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364 SCHLATTERER 

to maintain a high proportion of carpetgrass. Mod- 
erate use of established carpetgrass stands will pro- 
vide a variety of species for animal selectivity and 
maximum sustained yield. Heavy grazing is re- 
quired to maintain pure stands of carpetgrass, 
which are often desirable as a firebreak on forested 
southern range. 
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Highlight 

Pre-conditioning of bluebunch wheatgrass, squirreltail 
and Thurber stipa plants by exposure to different tempera- 
tures and watering schedules affected their tolerance to 
moisture stress. Plants conditioned under high or low tem- 
peratures were more resistant to moisture stress than plants 
conditioned at moderate temperature. Plants grown in 
fertile mound soil were less conditioned to withstand mois- 
ture stress than those grown in less fertile inter-mound soil. 

In the drier portion of the sagebrush-grass re- 
gion, establishment of squirreltail (Sitanion hystrix 
(Nutt.) J. G. Smith), bluebunch wheatgrass (Agro- 
pyron spicatum (Pursh.) Scribn. and Smith), and 
Thurber stipa (Stipa thurberiana Piper) appears to 
be related to microsite conditions (Schlatterer, 
1968). Over extensive areas where these species oc- 
cur, the microtopography is characterized by low 
mounds coincident with the distribution of sage- 
brush. Sagebrush is, or was, a primary factor in the 

l This study was supported in full by the Forest, Wildlife 
and Range Experiment Station, University of Idaho, Mos 
cow, Idaho. Received September 10, 1971. 

2 Present address is Ecologist, Regional Office, U.S. Forest 
Service, Ogden, Utah. 

genesis of these mounds. The mounds are raised 2 
to 15 cm in height above adjoining surface levels and 
their diameter is frequently less than a meter but 
may reach 2 or more meters where they have coa- 
lesced. Microsite conditions of mound and inter- 
mound positions are quite different. The inter- 
mound position has a harsher micro-environment, a 
soil that is less fertile and contains less available 
moisture for plant growth than does the adjacent 
mound. Nonetheless, squirreltail is found to estab- 
lish more frequently in the intermound position 
even when competition from sagebrush is removed 
in a depleted Artemisia tridentata subsp. wyomin- 
gensis/Stipa thurberiana community (Schlatterer, 
1968). This is contrary to what would be expected 
on the basis of available soil moisture. 

Successful establishment in regions of low rain- 
fall occurs when a plant is able to withstand the 
severity of its environment. Resistance or tolerance 
to moisture stress is genetically inherited and to 
some degree can be induced by pre-conditioning 
(McAlister, 1944; Levitt, 1956). 

This paper deals with the influence of soil, tem- 
perature, moisture and genetic inheritance on con- 
ditioning response to moisture stress of 3 perennial 
range grasses. 

Methods 

The upper 15 cm of mound and inter-mound soils from a 
depleted Artemisia tridentata subsp. wyomingensis/Stipa 
thurberiana community was used for the experiment. The 
soil, Minidoka silt loam, was developed from loessial parent 
material. 

Seed sources for seedlings were as follows: squirreltail- 
Cassia County, Idaho, elevation 1310 m; bluebunch wheat- 
grass-Minidoka and Twin Falls Counties, Idaho, elevations 
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1280 m and 1675 m, respectively; Thurber stipa-Minidoka 
and Owyhee Counties, Idaho, 1280 m and 1675 m, respec- 
tively. Annual precipitation at lower elevation sites aver- 
ages less than 250 mm, while sites at the higher elevations 
receive about 400 mm of precipitation. 

Seedlings were grown in 950 cc plastic cylindrical con- 
tainers, 14.5 cm tall and 11 cm top diameter. After emer- 
gence, the number of seedlings were reduced to 2 per pot 
from a maximum of 5. A total of 240 pots were involved. 

Experimental treatments included: 5 seed sources, 2 soils, 
3 temperature regimes and 2 watering schedules. There 
were 4 replicates comprised of 8 individuals. 

The duration of the experiment extended from October 
to April. Average greenhouse temperatures were 29.4 C 
and 12.8 C during the day and night periods, respectively. 
“Grolux” fluorescent lighting supplemented natural light 
during the 14-hour daylength. Pot positions were periodi- 
cally rotated in a systematic manner. 

