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Highlight: iVa tive grass species show differences in leaf and 
root growth response to soil water potential. Soil water 
potential developed by blue grama at the time of leaf growth 
stoppage ranged from < -80.0 bars at 5 cm depths to -8.4 
bars at 35 cm depths, while corresponding values for little 
bluestem were -24.3 and -3.0 bars, and -30.0 and -15.3 bars 
for western wheatgrass. Soil water potentials at the time of 
root growth cessation were somewhat lower with a minimum 
of -16.6 bars at the S cm depth of blue grama and a maximum 
of -5.0 bars at the 25 cm and 35 cm depths of little bluestem. 
The R2 values indicate a lower level of correlation between 
soil water potential and root growth than between soil water 
potential and leaf growth. In ranking the three mixed prairie 
grass species as to their growth tolerance to decreasing soil 
water potential, blue grama ranks the highest followed by 
western wheatgrass and little bluestem, respectively. 

In natural vegetation the position of plant species does 
not occur at random but the plants are intermixed or 
controlled by the impact of the environment over a series of 
years. Within the mixed prairie of central Montana, blue grama 
(Bouteloua gracilis), western wheatgrass (Agropyron smithii), 
and little bluestem (Schizachyrium scoparium) each appear to 
have different and distinct site requirements. The soil moisture 
requirements of these three species have been characterized as 
low for blue grama, moderate for western wheatgrass, and 
moderately good for little bluestem (U.S. Dep. Agr., 1971). 

Daubenmire (1956) stated that each vegetation type differs 
from its neighbor in the degree of summer drought, except at 
the wet end of the climatic gradient, where low temperature is 
more the decisive factor. McMinn (1952) supports this by 
showing that in the northern Rocky Mountains, where most 
precipitation occurs in the winter months and there are 
summer droughts, different plant associations are correlated 
with different extents of soil drought. The time and extent of 
summer drought serves to limit the spread of some species 
while favoring the spread of others. 

The amount and rate of water uptake depends on the 
ability of the roots to absorb water from the soil with which 
they are in contact, as well as the ability of the soil to supply 
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and transmit water toward the root. These, in turn, are defined 
by properties of the plant: rooting density, root depth, and 
rate of root extension, as well as the physiological ability of 
the plant to increase its own water suction sufficiently to 
continue drawing water from the soil at a rate needed to avoid 
wilting; and by properties of the soil: hydraulic conductivity- 
diffusivity-matric suction-wetness relationships (Hillel, 1970). 
According to Brown (1970) the concept of the energy status 
of water in a system best explains the availability of the water. 
The free energy of the water in the soil can be expressed as the 
difference between the free energy of pure free water and the 
free energy of the water in the system at the same pressure and 
temperature, better known as water potential. Water potential 
is affected by factors that change the free energy of water 
molecules in the system. The presence of solutes, colloids, 
large particles such as sands, silts, and clays all decrease the 
water potential. The water molecules interact with these 
factors and decrease the free energy of the water below that of 
pure free water. Therefore, the total water potential is a 
combination of osmotic, matric, and gravitational pressures 
(Hillel, 1970; Brown, 1970). 

There are implications that temperature and relative 
humidity of the atmosphere also play a significant role in the 
physiological ability of grasses to maintain water suction 
(Eddleman and Nimlos, 1972). 

The thermocouple psychrometer method of measuring soil 
water potential is relatively new and is proving itself in many 
fields of science. Because the relative vapor pressure of soil 
water and plant tissue, which is directly proportional to water 
potential, lies very close to the saturated vapor pressure (95 to 
lOO%), the method used to measure this must be capable of 
detecting very small changes in vapor pressure of water. This 
measurement can be made with small sensitive thermocouples 
(Spanner, 1951). 

The objectives of this study were: (1) to test the hypothesis 
that there is a direct correlation between decreasing soil water 
potential and decreases in daily root and leaf growth, (2) to 
determine the water potentials of the soil system at the time 
of root and leaf growth cessation, and (3) to test the general 
hypothesis that differences exist between blue grama, western 
wheatgrass, and little bluestem in their ability to remove water 
from the soil. 

Methods and Procedures 

Specimens of blue grama, western wheatgrass, and little 
bluestem were collected from the Judith River valley 15 miles 
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west of Lewistown, Mont. Clonal material was used to 
minimize the genetic variation between replications of each 
treatment. Specimens were collected in early spring before any 
evidence of new growth. Once growth started the plant 
clusters were removed from the sod and broken into smaller 
plants, which were used as individual replications in the study. 

