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1 Introduction

Wheat (Triticum aestivum L.) is grown world wide and is
the most widely adapted cereal. This crop is mainly grown
under rainfed areas where rainfall ranges from 250 to 2000
mm annually (Behl, 1994). Thirty seven per cent of the
area in developing countries consists of semi-arid environ-
ments in which available moisture contributes a primary con-
straint on wheat production. The productivity in such envi-
ronments can only be increased by the development of
varieties which are well adapted to dry conditions.

Genetic improvement of crops for drought resistance re-
quires a search for possible physiological components of
drought resistance and the exploration of their genetic varia-
tion (Blum and Pnuel, 1990). In the past decade, the
breeding for improved drought resistance has emerged
through four basic approaches (Turner, 1986). The first ap-
proach was to breed for high yield and to assume that this
will provide a yield advantage under suboptimal conditions.
The second approach was to breed for maximum yield in the
target environment. This approach suffers from the problems
that water limited environments are notably variable from
year to year and the expression of low variability for yield and
its components in this environment make the breeding
progress slow. The third approach involves the development
of cultivars for water limited environments through selection
and incorporation of physiological and morphological mecha-
nisms for drought resistance through traditional breeding pro-
grammes. To this end, considerable progress for rapid screen-
ing methods has been made. The fourth approach for
breeding under water limited conditions does not utilize mul-
tiple physiological selection criteria, but aims to establish a
single drought resistant character which will benefit yield un-
der water limited conditions and then incorporate it into the
existing breeding programme (Sadiq etal., 1994).

The improvement of yield under water stress should, there-
fore, combine a reasonably high yield potential with a specif-
ic plant factor which would buffer yield against a severe re-
duction under stress (Blum, 1989). The drought resistance
in many instances may also vary according to different stages
of plant growth viz., early (preanthesis), mid (flowering) and
late season (grain fill). This indicates that the genetic mecha-
nisms of drought resistance are independent and process-
specific for each stage of development. Therefore, there is a
need to identify the specific characters associated with
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drought tolerance over different stages of plant development
and the genetics thereof which would help to form the basis
of crop improvement programmes (Sadiq et al., 1994).

2 Patterns of drought

Drought resistance in many instances needs to be catego-
rized according to the growth stage when it occurs e.g. early
(preanthesis), mid season (flowering), late season (grainfil),
or intermittent, of which depend on crop season, rainfall pat-
tern and various other agro-ecological factors. A plant resist-
ant in early stage may or may not be resistant at later stages of
plant growth (Blum, 1989). Therefore, the drought resistant
genotypes must be tailored in consideration with the occur-
rence of drought and susceptibility of particular plant growth
stages in a particular area. On a global basis, following gener-
al patterns of moisture stress can be identified for wheat (Ed -
meads etal., 1989). :

1. Meditemranean: This includes areas of western Asia, north-
em Africa, Chile and southern and western Australia. The
small grains sown in the winter experience a moderate
moisture stress at anthesis with stress increasing in severity
throughout the grain filling.

2. Southern cone of South America: This pattern is common
in Argentina, parts of southemn Brazil and north eastem
Australia. Stress affects the crop during tillering and per-
haps up to anthesis but normally during grain filling.

3. Indian Sub-Continent: In this area small grain cereals are
sown during the dry winter season and survive on stored
moisture, occasional rains and supplemental irrigation. As
temperatures rise in spring and surnmer in India, Pakistan,
Bangladesh and Burma, moisture stress becomes increas-
ingly common during anthesis and grain filling.

In addition, throughout the season there can be unpredicta-
ble dry periods which vary considerably in intensity and
length within and between years and locations. The patterns
appear to describe distinct target environments. However, a
common characteristic of all dry tropical environments is high
variability both in seasonal rainfall totals and rainfall dijstribu-
tion throughout the season. The anthesis and reproductive
stages are commonly affected in all the above mentioned are-
as, whereas the vegetative stage seemed to be equally prone
to drought stress in the Indian Sub-Continent.

159



Gemmtype G;;;,l,. rt,” E:ﬂi:g o1 ORI 11993, Fisc?le'r and Wood, 1979).
N s © n view of this, it may be presumed that
DSI is not a suitable indicator of
WH 147 17.00 633 75.00 0.84 1.71 . .

drought resistance on yield level.
WH 147(1) 1828 6.87 74.01 0.83 1.98 Plagellaetal.1992 reported leaf re-
pLok:] 1305 32 3410 0.8 033 flectance (IR) at 1940 nm (a water ab-
WH 157 1625 429 36.95 0.98 0.46 sorption peak) as a suitable method of
Kharchia 65 1138 549 88.90 0.69 2.62 evaluating water retention capability
HW 2001 1145 1.62 3433 1.20 132 under drought stress. The IR test
CPAN 1992 18.60  3.72 79.98 1.06 -0.72 showed good capacity when applied at
306 1260 7,00 39.00 0.59 393 the flowering stage on (a) excised fresh
K68 1370103 9213 1.26 211 flag leaves, if drought conditions oc-
WH 331 1120 2.90 $4.90 1.08 -0.05 curred in the field, (b) dehydrated flag
WH 553 1687 2.62 82.95 1.13 -143 leaves at 25 °C for 24 h at 60% relative
humidity. Subsequently, Flagella et
| Hindi 62 1393 341 9298 1,01 0.24 al. (1994) assessed the predictive value
PBW 65 1752 382 83.05 0.95 -1.61 " of the IR test in comparison with a
WL 410 19.60 3.85 83.33 0.98 0.87 yield based DSI. They concluded DSI
WL 1562 16.70 441 82.80 0.98 0.06 as a good parameter for the selection of
Kundan 1085 3.02 _84.67 0.96 0.24 drought tolerant genotypes. Dib et al
HPW(DL) 30 1460  3.65 $3.00 1.00 0.14 (1994) explored the possibility of using
VL 421 960 322 8333 089 0.65 Proline Accumulation and Fluores-
HD> 2329 18.05  3.98 76.00 1.03 052 cence Inhibition as predictive tests for
HD 2329 (1) 2007 4.83 75.67 1.1 -0.24 drought tolerance. Both these parame-
W 42 1996 4.5 B 0.90 Y ters showed negative comelation with
DSI grain yield, biological yield, 1000

