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Water Intake on Rangeland as Affected by 
Simulated Grazing and Fertilization’ 

FRANK RAUZI AND DARRYL E. SMIKA 

Soil Scientist, Soil and Water Conservation Research 
Division, Agricultural Research Service, U.S.D.A. Lara- 
mie, Wyoming and North Platte, Nebraska respectively. 

The amount of precipitation 
received and the proportion that 
enters the soil are primary fac- 
tors in range herbage production 
in the Great Plains. Important 
factors influencing the amount 
of water entering the soil for 
plant use are soil properties, 
plant characteristics and cli- 
mate. 

During the summer months, 
high intensity rainstorms of 
short duration frequently occur 
in the plains. Rangelands with 
adequate cover of both living 
and dead plant material can ab- 
sorb more water than range- 
lands with poor cover (Rauzi,. 
1960). Dunford (1954)) working 
in Colorado, found that runoff 
from bunchgrass plots during 
the months of June through 
September was influenced by 
variation in cover treatment. 
Duley and Domingo (1949) 
found that clipping the grass at 
ground level and removing all 
mulch material reduced water 
intake. By proper management 
of rangelands, runoff and eros- 
ion can be significantly reduced, 
but even with good vegetal 
cover, some runoff may occur 
during high intensity storms. 

During July 1961, water in- 
take studies were conducted on 
native rangeland at the North- 
ern Great Plains Field Station, 
Mandan, North Dakota, with a 
mobile infiltrometer (Figure 1). 
The objective of this study was 

1 Contribution from Northern Plains 
Branch, Soil and Water Conserva- 
tion Research Division, Agriculture 
Research Service, U.S.D.A., in co- 
operation with Experiment Station. 
Published with approval of the Di- 
rector, Wyoming Agricultural Ex- 
periment Station, as Journal paper 
No. 192. 

to determine the effect of fertili- 
zation and simulated grazing on 
water intake. 

Study Area 

The dominant grass species on 
the plots included blue grama 
(Bouteloua gracilis), western 
wheatgrass (Agropyron smithii), 
needle-and-thread (Stipa co- 
mata) green needlegrass (Stipa 
viridula), and threadleaf sedge 
(Carex filifolia), a grasslike 
plant. A few forbs were pres- 
ent in the vegetative cover. 

The soil of the experimental 
area (Bainville silt loam) had a 
dark, grayish-brown surface 3 to 
10 inches deep, underlain by a 
light brown to brown horizon to 
a depth of 10 to 18 inches. The 
subsoil below 18 inches was 
grayish white and highly cal- 
careous. The plots were located 

on a north-facing slope of 10 
percent. 

Materials and Methods 
The following six treatments 

were established on native range 
in the spring of 1958. 

1. 

2. 

3. 

4. 

5. 

6. 

No nitrogen, one harvest at 
end of the season, one-half 
of the harvested herbage 
returned to the plot. 
No nitrogen, one harvest at 
the end of the season, all 
herbage removed from the 
plot. 
No nitrogen, periodic har- 
vest, all herbage removed 
from plot. 
Same as 1, except 80 pounds 
of nitrogen per acre applied 
each year. 
Same as 2, except 80 pounds 
of nitrogen per acre applied 
each year. 
Same as 3, except 80 pounds 
of nitrogen per acre applied 
each year. 

The application of nitrogen 
was made in early spring of 
1958. Nitrogen application there- 
after was made in the fall of 
each year (including 1958) 
through 1960. Designated plots 
were periodically harvested in 

FIGURE 1. Mobile raindrop applicator used to determine water intake rates on range- 
land. 
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an attempt to simulate grazing 
during the season by mowing 
when the vegetation attained a 
growth of 3 inches. All other 
plots were harvested once at the 
end of the season in an attempt 
to simulate deferred grazing. 
The harvesting was performed 
each year (1958 to 1961) in mid- 
August after the majority of the 
grass growth had been made, 
but yields were not recorded. 

