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Limits Imposed by Climatological Factors

R.J. Lawn * and J.H. Williams **

CuMate is the major component of the
environment conditioning the regional and seasonal
adaptation and yield of crop plants. While climate
is not homogeneous in cither space or time, generally
similar patterns prevail over quite wide geographic
areas, and the cyclic changes in these patterns
provide the seasons. It is within the context of these
broader effects that the other components of the
environment (i.e. the edaphic and biotic) affect

plant performance — bhoth directly and in
interaction with climate and each other — to
condition ion to specific i

Improving climate adaptation is therefore
fundamental to the process of crop improvement,
which in this paper is considered in its broadest
sense, viz. the manipulation of both genotype and
environment to respectively maximise genetic

In this paper, the limits imposed by climatic
factors to the yield of the tropical food legumes are
discussed in relation to improving their productivity
in Asian farming systems. It is not a comprehensive
review of the influence of various climatic factors
on plant performance per se. The key climatic
factors influencing the tropical food legumes ~
radiation, temperature, daylength and water — are
cach examined in turn, and discussed in the context
of adaptation and the opportunities for crop
improvement.

Radiation

.Photosynthesis provides the basis of dry matter
(DM) accumulation and plant growth, and thus the
amount of solar rndmlon entering the plant’s

potential and minimise to
expression of that potential.

Leaving aside questions of desertification, nuclear
winters and glasshouse effects, there is little man
can do to influence climate on a geographic scale,
and nothing he can do to manipulate it in a directed
sense. Thus attempts to minimise climatic limits are
constrained to the localised scale of the individual
field and the crop microenvironment, or to trying
to avoid the problem altogether by restricting the
climate that the crop experiences. The opportunities
for improving crop performance through breeding
are somewhat less constrained, plants having been
exposed to the vagaries of climate for sufficiently
long and over a wide enough geographic range, that
a reservoir of genetic variation in plant response
exists for most climatic factors. The problem thus
becomes one of first defining ppropnal: climatic
ation and then comb
ble (¢.g. agronomic) traits.

in the absence of other
climatic constraints, the upper limit of productivity.
Over the past several decades, substantial progress
has been made in dﬂelopmg 1 conceptual lnd
analytical for the

of radiant energy to crop yield and the impact of
other factors such as temperature and water (e.g.
Charles-Edwards 1982, Warren-Wilson 1971;
Monteith 1972, 1981). In the simplest approach,
economic yield can be expressed as the product:

el <

where:
Y, = economic yield
Q = cumulative radiation incident on the crop,
i = proportion intercepted by the crop
+ E; = conversion efficiency to TOM
p = partitioning efficiency to economic yield

m

An exlmmauon of the four components of the
above rel helps to illustrate the potential
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role of various physiological and environmental
factors in contributing to variations in crop
performance, and thus to identify where
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ities exist for imp . It also serves
as a framework for subsequent discussion of the



ather climatic factors, since the constraints imposed
by them operate through one or more of these four
Pprocesses.

Cumulative Incideat Radiation

One of the main determinants of the cumulative
energy falling on the crop is simply the duration of
crop growth. In this.context, the effect of those
climatic factors which determine crop phenology is
10 establish the time limit for energy input for that
crop i.e. to establish its ‘phenological potential’.
The second main determinant of cumulative

of food le:;;lﬁ under full sun and 50% shade

63% for mungbean (Lantican and Catedral 1986),
although in part, the mungbean response related to
increased incidence of leaf discasc. There was
differential genotypic response to shade in both
species.

Radiatien Interception
Numerous empirical studics have shown that
withina :med m canopy, irradiance is attenuated

incident radiation is level of Near the
equator, year-round variation in average daily
irradiance is small (calO%) because scasonal
variation in both daylength and maximum sun
elevation s relatively small (Nieuwolt 1972). Moving
y to higher latitudes however, scasonal
in both daylength and maximum sun
‘clevation increases, and so does year-round
variation in total daily irradiance. For example, at
latitudes 20-30°, in what may be loosely termed the
subtropics, the combination of high sun elevation
and longer days around the summer solstice can
provide daily irradiance 15% higher than at the
equator. Conversely, the combination of low sun
elevation and shorter days around the winter solstice
in the subtropics provide daily irradiances of only a
third to half the average at the equator.

In practice, these generalised patterns are
b by i in

leaf area index (LAI)
m uwrmumlte mdnmx with Beer" s Law, with
ient (k) ic of the
unopy‘ The main influences on k are the
orientation, angle, size and dispersion of leaves, anc.
prior to canopy closure, spatial arrangement of
plants. However, k can be influenced by the
proportion of diffuse to direct radiation. Thus the
LAl necessary to effect )95% interception of
incident radiation (“critical' LAI) depends partly on
the level and nature of irradiance, and the extinction
coefficient for that crop. Critical LAl values for the
large-leaved food legumes fall in the range of 3-3.5
depending on genotype and spatial arrangement
(e.g. Muchow and Charles-Edwards 1982a; Shibles
and Weber 1966), but can exceed $ for small-leaved
pigeonpeas (Rowden et al. 1981).
Clearly, falling on bare ;wund is wasted
enagy and the sooner a closed canopy is formed,

will be the total energy mmcepted Thus

i Most are the di in
irradiance induced by cloudiness between rainy and
dry seasons, which it is suggested could result in up
10 50% higher yicld potential for the latter (Versteeg
and van Keulen 1986). Levels of irradiance can
present & severe constraint to growth of the legume
component in various mixed cropping systems e.g.
inter-, alley, relay and companion cropping.
Research on inter- and mixed cropping systems has
Jidentified the need for the icgume to complement
the other in terms of and

spatial e.g. isometric sowings and
higher densities, which enhance early LAl
development will, in the absence of stress, also
enhance total DM production. However, vegetative
growth in excess of that necessary to form a closed
canopy represents DM that might more efficiently
be used for seed DM. This need to optimise LAI
pnmdu the bnu of genotype x lowm; dale X

in P!

sudl ll the tropical food legumes (sce lller)

leaf area development to maximise interception and
minimise intercomponent competition (Willey et al.
1981). There are no known systematic attempts to
improve adaptation of food legume species to low
light environments, such as under young rubber and
oilpalm where crops can be grown for several
seasons until irradiance levels become too low
(Laosuwan et al. 1985).

