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ABSTRACT

IDENTIFICATICN AND STABILITY ANALYSIS OF TRAITS
IMPORTANT TO YIELD OF BEANS IN ASSOCIATED CULTURE

By

Cesar Ventura Paniagua Guerrero

The identification of the traits in beans, which when grown in
association with maize promote to the greatest practicable extent the
potential for yjeld, was studied in 18 bean cultivars grown in
monocul ture and associated culture.

The qualitative effects of 17 traits upon certain parameters of
adaptation were determined in each cultivar grown in six different
cultural environments at two locations in Colombia, South America. The
cultural environments were determined by location, crop system and
maize type. These parameters were slightly different from those proposed
by Finlay and Wilkinson (1963) because our purpose was to remove the
geographic location effect and consider only the environmental effect
produced by the different cultural systems. The two statistics used,
the variety mean and the environment mean, were adjusted by division by
the location mean.

[t was considered that varieties are best adapted when ths regressions
of variety scores upon the respective environmental indexes approach
unity, and had high mean values for the character under consideration.

A variety with a regression coefficient of zero or approaching zerc was
considered to be stable.

A muitiple regression anaiysis was carried out for each cultural

system with yield as the response variable and the yield components as
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independent variable in the first case and the individual yield
components as response variables and plant morphological traits as
independent variables in the second case.

In terms of the two adaptation measures, variation appeared to be
higher in the least complex traits in a developmental and a genetic sense
and lower in the more complex traits suggesting adaptation stability
increased with an increase in the complexity of the trait.

Growth habit was the major varietal characteristic that determined
varietal performance in almost all cultural environments. Varieties of
Type I were stable (b -~ 0) for cultural environmental changes. Type II
varieties appear to be adapted to cultural environmental changes (b -~ 1)
and varieties of Type III and IV have differential responses to cultural
environment changes (b <1).

Some varieties that were high yielding in monoculture were also
high yielding in associations, but in general, varieties high yielding
in monoculture tended to be low yielding in associations and varieties low
yielding in monoculture, tended to be high yielding in associations.

This suggests that a variety cannot be selected for yield in the monoculture
system to be grown in the association system. It should be noted,

however, that only in one case (Variety Guatemala #594) was the regression
value significantly different from unity.

From results of the multiple regression analysis, it was concluded
that number of racemes, plant height, hypocotyl diameter and leaf dry
weight were important to the determination of yield through the
determination of yield components for the association of bean and short
maize, but number of branches and days to maturity had contrasting values

for yield components. Stem dry weight and leaf area had negative
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effects upon yield. The traits hypocotyl diameter, days to maturity
and plant height were important in the determination of yield components
in the association of bean and tall maize, but leaf dry weight, number
of racemes and leaf area had contrasting values for yield components.
Days to first flower and number of branches had negative effects upon
yield. This suggests that plant breeders will have to make compromises
in their decisions concerning the best set of traits in any given cultural
environment.

Variety 5 (Guatemala #109-1-1), with good general adaptability for
yield, capable of producing high yields in all the cultural environments
considered in the present study, also showed regression values near
unity for most of the morphological traits measured. In extrapolation
from this example, it may be postulated that for a variety to be widely
adapted to mixed cultural environments it should show good adaptation
for most of the morphological traits important in yield determination.

Variety 1 (Rabia el Gato, also from Guatemala) was the least well-
adapted variety with respect to yield. Interestingly, none of the
morphological traits showed regression slopes close to unity, all being
below one and most near zero. This case was the converse of the
situation with Variety 5 but was consistent with the postulate arrived

at on the evidence of Variety 5 and tends to reinforce that postulate.
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INTRODUCTION

Beans (Phaseolus vulgaris L.) and maize (Zea mays L.) are the most

important annual plants cultivated in mixed cropping systems by small
farmers of Latin America. Much of the agricultural research, however,
has been directed toward persuading the farmer to change to monocultural
systems despite his reluctance to do so. The basis of pressing such
changes has not been adequately researched and there is some evidence
that in certain circumstances, mixed culture systems yield more per
unit area than monoculture.

Furthermore, most research concerned with mixed cropping has been
conducted with varieties selected for performance in monoculture.
However, Francis et al. (1964) have stressed that varieties that are
expected to perform in mixed cropping should be bred specifically for
that purpose.

Variety by system interactions suggest that emphasis should be
placed upon developing varieties which can be used across a wide range
of the most common cropping systems in a region. Selection should be
directed toward varietal characteristics which increase production of
the mixed crop.

Plant breeders have made no decisive breakthroughs in yields of
dry beans with the exception of developing a few disease resistant
varieties which allow genetic potential to be expressed. This is
especially true in Latin America where most dry bean production takes
place in small plots dispersed over the countryside, including the

1
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higher elevations. In recent years, breeders have approached the low
yield problem by considering the development of plant ideotypes for
dry beans such as the ideotype suggested by Adams (1973) for monoculture.

Since the ideotype is in part a function of the production system,
it seems obvious that the ideotypes proposed to increase bean yields in
monoculture are not necessarily applicable to the environment and mixed
cropping methods of the small farmer of the temperate tropics.

Little is known of the factors that condition adaptation in beans
when grown in association with corn, and more research in this field is
needed to identify traits that may contribute to a successful ideotype.
The main objectives of this thesis are to determine the architectural
and growth parameters of beans,which, when grown in association with
corn, promote, to the greatest practicable extent, the potential for
yield in any given environment.

The hypothesis to be tested is: bean plants, when grown in
association with corn, have specific traits which act as stability
parameters conferring to the bean plant a similar response to different

environments.



LITERATURE REVIEW

Cutting across most agricultural systems of the tropics is the
phenomenon of mixed cropping, a dominant characteristic of the humid
and temperate areas. Mixed cropping, the conscious and deliberate
cultivation of more than one type of plant in one field at the same
time, is pantropical and long standing.

Beans and maize are the most important short-term annual crops
cultivated in mixed cropping systems by small farmers of Latin America.
Medina (1972) reported 80 percent of bean production in Brazil as
coming from association primarily with maize but also with potato,
cotton, oil palm, cassava, sugarcane, tobacco and coffee in lesser
proportion. Similarly, Gutierrez et al. (1975) reported 90 percent in
Colombia and 73 percent in Guatemala.

The way non-legumes are benefitted by association with legumes was
studied by Virtanen et al. (1937). They concluded that nodules of the
legumes exude nitrogen compounds as amino-acids which are utilized by
the non-legumes. The utilization of these compounds are not always
the same because non-legumes may vary in their ability to take up or
utilize these exudates, and because the legumes themselves can differ
in their capacity to exude nitrogen.

Experiments to compare maize in pure stand and associated with
legumes have shown that the maize yield either was not affected by the
association (Singh and Chand, 1969) or a modest reduction in the yield
of maize was offset by production from the other érops (Agboola and

3
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Fayami, 1971; Enyi, 1972). Kurtz et al. (1952) reported a yield
decrease of 15 percent in maize grown in association with legumes as
compared to monocultured maize.

Lugo-Lopez et al. (1953) reported no effect of beans on the
production of sugarcane when both crops were cultivated in a mixed
cropping system. A similar result was reported by Krutman (1968).