Simulated rainfall was ap- 
plied with a mobile infiltrom- 
eter to a circular area of approx- 
imately 13 square feet on four 
selected areas on each of the six 
plots. The test plot for water 
measurement was two feet 
square and located in the center 
of the area receiving rainfall. 
With this arrangement, the test 
plot was relatively free from the 
influence of lateral water move- 
ment. Water intake was meas- 
ured as the difference between 
applied rainfall and measured 
runoff. Surface storage, in mi- 
crodepressions, and interception 
of rainfall by vegetation and 
mulch material were included in 
the measured intake, but these 
were important only in the first 
15 minutes of the one-hour sim- 
ulated rainfall. Water-intake 
rates for the first 30-minute pe- 
riod are not discussed but are 
presented for comparison. Field 
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experience has shown that 
water intake during the second 
30-minute period is a more reli- 
able measure, since interception 
and surface detention are usu- 
ally satisfied in the first 15 to 
30 minutes of the test. 

All standing vegetation and 
mulch material in the test plots 
were clipped at ground level, 
one to two days after the water 
intake test, and air-dried 
weights determined. Vegetation 
was separated into mid-grass, 
shortgrass, sedges, for b s , and 
mulch material. Vegetal compo- 
sition was determined by sepa- 
ration of the air-dried harvested 
herbage. 

Soil samples for moisture de- 
termination of the O-6 and 6-12- 
inch soil depth were taken near 
each test plot to determine the 
percentage soil moisture at the 
time of test. The amount of 
moisture present in each sample 
was determined gravimetrically. 

Data were analyzed by the 
analysis-of-variance method. 
The means of the significant 
variables were further compared 
with Duncan’s Multi-Range 
Comparison Test at the 0.05 
level of probability. 

Results and Discussion 
Vegetation 

The fall-clipped treatments 

where one-half of the herbage 
was returned (nos. 1 and 4) 
gave the highest yields of herb- 
age and mulch for both the non- 
fertilized and fertilized plots 
(Table 1). The lowest yields 
were obtained for the frequently 
clipped treatments where no 
herbage was returned (nos. 3 
and 6). The yields of the fall- 
clipped treatments with all herb- 
age removed were less than 
where one-half of the herbage 
was returned, but the differ- 
ences were not significant at the 
0.05 level. The yields of the fall- 
clipped treatments with all herb- 
age removed were significantly 
higher than the yields of the 
clipped-often plots. Yields of the 
fall-clipped plots where one-half 
of the herbage was returned was 
significantly different from the 
clipped-often plots for both fer- 
tilized and nonfertilized treat- 
ments. 

The kinds and amounts of veg- 
etation, including mulch on the 
plots varied with treatment as 
shown in Table 2. Plots receiv- 
ing nitrogen and harvested at 
the end of the season had more 
of the midgrasses present than 
any of the other plots. Signifi- 
cant differences at the 0.05 level 
were obtained for the amount of 
midgrasses present on the dif- 
ferent treatments, but there was 

Table 1. Effect of clipping and nitrogen applications on yield of herbage and mulch per acre and wafer intake rate 
on native range.1 

Average Total 
Average Air-Dry Water Intake Intake for the 

Treatment Total Herbage Mulch 1st SO-Min. 2nd 30-Min. l-hour Period 

(Pounds) (Inches Per Hour) 
l-No nitrogen, fall clipped, 

l/2 return 1,593” 2,362” 2.84” 2.50” 2.67”b2 
~--NO nitrogen, fall clipped, 

none returned 1,329” 1,805” 2.44” 2.04”b 2.24abc 
~--NO nitrogen, clipped often, 

none returned 936b 1,634’ 2.19” 1.8gab 2.04bC 
4-80# nitrogen, fall clipped, 

% returned 1,696” 2,907” 2.42” 2.28” 2.35sbC 
5-80# nitrogen, fall clipped, 

none returned 1,690” 2,852” 2.86” 2.58” 2.72” 
6-80# nitrogen, clipped often, 

none returned 1,lOOb 1,694” 2.01” 1.58b 1.80” 

1 Mean value from water intake test plots for each treatment. 
2 Means with the same letter superscript are not statistically different from each other at the .05 level of signifi- 

cance. 
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Table 2. Influence of clipping and nitrogen applicafion percent on plant composifion on native range plots as de- 
fermined by separation of air-dry harvested herbage. 

