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Genetic Resources Unit 
During 1978 the Genetic Resources U nit 

has become established in its remodeled 
building, so that at the end of the year the 
three cold rooms, the five laboratories, the 
herbarium and the two threshing areas 
were all fully utilized by staff of the U nito A 
year ago no germplasm was actually 
housed in the U nit; by the end of 1978 over 
26,000 accessions of Phaseolus bean (four 
species), tropical forage legumes and 
grasses (some 23 genera), and cassava were 
being stored in the U nito 

During the year the Genetic Resources 
U nit changed from being a collector of 
other Phaseolus collections to become an 
active collector of unique Phaseolus 
germplasm in central Mexico, one of its 
centers of diversity. A one-month study of 
herbarium specimens in Mexico was 
followed by a three-month field collection 
trip done in cooperation with the Instituto 
Nacional de Investigaciones Agrícolas 
(INIA). To mid-November, 120 , eed 
samples covering 14 Phaseolus species, 
plus 165 plant samples, mostly weedy 
(silvestris) types were collected in eight 
Mexican states (from Durango south to 
Michoacan). Materials were also collected 
under contract in Pero, Spain and Por­
tugal. 

Tbe CIA T Phaseolus bean germplasm 
has increased from some I~,OOO aecessions 
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in 1977 to over 21,000 at presento More 
importantly, this germplasm is nowactive­
Iy being evaluated for gene tic and 
agronomic characters and those materials 
contaminated with bacterial and I or viral 
diseases are being multiplied under careful 
control, and in close cooperation with the 
Bean Program, to produce seeds free of 
such contamination. Computerized data 
file systems have been developed to 
facilita te the entry, updating and retrieval 
of information gained in field and 
laboratory evaluations of germplasm. 

Responsibility for the tropical forages 
germplasm held at CIAT (some 4500 
accessions) has reeently been transferred to 
the Genetic Resourees U nit, where certain 
stages of evaluation and multiplication and 
all storage will talce place. Some aetivities 
will be shared with the Beef Program, 
especially field evaluation at CIA T­
Quiliehao and Carimagua. A flexible data 
management system able to aceommodate 
all evaluation inputs is being developed 
eooperatively with the Beef Programo 

Since April the plant physiologist has 
been able to test and set up methods that 
permit the rapid development of eassava 
plantlets from meristem tissue cultures. 
The time required between the talcing of 
the small tissue sample and its develop­
ment into a small plant ready for transfer 
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into the field is only eight weeks. In 
contrast, other techniq ues are being tested 
that wiU permit storing the cassava 
meristem planllets in test tubes for a t least 
a year free of disease and other field 
problems. T owards the end of 1978 action 
was taken to organize selected natianal 
centers into a smaU network that wiU aUow 
distribution of cassava germplasm as tissue 
cultures through national quarantine ins­
pection. 

Phaseolus Germplasm 

Acquisition and Seed Increase 

Nearly 7500 Phaseolus accessions were 
acquired from other SOllrces since J anuary 
1978 so that the size of the present CIAT 
coUection is more than 21 ,000 entries 
(Table 1). Most of these new materia ls are 
Phaseolus vulgaris sent here from the 
USDA Regional Plant Introduction Sta­
tion at PuUma, Washington to complete 
our coUection of aU 8554 Phaseolus 
materials with P . 1. numbers. Also inelud­
ed in the new materials are the Norvel 
coUection from Mexico, the coUection 
from the Institute of Horticultural Plant 
Breeding at Wageningen, the Netherla nds, 

Tab le l. 

and that of 
Tecnología 
Guatemala. 

the Instituto 
Agrícola 

de Ciencias y 
(ICTA) in 

In addition to obtaining materials from 
various germplasm banks, CIAT has been 
involved with collecting Phaseolus 
material in Peru(233 samples of P. vulgaris 
and 39 of Phaseolus lunatus) as weU as in 
Spain and Portugal (411 samples of P. 
vulgaris and 13 Phaseolus coccineus). 
C oUection for more Phaseolus germplasm 
in Mexico has also been initiated this year 
in conjunction with the Instituto Nacional 
de Investigaciones Agricolas (INIA), 
ut ilizing an F AO associate expert and 
pa rtial funding by the International Board 
for Plant Genetic Resources (IBPGR). In 
this field coUection, attemion is being given 
to wild Phaseolus species, since these may 
be useful in the interspecific crossing 
program done in cooperation with the 
Faculté des Sciences Agronomiques, 
Gembloux, Belgium. 