The study was conducted in a greenhouse using glass-front 
root observation boxes. Each root box contained 
approximately 6.5 liters of sandy loam soil (48% sand, 41% 
silt, and 1 1% clay). 

Three replications of control and treatment plants of each 
species were used. The treatment plants were not watered after 
the initial saturation. Photosynthesis and respiration of the 
plant as well as evaporation were allowed to drain the soil of 
available moisture. The control plants were watered every 3 or 
4 days to maintain a high water potential (greater than -1 
bar). 

The glass surface of the root boxes was divided vertically 
into four equal soil levels each 10 cm deep. Thermocouple 
psychrometers were inserted through the back of the boxes 
and centered at 5, 15, 25, and 3 5 cm in each of the four soil 
levels. 

Soil water potential, soil temperature, root elongation, and 
leaf elongation measurements were taken at 24-hour intervals. 
All measurements started when the plant began to produce 
new visible roots along the glass surface of the root boxes. 
Measurements continued until there was no further elongation 
of roots in any of the four soil levels and no further leaf 
elongation in the treatment boxes. 

Results Soil Water Potential (Bars) 

The soil water potential at the time of leaf growth cessation 
was used to rank the three species in their ability to extract 
moisture from a drying soil system (Table 1). 

Fig. 1. Correlation between average daily leaf elongation 
water potential in the four soil levels for all three species. 

Blue grama extracted more moisture from the surface soil 
level than either western wheatgrass or little bluestem, to 
beyond the measuring capabilities of the thermocouple 
psychrometer (-80 bars). In the second soil level, blue grama 
and western wheatgrass developed lower soil water potentials 
than did little bluestem. In the lower two soil levels western 
wheatgrass extracted moisture to the lowest potential, 
followed by blue grama and little bluestem, respectively. As 
seen in Table 1, western wheatgrass extracted moisture more 
evenly from the entire soil profile than did the other two 
species. In all species the moisture was extracted first and to 
the greatest extent from the upper soil level and to a lesser 
degree from each successively lower level. Using various 
cool-season forage grasses and legumes, Bennett and Doss 
(1960) found that when plants wilted there usually was 
available moisture in the lower soil levels, but the plant was 
incapable of extracting this moisture. Such was the case with 
blue grama and little bluestem, where moisture was available in 
the lower soil levels at the time of leaf growth cessation. 

The correlation between soil water potential in all soil levels 
and leaf growth cannot be used to pinpoint the region of the 
soil that is the most critical in controlling leaf growth, but the 
slope and position of the regression lines can be used to 
support some theories (Fig. 1). 

The decline in the soil water potential of the upper soil 
level corresponds with very small reductions in leaf growth of 
blue grama, suggesting that the upper soil level contributes 
little to the reduction of leaf growth (Fig. la). The leaf growth 
was reduced to nearly 50% of the original growth rate before 
the soil water potential dropped below - 1 bar in the third soil 
level. Because there was apparent available soil moisture in the 
lower levels at the time of leaf growth cessation, the soil 
moisture availability in the second soil level seemed to have 
the closest correlation with decreases in leaf growth. 

As illustrated in Figure lb, all regression lines originated at 
points where leaf growth was at or near its maximum growth 
rate. This indicates that water potential decreased below -1 
bar in all levels before any reduction in leaf growth occurred. 
The upward sloping of the first two lines indicates that leaf 
growth was actually increasing as the soil water potential 
decreased to as low as -5 bars in the upper soil levels. The 
similarity of the slopes of all four lines suggests that the water 
potential of all four levels contributed rather uniformly to the 
reduction of leaf growth. 

Table 1. Soil water potential when leaf growth terminated. 

Soil Blue grama Western wheatgrass Little bluestem 
depth (Bars) (Bars) (Bars) 
Level 1 <-80.0 b,c’ 2,3,42 -30.0 a,c 2,3,4 -24.3 a,b 2,3,4 
Level 2 -26.0 c 1,334 -23.6 c 1,334 - 9.8 a,b 1,3,4 
Level 3 -11.0 b,c 1,2 -16.8 a,c 132 - 3.4 a,b 1,2 
Level 4 - 8.4b,c 1,2 -15.3 a,c 1,2 - 3.0 a,b 1,2 

‘Letters indicate the species that have significantly different water 
potential at the 5% level using a t-test of the replication means. 