HS 295 1450 _ 253 82.33 1,10 -1.07 grain weight and tillering index.
HPW 56 943 3.02 34,03 0.90 036 Blum (1988) advocated the use of
CPAN 3004 1230 1.90 85.67 1.19 -1.01 stability analysis (Eberhart and
HPW 65 1845 155 87.67 1.19 -1.17 Russel, 1966; Finlay and Wil-
RLG 2252  5.12 81.67 0.95 -0.24 kinson; 1963) to define stress resis-
RL 7 1020 2.60 85.67 0.9 0.09 tance in terms of yield, provided that
RL 68 1422 233 8397 L1 -1.00 the major components of variation in
RL 84 1235 3.00 83.00 1.00 -0.03 the environmental index could be at-
LoK-1 () 1232 4.55 79.05 0.844 0.92 tributed to water deficit. The drought

Table 1: Grain yield, days to heading, drought susceptibility index (DSD
and drought resistance index (DRI) of 30 wheat varieties grown
under normal (N) and drought stress (S) conditions

3 Parameters of drought resistance

Agronomically a major criterion of breeding for drought re-
sistance is plant productivity. The utilization of various
screening techniques in the course of breeding work requires
the establishment of significant associations between plant
productivity under stress and the various possible physiologi-
cal and biochemical components of drought resistance. Great
progress towards this end has been made in the last three
decades (Acevedo et al,, 1988). At present, the drought
susceptibility index proposed by Fischer and Maurer
(1978) is generally used to quantify drought resistance. This
index does not consider the time to flowering and is not asso-
ciated with drought escape and yield potential. Yield under
drought conditions is generally negatively related with anthe-
sis date (Acevedo et al., 1988; Behletal., 1992; Dhanda,
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resistance of a particular variety may be
given by the intercept of cultivar yield
regressed on the environmental index
(mean yield). This approach considers
neither the confounding effects of flow-
ering time on yield nor the effect of
yield potential on the slope of the regression and hence on
the intercept of drought resistance. Labuschagne and
Deventer, (1992) and Cooper et al, (1994) observed
significant cultivar and moisture level, and lime and water
stress interactions.

Drought resistance index (DRI) defined by Bidinger et
al., (1987), based on the residual variation in grain yield ad-.
justed for experimental error, seems to be a better parameter
for categorization of drought resistant cultivars. The DRI is ca-
pable of removing the influence of confounding factors, e.g.
early flowering, yield potential and so on through a multiple
regression technique. This index was calculated for 30 varie-
ties of wheat by considering the grain yield at the wetter site
as yield potential along with days to heading at the same site
(Table 1).
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This index was positively associated with yield under
drought conditions and independent of yield potential and
time to flowering (Dhanda, 1993). This index was consid-
ered as a good criterion for assessment of drought resistance
as the resistance is free from the confounding effects of other
factors.

4 Evaluation of traits

The specific plant traits are of value to plant breeders only if
they can be used as selection criteria. For this purpose these
traits must have a relatively high heritability, also rapid and
simple assessment and have a proven effect on final crop
yields under drought stress. Compensation of one system for
another and interactions with the environment make these
even more difficult to correlate with the grain yield (Blum,
1989). Therefore, an integrated approach of testing the materi-
al in the field, laboratory and in vitro conditions is required
with the emphasis on combining the components of drought
resistance with high yield potential. A number of specific
plant traits for drought resistance may be categorized as fol-
lows:

4.1 Drought
plasticity

Short duration cultivars that escape terminal stress can easily
be used because the heritability of flowering time is usually
high, and character is easily assessed. They can contribute
greatly to yield stability in arid regions where terminal
drought stress occurs (Behl et al,; 1992; Fischer and
Wood, 1979; Ludlowand Muchow, 1990).

Earliness is frequently associated with reduced yield poten-
tial (Dalton, 1967) but an increase in harvest index can
compensate this (Evans, 1981; Evans et al., 1984). Per-
haps the major disadvantage of earliness as an escape mecha-
nism is that in a season with early drought stress, short dura-
tion varieties are more seriously affected (Mahalakhsmi
and Bidinger, 1985). Therefore, a farmer interested in sta-

escape and developmental

bility of yield should grow both normal and short duration’

cultivars as part of a mixed cropping system.

Photoperiod insensitivity is highly heritable and can be se-
lected easily if environments are available or ¢can be created
that differ in day length. But it may not be advantageous be-
cause of the large number of pleiotropic effects of photosensi-
tive genes and its association with adaptation (Bidinger and
Witcomb,1989; Blum, 1988).

There are reports of higher yields with an indeterminate til-
lering habit in dry land environments (Richards, 1987).
Mahalakshmi and Bidinger (1985 reported that
stable yields can be obtained in asynchronous and high tiller-
ing genotypes under drought stress. As tillering and asynchro-
ny are heritable traits and can be selected on a visual basis in
spaced plants, plant breeders can use this trait in a breeding
programme for drought resistance.

4.2 Drought avoidance
4.21 Stomatal and epidermal conductance

The selection can be used to reduce the conductance
through stomata and epidermis (cuticle) during periods of
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maximum daily evaporative demand, without a significant re-
duction of total photosynthesis. For selection to be effective,
the degree of conductance needs to have a reasonably high
heritability. The waxes are under the control of major and mi-
nor genes and have high heritability, but for stomatal conduc-
tance, the available "information is not consistent on these
points (Jones, 1980; Jones, 1987).