‘There is evidence that such an approach may be
profitable, Recent studies with leguminous ground
covers under sorghum and sunflower have shown
that Vigna trilob for low i
levels with higher specific leaf areas and increased
partitioning of DM into leaf area development
(Leach et al. 1986). In the Philippines, evaluation

Radiation falling on tissue
such as woody stems, senescent leaf, Mowers or ripe
pods is also wasted energy. Thus the photosynthetic
efficiency of pods relative to leaf in top-podding
crops such as some cowpea, pigeonpea and
mungbean genotypes remains to be clarified, since
asignificant proportion of the total incident energy
during podfilling can be intercepted by the flowers
and pods (e.g. Rowden et al. 1981). Actively
growing soybean (Spacth and Sinclair 1983) and
cowpea (Littleton et al. 1981) pods can recycle much
of the CO, evolved by respiring seed, but are not
capable of net CO, uptake even in full sunlight.

A detailed analysis f the growth of two (top-
podding) mungbean lines showed that for closed
canopies, i i ienci




declined following the start of pod growth (Muchow
and Charles-Edwards 1982a). Further, above-
ground growth rates during the reproductive phase
{(Muchow and Charles-Edwards 1982b) were only
around 80% that of a black gram line, in which pods
were located within the canopy. It is tempting 10
speculate these differences may have been due to the
significant interception of radiation by the
mungbean pods, but with a lower E,, perhaps
because of the proportion of interception by already
ripe pods,

FElficlency of Conversion
Growth rate in the absence of stress is a linear
function of the amount of radiation intercepied (e.g.
Muchow and Charles-Edwards 1982a; Shibles and
Weber 1966), with the slope of the relationship
providing an estimate of E.. Physiological factors
which might conceivably contribute to differences
in E_ include the inherent photosynthetic capacity
of leaves, the bulmu between photosynthesis and

and canopy
ln the lropnal food leguma genotypic variation
has been
found (c.5- Domho" and Slnlzles Iﬂﬂ)alwoulh m

small relluve 1o variation III Inf area and Ilphl
interception (e; Duncan et al. 1978). Thus the
productivity in terms of DM accumulation of
differing genotypes is remarkably similar once 2
closed canopy has been formed. Likewise, much of
the large variation in initial crop growth rate among
food legume species can be ascribed to

amount of assimilate remobilised from vegetative to
reproductive organs. Much of the advance in ccreal
yields has been (rom improvement in HI, rather
than in total crop DM (Donald and Hamblin 1976),
and as is discussed later, the trend is similar with the
tropical food legumes. In effect, the direction is
toward a shorter vegetative period combined with
more determinate or synchronised growth, so that
ft;lM|n| the onset of nowmng a hl;her proponlon
ol is

growth. At the same time, the relluve contribution
1o yield of stored assimilate is declining.

For example, in some of the more recent
improved groundnut genotypes (ICRISAT 1983),
partitioning of DM into the pods after the onset of
flowering exceeds 90%, establishing potential
growth rates of 100-125 kg/ha/d and a yield
potential in the absence of stress of 7 t/ha of nuts-
in-shell. Similar advances are being made with shortg
duration pigeonpea (Byth et al. 1981).

Temperature

Effects on Growth and Development
Temperature affects the rates of the metabolic
processes involved in growth and development.
Usually, temperature responses take the form of a
, opti ponse curve ised by
three cardinal temperatures, the optimum,
minimum and maximum. In general, lopmental
(such as germination, ontogenetic change,
lﬂr initiation, meiotic division) are more m\mlve

in leaf area expansion rate. In pigconpea for
example, relative higher partitioning of DM into
roots appears to slow initial crop growth rate
through slower leaf area di

than growth or
u. and have more sharply-defined optima, n.lllumxh
there is substantial differential sensitivity among
processes. At extremes of temperature, uellular

and Narayanan 1979).

Enhanced leafl photosynthetic capacities are often
related to compensatory mechanisms, such as
thicker leaves but with slower leaf rates
(Charles-Edwards 1982). Thus the potential
contribution of selection for improved
photosynthetic capacity appears small. Various
attempts have been made to manipulate canopy
architecture to reduce k and increase E. by
distributing the incident radiation over as much leaf
area as possible. The experience with leaf size and
shape (Mand! and Buss 1981; Wien 1982) has not
been encouraging.

Partitioning

Harvest index (HI) depends on the relative
durations pf the vegetative and reproductive phases,
the proportion of DM (or more appropriately,
energy) assimilated during the reproductive phase
amd partitioned into reproductive growth, and the

most
d function, can be damaged.
‘Temperature effects in the suboptimal range can

often be approximated by a simple linear function
(Monteith 1981), and where the diurnal range of,
temperatures does not encompass high or Iov‘
extremes, a linear function of daily mean
temperature can be used to approximate
temperature responses in the field (Angus et al.
1981). This implies in effect that the ‘cumulative’
temperature (accumulated daily above a ‘base’
temperature at which the process rate approaches
zero, and expressed as day-degrees) necded to
complete the process is constant. This thermal
constant has been termed the ‘thermal time* for that
process (Monteith 1981).

