. But in each of the groups of species
classified by mating system--that is, species that are
vegetatively-propagated, cross-pollinated, or self-pollinated--there 
are specific problems of variety maintenance and seed production. A 
major reason is that the term "variety" carries a different meaning in 
each of the groups. 

Vegetatively-propagated species: In these, a varkty is a "clone";
i.e., the progeny obtained by vegetative propagation of a single plant.
Such a population will display only environmental variability, except
for new mutations which in turn can be used rapidly and easily to 
create new varieties. The maintenance of varieties of 
vegetatively-propagated species does not present genetic problems, but 
may be complicated by the possibility of transmitting viruses, 
bacteria, etc. (o new generations. 
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Self-pollinated species: In most of these, a variety is, genetically 
speaking, a "pure line"--the progeny obtained by selfing a homozygous 
plant. Theoretically, such a variety is expected, like a clone, to 
show only environmental variability. But the genotypes of a pure line 
are all hemozygous. while those of a clone may be either homozygous or 
heterozygous, depending on the mother plant's genotype. 

Actually, however, tile varieties Gf a self-pollinated species do 
not strictly follow the expectations of Johannsen's experiments; 
instead, they show variability that is not only environmental. A 
series of experiments has shown that either because of a heterozygote's 
advantage (Allard et al. 1968), or because of micro-mutations (Gaul 
1968), the amount of heterozygosity in varieties of self-pollinated 
species is higher than expected. This has led some authors to claim 
that the "pure line" is an abstract concept (Gaul 1968), and it is now 
widely accepted that to maintain the genetic integrity of these 
varieties, careful nmintenance selection is needed. 

Cross-pollinated species: Populations of these species have a genetic 
structure that differs from self-pollinated species. These populations 
have been defined as "reproductive communities which share a common 
genetic pool" (Dobzansky 1951). A peculiar characteristic of 
cross-pollinated species is the amount of genetic variability within 
populations, which is much higher than the variability within 
populations of self-pollinated species. This variability has enormous 
significance for both breeding and seed production. Genetically 
speaking, a variety of a cross-pollinated species can be either a 
clone, a hybrid, or a population more or less in genetic equilibrium 
(such as synthetic varieties, or varieties produced by mass selection 
or recurrent selection). 

With the exceptions of hybrid varieties and clones, !he varieties 
of cross-pollinated species are not genetically homoget. ms: they are 
actualiy composed of a multitude of different, highly heterozygous 
genotypes. It is the mating system which maintains a high level of 
hcterozygosity; the inbrecdi'ig process has deleterious effects on most 
cross-pollinated species. 

Problems of Seed Production in Forage Crops 

Most forage crops are cross-pollinated, either by insects or wind. 
Most forage varieties are populations of different, highly heterozygous 
genotypes assembled by the breeder in a delicate equilibrium. This 
equilibrium between genotypes is very important; because it is 

264 



associated with the particular makeup of each variety, it must be 
maintained during the lifetime of that variety. 

Before dealing with the genetic and agronomic problems of seed 
production in cross-pollinated forage crops, it is important to note 
that forage crops are bred and grown to maximize the production of 
leaves; in other crops, such as cereals, pulses, and oil plants, seed 
pro luction is, biologically speaking, synonymous with grain production. 

Problems in maintaining varietal integrity 

The main problems in maintaining varieties of cross-pollinated 
species--those that are, genetically speaking, in equilibrium--are 
isolation, generation of multiplication, and seed production outside 
the area of adaptation. 

These problems all relate to the necessity that a variety be 
distinct, uniformv, and stable. Indeed, the certified seed of a variety 
cannot be legally marketed in many countries unless it has these 
characteristics. Even in countries without seed laws, these 
requirements should be met in the inlerest of farmers. Seed companies 
or private plant breeders may complain that excess regulation of seed 
produ ction and marketing hamper agricultural progress, but 
carefully-writteii laws are vital to prevent fraud, particularly when 
dealing with cross-pollinated crops in which varietal identification is 
biologically difficult. 

a Isolalioll
 

Isolation is necessary to prevent outcrossing with foreign pollen 
and consequent changes in gene frequencies and, ultimately, in the 
genetic properties of a variety. For producing breeder seed, 
mechanical isolation with mesh or special pollen-proof glasshouses can 
be used, but seed production under those conditions is often limited 
and therefore not economical. 

