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ABSTRACT 

Differential adaptations of barley (Hordeum vulgare L.) 

and wheat (Triticum SPP.) genotypes suggest that they be 

evaluated under multi-environmental conditions. The 

objectives of this study were to determine if small grain 

genotypes, bred for various moisture conditions, respond 

differently in terms of yield, water use, and rooting 

pattern to contrasting moisture conditions. Eight small 

grain genotypes were compared under a gradient of water from 

89 to 404 mm (plus 254 mm of stored water) in a field study 

at Marana, AZ. A barley bred for low input conditions had 

greater root density in the subsoil and used moisture 

earlier in the season when compared to a high input barley 

C'WestBred Gustoe'). The cultivars bred for high input 

conditions required more water for optimum yield compared to 

those bred for low input conditions. 
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LITERATURE REVIEW 

Economic Importance of Wheat and Barley 

Barley (Hordeum vulaare L.) and wheat (Triticum spp. 

L.) are probably the oldest domesticated crops in the world 

(Nuttonson 1957; 1955). Through selection pressure by man 

and geographical environmental constraints barley probably 

evolved from, Ĥ . spontaneum K.Koch a subspecies of H. 

vulqare (Nuttonson, 1957). Barley domestication began about 

17,000 to 18,300 years ago when ground grain was first used 

as a food staple (Wendorf et al., 1979). Domestication of 

barley was nearly completed by 8260 to 7800 B.C. (Bar-Yosef 

and Kislev, 1986). Wheat is believed to have evolved from 

three wild species through hybridization, mutation and 

selection (Martin and Leonard, 1967). Wheat is thought to 

have originated from a cross of a species of goat grass, T. 

tauschii (Coss.) Schmal.; a diploid wheat, monococcum L.; 

and Ti. Seasii (Feldman & Kislev.) (Kimber and Sears, 1987). 

The great diversity of geographical environments and 

selection pressures imposed by man have caused barley and 

wheat to evolve into diverse ecological groups and cultivars 

which differ in physiological response to environment. 

These widely diverse cultivars have made barley, and to a 
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lesser extent wheat, the most widely adapted commercially 

grown crops in the world. Barley is grown from the Equator 

to 161 km south of the Arctic Circle (Nuttonson, 1957). 

Barley is also grown commercially'"in desert regions without 

irrigation where other grain crops would not survive 

(Nuttonson, 1957). Wheat can be found from 66°N latitude to 

the equatorial highlands of Ecuador and Kenya (Nuttonson, 

1955). 

Wheat and barley are two of the most important crops in 

the world today. The leading world crops in terms of land 

area in 1986-87 were wheat, rice (Orvza sativa L.), corn 

fZea mays L.), barley, and sorghum (Sorghum bicolor L.) with 

228, 144, 130, 80, and 47 million hectares, respectively 

(U.S. Department of Agriculture, 1987). Land area devoted 

to wheat production in the United States in 1986 totaled 24 

million hectares while barley was harvested from 5 million 

hectares (U.S. Department of Agriculture, 1987). North 

Dakota, Kansaŝ  Oklahoma, and Montana, located in the Great 

Plains area of the United States, harvest the majority of 

the wheat and barley grown in the United States. Arizona is 

a minor supplier of wheat and barley. 

Wheat is the predominate grain crop grown in Arizona, 

but is not the main cash crop for the state's farmers. 

Wheat and barley brought an estimated $35 million to farmers 

in 1986, while cotton, the number one cash crop in Arizona 
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provided over $185 million of gross income. Production of 

wheat and barley in Arizona is driven by the price 

relationship of these two commodities to cotton prices and 

the provisions of the 1985 Food Security Act. Wheat and 

barley are preferred rotational crops in Arizona. However, 

production costs, particularly irrigation costs, and low 

commodity prices, have resulted in low net returns for wheat 

and barley. 

Consumptive use of water by wheat and barley in Arizona 

approaches 640 mm per season (Erie et al., 1982). 

Approximately 50 to 90 mm of this water requirement is met 

by rainfall during the growing season. Unfortunately, 

application of irrigation water in Arizona is limited by 

costs and legislation. Such restraints on producers have 

resulted in the use of water on high value crops such as 

cotton and vegetables. However, rotational crops such as 

small grains are necessary to break insect, weed, and 

disease cycles and improve the soil. Efficient use of water 

is especially important under these conditions of restraints 

on water applications and low commodity prices for wheat and 

barley. 
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Nature of Drought Survival 

Drought as defined in Webster's New Universal 

Unabridged Dictionary (1972) is l)dryness; lack of rain or 

of water 2) prolonged dryness of the weather which effects 

the earth and prevents the growth of plants 3) 

insufficiency; want of something necessary. Tannehill 

(1947) wrote: 

"Drought belongs in that class of phenomena which 

are popularly known as 'spells of weather'. 

Spells last for an indefinite time usually between 

a few days to a few weeks." 

Humphreys' (1931) and Rosenberg's (1980) definitions of 

drought focused on precipitation shortages and attempted to 

link these shortages to agricultural impacts. Gillette 

(1950) stated that drought is a "creeping phenomenon" making 

prediction of end or onset difficult. Salisbury and Marinos 

(1985) described stress as any environmental factor, such as 

a lack of moisture, that reduces plant growth or yield below 

its maximum genetic potential. 

Three plant strategies for limited moisture survival 

were identified by May and Milthorpe (1962) and Levitt 

(1963). They are; 1) drought evasion, 2) drought endurance 

with high internal water content, and 3) drought endurance 

with low internal water content. 

Drought evasion is the ability of the plant to complete 
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its lifecycle before being subjected to serious water 

stress. Maturity prior to severe drought stress is a method 

used by many of the grain crops to avoid the effects of 

drought stress. Plant breeders have used this strategy for 

years to breed crop varieties which do well in limited 

moisture environments. 

Drought endurance with high internal water content is 

the ability of the plant to exist in limited moisture 

environments by regulating internal water content through 

various means. These may include the utilization of deep 

penetrating roots to tap moisture from the subsoil or 

reduction of transpiration due to a thick cuticle, reduced 

number of stomata, or stomatal closure. 

Some plants have developed the ability to withstand low 

internal water content for an extended period of time and 

then recover when moisture becomes available. This type of 

response is considered drought endurance with low internal 

water content. Economically important crops which survive 

low levels of turgidity for an extended period of time are 

unlikely to be developed (Mitchell, 1970). 
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Plant Adaptations to Drought 

Various morphological, anatomical, and physiological 

adjustments are used by plants to endure limited moisture 

conditions. Biological adjustments at the cellular level 

which retard water loss, allow chemical processes to 

continue, and prevent or repair damage at the cellular level 

are needed to survive under moisture stress. Plants have 

evolved structures which retain or supply moisture, reduce 

temperature, and reflect unneeded radiation. Finally, the 

arrangement of these physiological and anatomical features 

into an efficient, well balanced drought evading or enduring 

plant is necessary to be successful in a limited moisture 

environment. 

Physiological Adaptations 

Physiological processes involved in drought resistance 

or drought avoiding mechanisms usually include stomatal 

regulation, leaf water potential, transpiration, and 

photosynthetic adjustment. Maintaining the function and 

ultimately the survival of the plant requires the 

maintenance of a relatively high water content (Morgan, 

1980). Stomatal regulation affects the amount of water 

transpired into the surrounding environment especially under 

limited moisture conditions. Stomates that remain open 

under stress conditions result in water losses and a 



16 

decrease in both leaf water potential and eventually the 

rate of photosynthesis. Stomates that close under limited 

moisture stress will maintain turgor but will eventually 

reduce photosynthetic rate. Many'"plants which survive under 

desert conditions operate on the C4 photosynthetic pathway, 

which imparts drought resistance, efficient utilization of 

water and high light intensity at high temperatures (Bokhari 

et al., 1987). C4 malic acids have been found in the 

paricarp of barley, a c3 plant, where CO2 gas exchange is 

limited but later studies in wheat indicate that no such 

higher photosynthetic efficiency can be found (Konzak, 

1987). Early closure of stomates on a plant would not be 

as detrimental on the photosynthetic rate as it would on a 

C3 small grain plants. 

In some wilted plants amino acids are exported to non-

wilted portions of the plant. These amino acids are thought 

to play a part in preparing the plant to exist in a limited 

moisture condition. Proline, an extensively studied amino 

acid increases in stressed barley but this increase is 

thought to be the result of osmotic adjustment and not the 

cause (Riazi et al., 1985). These physiological adaptations 

provide the plant with the basic tools for survival in a 

limited moisture environment. Plants which are to survive 

under drought conditions must have effective stomatal 

regulation and adjustment of leaf water potential to 
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effectively regulate transpiration and provide for efficient 

photosynthetic rate. 

Anatomical Adaptations 

Anatomical adaptations to limited moisture conditions 

include such structures as awns, thick epidermis and 

cuticle, and fewer stomata. 

Awn and spike structure of small grains may be the 

result of anatomical adaptation to moisture stress 

conditions. Studies have demonstrated that spikes recover 

twice as fast from severe moisture stress than flag leaves 

(Johnson et al., 1974). Awns have been compared to 

xeromorphic structures found in desert plants. Grundbacher 

(1963) found awns have a thick epidermis and cuticle, 

predominate schlerophylus and conductive tissue. The 

cuticle appears to be an important trait for increasing 

yields in limited moisture conditions. Isolines carrying a 

waxy cuticle gene have an 8 to 13% yield advantage under 

limited moisture conditions (Konzak, 1987). stomata occur 

at a lower density on awns than on leaves. Fewer stomata 

found on awns compared to leaves would cause more resistance 

for C02 gas exchange. However, with the awns being exposed 

to more turbulent air flow compared to leaves of a cereal 

plant, the effects caused by resistance to gas exchange due 

to low stomata density may be reduced. Stomata density also 
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varies with cultivar and position on the plant and leaf 

(Frank et al, 1973). Such differences in stomata density on 

the same plant may relate to the demand for C02 to 

manufacture assimilate for a particular plant part. 