Stomatal diffusion resistance, rate of evaporation from the
flag leaf at the milk stage and water use efficiency (WUE) cor-
related quite significantly with grain weight per plant, Chai
et al (1993). From a practical view point, it would be difficult
to use stomatal conductance in a breeding programme be-
cause the measurements may vary drastically with the time of
the day, and because it is not feasible at present o record
stomatal conductance on large populations that plant breed-
ers normally deal with.

Excised leaf water loss as a measure of epidermal conduc-
tance and as a suitable technique for screening large numbers
of populations indicated low correlations with grain yield un-
der drought stress (Clarke, 1987). Excised leaf water loss
was related to drought resistance in wheat (McCaig and
Ramagosa, 1991; Winter et al., 1988), but its relation-
ship was not consistent on the various stages of plant growth
(Dhanda, 1993). Several other reports on excised leaf wa-
ter loss are also contradictory (Clarke, 1992, Cedela et
al., 1994).

Epidermal conductance can also be estimated through
measurements of total wax content (Ebercon, 1977).
B1um (1985), however, pointed out that the effects of epicut-
icular waxes extend beyond the direct effects on cuticular
transpiration, as they affect leaf reflectance. Therefore, select-
ing for increased epicuticular waxes may not be a worthwhile
breeding objective because of the direct value of leaf reflec-
tance and the reduction in cuticular transpiration.

4.2.2 Leaf characteristics

Richards (1987) reported that glaucous lines in wheat out
yielded the non-glaucous lines because of a reduced transpi-
ration during the night (reduced cuticular transpiration) and
reduced reflectance during the day time, a lower level of
transpiration for a given level of photosynthesis and a cooler
photosynthetic surface. Leaf pubescence also reduces the en-
ergy load during day time through reduced leaf temperature
or transpiration or both (Baldocchi et al.,, 1983). These
characters are under genetic control and influenced by both
major and minor genes. These characters can also be visually
assessed. In crops that have no epicuticular wax, it would be
worthwhile to include leaf pubescence in selection criteria.

An upright leaf habit in wheat reduces the energy load on
the leaf during the times of the day when incident radiation is
the highest and consequently reduces the leaf temperature
and transpiration (Innes and Blackwell, 1983). This
character is heritable, easily assessed and can be used as a
part of drought resistance breeding programmes (Schulze,
1988).
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Leaf rolling is also a common response to drought in annual
cereals and results in radiation shedding (Turner and
Kramer, 1980). Although there is some evidence for genet-
ic differences for this trait, it is not clear that the field differ-
ences in leaf rolling represent differential responses to stress
or different degrees of stress (Ludlow and Muchow, 1988).
Consequently, it cannot be recommended as a selection cri-
terion.

Reduced leaf area, leaf firing and accelerated senescence are
common responses to water deficits. The reduction in leaf
area increases plant survival but may reduce further crop
growth and yield because of reduction in the photosynthetic
capacity. Ludlow and Muchow (1990) concluded that
maintenance of leaf area was undesirable under terminal
stress and desirable under intermittent stress. This trait is also
under genetic control and can serve as a good selection crite-
ria under drought stress conditions.

4.2.3 Root characteristics

The traditional view is that a large vigorous root system,
through avoidance of plant water deficits, is a major feature of
high yield in water limited environments. However, where
the soil is not replenished at a sufficient depth between crops,
greater root depth would be of little advantage, and could
even be disadvantageous by reducing shoot dry weight or
harvest index because biomass is partitioned to root at the ex-
pense of shoots (Ludlow and Muchow, 1990; Passiou-
ra, 1983). Furthermore, several workers have shown that a
greater rooting depth is associated with improved perfor-
mance under water limited field conditions, e. g. sorgbum
(Wright and Smith, 1983) and wheat (Hurd, 1974;
Sharma and Lafaver, 1992). The heritability and gene
action studies of this trait are scarce due to the difficulty in
measuring this trait, and therefore, more work is required in
this direction.

Increased root hydraulic resistance has been proposed as a
valuable trait for crops growing mainly on stored water
(Passioura, 1977). By restricting water use more water is
available for grain filling, thus minimizing the decrease in har-
vest index. Passioura (1983) presented experimental evi-
dence showing sufficient variability and heritability for this
trait in wheat, and the lines with increased hydraulic resis-
tance had a yield advantage in dry experiments. However,
further information is required to assess the value of this trait
for adopting as a selection criterion for drought resistance.
Farshadfar (1993) identified ev. Plainsman as most suita-
ble for breeding drought tolerance due to its better root sys-
tem, higher yield and lower plant height.

4.3 Dehydration tolerance
4.3.1 Water status of plant

The degree to which plant parts withstand desiccation is ex-
pressed as relative water content or water potential at which
leaves die. Among the various indications of leaf water status
under stress, Schonfeld etal (1988) and Ritchieetal.
(1990) considered relative water content more reliable than
the bulk measure of water turgor, water and solute potentials
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because of its close relationship with cell volume, which re-
flect the balance between water supply to the leaf and trans-
piration rate. There is genetic variability in relative water con-
tent in wheat (Makoto et al, 1990) under drought stress
conditions which could be used as a selection criterion. Be-
cause the water status of plants under drought stress influenc-
es survival, it has no direct effect on yield and its component.
However, it contributes to dehydration tolerance and to leaf
survival during intermittent water stress (Flowerand Lud-
low, 1986; Ludlow and Muchow, 1990; Sinclair
and Ludlow, 1986). Therefore, it has limited scope for se-
lecting for yield improvement under drought stress.