Experimental estimates for base temperatures and
thermal time for germination of a range of tropical
food legumes (Angus et al. 1981), and estimates of
the time needed for germination at 16 and 25°C are
shown in Table 1, along with those of several
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yield of the lrop:al lood legumes thrw;ll

in potato (Smillie et al. 1983),
and the potential exists for assays based on

agronomic approaches are in practical terms few,  metabolic processes in seedlings or perhaps even in
and limited mmly 10 decisions on where and when  tissue culture where problems with plantlet
to sow. the lised patterns jon can be

ib above have
traditional patterns of seasonal production and, Daylength

because species differ in temperature response, the
geographic patterns of distributi of their

production. For example, temperatures in the

northern areas around Chiang Mai in Thailand are

too cold for mungbean during the dry season but

not for soybean (Na Lampang 1985). There have

been some limited attempts (e.g. with soybean —

Bharati et al. 1983) to ulend tlu range of
through seed accli

D-ylen‘lh is the other major climuc factor

the rate of in
plants. It is the most predictable of the climatic
varisbles, which is nmunubly why photoperiodism
has assumed major adaptive significance.
Photoperiodism provides a mechanism whereby the

but with little success.

There are large opportunities for genetic
improvement however, both in terms of expanding
the scasonal and regional range over which
individual crops might be grown, and in improving
yield within existing production arcas. In those
crops for which information is available, there are
numerous examples of differential genotypic
sensitivity to suboptimal temperatures, and 10 high
and low temperature extremes. In many cases, these
differences relate directly to the latitude of origin of
the genotypes, implying differentiation has occurred
as a direct conséquence of past selection pressures.
In addition to this intracultigen variation, there
exist for most food legumes related wild subspecies
(Smartt and Hymowitz 1985), which are likely to be
& rich source of adaptive traits such as

plant’s life cycl be matched to seasonal change
and thus to variation in other, growth-limiting
climatic factors such as temperature and water. Its
most dramatic effect is on the progress of phm‘
from a vegetative to reproductive state, and it has
been most extensively studied in this context.

All of the tropical food legumes exhibit
photoperiodism, and all are short-day plants
(Roberts and Summerfield 1987). In those
species which have been extensively studied, most
lines show quantitative short-day flowering
response, although qualitative response types occur
(Aggarwal and Pochlman 1977; Hadley et al. 1983;
Lush and Evans 1980; McPherson et al. 1985;
Turnbull et al. 1981). In most species, there also
exist either day neutral or relatively daylength
mmmu genotypes, at least in the context of rate

temperature response (cf. Lawn et al., these
proceedings).

To date, most effort has been directed at

i i with

of d to ng (Aggarwal and
Pochiman 1977; Ariyanayagam and Spence 1978;
ICRISAT 1983; Inouye and Shanmugasundaram
IW ‘I‘umbuﬂad 1981). Usually, but not always,

0 cool

some success (Voldeng et al. 1982; Holmberg 1973).
However, opportunities for genetic improvement in
relation to lemperature responses remain largely
unexploited. In most cases, little is known about the
complexity of uuuc control of differential
fresponses, in making

with earliness of flowering.

Rate of development after induction in the
tropical food legumes is also commonty sensitive to
daylength, lllhou.h the relative sensitivity during
later phases of remains 10 be clarified.
However, it scems likely that their evolution as

Gmﬂwadvmmhhnhah{nﬂaed

g plants would have favoured the
devdq;menl of a post-inductive requirement for

by lack of
ﬂmmt stages (Hume and Jackson 1981) ud

at least as lhofl. if not shorter, than
lhou rqu{red for rapid induction. The limited

al. 1985).

Rescarch is needed at this stage to identify
eﬂ‘e:x?ve sdecuon m’ulilAnmi dﬁdeut screening

xypu -mlnn In

tends to support this supposition.
In wybun. for example, exposure to non-inductive
long days l'ollovdn. initiation can cause reversion
to the vegetative state (Llwn and Bylh 1973) and in
some. atleast, toshort

thu context, physiological criteria may assist. For

muhubeadevelopad
[ ytes from heat damaged leaf tissue
| s and Schapaugh 1984). Mhyﬂ
has been used to identify tolerance

days beyond induction Is necessary w ensure the
formation of viable polien (’me 1963). In cowpea

lm),mntoloudlyunﬂ floral induction/



initiation can variously extend the duration of the
flowering period, reduce the synchrony of
ing, podset and pod maturation, and extend
the post-flowering period by delaying pod ripening
and/or inhibiting leal senescence and abscission.

Groundnut is somewhat unusual in that it is
relatively insensitive to photoperiod prior to
flowering, but some genotypes are quite sensitive in
post-flowering development (J.H. Williams
unpubl.).

In soybean, growth of plants in rclatively long
days following induction has been shown to enhance
vegetative growth (Guiamet and Nakayama 1984)
and reduce the partitioning of DM and N (Cure et
al. 1982) to pods and seeds. Long days also delayed
the transition of stem apical buds to a reproductive
state, altering apical dominance and consequently
branching habit and stem growth (Thomas and

per 1983). Conversely, exposure to relatively
‘lloner days during reproductive growth can
enhance Hi and, except for short duration lines
where vegetative growth is already limiting, result
in at least similar yields in shorter time (Schweitzer
and Harper 1985). In essence, the effect of daylength
post-induction is one of altering the balance between
reproductive and vegetative grovnh, with Ionu
days the tendency
growth and expression of mdelermmlun& and
reproductive growth enhanced by shorter days.

sowing date warrant claboration. Firstly, in most of
the tropical food legumes, there exists a wide range
of differeatial genotypic response, and most usually,
differential response can be directly related to
latitude of origin (c.g. Byth 1968; Lawn 1979a).
QGenerally, lines which are later flowering in
relatively short days originate in the tropics, and
those which require longer days to delay flowering.
originate at progressively higher latitudes. Because
they are short day plants, sensitive genotypes will
be earlier flowering the closer they are grown to the
equator (Hartwig 1970; Lawn et al. 1984). Likewise,
they will flower earlier when sown after the summer
solstice than before it, and, in the absence of
confounding temperature effects, when grown as
dry season crops (Pookpakdi 1984).