Mancini and Castillo (1960) suggested that as bean height increased
the maize yield decreased, however, there was no relation between bean
height and bean yield. Lepiz (1971) and Sixto (1975) reported a
similar relation between bean height and maize yield but there was a
negative relation between bean yield and maize density.

Francis et al. (1976), in 20 trials designed to study the bean-
maize monocrop and mixed cropping systems, reported yield increases in
bean and maize monoculture as a function of increased densities. There
was apparently no interaction of bean density with cropping systems at
the same optimum bean density and maize yields were not affected by
the bean association. They concluded that simultaneous planting should
be recommended for mixed cropping of bean and maize, but they suggested
that Type II bean (bush type with small guide) should be planted one
week ahead of the maize. They also reported a decrease in lodging of
maize and a reduction of armyworm attack in the mixed cropping system
as compared to the monocrop of maize.

Willey and Asiru (1972) found in mixed cropping of maize and bean,
that in both species intraspecific competition was more important than
interspecific competition. They suggested that the two species were not
competing for exactly the same parts of the environment. They reported
that yield per plant decreased in all instances as plant population

increased. The maize was found to have the higher relative competitive
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ability and this increased with increase in plant population pressure.

Hart (1975a), studying monocropping and mixed cropping systems
involving bean, corn and manioc, found that the effects of fertilizer
and weeding treatments on the yield of these crops were not the same
for each cropping system. When fertilizer was applied in the mixed
cropping system, corn yield increased and bean yield decreased.
Interspecific competition, when all crops were planted at the same
time, resulted in a dynamic interaction between bean and corn yield.
Hart (1975b), in an economic analysis of his experiment, found that
yield and economic return when all crops were planted at the same time,
were 37 and 54 percent higher, respectively, than from the monocropping
system.

Enyi (loc. cit.) reported a reduction in height and leaf area
index (LAI) in maize when associated with beans. Alvim and Alvim (1969)
concluded that when beans and maize were grown as mixed crops, the rates
of productivity of the stands were usually higher than the means for the
two crops grown singly. This indicates that the decrease in assimilation
rate of bean due to shading by maize was outweighed by the increase in
assimilation rate of maize as a result of reduced selfshading in the
mixed stands. They found that in all densities studied, beans showed
only about one third of the productivity and photosynthetic efficiency
of maize. |

A1l of these studies in mixed cropping of bean and corn have the
same tendency in economic term: a higher economic return in the mixed
cropping as compared to monocropping. The studies reported by CIMMYT
(1972), CIAT (1975) and Basan et al. (1975) provide further support of

this conclusion.



6

In order to understand the significance of environmentally induced
changes, it is perhaps logical to turn to basic causes of such changes
and details of the mechanisms involved. Bradshaw (1965) expressed
the view that these variations are due to phenotypic plasticity. The
degree of plasticity shown by a character can be related to the basic
pattern of its developmental pathway. Stebbins (1950) has argued that
characters formed through long periods of meristematic activity (such
as over-all size, leaf number, etc.) will be more subject to environmental
influences and are likely to be more plastic than characters formed
rapidly such as reproductive structures. This argument can be supported
by evidence of the differences in plasticity shown by different

characters in Achillea and Potentilla in the experiments of Clausen et al.

(1948). The contrast in the manner by which plants of determinate and
indeterminate growth type react to density, provides further evidence.
Species of indeterminate growth such as Vicia faba tend to respond to

density by the number of parts formed, whereas, species of determinate

growth such as Helianthus annuus tend to respond by changes in the size

of the parts (Harper, 1961).

Beans have been classified into two main growth habit types;
determinate type (shoot apex terminates in reproductive bud) and
indeterminate type (shoot apex terminates in vegetative bud). Determinate
bean plants have a poor competitive ability. The sprawling indeterminate
type seems to compete quite aggressively. Vining indeterminate cultivars
are usually less sensitive to changes in plant population than deter-
minate bush type (Burke and Nelson, 1965; Leakey, 1972).

Hess (1960) reported extreme effects of environment on stem,
internode length, number of racemes, number of branches and plant

stiffness. He felt that these morphological characteristics which



7
contribute to plant habit were quantitatively inherited. David and
Frazier (1966) noted that a more sprawling habit was produced by warm
weather but under cool conditions plants were short and sturdy.
Photoperiod and temperature have been shown to influence flowering time
and growth habit of determinate plant types depending on the genotype
and combination of environmental factors (Coyne, 1966, 1970).

Emerson (1916) reported a simple 3:1 ratio in the F2 generation for
the growth habit character in beans. The allele for indeterminate was
dominant to the allele for determinate type. The same result was
reported by Miranda (1966). Bliss (1971) studied the inheritance of
growth habit and flowering time in seven bean cultivars. He confirmed
that indeterminate plant types were dominant over determinate and
controlled by either a single gene or by two epistatic genes. He also
found a linkage between time of flowering and determinate type. The
same linkage was reported by Coyne and Schuster (1974).

Davis (1963) indicated that the net effect of the genes conditioning
the expression of gross habit of growth, number of central stem internodes
and height of pod attachment was largely additive, but the expression of
plant height, length and mean internode length was a nonadditive
since heterosis was observed for these characters; this work considered
only determinate types. By differences in habit he was referring to
sprawling versus erect types. In this paper, he reported that the height
of pod attachment was highly dependent upon the number of central stem
internodes.

Davis and Frazier (loc. cit.) reported that in crossing two
determinate types, the genes conditioning the expression of erect growth
habit, plant height and number of internodes were on the average

recessive. They found that habit per se was continuously variable and
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that additive effects were predominant in the net effect of gene
action on growth habit expression in determinate types even though
upright habit was recessive to sprawling growth habit. Bliss (loc. cit.)
concluded that sprawling growth habit was completely dominant and con-
trolled by a single gene.

Duarte (1961) found complete dominance for high leaflet number
indicating a simple genetic system for this trait. Leaf size was
influenced by an additive genetic system.

The importance of genotype-environment interaction reflects the
necessity of evaluating genotypes in more than a single environment.

The plant breeder must consider the genotype-environmental interaction in
the selection of superior genotypes. Johnson et al. (1955) emphasized
the importance of this interaction and its effects upon selection in
soybeans. Allard and Bradshaw (1964) reviewed previous work emphasizing
the importance of interactions, particularly varieties-years, to plant
breeders.

Yates and Cochran (1938) subdivided the genotype-environment
interaction into linear and non-linear partitions. Plaisted and
Peterson (1959) estimated adaptation in nine potato varieties by the
interaction component for each possible combination between pairs of
varieties. The mean of these estimates allowed them tp determine the
relative stability of each variety. Plaisted (1960) proposed an
alternative method to determine stability in potato by omitting each
variety from the analysis of variance and estimating its contribution
to the total interaction when all varieties were included in the analysis.
The larger the contribution of a variety to the interaction, the

smaller will be its stability.
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An analysis to identify stable genotypes has been worked out by
Finlay and Wilkinson (1963) in barley. For each variety, a linear
regression of individual yield on the mean yield of all varieties for
each site in each season was computed. The regression procedure was
used to describe the adaptation response of individual varieties to the
range of environments in which they were grown and to assess a population
of varieties for adaptation and yield performance. They used the
lTocation mean as a measure of the environments. Because the individual
variety yields are plotted against the mean of all the variety yields,
the population mean will have a regression coefficient of 1.0.
Regression coefficients approximating 1.0 indicate average stability.
When this is associated with high mean yield, varieties have general
adaptability; when associated with low mean yield, varieties are poorly
adapted to all the environments.

