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ABSTRACT
SELECTION OF COMMON BEAN (PHASEOLUS VULGARIS L.)

GENOTYPES WITH ENHANCED DROUGHT TOLERANCE AND
BIOLOGICAL NITROGEN FIXATION

By
Jorge Alberto Acosta Gallegos

The potential for improvement for drought adaptation and N,
fixation concurrently in the same population of dry beans was
investigated in this research. Parental genotypes, Lef-2-RB, II900-5-M-
45 and N81017, showed an acceptable level of drought tolerance and
biological nitrogen fixation (BNF). Mexican parental genotypes (type
III growth habit) proved to be photoperiod sensitive. Their sensitivity
was initially expressed as a delay in flowering, and after flowering, as
a low rate of partitioning to the developing fruits. Segregating
populations were produced from crosses involving Michigan and Wisconsin
parents (type II growth habit) and unadapted (type III) Mexican
cultivars. Selection on the basis of nodule mass was conducted for two
generations in these populations in the greenhouse by growing inoculated
bean plants in a N-free medium. The segregant genotypes were compared
to the check cultivar (UW 21-58) with superior BNF. Two additional
generations of evaluation and selection were conducted under moderate
water stress in the field where the primary bases for selection were
seed and biomass productivity per unit land area. During selection in
the field, segregants with the characteristics of the type II's were
more adapted to the environment in Michigan.

Nineteen selected F7 families, six parental genotypes and a check

cultivar were evaluated for BNF under controlled conditions, and for
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Jorge Alberto Acosta Gallegos

drought tolerance in the field at two locations (Durango, Mex. and
Michigan). The results under controlled conditions indicated the
presence of promising families with BNF superior to the parents and the
check cultivar PUE 152. The best nitrogen fixers were those families
displaying a longer vegetative phase. It seems that the genetic system
governing photoperiod sensitivity, which sets the developmental stage
for assimilate partitioning in beans, also affects BNF. A close

association between biomass and nitrogen assimilated (N, fixed) per

2
plant suggested that preliminary selection for BNF can be done by using
an estimation of biomass of segregant families grown in a N-free medium.
The results obtained in the field in Michigan indicated that recombinant
families were produced with adaptation to this environment and with
enhanced drought tolerance. In general, under stress, the metrical
values of the recorded and calculated variables decreased. It was
observed that morphologically different genotypes responded differently
to water stress. The grouping of the genotypes in a final evaluation
for drought adaptation wupon the basis of their phenology and growth
habit is likely to facilitate data interpretation. Under drought stress
and non-stress, the type III genotypes proved to be the most productive
at the location in Mexico. In conclusion, recombinant families which
displayed adaptation to the Michigan environment had enhanced BNF and
drought tolerance. Further enhancement of those two traits into a
single genotype is believed to be feasible, but since BNF is readily
decreased by water stress, these two traits must be expressed at

different developmental stages, i.e. BNF during the early vegetative

phase and drought tolerance during the reproductive phase.
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INTRODUCTION

Pulses, such as common beans (Phaseolus vulgaris L.), are a major
source of proteins and calories throughout the world. Common beans are
especially important in developing countries, where they are consumed by
people of all social strata. The crop is generally grown for its mature
seeds but its immature pods and leaves are also consumed as a vegetable
in some African countries (Adams et al., 1985).

Common beans originated in the Americas (Gentry, 1969), however,
they are grown and consumed in all continents. They are particularly
important in Latin America and Eastern Africa. In these bean producing
areas, the bean crop is constrained by different sets of biotic and
abiotic factors. Some of those factors are widespread, like high or low
temperatures, diseases, insects and weeds, while other factors are more
site specific, such as marginal soils with a low content of essential
plant nutrients or the lack of moisture at different times during the
growing cycle.

In semi-arid areas of North-Central Mexico, where the common bean
is an important crop, shallow soils with poor nutrient and organic
matter content increase the chance for drought damage to occur. The bean
crop is grown during the portion of the year when precipitation is
expected to occur, but alternate wet and dry periods of varying lengths
which affect production can be expected.

An examination of climate data for 110 production areas in Latin

America indicates that almost 60 per cent of the crop experiences
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moderate to severe water deficits after flowering (Laing et al., 1984).
In spite of this, P, vulgaris is considered to be a crop with poor
tolerance to severe water deficits (Laing et al., 1984). Although
during the past decade, common beans have been studied extensively,
little research has been directed towards breeding for drought
resistance. An old concern in bean research, to which much effort and
resources have been lately channeled, is to overcome the yield plateau
which experimentally ranges from three to five tons/ha (Temple and Long,
1960; White, 1987). Yields of common beans have been static for many
years, whereas notable yield increases have been realized in several
cereal crops. Increased cereal yields were attributed largely to the
modification of plant morphology, improvement in grain/straw
partitioning and an increased use of fertilizer (Coyne, 1980).

Traditionally, advances in crop yields have been obtained through
breeding and crop management. However, in some instances, particularly
in developing countries, bridging the gap between actual and potential
yields in variable environments can be more valuable than efforts to
increase the yield potential of the crop. In other words, vyield
stability achieved through breeding for adaptation to adverse
environmental stress is a more realistic approach to increase yields in
unpredictable environments.

The bean crop in most producing areas in developing countries is
often confined to marginal lands where available soil nitrogen is
limited and nitrogen fertilizer is either difficult to obtain or too
expensive to purchase (Graham, 1981; Bliss, 1985). Beans are generally
considered poor in nitrogen fixation (Piha and Munns, 1987) and show

surprisingly variable response to inoculation in field experiments. The
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variable responses obtained with field experiments are due in part to
variable environmental conditions (Sprent, 1982), and genetic
variability among both Rhizobium strains and bean genotypes for ability
to efficiently fix biological nitrogen (Graham, 1981).

Common beans grown in rainfed areas of the Mexican plateau are
planted after soil moisture is considered adequate to assure the
establishment of the crop. Biological nitrogen fixation in common beans
is favored during vegetative growth peaking at the flowering stage
(Graham and Rosas, 1977; Rennie and Kemp, 1981a,b). The peak is
followed by a sharp decline thought to be due to the developing fruits
becoming a strong competitive sink for photosynthates. Thus, it is
likely that bean genotypes which could readily enter into symbiosis with
native or introduced rhizobia gt earlv growth stages and which possess a
certain degree of drought tolerance would be the most suitable genotypes
to use in drought prone environments on marginal soils.

It is axiomatic that the productivity of a crop grown under
moisture stress will be much less than its productivity when it is grown
with an ample supply of water. Therefore, biological immunity to the
effects of drought is not a possibility (Quisenberry, 1982). However,
breeding for enhanced biological nitrogen fixation and drought tolerance
is an attractive approach to stabilizing and/or increasing bean yields
without increasing inputs.

As a part of the National Institute for Forestry and Agriculture
Research INIFAP (Mexico) - Michigan State University, Bean/Cowpea CRSP
project, this research was conducted to determine whether it is possible
to select for drought tolerance and the ability for high BNF

concurrently in the same population, and determine whether genotypes
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variable responses obtained with field experiments are due in part to
variable environmental conditions (Sprent, 1982), and genetic
variability among both Rhizobium strains and bean genotypes for ability
to efficiently fix biological nitrogen (Graham, 1981).

