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INTRODUCTTON

Many of the production problems which limit yields of common bean
(Phaseolus wvulgaris L.) in tropical Iatin America and Africa lend
themselves to a genetic solution. The CIAT Bean Team has long considered
that genetic solutions are the most economical and frequently the most
readily adopted, particularly by small farmers, and therefore, has
dedicated a major part of its effort to the breeding of new varieties.

On various occasions CIAT has invited bean breeders from national
programs to participate in workshops to review progress of research and to
refine cbjectives and priorities. However, the audience which CIAT serves
- the national program researchers - has changed greatly since CIAT's
initiation. Most breeders now have earned higher degrees in plant
breeding, either at Ms. or Ph. D. levels. Furthermore, as simpler,
first-order problems, such as BOMV, have been solved, attention is being
directed to more complex problems, such as yield potential. These factors,
among others, led us to seek to present to national program scientists -
and to our colleagues here in CIAT - topics which are not only useful and
practical, but also intellectually stimulating and challenging. Four
general areas were chosen: genetic resources; earliness; breeding for
guantitative traits; and the future of bean production. Furthermore, in
addition to speakers from national programs and CIAT, we endeavored to
bring to CIAT scientists from the United States and Burope who could be of
interest to the audience. A poster session was included for the first time
to give expression to topics not dealt with in the plenary sessions.

We were all very pleased with the results, and we hope that indeed this
workshop will stimulate not only our intellectual curiosity but also more
effective research and practical results.
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IMPLICATIONS FOR BEAN BREEDERS OF STUDIES ON THE ORIGINS OF
COMMON BEANS, Phaseolus vulgaris L.

D. G. Debouck and J. Tchme*

Summary

A revision is made of three 1lines of evidence (botanical,
archaeological and biochemical results) for a multiple and independent
domestication of wild populations of common bean in the Americas. These
domestication events toock place at least 10.000 years ago from different
wild bean populations. In addition to a founder effect, a lower number of
populations could have been domesticated in Mescamerica versus the southern
Andes. Some limitations related to the formation of gene pools and the
uniformity of the selective pressures are discussed. Practical
consequences for bean breeding related to the genetic incompatibility and a
possible case of co—evolution are presented.

Part 1. Origins of Common Bean

1. Evidence for multiple origins and independent domestications

1.1 PBotanical evidence. We will define as wild beans those which are
morpho- and ecologically wild, that is, with all the attributes of a wild

legume such as very active seed dispersal mechanisms and growing freely in
climax vegetations.

* Germplasm Specialist and Bean Breeder, respectively, CIAT, A.A. 6713,
Cali, Colambia.



Wild beans were discovered relatively recently in the Americas, and to
date only from that continent (see figure 1). They have been reported
from:

Mexico : Miranda, 1967; Gentry, 1969; Nabhan, 1985.

Guatemala : McBryde, 1945; Debouck, 1986a.

Honduras : Burkart and Brucher, 1953.

Costa Rica: Debouck et al., 1988.

Colambia : Gepts and Bliss, 1986.

Venezuela : Berglund-Briucher, 1967.

Peru : Berglund-Brucher and Bricher, 1976; Debouck,
1986b, 1987; Debouck and Tohme, 1988.

Bolivia : Berglund-Bricher, 1967; Debouck, 1988a.

Argentina : Burkart, 1941; Burkart and Bricher, 1953.

The fact that they were found in Costa Rica and Colombia allows che
infer a nearly continuous distribution (generally above 1000 masl) from
Chihuahua in Mexico (Nabhan, 1985) to San Iuis in Argentina (Burkart and
Brucher, 1953). This represents a nearly continuous distribution in the
American tropics and subtropics covering a distance of over 7000 km.

It is possible that some of presumed wild materials could be feral
instead of wild, but the argument by Gentry (1969) that the South American
wild beans aborigineus are just "escapes from early cultivates", has been
refuted by Berglund-Brucher and BEricher (1976) on the basis of
phytogeographic evidence. Other wild bean populations have been found
since then in climax vegetations in Peru (Debouck, 1986b, 1987; Debouck and
Tohme, 1988) and Bolivia (Berglund-Briicher, 1967; Debouck, 1988a).
Biochemical evidence is revised below.

If we assume that this distribution did not change over the past
millennia, it appears that wild P. wvulgaris is a rather common wild plant
growing at mid-elevations (1000-3000 masl), in non extreme climates



(12-24°C; 400-2000 mm rainfall/year with a marked dry season starting at
pod setting). It was probably not so difficult for the first American
plant gatherers to find wild bean precisely in the zones where they liked
to live thousands of years ago.

This nearly continuous distribution of the wild bean does not imply
morphological uniformity: it is clear (Burkart and Bricher, 1953; Gentry,
1969) that the two extremes of the range are morphologically distinct, that
is the wild beans from Mexico are not equivalent to those from Argentina.
Same of these differences are summarized in Table 1. With the addition of
wild beans from Costa Rica, Colambia, Peru and Bolivia, the differences are
less clear-cut. larger seed size and annualism have been set forth for
considering the Argentinian forms as feral (Gentry, 1969), although some of
them were found in rain forest habitats (Burkart and Brucher, 1953;
Debouck, 1985). It is perhaps too early to conclude about a single place of
origin for wild P. vulgaris on the basis of such arguments, since some true
wild Phaseolus species such as P._chiapasanus Piper or P. maculatus Scheele
also have large seeds (100 seed weight: 16 and 26 g respectively) and were
not domesticated. P._microcarpus Mart., an annual vine from the tropical
deciduous forests of Mexico, was not domesticated either.

As it appears in Table 1, several characters display a continuum along
the range of distribution. Up to northern Peru (Cajamarca), seeds tend to
be small and rounded, while they are larger ard parallel-epipedic in the
aborigineus sensu stricto type from southern Bolivia to Argentina. For
materials from the southern Andes, one can wonder whether it is an
adaptation to forest habitats under cloudy climates where larger storage
reserves are needed to germinate. Lignified hypocotyl is generally
observed on old plants which can survive the first seed set in some
materials from Mexico to Colombia. It is linked to the capacity for buds
to regrow on the lower stem, a trait also observed in some escapes (DGD
and JSMM # 2077 from Queretaroc). Bracteole size is somewhat variable
within a single population; a clear-cut difference is, however, displayed



by the aborigineus form present from southern Bolivia to Argentina.
Curiocusly, the extremes of the range are earlier to flower than the wild
forms of Costa Rica and Colombia, the aborigineus being the earliest.

Evidence fot the large range of distribution in the Americas and the
morphological differences between the wild forms have been strengthened by
recent explorations. These facts have lead several authors (Evans, 1976;
Heiser, 1979; Vanderborght, 1986) to hypothesize two centers of bean
domestication: Mesoamerica and the Southern Andes. Of particular interest
is the fact that some morphological traits separating the wild forms, such
as seed size, were also found of some significance to separate groups of
cultivated landraces (Evans, 1976; Vanderborght, 1986). 1In other words,
beans, both wild and cultivated from a same origin, share to some extent
some similar characteristics. We will return to this later.

To summarize:

- The wild form of common bean has a large distribution in the Americas
from Chihuahua to San Iuis.

- Throughout its distribution, there are morphological changes which
partly reflect its adaptation to different enviromments (e.g. sunny
thickets in Jalisco versus rain forests in Tucuman).

- Part of these morphological traits are shared between the wild beans
and their cultivated counterparts domesticated within the same area.

We will now revise some archaeological records indicating ancient and
probably independent domestications in the Americas.

1.2 Archaeological evidences. Since we will in most cases deal with
ancient plant remains, all our observations will be linked to their
conservation conditions. One will then not be surprised to find most




evidences in dry areas and not in wet tropical America. In this regard, as
it appears from the data shown in Figure 2, records from Central America
and Colombia are particularly lacking. This bias could be partly corrected
in putting more emphasis on pollen records and phytoliths (Pearsall, 1982;
Bozarth, 1986), but this approach has just started. On the cother hand, one
should not forget that archaeclogical evidence is a non definitive
argument, pending the discovery of a novel ancient site. Other problems in
interpretation are related to studies of stratigraphy (Engel, 1963) and to
the dominant use of %C dating method with few countermeasures (Iynch et
al., 1985).

Bearing this in mind and the fact that the data are still fragmentary,
the data of Figure 2 and the related papers (Kaplan, 1956; Kaplan and
McNeish, 1960; Brooks et al., 1962; Kaplan, 1965; Kaplan, 1967; Kaplan et
al., 1973; Tarrago, 1980; Kaplan, 1981; Ottonello and Lorandi, 1987;
Pearsall, in press) indicate that:

- The oldest records are from Huachichocana, on the west side of the
Quebrada de Humahuaca, Jujuy, Argentina, then followed by Guitarrero
Caves, Ancash, Peru, and then by Tehuacan, Puebla, Mexico.

= The rarge of very old sites is large (7000 km between Tehuacan and
Huachichocana). The most ancient beans are preceramic and found in a
context of wvery incipient agriculture (plant gathering!). As
evidenced by Kaplan and Kaplan (1988), the American plant trilogy
(maize, beans, squashes) does not exist when the beans are
domesticated.

- Taking into account the present distribution of the wild forms, and
assuming that the latter did not change over the last millennia, the
old archaeological sites fall very close (100 km or less) to their
range.



- The archaeological beans appear to be fully domesticated, that is,
theirseedsdamtﬂwanytramitim from the wild. They also
appear to be fully modern. For example, seed sizes and color patterns
are camparable to 1900 types still present for some in the same area.
There is thus a noticeable stability in these landraces, and an
outstanding continuity by the farmers in growing them. Further
evidence about continuity is shown by the different dates at the same
place (e.g., Huachichocana reported by Tarrago, 1980; Ocampo reported
by Kaplan and McNeish, 1960).

The above mentioned elements are in favor of an independent
domestication of wild beans in the mountainous regions of Mescamerica and
South America where they were growing. However, with the beginning of
ceramics, beans became a major food plant, and long before Columbus, seed
trade and crop diffusion took place. In ancient Peru, by at least 4000
B.P., the beans moved from the highlands to the coast (Pickersgill and
Heiser, 1978; Pearsall, 1978; Pearsall, in press). In ancient Mesoamerica,
the beans moved from northwestern Mexico into the socuthwestern USA (by 2000
B.P.: Kaplan, 1956; Kaplan and Kaplan, 1988) and probably from there to the
eastern USA (by 1000 B.P.: Ford, 1985). How far they changed during these
precolumbian seed movements will be discussed later.

1.3 PBiochemical evidences. There is no evidence that about 10.000
years ago early agriculturists and/or animals took an active part in the
dispersal of wild beans. Rather, the beans were probably self-dispersed.
In preceramic contexts (aprox. 8000 years B.P.), in both Ocampo and Guila
Naguitz (Kaplan and Mcleish, 1960; Kaplan, 1985, respectively), plant
gatherers collected wild beans, but these were of hypogeal germination,
perhaps wild P. coccineus and P. oaxacamis respectively. Also because wild
bean seeds contain antinutritional factors such as phytchaemagglutinins
(Jaffe and Briicher, 1968), cne can assume that the present distribution of
wild P. vulgaris is broadly similar to that of that period.



If one could find a biochemical marker with the following properties,
present in both the wild populations and their cultivated counterparts, it
would be of great help in clarifying the domestication process:

- Geographic polymorphism: several forms of the marker should exist
throughout the range of distribution of the putative ancestor(s).

- High heritability and complexity of each of the variants of the
marker, so that there is little probability that the same variant will
be produced several times during the history of the crop.

- Envirormental stability: the expression of the variants is not
influenced by the growing conditions.

- Stability facing the domestication process: the marker is not
influenced by the domestication process, the selection pressures being
on other characters.

Gepts (1984, 1988) demonstrated that phaseolin, the major seed storage
protein, is a useful marker for evolutiocnary studies in P. wvulgaris. As
germplasm has been made available by explorations in Iatin America,
landraces and wild populations have been examined for their phaseolin
characteristics (Gepts et al., 1986; Gepts & Bliss, 1986; Debouck et al.,
1988; Koenig et al., in press; Tohme & Debouck, in press). The results are
shown in Table 2 and Figure 3. Although the range of wild P. vulgaris is
not fully covered yet, one can see that:

1) 'There are more phaseolin types in the wild materials than in the
cultivated ones. As discussed below, this shows that only a portion
of the genetic diversity existing in the wild forms was domesticated.
On the other hand, in the case the actual wild beans will just be
feral or weedy types, they would not express such a larger diversity
in phaseolin types.



2) 'There is a good cfrrespondence between the native landraces of a
particular country and the wild beans present there. This was
expected given the relative stability of landraces as shown by the
archaeological records (see above) and the molecular complexity of
phaseolin causing its uniqueness (Gepts, 1988). Furthermore the
presence of "odd" types in a particular country can be explained by
varietal introduction (e.g. the "cacahuate" types in Mexico with 'T!
phaseolin, or the "“panamitos" in coastal Peru with 'S' phaseolin).
There is also evidence of early seed movements, probably precolumbian,
with the extension of the 'B' phaseolin cultivars into Central
America.

3) More variability exists in the southern Andes as compared to the
northern Andes and Mexico both in wild populations and in cultivated
materials, Assuming common bean originated in Mexico (as its has been
claimed by Gentry, 1969; Heiser, 1979), it would be difficult to
explain such a diversity (this statement is valid for the last 10.000
years). One should take into account, however, the polymorpaism of the
'M' phaseolin in wild types of Mesocamerica, so far absent in any
cultivated type.

Another piece of evidence about a separate domestication in
Mescamerica vs the southern Andes is given by isozyme analysis (Schinkel et
al., 1988), since they are coded by genes (probably unlinked) independent
of phaseolin. Analyses performed on Latin America landraces reveal
contrasting isozyme profiles for the two rﬂgmns Similar results were
obtained for a collection of Malawian germplasm (Sprecher, 1988a) once the
accessions were traced back to their center of origin in the Americas
using phaseolin types. Two dominant alternate isozymes pattemns were
reported for 6 enzymes where polynorphisms were observed. The dominant
Andean pattern was present at a frequency of 76%, while the Mesoamerican
one was of 15%. The remaining 9% were distributed between the Andean gene
pool (8%) and the Mesoamerican one (1%), with variants of the respective
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dominant patterns (Sprecher, 1988b). ‘'These frequencies for Malawi
germplasm would lead one to think that, at least for the Andean gene pool,
it would be possible to recognize subunits, a conclusion also reached by
Schinkel et al. (1988) working on American cultivars. For a better
definition of races, it would be very useful to screen additional primitive
hmerican varieties as well as populations of wild beans. The fact that
more polymorphism has been found in snap beans (Weeden, 1984) also suggests
a need to include more loci when evaluating wild populations.

The presence of more phaseolin types in wild populations vs cultivated
lardraces raises questions about the domestication process, given the
characteristics of phaseolin as a marker. Let us now discuss some of them.

2. The founder effect of domestication

We will adopt the concept developed by Ladizinsky (1985) and thus
define the founder effect as the reduction in genetic variability when
individuals giving rise to a new population only carry part of the original
genetic variability.

The founder effect in bean domestication could be considered under the
following aspects:

: | The mnumber of individuals taken from the wild populations and included
in the damestication process was small.

2) Gene flow between the domesticated stocks and their wild counterparts
was limited.

11



2.1 The limited initial gene stock. Evidence that parts of the
geographic range were touched is found in the phaseolin pattermns of the
cultivated types vs the wild ones (Table 2). In Mesoamerica, the phaseolin
type found so far in the cultivated materials is 'S', while the polymorphic
and camon 'M' type has not been found in any cultivated genotype examined
to date. One could think that the phaseoclin '"™™M' would be linked to a
negative character rejected during the domestication process; it has been
transferred in experimental breeding lines without expressing any negative
character regarding to yield, etc. (F. Bliss, pers. comm.). In the southern
Andes, the types 'I' and 'J' have not been found in cultivated materials so
far, while the 'T', 'C', 'H' are present in both wild and cultivated
genotypes. The fact that the 'A' type (found only in Ayacucho so far) is
present in a landrace and not in a wild population is, to us, more
illustrative of the incomplete survey for both cultivated and wild
materials from the southern Andes than anything else. In examing Figure 1,
it is obvious that the range of the wild populations is not fully covered
yet, and that perhaps only 10% of all the American landraces have been
processed.

As seen in Table 2 and Figure 3, the situation in Mesocamerica could be
different from the situation in the southern Andes, i.e. a very few wild
populations could have been domesticated in Mexico while several wild
populations over a broader ramge of distribution coould have been
domesticated in a zone from mid-Peru to northwestern Argentina. As
indicated by Gepts (1984, 1988), the truly wild types in Mexico showing no
sign of introgression from cultivated forms are concentrated in western
Mexico which could then be a place of bean domestication. One should,
however, keep in mind that when those studies were made little was known
about wild beans in the region from Chiapas to Nicaragua, where they are
known to be present and still to be collected. The possibility of finding
more places of bean domestication in Middle America thus remains open. To
identify a single site of domestication in the southern Andes is, for the
time being, more difficult and perhaps irrelevant. After considering the
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latitudinal extension of the wild beans in South America, Briicher (1968)
and Harlan (1971) doubted that there was a specific center of origin for
the common bean, but were thinking about a multiple damestication there.
More detailed informations could be obtained looking at the mitochondrial
DNA but this approach is just beginning to be developed.

Another piece of evidence that part of the wild populations and
perhaps just a few plants were included into the damestication process is
shown by work on bruchid resistance. Thousands of cultivated genotypes have
been screened for resistance to that pest, but not a single one has shown
resistance (Schoonhoven and Cardona, 1982). However, a reduced mumber of
wild populations of P. wvulgaris from Mexico have shown resistance
(Schoonhoven et al., 1983). It was demonstrated that the resistance, an
antibiosis reaction, was linked to the presence of the protein arcelin
(Osborn ei: al., 1986, 1988). Some polymorphism exists in arcelin (Osborn
et al., 1986), those types with the highest levels of resistance being
concentrated in Guerrero and Michoacan, Mexico where, as claimed by Gepts
(1984, 1988), domestication did not take place. The reason why no source of
bruchid resistance was found in cultivated bean may simply be because the
trait of interest, the right arcelin type, was not present in the
domesticated population(s).

Although evidence is fragmentary, it thus seems that a few populations
along their long range in the Americas were in fact domesticated. Although
evidence is even more scarce, it also seems reasonable to conclude that
just a few plants within those populations actually participated in the
domestication process. Wild beans are still harvested as emergency food in
same parts of the Andes (Argentina: Brucher, 1954; Peru: Debouck and Tolme,
1988). Any particular variant (e.g. colored seed, non dehiscent pod) might
have been noticed and selected by early agriculturists. Since many traits
of high anthropic value are highly heritable (see Table 3), progress in
selecting for those traits would have been rapid.
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As pointed out by Iadizinzky (1985), there was no need to continue to
grow wild types once a more suitable genotype had been cbtained (although
we will comment on that later on). As is still done today in traditional
agriculture in Peru, farmers frequently exchange seeds on an individual
basis. When they see an interesting plant they do not have, they pick up a
few seeds (in some cases just one), walk back to their huts, and plant them
next season to see how they grow.

This form of selection could explain the diffusion of the 'S' types
throughout Mesocamerica starting from a few plants once domesticated in
western Mexico. This is also illustrated in Colombia: although the early
Colombian Indians began with selecting bean populations with 'B' phaseolin
(Gepts and Bliss, 1986), they were eager to import 'S' types in northemn
Colambia and 'T' types in southern Colombia.

Another evidence of this form of selection is suggested by the work on
bruchid resistance. A possible explanation of the absence of resistance in
any cultivated genoytpe would be that the right populations were not
touched by domesticating farmers. One should also remember that right
arcelins occur in low fregquencies in the original wild bean populations
(around 20%: Osborn et al., 1986). Given this, the few plants with
interesting seed, pod, or plant characteristics would not include most
probably the arcelin conferring resistance to bruchids.

A remaining question is to consider whether there was (or is) any
genetic flow from wild populations and/or early cultivars in recently
damesticated stocks.

2.2 The gene flow between bean genotypes. The problem of a possible
genetic flow to increase diversity in cultivated P. garis, and so to
limit the founder effect, can be considered in two aspects: first, the
gene exchange during domestication between sympatric wild forms and
primitive cultivars, and second the crossing between cultivated genotypes
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outside the range of the wild forms. But we should first examine whether
the gene flow 1is physically possible based on the rate of natural
outcrossing in P. vulgaris.

Cross-pollination apparently exists in the wild forms. For Mexican
materials, Wall and Wall (1975) and Vanderborght (1982) reported high
levels of outcrossing (3 to 50%), although Bricher (1988) spoke about "an
outspoken cleistogamy" for the P. aborigineus forms. Conflicting figures
are also reported for cultivated P. wvulgaris genoctypes (see Table 4).
Although these results need further confirmation particularly with respect
location effects, ecological conditions, and to pollinating agents
(carpenter and bumble bees seem quite active in this regard: Delgado et
al., 1988 and personal observations), it appears that cleistogamy is
perhaps not as constant as it was thought before and that high rates of
cross-pollination (> 10%) could be found in both wild and cultivated common
bean.

Crossing between wild forms and primitive cultivars can perhaps be
inferred from what can be seen now where both are still growing together.
Among Phaseolus species, wild P. vulgaris behaves as a weed in some places,
entering human made or disturbed habitats (in Mexico: Delgado et al., 1988;
in Peru: Debouck, 1987; Debouck and Tohme, 1988; in Bolivia,
Berglund-Bricher and Briicher, 1976). There is thus a possibility to find
both the wild forms and some traditional cultivars growing together. This
situation has been studied recently in Cuzco, Peru (Debouck and Tohme,
1988; Debouck et al., in press). There, the farmers eat the wild and the
weedy types and keep the large grain type "Amarillo Gigante" to be sold on
Sunday market. Indeed, beside the wild and the truly cultivated types, a
dozen of weedy or intermediate types were also found in the same field and
scmetimes eaten on the farm. That situation and the comments made by the
farmers led these authors (Debouck et al., in press) to hypothesize a
"weed-crop camplex" after Harlan (1965) and Harlan and de Wet (1965), where
the weedy types result from crosses between the wild and the cultivated
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forms. Similar situation and subsequent use by man have been cbserved in
other crops including, potato (Schmiediche et al., 1980), maize (Wilkes,
1977) and chili peppers (Pickersgill, 1981). There are thus strong
indications that the wild types have enriched the primitive landraces, and
apparently this is still occurring in 1988 in parts of the range! As shown
in Table 3, most of the "wild" characters are dominant in the progenies of
natural hybrids involving cultivated and wild forms. As pointed out by
ladizinsky (1985), this could lead to the formation of more weedy races on
the one hand and to the rejection of wwanted types by traditional farmers
on the other. 1In the case of beans, one wonders, however, how strong is
that rejection, since many traditional landraces of Peru and Bolivia still
exhibit a strong pod dehiscence (see also Brucher, 1988). On the other
hand, in one place in Cuzco, Peru, Debouck and Tohme (1988) observed that
farmers consumed weedy types on the farm.

As a concluding remark, one will note that crossing between wild and
cultivated forms is taking place within a restricted geographical area
resulting perhaps in a closer morphological likeness between the landraces
and their wild ancestors (see also Vanderborght, 1986). 'This could
contribute to the formation of gene pools too, as we will discuss it below.

Crossing between landraces in cr outside the range of wild ancestors
could be another way to reduce the founder effect. It can also be studied
in secondary centers. In traditional landraces of Malawi, natural
outcrossing occurs at a low frequency (around 1%, Martin and Adams, 1987),
but this is high enocugh to produce recombinants that can be selected by
farmers. How far does outcrossing allow the creation of new variability?
The work by Sprecher (1988b) on the same Malawi collection indicates that
new genetic variability appears but principally within gene pools and very
little between gene pools (partly due to male sterility and other genetic
disturbances). It would then be interesting to quantify the intercrossing
between gene pools where they were in contact for longer periods (e.g. in
Colambia or in northern Peru) to see whether those genetic barriers are
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also present.

3. s of us and their ic
consequences.

We will consider successively the travels of the beans within the
Americas before and after Columbus, then the travels to Europe, Africa and
Asia after Columbus. We will also discuss about some genetic changes which
have made possible to grow beans there successfully.

3.1 Travels within the Americas before Columbus. Evidence that beans
were exchanged in precolumbian times is obtained from archaeological and
biochemical studies, and studies on cultural contacts. This survey cannot
be exhaustive, will only present a few general movements.

Related to Mesocamerica:

1) ‘There are some indications (Soustelle, 1979) that the Olmecs had
cammercial contacts with Oaxaca and Guerrero, and from their hameland
in Veracruz up to southwestern Costa Rica (1500-2000 years BP). This
could explain the diffusion of some tropical black beans, freguent
around the Gulf of Mexico and neighbouring regions.

2) Cultural contacts have also been argued around 1500 years BP
(Snarskis, 1985) between Colombia and Panama and Costa Rica. This
could explain the diffusion of some 'B' phaseolin cultivars,
originally from Boyaca, Colombia to Costa Rica and even Guatemala
(Gepts and Bliss, 1986; Koenig et al., in press). On the reverse, the
same contacts could explain the presence of 'Sb' cultivars in
Southeastern Brazil.

3) Tributes payed to the Aztecs would have presented ancther opportunity
for exchar jes of large amounts of seeds in prehispanic Mescamerica

(Torres, L985). The dominant rule of this group would have
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contributed on a large scale to the diffusion of 'S' phaseolin
cultivars in Mescamerica (see Gepts et al., 1986).

Related to South America:

1)

2)

3)

The presence of a sieva type of lima bean in the uppers levels at
Huaca Prieta (northern coast of Peru) (Towle, 1961) indicates cultural
contacts at about 2500 years BP between that part of Peru and Colambia
or perhaps Mesoamerica where those beans originated (Pickersgill and
Heiser, 1978).

The presence of large seeded lima beans in Norcinti, Bolivia (Debouck,
1988a) outside the range of distribution of their wild relatives
(Debouck et al., 1987) would indicate an introduction there and thus
cultural contacts between southern Bolivia and western Peru.

The presence of 'T' phaseolin cultivars in southern Colombia (MNarifo;
where wild beans are not known) would indicate introduction from the
southern Andes where these types of phaseolin are common both in the
wild forms and landraces (Gepts et al., 1986; Tohme and Debouck, in
press) .

Little information is available about the genetic changes occurred in

the materials during these millenia. As judged on seed characters, many
grain colors were already selected including yellow (Kaplan, 1980). By 80O
years B.P., at Ocampo, Tamaulipas, bush types as well as a somewhat snap
bean are already present (Kaplan and Mc Neish, 1960).

1)

3.2 Travels within the Americas after Columbus related to
Mesoamerica.

A movement already perceptible during the last precolumbian period
will continue in the Greater Southwest with more beans entering that
part of the USA (Carter, 1945; Kaplan, 1956).
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2) Soon after the Spanish Conquest, there was an active exchange of
germplasm between Mexico and Peru (E. Hermandez X., pers. comm.).
This could explain the presence of 'T' phaseolin cultivars in Mexico
such as certain "Cacahuates" or "Japones". In the opposite direction
there is the small seeded white variety in Peru called "Panamito" with
'S' phaseolin (Gepts, 1984).

3) Haiti, part of Hispaniola, serving as a stop for the spanish galleons
on their way to Europe, became soon a secondary center of diversity,
with a special emphasis on earliness (C. Messiaen, pers. com.),
resulting in the "Pompadour" group with 'T' phaseolin (Gepts et al.,
1988) .

Again little information is available. One can hypothesize that as
the beans were moved towards higher latitudes especially in the northern
hemisphere, some selection was made for day neutral cultivars, i.e. able to
bloom under longer days. Also perhaps for bush types, as the growing
season becomes shorter at higher latitudes.

3.3. Travels from and outside the Americas after Columbus. Columbus
discovered central America in 1492. Less than 60 years later common bean
was grown extensively in western Eurcope (Ledn, 1987; Brucher, 1988). From
there, it was distributed much further: southeastern Eurcpe and the Middle
East, Iran and India, other places in Asia, Africa and back to the
Americas. ILet us illustrate a few cases.

1) Most of the varieties in Europe come from the southerm Andes
displaying 'T' and 'C' phasolins (Gepts and Bliss, 1988). This raises
the following questions:

- Were they better adaptated to longer photoperiods and/or
cooler temperatures?
- Did early travelers prefer them for their larger grain size?
- Was there a higher mutation rate for snap bean characteristics in
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2)

3)

these gene pools"

Several European varieties were brought back to the Americas,
particularly the USA and Argentina. Several specific cases are well
documented (Gepts et al., 1988).

Beans were also introduced successfully in Africa, both directly from
Brazil (Evans, 1976) and indirectly from the southern Andes through
Eurcpe since the Andean types of phaseolin are dominant in Africa
(Gepts and Bliss, 1988).

Because of the extension of the geographic range, day neutral

cultivars were developed. Also to mention is the appearance of several

recessive characters (waxy pods, yellow pods,very long pods) according to
specific selection pressures in the secondary center.

Part 2. Implications for Breeders

In the first part, we have presented three groups of facts about the

origin of the cammon bean, P. vulgaris, which are:

Origins of the common bean are multiple and the different
domestications about 10.000 years ago were then independent.

Domestication was not neutral towards genetic diversity included into
the domesticated stocks: a founder effect tock place with regional
differences, also with differences in intensity.

Genetic changes at a few loci resulting in new characters of high

anthropic significance (related to seed, pod, growh habit) appeared
early in bean crop history.
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Let us now discuss some of their consequences.

1. Gene pools formation and incompatibility problems

Independent domestications using morphologically different wild
populations led to formation of morphologically distinct groups of
cultivated genotypes. As we have seen above and as has been observed in
other crops (Harlan and de Wet, 1965; Johns and Keen, 1986; Wilkes, 1977),
there is a strong possibility that crosses between wild and/or weedy
populations and early cultivars contributed to the likeness between these
two. Multilocal domestications had other consequences: physical isolation
of groups of early cultivars from each other for thousands of years
(2000-4000 years as can be deduced from the above mentioned figures) led to
their genetic isolation and the formation of gene pools. If so, one should
experience problems of genetic incompatibility when crossing between gene
pools and first of all between regions of origin. In Table 5, some of
these crosses are reported.

Although this survey is far from being complete, it appears that
crossing between small seeded Mesocamerican cultivars and large seeded
southern Andean cultivars is 1likely to fail with little or no true
recombination. As we have seen above and in Sprecher (1988b), in Africa,
while crosses occur, genetic barriers prevent the formation of recombinants
between the gene pools brought there and planted together.

In crosses investigated so far, F, hybrid weakness is apparently
controlled by 2 complementary genes: DLl (for dosage dependent lethal, Shii
et al., 1980) attributed to Mescamerica and DIL2 to the southern Andes. The
F, hybrids DL1 dll DL2 dl2 give crippled plants at high temperatures, less
abnormal plants at lower temperatures. The fact that some crosses between
'S' and 'T' phaseolins in both cultivated and wild parents can give a
normal offspring would discard a direct linkage between the genes coding
for phaseolin and the expression of Fl weakness. But, on the reverse, DLl
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and DI2 are respectively unseparable from certain phaseolin types. This
was indirectly evidenced by Sprecher (1988a) on a small sample including
the standard lines for phaseolin types and 27 lines producing F1 hybrid
weakness. These materials displayed altermate isozyme profiles between
the Mescamerican (wiht 'S' and 'B' phaseclins) and the Andean gene pools
(with 'T', 'C', 'A' and 'H' phaseolins). Now the fact that crippled plants
can also be cbserved in crosses with 'S' and 'B' phaseolin types would
indicate that there would be more genes responsible for F1 weakness.
Although obviocusly more data are needed, it would be indicative of an
incipient separation of the Colombian materials with 'B' from the
Mesocamerican stocks, despite their similarity in isozyme profiles (Schinkel
et al., 1988).

Once more, we need more data about crossability problems in beans,
also because of its practical consequences. But there is increasing
evidence that the extremes of the range when cultivated are not always easy
to cross. It would be of interest to test the following hypothesis:

- Are there cases of incampatibility in 'T' phaseolin types?

- Are there other cases of incompatibility between genuine Mesocamerican
and Colombian cultivars?

- Is the incampatibility a result of domestication?

Although the type of phaseolin can be very useful in predicting
successful crosses, it does not constitute a definitive insurance. It
would be therefore useful to develop other (molecular?) markers. On the
other hand, as these hypotheses are progressively examined, it will be
possible to increase the variability by crossing between gene pools.
Although difficult (see above), it could be rewarding on the long run, as
indicated by the larger mumber of loci where polymorphism is expressed in
snap beans (Weeden, 1984; Sprecher, 1988a).
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2. Are we facing a case of co—evolution between the crop and its
biotic and abictic enviromment?

If as we hypothesize above early landraces were domesticated in
isolate plots and were separated from each other for thousands of years,
then there would be strong cases of co-evolution between these landraces
and the agents either biotic or abiotic present in their enviromment. 1In
other words, one should find strong correlations between some particular
landraces and some strains of diseases, some climatic stresses, etc. This
approach in beans, suggested by Gepts and Bliss (1985), has just started
and evidences are accumilating. We will consider two cases: diseases and

Stavely (1984 and 1988) reported about the variability of rust in the
Us, showing the differential susceptibility of bean cultivars to rust
races: some snap bean cultivars highly susceptible to US races reacted in
the same way, suggesting a kind of specific host-pathogen reaction.
Compuesto Negro Chimaltenango, originally a mixture of black beans from
Guatemala, showed the highest level of resistance to a large series of
races (Stavely, 1986), perhaps because of its larger genetical basis.
Later on, other lines were tested (Stavely, 1988) and PI 181996 and 189013
both from Guatemala were also highly resistant to US races. Another
interesting cultivar Ecuador 299 has a 'S' phaseolin, as does Compuesto
Negro Chimaltenango (P. Gepts, pers. comm.).

After a electrophoretical study on 55 isolates of angular leaf spot,
Correa (1987) found that the resulting two pattemns of four enzymes could
be associated with the kind of beans they infect, one pattern being found
on large seeded types and the other being found on small seeded types. A
confirmation is needed to be sure that one pattern is found only on large
seeded materials in a specific geographic zone and vice versa. But these
two examples indicate that pathogen variability is not distributed at
random. In this case, many agronomical practices and screening methods
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should be revised.

Remnie and Kemp (1983a, b) showed that when testing several bean
cultivars for their efficiency in nitrogen fixation using a single strain
of PEhizobium, the effect of cultivars was significant, as was the
interaction strain—cultivars. If these results prove true on more
materials (wild beans for instance), nitrogen fixation could be improved by
choosing the right counterparts.

3. Practical consequences for breeding and germplasm management

The above mentioned results, although fragmentary in some cases,
clearly indicate that bean breeding from now orwards will be more concerned
about the origin of the materials used as potential genitors. Three kinds
of needs can be formulated:

1l}) Need for information about the materials: a free access to the full
passport data about any accession appears as a requisite in any
breeding work. Without all geographic information and coordinates,
germplasm accessions lose much of their value. Around 60% of the
cultivated materials of P. vulgaris held in germplasm banks would lack
their full passport data, thus limiting their future use. Hopefully,
thanks to biochemical markers (isozymes, muclear and mitochondrial
DNA) and well documented collections of wild P. vulgaris, it will be
possible to improve this situation.

2) Need for information about genetic relationships: future bean breeding
will take more into account to which gene pool belongs a potential
genitor, in order to avoid compatibility problems or to assure better
complementarity between parents. Biochemical markers which can
indicate these compatibilities at nuclear and/or cytoplasmic levels
will be used intensively. Here also, the wild beans can play a key
role in showing a broad sample of variability.
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3) Need for a synthetic approach to the bean biodiversity: it becomes
more evident that much genetic diversity was lost both during the
domestication process, and through the operations of germplasm
collection and handling. Fxamples of interesting traits being present
at low frequencies in original populations are increasing: bruchids
(Osborn et al., 1986), I gene in wild bean accessions (J. Tohme, pers.
comm.). Guidelines have been published elsewhere (Debouck, 1988b) on
how to pick up these rare variants at the collection site. losses of
genetic variability inside gernmplasm collections (Roos and Centner,
1984; Klein et al., 1988) should be avoided by improved procedures.
It must be kept in mind that breeders currently do not and will not
have access to the original variability, i. e. in its original
context. It is thus of paramount importance to sample the original
populations trying to preserve as much of the real genetic diversity
as possible throughout the whole process of germplasm conservation.
In the future, it would be also highly useful to know more about the
variability of diseases, pests and Rhizobium in the original sites,
and to correlate this information with the diversity in bean
germplasm. In the case co-evolution and local concentration of
interesting traits can be further evidenced, then breeders and
germplasm specialists should focus more on very primitive landraces
and wild beans, since the distribution of the later could reflect more
the regional distribution of the biotic and abiotic constraints.
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Table 1. Some morpho-physiclogical characters of wild P. vulgaris observed
in Palmira and Popayan, Colaombia.

100 Seed Hypocotyl Bracteole Days to
Origin weight texture size/shape flowering
(9)
Mexico 5-8 Lignified Iarge, ovate 40-50
Guatemala 6-9 Lignified large, orbicular 50-65
Costa Rica 5-6 Herbaceous? Large, ovate >100
Colambia 8-12 Lignified large, ovate 65-75
Peru
Northern 15-16 Lignified? Medium to large, 55-65
ovate
Southern 10-16 Herbaceous Large, lanceolate 45-55
Bolivia 9-12 Herbaceous lLarge, lanceolate 40-50
& small, triangular
Argentina 12-16 Herbaceous Small, triangular 35-40

Table 2. Phaseolin types of wild populations and landraces of P. vulgaris
from different Latin American countries.

Country Wild Populations Landraces Sources
Mexico M, S S, &4, T 1, 4
Guatemala M, S5 S, B 1, 4
Costa Rica M S, B 3. 1.4
Colarbia CH, B s, T, C B 2, 4
Peru

North I T, C, H, S 1, 4

Center T,C T, C, H A, S 5, 1

South T,C,K T, C, H, S 5, 1
Bolivia T T, C, 5 5, 1
Argentina (NW) T H. G T T H 4, 1

Gepts et al., 1986
and Bliss, 1986

Debouck, et al., 1988
Foenig et al., in press
Tchme and Debouck, in press

0 od Wby =
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Table 3. Some morphological traits of high anthropic significance and their heritabilty.

Trait Number of Loci Inheritance Reference
Dehiscent/non 2 or 3 Dominant/recessive Prakken, 1934;
dehiscent pod Leakey, 1988
Colored/pure white seed 9 Deminant/recessive Leakey, 1988
seed
Indeterminate/determinate 1 Daminant/recessive Norton, 1915;
growth habit Bliss, 1971
Internode length: long/ 1 Dominant/recessive Leakey, 1988

short lower internocdes




Table 4. Estimated outcrossing rates for cultivated P. vulgaris

Flace

Rate (%)

Reference

Berkeley, California
Davis, California
Irvine, California
Lilongwe, Malawi
Awassa, Ethiopia
Several places, Mexico
Chapingo, Mexico
Mayaguez, Puerto Rico

0.7
0-0.007
9-69
0.8
3=5
1-4
? |
0.04-17.6

Mackie and Smith, 1935
Tucker and Harding, 1975
Wells et al., 1988
Martin and Adams, 1987
Stoetzer, 1984

Crispin, 1960

Miranda Colin, 1971
Brunner and Beaver, 1988
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Table 5.

Saome crosses of cultivated P. vulgaris from different origins and problems

encountered.
Origins Phaseolin Symptoms,/ Reference
types abnormalities

South Andean/Mesoamerican TxS Crippled plants Coyne, 1965
via Kenya  via USA
Guatemala/Bolivia SxT Chlorosis and shii et al, 1980
and its reciprocal lethality
South Andean/Mescamerican TxS Dwarf plants Singh and CGutiérrez, 1984
via Turkey wvia Brazil
South Andean/Mescamerican TxS Absence of roots Gepts and Bliss, 1985
via UsA via Brazil (also for a review)
Guatemala/Chile sSxcC Cripples Temple, 1977 (unpublished)
Costa Rica/South Andean SxT Cripples Temple, 1977 (unpublished)

via Haiti
Mexico/Colambia SxB Cripples Temple, 1977 (unpublished)




Figures

Fig. 1. Distribution of seed accessions of wild Phaseolus vulgaris L. as

of 1988.
Fig. 2. Archaelogical findings of Phaseolus vulgaris L.: places and years
before present.

Fig. 3. Phaseolin types in wild Phaseolus vulgaris L. as of 1988.
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THE BEAN GERMPLASM BANK OF MEXICO
Francisco Cardenas R.*
Introduction

From the time that man appeared on the earth, his sustenance has
depended, directly or indirectly, on vegetables, since animals are
incapable of synthesizing their own food intake from soil minerals, gases
in the atmosphere, and sunlight. As a consequence of natural selection and
selection practiced by man from the beginnings of farming, in bean
(Phaseolus vulgaris L.), as for all plants, great genetic variability has
been created. Certain regions exist in the world where physiographic
characteristics favor the development and existence of a large number of
ecotypes, and they are known as primary centers of genetic variability.
Mesoamerica is considered to be one of the primary centers of genetic
variability for bean.

Genetic variability of Phaseolus vulgaris L., as in other vegetable
species, is being reduced as a result of the following: change in soil use;
development of improved varieties from parental-crossed pure lines;
planting in large areas of the same crop or closely 1lated cultivars; the

generalized use of cultural practices that minimi- -mental effect on
the plants, such as in the case of the use o’ insecticides,
fungicides, growth regulators, etc.; and i- materials,
overgrazing.

* Director, CENID-Recursos Genéticos, Instituto Nacional de Investigaciones
Forestales y Agropecuarias, Apartado Postal 10, Chapingo, Méx., México.
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Upon analyzing the items mentioned in the previous paragraph, we
cbserve that the causes of genetic erosion have been and will be a
consequence of the evolution of farming. Undoubtedly, this pressure will
continue to be greater in coming years, especially in developing countries.

In order to reduce as much as possible loss of genetic variability, it
has been necessary to collect and conserve the largest possible mumber of
bean samples from materials planted by farmers in Mexico. The same is also
true for materials that have evolved without man's intervention.

Make-up of the Germplasm Bank
Since 1942, work on bean prospecting and collecting in Mexico has been
carried out. In the last few years, together with CIAT, wild materials

principally of the Phaseolus genera have been collected.

The Germplasm Bank is made up of 10,651 accessions, 90.7% of which are

cultivated species, vulgaris, coccineus, lunatus, and acutifolium; and 9.3%
represent 24 wild species. In both cases, wvulgaris represents 83.5%
(Table 1).

88.4% of the wvulgaris accessions were collected in America, with 9.2%
coming from Europe, 1.7% from Asia, and 0.7% from Africa (Table 2). On the
other hand, 66.1% have been collected in Mexico and 12.0% in Central
America: thus, more than 78% of the bank is made up of materials coming
from Mesoamerica. And, as was indicated before, the bank is located in a
primary center of bean genetic diversity.

Of material not originating in Mexico, approximately 80% has been
cbtained from CIAT.

In Mexico, an annual average of two million hectares of beans are grown
and it can be affirmed that they are planted in practically all of the
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federated entities, with an average yield of around 650 kg/ha. These low
yields are explained if one takes into account that in more or less 60% of
the cultivated area, rainfall is very low, planting is done on relatively
small surface areas, and it is done by farmers who practice traditional
farming. Average per capita consumption is approximately 18 kg per year.

Because of all this, the collection of materials has been and is being
carried out in all the national territory, taking into consideration
ecological and ethnic variability of the country's diverse regions.
Table 3 presents the mumber of accessions existing in the germplasm bank
collected in each of the federated entities in the country.