4.3.2 Osmotic adjustment

Osmotic adjustment involves the increase in the number of
solute molecules inside the cells in response to a decline in
external water potential. This has the effect of reducing the
out flow of water from the cell, thereby reducing loss of tur-
gor pressure. This allows the continuation of the turgor driven
processes such as stomatal opening and expansion growth,
though at reduced rates, to progressively lower water poten-
tials (Ludlow and Muchow, 1990; Morgan, 1989).
Genetic variability in osmotic adjustment has been found in
wheat (Morgan et al., 1986) and for maintaining harvest in-
dex (Ludlow et al, 1990; Santamaria et al., 1990).
However, the genetic information on this trait is scarce. Apart
from the risk of exhausting soil water supply especially be-
cause of terminal stress, lack of rapid screening procedures,
and low heritability, this trait can be used in association with
components of yield, determinants of survival for increasing
yield stability and potential index under drought stress (Lud -
lowand Muchow, 1990).

Osmotic adjustment is an important acclimation mechanism
which could allow for the maintenance of relatively greater
metabolic functions at low leaf water potentials (Gunasek-
era and Beakowitz 1992). Singh et al (1990) reported
that cv.C 306 and Wtzu5 exhibited smaller reduction in leaf
water potential and osmotic potential than other susceptible
genotypes.

4.3.3 Remobilization of assimilates

Bidinger et al. (1977) observed that 20 % of the preanthe-
sis assimilate can be transferred to the grain in water stressed
wheat. In contrast values of up to 80 % have been recorded in
sorghum subjected to water stress during grain filling stage
(Ludlow and Muchow, 1990). Turner and Ni-
choles (1988) and Muchow (1989) have also shown that
the contribution of preanthesis assimilate can be significant
under drought. A high transfer of assimilate to grain yield
would maximize harvest index and improve yield stability by
acting as a buffer against the effects of water deficits on cur-
rent assimilation. However, further work is required to assess
the consequences of this trait on yield potential and lodging
particulardy in intermittent stress conditions.

4.3.4 Electrolyte leakage

This method of measuring drought tolerance introduced by
Sullivan (1971) is based on in vitro desiccation of leaf tis-
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sues and subsequent measurement of electrolyte leakage into
an aqueous medium. This technique seems to be efficient as a
measure of drought and heat tolerance and correlates well
with tolerance of stress in other plant processes (Blum,
1988; Deshmukh et al, 1991; Premchandra et al,,
' 1990; Saddallaetal, 1990; Sullivanand Ross, 1979).
Genetic variability and heritability of electrolyte leakage in
wheat was sufficiently high enough to use this trait as a selec-
tion criterion (Dhanda, 1993). Genotypic differences in
cell membrane reaction can be observed using 40 per cent
polyethelene glycol (PEG) - 6000. Using this technique,
Singh et al. (1992) reported that cell membrane injury meas-
ured at 25 days after germination was related to genotypic
performance under drought condition.

4.4 Metabolic indicators

In order to provide adaptation to drought, metabolites
should be produced in well characterized reactions, accumu-
late in reproducible fashion, have clear functions in metabo-
lism and a well understood mode of action in stressed tissue.
Metabolites presently used as selection criteria do not meet
these requirements. Proline for example, does not have well
characterized reactions, clear functions or a clear mode of ac-
tion (Lawlor, 1987). Soluble proteins or activities of en-
zymes (RuBPC-0) relate only photosynthetic capacity and
their relation with drought resistance is unclear. Metabolites
from photosynthesis or secondary reactions often correlate
with a particular kind of stress threshold (Hsiao, 1973;
Jonesetal, 1989; Lawlor, 1987). This indicated that the
metabolic functions can be correlated with growth and pro-
duction. The most useful of these are amino acids (ABA, Beta-
ins) and indicators of membrane damage (polyamines esp.
putrescine). These are also related with other physiological
changes e.g. osmotic adjustment and may be analysed by rou-
tine automated chemistry (Blum, 1989). Measurement of
metabolic change provides an insight into the mechanisms of
plant production under drought, although no one process un-
equivocally meets the criterion of predicting improved pro-
ductivity and yield stability. Studies with drought tolerant
C306 and drought susceptible HD2428 revealed that under ir-
rigated conditions HD2428 maintained a relatively higher rela-
tive water content, membrane stability, chlorophyll stability,
photosynthesis activities of nitrate reductase, glutamate dehy-
drogenase and glutamine synthetase as compared with C306.
Under moisture stress C306 showed higher metabolic activity
than HD2428 and a better recovery following irrigation for
most of the measured traits. C306 is associated with its ability
to maintain high relative water content, metabolic activity and
membrane stability under conditions of water stress (Sai-
ram, 1994). Water stress alters the equilibrium between free
radical production and the enzymatic defence reaction in
wheat species and also that hexaploids have less efficient an-
tioxidant system than tetraploid and diploid wheat (Zhang
and Kirkham, 1994). Activities of Superoxide dismutase
(S0D), Catalase (CAT) and Peroxidase (POD) can be used as
a parameter of membrane damage by free radicals.
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4.5 Water use efficiency (WUE) and car-
bon assimilation

The amount of growth occurring when rainfall is limited de-
pends on the ratio of assimilation rate to the transpiration
rate. The term WUE represents the ratio of carbon gained to
water lost by a single plant, it is usually reserved in a crop
content for the ratio of carbon accumulated to the total water
used, including soil evaporation. The differences for WUE
were demonstrated in species and among the cultivars within
species very eary in this century (Briggs and Shantz,
1914). WUE simply involved measurement of plant dry
weight and of the pot weight. Although simple in concept, it
is tedious to apply on the large scale that is required for selec-
tion by breeders, however, in recent studies on genetic varia-
tions seen at single leaf and single piant level this could not
be verified at field level (Jarvis and McNoughton,
1986). This may be due to the interaction of several other fac-
tors, such as leaf wax, cuticular transpiration, stomatal control
influencing transpiration and assimilatory organs e. g. awns
which have far better transpiration efficiency than glumes and
flag leaves (Blum, 1985).

