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Deferredlrotation
Grazing
with Steers in the Kansas Flint

CLENTON
ANDERSON

E. OWENSBY,

ED

F.

SMITH,

AND

KLING

L.

Highlight:
Deferred-rotation grazing of Kansas Flint Hills’
range grazed by steers May 1 to October 1 was compared to
season-long stocking from
1950 through 1966. Deferredrotation pastures had higher forage production and range condition than season-long stocked pastures. Steer gains were
higher on season-long than deferred-rotation
pastures. Increased stocking rates were more feasible on deferred-rotation
pastures than on season-long pastures.

Grazing systems have long been sought as a way to increase
efficiency
of range utilization.
From Hickey’s (undated)
extensive report concerning grazing management systems, one
can conclude that deferred-rotation
grazing can improve many
depleted range types and that cow-calf operations are more
adapted than are steer operations to such grazing. Any grazing
system should have as its goal range improvement, increased
stocking-rate, and/or improved animal performance.
This study compared a three-pasture,
deferred-rotation
system grazed by steers during the summer growing-season
with season-long, continuous stocking by steers.
Materials and Methods
The study area was in the Flint Hills region of the True
Prairie, 5 miles northwest of Manhattan, Kans. (described by
Herbel and Anderson [ 19591). Vegetation was largely warmseason grasses; big bluestem (Andropogon gerardi Vitman) and
little bluestem (A. scoparius Michx.) were the major dominants. Indiangrass (Sorghastrum nutans (L.) Nash) and sideoats
grama (Bouteloua curtipendula (Michx.) Torr.) were secondary. Numerous
forbs, woody plants, and other grasses
constituted
the remainder.
Common species, grouped by
behavior under grazing pressure, have been reported by
The authors are research range scientist, Department of Agronomy;
research animal scientist, Department of Animal Science and industry;
research range scientist emeritus, Department
of Agronomy,
Kansas
State University, Manhattan. (Contribution
No. 1328, Department of
Agronomy,
No. 441, Department
of Animal Science and Industry,
KAES, Kansas State University, Manhattan, 66506.)
Manuscript received March 12, 197 3.
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Hills

Anderson et al. (1970), and range sites described by Anderson
and Fly (195 5). Loamy upland (ordinary upland of Anderson
and Fly [ 1955]), clay upland, and limestone breaks were the
primary range sites within each experimental
pasture. The
study involved 17 years, 1950 through 1966.
Three 60-acre pastures with similar amounts of the three
principal range sites were used in the deferred-rotation
plan. A
single, similar 60-acre pasture, stocked season-long, served as a
control. Stocking rate for all pastures was 3.3 acres per steer.
During May and June, all animals in the deferred-rotation
system grazed in two pastures, half in each of the two; the
third pasture remained ungrazed (deferred). On July 1 all
animals from the two pastures were moved to the previously
ungrazed pasture and remained there until October 1. If grass
in the deferred pasture was cropped too closely before
October 1, the cattle were given access to all three pastures
late in the season. This system was rotated annually so as to
defer each pasture once each 3 years.
Each year from 1963 through 1966, the deferred pasture
was burned to improve forage quality and to bolster lateseason animal performance.
Forage production
was estimated by the cage method
(Klingman et al., 1943) at the close of each growing season,
with contents from each cage separated into forage and weeds.
Forbs utilized by livestock were included in the forage
category. Ten cages were clipped each year in each pasture
from loamy upland, breaks, and clay upland range sites. Yields
are reported as pounds of air-dry herbage per acre.
To estimate botanical composition for each pasture, basal
intercept was measured for each plant occurring along 20 to
30 randomly placed 5-meter line transects in each of the
principal range sites. Species composition was calculated as
percentage of total plant basal cover.
Hereford steers (average U.S. Dep. Agr. feeder grade of low
choice) were used. Steers about 14 months old and initial
average weight of 5 10 lb were used in 10 of the years,
26-month old steers averaging 733 lb (initial weight) were used
in the other years. Steers were identified
and weighed
individually
the first day of each month. Before being
weighed, they were held, without feed or water, in pensbeginning in the afternoon of the day prior to day of weighing.

Table 1. Forage and weed yields (lb/acre, air-dry) for season-long and
deferred-rotation pastures stocked from May 1 to October 1 (g-year
average, 195866).

LOAMY

Item and
stocking system

UPLAND

Loamy upland

Breaks

3918 a1
4251 b

2561 a
3400 b

3165 a
3968 b

300 a
270 a

337 a
164 b

492 a
343 b

Forage
Season-long
Deferred-rotation
Weeds
Season-long
Deferred-rotation

Clay upland

‘Yields followed

by a common letter within a range site do not differ
(P<O.OS).

statistically

LIMESTONE

tern by increasing stocking rate was a fault in experimental
procedure.
Weed yields were higher on breaks and clay upland range
under season-long
stocking than under deferred-rotation
(Table 1). On loamy upland range, weed yields for the two
stocking systems did not differ. Concentrated use of forage
probably forced use of some weeds, and increased vigor of the
warm-season perennial grasses contributed
to lower weed
yields -on the deferred-rotation
than on the season-long
pastures.

BREAKS

Deferred Rotation- -----

Botanical

Census

Decreasers
Deferred-rotation
stocking benefited basal cover of decreaser species (primarily big bluestem, little bluestem, and
Indiangrass), which initially were higher on the season-long
pasture (Fig. 1). After 6 years on loamy and clay upland
range-and
before that on breaks range-basal
cover of
decreasers was higher (and remained higher until the end of
the study) on the deferred-rotation
than on the season-long
pastures.
The primary increase in decreaser basal cover on the
deferred-rotation
pastures came from little bluestem, though
Indiangrass also was noticeably
higher; big bluestem was
similar for both systems.

10

0

I

CLAY

UPLAND

Increasers

0

I”’
50

”
52

11
54

11
56

’

1
58

60

11

11
62

As a group, increasers (primarily sideoats grama and
Kentucky bluegrass [ha pratensis L.] ) did not differ between
season-long and deferred-rotation
grazing. Sideoats grama,

11
64

66

Year

Fig. 1. Basal cover (cml5m line transect) of decreaser species (primarily
big and little bluestem, and Indlizngrass) on three different Kansas
Flint Hills range sites under season-long and deferred-rotation stocking (1950-1966).

20

c
LIMESTONE

I

BREAKS

Season-long Deferred-rotation
-----

For the starting and final weights each season all steers were
mixed and weighed at random.
Results and Discussion
Herbage Yields
Forage yields were higher on the deferred-rotation
pastures
than on the season-long pasture (Table 1). Under both
stocking systems, loamy upland consistently produced more
forage than did breaks or clay upland. Since both systems were
stocked at the same rate, failure to take advantage of the
increased forage production under the deferred-rotation
sys394
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Fig. 2. Basal cover (cm/5m line transect) of sideoats gramu on Kansas
Flint Hills breaks range
stocking (1950-1966).
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Fig. 3. Basal cover (cm/5m

line transect) of Kentucky bluegrass on
Kansas Flint Hills clay upland range under season-long and deferredrotation stocking (I 950-l 966).
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50

0
however, was higher in the season-long pasture, apparently
being replaced in the deferred-rotation
unit, particularly in the
breaks range site, by the increase in little bluestem (Fig. 2).
Kentucky bluegrass, which fluctuated widely in response to
rainfall on the clay-upland range site, was nearly eliminated
regardless of treatment
during the severe drouth of the
mid-1950’s (Fig. 3). There was significantly more Kentucky
bluegrass on the clay-upland site in the season-long stocked
unit than in the deferred-rotation
units.
Other Species
No differences in sedges, forbs, or annual-grass basal cover
were detected
between
season-long and deferred-rotation
systems. Shrubs, though low in basal cover, were higher on the
season-long pasture than on the deferred-rotation
pastures.
Livestock

Gains

Steers on the season-long pasture gained more than did
animals on the deferred-rotation
pastures. During May and

my 1

I

I

June 1

July 1

Rotation ----

.

Aug. 1

I

I

Sept. 1

act. 1

Fig. 5. Total steer gain (lb/steer) per growing season on Kansas Flint
Hills range under season-long and deferred-rotation
average).

stocking (I 7 year

June gains did not differ under the two systems; during July,
August, and September steers gained less on deferred-rotation
than on season-long pastures (Fig. 4). At the end of the
growing season, steers on season-long pastures weighed 23 lb
more than did those on deferred-rotation
pastures (Fig. 5).
Apparently, moving the steers to a new environment and to
mature forage reduced their performance.
Whereas in the
deferred pasture animals had to eat older, maturer forage, in
the season-long pasture they could graze on higher quality
regrowth from previously grazed plants.
Conclusions

1) Deferred-rotation
stocked pastures had higher forage
production than did season-long stocked pastures.
2) Desirable warm-season, perennial grass basal cover was
greater on deferred-rotation
than on season-long pastures.
3) Steer gains were higher on season-long
than on
deferred-rotation
pastures.
4) Increased stocking of the deferred-rotation
pastures was
feasible.
5) Poor-condition
range probably would benefit more
from deferred-rotation
stocking than would good-to-excellent
range.
Literature Cited
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(I 7 year average). Asterisk above a given date indicates a significant
difference (RO.05).
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Materials and Methods

Wax-treated
Soils
for Harvesting
Water
D. H. FINK, K. R. COOLEY, AND G. W. FRASIER
Highlight: Shortage of water for livestock often limits the carrying capacity of
rangeland. Water harvesting can provide extra water. Paraffin wax was applied as
granules or flakes on the surface of two experimental watershed plots and allowed to
melt and spread in the hot desert sun to form a hydrophobic soil surface, which then
readily shed water. The wax-treated plots yielded an average of 90% precipitation runoff, compared to only 30% runoff from two untreated plots and to 100% runoff from
a butyl-covered plot.

The livestock-carrying
capacity
of
many range areas is not limited so much
by a shortage of grass as it is by a lack of
drinking water. Reliable water sources
often are too far apart, and available
sources may be only seasonal. This is
particularly true in areas where wells are
infeasible because of unfavorable geology
or excessive drilling costs.
Small earthen tanks are used in such
areas to collect runoff from small local
watersheds, but these offer only a partial
solution. Many of these tanks routinely
go dry for several months of the yearnot because of lack of rain during these
periods, but rather because of the low
runoff characteristics of the contributing
watershed.
Water sometimes
can be
hauled into these areas, but considering
the time, cost, and general nuisance
involved, this can be regarded only as an
emergency measure.
A cheaper water source is needed, and
water harvesting offers promise of being
that source. Water harvesting is the process of collecting water from areas that
have been treated to increase runoff from
rainfall or snowmelt. A number of techniques for treating watersheds have been
tried, including: (a) altering the vegetation by clearing (Tadmor and Shanan,
1969) or replacing brush and trees with
grass (Hibbert, 197 1); (b) modifying the
soil properties, such as by simple land
Authors are soil scientist, research hydrologist, and research hydraulic engineer, U.S. Water
Conservation
Laboratory,
Phoenix,
Arizona.
(Contribution
from the Agricultural
Research
Service, U.S. Department
of Agriculture.)
Manuscript received February
1, 1973.
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smoothing as practiced several centuries
ago by certain agrarian people in Israel’s
Negev Desert (Evenari et al., 1961), or by
dispersing
clay with sodium salts to
reduce infiltration
rates (Cluff et al.,
1971); (c) covering the soil with impermeable barriers such as galvanized steel
1929), plastic films
sheeting (Kenyon,
(Lauritzen,
1960), and asphalt-fiberglass
(Frasier et al., 1970); and (d) making the
soil water repellent by spraying it with
certain organic chemicals (Hillel et al.,
1966; Myers and Frasier, 1969). Certain
of these water harvesting techniques are
being used occasionally to supply water
to livestock in remote areas. Universal
acceptance, however, appears to depend
on the development
of a lower cost,
easier, and more efficient method of
water harvesting. The use of paraffin wax
may be that method.
Research at this laboratory
(Cooley
and Myers, 1973) showed that paraffin
wax can efficiently reduce evaporation
from steel water storage tanks. The wax
was simply floated onto the tanks as
small chunks. Under the sun’s heat, the
wax slowly melted and spread until it
formed a completely solid, floating cover.
Evaporation
from these wax-covered
tanks was reduced to almost zero.
It was postulated that solid paraffin
wax, similarly, might be spread on soil for
water harvesting purposes. Energy from
the sun should melt the wax, resulting in
a water-repellent
soil which should
increase precipitation
runoff. The objective of this study was to test the feasibility and practicality of using paraffin
wax for water harvesting.
JOURNAL

OF

The experiment was conducted at the
Laboratory’s Granite Reef water harvesting test facility 15 miles northeast of
Mesa, Arizona. The climate is hot desert
with characteristic
low humidity,
low
annual precipitation of about 7 inches per
year, and average daily high temperatures
greater than 100°F from early June to
mid-September.
The soil is decomposed
granite and has a sandy loam texture.
Two plots for testing the wax were
selected: (a) a lo-m2 smoothed plot
having a 5% south-facing slope and (b) a
200-m2 ridge and furrow plot having a
3% longitudinal
north-facing
slope and
10% lateral slopes on the east- and
west-facing side ridges.
The wax was the common paraffin
type used commercially
for making
candles and for coating wax paper and
milk cartons. The wax came as 1 l-lb slabs
which had to be ground before spreading
on the soil. Several methods were tried:
grinding in a hand-cranked meat grinder,
grinding in a large commercial electric
meat grinder, and powdering by passing
frozen slabs over a high-speed wood
planer. All these methods reduced the
wax to a usable form, but the hand crank
is hard work and slow, the electric grinder
is expensive, and the planer is a safety
hazard. We are now testing a Sears
Roebuck
6 h.p. Shredder-Bagger’
for
chipping
the wax. This inexpensive
machine normally is used for shredding
lawn and garden trash but shows promise
in its new role.
The ground wax was hand spread on
the two plots (Fig. 1). The lo-m2 plot
was treated on June 29, 1972, at a rate of
1.35 lb/yd2 and the 200-m2 plot was
treated on September 29, 1972, at a rate
laboratory
of 1.25 lb/yd2. Preliminary
studies had indicated that a rate of 1.0 to
1.5 lb/yd2 of wax was necessary to insure
complete surface coverage and to obtain a
wax penetration
of at least 2 to 3 mm
into the soil.
Paraffin waxes with different meltingpoint temperatures are available, allowing
selection for the prevailing soil temperatures. The lo-m2 plot was treated with a
143- 1505F melting-point
wax and the
200-m2 plot was treated with a 128- 130”
melting-point wax. The wax on the first
site melted within 2 days in the hot June
sun; the wax on the 200-m2 plot completely melted into the soil on the southand west-facing slopes, but on the cooler
north- and east-facing slopes, small isolated patches of fused wax remained atop
the soil throughout the fall and winter
1Trade names and company names, when included, are for the convenience
of the reader
and do not imply preferential
endorsement
by
the U.S. Department
of Agriculture
of a particular product or company over others.
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following treatment.
These patches of
wax, however,
were impermeable
to
water and did not seem to reduce rainfall
runoff.
The runoff was collected in tanks and
measured at the end of each storm.
Runoff
data from
the wax plots were
compared
with those from adjacent untreated
plots
and from
a butyl-sheetcovered 10-m’ plot.

Results
Total precipitation at the Granite Reef
test facility for the initial 6.month test
period was about 50% above normal.
July, August, and September were very
dry; each month had only one storm with
measurable
runoff (Table 1). October
1972, however, was the wettest October
on record, producing 4.57 inches of rain
from seven storms. Total precipitation on
the IO-m2 plots for the 6.month
test
period was 8.48 inches from IS storms;
total precipitaton on the 200-m’ plot for
October through December
was 7.73
inches from 12 storms.
Runoff from the wax plots averaged
about 90% of the total precipitation
(Table 1). Runoff variation from these
two plots ranged from a low of 54% on
the 200-m’ plot for a 0.14.inch rain
upwards to values approaching 100% for
several of the larger storms. One wax plot
was not consistently better than the other
in producing
runoff, and the overall
runoff averages were nearly identical (92
YS90%)).
Runoff averaged only 28% from the
10-m* and 31% from the 200-m’ untreated plots. The highest runoff per

storm, 41%, was recorded four times and
was associated with large, high-intensity
rains, 01 rains falling on soils still wet
from a previous storm. Four rains ranging
from 0.08 to 0.21 inch and totaling0.53
inch produced no runoff at all from the
untreated 10.m2 plot, yet produced 0.44
inch or 82% runoff from the wax-treated
10-m’ plot.
As expected, the butyl-covered
plot
yielded very high runoff; however, the
100% average runoff figure (based on
total precipitation)
is a bit fortuitous.
Table 1. Precipitation

runoffyields (%) of

Variation
ranged from 80% to 104%
runoff. The low figure suggests that it
takes a little rain to even wet the surface
of a smooth cover, while the figures
greater than 100% are probably associated with slight errors in reading the
raingage or else variation
in rainfall
between the measuring station and the
plot. Overall, Table 1 shows that the wax
yielded 92% as well as the butyl.
Water penetration into the soil of the
wax plots was minimal; the plots usually
were dry shortly after a rain. The soil on
the untreated
plots, however,
dried
slowly after a rain and retained considerable soil moisture throughout the fall and
winter commencing
with the rains in
early October. A considerable cover of
grass and weeds developed on the untreated plots during this prolouged rainy
spell, whereas the wax plots remained
completely
barren. Even a few plants
which had established themselves on the
wax plots prior to treatment eventually
died.
Quality of the runoff water from the
wax plots was very good. Salt content
based on conductivity measurements (U.
S. Salinity Laboratory,
1954) was less
than 50 ppm. Percent light transmission
of the runoff water averaged better than
90%, indicating a minimal sediment content. The wax thus served both to stabilize the soil as well as to make it water
repellent.
The organic matter content m
the water, as measured with a Beckman
Model 915 carbon analyzer’ was below

wax-treated, untreated, and butylcovered

soil.

Runoff (%I
Date
(1972)

Precip.
(inch)

,“I 17
Aug 12

0.44
0.21

Sep 2
Ott 4
act 5
Ott 5
Ott 6
Ott 18
Ott 19

Ott 25
Nov 11
No” 17
Dee 8
Dee 28
DW 28

200 sq. meter plots

IO sq. mete* plots
Wax

Gi
90
69
94
92
82
95
85

Untreated

Butyl

20
0
0
31
33
0
41

94
100
80
101
89
86
104
98
98
89

::
II
31
32
8
21
32
28
2.63

Wax/Butyl

95
88
111
82
93
;“z
78

Wax’ Untreated’

84
78
54
93
89
91

32
41
0
41
35
22
0

104
99
99
100
100

91
93
82
95
85

;:
96
80

41
33
20
21
19

100
8.48

92

90

31

6.96

2.40

::

detectable
limits.
Since paraffin
waxes
already
are approved
for human
consumption
(candy bars, milk cartons, etc),
one need not be concerned
with dangerous contamination
from micro-quantities
of wax present in the water. With slight
additional
purification,
the water from
these paraffin
plots will be completely
safe for human consumption.
No discussion
on water harvesting
is
complete without sane cost analysis. The
paraffin
waxes
may be purchased
in
quantity
fro&
the manufacturer
for
about IOo/lb. For a wax apphcation
late
of 1 Ib/yd’,
and a total rainfall of 20
inches, and assuming
100% runoff,
the
cost
of water
harvested
am”unts
to
90~/1,000
gal. If the wax must be purchased in smaller quantities at l&/lb, and
is applied at 1.25 Ib/yd’,
and the water
yield
is only 90%, then the cost of
harvesting that 20 inches of precipitation
doubles to $1.80/l ,000 gal. These initial
material
costs
(10a to 150 per yd*)
compare
to asphalt-fiberglass
c”sts of
$1.00 to $2.00 per yd’, and to butyl
rubber cats
of $2.00.$3.00
per yd*. Of
course,
as Co&y
et al. (1972)
have

shown, actual costs per gallon of water
harvested depend on a number of things:
initial material costs, cost of application,
durability
and repair costs, rainfall and
percent
runoff,
storage c”sts, and even
land values.
The plots will continue
to undergo
testing to evaluate long-term
durability.
Also, additional
plots are planned
t”
check on minimal
effective
application
rates of wax. A machine is being developed to spread the chipped
wax. The
technique
seems especially
well adapted
for the rancher who needs additional water
supplies in remote
areas, and who does
not wish to invest a large amount
of
money in supplies “I equipment.
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Efficiencies
of Four Soil
Surface Treatments
FRANK RAUZI, MERLE L. FAIRBOURN,

AND LELAND LANDERS

Highlight: Water harvesting efficiency of four soil surface treatments was studied
for 5 years at Gillette, Wyoming, and the Central Plains Experimental Range near
Nunn, Colorado. The surface treatments consisted of rangeland, salt (NaCl), plastic
covered with pea gravel, and asphalt roll roofing. Average water harvesting efficiencies
ranged from 5% on rangeland at Gillette to 105% from the asphalt roll roofing treatment at the Central Plains Experimental Range. Spring and fall snowstorms resulted
in water harvesting efficiencies of over 100% at the Central Plains Experimental Range.
Precipitation was highest in April, May, and June and lowest in August.

ment in Montana to harvest precipitation
for domestic use.
Tables and equations for determining
storage capacities, catchment size in relation to stocking rates, and length of
grazing periods have been developed for
harvesting
the potential
precipitation
(Fairbourn et al., 1972; Pearson et al.,
1969; Ree et al., 1971; and Humphrey
and Shaw, 1957). Butyl rubber, sheet
metal, and plastic sheeting efficiencies
have generally been assumed to be nearly
100%. Long-term
efficiencies
are not
available for other types of catchment
surfaces.
The study reported here was conducted to determine the water harvest
efficiency
and durability
of four soil
surface treatments at the Central Plains
Experimental
Range near Nunn, Colorado,
and the Gillette
Substation,
Wyoming, during 1967 through 197 1.
Experimental

Inadequate
stock water distribution
can result in poor use of herbage by
overgrazing in the vicinity of existing
water supplies. Some water sources may
be unsuitable for livestock consumption
because of high salt content, turbidity, or
other impurities. Thus, water quality may
become as important as water supply.
In some areas rangelands in good or
excellent condition produce little or no
runoff to fill stockwater ponds. A water
harvesting system may be the only solution for a water supply. Water harvesting
has been defined as the collecting and
storing of precipitation
from land that
has been treated to increase runoff of rain
and snowmelt (Myers, 1964). The initial
investment
for havesting
precipitation
may be costly because a catchment surface and storage facility are required.
However, annual costs for good quality
water are usually quite economical (Fairbourn et al., 1972).
Various methods for harvesting water
from natural
precipitation
have been

investigated. According to Hillel (1967),
runoff farming was practiced over 4,000
years ago in the near East with a collection efficiency of no more than 10%.
Collection
efficiency
is the ratio of
volume of runoff to the total volume of
precipitation.
Paved drainage basins for
harvesting of precipitation
for livestock
use in New Mexico were described by
Humphrey and Shaw (1957). Myers et al.
(1967) tested several asphaltic formulations, which were sprayed on the soil
surface to harvest precipitation.
Rauzi et
al. (1970) concluded that asphaltic sealants were satisfactory on dune sand, but
not on soils with shrinking and swelling
properties. Lauritzen and Thayer (1966)
developed a rain trap consisting of a butyl
rubber sheet and a collecting bag. Sheet
metal catchments and storage structures
were investigated by Lauritzen (1967).
Matlock and Shaw (1966) used an 8 mil
black polyvinyl plastic sheet to harvest
water for domestic use in Arizona. Saulmon (1969) used a butyl rubber catchTable
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Description

of experimental

Slope(%)

Central Plains
5400
Central Plains
Experimental
Range, Nunn, Colo.

North

5.5

Gillette Substation
Gillette, Wyoming

West

4500

The experimental sites in northeastern
Colorado and northeastern
Wyoming are
described in Table 1. The experimental
site at the Central Plains Experimental
Range was fenced from livestock in 1965
and at the Gillette Substation in the fall
of 1966. The experimental
site at the
Central Plains Experimental
Range was
railed and raked to remove the abundance
of plains pricklypear
cactus (Opuntia
polyacantha
Haw.).
Silver sagebrush
(Artemisia cana Pursh.) and plains prickly
pear cactus plants at the Gillette substation site were removed from all plots
except the check. Standing vegetation
and organic matter on all the plot surfaces except the check were burned with
a propane weed burner. The burned plots
were sprayed with a soil sterilant (HyvarX)l at the rate of 25 lb/acre. The
lo-x20-ft plots were separated by a sheet
metal border placed about 2 inches in the
soil, and 4 inches above the soil surface.
The treatments consisted of a check
(rangeland),
salt (NaCl), plastic sheet
covered with pea gravel, and asphalt roll
roofing. The treatments were replicated

sites.

