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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
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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 significant
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 of 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.BXK.) Lag.), prairie



Table 1. Coefficients of correlation relating yield of grass to factors which

might affect yield.

Dependent Variable—Herbage Yields by Seasons
May 1 June 21 Aug. 8 May 1
to to to Total to
Independent Variable June 20 Aug.7 Oect. 1 Yield Aug.7
Precipitation during
the period r = 0.603 0.834* 0.907* 0.893** 0.731
Fyuana-trancniratinn
< VapC-uransSpiravion
water during period r =0.744 0.860*  0.931** 0.954** 0.857*
April Mean Temperatures r =0411
Precipitation preceding year r = 0.194
Precipitation
preceding two years r = 0.830*
Evapo-transpiration water 4
April Mean Temperatures R = 0.860*
Evapo-transpiration
water + precipitation
preceding two years R = 0.983** 0.934** 0.878* 0.947** 0.857*

Evapo-transpiration water
precipitation preceding
two years 4 April
mean temperatures

R = 0.984**

*Significant at the 5% level.
**Significant at the 1% level.

sandreed grass (Calomovilfa
longifolia (Hook.) Scribn.), and
needle-and-thread grass (Stipa
comata Trin. and Rupr.).?

The average frost free period
is 140 days (from May 15 to early
October). New leaves of native
grasses are normally ready for
grazing the first week in May.
Seventy percent of the annual
precipitation comes in the form
of rain during the period from
April 1 to August 31.

Methods and Materials

This paper includes data from
a grazing study initiated in 1955
and continued through 1961.
Data were collected from three

pastures. The grazing season was

from May 1 to October 1 each
year. Forage production was ob-
tained by clippings, or harvests,
and made at six- to seven-week
intervals during the season.
Prior to the start of grazing, 62
portable cages (2 feet by 4 feet)
were randomly placed in each
pasture to exclude grazing from

2Scientific names from nomenclature

by Harrington, H. D. 1954. Manual
of the plants of Colorado. Sage
Books, Denver. 666 pp.

sample plots which were 1.6 feet
by 3.0 feet. In the vicinty of each
cage, two non-caged plots have-
ing forage density and species
composition similar to the caged
plot were marked with 60-penny
nails.

Yield sampling was accom-
plished by estimating the weight
of forage produced on the caged
plot and one of the non-caged
plots at each cage location. After
estimating herbage yield, the
forage under each fourth cage
was clipped to ground level,
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weighed, and air dried. The
clipped wight served as a check
for the estimated weights ob-
tained from the same plots. Re-
gression formulas, computed
from the estimated and clipped
forage weights, were used to cor-
rect any bias in the estimated
yields.

Forage production by clipping

period was calculated as follows:

1) Yield to June 20 was the
average of the air dry
weight per plot from the
caged or non-grazed plots.

2) Yield June 20 to August 7
was the average of the air
dry weight per plot from
August 7 caged plots less
the average air dry weight
from June 20 non-caged
(grazed) plot.

3) Yield August 7 to October 1
was the average of the air
dry weight per plot from
the caged plots October 1
less the average air dry
weight per plot from the
non-caged plots August 7.

Soil moisture samples were

obtained in duplicate from 16
square foot plots on similar to-
pography in each of the study
pastures; the soil moisture data
reported are from the same three
pastures for which forage yields
are given.

Soil moisture samples were

taken periodically from March
15 until mid-September at one

Table 2. Coefficients of correlation relating yield of grass to criteria that
may be suitable as predictive indices to grass yeld.