Sccondly, for summer crops, the scasonal
variation in daylength is greater and therefore
occurs more rapidly in the subtropics than the
tropics, so that relatively small changes from any
particular sowing date will ensure crops experience

larger changes il asthey are
mnved further into the subtropics. Consequently,
the potential magnitude of effects of sowing date
within the season becomes more pronounced
moving away from the low latitude tropics.

Thirdly, in the tropics per se, although scasonal
variation is smaller, the range of potential sowing

Thus, the main effect of is to warm for y d cropping, and the
determine, in concert with crop  dil in dayk between wet
phenology (i.¢. the timing of particular ic  anddry ‘becom: with those

events in the crop cycle, and the durations of the
phases between those events). As such, daylength
directly influences the potential productivity
through its influence on crop duration (i.c. the
‘phenological potential’). It also influences
productivity indirectly, through the matching of
various phases of growth with changes in other
growth-limiting environmental factors, which in
turn influence the efficiencies of interception and
use of energy. The other important effect in the
tropical food legumes is on the of

due to varying sowing dates for summer grown
crops in the subtropics. At very low latitudes
(<10°), the maximum range in daylength is | hr,
and the differences in average daylengths
experienced by wet and dry season crops are small.

Where the tropical food legumes are grown as
summer season crops, the effects of long days on
development after floral induction are not usually
of practical concern. These crops are sown either
prior to, or around, the summer solsllu, IM in
most sensitive

flowering, podset and maturity, and the relative
partitioning of DM between veuuuvc and
reproducnve growth, which to

occurs some time after the solstice. Thus flowering
IM subsequent phases oceur. during progressively

differences in HI.

Photoperiodism and Adaptation

Daylength varies systematically across latitude
and season, with the longest day in midsummer and
the shortest in midwinter. With annual crops such
as the tropical food legumes, therefore, the
daylength experienced by the crop depends on both
the latitude and date of sowing.

Several aspects of the role of daylength in
conditioning adaptation with respect to latitude and

days, aod any for short days
post-induction is automatically satisfied. However,
for very carly sowings, induction may occur during
the shorter days preceding the summer solstice
(Board and Hall 1984; Lawn 1979). Likewise, very
carly flowering genotypes may also flower prior to
the solstice, so that subsequent development
are exposed to comparatively long days, leading to
problems in synchrony of dev
Undoubtedly post-induction effects mu as the
potentially most significant problan with dry scason
or ‘winter’ crops in the tropics, which ex;
reverse profiles of daylength (nnd oftce




w)hmelm-amcrm.io\v-

sometime after the autumnal cquinox, these crops
M«mmmmuxwﬂu-ﬂath
winter solstice. Thus, ihqco-plmthkuotlhu
raiable. Toe

reproductive growth than do summer grown crops
atany ri h equinox
™ be with prolonged
and asynchronous flowering and podset, and
leal senescence and/or pod ripening (Lawn

o and Crep
Pbo‘(operbdin- has undoubtedly been the

sfoup is ‘adapted’ over a lammuul range of only
about 4°. *,
in this system is effectively defined so -w mnch
crop duration to the duration of favourable
temperatures. Movement of a cultivar to a zone of
higher group number than its adaptation would
result in it becoming too early, and in a cone ol
lower group number it would not mature before the
onset of frost.

‘The North American maturity group system (os
s0ybeans has been of limited value in the subtropict
and tropics (Shanmugasundaram 1976), one reason
being that water rather than temperature is the maia
climatic constraint (o growth. This Imrodueu the
need for greater flexibility in the crop ideol
which nced to be considered (cf. Byth et al. l9ll)‘
In part because the year-round favourable

and Indecd exploked, n improving the tropical food cropen
and photoperiodic effects can and have

ctal. 1983)
and enabling rapid generation turnover (McPherson
et al. 1985).

The mdeu use of photoperiodic response has

response to delay maturity of
mhyudmudonhnhymnm
thus minimise the risk of weather damage to

unnllpor.hl p.nﬂyllu

Dbetween time 10 flowering and aopr-hu
been exploited to develop an index whereby
different daylength responses among cultivars can
ummunwhuymuw
indicated. This has resulted in various ‘maturity
group’ classifications to discriminate between

and Poehiman 1977; Sharma

parameters (e.g. relative uuitlvuy, length of
juvenile phase, differential sensitivity post-
induction), a3 well a3 differential temperature

effects on all tbese, will contribute to maturity
differences.