Exposure

Elevation
(ft)

Location

Sites and Procedure

5.5

Soil type

Dominant

vegetation

(Bouteloua

Terry fine sandy
loam, Bucknum
fine sandy loam,
Fort Collins fine
sandy loam

Blue grama

Rhoades

Needleandthread

loam

gracilis)

comata)
Western

(Stipa

wheatgrass

(Agropyron smithii)
Sandberg bluegrass (Pea
secunda)
November

1973
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and June were consistently
the wettest
and August and October the driest of the
7 months used in this study (Table 2). As
expected,
the amount of water harvested
differed
significantly
between
years and
among months because of the variation in
precipitation
amounts.
Precipitation
amounts
for the two locations
were
similar for April through October.
For convenience
of discussion,
the
results obtained
for each catchment
surface will be discussed separately.
The site
of the Central Plains Experimental
Range
hereafter
will be referred to as CPER and
the Gillette Substation
site as Gillette.
Check
Water-harvesting
efficiency
was highest
the first year of the study (1967) at both
locations because of above-average
precipitation,
(Table 2). Also, the protection
from grazing did not increase infiltration
three times in a random layout. Salt was
applied on the soil surface at the rate of
1,000 lb/acre (500 lb in the late summer
of 1966 and 500 lb in the spring of
1967). A 6 mil, black polyethylene
sheet
was laid on the undisturbed
soil surface
and covered with pea-size gravel approximately
l-inch
deep. The depth of the
gravel varied with the microrelief
of the
soil surface.
Dark-green,
80-lb asphalt
roofing in rolls 3 it wide and 33 l/3 ft
long was laid on the soil surface
and
tacked
to strips
of l-x4-inch
boards
placed under the roofing
at roll width
intervals. The boards were held in place
by 7-inch spikes pushed into the soil.
The plots were located on the slope, so
runoff was directed to the lower left-hand
corner
of each plot.
The water
was
conducted
through
sheet metal downspouts to storage tanks below the plots
(Fig. 1).
The storage tanks had a capacity of
240 gal, except those for the check plots,
which had a 190~gal capacity. Volume of
collected
runoff water was measured
in
inches and converted
to gallons. The site
at the Gillette Substation
was checked 1
or 2 days after a rain and the site at the
Central
Plains Experimental
Range was

checked weekly. Tanks were drained after
each measurement.
Precipitation
amount
at each site was obtained
from standard
U.S. Weather Bureau rain gauges.
The overwinter
accumulation
of water
from snowmelt
in the storage tanks was
drained,
and sediment
in the tanks was
removed before April 1 each year. In late
October or early November, the sediment
was collected
and ovendried,
and the
amount present was converted
to pounds/
acre removed from the plot. A negligible
amount
of sediment
was lost when the
tanks were drained
following
the measurement of water in the tanks.
Data were analyzed
by analyses
of
variance procedures
and Duncan’s
Multiple range test, and significant
differences among treatments
determined
at
the 5% level. Simple correlations
between
seasonal
water
harvest
efficiency
and
April, May, and June total precipitation
for the four surfaces were determined.
Results

and Discussion

Variations
in monthly,
seasonal,
and
annual precipitation
are common for the
Great Plains. For the two locations,
May

rates the first year. Vigor of the nongrazed vegetation increased with time and
more plant material was produced, thereby protecting, the soil surface from the
beating action of raindrops. Thus, infiltration increased and runoff decreased.
Average water harvesting efficiency by
years is shown in Figure 2. The efficiency
of the check is low at both sites when
compared to the other treatments. The
water harvesting efficiency fell sharply
after the first year. Storms at the CPER
site during June and July may have been
more intense than at the Gillette site.
Correlation coefficients of 0.92 and 0.91
were obtained between seasonal water
harvesting efficiency and the April-MayJune precipitation
for the Gillette and
CPER locations, respectively. The correlations were significant at the 1% level and
show that 85% and 83% of the variation
in water harvesting
efficiency
at the
Gillette
and
CPER
location
was
accounted
for by the April-May-June
precipitation.
Correlation
coefficients
obtained using the 7.month total precipitation were low and meaningless because

Table 2. Precipitation (inches) for April through October at the water harvesting sites located at the Gillette Substation and the Central Plains
Experimental Range,(1967-71).
Central Plains Experimental

Gillette Substation
Month

1967

April
May
June
July
August
September
October

1.50
2.80
6.98
.58
.06
2.13
.86
14.91

Total

1968

Range

1969

1970

1971

Avg

1967

1968

1969

1970

1971

Avg

1.01
3.33
3.08
1.49
3.34
1.82
.54

2.03
.56
2.93
2.70
.03
.2O
x2

.98
3.18
2.02
.85
.I7
1.49
.49

2.34
2.40
2.40
.52
.36
1.25
2.03

1.57
2.45
3.48
1.23
.79
1.38
.95

2.00
3.44
6.22
4.01
1.24
.92
.32

.75
2.43
2.13
1.53
1.12
40
.62

1.58
2.22
3.75
1.22
.35
2.14
1.64

.29
1.00
.80
1.41
.04
1.36
.4x

2.61
1.71
.30
.31
.I2
2.00
.16

1.45
2.16
2.64
1.72
.57
1.36
.64

14.61

9.27

9.18

11.30

11.76

18.15

8.98

12.90

5.44

7.27

10.54

most of the precipitation occurred during
April, May, and June. Thus the characteristics of the precipitation
(intensity,
duration,
storm total, and frequency),
surface soil, and vegetal cover influenced
the
water
harvesting
efficiency
of
rangeland.
During the 5-year period, more than
twice as much water was harvested from
the check at the CPER site as at the
Gillette location (Table 3). Apparently
this difference was due in part to soils,
vegetation, and storm characteristics. The
vegetation
on the check plots at the
CPER location was predominantly
blue
grama (Bouteloua gracilis) with a few
annual and perennial forbs, whereas at
the Gillette location, the dominant vegeneedleandthread
(Stipa
tation
was
comata), western wheatgrass (Agropyron
smithii), Sandberg bluegrass (Poa secunda), and blue grama. With continued
protection the check plots should stabilize, and runoff should not exceed 2% to
3% at either location. Ballance and Basler
(1969) found that the collection efficiency from an untreated watershed near
Las Cruces, New Mexico, was less than
3%. This agrees with 3 of the 5 years at
the Gillette location, but only with the
last year at the CPER site.
Sediment
collected
in the storage
tanks during the 7-month period is shown
in Table 4. The high sediment yield at the
Gillette site in 1967 may have resulted
from
2.96
inches
of precipitation
between June 2 and 4. Apparently the
bulk of the sediment was obtained from
the June storms, which produced the
most runoff. Overall sediment yields from
both locations were relatively low.

GILLETTE

100

-

80

-

60

-

40

-

Check

Salt

Plastic
and
Gravel

Asphalt
Roofing

Check

Fig. 2. Water harvesting efficiency
Central Plains Experimental

of four surface
Range (I 967-l 971).

Storm characteristics and surface
ditions of the salt plots influenced
water harvest efficiency. Total water
vested during the 5-year period did

Water harvesting efficiency of the salt
plots declined with time at both locations
because of decreased April-May-June precipitation. Average water harvesting effi-

Asphalt
Roofing

at the Gillette Substation

and

differ significantly between the salt and
check treatments at either location (Table

ciencies were considerably
higher, but
had a pattern similar to the check (Fig.
2). Water harvesting
efficiencies were
highest during June and July. The correlation coefficients derived from seasonal
water harvesting
efficiency
and total
April-May-June
precipitation
for the
Gillette and CPER locations were 0.92
and 0.69, respectively. The correlations
were significant
at the 1% level and
showed that 85% and 48% of the variation in water harvesting efficiency at the
Gillette and CPER locations was accounted for by the total precipitation
during
April, May, and June.

Salt

treatments

Plastic
and
Gravel

Salt

3).
Precipitation
was measured daily at
the CPER headquarters, whereas weekly
measurements were obtained at the study
area. The CPER headquarters are about 2
miles north of the study area. Thus
amounts of precipitation obtained from a
storm would not necessarily be identical
for the two locations, but may be indicative of the size of the storm event at the
study area. During May and June, 1968,
storm events of 1.40 and 1.15 inches
were measured at the CPER headquarters.
In June, 1969, a storm event of 1.35
inches was recorded at the CPER headquarters. This storm was preceded and
followed by two storm events totaling
0.92 and 1.07 inches, respectively. Thus

conthe
harnot

Table 3. Mean volume of water in gallons harvested (April through October) from four surface treatments over a S-year period at the Gillette Substation, Wyoming, and the Central Plains Experimental Range, Nunn, Colorado.
Gillette

Month
April
May
June
July
August
September
October
Total

’Means among treatments
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Rangeland
check
5.2
9.1
54.7
3.5
1.7
2.5
1.7
78.4c1

Substation

Central

Salt

Plastic
& gravel

Asphalt
roofing

Potential
gallons of
water/plot

5.3
36.1
205.4
43.0
25.5
27.8
28.1

64.0
75.6
221.6
40.8
32.6
42.1
40.5

198.2
216.9
405.5
90.1
79.9
123.9
137.5

196.0
305.8
434.2
153.2
98.6
171.8
118.0

371.2bC

517.2b

1252.0a

1477.6

with the same letter are not significantly
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different

Plains Experimental

Range

Salt

Plastic
& gravel

Asphalt
roofing

Potential
gallons of
water/plot

3.5
17.0
71.5
56.0
4.9
12.1
1.9

28.7
104.3
149.1
123.8
20.5
38.0
17.3

120.5
184.7
203.0
130.7
31.9
82.4
68.6

186.9
256.2
267.5
194.5
63.1
190.9
155.6

180.2
269.4
329.2
214.4
71.6
170.0
80.2

166.9’

481 .7c

821.8b

1314.7a

1315.0

land
check

at the 5% level.
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the high soil losses during 1968 and 1969
may have resulted from the documented
May and June storms. Sediment yields at
the CPER site were second highest in
1967 because of the above-average precipitation.
Soil erosion was greatest in the central
part of these plots, where 2 to 3 inches of
soil was lost. This was more evident at the
Gillette site because of pedestalling of
the dead blue grama crowns (Fig. 3). The
plots at the CPER site were oriented
nearly parallel to the prevailing winds,
and fine sand was eroded and deposited
along the sheet metal borders. It is
assumed that most of the salt was removed from the surface soil during the
first year (1967) because of the high soil
loss. By 197 1 soil erosion was minimal,
indicating that, perhaps, the more easily
erodible surface soil had been removed
and a more resistant soil horizon exposed.
Sediment yields were high all years at
the Gillette site, but were highest in
1970. During a 24-hour period in May
and June, storm events of 1.62 and 2.34
inches, respectively, were measured. It is
assumed that the high soil loss during
1970 resulted from these two storms. Soil
losses at the Gillette site were high the
first year, 1967, but over 3% times more
sediment was collected in 1968 than in
1967. It is believed that most or all of the
applied salt was lost by the end of the
second year. The large amount of sediment collected at the Gillette site indicates that surface soil in the salt plots
remained highly erodible throughout the
study period. Water from the salt plots
was turbid because of suspended soil
particles.
Plastic and Gravel
Water harvesting efficiency of the plastic and gravel surface was variable between locations except for the last year,
197 1, when they were identical (Fig. 2).
Microrelief of the soil surface may have
been one possible reason for the difference in water harvesting efficiency between the two locations. Since the plastic
sheet was laid on the undisturbed
soil
surface, the microrelief may have been
more pronounced at the Gillette site than
at the CPER site because of vegetation
differences. The plastic sheet at both sites
was pulled back after 6 years, and it was
noted that the microrelief had smoothed
out. The average water harvesting efficiency was 57.6% at CPER, but only 33.4%
at Gillette. If surface microrelief caused
then the soil surface
the difference,

Table 4. Sediment yield (lb/acre) April through October from four surface treatments at the
Central Plains Experimental Range (CPER), Nunn, Colorado and Gillette Substation, Wyoming,
(1967-71).
Rangeland check

Salt

Plastic 8c gravel

Asphalt roofing

CPER Gillette

CPER

Gillette

162
28
18
18
34

773
218
340
146
61

479
323
293
22
236

260

1,538

1,353

Year

CPER

Gillette

CPER

Gillette

1967
1968
1969
1970
1971

94
41
102
37
15

466
12
6
31
46

5,482
4,356
6,447
1,184
605

1,585
5,827
4,852
10,828
6,426

59
87
80
28
15

Total

289

561

18,074

29,518
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should be smoothed before the plastic
and gravel are applied.
Another possible cause of the difference in water harvesting efficiency could
be the size of the individual precipitation
events at the two locations. Numerous
small showers might account for the
lower water harvesting efficiency at the
Gillette site. Cluff (1967) found that
l-inch layer of dry gravel retains about
.06 inch of water.
Soil particles moved by wind and
splash erosion from outside the plot area
were deposited within the plots. The soil
particles held water and decreased the
efficiency of the gravel-covered plastic
treatments.
Water harvesting efficiencies at the
Gillette site after the first year declined
rapidly for 3 years and then increased. At
the CPER site, efficiencies remained high
for the first 3 years, then declined.
Correlation coefficients of 0.55 and 0.60
were obtained between seasonal water
harvesting efficiency and total precipitation during April, May, and June for
Gillette and CPER locations, respectively.
The correlation coefficients were significant at the 5% level and show that 30%
and 36% of the variation in the water
harvesting efficiency was accounted for
by the April-May-June total precipitation.
It appears that the soil surface microrelief
and trapped sediment may have accounted for most of the variation in water
harvesting efficiency.
The total amount of water harvested
during the 5-year period from the plastic
and gravel surface was significantly
greater (D.05) than for either the check
or salt plots at the CPER site. At the
Gillette site a significant difference did
not occur between the salt and plastic
and gravel treatments, but there was a
significant difference between the check
and the plastic and gravel.
Total sediment yields were nearly the
same at both locations. Sediment yields
declined steadily at the CPER site, whereas they were more variable at the Gillette
JOURNAL
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site. The sediment collected in the catchment tanks was mainly silt.
Dogs and antelope walking over the
plots did not puncture the plastic sheet,
but exposed it where the layer of gravel
was thin on the higher portion of the soil
surface microrelief.
A few plants of western wheatgrass
that the soil sterilant did not kill were
able to penetrate the plastic sheet. A
severe hail storm in 1969 did not damage
these plots but did expose the plastic
where the gravel layer was thin. The
gravel holds the plastic sheet in contact
with the soil surface and prevents
mechanical damage such as tearing. Overall, the plastic sheet is in good condition
after 5 years of use, and should be
capable of many more years of service
provided that it remains protected from
deterioration by sunlight.
Asphalt Roofing
The highest water harvesting efficiencies were obtained with the 80-pound
asphalt roofing treatment (Fig. 2). The
7-month water harvesting efficiencies at
the Gillette location were consistent each
year except for the first year. The water
harvesting efficiencies at the CPER site
increased for 4 years and then decreased
the last year. Trapping snow in the spring
(April and May) and fall (September and
October) increased the efficiency of this
treatment
to 130% during 1970. Snow
catch was not important at the Gillette
site, possibly because of plot orientation.
The average water harvesting efficiency
for asphalt roofing was 21% greater at the
CPER site than that at the Gillette site.
The average volume of water harvested
from the CPER site was only 63 gal more
than for Gillette. This is surprising with
respect to the harvest efficiency previously discussed. An average of over l-inch
more precipitation
was obtained at Gillette during the 7-month collection period. This is probably the reason for the
small difference in volume of water collected between the two sites.
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upward from 80% of potential runoff.
The high rate of water harvest occurred
with small as well as large precipitation
events. This treatment has good potential
for use since it costs less than materials
such as steel 01 butyl rubber, has high
harvest efficiency, and can be moved
easily into remote areas. Asphalt roofing
appears to be durable unless damaged by
large hailstones.
Such damage can be
minimized or overcome if care is used
during installation of the catchment. Recommended
procedure
includes careful
smoothing of the soil. The l-x 4.inch
lumber strips to which roofing is nailed
should be placed into the soil so the top
is flush with the soil surface. This provides a solid contact under the surface for
the entire area of the roofing catchment.
Literature

The amount of harvested water from
the asphalt roll roofing treatment
was
significantly greater (D.05) than for any
ofthe other treatments for both locations.
Inspection of Table 3 shows that this is
true for any month or year. Water harvested during the 3 months following
July at the CPER and Gillette sites was
31% and 27%, respectively,
of the 7.
month total. Precipitation
events after
July were predominantly
small rain
showers 01 snow, which significantly contributed to the total water harvested from
this treatment.
Soil was blown or splashed onto the
asphalt surface and washed into the
catchment tanks. Sand grains cemented
on the asphalt roofing became detached
by weathering and were washed into the
storage tanks. The amount of sediment
from the asphalt roofing plots decreased
annually at both locations,
except in
1971 when the plots at the Gillette site
produced more sediment than in 1970.
Precipitation
during the 7.month period
of 1971 was over 2 inches more than
1970 and may have resulted in more
splash erosion.
Severe hail storms occurred in 1969 on
May 7 at the CPER and July 27 at the
Gillette site. The asphalt roofing WBE
severely damaged and had to be replaced.
Damage was most severe along both sides
of the l-x 4.inch boards to which the
roofing was nailed.
Conclusions and Recommendations
The efficiency
of harvesting water
from rangelands is low and will vary with

range site and conditions. Storm charac.
teristics (intensity duration, storm total
and frequency), soils, and vegetal cow
affect water harvesting efficiencies of the
rangeland.
Water harvested from the salt treat.
ment was of good quality except for
turbidity.
However, this surface cannot
be recommended
for harvesting water
because erosion quickly destroys the contributing area, and the efficiency of harvest is relatively low.
Gravel-cover, 6 mil, black polyethyl
ene sheet yielded water of excellent
quality. Harvesting efficiency depended
on the soil surface microrelief of the
catchment area and characteristics of the
precipitation events. A reduction in water
harvest efficiency may have resulted from
water retention by soil particles trapped
by the gravel. This cover was in good
condition 6 years after installation
and
appears capable of many more years of
service. Regular maintenance
was required and consisted mainly in keeping
the plastic sheet covered with gravel. This
treatment appears to have good potential
for water harvesting because catchments
can be constructed easily at relatively low
cost compared to steel or butyl rubber.
Construction
should
include
careful
smoothing of the soil surface and elimination of all vegetation under the catchment. Gravel should be 1 to 2 inches in
diameter or larger to reduce movement
from the plastic sheet.
The asphalt roofing harvested high
quality water with an efficiency ranging
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Floating

Sheets of Foam

for Reducing

A. R. DEDRICK,

T. D. HANSEN,

Rubber

Stock Tank

AND

Evaporation

W. R. WILLIAMSON

Highlight:
Foam rubber sheet stock, 48 inches wide and 3116 inch thick, was lap
jointed, using a contact cement, to fabricate three floating covers. Their performance
was evaluated on 24-and 30-foot diameter water-storage tanks. Generally, field performance was satisfactory. Minor problems observed included: pecking by birds,
temporary clogging of bailing holes, and separation of the cover from an ice surface.
None of these problems are expected to cause cover failure. The estimated cost of
saving potentially evaporated water in a 4-foot per year evaporation zone ranges from
$1.80 to $2.00 per 1,000 gallons. Such a cost may be justifiable when compared to
costs of alternate means of producing or saving an equal amount of water.

The average annual evaporation in the
17 western states (Fig. 1) ranges from 24
to 84 inches (The Water Encyclopedia,
1970) and is several times greater than
the annual precipitation
in many areas.
Livestock water for the drier parts of this
area is collected by small water-harvesting
systems (Cluff,
1967; Lauritzen
and
Thayer, 1966; Lauritzen,
1967; Myers,
Frasier, and Griggs, 1967) or from seep
areas and must be stored for use at a later
date. In open storage, much of this water
evaporates.
Much
investigation
has
been
conducted
on controlling
evaporation
from open water surfaces. Studies have
included evaluations of monomolecular
layers
(Reidhead,
1960; Magin and
Randall,
1960), water dyed different
colors or water in different
colored
evaporation
pans (Young, 1947; Bloch
and Weiss, 1959; Keyes and Gunaji, 1967;
Yu and Brutsaert, 1967), various shading
materials, and various types of barriers
between
the water surface and the
atmosphere (Genet and Rohmer, 1961;
Crow and Manges, 1965; Rojitsky and
Kraus, 1966; Cluff, 1967; Myers and
Frasier, 1970). All systems have reduced

Authors were agricultural engineer and hydrologic technicians, Agricultural Research Service, U.S. Department
of Agriculture,
Logan,
Utah. Present address of A. R. Dedrick and W.
R. Williamson
is U.S. Water Conservation
Laboratory, 4331 East Broadway,
Phoenix, Arizona
85040.
The report is a contribution
of the Western
Region, Agr. Res. Serv., U.S. Dep. Agr., in cooperation
with the Utah Agricultural
Experiment Station, Utah State University.
Manuscript received January 10, 1973.
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evaporation
somewhat,
have been marginal.

but

advantages

Floating foam rubber sheets offer a
means
of
suppressing
evaporation.
Low-density synthetic sheeting materials
have recently been evaluated as floating
evaporation
barriers between the water
surface and the atmosphere. Evaporation
reduction on insulated evaporation tanks
in Arizona (Cooley, 1970) was essentially
equal to the percent of water surface area
covered by light-colored floating sheets.
Studies in Utah showed that sheets of

Fig. 1. Mean annual lake evaporation (inches) in the 17 western states (The WaterEncyclopedia,
1970). Valuesfor period 1946-I 955.
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black, low-density,
closed-cell
synthetic
rubber sheeting
reduced
evaporation
by
about
75% when
95% of the water
surface was covered. Tanks in the Utah
tests were not insulated.
Results
from
both studies indicate that floating covers
can effectively
reduce evaporation.
The information
reported
here deals
with construction
techniques
and procedures along with a field evaluation
of
the practicality
of using floating covers
on tanks.
Material Description
and
Floating Cover Fabrication
The
floating
cover
material
being
studied
at Utah State University
is a
low-density
(7-8
lb/ft3),
closed-cell
synthetic
rubber
sheeting
available
in
roll-stock form up to 5 ft wide and from
I/S inch to l/2 inch thick.’ This synthetic rubber is highly resistant
to outdoor weathering.
A cover, l/4-inch thick,
large enough to fit a 30.ft diameter tank,
weighs approximately
115 lb. The rollstock can be fabricated
into a continuous
cover by lap jointing,
using a contact
cement. Lap widths of 2 inches appear to
be satisfactory.
Three floating covers for field studies
were
fabricated
by the
Agricultural
Research
Service in Utah (Fig. 2). Two
covers were 30 ft in diameter;
the third
was 23 ft. Fabrication,
indoors
on a
concrete floor, took 5 to 6 man-hours for
the larger coyas.
The 30-ft covers could
be transvorted
to the field in the trunk of
a sedan.
All three covers were fabricated
from
roll-stock
48 inches wide and 3116 inch
thick. Foam rubber rod-stock wa8 bonded
around
the edge of the covers on the
water side to stiffen it and prevent wind
from getting underneath.
Holes l/2 inch in diameter
were cut
approximately
on 4.foot centers to allow
the covers to self-bail
precipitation
or
snowmelt
collected
on top. The selfbailing holes also help in installing
the
covers since the cover can be submerged,
forcing all entrapped
air from underneath
the COYBI. Once all water is off the
surface, the cover rides directly
on the
water surface without air pockets,
thereby minimizing
the chance for wind to lift
the cover.
Performance
The 23.ft.diameter
floating cover was
installed on a tank 24 ft in diameter
at
Logan, Utah, in September
1971. The

two 30.ft diameter
covers were installed
in southern
Utah in November
1971 on
tanks belonging
to the Bureau of Land
Management
(Fig. 3). One tank is southwest of St. George, Utah, and the other is
northwest
of Cedar City, Utah. The tank
at Logan is in a moderate
temperature,
canyon wind area with ice present during
the winter. The St. George location is in a
high temperature
area where little if any
ice forms during the year. The tank “ear
Cedar City is in a moderate
temperature
area, and ice is present during the winter.

The floating
covers have shown no
material degradation
during the first year.
All lap joints and the rod-stock
bonded
around the edge have maintained
a satisfactory
bond. The strength
of the lap
joints
over long periods
of time is a
concern and is being studied in laboratory
tests. The only strength loss encountered
in the laboratory
has been in joint laps of
1 inch and less.
Minor field problems observed include
some pecking by birds around the bailing
holes on the cover “ear Cedar City, dust

--9
Table 1. Cost ($/lOOOgal)’ to save potentially
evaporated water using a floating cover from
a 30-ftdiameter water-storage tank in a 4-ft
per year-evaporation zone.
Evaporation
efficiency

Floating cover
life (years)
5
10
15

control
(%)

70

80

90

100

3.85
2.30
1.80

3.35
2.00
1.60

3.00
1.80
1.40

2.70
1.60
1.25

‘Cost computations
are based on the following:
Initial material
cost (% inch thick sheeting
$0.23/ft2, includes trim loss)
$187
Estimate freight charge
15
Labor (fabrication)
(2 men, 3 hrs. @ $4/hr)
24
Total

$226

Interest rate of 8 percent.
Water saved at various evaporation
control
efficiencies:
Efficiency
Thousand gallons/year
100%
21.1
90
19.0
80
16.9
70
14.8

accumulation
that plugged some of the
bailing holes on the cover near St.
George, and separation of the cover from
an ice surface at Logan. Bird pecking is
not expected to be extensive enough to
cause mechanical failure of a cover, and
the dust crusts around the holes have
broken
up during precipitation,
The
covers could be mechanically anchored to
the ice during freezing periods by turning
the perimeter of the floating cover down
into the water or including an edging that
extends into the water.
Once during the year, one side of the
floating cover near Cedar City folded
back, apparently due to wind. Floating
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cover stability under high winds is being
investigated in a wind-tunnel laboratory.
Approximate

Costs

niques
for suppressing
small reservoirs.
Trans.
Eng. 10(2):172-174.
Chicago, Illinois.

evaporation
Amer. Sot.

from
Agr.

Genet, E., and R. Rohmer. 1961. Reduction

Whether
an effective
evaporativecontrol system can be economically justified depends on material and construction costs, life of the system, the amount
of evaporation control attained, interest
rates, and the cost of such a technique
compared with producing or saving an
equivalent amount of water by other
means. Table 1 shows some cost figures
for a floating cover system on a 30-ftdiameter tank (a common size used) in a
4-foot evaporation zone. Cost values were
calculated using current material costs,
range
of
cover
life, and various
evaporation-control
efficiences. Estimates
based on present research suggest a floating cover life of 10 years, with an
evaporation-control
efficiency
ranging
somewhere between 80 and 90%. The
cost to save potentially evaporated water
under these conditions ranges from about
$1.80 to $2.00 per 1,000 gallons.
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Vegetation

Changes

between

on the Shortgrass

ROBERT

During the mid 1930’s, large amounts of land in Converse,
Campbell, and Weston Counties in northeastern Wyoming were
purchased and administered by the Resettlement Administration of the federal government. The administration
of these
lands was later transferred to the Soil Conservation Service and
finally to the United States Forest Service, where they are
currently administered as the Thunder Basin National Grasslands. The repurchased
lands were mostly small holdings
(usually 320 to 1280 acres) of which part was dryland farmed
in compliance with provisions of the homestead acts and part
was maintained in native range to allow for livestock grazing.
In 1936, a range survey was initiated and jointly financed
by the Resettlement
Administration
and the Bureau of
Agricultural
Economics of the federal government and the
Department of Agronomy and Agricultural Economics of the
University of Wyoming.
The objective of this range survey was to determine the
ground cover of vegetation present on the range and to
translate these ground cover data into grazing capacity.
Methods
1936- 1943 Research
1936 survey,

using the “square

foot density”

method

The author is professor of range management, Plant Science Division, University of Wyoming, Laramie.
The study is published with the approval of the Director, Wyoming
Agricultural Experiment Station, as Journal Article No. 530.
Manuscript received April 19, 1972.
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Highlight:
Ground cover estimates on permanently marked
plots in East Central Wyoming were compared between 1943
and 1965. On grazed native range plots, shortgrasses increased
and midgrasses decreased when comparing 1965 to 1943. Plots
in exclosures showed a decrease in shortgrass cover and an
increase in cover of midgrasses. Generally, big sagebrush
(Artemisia tridentata) and plains pricklypear (Opuntia polyacantha) increased markedly on both open and exclosure plots.
Due to excessive grazing pressure, the total perennial grass
cover on a section of abandoned farmland was nearly 35% less
in 1965 than in 1943.
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(Stewart and Hutchings,
1936), was conducted
on all of the
land purchased
by the Resettlement
Administration.
In this
general range survey only five sample plots were studied on
each square mile.
In addition to the general survey, intensive study areas were
selected (one on each of five major vegetational
types) and 99
plots arranged in 9 rows of 11 plots with rows oriented north
and south
were
permanently
marked
on each 640-acre
intensive
study
site. These plots were used to determine
grazing effects on ground cover and vegetational
composition.
From 5 to 10 additional
plots on each study section were
marked
to be fenced
as an exclosure
so that vegetational
changes under protection
could be documented.
The exclosures, approximately
an acre in size, were fenced in 194 1 and
were maintained
through
1965 on only two sections-those
designated
A & D below. The exclosures
on the other three
study sections were refenced in 1965.
The sections
marked
for intensive
study
were legally
described as Sec. 20, T38N, R70W and Sec. 17, T38N, R70W
in Converse County, Sec. 1, T41N, R71W and the E % of Sec.
25, T43N, R69W in Campbell
County
and Sec. 32, T41N,
R68W and the W % of Sec. 30, T43N, R68W in Weston
County,
Wyoming.
The vegetative
types
on these study
sections have been designated
as (A) shortgrass-sagebrush,
(B)
abandoned
farmland, (C) mixed grass, (0) sagebrush, and (E)
cactus section, respectively,
and are located approximately
in
Figure 1. All intensive study areas were visited each year from
1936 through
1943, and the ground
cover data from all
permanently
marked plots were summarized
and published as
a Wyoming Agricultural
Experiment
Station Bulletin (Lang,
1945).
1965 Research
In June of 1965, the author in cooperation
with personnel
from the U. S. Forest Service collected
ground
cover data
again using the square foot density method from some plots
on each of the study sections. Many plots (whose center had
been marked by an iron pipe driven into the ground) had lost
their marker. In some instances
the marker was in place but
the vegetation
completely
obliterated
by a prairie
dog
(Cynomys
ludovicianus) colony,
livestock
holding
pen, or
some other disturbing
factor. Some plot markers were covered
by sagebrush growth, and, consequently,
many plots could not
407

CAMPBELLCOUNTY

WESTON COUNTY

Little Thunder Creek

NIOBRARA COUNTY

!e
f

f = Exclosures maintained since 1941
X = Exclosures

:!

enced
1965

Abandoned farmland section
section

El Shortgrass-sagebrush
l

Bill
75%

’
SHORTGRASS’

MIDGRASS

CONVERSE COUNTY
Fig. 1. Approximate
locations of five study
Campbell, and Weston Counties, Wyoming.

areas

in

Converse,

be located. Ground cover data from each permanently
marked
plot studied in 1965 were compared
with that from the same
plot studied
in 1943. Thus any differences
noted
were
differences
which occurred on the same lOO-ft2 area.