A recent approach of leaf isotopic carbon ratio (13C/120)
can be predictive of the genotype’s WUE, which is extremely
important (Farquharand Richards, 1984; Farquhar
et al., 1989). The theory predicts that the amount of discrimi-
nation is determined by the intercellular partial pressure of
CO2 in C3 plants which is then regulated by variation in both
stomatal conductance and assimilatory capacity (Farquhar
et al., 1982). Measurement of carbon isotope discrimination to
estimate total growth relative to water use has many features
attractive to breeders. It can be determined on fresh or stored,
immature or mature plants, leaves, stems, or grains providing
plant material was grown in the same environment. A particu-
lar advantage of this approach is that the plant need not nec-
essarily be water stressed when analysed. On the other hand,
the analysis requires an expensive instrument (ratic mass
spectrometer) that is not readily available to most breeders.

The potential use of this technique will depend primarily on
the criteria such as, it must be correlated with WUE in large
field plots, hence, data in this regard is not available (Far-
quhar et al, 1989). Secondly, there must be variation for
this trait, and it must have insignificant pleiotropic effects.
Blum (1989) indicated sufficient variability for this trait in
wheat but information on its linkage with other traits is lack-
ing. Since the measurement of carbon isotope discrimination
integrates the diffusion of CO2 and H20 into and out of leaves
in relation to assimilatory capacity over an entire growing sea-
son, it may have considerable potential in plant breeding but
it is too early to understand its significance
4.6 Tissue and cell culture

Studies on the possibilities of using tissue and cell cultures
in selection of drought resistance in wheat are just emerging.
The procedure involves the selections of cell cultures or cal-
luses under osmotic stress applied by polyethylene glycol
(PEG). Handa et al. (1983), Mohamad and Nabors
(1991) and Scott et al. (1992) showed that cells or calluses
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tolerant to PEG stress can be obtained. Resistance indicated
by PEG stress is largely dependent on osmotic adjustment
(Blum, 1988), however, resistance was lost upon passage to a
non-stress medium (Hasegawa et al, 1984). Tuchin
and D’yachak (1994) described a method for producing
resistant forms that involve a single selection cycle on selec-
tive medium with 20 per cent PEG.

The adaptive properties of yield traits of 50 somaclones pro-
duced by selection for resistance to low water potential in cal-
lus cultures of spring bread wheat variety Ershovskaya are be-
ing examined. The genetic improvement of osmotic adjust-
ment in cell or tissue culture may be feasible in the future
only if the resistance can be recovered and stabilized in the
regenerated plant.

5 Field versus laboratory parameters

Plant breeders have long looked to the physiologists for the
resolution of drought resistance into major components, and
for development of screening techniques enabling selection
for these components. There has been no lack of competitive
physiological research identifying the many component pro-
cesses that appear to contribute to survival or productivity
and may be seen in the books edited by Mus-

acid (ABA) genotype ciano 67 in low ABA recipient Chinese
spring, results showed that the chromosome 5A carries gene
(s) that have a major influence on ABA accumulation in a
drought test with detached and partially dehydrated leaves
(DLT). Analysis of variance confirmed the location of the
gene(s) on the long arm of chromosome 5A. MADMAKER
QTL showed that the most likely position for ABA QTL is to
be between loci XPSR575 and XPSRU26 about 8cm from
XPSRU26. Plants respond to different environmental stress
stimuli by rapid synthesis of stress proteins which are hypoth-
esized -to have a protective function in cellular metabolism.
The nucleotide sequence of a wheat DNA clone (P Tawsp 23)
encoding such a protein WSP23 whose transcripts rapidly ac-
cumulate during water stress is presented by Joshi et al
(1992).

6 Conclusions

Breeding for drought resistance is difficult to achieve by us-
ing single criterion of yield performance under stress, there-
fore, physiological criteria must be used in selection. Since
yield potential has no effect on yield performance under
drought stress, the ideotype must be drought resistant and of

sels and Staples (1979), Turner and
Kramer (1980), Srivastava et al. (1987,
Baker (1989, Jones et al. (1989) and Behl
(1994). Although a large number of screening
tests have been devised, their effective use in
plant breeding programmes is still lacking. It may
be due to the fact that (I) genetic analysis has not
complemented for most of the physiological tech-
niques, and (ID many crop physiologists and
plant breeders are too far in their concept that se-
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level is not likely to result in better performance
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portance of drought resistance under laboratory
conditions will reflect their performance under
field conditions, and at least as rapidly as the em-
pirical selection process. Morgan (1983) has
shown that selection for high osmoregulatory abil-
ity in wheat can result in substantially greater
yield under drought conditions than the lines with
low osmoregulation, but whether a such relation
will lead to better performance than that by exist-
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ing adapted varieties, or faster improvements than
that by empirical selections remains to be seen.
The same holds true for various other tech-
niques, namely, vascular resistance (Richards
and Passioura, 1981) resulting in conserva-
tion of more water until the later stages of crop
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growth. Quarrie et al (1994) examined a series

of chromosome substitution lines of high abscisic  Figure 1:
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a reasonably high yield potential. Therefore, under the envi-
ronments having unpredictable and/or mild drought stress,
potentially high yielding genotypes that carry some elemen-
tary properties of drought adaptation (proper phenology,
deeper roots, reduced leaf area etc.) may be desirable. But for
more dry areas the components of drought resistance must be
increased. Although the survival traits are of limited value
where production rather than survival of the species is con-
cemned, these can be included in the environments with inter-
miltent water stress as they delay the time of plant death. To
be suitable, such traits should have (I) a much greater herita-
bility than yield, (II) an appreciable correlation with yield,
and (Il easy and rapid assessability over the range of envi-
ronments likely to be encountered over seasons and loca-
tions.

