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Abstract:

Six spring wheat (Triticum aestivum L.) cultivars were studied for characteristics associated with
drought resistance under dryland in 1986 and 1987. Three of them were hypothesized to be resistant
and three susceptible to drought on the basis of regression analysis. Leaf water saturation deficit, leaf
diffusive resistance, plant canopy temperature, leaf water potential and soil water depletion were
measured. Cultivars differed in leaf diffusive resistance, water saturation deficit, grain yield, kernel
weight and kernel number. Leaf diffusive resistance was higher while water saturation deficit was
lower for the resistant cultivars. Leaf diffusive resistance and water saturation deficit have some
potential for differentiation between drought resistant and susceptible cultivars. Both are feasible,
non-destructive and efficient methods that are useful in screening large numbers of genotypes for their
resistance to drought.

Leaf desiccation with 2% sodium chlorate was also used to simulate drought stress. Plants were
sprayed at booting, heading or flowering stages. Reductions in resistant and susceptible cultivars were
similar. In 1986 reductions by the desiccant for grain yield, kernel weight and kernel number were
24.2,21.1 and 19.4% in resistant cultivars and 26.4, 21.6 and 22.6% in susceptible cultivars,
respectively. In 1987 reductions for grain yield, kernel weight and kernel number were 24.9, 22.0 and
23.3% in the resistant cultivars and 26.4, 24.2 and 26.0% in the susceptible cultivars, respectively. Leaf
desiccation from sodium chlorate appears to simulate some aspects of drought stress.
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" ABSTRACT

.8ix spring wheat (Triticum aestivum L.) cultivars were studied
for characteristics associated with drought resistance under dryland
in 1986 and 1987. Three of them were hypothesized to be resistant and
three susceptible to drought on .the basis of regression analysis.
Leaf water saturation deficit, leaf diffusive resistance, plant canopy
temperature, leaf water potential and soil water depletion were
measured. Cultivars differed in leaf diffusive resistance, water
saturation deficit, grain yield, kernel weight and kernel number.
Leaf diffusive resistance was higher while water saturation deficit

was lower for the resistant cultivars. Leaf diffusive resistance and
water saturation deficit have some potential for differentiation
between drought resistant and susceptible cultivars. Both are

feasible, non-destructive and efficient methods that are useful in
screening large numbers of genotypes for their resistance to drought.

Leaf desiccation with 2% sodium chlorate was also used to
simulate drought stress. Plants were sprayed at booting,- heading or
flowering stages. Reductions in resistant and susceptible cultivars
were similar. 1In 1986 reductions by the desiccant for grain yield,
kernel weight and kernel number were 24.2, 21.1 and 19.4% in resistant
cultivars and 26.4, 21.6 and 22.6% in susceptible cultivars, respec-
tively. 1In 1987 reductions for grain yield, kernel weight and kernel
number were 24.9, 22.0 and 23.3% in the resistant cultivars and 26.4,
24 .2 and 26.0% in the susceptible cultivars, respectively. Leaf
desiccation from sodium chlorate appears to simulate some aspects of
drought stress.




INTRODUCTION

Growth is the integrated effect of many factors in plants, any of
which may restrict it. ‘DeéreasedAwater supply to plants, for examﬁle,
generally leads to decreased leaf water poténtial (¢f), iﬁcréésed
stomatal diffusion resistance (Rs), and thus reduced growth. The
aegree of stress that reduces growth varies among plant species.
Plant breeders'screening for improved drought resistance need methods
of assessing water stress that are both rapid and capable of detecting
realhgenotypic differences. The availability of commercial instru-
ments for measurement of leaf diffusive resistance, leaf temperature
and leaf water potential has facilitated the routine measurement of
these characteristics.

Adjei and Kirkham (1980) found that a drought resistant winter
wheat cultivar had higher stomatal resistance than a drought suscep-
tible cultivar for part of the growth cycle. Ehrler et al. (1978)
found that wheat canopy temperatures provided a good indication of
differences in the-plant water potential. Lower leaf water poten;ial
resulted in increased canopy temperature. Water loss rate from
excised leaves often differentiated between droughp resistant and
susceptible wheat cultivars.

The objectives of the present study were:

1. To evaluate the physiological characteristics of sig spring

wheat cultivars for drought resistance using different




2
commercially available instruments.
To examine tolerance of spring wheat to drought stress

e

induced by a chemical desiccant.




LITERATURE REVIEW

. Many . techniques have been usédvtb measure water stréss in wheat
(Triticum spp.) plgnts."These techniqqes include méasufement of leaf
" water content or’ éaturatién deficié (Dedio,  1975), leaf diffusive
resistance (Jonéé; 1977);'&atér potenfialikKaui, 19695, température
(Ehrler et al., 1978), and artifiéially induced drought (Blﬁm et al.,
. 1983aand b).’ | : '
& S&il méistufé availabiiity often limits productivity in dryland
“whgat puituré. As a- consequence, considerable research-effort has
xBeen focused on increasing yiéld performance under -sub-optimum

moisture conditions through selective pressure on the gene pool.

Hanson and Nelson (1980) examined agronomic, .physiological and

5ioqhemica1 approaches'that could be used in a breeding program for
‘ éssessing éendtypic sensitivity to drought. They suggested that an
ideal screening test be:

1. Rapid, agcuréte,_énd able ‘to handle'large numBers of samples

duripg the season.

2. ‘Appliéablg early in.the development of the plant.

3. Nondestructive.

Species and genotypic differences in response to drought stress

. have been .identified with"respect' to several physiological and

morphological characteristics. Although numerous authors have

' éxamined the responses of wheat plants to water stress and suggested
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.various mechanisms that may -result in improved drought resistance,
there is no qlear understanding of the-morphologicai and physiological
characteristics that are responsible for differential responses to

stress.