‘None
‘None
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1943; a small amount

CACTUS‘

present in

BIG
SAGEBRUSH

TOTAL
COVER

1965.

1943 nor 1965.

Fig. 2. Percentage increase or decrease of ground cover in 1965 as
compared to 1943 on a section of abandoned farmkznd in Converse
County, Wyo. Data presented were from permanently marked plots
open to grazing.
200%

Results
The results from this study are presented as a comparison
of major species and/or categories of perennial vegetative cover
for plots open to grazing and for protected plots on the two
sections where the exclosures had been maintained since their
erection. Although the discussion is generalized and covers all
of the study sections, the comparisons for each species or
category of perennial vegetation may be made on any study
section. These comparisons may be noted by referring to
Figures 2 through 6.
The amount of ground cover attributable to blue grama
(Bouteloua
gracilis) on plots open to grazing was greater in
1965 than in 1943. The ground cover of midgrasses and
grasslike plants on these plots was less in 1965 than in 1943.
This reaction was in line with general concepts of range
condition class for the area. Blue grama was determined to be
an increaser under grazing pressure; western wheatgrass (Agropyron smithii), needleandthread
grass (Stipa comata), and
Junegrass (Koeleria cristata), the major midgrass species, were
determined to be decreasers (Beetle, 1950). Where the increase
in shortgrass and decrease in midgrasses was not great, the area
was probably being subjected to approximately
the proper
grazing pressure. (See Figures 3, 4, 5, and 6 for comparisons
on individual native vegetation sections).
On the abandoned farmland section, the open plots showed
a severe decrease in midgrasses and in total ground cover.
Ground cover data shows there was approximately 40% less in
1965 than in 1943 in both categories (Fig. 2). Unfortunately,
the exclosure on the abandoned farmland was not maintained.
In view of the vegetational reaction in an exclosure on an
adjoining section, it would appear that the abandoned farmland vegetation
was deteriorating
rather than progressing
toward a climax type of vegetation,

present in
present in

.
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Fig. 3. Percentage increase or decrease of ground cover in I965 as
compared to 1943 on a section of cactus-infested rangeland located
half in Campbell County and half in Weston County, Wyo. Data
presented are from permanently located plots open to grazing.

Plots open to grazing on the four native vegetation sections
showed an increase in plains pricklypear
(Opuntia polyacantha) excepting
the cactus section, which showed a
decrease in this species in 1965 when compared with 1943.
This decrease was probably due to a prairie dog colony and an
infestation of cactus moth (Cactoblastus cactorum).
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Fig. 4. Percentage increase or decrease of ground cover in 196.5 as
compared to 1943 on a section of mixed grass rangeland in Campbell
County, Wyo. Data presented are from permanently located plots
open to grazing.
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2

OPEN EXC.
CACTUS

Fig. 6. Percentage increase or decrease of ground cover in 196.5 compared to 1943 on a section of sagebrush rangeland in Weston
County. Data presented are from permanently marked plots both
open to grazing (solid) and within an exclosure (cross hatched).

25%

75%

EXC.
PERENGRASS

125%

grazed plots on native vegetation
sections excepting
the
sagebrush
section, where there was nearly 40% less big
_
sagebrush ground cover in 1965 than in 1943. However,
sagebrush within the exclosure on this section as well as that
of the shortgrass-sagebrush
section showed a substantial
increase over the 23-year period (57% and 293%, respectively).
The decrease on open plots may possibly be attributed to a
high concentration
of antelope on and near the sagebrush
intensive study area.
The comparisons between plots open to grazing for the
years 1943 and 1965 and for three study sections (B, C, and
E) are presented graphically in Figures 2, 3, and 4. Comparisons between plots open to grazing and exclosure plots on the
two sections where exclosures were maintained are presented
in Figures 5 and 6.
Summary

and Conclusions

Comparisons of ground cover between 1943 and 1965 on
permanently marked plots showed the following:

75%

I
OPEN EXC.
SHORTGRASS

OPEN EXC.
MIDGRASS

OPEN
TOTAL
NIAL

EXC.
PEREN.
GRASS

OPEN EXC.
CACTUS

OPEN EXC.
BIG SAGEBRUSH

OPEN EXC.
TOTAL
COVER

Fig. 5. Percentage increase or decrease of ground cover in 1965 as
compared to 1943 on a section of shortgrass-sagebrush rangeland in
Converse County, Wyo. Data presented are from permanently marked
plots both open (solid) to grazing and within an exclosure (cross

hatched).

Prairie dogs were particularly abundant in the western part
of the cactus section, and there was evidence of cactus moth
activity at all locations on this intensive study area. These two
factors were not noted on any other studs sections. Plains
pricklypear not only increased on the grazed-plots but showed
a marked increase in the exclosures on the sagebrush and
shortgrass-sagebrush sections (A and D).
Big sagebrush (Artemisia tridentata) cover increased on all
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1) Shortgrass cover increased and midgrass cover decreased
on plots open to grazing and the opposite on plots protected
in an exclosure. On the four native range sections, the change
was not of sufficient magnitude to indicate a change in
condition class.
2) The cover of perennial grass as well as total ground
cover was drastically reduced on the abandoned farm section
from 1943 to 1965. The change was so great that this section
would have to be considered in very poor condition
from
severe overgrazing
3) Plains pricklypear and big sagebrush generally increased
both on grazed plots and in protected areas. In some instances
this increase did not occur, but this could usually be
accounted for by some disturbing factor such as prairie dogs,
insects, or game concentration.
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Downy

Brome

Succession
in the Great

-

Intruder

in the Plant

of Big Sagebrush

Communities

Basin

JAMES A. YOUNG AND RAYMOND A. EVANS
Highlight: We investigated succession on six big sagebrush
sites of different potential ranging from the edge of the salt
desert shrub to seral communities in the pinonljuniper woodland where the brush overstory had been removed by hand
cutting. Depending
upon the site, herbaceous communities
that developed after elimination of overstory cover were composed of either a diversity or a relatively limited number of
species of native annual forbs. Alien annual forbs were initial
dominants on sites where seed source of these species was
available. Dominance by downy brome caused a marked reduction of native annual species.
Downy brome was seeded for 3 consecutive years in each of
six different big sagebrush communities. On the majority of
the sites, providing a seed source resulted in establishment
and near total dominance by downy brome. The established
populations have persisted and continued to dominate the
communities. Some sites were outside the seedbed potential
of downy brome, and seeding resulted in establishment only
once in 3 years. Presence of plant litter and a rough microtopography were key seedbed characteristics permitting downy
brome establishment on these sites.

communities
within the big sagebrush (Artemisia
bunchgrass vegetation type are extraordinarily
subject to invasion by alien annual species (Jardine and
Anderson,
1919). Apparently
no highly competitive native
annual species were evolved to dominate low seral communities created by intensive grazing.
Plant

tridentata)’
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’ Scientific names are given the first time the common name of a plant
is mentioned.
Unfortunately,
for many of the native forbs encountered,
there are no accepted common names. Therefore,
to avoid making up
names, we continued to employ scientific names for the species without
common names.
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The invasion by alien annuals is fairly recent. Downy brome
tectorum) was not known to be present in western
Nevada at the turn of the century (Kennedy and Doten,
1901). Today this species characterizes the landscape on
millions of acres in the Great Basin (Klemmedson and Smith,
1969).
Wildland managers are continuously faced with the problem
of anticipating
what the successional response of a plant
community
will be to management-induced
disturbance.
Piemeisel (1938 and 195 1) developed in a classic series of
papers the successional pattern for downy brome on abandoned cropland or excessively grazed and burned big sagebrush
rangeland. How do we extend this information?
There are a
multitude of plant communities, representing a wide range of
environmental
potential within the sagebrush formation. In
addition to their inherent potential, the successional response
of these communities is also a function of their seral status
when disturbed or subjected to a changed stand renewal
process. The interactions of potential, seral stage, and type of
stand renewal process make it difficult for the land manager to
know what the response will be to a grazing management
system, brush spraying, or tillage and reseeding treatment on a
given piece of ground.
Our purpose in this investigation was to assess the role of
downy brome as an alien in a series of low seral big sagebrush
communities
and to study how this species responds under
different site conditions.
(Bromus

Methods
This investigation

was conducted in the Churchill Canyon
km northwest of Yerington, Nev.

watershed
located
about
6.8
We selected
the area because

detailed

description

of the

soils

and plant communities of the watershed had been developed
and presented by Blackburn et al. (1969). In order to conserve
space we will hold site descriptions
the reader
to Blackburn’s
excellent
We selected
six big sagebrush
watershed,
ranging
from
the edge
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in the pinon (Pinus monophyZZa)/ juniper
woodland.
A representative
portion
of each community
was included
in the study initiated
in
1968. The projected
herbage cover of all shrubs was estimated
from
10 plots
10 m2 in area at each site. Herbaceous
vegetation
was sampled with 10 lines of 100 step-points
each,
following the procedures
of Evans and Love (1957). Following
we removed
the woody
vegetation
with a
the sampling,
minimum of soil disturbance.
An area approximately
25 by 25
m was fenced to exclude livestock and large rodents at each
location.
In 1968 to determine
the seed reserves in soil, we collected
25 2 by 5-cm samples at each location.
The samples were
taken from the soil surface and at 2.5-cm intervals beneath the
surface to a depth of 7.5 cm. The samples were placed in the
greenhouse
and seeds germinated.
Using the method developed
by Young et al. (1969),
we obtained
an estimate
of the
number
of viable seeds per unit area since this procedure
provides
an estimate
of reproductive
potential
in seral communities.
1968, at each site we planted
10,000
During October,
downy
brome
caryopses
per m2 on 3 by 3-m plots. A
3-replicated,
randomized
block design was used. The caryopses
were incorporated
into the surface soil by raking. At each site
we seeded new plots with the same number of caryopses of
downy brome in 1969 and 1970.
Each year (1969 through
1971) at the end of the growing
season for annuals, we sampled
the density
per 0.1 m2 of
annuals
on the previously
seeded
plots. In 197 1, we also
determined
caryopses production
of downy brome.
For environmental
measurements
precipitation
gauge was
installed at each experimental
location. The entire watershed
is
instrumented
with accumulating
and recording
rain gauges
(Blackburn
et al., 1969). At each location we installed stacks
of gypsum soil moisture blocks at 7.5, 15, 30, 45, and 60 cm
depths.

seral

communities

(Juniperous

osteosperma)

Results
Vegetation

Before Clearing

Experimental
site 1 is located on a terrace at the bottom of
the watershed.
Mean annual precipitation
was 165 mm for the
period 1963 to 1971. The soil of this site approaches
a gray
desert soil in characteristics.
The overstory was dominated
by
big sagebrush
with some gray ephedra (Ephedra
neuadensis)
and green rabbitbrush (Chryso thamnus viscidiflorus) (Table 1).
The shrubs formed a very open overstory
with slightly more
than 10% ground cover.

Table 1. Projected herbage cover (%) of woody species at each site
before plots were cleared in 1968.’
Experimental sites
Species

12345

Big sagebrush
Gray ephedra
Green rabbitbrush
Hor sebrush
Hop sage
Shadscale
Bitterbrush
Desert peach
Current
Snowberry
Singleleaf pinon
Utah juniper
Green ephedra

8
2
1
T
T
T

6
6
T

12
T
2
T

12

4

78

2
T

1
T
T

2
5
T
T
2

18
2
T

T

‘T indicates species present at less than 1% cover.
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Experimental

Sites

Fig. 1. Percent ground cover of herbaceous
from 1968 through 1971 at six sites.

vegetation on control plots

At site 1, the herbaceous ground cover was only 1% (Fig.
1). The understory was dominated by the native annual forbs
(Eriogonum baileyi and Nama densum) (Fig. 2). There were
occasional plants of the alien grass downy brome (Bromus
tectorum); the native perennial grass, Indian ricegrass (Oryzopsis hymenoides); and the native perennial forb, apricot
mallow (Sphaeralcea ambigua). This area has been used for a
lambing ground by domestic sheep for at least 100 years.
The second experimental
site was located on a broad
alluvial fan at a slightly higher elevation with slightly greater
precipitation
(1963 to 1971 mean was 190 mm) and a more
developed soil. This soil was largely derived from decomposed
granite and has a very smooth-sandy surface.
The overstory of this site consisted of a sparse stand of
senescent big sagebrush (Table 1). The understory of site 2 was
also very sparse (Fig. 1). Except for an occasional plant of the
(Sitanion hystrix), the
native perennial
grass, squirreltail
understory was dominated by the native annual forbs Navarretia Breweri, Franseria acanthicarpa, and Nama sp. (Fig. 2).
The third experimental
site was also located on a broad
alluvial fan with a well-developed soil. Precipitation averaged
210 mm (1963 to 197 1) at this site. The overstory was
dominated by a vigorous stand of mixed age classes of big
sagebrush (Table 1). The understory
of site 3 had slightly
greater ground cover than the first two locations (Fig. 1). The
the
native annual forbs Navarretia and Nama dominated
understory (Fig. 2), but the alien annual forbs Russian thistle
(Salsola kali var. tenuifolia) and tumble mustard (Sisymbrium
altissimum) were present. There was some downy brome under
the shrub canopies. A remnant stand of the perennial grasses
squirreltail and Thurbers needlegrass (Stipa thurberiana) was
411
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Fig. 2. Frequency of herbaceous species in 1968 through 1971 at six sites. Means followed by the same letter are not significantly different
the 0.05 level of probability as determined by Duncan ‘s multiple range test. All comparisons are made within sites.

also present under the shrubs. Between the shrubs, the
shortlived perennial native forb skeleton weed (Lygodesmia
spinosa) was found.
Experimental site 4 was located near the top of an alluvial
fan at the base of the eastern side of the Pine Nut Mountain
escarpment. The soil, precipitation (1963 to 1971 average was
310 mm), and elevation (1770 m) of this site are fairly typical
of the higher potential of big sagebrush sites in western
Nevada. The overstory was dominated by an even-age-stand of
mature big sagebrush (Table 1). A few heavily browsed plants
of bitterbrush (Purshia tridentata) were present in the overstory. The site was located 300 m below the edge of the
pinon/juniper
woodland,
but several pinon seedlings were
present on the plot area.
The fourth site had the greatest understory cover (Fig. 1).
This understory
was dominated by downy brome and the
perennial grasses squirreltail and Thurbers needlegrass (Fig. 2).
The fifth experimental site was located in a nearly mature
pinon/juniper
woodland (Table 1). The shrubby vegetation
was composed of senescent big sagebrush, bitterbrush,
and
green ephedra (Ephedra viridis) growing between the trees
where the arborescent crowns had not closed. Mean annual
precipitation for 1963 to 1971 at this site was 3.50 mm.
The understory at the fifth site was extremely sparse (Fig.
1). The dominant species were the native annuals Eriogonum
412
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and Navarretia (Fig. 2). Soils at this site were relatively rock
free and derived from decomposing granite of a sandy texture.
The sixth experimental site is located high on the mountain
escarpment at 2 130 m elevation. The area was an island of
brush that had burned in the pinon/juniper
woodland. As
indicated by the ages of the shrubs, the areas was burned
about 25 years previous to 1968. The brush overstory was very
dense with a virtually closed canopy (Table 1). Big sagebrush
dominated the overstory, but several shrubs characteristic of
the mountain-brush
type (Blackburn et al., 1969) were also
present. Pinon and juniper saplings were beginning to emerge
from the 1.5 to 2 m high brush canopy.
Under the brush canopy the herbaceous understory was
very sparse (Fig. 1). Alien annual forbs dominated, with wild
tobacco (Nicotiana attenuata) being the most important
species (Fig. 2). There were occasional clumps of squirreltail
and the native short-lived-perennial
forb prickly poppy
(Argemone munita).
Seed Reserves in the Soil

Seedlings grown in the greenhouse from soil samples
collected at each site gave some indication of the reproductive
potential available at each site the first year after removing the
shrubs (Table 2). We did not find any perennial forb or grass
seedlings. The herbaceous perennials have been overgrazed for
JOURNAL

OF RANGE

MANAGEMENT

26(6),

November

1973

Table 2. Seedlings (per 0.1 m2) obtained from soil samples taken at
each site before plots were cleared in 1968.
Experimental site
1

2

3

4

5

6

18
28
4
40
2

4
0
0
34
0

24
6
34
38
0

30
0
186
56
3

2
0
0
44
2

2
0
0
86
0

0

0

0

0

0

0

Species
Native annual forbs
Alien annual forbs
Downy brome
Big sagebrush
Other shrubs
Native perennial grasses
or forbs

such a long period, little or no seeds or caryopses are
produced, and we could determine no reserve in the soil. The
lack of a seed reserve of perennial grasses, may be characteristic of degraded stand of big sagebrush (Young et al., 1969).
All sites produced some annual forb seedlings.
Site 4 had a tremendous reserve of viable downy brome
caryopses in the soil; lesser amounts were found in the soil
from sites 1 and 3. No downy brome seedlings were obtained
from sites 2, 5, and 6. All sites had a large reserve of achenes
of big sagebrush.
Succession

After Clearing

Herbaceous vegetation
First Year after Clearing. On the control treatments, where
succession was allowed to proceed without further treatment
after the shrubs were removed, there was unique successional
vegetation development for each site (Fig. 2).
At site 1 there was a dominating
expression of Russian
thistle (Fig. 2). Samples taken the year before indicated a large
seed reserve of Russian thistle and other alien annual forbs in
the soil (Table 2).
The control and all treatment plots at site 2 were devoid of
vegetation in 1969 (Fig. 2). The litter halos, which marked the
shrub canopies after clearing, had disappeared and the entire

plot was smooth, bare soil.
Native annual forbs, especially Navarretia, dominated the
first year’s vegetation at site 3 (Fig. 2). There was an increase
in downy brome and in total ground cover (Fig. 1).
Downy brome was clearly the dominant species at site 4 in
1969 (Fig. 2). Eriogonum, Nama, and Navarretia were native
annual forbs that dominated site 5 in 1969. There were no
alien forbs on this site.
The herbaceous vegetation of site 6 was dominated by
Nicotiana, but there was an increase in the frequency of
downy brome (Fig. 2). The total ground cover (Fig. 1) was
extremely low; therefore, changes in relative frequency since
clearing should be judged in terms of continued 99% bare
ground.
Second Year after Clearing, The second year (1970) after
clearing the woody species, total ground cover continued to
increase at site 1 (Fig. 1). There was a reduction in Russian
thistle and the frequency
of downy brome increased, but
dominance of the herbaceous vegetation returned to native
annual forbs, especially Eriogonum (Fig. 2). The second year,
control plots at site 2 were again vegetated predominantly
with Eriogonum and Nama. There was no establishment of
alien annuals. On experimental site 3, downy brome increased
to share dominance with the native forbs. There was a continuing increase in perennial grasses. Perennial grasses had increased
in frequency by 1970 until they shared dominance with downy
brome on site 4. Total ground cover remained low (Figs. 1 and
2) on sites 5 and 6; however, downy brome increased in
frequency.
Third year after clearing. There was a continued decline in
alien forbs on site 1 in 1971 (Fig. 2). Downy brome increased
in frequency until it shared dominance with native annual
forbs. There was a diversity of native forbs at this location
(Table 4).
The native annual forbs continued to dominate site 2. Some
downy brome had become established, and there was an

Table 3. Frequency (%) and constancy (%) of herbaceous species on control plots at six locations
in 197 1, 3 years after clearing of shrubs.
Experimental locations
Species

1

2

3

4

5

6

14
3
6
8

40

18

18

25

4

7

36

3

Constancy

Native annual forbs
Erigonum Baileyi var. divaricatum
Lepidium f&urn
Navarretia Breweri
Men tzelh Lindleyi
Nicotiana attenuata
Chaenactis Douglasii var. rubricauls
Nama densum
Franseria acanthicarpa
Linanthus Bigelovii

Alien annual forbs
Russian thistle
Tumble mustard
Tansy mustard
Alien annual grass
Downy brome
Perennial grasses
Indian rice grass
Squirreltail
Thurbers needlegrass
Perennial forbs
Apricot mallow
Skeleton weed
Prickly poppy
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33

8

28
7

5
4

3

3

3

4

11
3
2

33
16
16

38

10

40

57

53

100

2

4
9
9

21
12

12

7

50
83
33

5

3

2

3
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100
16
66
33
16
16
83
16
16

16
33
16
413

Fig. 3. Frequency

of herbaceous species in 1971 on plots seeded with 10,000 downy brome mryopses per m2 in 1968, 1969, and 1970 at six
sites. Means followed by the same letter are not significantly
at the 0.05 level of probability as determined by Duncan’s multiple
- _
_ different
__
range test. All comparisons are made within sites.

increase in perennial grasses.
There was a surprising decrease in downy brome on site 3 in
1971 even though precipitation was normal. Perennial grasses
continuted to increase and may be related to the decrease in
downy brome.
The composition of the herbaceous community
on site 4
was quite similar both in 1970 and 197 1. Initial succession had
apparently become relatively stable and longer time periods
will be required to observe a significant change.
The dramatic increase in downy brome continued at site 5.
Total herbaceous cover also increased (Fig. 1). A similar trend
was observed at site 6; however, total ground cover remained
quite low at this site.
Seeding Downy

Brome

Seeding of downy brome at each site eliminated
the
variable of the availability of caryopses of this species in the
development of succession.
An excellent stand of downy brome was established by
seeding at site 1 on all three years. The population of downy
brome established through seeding persisted annually with a
dramatic decrease of native annual species (Figs. 2 and 3).

Table 4. Density (1000’s), herbage yield (g), and caryopses production
(1000’s) of downy brome in 1971 on plots seeded in 1968,1969,01
1970 with 10,000 caryopses/m2.
Per m2
Year
seeded

1

Density

Herbage
yield

Caryopses
production

1970
1969
1968

1.2
0.2
0.2

31.0
7.0
8.0

12.6
4.1
3.0

2

1970
1969
1968

0.2
0.02
0.01

18.0
2.0
1.1

5.2
0.5
0.2

3

1970
1969
1968

1.3
1.7
0.5

48.0
32.0
21.0

4.0
5.0
1.7

4

1970
1969
1968

5.2
4.7
4.6

56.0
63.0
64.0

22.0
28.0
20.0

5

1970
1969
1968

0.3
0.2
0.08

14.0
11.0
6.0

13.0
9.8
1.0

6

1970
1969
1968

8.4
9.6
7.8

65.0
81.0
75.0

28.0
27.0
31.0

Site

414

Each year about 10% of the seeded caryopses became
established plants and reproduced (Table 4). The naturally
reestablished populations,
the second and third year after
initial seeding, had a population density of about 2% of the
original seeding rate. Apparently more plants can be established by seeding at this site than can be established naturally,
even though the caryopses produced from the initial seeding
always exceeded the number seeded. This probably resulted
from covering the seeded caryopses with soil by light raking.
At Site 2, none of the downy brome caryopses seeded in
October, 1968, established in 1969. In 1971, there were 10
downy brome plants per m2 on these plots (Table 4). Only an
occasional plant established on the plots seeded in 1969. The
plots seeded in 1970 contained 200 downy brome plants per
m2 and drastically reduced the stand of native annual forbs
(Fig. 3). The 1970 plants produced more caryopses per plant
than populations of 10 plants per m2 (1968 plots) on the same
site where the latter population was competing with native
annuals.
Downy brome became established at site 3 each year.
Population densities were fairly low, but there were considerable perennial grasses and forbs in the plots (Fig. 3 and Table
4). Although there was a relatively dense stand of downy
brome on the control plots at site 4, the seeding of additional
downy brome caryopses resulted in the elimination of native
annuals.
Plants failed to become established from the first year of
seeding at site 5. In the second and third years, only 2 to 3%
of the seeded caryopses became established. This density of
downy brome was sufficient to eliminate native annuals in
1971.
Dense stands of downy brome were established
and
persisted at site 6 on all 3 years. Caryopses produced in 197 1
nearly tripled the original seeding rate on all three age stands
at this location.
At locations 4 and 6, sufficient herbage was produced to
create and maintain a layer of litter on the soil surface. Besides
providing
a favorable microenvironment
for germination
(Evans and Young, 1970), the litter contains a reserve of
viable caryopses, a major portion of which may have acquired
a dormancy thus assuring a reproductive reserve for at least 2
years (Young et al., 1969).
Shrub Reestablishment
Despite the diverse and vigorous populations
of annual
species that developed after the initial clearing of the shrubs,
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Table 5. Density of shrub seedlings or root sprouts per 100 m2 at six
sites in 1971.
Experimental sites
Species
Big sagebrush
Green rabbitbrush
Horsebrush
Gray ephedra
Green ephedra
Current
Snowberry
Desert neach

1

2

3

4

5

6

2.0

3.5

6.5
0.3

11.5

12.5

13.0

0.3l

0.3l

0.3’

0.5

0.3l
0.3’

0.3

0.3

0.3’
0.3
0.5’

’These are probably root sprouts.

seedlings
of woody
species became
established
on all sites
(Table 5).
Big sagebrush
seedlings were the most abundant
of the
Samples
taken before
clearing
had
reestablishing
shrubs.
indicated
a reserve of viable big sagebrush achenes in the soil

(Table 3). The farther up the watershed the sites were located,
with resulting greater precipitation and soil development, the
greater the density of big sagebrush reestablishment.
Root
sprouting shrubs reoccupied sites as rapidly as populations of
annuals. Desert peach and Ribes populations at site 6 provided
20% projected growth cover 3 years after they were cut to the
soil surface.
The relatively dense downy brome populations at location
4 did not inhibit big sagebrush establishment. Downy brome
populations consistently closed stands to the establishment of
perennial grass seedlings (Evans et al., 1967).
Site Quality

in Relation

to Seedbed

Quality

Sites 2 and 6 in this investigation were unfavorable to the
establishment
of annuals. Both sites have soils derived from
decomposed granite. The smooth, rock-free surface of these
sites offers a minimum
of microtopography
for seedbeds.
Harper et al. (1965) equate potential population
size and
composition of annual plants with the quality of microtopography creating safe sites for germination in the seedbed. Evans
and Young (1972) have demonstrated
that less than 1% of
downy brome caryopses seeded on a bare soil surface will
establish, while 150% of the seeded rate will establish with
favorable microtopography.
This illustrates both the microsite
requirements
and dispersal mobility of downy brome caryopses.
In 1969, the first growing season after clearing, when plots
at sites 2 and 6 were largely bare of vegetation, readings from
gypsum blocks indicated
that the entire soil profile had
available moisture. Sites 1, 3, and 4 were favored with a stony
soil surface to provide a variety of microtopography
which
permitted establishment of downy brome.
Discussion
Within the range of variability in big sagebrush communities
with which we dealt, there were sites where downy brome had

El
JOURNAL

OF

RANGE

MANAGEMENT

26(6),

November

1973

difficulty
in becoming
established
both because of the
potential
of the seedbed and the lack of a seed source.
However, in these studies we did not encounter an assemblage
of native annual plant species capable of preventing the
assumption of dominance by downy brome. The lack of native
annual grasses in these communities
provides a void which
downy brome is apparently highly adapted to occupy.
When land managers have to make decisions concerning the
potential of a site for downy brome invasion and dominance,
they must adjust the normal concept of site potential. Site
potential is usually equated with quality-oriented
factors such
as elevation, aspect, soil development,
and precipitation.
Additional
factors that affect downy brome establishment
include the successional history of the site and its influence on
the development of a seed source. The annual habit places a
premium
on seedbed characteristics
that favor or limit
germination and establishment, Plant litter and microtopography are key characteristics
for predicting
downy brome
dominance.
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A. MCLEAN AND J. H. G. SMITH
HIghlight: On forested lands (1954 to 1969) 109 annual forage yields from 12
locations were studied. Very dry springs and unusually low annual precipitation
resulted in low forage yields. Dry summer months were associated with superior
yields provided the past year had been wet. The relationship was not consistent,
however, nor was there a consistent relationship between tree-diameter growth and
climate based on monthly or seasonal temperature or precipitation records. Annual
forage yields were least on the Dewdrop and highest on the East Mara ranges, 325 and
1017 lb oven dry, respectively.
Forage yields on open rangelands (1954 to 1969), although only moderately
associated with individual values for seasonal average temperature or total precipitation, could be estimated very well by all weather variables describing a 15-month
period. The 190 observations of yield from 16 open rangeland locations averaged 544
lb oven dry, with a minimum of 84 lb in 1967 and a maximum of 616 lb in 1965. Expressed as percentages of 1963 yields, annual forage weights averaged 116% and ranged
from 53 to 214%. Such large variations as a result of fluctuations in climate are of
obvious importance to graziers, and the possibility that forage yields can be related to
long-term variations in tree growth merits further study.

