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1.Conservation of Gene Pools

to Meet Genetic Erosjon °

' 'Thevimportance ‘of conser -
vation of genetic resources has
beéome universally recognized,
but it will not be futile to. con-
sider .why genetic variations are
resources. ’The following points
may be éonsidered.

(1) Crop breeding needs an
assembly of many useful genes.
Even though breeding techniques
have fnade progress, they are

not effective without enough
genetic materials.

(2) Before the practice -of
pure-line sélection in the early
decades of the present century,
the land raées or native culti-
vars were diverse. and . polymor-

phic. As there were various
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tries,

resistance genes, devastating
epidemics of ‘diseases and pests

were rare. The variability was

maintained in association with

varying cropping ~systems and_.
ethnological traditions of differ-
ent human tribes.
(3) The recent indust'riali-

zation of agriculture has rapid-

.ly reduced genetic diversity in

crop plants, resulting in “gene-

tic érosion" In deve_loped coun-
a crop speéies has _dbe-i
’(;ome represented by oﬁl‘y a few
varieties which are exceedlingly
pui‘e geneficall'y... For instance,
more than half of rice fields in
Taiwan was planted with Tainan
5 some years ago, and now with
Taihung« 67.. The native varieties
were abandoned and d-isappéared;.

In parallel to this, crop species




‘wére also reduced to a small

- number which were most profit-

able commerciall&.

o ’After-?A1960j’S7. with the es-

_'t‘ablishr‘nen't' of in't’ernational"

agricultural improvement cen-

ters, the replacement of land

races with improved high-yielding
-varieties has been rexte_n‘d__ed_ in

- a large area of the world. Even

‘in Afga'histan-;or E.th.iopia' where.

‘richest ac‘c'um_tilk‘at_ion,of dive‘r_si'ty
of crop plénts'has_ bee_n~_k1_10wh,
genetic verbos‘ion_‘now -threatens
the g'e.e‘h._ p,ools. T.he genetic

basis of crop. plants on

the m_an“kin.d~r'elies was ‘rapidly

nhr rowed.

N , f,4:) Needs for gen’es'éontrol-
ling resistances to |
pests, and other unfavofable,
environmental conditions are
_increaéing-.v :‘But the breeders éan
not eas_ily obtain the genes which
they need. Moreover, we do not
know what genes and genotypes
we will need in the future. For

instance, betfore the release of

‘Taichung native 1 in 1956 (autho-

of the pests,

which

diseases,

rized in 1960; Oka 1974) follow-
ed by IR vérietiés‘, nobody knew

the 'pri'celéss value of the semi-

.dwar'fpess' gene found in a land

race of rice, I-geo-wu-gen, in

- Taiwan.

®) It ha_é becofne understood

that monoculture -of a cultivar

over a large area is risky in

- danger of epidemics of-diseases.

and pests, while chemical con-

.trol destroys natural enemies

and results in
disintegration of agro-ecosystems

and also .in environmental pollu-

“tion, as has been discussed else-

where (Plant Breeding Sympo-

sium, September 1981, at the

" Taiwan Agricultural Research

Institute). Breeding for resi-

stances is most important, but

-resistant varieti'e's are generally

vulnerable as the result of evo- -
lutioﬁ. of new pathogenic r.ac'es
or ~biotypes. The breeding of
mult___ili_ne varieties to increase
diversity and stability is envi-
saged. ‘Many rﬁdre resistance

genes are wanted. In rice, those
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| r‘é‘sbis..tvavnce genes | have so far.
‘been found in. the populations
- of la‘nd races .'a'I.ld »wild' relatives
'.V(C'ha"ng'_ et al. 1975). _
' It 'i‘s nowlburgent _t-o iﬁten-?
..sify ‘the ‘activities of explora-
"t‘i.on, colleck._'tio.n‘, .p'reserv.at»io‘n,
and ‘docum'ent'ati;(')'nv of germplasms
_of crop .'pl:ants and’ their wi.ld
relatives on a systerhatic basis.
-This ‘work requires ‘much skilléd.
labor, budget, and international

cooperation.