Characterization and Preliminary Evaluation

puring the last seven years at the Campo Experimental del Valle de
México (CEVAMEX), in Chapingo, 6,284 accessions of Mﬂ_u; vulgaris have
been characterized and evaluated preliminarily. The following descriptors
are evaluated:

1. Color of hypocotyl

2. Length of hypocotyl

3. Length of the fifth odd foliolate

4. Width of the fifth odd foliolate

5. Number of internodes at the beginning of flowering
6. Number of intermodes at the end of flowering

7. Growth habit

8. Angle of the secondary branches

9. Number of days from planting to beginning of flowering
10. Number of days from planting to end of flowering
11. Plant height

12. Mumber of days from planting to maturity

13. Stem diameter

14. Number of pods per plant
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15. Number of seeds per pod
16. Total plant weight at maturity
17. Grain yield per plant
18. Harvest index

19. Weight of 100 seeds

20. Volume of 100 seeds

21. Seed density

22. Seed form

23. Seed color

24. Brightness of cover

25. Reaction to diseases
26. Reaction to insects

In all the descriptors cited, there exists a great variation in each
cne of them, as does a broad cambination among them. Within some
characteristics that are important in improvement programs, the following
variations have been observed in plantings at CEVAMEX:

Days from planting to first flower: 40 to 120
Days from planting to last flower: 20 to 65
Days from planting to maturity: 95 to 180
Total plant weight: 31 to 535 grams

Yield per plant: 6 to 180 grams

Harvest index: 0.03 to 2.3

Number of pods per plant: 11 to 270

Weight of 100 seeds: 15 to 55 grams

Volume of 100 seeds: 15 to 50 cc

Density: 0.85 to 1.5 g/cc

Growth habit: I to V
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The five types of growth habit are defined as follows:

I, Determinate, bush, pods well-distributed on the plant, pods almost
touch the ground. Type: Canario 101.

II. Indeterminate, bush, with small guides which almost entwine,
well-distributed pods, pods rarely touch the ground. Type: Jamapa.

III. Indeterminate, guides of intermediate size with little tendency to
entwine, pods concentrated on the lower part of the plant and which

are frequently in contact with the ground. Type: Negro 150.

IV. Indeterminate, large and tangling guides, well-distributed pods; for
this type to develop well, it needs to be planted with a support.
Type: Accession 2068.

V. The same as the previous one, but with more vigor and a greater

number of secondary branches; it is generally later.  Type:
Accession 3476.

ific uvations
Stability of 17 descriptors in 197 accessions, in 5 enviromments

One of the objectives of bean improvement is to develop cultivars that
will have a broad adaptation radius and at the same time their behavior
will be the most stable possible. On the other hand, when Phaseolus
vulgaris accessions are characterized, it is necessary to use those
characters that will be less influenced by envirormental changes.

With these ideas in mind, 197 accessions were planted, and they were
selected as representative of broad variation which exists in the germplasm

bank, in five different enviromments. In Annexes 1 and 2, information on
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year of collection, altitude, latitude and longitude of the collection site
. for the trial materials, as well as their comon name, is presented.
Regarding the testing sites (Chapingo, Celaya, Cotaxtla, Zacatecas, and
Zapopan), climatic parameters; altitude, latitude, and longitude; maximum,
minimum, and average temperatures; and average monthly rainfall from May to
October are presented.

From each one of the accessions, rows six meters long were planted,
separated from each other by 80 cm, with 30 cm between plants. Supports
were used on those parcels where necessary. Five plants with uniform
campetency were labeled and pertinent observations were made on them; the
averagewaauaeitamakediffmt comparisons.

The characteristics of flower color, seed shape and brightness, as well
as angle of the primary branches in relation to the main stem are
maintained almost constant. Nevertheless, in the case of seed color, in
some original accessions of mild climate planted in winter (November and
December) in a dry tropic, the color of harvested seeds is less intense.

Results obtained regarding stem diameter can be summarized in the
following manner:

Chapingo Celaya Cotaxtla Zacatecas Zapopan
Range in mm 4-11 4-10 4-10 6-13 4-12
Most stable accessions: 508, 559, 688, 943, 949, 1031, 1215, 2374, 2748.

With greater diameter in Chapingo and Zacatecas: 51, 307, 543, 553, 888,
903, 963, 969, 1546, 1651, 1657.

With greater diameter in Celaya and Zapopan: 1553, 1571, 2475, 3476.
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With greater diameter in Cotaxtla: 508, 960, 963, 1049, 1152, 2374.

The most stable materials in all enviromments have growth habits II and
III, same being early and others intermediate, with an average plant yield
and with large and small seeds. Accessions of the types Cacahuate and
Negro Tropical are being found. '

Materials with a greater diameter in Chapingo and Zacatecas have
medium- to large-sized seeds; plants with habits III, IV, and V; are
generally late; types known as Canelo, Rebocero, and Morado de Agua are
found in this group.

Flor de Mayo, Cana bean, and Zenete are types which have a large and
stable stem diameter in Celaya and Zapopan, they have intermediate-sized
seeds, with habits III, IV, and V, and, in general, they are late and have
an intermediate number of pods.

In Cotaxtla, materials with greater diameter are from habit II, with
small or large seeds of medium earliness, and with few pods per plant
except for accession 508. In addition, their yield per plant is good. The
types Cacahuate, Japones, and Huasteco are present in this group.

The following results were found for the characteristic number of
interncdes:

Chapingo Celaya Cotaxtla Zacatecas Zapopan
Range: 8-37 5-47 8-32 6—49 5-35

Most stable materials: 627, 642, 643, 663, 790, 895, 963, 1035, 1460,
1629, 2021, 3287.

Accessions with a greater mumber of intermodes in Chapingo and Zacatecas:
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530, 1597, 1638, 1697, 1603, and 3420.

In Celaya and Zapopan, accessions with a greater mumber of interncdes were:
96, 101, 701, 809, 1571, 1596, 1597, 1638, 2650, 2708, and 3476.

Accessions 518, 530, 959, 1049, 1597, 1651, 1818, 3505, and 3613 are those
which had a greater number of internocdes in Cotaxtla.

The majority of stable materials are of types I, II, and III and are
generally early and intermediate plants, with low and intermediate yields
with small and large seeds. Types Cuarentano, Negro Tropical, and
Almendrillo are found in this group. Materials with a larger number of
internodes in all sites are of habits IV and V with small- and
intermediate-sized seeds, plants with medium to late earliness and
generally low yields. The following types are present: Rosa de Castilla,
Mexicano, Acalete, and Moro.

The range of variation in the number of days from planting to
initiation of flowering was as follows:

Chapingo Cotaxtla Zacatecas Jalisco
Range: 44-120 29-48 36-109 34-79

The most stable accessions in the four sites mentioned were the
following: 187, 508, 627, 647, 663, €88, 949, 957, 959, 960, 1024, 1035,
1152, 1460, 1629, and 2021. All these materials initiate their flowering
between 35 and 45 days after planting, the majority have habits I and II,
generally small or large seeds, with a small to intermediate mumber of
pods, and average yield per plant is often low and in some cases
intermediate. Common names of some of these accessions are Cuarentano,
Ejote, Cacahuate, Japones, Frijola, Huasteco, De Vega, Bonbon, etc.
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Stable collections and those with a reduced mumber of days from
planting to the appearance of the first flowers in Chapingo and Zacatecas
were 187, 627, 647, 895, 960, 1024, 1035, 1152, 1629, 3288, and 3475, those
which have the same characteristics mentioned in the previous paragraph.

In Zapopan, collections with a short period from planting to initiation
of flowering were 187, 409, 539, 575, 627, 643, 647, 823, 895, 899, 960,
1011, 1024, 1035, 1152, 1215, 1434, 1466, 1469, 1629, 1638, 2736, 3288, and
3475. Characteristics of these materials are similar to those indicated in
the case of stable accessions in all enviromments. In addition, some early
materials are added, with large seed and with an intermediate mmber of
pods per plant. Those are known as Ojo de Cabra, Cuarentano, Canelo, and
Pastilla.

Under tropical conditions, such as in Cotaxtla, all the materials
initiated their flowering between 35 and 45 days after being planted.

The flowering period, number of days from first to last flowers, had
the following ranges of variation:

Chapingo Cotaxtla Zacatecas Zapopan
Range: 29-60 11-31 10-44 22-54

Materials which showed themselves to be the most stable were 188, 539,
544, 547, 555, 581, 627, 688, 728, 849, 889, 902, 904, 907, 947, 965, 1011,
1460, 1466, 1651, 1818, 2681, and 3362. Of these accessions, 75% have
growth habits III and IV and the rest have II and V. Fifty percent have
large seeds and in the other 50%, medium-sized seeds predominate; earliness
is intermediate to lateness; and yield per plant generally ranges from
intermediate to high. Some of the materials are known by the following
names: Bonbon, Vaguita, Panza de Venade, Bayo Rata, Grullo, etc.
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In Zacatecas and Chapingo, materials which showed stability and a short
flowering period were 85, 145, 299, 586, 627, 688, 701, 895, 904, 1033,
1035, 1152, 1215, 1460, 1629, 1798, 1818, 1868, 2310, 2375, 2533, 2748, and
3475, Twenty-five percent have growth habits I and II, 35% have habit III,
and the rest have habits IV and V. Intermediate and late early materials,
with intermediate and large seeds, and with small, intermediate, and large
yields per plant are found. Cuarentano, Cacahuate, Ejote, Espanol,
Garbancillo, etc., are common names by which the previocusly cited materials
are known.

The mumber of days from planting to maturity showed the following
variation:

Chapingo Celaya Cotaxtla Zacatecas Zapopan
Range: 107-184 82-130 72-86 82-161 72-133

The most stable accessions in the five environments were 187, 895, 949,
1011, 1024, 1035, 1152, 1469, 1629, 1798, and 3888; 75% of which have
growth habit I and the rest have growth habits II and III. All have large
seeds, with a low mumber of pods per plant, and their yields are generally
low. Some common names for these materials are Cuarentano, Canario,
Cacahuate, Ejote, Ojo de Cabra, Peruano, Palacio, etc.

In Chapingo and Zacatecas, stable materials with a short period from
planting to maturity were 187, 895, 1011, 1024, 1035, 1469, 1629, 3288,
3402, and 3475. These accessions have already been mentioned in the group
of those with good stability in all envirorments.

Stable accessions with a short period from planting to maturity in
Celaya and Zapopan were 187, 575, 643, 647, 807, 895, 960, 1011, 1024,
1035, 1215, 1409, 1469, 1629, 1638, 1798, 1845, 2533, 3288, and 3475. Half
of these materials were already mentioned in the case of broad stability
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and the other half have the same characteristics of growth habit, seed
size, mumber of pods per plant, and yield.

In Cotaxtla, differences in earliness were very small; 95% of the
material planted matured between 74 and 80 days.

Yield per plant, expressed in grams, had the following variations:
Chapingo Celaya Cotaxtla Zacatecas Zapopan
Range: 6-180 11-149 9=-92 19-388 11-224

In the five test enviromments, materials which showed stability were
72, 145, 187, 508, 627, 728, 889, 957, 963, 1023, 1035, 1152, 1818, 2374,
and 3397. Within this material, representatives are found for the five
growth habits, seed size varies from small to large, the same as earliness
and yield per plant. It is common within these materials to find the names
of Cuarentano, Cacahuate, Huasteco, Bonbon, Moro, Almendrillo, and Apetito.

Collections with greatest yield and stability in Chapingo and Zacatecas
were 200, 307, 575, 969, 1596, 1651, 2021, 2068, 2300, 2316, 2337, 2681,
3338, and 3362. Growth habit of these materials can be IV or V, with
intermediate or large seeds, number of pods per plant is high, and, in
general, plants are late, with more than 135 days from planting to
maturity. They are commonly known as Morado de Agua, Grullo, Higquerilla,
Zarco, Moro, etc.

In Zapopan and Celaya, the following accessions stood out for their
stability and yield: 96, 121, 145, 307, 727, 889, 957, 963, 969, 1019,
1075, 1657, 1868, 2068, and 3362. These accessions, the great majority of
which have large seeds and growth habits IV and V, are intermediate or
late. They are known by the following common names: De Enredo, Moro,
Almendrillo, Blanco Grande, Arroz, etc.
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Stable materials with good yield per plant in Cotaxtla are 72, 83, 96,
489, 508, 518, 688, 807, 903, 957, 1409, 2748, 3476, and 3613. Ten of
these accessions have growth habit IV, three have habit V, and one has
habit I. Seed size for half is small and for the other half it is large.
They have a medium number of pods per plant and the largest majority are of
intermediate earliness. They are commonly known by the names Huasteco,
Grullo, Rebocero, Flor de Mayo, Negro Opaco, Isiche, etc.

Total plant weight at maturity, expressed in grams, showed the
following ranges of variation:

Chapingo Celaya Cotaxtla Zacatecas Zapopan
Range: 31-535 31-283 17-156 36-752 42-604

Accessions that showed themselves to be stable with a high total plant
weight were 121, 307, 555, 1546, 1596, 1651, 2021, 2316, 2681, 2337, and
3420. Plants from these materials are of growth habits IV and V, are late,
have a high number of pods and a large yield per plant. They are commonly
known as Borrego, Parrelena, Obalado, Pecoso, etc.

In the five environments, materials mentioned as follows were stable in
Chapingo and Zacatecas: 299, 508, 627, 642, 643, 963, 994, 1023, 1035,
1152, and 3748. These materials have growth habits I, II, and III, and, in
general, their seeds are intermediate-sized. In addition, their yield per
plant is intermediate, and they can be early or intermediate and have a low
or medium number of pods per plant. Common names with which they are
frequently designated are Cuarentano, Cacahuate, Huasteco, Bonbon,
Zamorano, Flor de Mayo, Rosita, etc.

In Celaya and Zapopan, materials which had a high total plant weight
and which showed stability are 96, 121, 969, 1019, 1075, 1571, 1634, 1676,

1868, 1908, 2650, and 3362. They are commonly known as De Enredo, De Cana,
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Isiche, Morado de Agua, Ejotero, etc.

Accessions which had a high total plant weight in Cotaxtla were 508,
518, 555, 688, 1045, 1049, 1075, 1129, 1221, 2748, 3476, and 3613. The
great majority have growth habits IV or V, with low-yielding small seeds
and medium earliness. Common names of these materials are Negro Opaco,
Manzano, De Enredo, De Pascua, Ancho, Zinguino, etc.

Harvest index was defined as the relation between yield per plant
divided by total dry plant weight, from which yield per plant was
subtracted. Variation observed in this character was the following:

Chapingo Celaya Cotaxtla Zacatecas Zapopan
Range: 0.30-2.25 0.28-3.11 0.10-3.75 0.10-3.30 0.15-2.47

In test erwviromments, the most stable materials were 51, 188, 544, 575,
586, 637, 647, 663, 688, 849, 994, 1651, 1845, 1868, and 3288. They mainly
have growth habits I, II, and III, and occasionally habit IV. Seed size
varies from small to large, the same as number of pods per plant and yield
per plant. These collections are known as Colima, Flor de Mayo, De Vega,
Huasteco, Arroz, Borrego, etc.

Stable materials in Chapingo and Zacatecas that at the same time have a
high harvest index were 508, 575, 637, 663, 688, 790, 969, 1460, 1676,
1868, 2558, and 2748. These collections, except for two, have growth habit
IV, intermediate and large seeds, and an intermediate to long period from
planting to maturity. The number of pods per plant and yield are high.
Huasteco, De Mata, Pastilla, Morado de Agua, Arroz, Tigre, etc., are common
names of these materials.

In Celaya and Zapopan, accessions 602, 637, 762, 907, 963, 993, 1001,
1031, 1460, 1676, and 2374 are stable and have a good harvest index.
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Eighty percent of them have growth habit III, and growth habits IT and IV
are found in equal proportion. Nine of the eleven materials have large
seed, and the rest have small. The mumber of pods per plant is low, yield
per plant varies from low to intermediate, and the number of pods per plant
varies in the same manner. 'These materials are comonly known as
Almerdrillo, Azufrado, Perla, Cacahuate, Bayo Rata, etc.

Materials which were outstanding for their high harvest index in
Cotaxtla were 145, 508, 823, 903, 957, 963, 1215, 1409, 1547, 1603, 1629,
1909, 3362, 3475, and 3613. Seventy percent of these have growth habit TV
and the rest have growth habits I and II. Around 50% have large seeds and
the rest have small to intermediate ones. Yield per plant and mmber of
pods per plant are high. Burro, Rebocero, Bola, Huasteco, Almendrillo,
etc., are common names by which these accessions are known.

Variation observed in the number of pods per plant was the following:
Chapingo Celaya Cotaxtla Zacatecas Zapopan
Rarge: 11-279 11-111 7=-61 16-278 24-198

The following accessions stood out at the five sites for their
stability: 84, 508, 627, 675, 701, 728, 888, 949, 1023, 1033, 1035, 1152,
1469, and 1629. The five growth habits are found in these accessions, seed
size ranges from small to large, yield per plant nuns from low to
intermediate, and the number of days from planting to maturity fluctuatos
from earliness to lateness. MNames by which these materials are known are
Cacahuate, Cuarentano, Huasteco, Bonbon, Canelo, Fatachete, etc.

Materials which had a high nuwber of pods per plant and at the same
time were stable in Zacatecas and Chapingo were 51, 121, 188, 286, 307,
555, 575, B09, 965, 1603, 1868, 2021, 2068, 2337, 2375, 3007, and 3368.
Predominant growth habits for these accessions are IV and V, seed size goes



from small to large, plants are late, they have a high mumber of pods per
plant, and they have a gmd yield. They are camonly known as Vaquita,
Franelo, Arroz, Garbanza, Pastilla, Pecoso, etc.

In Zapopan and Celaya, the following accessions were stable and had a
high mmber of pods per plant: 70, 96, 121, 188, 307, 581, 701, 728, 1571,
1634, 1676, 1868, 1908, 1919, and 2068. They have growth habits IV and V,
intermediate to late earliness, intermediate to high average yield per
plant, and medium to large seed size. They are commonly known as Vaquita,
Moro, Ejotero, Arroz, Guadalupano, etc.

Accessions which stood ocut in Cotaxtla for mumber of pods per plant
were 167, 286, 299, 489, 508, 518, 1225, 1547, 1603, 2558, 2748, 3288,
3613, and 4016. Growth habit IV predominates, yield per plant is average
to good, earliness is medium, and seeds are medium-sized. These materials
are known by the names Negro Opaco, Aceitunado, Zamorano, Amapolo,
Zacapefio, Colima, etc.

The range of variation observed in the mumber of grains per pod in the
five test enviromments were:

Chapingo Celaya Cotaxtla Zacatecas Zapopan
Range:  3-6 2-8 2-8 4-7 3-7

At the five sites, materials which showed stability for this
characteristic were 489, 508, 543, 663, 688, 919, 957, 969, 1023, 1152,
1215, 1551, 1597, 1909, 2139, 2374, 2744, 3287, 3402, 3475, and 3505.
Growth habits for these accessions vary from I to V, and seed size, mumber

of pods per plant, and yield per plant are egual, ranging from small to
large. Cacahuate, Huasteco, Cuarentefio, Grullo, Tzama, Lenteja, etc., are
common names by which these beans are known.
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In Chapingo and Zacatecas, materials which had a high number of grains
per pod and showed stability were 489, 508, 530, 555, 663, 804, 895, 1033,
1651, 1657, 1697, 1868, 1909, 2316, 3476, and 3613. These materials have
plants with growth habits II to V, with those having small seeds
predominating. They have medium to late earliness, and yield per plant and
mumber of pods per plant vary from average to high. These types of bean
are known as Huasteco, Espanol, Borrego, Bonbon, Arbolito, Jarocho,
Acalete, etc.

Accessions with a high number of grains per pod and that were stable in
Zapopan and Celaya are 508, 555, 642, 653, 663, 688, 701, 943, 1019, 1034,
1215, 1551, 1908, 1909, 2708, 3287, and 3505. Growth habits for these
materials varied from II to V, the great majority have small seeds, the
number of pods per plant varies from low to intermediate, the same as yield
per plant. Blanco Chico, Berrendo, Barreton, Peruano, Mantequilla, and
Huasteco are names by which these beans are known.

In Cotaxtla, accessions which had a high mnumber of grains per pod were
187, 508, 530, 663, 688, 1215, 1225, 1409, 1551, and 2744. Growth habit IV
predominates, seed size is small, yield is from low to intermediate, and
the number of pods per plant is intermediate, the same as earliness.

Weight of 100 seeds varied in the following manner:
Chapingo Celaya Cotaxtla Zacatecas Zapopan
Range: 12-51 12-59 17-61 12-56 16-50
Stable accessions in the five envirorments were 40, 89, 187, 347, 489,
508, 530, 539, 559, 581, 602, 637, 663, 688, 728, 809, 904, 947, 957, 993,
1019, 1031, 1547, 1868, 1909, 2068, 2316, 2508, 2533, and 3505. Growth
habits I, II, and III predominate for these materials, with less frequency

for habits IV and V. Yield per plant ranges from low to high, the same for
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number of days from planting to maturity. Low and intermediate mmbers of
seeds per pod predominate. These accessions are coammonly known as Frijola,
Huasteco, Manquilla, Grullo, Arroz, Moro, Palacio, Bayo Rata, etc.

Stable materials with heavier seeds in Chapingo and Zacatecas were 145,
200, 544, 547, 559, 711, B804, 892, 899, 903, 923, 957, 960, 969, 997, 1950,
2558, 3288, 3633, and 3888. Plants from these accessions generally have
growth habits IV or V, they are late, they have a medium to large mmber of
pods and yield per plant. Farmers call them Japones, Burro, Grullo, Morado
de Agua, Panza de Venado, Canelo, Rebocero, etc.

In Zapopan and Celaya, collections that showed stability in 100-seed
weight were 347, 539, 544, 559, 575, 899, 902, 903, 907, 919, 957, 969,
1152, 1434, 1651, 3007, 3288, 3362, 3633, 3885, and 3888. Growth habit III
is the most common for these plant accessions. They are early to
intermediate, they have a low number of seeds per pod, and yields are low
and intermediate. They are ocomonly known as Cacahuate, Borrego,
Rebosillo, Grullo, Canelo, Pastilla, Franelo, Ojo de Liebre, etc.

Under tropical conditions in Cotaxtla, materials which had the greatest
100-seed weight were 347, 539, 544, 575, 804, 899, 901, 902, 957, 969,
1152, 1434, 1629, 1950, 3362, 3475, and 3633. Their plants have growth
habits I, III, and IV. They possess a low number of seeds per pod, their
yields can be low and average, the number of pods per plant is low, and
they have an intermediate earliness.

Accessions which showed less variation in the greatest mumber of
descriptors in the five enviromments can be considered stable in general.
Collections which showed stability in three or more characters are shown in
Table 4. In this table, one can cbserve that materials have growth habits
I, II, and III, they are early, and seeds can be large or small.
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Search for sources of drought tolerance

From just over six years ago, the Bean Department began systematic work
in order to identify materials which showed the greatest tolerance possible
to stress produced by the lack of water in the most critical season for
grain production. For that, under controlled humidity conditions, research
was bequn to initially test the 197 accessions to which we have previously
referred. From this initial work, it was concluded that collections with
growth habits I, II, IV, and V, under the ecological corditions of
Francisco I. Madero, Durango, had few probabilities for success.
Therefore, from that time on, more than 7200 materials of growth habit III
have been tested. Same of the materials collected in Mexico that have
shawn the greatest tolerance to drought are presented in Table 5.

Sources of resistance to eleven physiological races or pathotypes
of Colletotrichum lindemuthiamum

Of the 197 accessions that are shown in Amnex 1, 179 were inoculated
with eight physiological races or pathotypes of C. lindemuthianum under
greenhouse conditions with the goal of discovering the reaction of the
materials to each one of the races and to detect the most resistant ones.
The pathotypes were originated from isolations made from pods and/or
infested seeds, which were collected in Chapingo, Mexico; Victoria and
Madero, Durango; and Tepame, Jalisco. They were designated as MA-11,
MA-16, MA-23, MA-24, MA-25, MA-26, and MA-30.

The 14 collections that are presented in Table 6 were resistant to the
8 pathotypes; 22 were susceptible to all of them and the rest showed great
variability in susceptibility and resistance.

Upmmﬁnﬂgﬁhleﬁ,mbemmawarethatthmmmmteﬂals
from habit II that were resistant to all the pathotypes, there being great

variation in relation to days from planting to maturity, in 100-seed
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weight, and in other descriptors.

Tolerance to high temperatures

In order to search for materials that would produce acceptably when
bean plants (in the period from flowering to maturity) find themselves
developing at high temperatures and at relative humidities that vary from
45% to 70%, they were planted at Cd. Obregdn. They are the materials that
are mentioned in Annex 1.

Planting was carried out on March 12, so that plants (during the period
from beginning of flowering to maturity) were submitted to maximm
temperatures of 33 to 36 °C during the month of May and of 34 to 38 °C in
June. Only 73 accessions produced seed and of the remaining 124, 23 did
not produce flowers and 101 flowered but did not produce pods.

In Table 7, some accessions whose yield and mumber of pods per plant
were superior are presented. Upon analyzing the information, one sees that
the material collected in the state of Chiapas and especially that which
originated in Acala is the most tolerant.

Perspectives for using the Bank

In a short- and mediumterm future, the use of the materials deposited
in the bank will depend on the information with which one can count on now.
And on that which will be collected, it can be transmitted appropriately to
breeders so that they will be convinced of the importance of its
incorporation into improvement programs. It is necessary for people who
work in bean breeding genetic resources to receive from breeders needs for
specific materials for their programs. Those programs should focus their
work in that direction.

Because of human resources and economic limitations in Mexico and
perhaps in all national agricultural research centers in ILatin America, it
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is necessary to lock for working agreements within the institution itself,
or with national and intermational entities, which will allow a maximizing
of resources to be able to adequately satisfy demands for information and
materials.

On the other hand, and because of limitations mentioned, it is
necessary to prioritize bank activities, working on problems that should be
attacked. It is almost impossible, with the current state of the bank's
knowledge, to be able to comply satisfactorily with specific requests for
certain materials.

Taking into consideration the number of accessions of same large banks,
it would be convenient, as in the case of work which has been described
previcusly, to loock for same manner of having, with an appropriate but
reduced number of materials, a broad representation of the stored
materials. This allows detection, in a given case, of what type or type of
materials the characters sought are found in. Afterward, more intense
research with a greater mumber of materials can be directed specifically
toward this type of accessions.
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Table 1. Composition of the Phaseolus germplasm bank of the INIFAP,

Mexico, 1988.
Qultivated forms 9.662
P. vulgaris 8.395
P. coccineus 904
P. acutifolius 218
P. lunatus 145
Wild forms 989
P. vulgaris 499
P. coccineus 210
P. acutifolius 60
P. lunatus 40
P. maculatus 29
P. pedicellatus 25
P. leptostachus 23
P. macrocarpus 22
Other 16 species 81
Total 10.651
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Table 2. Geographic origin of the P. vulgaris accessions in the germplasm
bank of the INIFAP, Mexico, 1988.

tea
NHorth America 183
Mexico 5.545
Central America 1.009
The Caribbean 40
South America 642
Total 7.419
Eurcpe
Central 120
Western 387
Eastern 58
Mediterranean 198
Northern 10
Total 773
Africa 58
Asia 143
Oceania 4
Total 8.395
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Table 3. Collections of cultivated P. vulgaris made in each federated

entity of Mexico, 1988.

Entity Number Entity Number
Aguascalientes 276 Nayarit 52
Baja California N. 3 Nuevo Ledn 24
Baja California S. 8 Oaxaca 215
Campeche 27 Puebla 901
Coahuila 41 Querétaro 59
Colima 15 Quintana Roo 9
Chiapas 745 San Iuis Potosi 163
Chihuahua 112 Sinaloa 27

181 Sonora 48
Distrito Federal 1 Tabasco 1
Guanajuato 232 Tamaul ipas 15
Guerrero 86 Tlaxcala 139
Hidalgo 104 Veracruz 208
Jalisco 289 Yucatan 2
México 286 Zacatecas 178
Michoacdn 239 Unknown 279
Morelos 81 To be documented 507

5.046
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Table 4. Accessions with three or more stable characters, Mexico, 1988.

Accesion No. of Common Growth Days to 100-seed*
number characters name Habit maturity weight*
(9)
508 7 Huasteco II 98 19
627 6 Bonbon 1T 97 23
688 6 De Mata II a8 25
1035 6 Cuarentano I 85 39
1152 6 Cacahuate IT 93 50
663 5 De Vega 11 100 20
949 4 Cacahuate I1 a5 38
957 4 Grullo ITT 113 51
1023 4 Amarillo ITT 97 28
1629 4 Ejote I 85 39
187 4 Frijola I 85 37
728 4 Moro III 115 25
963 3 Almendrilla II1 111 30
1460 3 Bayo Rosa IIT 99 43
2374 3 Cacahuate II 95 43

* Mean of the five enviromments.
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Table 5. Materials tolerant to drought in Francisco I. Madero, Durango,

Mexico, 1988.
100-
Accesion Collection site Days to seed
number lat. long. maturity weight Grain color
m @)
282 1.941 19:43 101:11 88 28 Purple with cream
339 1.611 19:26 102:05 124 25 Bay
342 1.456 19:36 102:29 157 27 Bay with pink
637 1.800 16:50 92:25 110 30 Red
867 1.600 20:23 100:00 115 17 Bay
975 1.979 21:53 102:18 109 27 Black
1419 — 28:12 105:34 101 29 Bay with purple
1514 1.981 21:27 100:53 103 32 Bay
1673 — 18:56 99:47 103 21 Bay
1678 - — -_— 110 21 Black
1710 — — — 114 45 Bay
1698 a5 16:30 100:53 81 10%* Gray with black

* Information provided by Dr. Jorge Acosta.

** Wild material.
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Table 6. Accessions resistant to eight pathotypes of C. lindemuthiarum,
Mexico, 1988.%

Accesion Growth Days to  200-seed
mumber Collection site Habit marurity weight
187 El Mirador, Gto. 4 85 38
518 Jalacingo, Ver. v 130 18
530 Atzalan, Ver. v 128 17
701 Teapizca, Chis. v 142 28
902 Pabellén, Ags. v 140 50
1049 San Cristdbal de las Casas,

Chis. v 135 38
1549 Tawxco, Gro. Iv 121 21
1603 El Grullo, Jal. V' 140 18
1629 Tequila, Jal. 1 85 40
1798 Zitacuaro, Mich. I 89 37
2175 Puebla, Pue. IV 115 20
2604 Cd. Victoria, Tamps. IIT 101 22
2708 Estanzuilla, Ver. v 108 21
3505 San Cristdbal de las Casas,

Chis. v 145 27

* Information generated in thesis work done by Eduardo R. Garrido R.

Table 7. Accessions that were most tolerant to high temperatures in the
period from flowering to maturity, Mexico, 1988.

Accesion Days to Days to Yield/ Pods per Growth
rumber Collection site flower maturity plant plant Habit
(g}
75 Yohualica, Jal. 53 100 17.0 15 v
i Teocaltiche, Jal. 57 104 16.9 15 v
637 Oxchie, Chis. 47 104 19.8 26 IV
&350 Acala, Chis. 65 100 15.7 24 |
659 Acala, Chis. 57 100 18.4 24 11
&6 Acala, Chis. 59 100 17.7 25 I
GBS Bejucal, Chis. &5 100 24 .8 29 [§41
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Annex 1. Idenfication data of 197 P. vulgaris. accesions. Mexico, 1988.

Accession Year of Altitude North West

number collect. (m) latitude ILongitude Common name
40 -_ 1.700 18:51 98:25 Manguito

51 1945 1.700 21:10 102:28 Tempranillo
70 1948 2.240 21:27 102:35 Burro Bola
72 1950 — 19:38 103:36 Apetito

83 1948 1.880 21:08 102:52 Chicharo

84 1948 — 21:36 102:24 Tepetate

85 e 2.240 21:27 102:35 Tepetate

89 1948 — 20:08 103:11 Pildora

96 1950 1.960 20:49 102:46 Moro

101 1947 -_— 19:32 103:24 Mexicano
121 1949 1.589 20:41 103:20 —

145 1952 1.932 22:23 103:11 Burro

167 1948 1.736 20:13 101:08 Amapola

187 -_— 1.777 20:56 101:35 Frijola

188 1945 1.895 21:09 100:56 Vaquita

200 1946 1.852 20:57 100:45 Alubia

286 1948 1.575 20:03 102:44 Zacapeno
299 1950 1.575 20:03 102:44 Zamorano
303 1950 1.575 20:03 102:44 canutillo
307 1948 1.540 20:16 102:20 Pecoso

347 1948 2.675 - —_ Rebocillo
489 1955 30 19:04 96:09 De arbolito
508 1955 — —_ - Huasteco
518 1955 1.944 19:49 97:18 Negro Opaco
530 1966 1.600 19:48 97:13 Acalete

539 1948 1.850 22:34 102:13 Aceitito
543 1948 1.850 22:34 102:13 Lenteja

544 1948 1.850 22:34 102:13 Panza de Venado
547 1948 1.850 22:34 102:13 Morado

553 1948 1.800 21:22 100:52 lLagunero
555 1948 1.800 21:22 100:52 Manzanero
559 — 1.800 22:47 102:36 Harrteca

575 1948 -— - —_ Pastilla
581 1948 —_ 22:28 103:09 Origuelo
586 - 1.300 22:34 102:13 Cuarenternio
592 1954 1.300 22:34 102:13 Pardo Barguenco
602 e 2.612 22:38 103:40 Jacalito
627 -— 200 16:06 93:45 Bonbon

637 1946 1.800 16:50 92:25 Tigre
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Annex 1.

Cont.

Accession Year of

Altitude North

West

rumber collect. (m) Iatitude Iongitude Common name
642 1946 1.200 16:20 92:34 Shanqu.il
643 1946 1.530 16:15 92:08 Barreton
647 1946 600 16:18 92:25 Huet
651 1946 550 la:31 92:44 T'.Sa] al-Chelnek
663 1947 1.635 16:15 g92:08 De Vega
675 e 600 16:45 93:09 Patachete
688 1950 1.500 15:25 92:07 De Mata
691 1950 1.500 15:25 92:07 De Vara
701 1950 1.500 16:33 Q2:28 —_—
711 1948 2.435 20:09 98:43 Al imonado
725 1943 1.102 20:22 99:39 Higueri_lla
728 1948 1.102 20:22 99:39 Moro
747 1948 2.435 20:09 98:43 Garambtullo
752 _— 2.435 20:29 99:13 Franciscano
762 - 2.050 20:14 99:13 -
785 1952 1.734 23:50 104:14 -_—
790 1952 1.898 24:03 104:40 Champurrado
804 -_— l.668 24:47 104:27 Jarocho
807 1976 - 23:43 103:49 Ojo de Cabra
809 1976 - 23:57 104:03 Negro Brillante
820 1976 = 24:31 104:21 Amarillo Brillante
823 1955 3 23:12 106:25 Bariarta
B49 - 200 21:15 98:47 Huatusco
888 1952 1.609 25:32 103:28 Carelo
BB9 1945 1.950 22:14 102:19 Bayo
B892 1945 1.979 21:53 102:18 Manchado
895 1945 1.979 21:53 102:18 Espanol
899 1945 1.950 22:14 102:19 Canelo

- 901 1945 2.217 22:11 102:21 Panza de Puerco
202 1945 2.217 22:11 102:21 Grullo
903 1945 2.217 22:11 102:21 Rebocero
904 1945 2.217 22:11 102:21 Guero
a07 1945 2.217 22:11 102:21 Bayo Rata
919 —— 1.950 22:14 102:19 Ojo de Liebre
923 —_ 1.979 21:53 102:18 Garrapata
943 1952 1.979 21:53 102:18 Mezquitillo
947 1954 1.979 21:53 102:18 Bayo Palacio
949 -_— 1.979 21:53 102:18 Cacahuate
955 —= 1.979 21:53 102:18 Garbancillo
957 —_ 1.979 21:53 102:18 Grullo

70



Annex 1. Cont.

Accession Year of Altitude North West

number collect. (m) Iatitude Longitude Common name
959 -_— 1.979 21:53 102:18 Alubia Mediana
960 — 1.979 21:53 102:18 Japones

963 - 1.979 21:53 102:18 Almendrilla
965 - 1.979 21:53 102:18 Garbanza

969 - 1.979 21:53 102:18 Morado de Agua
972 —_— 1.979 21:53 102:18 Chivitas

993 —_— 1.979 21:53 102:18 Flor de Mayo
994 — 1.979 21:53 102:18 Flor de Mayo
997 — 1.979 21:53 102:18 Bayo Rosado
1001 — — 23:20 109:45 Azufrado
1011 1948 1.610 15:26 100:52 Peruano

1019 1952 1.840 28:41 100:33 Blanco Grande
1023 1952 1.140 25:32 103:28 2marillo
1024 1965 1.589 25:25 101:00 Canario

1031 1954 494 19:15 103:44 FPerla

1033 1954 494 19:15 103:44 Rosita

1034 1954 494 19:15 103:44 Berrendo
1035 1946 2.755 16:46 92:38 Cuarentano
1045 1954 2.755 16:46 92:28 Trapichito
1049 1954 2.755 16:46 92:38 Frijol Ancho
1975 1954 1.530 16:15 92:08 De Enredo
1129 1954 1.500 16:46 93:23 Zinacatan
1152 —_— 137 14:55 92:16 Cacahuate
1215 1972 564 16:39 93:48 Cuarentefio
1221 — == - —_— De Pascua
1225 -_— - -— —_— Concecionero
1351 1976 500 16:34 92:48 Nandalume
1392 1976 1.770 16:34 92:28 Gato

1409 t—s — 28:32 107:30 Ojﬂ de Cabra
1434 1966 2.440 —— e Chicharo
1439 = 900 28:10 108:30 De Verano
1445 -_— 900 28:10 108:30 Granizo

1460 1977 1.600 27:57 106:07 Bayo Rosa
1466 1977 1.500 31:38 106:20 Amarillo Flojt}
1469 1978 1.490 31:38 106:20 DjD de Cabra
1490 1952 1.734 23:50 104:14 —

1492 e —— 23:57 104:03 Pinto

1546 1946 == - — Parraleno
1547 —_— 1.735 18:33 99:36 Bola

1549 —_ 1.735 18:33 99:36 Acerado
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Annex 1. Cont.

Accession Year of Altitude North West

number collect. (m) Iatitude Iongitude Common name
1551 1952 290 18:19 101:45 Pan Caliente
1553 1952 3] 17:58 101:48 Plomo

1571 1966 - - - De Cana

1592 1955 2.181 20:05 98:22 Serranc

1596 1945 _ 20:08 103:03 Rosa de Castilla
1597 1945 1.500 19:32 103:45 Rayado

1603 — 952 18:48 104:13 café Claro
1623 — 1.280 20:50 104:43 Garbancillo Grande
1629 1965 1.215 20:52 104:51 Ejote

1634 1965 - 20:20 102:46 Guadalupano
1638 1965 1.215 20:52 103:51 Frijol del Diezmo
1651 1965 1.550 20:33 101:31 Borrego

1657 1965 1.550 20:33 102:31 Zarco

1659 _— —_— — — -

1675 1957 1.847 19:12 100:08 Criollo

1676 ——y s 18:56 99:47 E‘Jﬂtﬂrﬂ

1667 —_— == e —_— Chamacuro
1768 i 2.600 19:28 88:21 )

1769 1965 1.751 19:48 102:42 Rebozo

1798 1965 1.993 19:26 100:23 Palacio

1818 1972 — e e =

1845 — 1.291 18:48 98:57 it

1868 — 915 21:31 104:53 Arroz

1884 1965 1.020 21:05 104:20 Capulina
1980 1948 2.150 16:42 94:48 Cuarentenc
1909 1948 - - — Chatito

1979 - 1.526 16:47 96:40 Coral

1922 - 1.526 16:47 96:40 Cocona

1950 1965 1.572 17:48 97:47 —

1954 1965 1.563 17:04 96:43 Mixteco

1963 - — - —_— Colorado
2021 1943 1.676 18:25 97:26 s

2061 1943 2.458 18:52 97:22 ‘U’aquit.a

2068 1943 2.458 18:52 97:22 Vaquita

2123 1943 1.285 19:22 98:33 D’jo de Venado
2124 1943 2.278 19:17 98:27 De Tm?oml
2132 1946 1.213 18:12 98:13 Tabagquillo
2139 1952 -— 18:51 98:25 —

2151 1952 —_— 19:53 98:37 Tlapeno

2161 1948 2.676 18:59 ag8:27 Mantequilla
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Arnex 1.

Cont.

Accession Year of

Altitude North

West

rumber collect. (m) latitude Iongitude Common name

2175 1952 2.209 19:02 98:11 Frijol de Milpa
2300 1966 - 20:08 97:15 Bayo Arrinonado
2310 1966 350 18:40 97:40 Frijol Shinaliea
2316 1966 2.315 19:02 98:02 Parranelo

2337 1966 = 19:06 97:33 Pinto

2374 St 1.790 19:49 97:48 Cacahuate

2375 _— -_— - — Garbancillo

2400 1965 1.676 18:25 97:26 Garabato

2475 1972 350 18:40 97:40 Zenete

2508 - - — — Bayo Rata

2533 _— -— - — Lagunero Mantequilla
2558 1973 — 20:49 100:00 Aceitunado

2559 1973 e 20:49 100:02 Pardo

2604 1954 321 23:44 99:08 Bayo Chiquito
2650 1966 2.100 19:19 98:19 Enredador

2681 1963 2.340 19:18 96:46 Charreado

2708 1966 b e — Ochentefio

2724 1965 — 18:48 97:11 Charro

2736 — 1.258 18:51 97:06 Abalado

2744 1968 = aL - Tzoma

2748 1954 = 22:34 102:13 Zinguiro

3007 1946 1.951 24:28 104:22 Franelo

3287 -_— - —_ _ Blanco Chico
3288 — r _ - Colima

3362 1973 - 17:08 97:44 e

3338 1973 e s e Amarillo de Mata
3397 1976 — — -_— De Carrizo

3402 1976 —_— 16:43 93:01 Patashite

3420 1977 — 18:54 97:44 Blanco Abolado
3475 1977 3 e o —_

3476 1978 =i - = Flor de Mayo
3505 1977 e S e o

3613 1978 — 15:34 g2:19 Isiche

3633 1978 -— = —- Cara de Cabra
3885 — - = _— —

3888 = — — — —

4016 1979 — 23:36 100:42 Huevo de Viejito
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Arnex 2. Meteorological parameters of five sites, Mexico, 1988.

May June July August September October Hovember
Chapingo
Altitude: 2.250 msrm - Latitude: N-19:29 - Longitude: W-98:54
Average mean temperature 26.9 25.7 24.3 24.3 23.5 23.5 23.4
Averge mean temperature 17.3 17.3 16.2 16.0 15.8 14.6 12.8
Average minimum temperature 8.0 2.9 9.2 2.0 9.0 6.4 3.5
Total rainfall mm 66.4 109.7 123.8 115.3 104.5 46,9 15.5
Mo. of days with frost 0.846 0.15 0.00 0.09 0.36 2.40 7.52
Zacatecas !
Altitude: 2.446 msrm - Latitude: W-22:47 - Longitude: W-102:35
Average mean temperature 26.8 5.9 24.4 264.5 23.8 22.7 19.8
Averge mean temperature 19.0° 19.0 17.8 17.9 17.2 16.2 14.5
Average minimum temperature 5.6 7.0 7.5 5.8 4.1 1.0 -3.5
Total rainfail mm 14.7 69.1 75.1 102.1 T8.4 38.1 10.2
No. of days with frost 0.00 0.00 0.00 0.00 0.00 0.34 3.3
Celays
Altitude: 1.752 msrm - Latitude: HNW-20:31 - Longitude: W-100:49
Average mean temperature 32.2 310.6 28.5 28.6 7.4 26.6 25.4
Averge mean temperature 3.3 22.8 21.4 21.4 20.4 15.0 15.2
Average minimum temperature 14.4 15.1 14.3 14.3 13.8 1.4 B.7
Total rainfall mm 25.5 106.0 115.6 14.7 93.4 bé.1 12.4
Ho. of days with frost 0.00 0.00 0.00 0.00 0.00 0. bk 2.43
2apopén
Altitude: 1,589 msrm - Latitude: W-20:40 - Longitude: W-103:23
Average mesn temperature n.z2 28.7 26.0 26.0 23.6 25.5 3.2
Averge mean temperature 23.2 22.3 20.5 20.5 20.1 19.0 17.2
Average minimum temperature 14.0 15.9 15.3 15.1 15.1 12.4 9.1
Total rainfall mm 26.6 164.6 250.3 195.6 148.8 59.7 11.3
No. of days with frost 0.00 0.00 0.00 0.00 0.00 0.06 1.50
Cotaxtla
Altitude: 30 merm - Latitude: MN-19:32 - Longitude: W-96:06
Average mesn tTemperature 2.8 32.6 n.r 2.3 1.9 30.8 7.3
Averge mean temperature 1.7 7.9 26.9 ar.2 27.0 25.7 23.6
Average minimum temperature 2.7 23.3 221 22.¢ 22.1 20.7 1B.6
Total rainfall mm 50.4 253.2 313.5 267.9 245.5 B.5 9.0
No. of days with frost 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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RACES OF COMMON BEAN, Phaseolus vulgaris L.
Shree P. Singh, Daniel G. Debouck, and Paul Gepts#*

Summary

A large genetic variation in cammon bean (Phaseolus vulgaris L.) is
found, but this is probably not distributed at random. Based on the
ancestral and adaptive characteristics and the ecological habitat, six
races have been tentatively identified in cultivated common bean germplasm.
Three of these each were of Middle-American (races D, J, and M) and
Andean-American (races C, N, and P) origin. Distinguishing characteristics
of each of these races are described.