Morphological Adaptations 

Morphological adaptations to limited moisture normally 

include a decrease in the shoot to root ratio, a decrease in 

the proportion of lateral root to total root length and a 

decrease in leaf to stem ratio (Mitchell, 1970). Several 

researchers have demonstrated how photoassimilate 

partitioning and movement within the plant occurs under 

stress and non-stress conditions (Leuer and Simmons, 1988; 

Alaoui et al., 1988; McCree, 1986; Johnson et al., 1983; 

Teare et al., 1972) Water stress decreases the amount of 

photosynthate available, resulting in a reduction in leaf 

area and photosynthetic rate per unit area (McCree, 1986). 

Reduced leaf area is a morphological adaptation to moisture 

stress. Barley, for example, has been found to have a lower 

transpiration rate than wheat (Salim and Todd, 1965; Blum, 

1985) due to its smaller flag leaf area. 

The disproportionately small transpiration rate of the 

awns compared to the flag leaf make awns a water use 

efficient organ that is effective in contributing 

photoassimilate to the developing kernel. The proximity of 

the awn to the grain sink would appear to be advantageous 
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particularly under limited moisture conditions. Higher 

temperatures which are often associated with limited 

moisture conditions may be tolerated by awned plants by 

reducing stress on the assimilate supply (Olugbemi and Bush, 

1987) . 

Leaf rolling has been studied in excised leaves as well 

as on intact wheat and durum plants. Excised leaves were 

shown to reduce surface area 41 to 48 % while intact plants 

would not be expected to be reduced as much since the basal 

portion of the leaf could not roll because of it's 

attachment to the stem (Clarke, 1986). Clarke's results 

were within the range reported by Oppenheimer (1960) for 

xerophytic grasses. Leaf rolling exposes the abaxial 

surface of the leaf which may be glaucous. Exposing this 

underside of the leaf would result in increasing the 

reflectivity of the rolled leaf thus reducing heat load 

under stress conditions (Johnson et al. 1983; Clarke, 1986). 

A well developed root system is another morphological 

adaptation to drought that can assure a continuing supply of 

water and relative resistance to drought (Newton and Martin, 

1930). Phillips (1963) found mesquite trees (Prosopis 

iuliflora L.) had the ability to send roots 53 m below the 

soil surface for water. Some cacti (Opuntia SPP. L.) 

develop roots in the upper 30 cm of the soil, spread 

laterally 10 to 15 m from the base of the plant (Taylor and 
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Klepper, 1978). The shallow root system collects moisture 

during a limited period of the year when precipitation 

occurs. The remaining portion of the year the plant lives 

on stored moisture collected. Thê  plant maintains its 

internal moisture content by reducing the amount of moisture 

it transpires through the use of a thick waxy cuticle and 

closure of stomata during most of the day except early 

morning when water demand for transpiration is relatively 

low. Alfalfa (Medicago sativa L.) is an example of a 

commonly grown forage with a deep, penetrating root system. 

This root system provides large quantities of water to 

maintain the plant's high internal water content. A deep, 

profuse root system which will provide an uninterrupted 

water supply from spikelet differentiation through grain 

fill is important for small grain (Cooper et al, 1987). 

Water Stress and Phenology 

Assimilate movement and partitioning within the plant 

is affected by the growth stage of the plant (Lauer and 

Simmons, 1988). Initially, photoassimilate is translocated 

from fully emerged leaves to emerging leaves. Later, the 

stem, and finally the inflorescence, become dominate sinks. 

Tillers will export a large portion of photoassimilate to 

the main stem shortly after the main stem begins to 

elongate, and then nearly cease by the time of flag leaf 
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appearance on the main stem. Water stress prior to or 

during tillering will reduce number of tillers. Water 

stress after tillering occurs will result in premature 

tiller mortality. Once anthesis occurs the developing seed 

becomes the main sink of photoassimilate. Under conditions 

of limited moisture ears have a greater capacity to supply 

assimilate to the kernel than the flag leaf. Reasons why 

ears have this ability include proximity to the sink, and 

the ability of spikes to maintain a higher water potential 

than leaves. 

Aspinall et al. (1964) found that moisture stress 

occurring during various stages of the barley plant's 

ontogeny affected different organs of the plant. He found 

moisture stress occurring prior to heading resulted in a 

reduction of internode elongation. Tillering was suppressed 

during a drought cycle. However, upon rewetting, tillering 

was actually stimulated. The effect was greatest if the 

stress occurred earlier in the plant*s ontogeny. When 

drought occurs during the later stages of tillering a 

greater number of non-flowering tillers will occur. The 

reduction in tillering and in elongation of internodes would 

help explain why water stress normally decreases the shoot 

to root ratio (Mitchell, 1970). 

Each spike goes through a stage between spikelet 

differentiation and flowering which is particularly 
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sensitive to moisture stress (Jones and Allen, 1986). Prior 

to spikelet differentiation and after anthesis moisture 

stress has little effect on kernel numbers. Stress which 

occurs prior to or during flowering of the main stem and 

tillers will result in a reduction in kernel numbers. 

Moisture stress which occurs at or after anthesis has a 

severe effect on kernel weight resulting in yield loss in 

wheat (Aspinall, 1964) and barley (El Nadi, 1969; Day and 

Thompson, 1975). 

Plant Responses Under Differing 

Moisture Regimes 

Crop Growth, Development, and Yield 

Clipson (1986) reported that early development, early 

ground cover and vigorous growth up to anthesis were 

associated with high yield under drought in two and six-

rowed barley genotypes. Under limited moisture conditions, 

high yield in six-rowed genotypes was associated with early 

maturity. Under irrigation, high yield in two-rowed 

genotypes was associated with late maturity. Derera et al. 

(1969) stated that genotypic differences in both water use 

efficiency and limited moisture tolerance were correlated 

with differences in earliness. Earliness in 15 wheat 

genotypes caused 40 to 90 % of the observed variation of 

yield. Chinoy (1962), Clipson (1986), and Omara (1987) 
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attributed earliness of maturity for the ability of plants 

to produce a relatively high grain yield under limited 

moisture conditions. 

Higher yields of grain and total above ground dry 

matter from adequate moisture sites are obtained when 

compared to production from limited moisture sites for wheat 

(Kumar et al., 1986), and barley (Brown et al., 1987; 

Gregory et al., 1984). Kumar et al. (1986) found no 

significant differences in yield between two cultivars but a 

third cultivar produced a lower yield than the previous two 

under irrigated conditions. Irrigation resulted in increase 

stomatal conductance, leaf area index, and leaf area 

duration. A significant difference in yield was observed 

between all three wheat cultivars in non-irrigated 

conditions. The cultivar which yielded poorly with 

irrigation continued to yield poorly without irrigation. 

Gregory et al. (1984) using 'Beecher' barley found crop 

development advanced with the use of nitrogen and phosphorus 

fertilizer by two weeks at a high rainfall site and by four 

days at a dry site. Higher yields at the high rainfall site 

were associated with an increase in number of ears per unit 

area, whereas yield at the dry site could be contributed to 

the number of kernels per ear. The addition of nitrogen and 

phosphorus fertilizer resulted in twice the amount of dry 

matter production at the high rainfall site, while at the 
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dry site, dry matter production was 1.5 times the zero 

fertilizer treatment. Brown et al. (1987) compared two 

barley cultivars, a local landrace and Beecher, at two sites 

with differing rainfall. The laricfrace yielded 15 % higher 

than Beecher under low rainfall conditions and continued to 

yield 10 % more under high rainfall conditions. Also 

fertilizer application increased grain yield significantly 

for both sites and cultivars. Total dry matter production 

for both cultivars was the same but harvest indices were 

different. Fertilizer advanced anthesis of both cultivars 

by four days at the high moisture site and seven days at the 

dry site and advanced maturity by three days at the high 

moisture site and four days at the dry site. Differences in 

yield between treatments were due to variation in the number 

of filled kernels per unit area rather than the variation in 

kernel weight. 

Rooting 

Few studies have been completed on rooting and limited 

moisture resistance of barley. Very little work has been 

done on comparing the differences in water use and rooting 

characteristics among barley genotypes. 

Jean and Weaver (1924) provided one of the earliest 

studies in rooting pattern differences between dry and 

irrigated crops using the same varieties of alfalfa, corn, 
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potato (Solanum tuberosum L.), sugarbeet (Beta vulgaris L.), 

and wheat. Hartman and Allard (1964) found the extensive 

root system of 'Atlas' barley was advantageous in low to 

moderate conditions when compared to the cultivar 'Vaughn'. 

Kaul (1967) found that small differences in suction forces 

between varieties of wheat existed. He speculated that such 

differences would account for differences in limited 

moisture resistance. Derera (1969) positively correlated 

the number of nodal roots with limited moisture tolerance. 

Soil temperature and the number of days that the soil was 

moist affected the number of adventitious roots and tillers 

in wheat (Black, 1970). The number of adventitious roots 

per plant accounted for more than 90 % of the variation in 

the number of spike-producing tillers per plant and the 

final grain yields of wheat. Significant cultivar x 

irrigation interaction for depth and size of the root system 

in barley were observed in pot studies by Gorny and Patyna 

(1984). such differences in rooting characteristics between 

cultivars would suggest that evaluation of rooting patterns 

be assessed under multi-environmental studies. This would 

provide more information on the conditions under which 

particular cultivars might excel. 