Common beans grown in rainfed areas of the Mexican plateau are
planted after soil moisture is considered adequate to assure the
establishment of the crop. Biological nitrogen fixation in common beans
is favored during vegetative growth peaking at the flowering stage
(Graham and Rosas, 1977; Rennie and Kemp, 1981a,b). The peak is
followed by a sharp decline thought to be due to the developing fruits
becoming a strong competitive sink for photosynthates. Thus, it is
likely that bean genotypes which could readily enter into symbiosis with
native or introduced rhizobia at early growth stages and which possess a
certain degree of drought tolerance would be the most suitable genotypes
to use in drought prone environments on marginal soils.

It is axiomatic that the productivity of a crop grown under
moisture stress will be much less than its productivity when it is grown
with an ample supply of water. Therefore, biological immunity to the
effects of drought is not a possibility (Quisenberry, 1982). However,
breeding for enhanced biological nitrogen fixation and drought tolerance
is an attractive approach to stabilizing and/or increasing bean yields
without increasing inputs.

As a part of the National Institute for Forestry and Agriculture
Research INIFAP (Mexico) - Michigan State University, Bean/Cowpea CRSP
project, this research was conducted to determine whether it is possible
to select for drought tolerance and the ability for high BNF

concurrently in the same population, and determine whether genotypes



superior in both characteristics simultaneously could be produced.
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LITERATURE REVIEW

Effect of drought stress on plant growth

Water deficits which occur during the growth of common beans affect
many physiological and morphological characteristics associated
ultimately with seed yield. The species is considered vulnerable to
moisture stress (Laing et al., 1984). In terms of seed yield, in P,
vulgaris, as well as in most pulse crops, the duration and intensity of
the moisture deficit as well as the phenological stage of the crop at
the time the stress occurs will determine the amount of damage done to
the crop.

There are essentially three mechanisms used by different plant
species to overcome or survive periods of low water availability. Two
of those involve the avoidance of large water deficits, either through
developmental timing or by the plant surviving moisture deficits by
preventing tissue dehydration. The third mechanism involves the
tolerance of low tissue water potentials. These mechanisms are
discussed in detail elsewhere (Blum, 1979; Turner, 1979; Levitt, 1980;
Sullivan, 1983; Boyer, 1985).

The gradual development of water deficits by plants growing in most
field situations allows slow and continual adjustment in physiological
processes, eventually manifested as alterations in growth and
development (Jordan, 1983). This review discusses, from a practical
point of view, morphological, phenological, partitioning, and economic

vield responses of common beans and related pulse crops to drought



stress and the effects of soil moisture stress on biological nitrogen

fixation in the legume-rhizobia symbiosis.

Shoot development

Leaf area index, the most often used measure of canopy
development, is very sensitive to water deficit, which results in a
decrease in leaf initiation and expansion and an increase in leaf
senescence and shedding, or both (Hsiao, 1973; Karamanos, 1978;
Elston and Bunting, 1980; Hebblethwaite, 1982; Sheriff and Muchow,
1984). Leaf expansion is more sensitive to water deficits than are
stomatal closure or photosynthesis (Hsiao, 1973). Leaf senescence does
not appear to be as sensitive as leaf expansion (Sheriff and Muchow,
1984). However, in the field, the most obvious morphological response to
a sudden or prolonged water stress is leaf loss by accelerated
senescence.

The reduced rate of leaf area accumulation usually associated with
growth in dryland environments may be associated with a smaller size of
individual leaves or with production of fewer leaves (Jordan, 1983).
Bonnano and Mack (1983) evaluated the effect of differential irrigation
on plant growth and development of two snap bean cultivars. They
observed that the difference between treatments in total leaf area per
plant occurred earlier in the season than the difference between
treatments in total plant weight. The observed decrease in leaf area
was due to a decrease in area per leaf rather than by a reduction in
leaf number. In field beans, Karamanos (1978) found that after a period
of &6 days the total leaf area of well-watered plants was about double
that of the non-watered ones. He showed that the difference between
treatments in total leaf area was mainly produced by the mechanisms



determining leaf size rather than those associated with leaf initiation
and maintainance, namely leaf production, unfolding and death. Thus, it
seems that the reduction in leaf area in grain legumes is due mainly to
the reduction in size of individual leaves.

With respect to leaf senescence, many researchers consider this
accelerated senescence as a drought avoidance mechanism in plants
(Kramer, 1983). In regions where an extended growing season is
feasible, cultivars with an indeterminate growth habit may compensate
later for the loss of leaf area by producing new leaves. However, for a
short lived crop, such as the bean crop in the semi-arid highlands of
Mexico, which rarely displays optimum LAI values of 4.0 (Laing et al,
1983) at bloom stage, a heavy loss of leaves may be counter-productive.
Differences in leaf abscission rates and yield among soybean cultivars
growing under differential degrees of water stress were reported by
Caviness and Thomas (1980). Vidal and Arnoux (1981), in a screening
program involving 15 soybean cultivars and utilizing 19 morphological,
physiological, and biochemical responses to drought stress, found that
reduction in leaf expansion and petiole growth were the characteristics
most highly correlated to the reduction in seed yield and canopy.

Acosta and Kohashi (1988) found that the responses in yield of
indeterminate bean cultivars to water stress, imposed at late vegetative
and early bloom stages, could be explained by the decrease in LAI
measured at bloom stage. Elston and Bunting (1980) pointed out that in
faba bean, dry episodes affect final yield not by decreasing the rate
of assimilation per unit area so much as by decreasing the rate of
expansion of leaves; as a consequence, the total leaf area duration of

the crop is reduced. In an experiment involving nine species of grain
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legumes, Laing et al. (1983), showed that leaf area duration (LAD, the
integral of time course of LAI) alone explained a remarkably large
proportion (R2=0.99) of the variation in seed yield.

The rate of natural leaf senescence is likely to change during crop
ontogeny. An increase in natural leaf senescence is a common effect of
water deficit during grain filling. As pointed out earlier in this
review, the reduction in yield is dependent on the timing and duration
of water deficit and the growth stage and type of crop. Increased leaf
senescence caused by water deficit near physiological maturity has only
a small effect on yield since senescence tends to occur first in the
lower part of the canopy (Sheriff and Muchow, 1984&).

Usually, early water deficits reduce yield only when full ground
cover is not achieved before flowering. Thus, soil water loss by direct
evaporation occurs when crops are building up leaf area, and the losses
become small once the leaf area index exceeds about 2.5 (Ritchie, 1983).
Passioura (1986) indicates that the best prospect to avoid water loss
via direct soil evaporation is to have a vigorous establishment of
plants with a postrate, rather than erect, growth habit. It is important
to establish an LAI approaching 2 as fast as possible, with leaves well
spread out. Type III bean and indeterminate prostrate cowpea cultivars
fit this description and are the most widely used in drought prone
regions in the Mexican highlands and in semiarid zones of Africa (Hall
and Patel, 1985; Acosta and Kohashi, 1988).