Water Saturation Deficit (WSDé

Plants are deéigned to extraét water from the soil and maintain
an optimum water gtatus. The dynamic water content of plants is the
differenée betwéen tfanspiration~apd root uptake{ therefore, plants
‘thét can sufvi&e in very dr& areas'must-have efficient systems both to
extract watef and prevent‘unnécessafy loss.

Water loss rate from excised leaves has shown promise for charac-
terizing drodghf resistance of wheat genotypes. Bayles et él. (1937)
were the first to use -the water.loss from excised leaves to evaluate
drought tolerance in ﬁheat, Clark and McCaig (1982) found that
'differences between cultivars in water retention were expressed better
for plants grown in stressed.than in non-stressed environments.
Kirkham et al. (1980) concluded that thevstage of growth and position
of sampled leaves affect the water retention ability. It is necessary
that leaves - from the same position and plants of the same physio-
logical age be used for comparing water retention ability.

Results obtained by Bayles et al. (1937) and Clark and McCaig
k1982) showed that more drought tolerant wheat cultivars had greater
water retention than drought susceptible cultivars. bedio (1975)

showed that the cultivar Pitic 62 had higher water retention
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capability, while, among cultivars grown in the field, "Clark and
McCaig (1982) foq'.nd' Pitic 62 to have relatively low retention
. éapability.

Several studies have indicated that water status of intact
" (Schonfeld et al., 1986)' or excised: (Dedio, 1975; Kirkham et al.,
1980; Jaradat and Konzak, 1983; Clz?.rk and McCaig, 1982) leaves may be
':relatedgto drought resistance. These techniques are éften labor-
intensive and not well suited to large scale breeding programs.
Partial automatiqln‘_using micrgcgmputers signifj.cantly decreased the
measurement time (.Clhark and Mc(ll‘ai‘g, 1982); and c'ompllete automation

allowed even more detailed stuciy (McCaig, 1986).

Leaf Diffusive Resistance (Rs)

Storﬁatal diffusive resistance has long been recognized as é key
variable influencing leaf gas exchange through its regulation of
water vapor and COé diffusion. Many researchers. have shown severe '
plant water deficits are assqciated with increases in stomatal resis-
tance. However, much less data exist to describg stomatal response
during relatively mild plant ‘watéer “deficits, especially under field
conditions.

Fischer et al. (1977) suggested that at least 10 autoporometer
‘diffusive resistaﬁc;a readings per genotype are needed to detect
cultivar differences in wheat because of high standard deviation.
(Newer instruments may be better.) Both Fischer et a.tl. (1977) and

Sojka et al. (1979) found that the stability of leaf permeability or




#lgiffﬁsive"fésisféncé'6vef.seye#ér héufs duriﬁg fﬁe midday.fériqd o
.;jéliowllarggxﬁumbéfsﬁgf?ﬂgégpminatiéﬂszfo Beimgde in 6ne'day,,.In a‘
co'ntlf:o,lled. "fe'nvi;@m"ﬁe;r{t, experimehg,’-Adjei and Kirkham (19;80) found that
a Q£odght ;ééistanﬁ cultivér.hgd higher stpmatal ?esistanée than a
.;Qrnght seﬁsiti%é cultivgf fo; péyt of ﬁhe growth éycle.‘ ﬁoﬁever,
.;iﬁﬁépfregapioﬁ of 1eéf‘diffusiye fesistancéyrésults ié_dependent upon
,beéh[enﬁiféngentléﬁa ﬁiént age. | -
To quantify_tﬁe reséonsg of stomata with hhaﬁges in plant water
‘status, man&uaftempfs were made tp'rglatg'étométal fesistan¢é3to:the
' fhermbdynémic stgﬁerf,ieaf wétéf. Howevér, Sipclaif and . Ludlow
(1985) éuggestéd”that relatiﬁe‘ﬁater contént might be a better
indicator of 1eaf Water'séatus than the;thermodynamic state Variéble;.
.- Research. on nuﬁerbus crop-species‘has'Eorrelated stomatal resis-
: tghcé and leaf water ;tatuéfv Generally, stomatal resistance increaées
bnly after a ‘threshold leaf wéter-;or' turgor ‘potential is attained
(Baldocchi ét al., 1985: Brown and Jordaﬁ; 1976; Hsiao" and Acevedo,
1974; Jordan'et'éll,:l975;-Markh;rt,'1985;'Radin and Ackefson, 19&1;
ieare et al.; 1982; Turner, 19745.'- |
Under WellSWatefed qonditions, Shimshi and Ephratv(i975) fouﬁd.
th;t leaf diffuéive ;ésistqncé was negatiygly correlated with yield.
.-Fischerrand'Woéd (19?9)'fqund few significant coéxelations Betweén
- yieid ;nd_diffuéiﬁe résisfan;e;. It.éépear; fhat.iﬁterpréfation'of
1eéf'diffu§iye résistahce results i; dependent upon Both_;nvirqnment

-and plant age.
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Leaf Water Potential (i)