Criteria Used for Race Identification

Leaf, stem, inflorescence, flower, pod, and seed characteristics and
the extent of crossability, chromosome pairing, and gene exchange have been
utilized for species characterization and establishment of the primary,
secondary and tertiary gene pools within the genus Phaseolus (Smartt, 1980,
1985). It is believed that present day cultivated common bean (Phaseolus
vulgaris L.) evolved from its immediate relative, the wild common bean.
The wild common bean crosses easily with cultivated forms and produces
normal, fertile progenies (Weiseth, 1954; Harmsen et al., 1987), and hence
falls within its primary gene pool (Smartt, 1984). The geographical
distribution of the wild common bean extends from northern Mexico to the
southern tip of the Andes in Argentina (Debouck and Tohme, this volume).

* Bean Breeder, and Germplasm sepecialist, respectively, CIAT, A.A. 6713,
Cali, Colombia. Asstt. Professor, Dept. of Agronomy and Range Science,
U.C. Davis, CA 95616, USA.
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There are striking differences in leaf, inflorescence, flower, and seed
characteristics and habitats of wild bean from the two extreme northern and
southern regions of latin America (Burkart and Bricher, 1953; Vanderborght,
1987) although same accessions, from Venezuela to Peru, exhibit
intermediate traits (Debouck and Tohme, this volume). Present day
cultivars of common bean differ strikingly from their wild ancestors;
nevertheless, some of the traits from the wild bean are still conserved in

the cultivated types. These will be refered to as ancestral traits and
will be described later.

Variability in morpho-agronomic and molecular traits in cultivated
camon bean follows similar patterms as those of wild bean of different
regions. Harlan (1971, 1975) considered common bean as a noncentric
crop - without a specific and localized center of origin, but with wide
geographical distribution of its wild relatives and multiple centers of
domestication. Using phaseolin seed protein patterns, Gepts and Bliss
(1985) and Gepts et al. (1986) separated both the wild and cultivated
common bean of Meso-America from those of Andean South Awerica, and
suggested two major damestication centers.

Variability for growth habit, seed, pod, maturity, and adaptation
characteristics is much greater in cultivated forms than in wild common
bean. Did this variability evolve after initial domestications? If so,
this might reflect preferences and needs of the precolombian civilizations
within their original envirorments. HNonetheless, we have at our disposal
two groups of traits, namely the ancestral and adaptive, to study the
patterns of variation in cultivated germplasm. The term race is used here
to define groups of germplasm accessions that share in common some
ancestral and adaptive traits, occupy similar ecological niches, and differ
fram other such groups in these attributes. A brief description of traits
used for race identification are below.
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Ancestral traits

As noted earlier these are traits from wild bean that are still
preserved in cultivated landraces and hence help identify the domestication
centers: Middle America (MA) vs. Andean America (AA). These include:

Leaf shape. The shape of the terminal leaflet of the trifoliate leaf
can be ovate (MA) or rhombohedric (AA). ‘These differences have been
pointed out by Brucher (1988) in the wild bean throughout their range.

Bracteoles. Bracteoles of MA are large ovate exceeding the calyx and
those of AA are small lanceolate or slender, not exeeding calyx length
(Gentry, 1969). Small bracteoles are typically found in the aborigineus
form, distributed in southern Bolivia and Argentina (Debouck and 'I'olme,

this volume).

Standards. Striped and colored cuter base of standard (MA) vs. smooth
and greenish (AA).

Inflorescence. Multi-insertions (2-5) (MA) vs. few (1-2) JIEEI'tI'DnS
(Ap). Their striking character, measured by the mumber of primary bracts,
was first observed by Vanderborght (1983)

Phaseolin seed protein. The cultivated as well as wild bean from MA
carry phaseolin patterms of S, Sb, and Sd types and those from AA possess
T, C, H, A, I, and J types (Gepts et al., 1986; Koenig et al, 1989). The B
phaseolin patterns have been found in Small-seeded accessions of cultivated
and wild beans from Colombia. Some cultigens from Brazil and Central
America also possess B phaseolin patterns. In general, there is much
larger variability in phaseolin protein patterns in wild populations, a
smaller preoporiion of which are found in cultigens (Gepts et al., 1986;
Koenig et al., in press).
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Isozyme patterns. A survey of nine polymorphic isozyme loci has
confirmed the existence of the Mescamerican and Andean races. At several
isozyme 1loci, Mescamerican and Andean genotypes display contrasting
alleles. For example, Mesoamerican genotypes, in general, display the F
(fast) allele of the enzymes ribulose biphosphate carboxylase/oxygenase and
shikimate dehydrogenase, amd the S (slow) alleles of the enzymes
diaphorase-1 and leucine aminopeptidase3; Andean genotypes, on the other
hand, display the S and F alleles, respectively. '

Ore or more of these ancestral traits helps to divide cultivated
germplasm in two groups, one each belonging to MA and AA domestication
centers. It should, however, be noted that intermediate forws for most of
these traits do cccur and some accessiocns may carry one or more traits of
MA and other traits typical of AA populations.

Maptive traits

Leaf hairiness. Small and reduced hairs or trichames (MA) vs. large
ard dense hairs (AA). This distinction does not refer to the hooked hairs
which are always present in any Phaseolus sensu stricto species (Marechal
et al., 1978). Since the wild beans of both MA and AA possess bairy
leaves, its reduction in cultivated MA germplasm could be the consequence
of domestication.

Pod tip. Extending straight from the dorsal suture (MA) vs an
intermediate position between ventral and dorsal (AA).

Climatic adaptation. Common bean is originally a short-day species
favoring mild temperatures. In the zone between the tropics of Mmerica,
hewever, common bean drows from about sea level (mean growing temperature
of 25 C) to 3000 m altitude (mean grcwing temperature cof 12 to 15 C).
Consequently marked differences in photo-thermal responses are found among
common bean accessions from contrasting enviromnments (Gniffke, 1986) within
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the centers of domestication such that when germplasm from the highlands
are grown in lowlands it may not come to flower and vice versa. Common
bean germplasm from each of the domestication center can grossly be divided
into those from highlands (1800 to 3000 m), lowlands (0 to 500 m), and
intermediate altitudes.

Seed size. Variation in seed size of cultivated common bean is very
large(fram < 15 g to 90g/100 seeds) . These are arbitrarily grouped into
small (< 25 g), medium (25 to 40 g), and large (> 40 g/100 seeds) (Voysest,-
1983). Wild bean from South America has relatively larger seed than their
MA counterparts; however, both are small-seeded (>5 to < 25 g/100 seeds)
(Debouck and Tohme, this volume), and it is believed that evolution has
been from small to large-seeded forms. The cultivated common bean seeds of
MA are on the average smaller than thos= from AA (Evans,1976; Voysest,
1983).

Seed shape. Seed shape depends upon the length, height and width of
fully developed dry seed. Taken all together in descriptive terms these

can be round, oval, elliptical, rhomboid, kidney, and cylindrical shapes.
Seed shape of MA forms are often eliptical and rhomboid while cylindrical,
kidney, and round types predominate in AA germplasm.

G Habit. The type of growth of the terminal bud (vegetative or
indeterminate vs. reproductive or determinate), stem stiffness (strong vs.
weak), twining ability (absent, weak, or strong), and distribution of pod
load or fruiting patterns (basal, along the entire length, or largely in
the upper portion of the plant) can be utilized to characterize and
classify common bean germplasm in four principal growth habits (Singh,
1982). Determinate upright (I), indeterminate upright (II), and
indeterminate prostrate non-climbing and semi-climbing (III) growth habits
are camncnly referred to as bush type. These require no support for normal
growth and development, and are grown extensively in sole crop as well as
in various intercropping. systems. On the cther hand, weak-stemmed, tall,
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indeterminate or determinate (IV) plants with long guides or leaders (i.e.,
elongated terminal internodes, which are weak and possess ability to
intertwine) are known as climbing or pole bean. These always require
support, and therefore are either intercropped with maize and other crops
or are grown on stakes or trellises.

Principal ancestral and adaptive morpho-agronomic and molecular traits
distinguishing Meso-American and Andean-American common bean are summarized
in Table 1.

Characterization of Races

Evans (1973, 1976) grouped gen=tic diversity in cultivated Fhaseolus
vulgaris from its primary centers of domestication in Middle (small-seeded)
and South America (large-seeded) into five races based on growth habit,
nurber of nodes on the main stem, climbing ability, and seed size. She put
small- and large-seeded climbing types from Middle and South Zmerica in
Race 1 and differentiated them by adding subscripts A and B, respectively.
Same important groups of germplasm of medium- and large-seeded cultivars
from the highlands of Meso-America and South America were not covered by
her classification. Vanderborght (1987) found four stable natural groups
characterized by their different growth habits in landraces of common
cultivated bean from each of Meso-America and Andean mountains.

Among germplasm from each domestication region, Singh (1988, 1989)
found marked differences in leaf, growth habit, inflorescence, flower, pod,
and seed characteristics, and adaptation specificity. Based on these
characteristics he classified dry cammon bean into 12 gene pools. The green
or snap bean was grouped in two additional gene pools.

Based on germplasm evaluations carried out thus far it was possible to

identify and separate common cultivated dry bean germplasm from each of
Middle America and Andean South America into the following races.
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Middle American

Race M (for Meso-America). This includes small-seeded (< 25 g/100
seed) common bean of all seed colors (often solid) and growth habits. Leaf
size and internode length are small, intermediate or large. The group is
characterized by an ovate terminal leaflet and short, thick ovate
bractecles. The standards of flowers possess marked stripes at the outer
base. Multi-poded inflorescence are found in- some accessions. Pods are
8-15 am long, slender, fibrous, and easy to thresh; they possess six to
eight seeds. Phaseolin seed protein patterns are predominantly 'S', but
can also be 'Sb' and 'B'. The race is distributed throughout the tropical
lowlands and intermediate altitudes of Meso-America, Colambia, Venezuela,
and Brazil.

Race D (for Durango). Cultivars and landraces are predominantly of
indeterminate prostrate growth habit III (and IV), which is characterized
by relatively small to mediun leaves, thin stems and branches, short
internodes, and by fruiting commencing from and concentrated in the basal
nodes. Germplasm in this group possesses medium-sized (5 to 8 am)
flattened pods with four to five flattened rhomboid or elliptical seeds of
medium size (25 to 40 g/100 seeds). Seed colors are often bayo-like or
with a cream gray or pink background. Phaseolin types are predominantly
'S', but some accessions can carry the 'Sd'type. The race is distributed
in semi-arid central and northern highlands of Mexico and the south western
USA.

Race J (for Jalisco). This race is characterized by indeterminate,
climbing growth habit IV. Plant height can be over 3 m. The terminal
leaflet of trifoliate leaves are ovate and relatively large. Stem and
branches are weak and have long internodes. Fruiting is either along the
entire length or mostly in the upper part of the plant. Pods are 8-15 cm
long and have five to eight medium-sized seeds, often of round, oval or
slightly elongated shape. ‘These carry 'S' phaseolin pattermns. Their
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natural habitat is the humid highlands of Central Mexico and Guatemala
where maximm diversity is fourd.

Andean South American

Race N (for Nueva Granada). Germplasm is mostly of growth habits I,
II, and III with medium and large seeds (> 40 g/100 seeds) of kidney and
cylindrical shapes which vary greatly in color. leaves are often very large
and pubescent, with rhomboid terminal trifoliate leaflets. Stem internodes
are intermediate to long. Bracteoles are thin, elongated or lanceolate.
Dry pods are fibrous, hard, medium to long (10 to 20 am), leathery, and
possess four to six seeds. The origin of pod tips is between ventral and
dorsal sutures. Predominant phaseolin protein patterms are of the 'T' type.
The race is distributed in intermediate altitudes( < 2000 m elevation) of
the northern Andes in Colombia, Ecuador, and Peru, but it is also found in
Brazil and some Caribbean countries including the Dominican Republic,
Haiti, and Cuba.

Race C (for cChile). ILandraces and cultivars are predominantly of
indeterminate growth habit III. These are characterized by relatively
small elongated (rhomboid) leaves, short internodes, medium-sized (5-8 cm)
pods often with reduced fibre, and round to oval seeds (three to five per
pod). Morphologically, these largely resemble germplasm from race D of
Middle America, except that seeds of race C are round or oval, and fruiting
is more sparse and along the length of stem and branches. In some of the
landraces, striped pod color becames attractive, and in many countries
these are harvested for physiologically mature green seeds (green shelled
or 'granados') before drying begins. The most common phaseolin pattemns
are 'C' and 'H' types.

This race is distributed in relatively drier regions at lower
altitudes in the southern Andes (Bolivia, Chile, and Argentina).
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Race P (for Peru). Key morphological characteristics of germplasm
belonging to this race are large rhomboid leaves, long and weak interncdes
with either determinate or indeterminate type IV climbing growth habit.
Pods are often long (10 to 20 cm) and leathery. Fruiting is either along
the entire stem length or in only the upper part of the plants. Seeds are
large, often round or oval. Predominant phaseolin protein patterns are C,
H, and T types.

This group is highly photoperiod-sensitive and is adapted to moderately
wet and cool temperatures. The race is distributed from northern Colambian
highlands (> 1500 m altitude) to Argentina.

Discussion

By far the largest differences are found between common bean germplasm
from Middle America and Andean South America. These observations are in
general agreement with those of Dvans (1973, 1976), Gepts and Bliss (1985),
Gepts et al. (1986), and Vanderborght (1987). In both regions, however,
there seems to be a parallel between climate and growth habit. 1In both
centers of domestication, for example upright bush types are more common in
relatively warmer lower altitudes, prostrate non—climbing beans are more
common in cool semi-arid regions, and aggressive climbers predominate in
cool and wet highlands. Furthermore, in both Middle and South America,
relatively smaller-seeded forms predominate in warmer climates and seed
size increases with altitude. )

The race D - of Meso-America morphologically resembles, to some extent,
race C from South America. But the two groups, however, possess different
phaseolin-proteins, are geographically separated, and there are differences
in allelic frequencies and in genetic associations of traits which
predominate in one group but are rare in the other.
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Frequency of alleles for elongated, cylindrical, and kidney shaped seed
was high among germplasm from race N of South America. On the contrary,
the accessions of race D of Middle America had predominance of somewhat
flattened and rhomboid seed shapes. Similarly, the allelic frequency of
genes determining various types of marbling, spotting, mottling, striping,
speckling and other marks on seed coats was extremely low in the Middle
American race M, but it was very high in races D and J of Middle America
and all three races of South America. Green-brown spotting, a
characteristic of pinto bean, brown striping found in 'Ojo de Cabra', and
speckling or circular mottling of pink and other colors found in 'Flor de
Mayo' and 'Flor de Abril' of Middle America were rare in South American
races. Similarly, red mottling of 'Calima’, 'Cargamanto’, and 'Cranberry’
genotypes and the ring or eye around the hilum and large blotches found on
'Waquita' were wvirtually nonexistent in the races of Middle American
domestication center.

Whether or not each of theses races is a consequence of different
domestication events each tracing back to a different population of wild
bean is still unknown, but the genetic distances both between and within
Meso-American and Andean-American races seem to be considerable. As a
consequence, although hybridization among these races is easily effected,
various degrees and kinds of hybrid problems (Coyne, 1965, 1969; Evans,
1970; Gepts and Bliss, 1985; Gutiérrez and Singh, 1982; Provvidenti and
Schroeder, 1969; Rabakoarihanta and Baggett 1983; Singh and Gutiérrez,
1984) is cbserved beginning in the F, and subsequent generations, thus,
interfering with effective introgression of genes among races. Of course,
these phenomena are more pronounced in crosses between parents belonging to
MA and AA races. This all suggests that an incipient speciation had begun
in cultivated common bean.
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Future Outlook

Morphological characteristics and molecular markers available at
present may not suffice to adequately classify the range of variation found
in common bean germplasm. It may be desirable to cambine information on
these traits with other information on genetic and breeding behavior and

adaptive characteristics, for further refinements of the races described
here.

A minimum nmumber of accessions representing each race and the entire
range of variability should be established to facilitate further
experimentation and utilization of common bean germplasm.
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Table 1. Principal characteristics of cammon beans from Meso-American and Andean American

Meso American

Andean American

Ancestral
Terminal trifoliate leaflet

Bracteole

Base of standard
Inflorescence
Phaseolin seed protein patterns

Isczyme

Adaptive

Leaf hairs
Pod tip position

Seed size
Seed shape

Ovate
Broad ovate

Striped (often)
Multinoded
S, sb, sd, B

F
Rocs™, skah®, Me® or me™
piap-1°, rap-3°

Sparse & small
Dorsal suture

Small & medium
Elliptical, rhamboid,
& round

Rhamboedric, elongated
Thin, elongated or
lanceoclate

Smooth

Fewer nodes

T.C. H, A, I, J

EE.FMS. ges,
Diap-1", Lap-3

Dense & large
Between dorsal &
ventral sutures
Medium & large
Cylindrical, kidney,
oval, & rournd




Table 2. Some characteristics of the races of common bean and their habitats in primary centers of domestication in America.

Phaseolin Hean
Seed Seed protein growing
Race size® color Landraces Growth habit type

temgerature Habitats
Isozyme c

Middle American

0 Medium ALL

Colors

4 Medium Beige
Pink

Yellow

H Saall ALL

Colors

Arclesn South Amarican

c Hedium Cresm
cval , Pirk
round Beige

Gray
Wwhite

P Medium Red
& large Pink

oval Beige
round Cream
White
L] Medium Red
and Pink
large Cream

elonga- Beige

ted Yellow

Pinto, Great Northern, Red
Mexican, Sutter Pink, Bayo,
Ojo de Cabra, Dermason.

Garbancillo Zarco, Frijola,
Flor de Mayo, Rosa de
Castilla, Conejo, Apetito,
Cacohuate Criollo.

Brazil 2, Daxa 892, Kupal,
Jomapa, Porrillo, Rojo de
Seda, Zamorano, Mulatinmho,
Carioca, Roesinha.

Cranberry, Tortolas,
Coscocrron, Borlotos,
Suaves, Bolita Cristal

Overitos, Caballeros, Nufas,
Bolon Bayo, Bola Canaria,
Bola Roja, Cargamanto,
Mortifio.

Cargabello, Uribe, Calima,
Canario, Pompadour, Chabelo,
Antioguia 8, San Martin 8,
Chaucha Colorada, Cavalho
Amarelo, Jalo, Cacahuate
Largo.

Indeterminate weak-
stemmed, non-climber
or semi-climbing 111.

Indaterminate: woeak-
stommed, climbing IV.

Determinate I,
Indeterminates 11,
111, ard IV,

Indeterminate weak-
stemmed, non-climber
or semi-climbing I11.

Determinate and
indeterminate climber IV.

Determinate I,
Indeterminate [1 and
111.

22

16

20

Semi-arid highlands of
Mexico and south western
UsA.

Humid highlands of Mexico
and Guatemalas.

Lowlands and intermediate
altitudes of Meso-America,
Colombia, Venezuela, Brazil.

Southern Andes and Chile.

Highlands of Colombia,
Ecuador, Peru, Bolivia and
Argentina.

Intermediate altitudes of
Andean Colombia, Ecuador,
and Peru; Bolivia, Brazil
Haiti, Dominican Republic.

- wWeight of 100 seeds of small is < 25 g, medium varies between 25 to &40 g, and large is »&0 g.
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USE OF WILD Phaseolus vulgaris TO IMPROVE BEANS
FOR RESISTANCE TO BRUCHIDS

Cesar Cardona and Julia Kormegay*
Introduction

The Mexican bean weevil, Zabrotes subfasciatus (Boheman) and the bean
weevil, Acanthoscelides obtectus (Say) are the two most important storage
pests of beans in the world. losses in storage have been estimated at 13%.
Among the different methods of bruchid control, CIAT has emphasized the
search and development of bean materials with resistance to their attack.
In this paper, we attempt to sumarize present knowledge on the utilization
of resistant wild bean accessions to improve cultivated varieties for
resistance to bruchids.

Sources of Resistance

The search for sources of resistance to bruchids was initiated in 1978.
More than 8,000 cultivars were screened, but no adequate levels of
resistance were found (Schoonhoven and Cardona 1982). In 1981 and 1982 a
small collection of wild accessions collected in Mexico, were submitted to
routine screening. A handful of these materials showed very high levels of
resistance to both bruchid species (Schoonhoven et al 1983). oOut of 380
accessions evaluated, 12 have been rated as highly resistant to 2.
subfasciatus and 14 have been reconfirmed as highly resistant to A.
cbtectus.

* Bean Entomologist and Bean plant breeder, respectively, CIAT, A.A. 6713,
Cali, Colombia.
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So far, no sources of resistance have been detected among wild
accessions originating elsewhere in latin America. All bruchid resistant
materials are climbers, usually with a viney growth habit. They tend to be
dehiscent and small seeded (6-7 g per 100 seeds). Hard seed coat is a
common characteristic. These materials can easily be crossed with
cultivated varieties.

Mechanisms of Resistance

It has been shown that antibiosis is the mechanism responsible for
resistance to both bruchid species (Schoonhoven et al 1983; Cardona et al
1988). The data in Table 1 show that there is a significant, deleteriocus
effect on the biology of the insects and their survival: adult emergence in
resistant accessions is drastically reduced, the life cycle of surviving
insects is prolonged and progeny weight is reduced. More recent studies
revealed that the antibiosis results in negative population growth rates;
prolonged, staggered life cycles; high mortality of late first instars and
early second instars; reduced female fecundity; and male-biased sex ratios.

Even though the testa may occasiocnally act as a physical barrier, it
was demonstrated by Cardona et al (1989) that factors responsible for
resistance are chemical in nature and are present in the seed cotyledons.
When the testa are removed and insects are reared on "artificial" seeds,
resistant and susceptible responses can easily be distinguished (Table 2).

Resistance Factors

1. Zabrotes subfasciatus

Research on the factors responsible for resistance was initiated in
1983. A new protein, present only in wild accessions resistant to 2.
subfasciatus, was identified at the University of Wisconsin (Osborn et al

1986) . This protein was called arcelin (after Arcelia, the town in Mexico
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where most of the resistant accessions had been collected) and was
postulated as the factor responsible for bruchid resistance. There are
four variants of arcelin which can easily be detected by SDS-Page
electrophoresis (Figure 1). The protein can also be detected
serologically.

Although the presence of arcelin was correlated with resistance to Z.
subfasciatus, it was necessary to test whether resistance was associated
with transfer of the arcelin gene. Romero Andreas at al., (1986), using an
inbred backcross breeding strategy, demonstrated that arcelin is inherited
as a single dominant gene. They introduced the arcelin-1 allele from G
12882 into the bean cultivar Sanilac. Seeds of backcross lines were tested
for resistance to Z. subfasciatus (Table 3). All arcelin-1 homozygous
lines showed high levels of resistance (prolonged life cycle, reduced
emergence). Lines lacking arcelin-1 were fully susceptible compared to
Calima and heterozygous lines showed intermediate levels of resistance
(0sborn et al 1988). Analogous sets of backcross lines from different
cultivated bean types further demonstrated that resistance is associated
with transfer of the arcelin gene.

To further prove that arcelin was the factor conferring resistance to
7. subfasciatus, "artificial" seeds containing different levels of purified
arcelin-1 were prepared and tested (Osborn et al 1988). As shown in
Table 4, there was a dosage response to the increasing levels of arcelin-1
in articial seeds. The ID50 in that, and subsequent tests, has been ca.
6.5%. ‘The insecticidal activities of arc2 and arc-4 have been
demonstrated in more recent, as yet unpublished tests.

These findings have greatly facilitated breeding for resistance to Z.
subfasciatus. All segregating populations are tested on a routine basis
for the presence or absence of arcelin by means of a simple, reliable
serological technique, the Ouchterlony plate. Seeds devoid of arcelin are
discarded, those containing the protein are selected and handled as
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described below.

2. Acanthoscelides obtectus

It is known from multiple tests that the presence of arcelin does not
necessarily confer resistance to this species. It has been postulated by
researchers at the University of Durham (Gatehouse et al 1987) that
resistance to A. obtectus is due, at least in part, to the presence of a
heteropolysaccharide which has an umusually high arabinose and fucose
content. This hypothesis has not been reconfirmed at CIAT or elsewhere nor
has a simple method been developed for detecting the presence of the
carbohydrate. The lack of a quick, reliable, screening technique for
resistance to A. obtectus has been a major drawback in the development of
materials resistant to this species.

Breeding for Resistance

1. Zabrotes subfasciatus
A backcross breeding scheme is being utilized to improve beans for
resistance to this species.

As shown in Table 5 the scheme is largely based on selection for the
presence of arcelin in F1 and F2 generations. This facilitates selection
in a large mmber of segregating populations and has the additional
advantage that the desirable commercial characteristics of the recurrent
parent are quickly recovered. At present, homozygous F5 lines with high
levels of resistance and acceptable seed characteristics have been
developed (Table 6).

2. Acanthoscel ides obtectus

Following an inheritance study which suggested that resistance to A.
obtectus may be controlled by one or two recessive genes, a backcross
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breeding scheme was also adopted to improve beans for resistance to this
species. As shown in Table 7, the disadvantange is the lack of a quick
screening technique to select for resistance in early segregating
populations. This has forced us to perform large mumbers of individual
seed feeding tests with the insect, a lengthy process. Thus, breeding for
resistance to A. obtectus has progressed more slowly. At present, the
first BC,F, resistant materials are being planted to be selected and then
tested in replicated trials for resistance to the bruchid.
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Table 1. ILevels of resistance to bruchids in selected wild beans compared
to cultivated susceptible variety.

Seed size Percent Days to adult Adult weight
Accession (9/100 seeds) emergence emergence (g x 10 )
Zebrotes subfasciatus
G 12949 T 16.2 &3.0 0.7
G 12952 & 17.4 65.2 0.7
G 12953 & 14.8 &6T.4 0.6
Calima (susceptible) 50 P6.1 37 1.6
Acanthoscelides cbtectus
G 12891 8 31.6 52.1 1.8
G 1294% T 4.0 62.5 2.0
G 12954 -] 7.2 55.1 1.0
Calima (susceptible) S0 58.4 36.6 2.6

Table 2. Biology of Zabrotes subfasciatus on "artificial" and intact seeds
of four varieties.

Percent Days to msdult

Technique Variety Rating emergence emer gence
"Artificial" seed Calima Suscoptible B7.7 3r.e
L 12-56 Susceptible TL.T 38.4
Sanilac Susceptible B&.1 37.8
SARC 1 Resistant 18.4 33.7
Intact seed Calima Susceptible 93.0 3.5
L 12-56 Susceptible 100.0 32.1
Sanilac Susceptible 95.9 .3
SARC 1 Resistant 7.3 s0.7
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Table 3. Ievels of mistarm to Z. subfasciantus in Sanilac backcross-
derived lines with arcelin-1 (Arcl/Arcl), without arcelin-1

(arc/arc), and segregating for arcelin-1 (Arcl/arc).

Days to adult Percent

Line No. Arcelin genotype emergence emergence

3 Arcl/Arcl 53.0 2.5

5 Arcl/Arcl 47.8 2.1

4 Arcl/arc 33.2 20.9

7 Arcl/arc 37.2 38.7

a Arcl/arc 38.1 34.6

9 Arcl/arc 35.4 30.2

1 arc/arc 34.2 89.5

2 arc/arc 34.7 76.3

6 arc/arc 34.4 93.8
Calima arc/arc 34.0 92.9
(susceptible)
Table 4. lLevels of resistance to Z. subfasciatus in intact and artificial

seeds with and without the addition of purified arcelin-1.

Days to adult Percentage

Treatment emergence emergence
Intact seed

Sanilac 31.3 95.9
"Artificial" seed

Sanilac 37.8 86.1

Sanilac + 2.5% arcelin-1 38.9 76.1

Sanilac + 5.0% arcelin-1 44.7 76.1

Sanilac + 10.0% arcelin-1 53.4 18.4
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Table 5. Breeding scheme to improve beans for resistance to Zabrotes
subfasciatus

Resistant x Susceptible
F : backcrossed to susceptible parent.

BC,F, : serological tests of 10-20 seeds per cross. Arc' are
backcrossed to susceptible parent.

1':!:2F1 : serological tests of 10-20 seeds per cross. Arc’ are planted
and individual plants are selected in the fiéld.

BC,F, : serological of 10-20 seeds per plant selected in BC,F,.

Homozygous Arc areplantedinpm;myrm:smthefieldaxﬁ
selected for agronomic characteristics.

BC,F; : seeds are submitted to replicated feeding tests with the insect.
Resistant progenies are planted in the field and selected for
agronomic characteristics.

B:2F4 : best lines are coded BERI.

Table 6. Levels of resistance to Zabrotes subfasciatus in some of the JF'5
lines selected in 1988.

Percent Days to adult Adult weight
Line emergence emergence (g x 10 )
GG 97-1-2-4 20.2 40.8 1.1
GG 98-10-2-CM 10.8 45.4 1.0
GG 98-22-2-CM 19.8 £1.5 1.1
GG 98-28-2-CM 10.3 45.0 1.0
GG 98-28-2-CM 5.3 44,2 1.0
GG 98-33-1-CM 4.3 48.3 0.9
G 12952 (wild, resistant) 2.7 &1.3 0.6
Calimo (cultivated, susceptible) 9T .4 30.5 1.4
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Table 7. Breeding scheme to improve beans for resistance to
Acanthoscelides obtectus.

Resistant x Susceptible
F : seed increase.

F : individual seed (200 seeds per cross) feeding tests with the
insect. Resistant seeds are planted and backcrossed to
susceptible parent.

BC)F, : seed increase. :

B:lrz : individual seed (200 seeds per cross) feeding tests with the
insect. Resistant seeds are planted and backcrossed to
susceptible parent.

B:2F1 : seed increase.

BC,F, @ individual seed (200 seeds per cross) feeding tests with the
insect. Resistant seeds are planted and selected for agronomic
characteristics.

Elltlzl“3 : replicated feeding tests with the insect for each of individual
plants selected in BC_F,. Resistant lines are planted and
selected for agruma istics.

BC,F, replicated feeding tests with the insect for each of individual
plants selected in BC_F.. Resistant plants are planted and
selected for a-gmmla &’mcteristics.

EICEF5 : best lines are coded BRU.
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POTENITAL OF BIOTECHNOLOGY IN GERMPLASM EVALUATION AND
THE GENETIC IMPROVEMENT OF Phaseolus BEANS

W.M. Roca, H. Ramirez, P. Chavarriaga, L.C. Munoz#*
Introduction

Plant breeding - the intentional production of genetically different
plants and the evaluation of this variability - without doubt has
contributed to the production of higher yielding yarieties of major
important considering worldwide production and consumption. The cammon
bean (Phaseolus vulgaris) isanﬁr;ﬁortmrtmmof&ietarypmteuﬂarﬂ
calories in latin America and Africa (Laing et al., 1984). Farmers' yields .
in latin America and Africa are low, averaging 500-600 Kg/ha, eventhough
potential yields of 2000 - 3000 Kg/ha have been demonstrated. A great
portion of this differential can be attributed to mumerous bioctic and
edapho—climatic factors that limit bean production in developing countries.
Ctumbaanbr&edirgatﬂﬂ'h&sb&endw&lq:&itaahighstarﬂarﬂarﬂ
prngresslﬂéb&mnﬁd&iﬂdﬂ&lﬂphqdiseasemﬂp&:tmistantmietim
with increased tolerance to drought, to acid soils, improved ability for
symbiotic nitrogen fixation and improved architectural characteristics
(CIAT, 1987). 'There are however limitations in the speed and precision
with which many useful traits can be identified, selected and utilized in
the breeding process. On the other hand, genetic variability for some
important traits is not present or occurs at ‘very low freguency in the
world gerqrplam collections of P. gg.]_.gg&.s (Cardona arﬂ‘Posso,_ 1987) . There
are also varying degrees of incompatibility between P. vulgaris gene pools
as well as between P. vulgaris and other cultivated Phaseolus spp, i.e. P.

* Biotechnology Research Unit, CIAT, A.A. 6713, Cali, Colaombia.
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acutifolius (tepary bean), P. coccineus (runner bean) and P. lunatus (lima
bean) (Gepts, 1984; Singh and Gutierrez, 1984). Furthermore, the genetic
improvement of common beans would greatly benefit from the availability of
information regarding the inheritance of important characters, their
precise location on chromosomes and their distribution among genetic
stocks.

Rapid advances in recent years from the biological sciences are
providing new tools for the study of plants and their genetic improvement.
Same of these techniques already offer short cuts in the production of
genetically fixed lines as well as aiding in the identification and
physical location of important traits on the chromosomes. Future
developments promise to allow the selective inhibition or activation of
genes and the introduction and expression of DNA seguences in selected
genetic backgrounds. These new approaches have widely been termed
"biotechnology".

In a more restricted sense, bioctechnology can be defined as the
application of non-traditional approaches, based on knowledge at the
cellular, biochemical and gene level, to constraints that can not be easily
resolved through traditional methodologies.

In this paper we cover, in broad outline, the current status and
perspectives of bictechnology development in Phaseolus beans, with emphasis
on applications to germplasm evaluation and genetic improvement.

Approach to Biotechnology Research in Phaseolus Beans

Constraints to productivity in FPhaseolus beans should be reviewed
periodically and possible techniques for researching and overcoming the
constraints reevaluated. Biotechnology research should focus on areas
where a) traditional methodologies have shown limited promise and b)
there is reason to believe that emerging cellular and molecular research
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approaches and tools can aid in solving the problem.

In spite of the importance of common beans in the tropical and
sub-tropical areas of the developing world, there has been relatively
little basic research conducted on this crop. O©On the contrary, basic
research on common bean problems was, until recently, essentially neglected
at both the national and intermational levels. It has been seen as too
costly and as requiring too long a time frame for payoff; thus basic
research has been given orphan status in spite of the exciting
possibilities that exist. y

The identification of constraints to research on important bean
production problems, followed by an evaluation of specific research
strategies which could conceivably be implemented to resolve those
constraints, would facilitate the establishment of a multi-institutional
advanced research network for Phaseolus bean biotechnology. A network
approach would allow more rational use of resources, prevent wasteful
duplication of efforts and facilitate faster advances in research.

The characterization of each constraint should include: a) a clear
statement of research objectives; b) biological and economic justification
for working on the constraint; c¢) proposed research strategies to approach
the problem; d) main areas of impact:; e) estimated time frame for
achieving results and impact; f) linkages between the advanced research
and the applied research conducted at institutions like CIAT and in
developing countries. Current research projects in Phaseolus biotechnology
would become part of the larger network.

The approach to advanced research weould include both, constraints which
can be immediately tackled using biotechnolegy tools and other constraints
which may require basic biochemical and/or genetic information before
possibilities of new technologies can be assessed.
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While the constraint identification process is being completed, we have
been addressing the development of selected techniques which are necessary
conditions for many of the biotechnology applications to Phaseolus beans.
These techniques can be grouped into two major areas: a) in vitro
techniques and b) techniques for genome analysis. These include research
on cellular, biochemical and molecular techniques, the development of which
will open the way for undertaking work in other bictechnology areas.

Development of Techniques
In vitro techniques

With the exception of P. wvulgaris micropropagation through shoot tip
culture (Allavena, 1984; Munoz et al., 1987) and the recovery of plants of
certain interespecific crosses through immature embryo culture, i.e. P.
vulgaris x P. acutifolius (Andrade-Aguilar, 1987), the development of cell
and tissue culture techniques in the common bean is constrained by the
difficulty in achieving complete and consistent regeneration of plants from
callus cultures. '

Micropropagation. This technique can be useful for: a) rapidly
miltiplying bean F, and M, plants which show restricted sexual
reproduction; b) recovery of mutants after treatment of early stage
multiple shoot cultures with radiation or chemical mutagens; and c)
multiplication of wvaluable germplasm which may be available in minimm
quantities. At CIAT, this technique has been successfully used in the case

of wild relatives of P.vulgaris. Micropropagation of P.vulgaris varieties
at CIAT yielded 5-20 shoots per explant.

Embryo culture. This technique has been used in a few selected cases,
especially in crosses involving P. wulgaris and P. acutifolius or P.
coccineus. The genotype of the recipient parent is critical for achieving
embryo growth. A backcrossing and selection program needs to be implemented
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following the recovery of fertile plants; in some cases, chromosome
doubling techniques need to be implemented before backcrossing. A major
drawback in wide crossing has been instability of the introgressing trait
in advanced generations.

Pl ] allus cultures. Although there has been
successful plant regeneration in other grain legumes, e.g. pigeon pea
(Cajanus cajan), moth bean (Vigna aconitifolia), broad bean (Vicia faba),
soybean (Glycine sp) and peas, in Phaseolus beans there are only two
reports of successful plant regeneration, one with the tepary bean (P.
acutifolius) (Kumar et al., 1988) and one with the runner bean (P.
coccineus) (Allavena et al. 1987).

ant regeneration rom

In a collaborative project between CIAT and the TCCP, Colorado State
University, we have repeated the P. acutifolius regeneration and are
adapting the technique for P. vulgaris. Because plant regeneration seems to
be genotype dependant, our work at CIAT involves crossing the best
responding tepary bean genotype with a range of P. vulgaris genotypes. F
embryos will be rescued and cultured to plants, explants for culture will
be cbtained from F, and F, plants.

The technique basically consists of the induction of callus on leaf
sections obtained from seedlings, production of a fine cell suspension and
selection of isodiametric, densely cytoplasmic, cell populations for
plating on regeneration medium. The selection of cells, which are
morphogenetically capable, is carried out through a series of filtration
and sub-culturing steps. Recent work with P. wulgaris has reached the
pre-organogenic stage similar to the P. acutifolius cultures.

In parallel research at CIAT, plant regeneration has been obtained from
callus induced on embryo axes of five wild relatives of P. wulgaris
(unplublished results). Because these genotypes are easily crossed with P.
vulgaris, a study has been initiated to ascertain, whether the
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"regeneration capability" of the wild materials can be transferred to the
common bean.

Thus, it may just be a matter of a more concerted effort in this area
to achieve plant regeneration in P. vulgaris. Saome effort should also be
allocated to regeneration from immature pollen.

Once plant regeneration has been achieved and tested for
reproducibility, the following potential applications can be envisaged:

a) Exploit the chromosomal instabilities of cell cultures to facilitate
the introgression of traits in wide crosses. Using haploid cell
cultures would increase chromosomal instability. Changes in chromosame
mmber may also provide a means towards polyploidy or aneuploidy in
beans;

b) induction of haploid and doubled haploid plants may prove to be useful
for conducting genetic studies, to facilitate selection of traits which
are highly influenced by the envirorment, and for accelerating the
production of hamozygocity in particular breeding strategies such as
varietal improvement for long growth cycle ecosystems, i.e. highland
beans.

c) transfer and é.:-:pression of useful traits by genetic engineering
techniques will require the capability of plant regeneration.

level. Some important traits, e.g. heat
and cold tolerance may be expressed at the gametophyte level and be
associated with pollen germination, (Mulcahy and Mulcahy, 1987).
Challenging F pollen with stresses would allow selection of tolerant or
resistant genotypes. Following fertilization with selected pollen the
progeny would be screened for the desired trait. The beauty of this
approach is that large mumbers of different genotypes, which are haploid,
can be handled quickly in very little space.
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Recent work at CIAT has shown a correlation between plant response and
pollen germination regarding heat tolerance; there also seems to be a
correlation between pollen size and heat tolerance. Work contimues to
determine if the trait is expressed in progeny following fertilization with
heat tolerant pollen.

Techniques for genome analysis

Genome analysis is the area of biotechnology currently receiving most
attention. The analysis of genomes is based on the development of
biochemical and molecular markers at three levels: proteins (polypeptide
analysis), enzymes (pattermms in isoczyme activity) and DNA (restriction
fragment length polymorphisms= RFLPs). These markers, associated with
morphological markers, can be used in Phaseolus beans for: a) establishing
biosystematic relationships among species and sub-species of the geneus
Phaseolus; b) assessing genetic variability in the P. vulgaris germplasm;
c) evolutionary and germplasm dispersal studies; d) characterization of
P. wvulgaris gene pools and ascertaining intra- and inter-specific
compatibilities; e) developing genetic linkage maps of P. vulgaris, and f)
identification (tagging) of genes in order to monitor their flow within a
breeding program, such as the introgression of traits from other Phaseolus
and wild germplasm.

Biochemical and molecular markers, have special features that make them
very useful in the genetic improvement of FPhaseolus beans. They occur
naturally, thus there is no need for artificial induction; co-linkage of
these markers can be evaluated in the progeny from an heterozygous parent;
their expression (isozymes) or presence (RFLPs) is free of envirormental
and epistatic effects, hence a trait can be identified in a population of
plants even if it is not visually expressed (Tanskley and Orton, 1983).

Isozyme analysis allows the analysis of gene products even prior to
phenotype expression. It is relatively rapid among the gencme analysis
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techniques. The level of isozyme pattern variability (polymorphism) in P.
vulgaris varies with the genotype. In recent work at CIAT on the
characterization of P. vulgaris land races from Mexico, Peru and Colambia,
of 9 isozyme systems, highest polymorphism was found with diaphorase in
meso American germplasm and with esterase in south Andean materials.
Diaphorase, peroxidase, esterase and acid phosphatase showed variability
between gene pools (Vargas, 1988). In work at the University of Florida
(E.Vallejos personal communication) high isozyme polymorphism was found in
two common bean lines, one carrying resistance to CBB from P. coccineus and
the other a susceptible Colombian variety. |

Protein analysis. Variability in the electrophoretic pattern of the
bean seed protein, phaseclin, has provided a useful tool to study the
domestication and dispersal of common bean germplasm (Gepts and Bliss,
1985). Several electrophoretic phaseolin types have been identified, e.q.
S, T, and C; they are highly polymorphic and are specific to the major bean
gene pools. Additional phaseolin types are being found in wild populations
of P. vulgaris from meso-America and the Andes. This technigue has been
used at CIAT to track the dispersal of P. wulgaris in Eastern Africa
(Triana, 1988) and to characterize new collections of wild P. vulgaris from
the southern Andes. There are two posters in this workshop dealing with the
utilization of phaseolin types in germplasm domestication and dispersal
studies.