Of the 21 ,000 Phaseolus samples rece iv­
ed, more than 13,000 have been seed 
increased. This represents a major effoft 
which started in 1970, as each accession has 
to be checked for disease and genetic 

Phaseo lus samples on hand, ilccessions increased Ind accessions e~'aJuated in Ihe Genetic Resources 

Unit. as oi No \'ember 1978. 

Species 
No. of 

accessions 
lO . sced 

increascd 
No. 

eva luated 

f ·2 

P. ~'lifga, is 

P. Itm alUs 

P. coccinells 

P. oculiJo/i lls 

Other Phaseo/us l 

1 Includcs samplcs or 8 ""ild spccics. 

19,910 

1010 

4JO 

70 
100 

12,600 9500 

3 10 

150 

60 60 

50 
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uniformity. Efforts in 1978 were concen­
trated on cleaning up a major part of the 
colleetion for major seed-bome diseases, 
such as bacterial blight, common bean 
mosaic virus and anthracnose. This aspeet 
has been so important that materials 
harvested in the field have been stored as 
distinct seed lots labelled as to presence or 
absence of disease. More than 3500 
accessions have been grown at CIA T­
Palmira, Popayán and CIA T -Quilichao in 
April and May 1978. Another 5300 were 
planted in October and N ovember at 
CIAT-Palmira and at Popayán. 

Agronomic Evaluation of Collection 

Since 1970 more tl\an 9500 accessions of 
P. vulgaris have been evaluated at CIAT 

Table 2. 

for sorne of the 32 taxonometric and 
agronomic characters considered most 
important for this genus (Table 2). 
However, since not all of these accessions 
have been evaluated for al! 32 characters, 
efforts were made in 1978 to colleet more 
¡nformation. As in previous years, this was 
done by growing an accession in a 6-m row 
at CIA T -Palmira at the onset of the rainy 
sea son. More than 500 accessions were 
evaluated between April and June and 
another 230 are being evaluated at the end 
of the year. An important development in 
1978 was the identification of 200 lines of 
P. luna/us which are uniform ror leed 
characters. These rnateriaIs are now boing 
evaluated at CIA T -Palmira. 

From tlÍe 9500 accessions oC P. vulgarú 

Ch.raeten evalua.ed.t CIAT-Palmir. ror the,Phaseolus vulgaTis lermplasm collection. 

NO.of No.of 
accessions accessions 

Charaeter evaluated Charaeter evaluated 

Days to emergence 4406 Pod per plant 7238 
Hypocotyllength 4386 Braoches with pods 4331 
Hypocotyl colo['*' 8960 Branch angle 4362 

Leaflet length 4401 Seeds per pod 4331 

Leaflet width 4401 Seed shape 7229 
Canopy height 6521 M ajor seed color* 1821 

N odes al flowerin~ 4313 Secondary seed color* 1889 
Nodes al maturity· 3451 Seed brilliance* 1230 
Days to flowering· 4401 Seed weight* 8451 
Duration of flowering 4386 Y ¡cid per plant 4292 
Flower color 8918 T olal dry malter 4311 
Photoperiod sensitivity 691 Rust 2172 
Growth habit· 8991 Anthracnose 456 
Plant height· 6968 Common bean mosaie virus 823 
Stem thiekness 4399 Bacteria! blight 2162 
Racemes per plant 1913 Empoasca 5038 

I Characlen with asterisks are (hose recornrnended by the PIuueolus Gennplasm Advisory CommiUee o( the 
Intemational Board for Plant Genetic Resources, in July 1978. 
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evaluated, some 600 seis of duplicates 
(involving 1400 aceessions) have been 
identified based on na me and origino This 
figure is expected to ¡ncrease as more 
information on the materials gradually 
becomes available. 