Seedlings were grown in the greenhouse for a period of 
8 weeks before temperature treatments were initiated. After 
measuring shoot height of all plants, one-third of the seed- 
lings was transferred to a growth chamber with a 14-hour 
day temperature of 18.3 C and IO-hour night temperature of 
1.7 C for a Z&week period. Another one-third of the seed- 
lings was placed in a second growth chamber for the same 
period under similar conditions except the day temperature 
was maintained at 32.2 C. The remaining lot of seedlings 
was left in the greenhouse as a control. 

One-half of all pots received water every fifth day during 
the first eleven weeks. The remaining one-half of the pots 
was watered every tenth day. Water was supplied until the 
soil was saturated. 

After a 3-week period in the growth chamber, all plants 
were clipped 1.0 cm above the crown and watered. Water 
was withheld from all plants for a 5-week period before 
regrowth was clipped and weighed. All pots were watered 
immediately after the second clipping and again for the 
last time one week later, after which regrowth was clipped 
weekly for four weeks. 

The experiment was repeated under similar conditions 
except that the plants were 11 weeks old instead of 8 weeks 
when they were placed in the growth chamber. This delay 
of 3 weeks resulted in initiating the 5-week moisture stress 
period when the plants were 14 weeks of age instead of 11 
weeks. 

Statistical analyses of data were made by analysis of vari- 
ance and Duncan’s new multiple range test. 

Results and Discussion 
Mound Versus Intermound Soils 

Vigor of seedlings in mound soil was greater 
than for seedlings from intermound soil during the 
first eleven weeks (Table 1). At the end of 8 weeks 
shoot height differences were as much as 2.5 cm 
to 4.0 cm greater for plants grown in mound soil. 
At the end of the 11 th week, top weight differences 
ranged from .035 g to .085 g greater per plant for 
the 3 species on mound soil. The difference in 
vigor as suggested by plant height and weight was 
attributed to higher nutrient availability, particu- 
larly nitrogen, as well as a more favorable root en- 
vironment provided by the mound soil (Table 2). 

Table 1. Mean height (cm) of seedlings grown on two 
types of soil before temperature conditioning (8 wks) 
and the mean shoot weight (g) of seedlings after tempera- 
ture conditioning period (11 wks). 

Bluebunch 

Soil 
Squirreltail wheatgrass Thurber stipa 

Type Height Weight Height Weight Height Weight 

Mound 35.17 a* .320 a 40.90 a .257 a 31.64 a .197 a 
Inter- 

mound 32.28 a .235a 36.82 a .209a 28.96 a .I61 a 

* Values designated by different letter symbols are significantly 
different at the 95% probability level. 

Reversal in growth response occurred during 
the 5-week moisture stress period. Plants on the 
less fertile intermound soil produced more re- 
growth than those on mound soil (Table 3). This 
reversal was consistent for all three species but sta- 
tistically significant 
bunch wheatgrass. 

for only squirreltail and blue- 

The conditioning of plants to moisture stress 
was affected by soil. The normally higher pro- 
ducing soil of the mounds developed plants that 
were less tolerant to moisture stress than those 

Table 2. A comparison (Z & s) of some of the important 
soil characteriitics of the surface 15 cm of mot&d and 
intermound soil from the Castleford site, Twin Falls 
County, Idaho. 

Soil 
property Inter-mound Mound 

“t” test 
significance 

% aggregation 
below 2 mm in 
size 15.62 -c- 3.64 19.84 & 2.49 
Hydraulic 
conductivity 
(cm/min) .0192 2 .0081 .0399 & .0123 
% nitrogen .093 s+ .006 .I36 & .016 
Potassium 
kilo/hectare 677.0 -1- 24.2 1087.2 & 11.0 
Phosphorus 
kilo/hectare 13.1 -c- 2.5 20.7 -c 7.3 
Magnesium 
meg/lOO g 3.47 -I- .15 3.71 rt .33 
Exchange capacity 
meg/lOO g 18.42 & 1.23 21.00 * .88 
Calcium 
meg/lOO g 10.31 If: .97 12.18 -t- .73 
Sodium 
meg/lOO g .59 & .I3 .76 2 .20 
Electrical 
conductivity 
mho/cm .76 & .06 1.32 of: .28 

x 

%X 

XI 

## 

ns 

ns 

Jcx 

# 

ns 

+* 

* Significant at the 95 percent probability level. 
** Significant at the 99 percent probability level. 
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grown on the less productive soil of the intermound 
positions. 