Gregory et al. (1984) found site effects to be small in 

comparison with the effects of fertilizer which consistently 

produced a heavier root system. Differences in total root 
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length between sites were less than differences caused by 

the additions of fertilizer. Root length was not 

significantly different between zero fertilizer and 

phosphorus treatments but adding Nitrogen produced a 

significantly longer root system. Distribution of roots 

with depth in the soil was significantly different between 

sites. The depth of rooting at the high rainfall site was 

deeper than at the dry site which corresponded to the deeper 

wetting of the soil profile. Root length at the high 

rainfall site decreased exponentially with depth while at 

the dry site 75 % of the root length was located in the top 

15 cm. Root distribution between 15 and 75 cm was 20 % with 

the remainder of the root system between 75 and 105 cm depth 

at the dry site. 

Brown et al. (1987) also found applications of 

fertilizer increased root weights at both sites and the root 

weights of the local landrace were significantly greater 

than those of Beecher. The local landrace had a greater 

root length for all site and fertilizer combinations and 

consistently had a longer root system below 15 cm depth. 

Beecher had a smaller root to total plant weight ratio than 

the local landrace at both sites. 
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Water Use 

Anderson and Read (1966) studied the efficiency of 

water use of two cultivars of wheat, oat (Avena sativa L.), 

barley, and flax (Linum usitatissimum L.). Each cultivar 

was chosen for its early or late maturity rating under field 

conditions. Differences were found in water use efficiency 

for both oat and two-rowed barley but no significant 

differences were detected among cultivars of wheat, six-

rowed barley or flax cultivars used in the study. 

Kumar et al. (1986) found that as water supply 

increased, evapotranspiration increased and water use 

efficiency decreased. Soil moisture extraction pattern was 

also affected by irrigation. Fertilizer had little affect 

on water use and soil moisture extraction in barley (Gregory 

et al., 1984). Cooper et al. (1987) detected no differences 

in water use efficiency between two cultivars of barley but 

applications of fertilizer resulted in significant increases 

in water use efficiency at both high and low rainfall sites. 

Fertilized treatments extracted more water than those not 

given fertilizer. 'Arabic Abiad* barley extracted more 

water than Beecher in the subsoil. Soil water extraction 

was greater at two sites for early seeded spring wheat than 

later seeded wheat (Sharratt et al., 1984). Earlier seeded 

wheat had a longer "spring season" which contributed to 
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extracting more water from deeper in the soil and in some 

instances from the surface layers of soil. 

Breeding strategies For varying 

Environmental Conditions 

Knowledge of specific limited moisture evasion and 

tolerance mechanisms is inadequate especially in terms of 

how these mechanisms affect yield. Though a considerable 

amount of data has been collected on observations of plants 

under moisture stress under artificial conditions, no 

techniques have been developed which accurately predict 

small grain genotype yield performance under limited 

moisture conditions in the field. Evaluation of small grain 

genotypes for yield continues to be done under field 

conditions. Some evidence suggests that cultivars can be 

screened using water potential as the indicator of the 

ability of various cultivars to withstand limited moisture 

(Rascio, 1985; Martin, 1987; Rascio et al., 1987) 

Variability and heritability for the complex characteristic 

of yield is dependent on genotype environment interactions. 

Some plant breeders have advocated the use of non-stress 

environments for maximizing efficiency of yield selection 

for unfavorable environments in oat (Frey 1964) and wheat 

(Roy and Murty, 1970). Hurd (1975) has suggested yield be 

selected under semiarid conditions. Omara (1987) advocated 

the selection of barley cultivars with improved response to 
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limited moisture stress through selection for higher grain 

yield under limited moisture conditions. Breeding 

approaches have developed which either produce cultivars 

which are highly adapted to stress environments or are 

adapted to a wide range of environmental conditions 

(Quisenberry, 1982) 

Using various moisture regimes, Faith (1987) 

demonstrated that fully irrigated test environments resulted 

in the highest genotypic and error variances in wheat-

Agropvron derivatives. Stress environments were determined 

to be optimum test environments followed by mild stress 

environments. 

Donald (1968) suggested that crop theoretical ideotypes 

be developed for specific environments, and then set 

breeding goals to attain these ideotypes. Ideotype breeding 

involves identifying traits that are worthy of selection and 

specifying the desired phenotypic expression for each trait 

that is thought to enhance yield, whether those traits 

directly or indirectly affect yield. Traits which are 

important in limited moisture resistance include earliness 

of maturity, root growth, stomatal density, cell turgor, and 

chemical traits (Quisenberry, 1982). Quisenberry (1982) 

identified three types of moisture stress environments that 

plant breeders have to contend with; 1) stored moisture 

environment, 2) variable moisture environment, 3) optimal 
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moisture environment. 

Rasmusson (1987) stated that ideotype breeding 

encourages the generation of hypotheses regarding how yield 

is achieved. Adequate information concerning the role of 

individual traits in determining yield must be available to 

form the hypothesis, and genetic diversity must be 

sufficient to achieve the goals set by the hypothesis. 

Predictions have been made successfully (Tapsell and Thomas, 

1986) which accurately predict the performance of traits as 

long as allowances are made for genotype x environment 

interactions and linkage disequilibrium. Ideotype breeding 

has been used to successfully improve wheat (Austin et al., 

1980) and barley (Hamid and Grafius, 1978) grain yields as 

well as being a basis for improving the range of 

adaptability of other crops in the United States (Rasmusson, 

1987) . 

Ceccarelli (1987) stated traits which are desirable 

under limited moisture conditions may be undesirable under 

favorable conditions. Selection under stress conditions is 

expected to be more efficient than selection under favorable 

conditions when the target environment is dry. However, the 

selection process may select for genotypes which are good 

competitors rather than the best adapted, high yielding 

genotypes sought by plant breeders (Suneson and Wiebe, 

1942) . 
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OBJECTIVES 

The objective of this experiment was to determine if 

small grain genotypes, bred for various moisture conditions, 

respond differently to contrasting moisture conditions. 

Rooting patterns and moisture uptake were studied in detail 

for two barley cultivars. Yield and other agronomic 

characteristics were recorded for six barley and two 

Triticum spp. L. genotypes. Information generated from this 

study will be used to determine the amount of water 

necessary for optimum yield of specific cultivars tested in 

this trial. 
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MATERIALS AND METHODS 

A field study was initiated at The University of 

Arizona Marana Research Center located 40 km northwest of 

Tucson, Arizona. The soil was a Pima clay loam (fine silty, 

mixed, thermic, Typic Torrifluvent) consisting of a clay 

loam 0 to 61 cm over a silty clay to silt loam 61 to 154 cm 

and a fine sand to a sandy loam below 154 cm. The site was 

fallowed the previous year. Eight small grain genotypes 

were compared under seven water levels produced by a line 

source sprinkler system. 

A split block design with four replications was used 

under an irrigation gradient (Fig. 1). Plots were seeded at 

the rate of 90 kg ha*1 on 19 November 1987 and then flood 

irrigated the next day. The soil profile for the entire 

plot area was filled with water to field capacity to a depth 

of 122 to 152 cm. This provided the only irrigation water 

the limited moisture regime plots received during the 

growing season. The cultivars were seeded with a John Deere 

Model Number 8.'t!00 single disk opener drill. The cultivars 

were seeded in 3.66 m wide strips perpendicular to a line-

source sprinkler system, which was used to apply a gradient 

of water across the plot area. 
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Fig. 1 Split block design for the small grain irrigation 
gradient study at Marana Agricultural Center, Arizona. 
Location of the site is Field C-l, Border 1 (west). 
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Genotypes 

Barley cultivars selected were one-irrigation, high 

input and medium input genotypes/̂  Also one-irrigation hard 

red spring wheat and durum genotypes were included in the 

study. One-irrigation genotypes were selected for 

production under a one-irrigation or limited moisture 

regime. One-irrigation barley genotypes selected for the 

study were 2-22-9 and 1Seco*. Both genotypes were selected 

from Composite Cross XXXIX released by Ramage and Thompson 

(1981). Composite Cross XXXIX population was developed from 

individual plant selection and mass selection in a recurrent 

selection program. In years with low rainfall, plants which 

were turgid at flowering were intercrossed to provide seed 

for the next cycle of selection. During years with high 

rainfall, male-sterile plants were harvested on the premise 

that only better adapted plants would engage in outcrossing. 

The rest of the population was then harvested in bulk and 

the most plump seeds were screened out on the assumption 

that they had been produced on the best adapted plants. 

Outcrossed and plump seed were bulked to produce the next 

generation. 

High input genotypes used were 'WestBred Gustoe1 and 

'WestBred Barcott' developed by Western Plant Breeders Inc. 

(P.O. Box 1409, Bozeman, Montana 59717). Westbred Gustoe, a 
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long season cultivar, and Westbred Barcott, a short season 

cultivar intended to be grown in rotation with cotton, have 

short, stiff straw, and were bred for use in irrigated, high 

yield conditions. WestBred Gustoe was selected from 

Composite Cross XXXII which was developed by "male sterile 

facilitated recurrent selection" (MSFRS) (Ramage et al, 

1976). 

'Arivat', released in 1940, and •Prato', released in 

1978, represent the medium input genotypes which would do 

well under a wide range of conditions rather than the 

extremes of moisture availability. 

One-irrigation spring wheat experimental line B83-450 

and one-irrigation durum experimental line B83-33 genotypes 

were also included in the study. These genotypes were 

developed by using the same criteria Ramage and Thompson 

used in developing Composite Cross XXXIX, one-irrigation 

barley. High input genotypes require four to six 

irrigations and standard genotypes require three to five 

irrigations under Arizona conditions to attain their optimum 

yield. 
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Water Levels 

Ten different levels of water resulted from the 

sprinkler system configuration (Fig. 1). The line-source 

sprinkler system consisted of a single line of sprinklers 

mounted on 1 m risers on the west edge of the plot area. 

