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THE INTERNATIONAL BIOLOGICAL PROGRAMME

The International Biological Programme was established by the
International Council of Scientific Unions in 1964 as a counterpart
of the International Geophysical Year. The subject of the IBP
was defined as ‘The Biological Basis of Productivity and Human
Welfare’, and the reason for its establishment was recognition that
the rapidly increasing human population called for a better under-
standing of the environment as a basis for the rational management
of natural resources. This could be achieved only on the basis of
scientific knowledge, which in many fields of biology and in many
parts of the world was felt to be inadequate. At the same time it was
recognised that human activities were creating rapid and compre-
hensive changes in the environment. Thus, in terms of human wel-
fare, the reason for the IBP lay in its promotion of basic knowledge
relevant to the needs of man.

The IBP provided the first occasion on which biologists throughout
the world were challenged to work together for a common cause. It
involved an integrated and concerted examination of a wide range
of problems. The Programme was co-ordinated through a series of
seven sections representing the major subject areas of research. Four
of these sections were concerned with the study of biological
- productivity on land, in freshwater, and in the seas, together with
the processes of photosynthesis and nitrogen-fixation. Three sections
were concerned with adaptability of human populations, conserva-
tion of ecosystems and the use of biological resources.

After a decade of work, the Programme terminated in June 1974
and this series of volumes brings together, in the form of syntheses,
the results of national and international activities.



Contributors

Alexander, D. E.

Bradshaw, A. D.

Brezhnev, D. D.

Brown, A. H. D.

Brown, W. L.
Chang, T.T.
D’Amato, F
Dinoor, A.

Dorofeev, V. F.

" Frankel, O. H.

Harlarl, 'J .R.

Hawkes, J. G.

Hegnauer, R.

Henshaw, G. G.

Department of Agronomy, Coliege of Agriculture,
University of Illinois, Urbana, Illinois 61801,
USA

Department of Botany, University of leerpool
P.O. Box 147, Liverpool L69 3BX, UK

N. I Vavilov All-Union Research Institute of
Plant. Industry, 44 Herzen Street, Lenmgrad~
19000, USSR

CSIRO, P.O. Box 1600, Canberra City, A.C.T.
2601, Australia

Pioneer Hi-Bred Internatronal Inc., 1206 Mulberry
Street, Des Moines, Iowa 50308, USA '

. International Rice Research Institute -(IRRI),

P.O. Box 583, Manilz, Philippines

Institute of Genetics, University of Pisa, 56100
Pisa, Italy

Faculty of Agriculture, The Hebrew University of
Jerusalem, P.O. Box 12, Rehovot, Israel

Department of Wheats, N. I. Vavilov All-Union
Research Institute of Plant Industry, 44 Herzenv
Street, Leningrad 19000, USSR

CSIRO, P.O. Box 1600, Canberra City, A. CT
2601, Australia

Department of - Agronomy, S 516 Turner Hall,
University of Illinois, Urbana, lllinois: 61801,
USA '

Department of Botany, University of Birmingham,
P.O. Box 363; Brr_mmgham, B152TT, UK
Laboratorium vaor Experimentele Plantensystem-
atiek, Ruksttmvcmtert, Leiden, Se anenvest-
gracht 8, Netherlands - '
Department of Botany, Umversnty of anmgham,
P.O. Box 363, Bzrmmgham B15 2TT, UK

xvii



Contributors

Hersh, G.

Howard, B.

Hyland, H.

Jain, S. K.
Kjellgvist, E.
Kauffman, H. E.
Ling, K. C.
Loresto, G.
Marshall, D. R.
Martin, F. W,
Mengesha, M,
Morel, G.
Noshiro, M.
Ochoa, C.

Oy, S. H.
Pathak, M. D.