Various mechanisms, particularly increses in leaf angle, can reduce
the solar irradiance absorbed by leaves, so that stomatal closure does
not result in metabolic damage. In beans, adjustment in leaf angle

occurs rapidly in response to stress conditions (Dubetz, 1969). A
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second mechanism in reducing the solar irradiance absorbed by leaves is
by a decrease in leaf absorptivity. Leaf hairs, waxes and leaf color
can reduce 1leaf absorptivity leading to lower leaf temperatures and
transpiration rates (Schultze et al., 1987). Variation for all these
traits seems to be present in beans, but does not appear to have been
studied in relation to drought stress.

Crop growth habit and phenology

The time between sowing and maturity may be shortened or lengthened
depending on the intensity and timing of water deficits. For example,
intermediate maturing cowpeas and common beans flower and mature earlier
under moderate levels of water deficits, but severe water deficits delay
reproductive activity (Turk and Hall, 1980; Samper, 1984). This
provides those crops with two possible adaptive responses.

Under moderate water deficits, mid-season cultivars produce grain
which may mature before the soil water is depleted. Such early maturity
may be advantageous in dry years (Hall and Patel, 1985) and yet permit a
longer season and larger yields under wetter years. With early severe
water deficit, the crop remains in a quiescent vegetative stage but has
the ability to continue reproductive activity if the water deficit is
removed as long as lethal deficits are not reached (Turk and Hall,
1980).

Other forms of developmental plasticity observed in legume crops
which may be advantageous under water deficits include indeterminacy and
branching. Where periodic water deficits occur during the growing
season, the indeterminacy of certain grain legumes permits fruiting to
occur in flushes during favorable periods. Such is the case of Colorado
pinto bean cultivar San Juan Select (Adams, 1984; personal
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communication), selected in a region with sporadic rainfall during the
growing season. Cowpeas recover after drought with a flush of flowers
which produce a significant yield provided environmental conditions are
then conducive to growth (Turk and Hall, 1980).

The climatic characterization of the environment of the target area
is basic to determining the kind of cultivar to be produced in a plant
breeding program. Severe moisture stress occurring later in the growth
cycle favors earliness, while mild stresses relatively early will favor
later maturing cultivars with capability for recuperative growth (Singh
and White, 1988).

Wide adaptation in common beans, as in most crops, is one of the
aims of bean breeders. Here, it is considered that genotypes with wide
adaptation are those which possess individual or populational
physiological and/or phenotypic plasticity that help them to cope with
variable environments. Studies with common beans grown in variable
environments have demonstrated that indeterminate growth types exhibit
more yield stability than determinate ones (Beaver et al., 1985; Kelly
et al., 1987). The latter types are also less productive (Laing et al.,
1984).

Developmental plasticity facilitates the matching of crop growth
and development to the constraints of the environment, especially in
minimizing the occurrence of the critical reproductive phase during
periods of severe water deficit. In agronomic terms, in developed
countries, it may raise difficulties of uneven maturity of the crop in
capital-intensive agriculture. In labor-intensive agricultural systems
of the tropics, such plasticity substantially reduces the risk of

complete crop failure for subsistance farmers (Sheriff and Muchow,
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1984).

Comparing grain legume species, Wien et al. (1979) found that
cowpeas which mature 17-20 days after anthesis were more likely to avoid
environmental water deficits than soybeans, which mature 40-60 days
after anthesis. One disadvantage of matching crop cycle length by using
early cultivars is that they are conservative, so that higher yields are
not produced in moist years.

Where a species like common bean has colonized a range of habitats
it seems reasonable to expect to find various adaptations to those
environments. Since habitats are subjected to continual fluctuation and
change, adapted species must have considerable developmental plasticity
(Summerfield, 1981). Furthermore, it is unlikely that any single
attribute can provide all the adaptations that méy be required to meet
the complex array of possible ecological conditions that occur from time
to time and from place to place (Bunting, 1985). It is clear that if
drought tolerance exists in common beans, it is unlikely that it would
be due to a single attribute.

Partitioni i bilizati
In most species only a distinct part of the plant, often a storage

organ, is the economic yield. Economic yield (Ye) is the function of
total dry matter production, the biological yield (Yb) and the harvest
index (HI), so that Yo = T, X HI. Therefore, problems of partitioning
of assimilates and the use of photosynthates for growth and storage
(source-sink relationship) must be considered in the final yield (Apel,
1984). Furthermore, the size as well as activity of the photosynthetic
apparatus and the pattern of assimilate distribution are genetically

determined and also depend on changing environmental conditions and
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adaptation to a given enviromment.

In indeterminate grain legume crops, reproductive and vegetative
growth phases overlap. When the lower nodes begin to produce flowers
and set pods, the plant is still expanding and producing vegetative
growth which competes for assimilates with flowers and young pods in the
lower parts.

From a review of the subject in field bean (Vicia faba), El-Foudty
(1982) concluded that:

a. During the entire flowering period pods and young seeds are competing
with vegetative parts.

b. From the middle of the flowering period, pods are competing with
each other within the same inflorescence.

c. During maturity, there is competition between pods according to
their position on the plant.

Acosta and Kohashi (1988) mentioned that in common beans inter and
intra-ovary competition takes place under both stress and nonstress
conditions. Under stress, this competition may be responsible for the
reduction in the number of pods per plant and seeds per pod of certain
cultivars.

A widely used index of photosynthate partitioning, the harvest
index (HI), was first defined by Donald and Hamblin (1976) as the ratio
of seed yield to biological yield. Although it has been claimed that
the rise in cereal yields in the last several decades is due largely to
an improvement in HI, in common bean contradictory results have been
reported (Wallace and Munger, 1966; Laing et al. 1984; White, 1987;
Acosta and Kohashi, 1988).
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For many crops, it appears that further substantial improvements in
HI are unlikely (Sinclair et al., 1984). White (1987) recently pointed
out that increase of the yield potential in beans through an improvement
in the HI is not a feasible approach. He considers that common bean
already possesses a high HI and reported that dry bean cultivars growing
in the tropics have shown a lack of variability for this trait. He
mentioned that in most yield trials a lack of correlation between HI
and yield has been found. In addition, he considers that this lack of
correlation is actually worse due to the statistical artifact introduced
by correlating two components of the same end product. Increases in HI
vhen the bean crop has been exposed to moisture stress have also been
reported (Tosso, 1979; Couto, 1978).

Plants produce many storage compounds that can be changed back to
forms that can be translocated to other parts of the plant. The movement
of compounds from a site where they were deposited to a site where
they can be utilized is referred to as "remobilization" (Gardner et al.,
1985).