The example of a maturity
Foup is that employed for soybeans in North
America (see Shibles 1980), whereby are
classified into at least twelve groups, 3o that each

of the tropics increase the range ol
opportunities and in part because of the
lnhmuuly greater variability of rainfall as a climatiy
factor. The former is exemplified in Thailand wher¢
soybean and other food legumes are grown in the
early or late rainy season as weil as the dry seasor
(Na Lampang 1985). The crops thus sample a wid¢
range of regimes, and necessitatt
: Y

The latter is exemplified in subtropical and
tropical Australia, where the advent of adequate
sowing rains is the maln determinant of sowing dat¢
for raingrown summer crops (Lawn et al. IW). In
that situation, the existence of cultivar x sowing date
X density interactions is turned to advantage tc
increase fexibility of the crop ideotype (Lawn et al.
1977; Lawn 1983a), by extending both the range ol
potential sowing dates and geographic range ovel
which given varieties can be effectively grown. This
greater flexibility also assists Mllu of crop
rotations in

One of the most l-xemdu dgvelq;mm ha
mmdinalywmmpmw&cmmw

to genotype X llllmdc/mnﬂﬁau x denaity
interactions and manipulate crop ideotype (e.§.
Byth et al. 1981; sﬁmeimrde.rpet 1985
Sheldrake and Nnnnnan 1979; Spence and
Wiltiams 1972; Wallis et al. 1985). The approach
relies on the fact that when short-day piants arc
grown in daylengths which are short refative to thels
range of quuulunve sensitivity, crop duration it
shortened and the less vegetative, dmetyhnum
therefore less prone to lodging and leaf discases,
Mouover Mcrhw podset and pod mltudmn
ly in

particular]
. Piylhhdnllly mdex:;‘n‘:nne species such a

wwpel.-umbun gram and pigeonpes.
Reduced blomass per plant is compensated for in
pmbyhumdﬂ.udmlyndbymmim




HI, a trend which cffectively mimics that
cexperienced a decade carlier in the cereals.

A related trend is the of early-

different plants within a crop to be simuluneously
or

lmlylheul un Sumarno 1984) as an atiempt
to: (1) broaden the adaptation of lines by reducing
the magnitude of da;

M effects; (2)
improve adaptation to water limiting sit
uninledmm(“nllundﬂnnu Iﬁl)wm viu

ops 1985); or

wudloﬂmnrehyuouu&meuunuowin;
systems (Benjasil and Na Lampang 1984).

‘The wse of photoperiod insensitivity has not been
universally successful, however, partly because of
its frequent association with extreme earliness. In
soybean for example, complete insensitivity has

Mb«nmmw.mmm
of <28 days and, except where associated vulh
inatencss or an extended floweris

stature, lowset pods and limited yield potential. The

Both i mm
yield of mesophytic plants such as the food legumes.

Water Deficit and Productivity

A number of comprehensive reviews on the effects
of stress induced by water deficit are available
(Mussell and Staples 1979; Paleg and Aspinall 1981;
Turner and Kramer 1980). In terms of the model
outlined earlier in Equation 1, the main effects of
water deficits can be summarised as follows:

1. A decrease in cumulative radiation interception
through mlueed rates of Inr Imuauon and/or
igh faster
senescence rates and/or phenological ldjullmem
and paraheliotropic leaf movements and leaf rolling
(Hughes and Keatinge 1983; Lawn 1982a; Muchow
1985). Soil water deficits during establishment can
also reduce plant stand.

. 2. A reduction in the efficiency of utllisation of

discovery of a source of reduced which
may be related to sn extended juvenile phase
(Hartwig and Kiih! 1979) offers the bope of breaking
this apparent nexus, 30 that yicld potential need not
be sacrificed. Thus.far, insensitivity as an approach
has been most effective in pigeonpea (Byth et al.
1981; Wallis et al. 1985) which has an extended
juvenile phase, and, in the context of mechanised
agriculture, those pulses such as cowpea and
mungbean which bear their pods high in the canopy.

Water
Ti monsoon Asia can be broadly divided
into three basic climatic zones (cf. Nieuwolt 1972)
viz. the i h

and
varying in intensity and duration with time tme and
place.

In terms of water supply to the plant, the picture
is further by local and

di largely through a reduction in
carbon exchange rates (Cortes and Sinclair 1986)
associated with reduced stomatal conductance; and

3. A reduction in partitioning efficiency, either
because of a shortening of the duration of
reproductive growth or because of the abscission of
pod and seed sinks (Korte et al. 1983b).

The relatlve effect of water deficis on each of the
above depends In large part on timing relative to
crop ontogeny, and duration and intensity. For
example, Muchow (1985) reported that where water
deficits developed

reduction in light
area development was initially greater than that in
coaversion for a range of food legumes.
Only after a prolonged drought, when the Intensity
of the deficit was strongest, were the effects on
efficiency comparable with those on
interception, However, when an Intense deficit
developed rapidly following the establishment of a
closed canopy, the reductions in B, were relatively
large. umm. water deficits during reproducllve
reduced leaf carbon exchange rates f
soybean by 25% (Cortes and Sinclair 1956),
although deficits occurring late in reproductive
growth also promoted leaf senescence.
The effect of water deficit on sink development
also depends largely on timing relative to crop
ontogeny. Usually, water deficits during

edaphic factors which influence runofY, infiltration,
storage, and subsequent availability. Thus,
depending on time of year, a given fleld might be
arid or flooded, and in the rainy season, plants
within a crop might alternately

supply deficits and excesses. It is even possible for

prior to rapid seed
growth reduce pod numbers through abscission of,
variously, flower buds, Mlowers and small pods (¢.§.
Korte et al. 1983b). Water deficit progressively later
in ontogeny results mainly in abortion of seeds
within pods and, ultimately, in smaller sced. Seed
size is most likely to be reduced when water deficits



late in crop growth promote leaf and

advance crop maturity.

In addition to constraints 1o the carbon economy
of food legumes, N fixation is extremely sensitive to
water deficits (Pankhurst and Sprent 1975; Weisz et
al. 1985). In large part, the effects appear to be due
to rapid and direct effects of stress on the
permeability of the nodule cortex to oxygen
although it is likely there are also longer-term,
indirect effects of carbon supply on nodule
development and activity. The consequence is a
substantial reduction in N accumulation under
drought conditions (e.g. Chapman and Muchow
1985).