Pre.s.sure chamber _techniques are wide‘l‘y‘_ used to .rﬂeasure' water
p’otentia}l of leaves in physiological,- agrohomical a'nd"ecollog-i'cal
studies - (Ritehie an(i Hinckley.-,’ 1975').' ) ‘fhe technique .rpeasure's" the -
'w_.atele .potentiel of. the xylem sap (Ritc'h.ie and Hinck‘le‘y, 19‘75).: If
osmetie<potential of -the ap__oﬁléstic waeer is ciese to .z,e\l_:o, ":enoggh
’ t%’.me 1s taken- to degrade any "gr_adierits of leaf water poi:entiel. _iItli 'ehe
.l'e‘.‘af:",':-.a‘ﬁd transpiration is ‘sjnilaii-'or r_lc_me'x'ié:;cent‘:, then the water
potentlal of éﬁe_.‘x};lem .‘s‘ep 'a'_s measured b}; the éressure chamber should
beclose fo the wafer' i:ge-é-éntz:,,i'a]i‘:.o:f the leaf celle‘.i\ "'I‘fot‘gni .A.-:w:;a;e:e\r‘-‘
-p’o't'eﬁ.tie.-i meaeured by tﬁe ':press.{-i‘r-evehamber4usua11'y-a{gr‘ees w1thresu1ts
.frijom- the thermocouple psyc‘hrpm'eter'-, (Ritchie -and Hinekle‘yA;‘ ‘19,75_'7‘).,_‘_ A
recent report, however, has ‘Sugg'ested that the]_:el 'ce'n be ‘d"ise.repancies,‘
‘partieularly when the leaves .are transpiring rapidly '(Ishiﬂare~and
_H'J'_;rasawé, 1978). |

Ri‘tehie and.Hinckley (1975) have described a number of possi.ble
~ sources of error-.' in .the estimation of water potentials by preseure
chambers.’ These 'include_ the ‘1.oss of t;rater; and the consequent
lowering of water potential, "after excision (Baughn and Tal;lner,
1976.). Water loss from excision is reported to lower the water
potential by 0.1-0.2 MPa in a renge of species (Goode, 1968; .Jor'd.an',
1§7_(5, Gandar and Tanner, 1976).‘. Reducing the time between e}.ici‘s‘—i‘on
and ' placing. the leaf in the chamber to less than 30s and reduciri‘g
water loss in the chamber itself By lining tbe chamber-with‘we_t filter

paper minimizes the errors from water loss after excision.
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In spite of these minor technical problems, many studies have
shown that %; plays a direct role in controlling plant growfh kBoyer,
1968; AqéVedo et al., 1971). Boyer (1976) reported that leaf enlarge-
ment of corn (Zea mays L.), séybeahs [Glycine max (L.) Merr.]:and
sunflower (Helianthus spp.) was inhibited when ¥; dropped below -4
bars. After these plants were rewatered, their rate of enlargement
was not equal to that of control plants. Acevedo, Hsiao and Henderson
(1971) noted that corn leaf elongation decreased "gradually to zero
over a f;nge of -2.8 to -7.0 bar‘¢T, but ﬁpon relief of stress, rapid
growth completely compensated for reduced growth during the stress
périod. They concluded stress séverefenough ‘to reduce corn,gfdwth héd
no adverse effect on subsequent metabolic prdcesﬁes. Also, Dube et
al. (1974) found that more drought resistant lines of corn (Zea mays
L.) were capable of maintaining highe£ leaf water potentials further

into the stress period.

Canopvy _Temperatures

'Energy exchange by radiation, convection and transpiration
détermipes leaf aﬁd canopy temperatures of crop. plants. Many envi;on-
mental variables, including wind speed, solar radiation, soil moisture
aVailabiiity, and ambient air femperétures‘influence the leaf tempera-
ture of a given plant type.

It has been -shown that .transpiration reduces leaf temperature
considerably (Tanner, 1963; Gates, 1964; Pallas et al., 1967; Van

Bavel and Ehrler, 1968; Slatyer and Bierhuizen, 1964). When water
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deficits develop in the leaves, stomates close progres'sivély,
transpiration is reduced, and hence leaf temperature rises.

Canopy temperatures measured with a remote infrared thermometer
have been used tc; predict; yields for a number of years. Idso et al.
(1977), for example, showed that the cumulative sum of midday _caﬁopy
(Tc) minus air temperature (Ta) values over the grair; filling perio-d
was inversely correlated with final grain yield of a durum wheat,

Triticum produra Desf. Leaf minus air temperature (Tl-Ta) was

correlated with plant-water stress (Ehrler .and Van Bavei, 1967; Bléd
and Rosenberg, 1976). Ehrler- et al. (1978) reportedl-that maximum
values of Tl-Ta or Tc-Ta are obtained in- the afternoon at 1400 h .and
that measurements taken at that time represent the whole‘d'ay of

plant-water stress. In durum wheat (Triticum durum Desf.) Ehrler. et

al. (1978) found that (Tc-Ta) and plant-water potential were signifi-

cantly correlated. For barley (Hordeum vulgare L.) and soybeans

[Glycine max (L.) Merr.] Millar et al. (1971) and Carlson et al.
.(1972).’ 'respectively, showed a significant correlation betweep leaf
temperature and water saturation deficit of leaves. Si_milarly,
Wiegand and Namken (1966) reported that a decrease in relative

. turgidity of cotton (Gossypium hirsutum L.) leaves from 83 to 59%

 resulted in a 3.6°C increase in leaf temperature and a 2.7 to 3.7°C
increase in T1-Ta when air temperature and solar radiation were
approximately constant. Plants with inadequate moisture supplies had

less water for evapotranspiration, resulting in higher canopy

‘temperatures and depressed yields. Recent studies have- revealed
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similar relationships for a wide spectrum of agricultural crops
[review by Jackson et al. (1986)]. Reports concerning the response of
‘different genotypes within a species vary.  Mtui et al. (1981)
examined several lines of corn (Zea mays L.) noting that the hybrids

had cooler temperatures and used more water than their inbred parental

lines. The hybrids also had highef water use efficiencies and yields. -

. Since a:significant‘correlation exists between level of water
stréss in a plant and its 1eéf or canopy temperatures, it seems
poSsible that ieaf‘or canopy teﬁperatures could be used as criteria to
screen genotypes of a species for their‘crop yields and suscepgibility
to arought.