TREATMENTS 
Vegetation 1 2 3 4 5 6 

Mid-grasses 23.3b 29.4b 13.7b 61.6” 56.0” 20.2b2 
Blue grama grass 17.8” 23.6” 48.3” 16.9” 15.0” 37.9” 
Threadleaf sedge 56.5” 44.6” 35.1” 21.1” 27.9” 41.0” 
Forbs 2.4” 2.4” 2.9” 0.4” 1.1” 0.9” 

1 Mean value from four water intake test plots for each treatment. 
2 Means with the same letter superscript are not statistically different from each other at the .05 level of significance. 

no significant difference in 
amount of blue grama grass be- 
tween treatments. 

The vegetative composition of 
the plots receiving annual appli- 
cations of nitrogen showed a 
marked change. There was an 
increase of midgrasses for the 
fall clipping treatments due to 
fertilization and a decrease of 
blue grama and threadleaf 
sedge. The periodically har- 
vested plots (3 and 6)) regard- 
less of nitrogen application, de- 
creased in amount of midgrasses 
and increased in blue grama and 
threadleaf sedge when compared 
with the other plots. The in- 
crease in blue grama would be 
expected on these treatments as 
it increases with close use. 

Waler Infake 

Differences in the rate of 
water intake were associated 
with differences in amount of 
vegetation, including mulch re- 
sulting from the various treat- 
ments as shown in Table 1. Dur- 
ing the second 30-minute period 
of the one-hour test, water in- 
take rates on the fertilized plots 
varied from 1.58 inches per hour 
of treatment number 6 to 2.58 
inches per hour for treatment 
number 5. The difference in rate 
of water intake on nonfertilized 
plots with these same harvest- 
ing treatments (2 and 3) was 
0.15 inch per hour. Difference 
in water intake, during the sec- 
ond 30-minute period, between 
the clipped-often plots and those 
having half of the harvested 
herbage returned was 0.70 inch 
per hour for the plots receiving 
nitrogen fertilizer and 0.61 inch 

per hour for the nonfertilized 
plots. 

A higher average water intake 
rate was obtained on the plots 
harvested in the fall with one- 
half of the herbage returned to 
the plots than when the grass 
was periodically harvested with 
no herbage returned. There were 
no significant differences in rate 
of water intake between plots 
harvested in the fall with one- 
half of the herbage returned and 
plots harvested in the fall with 
no herbage returned. There was 
no consistent influence of nitro- 
gen application on water intake. 

Soil moisture varied somewhat 
among treatments, but was not 
significantly different. There 
was no apparent influence of 
initial moisture content on water 
intake. Soil moisture was deter- 
mined near each test plot at the 
beginning of the water intake 
test. Percentage soil moisture for 
the 0 to 6 and 6 to 12 inch depth 
averaged 25 and 17 percent re- 
spectively. 

Correlation coefficients were 
determined for the air-dried 
plant separation to determine 
what relation exists between the 

various components of the vege- 
tal cover and water intake rates 
during the second 30-minute 
period of the one-hour test 
(Table 3). 

The correlation between rate 
of water intake and the amount 
of blue grama and threadleaf 
sedge was practically nil, 
whereas, a slightly better corre- 
lation existed for the other vege- 
tal components. The correlations 
shown for the vegetal compo- 
nents other than blue grama and 
threadleaf sedge although statis- 
tically significant account for a 
very small part of the variation 
in water intake rate. Water in- 
take rates were more closely as- 
sociated with the amount of mid- 
grasses present than with the 
amount of blue grama or thread- 
leaf sedge, but the best associa- 
tion was between the total 
herbage and water intake. 

Summary 

Water intake studies were con- 
ducted at the Northern Great 
Plains Field Station, Mandan, 
North Dakota, during July 1961. 
Native rangeland was treated 
with three different harvesting 
conditions for a four-year period 

Table 3. Correlation coefficients (r) between air-dried herbage and wafer 
infake during fhe second 30-minute period of a l-hour fesi. 

Plant Material 
Mid-grasses 
Blue grama grass 
Threadleaf sedge 
Total herbage 
Mulch 
Mid-grasses and Mulch 
Total cover 

* Significant at 5 percent. 
** Significant at 1 percent. 

Correlation 
coefficient 

.4650* 

.0015 NS 

.1087 NS 

.5341** 

.3676 NS 

.4371* 

.4813* 
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(1958 to 1961)) to simulate graz- 
ing. The influence of nitrogen 
fertilization was also studied. 