The extent to which effects of water deficit during
growth translate into reductions in seed yield in turn
depend on their severity and timing,

the

nyuhm-y f flowering and podset,

the vulnerability of food legumes to intermittent
water deficit during reproductive growth by
shortening the period over which pods are set. For
example, Villalobos-Rodriguez and Shibles (1985)
reported that the relative effects of water deficit
dunnl reproductive ;ro-lh were greater in

with it

tropical
soybeans. Likewise, the groundnut cultivar JL 24,
which has a highly synchronous podding habit, has
proven very susceptible to intermittent water deficit
in studies at ICRISAT (Nageswara Rao and
Williams pers. comm.). However, synchronous
poddnun.ybeofbenemmmemolumnnll
water deficit (see below).

pattern of water supply (e.g. Korte et al. 1983a;
Nageswara Rao and Williams, in press). In general,
the earlier in crop growth the deficit occurs, the
greater the opportunities for subsequent
compensation, provided subsequent water supplies
are adequate. The effects of a water deficit during

gles for
Numerous studies show that like most crops,
food legumes respond positively to irrigati
practice, however, opportunities for irrigation are
very limited, with farmers usually preferring to use
scarce water resources for the production of more

vegetative growth can be fully for in
situations where water supply during subsequent
growth is adequate. This is achieved by either
subsequent vegetative growth, as with indeterminate
varieties (e.g. Villalobos-Rodriguez and Shibles
1985), or by increased HI, as with ‘full-scason’
varicties where vegetative growth tends to be in
excess of that required to ensure full light
interception during reproductive growth (c.g.
Nageswara Rao et al. 3 Bthridge
1978). In this sense, short duration, determinate
lines are more susceptible to water deficits during
vegetative growth,

Food legumes are generally most sensitive to
water deficit during reproductive growth,
particularly during the time when pod numbers arc
being determined (e.g. Korte et al. 1983a;
Nageswara Rao and Williams, in press). lleyond
that time the for

ps. At best, sufficient water may only
e available for supplementary irrigation, and in this
case the most efficient use will be made of water
applied during the pod-formation/seed-filling
phases (cf. Nageswara Rao et al. 1985).

In the absence of irrigation, attempts to overcome
limits imposed by ‘water deficit m\m focus hn\nly
on: (1)
conservation and -uxue of wll water; and (2)

the

effectiveness of water use and water use efficiency
(WUE) by minimising the impact of water deficits.
The latter approaches are of main interest here.
Most important is the effectiveness of water use,
since biomass is a linear function of water use (¢.g8.
Lawn 1982b), and water left in the soil is unexploited
potential.

A comparison of llu perl‘ormlnce of nt

water deficit

much reduced, although in most foodlqumeuome
yield homeostatic potential exists through
compensatory change in seeds per pod and/or seed
size (cf. Korte et al. 1983b). In many species, ¢.g.
groundnut (Williams et al. 1986), cowpea,
mungbean and black gram (Lawn 1982a), less
determinate genotypes new flushes of
flowers and podo when water deficit during
th is relieved. In some
senotypes r:spond 10 the relief of water deficit with
a rapid increase in pod initiation without the
development of new flowers, implying an -hlny to
sustain a number of viable but non:
r;mbrym during the period of deficit (Williams et -I
R6)

* ICRISAT (Table 2) suggests improvements in WUE

9

are possible. Although all four lines used the same
amount of water, there was large variation in both
WUE and Hl, presumably because of differential
tolerance to/recovery in the pattern of water deficit
Impo-ed in that study (Williams et al. 1986).

, isotopic discrimination has identified
motwk variation in WUE (Farquhar and Hubick
1985). Genotypic differences have also been
observed in groundnut in terms of the ability to
continue to initiate pods after the onset of drought.

Both agronomic and genetic strategies for
improving yield in drought environments can be
broadly grouped into those of drought ‘escape’ or
‘resistance’. In turn, the latter can be further



TABLE 2. Total water use, walcr usc efficiency and harvest index of groundnut genotypes relative 1o EC 76446(292).
(From Williams et al. 1986).

Total water
e (%)

Water use

Harvest Index
efficiency (%) (%)

8
101
10
100

111} 18t
125 156
us 125
100 100

subdivided into strategies to reduce the rate of water
use, sustain the rate of water uptake, or to tolerate
tissue water deficits. Resistance can also potentially
contribute to plant survival and potential for
recovery if and when the water deficit is relicved.

Targeting the Eaviroament
The most lppropn-te nntqm for crop
in depend on

Where the duration or amount of water supply is
very reliable, the most efficient mechanism (o
achieve escape is likely to be rapid phenological
development such that the crop matures before
water supply ceases. A synchronised reproductive
growth habit would enable maximum partitioning
into seed and also facilitate matching crop duration
to water supply. However, where the year to year

umbn of waler nupyly is variable, the most

the likely pattern o' lula' and of the

P i is likely to be rapid

likelihood of variations about that pattern (Lawn
1982b; Williams et al. 1986). In Southeast Asian
cropping systems, the two situations most
commonly confronted are: (1) terminal droughts,
where the quantity/duration of water supply is
relatively fixed by soil storage so that the plant is
exposed to water deficit only toward the end of
growth; (2) intermittent droughts, where the crop
may be exposed to droughts of variable intensity and
duration at any stage of growth. Examples where
terminal droughts can be expected include post-
rainy season crops following rice and areas of
seasonally-defined, but reasonably refiable rainfall.
Intermittent drought confronts most upland crops,
except in the most reliabie rainfall areas.
Inmcmconamnnldrwm lheumlno

) combined with plasticity
in the duration of the reproducllve phase. Thus, in
those years where water is available for longer,
reproductive growth can be extended to take
advantage of it.