Kirkham et al. (1984) reported that inbred lines of arought
resistant corn growing under well watered conditions had about 0.5°C
higher average canopy temperatufes during the growing season than
drought sensitive inbreds. Hatfield et al. (1987) demonstrated that

canopy temperatures could be used to identify water conservation in

commercial and exotic strains of cotton. They found that strains-

which were warmer earlier in the season had a reduced rate of soil
water use, hence remained cooler towards the later part of the season.
The warmer strains under irrigated conditions also had the highest
relative biomass under dryland field tests.

Singh and Kanemasu (1983) found as much as 5°C difference in
afternoon canopy temperatures among 10 pearl millet (Pannisetum
americanum L.) genotypes growing in a non-stressed environment. Since

the warmer genotypes had higher relative yields, they suggested that
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canopy temperatures could be used to screen genotypes for their

response to water stress.

Soil Water Content (Depletion)

Since the pioneering work of Gardner and Kirkham (1952) and Van
Bavel (1958, 1962, 1963) the neutron-scattering method is mnow classi-
cally and extensively used in field studies for measuring volumetric
soil water content, soil water storage, and their changes with time.
Although-several néw technologiés for direct or indirect soil moisture
assessment have recently become available (e.g., time domain
reflectometry, Topp et al., 1983; thermal radiometry, Jackson-et al.,
1980), the neutron probe is possibly the most well known procedure for
soil moisture status assessment (Hblmes et al., 1967). The use of the-
neutron probe requires attention to the associated errors. Hewlett et
.al. (1964) investigated the several sources of error resulting ffom
the use of a- neutron probe. Instrumentation, fiming and location
variances were identified as the different components of the total
variance of an individual water content estimate.

As Hawerkamp et al. (1984)‘demonstrated, the calibration equation

of a neutron probe can be represented by the following equation.
§ =apgp+ an + e

where § is the volumetric water content corresponding to a count rate
ratio n, ap and aj are, respectively, the Y intercept and the slope of

the regression line, and n is uéually given by the ratio betWeen the
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my.ea.n, <’:ou1f1t‘ rate N (counts pér se.vcond)'.o‘f p replications, Ni, ire,c,ofrcied'
a‘tf,..‘tli:'xe- sa!n'e' "d.epth during a."qoymt time .'oi_' Tc sec, and thé -m;aar{ -.c_,ount
ré'tgl:.ﬁs_‘pf g fep‘lid’a'i:‘iqps,“Itl-sil‘,hAir‘l a ;c.té‘rldard absorbéf (waltéf.""':or
paraffin Elécic) durlng a count;i‘n.g.‘ tJ';m.e df .Tc sec. - In the above
equation, e is a‘stochastic di's!t.urbancﬂe. tgrm, which !a.cé;)un.tys .for‘thg
deviation from the exact linear modei, as weil as for ﬁlea‘surement
errors involved in volumetric water content (0)' and éount‘ rate’ ra‘tid
determinations. Thus, the accuracy of the neﬁtrof; prc.)be‘ data is

highly dependent upon an accurate calibration equation.

Artific iallv Induced Drought

Drought ié a very important factor in . limiting spring wheat
production. The 'ability of wheat plants to produce grain under
drought conditions might be due to various phenomena, and the limiting
factor ﬁlay differ among cultivars. Therefc;re, it 1is inip.ortar.lt to
determine whether wheat cultivars differ in their drought ‘respons‘es.
An older review of litera.tﬁre. (Aamodt, 1935) described the
construction of a drought chamber to de;:ermine the relative resistance
of wheat wvarieties. Aamodt and Johnston (1936) compared drought
resistance of several spring wheat varieties using this .drought
chamber, The? found that drought-resistant varieties possessed a more
highly branched primary root syste:m than susceptible varieties. Also
Krasnosel’skaia-Maksimova and Kondo (1933) in Russia, studied tﬁe
e;ffect of drought at different‘stages of plant development by using a

drought chamber with controlled temperature, humidity and air
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velocity. They found that the occurrence of drought d@ring, ti1e peri_od‘
frgm shooting to the end of flowering was most injurious to.(‘;ereai
plants. "‘:

Blum et al. (1983a)_ ‘'showed that when cereal crop pllants are
subjected to post-anthesis stress (such as drought), kernel growth is-
increasingly supported by the mobilization of plant reserve»s;, relative
to transient photosyntilesis, and that genetic variation.exists. for
this trait. Another s.tudy (Blum et al., 1983b) evaluated the total
destruction of the plant’s photosynthetic source, by spraying the crop
with a chemical desiccant (magnesium chlorate) after anthesis, as a
means of revealing geénetic variations in translocation-based kernel
growth. ._He found that chemical desiccation, 14 days after anthesis,
induced earlier mobilization of stem reserves in some wheat strains
but not in others. Post-anthesis chemical desiccation of wheat was
found to be a potentially wuseful method for differentiating among
wheat genotype abilities‘to use stem reserves during post-anthesis
stress of the photosynthetic system, such as drought might impose. ’

Assimilates for grain growth in the temperate cereals are largely
derived from photosynthesis during grain filling. Wardlaw and Porter
(1967) found that reserves from the stem contribute at most only 5-10%
of final grain weight. The role of stem reserves may be greater when
severe stress occurs during grain development, as indicated by the
results of Asana and Basu (1963), Asana and Joseph (1964) and Yu et

al. (1964). These stem reserves may also be greater in cultivars

adapted to short growing seasons, as Stoy (1965) has suggested.
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MATERIALS AND METHODS

Six cultivars of spring wheat (Triticum agestivum IL.) were planted

in the field May 4, 1986 and April 29, 1987 in single dryland areas
(northwest of Bozeman). - Before spwing, 60-20-10 kg/ha of NPK was
édded to the soil. Soil type was a coarse-silt, mixed (Borollic
Calciorthids Aridosols) in 1986 and coarse-loamy, carbonatic (Borollic
Calciorthids Aridosols) in‘1987; Neutron access tubes were installed
at the center of~each plot for soil water depletion measurement. A
20vcm diameter rain gauge was installed in 1987.