Wind-pollinated forage crops can also be isolated by growing them 
in relatively small plots bordered by another crop which creates a 
physical barrier to foreign pollen. Heavy cloth bags are another 
efficient way to isolate varieties of the samne species. When wind is 
the main pollination agent, prevailing wind lirection inust be 
considered when laying out seed production plots sown with different 
varieties of the same species. Because of economic limitations on 
using physical isolation, spatial isolation is more coinmonly used, and 
minimum distances are requircd at different stages of seed 
multiplication. 

The degree of outcrossing which actually occurs in a seed crop is 
influenced by the protective effect of pollen released by the variety 
itself. Griffitths (1952), working with perennial ryegrass (Lolium 
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perenne), found that intervening plants of the same variety had a 
marked buffer action and reduced contamination more effectively than 
spatial isolation (see Table I). 

Table 1. Percentage of contamination in non red-base
 
perennial ryegrass plants at varying isolation
 
distances.
 

% Contamination
 
Distance fron 
contaminant Average of 

(i) First row Sixth row six rows 

7.5 41.63 17.86 27.15
 
15.0 12.09 4.79 7.21
 
30.0 5.60 1.65 3.73
 
60.0 1.81 0.56 0.89
 

120..0 0.81 0.59 0.52
 

Tile size of a seed field is another important factor affecting 
contamination. Increasing lhe size reduces tile effect of intervarictal 
outcrossing. In either wind- or insect-pollinated crops, the smaller 
the seed field is in relaticn to the contaminant, the greater tile 
chance of crossing. Thus, the isolation requirements for producing 
different classes of certified seed of cross-pollinated legumes vary 
with field size, as shown in Table 2. 

Table 2. Minimum isolation requirements for production
 
of alfalfa, hirdsfoot trefoil, and red and white clover
 
seed.
 

Field size
 

<5 acres >5 acres
 
Seed class (<2.5 hectares) (>2.5 hectares)
 

Foundation 400 m 400 m 
Regicered 200 in 100 m 
Certified 100 m 50 m 
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Isolation is also very important in producing certified seed in 
farmers' fields. but is more difficult to create under such conditions. 
A farmer who attempts to grow a crop for seed production under contract 
can nave his efforts wiped out by a neighboring farmer who plants tile 

same crop. Laws in some countries such as France and the UK dictate 

that crop choice in specifik areas must be controlled by local 
authorities. 

b. Nmnber of generations of mttltiplication 

The number of generations of multiplication must be kept to a 
minimum to prevent or reduce the amount of genetic change. In 
practice, during the generations of multiplication, the population is 
affected by differences in climate which may change genetic frequencies 
over a number of generations. Tile genetic properties of a population 
also change because different plants produce different seed yields. In 
forage grasses, for example, :t "!eafy" -type produces less seed than a 
"stemmy" type, and during many generations of multiplication, tile first 
type can be transformed slowly into the second. In the case of 
synthetic varieties that arc based on a number of selected mother 
plaits, vegetative propagation of moher plants is used to obtain the 
breeder (or pre-basic) seed. The amount of this seed is usually 
limited and it is maintained for !ong-termn storage in moisture-proof 
containers at 0OC. This first generation seed is used over a period of 
years to produce basic seed, and then after two more generations, 
certified seed. The number of generations is thus kept at three, which 
is possible only with very large-scale vegetative propagation of mother 
plants. When the demand for a variety increases, higher seed 
production is achiW ved by increasing the area for the production of 
breeder seed, and not by addnig one or more generations of 
multiplication. 