In order to develop a general breeding strategy in segregat-
ing generations, selection for yield potential and general agro-
nomic traits should be carried out at initial segregating gener-
ations preferably up to F4 and then for drought resistance
(Blum, 1989). This is also consistent with the fact that most
practical selection methods for drought resistance do not fit
single plant selection and are therefore, appropriate at more
advanced generations (Figure 1).

Due to the lack of a single physiological selection criterion
for drought resistance, the construction of a multiple selection
index should be considered that takes into account the target
environment, the physiological issues involved and the availa-
ble methodology. Recent developments in the direct of prob-
ing of plant production processes and further research into
the physiology biochemistry and genetics of drought resis-
tance may open the way for upgrading the selection system in
the future. By employing optimum bombardment conditions
and improved methods for somatic embryogenesis from scu-
tellar tissue of immature zygotic embryos, wheat transforma-
tion has now been accomplished in several leading laborato-

ries around the world (Nehra et al, 1995). This break-,

through marks the beginning of a new era for wheat improve-
ment through molecular approaches.

Genuine progress in the direction of an effective use of wa-
ter and nutrients by plants can only be achieved if plant
* breeders finally consider criteria related to an improved re-
sponse of cultivars in their breeding activities (E1 Bassam,
1995).

Zichtung von Weizengenotypen fir wasserdefizitire
Gebiete

Das Heranziehen physiologischer Kriterien ist fiir die Selek-
tion trockenresistenter Genotypen unerli$lich, da die Ziich-
tung auf Durreresistenz durch Berlcksichtigung von aus-
schlieflich einzelnen Faktoren nicht durchzufhren ist. Der
Idealtyp mus8 neben einer hohen Trockenresistenz ein ange-
messenes Ertragspotential aufweisen. Aus diesen Griinden
sind Genotypen, die ein hohes Entragspotential sowie einige
Eigenschaften fiir eine Anpassung an wasserdefizitire Umwel-
ten wie angemessenene Phiinologie, tiefe Wurzeln, reduzierte
Blattfliiche etc. besitzen, wiinschenswert.
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Bei der Entwicklung einer aligemeinen Ziichtungsstrategie
fir die aufspaltenden Generationen, sollte vorzugsweise bis
zur F4-Generation das Schwergewicht auf die Selektion von
Ertragspotential und allgemeine agronomische Eigenschaften
und dann erst auf die Selektion der Merkmale fir eine
Trockenresistenz gelegt werden.

Dies stimmt auch mit dem Tatbestand iiberein, daR die mei-
sten angewendeten Selektionsmethoden fiir Trockenresistenz
sich nicht fir Einzelpflanzenselektion einsetzen lassen, son-
dem nur fiir fortgeschrittene Generationen geeignet sind.

Aufgrund des Fehlens von einzelnen physiologischen Selek-
tionskriterien fiir Trockenresistenz solite die Erarbeitung eines
vielfiltigen Selektionsindexes, der die Umwelt, die beteiligten
physiologischen Vorginge und somit die verfligbaren Metho-
den berticksichtigt, in Betracht gezogen werden.

Neueste Entwicklungen bei der Priifung direkter Pflanzen-
produktionsprozesse sowie weitere Forschungen im Bereich
der Biochemie und Genetik der Trockenresistenz werden den
Weg fiir eine Verbesserung der Selektionssysteme in der Zu-
kunft frei machen.

Durch die Optimierung der Techniken in der Genubertra-
gung und durch die Verbesserung der Herstellung von soma-
tischen Embryonen aus dem Scuttelum-Gewebe unreifer zy-
gotischer Embryonen, wird die Transformation des Weizens
jetzt schon in einigen fihrenden Laboratorien der Welt durch-
gefithrt.

Dieser Durchbruch markiert den Beginn eines neuen Zeitab-
schnittes, der die Verbesserung des Weizens mit Hilfe von
molekularen Methoden vorantreibt. Ein entscheidender Fort-
schritt in der Richtung einer effizienten Wasser- und Nihr-
stoffausnutzung der Pflanze kann aber nur erreicht werden,
wenn die Ziichter Kriterien fiir diese Eigenschaften in ihre
Zichtungsaktivititen einbauen konnen.

Literature

Acevedo, E. P, Perege-Macco and E. Ooseron
(1988): International Congress Plant Physiol. - New Delhi, In-
dia, 15-20.

Baker,F. W. G. (1989): Drought resistance in cereals (ed.). -

.CAB International, U.K.

Baldocchi,D. D, Verma, $.B, Rossenberg,N. ],
Bold,B.L, Garey, A. V.and Specht, J. E. (1983): Ag-
ron. - J. 75, 537-543.

Behl, R K. (1994): Crop tolerance to abiotic stresses (ed.). -
CCS, H.A.U,, Hisar, Haryana, India, 1-216.

Behl, R. K, Chaudhary, B. D. and Singh, D. P.
(1992): Rainfed Wheats: Constraints and opportunities. - Ann.
Biol. 8, 1-11. _

Bidinger, F. R, Mahalakshmi, V. and Rao, G.D.P.
(1987): Aust. J. Agric. Res. 38, 37-59.

Bidinger, F. R, Musgrave, R B.and Fisher,R A.
(1977): Nature (London) 270, 431-433.

165



Bidinger, F.R. and Witcomb, J.-R. (1989): In: F.W.G.
Baker drought resistance in cereals (ed.). - C.A.B. Internation-
al UK, 151-164. _

Blum, A. (1985): Critical Reviews in Plant Science 2, 199-238.
Blum, A. (1988): Plant Breeding for Stress Environments
(ed.), CRC Press Florida.

Blum, A. (1989): In: H. G. Jones, T.J. Flowers and Jones,
M. B. (ed.), Plant under stress. - Cambridge Uni. Press, New
York, 197-216.