The experiment was arranged in a split plot design with four
replications, varieties being the main plots and time of sampling the
‘'subplots. Each of the 24 plots consisted of 8 rowsleach 20" long with
14" row spaéing in 1986, and 12" épacing in 1987. Four rows were used
for yield determinations. Grasshopper infestation late in the 1986
growing season resulted in significant defoliation.
| For an artificially created' drought stress study on the same
cultivars, similar plots without the access tubes were planted in a
randomized complete block design. In 1986 two replications were used
as a preliminary study, thle in 1987 four replications were used

after the preliminary study showed encouraging results.
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Cultivar Selection

The cultivars used in this study were chosen vaccording to their
yield performance and stability at 6-8 Montana dryland lo'cat'ic;ns
(sites) in 1982, 1983, 1984 and 1985 by regression analysis cione by
J. Brown using data supplied '.by L. Alexander at Montana State
University (unpublished Annual Wheat Repc;rts from 1982-1985)
(Tabie 15, Appendix). In 1938 Yates and Cochran proposed that the
regression of a single cultivar'’s yield on thg mean yield of all other
cultivars at a given location could provide a useful parameter for
studying genot‘ypes. Finlay and Wilkinson (1963) extended the idea and
int.erpreted a regression coefficient (b) of zero to represent
*absolute” phenotypic stability. A slope of 1 represented average
stability, while b<l represented less than average response to the
environment. Eberhart and Russell (1966) obtained their environmental
index by subtracting the site mean from the grand mean over all
environments. Plaisted and Petérson (1959), using a combined analysis
of variance with pairs of cultivars, suggested that the line with _tiue
smallest cultivar by location interaction was the most "stable"
cultivar.

As the review of literature indicates, the term "stability" is
sﬁbj:ect to different interpretations. Finlay and Wilkipson (1963)
rAe]Ta'ted -the term to the slope .of- the logarithmic regressic')nl line,
while Eberhart and I.{ussell ‘(1966) suggest that it shoul(i refer to the
deviations from regression, and Schmidt et al. (1973) and Eslick et

al. (1972) use the coefficient of determination and the slope to
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measure cultivar response. All three techniques show promise of
describiné or predicting cultivar response over a series of environ-
ments, but the cultivars used in this study were selected on the Basis
of the slope of the regression 1ine, Y intercept and Ré. Three of the
cultivars used in the experiment showed slopes greater than one and
thrge had slopes less than one when yields were compared fo sife means
(Table 15, Appendix). The cultivars with higher slopes are expected
to be less environmentally stable and, therefore, "susceptible” to
drought, while the cultivars with lower slopes are expected to exhibit
drought ""resistance" (Finlay aﬁd. Wilkinson, 1963). Based oﬁ the
regression analysis, Owens, ﬁckay and Cando were hyfothesiéed fo be
"susceptible" to drought and Fortuna, Lew and Thatcher to be “resisj

tant" to drought.

Water Saturation Deficit (WSD)

Leaf sampling started at the 3- to 4-leaf stage and continued
until 374 of the leaves senesced in both years. The newest fully
expanded leaf was sampled randomly from each plot in the early
afternopn. The leaves were excised, wrapped in Parafilm and then in
aluminum foil to prevent watef 1os§. Transport to the 1aboratory was
done as quickly as possiblé on ice in a cooler. Fresh weight was
determinéd, freshly cut sﬁrfaces“of leaves were placed in individual
test tubes containing 5 ml of distilled water at 4°C for 24 hours in

the dark, and turgid weights were determined. Drying was at 65°C for




17
24 hours.. Water saturation deficit (%) was calculated as- suggested By
Weatherly‘(l956)i B

- Turgid weight- - Fresh weight
wSD Turgid weight' - Dry weight x 100

. Leaf Diffusive Resistance (Rs)

- Leaf diffusive resistance was measured with a Licor Model LI-700
steady state diffusion poromeﬁef (Laﬁbdg Instrument Corp., Lincoln,
Nebréska).in 1986, and a.Delfa T-Device -(Cambridge, Englan@) was used
in 1987. -Values.of.Rs for the two.years:cannot Ee comparea directly
because of Fhe different instruments used.

Measurements were staftgd at about the four-leaf étage-and con-
tinued weekly until flég leaf senescence étarted. The measurements
were ma&e'on three differgnﬁ infact, r;ndomly chosen.leaves per plot.
The newest fully éxﬁanded 1éaVes,wére-uséd in ‘each case. éamples were

téken 5t 0900-1000 h and 1100-1200 h once a week.

Canopy Températures

‘Canopy témberature was measured with a hand held infrared ther-
mometér (Everest Intersciencé Model ilO). Measurements.Were made at
.1OOQ-1100 h or 1100-1206 h when wind and clouds were absent. The
thermometer had a nominal 8° field-of-view and .8-14 pm bandpass
'range, ;It was péinted obliquely at the wheat canopies and away from

. th§ éun, at an angle-df about 30° frdm the horizontal. The canopy
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temperatures and the differentialicénopy~air_temperature (Tc-Ta) were

recorded for each plot.