Dependent Variable—Herbage Yields by Season

May 1 to June 21 to Total May 1 to

Independent Variable June 20 Aug. 7 Yield Aug. 7
Depth of moist soil October 1

(beginning of crop-year) r = 0.434 0.349 0.334
Depth of moist soil March 15 r = 0.528* 0.279 0.348
Depth of moist soil April 1 r =0.617** 0.408 0.408
Depth of moist soil April 15 r = 0.806** 0.518* 0.797%*
Depth of moist soil May 1 r =0.910%*  0.594%* 0.309 0.612%*
Depth of moist soil April 15

+ precipitation preceding

two years R = 0.926** 0.749** 0.866**
Available soil moisture

April 15 R =0.748**

*Significant at the 5% level.
** Significant at the 1% level.
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or two week intervals. They
were taken in six-inch and one-
foot sections to a depth of 66
inches with a standard soil tube.
The soil was weighed, oven dried
at 110° C,, and reweighed. Mois-
ture percentages were computed
from the oven dry weights.
These moisture percentages were
converted to inches of moisture
(volume-weight basis) so that
precipitation could be combined
with soil moisture for study.
Available soil moisture, as
used in this paper, will consist
of the total soil moisture less the
moisture remaining in the soil
at the “minimum point of ex-
haustion.” To obtain a realistic
evaluation of the true wilting
point, moisture samples were
taken at the time when the
plants on the study area began
to show moisture stress. The
soil moisture at this point coin-
cided rather closely with that
point described by Rogler and
Haas (1947) as “the minimum
point of exhaustion.”
Measurements of the depth of
moist soil (in inches) were also
made at the time of soil moisture
sampling. These measurements
were made easily, since there
usually was a distinct line sepa-
rating moist soil from dry soil.
The dry soil, in most instances,
approximated soil where the
moisture was at the “minimum
point of exhaustion.” This meas-
urement will be referred to as
“the depth of moist soil” through-
out the remainder of this paper.

Data from actual soil sampling
were not available for some
years on the October 1 and
March 15 dates (Table 2). In
these instances, supplementary
soil moisture information was
obtained from Colman fiberglass
units buried at depths of 3, 9,
15, 21, 30, 42, and 60 inches. Read-
ings were obtained by a soil
moisture ohm meter. Readings
obtained from this meter were
considered to delineate, within
three to six inches, that depth
where the soil became dry (no
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available moisture). This de-
pended on the spacing of the
buried fiberglass units.

Since forage production data
were available for three distinct
periods of time during the sum-
mer, it was possible to estimate
the water use by range plants
during each of the periods.
Available soil moisture (in
inches) at the beginning of a
period was added to the inches
of precipitation during the pe-
riod; subtracted from this
amount was the remaining avail-
able soil moisture at the end of
the period; the resulting figure
represented the water lost by
evaporation and transpiration.
This evapo-transpiration loss
was used as a measure of the
total water available to the plant
for growth. To avoid confusing
it with available soil moisture
it will be referred to as evapo-
transpiration water.

The simple and multiple cor-
relation coefficients reported in
Tables 1 and 2 were calculated
using the methods as outlined by
Snedecor (1956).

1500 -
W Y - 85947.67Xx
r = 0.797%%
**Significant at
1% level
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Results and Discussion

Evaluation was made of fac-
tors that might affect the yield
of grass by correlating the yield
of grass with some of these fac-
tors. These correlations of grass
yield during various portions of
the growing season with various
environmental factors are pre-
sented in Table 1.

Precipitation which fell during
the period represented by each
harvest was correlated to yield
of grass; however, precipitation
alone was not significantly cor-
related to yield of grass for the
first, or spring period. Evapo-
transpiration water during the
period showed a higher correla-
tion than did precipitation alone,
but this correlation was not sig-
nificant at the 5 percent level
(Table 1).

April mean temperatures sig-
nificantly affected the date of
initial leaf growth on these
ranges but did not effect the
yield of grass during the first pe-
riod (Table 1). Also, spring
grass yield showed no significant
correlation to precipitation dur-
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Ficure 1. Linear regression showing relation of depth of moist soil April 15 to yield

of grass and stocking rates,



ing the previous year. However,
spring grass yields were signifi-
cantly correlated to precipitation
of the previous two years.