Water deficit during grain filling reduces grain yield through
stomatal control of transpiration which reduces photosynthesis. Thus
the demand for grain filling requires the use of stored assimilates,
which 1results in a much higher proportional contribution by
remobilization. In many crops, the economic yield is only a part of the
total biomass. There is evidence in the literature that, for a number
of crops, reallocation of carbohydrates produced before a stress period
can partially alleviate the effects of the water deficit in terms of
seed yield (Johnson and Moss, 1976; Bidinger et al., 1977; Gallagher and
Biscoe, 1982; Aparicio and Boyer, 1983).
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Samper et al. (1984) grew common beans in a greenhouse study with

14

incorporated CO, and, by monitoring dry weight changes of different

2
plant parts, demonstrated that assimilates from storage organs (mainly
leaves) were remobilized to developing fruits. They showed evidence for
differences in remobilization due to drought treatment versus non-stress
and to genotype, with remobilization being more pronounced under water
deficit.

Economically, only the usable portion of a crop plant is important;
however, in a biological sense, all plant dry matter is made through
photosynthesis. Therefore, the production of total dry matter
determines the response of a genotype to drought stress (Quisenberry,
1982). Quisenberry (1982) considers that under drought conditions,
partitioning should be a second objective for improvement. As Adams
(1986) pointed out, in common beans, high yields under moisture stress
result from partitioning of a greater biomass not merely from a high
partitioning ratio per se. Thus, it is the ability to accumulate
biomass and to partition it to the seed, under stress, that
distinguishes top yielders from low yielders.

Although photosynthesis and nitrogen fixation during growth are two
different processes, they cannot be separated since, in most legumes,
remobilization of stored starch and nitrogen compounds from the leaves
to the protein rich seeds plays an important role in the final yield and

composition of the seeds (Summerfield, 1981).

Yield 1 yield I

It is well established that in any crop the effect of water stress
on growth and yield depends on the degree of the stress, the stage of
growth at which the stress occurs and the duration of the stress period.
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In the case of common beans, there is general agreement in the
literature that the reproductive stage is the most sensitive to water
stress, affecting seed yield by reducing the number of pods set and
single seed weight (Robins and Domingo, 1956; Dubetz and Mahalle, 1969;
Stoker, 1974; Stansell and Smittle, 1980; Bonnano and Mack, 1983;
Samper, 1984, Ibarra, 1985, Elizondo, 1987, Acosta and Kohashi, 1988).

Reductions in seed yield of up to 80 % for drought sensitive bean
cultivars as compared to 40 % reduction for tolerant ones were reported
by Sponchiado (as cited by Singh and White, 1988). Stoker (1974)
obtained a yield reduction of 20 % when water stress occurred at early
or late vegetative phases of growth, and a reduction of 50 % when stress
was applied at early pod filling. Similar figures for a group of three
indeterminate bean cultivars were reported by Acosta and Kohashi (1988).

The yield of common beans may be considered as the product of its
components: number of pods per plant, number of seeds per pod and
individual seed weight. According to Adams (1967), there is no genetic
interdependence among yield components in beans since correlations
between components was essentially 2ero under non-competitive
conditions. However, yield reductions in common beans due to water
stress can be attributed to its effects on one or more components
according to the stage of growth of the crop, and intensity and duration
of the stress.

Multiple reports in the literature have shown that if water stress
occurs during vegetative growth, number of pods per plant is reduced; if
vater stress occurred during flowering, number of pods and number of
seeds per pod are significantly reduced; if water stress occurs late
during the pod filling stage, seed weight is reduced (Robins and
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Domingo, 1956; Dubetz and Mahalle, 1969; Acosta and Kohashi, 1988).
This would indicate that different components are being laid down

sequentially during development.

Effoct of & ht st biological nif fizati
In temperate climates, variability for nitrogen fixation is due
mainly to the enviromment and evidence is accumulating that nitrogen
fixation is more sensitive to stress than is the uptake of mineral
nitrogen (Sprent, 1982). Graham (1981) pointed out that moisture stress
is one of the environmental factors affecting nitrogen fixation in
common beans; however, little research has been conducted on the matter.
Sprent (1981) and Finn and Brun (1980) have suggested that water
stress reduces nitrogen fixation in soybeans by a direct effect on
nodule physiology, but may be aggravated by the inability of stressed
leaves to supply photosynthates to the nodules. Other evidence suggests
that reduction in photosynthates during water deficits causes the
observed reductions in nitrogen fixation (Huang et al., 1975a,b).

Nitrogen fixation has also been shown to decrease as nodule number
and leaf water potentials decrease (Pankhurst and Sprent, 1975; Finn and
Brun, 1980).

Bennett and Albrecht (1984), working under greenhouse conditions,
found that after 10 days of withholding water, nitrogen fixation was
reduced, and nitrogenase activity declined to zero as stress became
progressively more severe. Their data indicate the sensitive nature of
nitrogen fixation to reductions in the water content of the soil and
further suggest that nodules surrounded by dry soil may dessicate to
water potentials lower than those observed for leaf tissue. Nitrogen

fixation appeared to be more sensitive to drought stress than was
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photosynthesis (Weisz et al. 1985), suggesting that some drought yield
reductions may reflect the effects of nitrogen deficiency.

Saito et al. (1984) conducted a glasshouse experiment with the bean
cultivar Carioca and found that soil water content affected nodulation,

N, fixation and the utilization of mineral nitrogen by the plants.

2
Plants grown in wet soil produced twice as much biomass as those grown
in dry soils. Nodule weight and activity were five to ten times greater
than those from dry soil. Decreases in soil water content were
accompanied by decreases in growth, and in nitrogen accumulation by the
plant.

Recently, Durand et al. (1987) studied the effects of water
deprivation on the activity of nodules of soybeans. During a seven-day
period of water deprivation there was a close relationship between
decreases in leaf and nodule water potential. Nitrogenase activity
showed a 70 % decrease during the first four days, whereas
photosynthesis declined by only 5 %¥. They suggested that water stress
exerts an influence on nitrogenase activity which is independent of the
rate of photosynthesis; it acts directly on nodule activity through
increases in the resistance to oxygen diffusion to the bacteroids. The
data suggest that the linear relationship between .oxygon diffusion
resistance and water potential is more important than any reductions in
photosynthate supply.

Abdel-Ghaffar et al., (1982) conducted an experiment in which
common beans were planted, then irrigated every 7, 12, 17, or 22 days
during the growing season. They found that water stress inhibited
nodulation, depressed nitrogenase activity and decreased the yield of

bean plants. Maximum yields were obtained when plants were irrigated
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every 7-12 days.

Briefly, it is believed that the combination of drought tolerance
and high ability to fix nitrogen in a single bean cultivar can occur,
but optimum expression of each will depend upon differential timing in

development.

Concluding remarks

In the grain legumes in general, and with common beans in
particular, there is no single factor or unique characteristic which is
sufficient alone to account for "adaptation to drought-prone
environments". Traditional bean cultivars in Latin America seem to be
adapted to cropping systems which imply sacrificing yield potential in
exchange for reduced risk, production costs and other problems (White,
1987).

Improvement in plant production need not rest solely on increases
in genetic potential but should also emphasize ways of bringing
productivity closer to the existing genetic potential through management
techniques. Plant types that are productive with lower imputs should be
readily accepted by the farmers (Boyer, 1982). Therefore, as pointed
out in the introduction, selection for increased stability in variable
environment should be assigned high priority in research centers.