With intermittent droughts, the most successful
steategies will be those based on resistance —
particularly those which favour recovery following
stress — combined with a limited array of
man; it options. Such options include choices
of sowing date/phenology to minimise the
ocoincidence of critical growth stages with periods of
high likelihood of drought.

Breeding for Tolerance/Escape
in I‘nd Legumes

ensure full use of available water
po-lbkbauudmduvwmvem

most appropriate improvement strategy is drought
escape, nl(houhllevdoltolalueoldmvw

extraction. Cbmee of min. date and wviu
y can be ly used to
mmmwmmmm

ploitation
lnlup!uu spaces (Lawn 1983b).
‘The importance of mnchuuuopmenvlmnmun
is iltustrated by the situation with

to resistance or escape of droulm have been
identified in food legumes ('I‘Ablcwl). The most

escape is rap!

which is being widely exploited in soybean,
mungbean and cowpea with the development of
short duration lines for post-rice crops. A related
escape ulnnlm, often associated with
wth, is ph ical plasticity,
whereby the dumlon of reproductive growth
on the continued availability of water. This
mechanism has been observed in some mungbean
and biack gram (Lawn 1982a) and chickpea lines

(Sheldrake and Slxcnl 1979).

ICRISAT, where in the absence of drought the yield
potential of genotypes maturing in 110 and delyl
ismpeuivelyl.smﬁ.m/h.mlhw
drought commences after 100 days, the respective
yields are 3.0 and 0.7 t/ha for these same lines
(Nageswara Rao and Williams, pers. comm.).

ing to resistance through

reduced water loss include differences i in stomatal
cuticular

leaf movement, and in the rates of change in leaf

area cither through reduced leaf expansion or

advanced abscission (Lawn 1982a; Sinclair and

Ludlow 1986; Muchow 1985). Each of thesc




TABLE 3. drought or i variows of opical
food legumes.
Strategy & mechanism Example of occurresce
A. Escape
'Rnpidpvo.n-m Short duration genotypes e.g. of cowpea, s0ybean & mungbean (cf Hall & Grantz
lowering 1981; Sumarno 1985)
* Plasticity in 1n several Vigna spp. (Lawn 19822) and chickpea (Sheldrake and Saxena 1979)
reproductive phase
B. Resistance
1. Reduced water use
* Stomatal closure Varistion smong $pp. (Laws 1982s; Muchow 1985)
* Reduced cuticular vm-mwsmnwnmnmmmpnum
conductance comam.)
* Slower leaf ares Varistion among spp. (Lawn 1982a; Muchow 1985)
* Shorter leaf aren Varistion smong spp. (Lawn 1962a; Muchow 1985)
ation
* Paraheliotropic leaf Variation smong pp. (Lawa 19822; Muchow 1985)
movements
11. Improved water uptate
* Improved root function Vasiatios in grovademt (Willisms et al. 1986) & among spp. (Angus et al. 1983; Lawl”
e.g. density & depth 19623)
. mhn

* Lower critical relative
water contents

Variation among spp. (Ludiow pers. comen.) & some withia pigconpes (Flower &
Ludiow 1967
Variation among spp. (Sinclair & Ludiow 1986)

mechanisms mlummm-nhml
productivity although mechanisms such as stomatal
sensitivity, cuticular conductance and leal
movements appear more conducive to rapid
recovery following the relief of drought. Increased
roo(m] ﬂemky and roodu depth wlhu to

conductance bas been found in soybean (M. Paje et
al., pers. coma.) offering the prospect of improving
the survival time of plants during severe water
deficits with that species. Wide variation in rooting
‘abit has been found in groundnut, and studies at
ICRISAT bave shown that this can contribute to

beenoumed(mma-l l.l unmu)
ced tolerance

of tissue water deficits include osmotic adjustment
and desiccation tolerance (Flower and Ludlow 1986;
Sinclair and Ludiow 1986).
Compurmve studies suggest that there is uml;
between various
that several may oper-le in eoum w'npt

to water deficits (Wil o
al. 1986). The geaotype NC Ac 17090 is shallow
rooted, and much better able to exploit water from
light showers, but less so for soil water at depth.

Gm:lhta-alentyol the interrelationships
between the mechanisms in Table 3, it scems
ualikely that approaches focusing solely on any one
will result in significant advance. Fm':'e.

causally, t
Thus, it appears to be the various mbnuth- or
mwmmmnmmmmm

i of particulas
‘certainly vary among species. Nonetheless,
hmmrhun:&mmumof

eld I”! Lawn 1982b; Sinclair and Ludlow 1986;
Muchow l9!5) Substantial rescarch remains to
clarify these interrelationships and their
consequences for cTop water use and yield. It also
remains 1o be seen 10 what extent the various
mechanisms can be exploited within any particular
species.

Investigations with pigeonpea have revesled that
while osmotic adjustment was high relative to other
food legumes, only moderate variation was found
among genotypes (Flower and Ludiow 1986). On
the other hand, a twofold range in cuticular

9

the most arcas for drought
Mmhhlﬁw‘ww.m
timing, intensity and duration of water deficit (¢.g.
Na.uunho-lwrl—m in press) suggests that

dmmhmwﬁcmwmwlm
of gt binm

Limits imposed by Excess Water

Excessive water can limit yield of the food
legumes in several ways. The most common is a
reduction in N fixation caused by reduced oxygen




supply to the nodules in temporarily waterlogged
soils, an effect often exacerbated by soil
denitrification. If the duration of waterlogging is
short, the main effect observed is a transient
chlorosis and reduction in crop growth rate.