Weather, especially precipitation
pattern, has a major influence on herbage
production
on rangelands. It would be
useful in managing southern British Columbia rangelands to establish which type
of weather data, over what period, has
the greatest influence on forage yields. It
should also be known whether or not
data from existing nearby weather stations could be used to predict forage
production.
The possibility of using trees to indicate long-term influences of climate and
to estimate forage production
for past
years could be useful in reviews of rangeIt, therefore,
management
programs.
seemed worthwhile to determine whether
or not tree growth was correlated with
The authors are ecologist, Canada DepartResearch
Station,
Agriculture,
ment
of
Kamloops,
B.C., and professor,
Faculty of
Forestry, University of British Columbia, Van-

couver.

Manuscript received December
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range herbage production.
Coupland (1958) reviewed a number
of papers which demonstrated a relationship between climate and forage yield of
grazing capacity on rangelands of Great
Plains. Blaisdell (1958) indicated a good
correlation
between
precipitation
and
herbage yields in southern Idaho. He
concluded that precipitation prior to the
start of the growing season influenced
herbage yield more than precipitation
during the growing season. Highest yields
were apparently also associated with cool
growing seasons. On the Front Range in
Colorado, Currie and Peterson (1966)
found that specific precipitation patterns
accounted for 87% or more of the variation in forage yields of crested wheatgrass. Rainfall in April determined forage
yield of spring-grazed ranges; May and
July rainfall determined forage yields for
fall-grazed ranges. Rogers and Peacock
(1968) demonstrated the use of statistical
decision theory as a technique whereby
JOURNAL
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Nevada ranchers may use observed information on precipitation
to select the
appropriate
number
of cattle to be
wintered for turnout on the range the
following year.
Much less has been done to correlate
tree growth-rate with herbage production
on forested rangelands.
Basile (197 1)
concluded that site index for lodgepole
pine was of no apparent value in predicting yields of herbaceous understory vegetation. Site index reflects the sum of
growing conditions over several decades,
however, rather than growing conditions
for a single season.
Although our preliminary analyses of
annual variations in forage yields and
associations
their averages by plant
(McLean, 1969) were not associated with
variations in widths of earlywood and
latewood (Smith, 1970, Tables 10 to 12)
we thought it worthwhile to do further
studies. We were aware that growth of
grasses, forbs, and shrubs will respond
differently than trees do to variations in
climate. Still, the possibility of using trees
to indicate the very long-term influences
of climate intrigued us. The impact of
extremes of climate on forage yields can
be of critical importance
to graziers
(Smith, 1969).
Methods
The methods
used for collection
of
forage and determination
of yields have
been
described
by McLean
(1969).
Samples were harvested
from permanent
exclosures
and areas free from tree competition.
Methods
for tree-ring
analysis
have been reviewed
by several authors
(Smith and Worrall, 1970).
RANGE

MANAGEMENT

26(6),

November

1973

Table 1. Influence of locality on oven-dry yields (lb/acre) of forage and radial growth of nearby trees.
Radial growth

lb/acre

Skookumchuck
Kimberley
Cranbrook
Pechams Lake
Newgate
Rock Creek
Goose Lake
Lundbum
Dewdrop
West Mara
East Mara
Rose Hill

445
719
587
671
556
360
724
886
325
343
1017
522

’1, latewood;

e, earlywood.

Usually,

1’
11
10
9
10
10
7
10
10
9
8
9
8

114
90
132
103
132
101
97
104
152
72
122
96

two cores were available

In the fall of 1970 increment
cores
were collected
from 28 Douglas-fir trees
and 37 ponderosa
pine trees. Two cores
per tree were extracted
either
at 18
inches or 4.5 ft above the ground. Widths
and
latewood
were
of
earlywood
measured by a Swedish Tree Ring Measuring Instrument.
Then summaries
were
made for each of the locations (Table 1)
and for each of the years for which forage
weights were available. There was a total
of 109 forage-yield-years.
Since there
were variable
numbers
of samples
per
year and not all years were studied, 1963,
the best represented
year, was taken as
the base for calculation
of percentage
deviations.
Forage weights for all years
studied
were averaged
to determine
a
value for each location.
Then average
forage weights at each location
for each
year were expressed
as percentages
of
1963 oven-dry
weights and the percentages averaged. The process was repeated
by inspecting
the widths of earlywood
(e), latewood
(l), and whole rings (e + 1)

of 1963 growth)

Douglas-fir

Yield of forage
Location

by species (percentage

e

Ponderosa
l&e

No.
cores

-

-

-

58
63
65
134
105
103
97
142
-

81
74
91
155
111
115
96
123
-

73
67
81
147
111

6
5
6
6
3

111
96
128

:
6

101
69

151
100

133
90

;
6

pine
No.
cores

1

e

l&e

65
77
83
52
104
104

98
79
100
97
114
131
-

89
78
96
79
111
128
-

6
6
7
5
7
5

127
116
62
112
100

114
138
89
113
104

116
132
80
113
103

<
5
6
4
6

per tree.

to find
values for each of the years
represented
in the forage samples from
1954 to
1969.
As in the oven-dry
weights, tree-ring widths were expressed as
a percentage
of 1963 and averaged to
determine the percentages
shown for each
tree species (Table 1). Variations
in percentage forage yield and ring width components
were inspected
in relation
tc
differences
in local climate.
Since yields of open rangelands
which
suffer most climatic stress might be better
correlated
with climate we turned next to
statistical analysis of such plots. We used
all available data from 16 localities in the
vicinity of Princeton,
3 near Hedley, 3
near Keremeos,
3 near Rock Creek, 4
near Summerland,
and 8 near Kamloops,
eliminating
all locations used in Tables 1
and 2. Again 1963 was used as the base
year and percentages
of forage yields
calculated
as appropriate
to the years
1954-1969 represented
by local sampling.
British Columbia Department
of Agriculture annual summaries of climate for the

weather
stations closest to each locality
were consulted
to determine
average temperatures and total precipitation
for each
considered
to
Summer
was
season.
include June, July, and August; fall was
September,
October,
and
November;
winter was December,
January, and February; spring was March, April, and May.
In addition
to the four seasons, a 15month
total was calculated
using e.g.
1953 summer, fall, 1953-54 winter, 1954
spring, and 1954 summer to estimate the
effects of temperature
and precipitation
on 1954 forage yields. A total of 190
forage-yield-years
were available for statistical analysis (Table 3). The climates
appropriate
to the individual
localities
and years sampled were weighted
to get
averages for temperature
and precipitation.
Percentage
variations
in forage
yields for 1963 were calculated.

Results
Forage

yields

(Table

1) were

repre-

Table 2. Annual variation in forage yields (lb/acre) on grazed forest ranges (1955-69) for representative localities.
Skookumchuck
(2700)’

Year

1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969

Kimberley
(3000)

Cranbrook
(3050)

Newgate
(2500)

-

Avg
No. years

706
484
462
424
390
296
306
408
294
452
674

806
1120
582
412
796
480
624
808
695
866

-

-

516
446
532
480
520
461
376
793

1142
882
550
594
420
438
420
468
196
446
-

445

719

587

11

10

1368
-

9

Goose Lake
(3800)
722
797
792
872
890
772
648
746
-

Lundbum
(3400)

Dewdrop
(2100)

599
646
872

220
441
490

756
1079
988

-

316
380
360
-

1150
1702
924
-

214
196
308

834
958
762

1017

420
578

988
1156
1312
854
802
796
832

-

-

-

556

724

886

325

10

10

10

9

-

East Mara
(2800)

9

1 Elevation in feet.
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Table 3. Averages, variation, and correlation in annual forage yields on open rangelands and
climatic factors for all years studied (190 observations).

Item
Forage yields (lb/acre)
Percent of 1963 yields
Spring temperature (“F)
Spring ppt (inches)
Summer temperature
Summer precipitation
Fall temperature
Fall precipitation
Winter temperature Winter precipitation
Past 15 month ppt
Past 15 month avg temp
Year
Year2

Mean

Summary of basic data
S.D.
Mm.
Max.

544
116
46
2
65
4
45
3
3
4
16
48
12
168

104
26
2
6
1
1
3
0.6
2
0.8
3
2
3
71

84
53
43
1.3
63
0.9
41
1.4
20
1.9
10
43
4
16

616
214
50
3
70
5
50

Simple carrel. coef.
Coef.Var. Weights Percentages
19.06
22.34
3.34
30.79
2.30
34.64
5.58
23.80
9.27
20.14
16.61
4.43
24.32
42.21

3:
5
20
54
19
361

1.ooo
.262
-.332
.264
-.209
.213
-.404
-.219
-.077
.454
.315
-.457
-.282
-.385

.262
1.ooo
-.080
.332
.287
-.099
-.296
-.525
-.369
-.173
-.368
-.068
-.743
-.697

Discussion

Table 4. Annual averages of forage yields on open rangelands and climatic factors, weighted by
areas sampled, 195S- 1969, excluding data on selected years.
Item

1955 1957 1959 1961 1963 1964 1965 1967 1969

Forage yield (lb/acre)
Percent of 1963 yields
Spring temperature (“F)
Spring ppt (inches)
Summer temperature
Summer precipitation
Fall temperature
Fall precipitation
Winter temperature
Winter precipitation
Past 15 month ppt
Past 15 month avg
No. of plots

424 524 525
133 148 120
43
50
49
13
13
17
66
64
66
3
5
3
43
47
44
2
23
2;
2::
433545544
15
15
13
48
49
43
5
5
3

sentative of what might be expected in
association with growth of trees near
transitions from open range to scattered
stands of commercial tree species. It is
obvious, however, from the range in
yields and the variety of tree species
present, that local site conditions must be
highly variable.
For
the forested
rangeland
sites
(Tables 1 and 2) it was not possible to
find any consistent relationships between
the variations in forage yield or tree
growth and the records of monthly temp erature
or precipitation
from
the
weather stations closest to each locality
sampled. None of the yields (Table 2)
were consistently related to variations in
climate. Yields increased with elevation
and were highly variable from year to
year and among sites. Inspection of the
weather records in relation to the tabulated yields suggested, however, that
excessively dry springs and unusually low
annual
precipitation
resulted
in low
yields. Dry summer months (June, July,
and
August)
were associated
with
superior yields provided the past year had
been wet.
For the 16 open rangeland sites, mul418

611
133
46
31
66

574
100
47

569
101
45

17

13

63

63

4:

4;

272
12
50
32

616
111
44

84
53
47

257
154
49

26

15

28

70

67

453

65
3
45

5:

4:

2:

2;

2:

3:

2;

17
46
37

20
50
25

18
48
32

13
54
3

16
50
3

tiple regression analyses of average forage
yields per acre were made on the 10
weather variables discussed above, plus
years 1954 to 1969 coded as 4 to 19 and
4’ to 192 to remove any trends over
time. The simple correlation matrix, part
of which is given in Table 3, showed that
annual forage weights were poorly associated with yields expressed as percentages
of 1963 weights (r = .262). Forage weights
were associated with average winter precipitation (r = .454) and past 15 months’
average temperatures (r = .457). Percentage forage weights were associated with
average fall precipitation
(r = .525), and
also decreased significantly
with year
(r = .743) and year squared (r = .697).
Despite the low individual correlations
just mentioned, most of the variation in
both absolute and relative forage yields
could be accounted for by use of all 10
weather and 2 time variables. The coefficient of determination
for weights of
forage yields was .973 with a standard
error of estimate of only 17.6 lb. The
results were similarly good with percentages of 1963 forage yields which could be
estimated with a coefficient of determination of .952 and a standard error of
JOURNAL

estimate of 5.87%. The best single variable was the average temperature for the
past 15 months for estimation of weights
of forage yields, which decreased from
1612 lb per acre at the rate of 22.03
times the average temperature. This equation had a standard error of estimate of
92.5 lb and a coefficient of determination
of
.208.
Percentage
forage yields
decreased from 172.9% at the rate of
22.52 times average total fall precipitation. The standard error of estimate for
the equation was high, 22.1% and the
coefficient
of determination
was only
.275.

OF

The annual data (Table 4) illustrate
the decrease in yields for late 1960’s that
lead to the significant negative effect of
coded calendar date “year” or “year2 “.
When studying Table 4 one must keep in
mind the fact that our analysis, being
weighted by the number of plots studied
for each year, used the annual data
according
to the number
of plots
sampled. Also, one should note that
although the past 15 months’ temperature was the best single variable for
estimation
of forage weights, average
winter precipitation
was only slightly
poorer.
It also is remarkable
that,
although none of the variables is particularly efficient by itself, the combination of all 12 accounts for a very large
proportion
of the variation in forage
yields.
The complexity
of association
of
climate with forage yields makes it very
difficult to inspect tabular data and
recognize direct relationships.
Similarly,
the factors that govern distribution
of
growth within trees are complex and
often not well interrelated. Some recent
unpublished
studies of lodgepole pine
twigs, needles, and widths of earlywood
have shown that wood growth and branch
growth within the same tree in the same
season are governed by different factors.
Widths of earlywood at breast height for
the years 1970, 1969, and 1968 for 36
trees had simple correlation coefficients
twig length
as follows : with current
Y = .152, with current
needle length
Y = .187, with
current
needle width
Y= .191, and with current needle thickness r = .055. Much larger simple correlation coefficients were observed for widths
of earlywood and latewood, r = .877, and
ring width, r = .989.
Since both forage and wood yields are
strongly influenced by climate, the possibility of extending
records of annual
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forage vields back in time bv use of
tree-&g analysis still remains worthy of
study. Further investigations
should be
made at comprehensivelv
analvsed sites
to determine* local effects of- soil and
climate by direct measurement
of their
effects on both growth and yield of
forage and wood. Tree ring interpretations may be facilitated
by data on
maximum
ring densities obtainable
by
X-ray. analvses of increment cores (Parker
and Henoch, 1971). In addition, X-ray
profiles of patterns of annual growth of
tree rings might be related more consistently to climate and forage yields than
the widths of earlywood and latewood
that were used in this study.
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A foremost problem in range and pasture nutrition
is
accurately assessing chemical and botanical compositions of
diets of grazing livestock (Van Dyne and Torell, 1964).
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Change in Nutritive
Value
of Bluestem Pastures

Highlight: Esophageally fistulated steers were used to determine organic matter intake and digestibility of bluestem
pastures during the summer grazing season. Following a 48hour total fecal collection period, esophageally fistulated
steers were used to collect grazed samples of native pastures
during June, July, August, September, and October. Esophageal samples were higher in ash and crude protein and lower in
crude fiber, N-free extract, and acid detergent fiber than were
hand-clipped samples. In vitro dry and organic matter digestibilities were higher in forage collected by cattle than in handclipped forage. Multiple regression equations were developed
to predict in vitro digestibility. Only crude protein and aciddetergent fiber were highly correlated with digestibility. Average daily intakes of organic matter, digestible crude protein,
and digestible energy by steers on pasture were estimated from
fecal nitrogen regression established from hay trials. Protein
apparently became limiting about mid-July and energy in late
August. The positive effects of burning were increased forage
yield and weight gain with lowered lignin content.
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Inability to manually sample forages representative
of that
ingested by livestock has led investigators to use esophageallyfistulated animals to collect naturally grazed samples (Lesperante et al., 1960). Only after relative seasonal availabilities of
nutrients are known can livestock be managed for maximum
return from available forage resources (Raleigh, 1970).
Animals fitted with esophageal fistulae recently have been
used to obtain grazed forage samples. However, nutritive value
and digestibility of diets selected by cattle grazing Flint Hills
Range have not been thus measured.
We used such samples to determine the nutritive value of
grazed forage and to measure energy and crude protein of
Flint Hills Range consumed during the summer grazing season.
Experimental

Area and Methods

The study area is in the Flint Hills, tallgrass prairie five
miles northwest
of Manhattan,
Kans. The summer grazing
season, when the plants are highest in nutrient value, is from
about May 1 to October
1. The warm season grasses begin to
mature in July and have developed
seed heads by August.
Although
the pastures
used in this study were not grazed
during the winter period, some pastures in the area are grazed
throughout
the year.
Between
50 and 60% of the vegetation
is big and little
Bluestem
(Andropogon
gerardi Vitman
and
A. scoparius
Michx)
(Herbel
and Anderson,
1959). Three other warm
season grasses, Indiangrass
[Sorghastrum nutans (L.) Nash],
switchgrass
(Panicum
virgatum L.), and sideoats
grama
[Bou teloua curtipendula (Michx.) Torr.] comprise another 10
to 20%. The elevation is 400 m. Annual rainfall varies from
419

forage yields back in time by use of
tree-ring analysis still remains worthy of
study. Further investigations
should be
made at comprehensively
analysed sites
to determine local effects of soil and
climate by direct measurement
of their
effects on both growth and yield of
forage and wood. Tree ring interpretations may be facilitated
by data on
maximum
ring densities obtainable by
X-ray analyses of increment cores (Parker
and Henoch, 1971). In addition, X-ray
profiles of patterns of annual growth of
tree rings might be related more consistently to climate and forage yields than
the widths of earlywood and latewood
that were used in this study.
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A foremost
problem in range and pasture nutrition
is
accurately assessing chemical and botanical compositions of
diets of grazing livestock (Van Dyne and Torell, 1964).
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Change in Nutritive
Value
of Bluestem Pastures

Highlight:
Esophageally fistulated steers were used to determine organic matter intake and digestibility of bluestem
pastures during the summer grazing season. Following a 48hour total fecal collection period, esophageally fistulated
steers were used to collect grazed samples of native pastures
during June, July, August, September, and October. Esophageal samples were higher in ash and crude protein and lower in
crude fiber, N-free extract, and acid detergent fiber than were
hand-clipped samples. In vitro dry and organic matter digestibilities were higher in forage collected by cattle than in handclipped forage. Multiple regression equations were developed
to predict in vitro digestibility. Only crude protein and aciddetergent fiber were highly correlated with digestibility. Average daily intakes of organic matter, digestible crude protein,
and digestible energy by steers on pasture were estimated from
fecal nitrogen regression established from hay trials. Protein
apparently became limiting about mid-July and energy in late
August. The positive effects of burning were increased forage
yield and weight gain with lowered lignin content.
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Inability to manually sample forages representative
of that
ingested by livestock has led investigators to use esophageallyfistulated animals to collect naturally grazed samples (Lesperante et al., 1960). Only after relative seasonal availabilities of
nutrients are known can livestock be managed for maximum
return from available forage resources (Raleigh, 1970).
Animals fitted with esophageal fistulae recently have been
used to obtain grazed forage samples. However, nutritive value
and digestibility of diets selected by cattle grazing Flint Hills
Range have not been thus measured.
We used such samples to determine the nutritive value of
grazed forage and to measure energy and crude protein of
Flint Hills Range consumed during the summer grazing season.
Experimental
The study

Area and Methods

area is in the Flint

Hills, tallgrass prairie five
miles northwest
of Manhattan,
Kans. The summer grazing
season, when the plants are highest in nutrient value, is from
about May 1 to October 1. The warm season grasses begin to
mature in July and have developed
seed heads by August.
Although
the pastures
used in this study were not grazed
during the winter period, some pastures in the area are grazed
throughout
the year.
Between
50 and 60% of the vegetation
is big and little
Bluestem
(Andropogon
gerardi Vitman
and A. scoparius
Michx)
(Herbel
and Anderson,
1959). Three other warm
season grasses, Indiangrass
[Sorghastrum nutans (L.) Nash],
switchgrass
(Panicum
virgatum L.), and sideoats
grama
[Bou teloua curtipendula (Michx.)
Torr. ] comprise
another
IO
to 20%. The elevation
is 400 m. Annual rainfall varies from
419

63.5 to 92 cm with most of it during summer

months.
Three major range sites of the experimental
area were
loamy upland, limestone
breaks, and claypan (Anderson
and
Fly, 1955). Two 24-ha pastures
and two 16-ha containing
approximately
the same percentages
of loamy upland, limestone breaks, and claypan were used. Two of the pastures had
been burned annually in late spring (May 1) since 1950; two
unburned
pastures served as a control (Anderson
et al., 1970).
All were grazed from May 1 to October
1 at approximately
two hectares per animal unit.
Eight &month-old
Holstein
steers averaging 180 kg were
esophageally
fistulated
according to the method of Van Dyne
and Tore11 (1963). Two animals were selected at random and
allotted
to each of the four pastures. They were placed on
pasture 3 weeks before first collections
of grazed forage and
remained
there throughout
the experimental
period. Yearling
Hereford
steers (average weight
182 kg) were used for a
simultaneous
140-day growth study on these pastures.
Individual esophageal
samples were takefi from each animal
monthly
in June, July, August,
September,
and October.
Samples
were collected
using screen-bottomed
canvas bags.
Animals had fasted overnight.
Samples were deep frozen at
- 10” C until they were analyzed.
Total feces were collected
from all fistulated
steers twice daily 48 hours before esophageal collections.
Subsamples
were taken daily to determine
dry
matter, and a “bulked”
subsample
of 5% wet weight of feces
each day was frozen
and later analyzed.
The amount
of
pasture available (dry matter/ha)
on each of the four pastures
was determined
following
esophageal
collections
by sampling
with a l/10,000-acre
plot frame to 1 inch above ground level
on the range sites. Six samples
were taken from three
predetermined
sites in each pasture. The sample was also used
as a control to compare with esophageal samples to determine
animal selection.
Forage and fecal samples taken for proximate
analysis were
dried in a forced-air
oven at 50’ C for 72 hours, allowed to
equilibrate
with air at room temperature
24 hours, and ground
in a Wiley mill through a l-mm screen. Proximate
analyses
were determined
by A.O.A.C. (1970) methods
and cell-wall
constituents
according
to the procedure
by Goering and Van
Soest (1970). Lignin was determined
by the permanganate
method of Van Soest and Wine (1968). In vitro digestibilities
were estimated by the method of Tilley and Terry (1963).
Statistical
analyses followed the least-squares
procedure
of
Harvey (1960) and regression
analyses the stepwise deletion
procedure of Draper and Smith (1966). Duncan’s new multiple
range test was used to separate significant
differences
among
means (Steel and Torrie, 1960). Data differing at the 5% level
of probability
were considered
significant.

Results and Discussion
The amount of forage available for grazing and the average
daily gain of experimental steers are shown in Table 1. The
burned pasture generally produced more forage during the
collection period than the unburned pasture. A similar pattern
was noted in average daily gain.
Chemical
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content

of esophageal

growth

samples

(Table

and

Treatment
and measurement
Nonburned

forage

availability

on

native

bluestem

June

July

August

September

1912

2964

2968

2387

309

369

423

119

-

139

490

-90

2151

2639

3815

2690

695

545

636

100

-

130

252

22

pasture

Dry matter available
(kg/ha)
Intact steers’ avg
daily gain (g)
Esophageal steers’
avg daily gain (g)
Burned pasture
Dry matter available
(kg/ha)
Intact steers’ avg
daily gain (g)
Esophageal steers’
avg daily gain (g)

generally higher in protein than were hand-clipped
samples. Bredon et al. (1967) posited that selective grazing
explained a 66% increase in crude protein of fistula forage
collected from cattle grazing tropical forage pastures over that
of clipped pasture forage. Average compositions of all grasses
we analyzed showed crude protein of leaves was 55% higher
than crude protein of whole plants. Animals seem to have the
ability to select a diet high in protein within limits, however,
because protein content of diets selected declined as the
season advanced (8.84% to 5.12%). A similar trend in grazing
habits has been reported on Sand Hills ranges (Scales et al.,
197 1).
Crude fiber and nitrogen-free extract were lower in esophageal samples than in hand-clipped samples. Sample by months
interaction
was significant
for both sampling techniques
demonstrating
selective grazing of forage low in crude fiber.
Results were similar when hand-clipped samples were compared with samples from esophageal fistulae of sheep grazing
Utah ranges (Edlefsen et al., 1960), from steers on New
Mexico ranges (Keisling et al., 1968), and from steers on
Orchardgrass-Ladino
clover pastures (Coleman
and Bath,
1972). Burning lowered lignin content
10.06 vs. 8.86%.
Significant interactions were also observed between sample by
months and treatment by months. Acid detergent fiber was
lower in esophageal samples than in hand-clipped samples. One
interaction between sample by months was significant due to
animal selection as the grass matured. Our results agree with
those of Coleman and Barth (1972), but not those of Keisling
et al. (1968), who reported more detergent fiber in esophageal
was

Table 2. Means and standard errors of chemical
total dry matter) of pasture samples.