Seed production outside the area of adaptation 

Strictly speaking, this problem of variety maintenance refers to 
multiplication of new varieties in areas other than those for which the 
variety was developed. However, similar problems are encountered with 
the importation of varieties developed in a different country. 

As many examples show, rapid agricultural progress has resulted 
from transferring varieties developed in one area to new areas. The 
importation of seed from different countries may have other, 
detrimental consequences, howeve depending upon the species and 
country of origin. For some species, the movement of certified seed
 
from one country to another may lead to:
 
- dise,.se problems that often did not occur in the country of origin.
 
- such a great increase in variability between individuals that a
 

population is no longer uniform enough to be called a variety. 
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This is particularly true of some cross-pollinated crops, such as 
perennial forage crops, in which uniformity is strictly associated 
with adaptation. A population that is "relatively" uniform in its 
area of adaptation may become highly variable when grown under 
different climatic conditions. 

- reduced persistence of perennial species due to lack of adaptation. 
- a form of genetic erosion, in which the release of unadapted

material directly to farmers creates a genetic flow into the 
adapted populations the consequence is that future germplasm
expeditions wi!l no longer sample native material. 

These dangers can be avoided only by creating a testing system that 
applies to new varieties as well as to any impo;ted variety. 

Countries in which climatic conditions do not allow seed production 
may breed their own varieties and produce certified seed outside the 
area of adaptation of the new variety, even in foreign countries where 
climatic conditions are more favorable. 'fhe procedures for growing
certified seed outside a variety's region of adaptation protect
varietal purity by limiting the number of generations of increase and 
the number of seed crops that can be harvested from a field. 

Another consideration is that when seed of grass and legume
varieties is produced in different environments, selective pressures 
i1ay cause genetic shifts of such magnitude as to affect varietal 
performazice. The of genetic shift number ofamount depends on tile
generations of increase, management practices, and climatic difference 
between regioos of seed production and the area where a variety was 
developed. Variations in percentageplant height and of winter injury
in different seed lots of the alfalfa variety Range have been related 
to locations of seed production (Smith 1955). Seed lots produced in 
the soutiern USA showed a definite trend toward more taller plan's and
 
greater winter injury. Similar findings have been reported for tie
 
alfalfa varieties Narragansett and Vernal when seed was grown in Mexico
 
under short days. On 
 the other hand, seed lots grown in Alaska and 
Canada produced fewer tall plants but a greater number of shorter ones

with a rosette growth habit. Anolher example is tie ladino clover
 
variety Pilgrin. of which 21 parental clones exhibited a wide range in
earliness and persistence of flowering--a variability that was greatest
under shorter daylengths, Under such conditions, the clones would 
contribute dis)r'Oportionately to, this synthetic variety.

Management practices can also alter the genetic complex of an 
open-pollinated grass or legunme variely during seed production.
Changes in tie proportions of plant types were observed in the red 
clover variety Lasalle when seed was harvested the first spring after 
planting. There was a significant increase in the number of
t.arly-flowering types a corresponding inand decrease the proportion of 
late-flowering or non-flowering plants. 
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many years, the
For perennial species which can produce seed 	 for 

after sowing, becauseseed should be harvested only from the first 	year 
may sensibly affect the

differential survival in subsequent years 

genetic contribution of individual plants. 

Although certified seed can be successfully produced outside the 

stability and varietal performance can best 
area of adaptation, genetic 

is produced in the environment where the
be maintained when seed 

seed, should always be
variety was developed. Basic therefore, 

produced within the adaptation area. 

Agronomic problems of seed production 

Forage crops have been selected prin.arily for their ability to 

produce a large amount of dry matter, so agronomic practices for seed 

crop often differ greatly from those used
production in a given forage 

for the same crop grown for forage production. Row planting, for 

been shown to increase seed production more than dense
example, has 

many forage crops. Economically speaking, a forage
planting in 
species' seed crop can be more profitable than forage yield. Agronomic 

use--possibly not
practices such as irrigation and heavy fertilizer 

for fo,'.ge production--arejustified when a given species is grown 


increase seed production.
commonly used to 

are grown for seed under a great varietyForage grasses and legumes 
and each species has specificof climatic and soil conditions, 

Only the following very general guidelines canagronomic requirements. 

thus be given for planting, growing, and harvesting a seed crop.
 

production,Date of seediny: When grasses -ind legumes are sown for seed 
the best foragethe dates of seeding are those that usually give 


stands.
 