Perez, A. T.

xviii

Taximetrics Laboratory, Department of EPO
Biology, University of Colorado, Boulder, Colorado
80302, USA

East Malling Research Station, East Malling,
Maidstone ME19 6BJ, Kent, UK

Germplasm Resources Laboratory, USDA Agri-
cultural Research Center, Beltsville, Maryland
20705, USA

Department of Agronomy, University of Cali-
fornia, Davis, California 95616, USA

Agricultural Research and Introduction Centre,
P.O. Box 9, Menemen, Izmir, Turkey

International Rice Research Institute, P.O. Box
583, Manila, Philippines

International Rice Research Institute, P.O. Box
583, Manila, Philippines

International Rice Research Institute, P.O. Box
583, Manila, Philippines ‘

CSIRO, P.O. Box 1600, Canberra City, A.C.T.
2601, Australia

Federal Experiment Station, USDA, Mayaguez,
Puerto Rico 00708
Haile Selassie I University, Addis Ababa, Ethiopia

Centre National de Récherches Agronomiques,
Station de Physiologie Végétale, Etoile de Choisy,
Route de St Cyr, 78, Versailles, France

Institute of Low Temperature Science, Hokkaido
University, Sapporo, Japan

Centro Internacional de la Papa, Apartado 5969,
Lima, Peru

International Rice Research Institute, P.O. Box
583, Manila, Philippines

International Rice Research Institute, P.O. Box
583, Manila, Philippines

International Rice Research Institute, P.O. Box
583, Manila, Philippines



Qualset, C. O.
Robbelen, G.
‘Roberts, E. H.
Rogers, D. J.

Sakai, A.

Seidewitz, L.

Sencer, H. A.
Snoad, B.
Soria, J.
Sykes, J. T.*

Villareal, R. L.

Villiers, T. A.

Contributors

Department of Agronomy and Range Science,
University of California, Davis, California 95616,
USA ‘

Institut fiir Pflanzenbau und Pflanzenziichtung, 34
Gottingen, v. Siebold Strasse 8, German Federal
Republic

Department of Agriculture and Horticulture, Uni-
versity of Reading, Earley Gate, Reading RG6
2AT, UK '

Taximetrics Laboratory, Department of EPO
Biology, University of Colorado, Boulder,
Colorado 80302, USA ‘

Institute of Low Temperature Science, Hokkaido
University, Sapporo, Japan

Institut Pflanzenbau FAL, Braunschweig-Volken-
rode, 33, Braunschweig, Bundesallee 50, German
Federal Republic

Agricultural Research and Introduction Centre,
P.O. Box 9, Menemen, Izmir, Turkey

Applied Genetics Department, John Innes Insti- -
tute, Colney Lane, Norwich NOR 70F, UK

Tropical Crops and Soils Department, [ICA, P.O.
Box 74, Turrialba, Costa Rica

Department of Horticultural Science, University
of Guelph, Guelph, Ontario, Canada

International Rice Research Institute, P.O. Box
583, Manila, Philippines

Department of Biological Sciences, University
of Natal, Durban, Natal, South Africa

* Present address: Crop Ecology and Genetic Resources Unit, FAO, Via delle Terme
di Caracalla, 00100, Rome, Italy.

Xix



Contents

1 Genetic resources — the past ten years and the next
O. H. Frankel & J. G. Hawkes

Part I. Genetic variation in plant populations
2 Population structure and the effects of breeding system
S. K. Jain

3 Population structure and the effects of isolation and
selection
A. D. Bradshaw

4 Optimum sampling strategies in genetic conservation
D. R. Marshall & A. H. D. Brown

5 Samp'ling germplasm in a center of diversity: an example of
disease resistance in Ethiopian barley
C. O. Qualset

Part Il. Exploration
- Part Il A. Exploration targets

6 Genetic resources survey as a basis for exploration
O. H. Frankel

Part Il B. Practical problems in exploration
7 Seed crops '
J. R. Harlan
8 Vegetatively propagated crops
J. G. Hawkes
9 Tree crops
J. T. Sykes