Sample

Composition

2) was consistently higher than that of the hand clipped samples, possibly
because of salivary contamination.
The amount and composition of salivary contamination
usually varies with types and
amounts of feed consumed. Bath et al. (1956) showed that ash
content of chopped alfalfa increased while passing through
esophageal fistulae.
Crude protein was higher in esophageal samples than in
hand-clipped samples, but there was no difference between
protein content due to burning. Forage selected by ruminants
Ash

Table 1. Steer
pastures.

Ash

constituents

(% of

Crude
protein

Crude
fiber

N-free
extract

Collection method
Esophageal
Hand clipped
S. E.

10.13a1
8.23b
0.21

6.94a
4.30b
0.17

28.26a
30.69b
0.36

42.96a
44.96b
0.26

Collection month
June
July
August
September
October
S. E.

7.97a
8.82a
9.44b
10.21b
9.44b
0.33

7.35a
6.96a
5.12b
5.04b
3.75c
0.27

28.76a
30.16a
30.94a
27.3 lb
30.20a
0.57

44.85a
41.79b
43.89a
44.37a
44.92a
0.4 1

‘Unlike superscripts
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Table 3. Means and standard errors of cell-wall constituents (% of total dry matter) of pasture samples.
Neutral
detergent
fiber

Collection method
and month
Esophageal method
June
July
August
September
October
Hand clipped
June
July
August
September
October
S. E.

Ash free
neutral
detergent
fiber

Acid
detergent
fiber

Hemicellulose

Cellulose

80.38a
84.40b
81.21a
72.36’
77.64a

46.6ga
47.75a
51.17b
45.65a
51.23b

39.58a
39.33a
32.33b
31.04b
28.33c

46.88a
54.63b
49.01a
49.18a
48.68a

73.78a
77.71b
76.16b
77.16b
82.35c
1.67

5 1.15a
52.88a
53.06a
56.54b
59.7 lC
0.99

33.20b
34.30c
32.64b
29.7 la
30.35a
1.34

50.62a
48.94a
48.96a
49.44a
49.7 la
0.82

method
76.46a
80.48b
78.81b
80.94b
85.76’
1.69

’Unlike superscripts

in columns

indicate

significant

differences

samples than in hand-clipped
samples. Other cell-wall constituents were significantly
influenced
by stage of growth
(months) and the sample by months interaction.
Digestibility

In vitro dry matter and organic matter digestibilities were
higher in esophageal samples than in hand-clipped samples
(Fig. l), with differences between months also significant. July
samples were the most digestible. Digestibility decreased 8 to 9
units between June and October. The sudden decrease in
digestibility during August was primarily from an increase in
lignin content in both esophageal and hand-clipped samples
(Table 3).
Prediction

Lignin

Equations

Multiple regression analyses of the data were made using a

9.16a
8.77a
9.26a
10.10a
10.12a
0.5 1

(X0.05).

stepwise deletion procedure to obtain the best fit to accurately
predict in vitro dry matter digestibilities.
Crude protein,
organic matter, ash free neutral detergent fiber, acid detergent
fiber, and lignin data obtained from pasture samples were used
as independent
variables. The best regression equation was
obtained with crude protein and acid detergent fiber as shown
below. The two regressions were significant with Y values of
0.87 and 0.8 1, respectively.
$W

= -77.56

+ 1.71 l(U)

+4.7(&W’)

- 0.05(ADF)2

+ 5.84(&X’) -O.O~(JIDF)~
DMD and OMD = In vitro dry matter and organic matter
digestibilities (%)
CP = Crude protein (%)
= Acid detergent fiber (%)
y{om,j

= - 110.64 + 1.78(U)

June

July

Aug.

Sept.

Oct.

MONTHS
Fig. 1. Percentages

of in vitro organic and dry matter digestion of
pasture samples compared.

JOURNAL

OF

RANGE

MANAGEMENT

26(6),

November

1973

Fig. 2. Amount

of digestible energy required for maintenance plus
0.5 kg daily gain by 200-kg yearling steers and the amount available
from range forage.
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ber (Anderson et al., 1970) suggesting that protein may be
limiting by late July. Oregon pastures gave similar responses
earlier in the grazing season (Raleigh, 1970).
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Fig. 3. Amount of digestible protein required for maintenance plus
0.5 kg daily gain by 200-kg steers and the amount available from
range forage.

Figures 2 and 3 illustrate the probable digestible energy and
digestible crude protein that animals will receive from Flint
Hills range. The data were calculated using a regression
equation developed by metabolism trials with bluestem hays.
?(0Mj

= 1.128+ 1.7524 (FX N) where

;(oh!u) = Estimated organic matter intake (kg/day)
= Fecal organic matter output (kg/day)
N=
Fecal nitrogen (g/100 g dry matter)
Theoretical needs of a 200-kg steer gaining 0.5 kg/day are also
presented.
Our data indicate that protein becomes limiting about
mid-July and energy, in late August. Steers on our control
pasture gained an average 350 g/day during June, July, and
August, while the corresponding steer gain on burned pasture
averaged 600 g/day. Growth rate usually drops during Septem-
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Southern

Pine Overstories

Influence

Herbage

Quality

GALE L. WOLTERS
Highlight: A cover of young longleaf or slash pines increased
protein and phosphorus and decreased nitrogen-free extract in
herbage on pine-bluestem range. Under protection from grazing, the proportion of big bluestem in the herbage stand increased more on forested than cutover land. Herbage decreased
about 15 lb/acre for every 1 ft’ increase in pine basal area.

On southern pine-bluestem
range it has been shown that
herbage production
decreases as density of the pine stand
increases, and regressions have been computed (Gaines et al.,
1954; Halls, 1955, 1957; Halls and Schuster, 1965). Overstory
effects on composition of bluestem range herbage, however,
are not well documented.
This paper reports changes in
botanical composition
and chemical content of herbage as
young pine plantations develop.

hours, and weighed to the nearest 0.1 g. Values were converted
to lb/acre.
A composite sample of all herbage was collected from each
plot during the first 2 weeks in June and September. Samples
were ovendried, ground, and analyzed by E. A. Epps, Jr., at
the Feed and Fertilizer Laboratory,
Louisiana Agricultural
Experiment Station, Baton Rouge.
All 4.5-ft or taller pines were inventoried
on each plot.
Diameters were measured to the nearest 0.1 inch at 4.5 ft
above the soil surface, and basal’ area in ft2 /acre was
calculated from diameter measurements.
The experimental design was a complete randomized block
with species of planted pine blocked four times. Data were
tested by analysis of variance and regression analysis; mean
differences were compared by Tukey’s Test (Steel and Torrie,
1960).

Experimental Procedure

Results and Discussion

The study area, on the Palustris Experimental
Forest in
central Louisiana, contained 32 0.4-acre plots, 16 planted to
longleaf pine (Pinus palustris) and 16 to slash pine (P. elliottii).
The study was begun in 1960, 9 years after the longleaf and 5
years after the slash pines were planted. Four randomly
selected plots in each plantation were designated as controls,
and the pines on them were cut during June 1960. The
longleaf plantation was burned by headfire in January 1955 to
control brown spot needle blight. Both plantations
were
burned by controlled backfires in March, 1960, and every
third year thereafter.
The area was typical cutover longleaf pine land prior to
reforestation
and supported dense bluestem grass and a few
widely scattered second-growth longleaf pines. Pinehill bluestem (Andropogon divergens) and slender bluestem (A. tener)
were the dominant grass species, but other bluestems as well as
several panicums (Panicurn spp.) and paspalums (Paspalum
spp.) contributed
significant quantities of herbage (Duvall,
1962). The area was moderately grazed yearlong by one brood
cow/20 acres until fenced in 1960 to exclude cattle.
Soils were classed as Bowie and Beauregard. They are
moderately well drained with slow to medium runoff. Permeability is moderate to slow. The ground is nearly level with a
few slopes of up to 10%. The A horizons are dark grayish
brown fine sandy loam to dark gray silt loam. B horizons range
from yellowish brown sandy clay loam in upper B horizons to
yellowish brown silt loam and mottled in the lower B
horizons.
Annual precipitation averages about 57 inches, with over 3
inches each month except October.
Herbage and timber were measured initially in 1960 and at
3-year intervals through 1969. Herbage production and botanical composition
of yield were determined in November by
clipping eight randomly located 1.55- x 1.55-ft. quadrats on
each plot. As the herbage was clipped it was separated by
species or species group, bagged, ovendried at 75OC for 48
The author
Forest Service,

is range scientist, Southern Forest Experiment
Station,
U.S. Department
of Agriculture,
Pineville, Louisiana.

JOURNAL

RANGE

OF

MANAGEMENT

26(6),

November

1973

Production

Longleaf basal area averaged 13.5 and slash pine 6.9
ft2/acre in 1960 (Table 1). From 1960 to 1969, the slash pine
plantation
increased in basal area about 12 ft2/acre/year,
whereas the longleaf pine plantation increased only about 7
ft2/year.
Delayed height growth of many longleaf pine
seedlings and about 25% fewer trees/acre than on the slash
pine plantation
were the principal factors contributing
to
slower longleaf basal area growth/acre.
Herbage production on cutover range averaged about 2,000
lb/acre in 1960 and 1963, but it increased to over 2,400 in
1966 and over 2,600 in 1969 (Table 2). The increase in
production
probably resulted from the combined effects of
physical treatment and moisture conditions. Excluding cattle,
even though the range had been grazed only moderately, and
cutting the young pines in 1960 probably stimulated herbage
production. The delayed response to pine cutting was apparently associated with low growing-season precipitation during
1960 and 1963. Rainfall values during 1966 and 1969 growing
seasons were approximately 50% greater than during 1960 and
1963.
Herbage production on reforested range was similar to that
on cutover range in 1960, but during successive years timber
growth significantly
depressed herbage production.
Similar
findings were indicated earlier by Duvall and Hilmon (1965).
Even though it was planted 4 years after the longleaf pine,
Table 1. Pine basal area (ft’ /acre) on longleaf and slash pine range.

Year
1960
1963
1966
1969

Longleaf pine
Slash pine
Average Minimum Maximum Average Minimum Maximum
13.5
30.6
51.7
76.9

8.1
17.2
38.9
53.5

16.3
39.0
60.6
89.7

6.9
40.7
78.5
115.2

4.4
18.5
45.2
75.4

9.2
49.2
93.4

131.9
423

The reductions
in herbage production
were closely associated with basal area of the pine growing stock. The regression
equation P = 2048.9 -14.7B.4 explained
87% of the variation
in P, where P is herbage production
in lb/acre and BA is basal
P =
area of slash vine in ft21acre. The rceression
eauation
2250.7 -1S.OBA accounted
for 52% of the variatioi
in herbage
production
in the longleaf
pine plantation.
Thus, herbage
production
diminished
about 15 lb/acre for every ft* increase
in pine basal sea, regardless of species OI plantation
age (Fig.
1). The more rapid crown closure and larger array of basal
areas of slash pine probably
explain the larger proportion
of
herbage production
accounted
for by slash pine basal area.
Variation in herbage production
decreased in both plantations
as pine basal area increased.
Similar herbage responses to pine
basal area have been reported before (Halls, 1955; Halls et al.,
1986; Gaines et al., 1954).
Botanical

Composition

Pinehill and slender bluestem were the principal and about
equal producers
in 1960; each accounted
for about 25% of the
total herbage (Table 3). The proportion
of pinehill bluestem
increased,
while that of slender bluestem
decreased
on both
cutover
and forested
range. Apparently,
protection
from
grazing favors pinehill
bluestem.
The reduction
in slender
bluestem may be due either to the lack of a stimulus produced
through
grazing or to an inability
to compete
with pinehill

bluestem on ungrared
range. A similar response to prutection
from grazing was reported
by Wahlenberg
et al. (1939) and
Duvall
and Linnartr
(1967).
Grelen
and Duvall (1966)
reported
that an accumulation
of old herbaceous
material
interferes
with slender
bluestem
growth,
thereby
reducing
herbage production.
Yields of both slender and pinehill bluestem
were significantly and inversely related to basal area of slash pine in 1966
and 1969 and basal area of longleaf in 1969. In 1969 the
simple linear regressions
explained
90% of the variation
in
both pinehill and slender herbage production
on slash pine
range. The equations
were: PB = 1445.68 -11.02B.4 and SB =
166.44 -1.31BA, where PB is pinehill bluestem production
and
SB is slender bluestem
production
in lb/acre and BA is slash
pine basal area in ft’/acre.
Longleaf pine basal area explained
less variation in species production
than slash pine basal area
for seasons already discussed. Production
of other species and
species groups was not significantly
associated with pine basal
area.
Big bluestem (A. gerardi), a preferred
tall grass, was sparse
in 1960, but it increased in proportion
under protection
from
use. Big bluestem 1s one of the first species to decrease under
grazing and is expected
to increase after use ceases. Its rapid
increase on forested
range indicates
that a young plantation
produces
an environment
more beneficial
to growth of big
bluestem
than does treeless cutover range. Even on forested

Table 3. Proportion (%) of total herbage production on cutover and reforested longleaf and slash pine range.

Reforested

Cut-

Reforested

Cut-

1969

1966

1963

1960

Cut-

Reforested

Cut-

Reforested

Species

over

Lo ngleaf

Slash

over

Longleaf

Slash

over

Longleaf

Slash

over

Longleaf

Slash

Pinehill bluestem
Slender bluestem
Big bluestem
Other bluestems
Panicum s
Other grasses
Forbs

26.3
24.6
0.0
8.1
13.2
23.4
4.4

25.6
32.0
0.0
8.0
12.4
15.8
6.2

28.2
23.9
0.9
5.1
12.4
26.7
2.8

46.6
20.3
0.3
10.5
8.0
10.6
3.7

53.4
13.2
3.1
2.9
12.1
12.9
2.4

55.6
8.0
4.9
2.4
13.3
12.4
3.4

48.0
16.0
2.0
11.1
8.2
9.2
5.5

64.4
10.9
1.0
1.2
7.4
10.5
4.6

57.6
6.5
4.1
3.3
11.0
11.0
6.5

48.5
12.1
1.7
7.4
9.7
10.6
10.0

49.9

47.9

8.0
11.9
T
13.0
10.3
6.9

3.7
6.9
5.5
14.8
8.7
12.5

100.0

100.0

100.0

100.0

100.0

100.0

100.0

100.0

100.0

100.0

100.0

100.0

Total

and phosphorus contents were consistently higher under pine
plantations than on cutover land. The differences grew larger
as the plantations
developed. Except for the 1963 June
herbage under longleaf pine, protein contents of June and
September herbage were significantly
associated with pine
basal area in all years after 1960. For example, the 1969 slash
pine basal area explained 84% of the variation in protein
content of September herbage. The equation describing total
protein content was: N = 4.427 + 0.0268BA where N is
percent total herbage protein content and BA is slash pine
basal area in ft2 /acre.
Phosphorus content of herbage was similarly associated
with tree cover. September values were significantly correlated
with slash pine basal area during 1963, 1966, and 1969, and
with longleaf pine in 1969. Forested range produced a similar
reaction in Kentucky bluegrass (McEwen and Dietz, 1965).
A reduction in crude protein and phosphorus contents with
advancing maturity
of southern range grasses was earlier
reported by Campbell and Cassady (195 1) and Campbell et al.
(1954). Present findings suggest that chemical composition
was influenced by stage of plant maturity, although other
factors may be involved.
The proportion of nitrogen-free extract (NFE) decreased as
tree cover increased. Herbage NFE content in June and
September was significantly and inversely related to pine basal
area during later years. In September, 1969, the regression
with slash pine basal area explained about 70% of the variation
in herbage NFE content. The equation was: NFE = 51.872
-0.0437&l
where NFE is percent herbage NFE content and

range, however, big bluestem generally produced less than 100
lb/acre.
Other bluestems, primarily Elliott (A. elliottii), fineleaf (A.
subtenuis), paintbrush
(A. ternarius), and broomsedge (A.
virginicus), produced about 10% of the herbage on cutover
range. The proportion of other bluestems generally diminished
under forest cover.
The proportion of panicums remained fairly uniform from
1960 to 1969 on both cutover and forested range. Other
grasses yielded about l/4 of the total herbage in 1960;
production was measured late in the fall and most of this
herbage group consisted of unidentified
species. After 1960,
the proportion of other grasses diminished to about 10% on
both cutover and forested range.
Forbs, largely swamp sunflower (Helianthus angustifolius)
and grassleaf goldaster (Chrysopsis graminifolia), increased in
proportion on cutover and slash pine range in 1969; otherwise,
little change was noted.
Chemical

Composition

As in earlier studies on similar range (Campbell et al., 1954;
Campbell and Cassady, 1951), nutritive values of the herbage
were low: phosphorus content was inadequate yearlong, and
protein met animal requirements only during a short period in
early spring. It is significant,
however, that tree cover
enhanced protein and phosphorus contents (Table 4). Chemical contents of herbage were similar on cutover and forested
range in 1960, but during succeeding years herbage protein
Table 4. Chemical analysis (%) of herbage from cutover and reforested
1960
Month and
chemical
components
June
Protein
Fat
Fiber
Ash
Calcium
Phosphorus
N. F. E.
September
Protein
Fat
Fiber
Ash
Calcium
Phosphorus
N. F. E.
JOURNAL
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longleaf and slash pine range.

1963

Reforested

1966

Reforested

1969

Reforested

Cutover

Longleaf

Slash

Cutover

Longleaf

Slash

Cutover

Longleaf

Slash

Cutover

7.8
2.4
28.4
10.0
.51
.08
51.4

7.4
2.3
30.4
9.4
.47
.08
50.5

8.2
2.3
29.4
8.3
.46
.08
51.8

5.2
2.9
30.8
7.3
.29
.09
53.8

5.4
2.7
32.0
6.0
.31
.09
53.9

6.7
3.2
30.7
6.1
.38
.12
53.3

5.2
2.1
35.4
8.4
.34
.lO
48.9

6.6
2.5
37.1
7.8
.38
.ll
46.0

7.3
1.9
36.9
7.7
.39
.12
46.2

6.2
2.7
33.5
7.9
.45
.06
49.7

4.5
2.3
32.9
8.8
.38
.05
51.5

4.6
2.3
33.4
8.6
.37
.04
51.1

4.9

4.7
3.1
31.1
9.0
.27
.lO
52.1

5.1
2.9
32.6
6.8
.33
.lO
52.6

5.9

3.9

2.5
33.1
7.4
.36
.ll
51.1

2.1
36.4
8.5
.30
.09
49.1

4.9
1.8
38.2
7.0
-34
.ll
48.1

5.5
1.9
38.8
7.2
.36
.lO
46.6

4.5
2.7
33.8
8.0
.44
.06
51.0
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Reforested
Longleaf

Slash

9.2

9.2

2.4
36.9
6.9
.37
.lO
44.6

3.4
33.3
7.5
.48
.09
46.6

6.2
2.6
36.8
6.7
.38
.07
47.7

7.6
3.2
35.6
6.8
.57
.08
46.8
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BA is slash pine basal area in ft2 /acre. The trends
but weaker on longleaf pine plots.
Fat content of herbage varied during the study,
appear to be affected by overstory condition.
indications
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Spatial variability in two soils supporting I O-year old stands of saltbush
was examined by evaluating various soil physical and physicochemical properties under and between the plants. The differences in soil properties
between these two positions were mostly significant for the surface layer (O-7.5 cm}
but only in a few cases for the 7.5-15 cm layer. No differences were observed below
this depth.
Presence of A. nummularia
resulted in increased electrolyte concentration, higher
sodium adsorption ratio, and higher levels of exchangeable sodium and organic matter
in the surface soil. Standard laboratory measurements showed that these physicochemical changes induced a significant deterioration in the structure of the surface soil
under the plants as indicated by reduced aggregate stability, poorer drainage, and
lowered hydraulic conductivity. Field studies suggested that the bulk density of the
surface soil was reduced under the plants but that water penetration and storage in the
profile after rains remained unaffected, Probable reasons for these effects are discussed.
Highlight:

(Atriplex

nummularia)

The presence of some arid plants can
significantly
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thus may cause spatial variability in vegeAt the time of the research,
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Variability

tation distribution and plant growth within the community. In such cases, quantitative evaluation of soil properties with
respect to spatial variability is essential
for a better understanding
and management of the ecosystems.
Increased soil salinity and pH under
the plants compared
to between the
plants of various species of Atriplex have
been reported previously (Roberts, 1950;
Fireman and Hayward,
1952; Jessup,
1969). These salinity increases may be
associated with an increase in exchangeable sodium (Roberts, 1950; Fireman and
JOURNAL

01

Hayward, 1952), which may affect soil
physical properties. However, none of the
earlier studies has dealt with quantitative
data on soil physical properties. In a
recent
paper,
Sharma and Tongway
(1973) reported soil salinity distribution
within
communities
of two regularly
spaced saltbush species, Atriplex nummularia and A. vesicaria. It was demonstrated that both saltbush species induced
significantly
higher
salinity
in the
0-15-cm soil horizon beneath the bush
canopies
compared
to between
the
bushes, and also that A. nummularia
induced significantly higher salinity than
A. vesicaria. This paper reports on the
spatial variability in some soil physical
and physico-chemical
properties as induced by A. nummularia on two soil
types. The physico-chemical
properties
investigated were exchangeable and soluble cations; the physical properties were
water penetration and storage, structural
stability,
hydraulic
conductivity,
and
water retention.
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variability in two soils supporting 1 O-year old stands of saltbush
was examined by evaluating various soil physical and physicochemical properties
under and between the plants, The differences
in soil properties
between these two positions were mostly significant for the surface layer (O-7.5 cm)
but only in a few cases for the 7.5-15 cm layer. No differences
were observed below
this depth.
Presence of A. nummularia
resulted in increased electrolyte
concentration,
higher
sodium adsorption
ratio, and higher levels of exchangeable
sodium and organic matter
in the surface soil. Standard
laboratory
measurements
showed that these physicochemical changes induced a significant deterioration
in the structure of the surface soil
under the plants as indicated
by reduced aggregate stability, poorer drainage, and
lowered hydraulic conductivity.
Field studies suggested that the bulk density of the
surface soil was reduced under the plants but that water penetration and storage in the
profile after rains remained unaffected.
Probable reasons for these effects are discussed.
Highlight:

(Atriplex

Spatial

nummularia)

The presence of some arid plants can
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affect soil properties and
thus may cause spatial variability in vegeAt the time of the research_, *the author
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Riverina
Laboratory,
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At present he is senior research scientist,
CSIRO Rangelands
Research
Unit, Riverina Laboratory,
Deniliquin,
N.S.W.,
Australia.
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tation distribution and plant growth within the community. In such cases, quantitative evaluation of soil properties with
respect to spatial variability is essential
for a better understanding
and management of the ecosystems.
Increased soil salinity and pH under
the plants compared
to between the
plants of various species of Atriplex have
been reported previously (Roberts, 1950;
Fireman
and Hayward,
1952; Jessup,
1969). These salinity increases may be
associated with an increase in exchangeable sodium (Roberts, 1950; Fireman and

Hayward, 1952), which may affect soil
physical properties. However, none of the
earlier studies has dealt with quantitative
data on soil physical properties. In a
recent
paper,
Sharma
and Tongway
(1973) reported soil salinity distribution
within
communities
of two regularly
spaced saltbush species, Atriplex nummularia and A. vesicaria. It was demonstrated that both saltbush species induced
significantly
higher
salinity
in the
0-15-cm soil horizon beneath the bush
canopies
compared
to between
the
bushes, and also that A. nummularia
induced significantly higher salinity than
A. vesicaria. This paper reports on the
spatial variability in some soil physical
and physico-chemical
properties as induced by A. nummularia
on two soil
types. The physico-chemical
properties
investigated were exchangeable and soluble cations; the physical properties were
water penetration and storage, structural
stability,
hydraulic
conductivity,
and
water retention.
Area and Methods
The

experimental

site

was the one

used by Sharma and Tongway (1973) and
is located at the Falkiner Memorial Field
Station, about 24 km north of Deniliquin
in southwest
New South Wales. The
climate of the area is semiarid continental
with an average annual precipitation
of
380 mm and potential evaporation
of
1,550 mm. Although rainfall is evenly
distributed, the effective precipitation
is
received mainly during winter.
The experiments were carried out on
plantations
of A. nummularia that had
been established on two soil types, Billabong and Riverina clay, about 10 years
earlier. The average distance between A.
nummularia plants was 3 m, and the
average height and diameter of plants
were 1.3 + 0.2 m and 1.2 + 0.5 m,
respectively.
Intervening
vegetation was
predominantly
the grasses Danthonia
caespitosa and Stipa variabilis.
The soils used are members of the grey
brown and red clays (State et al., 1968)
on which various saltbush communities
occur extensively on the Riverine Plain of
southwest New South Wales. The soils are
sodic and have alkaline reaction. They
have a surface of medium texture, the
thickness of which is 5-7 cm for Billabong clay and l- 2 cm for Riverina clay.
Crystalline gypsum occurs in both soil
profiles at a depth of 30-45 cm, and a
mixture of gypsum and calcium carbonate occurs below this depth. The mineralogy of both soils is predominantly
Kaolinite and Illite with some fraction of
randomly interstratified
material. Riverina clay exhibits more shrinking and
swelling properties than Billabong clay.
In February, 197 1, three replicates of
five paired soil core (3.3-cm diameter)
samples were collected from two positions, i.e. under the plants (U) and
between the plants (B) of A. nummularia
on both soils. The samples were separated
into
profile
depths,
O-7.5,
7.5-15,

15-30,
30-45,
and 45-60
cm, and
bulked separately for each replicate at the
specified depth for the two positions.
After air drying, the samples were gently
crushed and passed through a 2-mm sieve
physical
and
and used for various
physico-chemical analyses.
Physico-chemical

Analysis

The exchangeable
cations, Na+, K+,
Mg++, and Ca++, were extracted according to the suggested technique of Tucker
(197 1); soluble cations were extracted
according to the method described by U.
S. Salinity
Laboratory
Staff (1954).
These were determined by atomic absorption spectroscopy.
Organic carbon was
determined by the combustion method of
Piper (1950).
Physical Analysis
Labora tory Measurements
Water desorption characteristics of <
2-mm soil samples were obtained by using
tension
plates or pressure membrane
apparatus, depending on the magnitude
of the water potential.
Twenty-five grams of 1-2-mm air dry
soil aggregates were flood wetted, followed by end-over-end shaking in distilled
water at 30 rpm for 15 minutes. After a
suitable settling time, aggregates > 50 urn
were determined using a plummet balance
(Marshall, 1956). Aggregate stability was
expressed as percentage of > 50-urn size
aggregates.
The hydraulic
conductivity
of uniformly packed 1-2-mm air dry aggregates
was measured as a function of time by
the method
previously
described
by
Sharma (197 1). The rate of decrease in
hydraulic
conductivity
with time was
taken as an index of structural breakdown, while the value of hydraulic conductivity at the end of 24 hours was

Table 1. Soluble cations and sodium adsorption ratios in saturation
plants of Atriplex nummularia.

depth (cm)
0 - 7.5
7.5-15

Sampling
position

extracts

of Billabong

Field measurements
On eight occasions, the bulk density of
soil down the profile was determined
from five core samples of 4.80-cm diameter, collected
by using thin walled
(0.165 cm) sampling tubes. Differences in
water penetration
and storage in the
profile between and under the plants
were evaluated by measuring soil water in
situ with a neutron probe before and
after heavy summer rains. The after-rain
measurements
were made as soon as
possible following rainfall (within 48
hours) in order to minimize the effect of
water loss by vegetation.
Additional
checks on water penetration and storage
in the profile were made on several
occasions
by determining
gravimetric
moisture of soil samples collected before
and after rains.
Results
Physico-chemical Properties
Mean values of soluble cations, Nai,
K+, Mg++, and Cat+ measured at several
depths down to 45 cm in the profiles of
Billabong and Riverina clay from two
positions, under (U) and between (B) the
plants of A. nummularia, are presented in
Table 1. In the surface layer (O-7.5 cm)
there was a significantly higher level of all
cations at U compared to B position in
both soils. Similarly, there were more
soluble cations at U position in the
7.5- 15-cm layer, but the differences for
all the cations were not significant There
was no systematic trend at the lower
depths. The sodium adsorption
ratios

and Riverina clay from between (B) and under

Billabong clay
-Soluble cations (meq/l)

Riverina clay
Soluble cations (meq/l)

Na+

K+

Ca++

Mg++

SAR*

Na+

9.84**
22.71**

0.54”
0.72”

3.27*
7.55*

4.58*
13.55*

4.97*

U

6.99”

B
U

19.53
27.23

0.22
0.25

3.89*
8.51*

5.98*”
16.54**

8.79
7.69

B

taken as a comparative measure of structural stability and water movement.
measurements
were
All laboratory
made in a constant-temperature
room
maintained at 20 + 1°C.