Is

Leaf. Water Poténtial (r)

.Leaf Qaﬁér potentilal was méééured with .a pressure chamger similar
to the oﬁé desqribéd by Scholander et al. (1964). Standérdizatioﬁ of
the ﬁr&cedﬁfeé of leaf waﬁer pq;enéialldetermination; is_essential‘for
reﬁroducible fesu;ts'(Ritchie ana Hinckley;'l975)1 The leaf that is
uééd énd:thé‘pésition on.the 1eéf‘where the measurement is made are
qritical. | Iﬁ fhis‘étudy'&ell-exposed,top leaéés (;youngest_mature“
leaves) were randomly‘selected, egéised, ana placed in the pressure
éhémbe#. Approxiﬁately 5 mm of tﬁé'léaf was kept external to the

-

.éhamber rubber stdpper and a . pressurization rate of ‘about 0.3 MPa

min'l_was used as recommended by Tyree et al. (1978). The time from
cutting to pressurization was minimized, and the chamber was lined

with wet towel, particularly when temperatures were high.

Soil Water Depletion Measurement .

Soil ﬁdisturg was ;neasufed. with a neutron-scattering deﬁth
moisture géuge ﬁodel: 2651 (Troxler Laboratories) according “to the
methqu of'Gafdner and -Kirkham (19525. Plastic access tubes with én
inside aiémeter of'A;O cm were‘placed in the cénter of each plot. Thé'
éubes-extended bezcm inté the soil profile in 1986 and .only 75 cm in
i987'5eéausé ;fia”hara”carbonaée:léyér. The tubes were installed

with hydraulic probe mounteéd on'a pickup truck. Percentage moisture
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by volume was determined. beginniﬁg.' 22.5 cm below the soil surface at
30 cm'depth interﬁa-ls_ in 11986__ 'and at 15 cm.in'tervals in 1987.
Standard counts Wwere made‘p‘ri_or- fb and after measuring the ’plolts.l
P‘]‘.o.t counts w.ere then converted to volumetric water percentages ﬁsing
‘a dBase II computer program. developed by Mark Kingstad. A 20 cm
d&.am"eter rain gauge was installed at the plots in 1987. A layer of
g ﬁineral "oil was added to prevér_lt evaporation. "Rai'ﬁfall' recorded

weekly throughout the yearAis shown in Table 16 (Appendix‘).

~Artificial Drought

The‘ same six- cultivars .of spririg whéat were used for this
:.ex_perimen't in 1986 and 1987. 4Two_- replications in-1986 and fou.r in
1;987 were arran‘ged .in raﬁdomj;z.ed‘ 'compﬂle_te' block designs. A 2% sodium
-chlqrat'é, sé‘.lution was. spray'e.d. on 10 ft of roﬁ- of each plot at the
'boot:'i.ng ét:age, the h'e-adin'g-_s:‘tavge' a};:id the'lfl_'owering stagé. The sodium
"‘chlorate was received from ﬁr. G. Allan' Taylor ;md S.V.Sabry. “'A
_‘spra'ying rate of 16..6 ml/se‘c‘ was ulséd. The spraying dates were 6/13,
' '7_/4‘ and. 7/12 1n 1986 a.i."ld 6/217'., 7/2 and 7/9 'in 1987 corresponding to
the’bqotiné, heacij.ng 'ancll f-l_ower'i'n.'g stages fespectivelly in the two

' years. .
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RESULTS AND DISCUSSION

The data obtained during the summers of 1986 and 1987 were
analyzed using the General Linear Models (GLM) procedure of the
Statistical Analysis System (SAS Institute, Inc., 1982). ' Analysis of
variance was done for leaf water saturation deficit, leaf diffusive
resistance, canopy temperatures, leaf water potential, soil moisture
depletion and chemical desicqétion (artificially induced drought).
These parameters were compared using LSD for the six cultivarg and
contrasts to compare the -two groups (resistant vs. susceptible).

In the artificially induced drought experiment, plants sprayed at
:d?fferénp growth stages were ?ompared to each other and to the
npﬁﬁsﬁraye&:cohtrollin'ééch year. Individual cultiva;s and resistant
Qérsﬁé sﬁsceptible'cultivar groups wefq compared. Yie1d<and,yiéld
components were determined both years, plant height in 1986,;nd

bundle weight in 1987.

Water Saturation Deficit (WSD)

Results of analysis of wvariance for the leaf WSD are shown in
Table .1 for the two years, 1986 and 1987. Both years there were
significant effects of cultivar, drought (resistant versus suscep-
tible) and date. 1In 1986, date x cultivar, date x drought (Dro), and
date x residual (Res) were significant, while in 1987 date x drought

was the only significant interaction.




21

Table 1. Mean squares for leaf water saturation deficit (WSD in %) in
1986 and 1987.

Source ~ DF .1986 o DF 1987 -
Blocks , 3 3.84 3 14.77
Cultivar (Cult) -5 277 .15 ** 5 81.56 **
Dro (R vs S) 1 1144 .31 ** 1 381.80 *=%
Residual (Res) 4 60.36 NS 4 , 6.50 NS
Error (a) 15 ©21.85 15 - 4.85
Date (D) 7 766 .81 ** ) 7 71.38 **
Cult x D 35 33.91 *=* 35 7.42 NS
Dro x D 7 ) 48.80 * 7 13.84 *
. Res x D 28 30.18 * 28 5.82 NS

Error (b) 126 . 14.87 126 | 5.87

" In both years the three resistant cultivars had significantly
lower WSD than' the susceptible cultivars (Table 17, Appendix).
Perhaps WSD is related to roots. Wheats with more extensive root
systems'ﬁay provide more water to the leaves and, all other factors
being equal, allow those wﬁeéts to maintain higher water contént.
Hurd's (1975) -excellent research on rooting patterns has dgmonétrated
that Pelissier and Pitic both have very extensive Troot systems
compared to other tetraploid and hexaploid wheats, especially under
dryland conditions.