Normally, when irrigation is performed with a solid set 

system, several laterals are used so that the sprinkler 

patterns overlap and variation in the amount of water 

applied across the field is minimized. Hox̂ ever, with a 

single sprinkler line, plots which lay nearest the line 

source received the greatest amount of water and plots 

furthest from the system received no additional water other 

than precipitation (89 mm in 1987-88 season). Furrows and 

dikes were used to separate the various water levels in the 

experimental area every 2.03 m parallel to the line-source. 

A furrow was also placed under the lateral line to remove 

drainage water from the lateral when the system was turned 

off. A drainage pond was placed on the north end of the 

plot area so as not to affect the area that was being 

observed. Plots grown at water levels receiving more than 

404 mm of water were discarded due to migration of 

irrigation water from one moisture level to another moisture 

level. Four lines of cups elevated on adjustable stakes 

were placed perpendicular to the line source to measure the 
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amount of water that each water level received during each 

irrigation event (Table 1). Plots receiving supplemental 

irrigation also received nitrogen proportional to the amount 

of water applied compared to level 404 mm. A total of 110 

kg per hectare of N was applied through the irrigation 

system on level 404 mm (Table 2). 

Water Use, Transpiration Rates, and Yield 

Water use was calculated from seeding to 28 January 

1988 using the modified Penman equation (Doorenbos, 1984). 

WestBred Gustoe was at the 3 to 5 leaf stage and Seco was at 

the 4.5 to 5.5 leaf stage on 28 January 1988. Soil moisture 

was measured for Seco and WestBred Gustoe with a neutron 

moisture gauge from 28 January 1988 through harvest in high 

and low moisture plots. Neutron access tubes were installed 

to a depth of 2.13 m and readings made at 0.15, 0.45, 0.75, 

1.05f 1.35, 1.65, and 1.95 m below the surface of the soil. 

Readings were taken on a regular basis, immediately prior to 

an irrigation and within three days following an irrigation 

or a major precipitation event. Water use was calculated 

using differences in soil moisture content between 



Table 1. Supplemental irrigation and precipitation events. 

Supplemental Irrigation 

Moisture Regime 

Date 404 337 294^ 229 161 104 8 9  

mm 
29 Jan 88 27.2 20.8 16.3 11.4 5.8 3.0 0.0 
11 Feb 88 32.5 24.9 18.8 9.9 3.3 0.8 0.0 
24 Feb 88 24.1 19.1 16.3 11.2 6.4 1.0 0.0 
02 Mar 88 25.7 20.1 17.0 10.9 5.3 1.5 0.0 
05 Mar 88 16.5 13.2 11.7 8.4 7.4 0.8 0.0 
12 Mar 88 21.6 14.5 12.7 7.9 2.0 0.3 0.0 
17 Mar 88 19.1 15.0 13.0 9.9 4.6 0.8 . 0 . 0 
20 Mar 88 26.7 20.6 15.7 10.9 3.6 0.0 0 . 0 
25 Mar 88 22.6 18.5 16.3 13.2 8.9 2.0 0.0 
28 Mar 88 25.7 22.1 17.5 14.2 8.9 2.5 0.0 
02 Apr 88 24.4 19.8 16.8 8.6 3.8 0.0 0.0 
06 Apr 88 25.9 20.6 17.3 9.9 3.0 0.0 0 . 0 
08 Apr 88 22.4 18.8 15.5 13.7 8.4 1.8 0.0 

Total 314.4 248.0 204.9 140.1 71.4 14.5 o
 

• o
 

Precipitation Events 

Date mm 

17 Dec 87 13.0 
18 Dec 87 6.1 
23 Dec 87 2.0 
24 Dec 87 2.0 
25 Dec 87 1.0 
17 Jan 88 9.9 
18 Jan 88 1.0 
04 Feb 88 7.1 
02 Mar 88 1.0 
13 Apr 88 

88® 
2.0 

15 Apr 
88 
88® 20.1 

16 Apr 88 21.1 
21 Apr 88 3.0 
Total 89.3 

5 Hail occurred during this event. 
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Table 2. Nitrogen rates applied in irrigation water with 
32% nitrogen solution at the 404 mm moisture level. 

Application Growth Stage5 Nitrogen 
Date rate 

Seco* Gustoe* (kg ha*1) 

29 Jan 88 4.4 - 5.6 3.0 - 4.0 21.0 

11 Feb 88 6.0 - 7.2 4.6 - 5.4 34.4 

05 Mar 88 8.2 - 9.4 6.0 - 7.4 36.8 

17 Mar 88 11.4 - 11.6 9.2 - 10 

Total 

17.8 

110.0 

5 Haun growth stage scale {Bauer et al., 1983). 
1 Seco = Low input barley, and Gustoe « High input barley. 



40 

irrigations. Water use efficiency (WUE) for WestBred Gustoe 

and Seco was calculated using the following equation: 

WUE - Grain yield (g m*2)/Cumulative water use 

Cumulative water use was calculated by summing the 

result of the modified Penman equation for early season 

water use with water use as determined from differences in 

soil moisture content between irrigations. Water use was 

interpolated when water use data were not available between 

periods reported. 

Transpiration rates of three flag leaves in high (404 

mm), medium (229 mm), and low (89 mm) water level plots of 

Arivat, WestBred Gustoe, and Seco were measured with a LI-

COR LI-1600 steady state porometer on 28 March and 1 April. 

According to the Feekes growth stage scale (Bauer et al., 

1983), WestBred Gustoe was in stage 10 to 10.5 (boot to 

heading), Arivat was in stage 11.2 (mid dough) and Seco was 

in stage 11.2 to 11.3 (mid dough to hard dough). Stomata 

counts were recorded from 0.145 mm2 of leaf area for both 

top and bottom portions of the leaf from samples removed on 

6 April from 3 flag leaves for the same plots sampled for 

transpiration rate. Plant height, lodging and hail damage 

were noted prior to harvest. 

Plots were hand harvested as they reached maturity. 

The above ground portion of the plant was cut from 1.11 m2, 

bagged and hung up to.dry until the sample reached 



equilibrium with the moisture in the air. Bundle weights 

were recorded to obtain total above ground yield and stems 

were counted. The bundles were then threshed and the grain 

weighed. Weights were adjusted to 10 % moisture. Five 

hundred kernels were counted and weighed from each plot to 

obtain kernel weight. Kernels per stem were calculated 

using the harvested grain weight divided by kernel weight, 

and by number of stems. Protein content was determined 

using a Technicon INFRA Analyzer 400 owned by the MSU 

Agricultural Experiment Station, Eastern Agricultural 

Research Center, Sidney, Montana. 

Root Density 

Soil core samples were taken immediately after harvest 

from both high (404 mm) and low (89 mm) moisture regime 

plots of Seco and WestBred Gustoe. The root length density 

was estimated using a method developed by Tennant (1975). 

Root Washing 

Three cores, 51 mm in diameter, were removed per plot 

in the high and low moisture regimes of Seco and Westbred 

Gustoe in 0.3 m increments to a depth of 2.1 m. The three 

cores were thoroughly mixed and a sample of 50 g (for depths 

0 to 1.5 m) or 100 g (for depths 1.5 to 2.1 m) were washed. 

Soil core samples were first soaked in a 473 ml paper 
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cup with 250 ml of solution containing 48 g sodium 

hexametaphosphate per liter of water for 15 to 20 minutes. 

The soil-sodium hexametaphosphate solution was stirred to 

assure proper mixing. Sodium hexametaphosphate disperses 

soil particles into solution, freeing root material so that 

it can be easily separated with sieves. 

The soil-sodium hexametaphosphate solution was then 

poured through a 2 mm sieve to remove large stones, awns and 

leaf material and then through a 0.42 mm sieve. The soil . 

wash residue which flowed through the sieves was collected 

in a 20 L plastic bucket. The sieves were carefully rinsed 

with tap water and roots collected and transferred to a vial 

containing water. Roots in the vial of water were 

refrigerated at temperatures of 0 to 4.4° C until they were 

stained and counted. 

Staining and Counting Root Samples 

A staining solution of 0.5 g Thionin per 1 L of tap 

water was used to stain roots. A volume of stain solution 

equal to the volume of root-water solution was added to the 

vial containing the roots and the stain allowed to set for 

30 s to 1 min. 

The solution was poured through a Buchner funnel 

containing Whatman number 42 filter paper. The vial was 

rinsed to make sure all roots in the vial were dispersed on 
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the filter paper. Rinsing and even distribution of the root 

fragments on the filter paper was accomplished using 0.1 L 

of water from a squeeze bottle. The filter paper containing 

the root material was then placed between two layers of 

glass and a 1 cm grid overlay was used to count the root 

intersections on the grid. 

A formula derived by Newman (1967) for converting root 

intersection count data to estimated root length density was 

used. Newman's estimated root length density is given by: 

R=(?rNA)/2H 

where R is the total length of root, N is the number of 

intersections between roots and a grid line, A is the area 

of the grid and H is the total length of lines the grid 

contained. The resulting equation used then in this study 

was: 

R=(3.1416*N*63.6174)/2*40 or 

R=2.498*N 

All data were statistically analyzed and plotted using 

SAS Statistical software version 6.03 (SAS Institute Inc., 

1988). Valid statistical analysis (Table 3) of the effect 

of water level on yield and other agronomic characteristics 



Table 3. ANOVA summary of field experiment. 