Part Il C. National and regional exploration activities

10 Recent plant exploration in the USA
H. L. Hyland o '
11 Plant exploration in the USSR
D. D. Brezhnev

15

37

53

81

9

111
117

123

139

147



Contents

12

13

14

15

Recent and proposed exploration activities of the Izmir
Centre, Turkey

page 151
H. A. Sencer
Exploration and survey in rice 159
T. T. Chang

Potato collecting expeditions in Chile, Bolivia and Peru,

and the genetic erosion of indigenous cultivars
C. Ochoa

Recent cocoa collecting expeditions
J. Soria

Part Ill. Evaluation problems

16

17

18

19

20

21

The search for disease and insect resistance in rice germplasm
T.T. Chang, S. H. Ou, M. D. Pathak, K. C. Ling &
H. E. Kauffman

Evaluation of sources of disease resistance
A. Dinoor

Evaluation of material for frost and drought resistance in
wheat breeding

V. F. Dorofeev
The identification of high-quality protein variants and their

use in crop plant improvement
D. .E. Alexander

Screening for oils and fats in plants
G. Robbelen

Secondary metabolites and crop plants
R. Hegnauer

Part IV. Conservation and storage

22

23

24

vi

Problems of long-term storage of seed and pollen for genetic
resources conservation

E. H. Roberts

Genetic maintenance of seeds in imbibed storage
T. A. Villiers

Some factors contributing to the survival of crop seeds
cooled to the temperature of liquid nitrogen
A. Sakai & M. Noshiro

167

175

183
201
211

223
231

249

269
297

317



25

26

27

28

29

30

Contents

Meristem culture techniques for the long-term storage of

cultivated plants page 327

G. Morel

The problem of genetic stability in plant tissue and cell
cultures

F. D’Amato .
Technical aspects of tissue culture storage for genetic
conservation

G. G. Henshaw

Possible long-term cold storage of woody plant material 4
B. H. Howard

The storage of germplasm of tropical roots and tubers in the
vegetative form
F. W. Martin

Genetic reserves
S. K. Jain

Part V. Documentation and information management

31

32

Documentation for genetic resources centers

D. J. Rogers, B. Snoad & L. Seidewitz
Documentation and information requirements for genetic
resources application

G. N. Hersh & D. J. Rogers

Part VI. Genetic resources centres

33

34

35

36

37

Crop germplasm diversity and resources in Ethiopia
M. H. Mengesha '

A regional plan for the collection, conservation and
evaluation of genetic resources

E. Kjellgvist
IRRI’s role as a genetic resources center

T. T. Chang, R. L. Villareal, G. Loresto & A. T. Perez

Maize germplasm banks in the Western Hemisphere
W. L. Brown

Genetic resources centres — a co-operative global network
O. H. Frankel

Index

333

349

359

369

379

399

407

449

455

457

467

473

483

vii



Table des matiéres

1

Rmurees génétiques — la derniére décennie et la prochaine
O. H. Frankel et J. G. Hawkes

lidre partie. Variation génétique dans Iés ‘populations végétales

2

La structure de la population et les effets du systéme biologique
de reproduction .
S. K. Jain : S L

La structure de la population et les effe;s de Pisolement et de la
sélection

A. D. Bradshaw

Les meilleurs procédés déchannllonnage pour la conservation
génétique -

D. R. Marshall et A. II D Brown ‘
L’échantlllonnage du germplasm dans un centre de diversification:

un exemple de résistance & une maladie chez I'orge en Ethiopie
C. 0. Qualsét

lfiéme p#”rtie. Exploration
A. Buts de l'exploration

6

La vue des ressources génétiques en tant qu’objectif de
’exploration
O. H. Frankel

B. Problémes pratiques de I'exploration

7

8

9

Plantes cultivées 3 semences
J. R. Harlan

Plantes cultivées par propagation végétative
J. G. Hawkes

Arbres cultivés
J. T. Sykes

C. Explorations nationales et régionales

10

11

viii

Explorations botaniques récentes de la paﬁ des USA
H. Hyland

Explorations botaniques de la part de 'URSS
D. D. Brezhnev

15

37

53

81

99

1
117

123

139

147



12

13

14

15

Table des matiéres

Explorations récentes ou en projet au centre d’Izmir, Turquie page 151

H. A. Sencer

Exploration et la vue du le riz
T.T. Chang

Expéditions de récoltes de pommes de terre au Chili, en Bolivie
¢t au Pérou; I'érosion génétique des cultivars indigénes
C. Ochoa