Folypeptide analysis. Through two—dimensional gel electrophoresis
large mumbers of polypeptides can be analysed simultaneocusly. Expression
of some polypeptides is influenced by the enviromment, therefore this
analysis may provide clues in associating specific proteins with certain
traits. Development of methods for polypeptide fingerprinting in Phaseolus
beans may result in the identification of polypeptide fractions which
become amplified under stress conditions, and thus pave the way for
isolation and characterization of the responsible nucleotide seguences.
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RFLP analysis. RFLP analysis is a direct analysis of the INA (genes),
thus RFLPs are true molecular, genetic markers: They are not subject to
envirommental influences; they are abundant and many are not expressed in
morphological differences at the plant level, they have co—daminant alleles
and can often be scored at a seedling or tissue level. Using restriction
enzymes, the plant DNA is cut into pieces. Since restriction enzymes cut
at specific mucleotide sequences, differences in the DNA between plants
result in fragments of different sizes. The fragments are separated by
electrophoresis, then probes (cINA clones or low copy mmber genomic clones
frequently labelled with >2P) are hybridized to the DNA fragments. The
different lengths of the DNA fragments to which the probe hybridizes gives
a pattern on the gel, an RFLP marker. The RFLP markers can be linked to
specific heritable traits and thus used for screening in early generations,
accelerating a breeding program. The RFLP differences between lines can be
attributed to single base pair changes or to insertion-deletion changes
(Helentjaris, T. et al., 1985).

It is necessary to find probes that will give polymorphisms in P.
vulgaris in order to develop and apply RFLPs. Both genomic and plastome DHA
need to be evaluated. Chloroplast (cpDMA), ribosomal (rDiA) probes as well
as random repetitive and single copy sequences from related species, e.qg.
soybean, mungbean, etc. should be tested for homologies with P. vulgaris.

Recent work on the construction of a saturation linkage map of
P. wvulgaris using RFIPs has resulted in the isolation of over 25 cIMA
clones. Out of these, 11 showed polymorphism between the two genctypes
compared (E.Vallejos, personal commnication). Important single gene traits
can be easily maped using RFLPs, however future work should enphasize
quantitative traits which are wmore relevant to Phaseolus genetic
improvement.

Since genome analysis by RFIPs is time consuming and more costly than
isozyme or protein analysis, a concerted effort by many scientists will be
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needed to achieve the goal of mapping important Phaseolus bean traits.

The development of RFIP analysis in P. wvulgaris will provide
information on the presence of specific genes and their location on the
chromosomes. This research is expected to accelerate genetic manipulation

Gene transfer and expression

As mentioned above, the identification of priority, targets for genetic
manipulation through the emerging biotechnologies is a pre-requisite for
developing research strategies in Phaseolus beans.

P. vulgaris is susceptible to transformation by Agrobacterium vectors
(CIAT, 1986). However, it will be necessary to regenerate plants from
transformed tissues in order to study the expression and regulation of
foreign genes in whole transgenic plants and their progeny. It will also be
necessary to test other means of gene transfer in Phaseolus beans; i.e. the
particle gun technique which may avoid problems associated with plant
regeneration.
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THE POTENTIAL OF HYBRID BEANS

H. Bamnerot*

Summary

In order to successfully develop F1 hybrid beans, four conditions are

prerequisites :

To evaluate the magnitude of heterosis. '

A review of 23 papers shows that yield heterosis above the high parent
can vary between 20 and 170% depending on cambinations and crop
conditions. A recent paper reports yield heterosis above the high
parent averaging 30% with the maximm exceeding 100%, which mrrespond
to an actual yield of 5t/ha.

All of the yield components exhibit heterosis, in particular the pod
mrberjmz. The best combinations inmvolve parents of different growth
habit.

To find efficient cytoplasmic male sterilities.

Until now, five cytoplasms inducing a reasonably good level of male
sterility in P. vulgaris have been found : 1 at CIAT, 4 in Versailles.
These cytoplasms seem to differ by their mtDNA restriction patterns
withtheemmesalx but are functional with the same set of

maintainers.

Most of the P. wvulgaris genotypes tested are poor maintainers giving
partial male sterility when converted.

* Directeur de Recherches, Station de Génetique et d'Amelioration des -
Flantes, I.N.R.A., Route de Saint-Cyr, 78026 Versailles Cedex, Frarnce.
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Iess than 20 genotypes were found with a good maintaining ability.
These belong to the different categories : bush, climber, dry, snap,
white or colored seeded beans.

After meiosis, the pollen grains of good male sterile plants remain
associated in tetrads and less than 10% of them are stainable.

To transport pollen from the male to the female parent.

The cross fertilization of male sterile plants was evaluated in the
field as insufficient in 1987, but good in 1988, at the Versailles
Station.

A selection program for natural crossing ability was started in 1980 in
a population deriving from P. vulgaris x P. coccineus multicrosses. It
gave lines with a natural hybridization rate (without male sterility)
of 20 to 30% in Versailles campared with a natural rate of 3% in
control varieties.

To restore pollen production in F1 hybrids.

We found 3 lines of P. wulgaris possessing a dominant restoring
ability. Their Fls with good male sterile genotypes were not as
fertile as the control. They have 30 to 70% stainable pollen grains
which are partially coalescent.

Another source of dominant restoration was derived from P. vulgaris x
P. coccineus multicrosses. They seem to give Fls with higher
stainability levels and more disperse pollen. 1In 1988, the level of
pod fertility of experimental Fls appears to be sufficient to express
the yield potential quite well.

We propose to start a program of recurrent reciprocal selection with
two complementary groups. The first group will be the source of female
parents. Thus, it will incorporate high maintaining ability (in order
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to be easily transformed to male sterility by back crosses) and high
seed mnumber (i.e. small seed size and intermediate growth habit).

On the contrary, the second group must be selected for high restoring
ability, large seed size, and high combining ability with group 1.

Climbing beans probably represent the most appropriate target to start
hybrid breeding.

Introduction '

One of the most difficult challenges of plant breeding is the
successful development of F1 hybrids in self pollinated species.

The F1 hybrid model (cross of two pure lines) was almost simultaneously
proposed in the beginning of this century by Shull and East, aiming to
improve the yield of maize. It took a very long time (about 40 years) to
succeed. Despite a significant progress in yield and uniformity, the
severe inbreeding depression of the parental lines increased enormously the
cost of commercial seeds and thus delayed the development of hybrid
varieties. Thanks to the solution found by Jones (double hybrids), it was
at last possible to launch hybrids.

Now this type of variety is universally utilized for many heterogamous
species : onion, sugar beet, sunflower, asparagus, carrot, cucurbits, etc..

For autogamous species, the rare cases of F1 hybrids are found in
vegetables : tomato, pepper, and eggplant where hybrids progressively
replace the old true-bred varieties. Nevertheless, in China, 1 million
hectares of rice F1 hybrids are cultivated and in Europe the first wheat
hybrids were released four years ago, though in fact without great success.
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It is indeed difficult to develop F1 hybrids in autogamous species,
since pure lines can themselves be productive, adapted to different types
of agriculture, are very easy to reproduce and are thus utilized directly
as commercial varieties. This is the case for beans where pure lines are
quite satisfactory. But that does not mean there is no heterctic effect.

Four prereguisites must be satisfied before embarking on a program of
hybrid creation.

First of all, it is necessary to evaluate the magnitude of heterocsis
which indicates the probability of finding combinations sufficiently better
than control varieties.

Heterosis will be measured as the difference between the hybrid and the
best parent which in this case, should not be a severely depressed line,
but a productive homozygous line. This is why the value of heterosis in
autogamous species averages 20 to 30% above the high parent instead of 200%
as in maize.

We shall see that in the case of the common bean, we have the good
fortune to have available highly diversified types capable of generating
unexpected heterosis effects.

The second prerequisite deals with the process of hybridization itself.
In hermaphroditic species, it is impossible to emasculate by hand on a
large scale. The best solution is to rely on cytoplasmic male sterility or
MS. @S is based on the interaction of an inducer cytoplasm (or more
precisely an inducer mitochondrion) and a maintainer mucleus in the same

genotype.

Third, the pollen of the male parent must be carried profusely to the
stigmas of the female parent. In legqumes, this transport will be carried
out by insect pollinators, bees and bumble bees. In strictly autogamous
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species, pollen transport could be a problem.

Finally, we have to cancel the sterilizing effect of the mitochondrial
gename by action of muclear genes carried by the male gametophyte. We call
this pollen fertility restoration or simply restoration. We need to have
restoration of the F1 itself, which means that this nuclear restorer
genetic system must be dominant.

1) Magnitude of Hetervsis i

In 1986, Florence lLestiemme reviewed the literature relevant to
heterosis in common bean. Twenty three references were analyzed from 1932
(Malinovski) to 1986 (Nienhuis and Singh). Generally, due to the
difficulty of cbtaining hybrid seed in large quantities, evaluations were
performed on single plants or plots at very low densities.

Heterosis expressed as the difference between hybrid and high parent

can vary to a large extent : 20 to 170%, depending on the parents and
environment.

The most recent paper (Nienhuis and Singh, 1986) is probably among the
most interesting. The authors used a large dialled cross 9 x 9, with
parents chosen in the three existing growth habits of bush beans and of
different seed sizes. Fls and F2s were evaluated in two locations (Palmira
and Popayan, Colambia) for yield, yield components and architectural
traits.

The main results can be summarized as follow :

- Heterosis above mid parent was cbserved for all traits measured.

- Significant heterosis x location interactions were found for yield,
yield components and three architectural traits.

- Yield heterosis above the high parent was significant in 20 crosses at
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Palmira (mean heterosis 36%) and in 4 crosses only at Popayan (mean
23%).

- The best crosses showed heterosis of about 100% which corresponds to a
yield near 5 t/ha in Palmira compared with a parental mean yield of 2.7
and best parent yield of 3.4.

- Heterosis values tend to increase in crosses of increasingly divergent
growth habit, I x IT and I x IIT are better than I x I or II x II.

-~ General combining ability is greater than specific cambining ability
suggesting that additive gene action is most important in the
inheritance of yield. ;

In Versailles, we also found good combining ability between different
growth habits. For instance, the F1 S102 (type II) x Red Kloud (type I)
showed heterosis above high parent (S102) of 30% in the field and 60% in

the greenhouse.

Allow me to quote this comentary of Nienhuis and Singh (1986)
"Heterosis for all traits measured and especially hetercsis above the high
parent for yield may be sufficiently large to stimulate interest in the
feasibility of cammercial production of hybrid bean seed".

2) Cytoplasmic Male Sterility

2.1 COrigin of cytoplasms
The first case of OMS in bean was cbserved at CIAT (Singh et al., 1980).
The cytoplasmic nature of this male sterility was confirmed in the USA
(Basset and Shuh, 1982).

This MS originated in G 8063, a typical P. vulgaris genoctype where 13
male sterile plants were observed in 1977. Their Fl's with G 3807 were

sterile or partially sterile, suggesting that G 3807 is a maintainer,
later Sprite and Triumph American snap beans were also found as maintainers
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and were converted to male sterility in Gainesville. Male sterile plants
produced less than 10% of stainable pollen and persistent tetrads of
unstained pollen. Unfortunately, this MS appeared to be unstable,
reverting erratically to fertility.

It also presents the paradoxical phenamenon of "permanent restoration"
already cbserved in Vicia faba. The F2 P. vulgaris progeny derived from
selfed restored F1 (MS Sprite x R351 segregates as expected 3 mf : 1 ms.
But the male sterile plants in the F3 generation are absent. It was
recently demonstrated by Sally Mackenzie and Chris Chase that a 6 kb
fragment of mtINA was excised in revertants and in F3 deriving from
restored Fl. We received this cytoplasm very recently, and it was coded
(Ci) because of its CIAT origin.

In 1978, in order to study nucleus-cytoplasm interactions in bean, we
started to cross several P. vulgaris genotypes as female by several P.
coccineus genotype (VUQD pregram) and reciprocally (OOVU program).

The principle of the method which was used is that the progeny of
a cross receives the cytoplasm exclusively from the female parent. For
exanple, consider that the cross Desiree (female) x Maxidor (male) followed
by nine back crosses to Maxidor (male) results in the transfer of the
Maxidor nucleus into the cytoplasm (D) of Desiree. To describe this
situation of isogenic alloplasmy, we use the notation (D) Rg Maxidor.

We will here examine only the results of the OOVU program (i.e. the
transfer of several P. wvulgaris nuclei into 17 P. coccineus and 2 F.
polyanthus cytoplasms) the only one havirq‘ given results useful for
application (Table 1).

Crosses using P. vulgaris as female x P. coccineus are very easy to
carry out and present no problems. In contrast, the cross of P. coccineus

as female x P. vulgaris male is considered to be very difficult, indeed
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impossible with improved genotypes; this we have confirmed. To overcome
this obstacle and to initiate the transfer into P. coccineus cytoplasms, we
have employed an auxiliary genotype ZBD 1.3 which served as a bridge. This
was an F4 individual derived from the complex cross coded ZED.

ZBD = (Wulma x Colorado) x (P. formosus) x P. coccineus, which we
maintain through cuttings. As a male parent, it crosses as well with P.
vulgaris as with P. coccineus. There is also the advantage of the presence
of dominant markers of the plantlet (anthocyanin) and of the flower (purple
color) which can be used as evidence for successful crosses. After a cross
with ZBD (and a second cross, if necessary) the systematic back-crosses
with recurrent parents can begin.

The principal phenotypic modifications observed were deleterious
and specific to certain cytoplasms : loss of vigor, rapid senescence,
variegation of leaves and pods, loss of fertility.

The first clear case of male sterility appeared in 1980 with
Morelos cytoplasm (Mo) and Rugally nucleus; it was followed by three others

(Hg) (sp) (Da).
2.2 Results

On Table 1, we have summarized the latest results :

- (Hg), (Mo), (Sp) and (Da) cytoplasms are (MS inducers, the others 15
are not.

- FRugally and EO2 are maintainers for these 4 cytoplasms and also for
(Ci). Contender and Maxidor are very poor maintainers but are not
restorers.

- The maintaining ability of a series of genotypes was evaluated by
back-cross with the first cytoplasm obtained (Mo).

Most of them appeared to be poor maintainers as they gave partial
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male sterility when comwverted, characterized by erratic production of
partially self fertilized pods. Relatively few genctypes possess a good
maintaining ability (Table 2). They belong to different types of beans
(bush or climber, dry or snap) with a tendancy to be more frequent in snap
beans.

When corverted to male sterile they bear only parthenocarpic pods
without seeds as already cbserved by Singh et al (1980). The pollen grains
of these male sterile plants remain associated after meiosis; 90 to 95% of
the tetrads possess four empty grains, the rest of them show occasionally
1, rarely 2, never 3 or 4 stained pollen grains (Fig. 1). Less than 5% of
the pollen grains are disperse, even this may be an artefact of the stainig
procedure (squash effect).

Stainable dispersed or associated pollen grains represent less than 10%
of the total pollen. In comparison, the control (the maintainer itself
with its own cytoplasm) possess 95% to 99% dissociated stainable pollen

grains.

Thus, we need to understand why the so-called male sterile plants which
in fact produce 5 to 10% stained pollen grains are not self fertilized.
The reason for this appears to be the following. The anthers of these
sterile plants are nearly empty so they cannot burst. The rare functional
pollen grains which are released are mixed with debris forming a sticky
powder. They have little chance to fertilize.

As far as we could observe the maintaining ability (MA) which is
efficient with Mo cytoplasm seems to function to the same extent with the 4
other cytoplasms.

It seems that a contimuous range of MA occurs : from very good MA
with Gitana or Rugally to very poor MA giving converted plants almost as

fertile as controls with 5102 (brasilian black seeded genotype), Maxidor
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(Eurcpean wax-Snap bean) or Red Kloud (North American light Red Kidney).
When crossed as female to Gitana, this converted version gives male sterile
Fls! This indicates that they possess a recessive restoration system.

A study of mitochondrial INA of the five sources of MS was
performed. The electrophoretic patterms cbtained with enzyme Sal I were
specific to each cytoplasm; Hg, Mo and Sp differ slightly and resemble non
inducer P. coccineus but are very different from P. wvulgaris. Da (P.
polyanthus cytoplasm) is unique, Ci is very similar to normal P. vulgaris.
A fragment of 8.4 Kb, present in non-inducing cytoplasms is lacking in Hg,
Mo, Sp and Ci, but present in the Da pattern (Fig. 2).

3. Cross-Fertilization of Male Sterile Plants

Producing hybrid seeds on a female (male sterile plant), implies that
the pollen produced by the male parent has to be carried to the stigmas of
the female male sterile plant where it will germinate and lead to the
formation of cross-fertilized seeds.

This task will be carried out by bees and bumble bees which forage the
flowers looking for nectar and sometimes pollen. ‘The bumble bees
collecting nectar in Versailles often bore the base of the flower bud one
day before anthesis, which is ineffective for pollination. We observed
male sterile plants in the proximity of normal plants in the field during
the two preceding seasons. The cross fertilization was evaluated as poor
in 1987, but good in 1988 though less than the control. We don't understand
the reasons for this difference between years.

In 1978, fearing an insufficient cross pollination of male sterile

plants, perhaps due to a lack of pollinator visits, we started to select
for natural out crossing ability.
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This selection was based on the utilization of a marker affecting
pigmentation which is probably pleiotropic; it is visible in the seed, in
the plantlet and in the flower. The two possible states of this marker are
the following : recessive (white seeds, green axis and cotyledons, white
flowers); dominant (black seeds, purple axis and cotyledons, purple
flowers) .

Selection was carried out on the KH population mentioned above. This
population quickly showed a tendency for allogamy; after two generations of
natural reproduction in the field, the characters purple and yellow pods,
white and red seeds were found in the population. These characters were
not present in the parents of the original crosses and must, therefore,
have been introduced by natural crosses with plants of neighboring plots.

Some of the plants had white flowers and gave white seeds. Several
groups of white seed progeny were planted in the fall in the greenhouse in
square dishes. 200 seeds can be planted in one 36 x 36 am dish. Among the
groups of progeny, the majority of which had green axis and cotyledons,
plants with violet axis and cotyledons appeared with variable frequency :
these could only have resulted from natural hybridization with plants
possessing the dominant markers. The more frequent the anthocyanic
plantlets among the progeny, the more the female parent has a tendency for
allogamy. Among those giving such plantlets with high frequency, several
hybrid plantlets were recovered, grown in the greenhouse during the winter
and self fertilized (Fig. 3).

The markers segregated in the F2 progeny with cbserved ratios of 3 : 1
or, most frequently, 9 : 7. These progenies were sown the following year
and those which had white flowers were harvested. The white seeds were
selected and the cycle was started again (Fig. 4). A more costly variation
of this method consists of fixing the white seed character by cultivating
F2 plants with green axis and white flowers. This procedure requires a
second generation in an insect-proof greenhouse.
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While the average rate natural hybridization of P. wvulgaris varies in
Versailles between 2 and 3%, lines giving 20 to 30% of natural hybrids were
obtained after a single cycle of selection (Fig. 2). We hope to increase
this rate even more.

This tendency for heterogamy should permit better fertilization of the
male sterile plants which otherwhise give not enough seeds. The frequency
of hybridization mentioned above is probably an underestimate, since the
pollinators seem to choose one color of flower and pollinate others
accidentally. :

Unfortunately, after testing by backcross to Mo cytoplasm, the best
lines for heterogamy showed a poor maintaining ability. Only the line Al
24 K is a good maintainer but it gives only 7% natural outcrosses. We must
now observe MS lines with neighboring male fertile plants in different
locations during several years in order to check the yield of hybrid seeds.

4. Restoration of Pollen Fertility

It is probably a wise precaution to restore the pollen production in
the F1 plants in a self pollinated species since outcrossing would probably
be insufficient. Thus, when we found good (MS, we locked immediately for
dominant restoring ability (DRA). The test cross for DRA is very simple:
the restorer candidates are crossed with one or preferably two different
good male sterile genotypes. So we found only 3 P. vulgaris genotypes with
sufficient DRA among about fifty candidates tested: Borlotto gigante
(Borgi), Bo 025 and Ph 257.

In fact, as already observed by Sally Mackenzie with Ci cytoplasm the
restoration is not complete. Only 30 to 70% of the pollen is stainable and
grains are still predominantly coalescent.

This year, for the first time, restored Fls between different aMS (five
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different nuclei in the same (Mo) cytoplasm), and the restorers mentioned
above were observed in the greenhouse and the field. In the field, the
fertilization rate seems to be better than in the greenhouse, maybe because
of insect activity or wind effect.

The results of greenhouse trials are promising; if we express the
quality of the restoration by the ratio of the mean mmber of seeds/pod of
the Fls divided by the seed mmber of a theoretical mid parent:
((maintainer + restorer) x 0.5), we found for this ratio 0.74 for Borgi,
0.84 for Bo 25, 0.86 for PH 257. 'The ideal control: would be the same
hybrid, obtained by hand crossing. We also looked for restoration in the
species which had given the inducer cytoplasm: P. coccineus itself and
VUQO genotypes, specially in the KH populations mentioned before.

This time, we have found several genotypes giving in Fls with good QiS,
80% of stained pollen, mainly disperse.

We are currently transferring these dominant gene (s) by backcrossing
the restored F1 to a good male sterile. The obtained progeny of the BC
segregate, generally 1 mf : 1 ms (one dominant gene) or 1 mf : 3 ms (two
dominant genes).

A very good restoration level seems necessary for green beans, because
an incomplete fertilization diminishes the quality of the green pod. For
dry beans, we hope for a compensation effect of the insufficient mmber of
seeds in pods by an increase in pod numbers.

Conclusion

The magnitude of heterosis found in common bean is higher than
generally observed in self pollinated plants; the quality of QB is
satisfactory with maintainers already classified as good; the

cross-pollination has to be more precisely evaluated. The restoration
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level presently obtained must be also tested in practical conditions. We
propose to start right now a program of reciprocal recurrent selection with
a special attention to the problem of hybrid seed cost.

The first population, source of the future female parents could be
oriented to a type of plant yielding a large number of seeds. This means
small seed size and high number of pods (i.e. types II, III or IV). Other
necessary characters are maintaining and crossing ability.

The complementary population, source of the future male parents must
correct or compensate all the "defects" introduced in the first group :
large seed size will correct the small size, dominant restoring ability
will override the male sterility and high combining ability will enhance
the yield. '
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Table 1. Transfer of different P. vulgaris nuclei in different P.
coccineus or P. polyanthus cytoplasms.
— MWumber of back crosses on
Donor of Observed
Code cytoplasm Contender Maxidor Rugal Ly El'.lz modifications
] Désirée 10 9 = 2 Severely depressed,
variegation
P Petaco 1 12 . 2 Variegation
T Tres cumbres 14 1" A 2 Loss of fertility,
(E. purpurascens) parchment?
Ho Morelos 662 15 13 21 28 Male sterility
X Mexique F 12 10 - 2 Hormal?
o N1 407 1 - - - strongly-weakened,
(P. obvallatus) almost lethal
c CL 4x 10 n = 3 Hormal? less of
fertility
H HB 18 g T - - Depressed,
variegation
L LTE 8 13 - - - Variegation
58 DG 58 5 1 - 3 Hormal?
&7 NC &7 -] c] . - Loss of fertility,
(P. formosus) parchment? as T
125 DGD 125 9 - - - Hormal?
141 oG 141 12 - " - Hormal?
726 N1 T26=DGD3&1 7 - - F] Severely depressed,
loss of fertility
sp N1 Tié=Patzum 16 8 T 17 Male sterility
Bas N1 BB& e - - 2 Mormal?
kq H1 B89 14 10 9 T HMale sterility
[+ 14 W1 757 3 - = 3 Hormal?
(P. polyanthus)
ba N1 758 5 3 3 3 Male sterility

(P. polyanthus}
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Table 2. Levels of maintaining ability (MA) found in P. vulgaris with the
different OMS inducing cytoplasma (1)

Good MA

Gitana (bush, snap)
Rugally (bush, snap)
Prélude (bush, snap)
Sprite (bush, snap)
Triumph (bush, snap)
B0, (bush, dry)

00 (bush, dry)
GM10 (pole, snap)
VX193 (pole, snap)
Copau (pole, dry)
Al 24K (pole, dry)
P. mexicanus and progenies

Intermediate MA

—
=
S

(T O T R O - -G |
[ T A R O B B B 5]

111 1 1 &sbaBOs o

LS - S - -
L I O I I B e LS L S

Most of the screened genotypes - - - 2=3 -
fall here (Carioca, navys, Great
Northern)

Poor MA

Contender
Maxidor
Red Kloud
S 102

Y
EESETE Y
SN SETN ¥
SRS S
]
]
s

(1) Score based on pod fertility
0 = fertility of the control = no sterility
5 = conplete sterility of converted version
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Tetrads of 1, 2, 3, or 4 strained pollen grains.
Comparison of mt DNA patterns (Sal I enzyme).
Percent allogamy in FH in 1983 (200 plants).
Selection for increased allogamy.
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Figure 3. Percent allogamy in KH in 1983 (200 plants)
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A SOCIO-ECONOMIC PERSPECTIVE ON EARLINESS IN BEANS
Willem Janssen#*

Summary

Earliness is a breeding and production concept with many different
dimensions. It affects risk, crop management, labor, land and capital use,
sales possibilities and food availability through the year. The attention
to earliness is increasing in part because it has received little attention
in the past, which has led to late varieties, with adoption problems.

Because earliness has so many dimensions it can only be understood in a
farm systems context. The author believes that the role of earliness as a
drought escape mechanism is often overestimated at the cost of its impact
on especially labor, land and capital productivity. One of the reasons for
the limited attention to the other dimensions of earliness, is that the
benefits do not appear within the crop but in the rest of the farm system.

For all dimensions distinguished in earliness, alternatives do exist.
The management of a mumber of altermatives, however, is more complex than
the growing of early varieties, which combine a mmber of advantages in
one, easily managed trait. As well, many alternatives have a strong
institutional component, which falls outside the reach of the individual
farmer. As much as a drought escape mechanism, earliness appears an
"institutional deficiency" escape mechannism.

Earliness has a price, in terms of a reduction of yield potential.
However very few studies (or none) have been reported that calculate the

* Economist, Bean Program, CIAT, A.A. 6713, Cali, Colambia.
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value of the trait. This is because the multidimensional character of
earliness makes it difficult to measure its value correctly, because it has
received little attention in temperate agriculture and because it is not a
problem that econamists tend to be interested in instinctively.

Some suggestions are made on how its value could be measured. A
promising strategy appears to be the generation of methodologies analogous
to risk-analysis.

Earliness has to be associated with poor people. Poor people can
often not wait until next week in order to receive money or food. To
survive, they need it today. Consequently they live with a very short time
horizon. Earliness is a trait which helps them in their struggle to
survive. Nevertheless, if the small farmers of lLatin America and Africa
would not need earliness any more, this most probably would imply that
their production situation and 1living conditions would have improved
considerably.

Introduction

Earliness as a breeding cbjective has been a concern in many crops.
Its value has been proven in a very convincing way in rice, where the
development of early maturing, high yielding varieties allowed the
inclusion of a third crop in the annual production cycle (Zandstra et al.,
1981) . In case of beans, such clear proof on the value of earliness has not
been produced. Yet, intuitively the importance of earliness for bean
breeding is clear. Many farmers in the developing world praise beans for
being a rapid crop. Among the staple foods, it is probably the crop that
occupies the field for the shortest time. In fact, a farmer in Costa Rica
commented that he liked beans, because "it was all over" in less than three
months.
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An initial judgement on the value of earliness should be positioned
samewhere between two contemporary expressions. The first one is "time is
money" and the second one is "haste makes waste". This paper will try to
explain in more detail the advantages than the disadvantages of earliness.
However, it should be clear that, other things equal, early varieties have
less yield potential than late varieties. The benefits of earliness do not
cane for free.

The expression "time is money" is mostly associated with wealthy
businessmen in the United States of America. Not only wealthy businessmen,
but also poor pecple in underdeveloped countries live with this expression
in mind. Poor people are almost always short of money and will rather
receive a small amount of money today, than a bigger amount next week.
They live from day to day, are not able and therefore not accustomed to
wait for money or food.

"Haste makes waste" is an expression that represents scientific
values. Scientists most often have stable incomes, have spent long years
of their life studying, and are trained to produce careful results, rather
than to produce rapidly. The challenge of explaining earliness to a
scientific public lays in the different value system of farmers and
researchers.

What Is Farliness?

Earliness is a relative concept. A variety is early if it completes
its crop cycle in less time than the traditional variety. What this means
in the number of days is very location specific. In the Southeast of
Guatemala early varieties have a crop cycle of some 65 days and
intermediate varieties of same ten days more. In the extreme south of
Colambia (Ipiales) early varieties have a cycle of 210 days and traditional
varieties of 245 days.
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Earliness is also a relative concept in a breeding context. In the
search for yield and resistance, earliness has often been neglected.
Consequently many improved varieties were less early than the traditional
varieties. This brought problems with adoption of these varieties. For
many breeders earliness implies reducing the crop cycle of improved
varieties back to those of traditional ones, not so much the reduction of
crop cycles to shorter times than for the traditional varieties.

Earliness can only be understood in a farm systems context. The first
guestion to be asked is on the objectives of the farmer. These vary
widely, but most often the following components are involved: Incame,
especially in lLatin America; adequate nutrition, especially in Africa;
security and family welfare, important on both continents.

To fulfil these objectives the farmer makes use of certain resources.
Traditionally four major resources are distinguished: land, labor, capital
and management. The farmer can not freely use these resources. His famm
only has a certain size, his family and neighbors only provide a certain
amount of labor, his savings and credit-room at the bank are limited, as is
his education. On top of these constraints, climatic, soil and market
conditions further limit the options of the farmer.

The farmer tries to satisfy his objectives by the employment of his
available resources in different activities. Bean production, and
production of other annual crops, production of perennial crops and cattle
holding are among the agricultural activities. As well the farmer might
work as a day-laborer, or use his time and capital in trading activities.

Earliness obtains many dimensions if we consider how farmers balance
their objectives with their available resources and alternmative activities.

At least five areas where earliness can make a difference in farm operation
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should be distinquished. These are: crop management; the efficient use of
resources; the availability of food through the year; the opportunities to
sell his produce and the area of risk and uncertainty in agricultural
production.

Risk and Uncertainty

One of the most wide-spread ideas on earliness is that it serves as a
drought-escape mechanism. In areas where the rainy season is short and
irregular, early varieties have more chance to have passed the flowering
stage before the dry season starts. Farmers are aware that with sufficient
rain late varieties outyield early varieties, but are willing to accept a
reduction in yield potential for a bigger chance of cbtaining a successful
crop. In a 1985 survey in the Southeast of Guatemala 43% of farmers
planted early varieties to escape drought. 1In the same survey 66% of the
farmers planted only early varieties, 26% planted early and late varieties
and 8% planted only late varieties.

The evidence on the stability of early varieties is not very
convincing in the case of Guatemala. Table 1 shows the cutcame of a survey
in the first semester (A) and the second semester (B) of 1985. In the
first semester survey a distinction was made according to crop cycle.
Yields per hectare were equal for early, intermediate and late varieties.
There is no clear pattern in the adaptation to different cropping systems,
with the exception of the low yields of the late varieties in monoculture.
In such a situation early varieties are preferable. They yield as well as
late varieties in less time.

The second survey made a distinction between traditional varieties and
improved varieties. Most traditional varieties (but not all) were early,
while all improved varieties were late. In this survey the improved (late)
varieties considerably outyielded traditional varieties. THe resistance to
Bean Golden Mosaic Virus, for which the improved varieties were developed
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and introduced could explain these yield differences. The yield difference
per day, however, is minimal and the relative performance of improved
varieties in associations was less than in monoculture. Questions that
could not be appropriately answered were on the effect of earliness on the
yield of the associated crop; on the comparability of production
conditions; and on the value of time and timing by the farmer.

It appears that in 1985 earliness did not imply an advantage for
traditional varieties in terms of yield potential. For the improved
varieties a yield advantage was clearly present in the second season. The
question for the farmer then becomes whether yield potential could not be
introduced in earlier varieties. This is a particularly challenging
question since it appeared that the traditional early varieties were grown
on poor soils (hill sides), while the improved varieties were grown on more
fertile and more humid flat scils (Viana et al., 1986). Earliness was not
only associated with drought escape but also with water and mutrient
efficiency and possibly with yields of the associated crop.

Furthermore, the superiority of improved varieties depended on the
criteria used. If yields per hectare were used, they were better, but if
yields per hectare per day were used they performed equal to the
traditional early varieties.

A final remark with respect to risk and uncertainty concerns
replanting. Many farmers purchase their seed in common grocery stores or
store it for almost a year at the farm. Germination of this seed is very
variable. With early varieties the possibility to replant, without facing
drought problems, is greater than with late varieties.

ICTA has been aware of the value of earliness, especially after the
introduction of the first B@MV resistant lines. Their efforts to produce
mreaarlyvarietiesarehﬂe&iaveryapprtpriatemquﬁetnﬂmanmds
(Ruiz et al., 1988).
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Crop management

Early varieties provide four cbvious advantages in crop management.
In rotations, an early variety will provide more time to prepare and plant
the next crop. The benefits of such earliness will be expressed in the
yields of the next crop, as well as in the monetary costs of production
(less need to hire labor).

Early varieties, many of which are of type III growth havit, may cover
the field more rapidly and will need less weed control. This advantage
might be expressed in the yield of the bean crop, but more probably will
impact on the cost of production per hectare.

In crop associations the early variety will be harvested more quickly
and provide less campetition. This will result in increased yields for the
associated crop. One must note that earliness in associations might also
impact negatively, if the early bean variety is more competitive with other
crops shortly after planting than a late variety would be.

Finally earliness might help to escape the build-up of insects and
diseases to economic damage levels. In this case bean yields might
increase and the cost of insect and disease control might be reduced.

A salient cbservation with respect to earliness for crop management is
that it impacts mainly on costs of production and yields of other crops.
Organizing research along commodity lines is beneficial in many aspects,
but might incorrectly reduce the attention for the interaction with the
rest of the farm system.

Capital and labor use

For almost all small farmers in the developing world capital is
extremely scarce. Banking services (credit and savings) are insufficiently
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provided. Early varieties partially resolve these problems. Since they
can be harvested earlier, they provide a higher rate of return and make
borrowing more feasible. As well they allow the farmer to pay back his
loans rapidly and reduce the costs of interest. Thirdly the income from an
early bean crop might be an intermediate source of financing, for example
to pay for fitosanitary control in other crops. Finally it provides cash
to the farmer at an early moment in the production cycle. This allows the
farmer's family to make consumer spending earlier in the year and
facilitates cash flow management.

Labor is a resource that small farmers appear to possess abundantly.
Although the overall ratio of labor to land is high, farmers often face
periods in which labor is needed in many activities. These are almost
always the pericds of the year when other farmers are also occupied, so it
is difficult to hire labor. For bean production, planting and harvesting
are peak pericds in the year. Early varieties that can be planted later in
the year allow the farmer to grow a larger area of beans, by extending the
planting season. If the planting period is extended the harvest period
will be extended as well.

Earliness also affects labor in another way. Farmers might be active
in employment outside their farms, for example as a day laborer or a rural
assembly agent. For example in Brazil it appears that small farmers obtain
up to 65% of their income from off-farm activities (Schuh, 1988). In many
regions small farmers immigrate temporarily to other areas, to earn an
income in the harvest of other crops. It is clear that each day saved in
the production of his crops is an extra day of income in the altermative
employment.

For Latin American a@riaﬂture labor productivity has critical value.
The ratio of urban consumers to rural producers has grown rapidly over the
last 30 years. Farmers now need to be more productive to supply sufficient
food to the urban markets. As well, labor productivity influences strongly
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the agricultural income. If this income does not increase enough,
migration of farm labor to the urban areas will continue and might make the
continent more dependent on imports.

Land use

In Asia early maturing rice crops allowed the inclusion of a third
crop in the production cycle. In many rainfed areas such intense cropping
might be impossible, but early varieties might still allow a double crop
instead of a single. '

As is the case with labor and capital productivity, increasing land
use is complex. An example from Ipiales, the extreme south of Colambia,
will be used to illustrate such complexity.

Table 2 shows two traditional crop systems and two experimental
crop systems for this region. In order to intensify bean production
(system 2), a new system (3) was developed in which the climbing bean is
replaced by an earlier bush bean. Since it was not possible to find a
maize variety that was campatible in duration and quality, the bush bean
was grown in monoculture. After the bush bean is harvested a second crop
can be planted of barley or potato. Alternatively a production system, in
which promising climbing beans and maize are intercropped, was designed
(4) .

The production system which includes the bush bean (3) occupies the
land for more time. It is effective in increasing the land use through the
year. Its benefits are higher than for the traditional production system,
on a per hectare as well as a per day basis. The alternative production
system (4), however, produces even higher net benefits per hectare and per
day. As well it has lower cash costs than the system with the bush bean.
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What is the chance of success of the land use increasing production
system? For several reasons, this does not look promising. Cash costs are
higher (risk!) and benefits per day increase only marginally. On the other
hand, the system needs harvest and planting labor when farmers are
harvesting potato and planting barley (Production system 1). While
production system (1) provides the barley with the residual fertility of
the potato crop, bush beans will not provide such residual fertility, since
they are not as heavily fertilized as potato. Finally farmers use the
bean/maize field for animal grazing during the remainder of the year. This
could be practiced for some 120 days in the traditional system and only 40
to 70 days in the new system.

Besides, there is an altermative beans/maize production system that
has higher expected benefits. Although this system does not increase land
use through the year, it makes more intensive use of it during the crop
cycle by means of an association. Not only land use through the year but
also intensity of use matters.

Earliness has imminent potential to increase land use by intensifying
the crop cycle. To understand this potential the farm system needs to be
analyzed as a whole, and advantages for specific crop systems need to be
campared with what happens to the other crop systems in the farm. Of
course such analysis is highly location specific.

Food availability through the year

The importance of earliness for food availability through the year can
be demonstrated with an example from Africa (Bittenbender et al., 1984).
When the crop is in its vegetative growth stage, farmers eat bean leaves.
later on, when pods are being filled, green pods are consumed. When the
crop reaches maturity, green shelled beans are eaten. Finally when the dry
beans are harvested and dried, dry beans are eaten.

144



In a system where pecple rely on beans for part of their food needs
from so early on, the importance of early varieties is ocbvious. It should
be stated that for food availability purposes it is very advantageous if
the early materials are complemented with late materials that provide food
after the harvest period.

Sales opportunities

Earliness improves the sales possibilities for the individual farmer.
This can be appreciated in figure 1, that shows average monthly bean prices
at wholesale level in Bucaramanga, Colombia from 1982 to 1987 for the
variety Radical). The harvest concentrates around July (first cycle) and
December (second cycle). At both harvest periods, prices at wholesale
level tend to drop. For a farmer it is advantagecus to sell his beans
early, since this might cause a 20% difference in the price he receives.
Not only the higher price matters to the farmer. If he offers his beans
before the majority of farmers offers beans, he will need less effort to
sell, will face less quality restrictions and will have a higher chance of
cash payment, because traders still have money instead of beans.

Earliness as a means to improve sales opportunities is a doubtful
strategy. If only a limited group of farmers have access to early
materials, they will sell at higher prices. HNevertheless, if all farmers
will have obtained access to the early materials, a demand for even more
early materials will arise. This might eventually lead to an "early to
market" trap, where yield potential is contiruously sacrificed for
marketability. Furthermore, early materials appear to have smaller grain
size on average than late materials, which further affects the viability of
earliness as a means to improve sales opportunities (Kormegay, 1988).
However, to increase the feasibility of a new varietal introduction,
earliness is very important. If farmers are market oriented they will not
quickly accept a variety that delays their market access.
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ternati to

Earliness is appreciated by farmers for many reasons, as described in
the previous sections. Farmers are willing to sacrifice yield potential or
nitrogen fixation capacity in order to obtain their harvests at an earlier
stage. Why is earliness so appreciated? To a large extent this can be
understood by studying the alternatives to earliness.

With respect to risk, alternatives to earliness are: a better root

systems (drought); a crop insurance system; a high quality seed
distribution system to avoid replanting.

With respect to the crop management aspects of earliness, one might
consider protective inputs, education and to some extent other crops.

Efficient resource use was treated as a major reason for preferring
early varieties. As an altemative to efficient land use one might
consider improved fertilizer availability or land reform programs. For
more efficient labor use, mechanization can be considered. Earliness to
reduce capital needs can be substituted by improved credit availability and
by the existence of loans at reasonable interest rates.

Food availability through the year can be improved with storage
methods or with food distribution and credit (for food purchases) schemes.
Finally the wish of the fammer for early varieties in order to sell at
better prices could be substituted with market support schemes.

Earliness forms an altermative to many different things, from
mechanization to crop insurance. Earliness is attractive to many farmers
because it combines different altermatives in one trait. The various
alternatives to earliness are probably more difficult both to manage and to
understand. As well many of the alternatives fall outside the scope of the
individual farmer and need to be supplied at the community level.
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In total fourteen alternatives to earliness were mentioned, nine of
which have a large or almost complete institutional dimension.  Market
support programs for example are absent in many countries or function
badly. In conclusion, for the individual small farmer earliness is the
alternative to a great range of institutional solutions. It is the answer
of the small farmer to the underdeveloped agricultural sector in which he
operates. This also suggests that if institutional arrangements improve,
the farmers demands for earliness will probably be reduced.

Measuring the Value of Earliness

The author of this paper is not aware of studies that explicitly try
to measure the economic value of earliness. Three reasons come to mind to
explain the absence. Firstly, economic methodologies are often developed
in the temperate zones and afterwards applied in the tropics. Since
earliness is less important in temperate zones, there methods were probably
never developed. Secorndly, measuring the benefits of earliness is very
difficult, because it has so many different dimensions. Thirdly, as
described in the previous section, earliness is the poor farmers answer to
deficient institutional arrangements. This means it is a "second-best
solution". Most economists are more interested in studying
well-functioning markets and institutions than in studying a "second-best
solution".

Same suggestions on measuring the value of earliness can be made. One
can study the evidence of adoption. How many kilograms per hectare extra
needs to be harvested to campensate for a certain lack of earliness? For
example, ICTA-Quetzal in Guatemala is an improved variety with reasonable
diffusion, however without replacing the traditional varieties. It yields
some 320 kg more per hectare but is 25 days later. It then appears that in
Guatemala a day earliness has a value of some 13 kg.
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The problem with this method is that aside from length of growth cycle
and yield, other differences (grain size, resistance) might be irwvolved in
the comparison. This can be avoided by the use of elicitation methods,
which are also often used in risk analysis (Binswanger, 1980). In these
methods farmers opinions on the relative value of earliness versus yield
are elicited. This is done for hypothetical situations. This brings the
advantage that other differences are not involved but the disadvantage that
the comparison is artificial.

A campletely different way to measure the value of earliness is by
studying and questioning farmers on objectives, activities, attitudes,
resources and constraints. On the basis of this information a farm model
can be built which represents farmer behavior. In this model the effect of
early varieties can be simulated. In comparison with the previously
described methods, this method offers more understanding of why farmers
like early materials. However, the methodological procedure is more
camplex; the procedure is normative (it includes a decision-rule); and it
is very difficult to specify a complete farm model.

Conclusions

Earliness has many dimensions. It can improve labor, land and capital
use, limit risk and insecurity, facilitate crop management, supply food
shortly after planting and improve market prospects. 1In breeding for
earliness it is very important to know what dimension is being aimed at, in
order to make a rigorous assessment of (breeding or institutional)
alternatives. It should be very clear that it is much more than a drought
escape mechanism.

To understand earliness, it is not enough to study the bean crop, not
even the bean association. Earliness often is valued because it improves
the organization of the farm system and it facilitates farm management. In
an equal way, studying the farm system might help to understand why
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earliness is not needed.

Earliness can be usefully combined with "lateness". If early
varieties are used to spread the planting period, to obtain food rapidly,
or to have access to intermediate capital for production purposes, it is
not necessary that all beans planted are early. Also a farmer might have
plots with different water retention capacity. He ocould plant early
varieties on the dry land and late ones on the humid land.

Fram a socio-economic perspective earliness appears, more than a
drought escape mechanism, an "institutional deficiency" escape mechanism.
For many farmers earliness is a way to deal with badly functioning markets,
credit input and mechanization services. ‘This suggests that orop
improvement should be integrated in more comprehensive development plans.
The institutional components of such plans could focus on credit use and
mechanization, reducing the objectives and the constraints for the crop

improvement component.