Eberhart and Russell (1966) discussed genotype-environment inter-
actions and their importance in the development of improved varieties.
They suggested that if the ability to show a minimum of interaction with
the environment (or stability of performance) is a genetic characteris-
tic, then we should do preliminary evaluation to identify the stable
genotypes. In their model, they used in addition to the Finlay and
Wilkinson parameter, the sum of squared deviations from regression as a
second parameter to estimate stability.

The Finlay and Wilkinson method of stability analysis has been
used by Rowe and Andrews (1964) with corn, suggesting that differences
in stability among genotypic groups were associated with differences in
ability to exploit favorable environments. The more vigorous hetero-
zygous groups were capable of high performance under favorable conditions

and were disproportionately reduced by unfavorable environments.
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Scott (1967), from his results, indicated that selecting for yield
stability in maize was effective.

Camacho (1968) estimated the yield stability of 26 homozygous
bean lines for seven seasons at the same location by the use of
variety x season interaction from the analysis of variance and the
regression coefficient of variety means on the environmental index.
Some genotypes showed adaptation to the unfavorable conditions of the
first planting season.

Silvera (1974) suggested that genotypes with determinate habit,
early maturity and the small leaved characteristics are responsible
for wide adaptation in bean. His results were derived from seven
varieties and 55 lines derived from crosses and backcrosses between
these seven varieties and selected for different combinations of the
characteristics named above.

Donald (1968) emphasized that a plant ideotype must be a poor
competitor. This break from traditional thinking comes from the
understanding that the individual plant within a community will express
its potential for yield most fully if it suffers a minimum of inter-
ference or competition from its neighbors. The crop ideotype is
expected to make a minimum demand on resources per unit of dry matter
produced, but the community as a whole must draw on the total resources
to a maximum.

Adams (1973) mentioned the isogenic line, model building and
factor analysis as three methods that had been used in construction of
plant ideotypes. There are numerous examples of the use of isogenic
lines in genetic and breeding studies. The model building method was
used by Vogel (1963) in wheat, suggested by Jennings (1964) for rice,

and it is similar to the ideotype suggested by Donald (loc. cit.) for
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cereal and by Meck and Pearce (1975) for maize. Factor analysis was
used by Morishima et al. (1967) in rice, Walton (1972) in spring wheat
and by Denis (1971) in beans.

Adams (loc. cit.) suggested that no major changes need to be made
to the bean ideotype proposed by him for monoculture in the morphological
plant characterization in order for the type to be a successful competitor
when grown in mixed culture with maize except to keep the leaf size
medium to small and increase the sink capacity by raising the number of
flowers per raceme and number of seeds per pod. On the physiological side,
he suggested it would be desirable to raise the net rate of CO2
exchange, increase the rate of translocation of photosynthate to sink
and select for a high harvest index.

Tanaka (1974) suggested an indeterminate bean type which would
produce many pods on the main stem for mixed culture with maize.
Francis et al. (1975) mentioned some plant characters that had been
reported in the literature as beneficial for mixed cropping systems;
these are, photoperiod insensitivity, early maturity, non-lodging and

population responsiveness.



MATERIALS AND METHODS

The field experiments were conducted in three sites representing
different temperature, rainfall and soil conditions (Tables 1 and 2).
These sites were:

1. Jalpatagua, Guatemala (14° 08' N. Lat., 557 meters elevation,

260 C mean annual temperature and 1360 mm annual rainfall)

2. Popayan, Colombia (020 42' N. Lat., 1600 meters elevation,

200 C mean annual temperature, 1600 mm annual rainfall)
3. Palmira, Colombia (039 22' N. Lat., 1000 meters elevation,
23.99 C mean annual temperature, 1000 mm annual rainfall)

Crop species used in the experiments were beans (Phaseolus
vulgaris L.) and maize (Zea mays L.). Eleven bean varieties were
selected from the Guatemala bean collection, six bean varieties from
the Centro International de Agricultura Tropical (CIAT) bean collection
and one bean variety from Michigan, USA on the basis of contrasting
values for plant height, flowering time, leaf area and the yield
components, namely the number of pods per plant (X), number of seed
per pod (Y) and seed weight (Z) (Table 3). Maize selection was
based on plant height. In each location, adapted short and tall maize
varieties were used (Table 4).

The criteria used to describe environments included location,
crop system, maize type and planting pattern. Eleven different

environments were studied (Table 5).

12
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Table 1. Monthly mean temperature and total monthly rainfall per
location during experiment work.

Temperature °C Rainfall (mm)

Month-Year Jalpatagua Popayan Palmira Jalpatagua Popayan Palmira
Sep. 75 24 .5 265.6

Oct. 75 24.9 213.9

Nov. 75 23.1 6.0

March 76 18.1 22.7 306.0 74.3
April 76 17.2 24.3 164.8 82.8
May 76 17.9 23.8 80.6 82.2
June 76 18.3 24.2 52.5 12.6
July 76 19.0 0.5

Table 2. Soil analysis per location.

Location pA ppm Phosphorus Meg/100 g of soil
0.M. pH BRAY II K Ca Mg

Jalpatagua 6.7 26.0 0.55 11.4 4.0

Popayan 10.5 4.8 6.8 0.45 1.5 0.6

Palmira 4.2 7.9 49.0 0.77 27.4 15.8
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Table 3. Characteristics of the bean selections.”
Days Leaf Number Number Seed
Plant to area of of weight Growth
En- Variety  Origin height first dm2/ pods/ seeds/ 100 habit
try (cm)  flower plant plant pod seeds type?t
1 Rabia el Guatemala 60.8 32 12.92 11.9 5.6 20.2 I
Gato
2 73 vul Colombia 132.1 44 16.56 15.9 6.6 21.7 III
8259
3 Guate-067 Guatemala 98.9 41 22.16 18.3 5.7 20.0 II
4 Turrialba- Costa Rica 102.5 42 22.99 17.0 5.4 21.5 1II
21
5 109-1-1 Guatemala 84.2 43 22.62 12.4 6.3 21.4 II
6 388-3-1 Guatemala 102.0 42 22.58 17.1 5.6 20.2 II
7 95-2-1 Guatemala 88.5 32 16.36 16.0 5.7 23.3 II
8 72 vul Colombia 102.6 43 24.75 15.1 6.0 22.0 II
21069
9 Trujillo-3 Colombia 180.2 50 21.61 16.4 6.7 19.1 IV
10 Guate-367 Guatemala 105.8 4] 17.77 15,5 5.9 21.3 II
11 Guate-594 Guatemala 125.8 44 14.25 20.3 5.3 25.6 III
12 Atlas United 82.3 34 14,13 11.9 5.4 17.3 II
States
13 Pompadour Dominican 46.0 35 17.80 8.7 4.6 47.3 1
Republic
14 Porrillo E1 Salva- 102.4 41 17.72 8.3 5.8 22.4 11
Sintetico dor
15 Jamapa Venezuela 73.0 42 25.24 13.8 5.8 19.8 II
16 Puebla-152 Mexico 119.3 45 15.93 14.1 5.7 28.5 III
17 P-589 Colombia 202.1 50 29.62 14.4 7.2 21.8 IV
18 Sangre Toro Colombia 336.3 60 56.09 2.5 5.3 50.0 1V