Récentes expéditions de récolte de cacaoyers
J. Soria

illlidme partie. Probldmes de I'évaluation

16

17

18

19

20

21

La recherche sur la résistance aux maladies et aux insectes chez
le germplasm du riz

T.T. Chang, S. H. Ou, M. D. Pathak, K. C. Ling et

H. E. Kauffman

Evaluation des sources de résistance a la maladie
A. Dinoor

Evaluation des capacités de résistance a la glace et a la sécheresse
chez 'amélioration de blé -
V. F. Dorofeev

L’identification des variantes 4 protéines de haute qualité;
utilisation de celles-ci pour 'amélioration des plantes cultivées
D. E. Alexander

Evaluation des huiles et des graisses végétales
G. Ribbelen

Métabolites secondaires et plantes cultivées
R. Hegnauer

IVidme partie. Conservation et stockage

22

23

24

25

Probleémes de stockage de longue durée des semences et des pollens
pour la conservation des ressources génétiques
E. H. Roberts

L’entretien génétique des semences en stockage a pleine imbibition
T. A. Villiers

Quelques facteurs contribuant a la survie des semences de plantes
cultivées refroidies 4 la température de I’azote liquide
A. Sakai et M. Noshiro

Techniques de culture des méristémes pour une conservation de
1ongue durée de plantes cultivées
G. Morel

159

167

175

183

201

211

223
231

249

269
297
317

327



Table des matiéres

26

27

28

29

30

Les problémes de la stabilité génétique dans les cultures de cellules
et de tissus végétaux page 333
F. D’ Amato

Aspects techniques du stockage des cultures de tissus pour la
conservation gépétique 349
G. G. Henshaw :

La possibilit¢ du stockage de longue durée par le froid du
matériel végétal ligneux 359
B. H. Howard

La conservation du germplasm des racines et tubercules tropicaux
en forme végétative 369
F. W. Martin

Réserves génétiques 379
S. K. Jain

Viéme partie. Direction de la documentation et de !'information

31

32

Documentation pour les centres de ressources génétiques 399
D. J. Rogers, B. Snoad et L. Seidewitz

Les exigences de la documentation et de I'information en matiére
de conservation des ressources génétiques 407
G. N. Hersh et D. J. Rogers

Vlidme partie. Centres de ressources génétiques

33 Diversité et ressources génétiques de plantes cultivées en Ethiopie 449
M. H. Mengesha
34 Un plan régional pour la récolte, la conservation et I’évaluation
des ressources génétiques 455
E. Kjellgvist
35 Le réle de 'IRRI en tant que centre de conservation des res-
sources génétiques 457
T.T. Chang, R. L. Villareal, G. Loresto et A. T. Perez
36 Les banques de germplasm de mais dans I’hémisphére
occidental 467
W. L. Brown
37 Les centres de ressources génétiques: un réseau de coopération
mondiale 473
O. H. Frankel
Index 483



Copep:xanue

1 TeHeTHYeckHe pecypchl — IpebIAyLee H IOC/IEIyIolee JeCHTH-
Jietne

A O. H. Frankel uJ. G. Hawkes

CCKIIHS[ I. I'eHeTnyeckas H3MEHYMBOCTH B PACTHUTCIIbHBIX
NOonyJIsAuuAaX

2 CrpykTypa NOMyJAsL#it H BIHSHHE CHCTEM CeJICKUHH
S. K. Jain

3 CrpykTypa MOmyIsUMii ¥ BIHAHUE H30JIALKK H 0TGOpa
A. D. Bradshaw

4 OntumanbHbie BHIGOPKa METOABI IIPH TEHETHYECKON KOHCEpBaLMH
D. R. Marshall u A. H. D. Brown

5 Bnibopka 3apoibllieBON IIa3Mbl B LEHTPax pasHoOOpasus:
MpAMEDP YCTOHIHBOTO K 3a60JieBaHUAM DPHONCKOro SYMEHS
C. O. Qualset