Earliness has a price. Most clearly this is appreciated in the
reduced yield potential. where the institutional deficiencies are big and
the need for earliness great, farmers are willing to pay a high price for
earliness. Unfortunately, the author is not aware of economic studies that
have tried in a systematic manner to estimate the price of earliness.

In latin America earliness has large potential to increase labor
productivity. Even on small farms productivity is constrained by seasonal
peaks in the labor film. If earliness can contribute to the reduction of
these seasonal peaks by spreading agricultural activities through a larger
part of the crop season, this will have strategic value in the struggle to
increase small farm income.
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Finally, earliness has to be associated with poverty. Poor people
live from day to day and will not wait until next week, if they can obtain
samething tomorrow. It is well known that the inability to save and inwvest
is strongly correlated with poverty. The ultimate conclusion is that
earliness does not correspond with the expression "time is money" nor with
"haste makes waste". It corresponds with both at the same mament. Often
it helps pecple to survive from day to day and year to year. However if
they could do without earliness, this might well imply that they had
reached substantially better living conditions.
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Table 1. Yields per hectare of different bean types in different cropping
systems. In Southeast of Guatemala, 1985.
1
A (first semester) B_{second semester)
Early Intermediate Late Traditional Improved
varieties varieties varieties varieties varieties
Monocul ture 1350 1818 1038 oT6 1464
Association with
maize 1364 907 1402 B&4 1135
Association with
sorghum and maize 1122 13646 1263 654 90
Association with
sorghum 1092 e 1266 841 1nmw
Average yield 1832 1218 1237 Bhs 1192
Average yield per doy 15.0 15.6 13.7 13.0 13.2

1. Ho specific reference to traditional or improved varieties.

Source:

Internal data, Bean Economics, CIAT.
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Table 2. Traditional and experimental production systems, Ipiales,

Colombia 1988.

Treditional

()

2)

Experimental

3

Bush beans fol lowed

(4)

Improved besns

Potato fol lowed Beans associated by barley or associnted with
by barley with maize potato improved maize
Duration (days) 150 + 120 245 165 + 135 220
Het benefit
{UsS/ha) n.a. 703 970 1046
Cash costs/
Total costs n.o. 0.32 »0.45 0.32
Het benefit/day
(US$/ha/day) n.a. 2.87 3.23 £.T5
Residual fertility yes o no =
Period available for
cattle grozing (days) o 120 40 - 70 145

Source: Internal data,

Bean Cropping Systems, CIAT.



Figures

Fig. 1. Colambia: average prices per month 1982-1987. Radical,
Bucaramanga.
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COLOMBIA: AVERAGE PRICES PER MONTH 1982-1987
RADICAL, BUCARAMANGA
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PHYSIOLOGICAL ASFECTS OF EARLINESS IN COoMMON EBEAN
Jeffrey W. White*
Introduction

Recent interest in developing early maturing bean cultivars has raised
many questions related to the physiology of bean crops. Foremost is
whether earliness really offers advantages which offset the apparently
inherent loss of yield potential associated with short growth oycles.
Accepting that earliness is desirable, one can ask how to breed cultivars
which combine the desired level of earliness with acceptable yield
potential. This problem has two facets where physiology research might
help. The first concermns genetic and envirommental effects on bean
phenology. Given that beans are typically short day crops, effects of
photoperiod are of particular concern. The second facet is whether certain
morphological or physiological characteristics can be identified which
breeders can use as selection criteria for yield in early maturing
materials. This paper reviews available information on these physiological
questions.

The Relation Between Yield and Maturity

In the absence of marked seasonal variations in stresses, notably
drought or low temperatures, late maturing bean genotypes typically out
yield similar, but earlier maturing materials by substantial amounts. As
an example, Figure 1 presents data from a yield trial of 42 genctypes
varying in maturity from 52 to 83 days at CIAT Palmira. This difference in
maturities was associated with a yield difference of nearly 2000 kg ha -+,

* Crop physiologist, CIAT, A.A. 6713, Cali, Colombia.
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giving a linear correlation of r = 0.80 (p = 0.01).

Another illustration of the same trend is found in the review of Laing
and co-workers (1984). Using photoperiod treatments to delay flowering of
Porrillo Sintetico, they found that a 10 day delay in maturity was
associated with a 1000 kg ha ' increase in yield. Further examples are
discussed by White and Izquierdo (in press), and the phenamenon is well
known in other crops (Charles-Edwards, 1982).

Given the strong evidence for the loss of yield potential with
earliness, it is imperative to seek evidence for benefits of earliness which
would compensate for the expected loss of yield potential. One situation
where early maturing genotypes can out yield later maturing ones is when a
major stress increases in strength during the crop cycle, and early
maturity results in at least partial "escape" of the stress. Drought and
freezing temperatures are the most cbvious examples, but for any disease or
pest problem which increases in severity over time, early maturity also
might permit escape.

Circumstantial evidence for drought escape in beans is found in drought
screening nurseries (White and Castillo, 1988). When yield and maturity
are compared, a negative relation is frequently found although many
exceptions occur. As a single example, Figure 2 shows a significant
negative correlation between yield and maturity for 72 genctypes evaluated
under drought at Palmira. A simple analysis of precipitation and potential
evapotranspiration for five day periods during the growth cycle indicated
that starting approximately 25 days after planting, there was a 40 day
period with only 22 mm of precipitation but a potential evapotranspiration
of 193 mm.

A particularly interesting case of drought escape is shown by P.
acutifolius. Independent studies conducted in Honduras and at CIAT have
found that some genctypes of P. acutifolius are much earlier than typical
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lines of P. wvulgaris, and that this may explain some of the drought
adaptation associated with P. acutifolius (Zuluaga et al., 1988; White and
Castillo, 1988).

Rather than ask whether drought escape through earliness is a useful
characteristic, a more productive approach is to ask under what conditions
drought escape is useful. Unfortunately, the response to this question is
very site specific since it depends on such variables as rainfall
distribution, soil moisture retention, and willingness of farmers to take
risks.

Instead of attributing usefulness to earliness based on escape from a
single stress, it can also be argued that earliness permits escape from a
wide range of stresses which may vary in importance from season to season.
One approach for studying such an effect is through analysis of
miltilocation yield trials. Using a Finlay and Wilkinson (1963) type
analysis one would expect early maturing cultivars to show lower regression
responses (B) and smaller deviations from regression (D).

In a review of date from seven years of Internaticnal Bean Yield and
Adaptation Nurseries (IBYANs), only the 1975 IBYAN produced a significant
relation between mean days to maturity and B (White, 1984; Fig. 4), and no
significant correlations were found for D. This apparent lack of relations
between earliness and stability was attributed to the typically very narrow
range of maturities found among genotypes of individual IBYANs.

This question has only received limited attention in other crops.
Working with 54 sorghum genotypes in 48 enviromments, Saeed and Francis
(1983) found that more than half of the variation in B was attributed to
maturity effects, and D was also affected by maturity.
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Control of Earliness

If it is accepted that earliness is a desirable character to seek in
cammon beans, the question arises of how to breed for earliness for a given
region. Although such work could be done on a strictly empirical basis,
information on the genetic control of earliness and on effects of
photoperiod and temperature could improve efficiency of breeding.

Studies on the inheritance of earliness in comon bean are few.
However, only two or three major genes seem to be of concerm. One or two
genes have a direct effect on maturity, while another appears to modify
phenology indirectly through effects on growth habit.

Masaya et al. (1986) reported that for the cross ICITA Quetzal x Rabia
de Gato, earliness was dominant and controlled by a single gens when
evaluated at a site with a mean temperature of 29°C. Recent work at CIAT
(White et al., in preparation) with 19 early maturing indeterminate
genoctypes seems to confirm this. Using test crosses of the early genotypes
with A 301 (as the female parent), all 19 Fl1 populations flowered and
matured almost as early as the respective early parent. The F2 populations
were slightly less early, but were still much earlier than the mean of the
two parents (Table 1). Further studies are needed to determine whether the
same pattern of inheritance is found in determinate genotypes, and whether
the different early parents share the same dominant allele.

Another gene known to have a major effect on phenology is the cone
governing the shift between indeterminate to determinate growth habit.
Most studies have suggested that the determinate habit is recessive,
showing a 3 to 1 segregation ratio, and is associated with a 5 to 8 day
increase in earliness (e.g. Bliss, 1971). However, recent work suggests
that exceptions to the pattern of inheritance of stem type do occur (O.
Ortiz, 1988, personal commnication).
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Understanding the basic control of earliness is an important step in
predicting how early the progeny of a cross will be. However, given known
effects of temperature and photoperiod on phenology in common bean, it is
easily anticipated that identifying the basic genes controlling earliness
will prove insufficient, particularly when materials are grown under
different photoperiod or temperature regimes. For example, Figure 4
presents data for evaluations of time to maturity for 25 early genotypes
grown at Cotaxtla, Veracruz, Mexico (E. lopez S., 1988, personal
communication) and at’ CIAT Palmira. Although the overall correlation is
highly significant (r = 0.68, p = 0.01), some genotypes shifted their
maturity as much as eight to ten days relative to other materials.
Furthermore, in this case, photoperiod response does not appear to have an
obvious association with these shifts. Further examples are found in
Masaya et al. (1986) where segregation ratios were fourd to vary when
populations were grown at two sites differing in mean temperature.

Our knowledge of effects of photoperiod and temperature on phenology is
not yet at the stage where one can predict phenology for any genotype under
a given set of envirommental conditions (Masaya and White, in press).
However four principles provide some guidance:

1. Each genotype has a characteristic minimm time to flowering (“tendency
to flower", "maximm flowering rate"). This is expressed under short
photoperiods and, typically, warm temperatures. Problems with
instability of earliness tend to occur as delayed flowering, not
excessive earliness.

2. For photoperiod sensitive genctypes, if daylengths are greater than a
critical minimm length, flowering will be delayed.

3. Higher temperatures increase sensitivity to photoperiod. This effect
is most dramatically expressed in Andean materials adapted to cooler

regions.
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4. Independent of the effect on photoperiod sensitivity, rate of
development increases with temperature. Thus, if no confounding
photoperiod effect occurs, warmer temperatures hasten flowering and
maturity.

In selecting for earliness, the worst problems with instability would
probably occur when materials are selected under short photopericds (low
latitudes or winter cropping seasons) and then moved to long ones.
However, in some cases temperature effects will certainly be an additional
confounding factor.

Inheritance of photoperiod response in beans requires further study,
but most evidence suggests that two genes are involved (Wallace and Masaya,
1987, personal commnication). Considerable variation in photoperiod
sensitivity occurs within early maturing materials (Table 1).

Selection Criteria for Yield in Early Materials

Given that early maturity implies loss of yield potential, the need to
find efficient ways to select for yield under earliness is even stronger
than for when maturity is not a factor. If precautions are not taken,
selection for yield will undoubtedly lead to loss of the desired earliness.

Following suggestions for ways to increase yield potential in genotypes
with normal maturity, one approach is to suggest specific plant
characteristics which partially determine the potential of yield of early
maturing genotypes. To date, the only attempt to formulate a list of
hypotheses relating yield to characteristics of early maturing lines
appears to be that of Rodriguez (1986) who compared growth of 13 early
genotypes and 3 normal ones in two semesters at CIAT Palmira. Testing such
hypotheses is not as simple as one might think because they implicitly
contain the sub-hypothesis that not only does a characteristic affect
yield, but that this effect varies with length of the growth cycle of
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individual genotypes. For example, it is insufficient to say that a high
harvest index is desirable; it must be decided whether harvest index should
be relatively greater in early or late maturing genotypes. The simplest
way to test such hypotheses is through multiple regressions. Using yield
as the dependant variable, a test for significant effects of maturity, of
the characteristic in question, and of the maturity by characteristic
interaction should suggest whether the characteristic is of special
importance in early materials. Significance of the interaction with
maturity is the critical test since it indicates whether the effect of the
characteristic varies with length of growth cycle. '

To illustrate this approach, five hypotheses were examined using data
from the same trial of 42 genotypes presented in Fig. 1. The hypotheses
were:

1. Relatively long podfilling: Since yield is highly correlated with
length of podfilling period, but early maturity implies a shortening of
the podfilling period, the relative proportion of the growth cycle
allocated to podfilling should be increased in earlier maturing
genotypes. (The proportion of the growth cycle represented by the
podfilling period is defined as length of the podfilling period divided
by days to maturity).

2. High growth rate: The short growth cycle places a strong limit on
overall growth, so a high growth rate is imperative. One rough index
of the growth rate is biomass at maturity.

3. Higher harvests index: Again, since growth is limited, what growth
does occur must be converted efficiently into yield, and the harvest
index should be especially high. Furthermore, with a smaller plant
size, less structural support is needed. This should also permit a
higher harvest index in early genotypes.
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4. larger seeds: Early maturity implies a reduced period for vegetative
establishment. Since large seed size should permit a greater initial
crop growth rate, large seeds might be particularly desirable in early
maturing genotypes.

5. Fewer seeds per pod: With a shortened podfilling period, the rate with
which individual pods can be filled might be limiting. Thus it would
be desirable to have smaller, but more rnumerous, pods. Since it was
already argued that larger seeds are desirable, the only altermative is
to have fewer seeds per pod.

The analyses of variance for variables associated with these five
hypotheses are presented in Table 2. 1In all cases, the maturity effect is
very large. The only hypothesis where a significant effect of other
variables was found was for crop dry weight. No interaction with maturity
was found for any of the five characteristics. Taking these results at
face value, one would conclude that all of the hypotheses have to be
rejected. A more generous conclusion is that such analyses should be

attempted for a wider range of trials.

The related problem of how to select directly for yield in early
materials when higher yields will be associated with later maturity is also
approachable through regression analysis. This approach seems superior to
the more conventional one of calculating yield per day (yield divided by
days to maturity) or yield accumilation during podfilling (yield divided by
length of the podfilling period) not withstanding the apparent popularity
of such indices (e.g. Wallace and Masaya, 1988; CIAT, 1987).

Yield per day suffers from an important bias which frequently favors
late maturing genotypes, but depending on the actual relation between yield
and maturity in a given trial, can also favor early or intermediate
genotypes. This bias is best illustrated by considering a line
representing a constant level of yield per day on a graph of yield vs days
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to maturity. Such a line is exactly equivalent to defining a fixed limit
for selection based on yield per day. In Fig. 5 the data from Fig. 1 are
replotted including the origin on the two axes, and a line for yield per
day = 25 kg ha © is drawn. This line passes through the origin, as will
any line for a constant yield per day. This is shown by rearranging the
definition of yield per day (YPD) as a function of yield (Y¥) and days to
maturity (M).

YFD = Y/M,
thus becomes
Y = YFD * M,

which is the equation of a line through the origin and with slope of YPD.
Cultivars lying above the line in Figure 5 thus have yields per day greater
than 25 kg ha * day * (e.g. RAB 60), and those lying below, less than 25
(e.g. G 2923). For this set of data, if we imagine successive lower limits
of yield per day, it is clear that all of the late maturing genotypes will
be selected first.

The type and seriocusness of the bias varies from trial to trial,
according to the actual relation found between yield and days to maturity.
Replotting the two semesters of data from Rodriguez (1986), one finds that
in the first semester use of yield per day would again favor late maturing
lines (Fig. 6a), while in the second semester, little bias would occur
because the relation between yield and days to maturity would define a line
similar to that of constant yield per day (Fig. 6b). For the case where no
relation between yield and days to maturity is found, here illustrated by
data from Masaya and co-workers (1988), selection based on yield per day
would probably favor early maturing lines (Fig. 7).
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Fortunately, regression analysis offers a simple and more robust
altermative. If the regression for yield as a function of days to maturity
is calculated (Fig. 1), the residual values for each genotype (deviations
from the regression) are equivalent to yields corrected for a maturity
effect. Thus, superior genotypes will simply be those with the largest
positive residuals. The results of using different criteria for selection
are evident in Table 3, where very different sets of genotypes would be
selected deperding on whether yield per day, yield in podfill, or
deviations from regression are used.

In most trials, a linear model should be adequate, but where both early
and late genotypes are disadvantageous (as may happen at higher latitudes),
addition of a quadratic term to the model may be necessary. Analogous
arquments hold for selection based on yield accumilation during podfilling.
In this case though, days to maturity is replaced by duration of

podfilling.
Conclusion

Breeding for earliness is an important and exciting opportunity for
bean breeders. Although physiological studies of earliness are few (due in
part to the paucity of early genotypes with minimal levels of disease
resistance), existing physiological information should help breeders
achieve their goals more efficiently.

There seems no question that drought escape through earliness is a
useful characteristic. However, studies are needed to indicate what levels
of earliness are needed for a given production area. Arguments for the
value of earliness as a more generalized escape mechanisms seem plausible,
but hard data are lacking.

The basic genetic control of earliness seems relatively simple, and
many early genotypes are already known. Perhaps more problematic than
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achieving earliness at a given site will be the task of unravelling effects
of temperature and photoperiod when early materials are planted in
enviromments different from those they were selected under. It should be
born in mind that many materials which are early at CIAT show intermediate

to high photoperiod sensitivity.

We are still regrettably far from being able to suggest an ideotype for
early maturing genotypes. Hypotheses are easy to generate, but correct
testing is more problematic. One promising approach is to use a multiple
regression, permitting testing for the desired interactions with maturity.

Finally, bean breeders should not underestimate the problem inherent in
breeding for yield in early genotypes due to the fact that yield usually
varies directly with maturity. The traditional use of yield per day seems
of dubiocus value, but again, regression analyses or use of maturity as a
covariate in ANOVAs show promise.
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Table 1. Days to maturity of 19 early genotypes, A 301, and respective F, and F, populations
from crosses with A 301 grown at CIAT-Palmira (White et al., in‘preparition).

Days to maturity

Early Growth Seed Photo, Early
genotypes Origin habit weight resp. geno. A 301 F, F,
gy

Aquascal. 11 4 Mexico 3 250 5 56 70 58 60
G 2923 El Salvador 2 260 N 55 70 63 60
= 3017 Guatemala 3 220 N 56 70 &0 62
Orgulloso Nicaragua 3 280 N 56 70 61 62
0.C., Sta. Rita Mexico 3 380 5 56 70 58 60
G 1345 Nicaragua 3 220 H 57 69 59 62
G 1344 Nicaragua 3 200 N E8 69 62 66
Zacaticano Mexico 3 300 S 58 71 58 60
0.C. 24 MV Mexico 3 as0 S 59 69 59 62
Pata de Zope Guatemala 3 230 N 59 72 66 66
Chile 20 Chile 3 270 S 59 72 62 61
A 59 CIAT 2 270 X 60 71 62 64
G 1965 Guatemala 2 290 L 60 75 63 64
Dilmason Turkey 3 330 5 61 71 61 65
BAT 304 CIAT 3 200 I 61 72 63 65
RAE 60 CIAT 3 230 N 61 71 61 . 66
Rabia de Gato Guatemala 3 200 N 61 . 72 64 66
Cuarenteno Nicaragua 3 350 I 62 71 63 65
Favinha Brazil 3 410 s 64 71 62 65
Mean 59 71 61 63

lFtwtcperindrESptmﬁemmrizedfrmcstcaleofltﬂa, where N (1 or 2) is day neutral,
I (3 or 4) is intermediate in sensitivity, and S (5 to 8) is photoperiod sensitive. Scores are
based on delay in flowering under 18 hour, artificially extended photoperiod at CIAT Palmira.



Table 2. Results of miltiple regressions on yield for five variables

hypothesized to have interactions with days to maturity.

Based on data for 42 genotypes at CIAT-Palmira.

Source of variation DF Mean square F
o e fill PROFCD
Days to maturity 1 6054347 67 .5%%
FROPOD 1 4923 0.1
PROPOD x maturity 1 7550 0.1
Residual 38 89638
Crop dry weight at maturity
Days to maturity 1 6054347 124, 3%*
Crop dry weight 1 1519564 31.2%*
Crop dry weight x maturity 1 7721 0.2
Residual 38 48696
Harvest Index
Days to maturity 1 6054347 76.8%%
Harvest index 1 267308 3.4
Harvest index x maturity 1 154261 2.0
Residual 38 78872
Seed Weight
Days to maturity 1 6054347 71.5%%*
Seed weight 1 1 0.0
Seeds weight x maturity i | 203214 2.4
Residual 38 84619
Seeds per Pod
Days to maturity 1 6054347 70. 4%
Seeds per pod 1 20822 1.0
Seeds per pod x maturity 1 60480 0.7
8 85985

Residual 3

** Significant at the p = 0.01 level.
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Table 3. Comparison of days to flower and maturity, yield, and three
parameters used to correct for effects of length of growth cycle
on yield. Yield in podfill is yield divided by duration of
podfilling. Deviation from regression is the residual from
regression of yield as a function of days to maturity.

Days to Yield Yield in Deviations

Genotype Flower Maturity Yield per day podfill regression

kg ha-1 —kg ha-1 day-1- kg ha-1
G 4524 40 g2 2351 28.6% 55.5x -272
FVAD 1028 34 73 1785 24.7 46.4 =80
BAT 304 33 72 1794 25.1% 46.5 16
BAT 37 38 71 1888 26.5% 55.9x% 132
G 3807 38 71 1860 26.1% 56.1x 120
NAG 30 36 71 1847 26.0% 52.0x 109
XAN 141 24 71 1802 25.3% 49.2 73
XAN 145 28 71 1920 27.3% 58.2% 217+
A 260 a5 70 1986 28.0%* 55.8% 302+
XAN 146 35 70 1970 27.9% 56.4x 294+
RAD 14 35 70 1416 20.2 40.5 =253
PVAR 1479 32 70 1325 18.9 34.8 =343
RAB 60 34 70 2135 30.5*% 59.6X 470+
G 6416 32 70 1447 20.8 38.5 -185
G 1965 31 69 1248 18.0 32.7 =364
A 496 30 69 1466 21.3 37.4 -139
DOR 200 36 69 1663 23.9 50.5x 72
G 12494 30 69 1452 20.9 37.3 =137
PVAR 1474 33 69 1317 18.9 36.6 =271
BAT 41 35 69 1867 27.0% 55.3x% 286+
BAT 1388 32 69 2007 29,.2% 53.6x% 433+
G 577 31 69 977 14.3 26.1 =562
PVBZ 1776 33 68 1686 24.7 48.0 151
A 59 32 &8 1293 19.0 36.4 =205
G 2858 31 68 1811 26.7% 48.6 324+
A 186 31 67 1441 21.4 39.8 1
FVAD 823 32 67 1357 20.4 38.8 =63
PVMX 1604 31 67 1959 29.3% 55.1x 561+
G 1344 31 67 1181 17.6 33.3 =209
G 4450 31 65 1300 19.8 38.5 20
G 1621 31 65 611 9.6 18.0 =619
G 274 31 64 716 11.1 21.6 =472
G 7121 30 64 1270 19.8 37.9 92
G 51 30 64 1565 24.4 46.5 391+
G 57 31 64 1192 . 18.8 36.4 22
G 1345 31 63 1461 23.0 45.5 327+
G 122 30 63 1112 17.6 34.0 8
G 4965 32 &0 594 9.9 21.1 =315
G 2923 30 60 1222 20.3 40.7 344+
G 3017 29 59 890 15.4 30.0 116
G 3255 31 59 372 6.5 13.4 -394
G 2883 27 52 263 4.9 10.4 -]

* Genotypes selected using yield per day over 25 as criterion.
Genotypes selected using yield in podfill over 50 as criterion. _
Genotypes selected using deviation from regression over 200 as criterion.

+ X
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Figures

Fig. 1.

Fig. 2.

Fig. 3.

Fig. 4.

Fig. 5.

Fig. 6.

Fig. 7.

Relation between yield and days to maturity for 42 genctypes grown
at CIAT Palmira.

Relation between yield and days to maturity for 72 genotpes grown
under drought conditions at CIAT Palmira. A. Yield vs days to
maturity. B. Distribution of rainfall during the cropping
season.

Relation between regression coefficient for yield and days to
maturity for the 20 genotypes of the 1975 IBYAN.

Camparison of days to maturity for 25 early maturing genotypes
grown at Cotaxtla, Ver., Mexico and CIAT Palmira. The symbols N,
I, and S indicate day neutral, intermediate, and sensitive
photoperiod response as described in Table 1.

Relation between yield and days to maturity illustrating the bias
introduced by using yield per day as a selection criterion. The
line correspords to a constant yield per day of 25 kg ha 1 day"l.
Data are for 42 genctypes grown at CIAT Palmira.

Relation between yield and days to maturity illustrating the bias
introduced by using yield per day as a selection criterion. Lines
are for constant yield per day as indicated. Data are for 16
genotypes grown at CIAT Palmira grown two semesters in 1985, and
are from work of Rodriguez (1986). A. Semester A. B. Semester
B. '

Relation between yield and days to maturity illustrating the bias
introduced by using yield per day as a selection criterion. The
line is for a constant yield per day of 20 kg ha © day ~'. Data
are for 122 genotypes grown at Jutiapa, Guatemala as described by
Masaya el al. (1988).
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Figure 1.
Relation between yield and days to maturity for 42 genotypes grown

at CIAT Palmira.
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Figure 2A.
Relation between yield and days to maturity for 72 genotypes grown
under drought conditions at CIAT Palmira.
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Figure 2B.
Total potential evapotranspiration and actual precipitation for the
drought trial with 72 genotypes at CIAT Palmira.
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Figure 3.
Relation between regression coefficient for yield and days to maturity

for genotypes of the 1975 IBYAN.
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Figure 4.
Comparison of days to maturity for 25 genotypes grown

at Cotaxtla, Veracruz, Mex. and at CIAT Palmira.
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Figure 5.

Relation between yield and days to maturity illustrating the bias
introduced by using yield per day as a selection criterion. 42 genotypes
' at CIAT Palmira.
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Figure 6A.

Relation between yield and days to maturity for 16 genotypes grown

2000

at CIAT-Palmira, 1985a. From Rodriguez (1986).
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Figure 6B.
Relation between yield and days to maturity for 16 genotypes grown
at CIAT-Palmira, 1985b. From Rodriguez (1986).
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Figure 7.
Relation between yield and days to maturity for 112 genotypes grown
at Jutiapa, Guatemala. Based on data from Masaya et al. (1988).
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THE DEVELOPMENT OF EARLY-MATURING VARIETIES
FOR CENTRAL AMERICAN AGRICULITURAL SYSTEMS

Porfirio Masaya*

1. Introduction

Bean production in Central America has certain traits in common
throughout the five countries.

a. The majority of production occcurs from April to November.

b. Small grain types II and III of the Mescamerican class ("S" phaseolin
group gene pool) are predominantly grown.

c. It is a crop for small farms.

d. Production in mixed systems or in sequential crops is common.

e. Frequently, the family which produces bean at the same time consumes a
significant portion of the volume produced.

In the Dominican Republic, Cuba, and, in a recent period, Guatemala, an
appreciable quantity of production comes from plantings that are made
during the dry season under irrigation, which begins in Octocber, taking
advantage of some rains in climates under the influence of winds which
move from north to south during the Northern Hemisphere's winter.

In all the Central American countries and the Caribbean, govermments
are facing the dilemma of maintaining food prices, at levels low enocugh for
poor people in urban centers, and at the same time of improving living
conditions for producers of these low-cost foods, who are poor farmers.

* Breeder, Bean Program, ICTA, Apartado Postal 231 "A", Zona 10, Guatemala,
Guatemala.
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This situation and growing pressure on tillable land stimilate the
development of intensive production systems in which a crop cycle limits
options, so that another relay crop can occupy the same land area during
the favorable climatic season.

In the case of comon bean, current varieties are adapted to zones
with average temperatures around 23°C. These temperatures occur in the
American tropics at elevations between 800 and 1400 meters above sea level.
These are zones of small valleys surrounded by mountains, in which
mechanization that permits a lowering in cost of food. production has not
been able to extend itself. The coastal plains or lowlands that can be
mechanized are too hot and humid, or too frequently lack roadways or
present deficiencies or excesses of some mineral element, or they have an
inadequate pH. Inthese'm,medm:tmlarﬂadaqmtedmmagemalso
problematic.

As a consequence of this situation, the necessity of developing
early-maturing varieties with resistance to the principal diseases arnd
pests in the region, an erect architecture, and high yield potential has
been suggested. The Regional Bean Cooperative Program of Central
America, Mexico, and the Caribbean began a project to help resolve the
urgency of this varietal problem in 1987.

2. Phenology, Adaptation, and Yield

The agricultural value of a bean variety is defined by the harmony
between the two most integral physiological processes in the plant: growth
and development. Growth has been defined as the irreversible increase in
cell, organ, or plant size. Development is the irreversible change in
functions or form of a cell or group of plant cells.

In the testing of crop varieties, we often talk about adaptation,
understanding for adaptation the capacity of the plant to achieve its vital
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functions in a given enviromment. When we consider common bean, an anmual
senescent plant which we grow from its seeds, we should understand
adaptation as the ability of the plant to germinate, grow, flower, and form
fruits and seeds.

On the other hand, the farmer defines adaptation of bean varieties by
their capacity to grow, flower, and produce seeds within the limits of his
agricultural system. These limits are defined by climate, soil, and
sociceconamic characteristics of the farm.

In Central America and the Caribbean, the necessity has arisen for bean
varieties that can be adapted to crop rotations or to short rainy periods,
giving origin to the search for early varieties. It also happens that the
bean plant type that adjusts itself to such requirements is more efficient
but will require improved agronomic management for being a noncompetitive
type visualized as a high-yielding idectype (Donald, 1968).

3. Genetic Control of Flowering Time and Maturity

Maturity time in Phaseolus wvulgaris is determined by a tendency to
flower, with a basic development pattern as follows.

3.1.1 Determinate varieties. In determinate varieties, the recessive
gene fin determines differentiation of the apical meristem in an
inflorescence. The dominate allele Fin codifies for vegetative growth in
the apical meristem. It is possible that there exists a reproductive
terminal meristem which is never produced under normal cropping conditions
in indeterminate cultivars. ‘The stimlus codified by the fin gene is
probably necessary for differentiation of the terminal meristem as a
reproductive structure but not sufficient for ulterior differentiation of
different floral structures, such as sepals, petals, anthers, and stigma
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(Bidwell, 1974).

3.2.1 Indeterminate varieties. Indeterminate varieties lack a gene
for differentiation of an apical floral meristem. The Fin gene present in

these plants permits the maintainence of apical dominance for vegetative
growth. Therefore these varieties contimue growing and forming nodes on
the main stem in a prolonged manner.

Multiple research work that has been carried out on photoperiodness
in several species (Bidwell, 1974; Ojehomon, 1966) and that which has been
carried out on Phaseolus vulgaris (Vince-Prue, 1975) allows us to draw some
conclusions.

There exist at least two loci in the plant which codify for the
response to conditions of photoperiod and temperature. At least one allele
in each locus provokes delay in the development of the floral meristem
which normally is differentiated first. In determinate varieties (Type 1),
said floral meristem occurs in the axil of the highest node in the main
stem (Evans, 1975). In indeterminate varieties, said floral meristem
occurs in the axil of the first trifolioclate leaf of the main stem (Masaya
and Wallace, 1984), when the average temperature is from 16-18°C.

According to results for other vegetable species, we can imagine that
in the bean plant, in indeterminate varieties, an unknown substance which
acts as a floral stimulus activates genes for differentiation of a meristem
in the axil of the first trifoliolate leaf. This floral stimulus is
synthesized in the leaves and is transported to the meristem. Once the
synthesis and transfer process is initiated, its effects are permanent and
irreversible (Bidwell, 1974). Nevertheless, the subsequent activation of
the same genes, or perhaps different genes for the ulterior differentiation
of the different floral structures, seems necessary. 'There are indications
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that the interaction of sugars and hormones is needed for the complete
setting in motion of the initiation of flowering (Bidwell, 1974).

There are also indications that the optimm of temperature for
development of floral structures and fruit growth is lower than the optimum
for growth of stems and leaves in all the plant species. Probably as a
result, when the bean plants grow in temperature regimes higher than
16-18°C, branches are developed in the axils of the first trifoliolate leaf
and the subsequent leaves instead of floral racemes. This is presented in
Table 1, with data taken from a study carried out in Guatemala in 1983.

According to this hypothesis, nondifferentiation of the axillary
meristem of the first leaf in the main stem owes itself to the increase in
net photosynthesis without a corresponding increase in the mumber of
nocturnal inductive cycles having occurred. It should be noted that
this is an effect of temperature on growth and development.

Photoperiod also has a similar effect. Long days are in reality short
nights. According to what is known about the action mechanism of the
photoperiod and the phenomena associated with photoperiodicity, we can
interpret the experimental results observed as an interaction between
higher photosynthesis during the day and a shorter, and therefore weaker,
inductive cycle.

The effect of long days thus has a double mechanism. On one hand, the
most prolonged light period produces a larger quantity of products of
photosynthesis accumilated during the day. On the other, a short night
(associated with a longer day) reduces the quantity of synthesized floral
stimulus (see Table 3). The participation of the products of
photosynthesis in the induction and differentiation processes is well known
(Bidwell, 1974). In the case of bean, the effect of photosynthesis on
floral induction can also be noted by the effects of any treatment or
cultural practice which might increase photosynthesis over the position of
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thefirstinﬂorescermilntlmmjnstan. For example, the use of supports
in comparison with growth as a prostrate plant increases net photosynthesis
measured as an accumilation of biomass and also results in the appearance
of the first inflorescence in the main stem in a higher node, indicating a
delay in floral induction (Table 2). The most intense photosynthesis
produced a physiological delay, in induction and/or differentiation of the
inflorescences, but not a delay in time, since the mmber of days to the
first flower was essentially equal.

We can then conclude that average temperatures higher than 16-18°c,
as well as daylength duration beyond 12 hours, delay induction
physiologically toward floral meristems and differentiation of floral
structures. This process takes place in so-called "sensitive" as well
as insensitive varieties. Unfortunately, these processes have remained
ignored by breeders and emphasis of research in previous years has been
centered almost exclusively in phenology of the crop.

The mmber of days required for anthesis will then be the result of the
mumber of day-night cycles required (inductive cycles) and the growth rate
of the floral primordia. The alleles present in "sensitive" varieties
require a larger number of inductive cycles and/or longer and hotter
nights.

Insensitive varieties are a synonym for early varieties. These
varieties flower in approximately 28 days under temperature conditions
around 24°C. Under regimes of average temperature lower than that,
flowering is delayed.

4. Earliness and Yield
Improved bean varieties produce maximum yields if they combine a
spatial distribution of the leaves which allows taking maximm advantage of

light and , in the spaces between the different leaves or levels of
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leaves, with an optimal duration of growth and a maximum efficiency of
accumilation of photosynthesis toward seeds. Early varieties have high
efficiency but small size. Plant size is strongly defined by the mumber
of nodes in the plant, and this is defined by the mumber of days between
germination and flowering and by temperature.

Central American farmers prefer an early variety, but perhaps they are
not aware that yield is reduced, in comparison with late varieties, unless
planting distances are changed, possibly along with the quantities of
fertilizer applied.

The term "earliness" has been used freely, being necessary to define
for each production area the number of days which define the time of
maturity.

The different alleles that surely exist for the at least two loci that
are influenced by long days produce profound changes in the size ard
morphology of a plant, even when corresponding changes in phenology may not
be profound. In bean, genetic effects on the rate of development of floral
structures are associated with effects on the size and distribution of
biomass in the plant. The use of simulation models, testing variations in
rates of development, has confirmed this (Wallace, 1985).

5. Pricrities of Future Research

Researchers and bean breeders can have a better understanding of
necessities in each production region if they agree on defining production
enviromments or, better yet, adaptation envirorments, and if at the same
time types of maturity in common bean are defined.

Genetic effects would be visualized better if we knew the principal
effects of genes with response to photoperiod and temperature. Taking into

account the principle in biclogical systems toward simpleness and saving of
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energy, it does not seem probable that genes which carry out equal
functions in the plant may have been duplicated. Although superficial
cbservation of the effects on phenology might give the impression that the
different genes with response to photoperiod and temperature have similar
vital functions (from a point of view of their usefulness to survival of
the species), surely they differ in their functions or in envirormental
factors to which they respond.

There is evidence that different genes exist, with effects of different
intensities on phenology, but whose effects on distribution of biomass and
morphology we can exploit in breeding. This means, for example, that we
can select early cultivars, but ones that are sensitive to photoperiod with
local adaptation to each adaptation region. Some examples can be cited.
The variety Pata de Zope (G 37) is an early type in southeastern Guatemala
(23°% - 13.5 hours), but late (sensitive) in the United States, and it
seems to respond more to longer days than to high temperatures.

The variety San Martin is an early type in the highland of Guatemala
(16-19°C - 13.5 hours), but late and unadapted in low coastal zones, and it
seems to respond more to high temperature than to longer days. The
important thing to point out in this case is that both varieties are
considered early types in the zone of their adaptation and commercial
croppirg.

For some breeders, the early-maturing types are also the most efficient
and therefore the ideotype for high yield. The reduced mmber of leaves
allows better light interception even in the lower leaves and better
development of pods. Nevertheless, the majority of early Central American
varieties are of growth habit type II or III, and their architecture is
rather poor. One of the immediate high-priority objectives should be the
development of a significant number of lines with erect architecture and
early maturity. There is evidence that the combination of both characters
is feasible. These lines should show some kind of delay in flowering so
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that pods can develop from the third node of the main stem, and they should
avoid losses through rotting.

Once this group of early erect lines exists, it is necessary to
investigate planting density, mainly varying the distance betweeen rows to
campensate for yield loss caused by a shorter growth period. These studies
should include the study of fertilizing options.
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Table 1. Insertion node of the first flower in plants of three bean
varieties grown under various average temperature regimes in
Guatemala.

Variety
Average Tenp. Rabia de
Place C Gato San Martin JU-80-11
Tecpan 15 2.0 2.1 2.8
Chimaltenango 19 2.0 3.8 4.7
Guatemala 21 3.6 4.2 5.5
Jutiapa 24 3.6 4.2 5.6
Mita 26 3.7 6.8 6.9
Quyuta 29 6.0 10.9 Tad

Masaya, P. y Wallace, D.H. 1984.

Table 2. Accumilated biomass at the end of the life cycle, node where the
first inflorescence in the main stem appears, and number of days
to flowering in bean cultivars, sensitive and insensitive to long
days under two growth conditions in Palmira, Colombia.

Total Node of the

Cultivar Flowering g/plant first flower
JU-78-12 (insensitive)

No support 43.0 101 8.7

With support 43.0 180 B.7
GI7648 (sensitive)

No support : 42.0 87 9.3

With support 42.0 151 11.0
XAN 112 (sensitive)

No support 41.3 106 B.0

With support 42.0 174 8.7

P. Masaya and J.W. White, 1985. Unpublished data.
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Table 3. Position of the first raceme on the main stem in three varieites
of bean plant under three photoperiod treatments.

cultivar 12.5h (a) 13.5h (b) 14.5h (b)
JU-18-12 Tl 8.3 8.7
G17648 6.7 9.0 11.0
XAN 112 6.3 6.7 8.7

(a) Natural photopericd.
(b) Natural photoperiod and extension with artificial lighting.

P. Masaya and J.W. White, 1985. Unpublished data.
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BASIC CONCEPTS IN QUANTITATIVE GENETICS RELEVANT TO
QOMMON BEAN BREEDING

Julia Kornegay*
Introduction

Bean breeders are well aware that many of the traits they are trying
to improve are of a complex nature and that the inheritance of these traits
depends on genes at may loci. A recent review of bean genetics by Singh
(1988) summarizes the information available to date on the genetic
mechanisms in beans. It is obvious, when campared with other crops such as
maize and soybeans, that the information available on bean genetics is
limited and that investigation on the genetic mechanisms controlling many

important bean traits is incomplete or non existing.

The bulk of the quantitative genetic studies reported have been on
yield and yield components of beans (Coyne, 1968; Chung and Stevenson,
1933; Hamblin and Morton, 1977; Sarafe, 1978; Fooland and Bassiri, 1983;
Zimmermann et al., 1984; Conti, 1985; Nienhuis and Singh, 1986, 1987; and
others). Other studies, however, have also shown that resistance to Common
Bacterial Blight (review of Beebe, 1988), Fusarium (Boomstra and Bliss,
1977), Phythium (York et al., 1977), and Rhizoctonia Root Rots (Dickson and
Boettger, 1977), Empoasca leafhoppers (Kormegay and Temple, 1986),
tolerance to low soil phosphorus (Fawole et al., 1982), seed protein
quantity and quality (Bliss and Brown, 1984), seed tannins (Ma and Bliss,
1978) and cooking time (Wassimi, 1986) are also quantitatively inherited;
though in some cases, conflicting evidence does exist as to the genetic
mechanisms responsible for the inheritance of the trait and the results

4 Flant Breeder, CIAT, A.A. 6713, Cali, Colombia.
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should be taken in context to the parental lines chosen to study, the
genetic analysis employed, and the envirommental conditions occurring
during the study.

For many other traits of interest no formal genetic studies have been
published, although empirical evidence in breeder's nurseries suggests that
resistance to Ascochyta Blight, Bean Golden Mosaic Virus, Web Blight, Apion
Pod Borers, African Bean Fly, as well as bean nitrogen fixation and drought
tolerance genetic mechanisms may also be controlled poligenically with low
to moderately high levels of heritability.

For breeders to design successful programs for improving traits that
are quantitatively inherited, it is important that a basic knowledge of the
genetic mechanism controlling a trait be understood. The purpose of this
report is to define in broad terms the science of quantitative genetics and
its usefulness in bean breeding.

Quantitative Genetics - Definitions and Terminoloqgy

Quantitative genetics deals with those differences between individuals
in a population which are of a continuous nature, grading imperceptibly
from one extreme to another. The inheritance of quantitative differences
often depends on gene differences at many loci, the effects of which are
not individually distinguishable (Falconer, 1960; Spraque, 1966). The
traits are usually expressed in terms of metric units such a length,
weight, time, or proportions, and because of this require a greater use of
statistics in the data analysis.

The science of guantitative genetics is based on the principles of
classical (or Mendialian) genetics (such as segregation, gene interaction,
linkage, and recombination) and extends the principles revealed through the
study of discrete categories, which are relatively insensitive to
envirorment, to the study of continuous variation that is highly responsive
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to envirommental variation (Spraque, 1966; Mather and Jinks, 1977). Stated
more simply, each of the genes that control a quantitatively inherited trait
follow the same laws of transmission as genes that affect qualitative (or
single gene) traits. However, we are usually dealing with many genes that
have small individual effects and only when the complete set of genes
controlling a trait are present in an individual can the maximm expression
of a trait be cbtained.

Gene and Genotypic Freguencies

Through the studies of population genetics we know that the genetic
properties of a population of plants are theoretically expressible in terms
of gene frequencies and genotypic freqguencies.

Gene frequencies. The specification of all the alleles present at
every locus, and the numbers (or proportions) of the different alleles at
each locus.

Genotypic frequencies. The frequency of a particular genotype among
the individuals in a population.

In real life, however, we do not know the gene frequencies of a
quantitatively inherited trait in a plant population (e.g. an F,
generation), and genotypic differences are only measurable when we are
concerned with a single locus when the genotypes are phenotypically
distinguishable (i.e. AA vs aa) or when we are measuring the differences
between highly inbred lines (Falconer, 1960). So, one may ask, how is it
possible to determine the genetic mechanism of a quantitatively inherited
trait when the two basic genetic properties of a population are not
measurable? The answer to this question lies in the science of applied
quantitative genetics.
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Means and Variances

A quantitatively inherited trait can be described through the use of
metric units. The frequency distribution of the metric units used to
describe the trait will approximate more or less a normal curve, where
discrete categories are not discernible. In studying metric traits it is
therefore possible to make use of the normal distribution of the units and
apply appropriate statistical analysis. It should be noted, however, that
when the curve is not normally distributed (skewed to one side or the
other), then the data should be transformed so that the distribution
becames approximately normal (Steel and Torrie, 1980) in order to fulfill
one of the basic assumptions of the analyses of variance.