Seed Storage 

During early 1978, standard methods 
recommended by the International Seed 
Tesling Association (1ST A) were sel up for 
lhe U ni!. Seed germination and vigor as 
measures of seed viability are now deter­
mined routinely for Phaseolus bean 
accessions using rolled papers maintained 
at 100% relative humidily for seven days al 
20o-30°e. Over 1750 accessions now have 
been lesled for germinability; of 1113 
general accessions lesled, 69.0% had 90% 
or higher germination rateo In contrast , 
when 461 lots of clean seed were tesled 
90.5% showed a germinabilily level lhal 
high. While percent germination and 
percenl vigor (eslimaled as number of 
significanlly larger seedlings in eaeh 
germinalion lesl) are only weakly eor­
relaled in lhe general aeeessions, lhis 
positive correlation was increased for the 
clean seeds to r = 0.597. This implies lhal 
when environmental factors, espeeially 
diseases, are removed, plant vigor may 
indeed be shown to be a genetic character. 

A simple melhod for seed drying based 
00 desiccation al room temperature was 
developed . Numerous small lols of seed 
(typically less lhan I kg for Phaseolus 
bean) are placed in desiccalor cabinels over 
silica gel for seven days. During lhis period 
seed moislure conlenl drops lo below 7%. 
Such dried seeds, when paeked inlo 
moisture-proof laminated packs, maintain 
lhis low moislure conlenl regardless of 
ambienl relalive humidily. It is eSlimaled 
lhal Phaseolus bean germplasm kept al 
-10°C and 7% eonlent will relain 90% of its 
inilial viabilily for a period of 300 years. 
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Germplasm Distribution 

A tOlal of 14,800 samples of Phaseolus 
germplasm (mostly P. vulgaris) were 
distribuled in 1978. The distribution of 
malerials oUlside CIAT was as follows: 
South Ameriea (391 samples), North 
Ameriea (190), Central Ameriea (6000), 
Asia (200), Africa (856), Europe (376) and 
Far Easl (346). Within CIAT nearly 6500 
accessions have been distributed to the 
Bean Program, especially lo the breeders. 

Data Management and Cataloging 

Management of germplasm dala is an 
inlegral funetion of the Genelie Resourees 
U ni!. Sourees of germplasm dala inelude 
those from colleetion or introduetion, 
maintenance, evaluation and distribution. 
For Phaseolus germplasm, a number of 
compuler files lo manage such dala have 
been developed in conjunction with lhe 
Biometrics Seclion. Similar work has been 
initialed for lhe tropical forages germ­
plasm with lhe eollaboration of the Beef 
Programo 

Sorne of lhe germplasm information 
generated should be made available lO 
users at large by publishing a catalog. A 
revised version of the "promising" 
malerials (803 seleclions of P. vulgaris) 
eatalog has been compleled, with revisions 
on seed characters and growth habit and 
updating of all field evalualion dala. 
Similar work on lhe tropical forages 
germplasm in CIAT has been completed, 
lO make available a calalog wilh ca m­
puterized informatior. on accession 
numbers. genus, species. saurce, and origin 
or collection site. 

Multivariate Analysis 

M ultivariate analysis has been explored 
as an objective method to study genetie 
diversily in Phaseolus germplasm and al so 
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to investigate the interrelationships of 
variables currently under evaluation. To 
test this method, a new set of data has been 
generated to provide reliable information 
having wider genetic and environmental 
bases. Replicated evaluation trials were 
done at CIAT -Palmira, CIA T -Quilichao, 
and Popayan using both wide spacing (30 
cm) and narrow spacing (8 cm) between 
plants. Ten aecessions were randomly 
selected from P. vulgaris, P. luna/us and 
Phaseolus acutifolius, with sorne seleetion 
made for habit groups within each species. 
The characters recorded inelude the first 27 
agronomic traits listed in Table 2. Means 
for the relatively more stable eharacters 
were calculated across locations, spacings 
and replications, and these were used for 
multivariate analysis. 