‘Numbers indicate the soil levels within each species that have 
significantly different water potential at the 5% level using a t-test of 
replication means. 
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The presence of decreasing leaf growth of little bluestem 
was apparent before there was any decrease in water potential 
of the second soil level (Fig. lc). Leaf growth was reduced to 
one-third that of the original growth rate before the water 
potential decreased below -1 bar in the third soil level. The 
water potential reached in the lower two levels, before leaf 
growth terminated, remained very high compared to that in 
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Table 2. Soil water potential when root growth terminated. 
time of root growth cessation (-5.0 to -16.6) is quite small. 
Roots of the three species responded similarly to decreasing 

Soil Blue grama Western wheatgrass Little bluestem soil water potential. 
depth (Bars) (Bars) (Bars) The correlation between the soil water potential of each 
Level 1 -16.6 b,c’ - 7.8 a 2, 3,42 - 9.2 a 3,4 individual soil level and the root growth in that level is 
Level 2 -14.7 -10.6 1 -11.1 3,4 relatively consistent in all soil levels of the three species a< 
Level 3 -10.7 c - 9.6c 1 - 5.0 a,b 1,2 
Level 4 -14.5 c -13.8 c 1 - 5.0 a,b 1,2 

indicated by the regression lines in Figure 2. The R2 values 
indicate a lower level of correlation between soil water 

‘Letters indicate the species that have significantly different water 
potential at the 5% level using a t-test of the replication means. 

potential and root growth than between soil water potential 
2 Numbers indicate the soil levels within each species that have and leaf growth. Some correlation between moisture and root 

significantly different water potential at the 5% level using a t-test of 
the replication means. 

the upper soil levels. 
The growth characteristic of the root system of many grass 

species is firmly fixed by their genetics. This, in turn, has an 
important bearing on the plant’s ability to absorb water and, 
hence, survive drought. In most cases, upon encountering dry 
soil, root growth ceases and the roots become suberized to 
prevent moisture loss. 

Blue grama developed similar water potentials at all levels at 
the time of root growth cessation (Table 2). For western 
wheatgrass the water potentials of the lower three levels were 
similar and significantly lower than that found in the upper 
level. The roots of little bluestem that tolerated the lowest 
water potential were in the upper two levels. 

In the first soil level blue grama had the lowest soil water 
potential, which was significantly lower than the soil water 
potentials at the same level of the other two species. The soil 
water potentials of all three species were similar in the second 
soil level. In the third and fourth soil levels blue grama and 
western wheatgrass were similar but significantly lower than 
little bluestem. The total range of soil water potential at the 
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growth may be purely coincidental, as indicated by a 
comparison of the growth pattern of the roots in the control 
and treatment boxes. Root growth, in both control and 
treatment, reached an early peak and decreased to a very low 
rate. The drying cycle developed in the soil of the treatment 
plants may have actually stimulated root growth to a greater 
rate than that for control plants. Canon (1926) and Weaver 
and Clements (1929) believed that a relatively low water 
content, provided there is enough to insure good growth, 
stimulates the roots to greater development, resulting in a 
greatly increased absorbing surface. 

Summary and Conclusion 

The three species involved in this study were deliberately 
chosen because of the habitats they occupy. Blue grama is 
usually the dominant species on low moisture sites. Little 
bluestem appears to thrive on damp, north-facing slopes. 
Western wheatgrass is found on a variety of sites ranging from 
xeric to mesic and appears to be an intermediate species in its 
moisture requirements. The soil water potentials that these 
species are capable of enduring, both in terms of leaf growth 
and root growth, appear to correlate with the apparent 
habitats they generally occupy. 