Statistically significant differ- 
ences between treatments were 
obtained in rates of water intake 
and kinds and amounts of 
herbage. Greater water intake 
rates were obtained where the 
herbage was clipped in the fall 
compared with frequent clip- 
pings throughout the season. 
There was no consistent decrease 
in water intake due to complete 
removal of the herbage with fall 

clipping compared with leaving 
one-half of the herbage. There 
was no consistent influence of 
nitrogen fertilization on water 
intake. Water intake rates dur- 
ing the second 30-minute period 
of the one-hour test were more 
closely correlated with total 
herbage and amount of mid- 
grasses than with the amount of 
blue grama or threadleaf sedge. 
Midgrasses increased and blue 
grama decreased on plots receiv- 
ing nitrogen and harvested in 
the fall. 
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Soil Moisture as a Predictive Index to 
Forage Yield for The Sandhills Range Type1 

B. E. DAHL 

Assistant Range Conservationist, Colorado Agricultural 
Experiment Station, Colorado State University, Fort 
Coilins, Colorado 

The problems inherent in man- 
aging rangeland where wide 
fluctuations in forage production 
and rainfall occur are well 
known to livestock men on the 
Great Plains. Annual percipita- 
tion at Akron, Colorado, aver- 
ages about 17 inches and varies 
from 10 inches to 27 inches. 
Grazing programs that will mini- 
mize the effects of wide forage 
fluctuations resulting from pre- 
cipitation flucuations have been 
the subject of many varied pro- 
posals. The most common has 
been to recommend that ranges 
be stocked with a basic breed- 
ing herd at a rate that is. not 
detrimental to range land during 
drought years. Any excess for- 
age produced, in average or 
above-average years, would be 
utilized by purchased livestock 
or by “carried over” yearling 
livestock. A reliable method for 
predicting forage production in 
advance of the grazing season 

Yolorado Agricultural Experiment 
Station Scientific Journal Article 
No. 779. This study was supported 
in part by Regional Project W-25, 
Ecology and Improvement of 
Brush-Infested Ranges. 

could be of great value in imple- 
menting such a program. 

In an attempt to develop a 
method for predicting forage 
production on sandhill range, a 
study was made of the factors 
that tend to influence yield of 
forage at the Eastern Colorado 
Range Station near Akron, Colo- 
rado. 

Rogler and Haas (1947)) work- 
ing with native mixed prairie in 
North Dakota, found that the im- 
portant variables affecting yield 
were the amount of soil mois- 
ture the preceding fall and the 
amount of precipitaton for the 
current season. Reynolds (1954) 
found that variations in forage 
production on desert grasslands 
were almost entirely associated 
with annual rainfall. He found 
that a small annual deficiency in 
rainfall over a long series of 
years had an effect similar to a 
large annual deficiency over a 
shorter period. This demon- 
strates the possibility that pre- 
cipitation amount in previous 
years can have a significant ef- 
fect on current forage produc- 
tion. 

Hallsted and Coles (1930), 

Hallsted and Mathews (1936)) 
and Cole and Mathews (1940)) 
working in the Great Plains re- 
gion, found a definite relation- 
ship between soil-moisture stor- 
age at seeding time and yield of 
wheat. However, Brengle (1960)) 
working on 13 sites in Eastern 
Colorado, found no signif icant 
correlation between stored soil 
moisture in September (seeding 
time) and yield of wheat. He did 
find that available moisture in 
early spring, at the time when 
growth and tillering begins, was 
significantly correlated to yield 
of wheat. Also, he found that 
depth of moisture distribution 
was apparently as critical as 
total moisture in affecting yields. 

Cole and Mathews (1940) 
pointed out that the water con- 
tent of soil could be approxi- 
mated by the depth to which the 
soil was wet. 

Description bf the Study Area 

The Eastern Colorado Range 
Station is located 16 miles north 
of Akron, Colorado. The soils in 
the experimental area are pre- 
dominantly Blakeland loamy 
sand and Valentine sand, and 
they support a mixture of short, 
mid, and tall grasses. This study 
was limited to the sandhills 
range site in good condition. Un- 
dulating topography, having no 
drainage pattern, characterizes 
this site. Major forage species 
are blue grama (Bouteloua gra- 
cilis (H.B.K.) Lag.), prairie 