Where unpredictable water deficits occur, maximum productivity
should be the goal, whereas conservation of water using a shorter
growing season crop should be the goal where terminal water deficits
occur. Maximum productivity will be achieved where leaf expansion and
senescence are relatively insensitive to water deficit, where leaf
expansion recovers quickly upon relief of water deficits, and where

minimum dry matter is partitioned into immobile root reserves.
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Crop water use efficiency is in nature a conservative approach
(Sinclair et al., 1984), and selection for wide adaptation and/or yield
stability has been considered to be defensive breeding. The improvement
of bean cultivars for ability to fix atmospheric nitrogen and display
tolerance to soil moisture deficits will undoubtely benefit peasant

farmers in those regions where the bean crop relies on uncertain

rainfall patterns for its growth.
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CHAPTER 1
BIOLOGICAL NITROGEN FIXATION AND DROUGHT TOLERANCE OF A GROUP OF BEAN
GENOTYPES, Phaseolus vulgaris L.

INTRODUCTION

Leguminous plants use two principal sources of nitrogen in their
nutrition : soil nitrate and atmospheric nitrogen. Legume symbiosis is
governed by factors and processes independently inherited in the host
and bacterium; these interact to produce a joint phenotype (Nutman,
1981). The involvement of host genetic factors in root nodule symbiosis
was first suggested by Wilson in 1939 (Nutman, 1981). He showed that
the host ranges of different strains of Rhizobium was not only related
to properties of the bacteria but also to the hosts' characteristics
(Nutman, 1981).

Most cultivated legumes are able to fix nitrogen, but differences
in the efficiency of nitrogen fixation between species of legumes has
been observed (Schubert and Evans, 1976: Piha and Munns, 1987).
Differences have also been observed within species. Measurements of
nitrogen fixed and various parameters of nitrogen fixation suggest
sufficient variability among cultivated dry bean germplasm to allow
improvement through selection (Graham and Rosas, 1977; Westerman and
Kolar, 1978; Rennie and Kemp, 1981a,b; Mc Ferson, 1983; Rosas, 1983;
Felix et al., 1984; Pacowsky et al., 1984; Bliss, 1985; St. Clair,

1986).
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In most legume crops it has been demonstrated that the occurrence
of a water deficit drastically reduces nitrogen fixation. This
reduction can be either by a direct effect on the physiology and/or
biochemistry in the nodule tissue or indirectly by affecting the
production of photosynthates in the host plant (Sprent, 1981;
Zablotowicz et al., 1981; Beadle and Long, 1985; Myers Jr. et al.,
1986), since the energy for nitrogen fixation is derived from root
metabolism of photosynthates. Recent findings seem to indicate that
nitrogenase activity is much more sensitive to nodule dehydration than
to reduction in photosynthesis due to a fall in leaf water potential
(Albrecht et al. ,1984).

On the other hand, it has been demonstrated that genetic variation
exists in common beans for traits related to drought tolerance (Samper,
1984; Elizondo, 1987). Elizondo (1987) studied the response of a group
of 11 common bean cultivars to a mild water stress period'imposed after
anthesis. A principal factor analysis and stepwise multiple regression
analysis performed on 27 traits showed that biomass at physiological
maturity made the largest contribution to seed yield variance. He
concluded that genotypes best adapted to drought were those possessing
the greatest biomass at physiological maturity.

The objective of this research was to rank a selected group of
common bean genotypes for BNF related variables and drought tolerance.
Since the literature shows that plant growth and development as well as
BNF are affected by water deficits, the main objective was to determine
if drought tolerance and ability for BNF could be combined in a single
genotype. In order to achieve those objectives BNF related variables

were eovaluated early during the life cycle of the crop and water stress
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related variables were evaluated after flowering, when the stress was
imposed.
MATERIALS AND METHODS

To accomplish the stated objective, two experiments were conducted;
a greenhouse experiment where variability in fixing atmospheric nitrogen
was assessed within a selected group of bean genotypes, and a field
experiment where a subgroup of selected cultivars was evaluated for
drought tolerance and BNF capacity.

Greenhouse experiment. A group of 11 cultivars (Table 1)
previously selected as drought tolerant, capable of good nitrogen
fixation, or high yielding, were planted in January, 1985 in a
greenhouse at Michigan State University (MSU), East Lansing, MI.
Uniformly sized seeds were over-inoculated with one of two strains of
Rhizobium phaseoli, CIAT 899 (isolated by P. Graham at CIAT) and J025
(isolated by J. Maya, provided by F. Dazzo from the Brazil-UW-MSU, CRSP
project). In addition to treatments inoculated with two Rhizobium
strains, two other treatments without inoculant were included, one with
nitrogen fertilizer (positive check) and the other without nitrogen
fertilizer (negative check). For each cultivar, two seeds per pot were
planted in 8x12 cm plastic pots containing a sterilized pure silica sand
medium. After emergence, seedlings were thinned to one per pot.
Depending on treatments, pots were irrigated each week day with a
Hoagland solution with or without nitrogen.

The four treatments obtained by testing the two Rhizobium strains
and both checks on the 11 cultivars, were distributed in a Completely
Randomized Design (CRD) with eight replicates. Each experimental unit

was a single pot containing one plant. At 25 and 50 days after planting
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Table 1. Characteristics of bean genotypes grown in greenhouse (G)
and/or field (F) experiments. East Lansing, MI. 1985

Seed Plan}

Genotype Pedigree Origin* color type~ Experiment
UW.21-58 P. sint/Pue 152 oW black II GF
UW.23-61 Ex-Rico 23/Pue 152 oW white II F
A4l11 BAT 461/(G879xG2337) CIAT brown II G
BAT 336 51052/Cacahuate CIAT cream II G
N81017 Kent/Nep2//Pijao/Bunsi MSU white II GF
N81064 Bunsi/Nep2 MSU white II GF
B76001 Nep2/BTS MSU black II G
LEF-2-RB (Ver 10/Chis 143)/Pue 144 INIFAP black III G
striped
Mex.1213-2 Unknown INIFAP pinto III GF
Dgo.222 Durango 222 INIFAP white III G
Bayo Madero Bayo RGZ/C-102 INIFAP cream III GF
I11900-5-M-45 Pinto Amer./C-14 INIFAP brown III GF
striped
Pinto Nal.1 local Durango INIFAP pinto II1I F

¥* UW = University of Wisconsin
MSU = Michigan State University
CIAT = Internatinal Center for Tropical Agriculture, Colombia
INIFAP = National Institute for Forestry and Agriculture
Research, Mexico

1- Type 11 = indeterminate-bush, erect stem and branches.
Type 111 = indeterminate-bush, postrate main stem and branches.
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(DAP), plants were harvested by cutting them at the sand level. Shoots
were placed in paper bags and dried in a forced dry air oven at 60 °C
for 72 hours. Dry matter per plant was determined.