2. Geograﬁhical Dis tribution
of Gene Pools and Crop
Evolution

A'sv is well known, Vavilov
(1'951, the fi;st publication in
1926) has demonstrated the pre-
sence of -eight ée_nters of diver-
sity of crop germplasms in the
world (Fig. 1A; Table 1‘).He consider

-edithat thejdiversity centers were

the centers of origin of crop
plants. But this view was cri-

advances of

(cf.

ticized with the
studies on crop evolution
Zohary 1970). In the diversity

centers, tliere would be various

. gressive

conditions accelerating evolution,

viz., population  subdivision,

" isolation, dissemination, intro-

hy’:b'r._idi‘zation, and
disru;I)t.ivegs'electipn; all,'inflﬁ-
enced t.)y. man's activity which .
varied accordiag ‘td ethnological
vt_radition's. |

In .cértain' crops, ey
sorghum, as well as rice, diver- .
sitv "w"a.i"s “found to be.spréad over
a wide Aar‘ea Which 'coulld not Be
called a center. In view of this
(1971) proposed

trend, Harlan

the th,eokry of centers and non-

- centers; there are three major

centers and three horfcen_ters in
the world (Fig. 1B).On this and
other evidences from studies
of the huntihg- gathering-fishing
way of ‘man’s life, he also put
forward the .concept of diffuse
origin of agriculture (Harlan
1975). Most probably, as Harlan
(1966) has disc‘.u_ssed, crop ev6-.
lutioh was. forwa_rded by repeat-
ed dif'ferentiatﬁon-hybridizat.idn
cycles, particularly by - .intr0'~-

gression between wild plants and




Fig. 1. A: The eight centers of diversity given by Vavilov (1951).
B: Three centers and three noncenters given by Harlan (1971).

(after Harlan 1975, p. 54-55)



Table 1. World centers of diversity of cultivated plants

2a.

(after Vavilov 1951, abbreviated)

. The Chinese center: Soybean, Adzuki bean, apricot,peach, orange;

tea. 2ndary center: Naked oat, bean leaf mustard (Brassica

juncea), sesame (dwarf varieties).

. The Indian center: Rice, millet (Eleusine coracana), ch'ick pea,

Math bean (Phaseolus aconitifolius), rice bean (Ph. calcaratas)

, horse gram (Dolichos biflorus), ‘asparagus bean Vigna sinensis)

, egg plant, radish (Raphanus caudatus), taro, cucumber, tree

cotton (Gossypiwm arboreum), jute, pepper, indigo (Indigofera
tinctoria). '
The Indo-Malayan center: Yam, pomelo (Citrus maxima), banana,

cocontut .-

. The Central Asiatic center: Bread wheat, club whea t (Triticum

compactum), shot wheat (7. sphaerococcum), pea, lentil, chick
pea (Cicer arietinum), sesame, flax, safflower  ( Carthamus
tinctorius), carrot, radish (Raphanus sativus), pear, apple,

walnut (Juglans regia). 2nd. center: rye.

. The Near Eastern center: Eginkorn wheat, durum wheat (Trificum

durum), bread wheat (awnless group), two-rowed barleys, rye,
red oat (Av,ena byzantina), lentil, alfalfa, sesame, flax, melon,
almond, fig (Ficus) grape, apricot, pistachio (Pistacia -vera ).

2nd. center: Pea, chick pea.

. The Mediterranean center: Dullum wheat, hulled oats (Avena

strigosa), broad bean (Vicia faba), wabbage, olive, lettuce.

. The Abyssinian center: Durum wheat, poulard wheat (Triticum

turgidum), Emmer wheat, barley, chick pea, lentil, teff (Era-

grostis abyssinica), millet (Eleusine coracana),pea, flax, sesame,




castor bean (Ricinus communis), coffee.

7. The south Mexican and central Arnericén center: Corn, connnonv
bean; red pepper (Capsicum dnnum), upland cotton, sisal hemp,
squash-bumpkin-goﬁrd'(Cucurbita'spp.);

8. South American center: Sweet-potato,-potato; Lima bean (Pha-
-seolus luﬁatug), tomato, sea-island.catton (Gossypium barbadense
"), papaya, tobacco. ' | |

8a.The Chile center: Potato (Solanum tuberosum).

8b.Brazilian-Paraguayan center: Manioc Qanihqt utilissima), pea-
nut, rubber tree, pineapple,.purple gfanadiua (Passiflora

edulis). 2nd. center: Cacao.



domesticates. Some evidence for

this was obtained in the studies
of; rice by- the present author

and coworkers (Oka and Chang

1961, 1962 ; Chu and Oka 1970)

The pa_tterﬁ of distribution

of genetic diversity in a small
‘area is not well known yet. It
was su'gg'e'sfed that diversity
centers are of twb kinds, ende-
mic centers which were 'kept sta-
ble for a long time to accumu-
late variants, and micro-centers
result'ing from introgressionbe-
tween s’pécies in dis"turbed habi-
tats Whi.ch are evolutionary
active (Harlan 1963). Travelling
in Africa and tropical Asia, the
present author has recegnized
~that diversity was  associated
with primitiveness in agricul-
“ture. In .Nigeria, genetic
divérsity in rice popﬁlations
was correlated with species di-
versity of coexisting wedds
(Morishima and-Oka v1979) .
"Many crop species have

their respective companion weeds

and Chang 1959).