The data takeh as metric units can then be analyzed and three
properties describing a population can be found: the means, variances and
covariances. Through the partitioning of means, variances, and covariances,
information can be cbtained as to the amount of genetic variability in a
population and the type of gene action involved.

To interpret the results generated through the analysis of metric
units, a basic understanding of gene action is needed. To do this several

quantitative genetic terms need to be defined.

Phenotypic and genotypic values

A value is the measurement of a trait and is expressed in metric units.

Phenotypic value, therefore, is the value observed when the trait is
measured on an individual plant family or line. All observations (whether
means, variances, or covariances) must be clearly based on measurements of

phenotypic value.
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To analyze the genetic properties of a population, the phenotypic
value has to be divided into its component parts attributable to different
causes.

where P = phenotypic value

G = genotypic value
E = envirommental deviation

Ihewisthepm:timlarassarblageofgenespossessedbythe
individual plant.

The genotypic value then is the metric expression of the genotype.
The genctypic value = phenotypic value when the envirommental deviations
(positive and negative) sum to zero through the use of appropriate
experimental design and replication.

mﬂangamratimofambetweenmirbredlines, each locus
may exhibit one of three states

genotype Ao o Ly G
' - - - d +
genotypic -a : + a
value

In this case, the allele Ay increases the expression of a trait. (It
does not imply dominance like in Medelian genetics). The genotypic values
are +a and -a for the homozygotes and d for the heterozygote. The value of
d depends on the degree of dominance. (Falconer, 1960; note, Mather and
Jinks, 1977, use a slightly different system of nomenclature for the
genotypic values).
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Keeping this sinmple diagram in mind, we can use it to help explain the
total gene action of a quantitatively inherited trait. The genotypic value
can be subdivided into 3 basic groups of gene action.

G = A+D+1

where = genotypic value
additive gene effects
= dominance deviations

= interaction or epistatic deviations

H O ¥ &
I

Additive gene effects are those due to gene action whereby the effects
on a genetic trait are enhanced by each additional gene, either an allele
at the same locus or genes at different loci. First we consider additive
gene effects and deviations from additivity at individual loci.

Genotypic
value

+

+

1

- L I

In this case each additional allele adds an equal increment to genotypic
value and the result forms a linear relationship. In cother words, what is
present at one allelic position has no effect on the expression at ancther
allelic position. Therefore, at a given locus, genes that show no
dominance are said to act additively.

Now, with respect to contimious variation, we can not distinguish
individually the genes contributing to the expression of a quantitative
trait. If we consider two homozygous lines, the departure of each of them
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fram the mid-parent value will reflect the similtanecus action of all the
genes affecting the trait by which the lines differ. If we assume that the
effects of these genes are simply additive, the departure from the
mid-parent will be the sum of a's, one from each of the genes, taking the
sign into account.

When these two individuals are crossed, the genes of the two
individuals are passed on to their offspring. Thus, the transmission of
value from parent to offspring can not be determined by genotypic value
alone, since parents pass on their genes and not their genotypes to the next
generation, with new genotypes being created each generation. To measure
the value of the genes, a new concept is needed. This is called the
breeding value. The breeding value is the value of the genes of an
individual, judged by the mean value of its progeny. Therefore, when we
estimate the breeding value of an individual (i.e. parental line) we are
estimating the average effect of a group of genes that the progeny received
from a parent. Or in other words, the sum of the average effects of genes
over all alleles and loci.

Dominance deviation is the gene action which deviates from additive
effects such that the heterozygote is more like one parent than the other.
It is a property of dominance among alleles at a locus, and in statistical
terms represents interactions between alleles, or within -locus
interactions. If dominant gene action occurs, then the relationship at a
single locus would be quadratic:

Genotypic
effect

AP 245 e L)
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Or viewed as deviation from additive gene effects:

-]

Value iﬂndditiua gene effects
srepresent phenotypic
dominance ¥ o
deviation {

o

:i dominance deviation

i G My

Dominance gene effects in self pollinating crops like beans are of
little use. Only those crops where hybrids are readily made and show
significant heterosis can dominance gene effects be exploited. In beans,
the only genetic effects we can use are additive (and additive x additive)
gene effects because the genetic state of an inbred line is homozygocity at
all loci. Therefore, in breeding we lock for the best combination of genes
that combine additively to improve quantitatively inherited traits. The
parental lines with the best breeding value, therefore, are those which can
pass on to their offspring a superior camplement of genes.

Interaction or epistatic deviation occurs when the genotypic value may
contain an additional deviation due to non-additive combination when the

alleles at one locus influence the expression of alleles at one or more
other loci. Three kinds of interaction are known:

additive x additive
additive x dominance
dominance x dominance

Plant breeding and selection of a self pollinating crop can capitalize
only on additive x additive types of gene action.
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For the sake of brevity, those interested in more in depth explanation
of interaction deviations are referred to Falconer (1960) and Mather and
Jinks (1977).

Interpretation of gene action through means and variances

The development of an effective plant breeding program is dependent
upon the existence of genetic variability. The amount of variation is
measured and expressed in means and variances. The camponents of variance
are those described for gene action, where:

o'P = 0'G + C'E
and o0°G oA + 0'D + 01

]

VA, additive genetic variance results from the additive effects of the
genes at all segregating loci. It is also described as the variance of

breeding values, and is considered the most important component of genetic
variance since it is the chief cause of resemblance between relatives.
Therefore, it is the main cause of the cbservable genetic properties of a
population that can be selected. (Falconer, 1960).

For bean breeders, the most important component of genetic variance is
additive genetic variance, with all the rest (non-additive genetic variance
and envirormental variance) being unfixable. This partitioning gives us
the ratio of

al A
apP

which is the heritability of a character defined in the narrow sense {hZNS]
which considers only the additive genetic effects relative to the
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phenotypic value. Heritabilities can also be defined in the broad sense
2
(h“BS)

g’ G
op

Though here, other properties of the genotypic variance may also be
expressed in the calculated heritability figure which are not utilizable by
bean breeders.

The subject of heritability will be reviewed in the report on the
inheritance of Common Bacterial Blight, and therefore, will not be detailed
here. However, it is important to note that heritability is a property not
only of a trait, but also of the population and the envirormental
ciraumstances to which individuals are subjected. Since the calculated
value of heritability deperds on the magnitude of all the components of
genetic variance, a change in any one of these will affect the estimate.
Therefore, whenever a value is stated for heritability of a given trait it
must be understood to refer to a particular population under a particular
set of canditions.

Mating Designs to Estimate Genetic Mechanisms in Quantitative Traits

Parent-offspring regression

Parent-offspring regressions are also used to determine the
heritability of a trait. Beginning with a reference population (i.e., F,
generation), one makes individual plant measurements for the trait of
interest (i.e., yield, disease resistance). The seed is harvested from the
measured plants in the population and then the measurements are repeated in
the offspring (i.e., F, plants) of each parent (the F, individual).

202



Using this procedure the degree of association between the traits
measured in the parents and their respective offspring can be determined
using a regression analysis. The Y (or dependent value) is the progeny
measurement, and the X (or independent value) the parental plant
measurement. ‘Ihestarﬂardmgmssimrrndelofﬁ=a+h}{i+eiismed.

We want to find the calculated value of b, which is the regression of
Yi on Xi. This gives us a measure of the covariance of parent-offspring.

To determine the heritability (h°NS), we can calculate it using two
methods:

one parent-offspring mid-parent-of fspring
h°NS = 2b = _g*A or h’Ns = b = _g'a
a*P a* P

In the case of mid-parent—offspring analysis, we record the
measurements of traits in.each parent used in crosses and regress offspring
measurement Y on those of the means of the pairs of parents, X. This method
is more commonly used in cross pollinating plants.

In self pollinating crops, the b value must be corrected to account for
the measure of relationship (rXY) between the parent Y and its offspring X.
The corrections were outlined by Smith and Kerman (1965).

2

—off ti XY NS =
F,, F, 3/4 (2/3)b F,, F,
F,, F, 7/8 (4/7)b F,, F,
F,, F, 15/16 (8/15)b Fy, F,
Fe, P 31/32 (16/32)b F, F
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Thus, the estimates of heritability becaome more conservative when we
have contimuous self-fertilization. The major limitation is that large
numbers of parents and offspring are needed to give estimates of even
modest precision (Falconer, 1960).

Generation means analysis (Gamble, 1962)

Estimates of genetic parameters can be obtained using a minimum of six
generations derived from the cross of two homozygous lines. The generation
means used are:

Pl Pz Fl F2 EICPl Elt'.:l?2
Estimates of mean (m), additive (a), dominance (d), add x add (aa),
add x dom (ad), and dom x dom (dd) gene effects can be calculated from the

means.

The advantages of the Generation Means Analysis are 1) generation
means are used which can be measured with more precision than variances; 2)
the generations are relatively easy to prepare in self pollinating crops;
3) the model can be extended to more complex inheritance patterns; and 4)
linkage does not bias additive and dominance effects as it does in
estimates of variances.

The disadvantages are 1) cancellation of positive and negative
additive effects may occur; 2) potential sampling problems in the
segregating generations; 3) possible border effects when the generations
have different levels of vigor, and 4) information about the means does not
allow estimation of heritability.

In order to estimate heritability wvalues, modifications of the
generation means analysis have been designed (Warmer, 1952; Mather and
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Jinks, 1977).
Diallel analysis

Diallel crosses are used to describe a procedure in which a set of
inbred lines are intercrossed in a diallel fashion. The diallel can
include or exclude the use of parents, F, or F, generations; nor do the
rmipmlFlhyhriﬂsreedbejnﬂMeddeperdingmthemﬂmdnfamlysis
chosen to be performed (Griffing, 1956). Gene action can be inferred from
the results of the analysis with several restrictions imposed on the
interpretation.

The interpretation depends on whether a random or fixed model was
used. In fixed models, the parents utilized are the only genctypes under
consideration and estimates of genetic parameters apply only to the
genotypes included in the study and cannot be extended to a hypothetical
reference population. The random model includes parents that are a random
sample of genotypes from a reference population and the interpretation of
the results can be extended to the reference population (Hallauer and
Miranda, 1981).

In bean breeding, we are usually interested in studying a specific set
of parents, and therefore, the genetic interpretations we can make are
limited to the estimate of general combining ability effects (GCA) and
specific cambining ability effects (SCA).

GCA is the average performance of parents in hybrid combination and is
primarily a measure of additive and/or digenic variance (which may also
include some daminance and epistatic variance).

ScA is the deviation (both positive and negative) of individual
crosses from the average performance of their parental lines and are

considered to be the result of dominance and epistatic effects.
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In the fixed model, the diallel analysis gives considerable
information about the fixed set of parents used in the study - information
that can be useful for the selection of parents that have good general
cambining ability in a series of crosses and good specific combining

ability for specific pairs of parents.

The disadvantage of the diallel mating design is that it is difficult
tuwaluatealarq&nmbérﬂfparentallinesduetnthemmberﬂfcrmm
required, and that no direct estimate of gene effects can be made.

Design I1

The Design II was developed by Comstock and Robinson (1948) to
estimate components of genetic variance from covariances of relatives. It
is often called a factorial crossing arrangement, and approximately twice
as many parents can be use, compared to the diallel cross, to make the same
number of crosses.

The Design II crossing arrangement can be visualized this way:

females
fl f2 f£3 fn
m ml P11l P12 P13 Fln
a m2 P21 P22 P23 F2n
1 m3 P31 2 1 P33 Pin
e m4 P4l P42 P43 P4n
s mm Pml Pm2 Pm3 Pm

Estimates of GCA and SCA can be made from the data as well as
estimates of ¢*A and o’D.

By calculating the expected covariance of paternal half sets and
maternal half sets two formulas can be derived when inbred parental lines
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are used:

QW(FHS) = o'M = (1/2) o*A
COV(MHS) = o'f = (1/2) o*A
onf = o'D

Because we have two sets of parents in design II, we have two
independent estimates of ¢'A, and an independent estimate of o?D.

Other designs

Other mating designs can also be used to estimate the genetic
mechanisms in quantitatively inherited traits. However, many of the other
designs (for example Design I and III) have not yet been used for beans.
Estimates of genetic variances can also be obtained from triple and double
crosses, and from the use of unselected inbred lines. Hallauer and Miranda
(1981) give indepth descriptions of mating designs for quantitative traits.
Although their examples are with maize, the ideas in most cases can be
adjusted to self pollinators.

. lecti

The primary purpose for obtaining estimates of genetic parameters is
future gain from selection. The gain from selection can be calculated
using the calculated h°NS value, where:

A= (Xs-X) oA

e

a'p

mean of the individuals selected

where:
and is the simple mean of the population

S E&Cl
Il

207



When selection is practiced among families rather than among
individuals some modification in the formula is needed.
AFs = (Xs -X) _g’A_
20°p

Selection changes gene frequencies and genctypic frequencies in a
population. However, for complex traits, such as those influenced by many
loci with small effects, genetic variances would probably change very slowly
with selection. If this is the case, especially for traits of low
heritability, drastic changes in variances with selection are unlikely, and
variances estimates in the original populations may serve for predictions
over several selection cycles.

Conclusion

This report has attempted to give a brief summary of the basic
concepts in quantitative genetics. The main emphasis has been on
explaining gene action that can be interpreted through the statistical
manipulation of means, variances, and covariances. Several mating designs
are described that have been used by bean breeders to study quantitative
traits. The science of quantitative genetics, however, is much more
camplex than this report can hope to summarize. Important subjects such as
heterosis, genotype x ervirommental interactions, and the effects of
linkage have not been covered, and those persons interested in exploring
these areas should refer to the references cited at the end of the report.

The ultimate cbjective of a bean breeder is to produce varieties that
are superior in some way to those already in commercial production. To
accamplish this, the breeder must devise a breeding program which will allow
him to produce and reproduce genotypes that represent, as best as possible,
the optimm combination of genes for a particular area. Information
concerning the variation that exists in the breeding population is of
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fundamental importance in planning such a program. The study of genetic
variance and heritability can help the breeders answer these questions:

1. Is there sufficient variability present to allow for improvement ?

2. How extensive must testing be to identify superior parents or superior
populations ?

3. Which populations or lines in the germplasm are the most promising ?

4. What breeding procedure will most rapidly and efficiently produce
acceptable levels of improvement ?

For traits with high heritability, pedigree breeding schemes may be
effective in identification and selection of superior progeny. For traits
with low heritability, however, selection in early generation will probably
be inefficient, and the breeder risks losing the few superior progeny that
may be in the tail end of the distribution curve. For low heritability
traits, bulk breeding strategies are recommended, with individual selections
made in relatively advanced generations when the genotype of the individuals
are in a more homozygous states and variance due to additive gene effects
being the principal cause of difference among the gerntﬁ:les.
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QUANTITATIVE GENETICS IN Phaseolus vulgaris: THE EXAMPLE OF
RESISTANCE TO Xanthomonas campestris pv. phaseoli

Steve Beche#
Introduction

Although the science of quantitative genetics has not had wide
application to the breeding of common bean (Phaseolus wvulgaris), several
authors have published studies on quantitative analysis of resistance to
Xanthomonas campestris pv. phaseoli (Xcp), the pathogenic agent of common
bacterial blight. Therefore, the case of resistance to Xcp is unique in
bean, since it allows us, to a certain degree, to compare results with
different statistical methods and the interpretations that different
authors give to these. Of course, such a comparison is possible in other
crops and with other characters. The purpose of this article is, first, to
review studies carried out, and second, to consider the application of
their results and progress in breeding beans for resistance to Xcp..

of Studies Carried Out
Quantitative genetic studies on resistance to Xcp are summarized in
Table 1. Parameters studied include heritability, the number of genes
controlling the character, and variances which indicate whether genes act
in an additive manner, by daminance, or interact (through epistasis).
The results are not altogether comparable, since the same resistance

sources were not used in all the trials. Nevertheless, the majority
worked with genes derived from two principal sources: Great Northern #1

* Bean plant breeder, CIAT, A.A. 6713, Cali, Colambia.
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Sel. 27 and P.I. 207262. This is the case for the studies by Borges
(1987), Faure (unpublished data), Oliveira (1987), Coyne and Schuster
(1974), Webster (1980), Valladares et al. (1983), and in part for Rava et
al. (1987).

Another group of researchers worked with P. acutifolius. McElroy
(1985) and Drijfhout (1987) reported on results with P.I. 319443 and Ochoca
(unpublished data) worked with genes of this species already introduced in
P. wvulgaris. Scott and Michaels (1988) worked with three unspecified
accessions of P. acutifolius.

Also, different authors have studied the reaction to Xcp in different
parts of the plant: in the unifoliclate, in the trifoliolates, and in the
canopy (Table 1).

These facts limit possible conclusions; however, several studies have
enough in common to be able to emphasize some important points. Also, some
authors have reported results obtained by more than one method, which
permits a comparison among methods.

Heritability
Heritability should represent the degree of a character, expressed in

the parent, which is expressed in the offspring. That is, it is the part
of the character which the offspring inherits from the parent.

Estimates of heritability wvalues (represented as hz} are calculated
in two general ways: in a broad sense and in a narrow sense.

Heritahilityinabrnaﬂserﬁe{hzbs}isaverygmeralm:eptwhim

relates genetic variability of a given character with total variability
(genetic plus envirommental):
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h’bs = -:rzg - a_zg
dzg + aze azT

where dzg is the genetic variability, e is the envirormental variability
and ¢°T is total variability.

If there is much envirommental variability, and o%g is relatively
small, h’bs is lower. In terms of selecting lines or individual plants in
the field, if there is much envirormental variability, one doesn't know if
a line or plant is expressing its own genetic potential or if its reaction
is merely an effect of the enviromment, and therefore, it will not be
inherited by the offspring. Thus it is said that heritability is low.

It is necessary to point out that h’bs is not based on a comparison of
parents and offspring and the degree of a character that the offspring
inherit. Therefore it is a general or broad concept of heritability. It
presupposes that the reason for which an offspring is not like its parent
is because of the envirommental effect and thus, if the range of the
envirommental effect is quantified, it will be possible to predict that so
much of the phenotype of the parent will be maintained in the offspring.

Heritability in a narrow sense {hzns] is calculated in two very
different ways, which in this article will be dealt with separately. The
first way requires an estimate of the additive variance. That is, the
total genetic variance is to be separated into various components in order
to arrive at an estimate of the additive part. This requires a plan of
crosses and backcrosses and the solving of certain equations that will not
be listed in detail here. It is sufficient to point out that h’ns is
defined as the relationship between additive variance and total variance:
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Since azahastnheequaltocrlessthanuzq, hznshastnbeequaltc

or less than hzbs.

The calculation of hns is based on a comparison of variances of
different generations (parents, Fzlr and backcrosses), but it is not based
strictly on the relationship between a given parent and its offspring.
That is, it is calculated in an artificial context, supposing that it is
possible to define and measure the causal factors of the parent-offspring
relationship, in order to extrapolate these results to selection work in
the field.

The other way to calculate heritability in the narrow sense is by the
regression of the value of the offspring over the value of the parent:
fph. This method involves a camparison of parents and offspring, and it
has the advantage of being calculated in the context of selection, which
the breeder is practicing. It is rather empirical and therefore practical.

It is interesting to note that when Galton developed the concept of
regression—which has had an application in all branches of science—he did
it in the context of heritability.

For discussion purposes in this article, h°ns will refer only to h°
calculated on genetic wvariances derived in the described manner.
Heritability calculated as parent-offspring regression will be
represented as fph.

With these introductory comments about methods of calculating
heritability in mind, let us refer to Table 1. Here we see relatively low
heritability values (.14, .15, and even .00!), intermediate values (.28,
.34, and .54), and high values (.69, .87, and .98). With such results, it
is difficult to say if heritability is high or low! Even recognizing the
limitations cited previously, we are going to explore what effect the
statistical method can have on the results.
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Let's concentrate on the results of Faure (unpublished data) reproduced
in Table 2. Faure found an average value of hzbs of .44, and an average
value of pph of .75, applying two different methods to the same data taken
from six populations. These figures represent a moderately large
difference in the estimate of h®, from intermediate to high. In addition,
locking at the wvalues of each population, there isn't a constant
relationship between the two methods. For example, the population of DOR
60 x XAN 112 has the highest h%bs (.59) but the lowest ph (.52).

Oliveira (1987) has also presented estimates of heritability calculated
by different methods, and of evaluations of disease made on trifolioclates
and on all the canopy (Table 3). He also compared the fph calculated on
parents and offspring planted in successive semesters, or in the same
semester. In general, results with trifoliclates and with the entire
canopy are similar. The planting of parents in the previous season, or in
the same season with the offspring seems to have influenced the value of
fph but not dramatically. The biggest effect was the effect of the
statistical method, and it wasn't a constant effect. In one population
(Rio Doce x XAN 112) h°ns gave values a little bit above the fph. In the
other two populations, values of h’ns were less than the pph. The widest
difference is observed in the population Ouro x XAN 112, where h’ns was .34
and the fph had an average value of .62.

From these two examples it is evident that the statistical method used
has a great effect on the values obtained and on the evaluation of
heritability as high, medium, or low. There is not necessarily a good
correlation between the methods. Given this situation, each researcher
should choose the method that most approximates the real situation in which
the researcher wishes to apply results. In this sense, this author prefers

the fFph.

217



The other point to be mentioned in relation to heritability (in
whatever sense) is that it is always reduced by envirommental variability.
Good techniques at the field level (that is, an appropriate and uniform
agronomic management) will always result in greater heritability. Also, an
improved method to distinguish genotypes will serve to increase
heritability. In the case of resistance to Xcp, the inoculation method has
a big effect on h°. We see this effect in the results of Faure
(unpublished data) and Coyne (1974). These two calculated fph of F,
families on F2 plants, and the two worked with the same resistance genes
derived from P.I. 207262 (in the work of Faure, represented in XaAN 19).
Nevertheless, Faure reported a fph = .90 and Coyne a fph = .14. The
difference in heritability is explained by the manner of inoculation and
evaluation. Coyne used an aspersion method which allows more escapes in
the field and a diffuse development of symptoms. Faure inoculated
trifoliolates plant by plant with razor blades, thus eliminating escapes
and creating a discrete lesion and one easy to quantify. The result was a
more precise evaluation of the genetic potential of each plant and a
greater heritability.

Inheritance: Number of Genes

Of the various authors who have published on resistance to Xcp derived
from P.I. 207262 and GN #1 Sel. 27, only Oliveira (1987) has attempted to
determine the number of genes which control reaction to Xcp. Applying the
appropriate equations to the respective variances, Oliveira concluded that
there was a single gene acting on the reaction of trifoliolates, cancpy,
and pods, in cases where it was possible to apply the eguations.
Nevertheless, there were other cases where analysis indicated that
epistasis existed. The existence of epistatic interaction does not allow
the application of equations to determine the mumber of genes.
Nevertheless, the existence of epistasis in some cases implies the action
of more than cne gene.
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In a population of Ouro x XAN 112, Oliveira cbserved transgressive
segregation. In addition, XAN 112 in itself represents transgressive
segregation since it combines resistance of @GN #1 Sel. 27 and
P.I. 207262 and is more resistant than any of its progenitors. The
existence of transgressive segregation also implies the action of more than
one gene. Coyne and Schuster (1974) had also noted evidence of different
genes in these two sources.

In this case, quantitative genetics tells us one thing and biological
knowledge tells us samething else.

In the case of P. acutifolius resistance, several authors have reported
on its inheritance (Table 1). McElroy (1985) interpreted his segregation
data by two methods: forming discrete classes and applying Mendelian
genetics; and through the application of equations from Mathers and Jinks
(1977) to the appropriate variances. Through the Mendelian method, McElroy
concluded that there was a single dominant gene. The method of Mathers and
Jinks suggested three genes. McElroy reconciled these results saying that
there existed a major dominant gene and two minor genes. An altermative
interpretation would be that one or the other method is correct, but not
the two. Where a Mendelian interpretation seems to explain the facts, this
can be less theoretical and closer to the biological reality and therefore
preferable. Indeed, Drijfhout (1987), working with the same source of
resistance, concluded that a single gene controlled the reaction.

These two examples are offered here to illustrate the following point.
Quantitative genetics is a statistical description of biology. It may or
may not be a true description. We should not expect it to be precise but
recognize that it offers estimates. Since quantitative genetics is not
precise, we should compare its conclusions with biological facts.
Moreover, we should always look for a biological interpretation for
statistical conclusions.
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Manner of Genetic Action

Coyne et al. (1966) reported data suggesting that resistance of Great
Northern #1 Sel. 27 was slightly recessive in the field. Afterward, Coyne
and Schuster (1974) found that resistance of P.I. 207262 was slightly
dominant in the field. Valladares et al. (1983), in a diallelic study
including these two sources, found principally additive effects. All these
studies were carried out in Nebraska, United States, under long summer
days. Nevertheless, Webster (1980) demonstrated that resistance to
¥cp can apparently be altered by a photoperiod response, long days
favoring vegetative growth and reducing expression of symptoms. Therefore,
segregation by maturity in the Nebraska studies, such as that described by
Coyne and Schuster (1974), could be confused with segregation for reaction
to bacteria. Being so, the data are difficult to interpret.

Oliveira (1987), as well as Rava et al. (1987), studied the manner of
genetic action through the method of generation means. Although they
worked with some of the same genes derived from G. N. Jules and P.I.
207262, Rava et al. studied the genes in crosses with the original
genotypes, while Oliveira used advanced lines (XAN 40 and XAN 112) that
combined genes from the two sources. In addition, Rava et al. included
other sources of resistance. Nevertheless, the conlusions are not very
different.

The two studies found that additive effects were the most common in
foliage resistance, frequently being the greatest effect. Effects of
dominance frequently were significant, especially in Oliveira's study.
In the study of Rava et al., Jules presented principally additive
effects, while P.I. 207262 as a source also presented dominance.
Oliveira found dominance-dominance interaction in two crosses, while
Rava et al. found all kinds of interaction.
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Regarding reaction in pods, Oliveira reported only additive and
daminance effects, while Rava et al. also found interactions.

PbElraycarriaimtashﬂynfmmofqenemtimmresistanneuff.
acutifolius, finding additive effects as well as dominance effects to be
significant.

Ochoa (unpublished data), working with genes derived from PI 319443 but
introduced into a P. wvulgaris background, analyzed gene action using the
model of Mather and Jinks (1977) and the modification of Cavalli (1983).
He found that the additive-dominant model with three parameters definitely
did not adjust, but with the inclusion of epistatic interactions the model
adjusted well, which suggests a minimm of two genes with a high degree of
interaction that control resistance. Nevertheless, there were certain
values in the means of the backcross generations which were difficult to
explain.

How have quantitative studies served to improve resistance to common
bacterial blight of beans?

The estimates of h° in general have been intermediate to high,
confirming the possibility of selecting in segregating populations if the
breeder desires. Nevertheless, good heritability depends on a good
inoculation method. In the last ten years, there have been advances in
developing effective and rapid methods that can be used at the field level.
The values of h2 (particularly those of fph) reflect the effectiveness of
these methods.

The result that additive genetic action is the most important in the

majority of cases confirms the possibility of selecting in early
generations. Nevertheless, this is basically the same conclusion that
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we derive from fph estimates, and while fph is high, it is not critical to
understand genetic action. In addition, less work is required to estimate
the fph than to study genetic action through analysis of generation means,
by diallelic studies, etc. In this situation, and given the imprecise
nature of the information that one derives from studies on quantitative
genetics, the breeder should consider if it is worthwhile to make such an
analysis to study genetic action. There is more justification to study
genetic action where problems exist in the selection which the breeder
wishes to clarify.

Regarding the mumber of genes that control reaction to Xcp, there is
little information even on the most used sources (P.I. 207262, Jules, and
related genotypes). Nevertheless, all the studies reported are in
agreement that inheritance is not complex, independent from the source
used! (Table 1). This is slightly surprising in the case of a
quantitative character.

All these facts (good heritability, additive genetic action, and
relatively simple inheritance) should facilitate the incorporation of
resistance, even more so since there is minimal or no interaction of
resistance sources with isolates of pathogens. Nevertheless, progress has
been slow, apparently because of genetic linkages to negative factors. The
cases of apparent linkages are detailed as follows:

1. Resistance with seed brillance: it was consistently cbserved at CIAT
and at IAPAR, Brazil (Dr. Tara Mohan, personal commmnication), that the
resistant selections had brillinat seeds. Of course, this was a
limitation only in the breeding of opague grain varieties. Linkage
probably occurred in Jules, which seemed to contribute the largest part
of resistance. Nevertheless, it was possible to recover recombinants
of opaque grain, so that this linkage was not limiting over the long
term. The recombination rate was never quantified.
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2.

Resistance with color instability: many resistant selections with black
grain and derived from Jules and/or P.I. 207262 suffered from a
tendency to produce purple or "washed-out" grain. Since the penetrance
of the purple grain was low, this character was difficult to eliminate,
but it has been minimized through selection. In the case of bright red
grain, it has been impossible up to now to recover resistance in
genotypes of clear red grain (Central American type) from the mentioned
sources, and although selections of dark red grain exist, many of these
also suffer from "washing" of grain. On the other hand, it has been
possible to recover resistance of XAN 159 (derived from P.I. 319442, P.
acutifolius) with clear red grain, after two more cycles of crossing
and selection.

Resistance with bad adaptation and/or instability of yield: while this
is a difficult effect to quantify, it is probably a greater problem in
black grained genotypes. The original sources, Jules and P.I. 207262,
have very poor adaptation in the tropics. Nevertheless, it was
possible in the first cycles of crossing and selection to overcame the
majority of the bad adaptation and produce black grained lines such as
XAN 87 and XAN 112. In subsequent selection cycles, resistant lines
with even better adaptation at CIAT were recovered, and many of
these have been widely distributed. MNevertheless, after three cycles
of crossing and intensive selection starting from the original sources,
the resistant lines still shown a certain tendency to be inferior to
black grain commercial varieties under stress conditions. That is, the
resistant lines do not show the rusticity that is typical of black
grained varieties. This is a subjective dbservation. Until now, there
has not been a statistical evaluation of stability of the lines, but
soon these data may be available from trials in Cuba (Benito Faure,
personal cammnication). It is possible that in certain enviromments
the lines may have sufficient adaptation and stability to serve as
varieties. Certainly in Cuba some of them have are very well adapted
in preliminary trials and in Argentina, XAN 112 will be released as a
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variety. Regarding reds, the dark grained resistant lines seem to be
as productive and stable as the commercial varieties. But in this
case, the red commercial varieties in themselves are not as stable as
are the blacks. In the case of resistance derived from P. acutifolius,
adaptation of the resistant selections continues being bad after three
selection cycles.

There has not been any attempt to show in a formal study a genetic
linkage between resistance and instability of yield or washing of grain.
This would be very difficult, given the low penetrance of the washing, and
the quantity of work which is implied in quantifying stability.
Nevertheless, it is logical to suspect linkage problems (or pleiotropy)
when the same problems continue to be associated with resistance after two
or three selection cycles.

Search for New Sources of Resistance

As a response to problems mentioned, at CIAT we are looking for
alternate sources of resistance. For a few years we have used G 4399
(Tamaulipas 9-B) and its progeny XAN 91 as sources. These have good
resistance but they are also poorly adapted at CIAT. Until now there
is not enough experience with them to indicate whether or not there are
problems related to their resistance.

Since last year, a thorough evaluation of the Germplasm Bank has been
initiated. The low frequency of resistance in bean germplasm has been
surprising. Among the first 12,000 accessions evaluated, only three
small-grain ones have shown an intermediate to high level of resistance
in three confirmation tests: G 6700 (MSU 183), G 6708 (MSU 305), and
G 6772 (Colima 9). The G 6700 and the G 6708 apparently came from Michigan
State University, United States, and the origin of their resistance is
unknown. The G 6772 is apparently a land race variety.
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In a second group of 3,000 accessions of germplasm, several seemed
promising, but there hasn't been a confirmation of their resistance yet.

Conclusions

This revision of guantitative genetic studies applied to resistance in
common bean to the common bacterial blight pathogen has been developed to
illustrate several points on quantitative genetics. Its conclusions are
not original and it would be possible to repeat such a revision on other
crops, with reference to other characters. Nevertheless, within the
Phaseolus vulgaris species, there are more studies on resistance to Xop
than any other character.

It is evident that the results of the studies depend in a large part on
the statistical methodologies used. ‘Therefore, the researcher should
carefully choose his/her methods, and use even more care in the
interpretation of results. It is a mistake to give excessive credibility
to any result in a very specific sense. Conclusions should be general: for
example, that heritability is low, intermediate, or high, and not that it
be a precise figure.

Above all, it is important to compare, whenever possible, the results
of quantitative genetics with whatever other information of a biological
nature is available. In the end, it is biology which should have the last
word. Quantitative genetics is not perfect and it is subject to errors.
But these can be minimized considering what they represent biologically.

Although information of a gquantitative type is more complete for
resistance to Xcp than for any other character of bean, unfortunately
progress in developing resistant varieties has been delayed by the
association of resistance with some negative characteristics. 1In this
article, we have discussed principally problems of genetic linkage but
the possibility of pleiotropy camnot be eliminated.
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Thus, sources of resistance that do not suffer from such associations
have been sought. While some alternate sources are available, it is still
too early to know if they resolve the problems mentioned.
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Table 1. Studies in quqntltat.l.ve genetics on the foliar resistance to Xanthomonas campestris
pv. phaseoll in
Heritability (h%)
Broad Narros Number Original
Foliar SEnse sense of Geretic source of
Author unit (bs) (ns) Beh genes action genes
Adars et al (1988) Trifoliate 1 Recessive Co-50
Borges (19872 Trifoliate 39 '”‘FEFH PI 207 262
Coyne y Schuster Canopy 14(FoF3) Dominant P1 207 282
(1974)
brijfhout (1987) 1 Domi nant Pl 319 443
Faure (1988) Trifoliate LAl .TSthF]] Pl 207 262,
GH Neb. 1 Sel 27,
G 4399
McElroy (1985) Trifoliate 1463 Additive, dominant Pl 319 443
Ochoa Trifolate Reccesive PI 319 443
Oliveira (1987) Trifoliate .18-.54 .28- .BT(F 1 Additive > dominant, Pl 207 262,
Canopy 34-.76 .26 w:ﬁ little interaction  GN Neb 1 Sel 27
Rava et al Unifoliate .63~ 9&2 0-.90 More additive than PI 207 282,
(1987 J41-.93 L09-.93 others GN Neb. 1 sel 27
Mexico 168,
Mexico 29
Scott y Michaels Trifoliate 2 Do nant P. acutifolius
(1588)
Valladares (1983) Addi tive Pl 207 282,
GN Neb. 1 Sel 27
Webster (1980} Unifoliate- 16- .68(F,F5) Pl 207 252,
Trifoliate- GN Web. 1 Sel 27
Canogy

1
2

Calculated on the average of four inoculations on each plant.

Calculated on maximum values among four inoculations on each plant.



Table 2. Heritability calculated by two statistical methods on the same
data (Faure, 1988).

Heritability

Population Broad sense pfph
DOR 41 x XAN 91 40 90
DOR 60 x XAN 112 59 52
BAT 58 x XAN 112 51 52
BAT 304 x XAN 112 42 88
XAN 19 x ICA Pijao 46 90
DOR 44 x XAN 87 25 75

X 44 75
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Table 3. Heritability calculated by two statistical methods for the same crosses

(Oliveira, 1987).

Foliar h*ns Over Within the
Cross unit (by variance) two seasons same season
Rio Doce x XAN 112 Trifoliate .54 .51 .37
Canopy .76 .26 .46
Ouro x XAN 112 Trifoliate .33 «87 .57
Canopy .34 .63 41
Catu x XAN 40 Trifoliate .18 41 .28
Canopy .34 .69 37




DEVELOPMENT OF AFPROPRIATE BREEDING STRATEGIES FOR RESISTANCE TO
Empoasca kraemeri IN COMMON BEAN

Julia Kornegay and Cesar Cardona*
Introduction

The leafhopper Empoasca kraemeri (Homoptera: Cicadellidae) is
generally considered to be the most important insect pest of common bean in
many areas of Latin America and the Caribbean Islands with yield losses up
to 96% being reported (Bonnefil, 1965; Gutierrez et al., 1975; Eskafi and
Schoonhoven, 1981).

Feeding damage by E. kraemeri is most severe during hot, dry climatic
conditions that occur during flowering and pod-setting growth periods
(Schoonhoven et al. 1978). Symptoms of leafhopper feeding damage are
yellowing and downward curling of the leaves, followed by necrosis at the
leaf tip and margins. Plant growth is stunted, and pod number and seed
weight are reduced. Under heavy infestations susceptible bean varieties may
die.

Germplasm Evaluations for Sources of Resistance

Extensive screening of bean germplasm for resistance to E. kraemeri
has been conducted at CIAT since 1974. Over 18,000 bean accessions from the
world's P. vulgaris germplasm collection housed at CIAT have been
systematically evaluated. The germplasm accessions are rated on the basis
of a 1-9 visual damage score, where 1= no damage and 9= severe damage

* Plant breeder and Entomologist, respetively, CIAT, A.A. 6713, Cali,
Colambia.
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(leaves curled and yellowed, often accompanied by necrosis of leaf tissue,
and stunted plant growth) (Kormegay and Cardona, 1988). Those accessions
showing the least feeding damage are reevaluated in replicated nurseries
using both feeding damage scores and a visual estimation of pod mumber as
the selection criteria.

The results of the germplasm screening have shown that no high levels
of resistance to E. kraemeri exist in these materials. Only low to
moderate resistance levels have been identified (CIAT, 1983) with
small-seeded black ard colored bush bean lines of indeterminate
growth habit and maturity showing the highest levels of resistance.

o—" " Resi

Tolerance to leafhopper feeding damage is the most predominant and, as
to date, the most important mechanism of resistance in beans. Tolerant
bean lines are able to withstand moderate population levels of the insect
without a corresponding yield loss as compared to a susceptible check.
However, when leafhopper populations are high, even the most resistant
materials may suffer considerable yield loss (Kormegay and Temple, 1986).

Nonpreference (antixenosis) to leafhopper oviposition has also been
identified in a few resistant bean lines in studies conducted under
greenhouse and field conditions (Kormegay et al. 1986; Kormegay et al.,
1988). In general, however, the bean 1lines containing antixencsis
resistance to oviposition have smaller plant biomass and lower yields than
bean lines tolerant to leafhopper feeding (Komegay et al., 1988).

Inheritance of Resistance
Resistance to leafhoppers was shown to be gquantitatively inherited in
studies involving single and double crosses among 14 tolerant bean lines

(CIAT, 1978). Further studies showed that the heritability of the tolerance
resistance mechanism was low and that F, progeny from superior F, plants
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segregated widely, with few showing a uniform high tolerance level to
leafhopper attack (Galwey and Evans, 1982). The low heritability
estimates were concluded to be influenced by limited genetic variation for
resistance and to the difficulties of adequately rating the resistance
reaction of the plants.

Kornegay and Temple (1986) conducted inheritance and caombining
abilities studies with bean lines containing tolerance and antixencsis to
oviposition resistance mechanisms. A generation means analysis using
parental lines, Fl, Fzlr and backcross generations was studied, with EMP 81
(a tolerant bean line) and EMP 89 and EMP 94 (nonpreferred for oviposition)
crossed to a susceptible cultivar BAT 41. The results showed that the
additive-dominance genetic model was sufficient to explain the inheritance
of tolerance and nonpreference resistance (Table 1). These results
indicated that epistatic effects had a minimal effect on the expression of
the traits studied. Both additive [d] and dominance [h] gene effects were
significant for damage scores and nonprotected yield, although dominance
effects were more important in the inheritance of yield. For nymphal counts
(a measure of nonpreference to oviposition) only additive gene effects were
significant for the progeny of EMP 89 and EMP 94. The non-significant
genetic variation for nymphal count in the tolerant by susceptible cross
(EMP 81 x BAT 41) suggested that EMP 81 and BAT 41 were similar at all or
most loci influencing their suitability for oviposition by E. kraemeri.

To determine whether overall resistance levels could be increased by
cambining different resistant mechanisms, a diallel study was conducted
usingtszlaIﬂFz progeny of crosses among five resistant bean lines: EMP
81 and EMP 82, tolerant to leafhopper feeding damage, and three lines EMP
89, EMP 94, and EMP 97, nonpreferred for oviposition (Kornegay and Temple,
1986) .

General combining ability (GCA) which reflects the average performance
of a genotype in hybrid combination and is primarily a measure of additive
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and/or digenic variance was significant for nymphal counts and damage
scores in the Fl and F2 generations, and for protected Fl yield (Table 2).

Specific combining ability (SCA), which is detected whenever specific
hybrid combinations perform better or worse than what would be expected
based on the average performance of the parental lines, and is a result of
dominance and other nonadditive gene action, was significant for Fy and F2
damage scores and nonprotected yield, Fy protected yield, and F, nymphal
counts (Table 2).

For nymphal counts, damage scores, arﬂprctectedFlyield, the GCA
mean sguares were greater than SCA (Table 2). For nonprotected yield, the
large SCA mean squares indicated that dominance and other nonadditive gene
effects were more important in the inheritance of this trait.

Estimates of GCA effects showed that the progeny of crosses involving
the tolerant lines EMP 81 and EMP 82 tended to have higher nymphal
populations, while progeny of lines resistant to leafhopper oviposition,
EMP 89 and EMP 94 had lower nymphal populations (Table 3).

Estimates of SCA effects for nonprotected yield showed that certain
cross combinations performed better (or worse) than what would have been
expected on the bases of parental perfomance (Table 4). Inther
generation one cross combining tolerant and nonpreferred lines (EMP 81 x
EMP 94) had significant positive SCA effects while ancther tolerant by
antixenosis cross (EMP 82 x EMP 97) had significant negative SCA effects.
The highest yielding cross under nonprotected conditions was between two
nonpreferred lines (EMP 94 x EMP 97). fThese results indicated that
transgressive segregation for higher levels of leafhopper resistance may be
obtained in progeny of crosses among resistant lines.
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In 1976, a breeding program for increasing leafhopper resistance in
beans was initiated at CIAT. The original parents used were germplasm
accessions containing low to moderate levels of resistance. Pedigree
selection procedures were used to advanced generations with the main
selection criteria being low visual damage scores. Yield trials were
mrﬂu:tedmtheFEaIﬂlaterqeremtiaﬁwiﬂlﬂEamiurlims
subsequently coded as EMP lines. These lines and other promising germplasm

were then intercrossed to form the second cycle of a recurrent selection
program.

After five cycles, progress had been made in diversifying resistance
mechanisms (Kormegay et al., 1986) though the overall progress as measured
by increased nonprotected yields compared to superior checks, was not
significant (Pino and Kormegay, 1985). Several reasons could be given for
the lack of overall progress:

1. low levels of resistance in P. vulgaris germplasm

2. resistance associated with specific bean types

3. dominance genetic effects more important in inheritance of
resistance

4. significant genotype x envirormmental interaction make selection
and evaluation results variable

5. only moderate correlation between feeding damage score (the
principal selection criterion) and nonprotected yield

6. no correlation between insect counts and nonprotected yield

In 1985, the breeding strategy for BEmpoasca resistance was changed.
The changes reflected a better understanding of the problems listed above
and offered an altermative solution for overcoming the genetic limitations
of leafhopper resistance.
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The first objective of the new breeding program was to initiate a
population improvement program to develop a core population of different
bean lines with high levels of resistance to leafhoppers from which
resistant varieties could be developed.

The strategy utilizes a modified recurrent selection and intermating
program where nonprotected yield is the principal selection criteria for
resistance (Table 4). Yield trials are conducted in the F,, F,, and F
generations under natural, dry season infestations of the leafhopper. The
Fz and F3 generations are carried forward as single seed descent (actually
one pod/plant) with same selection made among populations to eliminate
inferior crosses as compared to the checks. The best materials (high
nonprotected yield and low percent yield reduction) from the F, yield trial
are crossed among themselves and also crossed with other leafhopper
resistance sources, thus, beginning the next cycle in the recurrent
selection program. For the first objective, little emphasis is placed on
grain color, plant type or resistance to other diseases or pests.