Mg++

SARt

K+

Ca++

6.20”
18.96*

0.33*
0.84”

2.38**

2.44**

3.99*

5.52**

10.08**

6.79*

8.65*
15.25*

0.17
0.24

2.30*
5.01*

2.17*
7.37*

5.79
6.13

15

-30

B
U

50.40
47.31

0.32
0.33

5.24
8.00

12.09
17.75

17.13
13.19

23.02
30.01

0.20
0.21

2.70
3.21

4.32
5.16

12.29
14.67

30

-45

B
U

80.36
71.80

0.32
0.38

8.85
6.07

17.21
15.03

22.27
22.11

45.10
41.80

0.27
0.25

5.05
4.97

8.95
9.37

17.04
15.61

* Difference
**Difference

between
between

t Sodium adsorption

U and B positions
U and B positions
ratio =

at the specified depth significant (p<O.OS).
at the specified depth highly significant (P<O.Ol).
-I-

(u) the

Table 2.

Exchangeable

Profile
depth (cm)
0

-

cations

Sampling
position

1.5

7.5-15

of Billabong

and Riverina

clay from between

(B) and under (U) the plants of Atriplex nummularia.

Billabong clay
(mcq/lOOg soil)

Riverina clay
(meq/l OOg soil)

Na+

K’

Ca++

Mg++

ESP+

B
U

2.33**
3.63**

0.89*
1.69*

7.83
8.01

6.86*
9.86

B
U

4.50*
5.20*

0.98
1.06

10.10
9.86

Na+

K+

Ca++

Mg++

ESP+

13.00**
15.65**

2.86**
3.80**

1.70*
2.43*

9.36
7.46

9X3*
11.13*

12.04**
15.31**

13.30
13.26

15.58*
17.70*

4.10
5.33

1.36
1.43

10.43
9.66

13.83
12.16

13.79*
18.65*

15

-30

B
U

5.70
6.40

0.81
0.90

10.83
10.56

15.50
15.03

17.36
19.46

5.40
5.63

1.20
1.20

10.60
10.73

14.06
14.06

17.27
17.81

30

-45

B
U

6.86
6.76

0.94
0.89

9.20
9.93

14.50
15.71

21.78
20.31

7.23
6.43

1.13
1.16

10.16
10.53

14.00
14.36

22.23
19.79

* Difference between U and B positions
**Difference
between
U and B positions
+ Exchangeable
sodium percentage.

at the specified

depth

significant

at the specified

depth

highly

(SAR) were significantly
higher at U
position but only for the surface layer.
Similar data on exchangeable cations
presented in Table 2 indicate that for the
surface layer, exchangeable Na+, K+, and
Mg++ were significantly higher at U compared to B position. However, at 7.5- 15
cm depth, only exchangeable Nat was
significantly
higher. The differences in
exchangeable
sodium percentage (ESP)
between U and B positions were highly
significant (P < 0.01) for the surface
layer and significant (P < 0.05) for the
subsequent layer. Saltbush plants did not
affect the relative proportions
of exchangeable cations below 15 cm.
Mean organic carbon contents of soil
samples, presented in Table 3, show that
in both soils the organic matter was
significantly higher under than between
the plants, but only for the surface layer.

(p<O.OS).

significant

(f’<O.Ol).

clay, but the differences were not significant. The hydraulic
conductivities
of
lower depths, although not presented
here, were not different
for the two
positions.
The measured mean bulk densities of
soil in the profile of Billabong clay for
the depths, O-7.5, 7.5-15, 15-30, and
30-45 cm were, respectively, 1.45, 1.52,
1.58, and 1.63 g/cm3 from the U position
and 1.53, 1.57, 1.60, and 1.63 g/cm3 for
the B position. Although in general the
bulk densities were lower at U compared
to B position down to 30-cm depth,
differences between the two positions
were significant (P < 0.05) only for the
surface (O-7.5 cm) layer.
Soil water profiles of Billabong clay
obtained by a neutron probe before and
after three summer rains (total falls of
3.2, 6.9 and 4.1 cm, respectively) are
presented
in Figure 4. These profiles

The mean aggregate stability of soil
samples from U and B positions is presented as a function of profile depth in
Figure 2. For both soils, the aggregate
stability was significantly
higher at B
compared
to U positions
for the
O-7.5-cm depth, but the differences for
7.5- 15-cm were significant only for Billastability
bong
clay. The aggregate
appeared to be higher for U positions at
lower depths, but these differences were
not significant.
Geometric
means of hydraulic conductivity of l-2-mm aggregates of both
soils from two depths are plotted as a
function of time in Figure 3. It is clear
that hydraulic conductivity
of 0- 7.5~cm
samples from U position decreased at a
much faster rate than those from B
position and attained a significantly lower
value for both soils. A similar trend
existed for the 7.5-15-cm
of Billabong

Percent organic carbon of Billabong
and Riverina clay from under (U) and between (B) the plants of Atriplex nummularia.

Table 3.

Billabong

Depth
(cm)

clay

Riverina

clay

BILLABONG

RIVERINA

CLAY

40

B

0 - 7.5
7.5-15
15 -30

0.88**
0.73
0.54

U
1.02**
0.77
0.54

B

U

0.96*
0.67
0.54

1.06*
0.65
0.54

CLAY

1

r

430

* Differences
between
U and B positions
significant
(P<O.OS).
**Differences
between U and B positions highly
significant

Physical

(P<O.Ol).

Properties

water desorption
curves of
< 2-mm soil samples of O-7.5~cm and
7.5-IS-cm depths for between and under
the plant positions are presented in Figure 1. In both soils, surface soil from U
compared to B position held significantly
more water in the whole water potential
range. No such trends were observed for
the 7.5- 15-cm layer of Riverina clay.
The mean
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WATER

POTENTIAL

-

BARS

Fig. 1. Mean soil water desorption

curves of Billabong and Riverina clay at two depths from
between and under the plants of Atriplex nummularia.
7’he statistiml significance of difference
in water content (iso-water potential level) for the specified depth is indicated by * (P<O.OSJ or
** (P<O.Ol).
JOURNAL

OF

RANGE

MANAGEMENT

26(6),

November

1973

AGGREGATE
Or // ':

4,0

60

STABILITY

60

INDEX

0

70
f

1

-10

ii
%
i=

-20

m
x

-30

$

-40

2

I

BILLABONG

I

CLAY

RIVERINA

Cl AY

.

BETWEEN

o

UNDER

PLANTS

-50

PLANTS

2. Mean aggregate stability as a function of profile depth for Billabong and Riverina clay from
between and under the plants of Atriplex nummularia. The statistical significance of difference
in aggregate stability for the specified depth is indicated by * (IYO.05) or ** (P<O.OI).
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Fig. 3. Mean hydraulic

conductivity (K) of I-2-mm aggregates as a function of time at two
depths for Billabong and Riverina clay from between and under the plants of Atriplex nummularia. The statistical significance of difference in hydraulic conductivity (24 hours) for the
specified depth is indicated by * (kO.01).

illustrate that varying quantities of rain
did not significantly affect water penetration and storage between and under the
plants of A. nummularia. Similarly, gravimetric water contents determined in the
profile of Billabong clay before and after
several heavy rains (> 3.5 cm, so that
interception
by vegetation was negligible
compared to total rain), although not
presented here, also confirmed that water
penetration
and storage in the profile
were not affected by the presence of A.
nummularia.
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Discussion
Consistently higher aggregate stability,
higher hydraulic conductivity, and better
drainage (as indicated by water retention
data) at B compared to U positions
indicate that the structural stability of
the surface soil (O-7.5 cm) under plants
was poorer than that of soil between
plants. These effects did not always extend to lower depths. The supporting
data showed that there were no significant differences in soil particle distribution (mechanical separates) between the
November
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two positions, thus eliminating the possibility of lateral soil particle movement.
Presumably this deterioration
of soil
structural
stability
under
the plants
occurred as a consequence of a significantly larger quantity of exchangeable
sodium, as indicated by SAR and ESP
values (Tables 1, 2). Highly significant
negative correlations
between ESP and
various physical parameters of Billabong
clay have been reported earlier (Sharma,
1971). This larger quantity
of sodium
under plants had accumulated
on decomposition of salt-rich leaves and fruits
of A. nummularia (Sharma and Tongway,
1973). There was also a significant increase in exchangeable Mgtt at U compared to B position, which might also be
partly responsible for the deterioration of
soil structure (vander Merwe and Burger,
1969).
Factors that would have favoured a
better soil structure under A. nummularia
plants compared to between the plants are
increased organic matter and increased
concentration
electrolyte
(Quirk and
Schofield, 1955). However, differences in
organic matter (Table 3) were apparently
too small to offset the deleterious effects
of exchangeable Nat and probably Mgtt
(U.S. Salinity Laboratory Staff, 1954).
It is likely that laboratory evaluation
of soil structure by measuring aggregate
stability
and hydraulic
conductivity
would have underestimated
the effect of
electrolytes, since in both methods large
quantities
of water were used, which
would have diluted the effects of electrolytes. Thus, these measurements
show
mainly the effect of exchangeable cations
and would be more appropriate under
situations
where excessive leaching of
soluble salts has occurred.
Since the electrolyte concentration
of
soil, particularly the surface layer, varies
during the year (Sharma and Tongway,
1973), physical
parameters
evaluated
with any single set of electrolyte concentrations would not be applicable under all
conditions.
The lowest electrolyte concentration occurs after excessive leaching,
and the structural differences expected
under these conditions are illustrated in
Figures 2 and 3. The structural differences expected under high electrolyte
concentrations
(when very little or no
leaching has occurred) were evaluated by
measuring aggregate stability of surface
soils in reconstituted electrolyte solutions
(made from chloride salts to the same
proportions and concentrations of cations
as shown in Table 1 for saturation extracts). These average aggregate stability
429

values under and between the plants for
Billabong clay were 75 and 74, and for
Riverina clay 80 and 82, respectively. The
differences between positions were statistically nonsignificant
for both soils. This
suggests that deleterious effects on soil
structure under the plants due to larger
exchangeable Nat would largely be compensated by beneficial effects due to
higher electrolyte
concentration,
provided no excessive leaching has occurred.
In spite of apparent deterioration
of
soil structural stability (Figs. 2 and 3)
under the plants compared to between
the plants, field observations showed that
water entry and storage in the profile did
not significantly differ for the two positions. Under field conditions, it is possible that the suppressing effects on water
penetration as a result of structural deterioration due to excessive exchangeable
sodium might have been compensated by
reduction in soil bulk density and higher
e 1e ctrolyte
concentration
under
the
plants. Moreover, significant deterioration
in soil structure under plants occurred
only in the top 7.5~cm layer, while in the
field the hydraulic conductivity
of the
subsoil is likely to be a limiting factor
during water entry. This is clearly indicated in Figure 3 by the fact that at the
end of 24 hours, the hydraulic conductivity of the lower depth (7.5- 15 cm) was
about two orders of magnitude lower
than that of the surface layer (O-7.5 cm).
It may be difficult to assess the exact
contribution
of plant-induced
soil variability on vegetation distribution and plant
growth because of complications
caused
by simultaneous variations in microenvi-

SOIL

WATER

CONTENT

(VOLUMETRIC)

Fig. 4. Soil water profiles of Billabong clay from between and under the plants of Atriplex

nummularia. Each point is a mean of seven values as determined by a neutron probe. On all three
occasions the differences in increases of soil water between the two positions were statistically
nonsignificant at all depths.

ronmental
factors. However, it appears
that for situations similar to ours, the
effects would largely be due to direct
salinity and not to variation in soil water
properties. This, nevertheless, may not
hold for soils with uniform profiles without impermeable subsoil and subject to
frequent flooding,
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On Time Is Right On
In a recent issue of Rangeman’s News, Ronald L. Haag,
chairman of the SRM Membership Committee, reported that
membership in the Society had increased a whopping 19.2%
in the two-year period ending July 31, 1973-which
would
seem to indicate that more and more people are becoming
more and more concerned about that 40% plus of the earth’s
land surface that is rangeland.
Mr. Haag also indicated two principal membership goals: a
95% renewal by current members for 1974 and a total of at
least 5,000 members by the 1974 suspension date. If the proposed revision of the Society’s bylaws is approved, this suspension date will be advanced by 60 days, so it is vitally important
that your 1974 dues be paid on time-that
is, on or before
January 1.
On time is right on-it gives power to the range people!
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Mortality
in Crested

ALASTAIR

Wheatgrass

and Russian Wildrye

MCLEAN AND A. L. van RYSWYK

Highlight: Mortality in crested wheatgrass and Russian wildrye near Kamloops, B.C.,
was observed in spring, 1970, and appeared to result from lower than average soil
moisture reserves the previous season. Damage was heavy on a silt loam that graded to
loamy fine sand at 50-cm depth but was negligible on a uniform sandy loam overlying
cobbly loamy sand. Field moisture levels below 25-cm depth in the soil were greater
on the sandy loam site than on the silt loam in spring, 1970. In that year, crested
wheatgrass reached seed-set stage on the former, but inflorescences did not emerge
from the boot on the latter site, where significant mortality occurred. No other
published account of severe mortality of established stands of these grasses has been
found.

Mortality in crested wheatgrass (Agroand A.
pyron cristatum (L.) Gaertn.
desertorum (Fisch.) Schult.) and Russian
wildrye (Elymus junceus Fisch.) is very
unusual. Normally, crested wheatgrass is
one of the most drought tolerant and
cold resistant grasses we have for range
seeding and is very grazing resistant. It is
well adapted to the semiarid to subhumid
rangelands of the Intermountain
Region
and Great Plains of the western USA and
Canada. For example, Hull and Klomp
(1966) report stands of crested wheatgrass in Idaho still vigorous as long as 30
years after seeding and withstanding
annual
precipitation
as low as 5.49
inches. In southern Alberta Smoliak et al.
(1967) report stands of crested wheatgrass vigorous and productive 38 years
after seeding, including some of the driest
years on record.
Authors are ecologist and soil specialist,
Research Station, Canada Department of Agriculture, Kamloops, B.C.
The study is Contribution No. 237 of the
Research Station, Canada Department of Agriculture, Kamloops, B.C.
Manuscript received September 13, 1972.

Mortality does not appear to have
been reported in the literature for either
crested wheatgrass or Russian wildrye.
Knowles (personal correspondence)
has
stated that he has seen it “on two
occasions at Saskatoon,
Saskatchewan,
and in one case this was on very sandy
soil following a dry fall.” In connection
with a grazing experiment
in Utah,
Frischknect and Harris (1968) observed
that “the drought in 1956 caused breaking up of some plant crowns” of crested
wheatgrass. Springfield (1963) observed a
similar phenomenon
the same year in
New Mexico, where he considered it to be
a result of both drought and grazing.
Sharp (1970) made a similar observation
in southern Idaho after a drought year.
Mortality in the Kamloops area was
first observed in a few stands of Fairway
crested wheatgrass (Agropyron cristatum
(L.) Gaertn.) after the winter of 1960-6 1.
At the Canada Agriculture Research
Station,
Kamloops
mortality
was recorded in &year-old stands of Summit
crested wheatgrass (Agropyron
desertorum (Fisch.) Schult.) and Sawki Russian
wildrye after the winter of 1967-68.

Thirty and 45% mortality, respectively,
were recorded for the two species. Similar
mortality was observed on a nearly 20year-old stand of Fairway crested wheatgrass. The summer and early fall of 1967
was dryer and hotter than usual. October
rains, although light, caused the plants to
grow late. A cold snap occurred in midDecember with little snow on the ground.
The damage occurred only on stands
growing on coarse-textured soils. At other
locations in the area (e.g. Currie Field)
crested wheatgrass seeded in 1938 is still
vigorous and productive. All stands are
grazed heavily in spring and fall each
year. Damage, however, is rarely severe in
the Kamloops area.
In spring, 1971, we observed many
dead plants of crested wheatgrass on a
date-of-clipping trial and in the fields of a
grazing trial located at Mission Flats near
Kamloops. The fields had been grazed
during the spring of 1970 but not in fall
because of the lack of regrowth. Mortality had occurred both on portions that
were grazed and those that were ungrazed
during 1970. Dead plants were not evenly
scattered
throughout
the fields but
tended to occur in patches. This paper
attempts
to explain this mortality
in
terms of precipitation
and soil moisture
regime, by comparison
with a site
(Currie)
at which
little
mortality
occurred.
Methods and Materials
All fields were point sampled for
plant-cover estimates in early summer of
1970 and 1971. In the date-of-clipping
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trial the number
of dead plants were
recorded
by treatment.
Soil moisture
(centered
at the 5, 10, 25, and 50 cm
depths)
was determined
by the gravimetric
method
at Mission
Flats
and
Currie
Field (hereafter
referred
to as
Mission
and Currie)
for the 2 years.
Particle-size
analysis
(pipette
method)
was made and bulk density (core method)
was determined
on soil samples taken at
the above depths from locations
at Mission, showing severe and light mortality
of crested wheatgrass,
and from Currie.
Field moisture was calculated in terms of
depth of water using soil-moisture
content (percent,
weight basis) and bulkdensity values. It was not calculated for
the 0 to 2.5-cm layer as no field moisture
data were available.
Mission site is on a flat, contemporary
river terrace
at about 380-m elevation.
Parent material
is deep river alluvium,
essentially
stone free. Currie site is on a
flat glacial gravel delta at about 520-m
elevation;
its parent material is loess and
alluvium over cobbly loamy sand beginning at about 100 cm. Mission soil would
be classed in the Gleysolic
order and
Currie in the Chernozemic
order, Brown
great
group
in the Canadian
system
(Canadian Soil Survey Committee,
1970).
The two sites are about 15 km (8 miles)
apart.
Sites of low mortality
at Mission
occurred
in shallow depressions
where
soil textures
would be expected
to be
slightly heavier.

Results and Discussion
Severe mortality,
approaching
50%,
occurred in crested wheatgrass and Russian wildrye at Mission on both grazed

Table 1. Basal cover (%) of living and dead plants of crested wheatgrass and Russian wildrye at
Mission and Currie sites in spring 1970 and 1971.
Crested wheatgrass
Mission

Year and
material

Wildr ye
Currie

Mission

Grazed

Ungrazed

Grazed

Ungrazed

Grazed

Ungrazed

4.9
0

8.1
0

-

-

4.3
0

5.7
0

2.4
2.5
4.9

5.1
2.1
7.2

4.1
0.5
4.6

5.1
0
5.1

2.3
2.3
4.6

3.8
2.3
6.1

1970
Live plants
Dead plants
1971
Live plants
Dead palnts
Total

Table 2. Precipitation (water inches) for grazing season, Kamloops Airport.
Total

Year

Previous’
winter snow

March-May

1966
1967
1968
1969
1970
1971

4.17
4.04
2.92
4.63
2.00
4.53

1.46
1.47
2.32
2.76
1.04
1.53

Average

3.72

depth

of freshly

1966,

Dee-June

Jan-Dee

0.99
0.09

6.62
5.60
5.92
9.39
4.04
7.48

11.90
9.36
9.93
14.21
7.68
11.70

0.68
2.00
1.00
1.42

1.76

‘Includes, for example, for

June

1.03
1965

Dec.

6.50

plus Jan, Feb.

10.80

1966 and is calculated

by dividing

fallen snow by 10.

and ungrazed sites between spring, 1970,
and spring, 197 1, but not at Currie (Table
1). Precipitation recorded for Kamloops
Airport, located midway between the two
locations, was below average for the 1970
growing season (Table 2). Actual precipitation at each location should not vary
much from that recorded at the airport.
In a 3-year study van Ryswyk et al.
(1966) show that April-to-October
pre-

cipitation varies little between 350- and
520-m elevations at locations near those
of the present study.
Field soil moisture, however, is quite
different throughout
the season at the
two sites (Table 3). During the 1970
growing season (April to June), total
moisture in the sampled layers was 2 to 3
cm less at Mission that it was at Currie
even though on April 6 there was only

Table 3. Field soil moisture (cm water/depth class) at various depths (cm) and phenological stage of crested wheatgrass at Mission (severe mortality
site) and Currie, 1970 and 1971.
1970
Location and
measurement
Mission
Soil depth
2.5-7.5
7.5-12.5
12.5-37.5
37.5-62.5
Total
Phenol. stage
Currie
Soil depth
2.5-7.5
7.5-12.5
12.5-37.5
37.5-62.5
Total
Phenol. stage
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April

1971

May

June

July

Nov.

April

May
4

June

July

6

26

6

21

5

12

19

26

30

28

6

8

0.98

0.34
0.40
2.24
1.08
4.06
-

0.24
0.35
2.16
1.11
3.86
early

0.21
0.27
1.46
1.05
2.99

0.18
0.28
1.40
1.05
2.91

0.17
0.22
1.08
0.99
2.46

0.33
0.22
1.19
0.78
2.52

0.14
0.13
0.70
0.69
1.66

0.61
0.52
0.95
0.84
2.92

0.75
0.74
1.84
1.05
4.38

full
boot

-

boot

0.15
0.30
1.24
1.02
2.71
full
boot

0.32
0.28
0.95
0.93
2.48
early
flower

0.13
0.16
0.76
0.81
1.86
seed
ripe

0.33
0.50
2.98
2.97
6.78
early
boot

0.28
0.43
3.36
2.68
6.75
full
boot

0.25
0.48
2.66
2.72
6.11
early
head

0.22
0.22
1.89
1.70
4.03
seed
ripe

0.53
0.45
2.00
1.99
4.97
-

0.91
0.92
4.94
4.21
10.98

0.36
0.52
3.22
2.90
7.00
early
boot

0.97

0.21
0.32
2.24
1.70
4.47
seed
ripe

0.96
4.16
1.41
7.51
-

0.83
0.84
4.34
3.70
9.71
-

0.52
0.66
4.10
3.84
9.12
-

no further

0.25
0.37
2.45
2.50
5.57
full
head

development

0.37
0.31
2.35
1.46
4.49
dough
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0.50
2.73
2.54
6.74
early
flower
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Table 4. Soil texture (%), textural class, and bulk density (g/cm3) at various soil depths and number for Mission (severe and light mortality locations)
and Currie sites.

Item
Soil depth
o-2.5
4-6.5
8-12
21-29
46-54

sampled

Number of dead
plants

Currie

Severe

Light

(cm)
20
19
14
7

22
21
19
9

many

few

Textural

Sand

Clay
Mission

Currie

Mission

Severe

Bulk density

class’

Mission

Currie

Mission

Light

14
14
13
10

20
22
35
74

12
10
9
67

51
49
56
60

sil
sil
sil-1
f sl-ifs

sil
sil
sil
fsl

l-s1
l-s1
sl-1
sl

none

many

few

none

many

few

none

‘Designationsare: sil = silt loam; 1 = loam; sl = sandy loam; fsl = fine sandy loam; and Ifs = loamy fine sand according
No. 18,195 1.
Manual Handbook
2 Values in a column followed by different

letters are significantly

0.4

cm less at the former. Similar trends
are evident for 197 1. Phenological development
of crested
wheatgrass
was
arrested in early May, 1970, (Table 3) at
Mission, indicating that moisture available
to the plants had been depleted. It is
likely that plant mortality began at this
time and was completed by July, when
soil moisture was the lowest recorded for
the two seasons.
In 197 1, however, soil moisture for
Mission in the early part of the season
was lower than in 1970; plants were
about 1 week advanced (full boot, May 4,
1971, vs May 12, 1970). By the end of
July soil moisture was slightly higher in
1971 than 1970. This would indicate that
potential evapotranspiration
during April
to July, inclusive, was less in 197 1 than in
1970, so that the drought threshold was
not reached in 1971. It is substantiated
by completion of the phenological cycle
in 1971 and the survival of most plants in
that year.
Soil-moisture
regime within the profile, as well as total water-content,
is
quite different for the two soils. Currie
retains considerably more moisture in the
lower layers throughout the season than
does Mission. Differing textural characteristics (Table 4) may explain the differing
moisture regimes of the two soils. Mission
soil has considerably heavier texture in its
surface than its subsoil, silt loam grading
to loamy fine sand, whereas Currie has a
more nearly uniform sandy loam texture
throughout the sampled layers that overlie cobbly loamy sand.
Heavy-textured
soils generally
have
higher water-holding
capacities than do
lighter ones, so that the surface layers of
Mission would hold more water than the
lower ones. On Currie, soil moisture
would be distributed
more uniformly
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different

A further explanation may be found in
the observation that the Currie soil is
underlain by very coarse material. This
would allow soil-moisture
levels in the
overlying layers to build up to high levels
and moisture tension to reach low values
before water would be drained out by the
coarse pores of the underlying material,
which could fill only at low tensions. The
finer underlying material of the Mission
soil, on the other hand, would be capable
of draining its overlying material at higher
tensions. Thus when snow melt occurs,
supplying the soil with a large amount of
water in a short time, it is possible that
Currie soil could retain more of this water
than could Mission.
The low mortality site at Mission has
slightly heavier texture, and so should
have higher water-holding capacities than
the high mortality site. Drought conditions at Mission must have fluctuated
about a critical point for slight textural
differences to have resulted in mortality.
If soil-moisture tension could be meathe season, a
sured in situ throughout
better understanding
of plant mortality
might be obtained because tension would
be more closely related to plant response
and not be complicated
by hysteresis

1973

0.92 d2
1.01 bc
0.95 cd
1.08 b
1.20a

1.12
1.15
1.31
1.40
1.45

many

none

b
b
b
a
a

to U.S. Dept. Agr. Soil Survey

at P>O.OS by Duncan’s Multiple Range test.

throughout the sampled layers. Because
of this difference in moisture distribution, water loss due to evaporation from
the surface layers would be greater at
Mission than at Currie. The greater moisture stored in lower layers at Currie
would tend to be retained because it must
move up through the profile by capillarity. This movement
would become
very slow as it moved through surface
layers that were already dry. Any upward
moisture movement, then, would likely
be in the vapour phase.