-in certain rvegions. The.se are
weed barley, weed rice, -~ weed
sorghum, weed maize, (t'eosinté),
weed oats, etc. i.n»cereals, and
such-are also found in many othe:r’
crops. Although Vavilov and ﬁis
followers considered the weedy
forms to be -the wild prog‘en'itbfor
of crops, Héfl'an (1965) suggested
that many of them arose from

Y—

their- wild progenitors with crops

side by side. The weedy form's,

can also occur from hybrivdizat.ion'
between wild and cultivated
plants, as was found in rice (Oka
The companion
weeds sometimes produce hybrid
swarrﬁs with the crop, and serve
as a reservoir of crop  germ-

plasms. expanding  the gene pool

‘substantially.

Studies of crop evolution
indicate that plant domestication
was a great process of evolution
forwarded by natural forces. I'f'
compared with this process, our
present. bregding activities are
too s,‘mal'l.' If the natura;l-.evo,_-

Tutionary forces have ceased to




. work on account of genetic ero-
sion, how can we survive a long.
time in the future so far as we

feed on crop plants? This is a

fundamental question in agricu-
lture in the present.

'3. Sample Size and Related
Problems in Germplasm
Conservation
The object Qf conservatiqn

.’is a-ppearen_tl.y the geﬁes.- ~An

assembly of mény unspecified

" genes should be considered as

-we know only a small 'fract'ion of

them anélytically. “The geogra-

phical distribution of genes is

the result of adaptive evolution

and non-random, but the distri~

butic;n Withi.;l a population méy
be assume'd random.,

Plant populgtions are gene-
tically polymorphic and subjéected
‘. to natural selection. Such a
papﬁlation can be ‘maintained as
it is only when seeds are sampled
at random from a number. of
plan'ts on a single planvt.basis.
How fnany blants will be neces-
I1f. the

sary ? " number is too

small, genes will = be lost by
random drift. ;1 This probiem isv
involved in the sampling from
populations in thé field and also
in the-mﬁltiplication of stored
'seeds’ for renewal.

The present author (Oka
.969, 1975) has proposed a.pro-
bability_formula to estimate the
size of .samples necessary" for
germplasm conservation, which
will b‘e bpiefly -represented bé-
low.-

- As an example, let us coﬁ-
sider a case in which 95 percent
-of genes distributed in a popu-
lation with a frequénc_y of 5
pércent are to be mairitai-ned-

N

The number of samples needed
(n) will be:
1—(1—0.05)"=10:95.
Then, n=258.4, -or about 60.
When it is .a.ssﬁme‘:d that:
Total genetic variation in an
Its fraction represented by a
‘population s + ¢ ¢ ¢ ¢ ¢ s o+ P
Number of popul'a'tions sampled

-o-.-o-o-o.o-o.oN




Fraction of —genetic.variation in
X! popu_iatiﬂon ﬁfepresented by a
plant-°~---‘ NI

Number o: plants sarnpl_.ed per
population « « ¢ ¢ ¢ o o oo o g

Fraction of genetic variation

represented by N X n' samples
....'......'..-..F

Then, jt is expected that:

F=1-((1—P)+P(1—-p)*)"
This formula shows that the
size of s'ample.s needed deper_lds

-on  the genetic st'rﬁcture of po-

pulationsA. The value of P may

:be estimated as: P= 0311/(03“» -+

o), whe re 6l, is the Variance

within ppbulations- énd'oﬁw iS_tile

variance between bopulations-

The value of p may be estimated

as: p=0%/(6%+0%), where 0%
is the variance of progeny line

means raised from-single plants
of a population and o¢% is the va-

. riance Within lines. The data

on rice species (Morishima and

Oka 1970) sug.gest that the va-
lues‘ of both P and p are 0.3 t<-)
0.1 in partly cross-breeding wild

rice if r'elatively small values

- seed

-are -taken for the sake of safe-

ty. With domestication, plants

become self-pollinated. In high-

ly * heterogeneous but homozy-

gous populations of land races,
it may be assumed that P = 0.1
and p=0.05; in relatively pure

cultivars, P<0.01 and »>0.95.

- Thus, a tentative estimation of

sample size was ‘made as shown
in 1'able 2.