Agronomic characteristic* 

Source Degrees HT GWT K/S STEM KHT HI STR TOTAL 
of of 
Variation Freedom 

Replication (R) 3 
Cultivar (CJ 7 
R x c 
(Error a) 21 
Hater (W) 6 
R x H 
(Error b) IB 
Cult, x Hater 42 
R x C x H 
(Error c) 126 

NSf +f **, ***, ****, Not significant at P=0.10f significant at P=0.10, significant 
at P=0.01, significant at P=0.001, significant at P=0.0001. 
1 Agronomic Characteristic 

HT « Plant height GHT = Grain yield 
K/S = Kernels per stem STEM - Stems per unit area 
HI = Harvest index STRAW = Straw yield 
TOTAL = Total above-ground yield KHT = Kernel weight 

1 Not Valid 

**** *** **** *** **** **** **** ** 

**** **** **** + **** **** HS [ **** 
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were not possible because water levels were applied 

systematically with no randomization, however statistical 

analysis of cultivar by water level interaction were 

possible since treatments were replicated and randomized in 

strips at right angles to the sprinkler lines (Hanks et al. 

1980). 
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RESULTS AND DISCUSSION 

Yield 

No significant differences in grain yield, total 

above-ground biomass, or harvest index were detected among 

one-irrigation, medium, and high input barley genotypes as 

well as the one-irrigation durum genotype, B83-33 at the 4 04 

mm moisture regime (Tables 4 - 6). High input genotypes 

probably did not attain their optimum yield at this moisture 

level because of at least two yield limiting factors, aphids 

and barley yellow dwarf virus. Frost during flowering of 

Seco on 11 to 14 March (Fig. 2) aborted the formation of 

kernels at moisture levels 404, 337, and 294 mm resulting in 

a reduction of both total above-ground biomass and grain 

yield. WestBred Gustoe had the lowest grain yields at 

moisture level 161 mm. Medium input barleys and WestBred 

Gustoe had the lowest grain yields at 104 mm level and at 

the lowest water level (89 mm), the previously mentioned 

barley genotypes in addition to the one-irrigation durum 

genotype, yielded the least amount of grain. One-irrigation 

barley genotypes produced significantly more grain than 

medium input barley genotypes and WestBred Gustoe at 

moisture levels receiving 104 and 89 mm of additional 



Table 4. Grain yield of small grain cultivars grown under various moisture regimes. 

Grain yield 

Moisture* (mm) 

Cultivar1 404 337 294 229 161 104 89 

• (g in ) 
Gustoe 384 402 398 373 322 282 259 
Barcott 480 458 455 475 433 414 417 

Arivat 357 391 398 394 379 286 280 
Prato 391 427 502 483 378 291 294 

Seco « 1 1 375 434 426 410 
2-22-9 376 407 478 432 449 381 409 

B83-33 408 404 463 462 401 333 ( 324 
B83-450 233 135 165 142 250 237 307 

LSDos 141 142 140 128 95 67 103 

* Moisture = Rainfall plus supplemental irrigation (stored soil water = 254 nun) 
1 Cultivar 

Gustoe = High input barley. Barcott = High input barley. 
Arivat = Medium input barley. Prato = Medium input barley. 
Seco - Low input barley. 2-22-9 = Low input barley. 
B83-33 = Low input durum. B83-450 = Low input spring wheat. 

9 Damaged by frost at flowering 11-14 March 1988. 

t* 



Table 5. Total above-ground biomass yield of small grain cultivars under various moisture 
regimes. 

Total yield 

Moisture1 (mm) 

Cultivar1 404 337 294 229 161 104 89 

<%) 
Gustoe 94 101 94 94 90 83 
Barcott 99 97 91 95 88 93 

Arivat 107 111 101 101 105 100 
Prato 108 106 117 99 111 107 

Seco # I 1 113 110 118 
2-22-9 90 86 91 89 93 91 

B83-33 109 117 128 125 112 118 
B83-450 93 81 78 84 92 91 

LSD« NS NS 16 24 NS 19 

77 
93 

88 
101 

111 
96 

116 
118 

NS 

® Moisture = Rainfall plus supplemental irrigation (stored soil water = 254 mm) 
1 Cultivar 

Gustoe = High input barley. Barcott = High input barley. 
Arivat = Medium input barley. Prato = Medium input barley. 
Seco = Low input barley. 2-22-9 = Low input barley. 
B83-33 = Low input barley. B83-450 = Low input spring wheat. 

# Damaged by frost at flowering 11-14 March 1988. 

CO 



Table 6. Harvest index of small grain cultivars under various moisture regimes. 

Cultivar* 

Harvest index 

Cultivar* 

Moisture* (mm) 

Cultivar* 404 337 294 229 161 104 89 

Ml (*l 
Gustoe 30.7 33.9 36.6 38.7 38.6 43.7 42.3 
Barcott 35.9 39.7 43.0 49.1 54.1 57.1 57.1 

Arivat 25.2 31.2 34.3 38.8 39.5 37.1 39.6 
Prato 26.6 34.9 37.5 37.0 37.3 34.3 36.3 

Seco « i I 33.3 43.2 46.8 46.8 
2-22-9 30.8 39.5 45.4 48.3 52.8 53.9 53.8 

B83-33 27.3 29.3 31.5 36.1 39.4 35.8 ( 35.7 
B83-450 19.1 13.9 17.6 17.1 28.7 27.0 30.5 

LSD.05 8.9 9.7 11.9 8.5 4.0 6.9 6.1 

* Moisture = Rainfall plus supplemental irrigation (stored soil water = 254 mn) 
* Cultivar 

Gustoe = High input barley. Barcott = High input barley. 
Arivat = Mediuu input barley. Prato = Mediua input barley. 
Seco = Low input barley. 2-22-9 = Low input barley. 
B83-33 = Low input durum. B83-450 = Low input spring wheat. 

9 Damaged by frost at flowering, 11-14 March 1988. 
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Fig. 2 Temperature comparison of 30 year average of maximum 
and minimum temperatures of Tucson, AZ. and 1988 minimum and 
maximum temperatures of Marana, AZ. 
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moisture post emergence. No differences in grain yield were 

observed at levels 337, 294, and 229 mm except as noted 

earlier of the one-irrigation spring wheat genotype. 

yielding ability differed among the cultivars as 

moisture conditions changed across the irrigation gradient 

(Fig. 3). Yields of low, medium, and high input barley 

cultivars were generally greatest at 161, 294, and 337 or 

404 mm, respectively. 

Selective feeding by birds on the hard red spring wheat 

genotype, B83-450, resulted in some questionable yield data. 

The pattern of feeding may be reflected in the plot of grain 

yield data (Fig. 3). The pattern of grain yield data across 

the irrigation gradient would be expected to generally 

result in a parabolic shape curve that opened downward 

rather than the parabolic curve that was plotted (Fig. 3). 

Kumar et al. (1986) found that two selected wheat 

cultivars yielded equally well under irrigation but found 

significant yield differences under non-irrigated 

conditions. Differing rainfall amounts made no difference 

in the relative yielding ability of Arabic Abiad, a barley 

landrace barley genotype and Beecher in an experiment 

conducted by Brown et al. (1987). Results from this 

experiment would indicate that water x cultivar interactions 

for the barley genotypes grown were similar to results Kumar 
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Fig. 3 Grain yield of selected small grain cultivars under 
an irrigation gradient. 
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et al. found with wheat, that is significant differences 

were observed among cultivars under low moisture regimes but 

no significant differences were seen at the high moisture 

regime. 

No significant differences in total above-ground 

biomass yield were observed at water levels 404, 337, 161, 

and 89 mm (Table 5). WestBred Barcott, Arivat, Seco, and 2-

22-9 maintained nearly the same relative total yield (within 

4 %) of the mean within each water level for levels 294, 

229, and 104 mm. Biomass yield of WestBred Gustoe and one-

irrigation durum genotype, B83-33 were within 11 % from the 

404 mm water level to the 89 mm water level. 

Semi-dwarf cultivars, WestBred Gustoe and WestBred 

Barcott consistently yielded less straw (Table 7) than all 

other cultivars across the irrigation gradient except for 2-

22-9 at the 104 and 89 mm water levels. Seco, a taller 

cultivar (Table 8), consistently produced more straw than 2-

22-9 though significant differences in plant height were not 

observed for moisture levels below 161 mm (Table 7). 

Harvest index (Table 6) increased while plant height 

decreased for all genotypes as moisture became limiting. 

Harvest index was significantly less for one-irrigation 

Triticum SPP. genotypes when compared to all other genotypes 

at the 89 mm water level. Seco's greater straw production 



Table 7. Straw yield of small grain cultivars under various moisture regimes. 

Straw yield 

Moisture1 (mm) 

Cultivar1 404 337 294 229 161 104 89 

J( -2 
Gustoe 901 780 695 586 502 362 354 
Barcott 872 699 604 493 367 311 317 

Arivat 1098 938 771 631 577 490 417 
Prato 1077 842 859 854 632 539 508 

Seco 1163 922 890 773 568 487 472. 
2-22-9 846 615 576 470 403 325 351 

B83-33 1069 996 1017 813 617 587 593 
B83-450 1034 835 736 708 590 552 | 627 

LSDW NS 230 171 192 116 95 133 

Moisture = Rainfall and supplemental irrigation (stored soil water - 254 mm) 
Cultivar 

Gustoe = High input barley. 
Arivat = Medium input barley. 
Seco = Low input barley. 
B83-33 = Low input durum. 

Barcott = High input barley. 
Prato = Medium input barley. 
2-22-9 = Low input barley. 
B83-450 = Low input spring wheat. 

Ul 



Table 8. Plant height of small grain cultivars under various moisture regimes. 