Roots were carefully washed and the nitrogenase activity of plants
in each treatment, at 25 DAP, except those under positive check, was
determined by the acetylene reduction assay. Each root system with
attached nodules was placed in a 50 cc flask which was sealed. A 10 ml
volume of air was withdrawn with a syringe and replaced by 10 ml of
acetylene. After 30 min incubation, 2 ml of gas were taken from the
flask and injected into a calibrated gas chromatograph using nitrogen as
a carrier gas at a flow rate of 25 ml/min at 80 °C. After nitrogenase
activity was determined, nodules were detached from the roots and their
fresh weight was recorded.

Analyses of variance were performed on the recorded variables
following a CRD as a two factor factorial & x 11. Simple correlations
were calculated among recorded variables by using genotype averages over
treatments.

Field experiment. This experiment was planted in June 1985 on a
Marlette fine-loamy soil (mixed, mesic, Glassoboric Hapludolfs) (USDA,
Soil Consérvation Service) at the Crops Research Farm of MSU in East
Lansing, MI. A group of eight cultivars previously selected as drought
tolerant or with outstanding BNF ability were tested in the field by
using a Randomized Complete Block Design arranged as a split-split plot
with three replications. Each experimental plot consisted of four rows
of &m length, spaced 50 cm apart. Plant density was 20 plants per mz.
Treatments were as follows:

Factor A: 1- drought stress imposed at flowering time
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2- rainfall and complementary irrigation
Factor B: 1- commercial inoculant (no N fertilizer)
2- N fertilizer, 40 kg/ha
Factor C Genotype: 1- UW 21-58
2

UW 21-54

3- N81017

[ o
]

N81064

(3]
[}

Mex.1213-2

[- )
]

Bayo Madero

7- 1I900-5-M-45

8- Pinto Nal.1

Planting was done following rain, when soil moisture was considered
adequate for germination (Table 1, Appendix A). In order to establish
the treatments, planting was done wusing a hoe to open rows and
depositing the seeds and abundant commercial inoculant in the bottom of
the furrow then immediately covering them with moist soil. Nitrogen
fertilizer was applied in a similar fashion 10 cm apart from the seeded
row. To create the stressed treatments, advantage was taken of the fact
that the experimental site had a relatively strong slope (3 %). Rows
were designed to be parallel to the slope and at &5 days after planting
(DAP), black plastic stripes (0.4 X 6 m) were placed between the rows
of stressed treatments.

At 45 DAP, a visual nodulation score as described by Rosas and
Bliss (1986) (Table 2, Appendix A) was recorded and total plant dry
matter taken at two sampling times 45 and 70 DAP, was collected.

Physiologically related variables were measured at flowering and mid-pod

filling stages which correspond with the initiation and 25 days after
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drought treatment was imposed. The recorded variables were: leaf water
potential (LWP), using the pressure chamber technique; leaf conductance
(LC), using a diffusion porometer; leaf area index (LAI), with the use
of a leaf area meter. The relative crop growth rate and leaf specific
weight were also calculated. Leaf elongation in each treatment was
determined after drought treatment was imposed by tagging three young
leaves and recording the length of the central leaflet every day for two
weeks. Leaf nitrogen content was determined by microKjeldahl procedure
at 45 DAP. At physiological maturity, seed yield and yield components
were recorded and a harvest index (HI) was calculated. The method of
Fischer and Maurer (1978) (Appendix A) was used to calculate the drought
intensity index (DII) for the site and the individual drought
susceptibility index (DSI) per genotype.

Soil moisture was monitored regularly in six different plots in the
experiment at fou; depths: 0-15, 16-30, 31-45, and 46-60 cm. The soil
moisture content of each plot was recorded at two different depths: 0-15
and 16-30 cm on the same day that pressure bomb readings were carried
out, at two different depths: 0-15 and 16-30 cm. Soil samples were
collected, weighed and immediately placed into an oven at 110 °C for 24
hours. The soil moisture content was expressed as a percentage on dry
weight basis (Table 3, Appendix A). All measured variables were
analyzed, following the design used to distribute the treatments in the
field, with the aid of the MSTAT microcomputer statistical package for
agricultural sciences. Data on rain and temperature during the growing

season are presented in Table 1 of Appendix A.
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RESULTS AND DISCUSSION

In both experiments, genotype UW 21-58, which possessed an
increased ability to fix atmospheric nitrogen (Bliss, 1985), was
utilized as a check cultivar for comparison when looking at nitrogen
fixation related variables.

Greephouse experimepnt. In this experiment, results were recorded
for samples taken at 25 DAP and emphasis was put on the variation of the
11 bean genotypes. Samples taken at 50 DAP were discarded due to
Rhizobium contamination.

The genotypes A 411 and N81064 showed the highest and lowest
values, respectively, for nodule fresh weight per plant. For plant dry
matter, cultivar Dgo. 222 showed the highest value for this trait,
whereas N81064 showed the smallest value (Table 2).

The activity of the enzyme dinitrogenase quantified by the
acetylene reduction (AR) assay at 25 DAP is presented in Table 2. As we
were mainly interested in the BNF ability of the bean genotypes, which
accounted for most of the observed variation for AR, we will not
present results for the treatments. Thus, on a per plant basis Lef-2-RB
was the genotype which fixed more N; with respect to nodule specific
activity, Lef-2-Rb, N81017 and the check cultivar UW 21-58 showed the
highest values for this trait.

Values for phenotypic correlations between pairs of variables are
presented in Table 3. Plant biomass showed a significant positive
correlation with all variables studied. At this stage of development
(25 DAP), nodule fresh weight was highly correlated with nodule specific
activity. Nodule fresh weight values showed the highest r value when
correlated to plant dry matter.
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Table 2. Genotype average value for biomass per plant and nitrogen

fixation related variables. East Lansing, MI. 1985
Nodule AR per Nodule
Plant fresh plant/ specific
Genotype biomass(1) weight(2) hour(3) activity(4)
UW 21-58 1.14 be 410 bce 3593 abe 8.8
A 411 1.11 b 560 a 3336 abc 5.9
BAT 336 0.79 ¢ 310 de 1837 e 5.9
N81017 1.00 b 370 bed 3324 abc 9.0
N81064 0.75 ¢ 270 e 1824 e 6.8
B76001 1.06 b 430 bc 2877 bed 6.7
LEF-2-RB 1.06 b 440 bc 4140 a 9.4
Mex.1213-2 1.09 b 350 cde 2479 cde 7.1
Dgo-222 1.35 a 460 b 2524 cde 5.5
Bayo Madero 1.05 b 380 bcd 2303 de 6.0
I1900-5-M-45 1.08 b 450 b 3202 bed 7.1
Average 1.04 403 2859 7.1

1- g, average of 32 pots.
2- mg/plant, average 24 pots.
3- nm/plant/hour, average 24 pots.

4- nm/mg nodule tissue/plant/hour, average 24 pots.
@ Duncan's Multiple Range Test (0.05).
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Table 3. Correlations between biomass per plant and nitrogen fixation

variables. East Lansing, MI. 1985
Nodule Nitrogenase Nodule
fresh activity specific
weight per plant activity (1)
Plant biomass g/plant 0.57*% 0.36%% 0.45%x
Nodule fresh weight mg/plant ---- 0.4L7%% 0.82%x
Nitrogenase activity ——-- ———- 0.45%x

per plant nm/p/h

** highly significant (P<0.01).
(1) nm/mg nodule tissue/plant/h
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Field experiment. In this experiment, the moisture stress
treatment was not started until 45 DAP, thus analyses of variance for
samples taken at &5 DAP included only the effects of nitrogen rate,
genotype and their interaction (Tables 5, Appendix A).