Cluster analysis showed that genetic 
diversity could be easily demonstrated by 
the groupings of similar materials (e.g., 
species and growth ha bits) based on the 
above variables. Sorne overlapping of 
habit groups within eaeh species oecurred, 
but this was overcome by normalizing all 
variables, i.e. putting them on a scale of 0-
9. The results of this study could be 
extended into two areas where sorne 
indication of genetic diversity is now 
needed. The first involves identifying the 
genetic diversity of the advanced progenies 
coming from the bean breeders and the 
second is in the study of similarities and 
differences in the germplasm bank 
accessions of P. vulgaris. 

Using P. vulgaris germplasm data from 
the Promising Materials Catalog, last year 
75% of the total genetic variability could be 
accounted for by four principal com­
ponents. U sing the new data, only three 
components or factors are needed to 
represent 83% of the total variability. 
Factor I carried 40% ofthe total variabili­
ty; it ineluded the characters growth habit, 
Genetic RelOurce8 Unit 

plant heighl, nodes at Dowering, racemes 
per planl, nodes al maturity, seeds per pod 
and IOO-seed weight. Factor 2 accounted 
for 29% of total variability and ineluded 
leaDet length, leaDet widlh, stem thickness, 
dry malter yield and grain yield . Factor 3, 
describing only 14% of total variability, 
involved characters like length of 
hypocolyl. days lo Dower, pods per plant, 
racemes with pods and duration of 
Dowering. Sueh resuIts imply thal seleclion 
of a few key characlers, with one or more 
from each factor, would provide a basis for 
fulure evaluation over a wide range of 
environmenls. At present, growlh habit, 
yield, and days to Dower have been selected 
as the minimum charaClers for evaluating 
more than 6000 accessions of P. vulgaris 
grown out between Ihe La Selva, Obonuco 
and Popayan loealions. 

Cassava Tissue Culture 

Potentilil of the Method 

The exchange of cassava germplasm 
with other counlries is basic to CIA T's role 
in the improvement of Ihis tropical crop. 
However, many counlries have created 
strict quarantine barriers that prevent the 
dislribution of vegetative materials 
because of the hazards of disseminating 
pesls and diseases. Similarly, conventional 
vegetative field cultivation afIen exposes 
these valuable materials to pests and 
diseases. Tissue culture methods can be 
used for the vegetalive propagation of 
cassava and such risks significantly reduc­
ed or e1iminaled. The pOlenliaUy high 
propagation rates Ihal can be achieved 
with tissue cultures, coupled with their 
freedom from microorganisms, small 
space requirements and relalively simple 
handling procedures, mue it feasible to 
utilize these tissue culture syslems for the 
maintenance and inleroational exchange 
of cassava germplasm. 

F6 



Research was initiated this year in the 
Genelic Resources U nil, in cooperalion 
wilh Ihe Cassava Program, aimed al 
developing cassava meristem culture 
methods foro (1) conservalion of cassava 
genetic resources in c10nal form for long 
periods of lime and free of diseases; (2) 
inlernational tronsfer of valuable cassava 
germplasm in disease-free condilions; and, 
(3) rapid mulliplication of materials. The 
cycle from merislem lO plants in the field, 
passing Ihrough the lest lu be and 
greenhouse stages, has been compleled 
during Ihe year. 