Plant height 

Moisture1 (mm) 

Cultivar1 404 337 294 229 161 104 89 

CB 
Gustoe 72.6 62.4 56.5 51.3 43.9 43.0 47.4 
Barcott 74.6 72.1 69.5 57.0 51.8 54.9 54.8 

Arivat 103.6 100.8 95.8 91.6 79.8 80.1 80.0 
Prato 90.8 85.1 81.1 76.5 67.8 63.5 65.8 

Seco 115.1 110.0 107.5 98.6 95.0 90.8 93.6 
2-22-9 99.6 98.9 95.0 87.4 83.5 86.8 87.8 

B83-33 93.8 83.1 80.1 76.6 77.8 77.0 ( 78.0 
B83-450 95.8 92.3 90.0 89.3 86.5 87.0 88.6 

LSDa 7.0 8.0 9.4 8.0 9.4 7.8 8.3 

® Moisture a Rainfall plus supplemental irrigation (stored soil water = 254 mm). 
* Cultivar 

Gustoe = High input barley. Barcott = High input barley. 
Arivat = Medium input barley. Prato = Medium input barley. 
Seco '= Low input barley. 2-22-9 = Low input barley. 
B83-33 = Low input durum. B83-450 - Low input spring wheat. 
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resulted in a lower harvest index for all water levels where 

data were available and had nearly the same harvest index as 

WestBred Gustoe for moisture levels 104 and 89 mm. 

Yield Components 

Stem numbers for the high input barley genotypes (Table 

9) increased on an average of 52 % across the entire 

irrigation gradient, stem numbers for the medium input 

barley's increased 34% from the 89 mm to the 294 mm water 

level and then decreased over the remainder of the gradient. 

Stem numbers for the low input barleys, 2-22-9 and Seco 

(excluding water level 404 mm) increased approximately 25% 

from the 89 mm to the 404 mm water level. Kernels per stem 

(Table 10) increased as moisture decreased for high input 

barley cultivars and Seco, and peaked at 229 mm for medium 

input barleys and 161 mm for 2-22-9 and B83-33. 

The spring wheat genotype had lower kernel weight 

(Table 11) than the durum genotype across the entire range 

of moisture levels. One-irrigation barley produced heavier 

kernels than both medium and high input barley genotypes for 

moisture regimes 229, 161, 104, and 89 mm of water during 

the growing season. 

One-irrigation barley genotypes appear to maintain 

their yield under limited moisture conditions by maintaining 



Table 9. Stem number of small grain cultivars under various moisture regimes. 

Stem number 

Cultivar1 

Moisture1 (mm) 

404 337 294 229 161 104 89 

stems m* 
Gustoe 
Barcott 

407 
443 

431 
472 

401 
416 

34B 
400 

329 
322 

295 
294 

257 
277 

Arivat 
Prato 

318 
418 

366 
429 

369 
463 

35B 
442 

364 
407 

326 
377 

321 
345 

Seco 
2-22-9 

448 
363 

353 
352 

346 
363 

370 
303 

333 
305 

290 
268 

284 
288 

BB3-23 
B83-450 

391 
476 

354 
476 

382 
484 

343 
439 

294 
434 

293 , 
384 I 

277 
400 

LSDW 90 49 79 78 84 62 NS 

Moisture = Rainfall plus supplemental irrigation (stored soil water = 254 mm) 
Cultivar 

Gustoe = High input barley. 
Arivat = Medium input barley. 
Seco = Low input barley. 
B83-33 = Low input durum. 

Barcott = High input barley. 
Prato = Medium input barley. 
2-22-9 = Low input barley. 
B83-450 = Low input spring wheat. 

<J1 



Table 10. Kernel per stem of small grain cultivars under various noisture regimes. 

Kernel number 

Moisture* (mm) 

Cultivar1 404 337 294 229 161 104 89 

Kernels ouem 
Gustoe 25.4 26.5 27.9 31.9 30.5 33.2 35.5 
Barcott 31.7 28.1 31.2 33.9 41.8 45.5 46.7 

Arivat 28.6 26.8 27.6 31.1 31.2 28.1 28.8 
Prato 25.1 26.8 28.9 32.8 28.4 25.6 30.2 

Seco f # s 25.8 34.8 39.1 38.6 
2-22-9 25.1 29.0 33.2 37.1 40.3 37.8 39.5 

B83-33 24.2 21.6 23.6 27.1 29.1 26.8 28.8 
B83-450 12.7 7.1 9.0 8.9 15.3 16.1 ( 20.2 

LSD* 10.4 8.7 12.0 9.5 5.1 

CO • 

to 

7.1 

1 Moisture = Rainfall plus supplemental irrigation (stored soil water » 254 mm). 
1 Cultivar 

Gustoe = High input barley. Barcott = High input barley. 
Arivat = Medium input barley. Prato » Medium input barley. 
Seco = Low input barley. 2-22-9 = Low input barley. 
B83-33 = Low input durum. B83-450 = Low input spring wheat. 

f Damaged by frost at flowering 11-14 March 1988. 
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Table 11. Kernel weight of snail grain cultivars under various moisture regimes. 

Kernel weight 

Moisture1 (mm) 

Cultivar* 404 337 294 229 161 104 89 

mg xernex 
Gustoe 38.2 35.8 35.9 33.4 32.0 28.0 28.7 
Barcott 35.5 35.2 35.4 35.2 32.5 31.3 29.3 

Arivat 39.3 39.8 39.4 35.4 33.9 31.1 29.8 
Prato 37.2 37.4 38.2 33.6 32.9 29.5 28.0 

Seco « 1 t 41.5 38.0 38.2 37.7 
2-22-9 42.6 40.5 40.6 40.8 37.2 37.4 36.8 

B83-33 43.1 53.6 51.9 50.4 47.2 42.3 42.3 
B83-450 40.9 39.6 38.1 37.2 36.1 35.1 35.3 

NS 6.4 4.5 2.8 3.0 2. If 2.8 

Moisture 
Cultivar 

Rainfall plus supplemental irrigation (store soil water = 254 mm) 

Damaged 

Gustoe = High input barley. 
Arivat = Medium input barley. 
Seco = Low input barley. 
B83-33 = Low input durum. 

by frost at flowering 11-14 March 1988. 

Barcott = High input barley. 
Prato - Medium input barley. 
2-22-9 = Low input barley. 
B83-450 = Low input spring wheat. 

Ul 
ID 
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both kernel weight and kernels per stem. Limited moisture 

conditions did not affect the number of kernels per stem for 

early maturing WestBred Barcott nearly as much as for the 

full season cultivar, WestBred Gustoe, and the medium input 

barley genotypes. Kernels per stem of the barley genotypes 

in this experiment appeared to be related to maturity while 

available moisture after flowering appears to have a major 

impact on kernel weight. Lack of moisture after flowering 

may be the cause of low kernel weight in WestBred Barcott. 

Kernels per stem appear to be related to moisture stress 

and temperature (Fig. 2) during the period between 

differentiation of the reproductive meristem and anthesis 

while reduced kernel weight is due to moisture stress 

between anthesis and maturity (Aspinall et al., 1964) The 

ability of one-irrigation genotypes to maintain kernel 

weight and kernels per stem under decreasing water 

availability may be due in part to the ability of the plant 

to develop in a relatively short period of time during the 

cooler part of the growing season when evaporative demand is 

relatively low. Observations made by Sharratt et al. 

(1984), and Aggarwal et al. (1986) suggest that development 

of reproductive meristematic tissue through to anthesis 

during favorable growing conditions results in higher 

yields. Water use efficiency after anthesis and a current 

supply of assimilates would greatly influence yields in high 
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yield environments. High yield environments promote maximum 

tiller formation and kernel set on a plant which would 

require a relatively large amount of assimilate provided to 

the developing kernel at a rate that would allow the kernel 

to fill before the plant matured. Under such conditions, 

yield dependence increases on the translocation of post-

anthesis assimilates to fill kernels. Yield under water 

limited environments would depend on kernel numbers and 

translocation of pre-anthesis assimilates to the kernel. 

Cultivars which can limit the number of kernels and then 

have the ability to mobilize assimilates stored in the plant 

for inclusion in the development of the kernel would have an 

advantage over cultivars which would attempt to fill more 

kernels than the plant could manufacture assimilate on a 

limited water supply. One-irrigation barley genotypes and 

one-irrigation durum, B83-33, appear to limit kernel set 

throughout the moisture levels used in this experiment. 

Differences in grain protein content (Table 12) were 

recorded between Triticum spp. and barley genotypes. 

WestBred Gustoe had lower grain protein content than all 

other genotypes across the water gradient except moisture 

levels 161, 104 and 89 mm. Differences between Triticum 

spp. and barley genotypes was expected since durum and wheat 



Table 12. Grain protein of small grain cultivars under various moisture regimes. 

Percent protein 

Moisture1 (BUD) 

Cultivar1 404 337 294 229 161 104 89 

. i * \ ( * ) 
Gustoe 12*3 12.3 12.4 12.8 12.9 13.2 13.2 
Barcott 14.0 13.7 13.2 13.5 12.9 12.3 12.7 

Arivat 13.8 13.4 13.4 13.8 13.7 13.8 13.8 
Prato 13.7 13.2 13.0 14.1 13.4 13.6 13.9 

Seco # « * 14.5 13.7 13.0 13.2 
2-22-9 14.0 13.2 12.7 13.0 12.7 12.4 12.3 

B83-33 16.3 16.7 16.6 16.2 16.0 15.5 15.9 
B83-450 16.7 17.0 16.9 16.4 16.1 15.5 15.3 

LSD̂  0.5 0.7 0.7 1.2 0.7 0.9 0.9 

1 Moisture = Rainfall plus supplemental irrigation (stored soil water = 254 mm). 
' Cultivar 

Gustoe = High input barley. Barcott = High input barley. 
Arivat = Medium input barley. Prato = Medium input barley. 
Seco = Low input barley. 2-22-9 = Low input barley. 
B83-33 = Low input durum. B83-450 = Low input spring wheat. 