Leaf water saturation deficit as a function of weeks aftér
emergence is shown in Figs. 1 and 2 for the years 1986 and 1987.
Although there is variation of the WSD due to rain, there is increas-
ing WSD as the season progressed in 1986. 1In 1987 there is no clear
increase of WSD except in the last week, just before full maturity.

Generally the WSD of the most recent fully-expanded leaves increased
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Fig. 1. Leaf water saturation deficit versus weeks after seedling
emergence in 1986.

regularly throughout the season in 1986, while in 1987 more rain and
an almost impermeable layer of carbonate at about 75 cm depth in the
soil profile reduced WSD below 1986 levels.

The resistant cultivars had significantly lower WSD than the
susceptible cultivars (Figs. 1 and 2), except for the seventh week of
1986 and the sixth week after emergence of 1987. These dates
correspond to the lower leaf diffusive resistance for early sample
dates, especially in 1986 (Figs. 3 and 4). Significantly lower WSD in
the resistant cultivars than for the susceptible ones could be due to

more rapid stomatal closure of resistant cultivars in response to
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Fig. 2. Leaf water saturation deficit versus weeks after seedling
emergence in 1987.

gtress (Frank: et -alk, :1973). Salim et al. (1969) also found that
drought-hardy wheat cultivars had better water retention by excised

leaves than did less hardy cultivars.

Leaf Stomatal Diffusive Resistance (Rs)

In both years the differences in Rs between cultivars, drought
and date were highly significant (Table 2). Date x cultivar and date
x drought interactions were also significant both years.

The resistant cultivars had significantly higher Rs than the

susceptible cultivars in both years (Table 18, Appendix). Lew had the
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Table 2. Mean squares for leaf diffusive resistance (Rs) in 1986 and
1987 (s/cm).

Source DF 1986 DF 1987
Blocks 3 64.69 3 0.59
Cultivar (Cult) 5 658.14 *% 5 10.12 **
Dro (R vs §S) 1 3093.24 *% 1 49,70 **
Residual (Res) 4 49.37 NS 4 0.23
Error (a) 15 8.24 15 0.19
Date (D) 7 1262.41 ** 5 1.22 #*%
Cult x D 35 190.92 ** 25 0.51 =
Dro x D 7 931.43 *% 5 1.65 %
Res x D ) - 28 5.79 NS 20 0.23 NS
0.193

Error (b) 126 5.88 90

highest mean Rs, while McKay had the lowest in 1986. 1In 1987 Lew also
had the highest mean Rs, but Owens had the lowest Rs. This 1is
consistent with the reéults of Adjei and Kirkham (1980), who found
.that a drought resistant cultivar had higher stomatal resistance than
a drought sensitive cultivar for part of the growth cycle.

The -two groubs (resistant and susceptible) differed significantly
most of the season for Rs. At seven wegks after emergence‘in 1986 the
resistant cultivars had significantly lower Rs than the susceptible
ones (Fig. 3), with adequate:soil moisture in the soil. As the season
progre;sed and stress developed in both years, resistant cultivars had
significantly higher Rs than the sﬁsceptible group. Similar results
were reported by other authors wﬁo concluded that stématal resistance
increases after a threshold leaf 'water turgor potential is attained

(Baldocchi et él;, 1985; Brown and Jordan, 1976; Jordan et al., 1975;
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Fig. 3. Leaf stomatal diffusive resistance (Rs) versus weeks after
seedling emergence in 1986.

Markhart, 1985; Radin and Ackerson, 1981; Teare et al., 1982; Turner,
1974).

This difference in Rs could be due to the lower leaf water
saturation deficit observed in the resistant cultivars (Figs. 1 and
27, Decreased leaf water deficit (WSD) could result in increased
plant water content and may cause changes in Rs which are probably
related to cell extensibility. According to Stalfelt (1966), if the
osmotic potential of the epidermal cells rises, water is sucked from
the guard cells, whose uptake of water by suction is decreased,

promoting stomatal closure (higher stomatal resistance). As stomatal
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Fig. 4. Leaf stomatal diffusive resistance (Rs) versus weeks after
seedling emergence in 1987.

aperture decreases, water loss decreases and subsequently plant water

content increases. In dryland conditions these could result in an

increased canopy temperature.

Sunrise Leaf Water Potential (¥;)

During the 1986/1987 summers sunrise leaf water potential failed
to indicate any difference between the cultivars used (Table 3). Date
was the only variable that differed. Also, no differences were
obtained between the resistant and susceptible cultivars throughout

the two seasons (Table 19, Appendix). As transpiration is greatly
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Table 3. Mean squares for leaf water potential (¥;) near sunrise in
1986 and 1987 (MPa).