Effect of Different Rates of Watering 

Saturation every 10 days had a greater condi- 
tioning effect than saturation every 5 days for all 
three species. The difference was statistically sig- 
nificant for all species except Thurber stipa. Low 
water supply induced a more favorable condition- 
ing effect than a high water supply. The pots were 
weighed periodically and at no time was the soil 
moisture stress above the 15 atmosphere level for 
either group. It is apparent, therefore, that this 
conditioning effect can occur even when soil mois- 
ture stress is not great enough to produce wilting. 

Effect of Temperature Stress 

The results of temperature conditioning were 
striking. In all cases the production of regrowth 
by the greenhouse control was lower than for the 
groups conditioned at either high or low tempera- 
tures. This suggests that deviation from the day- 
night temperature pattern that occurred under 
greenhouse conditions was effective in inducing 
resistance to moisture stress. Because the magni- 
tudes of diurnal fluctuation in the cool growth 
chamber and in the greenhouse were both 16.6 C, 
the greater resistance induced in plants in the 
growth chamber was primarily attributed to the 
lower temperatures to which the plants were ex- 
posed. However, two other factors in the environ- 
ment of the growth chambers may have aided in 
inducing greater resistance. Plants in the growth 
chambers were under the influence of a “wind,” 
artificially created to maintain constant circulation 
of air and minimum fluctuation in temperature. 
Also, the lighting in the growth chamber while 
adequate for photosynthesis was of distinctly dif- 
ferent quality than that in the greenhouse. 

Evidence of unfavorable growing conditions in 
the growth chambers were noted. Plants in the 
growth chambers all developed necrotic leaf tips 
and a distinct reddish-purple cast especially at the 
stem base and on the lower leaves. Older leaves 
began to yellow and die. These symptoms have 
been reported in barley as the result of either a 
nitrogen or phosphorus deficiency (Wallace, 196 1). 
The additional stresses induced by the constant 
drying winds of the growth chamber and the lower 
quality of light probably contributed to the con- 
ditioning process. 

Weight of regrowth of the warm conditioned 
Thurber stipa and squirreltail was greater than 
the weight of regrowth produced by the cold con- 
ditioned plants. These differences were statisti- 
cally significant for squirreltail and nearly so for 
Thurber stipa. No difference was detected for 
bluebunch wheatgrass. 

Table 3. Mean weight (g) of regrowth per plant after five 
weeks of soil moisture stress. 

Weight of 
regrowth 

Bluebunch Thurber 
Item Squirreltail wheatgrass stipa 

Soil 
Mound .674 a* .282 a .133 a 
Intermound .773 b .451 b .229 a 

Watering sequence 

Every 5 days .627 a .277 a .115 a 
Every 10 days .820 b .456 b .247 a 

Temperature conditioning 
Cold .775 a .454 a .181 ab 
Warm .888 b .458 a .257 a 
Control .508 c .187 b .105 b 

Plant source 
Low elevation - .368 a .202 a 
High elevation - .365 a .159 b 

* Values designated by different letter symbols are significantly 
different at the 95 percent level. 

Effect of Seed Source and Species 

Thurber stipa from the lower elevation seed 
source, a product of more xeric conditions, out- 
produced those from the high elevation seed source, 
a product of a more mesic environment (Table 3). 
There were no significant differences in the re- 
sponse of bluebunch wheatgrass from the two seed 
sources. 

Squirreltail plays a seral role in the sagebrush- 
grass community studied, and is a minor constit- 
uent of the ultimate stable community. It is a 
shorter lived species than either Thurber stipa 
or bluebunch wheatgrass. Although squirreltail is 
taxonomically closely related to bluebunch wheat- 
grass, it was expected to respond differently in this 
study due to its differing ecologic role. In most 
cases, however, the response of both squirreltail 
and bluebunch wheatgrass were similar. 

Thurber stipa has a morphology different from 
either bluebunch wheatgrass or squirreltail. Its 
most obvious characteristic is its tightly rolled 
leaves. Such a characteristic is effective in reducing 
transpirational losses when soil moisture is in short 
supply (Oppenheimer, 1960). Following the 5 
weeks of soil moisture stress, it was noted that a 
considerably higher proportion of the Thurber 
stipa leaves remained green as compared to blue- 
bunch wheatgrass and squirreltail (53% as opposed 
to 28 and 34%, respectively). The subsequent poor 
response of Thurber stipa in weight and regrowth 
may have resulted from the ability of this species 
to resist moderate moisture stress by reduction of 
transpiration rather than entering dormancy or 
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storing carbohydrate reserves. Clipping of the tops 
of Thurber stipa after 5 weeks of moisture stress 
was undoubtedly more detrimental to this species 
due to a higher proportion of the leaves still being 
physiologically active. 