1 Damaged by frost at flowering 11-14 March 1988. 
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generally have greater protein content. Significant 

differences in protein content among barley genotypes were 

found between WestBred Gustoe and the remaining barley 
\ • 

genotypes at 404, 337 and 294. Also WestBred Barcott and 2-

22-9 contained less protein than the medium input barley 

genotypes, Seco and WestBred Gustoe at the 104 and 89 mm 

water levels. 

Transpiration and Stomatal Density 

No differences were detected in transpiration (Table 

13) for WestBred Gustoe, Arivat, and Seco at the 404, 229, 

and 89 mm water levels. However, significant differences in 

stomatal density were observed on the abaxial side of the 

flag leaf between WestBred Gustoe and Seco at the 89 mm 

water level (Table 14). Though stomatal density is a factor 

that affects transpiration, stomatal size and closure, leaf 

area and leaf rolling also play a part in controlling 

transpiration (Gardner et al. 1985). Differences in 

transpiration may not have been observed because cultivars 

were at different stages of development when measurements 

were made. Seco, which was in the mid to hard dough stage, 

and WestBred Gustoe, which was in the boot to heading stage 

when transpiration was measured had nearly the same 

transpiration rate at both the 404 and 89 mm water level. 
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Table 13. Flag leaf transpiration of three barley genotypes 

under three moisture levels. 

Cultivar1 

Leaf transpiration (g m"2 s*1) 

Cultivar1 

Moisture5 (mm) 

Cultivar1 404 229 89 

Gustoe 898 743 584 

Arivat 959 768 714 

Seco 837 686 581 

LSD.os NS NS NS 

5 Moisture = Rainfall plus supplemental irrigation 
1 Cultivar 

Gustoe = High input barley. 
Arivat = Medium input barley. 
Seco » Low input barley. 

Moisture level x Cultivar interaction: P « .1319 
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Table 14. Flag leaf stomatal density of three barley 
cultivars under three moisture levels. 

Stomata density (mm*2) 

Moisture5 (mm) 

404 229 89 

Surfacê  

Cultivar* Ad Ab Ad Ab Ad Ab 

Gustoe 81.4 76.6 80.0 79.3 86.2 89.0 

Arivat 74.5 71.7 73.8 72.4 73.8 81.4 

Seco 66.9 65.5 72.4 72.4 70.3 68.3 

LSD.05 NS NS 20 .0 

5 Moisture = Rainfall plus irrigation. 
1 Surface Ad = Adaxial side of leaf, Ab = Abaxial side of 

leaf. 
* Cultivar 

Gustoe = High input barley. 
Arivat » Medium input barley. 
Seco = Low input barley. 

Moisture level x Cultivar interaction P = .3001 
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Seco with its lower stomatal density would need to transpire 

at a faster rate per stomate compared to WestBred Gustoe. 

Seco could accomplish the same rate of transpiration by 
\ 

increasing the size of stomate opening compared to WestBred 

Gustoe. 

Root Density 

Roots of WestBred Gustoe and Seco penetrated to 

approximately equal depth under both the high and low 

moisture regimes (Table 15). WestBred Gustoe had greater 

root density than Seco in the 0 to 0.3 m portion of the soil 

profile in both the high and low moisture regimes. WestBred 

Gustoe had greater total root density at the high moisture 

level while no difference in total root density was observed 

at the lower moisture level between the two genotypes. Seco 

had greater root density than WestBred Gustoe at the low 

moisture level at depths from 0.3 to 0.6, 0.6 to 0.9 and 1.2 

to 1.5 m. Below 1.5 m, significant differences in root 

density were not detected possibly because the soil was not 

at field capacity during any portion of the growing season. 

Root length for WestBred Gustoe may have been influenced 

more by late season precipitation received after Seco had 

achieved maturity resulting in increased root growth of 

WestBred Gustoe in the 0 to 0.3 m depth. Seco maintained 
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Table 15. Root length density for two barley genotypes at 
maturity grown under two moisture regimes. 

Moisture Depth 
Cultivar® • 

Gustoe v Seco Significance1 

(mm) (m) (cm cm"3) 

404 0-0.3 3.79 2.78 * 

0.3-0.6 1.05 0.96 NS 
0.6-0.9 1.12 1.14 NS 
0.9-1.2 1.09 0.95 NS 
1.2-1.5 0.76 0.67 NS 
1.5-1.8 0.32 0.40 NS 
1.8-2.1 0.19 0.24 NS. 
0.0-2.1 8.32 7.14 * 

89 0.0-0.3 1.89 1.65 * 

0.3-0.6 0.66 0.85 # 

0.6-0.9 1.33 1.45 + 
0.9-1.2 1.37 1.32 NS 
1.2-1.5 1.03 1.21 * 

1.5-1.8 0.62 0.54 NS 
1.8-2.1 0.30 0.26 NS 
0.0-2.1 7.20 7.28 NS 

5 Gustoe = High input barley, Seco = Low input barley. 
1 NS, + , * Not significant at P=0.10, and significant at 
P=0.10 and 0.05, respectively. 
Moisture level x Cultivar interaction: P=.2608 



approximately the same total root length density for both 

high and low water levels while WestBred Gustoe appears to 

respond to high water levels with greater root development 
\ 

in the 0 to 0.3 m depths. 

Brown et al. (1987) demonstrated that the rooting 

patterns of Arabic Abiad, a locaJ. landrace and Beecher 

remained the same at two sites with differing rainfall 

amounts in contrast to my study. The landrace however, 

produced more roots in the subsoil than Beecher and was 

similar to Seco in this respect. 

Water Use 

Seco used water earlier in the growing season than 

WestBred Gustoe from all depths (Table 16). However, 

WestBred Gustoe used more total water than Seco in both 

moisture regimes due to its late maturity. The pattern of 

water removal from soil is similar to root development and 

profile of root distribution (Briggs, 1978). Aggarwal et 

al. (1986) observed that among four groups of barley 

differing in drought susceptibility, rooting activity and 

evapotranspiration were positively related. The water use 

pattern in this experiment suggests that Seco's roots grew 

at a faster rate below 0.3 m earlier in the season than 

WestBred Gustoe. Water use was greater for Seco than 

WestBred Gustoe (1.95 vs. 1.33 mm day"1) at depths 0.6 to 



Table 16. Water use at various soil depths over specific periods by water level for Gustoe' and 

Seco . 

Hater use 

Tine period 

Depth Hater Cultivar 29Jan 13 Feb 06Mar 13Mar 22Mar 27Mar 02Apr 19Apr 2 4 Apr Sua 
(•) Level HFeb .24Feb 12Mar 17Har 25Mar 2BHar 13Apr 2 4 Apr 21May 

(BUB/* 
0-0.3 89 Gustoe 24.6 7.1 3.8 1.8 -1.5 0.8 3.0 17.0 23.1 80.0 

Seco 20.8 7.1 2.8 2.3 0.0 0.0 2.0 7.1 0.0 42.2 
404 Gustoe 33.3 37.3 35.8 24.6 30.7 9.4 79.2 34.5 28.2 313.1 

Seco 32.5 40.9 33.0 15.5 30.2 12:4 75.9 21.6 11.2 273.6 
LSDk 5.3 2.8 3.3 5.1 3.8 4.8 2.0 5.3 10.8 18.8 

0.3-0. 6 69 Gustoe 5.6 4.8 2.3 1.8 2.0 2.5 4.8 0.0 2.0 23.9 
Seco 8.6 3.8 2.5 2.3 1.8 1.0 2.5 2.5 0.0 20.8 

404 Gustoe -0.3 9.4 5.8 5.3 2.0 2.8 3.0 8.4 25.9 62.7 
Seco 2.5 8.9 5.6 2.3 5.3 2.5 3.6 3.0 9.7 43.2 

LSDW 3.8 6.6 3.0 2.8 2.8 2.8 HS 5.6 11.2 11.2 

0.6-0. 9 89 Gustoe -0.5 8.9 6.4 4.1 3.0 0.5 4.3 -0.5 0.8 26.9 
Seco 1.5 13.0 5.3 3.8 1.5 0.8 2.5 -0.5 0.0 25.9 

404 Gustoe -6.1 2.5 3.6 4.1 4.6 5.6 9.1 0.0 26.9 50.5 
Seco -4.1 1.3 3.3 2.8 5.6 2.5 2.8 2.5 4.1 18.5 

LSDos 4.8 4.1 3.0 1.3 3.6 3.3 3.8 HS 13.5 13.2 

0.9-1. 2 89 Gustoe 0.0 7.1 7.1 4.3 5.1 0.8 3.0 -0.5 0.8 27.7 
Seco 1.3 10.2 8.6 5.8 2.3 0.5 2.0 -1.0 0.0 30.0 

404 Gustoe -3.0 1.3 1.3 1.3 2.8 0.8 6.6 1.5 19.3 31.8 
Seco -1.5 1.8 5.6 3.8 2.3 3.8 3.0 1.0 1.8 21.3 

LSDm NS 4.6 3.3 1.8 HS 2.5 NS HS 3.3 HS 

* Gustoe = High input barley. Hoisture level x Cultivar interaction: P = .0033 
1 Seco = Low input barley. 
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Table 16. (Continued) Water use at various soil depths over specific periods by water level for 

Gustoe* and Seco1. 