*
+

I1

Based on monocrop mean at Palmira location.
determinate, bush
indeterminate, short guide

I

[11
IV

indeterminate, long guide
indeterminate, climbing
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Table 4. Characteristics of maize selections.
Entry Varijety Origin Days to Days to Height at
flower harvest flowering
(cm)
1 Pinolefio Guatemala 73 140 190
2 ICTA Tropical- Guatemala 90 160 175
101
3 ETO-351 Colombia 90 160 160
4 Regional Colombia 120 200 260
Yucatan
5 H-210 Colombia 70 140 190
6 H-207 Colombia 63 140 290
Table 5. Environment classification.
) Planting
Envir- Maize pattern Density (pl/ha)
onment Location Crop system type Bean Maize Bean Maize
row _row
1 Jalpatagua Monocropping 1 222,222
2 " Mixed cropping Short 2 1 148,148 41,667
3 " " " Short 3 1 166,665 31,312
4 " " " Tall 2 1 148,148 41,667
5 " " " Tall 3 1 166,665 31,312
6 Popayan Monocropping 1 250,000
7 " Mixed cropping Short 2 1 250,000 40,000
8 " " " Tall 2 1 250,000 40,000
9 Palmira Monocropping 1 250,000 40,000
10 " Mixed cropping Short 2 1 250,000 40,000
11 " " " Tall 2 1 250,000 40,000
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Bean varieties 1 to 12 were sown in environments 1 to 5 and varieties
1 to 18 in environments 6 to 11. Maize varieties were planted in eight

different environments as follows:

Maize Varieties Environment
Pinoleno 2, 3

ICTA Tropical-101 4,5
ECTO-351 7
Regional Yucatan 8

H-210 10

H-207 11

A split plot experimental design with three replications was
planted in each site: Jalpatagua in September, 1975; Popayan in
March, 1976 and Palmira in March, 1976.

The planting method used in Jalpatagua was the same that farmers
use, that is, using a diddle stick to sow bean and maize seeds. Three
bean seeds were dropped in each hole, 30 cm apart and four maize seeds
were dropped in each hole, 80 cm apart. Fifteen days after emergence,
bean and maize plants were thinned to two and three plants per hill,
respectively. The plot for environments 3 and 5 had 12 rows, 6 m long;
the plot for environments 1, 2, 4 and 6 to 11 had 9 rows, 6 m long.

In Popayan and Palmira, a hand planting device was used for bean
and maize and plants were thinned fifteen days after emergence leaving
one bean and maize plant, 8 and 25 cm, respectively.

Fertilizer and pesticide were applied in all environments as
needed for good crop development. Irrigation was applied in Palmira due
to drought during the first and last stage of crop development.

In environments 1, 3 and 5, the three central bean rows of each
plot were harvested, and in environments 2, 4 and 6 to 11, the two

central rows of each plot were harvested.
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The effect of the environment on bean variety performance was mea-
sured from data collected at the eleven environments. The following
traits were recorded:
1. Flowering date: number of days from emergence to appearance
of at least one flower on 50 percent of plants.
2. Number of branches: only those attached to the main stem
were counted.
3. Number of nodes: nodes on branches and on the main stem were
counted.
4. Number of racemes: racemes with one or more flowers were
counted.
5. Hypocotyl diameter: measured below the cotyledonary leaves
in cm.
6. Plant height: from the point where the main stem changes color
(from brown to green) to the tip of the guide in cm.
7. Leaf area: calculated in dmé by:

Sample leaf area (5 leaves) x Total leaf dry weight
Sample leaf dry weight

8. Days to physiological maturity: number of days from emergence
to appearance of 50 percent of pods turning yellow.

9. Leaf dry weight in g at flowering time.

10. Stem dry weight in g at flowering time.

11. Pod dry weight in g at flowering time.

12. Days to maturity: number of days from planting to harvest.

13. Yield: 1in units of 3.51 m2 for environments 1, 3 and 5;
2.34 m@ for environments 2 and 4, and 6 m2 for environments 6

to 11. (In kilograms per hectare)
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14. Number of pods per plant: pods with one or more seeds
were counted.
15. Number of seeds per pod: seeds from 20 pods were counted.
16. Weight of 100 seeds: 200 seeds were weighed in g.
17. Canopy height: from the soil surface to the top of the
plant canopy in cm.
Traits 1 to 7 and 8 to 10 were recorded at flowering time; traits
8 and 17 were recorded at physiological maturity and traits 11 to 16
weré recorded at harvest time.
The following abbreviations have been used for traits measured

in the various experiments.

AFFL = days to first flower
NB = number of branches
NN = number of nodes

NR = number of racemes

HD = hypocotyl diameter
PLH = plant height

LA = TJeaf area

DPHM = days to physiological maturity

LDW = 1leaf dry weight
SDW = stem dry weight
PDW = pod dry weight
DM = Days to maturity

Yield = yield of seed

X = number of pods per plant
Y = number of seeds per pod
Z = seed weight (gm/100 seeds)

CH = canopy height
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At Palmira, the following traits were estimated for variety 18
based on data from Popayan: days to flowering time, days to physiological
maturity, pod dry weight, days to maturity, yield, number of pods per
plant, number of seeds per pod and weight of 100 seeds.

An analysis of variance for the split plot design was carried out
for the 17 traits at each location. An analysis of adaptation for all
genotypes was carried out according to the models of Finlay and
Wilkinson and Eberhart and Russell with the data collected in
environments 6 to 11.

Multiple regression (stepwise procedure, Draper and Smith, 1966)
of yield against those variables that were considered important in the
ideotype due to their stability was carried out for each environment to
determine the relative importance of each variable in affecting yield.

The data were analyzed at the CIAT Computer Center, Michigan State

University Computer Center and Wayne State University Computer Center.



RESULTS

Mean squares from the analyses of variance for the split-plot
design used in all three locations are presented in Table 6. Each
trait recorded was analyzed separately.

Cultural environments were not significantly different at Jalpatagua
and Popayan for the 17 traits studied except for DM at Jalpatagua and
POW and Yield at Popayan. At Palmira, there were significant differences
among environments for almost all the traits; the exceptions were DFFL,
DPHM, DM, Y and Z.

Statistically significant differences occurred among the 11
genotypes at Jalpatagua and among the 18 genotypes compared at Popayan
and Palmira for all traits.

The interaction cultural environments x varieties were not
significant for the 17 traits at Jalpatagua. The traits NB, NN, DM,
Yield and CH showed significant differences for the interaction effect at
Popayan and the traits DFFL, LA, DPHM, LDW, DM, Yield, Z and CH showed
significant differences for the interaction effect at Palmira.

The data recorded at Jalpatagua were considered unworthy of further
analyses since there were no significant differences for environments
and environments x varieties interaction effects for any of the traits.