November

Currie

(Severe)

Light

Severe

effects as is soil-moisture content. This
could give a value for the threshold limit,
in terms of soil-moisture
tension,
at
which mortality occurs during the critical
stage of plant growth when inflorescence
is developing.
The available data indicate that mortality in the 1970-7 1 period appears to be
due to extreme drought during a critical
phenological stage in crested wheatgrass
growth. This was likely the stage of
inflorescence development. Damage could
have also occurred at some other stage
but there is no definite evidence to
indicate this. Other observed incidents of
mortality may have occurred under different circumstances.
Literature
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Differential

Tolerance

of Some

Arid-Range

Wheatgrasses

to Snow

Mold

ALVIN T. BLEAK AND WESLEY KELLER
Highlight: Snow mold is most severe under a prolonged
spring snow cover, where temperatures are favorable for growth
of certain fungi. In the spring of 1971 a replicated plot containing 30 accessions of wheatgrasses provided an opportunity
to study differential
tolerance to snow mold. On the basis of
the percent
of l-year-old
plants killed, fairway wheatgrass
A-12477X
(mean of 4 accessions)
was most susceptible
with
29.4% mortality,
fairway wheatgrass A-l 770 (3 accessions)
averaged 13.7%, and fairway wheatgrass NM-251 (5 accessions)
averaged
2.7%. Crested
wheatgrass
Nordan
(4 accessions)
averaged 4.9% mortality. Crested wheatgrass A-1874 (1 accession) averaged 11.3% and crested wheatgrass PI 277354 (2
accessions) averaged 2.3%. Five other sources of crested wheatgrass had significantly
less mortality
than Nordan. Siberian
wheatgrass
(5 accessions)
averaged
4.2% mortality.
Intermediate wheatgrass (1 accession)
had no mortality, and only
2 plants out of 300 showed moderate injury.

Many grasses, winter cereals, alfalfa, and other forbs are in
some years damaged by snow mold. The causative organisms
are fungi, favored by a winter season when snow falls on unfrozen ground (Sprague, 196 1) or where the snow cover
remains on the ground 4 or 5 months (Vargas and Beard,
1971). Species of Typhula are the primary cause of snow mold
in the Intermountain
Region of the Western United States
(Sprague, 1961). Typhula occurs worldwide (Dickson, 1956).
Snow mold control is possible by fall chemical treatment
(Vargas and Beard, 1971), but a spring treatment is much preferred after it is known that conditions favorable to the disease
are present. This is particularly true on grain and forage crops.
Broadcasting substances on the snow to hasten snowmelt in
the spring reduces damage (Dewey and Nielson, 1969). Winter
The authors
are range scientist and agronomist,
search Service, U.S. Department
of Agriculture,
Logan,
The study involved cooperative
investigations
of the Agr. Res. Serv.,
U.S. Dep. Agr., and the Utah Agricultural
Experiment
Station, Logan.
(Utah Agricultural
Experiment
Station Paper 1306.)
Manuscript received December 16, 1972.
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wheat selections have been found that show some tolerance to
snow mold (Sunderman and McKay, 1968). Although snow
mold has been studied extensively on winter wheat, it also has
long been known to damage turf and other grasses (Remsberg,
1940).
The present paper was made possible by an infestation of
snow mold in the spring of 197 1 on an experimental plot near
Logan, Utah. Thirty accessions of wheatgrasses had the year
before been established in replicated blocks.
Material and Methods
Seeds of a number of wheatgrasses were made available to us
by Soil Conservation Service Plant Materials Centers in the
Western United States. We chose 12 accessions of fairway
wheatgrass (Agropyron cristatum (L.) Gaertn.), 12 of crested
wheatgrass (A. desertorum
(Fisch. ex Link) Schult.), 5 of
Siberian wheatgrass (A. sibiricum (Willd.) Beauv), and 1 of
intermediate wheatgrass (A. intermedium
(Host) Beauv.). The
taxonomy of these wheatgrasses is unsettled, and some sources
may require reclassification.
The initial purpose of the study was to determine whether a
preplanting seed treatment had any effect on the subsequent
behavior of the plants. The pretreatment
(Keller and Bleak,
1968) alldwed the seeds to absorb water until they were near
the point of germination, when they were driid. Treated and
natural seeds were sprouted before placing in % x % inch plant
bands 3 inches deep, containing a good field soil. These
seedlings were later transplanted
at a dryland site with 5
replications of 30 accessions. All plants were on a I-ft spacing
in rows 20 inches apart. Each plot consisted of 3 rows of
plants derived from seed that had been given the preplanting
seed treatment, plus 3 rows from natural seed.
These plots were established during the period April 9 to
16, 1970. The location
of each accession within each
replication, as well as the position of the three alternating rows
from treated and untrea$ed seed within each plot, was at
random. In April, 197 1, theiseedlings had been in the field one
year. Snow mold damage was apparent after snowmelt. A
survey of the field was made, classifying every plant as
follows: (1) dead, (2) .severely damaged, (3) light to moderate
damage, (4) plants dead from other causes, and (5) plants
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Table 1. The accessions of wheatgrasses observed and the percent
dead plants resulting from snow mold. Each value is based on a
population of 60 plants in each of 5 replications.

% dead plants

Accession

34.7 a’
Fairway wheatgrass A-12477X, 1965
31.3 a
Fairway wheatgrass A-12477X, 1964
27.7 ab
Fairway wheatgrass A-12477X, 1962
24.0 abc
Fairway wheatgrass A-12477X, 1963
16.3 bed
Fairway wheatgrass A-1770, 1966
14.3 cd
Fairway wheatgrass A-1770, 1967
11.3 cde
Crested wheatgrass A-1874, 1967
11.0 de
Fairway wheatgrass A-1770, 1968
8.3 de
Crested wheatgrass commercial Nordan, 1965
6.7 de
Crested wheatgrass FC 39759 Nordan, 1967
Crested wheatgrass NPMC, Nordan, 1963
5.7 de
5.3 de
Fairway wheatgrass NM-251,1963
4.7 de
Siberian wheatgrass P-27, 1963
4.0 de
Siberian wheatgrass P-27, 1964
Fairway wheatgrass NM-251, 1967
4.0 de
3.3 de
Crested wheatgrass Mot. Mont., 1966
3.3 de
Siberian wheatgrass P-27, 196 1
Crested wheatgrass NPMC, Nordan, 1964
3.0 de
3.0 de
Crested wheatgrass PI 314604, 1968
3.0 de
Siberian wheatgrass P-27, 1967
2.7 de
Fairway wheatgrass NM-251, 1963
2.7 de
Crested wheatgrass PI 314187, 1968
2.0 e
Crested wheatgrass PI 277354, 1964
Crested wheatgrass FC 395572, Summit, 1966
2.0 e
2.0 e
Siberian wheatgrass P-27, 1964
1.7 e
Crested wheatgrass PI 277354, 1965
1.7 e
Crested wheatgrass FC 39753, 1967
Fairway wheatgrass NM-251,1965
l.Oe
Fairway wheatgrass NM-251, 1966
0.7 e
Intermediate wheatgrass, 1961
0.0 e
1Values with no common letter are significantly different at the 1%
level (Duncan’s

Table 2. Summarization of wheatgrass mortality (%) from snow mold
by sources.

multiple range test).

severely damaged from other causes. In this study we report
only plants killed by snow mold, as determined by the April
197 1 survey.
Results

Mortality due to snow mold was the same for plants from
treated as for those from nontreated seeds. Plants from treated
and nontreated
seed have been combined. Where percent
mortality was high, degree of damage to living plants was also
high. Less than 1% of all plants were classified as dead or
damaged from causes other than snow mold. Accessions
included in the study and the percent mortality from snow
mold are presented in Table 1.
The 4 accessions of fairway wheatgrass A-12477X were
consistently
susceptible to snow mold. Similarly, the three
accessions of fairway wheatgrass A-1770, the four accessions
of Nordan crested wheatgrass, the five accessions of Siberian
wheatgrass P-27, and the five accessions of fairway wheatgrass
NM-25 1 each had values close to the mean of their group. Five
miscellaneous crested wheatgrass accessions, each of a separate
identity, ranged from 1.7 to 3.3% mortality.

No. of
accessions

Source

Mean
mortality

29.4 a1
4
Fairway wheatgrass A-12477X
13.7 b
3
Fairway wheatgrass A-1770
11.7 b
1
Crested wheatgrass A-1874
4
5.9 c
Crested wheatgrass Nordan
4.2 cd
5
Siberian wheatgrass P-27
2.7 d
5
Fairway wheatgrass NM-251
2.3 d
5
Crested wheatgrass misc.
1.8 d
2
Crested wheatgrass PI 277354
1
0.0 d
Intermediate wheatgrass (unknown)
‘Values with no common letter are significantly different at the 1%
level (Duncan’s

multiple range test).

The mean mortality for each source is presented in Table 2.
The mean percent dead for fairway wheatgrass A-12477X was
29.4, and for fairway wheatgrass A-1770, 13.7. These differences exceeded the 1% level of significance. Fairway wheatgrass A-1770, in turn, had significantly higher mortality than
Nordan crested wheatgrass, or Siberian wheatgrass P-27, or
fairway wheatgrass NM-25 1, which did not differ from one
another.
The remaining accession was intermediate
wheatgrass. It
suffered no mortality, and moderate injury was observed on
only 2 plants out of 300 in the study. That there were
significant differences among the accessions of fairway wheatgrass and among the accessions of crested wheatgrass suggests
that neither species is either resistant or susceptible. P-27 was
the only source of Siberian wheatgrass included in the study.
Additional observations are needed, but our data suggest
that in areas where snow mold occurs, intermediate wheatgrass
will have a high tolerance, while some sources of fairway
wheatgrass and crested wheatgrass will show significantly
higher mortality than Nordan crested wheatgrass or Siberian
wheatgrass P-27.
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Soil Moisture
Chained

GERALD F. GIFFORD

Patterns

Pinyon-Juniper

on Two
Sites in Utah

AND CONNOR B. SHAW

Highlight: Soil moisture patterns were studied under chaining-with-windrowing, chaining-with-debris-in-place, and natural
woodland at one site each in both southwestern and southeastern Utah. Results of the study indicate the greatest moisture accumulation occurred under the debris-in-place treatment
(as compared to woodland controls), during the first 6 months
of each year at Milford and regardless of season at Blanding.
The woodland had the least soil moisture throughout most of
each year. Most moisture flux took place in the upper 60- to
90-cm of soil profile, with only minor changes occurring at
greater depths. Differences in soil moisture patterns have been
attributed to changes in microclimates due to chaining, different rooting depths and length of growing season, mulching
effect of litter on the debris-in-place treatment, and possible
differences
in snow accumulation.
Variation in vegetation
density on the chained treatments did not influence soil moisture patterns. There was no evidence of deep seepage on any
chaining treatment at either site.
Soil moisture patterns as influenced by vegetation manipulation practices have not received a great deal of attention in
the pinyon-juniper (Pinus edulis-Juniperus osterosperma) type.
Only Skau (1964) has published on this aspect, and he found
in Arizona that clearing alligator juniper (J. deppeana) and Utah
juniper had little effect on water yields as influenced by soil
water storage in the upper 60 cm of the soil profile. He made
nine measurements
of soil moisture under cleared versus
natural woodland
from late June of 1959 through early
December, 1960. Calibrated watershed studies described by
Brown (1971) and Collings and Myrick (1966) relate to soil
moisture patterns, but only indirectly.
The objective of this study was to determine if there were
significant differences in soil moisture accumulation
among
three pinyon-juniper
treatments
in both southwestern
and
southeastern Utah. The treatments included natural woodland,
and chaining-with-windrowing.
chaining-with-debris-in-place,
Site Descriptions

and Methods

The soil moisture study was undertaken at two locations in
southern Utah (Fig. 1). One site is located about 72 km
southwest of Milford and the other site about 70 km west of
Blanding.
The chaining treaments (12 to 16 ha each) were performed
during the fall of 1967 at both sites, and the areas fenced to
Authors are associate professor and graduate research assistant,
Range Watershed Science, Watershed Science Unit, Utah State Universit y , Logan.
This study was conducted in cooperation with the Bureau of Land
Management under contract 14-1 l-0008-2837.
(Journal paper 1310,
Utah Agricultural Experiment Station, Utah State University, Logan.)
Manuscript received November 11, 1972.
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Fig. 1. Map showing general location of the two study sites in southeastern and muthwestern Utah.

exclude livestock. Chaining involves pulling a large anchor
chain between two tractors to fell the pinyon and juniper
trees. The windrowed areas (all debris pushed into windrowsFigure 2) were drill seeded with crested wheatgrass at 9.1
kg/ha; the debris-in-place areas (debris left where it fell-Figure
3) were broadcast seeded at the same rate.
The Milford site is within the Basin and Range Province at
an elevation of approximately 2,000 m. Parent material of the
soil is basaltic rock. Soil profile depth is 1.3 m. Soil texture
varies from sandy loam to loam, and the average rock content
(by weight) of the soil is 35%. The mature woodland has a
canopy cover which averages 15% juniper (350 trees/ha) and
10% pinyon (125 trees/ha). Brush cover averages 7% and is
composed of big sagebrush (Artemisia tridentata), black
sagebrush (Artemisia nova), and broom snakeweed (Gutierrezia
sarothrae). Small amounts of phlox (Phlox spp.), Lupine spp.,
Eriogonium spp., Penstemon spp., and Indian ricegrass (Oryzopsis hymenoides) also occur as part of the understory.
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The chaining-with-debris-in-place
treatment
at Milford has a
5 to 10% cover of big sagebrush and about the same amount of
broom
snakeweed.
Ground
cover consisted
primarily
of
weakly developed
erosion pavement (30.60%), litter (20115%),
crested wheatgrass
(Agropyron
crisfafum,
IO-IS%), and the
balance
bare ground.
The chain-with-windrowing
treatment
had from I5 to 40% erosion pavement, 30 to 60% bare soil, 15
to 35% crested
wheatgrass,
and the balance
litter.
Cover
percentages
are taken from line transect data collected on each
treatment.
Annual precipitation
during the 3-year study (as
measured an site) averaged 240 mm
The Blanding
site is within the Colorado
Plateau at an
elevation of about 2,150 m. The parent material of the soil is
primarily
sandstone;
the soil profile
depth
is 1.5 m. Soil

texture is primarily sandy loam with few, if any, rocks present.
The canopy cover of mature juniper (500 trees/ha) and pinyan
(200 trees/ha)
averages 24 and 8%, respectively.
Shrub cover is
less than 1% and consists of big sagebrush. Bare ground and
litter make up the balance. The bare ground category actually
includes some cryptogam
species present in the surface 3 cm
of soil.
The chaining-with-debris-in-place
treatment
at Blanding has
a ground cowx which consists primarily
of 25 to 45% bare
ground, 30 to 60% litter, and 12 to 20% crested wheatgrass.
The chain-with-windrowing
treatment
has from 40 to 65%
bare ground,
15 to 30% litter,
and 17 to 25% crested
wheatgrass
cover. Average annual precipitation
during the
2-year study was nearly identical to the 240 mm measured at
437

Milford.
Soil moisture measurements
at both the Milford and
Blanding sites were taken with a Troxler depth moisture probe
(Model 56A. Model 105A) and scaler (Model 399C). Neutron
measurements were taken at 30 cm increments, starting 15 cm
below the soil surface. Compaction of soil around access tubes
was minimized by using a small platform for support while
taking neutron readings at each tube. From June through
September soil moisture was measured approximately
once
every 2 to 3 weeks. Measurements were less frequent
other
parts of the year. Three years of data from the Milford site and
two years of data from the Blanding site are presented here.
Fifteen access tubes were installed in each of the three
treatments
(natural woodland,
chained-with-debris-in-place,
and chained-with
debris-windrowed)
at each site. Separate
woodland controls for each treatment were maintained at
Milford, since the two chaining treatments were some distance
apart. Therefore, at Milford the total number of access tubes
was increased to 60. Access tubes were installed to a depth of
120 cm with a rock drill at the Milford site and to 150 cm
with soil auger at the Blanding site.
Access tubes were located throughout each 12- to 16-ha
woodland and chain-with-debris-in-place
treatment, the final
exact location of each tube being determined by the required
soil profile depth. On the debris-windrowed treatment, access
tubes were generally installed between each set of windrows in
the pattern shown in Figure 2. Given two windrows, access
tube Xl would be 5 to 7 m from the first (uppermost) windrow, X2 would be one-third to one-half the distance between
the two windrows, and X3 would be approximately
2/3 the
distance from the first windrow. On the next set of windrows,
this pattern would be reversed, etc. Data were analyzed after
preliminary examination, using standard analysis of variance
techniques for a completely randomized design.
Jackrabbit populations on the Milford site were very high
during the study. To prevent grazing, rabbit-proof fencing was
installed to enclose a 4.5-m square area around each access
tube on the chained areas. Fences were taken down each
winter to prevent a snow fence effect around the access tubes.
The level of probability used for defining differences in this
study was 10%. It was felt that studies utilizing fewer
replications per treatment at two distinct locations within the
state was preferred to a more intensive study at a single site.
As a result, the findings of this study can probably be
extrapolated to other sites with a higher degree of reliability,

Jo

60

-

Control

H-+

Debris-in-Place

90

(Woodland)

Fig. 4. Average centimeters of water per 30 cm
of soil depth for debris-in-place treatment and
adjacent woodland at Milford.
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Results
Milford

Figures 4 and 5 show average centimeters of water per 30
cm of soil depth for a 2-year period for each chaining
treatment and the respective woodland control. The trend was
the same over a 3-year period. Averaged over all sampling
dates, the debris-in-place treatment had more soil moisture
throughout the 120-cm profile than the woodland. The four
soil depths (30, 60,90, and 120 cm) within the debris-in-place
treatment and within the woodland all differed in moisture
content.
In the debris-windrowed
treatment,
the amount of soil
moisture in the surface 30 cm was very similar to the amount
found in the woodland. At the 30- to 60-cm soil depth, the
woodland had more soil moisture than the debris-windrowed
treatment.
The debris-windrowed
treatment had more soil
moisture than the woodland in the last 60 cm of the 120~cm
soil profile. The four soil depths (30, 60, 90, and 120 cm)
within the debris-windrowed treatment and within the woodland all differed in moisture content, except for the 90-cm and
120-cm depths in the woodland. Most moisture flux took
place in the upper 60- to 90-cm of soil profile, with only
minor changes occurring at greater depths.
In averaging data over all four sampling depths for each
sampling date, it was obvious that the debris-in-place treatment consistently
had more soil moisture during the first
half of each year than the adjacent woodland (Table 1). This
trend was not so pronounced
in comparing the windrow
treatment to the woodland. The debris-in-place treatment had
more soil moisture than the woodland on 14 of 28 measuring
dates. The debris-windrowed treatment had more soil moisture
than the woodland on 9 of 28 measuring dates, the differences
occurring primarily during the first half of each year.
The greatest difference between chained treatments and
woodland occurred during the March-April period, when soil
moisture storage reaches an annual peak. During all 3 years of
the soil moisture study there was a slight increase in soil
moisture caused by convectional
thunderstorms
from July
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but there is still the 1 in 10 chance that noted differences
soil moisture patterns among treatments are not real.

Fig. 5. Average

centimeters of water per 30
cm of soil depth for debris-windrowed treatment and adjacent woodland at Milford.
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Table 1. Average centimeters of water per 30 cm of soil profile on
various dates at Milford study site.’
Chain-windrow
Woodland
control

Date
9-24-69
12-15-69
3-07-70
3-28-70
4-21-70
5-22-70
6-23-70
7-24-70
8-04-70
8-18-70
g-04-70
1 O-03-70
3-10-7 1
6-08-7 1
6-18-7 1
7-21-71
8-05-7 1
8-17-7 1
9-05 -7 1
11-11-71
2-19-72
4-01-72
5-28-72
6-20-7 2
7-07-7 2
8-05-72
8-29-7 2
9-17-72

4.57
5.16
5.89
6.91
5.28
5.41
4.55
4.47
4.65
4.80
5.41
4.88
5.38
4.95
4.98
4.42
4.62
4.47
4.39
5.31
7.21
5.26
4.42
4.32
4.42
4.09
5.23
4.17

Chain-debris-in-place
Woodland
control

treated
5.00
5.56
5.97
7.47
6.7 la
6.05
5.33a
5.31a
4.95
5.36
5.56
4.70
6.22a
6.02a
5.74a
4.95
4.90
4.62
4.57
6.12a
7.77
6.17a
5.41a
4.93
4.80
4.44
5.33
4.42

‘All values with superscript
woodland controls.

treated

3.78
4.17
5.36
6.76
5.31
4.88
4.01
4.09
4.06
4.09
4.47
3.66
4.47
4.34
3.94
3.51
3.68
4.17
3.78
4.65
6.07
4.47
3.84
3.76
3.48
3.38
3.71
3.35

a are different

(h-0.10)

4.44
5.56a
6.50a
7.37
6.43a
6.08a
5 .26a
4.65
4.78
4.78
5.08
4.24
5.61a
5.18a
4.67a
4.29a
4.01
4.44
4.29
5.38a
6.98a
5 .46a
4.57a
4.47a
3.84
3.63
4.24
3.71
from respective

through September.

As previously mentioned, most moisture flux took place in
the upper 60- to 90-cm of soil profile with only minor changes

Blanding
Results at the Blanding site are very similar to those found
at Milford. Figure 6 shows the average centimeters of water
per 30 cm of soil depth for 1 year for each chaining treatment
and the woodland control. Analysis of 2 years of data gave the
same relationships. The debris-in-place treatment had more soil
moisture throughout the 150-cm soil profile than either the
debris-windrowed
treatment
or woodland.
The woodland
control had more soil moisture in the surface 30 cm of soil
profile than the debris windrowed treatment. In the remaining
120 cm of soil profile, the debris-windrowed
treatment had
significantly more soil moisture than the woodland. Table 2
shows the average centimeters of water per 30 cm of soil
profile on various dates for the different chaining treatments
and woodland.
The debris-in-place
always had more soil
moisture
than the woodland,
and the debris-windrowed
treatment had more soil moisture than the woodland on 11 of
23 measuring dates.
Discussion
The different soil moisture patterns could have been a
result of differing vegetation densities rather than a result of
the chaining treatments.
This factor was examined at each
study site by using a point frame 150 cm in length, which had
25 equally spaced pins and was fastened directly to a given
access tube. One hundred points were recorded around each
access tube, 25 in each of the four cardinal directions, during
September,
197 1. Resultant data indicated the density of
potential transpiring plant material. Regression analysis was
JOURNAL

used to determine the influence of vegetation density-on
each
chaining treatment-on
soil moisture at three depths (15, 45,
and 75 cm) on each of three dates during 197 1. At Milford the
debris-in-place treatment and the debris-windrowed treatment
averaged 15.6 and 28.0% respectively, live vegetal ground
cover around each access tube. The debris-in-place treatment
and the debris-windrowed
treatment
at Blanding averaged
15.8% and 23.0%, respectively, live vegetal ground cover
around each access tube. Results of the analysis indicated that
vegetation densities as measured in this study had no measureable effect on soil moisture patterns.
Differences in soil moisture patterns are due in part to
differences in microclimates
created by chaining as well as
differences in rooting depths and length of growing season. On
the debris-in-place
treatments,
wind speeds are probably
reduced near the soil surface due to a boundary effect caused
by scattered debris. Lack of this boundary effect on the
debris-winch-owed
treatment
causes increased wind turbulance and therefore greater vapor pressure gradients and
increased evapotranspiration.
The mulching effect of litter on the debris-in-place plots
could also be a significant factor. At Milford, litter averaged
32% on the debris-in-place treatment and only 7% on the
debris-windrowed
treatment. The debris-in-place treatment at
Blanding averaged 54% litter cover as compared with only 22%
litter cover on the debris-windrowed
treatment.
Increased
litter would mean decreased soil surface temperatures
and
decreased evaportation.
Differences in snow accumulation as a result of chaining
may also account for some of the differences in soil moisture
patterns between chained treatments. Limited data indicates
the possibility of greater snow accumulation on debris-in-place
plots, especially during periods with high snowfall.
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Table 2. Average centimeters of water per 30 cm of soil profile on
various dates at Blanding study site.’
Date
7-26-70
8-08-70
8-22-70
g-01-70
g-14-70
1 l-27-70
4-03-7 1
5-20-7 1
6-08-7 1
6-21-71
7-08-7 1
7-20-7 1
8-02-7 1
8-14-7 1
1 l-04-7 1
2-26-72
4-13-72
6-09-72
6-24-72
7-11-72
7-20-72
g-03-72
9-12-72

Woodland
2.34
2.64
2.95
2.77
2.77
2.77
3.10
2.72
2.74
2.57
2.62
2.62
2.90
3.35
3.30
4.29
3.23
2.79
2.82
2.72
2.69
2.69
2.62

Chain-windrow

Chaindebris-in-place2

2.64
3.10a
3.48a
3.12
3.18a
3.58a
3.78a
3.02
3.05
2.79
3.12a
2.84
3.07
3.05
3.9ga
4.93a
4.0ga
3.23a
3.48a
3.07
2.90
3.05
2.90

‘All values with superscript
a are different
(00.10)
woodland controls.
2 Debris-in-place
soil moisture values are all different
moisture values on windrow treatment.

3.81
4.47
4.65
4.42
4.44
4.57
4.90
4.34
4.44
3.71
3.91
4.19
4.29
4.06
5.74
5.69
5.11
4.47
4.52
4.22
4.22
3.99
3.81
from respective
(P>o.Io)

from soil
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occurring at greater depths. Less soil moisture at the 90-, 120-,
and 150-cm depths in the woodland is due in part to deeper
root penetration
by the pinyon and juniper trees. Crested
wheatgrass roots are concentrated in the surface 45 cm of soil
profile, while juniper and pinyon roots are concentrated in the
upper 90 cm of soil profile with sinker roots that penetrate
even further. This, combined with a seasonal growth of crested
wheatgrass as compared with pinyon and juniper, which may
transpire a major part of the year, would contribute to less soil
moisture in the woodland.
There is no evidence that surface soil moisture conditions
have been improved enough on the debris-in-place treatments
to affect seedling establishment.
It is speculated that young
trees missed in the chaining process and also deep-rooted shrub
species on debris-in-place treatments may benefit most from
increases in soil moisture, especially at soil depths beyond
60 cm.
Finally, during the course of this study there was no
indication of any excess moisture for eventual deep seepage.

Runoff

and Sediment

on Chained

Areas similar to the Milford site, which have had springs
develop following chaining, are areas that have zones of
subsurface flow as a result of snowmelt at elevations above the
chaining project. The subsurface flow, which was normally
consumed by the pinyon-juniper
woodland, is not entirely
consumed (transpired) under a grass cover. As a result, springs
may develop or increase in flow as a result of the chaining.
However, based on this study, the water is apparently not due
to on-site additions to soil moisture.
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Highlight: Runoff and sediment production from a chained
pinyon-juniper
site in both southeastern and southwestern
Utah was measured from about June 6 to October 1 over a Syear period (1968-l 972) using .04-hectare (0.11 acre) runoff
plots. Treatments
evaluated included
chained-with-debriswindrowed, chained-with-debris-in-place,
and natural woodland. All treatments were fenced to exclude livestock. Runoff
events occurred at both sites during only 2 years (1968, 1970)
of the study. Results indicate that chained-with-windrowing
plots yield from 1.2 to 5 times more water during a runoff
event than respective woodland plots. Runoff from debris-inplace plots was equal to or less than that measured from the
natural woodland for all storms. Runoff data and sediment
indexes indicate that when runoff exceedsabout
0.1 cm from
the woodland, from 1.6 to 6 times more sediment can be expected from windrowed sites than from adjacent woodland.
Sediment yields from debris-in-place sites were similar to those
from adjacent unchained woodland for all storms during this
study.