The best relationship, as shown
by the correlation coefficients,
was found when a combination
of the factors that may affect
yield were related to the yield of
grass (Table 1). The most sig-
nificant correlation was found
when the combined effect of
evapo-transpiration water and
the preceding two years’ precipi-
tation were related to grass yield.
Therefore, evapo-transpiration
water for the period, and precipi-
tation the preceding two years,
appear to account for most of
the fluctuations in grass yield
during the first six or seven
weeks of grass growth. The ad-
dition of the April mean tem-
peratures to this combination
(Table 1) added little to the re-
lationship.

Although a knowledge of the
factors affecting yield of grass is
essential in understanding the
reasons for fluctuations in an-
nual forage yields, they may not
be useful as predictive indexes.
To be of value, a predictive index
must provide information as to
potential yield prior to harvest
of the crop, and as far in advance
of that date as accuracy allows.
Possible indices suggested by the
data for predicting seasonal for-
age yield at a preseason date are:

1) Precipitation received dur-

ing the two preceding years.
Precipitation in the preced-

ing two years and yield of

grass were found to be sig-
nificantly correlated for the
first clipping (Table 1), but
the relationship can be im-
proved by considering, in
addition, the soil moisture
storage or depth of mois-
ture distribution.

2) Soil Moisture. If a single
factor is to be used to pre-
dict the approaching sea-
son’s yield of forage, either
stored soil moisture or
depth of moist soil probably

SOIL MOISTURE

has the best potential. Cole
and Matthews (1940) sug-
gested the use of the depth
of wet soil as an approxi-
mation of the water content
of soil. Rogler and Haas
(1947) also suggest that the
depth of moist soil is more
practical as an index for
use by ranchers. However,
they were of the opinion
that available soil moisture
was the more accurate.

A comparison of the
depth of moist soil to inches
of available soil moisture
showed a highly significant
correlation coefficient
(r =0.829) for the April 15
samplings made in this
study. Also, no differences
were found in their relative
ability to predict the yield
of grass that could be ex-
pected by August 7 from
measurements made on
April 15. Since a measure
of the depth of moist soil
was easily obtained, it was
used as the preferred pre-
dictive index in this study.

3) Combinations of the above.

This approach is likely to
be the most accurate if suf-
ficient information is avail-
able to allow for use of
multiple regression formu-
las.

Coefficients showing the rela-
tionship between these potential
indices and the subsequent sea-
son’s grass yield were computed
for several dates beginning in
the fall. These coefficients are
presented in Table 2.

April 15 was the earliest date
from which yields of grass made
by August 7 were accurately
predicted from depth of moist
soil (Table 2). The combined ef-
fect of the preceding two years’
precipitation and depth of moist
soil April 15 apparently gave the
most accurate index. This was
true for all clipping periods.
However, due caution should be
taken when attempting to use
regression equations to estimate
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yields of grass from measured in-
dependent variables, if the value
of the variables are outside the
range of the data used in the
computation of the regression
equation. For example, the com-
bined precipitation for two pre-
ceding years never exceeded 31
inches during the course of this
study; however, climatic records
reveal that the sum of two con-
secutive years’ precipitation has
exceeded 40 inches on occasion.
Attempts to predict yields that
might be expected where two
years prior precipitation was 40
inches is of questionable value
if the multiple regression for-
mula from this study is used.
Until this information is avail-
able, it will be sufficient here to
note that the prior two years’
precipitation does significantly
affect yield of grass in subse-
quent years.

Stored spring soil moisture
was found to be a major factor
contributing to maximum poten-
tial yield of grass. Soil mois-
ture available during the spring
period provided the greatest
amount of air-dry yield per inch
of evapo-transpiration water.
Average production per inch was
128 pounds, compared to 81
pounds for early summer, and 48
pounds for late summer. There-
fore, each inch of available soil
moisture produced 128 pounds of
air-dry grass, on the average,
with no additional rainfall. Thus,
preseason stored soil moisture
was a direct contributing factor
to grass yield. For this reason,
spring droughts, which limit soil
moisture storage, can have a tre-
mendous effect on the potential
grass yield. Possibly this was the
reason that the measurements of
the spring soil moisture had such
a close relationship to the follow-
ing season’s grass production.
This was particularly true for
the production to August 7.