A test for homogeneity of the variances across cultural environments
was conducted for each trait at Popayan and Palmira. The variance for

the traits PLY, DPHM and DM were significantly heterogeneous. Combined

20
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analyses of variance for Popayan and Palmira were carried out for the
traits that showed no significant heterogeneity (Table 7). The
environments and varieties effects were significantly different for all
traits except for DFFL which was not significant for the effects of
cultural environments. The environments x varieties effect was
significantly different only for DFFL, LDW, Yield, Z and CH in the
combined analyses.

The environmental means and environmental indexes for cultural
environments 6 to 11 are presented in Table 8. The environmental
indexes were calculated by dividing the cultural environmental mean by
the location mean. This index is slightly different from the Finlay and
Wilkinson environmental index because our purpose was to remove the
location effect and consider only the cultural environment effect
produced by the different cultural systems, that is, beans in monoculture
and beans associated with short and tall maize types.

A regression analysis of each variety mean, adjusted by division
by the location mean against the environments indexes, was carried out
for the 17 traits recorded (Table 9).

The significance of every regression coefficient was calculated
with a t-test to identify those coefficients significantly different
from the population b value of 1.0.

A coefficient at or near 1.0, associated with a large mean and a
deviation mean square as small as.possible (close to 0), are indicative
of general adaptation (Eberhart and Russell, loc. cit. proposed the
deviation mean square as a second parameter for stability. This parameter
was not included in the present work because it was very close to O for
all traits measured on each variety.) Regression coefficients significantly

greater than 1.0 indicate below general adaptabi]ity or varijeties
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adapted primarily to high yielding environments. Coefficients
significantly smaller than 1.0 indicate varieties that tend to perform
at the same level in more favorable and less favorable environments.
This is usually associated with a Tow mean since the varieties are not
able to exploit favorable environments. Varieties with b-values at or
near 0 were considered as stable. Varieties with large positive
b-values are characteristic of genotypes that perform poorly in un-
favorable conditions but that respond better than average as the environ-
ment improves. On the contrary, those varieties with large negative
coefficients perform relatively better in poor environments.

Stability will be discussed initially in terms of individual
traits. In this study, 17 traits were recorded.

Days to First Flower -

The variety having a b-value for DFFL nearest to 1.0 was
Variety 7 with b = 1.05. The lowest b-value, -3.08, was for Variety 9
and the highest, b = 4.69, was for Variety 6. All coefficients were
significantly different from unity except for Variety 7. The lowest
mean value of DFFL was 36.85 for Variety 1; the highest mean value was
63.73 for Variety 18. All varieties were relatively variable for DFFL
except Variety 1, 3 and 16 (Table 9).

Days to Physiological Maturity

Varietal responses in DPHM to environmental changes were similar
to those for DFFL. This could be expected because the traits are
related. The b-values for DPHM of all varieties except 5 and 6, were
significantly different from unity. The most stable varieties were 3,
with b = 0.01 and 15,with b = .27. The lowest and highest means
corresponded to Varieties 1 and 18 as in DFFL. But the closest

b-value to 1.0 was for Variety 6,with b = .99 (Table 9). Variety 1
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was negatively affected by environmental improvement for DPHM. This
can be explained because the pod filling stage is a critical stage that
is achieved in a short time when Variety 1 is associated with maize
due to its early maturity and the maize competition.

Days to Maturity

The results for DM follow the same pattern found in DFFL and
DPHM. A1l regression coefficients were significantly different from
unity except for Variety 17 with b = .98. But DM was less variable
than DFFL and DPHM. Varieties 10 and 18 were the most stable with
b-values of 0.03 and -0.11, respectively. Days to maturity values for
Variety 18 were similar because they were estimated at Palmira as
the same values for the three cultural systems. We should look at
Variety 18 with reserve for those traits that were estimated at Palmira.

Plant Height

Plant height was one of the most variable traits analyzed in the
present study. It was highly affected by location. The homogeneity
of variance test showed a highly significant difference for this trait.
In the regression analysis, Varieties 3, 6, 12 and 13 did not show
regression coefficients significantly different from unity; all,
however, were below 1.0. Varieties 1 and 5 were more stable with
b-values of 0.23 and 0.12, respectively (Table 9). Bean plants of
Type I (Variety 1) or Type II (Variety 5) were generally stable. Bean
plant Type III (Variety 2) or Type IV (Variety 18) were variable and
highly affected by cultural environmental changes. The best environment
for this trait was the high maize at Palmira.

Canopy Height

The trait CH was less variable than PLH. This was due to the fact

that most bean plants tended to set bunches of leaves but the guide
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can or cannot continue growing depending upon the light. This trait
was measured from the bottom to the top of the group of leaves that
we consider represented canopy height. Environment 11, where the
bean plant was supported by the maize plant, was the best environment
for this trait. Varieties 7, Type I and 13 and 15, Type II, with
b-values of 0.15, -0.12 and 0.21, respectively, were the most stable.
The least adaptive variety was #10 with a b-value of 2.22 (Table 9).
Variety 10 adapted to high altitude in Guatemala and had a strong
positive response to environments 10 and 11 in terms of CH.

Leaf Dry Weight, Stem Dry Weight

Almost all varieties presented the same pattern for the traits
LDW and SDW in terms of regression coefficients. Varieties 8, 13 and
15 with b-values of 1.38, 1.71 and 1.46, were significantly different
from 1.0 for LDW but they were not significant for SDW. Their
b-values were 1.34, 1.39 and 1.9}, respectively. These values are very
close to those found for LDW (Table 9). Variety 11 had the lowest
b-values in both traits; -.17 for LDW and -.21 for SDW. The highest
regression coefficients and means were for varieties 18 and 17 for
both traits. Variety 11, Type III, which comes from the high elevation
of Guatemala where it was selected for its adaptation to associated
culture systems, appeared to be depressed when it was grown in mono-
culture because in more than half of the traits, it responded negatively
to the monoculture system. Varieties 17 and 18 have growth habit Type IV.
They had the best response to increase in LDW and SDW when they were
grown in monoculture compared to the other varieties. Variety 2
which had growth habit Type II behaved in different ways. It was
slightly variable in all environments for LDW and SDW. Almost all

varieties with growth habit Type II, were affected positively by
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monoculture systems but they cluster with the population regression
line in both traits. Variety 1 responded favorably to the monocultural
system.

Pod Dry Weight

There was less variation among varietal regression coefficients
for the trait PDW than was expressed for LDW and SDW. Only varieties
1, 8 and 14 had b-values significantly different from 1.0. Almost all
of the regression lines clustered with the population mean responded
positively to the more favorable environments. Varieties 1 and 11
departed from the population line and were not adapted to environmental
changes, but Variety 1, Type I, was the most stable and Variety 11,
Type III, was the least stable (Table 9).

Hypocotyl Diameter

For trait HD, two thirds of the varieties were well adapted to
environmental changes. Varieties 1 and 11 were less adapted and
responded negatively to environmental changes with b-values of
-.44 and -.48, respectively. The negative response of Variety 11 to
environment 9 is typical when this environment increases the trait
under consideration. The most stable variety was 17 with b = .09
(Table 9).