Rate of seeding: Generally, in 	 grasses, 25 viable seeds per foot (I 

one established plant per foot (or one
seed/cm) are adequate and 

produce maximum yields. Most
plant/30 cm) gives enough of a stand to 

lower optimum seeding rates when grown for seed thanlegume crops have 

for forage.
 

Solid versus row planting: Row planting is widely recognized as better 

than solid planting to maximize seed production in many forage crops. 

Row planting has several advantages: less stock seed is required per 

hectare, weed control and rogueing are simplified, and many species 

produce seed at a higher level for a longer time. 
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Fertilization: Favorable levels of fertility are essential forconsistently successful production of grass and legume seeds. Moderateto heavy applications of nitrogen are required for economicalproduction of grass seed. Legume crops, whether grown for seed orforage, have the generalsame nutrition requirements. Application ofminor elements such boron andas manganese is often required to keep
the plant in the best condition for seed production. 

Pollination: For insect-poll!nated forage crop such as alfalfa,
pollination is keya factor for successful seed production. Ailfactors that result in an abundance of actively-pollinatifig insectswill also faor good seed production. Ill the alfalfa seed productionarea of the United States, as man,' as 8 to 10 bee colonies per hectare 
are commonly employed during full bloom. 

Hanesting: This is one of the most critical steps in forage crop seed 
production. Although seed viability is atiained in some species 7 to13 (lays after anthesis, the seed high ahas a moisture content and low1000-seed veight at time.this If harvested at this stage, respirationby the seed during storage may produce enough heat to reduce viability.On the other hand, as harvesting is delayed, losses from seedshattering can inu ease to 70% in some species. Early lodging alsocontributes to reduced seed yield: it has been shown recentlychemical application to prevent lodgilng 

that 
in some forage grasses hasincreased seed up 50%.,yeld to mainly because the crop was able todivert a greater proportion of total dr, matter yield into seed
 

production.
 
Since 1950, 
 the use of desiccants as pre-harvest sprays hasconsiderably aided seed growers in overcoming some harvesting hazards.
These sprays cause the foliage 
 to wilt and dry out rapidly enough

permit harvesting before the pods or have 
to 

heads dried enough to shatter
 
tie seeds.
 

Seed losses duie to shattering may also be prevented by selection
for higgh seed retention capacity. 
 Although genotypes with tle abilityto retain seed have been identified in some species, this problemi has
generally received little attention. 

Posi-harvest treatnrmes: lurning, clipping, or grazing affect the seedyield of forage grasses. Burning stubble and straw has given excellentcontrol of several foliar, inflorescence, and seed-borne diseases. Insome species, summer burning stimulated the number of fertile tillersand greatly increased seed yields. Clipping and grazing are commonlyemployed after harvest of grass seed crops, although they often have a
negative effect on seed yield. 
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Weed control: This is essential to produce strong healthy plai:ts. 
Weeds established in a seed crop not only compete with the sown crop 

for moisture, nutrients, and light, but may also lead to the rejection 
of a seed lot for commercial use because of contamination by weed seed. 