One characteristic of these species that must be considered 
is their season of growth and maturation. Blue grama and little 
bluestem have both been termed “warm-season” grasses, while 
western wheatgrass is a “cool-season” grass. This, in part, may 
explain the different moisture extraction patterns, i.e., the 
relatively uniform moisture extraction by western wheatgrass 
and the inability of little bluestem and blue grama to 
effectively extract available moisture from the lower soil 

Wheatgrass Level 1 Y-220.6848-248.2064 Log X Soil water potentials at the time of root growth cessation 

relatively moist soil profile to facilitate root penetration. 
The increase in some species such as blue grama during 

extended dry periods can be partially explained by soil water 
potential tolerances found in this study, whereas higher 
precipitation and management systems that establish good soil 
moisture conditions appear necessary for maintaining western 
wheatgrass and little bluestem stands. 
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Soil Fertility and Production Parameters 

of Andropogon scoparius Tillers 

S. S. WALLER, C. M. BRITTON, AND J. D. DODD 

Highlight : Inherent soil fertility substantially influenced 
selected production parameters of little bluestem tillers. Net 
aerial production, heights of tallest flowering culm, and 
number of flowering culms of tillers grown in clay soil were 
significantly higher than those grown in sand. Second year 
survival and regrowth was also greater on the clay soil. 
Apparently, tillers grown on the sand are highly dependent on 
a rapid mineral cycle. 

Soil fertility is a major influence on plant production. Most 
fertility studies have been concerned with major agronomic 
crops where fertilizer applications have resulted in increased 
production. Rangeland fertilization has been investigated only 
on a limited scale. Few studies have been concerned with 
inherent soil fertility levels and plant production. 

The effect of fertilizers on native forage grasses has received 
recent attention. Growth and development of grasses and forbs 
in the northern Great Plains was greater with 67 lb/acre of 
applied nitrogen as opposed to 33 or 100 lb/acre (Goetz, 
1970). The maximum yield occurred with the highest rate of 
fertilizer application on Coastal Prairie rangeland (Drawe and 
Box, 1969). Holt and Wilson (1961) reported a doubling of 
forage production on a desert grassland in response to 
ammonium phosphate and ammonium nitrate. Fertilizer 
application resulted in a 50% increase in little bluestem 
(Andropogon scoparius) forage production on a Tabor fine 
sandy loam in the Post Oak Savannah of Texas (Reardon and 
Huss, 1965). Results from such studies often reflect treatment 
effects on a single soil type. This does not allow examination 
of variations among inherent fertilities of various soil types 
and plant production. 

Studies comparing plant production with inherent soil 
fertility are uncommon. Caird (1945) reported that a fine 
sandy loam produced 1 ,101 lb/acre while a clay soil 
supporting a similar grassland community produced 2,116 
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lb/acre. Van Amburg and Dodd (1970) reported that little 
bluestem clones from a clay soil were generally larger in 
circumference and contained more tillers than those from a 
fine sandy loam. However, number of roots produced per tiller 
was greater from the fine sandy loam. 

Little bluestem is one of the most important forage species 
of the United States (Gould, 1968). It is widespread in North 
America and occupies a wide variety of habitats (Hitchcock, 
1950). This wide range of distribution results from adaptive 
characteristics. Weaver and Fitzpatrick (1934) have reported 
extensive grassland areas dominated by 55 to 90% little 
bluestem. It has a wide tolerance to variation in soil texture 
(Nixon and McMillan, 1964). Soil fertility may be the most 
important factor in species distribution on clay textured soils 
(White, 1961). However, Hubbard (1917) stated that little 
bluestem has a variable growth habit in response to both 
environmental and edaphic factors. The objective of this study 
was to quantitate differences in growth parameters of little 
bluestem resulting from differences in inherent soil fertility. 

Methods 

The effects of inherent soil fertility on selected production 
parameters of little bluestem tillers were evaluated in a 
greenhouse utilizing surface soils of a Tabor fine sandy loam 
and a Heiden-Hunt clay. The soils vary considerably in 
inherent fertility, texture, and water retention (Mowery et al., 
1958). The A horizon of both soils contains approximately 
80% of the root system of little bluestem under field 
conditions (Van Amburg and Dodd, 1970). 

The Tabor fine sandy loam soil (Alfisol) developed from a 
sandy clay. The surface soil texture is 6.5% clay, 27.5% silt, 
and 66.0% sand. X-ray diffraction indicated highly weathered 
clay minerals in the A horizon. The surface soil was 
characterized as having an exchangeable Ca content of 1.50 
meq/lOOg, CEC 4.99 meq/lOOg, and base saturation 38.08% 
(Van Amburg and Dodd, 1970). Reardon and Huss (1965) 
reported this soil to be deficient in nitrogen, phosphorus, 
potassium, and calcium. Inherent fertility is low and the soil 
usually exhibits low to moderate productivity of native plants 
(Mowery et al., 1958). 
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