,

Cexnus I1. Uccnenosanus no cbopy
Ioacexmusn ITA, Ilemw HecaenoBaHus

6 UW3yyeHue reHeTHYECKUX PECYpCOB, Kak OCHOBa MJis cbopa
O. H. Frankel .

IMoacexuus I1B. IpakTHaeckue npoGaemsl cGopa

7 KynasTyphl, pa3MHOXaeMble CEMEHAMHE
J. R. Harlan

8 BereTaTHBHO pa3MHOXAaeMbie KyJbTypH -
J. G. Hawkes

9 JlpesecHble KyAbTYpPhI
J. T. Sykes

Ioacexmus IIC, HamuonannHags B perHoHANbHAS HEATENBLHOCTH RO
cbopy

10 C6opst o6pasuos pactenuit B CHIA 3a nocnenuee Bpems
H. Hyland

11 C6op pactutenbHbix pecypco 8 CCCP
D. D. Brezhnev .

15

37

53

81

99

111

117

123

139

147

xi



Cooepxcanue

12 HacTtosinas ¥ nepcreKTHBHAA ACATEIPHOCTh MI3MHPCKOTo LIEHTPa

110 c6opy pacTHTENbHEIX pEcypCoB, Typunx cmpariuya 151
H. A. Sencer
13 Co6op u u3yyeHHEe pHCa 159
T.T. Chang

14 Oxcnemuuuu no cbopy xaprotbenx B Ymmu, Bonusun u Ilepy, u
reHeTHyeckoe obeHeHne MECTHBIX COPTOB
C. Ochoa
15 IMocneanune KCHeAMIMH o cOOPy kakao
J. Soria

Cexnus I11. ITpobneMbl OLIEHKH

16 TlouckH yCTOHYHBOCTH K 3a00JICBAHHSAM H BPENUTE/IAM B 3apo-
OblLeBOH nia3Me puca
T.T. Chang, S. H. Ou, M. D. Pathak, K. C. Ling ¥
H. E. Kauffman
17 OueHka MCTOYHHKOB YCTOHYMBOCTH K 3aboJieBaHHAM
A. Dinoor

18 Ouenka HCXOOHOTO MaTepHaja Jis CEJCKHHH IHICHHLB Ha
MOPO30YCTOMYHBOCTb M 3aCyXOyCTOHYHBOCTD
V. F. Dorofeev
19 Buinenenue gopM C conepkaHueM BbICOKOKAYeCTBEHHOro Genka

U MX MCTOJIL30BAHME B YNYYILEHHH PACTEHHIH
D. E. Alexander

20 KommnekcHOe H3yyeHHe pacTeHH Ha Mac.nn-mocrb H COAepXaHHe
XKHpa
G. Ribbelzn
21 Bropuunbie MeTabONHUTHI K KYJIbTYPHEI6 pacTeHHA
R. Hegnauer

Cexuus 1V. KoHcepBauys M XxpaHEeHHe

22 - TIpobnembl AONTOCPOYHOIO XPAHEHHA CEMAH H NBUIBUEL IS
KOHCEPBALWK rEHETA4ECKUX PECYPCOB
E. H. Roberts

23 TeneTHdecKoe MOALEPXKAHUE BCXOKECTH CEMAH MPH XPAHEHHH C
MOrNOTHTEJIAMH BJIATH
T. A. Villiers

24 HexkoTtopble $akTOpHl, CIOCOOCTBYIOIHE K COXPAaHEHHIO BCXO-
KECTH CeMsiH, OXJIAXAEHHBIX 0 TeMIepaTyphl XMIOKOTO a30Ta
A. Sakai u M. Noshiro