Leaf Area

Varietal regression lines for LA departed from the population
regression line in a disruptive pattern. Varieties 13 and 15 coincided
most closely to the population mean value of b = 1.0, with b-values of
1.05 and .96, respectively. These two varieties were the most adapted
to changes in cultural environments but their means were below the
environmental mean in all environments (Table 9). These varieties

were similar in that they had the capacity of f]ekibi]ity in producing
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large leaves which made them adaptable to the improving environment.
Variety 14, with small leaves, was the most stable, with b = .16.
The highest means were for Variety 18 and 17 which were positively
affected by the monoculture system as in LDW and SDW. Leaf dry weight
and SDW were highly correlated with LA (r = 0.90). Variety 1 was
relatively stable but responded negatively to an improved environment.
Varieties 2 and 11, Type III, gave the same response as Variety 1.
Figure 1 shows this response.

Number of Branches

The combined analyses of variance for NB (Table 7) showed
significant differences between cultural environments. The regression
coefficients varied from a low of -.09 to a high of 1.74. Departures
from the mean of b = 1.0 were not as great as for LA. Some coefficients
were significantly different from unity (Table 9). The highest mean
value of NB was 3.98 for Variety 12 with a coefficient of b = .29.
Variety 3 had the next highest mean of 3.90 and a regression coefficient
of 1.01 showing general adaptation for this trait. The lowest mean
value was 1.80 for Variety 18 with a b-value of .55 suggesting poor
adaptation to all six environments. Varieties 4, 5, 6, 7, 8, 9, 10, 12
and 14, Type II, were below average in stability. Varieties 11 and 15
were the most stable with slight response to poor cultural environments
(Figure 2).

Number of Nodes

The regression coefficients for NN varied from a low of -.80
to a high of 2.36. When the variety means were plotted against the
environmental means, the points were not as uniformly distributed

around the mean slope of 1.0 as they were in other traits (Figure 3).
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Varieties 12, 17 and 18 clearly exceeded the population mean
values in all cultural environments and showed positive slopes not
significantly different from 1.0. Variety 11 produced fewer nodes as
the cultural environments improved (b = -.80). Variety 9 behaved
in the opposite manner, being relatively low in node number in the
poor environments but very high in the favorable environments (b =
2.36).

Varieties 1 and 13, Type I, were less affected by environmental
change than Varieties 11 and 16, Type III, or Varieties 9, 17 and 18,
Type IV. Almost all regression lines for Type II varieties, cluster
around the population regression line and appear to be more adapted in
node number to environmental change than other varieties with different
growth habits.

Number of Racemes

Varieties 4, 5, 6, 7, 8 and 10, all Type II, showed general
adaptation for NR with linear regressions close to 1.0. These varieties
were adapted to changes in cultural environments but some varieties
with the same growth habit had means above all the environmental means
such as Variety 12 and others below all the environmental means such’
as Variety 14 (Figure 4). Varieties of Type I, III and IV had different
responses to environmental changes. Varieties 1 and 13, Type I,
responded similarly to varieties of Type II. Variety 2, Type III, was
stable but Variety 11, Type III was less stable and responded negatively
as the environment improved. Variety 18, Type IV was stable with b = .16,
but Variety 17, Type IV was Tess stable and responded negatively as

the environment improved (b = -.29)
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Yield

Yield was the trait in which almost all regression lines for all
varieties clustered with the mean population regression line. Only
the regression coefficient for Variety 11 was significantly different
from unity. Variety 5, with the highest mean yield (1986 kg/ha) and
a b-value of 1.14, showed excellent stability and general adaptation
(Figure 5). Varieties 1 and 13, Type I, with b-values of .60 and .74
were the more stable but poorly adapted to changes in cultural environ-
ments. Variety 1 had the lowest mean value (1207 kg/ha).

The highest yielding variety for environments 6 and 8 was
Variety 5 for environment 7, Variety 12 and for environments 9, 10 and
11, Variety 17.
Number of Pods Per Plant

The highest mean value of 12.38 was for Variety 10 with a regression
coefficient of b = 1.27. The lowest mean value was 2.63 for Variety 18
with a coefficient of .30 indicating above average stability but
poorly adapted to all six environments (Figure 6). When the coefficients
were plotted against the mean slope of 1.0, the points were uniformly
distributed around the mean slope. This distribution did not occur
with the other components of yield.

Number of Seeds Per Pod

A11 regression coefficients for this trait were significantly
different from unity. Variety 5, with a very low regression coefficient,
b = .09, showed a high phenotypic stability. Figure 7 shows the
advantage of Variety 5 in a poor environment. Varieties 4 and 10,

Type II, produced fewer seeds per pod as the cultural environment

improved (b = -.64 and b = 0.84, respectively). Variety 11, Type III,
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behaved in the opposite manner being relatively low in Y in the poor
environments but high in the favorable environments (b = 2.83).
Seed Weight

Seed weight coefficients of regression for the different varieties
were variable from a low of -3.33 for Variety 10 to a high of 5.44
for Variety 13. When the coefficients were plotted against the mean
slope (Figure 9), the points were not as uniformly distributed around
the mean slope of 1.0 as they were for the other components of yield.
One-third of the varieties had negative coefficients indicating that
as the cultural environment was conducive of high seed weight, these
varieties produced lighter seeds. Figure 8 shows this response.

The variation of regression coefficient values around the mean
slope, considering all varieties for yield and yield components, was
largest for seed weight and smallest for yield (Figure 9). The
regression coefficients between yield components (X, Y and Z) appeared
to show a compensatory relationship. Variety 1, with b-values below
the mean slope for X and Y, had b-values above the mean slope for Z.
Variety 10, with b-values above the mean slope for X, had b-values
below the mean slope for Y and Z. Varieties 13 and 18, with regression
coefficients below the mean slope for X, had regression coefficients
above the mean slope for Y and Z. Varieties 10, 11, 13 and 18 had the
extreme b-values for X, Y and Z. Variety 1 was typical of the remaining
varieties which had b-values close to the mean slope. .

It should be noted that the ranges of environmental indexes for
some traits were very narrow. The regression slopes, therefore, tend
to suggest great diversity among the varieties in their stability
responses to cultural environments. This is mostly an artifact of

scale and should not be takzn to reflect seriously one way or the
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Figure 1. Regression lines showing the response (LA) of 18 varieties to
six different cultural environments.
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Figure 4. Regression lines showing the response (NR) cf 18 varieties to
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six different cultural environments.
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other upon these varieties which appear to behave with great positive

or great negative slopes.

Multiple Regression Equation for Each Environment

As a guide toward developing an ideotype for associated culture
of beans and mafze, a multiple regression analysis was carried out for
each cultural system with yield as the response variable and the yield
components as independent variables (Table 10) in the first case and
the individual yield components (X, Y, Z) as response variables and
plant morphological traits as independent variables in the second case.
The alpha level used in the stepwise regression was .10.

Location appeared to affect the relation between yield and yield
components. At Jalpatagua, the yield components X and Z were in the
equations to determine yield in all cultural environments, but Y
appeared only in cultural environment 6. At Popayan, only X appeared
in the equations for environments 9 and 11. Environment 10 did not
have any yield component in the equation to determine yield. In the
combined-environments analysis, all yield components appeared in the
equation. Number of pods (X) contributed most to yield, followed
by Z. A1l were positive.