The second cbjective of the breeding program is to develop leafhopper
resistant bean varieties in a wide range of grain types and with acceptable
agronomic traits. Selected lines coming out of the recurrent selection
program which have commercially acceptable seed colors and growth habits
can be increased immediately for wvarietal testing, or they can be crossed
to other agronamically acceptable varieties that represent a wide range of
bean types. These crosses can be handled in several ways. One way is to
enter the crosses into a mainstream breeding program where the offspring
are evaluated for overall agronomic value, including resistance to several
diseases or other constraint factors, and acceptability of grain types.
Generally, a dilution of resistance to leafhoppers occurs in this type of
program, but varieties with lower levels of multiple resistance to several
major constraint factors may be adequate in areas where several constraints
occur together. A second way is to enter the crosses into the leafhopper
breeding nursery and select for high levels of resistance in commercial
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types. large populations may be needed to find the desired genotype, and
again bulk or single seed descent practices of advancing generations are
recommended. Yield trials need to be conducted over several seasons to
detect possible genotype x envirorment interaction.

ts new i stra

The first F, materials originating from the new breeding strategy
showed that positive progress was made in increasing overall resistance
levels to leafhoppers. For the first time, resistant selections had higher
nonprotected yield and lower percent yield reduction than the resistant
check ICA PIJAO (Table 6). Progress was also made in transferring
resistance into medium size determinate bush beans (Table 7), and F,
populations of white seeded materials had higher nonprotected yields than

the best white seeded check, EMP 175 (Table 8).

All three sets of materials indicate that the new breeding program is
campleting its objectives: first by increasing overall resistance and
surpassing the resistance level of the best check, and second, by
transferring resistance -into determinate and white seeded types - two
groups where little progress had been obtained in earlier breeding efforts.

Conclusion

The modified recurrent selection program begun in 1985, utilizes yield
measurements as the criteria for selection of resistant offspring, and
breeding lines with superior resistance levels have been obtained in a
variety of bean grain types. The advantages of this breeding strategy are:
1) that selection for additive genetic effects conditioning resistance
within families is enhanced by waiting until the F, and Fg generations
(when genotypes are relatively fixed) to make the majority of selections
within families; 2) selection is made against inferior crosses in the F,
and F, generations, thereby advancing only those populations with superior
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specific combining ability; 3) single seed descent practices are used to
advance as many different potentially favorable genotypes as possible to a
more homozygotic state in the minimumm amount of space. This practice
increases the chance of finding higher levels of resistant recombinants,
especially with quantitatively inherited traits; 4) genotype x
enviromment interactions are minimized by the repeated selection and yield
testing of populations over time under natural infestations of the
leafhoppers.

Although breeding for resistance to E. kraemeri is a long process of
intermating and selection, acceptable progress can be cobtained when
breeders and entomologists work together to understand the interaction of
the insect and the host plant. A thorough knowledge of the genetics of
resistance is needed to design an appropriate resistance breeding strategy.
Controlled field infestations are essential to identify small differences
in resistance levels. The end product is the development of leafhopper
resistant bean lines. Host plant resistance is considered the most
reasonable approach for control of this pest by farmers who can not obtain
or afford pesticides.
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Table 1. Estimates of mean (m), additive (d} an:l dominance (h) gene effects from generation

means analysis of leafhopper resistance”.

xzb

Crosses (x BAT 41) [m] [d] [h] P
Nymphs
EMP 81 6.70%* 0.72 0.72 0.72 0.90-0.75
EMP 89 5.25%% 0.67%* 0.59 0.16 0.99-0.97
EMP 94 7.01%=* 1.90%* -2.29 1.43 0.75-0.50
Damage scores
BP 81 3.78%% 0.53%* -0.34% 0.94 0.90-0.75
EMP 89 3.67%% 0.65%* -0.58%=% 0.71 0.90-0.79
EMP 94 3.67%* 0.65%* =0.68%% 0.13 0.99-0.90
Yield/plant
EMP 81 14.25%% =5.04%* =7 .06%* 6.89 0.10-0.05
EMP 89 13.81%* =4 .25%% 8.30%x* 3.88 0.50-0.25
EMP 94 13.87%* -4 ,55%% 9.53%x* 1.84 0.75-0.50

- S armr Fon—— —— —— Lz

*, %% Indicate significance at P = 0.05 or P = 0.01 lavels, respectively.

Adapted from Kornegay and Temple (1986).

P %2 genctes chi-square value for testing goodness of fit; P denotes probability level.
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Table 2. I-leansquaregufthedialltal analysis for leafhopper resistanceinl"larﬂf‘z
generations™.
Hean squares
Source of Nymohal count Damage score Mon protected yield Protected yield
iati f F F F

variation d F1 F2 2 1 2 F1 Fz
Genotypes 14 S.96%* 28.2"" 0.47% 0.72%* 3.3 2.2 LR 32.9
GCA 4 16.56%* [ 0.7 1.24%* 2.3 164.9 S.65%* -
SCA 10 2.52 13,30 0.35%* 0.51%* 3.5 39,2+ 3.5 =
Error 28 2.3 3.8 0.0 0.15 1.21 6.27 0.2y 29.5

** Mean squares significant at P = 0.01 level.

Adapted from Kornegay and Temple, 1984,
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Table 3. Progeny means and estimates of general combining ability (GCA) effects for each

parental ) . . ) b
line in F, and F, diallel analisys for leafhopper resistance.

1 2
Nymphal count Damage score

F Fa Fy Fy
Parent Mean GCA Mean GCA Mean GCA Mean GCA
EMP 81 7.96% 0.74 13.2cd 1.38* 2.8b 0.33%* 2.8b 0.30%*
EMP 82 8.1b 1.06%%* 14.0d 2.23%% 2.4a -0.04 2.7b 0.11
EMFP 89 6.2a =-0.92% 9.4a =1.52%% 2.3a -0.12 2.2a =0.34%%
EMP 94 5.9a =0.97*% 11.2bc =1.T74%% 2.4a -0.05 2.3a =0.12
EMP 97 7.1lab 0.04 10.7b -0.34 2.3a -0.12 2.6b 0.04

L Estimtgﬁ of GCA effects significantly different from zero at P = 0.05 and P = 0.01 levels,
respectively.

& Means within a column followed by the same letter are not significantly different
(Waller-Duncan multiple comparison, K ratio = 100).

b Adapted from Kormegay and Temple, 1986.



Table 4. Cross means and estimates of specific combining ability (SCa)
effects for nonprotected yield (g/plant) F and F
generations in a 5 parent diallel analys

b

Cross Mean SCA Mean SCA

EMP 81 X EMP 82 3.9 ab® 0.10 11.0 cde 0.93

EMP 81 X EMP 89 5.9 b 2.42%% 13.9 def 2.40

EMP 81 X EMP 94 3.6 a 0.59 14.9 ef 3.44%*

EMP 81 X EMP 97 3.0 a -0.34 6.7 ab -2.91

EMP 82 X EMP 89 3.1 a -0.37 8.4 abc -2.24

EMP 82 X EMP 94 3.3 a 0.36 10.2 bad -0.40

EMP 82 X EMP 97 4.0 ab 0.67 4.9 a -3.86%

EMP 89 X EMP 94 2.5 a -0.22 13.4 def 1.37

EMP 89 X EMP 97 3.3 a 0.23 7.0 abc -3.18

EMP 94 x EMP 97 3.3 a 0.76 15.7 £ 5.56%*

*, %% Estimates of SCA effects significantly different from zero
at P = 0.05 and P = 0.01 levels, respectively

A Means within a column followed by same letter and not

significantly different (Waller-Duncan multiple comparison,
k-ratio = 100 ).

Adapted from Kornegay and Temple, 1986.
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Table 5. A nn:lifisd recurrent selection program for Empoasca resistance
in beans

Generation

Procedures for population improvement

(Cycle 1)
Parental lines

(Cycle 2)
Parental lines

Intercrosses are made among germplasm accessions and bean
lines previously shown to have resistance to E. kraemeri.

The hybrids are grown under protected conditions in order
to obtain the maximum quantity and quality of seeds. F2
seed from each cross is bulked.

F2 seed (600-1000) from each cross are planted in a block
in the field under natural leafhopper infestation.

At harvest, the F2 populations that are visually inferior
are eliminated. From the remaining populations, 1 pod
(app. 3 seeds) is taken from each plant in a cross and
the seed is bulked (app. 1500 seed/cross).

Each bulk is yield tested under leafhopper stress.
Selection among F3 populations is made on the basis of
yield data compared to resistant and susceptible checks.
The F4 seed is bulked.

The bulked seed is space planted in the field under leaf-
hopper stress. Individual plant selections with the
highest visible yield are made within each F4 population.

Progeny rows of individual selections are planted under
leafhopper stress. Selections are made among sister
lines at harvest of the highest yielding lines and each
selected line is bulk harvested.

A yield trial of the selected lines with nonprotected and
protected field treatments is planted. Nonprotected
yield and percentage yield reduction are used to select
top lines with highest levels of resistance.

The second cycle of intermatings are made using resistant
selections plus other germplasm.

2 CIAT (1985)
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Table 6. Yield of best F6 lines developed using the new breeding strategy
tomgverallr&slstmnelmlsmmgmg@

(CIAT, 1986)
Yield (kg/ha) $ yield
Lines Color Nonprotected Protected reduction
EMP 187 9 1711 3137 45.4
EMP 188 3 1335 2971 55.1
EMP 189 9 1276 2820 54.7
EMP 190 3 1238 2795 55.7
EMP 191 9 1233 3115 60.4
EMP 192 9 1151 3286 65.0
EMP 193 3 1109 2342 52.6
BMP 84° 9 1061 3010 64.7
EMP 135 3 788 2841 72.3
ICA Plgma 9 1297 3863 66.4
BAT 41 6 263 1786 85.3
1SD 5% 412.9 700.8
v 29.9 17.0

@ Resistant check

Susceptible check
Adapted from CIAT (1986)

b

c
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Table 7. B&stdet&rmimtehrshmlinmdevelcpedugi:gﬂlermbzeedirq
strategy for resistance to Empoasca kraemeri

100-seed Nonprotected yield (kg/ha) % yield

Lines Color weight (qg) 19868 1287A reduction
EMP 177 &M 29 1114 385 29.8
EMP 178 &M 34 1102 596 35.5
EMP 179 ™ 25 a03 600 39.9
EMP 182 &M 33 807 495 39.9
EMP 184 ™ 34 776 399 53.9
EMP 185 ™ 30 749 488 50.4
EMP 186 &M 26 718 383 52.9
Checks:

ICA P11 6M 35 459 89 67.1
BAT 1366 6M 32 404 203 66.8
LINEA 24 &M 39 365 114 75.7
A 36 &M 30 - 200 63.2
ISD 5% 254 177 -
c-v. 22 - E‘ 25 - E —
a

Adapted from CIAT (1987)
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Table 8. Best F, populations developed

t}ﬁhgtferewhreedirqstrat&;}rfﬂr

res to Empoasca kraemeri
vield (kg/ha) % yield

Population Color Nonprotected Protected reduction
ER 13815-CM(V) 1 896 984 8.9
ER 13816-QM(V) 1 866 964 10.2
ER 13817-CM(V) 1 870 1027 15.3
ER 13861-CM(V) 1 967 1024 5.6
ER 13870-CM(V) 1 1085 1296 16.3
ER 13844-CM(V) 6 931 1134 17.9
ER 13848-QM(V) 6 756 894 15.4
EMP 173 1 702 1058 33.6
BAT 41 6 675 1325 49,0
15D 5% 287 393 -
C.V. 20.6 20.1 -
B Checks

b pdapted from CIAT (1987)
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BREEDING FOR YIELD IN COMMON BEAN OF MIDDLE-AMERICAN ORIGIN
Shree P. Singh#*

Summary

Extreme care should be exercised in parental selection for
hybridization for yield breeding in common bean, FPhaseoulus vulgaris L.
For non-stress enviroments, high yielding parents and parents with
positive general combining ability for yield should be crossed with other
yield promoting traits. Under stress enviromments these must be combined
with tolerance to factors causing yield losses.

Hybrid populations should be yield tested in replicated trials in F,
aIﬂFBErﬂalllmyialdingcrﬂssesstmldbediEcardedassoonas
identified. Thus, selection for improved lines should be done only in

large populations and among families of high yielding crosses.
Introduction

The purpose of most crop breeding programs is to increase and
stabilize yield at a production cost which maximizes returns to the
farmers. Where growing conditions are consistently favorable, yield
increases by breeding can presumably be brought about by accumilation of
genes which maximize biomass production and efficient partitioning of
assimilates. Under unfavorable envirorments, initial yield increases, also
stabilizing yield and reducing production costs, can be obtained by
breeding for tolerance to factors causing crop losses (e.g., diseases,
genes which maximize biomass production and efficient partitioning of

* Bean Breeder, CIAT, A.A. 6713, Cali, Colombia.
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genes which maximize biomass production and efficient partitioning of
assimilates. Under unfavorable enviromments, initial yield increases, also
stabilizing yield and reducing production costs, can be obtained by
breeding for tolerance to factors causing crop losses (e.g., diseases,
insects, drought, and low soil fertility). However, subsequent increases
in yield can be brought about only by similtaneous accumlation of
favorable genes for yield and tolerance to adverse biotic and abiotic
factors.

Most dry bean (Phaseolus vulgaris L.) production occurs under stress
conditions where average dry bean yields are low (< 600 kg/ha). These
production regions occur in tropical and sub-tropical latin America and
Africa where farm sizes are small, bean is often intercropped for
subsistence, and farmers rarely apply inputs. Severe yield losses are
caused by diseases, insects, adverse climatic and edaphic factors, and
other problems.

Singh (1988, 1989) described 12 gene pools for dry cultivated common
bean and their association with yielding ability, cropping systems, and
growing enviromments to facilitate breeding work and germplasm resource
management. Six of these belonged each to Middle and South American center
of domestication. Germplasm representing each of the 12 gene pools of dry
bean is presently grown commercially, although they vary greatly in their
yield potential and relative global economic importance. The objective of
this paper is to discuss breeding for maximm yield, in favorable
enviromments, for common bean of Middle-America.

ion Criteria
Morphological, physiclogical and yield components are often suggested

as selection criteria for maximizing yield. The usefulness of these traits
will be discussed here with reference to bean yield improvement.
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Fhysiclogical traits

Physiological traits have often been suggested as selection criteria
(Wallace, 1973; Wallace et al., 1972; Wallace and Munger, 1966; laing et
al., 1984; Vieira et al. 1973) but rarely have proven their worth (Wallace
et al., 1976; Kueneman et al., 1979) and utilized in selection programs to
maximize productivity potential of common bean.

Mo logical

In common bean node and leaf number and plant height are positively
associated with pod mumber, and consequently, with seed yield (Adams, 1982;
Aggarwal and Singh, 1973; Coyne, 1968; Denis and Adams, 1978; Duarte and
Adams, 1972; Laing et al., 1984; Nienhuis and Singh, 1985; Prakash and Ram,
1981). Adams (1973, 1982) advocated the utilization of morphological
traits as selection criteria and provided a description of an idectype for
sole crop to maximize yield of Navy bean in Michigan. Moreover, due to
larger additive genetic control (Nienhuis and Singh, 1986), their higher
heritability (Paniagua and Pinchinat, 1976), and ease of visualization,
selection for architectural traits is much easier than selection for
physiological traits, yield and yield components. For example, selection
for high node number to develop small-and medium-seeded lines of growth
habits I and II such as 'A 132', 'A 156', 'A 157',. 'A 475', and others
(Singh and Gutiérrez, 1982) was accomplished by selecting tall, upright
plants with small leaves. Some of these were compared at 16 plant
density-enviromment combinations under high inputs (Nienhuis and Singh,
1985). However, none of the improved architectural lines yielded
significantly more than their respective check cultivars. Component
compensation (Adams, 1967), deficient agronomic management, and limitations
of the growing enviromment could be among possible causes for low yield.
Moreover, contrary to our above results, some improved architypes of Navy
bean outyielded classic type check cultivars of similar growth habit II in
comparative yield trials in Michigan (Adams, 1982; Izquierdo and Hosfield,
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1983). The increase in yield was thought to be due to improved lodging
resistance due to reduced branching and a narrowing of the plant canopy.

Yield and its components

In dry bean, some attempts to improve seed yield have been ineffective
(Coyne, 1968; Duarte, 1966; McFerson, 1983; Patino and Singh, 1989; Sarafi,
1978; Singh et al., 1989b; Sullivan and Bliss, 1983; Tolla, 1978). Failure
to increase seed yield in bean is attributed to (1) the lack of desirable
alleles in the base population (Singh et al., 1989%b; Tolla, 1978), (2) low
narrow sense heritability of yield (Chung and Stevenson, 1973; Coyne, 1968;
Mutschler and Bliss, 1981; Nienhuis and Singh, 1988b; Paniagua and
Pinchinat, 1976; Zimmermann et al., 1984), (3) large genotype x enviromment
interaction (Coyne, 1968), (4) negative compensatory effect of yield
promoting traits (Adams, 1982, 1967; Nienhuis and Singh, 1985), (5) zero or
negative general combining ability of high yielding small-seeded commercial
cultivars (Nienhuis and Singh, 1988a), and (6) dependance on visual
selection for seed yield in early segregating generations.

Parental Performance and Combining Ability

Seed yield and its components in common bean are quantitatively
inherited. Hamblin and Evans (1976) and Nienhuis amd Singh (1988b)
provided evidence for the importance of additive genetic variance in the
inheritance of yield and its components. This suggested that high, stable
yielding parents should result in good progenies (provided these do not
carry complementary genes for hybrid disgenesis), and that poorly
performing crosses could be discarded in early generations without
hesitation. 1In a subsequent study of the general combining ability (GCA)
of a large mmber of mostly small-seeded bean lines and cultivars it was
found that the high yielding bean cultivars of growth habits IT and IIT in
latin America (e.g., 'ICA Pijao', 'Porrillo Sintetico', ‘'Jamapa’,
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'Carioca', 'Rio Tibagi', etc.) possessed either zero or negative GCA for
yield and most yield components (Nienhuis and Singh, 1988a).Moreover,
crosses among such parents did not produce lines yielding higher than the
best parent (Singh et al. 1989b). HNonetheles, from quantitative genetic
analyses, it was evident that in order to increase yield in common bean,
among yield and its components, yield per se should be utilized as primary
selection criterion (Nienhuis and Singh, 1988b). Thus it became necessary
to consider similatanecusly (1) parental performance per se, (2) parental
general combining ability, armd (3) early generation yield testing in any
selection program designed to improve yield of bean cultivars of
Middle-America. Some data supporting these conclusions were obtained from
selection experiments (Singh et al., 1989a).

Hetercsis and Inbreeding Depression

While heterosis for yield cannot be commercially exploited in bean at
the moment (Gutiérrez and Singh, 1985; Nienhuis and Singh, 1986), crosses
with high positive heterotic wvalues should ©result in greater
recambinational variability in F, and subsequent generations and would,
therefore, provide greater opportunities for effective selection for yield
factors (Ghaderi et al., 1984). Such crosses would be of special value if
their yields were more than the highest yielding check cultivars and did
not exhibit inbreeding depression in the subsequent generation. In Table
1, examples of four kinds of single crosses of bush bean, based on their Fl
and F, yields, are given. High yielding heterotic crosses with minimal
inbreeding depression and exhibiting transgressive segregation in the F,
generation (the bottom two groups in Table 1) ought to be elected for
further evaluation and selection, since these should carry a high
proportion of high yielding genotypes.
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Selection Methods
t ecti

After repeated cycles of phenotypic recurrent selection based on F2
testing, it was possible to combine strong, erect, upright plant types
(growth habit ITA and IIB) of small-seeded cultivars in pinto bean which,
traditionally, have medium-sized seeds and a sprawling growth habit III
with weak stems (Kelly and Adams, 1987). Comparative yield data are not
available yet to indicate whether recambinant lines yield equal or better
than either pinto or small-seeded architypes used as the source of stem
erectness in this program. Duarte (1966), after two cycles of recurrent
selection in cross of 'Algarrabo' x 'Michelite' did not realize any
increase in yield at any of the three locations in North or South America.
Tolla (1978) failed to increase either bean yeild or protein content after
two cycles of recurrent selection. Sullivan and Bliss (1983) were able to
increase protein content but could not obtain yield gains from recurrent
mass selection based on a desired gain index in common bean.

Inbred-backcrossing

St. Clair and Bliss (pers. comm., 1988) have successfully used
inbred-backcross procedure to transfer and combine high N, fixation and
high yield from bean cultivar 'Puebla 152' to 'Sanilac'. The cultivar
'Puebla 152' is an indeterminate type III from the highlands of Mexico. On
the other hand, ''anilac' is a small-seeded (<25 g/100 seeds) Navy bean,
determinate cultivar of growth habit I from Michigan. 1In their program two
backcrosses to the recurrent parent followed by two or three generations of

selfing often suffice.

Early generation yvield test

Frey (1954) and Lupton and Whitehouse (1957) discussed limitations of
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conventional pedigree and bulk selection methods in the improvement of
self-pollinating cereal crops and emphasized the value of quantitative
yield data in the early generations for selection. The latter authors
proposed two methods: F2 progeny tests followed by yield trials without
further selections in I-‘4, F,j, and FE’ and the pedigree trial method (i.e.
conventional pedigree selection cambined with yield test from F, onwards).
Frey (1954) used only the first of the two methods in barley crosses and
found it to be superior over conventional pedigree and bulk hybrid methods.

Harrington (1940) in wheat and Immer (1941) in barley reported that a
reliable’ estimate of the value of a cross as a source of high yielding
lines could be made from a study of the yields obtained in trials of
unselected bulks in early generations. On the other hand, Atkins and
Murphy (1949) in ocats and Fowler and Heyne (1955) in wheat failed to find
any such relation.

Use of any form of bulk or mass method of selection would be
undesirable when it can significantly reduce frequency of some desirable
genotypes. In studies of the effects of intergenotypic competition in
mechanical mixtures of dry bean lines of different growth habits and seed
sizes, generally high yielding lines in pure stand, characterized by
small-seed and indeterminate growth habit were found to have a competitive
advantage in mixtures over poor yielding determinate and large seeded
genotypes (Dessert, 1987). The latter were eliminated when selection was
practiced for seed yield in crosses of these with indeterminate
small-seeded types (Singh et al., 1989a).

Hamblin (1977) and Hamblin and Morton (1977) observed that in common
bean the bulk method of breeding did not alter the mean yield performance
over generations in high yielding crosses but yield increased over

generations in low yielding crosses.
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Yield testing in replicated trials under high population density
(< 250,000 plants ha 1) in the F, and F, was incorporated in our program in
1986 (Figure 1). At least 20% of the lower yielding crosses are eliminated
in each successive generation, thus leaving only 60% of the initial F

2
populations for single plant selections in F,.

For various reasons we are finding this method (Figure 1) useful in
our program. It allows us to handle a relatively large number of crosses
(200/year). In the F, and F, generations of hybrid populations, single
pods from each plant (SPD) are harvested and bulked together on a cross
basis before harvesting the plots for yield. After data analyses only the
bulk of pods from selected crosses are saved for yield trials in the
following generation. Also, yield testing of the F, and F, generations is
done at different sites in order to minimize genotype x envirorment effect
and seek relatively broader adaptation and stability of performance in
experimental lines in advanced generations. SPD is preferred over single
seed descent (SSD) (Brim, 1966); because it facilitates harvest, minimizes
labor cost, and the probability of camwplete loss of favorable alleles
(Sneep, 1977) are reduced as all seed is bulked together for yield testing
in the field under some pressure of intergenotypic competition and natural
,selection (unlike advancing generations in SSD in separate hill-plot for
each F, derived plant in glasshouse in temperate enviromments). 1In SSD,
advanced experimental lines can easily be traced back to the original F,
plants but not in the SPD method adopted in our program. In general, there
is some increase (40-60%) in population size in successive generations of
SFD.
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Table 1. Mean Yield of the F

crosses grown in ref:licatea

generation of same dry bean single
trials at CIAT-Palmira, Colambia .

Generation

Cross F F

1 2

kg ha

G 4770 X A 23 2030 2624
A 23 X G 7148 2329 2394
ICA L 23 X G 3807 3143 2702
ICA L 23 X A 30 3178 2418
A 23 X G 5066 3023 3103
A 21 X Carioca 3225 3384
G 3807 X Carioca 2875 3146
Carioca X G 7148 3089 3953

From: Gutiérrez and Singh, 1985.
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Figures

Fig. 1. Use of early generation yield testing for yield breeding in dry
beans at CIAT.
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Figure 1. Use of early generation yielding test for yield breeding in dry

beans at CTAT.

Month Generation Activities Location®

March Parent Intermate among selected parents c

June Parent & F1 Intermate smong selected perents €
& crosses, Save F_ seed from
selected single crosses.

September Parent & F'I Grow out and save Fz geeds from a
selected crosses,

Harch F! Yield test in replicated trials. P
Save bulk (single pod from each
plant) seed from selected crosses.

September 'F] Tield test and sove bulk seeds g
from selected crosses.

March F* Space-plant selected crosses for P
maximun rumber of single plant
harvests.

September F5 Grow plant-progerny-rows. Save Q
bulk seeds from selected lines.

March F 6 Observation nursery P

September F? Yield test in replicated plots. QP
Clean seed production at Vijes.

Jaruary F Code selected lines for further VEF

]

evaluations. HAR

* C = CIAT - Palmira, P = Popayan, Q@ = Quilichso.
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BREEDING OOMMON BEAN (Phaseolus wvulgaris L.)
FOR YIEID IN INTERCROP

Maria José de Oliveira Zimmermann*

Summary

Despite the growing industrialization, increasing modermization and
technological sophistication of agriculture, and despite the fact that
research has always been biased towards solecropping, intercropping will
always represent a good proportion of bean production, especially in
tropical areas, due to economical, technical and social reasons.

Among bean researchers, breeders have always been questioned on their
work, because most breeding has been done in sole crop.

The present paper discusses some results from the literature on
intercropping, addressed to answer the questions that are usually presented
to breeders, with the following conclusions: 1 - Germplasm developed for
sole crop may be good for intercropping, but this is not always true. 2 -
The characteristics of bean plants that would be specifically adapted to
intercropping are unknown, but disease resistance is important in all
systems. 3 - Due to some conflicting objectives, special breeding programs
for intercropping may not be a good option generally. 4 - A better
approach might be a combined selection scheme, where early generation
selection is made in sole crop, with testing of the best lines of each
species as intercrops in all cambinations of superior lines of the species,

* Bean Breeder, Centro Nacional de Pesquisa de Arroz e Feijao (CNPAF),
Empresa Brasileira de Pesgquisa Agropecuaria (EMBRAPA). Rod. GYN 12, Km.
10, Caixa Postal 179, 74000 Goiania, Goias, Brasil.
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with cultivar release decisions being made on the basis of average yields
of all systems tested.

Introduction

Common bean (Phaseolus vulgaris L.) is an autogamous anmual legume, often
grown in intercrop with other plant species, particularly where subsistence
farming is practiced (Wiley and Osiru, 1972). The species that are
intercropped, the spacial arrangement and relative density among them, may
vary with location and farmers. Beans are most cammonly intercropped with
maize, but are also found with coffee, sorghum, cassava, sugar cane and
other crops.

Intercropping is understood as the growing of two or more crops
simultanecusly in the same field, where crop competition occurs during all
or part of crop growth (Andrews and Kassam, 1976). The more general term
"multiple cropping" refers to all systems that include the growing of two
or more crops in the same field in a year.

There are not reliable statistics on how much of the bean area is in
intercropping in any country, but it is estimated that about 70% of bean
production in ILatin America comes from intercroping and that the companion
species is usually maize (Pinchinat et al., 1976).

With the increasing industrialization in the ocountries of the
developing world, agricultural labor has been decreasing and agricultural
practices are changing in order to increase the efficiency of agriculture
as a whole. As a consequence, areas devoted to intercropping will tend to
decrease. This system is one of intensive land and labour use. It is
projected that the decrease will continue until an "equilibrium point" is
reached. Although such a point is as yet unknown, in tropical areas
intercropping will probably always be important for the production of
common bean. '
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There are many reasons why this is so. Some of them are:

a) Intercropping is a very efficient soil preservation practice due to the
exploitation of different soil layers by the different depths occupied
by the root systems of the two or more crop species.

b) Where sun-light is not a limiting factor, temperature is high and water
availability not always ideal, a taller crop such as maize or sorghum,
can reduce the intensity of heat and water stress for a shorther crop
such as beans, by the shading due to the taller crop and also by a wind
breaking effect. Such effect may reduce transpiration losses of water
for the shorter crop.

c) Intercropping is a safer and more stable system of agricultural
exploitation than sole cropping, for small areas with low input and
labor availability. If one crop fails, the other can still give some
yield (Andrews, 1974, Willey and Osiru, 1972).

d) Intercropping makes possible the production of two or more crops at the
same time and area which favors diversification of diets.

Although it is accepted that intercropping is important for common bean
production in all countries where beans are an important agricultural
product, research has always been centered on sole cropping and germplasm
develcpment has always been done in that system. Few attempts were made to
select cultivars for intercrop (Francis et al., 1976) and in most cases
they were on climbing bean-maize associations, that have cbvious advantages
because maize provides the necessary support for the bean plants, that
should otherwise be provided by stakes (Davis et al., 1980). However, most
farmers who grow beans with maize, prefer bushy plant types because they
make harvesting easier.

For many years, plant breeders have been questioned about their work in
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relation to intercropping. The main questions are:

I - Will germplasm that was developed for sole crop, necessarily be good
for intercropping?

II - How will germplasm that was selected for sole crop differ from
germplasm developed for intercropping?

IIIHIEtrErearEedfnrépa:ialhreedhqprngmrsforhtexcrtmirq?

IV = How could bean breeding programs approach the intercropping question?

I. Will Germplasm That Was Developed For Sole Crop Be Always Good For
Intercrop?

Several articles report yields of bean cultivars in sole crop and in
intercropping with maize. In most cases the correlation coefficients
between yields in sole crop and in intercrop were positive, high and
significant (Table 1). These positive correlations have led to the
conclusion that cultivars that are good for sole crop may also be good for
intercrop. However, significant genotype by cropping systems interactions
have been reported (Francis et al., 1978a). Paniagua (1977) found that not
all bean cultivars which where good in intercrop where also good in sole

crop.

Hamblin and Zimmermann (1986) showed that it is possible to calculate
how succesful selection in one system (sole crop or intercrop) would be for
the other, by ranking the cultivars for yield in each system, applying a
defined selection pressure (in their case 33%) in one system and cbserving
how many of the selected genotypes were among the top 33% in the other
environment. Selection efficiency (Se) in the altermate enviromment is
defined as:
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no. selected in no. expected

alternate system - by chance
Set = *x 100
no. chosen in no. expected
selection system - by chance

The rumber expected by chance, is calculated assuming that there would
be the same probability of randomly taking good genctypes for the alternate
system among the selected ones, as the selection intensity. For exanple:
the trial of Santa- Cecilia and Ramalho (1982) included 40 genotypes. With
a selection pressure of 30% in sole crop, the 12 best genotypes were
identified for that system. Following the rationale described, the
probability of having taking the best ones by chance, was 0,30 x 12 = 3.
Among the 12 that were selected for sole crop, there were 7 that wers in
the group of the top 12 in intercrop. The mmber expected by chance was
again the same (3), because it was again calculated from the top 12. So
selection efficiency in that case was:

=
Se ¥ = X 100 = 44%
12 =3

That means that only 44% of the genotypes that were consciously
selected in one system were also consciously selected for the other system,
although the percentage of selected material in one system that was good
for the other (correlated response) was 58%. Those are low percentages
considering that there was a highly significant correlation for bean yields
between the two planting systems.

Table 2, taken from Hamblin and Zimmermann (1986), shows the selection
efficiency for intercrop when a selection intensity of 33% was applied in
sole crop. In only two cases, selection efficiency was greater than 50%,
but this result may be due to the differential disease resistance of
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the cultivars. 1In the case of Vieira and Aidar (1984), yield data and
anthracnose data in sole crop and in intercrop were correlated. Also,
disease incidence data in sole crop were correlated to the same data in
intercrop, and the levels of resistance to anthracnose for each genctype
were similar across systems.

The results are very similar, in general terms, for relay cropping
(beans planted between maize lines when maize reaches physiological
maturity) and for simultaneous intercropping. Although crop competition is
reduced in relay cropping, because maize plants are not actively growing
when beans are planted, correlations between yields in relay crop and sole
crop are positive and low, and selection efficiency accross systems was
even lower than similtaneous intercrop (Table 3).

In conclusion, germplasm that was developed for sole crop will not
always be good for intercrop, although performance in the two systems is
often correlated. Selection for disease resistance may be practiced in the
most convenient system for disease expression, but yield has to be measured
in the same system that the germplasm is to be grown.

II. How Will Germplasm That Was Selected For Sole Crop Differ From
Germplasm Developed For Intercrop?

Selection parameters in common bean vary with the program and region
for which they are being selected. Generally for sole crop, beans are
selected for resistance to the prevailing diseases and to some
environmental stresses. Those resistances are useful in all planting
systems and are considered of equal importance for intercrop and sole crop.
It is the morphophysiological traits that will more often determine
adaptation to intercropping. Some traits may be more important to one
system than to the other, and generally some traits appear to be of
particular importance when selecting for adaptation to intercropping but
they are not really understocd.
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Zimmermann et al. (1984b) studied the relative importance of some
traits in segregating populations in intercrop and in sole crop. It was
reported that the same interactions noted for varieties also occurred in
segregating populations. In those studies of segregating populations,
harvest index of beans was negatively related to yield in sole crop and
positively in intercrop and such correlations are not only phenotypic but
also genotypic (Table 4). For all other traits studied the genotypic
correlations with grain yield were in the same direction for both systems,
although for the phenotypic correlations there were some changes of sign.
Those correlations show that it is important, when selecting for yield in
intercrop, to avoid a correlated reduction in harvest index in order not to
obtain plants with excessive vegetative growth (Donald and Hamblin, 1976
and 1983).

A path coefficient analysis for yield components and grain yield of
beans (Zimmermann et al., 1984b) showed that the importance of such
components for grain yield varied with system (Table 5), with the direct
effect of 100 seed weight being more important for intercrop than for sole
crop and the direct effect of number of pods per plant being the cpposite.
Also, for grain yield of F2 derived F4 and F5 progenies, the genotypic
correlations between cropping systems (Zimmermann et al., 1984a) were
higher for the cross when Dark Red Kidney 2602, a larger seeded,
determinate cultivar was one of the parents, than for the other crosses
where both parents were small seeded and indeterminate (Table 6).

Larger seed size gives plants a competitive advantage because they have
more reserves at the begining of the life cycle (Black, 1958; Donald,
1963). In highly competitive situations, Hamblin (1975) also found that
seed size was positively related to competitive ability measured as grain
yield. These highly competitive situations involved different cultivars
from the same species (Phaseolus vulgaris L.). It appears that the same
relationship of seed size x competitive ability exists when competition is
imposed by another species (such as maize), as Zimmermann shows.
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Guazzelli (1975) evaluated bean lines for their competitive ability in
mixtures, and even among black, small seeded, indeterminate bean 1lines,
differences could be detected. In a complementary work, the same author
(1976), applied selection for high and low competitive ability in four bean
varieties (populations), and obtained lines that differed from the others
for their competitive ability. Iater, those lines were tested in intercrop
situations (Vieira and Aidar, 1984; Guazzelli and Kluthcouski, 1988), and
same of the ones that gave the best results for intercrop where those that
had been selected for high competitive ability in common bean mixtures,
which is technically a sole crop because it irvolves only one species.

The advantage of a more competitive bean cultivar in intercrop,
suggests that the envirorment is not fully exploited by the current
cultivars, which means that short term gains may be expected by the
enhancement of campetitive ability of beans. In medium and long term this
may not hold because beans are grown for their seed production
(reproductive growth) and competitive ability is related to vegetative
growth (Donald and Hamblin, 1983). Donald and Hamblin (1983) suggest that
same features common to high yielding lines, adapted to sole crop, make
plants poor competitors but the crop fully exploits the enviromment. Those
features are:

. Ability to respond to high densities

. Lodging resistance

. Annual habit and determinant growth

. Improved canopy for efficient light interception
. High biological yield

. High grain yield

. Minimum competitive ability between plants

. Ability to respond to high mutrient levels

. Wide climatic adaptation
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Same of those features may not prove as gooed as the others for beans,
or very hard to combine, but generally they may prove valuable. Davis and
Garcia (1983) also suggested that indeterminate bean cultivars with low
competitive ability may also have an advantage for intercropping.

Therefore the answer to "how will germplasm selected for scle crop
differ from that developed for intercrop" is still unclear. Since there is
not a clearly defined ideotype for either situation, it is unknown for
which caracters the cultivars should differ from one another. There are
only some indications of traits to pay attention to, in order to avoid some
undesirable side effects of selection (like decreased harvest index, or
increased seed size when small seeds are preferred).

i B 1 1 T Special Breedi or In ing?

This gquestion was addressed in Zimmermann's work (Zimmermann, 1983;
Zimmermann et al., 1984a; Zimmermann et al., 1984b; Zimmermann et al.,
1985) through studies of genetic effects, heritabilities, correlations and
selection gains for beans under sole crop and intercrop with maize under
constant conditions. A greater mmber of significant genetic effects
(Zimpermann et al., 1985) was found for grain yield and harvest index of
beans grown in intercrop with maize than as sole crop (Table 7). Hamblin
and Evans (1976) had also found that epistatic effects decreased with
increased sowing density.

Zimmermann et al. (1984a), reported standard unit heritabilities
(Table 8) that were larger for grain yield of beans in intercrop than in
sole crop. In the same paper (Table 9) it was shown that direct selection
for each system was more efficient than indirect selection. Effects of
indirect selection for intercrop based on selection practiced in sole crop
were much smaller than either effects of direct selection or effects of
selection on the mean of both systems. Effects of indirect selection for
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sole crop based on selection in intercrop, were variable and sometimes
larger than effects of direct selection, but selection based on the mean of
both systems gave almost the same results and sometimes better results than
direct selection for sole crop. These data showed that even if selection
for intercrop only is not justified, selection based on the mean of both
systems may improve the selection efficiency. Similarly, Hamblin and
Zimmermann (1986) also found that selection on mean yield of sole crop and
intercrop was always more efficient for both planting systems than
selection in single envirorment for the alternmate system (Table 10), and
the mean was a better selection criterion to improve yield for both systems
than "tolerance to stress", defined as the difference between yield in sole
crop and in intercrop. These authors concluded that bad lines can be
eliminated based on performance in a single system (for example sole crop)
but the final identification of the best lines has to be made including all
enviroments to which they should be adapted. Bean and maize, or any other
species intercropped with beans, are grown in many geographical regions in
more than one cropping system, and recommended lines should perform well
across all or most of the different conditions in which they are grown.
There are also doubts, whether or not a specially developed cultivar, for
intercropping conditions would be the best approach for a seed production
program that has to follow the breeding of a new cultivar.

A conclusion from the foregoing discussion is that special breeding
programs for intercrop would not be justifiable unless intercropping is
virtually the only planting system in which the crops are grown.

IV. How Could Bean Breeding Programs Approach The Intercropping Question?

The previous discussion considered beans as the system component of
interest. From another point of view, in the bean-maize intercrop, maize
yields are usually not affected or suffer very little from competiton from
the bean plant, whereas bean may suffer a severe yield decrease of 80% or
more. Furthermore, there are interactions of maize and bean cultivars in
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terms of bean yields, when different maize cultivars are used (Davis and
Garcia, 1983; Ramalho et al., 1983). Harper (1967) and Fyfe and Rogers
(1965) had previously suggested that if two species are to be grown
together, the greatest level of ecological combining ability will be
achieved by breeding both crops simultanecusly. Hamblin et al. (1976),
had suggested a method that allows it to be done, based on a diallel
design. Hamblin and Zimmermann (1986) concluded that to obtain maximum

crop yields in intercrop, plant breeders must breed for the cropping system
rather than breed individual components.

Geraldi (1983) used a diallel approach with maize and bean lines in
combination, each one of them with all others. The resulting yields of
each crop were converted in "equivalent production" based on market price
ratios of maize to bean, and analysed the data as an adaptation of Gardner
and Eberhart (1966) model for diallel crosses. The best maize/bean
cambinations were those where there were large general effects of
intercropping. In the case of bean cultivars, the best were those that
interfered less with maize (high "combining ability"). Some exceptions of
high specific "combining" ability also occurred. The only problem with
this and other diallel methodologies is the size of experiments needed to
test all cambinations of the lines of the two species. For 10 bean and 10
maize lines, with 10 being a very small mumber of lines to be considered in
any breeding program, a trial of 100 treatments is needed. For slightly
larger, but still small numbers, the experimental size becomes too large to
be handled efficiently.

A more reasonable approach would be, for all species involved, to work
on early generation selection (screening phase) of a large mumber of lines,
in the most simplified system (sole crop), with later testing of a much
smaller mumber of entries of the different species in all systems that they
should be grown in the region, in all possible combinations with the best
lines of the other species. It increases the work only in the final phases
of the program. The final decision on which line to name and release for
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each species should be made based on the average yield of lines across all
testing enviromments. To make rapid yield gains on intercrop, selection in
the early stages (sole crop) could be practiced under high planting
density, as used by Guazzelli (1976).

From programs like the one suggested above, it would be possible to
create and identify genotypes that would perform better in the average of a
range of different cropping systems, but in some cases, they could perform
not as well in each one of them alone as if they were specially developed
for that from the begining, though the difference may not be as large as to
be taken into account.

Conclusions
As final remarks, it is important to point out the following:

. Bean germplasm developed for sole crop may also be good for intercrop
or for relay crop, but that is not always true. Interactions exist and
have to be considered.

. 'There is no clear answer on how different or how similar bean lines
developed especially for intercrop or for relay crop should be. There
is no defined ideotype for those systems. Competitive ability seem to
give an immediate yield advantage to genotypes grown in intercrop but
selection to increase competitive ability may cause urwanted side
effects that can decrease plant efficiency for seed production.
Disease resistance, on the other hand, is important for all cropping
systems.

. Special breeding programs, totally devoted to intercrop are not a good
option unless intercropping is the only planting system in which crops
are grown in a region.

. For all species that are grown in an intercrop situation with beans,
early generation selection should be made in the cropping system which
is most easily managed (sole crop) with final testing of the best
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selected lines of each species being made in all systems and in all
cambinations among them. Final decisions on the releases to be made
should be based upon averages across all testing systems.

Last, but not least, intercropping will probably decrease in importance
throughout the world with time, but in the near future (until the end of
century at least), it is from this system that a large proportion of bean
production will come. As long as no good harvesting machines for beans are
developed, as long as poor farmers exist, with small areas and no expensive
and sophisticated production systems, without irrigation facilities,
intercrop will continue to be responsible for a significant proportion of
bean production.

References

Andrews, D.J. 1974. Responses of sorghum varieties to intercropping. Exp.
Agr. 10:57-63.

Andrews, D.J. and Kassam, A.H. 1976. The importance of miltiple cropping
in increasing world food supplies. In: Papendick, R.I.; Sanchez, P.A.
and Triplett, G.B. (eds.). Multiple cropping, pp.1-11. A.S.A.
Special Publ. 27, Amer. Soc. Agron., Madison, WI.

Antunes, I.F. and Teixeira, M.G. 1982. Produtividade de genctipos de
feijao em monocultivo e no cultivo associado com milho nas épocas das
aguas e da seca em Goiania, GO. In: EMBRAPA- Proc. la. RENAFE,
83-88.

Black, J.N. 1958. Campetition between plants of different initial seed
sizes in swards of subterranean clover (Trifolium subterraneum L.) with
particular reference to leaf area and the light microclimate. Aust.
J. Agr. Res., 9:299-318.