Oevelopment of Meristem 
Culture Methodologiea 

In various experiments, meristem and 
shool tips of 10 cassava varielies were 
subjecled lo an array of concentralions of 
cylokinins, gibberellins and auxins as 
supplements, either singly or in com­
binations, to Ihe mineral sall and vilamin 
medium of Murashing-Skoog (wilh 2% 
sucrose). The differentialion of a 0.4.{).6 
mm meristem tissue into a complete plant 
(Fig. 1, A-C) was highly dependenl upon 
Ihe appropriale regime of growlh 
regulators and, to a certain extenl, upon 
Ihe cassava variely. Low levels of benzyl 
aminopurine (BAP) combined with low 
gibberellic acid (GA) concenlratións were 
suitable for the differentiation of shools in 
90% of the varieties, but rooling was 
generally inhibited. Addition of 0.1 
mg/liter naphthalene acetic acid (NAA) lO 
Ihe culture medium favored shool and rool 
differenliation in Ihree of the varielies 
when aCling together wilh GA and in 80% 
of Ihe malerial when combined wilh BAP 
and GA. Slight increases in the concenlra­
lion of BAP favored shoOI growth, bul 
reduced rooting; however, Ihe exposure of 
cultures to low lemperature (20·C) lended 
to overcome the inhibilion of rooling due 
to BAP. On the other hand, transfer of 
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roolless shools lo 0.1 mg/ liler of bolh GA 
and NAA, wilh 3%sucrose and at 28-30·C, 
slrongly promoted rooting in 90% of the 
malerial. 

Thus, Ihe reponse of different cassava 
varielies to merislem culturing seems to be 
mainly related lo Ibeir rooting capability. 
Based on Ihe Iypes of responses observed al 
Ihis slage, two differenl media have been 
designed: one conlains the Ihree hormones 
al Ihe lowesl concenlrations and the 
second contains only GA (0.05 mg/liler) 
and BAP (0.02 mg/liler). For a11 praclical 
purposes, Ihe latter should induce shools in 
mosl malerials, while the former was 
designed lo prom ole bolh shools and rools 
simultaneously. 

In separale experimenls nodal segments, 
which comprised an axillary bud and its 
subtending little leaf, were CUI from Ihe 
shools Ihal developed in vi/ro and were 
cullured lo form "nodal cullures". A 
medium Ihal conlained 0.0 I mg/liler BAP, 
0.1 mg/liler NAA and 0.2 mg/liler GA 
plus 3% sucrose supported rapid develop­
menl of Ihe nodal cultures inlo complete 
plants in 90% of Ihe varielies. Depending 
upon Ihe number of well-<leveloped ax­
iIIary buds, Ihree to six planls could be 
grown from each shool wilhin a monlh. 

Three varieties were used lO obtain 
higher multiplication rates in meristem 

Figure 1. Sequential developmenl of cassava plants 
from meristem culture: (A) A dissected shoot apex 
showing the dome-shaped apica) meristem fianked by 
two primordial lcaves (X40). (8) Differentiation of 
shoot and rool from a meristem after three weeks of 
culture (X 1.2). (e) A fivc-week-old plant derive<! from 
meristern culture (X 1.0). (O) A plant derived frorn 
meristem tinuc, after poning at eight weeks (XO.S). 

Effect of temperature on lhe 'growth of cassava shoot 
tips after four months in culture. (E) Incubated al 
30°C day and 25°C night temperatures (CO.8). (F) 
Incubated al 20°C (XO.8). 

1878 ClAT Annua' Repon 



Figure 1. 

Genetic Raaourcea Unit F-7 



cultures. U nder the influence of high levels 
of BAP (0.0~.2 mgfliter), multiple shoot 
cultures developed from a single isolated 
shoot apex in two ofthe varieties. Up to 20 
shoots could be produced due to higher 
rates of branching when the cultures were 
rotated in liquid media. Chemical and 
physical means ·"ill be sought which could 
enhance the formation of multiple axillary 
and / or adventitious shoots in meristem 
cultures. 

Ouring the incubation of the cultures, 
the temperature was controlled at 28°-
30°C during the day and at 24°-25°C 
during the night. Illumination was kept at 
about 1000 lux at the beginning of the 
incubation, then raised to about 2000 lux 
for the next three to five weeks of culture; 
photoperiod was controlled at 14 hours. 

The survival of plants during potting 
was raised from 50 to 90% by a hardening 
treatment which consists of increasing the 
illumination to 5000 lux and loosening test 
tube caps one week prior to potting. A 
potting substrate of vermiculite, fine sand 
and grave! (1: 1: I v I v) was used. After one 
week in the laboratory, the pots were 
transferred to the greenhouse for further 
growth (Fig. 1,0) and gradual exposure to 
ambient conditions before field transplan­
ting. 