The major tasks of a con-

- servation program are 1) main-

tenace of 'seeds i1_‘1cold storage,
2) record-keeping an‘dl documen-~
tation, 3) classi_ficvatioin and
evaluation .Q'f the IStocks, and 4)
multiplication for rene-
wal. _

“The quality of the seed
depends on reliability, g'ermi-.
nébi'lity,' énd amount of attached -
information. Reliability is
lowered by errors in manage-
mént (mis-labeling, etc.) and

natural hybridization. Empiri-

cally, errors occur at a rate of

'0.0l to 0.001 _per' generation,' and

natural hybridizat'ion may also
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Table 2. Fraction of total genetic variation represented

by N populations each consisting of n plants

(in%)

a. Wild species (P=10.2; $=0.2)

20

400 98

_"(after Oka 1975)
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N n:i 5 10 40
1 4 14 18 20 20
‘5 18 51 63 67 67
10 33 76 86 89 89
20 - 56 94 98 99 99
'b. Land races ( P=0.1; p =0.05)
N. . a1 5 10 20 40
10 5 20 34 49 60
20 9 37 56 73 84
40 18 60 81 93 97"
c. Practically pure cult‘ivars (P=0.01; P:O.QS)
N ’ n1 2 5
100 62 63 63
200 85 87 87
98 98



be of the same order in auto-
' gamous Ccrops.: Seed multiplication.

will lower reliability, ‘but en-

sures germinability by renewal and .

givesAa' chance of evaluation of
characters in the field. How
-of ten multiplication should. be
made is a problem oi operation.

The seeds of
plants can be kept for a long
time by desibccation ‘
storage, although sor'ne__. are
recaicitr#nt" and do not with-
stand desiccation. The half-life
(p, in week) of dry seed .in
storage is expected By: lég 10

p=K,—C,m—C,t, - where m ‘is

seed moisture content (%) and

t is temperature (C). K., C,.

and C, are constants characte-

ristic of sp'ecies, genotype, and

initial physiological condition of"

the seed (Roberts 1960). In
rﬁ:e_, it was found that K.=5.3 ~
5.6, C,=0.159, and C,=0.069.

Similar values were found in

other cereals. It is not difficult.

to maintain viability

years if moisture is  below 7%..

most- crop’

‘and cold :

. OVer an .enormous area.

over 100 -

and't.emp_erat»ure is below zero.
It -.i_s experienced, however, a
small ffaction.of seeds in sto-
rage loses .{'iabilit_y .much ear- _i .
lier than expected. possibly be-
cause of poor initial conditib_ns
like imma_-turity-. |
4. Present Activities in

Genetic Resources

Conservation

Thé first scientist who.

expressed alaim on genetic‘ éro—v
sion Wés Dr. H. V. Harlan (Fa--

ther of Prof. J. R. Harlan),

~who wrote: in 1936 “Types without

number (of barley) have arisen
Many
of the survAiving types. are old.

Spikes from Egyptian ,ruihs>can

often be matched with ones stiil

growing in the basin along the

Nile-. The progenies of these
f_ields ‘constitute the world’s
priceless reservoir of germ
plasm. ‘Unfortunately, from the
bréeder’s standpoint, it is now
being impe.riled. When ‘riew_ba-
rleys replace .t‘hose grown by the

farmers of Ethiopia or Tibet, the

_—
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world will' have lost something

irreplaceable”. (Harlan, H. V.

and M. L. Martini, USDA. Year
Book 1936).

International éfforfs to
collect and preserve genetic re-
sources began in'1961 when a

Technical Meeting on Plant Ex-

ploration and Int roducti»on -was

called by the FAO = at Rome.

There was much talk but little
action. A panel of expéfts was
appointd in 1965 as recommended
by the Meeting. In 1967, the

FAO 'and the International Bio-

logical Programme (IBP) spon--

sored a Technical Conference
on Exploration, Utilization and
Cons_ervat-ion of Plant Genetic
Résources. The Conference yie
lded a book entitled “Genetic
Resources in Planfs"(ed: Frankel
and Bennett 1970), and atfracted
considerable attention of work-
ers in plant genetics and breed-
ing. ‘

In 1972, the "Beltsvi_lle
Meeting” was held and proposed

to establish the International

Board for Plant Genetic Resou-
rces (IBPGR) ‘under the spon-
sorship of the Consultative Group
on Internat»io,na.l Agricultural
Researéh (CGIAR). This was
establishedv in 1973 at Rome, as
an organization attached to the
Plant Production and Protection
Division of the FAO. In 1973,
a second technical = conference
was held at Rome, resulting ‘in
a second book entitled “Crop
Genetic Resources for Today and
Tomorrow” (ed. Frankel and
Hawkes 1975).