Chagas, J.M. and Agquino, A.R.L. 1981. Yield of climbing bean cultivars
under two cropping systems. Ann. Rep. Bean Improv. Coop., 24:56-57.

276



Davis, J.H.C.; Garcia, S. and Tejada, G. 1980. Seleccion en generaciones
tempranas de frijoles volubles en associacion com maiz. XXVI Reunion
Amual del Programa Cooperativo Centroamericano para el Mejoramiento de
Cultivos Alimenticios (PCOMA)-Guatemala. 16pp.

Davis, J.H.C. and Garcia, S. 1983. Competitive ability and growth habit
of indeterminate beans and maize for intercropping. Field Crops Res.,
6:59-75.

Donald, C.M. 1963. Competition among crop and pasture plants. Adv.
Agron., 15:1-118.

Donald, C.M. and Hamblin, J. 1976. The bioclogical yield and harvest
index as agronomic and plant breeding criteria. Adv. Agron.,
28:361-405.

Donald, C.M. and Hamblin, J. 1983. The convergent evolution of anmual
seed crops in agriculture. Adv. Agron., 36:97-143.

Francis, C.A.; Flor, C.A. and Temple, S.R. 1976. Adapting varieties for
intercropped systems in the tropics. In: Papendick, R.I.; Sanchez,
P.A. and Triplett, G.B. (eds.). Multiple cropping, pp.235-254.
A.S.A. Spec. Publ. 27. Amer. Soc. Agron., Madison-WI.

Francis, C.A.; Prager, M.; laing, D.R. and Flor, C.A. 1978a. Genotype x
envirooment interactions in bush bean cultivars in monoculture and
associated with maize. Crop Sci., 18:237- 242.

Francis, C.A.; Prager, M. and laing, D.R. 1978b. Genotype x environment
interactions in climbing bean cultivars in monoculture and associated
with maize. Crop Sci., 18:242- 246,

Fyfe, J.L. and Rogers, H.H. 1965. Effects of varying variety and spacing
on yields and composition of mixtures of lucerne and tall fescue. J.
Agr. Sci. (Cambridge), 64:351-359.

Gardner, C.0. and Eberhart, S.A. 1966. Analysis and interpretation of
the wvariety cross diallel and related populations. Biometrics,
Raleigh, 22:439-452.

Geraldi, I.0. 1983. Método de analise estatistica para cambinacao de
cultivares consoreio. Doctor Degree Thesis, ESALQD, USP, Piracicaba,
SP, Brasil, 120pp.

277



Guazzelli, R.J. 1975. Competicao intergenotipica em feijao (Phaseolus
vulgaris L.): estimacao da capacidade campetitiva. Master Degree
Diss., ESALQ, USP, Piracicaba, SP, Brasil, 62pp.

Guazzelli, R.J. 1976. Competicao intergenotipica em feijao (Phaseclus
vulgaris L.): estimacao de pardametros genéticos. Doctor Degree
Thesis, ESAIQ, USP, Piracicaba, SP, Brasil, 88pp.

Guazzelli, R.J. and Kluthcouski, J. 1988. Avaliacao de germoplasma de
feijao (Phaseolus wvulgaris L.) para o consércio similtdneo com milho.
EMBRAPA-CNPAF. Comunicado Técnico no. 21.F( no prelo).

Hamblin, J. 1975. Effect of enviromment, seed size and competitive
ability on yield and survival of Phaseolus wvulgaris genotypes in
mixtures. Euphytica, 24:435-445.

Hamblin, J. and Evans, A.M. 1976. The estimation of cross yield using
early generation and parental yields in dry beans (Phaseolus vulgaris
L). Euphytica, 25:510-520.

Hamblin, J.; Rowell, J.G. and Redden, R. 1976. Selection for mixed
cropping. Euphytica, 25:97-106.

Hamblin, J. and Zimmermann, M.J.O0. 1986b. PBreeding common bean for yield
in mixtures. In: Janick, J. (ed.). Plant breeding reviews,
4:245-272. AVI Publ. Co. Westport, Conn.

Harper, J.L. 1967. A. Darwinian approach to plant ecology. J. Ecol.,
55:247-270.

Paniagua, C.V. 1977. Identification and stability analysis of traits
important to yield of beans in associated culture. FPh.D. Thesis,
Michigan State University, East lansing, MI. 76pp.

pPinchinat, A.M.; Soria, J. and Bazan, R. 1976. Multiple cropping in
tropical America. In: Papendick, R.I.; Sanchez, P.A. and Triplett,
G.B. (eds.). Multiple cropping. pp.51-62. A.S.A. Special Publ.
27. BAmer. Soc. Agron., Madison, WI.

Ramalho, M.A.P.; Oliveira, A.C. de ard Garcia, J.C. 1983.

Recomendacoes para o planejamento e andlise de experimentos com as
culturas de milho e feijao consorciadas. EMBRAPA- QONFMS. Documentos,
2. 74pp.

278



Santa-Cecilia, F.C.S. and Ramalho, M.A.P. 1982. Comportamento de
cultivares de feijao em monocultivo e em associacac cam milho.
Ciencia e Pratica, 6:45-54. T

Serpa, J.E.S. and Barreto, A.C. 1982. Campeticao derc:l.:ltivarea de
feijao em consorciacao com o milho, nas micro regices homogeneas 123 e
130 do Estado de Sergipe. EMBRAPA-UEPAE Aracaju. Pesquisa em Andamento
No. 6. 6pp.

Teixeira Monteiro, A.A.; Vieira, C. and Silva, C.C. 1981. Yields of
twenty bean cultivars under two cropping systems. Ann. Rept. Bean
Imp. Coop., 23:49-50.

Vieira, R.F. and Aidar, H. 1984. Avaliacao de cultivares e linhagens
de feijao em consércio com o milho e em monocultivo. (EMBERAPA-CNPAF.
Pesquisa em Andamento, 51). 7pp.

Wiley, R.W. and Osiru, D.S.0. 1972. Studies on mixtures of maize and
beans (Phaseolus wulgaris L.) with particular reference to plant
population. J. Agr. Sci. (Cambridge), 79:517-529.

Zimmermann, M.J.0. 1983. Genetic studies on common bean in sole crop and
intercropped with maize. Ph.D. Dissertation. Univ. of California,
Riverside, CA, 86pp.

Zimmermann, M.J.O.; Rosielle, A.A. and Waines, J.G. 1984a.

Heritabilities of grain yield of common bean in sole crop and in
intercrop with maize. Crop Sci., 24:641-644.

Zimmermann, M.J.O.; Rosielle, A.A.; Waines, J.G. and Foster, K.W. 1984b.
A heritability and correlation study of grain yield, yield components
and harvest index of common bean in sole crop and intercrop. Field
Crops Res., 9:109-118.

Zimmermann, M.J.0.; Rosielle, A.A.; Foster, K.W. and Waines, J.G. 1985.
Gene action for grain yield and harvest index of cammon bean grown in
sole crop and in intercrop with maize. Field Crops Res., 12:319-329.

279



Table 1. Correlation between yields of bean cultivars in sole crop ard in

intercrop with maize (Adapted from Hamblin and Zimmermann, 1986).
Ko. of
cultivars r Reference Comments
19 0.Bg* Francis et al., 1978a Trial 2
20 0.51* : Francis et al., 1978a Trial 3
17 0.T2vee Francis et al., 1978a Trial 2 common
17 0.55* Francis et al., 1978a Trial 3 cultivars
20 0.8 % Francis et al., 1978b Trial 2
20 0.41 n.s. Francis et al., 1978Bb Trial 3
18 0.83%ew Francis et al., 1978b Trial 2 comman
18 0.54* Francis et al., 1978b Trial 3 cultivars
59 0.65%% Antunes and Tefxeira, 1982 Trial 1
.21 0, 54%n Antunes and Teixeira, 1982 Trial 2
34 0. 65 = .Antunes and Teixeira, 1982 Trial 1 COMmOn
34 0.50%w= Antunes and Teixeira, 1982 Trial 2 cultivars
1 0. B4%e= Vieira and Aidar, 1984
40 0.65%» Santa-Cecilia and Ramalho, 1982 Year? COMMon
40 0.8 Santa-Cecilia and Ramalho, 1982 Yearg cultivars
a 0.28 n.s. Chagas and Aquino, 1981
10 0.561 n.s. Davis and Garcia, 1783 Short maize
10 0.24 n.s. Davis and Garcia, 1783 Medium maize
10 0.41 n.s. Davis and Garcia, 1983 Tall maize
9 0.43 n.s. Serpa and Barreto, 1982 Site 1 common
) [ Ll Serpa and Barreto, 1982 Site 2 cultivars
40 0, 64w Remalho et al., 1983
a 0.85new Araujo, R.S. (personal commun.) Applied N
8 0.43 n.s. Araujo, R.S. (perscnal commun.) Rhizobial W

w, ®m wwk = cignificant at the probebility levels of 5%, 1% and 0.1X, respectively.
n.s. = non significant.
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Table 2.

Effect of selection of the highest yielding 33% of cultivars in
one enviromment on the mumber selected in the altemate
enviromment, and selection efficiency (Adapted from Hamblin and

Zimmermann, 1986).
Ho. No. Sel

No. No. alt. exp. eff. Corr.
cult. sel. ey, chance x Reference
19 & [ 2 50 0.agwas Francis et al., 1978a
20 & 2 2 0 0.51* francis et al., 197Ba
20 -] 3 2 25 0.81%ee Francis et al., 1978b
20 & 1 2 25 0.41 n.s. Francis et al., 1978b
59 20 13 T L& 0. 65w Antunes and Teixeira, 1982
&b 21 13 T 43 0544w Antunes and Teixeira, 1982
49 16 14 5 a2 0. B4 e Vieira and Afidar, 1984
40 13 T 4 33 0,65%w Santa-Cecilia and Ramalho, 1982
40 13 1n & 78 0.9g%e Santa-Cecilia and Remalho, 1982
40 13 5 & 1 0. G4 %nw Romalho et al., 1983

# w** = gignificant at the probability levels of 5% and 1X, respectively.

n.s. = non significant,
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Table 3. Correlations between sole crop and intercrop or relay crop
(Adapted from Hamblin and Zimmermann, 1986).

Data source Corr. coef. Comments

Flj!'ll:ii et al., 1978a 0.72vee Sole crop x simultaneous intercrop, trial 2
Francis et al., 1978Ba 0.55* Sole crop x simultaneous intercrop, trial 3
Francis et al., 197Bb 0,834 Sole crop x simultanecous intercrop, trial 2
Francis et al., 1978Bb 0.54* Sole crop x simul tanecus intercrop, trial 3
Antunes and Teixeira, 1982 0. GFwen Sole crop X simultaneous intercrop, trial 1
Antunes and Teixeira, 1982 0.50%* Sole crop x simulteneous intercrop, trial 2
Santa-Cecilis and Romalho, 1982 0.65%* Sole crop x simultaneous intercrop, year 1
Santa-Cecilia and Remalho, 1982 0. Bk Sole crop x simuitaneous intercrop, year 2
Teixeira Monteiro et al., 1981 0.T1%= Sole crop x relay crop, location 1

Teixeira Monteiro et al., 1981 0.2¢9 Sole crop x relay crop, location 2

Antunes and Teixeira, 1982 0.33~ Sole crop x relay crop, year 1

Antunes and Teixeira, 1982 0. 564 Sole crop x relay crop, year 2

*, %% %% = Significant at the probability levels of 5%, 1% and 0.1%, respectively.
n.s. = pon significant.

Table 4. Fhenotypic and genotypic correlations among four traits of
cammon bean and grain yield in intercrop and in sole crop
(Adapted from Zimmermann et al., 1984b).

Trait
correlated to Genotypic correlation Fhenotypic correlation
grain yield Intercrop Sole crop Intercrop Sole crop
Number of pods 3.58 1.30 =0.34%% 0.42 n.s.
Seeds per pod -0.95 -0.14 -0.21 n.s. 0.05 n.s.
100 seed weight 1.39 0.20 0.68%* 0.06 n.s.
Harvest index 1.80 -0.20 0.77%* -0.11 n.s.

*, %% = Significant at the probability levels of 5% and 1%, respectively.
n.s. = non significant.

.
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Table 5. Path coefficient analysis of the effects on grain yield of yield

camponents of beans grown in intercrop with maize and in sole
crop (Adapted from Zimmermann et al., 1984b).

Type of effect Intercrop Sole crop
Effect of total number of pods
Direct effect 0.451 1.115
Indirect effect via seeds/pod 0.399 0.307
Indirect effect via 100 seed weight =1.190 1.002
Total correlation ~0.34%% 0.42
Effect of mmber of seeds per pod
Direct effect 0.782 0.472
Indirect effect via mumber of pods 0.230 0.724
Indirect effect via 100 seed weight -1.222 -1.146
Total correlation -0.21 n.s. 0.05 n.s.
Effect of 100 seed weight
Direct effect 1.608 1.318
Indirect effect via number of pods -0.334 -0.847
Indirect effect via seeds per pod -0.594 -0.411
Total correlation 0.68%* 0.06 n.s.

*, %% = Significant at the probability level of 1%.
n.s. = non significant.

Table 6. Genotypic correlations between the two cropping systems for F2
derived F4 and F5 progenies from three crosses (Adapted from
Zimmermann et al., 1984a).

Crosses Correlations
Dark Red Kidney 2602 x Turtle Soup 39 1,08
California Small White 7775 x Turtle Soup 39 0,41
Gloria x Turtle Soup 39 ' 0,25
All lires 0,99
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Table 7. Models that fit the observed data for grain yields and harvest
index of three common bean crosses. The genetic parameters that
were included in the models showed estimated values larger than
two times the estimates of their standard errors (Adapted from
Zimmermann et al., 1985).

Models
Grain yield Harvest index
Crosses Intercrop Sole crop Intercrop Sole crop

Dark Red Kidney 2602
X ma-d+dd m+ad m—cHdd mtataa
Turtle Soup 39

California Small white 7775
x m-a+d md+ad ma+dad-dd mid
Turtle Soup 39

Gloria x Turtle Soup 39 mid m~a+d+aa mta-+dtaa mta

m = mid parental value; a = additive effect; d = dominance effect;
aa = additive by additive epistasis; ad = additive by dominant epistasis;
dd = dominant by dominant epistasis.

Table 8. Standard unit heritabilities % determined by correlations between
grain yield of F, and F. bean lines for two cropping systems
(Adapted from ZifimermanR et al., 1984a).

ilities
Crosses Intercrop Sole crop
Dark Red Kidney 2602 x Turtle Soup 39 53 51
California Small White 7775 x
Turtle Soup 39 36 40
Gloria x Turtle Soup 39 50 28
All lines 60 54
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Table 9. Realized selection responses (kg/ha) to a 40% selection intensity
for grain yield, expressed as deviations from the population mean
(Adapted from Zimmermann et al., 1984a).

Selection for intercrop Selection for sole erop
Indirect selection Indirect
In sole In
Crosses Direct crop On mean Direct intercrop On mean
Dark Red Kidney 2602
x 78 29 45 53 &7 &9

Turtle Soup 39

California Small White 7775
n &2 i3 ki 83 53 82
Turtle Soup 3%

Gloria x Turtle Soup 39 53 12 52 &3 -9 B4

ALl Llines L 45 63 140 30 139
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Table 10. Selection efficiency % of three selection criteria: mean yield
(5C +M)/2, tolerance (SC-M) and single enviromment selection (S)
for the altermate system (Adapted from Hamblin and Zimmermann,

1986) .

Selection Test environments
Source criteria Sole crop Intercrop Alternate
Antunes and Teixeira (1982)
Year 1. Simultaneous intercrop (SCHM)y /2 845 57 -
(SC-H) =57 -29 *
s - - 43
Year 1. Relay crop (SC+M) /2 ST 29 -
(SC-H) -57 14 -
5 - - 14
Year 2. Simultaneous intercrop (SCHM) /2 84 T4 -
(SC-M) -29 0 T
5 - - 43
Year 2. Relay crop (SC+H)/2 43 Bé -
(SC-M) -43 14 -
5 - - 2%
Santa-Cecilia and Ramalho (1982)
Site 1. Simultaneous intercrop (SC+M)/2 ] ('3 -
(5C-M) -22 33 -
5 . - 13
Site 2. Simultaneous intercrop (5C+#M)/2 a9 a9 -
(SC-M) -22 -22 .
g - & 78
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BREEDING FOR YIELD IN SOYBEANS: EARLY GENERATION TESTING
AND SPECIFIC ADAPTATION TO HIGH VERSUS LOW YIELD ENVIRONMENTS

Richard L. Cooper*

Abstract

Selection of an appropriate breeding procedure can have a significant
impact on the success of a breeding program. Prior to 1960, nearly all
soybean breeders used the pedigree procedure to develop high yielding pure
lines. However, a major disadvantage of the pedigree procedure is that
selection for yield potential in the early generations is based on visual
estimates of yield, which can be quite inaccurate. In the early 1970's,
soybean breeders began to adopt a modified pedigree procedure which has
become known as the single-seed-descent (SSD) procedure. In this method, a
sirgleseedisadxmnedfrmeaszplmtarﬂthepmmdlrerepeatedeam
sm:uae\et:'lin;i;al'iataticnt.mtilhmn:zyigosityisread'ne-:'lintheF5 or F
generation, resulting in a single pure line from each F, plant. This

2
procedure has the advantage over the pedigree procedure in that more F

plants can be sampled per cross, hmnz}rgositycanbereadmmwckei
(at least 2 generations can be grown per year) and all yield testing is
done with pure lines, increasing selection efficiency. However, a major
disadvantage of the SSD procedure is the lack of opportunity for selection
within selected F, families. There are two major bottlenecks in the
breeding of self-pollinated crops. The first is the selection of the
parents to be used in a cross. If the genes necessary for obtaining a high
yielding recombinate are not present in the parents, no breeding procedure
will be effective. The second is the individual F‘2 plant. Since there is

* USDA, ARS Research Agronomist and Adjunct Professor, Dept. of Agronamy,
Ohio Agricultural Research and Development Center, The Chio State
University, Wooster, Ohio 44691, U.S.A.
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no intermating during the generation advance to homozygosity, all the genes
necessary for a high yielding recambinate must be present within a single
F, plant. Thus if F, plants which contain a superior camplement of yield
genes can be identified, selection for high yielding recombinates within
these F, families should be effective. BAn early generation testing (EGT)
procedure has been developed in soybeans for the identification of the best
crasseamﬂmeF3,ﬂxebestF2-derim1hEinﬂaeF4a:ﬂﬂEbﬁtwre
lines, from the best F, family from the best crosses, in the F, and

2
subsequent generations.

As soybean yields have increased, it has become increasingly more
difficult to select a single cultivar that is highest in yield over the
entire yield range. Broadly adapted, "universal" cultivars tend to be too
short in low yield enviromments and too tall and lodge in high yield
environments, In 1969, I initiated a breeding program to develop semidwarf
cultivars with specific adaptation to high yield enviromments. The
approach taken was to make crosses between two diverse germplasm pools,
northern U.S. adapted indeterminate ([‘.‘:1} cultivars and southern U.S.
adapted determinate (dt,) cultivars, and to select from these crosses,
determinate types adapted to the Midwest. When the determinate trait (dt,)
is introduced into indeterminate cultivars by backcrossing, to produce dt,
isolines, short, semidwarf plant types are obtained but yields are
significantly reduced compared to the Dtl recurrent parent. However, by
selecting simultaneously for the desired semidwarf determinate plant type
and high yield, through the use of the early generation testing procedure,
ﬂmsedetemimtesanidﬁmrszplmrts, from the north by south crosses,
which received the genetic background genes necessary for producing a high
yielding determinate semidwarf plant type could be identified. Using this
procedure, 8 high yielding determinate semidwarf cultivars have been
identified and released. In high yielding enviromments where early lodging
of the taller indeterminate cultivars is frequently a barrier to higher
yields, these determinate semidwarf cultivars have exceeded the yields of
the indeterminate cultivars 1000 to 1500 kg/ha. These results suggest the
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EGT procedure may be effective in other self-pollinated crops where the
goal is to introduce yield genes from diverse germplasm sources to develop
high yielding cultivars of a specific plant type.

Phi of Initi ence with Early Generati

In 1962, when I first began my career in soybean (Glycine max (L.)
Merr.) breeding, the pedigree method was the standard procedure used by
nearly all soybean breeders. A major weakness of the pedigree procedure,
however, is that selection for yield potential in the F3 thru F5 is based
on visual estimates. Research has shown that in soybeans, the ability of
the plant breeder to visually identify the highest yielding lines is quite
limited (Hanson, et al., 1962). My own experience in Minnesota confirmed
this. A surprising number of lmyieldmglh-esmm&duarmdtnﬂﬁFﬁ
when I used the pedigree procedure. The difficulty with visual estimates
of yield is magnified when differences in plant type, row spacing and
seeding rate are involved.

With the publication of an article on the single-seed-descent (SSD)
procedure by Brim in 1966, many soybean breeders began to shift from
pedigree to the SSD procedure. The major appeal of the SSD procedure was
the rapid generation turmover, at least 2 generations per year, which
decreased the time from crossing to release of a new cultivar from a cross.

Part of the philosophy of the SSD procedure is the assumption that
plant breeders cannot effectively select for yield in early generations, so
why not advance the genetic materials to homozygosity as quickly as
possible and do all yield testing with homozygous lines. Ancther advantage
of the SSD procedure over the pedigree procedure is that more F, plants can
be sampled, with one pure line descendant from each of many F, plants.

It is the trade off for this advantage, however, which concerned me
the most about the SSD procedure. There is very little if any within F,
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family sampling by this procedure. Thus an F, plant which received a
superior camplement of yield genes would have, in the purest sense of the
SSD procedure, only one pure line descendant to represent it. The basic
question then becomes, is it better to test one pure line from each of 1000
F, plants or 100 pure lines from each of 10 selected F, plants. The key to
thisanswerist-ﬂ‘xetherinfactscybeanbreederscaniderrtifythnseF2
plants which received a superior camplement of yield genes. It was on this
basis I began my research in 1966 to develop and test an early generation
testing (BGT) procedure for soybeans. With both the pedigree system and
the SSD procedure, yield is the last trait selected for, yet it is the most
important. The objective of the EGT procedure was to reverse this priority
and select for yield first.

In a self-pollinated crop like soybeans there are two major
bottlenecks to success in developing superior vyielding pure line
recambinates. The first is the selection of the parents, usually two in
soybeans. If the genes to produce a superior yielding recombinate are not
present in the two parents, no breeding method will be effective in
developing a superior yielding cultivar from that cross. This is why most
soybean breeders make many crosses per year (100 or more) in search of that
best cross. Secondly, and perhaps less dbvious, is that all the genes
necessary for a superior yielding recombinant must be present within a
sinqler plant. This is true because in most breeding programs of
self-pollinated crops there is no intermating in the early generations as
the lines are advanced by selfing to homozygosity. A basic assumption of
the EGT procedure was that if all the genes necessary for a superior
yielding recombinate are present within a single F, plant, these genes
should express themselves in the yield of their F,-progeny (F,~derived F,
line). Research by Brim and others have reported gene action for yield in
soybeans is primarily additive, thus supporting this hypothesis (Brim and
Cockerham, 1961).
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In an exhaustive thesis research study by Roger Boerma (presently Dr.
Boerma, soybean breeder at the University of Georgia), the EGT procedure
was compared with the pedigree and SSD procedures, using four different
crosses. The results of this research were published in Crop Science in
three articles (Boerma and Cooper, 1975a, 1975b, 1975c). Like many such
long-term studies, it became obvious enroute to completion of the study
that some modification in the BGT procedure would be needed to make it a
practical method. Some way had to be found to reduce the large amount of
yield testing required in the early generations. However, much was learmed
about the EGT procedure in this 10-year study.

First, it was established that F2 plants which received a superior
complement of yield genes did express it in the yield o’f their Fz-derived
F, progeny. Secondly, it was also established that yield of a
heterogeneous Fz—derived line was indicative of the yield potential of the
pure lines that could be derived from it. One surprise, however, was how
uniform some Fzﬂerivad lines appeared, almost as uniform in appearance as
a pure line. Of course some F,-derived lines were quite variable as to
maturity which would limit the value of yield data obtained. However, in
this study a maturity range of up to 10 days was considered acceptable.
Segregation for such yield unrelated traits as flower color, pubesence

color and hilum color were not considered a problem.

In this long-term study, effort was made to remove some of the
genotype x envirommental variance by the use of multiple reps and locations
in the F,-derived F, and F lines. One-row plots were used in the F, and

4 3
F,, and 3-row plots in the F_, harvesting the middle row to minimize border

e;facts. Results from this study indicated that yield testing in three
unbordered tests (1 location in the F, and 2 locations in the F,) resulted
in the loss of high yielding early lines due to the bDEﬂEr effects which
favored the later maturing lines. Early, high yielding lines were obtained
from the same crosses where the SSD procedure was used. Also testing of
all lines in multiple reps, locations and years to enable selection of

291



Fzﬂerivad lines based on the F3, Fq, F5 mean resulted in a large and
expensive yield testing program. Since the yield of the best pure lines
obtained by the BGT procedure in this study were equal to those of the SSD
procedure, but no better, the conclusion reached was that the SSD procedure
would be the more efficient because of the less yield testing required

(Boerma and Cooper, 1975a).

However, I was encouraged by the results of this study which confirmed
that the basic assumptions of the EGT procedure were valid, namely F,
plants which receive a superior complement of yield genes reflect this in
the yield of their Fz—deriuad progenies amd secondly, the yield of a
heterogenous Fz-derived line is indicative of the yield potential of the
pure lines that can be derived from it. 'Ihus, even before completion of
this study, I began to adopt the EGT procedure as the standard method in my
main breeding program, modifying the procedure to overcome the major
disadvantage of this procedure, namely the large amount of yield testing
required in the early generations.

The Modified Early Generation Testing Procedure

I reasoned that in a standard pure line yield testing program, the
plant breeder does not test all his lines in multiple locations and years
before he makes his selections. In actual fact, breeders make selections
each year, advancing only the highest yielding lines for testing the next
year. So why not harndle heterogenocus Fz-derived lines like pure lines,
namely advancing only the top yielding lines, for example the top 33%, to
the next year. Using this approach, the modified EGT procedure greatly
reduced the amount of yield testing reguired in the early generations,
converting it into a practical and viable altermative to other breeding

procedures (Cooper, 1982).

For the remainder of my presentation on breeding methods, I will
discuss the modified BGT procedure that I have been using for the past 15
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years in the development and release of 8 high-yielding soybean cultivars.
The procedure is outlined in Table 1.

The mmbers reflect the available resources of my project which
determined the size of the program. These mumbers, for example, mumber of
crosses per year, can be modified up or down depending on available
resources. Byredmh‘u;ﬂlemmberchz—deri\mdlirﬁs from 300 per cross
used in the original Boerma-Cooper procedure, to 30 Fz—derived lines per
cross and using single rep, single location data as the basis for selection
inther-‘_,‘thmx;hF, it was possible to increase the mmber of crosses
that could be evaluated per year from 10 to 100, using the same mumber of
yield plots. To partially offset the disadvantages of single rep data,
family selection is practiced, with lines within a family (or cross) used
as a form of replication. For example, if 90% of the pure lines derived
from a single Fz-deriwad line were high yielding, all the lines would be
advanced for a secoend year of yield testing. Another important difference
from the Boemma-Cooper procedure is the altermating of 1-row and 4-row
yield plots to minimize biased selection against earlier and shorter lines
due to border effects of adjacent plots. In the F, and F, single-row
plots were used because of the seed limitations from a single plant. In
the F, [deerivaﬂ F, lines) and Fe {Fq—derived Fe lines) sufficient seed
is available from the previous year's 1l-row plots to permit planting of
bordered row plots. Also, this permits pulling single plants from the
border rows of Fz—de.rivai lines to abtain F4—derive:i lines without
influencing the yield data cobtained from the middle 2-rows (note, 3-row
plots could be used as well, but 4-row plots accommodated direct harvest
with a plot combine).

Basically the procedure consists of making crosses and growing Fls in
the first year, F, plants in the second year, 30 Fz—derived F3 lines per
cross for yield testing in 1-row 3 m plots the third year, growing the
highest yielding Fz—deriva:i F, lines as F,~derived F, lines in 4-row, 6 m
plots the fourth year and pulling 10 to 50 plants from the border rows to
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be single plant threshed as a source of F,~derived lines. These single
plants are held until the yield data of the F,-derived lines are analyzed
and only those plants from the highest yielding lines are threshed and
advanced for yield testing as F,~derived F. lines in 1-row, 1 meter plots
the fifth year. In the sixth year after the cross was made, the highest
yielding F4~derivai Fe lines are yield tested in 4-row, 6 m plots. Thus
limswhimreamﬂxeFﬁyieldtmtmﬁelectedbasedmjymcf
previous yield testing, allowing the plant breeder to concentrate his
advanced stages of yield testing on genetic materials of known high yield
potential. In cases where an szderivai F, line segregates too widely for
meaningful yield data, single plants can be pulled and yield testing begun
in F3-de.rived F4 lines.

The 30 Fz—derived Fy lines per cross provide a form of replication in
determining the yield potential of each cross and often permits the
elimination of many crosses in the Fy generation. 1In the berdered row,
F,-derived F, lines, those F, plants that received a superior complement of
yield genes, within the selected crosses, can be identified and single
plants pulled from the border rows to advance for yield testing as
Fqﬂﬁe.rived pure lines. Thus the objective of this modified EGT procedure
is to first identify the best crosses, then the best F‘2 plants within the
best crosses and ultimately the best pure lines from the best F, plants
from the best crosses. This sequential method of selection enables the
plant breeder to control the size of his breeding program based on actual
yield data and concentrate his more costly advanced stages of testing
(miltiple reps and locations) on breeding material of known high yield
potential. The EGT procedure enables the plant breeder to base his early
selection decisions on the trait of greatest importance in soybean
breeding, seed yield.

A major weakness of the pedigree procedure is that even though yield
is the most important trait, it is the last trait selected for. As

previously stated, visual estimates of yield have sericus limitations,
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especially if comparing differences in plant type. In soybeans, many lines
can often be carried along, based in visual estimates of yield, only to
discover in the first yield test, usually in the F generation, they are
not competitive in yield with existing cultivars. The SSD procedures is
based partially on the assumption that early generation testing would not
be effective in identifying crosses or F, families within these crosses
that they have higher yield potential. If this were true, using the SSD
procedure to advance progeny from a cross to homozygosity and concentrating

yield testing on pure lines only would be the most efficient.

Compared to the pedigree procedure (used by nearly all soybean
breeders prior to the mid-1960's) the SSD procedure, as described by Brim,
1966, offered the following advantages:

Permits sampling of a larger number of F, lines.
Advancing I, plants by single seed descent to the F, or Fg generation
increases the variance among progeny means and thus increases the
expected progress from yield selection.

3. More rapid generation turnover shortens the time period from making of
a cross until release of a new cultivar.

4. Iess record keeping required.

Because of these advantages over the pedigree procedure, the SSD
procedure has now been adopted by many soybean breeders.

The major disadvantage of the SSD procedure is the loss of opportunity
for selection within selected F2 families. It was this concern that led me
to explore the possibility of an early generation testing procedure that
would permit identification of F, plants which received a superior
complement of yield genes and enable the plant breeder to take advantage of
the genetic variance within these selected F2 families. Compared to the
55D procadure, the modified early generation testing procedure has the

followirg advantages and disadvantages.
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1)

2)

3)

4)

1)

2)

3)

Advantages:

Crosses with superior yield potential can be identified in the F, ,
generation.

F, plants which receive a superior complement of yield genes can be
identified and their progeny more extensively sampled.

The sequential method of yield selection enables the breeder, on the
basis of yield data, to control the size of his program in the early
generations.

The more costly advanced stages of yield testing (multiple
replications, locations, and years) are limited to genetic materials
of known high yield potential.

Disadvantages:

Fewer F, plants per cross are sampled. However, this is partially
compensated for by utilizing recombination within selected (for high
yield) Fz subpopulations, and concentrating of effort on the best
crosses.

Higher cost of early generation yield testing. 'This is partially
offset by the winter nursery costs associated with SsSD.

Slower generation advance. Although comparative data with other
breeding methods are not yet available, this modified BEGT procedure
has proven to be an effective and practical breeding procedure in
soybeans and other self-pollinated crops and a viable altermative to
the more commonly used pedigree and SSD procedures. This procedure is
now being adopted by other soybean breeders in the U.S.
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Developing Cultivars With Specific Adaptation to High and Iow Yield

Enviroments

Historically it has been the goal of most soybean breeders to select
cultivars with broad adaptation over a wide range of enviromments, the
"universal variety" approach. When soybean yields were in the 1,000 kg/ha
to 3,000 kg/ha range, this was not too difficult a task. Within the last
10 years, however, top grower yields have increased to the 4,000 kg/ha
range and occasionally reach the 5,000 kg/ha level. Maximum yield research
has shown that yields as high as 6,700 kg/ha are now possible (PPI, 1983a,
1983b, 1984; Cogper, 1984; ILawn et al., 1984; CSIRO, 1983). Thus it has
become increasingly more difficult to develop a single cultivar which will
be the highest yielding across the entire yield range (1,000 to 6,700
kg/ha). 'Those cultivars which produce the highest yields at the lower
yield range (1,000 to 3,000 kg/ha) tend to get too tall and lodge in the
more productive enviromments (3,500 to 5,500 kg/ha). Conversely, those
lodging resistant cultivars that produce the highest yields in high yield
environments tend to be too short for best yields in low yield
environments.

A. Semidwarf cultivars

wWhen I first began soybean research in Illinois in 1967, on a highly
productive soil in central Illinois (13,000 kg/ha maize yields) the best
cultivars then available reached a height of nearly 5 feet before they
severely lodged in the early pod fill stage following a severe rain stornm.
Subsequent research in this enviromment, using artificial supports to
prevent lodging, demonstrated that early lodging could reduce potential
vield by as much as 21% in soybeans (3,700 kg/ha vs 4,700 kg/ha) (Cocper,
1971a, 1971b).

Based on these observation, I initiated in 1969 a semidwarf breeding
program in soybeans, analogous to the successful semidwarf programs in
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wheat and rice, to overcome the lodging barrier to higher soybean yields
(Cooper, 1981; 1985). Several approaches to developing semidwarf types
were considered [e.g. shorter indeterminate (Dt,), semideterminate (Dt,) or
determinate (dt;) growth types] (Bermard, 1972). Preliminary research
indicated the determinate trait, present in nearly all southern U.S.
cultivars, when introduced by backcrossing into the northern indeterminate
cultivars produced a highly resistant, short statured, semidwarf plant.
type. The semideterminate trait, Dt,, failed to reduce lodging enough in
high yield enviromments while changes in indeterminate height were more of
a continuous nature with no dramatic change in plant height or lodging
resistance. Thus, the determinate trait (characterized by abrupt stem
termination after formation of a terminal flower bud) was selected for use
in developing a high yielding semidwarf plant type.

The determinate germplasm pool in soybeans and the indeterminate
germplasm pool had largely been separated for many years because of the
selection for indeterminate types in northern China and determinate types
in southern China (Probst and Judd, 1973). This separation of germplasm
pools was continued in the United States, with the photoperiodically
sensitive soybean cultivars separated into determinate types adapted to the
shorter days in the southern U.S. (Maturity Groups V thru VIII) and the
indeterminate types adapted to the longer days in the northerm U.S.
(Maturity Groups 00 thru IV). Crosses between these two germplasm pools
resulted in many unadapted types, segregating widely for maturity and for
stem termination type. 'These results discouraged earlier efforts by
soybean breeders to develop cultivars from crosses between southermn
determinate and northern indeterminate cultivars.

Development of dtl isolines in an indeterminate background reduced
plant height nearly 50% in some cultivars, but unfortunately it also
significantly reduced yields (Hicks et al., 1969). Thus it became obvious
that the backcrossing approach to introduce the dt, trait into northern
indeterminate cultivars would not be effective in developing high yielding,

208



determinate, semidwarf cultivars. It was postulated that with the
isolation of these two germplasm pools that plant breeders, by selecting
for yield in determinate types in the more southern 1latitudes had
empirically selected for a genetic background which complemented the
determinate trait (dt,). Similarly, breeders in more northern latitudes
had selected for a genetic background that complemented the indeterminate
trait (Dt,) . This would help explain why isolines in either direction
(i.e., dtl in an indeterminate background or Dt, in a determinate
background) tended to result in lower yielding genotypes.

Thus the cbjective of the semidwarf breeding program was not only to
introduce the determinate trait into an earlier maturing genotype adapted
to the northern U.S., but also to obtain from the southern determinate
cultivars, unknown genes complementary to the determinate trait. This was
accamplished by crossing high yielding southern determinate cultivars with
high yielding northern indeterminate cultivars and growing cut a large F,
population. Determinate (dt,) F, plant types with early enough maturity
for adaptation to the northern U.S. were selected and progeny tested for
yield as F,-derived F, lines by the EGT breeding procedure. By selecting
for early dt, plants plus high yield, those F, plants which received the
complementary genes needed from the southern determinate germplasm for
cbtaining high yielding determinate semidwarf plant types, were obtained
empirically (i.e. without knowing what gene or genes were involved).

The early generation testing procedure played a key role in my success
in developing high yielding determinate semidwarf cultivars. Because of
the contrasting plant types, it would have been impossible to visually
identify the highest yielding lines. Furthermore, I did not know what a
high yielding determinate semidwarf variety would look like. Fortunately,
with the use of the EGT procedure, I did not need to know. I let the yield

data from Fz-dew:ived F, and F, lines identify those plant types for me.
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Some researchers have suggested that the BGT procedure would be
effective only in narrow, good by good crosses. I disagree and submit the
success in developing high yielding semidwarf soybean cultivars from the
crosses between two diverse germplasm pools as evidence that the BGT
procedure works well in wide crosses if properly applied. The key to the
success of the BEGT procedure in wide crosses is the simultanecus selection
for the plant type desired (architecture, seed size, maturity, etc.) and
yield. In this manner the breeder can identify those crosses with the best
combining ability for high yield, within the desired plant type, and obtain
the complement of background genes from the parental sources necessary for
combining the plant type desired with high yield. By delaying yield
testing until homozygosity, as in the pedigree procedure, much of the
opportunity for yield selection within superior yielding F2 families is
lost. In the SSD procedure there is no cpportunity for selection within
selected high yielding F, families.

I cite as an exanple of the effectiveness of the BEGT procedure in wide

crosses the results of an Fz—derived Fqu yield test in 1973. After three

disappointing years in trying to identify high yielding semidwarf plant
types, I noted 3 plots of an exceptional plant type in the test of 102
Fz—deriv-ad F, lines tracing to 34 different crosses. The three plots were
extremely lodging resistant, short statured and expressed delayed leaf
senescence relative to their maturity. When yields were taken, these lines
ranked first, second and seventh, in yield and all traced to the same cross
of Williams, an indeterminate Maturity Group III cultivar, by Ransom, a
determinate Group VII cultivar. The highest yielding two lines equalled
the yield of the high yield indeterminate check cultivar, Williams.
Because of their exceptional yield, approximately 50 plants were pulled
from the border rows of each line to be single plant threshed and yield
tested as F,—derived F, lines the next year. It was apparent in the F
that the yield of the Fz—deriva:l lines were indicative of the yield
potential of the pure lines that could be derived from them. Nearly all

the Fd—derived lines from the lowest yielding (seventh ranked) Fz-derived
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F, lines were lower in yield than the lowest yielding lines obtained from
the other two F,-derived lines. From the two highest yielding F,-derived
lines, 54 pure lines (_F4-deriveﬂj were obtained, the poorest of which
outyielded the standard check cultivar Williams, with an average yield
advantage of 1,080 kg/ha. The highest yielding line (later released as the
determinate semidwarf cultivar, Sprite) exceeded the yield of Williams
2,150 kg/ha. Three cultivars, varying in maturity by 14 days,were released
from one F, family (Pixie, ELf and Gnome) and two cultivars from the other
F, family (Sprite and Hobbit). - Many other high yielding lines were dropped
to avoid undue duplication. By the SSD procedure, only one pure line would
lﬂveheenohtainedfrmeachnfﬂm&szlmﬂ- '

In high yield envirorments, where lodging is frequently a barrier to
higher soybean yields, the semidwarf cultivars, Sprite and Hobbit, have
exceeded the yield of Williams 1,000 to 1,500 kg/ha (Cooper, 1981, 1985).
In dry years, however, this advantage may be lost because water becomes the
overriding yield limiting factor. To campensate for the specific
adaptation of semidwarf cultivars to high yield enviromments, a soybean
production system has been developed specifically for semidwarf cultivars
(Cooper, 1981, 1985). First, they should be planted only in envirorments
with a history of high yield (> 3,000 kg/ha) and should be solid-seeded in
17-cm row width at a seeding rate of 750,000 seeds/ha. This is in contrast
to 76-cm row widths at 375,000 seeds/ha commonly used for indeterminate
cultivars. Averaged over 10 years in two diverse enviromments in Ohio,
solid-seeded Sprite averaged 800 kg/ha higher yield than 75-cm row Williams
at one location and 1,000 kg/ha more at the other. The yield advantage
ranged from 0 to 2,000 kg/ha depending on rainfall during the growing
season. Since the solid-seeded Sprite equalled the yield of 75-cm Williams
in dry years and was much higher in favorable moisture years, this resulted
in the higher average yields over the 10-year period. Based on these
results, a production system called HYSIP (high-yield-system-in-place) has
been developed for soybean production (Cooper, 1987). Since it is not
possible to predict in advance the good moisture years, the grower is
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encouraged to have the high-yield-system-in-place (in this case the
solid-seeded semidwarf system) every year in order to take advantage of the
favorable moisture years and long term higher average yields.

B. t tolerant

When I first arrived in Chio in 1977, I noted there were many marginal
soils (too wet early in the season and too dry late in the season) where
the normal indeterminate cultivars being grown were quite short and low in
yield. As a carryover from my indeterminate breeding program (conducted
before the determinate semidwarf program was initiated), a very tall,
vigorous vegetative growth, breeding line was identified as having superior
yield potential on drought prone soils where yields were in the 2,000 to
3,000 kg/ha range. However in high yield envirorments, this line lodged
severely and was considered undesirable in enviromments where the yield
potential was above 3,300 kg/ha. This line was released as the cultivar,
Amcor, and recommended specifically for marginal soils and for double
cropping, where its greater vegetative growth gave it a yield advantage
over shorter indeterminate cultivars (Walker and Cooper, 1982). In 1978, I
initiated a new breeding program with the cbjective of developing cultivars
with specific adaptation to marginal (primarily drought prone) soils. The
approach taken was to select for taller, more vigorous growing cultivars,
which will produce adequate vegetative growth under the temporary drought
corditions often experienced on some soils in the Midwest. The requirement
for lodging resistance was relaxed, since the cultivars developed from this
program will not be recommended for the more productive enviromments where
lodging can become a problem. The first lines from this program are just
now entering the advanced stages of testing. Like with the semidwarf
program, I have found it relatively easy to obtain a new plant type (e.g.
short, determinate semidwarfs or very tall, vigorous indeterminates). The
difficult part is combining these new plant types with high yield. This is
where I have found the EGT procedure a superior breeding method in the
developing of high yielding new plant types from wide crosses. Since all
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selection for yield, beginning in the F,, is based on actual yield data, I
do not have to know what the high yielding new plant type will look like.
I can use the yield data obtained to identify which determinate semidwarf
or in this case, tall indeterminate lines, carry the yield genes necessary
for a superior yielding cultivar.

Summary

As mentioned previously, it is the belief of some researchers that the
BGT procedure is limited to only narrow crosses of good x good lines. I
disagree with this conclusion based on my experience in the successful use
of the BEGT procedure in wide crosses to develop high yielding new plant
types. It is for you to decide whether the BGT procedure will be of value
in your Phaseolus breeding programs. If you have as a major goal combining
high yield with specific plant types from wide crosses, it is my belief
that the BGT procedure, as described here, would prove to be an effective
breeding methed.
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