Source ' DF 1986 DF . 1987
Blocks 3 0.43 3 0.03
Cultivar (Gult) 5 0.10 NS 5 0.02 NS
Dro (R vs S) 1 0.10 NS 1 0.02 NS
Residual (Res) 4 0.10 NS 4 0.02 NS
Error (a) 15 0.068 ' 15 0.01
Date (D) 7 13.52 ** ' 5 1.73 **.
Cult x D 35 0.06 NS 25 0.01 NS
Dro x D 7 0.12 NS 5 0.01 NS
Res x D ' 28 0.07 NS 20 0.01 NS
Error (b) 126 0.086 90 0.017

redu(I:ed or even eliminated at night, the tissue refills with water -
until dawn (Hsiao et al., 1980) At that time, leaf Wa.ter potential
approaches equilibrium with the soil water potential and hence is
indicative of the soil water s‘tatus"in the rhizosphere. So we were
expecting that sunrise leaf water potential would show some difference
between the genotypes. Boedt and Laker (1985) found the pre-dawn
water potentials to be suitable indicators of soil induced plant v‘rater
stress, but under Qery hot,tdry,éummer conditions in South Africa the
method failed to indicate the onset of soil induced plant water
stress. Several mechanisms could' cause the 1lack of signifiqant
cultivar differences. Firstly, under high evaporative demand the
available water in the rhizosphere may be depleted quickly, resulting
in an extremely dry soil layer around the root. In an average dry
soil the hydraulic conductivity from the rest of the soil to the

rhizosphere may be so low that it takes ‘more than 24 hours to reach
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Fig. 5. Leaf water potential near sunrise versus weeks after seedling
emergence in 1986 (MPa).

equilibrium with the adjacent soil layers. Secondly, Larcher (1980)
and Klepper (1983) reported shrinkage of the root diameter under very
high evaporative demand. This could result in a loss of contact

between the root surface and the soil. Therefore, the roots may
require a long time to regain their original diameter. Under these
conditions it is possible that the plant may fail to equilibrate with
soil water overnight. The reason for the failure to obtain cultivar
differences in sunrise (y¥;) is not known, but it could be partially
due to rapid changes from pre-dawn microclimatological conditions at

sunrise. The leaf water potential monitored near noon did not show
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Fig. 6. Leaf water potential near sunrise versus weeks after seedling
emergence in 1987 (MPa).

Table 4. Mean squares for leaf water potential (¥;) near solar noon
in 1986 and 1987 (MPa).

Source DF 1986 DF 1987
Blocks 3 O 12 3 0.04
Cultivar (Cult) 5 0.10 NS 5 0.04 NS
Dro (R vs S) L 0.09 NS 1l 0.08 NS
Residual (Res) 4 0.11 NS 4 0.13. NS
Erxor .. (&) 15 0.05 15 0.05
Date (D) 5 2.10 ** 4 2.4]1 **
Cult x D 25 0.04 NS 20 0.03 NS
Dro x D 9 0.43 NS 4 0.01 NS
Res x D 20 0.07 NS 16 0.03 NS
Error (b) 90 0.05 72 0.03
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Fig. 7. Leaf water potential near solar noon versus weeks after
seedling emergence in 1986 (MPa).

any differences except for date in both years (Table 4). Only
Thatcher had significantly higher 3%, near solar noon than Cando, Lew
and Owens in 1986 (Table 20, Appendix).

Solar noon until 1400h is expected to be the maximum stress
period in dryland areas. But differences in noon ¥; were shown only
for two sampling dates (8 and 9 weeks after emergence) in 1986
(Fig. 7). During those two weeks the resistant cultivars had lower
Yy than the susceptible cultivars. Maintenance of lower (high
absolute value) ¥%;, although not common in this study, has often been

suggested as a drought resistance mechanism in plants (0O’'Toole and
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Fig. 8. Leaf water potential near solar noon versus weeks after
seedling emergence in 1987 (MPa).

0'Toole and Cruz, 1980; Kramer, 1983). No differences were obtained
for the ¥, monitored at solar noon in 1987 (Fig. 8).

Our results agree with the conclusions of Lorens et al. (1987).
Since ¢°p (osmotic potentials) were not measured in this study, it is
not certain whether the lower i, observed during these two weeks was
due to accumulation of solutes, the concentration of solutes as a

result of water loss from cells during dehydration, or a combination

of both factors.
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Canopy and Air Temperature Difference (Tc-Ta)

In 1986 Tc-Ta of cultivars at midmorning did not differ, but the
two groups (resistant and susceptible) and date differed significantly
(Table 5). In 1987 the differences between cultivars, drought and
date were highly significant for Tc-Ta, and date x cultivar and date x

drought interactions were also significant at midmorning.

Table 5. Mean squares for differential canopy temperature (Tc-Ta) in
1986 and 1987 at midmorning (°C).

Source DF 1986 DF 1987
Blocks 3 6.12 3 0.79
Cultivar (Cult) 5 1.01 NS 5 . 7.08 %%
Dro (R vs §) 1 4.95 * 1 131.37 *%
Residual (Res) 4 0.03 NS 4 1.01 NS
Error (a) 15 0.71 15 0.77
Date (D) 7 60.37 *% 6 42,60 **
Cult x D 35 0.49 NS 30 l1.64 *
Dro x D 7 0.87 NS 6 4,39 %
Res x D 28 0.40 NS 24 0.92 NS
Exrror (b) 114 1.47 108 0.83

As shown in Table 21 (Appendix), there were no significant
differences in midmorning differential canopy temperatures between the
resistant and the susceptible cultivars in 1986. However, the two
groups differed significantly in 1987. The two resistant cultivars,
Lew and Fortuna, were significantly warmer (.96°C) than the three
susceptible cultivars during the season. Similar results were found
by Singh and Kanemasu (1983), Kirkham et al. (1984), and Hatfield et

al. (1987). Conflicting results were found by Mtul et al. (1981) on
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Fig. 9. Differential canopy-air temperature at midmorning versus
weeks after seedling emergence in 1986 (°C).

corn (Zea mays L.). Working in a high moisture environment, they
noted that the hybrids they used had cooler canopy temperatures and
used more water than their inbred parental lines. The hybrids they
used also had higher yields and water use efficiencies.

Weekly Tc-Ta values for the two years are presented in Figs. 9
and 10. The fluctuation of increasing and decreasing Tc-Ta values in
1986 reflect genotype and environment interaction, which in turn

could be determined by the soil and plant resistance to flow of

water.




























































































