Many weed seeds are physically similar to crop seeds, and their rer:oval 

is difficult, if not impossible. Efficient weed control, therefore, 

must start with the selection of fields relatively free of '/eeds, and 

continue until the crop is harvested and processed for marketing. 
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Seed Production in Forage Crops With

Special Emphasis on Self-Pollinated Species
 

Ahmed E. Osman 
Pasture. Forage, and Livestock hIprovenent Proram,
 

ICARDA, P.O. Box 5466, Aleppo, Syria
 

Seed production in forage crops is a complex process, because thediverse species have different genetic compositions and often havedifferent agronomic requirements for seed production as well. These 
species can be groupecd as follows: 

Vegeltaiely-propagatedspecies: Some forage species or cultivars arepropagated vegetatively, such as napier grass (Penniy 1:. purpureum).A variety multiplied in this manner is expected to reflect onlyenvironmental variability. except when mutation takes place.Propagation of these varieties does not pose genetic problems, but isexpensive, and disease problems must be taken into account. 

Self-9ollinated species: Genetically, these result in a pure line,which is the progeny obtained by selfing a homozygous plant.Theoretically, such varietya behaves like a vegetatively-propagated
cultivar (clone), differing only because the genotypes of a pure lineare all homozygous, while those of a clone may be either homozygous orheterozy ,ous. Problems exist due to mutatiou and/or during selection 
and mulin plication. 

Cross-pollinated species: These are characterize; by geneticvariability within the population: the type of mating system leads to ahigh leve! of heterozygosity. (Cross-pollination is discussed elsewhere 
in this bo KR.)

Another problem of forage seed production is that forages areselected mainly for their ability to produce high dry matter (DM) 
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yield, whereas seed yield might require different selection Agronomic 
practices 'for seed production thus often differ greatly from those for 
forage production in the same crop, as s'iown in Table !. 

Table I. Differences in agronomic practices for seed and forage 
production.
 

Treatment Forage production Seed production
 

Plant population Dense Light 
High fertilizer, Less justifiable More justifiable due 
irrigation, and to high economic
 
herbliide application return
 

Weeding Some weeds may Essential to maintain
 
be accepted if seed purity regardless
 
palatable of weed type
 

Row planting Not essential Es3ential to allow
 
weeding
 

In addition, a forage crop grown for seed, especially a legume, 
might require addilional inputs: for example, provision of insect 
pollinators might be necessary to maximize seed yield in some legume 
sp.ecies/cultivars because of high natural crossing, low automatic 
selfing, or low self-fertilization. Bohart k1960) summarized the 
fertility and pollination characteristics of some forage legumes (Table 
2). 

Feed shortage and natural rangeland 

Natural rangelands in the Middle East and North Africa historically 
provided 70-80% of animal feed (FAO 1972). During the past two 
decades, however, thetse natural resources have suffered great 
deterioration which has -made them unable to contribute to the animal 
feed requirement as before. 

At present, the feed shortage is most acute during late summer and 
early winter montns (Fig. I). Animals should leave the cropping area 
during the time of feed shortage, go to the natural rangelands, and 
stay there until crop harvest. Only then should they be allowed to 
return to cropping areas to feed on crop residues. 

One remedy for the feed shortage, which would also have a favorable 
impact on natural rangelands, is to encourage intensive forage and 
pasture production on available arable land. Farmers in the region 
grow winter cereals in a two-year rotation (cereal/fallow). They crop 
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Table 2. Fertility and pollination characteristics of
 
some forage legumes.
 

Genus/species 


Trifolium
 
incarnatum 

pratense 

repens (white) 

repens (ladino) 

hybridum 


Medicago
 
sativa 

falcata 

lupulina 


Melilotus
 
alba 

officinalis 

indica 


Vicia
 
vilosa 

sativa 

atropurpurea 


Lespedeza
 
Annual spp. 

Perennial spp. 


Lotus
 
corniculatus 


Natural 

crossing 


high 

high 

high 

high 

high 


high 

high 

low 


high 

high 


moderate 


high 

low 

low 


low 

high 


high 


Self-

fertility 


high 

low 

low 

low 

low 


low 

low 

high 


high 

low 

high 


high? 

high 

high 


high 

low 


low 


Auto self
pollination
 

low
 
low
 
low
 
low
 
low
 

low
 
low
 
high
 

moderate
 

low
 
high
 

low?
 
high
 
high
 

high
 
low
 

low
 

Source: Bohart 1960.
 

about 50% of the available arable land annually, leaving the rest--more 
than 35 million ha--as fallow each year. 