Blum, A. and Pneul, Y. (1990): Aust. J. Agric. Res. 41,
799-810.

Briggs,L.J.and Shantz, H.C. (1914): ]. Agric. Res. 3, 1-
64.

Cedola, M. C, Iannucci, A:, Scalfati, G.,, Sopra-
no, M. and Rascio, A. (1994): J. Genet. and Breed. U8(3),
229-235.

Chai, S. X, Wang, D. X, Chai, 5.C. (1993): Acta-Agri. -

Boreali Sinica 8, 1-6.

Clarke,J. M. (1987): In: Drought tolerance in winter cereals
(ed), J. P. Srivastava, E. Porceddu, E. Acevedo
and S. Verma. - John Wiley and Sons, New York, 171-190.
Clarke,J. M. (1992): Crop Sci., 32 (6) 1457-1459.
Cooper,M, Byth,D. E. and Woodruf, D. R. (1994): Aust.
J. Agric. Res. 45(5) 985-1002.

Dalton, L. G. (1967): Crop Sci. 7, 271

Deshmukh, P. S, Sairam, R. K and Sukha, D. S.
(1991): Indian J. Plant Physiol. 35 (1).

Dhanda,S. S. (1993): Studies on genetics of morphophysio-
logical and biochemical characters associated with drought
tolerance in wheat ( Triticum aestivum L.). - Ph. D. Thesis,
H.P. Krishi Visva Vidhalya, Palampur (H. P.) (un-
published).

Dib, T. A, Monneveux, P, Acevedo, E and
Nachit, M. M. (1994): Euphytica, 79, 65-73.

Ebercon, A, Blum, A. and Jordan, W.R. (1977): Crop
Sci 17, 210.

Eberhart, S. A. and Russel, W .A. (1966): Crop Sci. 6,
36-40.

Edmeads, G. O, Balones, ], Lafitte, H. R, Raja-
ram, S.,, Pfeirffer, W. and Fisher, R. A. (1989): In:
F.W.G. Baker (ed.), Drought resistance in cereals. - CAB Int.
France, 27-52.

El Bassam,N.(1995):In: R H. Leigh and M. Blake-
Klaff (eds.). - STRESSNET, European Commission, VI /6660
/95-EN, 237-242. ,

Evans, L. T. (1981): Yield improvement in wheat. - In: L. T.
Evansand W. J. Peacock (ed.). Wheat Science today and
tomorrow. - Cambridge Uni. Press, UK., 203-231.

Evans, L. T, Visperas, R. M. and Vergara, B.S,
(1984): Field Crop Research 8, 105-124.

Farquhar, G. D. and Richards, R. A, (1984): Aust. J.
Plant Physiol. 11, 539-552.

166

Farquhar, G. D.,, Wong, S.C, Evans, J. R. and Hu-
bic, KT. (1989). - In: H. G. Jones, T.J. Flowers and
M. B. Jones (ed): Plant under stress. - Cambridge Uni.
Press, 47-70.

Farshadafar, E, Galiba, G, Kozegi, B. and Sut-
ka,J. (1993): Cereal Res. Comm. 21, 323-330.

Finlay,K W.and Wilkinson (1963): Aust. J. Agric. Res.
29, 897-912. :
Fischer,R A.and Maurer (1978): Aust. . Agric. Res. 29,
897-912. '

Fischer,R A and Wood,]. R (1979): Aust. J. Agric. Res.
30, 1001-1020.

Flagella,Z, Pastore,D.,,Campanile,R.and Fon-
zo, N.DL (1992): ]. Genet. & Breed. 46, 21-27.

Flagella, Z, Pastore,D.,, Campanile,R and Fon-
zo, N.DL (1994): J. Agric. Sci. 122(2), 183-192.
Flower,D.]J.and Ludlow, M. M. (1986): Plant Cell Envi-
ron. 9, 3340.

Gunasekera, D, and Berkowitz, G. A. (1992): Plant
Science (Limerick) 8661, 1-12.

Handa,A K, Bressam,R. A, Handa, S. and Hase-
gawa, P. M. (1983): Plant Physiol. 73, 834-843.
Hasegawa, P. M, Brassan, R A, Nanda, S. and
Handa, A. K. (1984): Hort. Sci. 19, 371-377.

Hsiao,T. C.(1973): An. Rev. Plant Physiol. 24, 519-570
Hurd, E. A. (1974): Agric. Materiol. 14, 39-55. .
Innes,P.and Blackwell,R. D. (1983): J. Agric. Sci. 101,
367-376.

Jarvis,P.S.and McNoughton, K. G. (1986): Adv. Ecol.
Res. 15, 11-49.

Jones,H. G.(1980): In: Turner,N. C.and Kramer, P.
J. (eds.). Adaptation of plants to water and high temperature
stress. - John Wiley, New York, 353-365.

Jones, H. G. 1987): In: Zeiger,E P, Farquhar, G
D.and Cowan, L. R. (eds.). Stomatal functions standard. -
Univ. Press, USA, 431-433.

Jones,H. G, Flowers, T. J. and Jones, M. B. (1989):
Plant under stress (ed.). Cambridge Uni. Press, UK.

Joshi, C. P, King, S. W. and Nguyen, H. T. (1992):
Plant Science (Limerick) 86(1), 71-82.

Labuschgne,M. T.,and van Deventer, C. S. (1992):
J. Agro. & Crop Sci. 168(3), 153-158.

Lawlor,D. W, 1987: In: J. P. Srivastav, Perceddu,
E., Aceredo,E. and Varma, S. (eds.). Drought tolerance
in winter cereals. - John Wiley and Sons, 227-240.