Data from Table 1 indicate
that yields of grass during the
period from early August to Oc-
tober 1 were almost entirely de-
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pendent upon evapo-transpira-
tion water available during that
period. Therefore, it is unlikely
that spring soil moisture will
have any bearing on yields of
forage that late in the summer.
Yields during this period varied
from 0 to over 400 pounds. It
was considered practically im-
possible to predict what this
yield would be from data avail-
able in the spring. Should accu-
rate climatic forecasts become
available in the future, yield pre-
dictions including this period
may become feasible. However,
accurate prediction of the first
two periods is of sufficient value
that complete disregard of yield
of the final period should be of
minor concern.

Significant regrowth after the
first week in August is probably
the exception rather than the
rule. In five of the six study
years, 96 percent of the total for-
age production had been pro-
duced by August 7. The data in-
dicate that five inches of pre-
cipitation are required during
July and August before appreci-
able regrowth occurs during the
period after August 7. The pre-
cipitation in July and August
exceeded five inches in only five
of the past 25 years (the average
is 3.58 inches). However, should
400 pounds of forage be forth-
coming after August 7, predic-
tions would be in error by this
amount.

The use of soil-moisture depth
on April 15 as a guide to grazing
potential the coming season is
illustrated in Figure 1. Many
livestock men know from experi-
ence the carrying capacity of
their range during drought
years, average years, and high
yield years. Their major diffi-
culty is in predicting the amount
of forage production to be ex-
pected for the coming year so
that proper livestock adjust-
ments can be made in the spring.
Assuming that the major barrier
to proper stocking rates is the
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lack of knowledge of potential
forage production, a chart sim-
ilar to the one shown can be of
considerable value. On range
similar to the study-area, six
inches of moist soil would indi-
cate a minimum stocking rate for
the coming season, or enough for
the breeding herd if the recom-
mendation as outlined in the in-
troduction is followed. Moist
soil to a depth of 36 inches would
indicate average stocking, and 60
inches or more of moist soil
would indicate potential produc-
tion to support maximum stock-
ing. If numbers of livestock are
preferable for this purpose,
actual numbers can be inserted
in place of, or in addition to, the
descriptive terms (maximum,
minimum, average stocking) as
used here.

While the principle presented
here is probably valid in other
range provinces, the actual meas-
urements given should be used
with caution outside sandhills
similar to the study area.

Summary and Conclusions

1. Depth of moist soil and the
amount of soil moisture on
April 15 were both found to
be usable indices and about
of equal value for predicting
the amount of grass which
will be produced by early
August. Since depth of moist
soil is the easier of the two
to obtain, it will probably be
the most practical to use as a
predictive index.

2. Yields of grass from about
August 7 to October 1 were
found to be largely dependent
upon available evapo-trans-
piration water during that pe-
riod. Therefore, yields of
grass during this period prob-
ably cannot be predicted with
accuracy from April 15 soil
moisture measurements.
However, this was considered
to be of minor concern since
only four percent of the total
forage production was made

during this period in five of
the six study years.

3. The two previous years’ total
precipitation was found to
have a significant influence
on the yield of grass during
the spring growth period.
One previous year’s precipi-
tation did not have a signifi-
cant effect on spring grass
yields. The reasons were not
readily apparent.

4. The effect of the current sea-
sonal climatic factors seemed
to cancel, by mid-season, any
effect of prior year’s precipi-
tation. However, the prior
two years’ precipitation (in
inches) and the depth of
moist soil (measured on April
15) when related to grass
yields, gave the highest cor-
relation coefficients obtained.

5. Spring drought, which lim-
ited the storage of moisture
prior to the grazing season,
was found to be the most
critical factor limiting poten-
tial grass yield.
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