The addition of 50 kg/ha of nitrogen fertilizer increased
significantly the weight of all above-ground plant parts (P<0.05), thus,
the growth of the plant was N limited. The effect of the genotype was
significant only for root and stem dry weights (P<0.05). No significant
effect was found for the nitrogen x genotype interaction (Table 5,
Appendix A).

In Figure 1, total dry matter and dry matter of different plant
parts under two nitrogen sources at 45 DAP are presented. The genotypes
UW 23-61, Bayo Madero and Pinto Nal.1l showed a significant response to
the added nitrogen fertilizer. Genotype I1900-5-M-45 gave the highest
total dry matter (TDM) yield without added fertilizer. 1In the treatment
without nitrogen fertilizer a commercial inoculant along with phosphorus
fertilizer was uniformly applied to the whole experiment; thus, assuming
a low N content in the soil, dry matter yield and total leaf nitrogen
content under this treatment could be used as an indicator of BNF. In
general, at this stage of development, the type III unadapted cultivars
were superior in total dry matter yield to adapted type II cultivars
under both nitrogen sources. Cultivar II900-5-M-45 was outstanding
under inoculation. Graham and Rosas (1977) previously reported the
superiority in BNF of indeterminate type III growth habit versus type II
cultivars.

It was noticed when digging roots in the sampled strata, that type

III genotypes showed a much more branched root system than type 1II's.
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Figure 1. Dry matter of different plant parts of eight bean cultivars

under two nitrogen sources (N=50kg/ha nitrogen, I=inoculated)
at 45 days after planting. East Lansing, MI. 1985.
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However, the latter genotypes showed a strong main root with few
secondary roots going deep into the soil profile. Thus, it is likely
that the root system of erect type II genotypes is more suited to
support a taller plant under Michigan conditions; whereas the root
system displayed by type III genotypes seems more suited to explore more
soil volume, mainly in the upper soil strata. Probably this latter type
of root system plays an important role in the adaptation of type III
cultivars to sporadic rainfall patterns of the semiarid highlands of
Mexico.

At this stage of development (45 DAP), the leaves accounted for
approximately two-thirds of shoot biomass (Figure 1). In the analysis
of variance for leaf dry weight, no significant difference was found
between genotypes; however, a highly significant difference among
genotypes was found for LAI. Therefore, it is clear that the genotypes
possess different leaf specific weights (Table &). In general, type III
cultivars were superior to type II's for LAI.

With respect to leaf water status at this stage of development (45
DAP), genotype Bayo Madero showed the least negative leaf water
potential (LWP), which was significantly different (LSD 0.05) from the
rest of the genotypes (Table 4). The same genotype gave the smaller
value for stomatal conductance. Since the moisture stress treatment had
not been applied at this time in development, genotypic variations for
these physiological variables were probably obtained in response to the
relatively high temperatures (Table 1, Appendix A) observed at mid-day.

Analyses of variance for nodule score and some physiological
variables did not show significant differences for the effect of

nitrogen rates nor its interaction with genotypes (Table 5, Appendix Ad).
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Table 4. Average values for physiological related variables of eight
bean cultivars under two nitrogen sources at 45 days after
planting. East Lansing, MI. 1985

Stomatal

Conduct. LWP* LSwW* Root/
Genotype LAI* cm/s bars mg/cm LAR* Shoot
UW 21-58 1.41 0.278 -6.3 .77 122.3 0.202
UW 23-61 1.28 0.239 -7.2 5.01 111.9 0.211
N81017 1.15 0.204 -6.7 5.76 97.6 0.226
N81064 1.31 0.209 -6.2 5.15 110.2 0.228

1I900-5-M-45 2.32 0.196 -6.1 3.69 157.1 0.138

Bayo Madero 1.82 0.168 -3.8 4.97 124.6 0.119

Mex.1213-2 1.84 0.209 -6.4 4.46 134.1 0.158

Pinto Nal.1 2.14 0.272 -6.1 3.82 147.4 0.151

LSD 0.05 0.51 . 2.3 - 32.3 0.061
* LAl = leaf area index.

LWP = leaf water potential.

LSW = leaf specific weight.

LAR = leaf area ratio.
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Table 5. Nodule score and total leaf nitrogen content of eight bean
genotypes grown under two nitrogen sources at 45 days after
planting. East Lansing, MI. 1985

Nodule Score (1) Leaf Nitrogen Cont. (2)
Genotype Inoculant N fertilizer Inoculant N fertilizer
UW 21-58 3.0 2.2 2.8 2.9
UW 23-61 1.5 1.5 2.5 3.4
N81017 2.2 2.5 2.6 3.0%
N81064 1.5 1.8 2.8 3.3%
I1900-5-M-45 2.3 3.0 3.5 3.5
Bayo Madero 2.0 1.5 2.9 b.4*
Mex.1213-2 2.3 2.5 3.5% 3.3
Pinto Nal.1l 2.7 2.3 2.8 3.9%
Average 2.2 2.1 2.9 3.5%

¥ LSD 0.05 between nitrogen sources.
(1)- Following Rosas and Bliss (1986).

(2)- Percentage on a dry weight basis.
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Thus, average genotypic values across treatments are presented in Table
5. Scores for nodule mass were determined by comparing all cultivars to
UW 21-58 check. Cultivar II900-5-M-45 displayed maximum average value
for nodule score. Genotype N81017 and all type III cultivars were
statistically similar to UW 21-58.

A second set of samples was taken at 70 DAP, stage RS for adapted
cultivars, which was 25 days after the moisture stress treatment was
applied. The dry matter yield of different plant parts at 70 DAP is
presented in Figure 2. The data were analized for plant grown under two
different water regimes. A significant effect of moisture treatment was
observed (P<0.05) for the dry weight of stems, leaves and developing
pods; a significant effect of the genotypes for the same variables and
dry weight of roots was observed (Table 6, Appendix A). None of the
interactions among evaluated factors was significant.

With the exception of genotype UW 21-58, all genotypes showed a
significant reduction in dry matter yield under stress (Figure 2). At
this stage of development, type II cultivars were reallocating dry
matter into developing pods at a much higher rate than type III
cultivars (II900-5-M-45 and Bayo Madero) which started flowering about
the same time as adapted cultivars. Cultivars Mex.1213-2 and Pinto
Nal.1 did not start flowering at this time. Unadapted genotypes showed
a striking variation in daylength sensitivity with II900-5-M-45 being
the least sensitive (Table 6). Daylength sensitivity of unadapted
genotypes was expressed as an increase in the number of days needed to
reach R3 stage (50 % bloom) and a decreasing rate of dry matter
partitioning into developing pods in those genotypes which reached R3

stage of development at the same time as adapted genotypes.