Suitable forages, especially legumes, can be grown to produce
animal feed. Sonic of these legumes are more suitable for hay
production, such as vetches and peas, while others are more suitable 
for grazing, such as annual medic. 
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Sheep leavw arable lands 
to natural rangelands 

Pi uposed annual pasture for grazing 

e .
 g e
 

Feed shortage at present
/V 

k, 
01 

Sheep return from natural
 
rangelands to feed on crop
 
residues
 

Fig. 1. Annual cycle of sheep movement and feed supply. 

Medic pasture and seed production 

Annual mnedic is a pasture crop developed to be grown alternately 
with cereals to provide pasture every other year (Fig. 2). 

The process of producing setd for annual mnedic begins by choosing
an adapted species that will fit into the cereal/medic farming system. 
Important characters include: 

I . Suitable dormancy during the cereal phase of the rotation 
(second year) to avoid excessive mnedic germination. 

2. 	 Adaptation to climatic and soil conditions, including ability 
to nodulate and fix atmospheric nitrogen. 

3. 	 Freedom from diseases. 
4. 	 High seed production to build uip sufficient seed reserve in the 

soil for future regeneration. 
Medic seeds are smnall-sized, so field choice, land preparation, 

planting, and harvesting should take this into consideration. 
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medic 
medic 

pasture 
regeneration 

cereal 

1st year 2nd year 3rd year 

Fig. 2. Annual medic/cereal rotatinn. 

Soil type
Medic is adapted to neutral-alkaline soils, heavy,but cracking

soils make harvesting difficult, since many pods fall into the cracks. 

Land preparation
Land must be well-levelled and weed-free wkich can be ensured by

plowing and levelling operations early in the season. 

Plating
 
In northern Syria, planting lakes place after tire trst rain (in

November). when enough soil moisture exisis to facilitate quick seedgerminatinn. Shallow planting at I-2 cm soil depth, essential
medic, can he acheved by adjusting the to 

for 
seed drill the desired 

planting depth. Seed hroadcast and rolling can also allow shallow
planting, but row planting is preferred to facilitate weeding
operations later. 

Ferilizer (ippliaiom 
Soils must either be naturally rich in all essentia! nutrients, orfertilized. Soils theof Middle East and North Africa have awell-known phoslphorus deficiency, which can be corrected by applying

40-60 kg PO3/ha at the time of niedic sowing. 

Seed inoculation 
In areas where medic is to be grown for the first time, seedinoculation with appropriate rhizobia is important to ensure good crop 

establishment. 

Grazing
 
Depending on Ili-,season and crop establishment , the medic crop

be lightly grazed by sheep early in 
may 

the season, but grazing must be 
stopped as soon as the crop be2iis to lower. 

Weed control 
Hand weeding and inter-row cultivation may be done, and suitable

herbicides such as grass killers may be applied when appropriate to 
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suppress weed populations. Weeds compete with the crop for moisture 
and nutrients, and weed and medic seeds harvested together are 
difficult to separate because of their small size. 

Harvest 
At time of harvest when all plant parts are sufficiently dry, the 

trash (tibin), consisting of dry branches and twigs, is harvested with 
a tractor-mounted side mower. Hand-push machines with reciprocating 
blades can be used for small areas, which also helps to make pods drop 
to the ground. 

Rolling 
After harvesting, a suitable roller is dragged over the crop, which 

helps pod-shedding and levels the land for easier pod collection. 

Pod threshing 
In small plots, pods can be swept, collected, and threshed in three 

different steps. For large areas of commercial production, a combine 
medic hialvec';.r such as Harwood Bagshaw, a commercially-designed 
machine, can sweep (by suction), collect, thresh, and clean the seeds 
in one operation. A 10 ha field can be harvested in five hours. The 
machine must be thoroughly cieaned to avoid seed mixing before 
harvesting a new cultivar. 
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