Results of the second experiment were essentially 
the same as the first. The only notable difference 
was the slightly larger size of plants at the begin- 
ning of the 5-week moisture stress period. 

Conclusion 
Greater knowledge of the effects of pre-condi- 

tioning of plants to resist environmental stresses 
would better enable us to interpret plant-environ- 
ment relations. Resistance or tolerance to moisture 
stress is influenced by soil productivity level, tem- 
perature, and moisture availability. Within limits, 
growing conditions less than optimum tend to pro- 
duce plants that are able to tolerate greater mois- 
ture stress. Application of knowledge on the effect 

Fate of Fertilizer Nitrogen 
Applied to a Northern Great 
Plains Rangeland Ecosystem’ 

J. F. POWER 

Supervisory Soil Scientist, Soil and Water Conservation 
Research Division, Agricultural Research Division, U.S. 

Department of Agriculture, Mandan, North Dakota. 

Highlight 
A field study was conducted at Mandan, North Dakota 

to provide information on the fate of fertilizer nitrogen (N) 
in a Northern Great Plains rangeland ecosystem. Mixed 
prairie grasses were fertilized with up to 540 kg N/ha ap- 
plied (a) all in one year, (b) divided equally among 3 years, 
or (c) divided equally among 6 years. Up to 200 kg fertilizer 
N/ha was immobilized the first year in grass roots, soil or- 
ganic matter, and fixed ammonium combined, plus gaseous 
losses (no leaching occurred). Immobilization and losses 
increased to about 350 kg fertilizer N/ha after 3 to 4 years, 
and remained rather constant thereafter. About half the 
immobilized N was found in the grass roots at the termina- 
tion of the experiment. Collectively these results indicate 
that addition of high N rates to grasslands results in satu- 
rating the capacity of the soil-plant system to immobilize 
N. The system can then be maintained in an N-saturated 
condit,ion if annual fertilizer additions plus mineralization 
equals immobilization plus irreversible losses. Thus, N can 
be eliminated as a growth-limiting factor, providing maxi- 
mum grass production from the available water supply. 

l Contribution from the Northern Plains Branch, Soil and 
Water Conservation Research Division, Agricultural Re- 
search Service, USDA. Presented at American Society of 
Range Management annual meeting, Reno, Nevada, Feb- 
ruary 18, 1971. Received August 30, 1971. 

of pre-conditioning of plants to resist or withstand 
moisture stress should be considered in efforts to 
establish plants in areas where availability of mois- 
ture is a major concern. 
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Operation of the nitrogen (N) cycle in grass- 
land soils is poorly understood (Harmsen and 
Kolenbrander, 1965; Harmsen and van Schreven, 
1955). Under the natural environment, the quan- 
tity of N circulating annually through this cycle in 
temperate grasslands is too small to measure accu- 
rately with the research tools available. In addi- 
tion, earlier investigators found that mineral forms 
of soil N (NH4+ and NoQ--N primarily) failed to 
accumulate or rapidly disappeared from grassland 
soils compared to cultivated soils (Harmsen and 
van Schreven, 1955; Richardson, 1938). As a re- 
sult, few acceptable theories on the operation of 
the N cycle in grassland soils have been promul- 
gated. Consequently, the development of princi- 
ples for N management in grasslands has been 
limited. 

Many of the problems encountered in studying 
the N-cycle in grasslands could be overcome by uti- 
lizing the l”N isotope. However, this procedure is 
not only very expensive, particularly for equipment 
and technically trained manpower, but is poorly 
suited for routine use in field experiments-only a 
very limited number of environments or conditions 
can be investigated. By applying ample fertilizer 
N to grasslands however, the amount of N circu- 
lating through the cycle annually is raised from just 
a few to 100 kg N/ha or more. The amount of N 
immobilized in many components of the N-cycle 
can then be reasonably estimated by routine sam- 
pling and analysis. Such an approach informs us 
of N transformations in fertilized grassland soils- 
knowledge of considerable value in establishing 
management programs for fertilized grasslands. 