Water use 

Time period 

Depth Water Cultivar 2 9 Jan 13 Feb 06Mar 13Mar 22Mar 27Har 02Apr 19Apr 24Apr Sun 
(•) Level HFeb 24 Feb 12Har 17Mar 25Mar 28Mar 13Apr 2 4 Apr 21 May 

(BB) -
1.2-1.5 89 Gustoe -3.0 O.B 3.8 3.6 2.3 1.3 6.9 -1.0 1.5 16.0 

Seco -2.5 2.3 6.1 3.8 2.0 1.0 1.3 0.0 0.0 13.7 
404 Gustoe -2.8 1.0 0.3 1.3 1.3 0.0 3.8 0.0 19.6 24.1 

Seco -3.6 0.5 1.3 1.3 1.0 0.8 2.3 2.5 1.0 4.6 
LSDM NS NS 2.5 1.8 NS NS 2.5 NS 4.8 14.5 

1.5-1.8 89 Gustoe -5.1 -1.5 1.5 1.8 3.3 0.8 4.8 -0.5 1.8 7.1 
Seco -4.6 0.3 2.8 3.0 1.5 0.8 1.5 -1.3 0.0 4.1 

404 Gustoe -1.3 0.5 0.0 0.0 0.5 0.0 2.5 0.0 8.6 10.7 
Seco -3.0 0.5 0.5 0.0 0.3 0.0 1.5 1.3 2.5 3.3 

LSDB 2.8 NS 2.5 22.9 NS NS NS 2.0 4.6 NS 

1.8-2.1 89 Gustoe -1.5 -0.8 1.0 1.3 1.3 0.3 2.5 -0.8 1.8 5.6 
Seco -2.0 -0.5 1.3 1.5 0.0 0.3 1.3 0.0 0.0 1.0 

404 Gustoe 1.8 1.5 0.3 0.5 0.5 0.3 0.8 -0.3 2.3 7.9 
Seco -1.0 0.5 0.0 0.0 1.5 -0.8 1.5 0.3 0.5 2.5 

I£Db NS NS NS 1.0 NS 0.5 NS NS NS NS 

SUM 89 Gustoe 20.1 26.4 25.9 18.5 15.5 4.5 29.4 13.7 31.8 187.1 
Seco 23.1 36.1 29.5 22.6 9.1 4.3 8.6 4.6 0.0 137.7 

404 Gustoe 21.6 53.6 47.0 37.1 42.4 18.8 105.2 44.2 130.8 500.9 
Seco 21.8 54.4 49.3 25.7 46.2 21.3 90.7 27.2 28.4 364.7 

LSD.05 NS 10.4 12.7 10.7 9.7 2.5 10.9 11.2 38.4 65.8 

* Gustoe = High input barley. Hoisture level x Cultivar interaction: P = .0033 
1 Seco = Low input barley. 
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1.2 m between 13 to 24 February and greater at 1.2 to 1.5 m 

depth between 8 to 12 March. These periods would coincide 

with the period of spikelet differentiation to anthesis of 
\ 

the earlier maturing one-irrigation barley genotypes and 

WestBred Barcott. Water use data indicate that Seco has a 

root system that rapidly grows to take advantage of stored 

soil moisture when temperature is relatively low. WestBred 

Gustoe used more total moisture than Seco at all depths for 

both moisture regimes except at 0.9 to 1.2 m under the 89 mm 

moisture regime. WestBred Gustoe used more water during the 

entire 

growing season and had greater root density than Seco at 

depths 1.5 to 1.8 and 1.8 to 2.1 m of the soil profile at 

the 89 mm water level. This can probably be attributed to 

WestBred Gustoe*s later maturity giving this cultivar more 

time to develop roots at these deeper depths of the soil 

profile. Though WestBred Gustoe used more water and had a 

greater root density at the 1.5 to 2.1 m depth, WestBred 

Gustoe was apparently not able to obtain enough moisture to 

maintain kernel numbers and grain quality. 

Cooper et al. (1987), observed that between Beecher and 

Arabic Abiad, a local landrace, the cultivar which yielded 

the greatest quantity of grain utilized the most total water 

under both high and low rainfall environments. In contrast, 

water use efficiency was greater in producing grain for Seco 
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(1.37 g m*2 mm"1) than WestBred Gustoe (0.79 g m"2 mm*1) at the 

89 mm moisture level. Water use efficiency for WestBred 

Gustoe at the 404 mm water level was 0.56 g m"z mm"1 of 
\ 

water. Seco was damaged by frost at the 404 mm water level 

while WestBred Gustoe yields at this water level appeared to 

be damaged more by aphids and barley yellow dwarf virus than 

earlier maturing cultivars such as WestBred Barcott. 

Assuming that 2-22-9 had similar water use patterns as Seco 

and WestBred Barcott had similar water use patterns as 

WestBred Gustoe, water use efficiency for these two 

genotypes would be 0.59 g m~2 mm"1 vs 0.70 g m"2 mm"1 of water 

at the 404 mm water level. WestBred Gustoe water use 

efficiency decreased to a lesser degree than Seco when 

comparing water use efficiency of these cultivars at the 89 

and 404 mm water levels. Under conditions without aphids 

and barley yellow dwarf WestBred Gustoe may have maintained 

its water use efficiency between high and low moisture 

levels while Seco and 2-22-9 water use efficiency decreased. 

Differences in yield between WestBred Gustoe and 

WestBred Barcott at the 89 mm water level can probably be 

attributed to the differences in maturity. WestBred 

Barcott, which is about 7 to 10 days later in maturity than 

Seco, produced similar grain yields as Seco and 2-22-9. 

However, kernel weight was reduced in WestBred Barcott like 

WestBred Gustoe and medium input barleys due to severe 
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moisture stress after flowering. Brown et al. (1987) and 

Cooper et al. (1987) observed that crop growth rate during 

tiller formation and kernel set in well adapted cultivars is 
\ 

"adjusted so that sufficient water remains in the soil to 

adequately fill kernels set". The phenology, tiller 

production, kernel set, stomatal density, rate of root 

development and root density of Seco appears to make this 

cultivar better adapted than WestBred Gustoe in a stored 

soil moisture, limited growing season precipitation 

environment. It appears that under a frequent watered 

environment moisture stimulates WestBred Gustoe to a greater 

degree than Seco in producing tillers, roots in the 0 to 0.3 

m of the soil and increasing kernel weights. WestBred 

Barcott appears to be stimulated in the same way as WestBred 

Gustoe in producing spike bearing stems and increasing 

kernel weights as moisture increases. 

Jones (1980) and Davies (1987) have suggested that 

plants which can successfully grow and develop in limited or 

irregular moisture environments must exhibit the capacity to 

"measure" the amount of water available to them in the soil 

and modify their physiology accordingly. One irrigation 

barley genotypes appear to be programed to produce a limited 

number of tillers, kernels and roots. WestBred Gustoe 

appears to adjust tillers, kernel set and rooting pattern 



but does not appear to be able to measure the remaining 

amount of moisture in the soil to fill kernels. 
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CONCLUSIONS 

Conclusions drawn from this study are based on one 

year's data and therefore the author suggests that 

additional experiments should be conducted to provide data 

needed to develop a more solid basis to determine the amount 

of water necessary for optimum yield of the specific 

cultivars tested. The experiment does give some indication 

of trends that need further exploration. 

The amount of water calculated using quadratic 

equations to derive the amount of water necessary for 

maximum yield for specific cultivars in the study was the 

stored soil moisture of approximately 254 mm plus 332, 404, 

279, 277, 144, 236, and 277 mm of irrigation and rainfall 

for WestBred Gustoe, WestBred Barcott, Arivat, Prato, Seco, 

2-22-9 and B83-33, respectively. The data used to calculate 

the amount of water required for maximum yield was 

influenced by aphids, barley yellow dwarf virus, and hail. 

Results from this experiment indicate that water use 

patterns and water use efficiency varies due to maturity of 

the cultivar in relation to moisture availability. It 

appears that water use efficiency decreases for one-

irrigation barley genotypes to a greater degree than high 
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input barley genotypes as available moisture increases. 

This is in contrast to earlier results of other studies 

(Anderson and Read 1966, Cooper et al. 1987) discussed in 
\ 

this paper. 

High input and medium input barley genotypes appear to 

adjust to changing moisture conditions more readily than low 

input barley genotypes. A faster rate of increase in the 

number of stems per square meter appears to be the main 

means of adjustment of high input barley genotypes to 

increasing moisture conditions. Low input barley genotypes 

obtain a maximum number of stems at a relatively low water 

level and maintain this number of stems as more water is 

added. The ability of high input and medium input barley 

genotypes to measure the amount of water remaining in the 

soil to fill kernels under low moisture levels appears to be 

less than that of one-irrigation barley genotypes. One-

irrigation genotypes maintained kernel weight under low 

moisture conditions while high and medium input barley 

kernel weights decreased with a decrease in moisture regime. 

In terms of rooting, WestBred Gustoe adjusts rooting 

density in the 0 to 0.3 m depth to take advantage of 

frequent watering. It appears that Seco maintains the same 

length of root system for both water regimes where 

measurements were taken. I would suggest that if a new 

experiment is conducted that a different design be used so 
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that water applications on rooting patterns and other 

agronomic characteristics could be statistically analyzed. 

Seco appeared to adjust for water loss by reducing the 

number of stomata per unit area of leaf when compared to 

WestBred Gustoe. Transpiration measurements did not suggest 

that less water was used by Seco than WestBred Gustoe 

however, water use data indicates that Seco used less water 

than Gustoe. Cultivars were at different stages of 

development when transpiration measurements were taken. New 

experiments should measure transpiration several times 

during the growing season and in such a way to correspond to 

the development stage of the plant. Comparison of 

transpiration of plants at the same stage of development 

would be possible. Size of stomatal openings and leaf area 

should be measured to determine if Seco's leaf structure is 

more efficient than WestBred Gustoe in its use of water. 

Seco appears to be a well balanced plant for an 

environment with stored soil water and limited precipitation 

during the growing season. Seco avoids severe moisture 

stress with early maturity and endures limited moisture with 

a well developed deep penetrating root system and reduced 

number of stomata compared to WestBred Gustoe. 
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