Ludlow, M. M. and Muchow,R. C. (1988): In: F. R. Bi-
dinger and C. Johensen (ed.). Drought research priori-
ties for the dryland tropics. - ICRISAT, India, 179-211.
Ludlow, M. M. and Muchow, RC. (1990): Adv. Agron.
43., 107-149.

Ludlow, M. M,, Santamaria, J. M. and Fukai, S.
(1990): Aust. J. Agric. Res. 41, 145-168.

LANDBAUFORSCHUNG VOLKENRODE



Mahalakhsmi, V.and Bidinger, F. R. (1985): J. Agric.
Sci. Cambridge 105, 437-445.

Makoto,T, Craver,B. F, Johnson,R C and Smi-
ty, E. L. (1990): Euphytica 49, 255-262.

. McCaig,T.N. and Ramagosa, T. (1991): Crop Sci. 31,
1583-1588.

Mohamad, A. S. and Nabors, M. W. (1991): Plant Cell
Tissue and Organ Culture 26, 185-187.

Morgan,J. M. (1983): Aust. J. Agric. Res. 34, 607-614.
Morgan,]J. M. (1989): In: FW.G. Baker (ed.). Drought re-
sistance in cereals. - CAB Int. UK, 27-52.

Morgan,]. M, Hare,R. A. and Fletcher, R. J. (1986):
Aust. J. Agric. Res. 37, 449-457.

Muchow,R. C. (1989): Field Crop Res. 20, 207-219.
Mussels, H. and Staples, R. C., 1979: Stress physiology in
crop plants (eds.), John Wiley and Sons.

Nehra,N. S, Chibbar,R N.and Kartha, KK. (1995):
Plant Breeding Abst. 65 (6), 803-806.

Passioura, J. B. (1977): J. Aust. Inst. Agric. Sci. 43, 117-
121.

Passioura, J. B. (1983): Agricultural Water Management 7,
265-280.

Premchandra, G. S, Sameoka, H. and Ogata, S.
(1990): J. Agric. Res. Cambridge. 115, 63-66.

Quarrie, S. A, Gulli, M., Calestani, C, Steed, A,,
Marmiroli, N. (1994): Theor. Appl. Genet. 89 (6), 794-800.
Richards,R A. (1987): In: J. P. Srivastava, E. Aceve-
do,E. Porcedduand S. Varma (eds.). Drought tolerance
in winter cereals. - Wiley and Sons, New York, 133-160.
Richards,R A and Passioura, J. B. (1981): Crop Sci
21, 249-252.

Ritchie, S. W., Nguyan, H. T. and Holiday, A. S.
(1990): Crop Sci. 30, 105-111.

Saddalla, M. M,, Shanahan, J. F. and Quick, J. S.
(1990): Crop Sci. 30, 1243-1247.

Sadiq,M. S, Siddiqui,K A, Arain,C. R and Azo-
ni, AR (1994): Plant Breeding 113 (1), 36-46.

Sairam, R K. (1994): Indian J. Exp. Biol., 32 (8) 594-597.
Santamaria, J. M, Ludlow, M. M. and Fukai, S.
(1990): Aust. J. Agric. Res. 41, 249-267.

Schonfeld,M. A, Johnson,R C, Craver, B. F. and
Mornhinweg(1988): Crop Sci. 28, 526-531.

Schulze,E. D.(1988):In: F. R. Bidingerand C. John-
s en (eds.). Drought research priorities for dryland tropics. -
ICRISAT, Patancheru, India, 159-177.

Scott,K.J,, He,D. G.and Yang, Y. M. (1992): In: Y.P.S.
Bajaj (ed.). Wheat. Springer Verlag, F.R.G., 46-47.

Sharma, R C.and Lafaver, N. N. (1992): Euphytica 59,
1-8.

Sinclair,T.R and Ludlow, M. M. (1986): Aust. J. Plant
Physiol. 13, 329-341. '

LANDBAUFORSCHUNG VOLKENRODE

Singh,M, Srivastava,J.P.and Kumar, A (1990): In-
dian J. Plant Physiol. 33(4) 312-317.

Srivastava, ]J. P, Acevedo, E, Porceddu, E. and
Varma, S., 1987: Drought tolerance in cereals (eds.). - John
Wiley & Sons, New York.

Sullivan, Y. C. (1971): In: K. L. Larson and J. D.
Eastin (eds.). Drought injury and resistance in crops. - Wis-
consin, USA.

Sullivan, Y. C. and Ross, W. M. (1979): In: Mussell
and R. C. Staples (eds.). Stress physiology in crop plants. -
John Wiley & Sons, New York.

Tuchin,S. V.and D’yachak, D. A. (1994): Sel skokhoz-
yaistvennaya Biologia. 5, 21-23.

Turner, N. C. and Kramer, P. J. (1980): Adaptation of
plants to water and temperature stress. - John Wiley, New
York, 33-42.

Turner,N. C. (1986): Adv. Agron. 39, 1-51.

Turner,N.C and Nicholas, M. E. (1988): In: J. P. Sri-
vastava, E. Porceddu,E. Aceredoand S. Varma
(eds.). Drought tolerance in winter cereal. - Wiley Chicester,
UK., 203-216.

Winter, S. R, Music, T. J. and Porter, K. B. (1988):
Crop Sci. 28, 512-516.

Wright, G. C. and Smith, R G. C. (1983): Aust. J. Agric.
Res. 34, 627-636.

Zhang,].X,and Kirkham, M. B. (1994): Plant and Cell
Physiology. 35 (5) 785-791. ’

Authors: Dhanda, Satvir Singh; Behl, Rishi Kumar,
Department of Plant Breeding, CCS Haryana Agricultutal Uni-
versity, Hisar/India; EL Bassam, Nasir, Dr. agr, Institute of
Crop Science, Federal Agricultural Research Centre Braun-
schweig-Volkenrode (FAL), Head in charge: Professor Dr. Dr.
Jean Charles Munch.

167