By definition, yield is equal to the product of pod number per
unit area (X), number of seeds per pod (Y) and weight of a single seed
(Z); symbolically, Yield = X-Y-Z. Clearly it would be of interest to
know what traits influence the yield components and their relative
importance.

Figures 10 to 12 show the relative importance of each trait

influencing yield components in environments 6 to 11.
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Monoculture, environments 6 and 9, associated culture short maize,
environments 7 and 10, and associated culture tall maize, environments

8 and 11 were compared in the interpretation of these results.

Monoculture, Environments 6 and 9
A leaf factor, either LA or LDW and NR suggests leaf area and
number of racemes as the most important integrating factor affecting X
in monoculture.
A time factor, either DFFL or DM, higher PLH and NR were important
factors affecting Y in monoculture.
Leaf area (LA), NB and NN affected Z negatively, but LDW and DM

affected Z positively in monoculture (Figure 10).

Associated Culture, Short Majze,
Environments 7 and 10

Number of branches (NB) affected X positively, but was negative for
Z. Number of racemes (NR) had a positive effect on both X and Y.
Plant height (PLH) and HD were positive for Y, but SOW and DM affected
Y negatively. Leaf area (LA) was negative for Z and LDW and DM were

positive (Figure 11).

Associated Culture, Tall Maize,
Environments 8 and 11

Days to maturity (DM), LA, HD and NR affected X positively;
also LA affected Y positively but Z negatively. Number of racemes
(NR) also affected Z, but negatively. Days to first flower (DFFL),
NB and LDW affected X negatively; LDW affected Y negatively, but Z,

positively. Plant height (PLH) affected Z positively (Figure 12).
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Figure 10. Path diagram of effects of traits on components of yield for environments 6 and 9.
Plus and minus signs next to each path indicate whether the effect of an increase
of the variable is to increase or decrease the component. The Table included
shows the values of the corresponding standard parhal regression coefficients
and the determination coefficients (R2).
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Figure 11. Path diagram of effects of traits on components of yield for environments 7 and 10.

Plus and minus signs next to each path indicate whether the effect of an increase
of the variable is to increase or decrease the component.
shows the values of the corresponding standard partial regression coefficients
and the determination coefficients (R2)

The Table included
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Figure 12. Path diagram of effects of traits on components of yield for environments 8 and 11.

Plus and minus signs next to each path indicate whether the effect of an increase

of the variable is to increase or decrease the component.

The Table included

shows the values of the corresponding standard partial regression coefficients

and the determination ccefficients (R2).




Figure 13. Association culture of beans with tall corn, two months
after planting at Palmira.

Figure 14. Association culture of beans with short corn, two months
after planting at Palmira.

Figure 15. Association culture of beans with short corn (foreground)
and tall corn (background), two months after planting
at Palmira.
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DISCUSSION

There proved to be no significant differences between the cultural
environments at Jalpatagua, possibly due to an early attack by Spodoptera
frugiperda on the maize plants. Table 11 (see Appendix), shows varietal
and environmental means for the 17 traits measured at Jalpatagua. The
mean for each trait in environment 1 was below the mean of other environ-
ments in almost all the traits. It suggests that intraspecific competi-
tion was stronger than interspecific competition at this location.
Environments 3 and 5 appear to be the best environments for the expression
of all the traits studied at Jalpatagua since the means for all traits
except Z, in these two environments, were above the other environmental
means at this location.

At Popayan, there was some deficiency of magnesium and high
concentrations of manganese due to the soil acidity (pH = 4.8) which
affected bean and maize development. This situation explains why the
different cultural systems were not as different as in Palmira where
there was not any soil fertility problem.

A11 varieties had longer growing periods at Popayan than at Palmira.
This was probably due to a temperature effect since both locations
have similar day length. Thus, traits DFFL, DPHM and DM had higher
mean values at Popayan. All the other traits, except HB, had higher mean
values at Palmira. Longer vegetative periods would allow, perhaps

promote, higher NB.

53
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Bean monoculture environments 6 and 9, with no interspecific
competition, appeared to be the best for the expression of most of
the traits considered at Popayan and Palmira. For the trait PLH,
environments 6 and 9 were not the best ones and this is due to the
light competition that occurs in the association of beans and maize.

Environments 7 and 8 can be considered as the poorest for the
expression of the bean traits measured at Popayan. Since environment
8 is the association of beans with tall maize, it exerted more
competition over the bean plant than environment 7 which is the associa-
tion of beans and short maize. The results showed that the mean in
almost all of the traits in environment 8 were lower than in environment
7 with the exception of DFFL and DM (Table 12, Appendix).

Environment 11, which is the association of beans and tall maize,
was the most competitive environment for all genotypes at Palmira.

The maize hybrid H-210 used for this environment had a rapid growth rate
in the first two months after planting which subjected the bean plants
to too much competition at the early stages of development. Environment
10 had a less competitive effect than environment 11. This was due
mainly to short plant type and slow growth rate of the maize hybrid
H-207 used for this environment. The differences between short and

tall corn are shown in Figures 13, 14 and 15.

Mean yields, regressions and environmental indices were dependent
on the environments chosen and the varieties included. Therefore, to
obtain a good estimate of the yielding potential of an environment, a
large group of varieties should be included. To estimate the degress
of stability of a set of varieties, the environments should represent the
range of sites and/or cultural conditions in which the varieties are

to be grown.
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In the present study, the major differences for yield were due
to cultural environment effects (Tables 6 and 7) at Popayan and
Palmira. The contribution to yield differences of varieties as
compared to environments was relatively high at Jalpatagua (mean square
of environments versus mean square of varieties) but small at Popayan
and Palmira. This can also be seen from the magnitude of environmental
indices, Table 8, versus differences between varietal means, Table 9.

For a large number of traits, the major differences were due to
varietal effects (mean square, Table 6). These differences were not
constant over location. Varietal effects for NR were higher than
environmental effects at Popayan but smaller at Palmira. This situation
occurred for other traits such as NB, HD and LDW. This occurred
because varieties at Popayan appeared to have differential response to
soil acidity, and there were some traits such as NB, HD, PLH and DM that
were more affected than other traits.

The relations found between yield components were the same that
Silvera (loc. cit.) reported in his study. Adams (1967) reported
negative correlation between X, Y and Z. These relations make it
more difficult for plant breeders to create an ideal plant type.

The interaction effect between varieties and environments from the
combined analysis of variance could not be partitioned into regression
because the varieties means used in the regression analysis were in
percentage of the location mean.

Varieties 1 and 13, Type I, had in common that their average
yielding abilities were much lower and thay also responded less to more
favorable cultural environments, but Variety 17, Type IV, responded

positively to cultural environments.
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Growth habit was the major variety characteristic that determined
varietal performance in almost all cultural environments. Varieties of
Type I were relatively stable to cultural environmental changes.

Type II varieties appeared to be adapted to cultural environmental
changes and varieties of Type III and IV have differential responses to
cultural environment changes.