Xii

167

183
201
211
223

231

249

269
297

317



25

26

27

28

29

30

Coodepacanue

TexHHKa MEPUCTEMHOMR KyNbTYPBI [Vl JOJNTOCPOYHOTO XPaHEHHUA

KYJIbTYPHBIX pacTeHWd cmpanuya 327

G. Morel

Mpo6aemsl reHeTHYECKOH CTAGHIBHOCTH B TKaH €BbI H KJIETOYHEBIX
KyJbTypax

F. D’Amato

TexHHUYeckHe acleKThi XPaHCHHS TKAaHEBBHIX KyJAbTyp NMpH reHe-
THYECKOH KOHCEpBal¥H

G. G. Henshaw

Cpoxu NPOJOJIKHTEILHOCTH XPAaHEHUs IPEBECHBIX KYJAbTYP NPH
HU3KHX TEMIEpaTypax
B. H. Howard

XpaHeH#e 3apOABIIEBOM IUIa3Mbl KOpHe W KiyOHel Tpomu-

YECKHX pacTeHH# B BereTaTUBHOH popme
F. W. Martin

TeHeTHYECKHE Pe3ePBLI
S. K. Jain

Ceknusa V. JokymeHTanus 4 o6pabotka uHGOpMaLIUK

3

32

JOKyMeHTalHA Ui LEHTPOB FEHETHUYECKHX PECypCoB

D. J. Roberts, B. Snoad u L. Seidewitz
HeobxoumMas JOKyMEHTalHA ¥ HHGOPMALMS TIPEMEHHTENILHO K
IEHETHYECKHM pecypcaM

G. N. Hersh u D. J. Rogers

Cexuus VI. LleHTpBI TEHETUYECKUX PECYPCOB

33 Pa3sunoobpa3ue  pecypchl 3apobllI@BOH NIa3Mbl B Ddpuonun
M. H. Mengesha
34 PervoHanpHbIH MiaH 10 cOOpy, KOHCEPBAalMA H OLEHKE T€HETH-
4eCKHX PecypcoB
E. Kjellgvist
35 3navenne MexnayHaponHoro Mccnenosatensckoro WHcTHTYTa
Puca (IRRI), xak 1eHTpa reHETHYECKUX PECYPCOB
T. T. Chang, R. L. Villareal, G. Loresto u A. T. Perez
36 bBaHkH 3apoIbliieBO# M1a3Mbl KYKYPy3bl B 3allaJHOM HOJIyILIApHH
W. L. Brown
37 LleHTpBl TEHETHYECKMX PecypcoB, kak riobanbHas ceTh IUist
COTPYIHUYECTBA
O. H. Frankel

Hunexc

333

349

359

369

379

399

407

449

455

457

467

473

483



Contenido

1 Recursos genéticos — la década pasada y la préxima
O. H. Frankel y J. G. Hawkes

Seccién |. Variacion genética en poblaciones de plantas

2 Estructura de poblaciones y efectos del sistema de reproduccién
S. K. Jain

3 Estructura de poblaciones y efectos del aislamiento y de la seleccién
A. D. Bradshaw

4 Planificacién del muestreo 6ptimo en la conservacién genética
D. R. Marshall y A. H. D. Brown

5 Muestreo de germoplasma en un centro de diversificacién:
un ejemplo de resistencia a enfermedades de la cebada en Etiopia
C. 0. Qualset

Seccién ll. Exploraciéon
Subseccidn Il A. Objetivos de la exploracion
6 El estudio de recursos genéticos como base de la exploracién
O. H. Frankel
Subseccion Il B. Problemas précticos de la exploracién

7 Cultivos de semilla
J. R. Harlan

8 Cultivos de propagacién vegetativa
J. G. Hawkes

9 Cultivos arbéreos
J. T. Sykes

Subseccidn Il C. Actividades nacionales y regionales de exploracién

10 Exploracion fitolégica reciente en EE.UU.
H. Hyland

11 Exploracion fitolégica en la URSS
D. D. Brezhnev

12 Actividades exploratorias recientes y propuestas en el centro de
Esmirna, Turquia
H. A. Sencer .

xiv

15

37

53

81

99

111

117

123

139

147

151