42

Dry

[ _arES
L R’

= I NN\
HLOIHITIN

- IR NN\

TN

PN1

R S

RS
BM 1213-2

Stems

m Pods
U Leaves

RS

RS RS
064 11900

Cultivars

RS
017

RS
21-58 23-61

MANNN

RS

2
8/m%500 -
400 —
100 —

matter

1985.

East Lansing, MI.

under two moisture regimes (R=rainfed, S=water stressed) at

70 days after planting.

Figure 2. Dry matter of different plant parts of eight bean cultivars






43

Higher yields of total dry matter of type III cultivars seemed
associated with large plant growth, as measured at 45 DAP. This was
associated with a slower reproductive development (Figure 2) where the
allocation of assimilates to the developing pods procceded at a reduced
rate as compared to type II cultivars.

Leaf area index of all genotypes, except UW 21-58, was
significantly reduced under stress. No response of root/shoot ratio was
observed for water and nitrogen treatments; however, the effect due to
genotype was highly significant (P<0.01). Observed values for
root/shoot ratio of different genotypes at this stage of development (70
DAP), were smaller than those observed at 45 DAP (Table 6).

Daily measurements taken of central leaflet length per cultivar are
presented in Table 7. Central leaflet length measurements on all
cultivars were initiated at 50 DAP, five days after black plastic
stripes were placed between the rows to establish the moisture stress
treatment. Under stress, genotypes N81017 and II900-5-M-45 showed the
highest accumulated values for 1leaflet elongation. A significant
difference (P<0.05) between stress and nonstress treatments was found
for this trait during most of the days that measurements were recorded.

The above results are in agreement with findings reported for other
legume crops, particularly soybeans and field beans (Karamanos, 1978;
Myers et al., 1986). A relationship between LWP, leaf area expansion,
and relative growth rate was demonstrated by Karamanos (1978). The
relationship of leaf enlargement to turgor prompted Boyer and McPherson
(1975) and Hsiao and Acevedo (1974) to propose that leaf elongation rate

could be used as a negative index of drought sensitivity in plants.
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Table 6. Number of days to flowering, LAI and root/shoot ratio of eight
bean cultivars growing under two moisture treatments at 70
days after planting. East Lansing, MI. 1985

LAI Root/

Days to =  ----------------o--o--- shoot

Genotype Flowering Rainfed Stressed ratio
UW 21-58 52 3.26 3.02 0.107
UW 23-61 46 3.21 1.68% 0.071
N81017 48 2.81 1.75% 0.098
N81064 46 2.43 2.04% 0.103
I1900-5-M-45 S1 .21 3.36% 0.112
Bayo Madero 46 2.82 2.33% 0.125
Mex 1213-2 90 &.48 3.87% 0.134
Pinto Nal.1l 90 3.99 3.64* 0.133
LSD 0.05 1 0.851 0.851 0.093

¥ LSD 0.05 between moisture treatments = 0.275
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Table 7. Central leaflet length in mm of eight bean genotypes under two
moisture regimes. East Lansing, MI. 1985

Days after planting

Genotype 51 52 53 S 55 56 57 58 59
Rainfall

UW 21-58 7.6 1lb.6 22.5 33.2 38.4 41.9 46.6 51.7 54.7
UW 23-61 6.0 14.2 22.8 29.9 32.1 32.7 34.2 36.3 38.5
N81017 7.1 16.5 26.7 36.1 39.7 4&1.2 4&.1 47.5 49.1
N81064& 6.0 13.7 20.7 30.9 34.2 34.6 38.7 42.0 44.3
II900-5-M-45 5.7 11.9 23.2 32.2 37.6 38.2 4&k.1 48.7 53.3
Bayo Madero 4.3 9.9 15.7 22.5 24.5 24.5 24.9 28.4 30.4
Mex.1213-2 5.3 12.2 18.5 25.8 28.2 28.2 30.1 33.5 35.8
Pinto Nal.1l k.2 12.2 20.5 26.7 30.5 30.5 32.7 36.0 38.9
Average 5.7 13.1 21.3 29.7 33.1 34.0 36.9 40.5 43.1
Stress

UW 21-58 4.7 9.15 15.8 23.2 25.6 26.0 29.1 33.0 35.3
UW 23-61 6.3 9.50 13.3 18.4 19.5 19.5 20.0 20.8 21.6
N81017 6.6 11.5 16.3 22.9 29.1 31.6 34.8 36.9 38.4
N81064 5.4 10.6 17.0 25.2 26.9 27.8 29.8 33.0 3&.1
I1900-5-M-45 6.7 9.90 16.3 24.3 28.1 28.9 32.7 36.8 40.4
Bayo Madero 4.6 6.75 10.1 16.2 17.8 17.8 18.8 21.3 24.1
Mex.1213-2 3.2 6.60 11.1 13.9 17.5 18.1 19.2 22.7 24.8
Pinto Nal.1 6.1 7.30 12.1 16.5 18.5 18.5 20.0 23.0 25.3
Average k.6 8.9 14.0 20.1 22.9 23.5 25.5 28.4 30.5
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Yield and yield components. Results do not include two of the
unadapted cultivars, Mex.1213-2 and Pinto Nal.1l, because they did not
produce seed. These two genotypes started flowering at 90 DAP and were
killed by freezing temperatures in late September. They proved to be
highly sensitive to the extended daylength of the Northern latitudes.

The analysis of variance for seed yield showed significant
differences for moisture (P<0.05) and genotype (P<0.01) effects. No
significant effects were detected for nitrogen source or any of the
interactions (Table 6, Appendix A). Therefore, in tables summarizing
those results, data related to nitrogen rates is not presented. An
average yield reduction of 27% was observed when the genotypes were
subjected to mild drought stress, equivalent to a drought intensity
index of 0.27 (Fischer and Maurer, 1978). In table 8, individual seed
yields per genotype under both moisture conditions are presented, as
well as the reduction per cultivar in percentage, arithmetic and
geometric means and the drought susceptibility index of Fischer and
Maurer (1978).

Genotypes UW 23-61 and II900-5-M-45 showed the highest vyield
reductions under stress. When looking at the arithmetic mean values,
II900-5-M-45 together with UW 21-58, UW 23-61 and N81017 were
statistically similar; however, the former showed the highest value for
the geometric mean, which is considered more appropriate for comparison
of genotypes under stress and non-stress conditions (Samper and Adams,
1985).

The percent seed yield reduction of a genotype when evaluated in
favorable and unfavorable environments can mislead the interpretation of

results (Table 8). Since different genotypes possess different yield
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Table 8. Seed yield under rainfed and stressed conditions, reduction in
percentage, arithmetic and geometric means and drought

susceptibility index (DSI).

East Lansing, MI. 1985

Yield g/m?
Reduction Arith. Geom.
Genotype
Rainfed Stressed % mean mean DSI(1)

UW 21-58 213 161 24 187 185 0.81
UW 23-61 229% 117 49 173 164 1.63
N81017 181 163 10 172 172 0.33
N81064 136 125 8 131 130 0.27
II900-5-M-45 275% 150 L6 213 203 1.51
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