In terms of adaptation, Variety 5 appeared to be the most adapted
because it was the variety with the highest number of traits with
b-values nonsignificantly different from 1.0. Out of 17 traits
measured, 10 were nonsignificant. This variety was almost equally well
adapted to monoculture and associated culture. Variety 1 was the most
stable variety with half of its traits showing b-values close to O.

This variety performed in a similar way under monoculture or associated
culture. Variety 11 was the least adapted to cultural environment
improvement with nine traits having negative b-values and only three
traits with b-values nonsignificantly different from 1.0. This variety
was adapted to associated culture. Variety 8, with a high number of
traits with b-values greater and significantly different from 1.0, was
unstable and adapted to monoculture (Figure 16).

Some varieties that were high yielding in monoculture were also
high yielding in association. For instance, Variety 5 was high yielding
in both monoculture and association at Popayan and Palmira. Variety 12
was high yielding in monoculture and association at Popayan and
Variety 17 was high yielding in monoculture and association at Palmira.
In general, varieties that were high yielding in monoculture tended to be
Tow yielding in association (Varieties 4, 6, 8, 11 and 15 show this pattern
in Figure 5), and varieties that were low. yielding in monoculture tended to

be high yielding in association (see Varieties 1, 9, 13, 14 and 18 in
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Figure 5). This suggests that a variety can not be selected for yield
in the monoculture system that would also be successful in the associa-
tion system.

The goal in our use of multiple regression analysis was to identify
those plant morphological traits that have independent positive or
negative contributions to yield.

A11 of the factors express their effects upon yield through one
or more of the primary components of yield (X, Y and Z) and these
effects have been diagrammed in Figures 10 to 13. The value of the
figures is to show the basic paths of influence upon yield, quantified
by coefficients of the major plant constituents. If it were desirable
for purposes of selection, these constituents could be rather accurately
measured and an index of selection calculated. They do not, of course,
completely determine yield, and sometimes, as environment 7 shows,
poorly determine yield. The residual yield variance (1 - RZ) must
be apportioned, some to structural-architectural factors and some to
physiological processes, therefore, the yield system is not simply a
sum of various traits in sub-systems but an interacting and richly
compensating one.

Reference will be made to the case of cultivar #5 1in order to
illustrate the integration of adaptational and yield component traits.

Cultivar #5, widely adapted according to the Finlay-Wilkinson
criteria, shows good adaptation for those traits (DFFL, NR, LA)
important to the determination of X and Y in a monoculture system.

The time factor (DFFL) appears not to be important in the association
with short maize but it had a negative effect upon X in association with
tall maize. Number of racemes and leaf area were important for all

three cultural systems for the determination of X and Y. This suggests
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NR and LA as the most important positive integrating factors affecting
X and Y in all cultural systems.

Number of branches inhibited Z in monoculture and in association
with tall maize. The same effect occurred with Y in association with
short maize. This trait appeared to diminish yield. Number of nodes
was an inhibiting trait for Z in monoculture. Variety 5 was adapted
to environmental changes for NB and NN.

Plant height promoted Y in monoculture and association. The same
effect occurred for Z in association with tall maize. This suggested
plant height as an important factor, increasing yield in monoculture
and in association. Variety 5 was highly phenotypically stable for this
trait.

Leaf dry weight appeared to be a promoting factor for Z in all
environments, but a diminishing factor for X and Y. Cultivar #5
showed high adaptation for this trait.

Days to maturity had contrasting values for Y and Z. When its
effect promoted Z, a negative effect occurred in Y. Cultivar #5

was phenotypically stable for this trait.



SUMMARY AND CONCLUSIONS

The qualitative effects of 17 traits upon certain parameters of
adaptation were determined in a bean population grown in six different
cultural environments at two locations in Colombia, South America.

The cultural environments were determined by location, crop system,
maize type and planting pattern. The five cultural environments
established in Guatemala were not considered in the final analysis of
adaptation.

The bean population consisted of 18 varieties selected for
different combinations of growth habit, flowering time, leaf area
and yield components, namely the number of pods per plant (S),
number of seed per pod (Y) and seed weight (Z). Maize selection was
based on plant height. In each location, an adapted short or an
adapted tall maize variety was used.

Parameters of adaptation were determined for each variety for each
of the 17 traits. These parameters were slightly different from those of
Finlay and Wilkinson because our purpose was to remove the geagraphic
location effect and consider only the environmental effect produced by
the different cultural systems. The variety mean and environment.
mean were adjusted by division by the location mean.

It is considered that varieties are best adapted when the regression
of variety scores upon the respective environmental indexes approach
unity, and they have high mean values for the characters under
consideration.

59
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In terms of the two adaptation measures, variation among varieties
was greatest for Y, Z, DFFL, DM, DPHM, HD, PLH, LA, somewhat less for
NB, NN, NR, LDW, SDW, CH and least for X, PDW and Yield. These three
groups appear to progress from the least complex traits, in a develop-
mental and a genetic sense, to the most complex, suggesting adaptational
stability increased with an increase in the complexity of the trait.

Growth habit was the major varietal characteristic that determiﬁ;d
varietal performance in almost all cultural environments. Varieties of
Type I were stable (b - 0) for cultural environmental changes. Type II
varieties appear to be best adapted to cultural environmental changes
(b >~ 1) and varieties of Type III and IV have differential responses to
cultural environment changes (b <1).

Bean monoculture environments 6 and 9 were the best for high mean
expression of most of the traits measured. For the expression of PLH
and CH, cultural environment 11 was the best and for DPHM, cultural
environment 7 was the best.

Some varieties that were comparatively high yielding in monoculture
were also high yielding in the associations, but in general, varieties
high yielding in monoculture tended to be low yielding in associations and
varieties low yielding in monoculture, tended to be high yielding in
associations. This suggests that a variety cannot be selected for
yield in the monoculture system to be grown in the association system.
It should be noted, however, that only in one case (Variety 11) was the
regression value significantly different from unity.

From results of the multiple regression analysis, it is concluded
that NR, PLH, HD and LDW were important to the determination of yield
through the determination of yield components for the association of

bean and short maize, but NB and DM had contrasting values for yield
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components. Stem dry weight and LA had negative effects upon yield.
The traits HD, DM and PLH were important to the determination of yield
components in the association of bean and tall maize, but LDW, NR
and LA had contrasting values for yield components. Days to first
flower and NB had negative effects upon yield. This suggests that plant
breeders will have to make compromises in their decisions concerning
the best set of traits in any given cultural environment.

Variety 5, with good general adaptability and capable of producing
very high yields in all the cultural environments considered in the
present study, also showed regression values near unity for most of the
morphological traits measured. In extrapolation from this example, it
may be postulated that for a variety to be widely adapted to mixed
cultural environments it should show good adaptation for most of the
morphological traits important in yield determination.

Variety 1 was the least well adapted variety with respect to yield.
Interestingly, none of the morphological traits showed regression
slopes close to unity, all being below one and most, near zero. This
case was the converse of the situation with Variety 5, but was consistent
with the postulate arrived at on the evidence of Variety 5 and tends to

reinforce that postulate.
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Mean values of 17 traits measured for 18 varieties in six cultural environments at two locations

Popayan and Palmira.
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Table 12 (cont'd.)
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