Diseese Eradication 

The use as planting material of cassava 
stem cuttings infected with the frog skin 
disease results in highly significant yie!d 
losses (CIAT Annual Report , 1977). The 
use of meristem culture in combination 
with thermotherapy for the eradication of 
the frog sldn disease from infected varieties 
has becn initiated. Temperatures may exist 
at which pathogen host combinations 
should be grown to obtain maximum 
inactivation of the pathogen. Hence, both 
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!he intensity and the duration of the 
thermotherapy applied prior to or during 
merlstem culture are beill8 investigated. 
Abo, the efrect oC the .ize oC the meristem 
tissue on !he eradication oC the disease i. 
under study. The objective oC this work i. 
to develop improved teehniq ues to routine­
Iy clcan up valuable material. (Fig. 2). 

Conservation of Genetic Resourcea 

Meristem cultures could be very 
valuable for the long-term conservation of 
germplasm since large colleetions could be 
stored in small spaces, with the risks of 
disease contamination practically 
eliminated and maintenance costs greaUy 
reduced. Two systems oC the storage oC 
cassava germplasm as meristem cultures 
are being studied. 

Freeze-'torage. A projeet has becn 
initiated, in cooperation with CIAT, in the 
Prairie Regional Laboratory, Saskatoon, 
Canada to investigate the Ceasibility oC 
preserving cassava shoot apices at the 
temperature of liquid N (-196°C). Rates of 
freezing and thawing, as well as the use of 
cryoproteetive and hardening trcatments, 
will be evaluated for their effeets on the 
survival of the meristematic cells. 

Minimum growlh 'torage. Work is 
under way at CIA T to develop methods for 
the maintenance of cassava meristem 
cultures at a minimum growth rate for 
protracted periods of time. Nodal cultures 
of two cassava varieties were used as 
starting explants for storage. Results after 
four months of storage indicate: (1) the rate 
of growth of the shoots in cultures 
maintained at 20°C can be reduced from 
5.5 cm/ month (at JOoC day and 25°C 
night) to 0.5 cm/ month (Fig. 1, E and F); 
(2) growth could be further reduced, with 
100% survival ofthe cultures, to the rate of 
0.2 cm/ month if the sucrose level oC the 
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Germplaom-CIAT 

1 

Germpla.m 
10th .. countrlo.) 

j 
Morlotom Culture 
INTROOUCTION Moriotom Culture I~·~-------l 

'---------' 

OISEASE 
ERAOICATlON 

In vUro 
PROPAGATION 

/ 
Healthy Clones STORAGE I INTERNATIONAL 

TRANSFER 

"SEEO" PROOUCTION 1:_:;::==========~'LI __ G_r_"_n-;h_O ____ -I 
(atem cutting.' . 

/ 
Rold Triol. 

Figure 2. Outline of the various steps in the application oC meristem tissue culture lO cassava. 

culture medium is increased to 5%, but 
higher sucrose levels tend to reduce the 
survival of the cultures; (3) the addition of 
low concentrations of BAP to the culture 
medium slows down the growth even 
further without reductions in survival; (4) 
cultures maintained at 15°C beca me 
gradually chlorotic and senescent after one 
month of storage. 

Oenetic RnourcM Unit I 

Further research should provide definite 
information on optimal temperatures, 
kind and size of explants for storage, 
propagation rates and genotype stability of 
the materials recovered from storage. 

Intarnational T.ansfa. 
of Ga.mplasm 

Tissue cultures initiated from 0.4-<l.6 
F-9 



mm shoot apices should be free of insects, 
nematodes, and most fungi and bacteria. 
Obligate parasites, such as viruses, should 
be eradicated by thermotherapy and 
meristem culture prior to shipment in 
vitro. 

Simple methods will be developed to 
distribute cassava germplasm as aseptic 
meristem cultures from CIAT to other 

countries. Similarly, these procedures 
would allow introduction of new germ­
plasm to CIA T without disease risks (Fig. 
2). 

Training of personnel from rec.p.ent 
countries in the appropriate techniques for 
recovery and multiplication of stocks will 
be a very important aspect ofthe programo 
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