The major activities of the
IBPGR are to -build up liaison
between national /regional cen-
ters conducting germplasrﬁ con-
servation, to promote exploration
activities by those centers, and
to hold meetings, symposia and
training courses for personnels
engaged in germplasm conserva-
tion, with the general aim of
establishing a global network.

International agricultural rese-

arch centers take part in col-

lection and preservation - of



germplasms of certain crop plants.

They are: International Rice

Research Institute (IRRI), In-

ternational Maize and Wheat

Improvement Center (CIMMYT), -

Centro Internacional de Agri-

cul tura Tropical (CIAT, cassava', -

beans,_ tropical forages and li-'
véstock), Centro Internacional
-de Papas (CIP, potato), Intexj‘-
national Institute of Tropical

Agriculture (IITA, tropical

tubers, vegetables, cowpea,etc.), ‘

“International Crops Research
Institute for Semi-Arid Tropics
(ICRISAT, sorghum, millet,
chick-pea, peanut, and pigion pea),
and Asian Vegetables Research
and Development Center(AVRDC,
soybean, tomato, Chinese cabbage,

etc.).

Of them, the IRRI. seems:

to have done the b.e‘st job with
rice. Other major centers for

plant genetic. resources are

agricultural research institutes

at Addis Ababa, Ethiopia; Tri-
alba, Costa Rica; Bogor, Indo-

nesia; Vavilov Institute of Plant

U.S.A., etc.

In_duSt'f’y, Leningrad; Labo-

ratorio. de Germoplasmo, Bari,

Italy; Intérné.tional‘l" Plant In-.

troduction Center,Ismir, Turkey,

National .'Bu’reau_'{)f Plant Genetic

Resoﬁrces, New Delhi, . v,India;

‘National Institute of ‘Ag'ricul-

tural "Scien‘ce‘_s, Tsukuba; Japan;
National Seed Storage Labora-
tory, Fort Collins, Coloradd,'
U.S.A.,PbtatO'ReSearch Sta-
tion, Sturgeon Bay, Wisconsin,
A course on plant
genetic resources is open in

Department of Plant Biology,

University of Birmingham (Prof.

J. G. H‘awk‘és).

It is agreed that collec-
fion of germplasms -should be
made  with priority to the area
where genetic diversity is rich
but is subjected to erbsion.
The activities to explore crop
germplasms are devoloping. For
instance, in 1977, a Meeting on
African Ri'ce'Species was called
by the IRAT/ORSTOM in Paris,
and the relevant 'o.rga-nizations

have started to send experts to




.'»different African countries for
exploration of r1ce germplasms o

In compliance w1th this, - the_

present author and hlS party also
’ v1s1ted Nigeria.,and,some V
-African countries

'1978)

»amo_ng _different'_ organizations_is ,

- not an easy task. For instance,

in Japan, there are a number of

lvaboratories engaged‘ in germ-

. plasm conservation of different.

pl_ant spec1es, vbelonging'to,dif-
ferent governmental sections

or’ private"» en_t-erprises.and .hav-
ing different standpoints. To
establish an informatien sYst_em
onvthe' national basis

discussed.

Summary

The evolution of cropplants
was forwarded by natural iorces
for a long period of  time | and
brought about coadapted systems

between plants and man on the

basis of a great amount of ac--

‘cumulated genetic variations.

' Recently, however, genetic ero-

. sion b'has_’._'.re's"ul'ted from .

other:,--f ’man s breeding efforts

- ( Oka’ e't- arl-.'i.

: However, cooperation .

_and man. - For

" pa rticula rly ~ for

is being

indus~

‘:t'ri~a1i2ation ’o‘.f “-agricnlture,- and
'v--the adaptive evolution of crops ;

'_ . has become 1arge1y dependent on

Mono -

- _:__culture 1ncreased the danger of
’epidemics of d1seasea and pests,
‘ 'while_. chemi,ca.l 'control» prod‘uces

‘various ‘undesirable side-effects

on agro-ecosystems; environment,

breeding crop

: plants, ‘a’ 1arge number ot -genes,

» re51stances,-
are’ wanted and much more will be
needed in the future. In this
paper, in addition to these ba-

sic corncepts, the size of sam~

: pies to be maintained in a germ-

plasm conservation program and
some other technical aspects
were discussed,. and the recent’
activities of genétic resources
conservation in the world were

reviewed:
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