However, where waterlogging is prolonged, it can
induce the death of roots and nodules, in which case
the setback to growth can be serious. In some
species, wet soil conditions and the death of roots
facilitate the entry of pathogenic organisms (e.g.
Phytophthora stem rot in cowpea, chickpea and
soybean), leading to the death of wateriogged plants
from disease,

There is variation among food legume species in
tolerance to temporary waterlogging. For example,
mungbean, pigeonpea, guar, and moth bean are
particularly sensitive while others, most notably
soybean, are tolerant. Indeed, studies in Australia
'« shown that soybean seedlings readily acclimate

growth on saturated soils, providing a shallow
zone of aerobic soil is maintained at the soil surface
(Troedson et al. 1984). The growth of scclimated
soybeans in saturated soil excceds that of well-
watered, conventionally-grown crops, so that
provided sufficient time is available following
acclimation, yields can ultimately exceed those of
well-watered crops.

Apart from agronomic approaches to avoid
waterlogging, ¢.g. through drainage or matching
crop to environment, the most promising approach
-mntohwadeuforml«mmn;md

Overview

Bnrller m (ms paper, it was suggested that
the crop envi

to minimise :llmmc constraints are limited to the
localised scale of the individual field and the crop
microenvirorment. It is apparent from this brief
review that despite this restriction, the opportunities
for improving performance of the tropical food
legumes through various aspects of management are
substantial. The main requirement is a critical
analysis of the contribution of the various climatic
factors affecting performance in order to identify
the major ints in particular envil
Flexibility in management can often broaden the
range of environments over which particular lines
can be grown.

It was also suggested that opportunities for
genetic improvement were less limited. Nonetheless,
it Is apparent that the situation is complex,
particularly in a relatively underdeveloped group of
plants such as the tropical food legumes, where the
concept of ‘appropriate’ climatic adaptation has
often been recognised only In its absence i.¢. when
genotypes have been moved away from the area that
mast suits them. Only in recent years has breeding
for climatic adaptation emerged as a more
purposeful, directed concept.

There are several (usually interacting) climatic
factors affecting the physiological processes of
growth and development, with potentially different
levels of complexity of genetic contro! and different
levels of importance to seed yield. In breeding for
climatic ad; ion the problem Is firstly to clarify

within species. T to
waterlogging appears to involve two related
components: (1) tolerance of roots and nodules to
anaerobiosis; (2) ability of roots and
nodules to rapidly recover following soil drainage.
Field for tolerance to waterlogging has
in identifying genotypic differences
in several food legumes (ICRISAT 1962, Alvino et
. 1983). In the case of soybeans, it appears it may
possible to select for genotypes which will
respond even more positively to saturated soils
(Hartley, Lawn and Byth pers. comm.).

Another nnporunl constraint imposed by

cowpea, is damage caused 1o ripening pods by
exposure to humid, waenndm,\sducuswd

breeding objectives by identifying the climatic
factor(s) of major adaptive significance in the target
environment, the process(cs) they influence, and the
range of different response types. Secondly,
effective sclection cri must be defined, and
efficient screening techniques designed, to achieve
these objectives.

Implicit in this analysis is recognition of a need
to try to exploit specific climatic adaptation if yield
potentials are to be maximised in the shorter term.
‘The alternative, and longer term approach, is to
attempt to breed genotypes which are less sensitive
to climatic factors such as daylength, temperature
and water. The advantages of the latter approach,
if successful, are obvious: the broader adaptation
of cultivars would reduce the resources needed for

elsewhere in these exist

cither for escape (Putland and Imrie) or tolerance
(lmrie et al). Finally, exposure to humid, wet
conditions can favour rank growth, predisposing
plants to lodging, or to a host of foliar and pod
discases. 1f the crops are to be grown in such
environments, breeding for disease resistance is the
only appropriate solution.

in breeding and seed production and
distribution, and facilitate the more rapid
geographic dissemination of breeding advances
made in any one area.

The disadvantage however, is that there is a very
real cost in terms of reduced yield potential in

becau:
cultivars are not completely so. ‘nu best broadly




@apted cultivar will have the highest yield over a
fange of climatic environments but, w lhe extent
that insensitivity Is not achieved, be lower
ygidm; than the ch;u |padﬁully uho(ed line in

between climatic factors and lhe growth and
development of the food legumes is such that nw
simultaneous achievement of high yield potential
lnd ‘broad chmlll: adaptation’ will hedll’f icult and
achieve, in relation
to constraints mlpoled by water and temperature.
Thus, the cumulative cost of ignoring specific
genotype x climate Imeunlmu could be Ing

HM 23, 309-317.

in soybeans I. Evaluation of three screening techmiques
lw heat and drought tolerance. Crop Science, 24, 933~

m DE 1968, Comparative photoperiod responses for
several soyabean varicties of tropical and subtropical
origin. Austratian Journal of Agricultural Research, 19,

$79-890.
Byth, D.E., Wallis, ES. and Saxena, K.B. 1981.
ion and breeding strategics for pigeonpea. In:

Apart from these the
most appropriate balance between emphasis on
specific and broad climatic adaptation will depend
on the resources available for improvement relative
to the diversity of climatic regimes being targeted,
and the potential economic significance of each to
production of the crop as a whole. Whatever that
balance, there is little doubt that directed research,
bud on an wn;M.mMu of genotype x dlmuc

Il be

of the
Pigoonpes. THWIMI‘M
Catedral, 1.G. and Lantican, R.M. (986. Evhbau’

legumes for adapiation 10 intensive
WHJW-MMCM

Field Crops Research, 11, 69-

toa of
the empirical research approsches have
characterised much improvement effort to date.
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