Hydrology
of the pinyon-juniper
(Pinus spp.-Juniperus
spp.) type has received increased interest over the last several
years. One of the interesting aspects has been the influence of
The author is associate professor,
Range Watershed Science, Watershed Science Unit, College of Natural Resources,
Utah State Universit y , Logan.
This study was conducted
in cooperation
with the Bureau of Land
Management
under contract
14-1 l-0008-2837.
(Journal Paper 1319,
Utah Agricultural Experiment Station, Utah State University, Logan.)
Manuscript received December 15, 1972.
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vegetation modifications
on surface runoff and sediment
yields. The most common method for modifying pinyonjuniper plant communities is by pulling a large anchor chain
between two tractors to uproot the trees. Then, depending on
debris disposal techniques, the site is drill or broadcast seeded
to other more desirable species. As far as hydrologic performance of the plant community
is concerned, the resulting
change from woodland to grass-shrubs may significantly alter
runoff quantities and resultant sediment discharge.
Studies outlined by Myrick (197 1) indicate that chaining
and burning of slash, followed by seeding, will cause an
increase in runoff for the first couple of years following
treatment, then runoff decreases as the new plants establish
themselves. He indicates that size of storm may be an
important
factor in such evaluations. Baker et al. (1971)
report the results of a 25-year storm (September, 1970) on
alligator juniper
(Juniperus deppeana) and Utah juniper
(Juniperus osteosperrnu) watersheds on the Coconino National
Forest in north central Arizona. In the Utah juniper type, the
cabled (treated 1963, slash burned) and chemically treated
(100 percent herbicide treated in 1968, no removal or
burning) watersheds had 2.0 and 1.3 times, respectively,
greater peak discharges than their woodland controls. The
response of total runoff on the cabled and chemically treated
watersheds was 2.1 and 1.3 times their respective woodland
controls. There was no effect from a 5-year old treatment
where the trees were felled and left in place. The sediment
yield on the cabled juniper watershed was 2465 kg/ha (1 .l
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occurring at greater depths. Less soil moisture at the 90-, 120-,
and 150~cm depths in the woodland is due in part to deeper
root penetration
by the pinyon and juniper trees. Crested
wheatgrass roots are concentrated in the surface 45 cm of soil
profile, while juniper and pinyon roots are concentrated in the
upper 90 cm of soil profile with sinker roots that penetrate
even further. This, combined with a seasonal growth of crested
wheatgrass as compared with pinyon and juniper, which may
transpire a major part of the year, would contribute to less soil
moisture in the woodland.
There is no evidence that surface soil moisture conditions
have been improved enough on the debris-in-place treatments
to affect seedling establishment.
It is speculated that young
trees missed in the chaining process and also deep-rooted shrub
species on debris-in-place treatments may benefit most from
increases in soil moisture, especially at soil depths beyond
60 cm.
Finally, during the course of this study there was no
indication of any excess moisture for eventual deep seepage.
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GERALD

Literature

Cited

Brown, H. E. 1971. Evaluating watershed
management
alternatives.
J.
Irrig. & Drainage Div., A.S.C.E. 97:93-108.
Collings, Mr. R. 1966. Effects of juniper and pinyon eradication
on
streamflow
from Corduroy
Creek Basin, Arizona. U. S. Geol. Surv.
Prof. Pap. 491-B. 12 p.
Skau, C. M. 1964. Soil water storage under natural and cleared stands
of alligator and Utah juniper in northern Arizona. Rocky Mountain
Forest and Range Exp. Sta. U. S. Forest Serv. Res. Note RM-24. 3
P*

Yields

Pinyon-Juniper

from Runoff

Plots

Sites in Utah

F. GIFFORD

Highlight: Runoff and sediment production from a chained
pinyon-juniper
site in both southeastern and southwestern
Utah was measured from about June 6 to October 1 over a 5year period (1968-l 972) using .04-hectare (0.11 acre) runoff
plots. Treatments
evaluated included
chained-with-debriswindrowed, chained-with-debris-in-place,
and natural woodland. All treatments were fenced to exclude livestock. Runoff
events occurred at both sites during only 2 years (1968, 1970)
of the study. Results indicate that chained-with-windrowing
plots yield from 1.2 to 5 times more water during a runoff
event than respective woodland plots. Runoff from debris-inplace plots was equal to or less than that measured from the
natural woodland for all storms. Runoff data and sediment
indexes indicate that when runoff exceeds about 0.1 cm from
the woodland, from 1.4 to 6 times more sediment can be expected from windrowed sites than from adjacent woodland.
Sediment yields from debris-in-place sites were similar to those
from adjacent unchained woodland for all storms during this
study.

Hydrology
of the pinyon-juniper
(Pinus spp.-Juniperus
spp.) type has received increased interest over the last several
years, One of the interesting aspects has been the influence of
The author is associate professor,
Range Watershed Science, Watershed Science Unit, College of Natural Resources,
Utah State Universit y , Logan.
This study was conducted
in cooperation
with the Bureau of Land
Management
under contract
14-1 l-0008-2837.
(Journal
Paper 1319,
Utah Agricultural Experiment Station, Utah State University, Logan.)
Manuscript received December 15, 1972.
440

Areas similar to the Milford site, which have had springs
develop following chaining, are areas that have zones of
subsurface flow as a result of snowmelt at elevations above the
chaining project. The subsurface flow, which was normally
consumed by the pinyon-juniper
woodland, is not entirely
consumed (transpired) under a grass cover. As a result, springs
may develop or increase in flow as a result of the chaining.
However, based on this study, the water is apparently not due
to on-site additions to soil moisture.

vegetation
modifications
on surface runoff and sediment
yields. The most common method for modifying pinyonjuniper plant communities is by pulling a large anchor chain
between two tractors to uproot the trees. Then, depending on
debris disposal techniques, the site is drill or broadcast seeded
to other more desirable species. As far as hydrologic performance of the plant community
is concerned, the resulting
change from woodland to grass-shrubs may significantly alter
runoff quantities and resultant sediment discharge.
Studies outlined by Myrick (1971) indicate that chaining
and burning of slash, followed by seeding, will cause an
increase in runoff for the first couple of years following
treatment, then runoff decreases as the new plants establish
themselves. He indicates that size of storm may be an
important
factor in such evaluations. Baker et al. (1971)
report the results of a 25-year storm (September, 1970) on
(Juniperus deppeana) and Utah juniper
alligator juniper
(Juniperus osteosperma) watersheds on the Coconino National
Forest in north central Arizona. In the Utah juniper type, the
cabled (treated 1963, slash burned) and chemically treated
(100 percent herbicide treated in 1968, no removal or
burning) watersheds had 2.0 and 1.3 times, respectively,
greater peak discharges than their woodland controls. The
response of total runoff on the cabled and chemically treated
watersheds was 2.1 and 1.3 times their respective woodland
controls. There was no effect from a 5-year old treatment
where the trees were felled and left in place. The sediment
yield on the cabled juniper watershed was 2465 kg/ha (1 .l
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place treatments were broadcast seeded (same rate) to crested
wheatgrass. Treatments were applied to from 12 to 16 ha at
each site, The two sites were then fenced to exclude livestock.
The Milford site is within the Basin and Range Province at
an elevation of approximately 2,000 m. Parent material of the
soil is basaltic rock. Soil profile depth is 1.3 meters. Soil
texture varies from sandy loam to loam; average rock content
(by weight) of the soil is 35%; pH averages about 8.0; and
organic matter content generally ranges from 1.0 to 2.0%. The
mature woodland has a canopy cover which averages 15%
juniper (Juniperus osteosperma-350
trees/ha) and 10% pinyon (Pinus edulis-125 trees/ha). Brush cover averages 7% and
is composed of big sagebrush (Artemisia tridentata), black
sagebrush
(Artemisia
nova),
and broom
snakeweed
(Gutierrezia sarothrae). Small amounts of phlox (Phlox spp.),
Lupine spp., Eriogonum
spp., Penstemon spp., and Indian
ricegrass (Oryzopsis hymenoides) also occur as part of the
understory.
The chaining-with-debris-in-place
treatment at Milford currently has a 5 to 10% cover of big sagebrush and about the
same amount of broom snakeweed. Ground cover consists
primarily of weakly developed erosion pavement (30-60%),
litter (2045%),
crested wheatgrass (Agropyron cristatum)
(lo-15%)
and the balance bare ground. The chain-withwindrowing treatment currently has trom IS to SU% erosion
pavement, 30 to 60% bare soil, 15 to 35% crested wheatgrass,
and the balance litter (Table 1).
The Blanding site is within the Colorado Plateau at an
elevation of about 2,150 m. The parent material of the soil is
primarily sandstone, and the soil profile depth is 1.5 meters.
Soil texture is mostly sandy loam with few, if any, rocks
present; pH averages about 8.0; and organic matter content
Fig. 1. Map showing general location of the two study sites in southeastern and southwestern Utah.
Table 1. Average cover characteristics (%)’ on &l-hectare runoff plots
during 1968-7 1 at the Milford and Blanding study sites.

tons/acre) while sediment yield from the chemically treated
watershed was 112 kg/ha (.OS ton/acre). Again, size of storm is
important.
Brown (1971) indicates that, for the various
treatments on the same experimental area, there had been no
significant changes in water or sediment yields as of November, 1969. Where only select portions of watershed have been
treated, increased runoff may not be as noticeable (Collings
and Myrick, 1966).
The objective of this study was to evaluate runoff and
sediment production from about June 6 to October 1 for a
5-year period from pinyon-juniper
sites chained-with-debriswindrowed,
chained-with-debris-in-place,
and natural woodland, using .04-hectare (.ll acre) runoff plots. It should be
emphasized that 5 years is the minimum amount of time
required for a study of this type in a semiarid situation.
Results and conclusions must therefore be interpreted with
this in mind, realizing that no information
is available to
define whether or not storm characteristics during this S-year
period were typical, below average, or above average for the
two study sites.
Site Descriptions and Methods
The study was undertaken
at two locations in southern
Utah (Fig. 1). One site is located about 72 kilometers west of
Milford and the other site about 70 kilometers west of
Blanding.
Chaining treatments were applied at both sites in the fall of
1967, and included chaining with windrowing of debris and
double chaining with debris-in-place.
The windrowed treatments were drill seeded to crested wheatgrass (Agropyron
cristatum) at 9.1 kilograms/ha (8 lb/acre) and the debris-inJOURNAL
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Milford
plot

Tree’

Windrow
Treated
1
2
3
4
5
Woodland
1
2
3

Runoff

0
0
0
0
0
control
21
24
36

5
4
Debris-in-place
Treated
1
2
3
4
5
Woodland
1
2
3
4
5

Shrub

Blanding
Ground3

Shrub

Ground

43
33
49
36
40

83
36
48
64
26
77
87
51
90
93

48
16
18
24
24

60
22
49
48
49

8
4
5
11

94
91
92
93
93

5
2
2
0

71
70
70
72
63

14
14
12
6
4

84
95
88
90
92

41
39
34
45
46

45
55
43
61
60

z

0
0
1
2
3
control
26
21
18
26
24

Tree

1 Percent cover in 1968 and 1969
across each plot at 5.7, 9.9, and
plot. During 1970 and 1971 an
top end of each runoff plot was
September of each year.
‘Includes both pinyon and juniper.
3 Includes grasses, forbs, litter, rock,

determined
from line transect data
22.2 m from top end of each runoff
additional transect at 16.5 m from
added. Measurements
were made m

and erosion

pavement.
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averages slightly less than 2.0%. The mature juniper (500
trees/ha) and pinyon (200 trees/ha) canopy coverage averages
24 and S%, respectively. Shrub cover is less than 1% and
consists of big sagebrush. Bare ground and litter make up the
balance. The bare ground category actually includes some
cryptogam species present in the top 3 cm of soil.
The chaining-with-debris-in-place
treatment
at Blanding
currently has a ground cover which consists primarily of 25 to
45% bare ground, 30 to 60% litter, and 12 to 20% crested
wheatgrass. The chain-with-windrowing
treatment
currently
has from 40 to 65% bare ground, 15 to 30% litter, and 17 to
25% crested wheatgrass cover (Table 1).
Paired runoff plots .04 hectare (0.11 acre) in size were used
during the period of approximately
June 6 to October 1 for
each of 5 years to study runoff under natural summertime
convectional rainfall (Fig. 2). The runoff plots were all located
prior to the chaining in the fall of 1967 and were installed
following the chaining treatments. There were separate controls for each treatment
and five paired runoff plots per
treatment, for a total of 20 plots per study site. Plot borders
were defined by redwood boards carefully buried in the
ground. The collection trench at the bottom of each plot was
lined either with 6 ml polyethylene
sheeting, 0.3-cm asphalt
coated plywood, or 30-cm half-round corrugated 16-gauge
steel, depending on the year. The area immediately below each
collection trench was sloped and drained to prohibit flow back
into the trench. Redwood boards 5 cm x 10 cm were used as a
lip at the front of the trench when plywood or polyethylene
sheeting was used. Each collection trench conveyed runoff
water to a 30-centimeter Type HS flume with a Stevens Type
F water level recorder. The runoff water then dropped into
one end of a 2.1 x 0.6 x 0.3-m aluminum sediment tank with
2.5cm baffles spaced at about 30-cm intervals on the bottom.
When the tank filled, water ran out the opposite end. The tank
simply provided a sediment index for each plot, since there
was no attempt to collect all the runoff water. Sediment
records are probably biased, therefore, toward the fraction of
materials which would settle to the bottom of the tank before
being carried out. Because of high rabbit populations
at
Milford, runoff plots were fenced during the spring of 1970 to
exclude rabbits. No fencing was necessary at Blanding.

Fig. 2. General ikyout of .04 hectare (0.1 I -acre) runoff plots.
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Two recording
20.3-cm (8-inch) raingages and several
additional nonrecording 20.3-cm raingages are maintained at
each site.

Table 2. Average runoff values (area centimeters) from paired runoff
plots at Milford and Blanding. Each value is an average of five runoff
plots.
Chain-with
Place
and date

Total rainfall (cm)

Woodland
control

windrow
Treated

Milford
7-30-68
7-3 1-68
8-08-68
g-05-70

4.19
1.52
1.78
3.73

1.96
.30
.05
.18

3.232
.48’
.183
.303

B landing
7-28-68
7-30-68
8-05-68
8-03-70
8-04-70
8-16-704
8-19-70

1.14
1.14
3.68
3.23
2.06
2.54
1.90

.05
.08
1.07
.13
0.30
0.38
0.41

.183
.23’
1.322
.63l
o.942
0.69l
0.812

’Significantly
different
2 Significantly
different
3 Significantly
different
4Total precipitation
on
2.54
cm, while on the
precipitation
was 1.93

Chain-with

from woodland
from woodland
from woodland
the windrowed
debris-in-place
cm.

debris-in-place

Woodland
control

Treated

No record
No record
No record
.18

No record
No record
No record
.05
0
.02
.363
0
.05
O2
.05

.05
.08
.81
.05
.lO
.lO
.08

at .05 level of probability.
at .lO level of probability.
at .20 level of probability.
site and adjacent woodland was
site and adjacent woodland total

Results and Discussion
Runoff events occurred at both sites during only 2 years
(1968, 1970) of the study. During 1968, plot construction was
still underway, so some data on both runoff and sediment was
lost. This was particularly true for sediment records.
Table 2 is a tabulation of runoff events recorded at the
Milford site. During 1968 there were three storms of sufficient
size and intensity
to produce runoff. In all cases the
chain-with-windrow
plots yielded more water than plots in the
woodland. The large amount of runoff recorded on July
30,1968, was a result of moist soils resulting from several
consecutive days of small storms, plus high intensity rainfall.
The only other runoff event at Milford was recorded on
September 5, 1970, when 3.73 cm (1.47 inches) of rainfall
fell, only a small part of which fell at intensities great enough
to cause overland flow. Grass cover on the chain-withwindrowing
area had increased significantly by 1970, but
there is no evidence to indicate that the increased vegetal cover
influenced runoff. From 1.6 to 1.7 times more water was
yielded from chained-with-windrowing
plots than was yielded
from woodland plots for the three larger runoff events at
Milford. As for debris-in-place plots, there were no records for
1968, and runoff from the September 5,1970, storm was not
significantly different from the natural woodland.
Table 2 also shows runoff events at the Blanding study site.
The trend, regardless of year, is the same as at Milford. The
only major runoff event recorded from debris-in-place plots
during the entire S-year study was during the storm of August
5, 1968. Even though ground cover (grass, forbs, litter) had
increased from 11% or less on windrowed plots in 1968 to
from 44 to 74% in 1970, more water was still being yielded
from windrowed plots than from adjacent woodland plots.
From 1.2 to 3.5 times more water was yielded from
chained-with-windrowing
plots than from woodland plots in
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Increased runoff from windrowed treatments (as compared
to runoff from the woodland)
seems logical, based on
infiltrometer studies. However, why has there been no increase
in runoff from the debris-in-place treatment? It appears that
infiltration rates at given points on the debris-in-place treatment have been only slightly affected by the chaining
activities. Apparently,
in these instances, the debris left
scattered on the soil surface acts as both retention
and
detention storage, the magnitude of which is large enough to
minimize or nearly eliminate all runoff. The soil under the
debris-in-place treatment is not able to absorb water any faster
than is the soil under the woodland-it’s
just held on the
landscape until the soil has the time to absorb it. Skau (196 1)
has estimated that the volume of pits alone (left after
uprooting juniper trees) on a Beaver Creek watershed southwest of Flagstaff, Ariz., was enough to reduce surface flow .2
to .7 cm annually. That did not include influence of debris
which was left scattered around. The debris-windrowed
treatment does not have this added protection, and the potential
for plant cover (even under protection from all grazing), under
conditions of this study, was not great enough to reduce overland flow below that measured from the woodland. This is
combined with the fact that nearly the entire windrowed treatment yields water during a runoff event while in a woodland
most of the water is yielded from the interspaces between the
trees, the result being a smaller contributing area within the
woodland and, therefore, less water yield.

Table 3. Sediment index records (kilograms) from paired runoff plots
at Milford and Blanding. Each value is an average of five runoff plots’
Chain-with

Chain-with

debris-in-place

Total rainfall (cm)

MiIford
8-08-68
g-05-70

1.78
3.73

0
0.5

0
3.04

B landing
7-28-68
7-30-68
8-05-68
8-03-702
8-04-70

1.14
1.14
3.68
3.23
2.06

0
0
26.6
0.8

0
0
41.9
3.2

0
0
6.2
0.3

0
0
4.0
0

2.543
1.90

8.4

19.15

1.7

1.5

8-l 6-702
8-19-70

Woodland
control

windrow

Place
and date

Treated

Woodland
control

Treated

No record
0.2

No record
0.4

’Sediment

records not available for storms of 7-30-68
and 7-31-68
at
Milford.
’Sediment index records are combined for storms on these two dates.
3Total precipitation
for two storms on the windrowed
site and adjacent
site and adjacent
woodland
was 4.44 cm, while on the debris-in-place
woodland
the total precipitation
was 3.68 cm.
4 Significantly
different from woodland
at .lO level of probability.
5 Significantly
different from woodland
at .20 level of probability.

1968, and from 1.8 to 5 times more water was yielded from
windrowed plots in 1970.
Sediment index records are given in Table 3. The runoff
data and sediment indexes indicate that when runoff exceeds
about 0.1 cm from the woodland, from 1.6 to 6 times more
sediment can be expected from windrowed sites than from
adjacent woodland. Sediment yields from debris-in-place sites
were similar to those from adjacent unchained woodlands for
all storms during this study.
Relationship

of Runoff

to Infiltrometer
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Studies

Infiltrometer
studies at both the Milford and Blanding
study sites have shown that mechanical disturbance on the
chain-with-windrowing
treatment results in a significant decrease in infiltration rates during select periods of a simulated
storm (Gifford, et al., 1970; Gifford, unpublished data; Busby,
unpublished data). Part of the reduction in infiltration rates on
the windrowed
treatments
at the Blanding site can be
attributed to destruction of cryptogamic soil crusts as a result
of mechanical disturbance associated with chaining activities
(Loope and Gifford, 1972). Infiltration
rates on the chainwith-debris-in-place
treatment
have not been as greatly
affected due to much less mechanical disturbance of surface
soils.
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Soil Moisture

Response

to Spraying

Big Sagebrush

the Year

of Treatment

DAVID L. STURGES
Highlight: Spraying big sagebrush with 2,4-D in Wyoming reduced soil moisture loss
24% between June 24, the treatment date, and September 30. All of the reduction
accrued by August 4, during the time of active vegetative growth. Moisture was
measured to a 6-ft depth and 83% of the reduction was located in soil 2 to 6 ft deep.

Livestock grazing is the dominant land
usage on 145 million acres of sagebrush
lands in the West. Numerous studies,
substantiated
by ranchers’ practical experiences, amply demonstrate
that production by grasses at least doubles after
chemical control of sagebrush. This practice is now one of the chief management
techniques for improving rangeland production. Kearl’ estimates that 1.3 to 1.4
million acres of sagebrush range have
been sprayed in Wyoming alone through
1970, and extensive areas have also been
sprayed in other western states.
Ecologic changes, other than herbawhich accompany
ceous production,
spraying have not received attention commensurate with their importance. Modification of the soil moisture regime is one
such important change. After control, the
moisture normally withdrawn by sagebrush becomes available for other on-site
uses, or may ultimately enter a groundwater system and augment streamflow.
The author is research forester, Rocky Mountain Forest and Range Experiment
Station, Forest Service, U.S. Department
of Agriculture.
Research reported
here was conducted
at the
Station’s
Research Work Unit at Laramie,
in
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with University of Wyoming.
Station’s central
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Fort Collins,
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with Colorado
State University.
Manuscript received November 7, 1972.
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The ultimate test of how sagebrush control affects water yield must come from
precise streamflow measurements before
and
after
treatment.
Streamflow,
however, is an integrated product of all
hydrologic processes operating within a
watershed and indicates little about functioning of individual components.
This
paper focuses on one of the most important hydrologic processes of sagebrush
rangeland-soil
moisture withdrawal during the summer months-and
how chemical control of big sagebrush (Artemisia
tridentata Nutt.) affects withdrawal in
the treatment year.
Literature

Review

Most studies
concerned
with the
effects of big sagebrush control on the
soil moisture regime have been conducted
in Wyoming, but the results are inconclusive. Sonder (1959) measured soil
moisture gravimetrically
the year after
treatment at a low-elevation site in the
Red Desert of Wyoming and 6 years after
spraying at a middle-elevation site in the
Big Horn Mountains. Soil samples were
collected once a month in July, August,
and September at depths of O-l, 6-7,
12-13, and 18-19 inches. Soil moisture
content, when averaged over all sample
depths and sampling dates at the Red
Desert location, was 1.7% higher under
the sprayed stand. Treatment differences
were not detected in the Big Horn Mountains. Sheets (1968) followed soil moisJOURNAL
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ture levels under sprayed and unsprayed
sagebrush stands in southcentral
Wyoming for 4 years after treatment. Soil
moisture content was measured with the
neutron probe to a depth of 4 ft. Spraying had no effect on moisture depletion
the treatment year, but withdrawal was
reduced in June the year after treatment.
However, no differences were detected in
the second, third, or fourth year after
treatment.
In still another Wyoming study at a
high-elevation
big sagebrush stand, the
neutron probe was used to evaluate soil
moisture change to a depth of 6 ft the
second growing season after treatment. In
contrast to other studies, Tabler’s (1968)
data indicated
that summer moisture
withdrawal was substantially reduced by
spraying. Soil moisture was measured
every 2 to 3 weeks at I-ft increments. An
overall reduction
of 14% in seasonal
moisture depletion was found with 86%
of the difference accruing between June
24 and August 22, and 75% of the total
difference localized in soil deeper than 3
ft. Moisture
extraction
was actually
greater at the l-2 ft depth in the sprayed
stand, which was attributed to increased
moisture use by grasses responding to
release from sagebrush competition.
In Utah, Cook and Lewis (1963)
measured soil moisture gravimetrically at
depths of 1, 2, and 3 ft during July and
August for 3 years after sagebrush control. Soil moisture content at the 1-ft
depth was similar for sprayed and unsprayed sagebrush stands each year. Moisture content was 1.2 and 1.9% greater at
depths of 2 and 3 ft, respectively, under
sprayed sagebrush the year following
treatment, and 0.8 and 1.5% greater at
RANGE
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was the difference in withdrawal between
treatments significant for any sampling
interval. The only term consistently significant (P <0.05) in the variance analysis
was “depth,” as moisture withdrawal was
greater in surface soil than at greater
depths. Based on the 1969 data for
cumulative seasonal moisture withdrawal,
a 10% decrease in depletion was detectable at the 0.05 probability
level for a
type I error and a 0.20 probability level
for a type II error.
Treatment

Year

Moisture measurements began May 27,
1970, 2 weeks later than in 1969 because
of delayed snowmelt,
and terminated
September 30. Soil water content to a
6-ft depth was the same for both treatments on May 27, and within 1 inch of
that on the first measurement
date in
1969. Summer precipitation
was 5.29
inches.
Both treatments had similar depletion
patterns until application of 2,4-D June
23 (Fig. 2). Then, depletion decreased
sharply on sprayed plots in comparison to
undisturbed vegetation (Table 1). Seasonal depletion in the surface 6 ft of soil was
reduced 24% between June 22 and September 30, which was highly significant
(P<O.Ol). Depletion from sprayed and
unsprayed sagebrush stands after treatment equalled 7.1 and 9.4 inches, respectively.

Table 1. Moisture loss (inches) at six measurement depths following sagebrush control, June 23September 30,197O.
Depletion between sampling dates
Depth
(ft)

Treatment

o-1

Sprayed
Unsprayed
Sprayed
Unsprayed
Sprayed
Unsprayed
Sprayed
Unsprayed
Sprayed
Unsprayed
Sprayed
Unsprayed
Sprayed
Unsprayed

l-2
2-3
3-4
4-5
5-6
O-6

6/22- 7/l7/l
718

7/87122

7/22- 8/4- 8/19- 9/2- 9/16814
8119 912
9116 9130

0.9
1.0
0.3
0.5
0.1
0.2
0.1
0.1
0.0
0.0
0.0
0.0
1.4
1.8

+0.5
+0.6
0.6
0.7
0.2
0.6
0.1
0.3
0.1
0.2
0.1
0.2
1.1
2.0

0.6
0.7
0.2
0.2
0.1
0.4
0.0
0.2
0.0
0.1
0.0
0.0
0.9
1.6

0.4
0.4
0.3
0.6
0.1
0.2
0.1
0.1
0.1
0.1
0.0
0.1
1.0
1.5

+O.l
+O.l
0.1
0.0
0.1
0.1
0.1
0.1
0.1
0.2
0.1
0.1
0.5
0.5

+0.9
+0.8
0.1
0.0
0.2
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.6
0.4

0.3
0.4
0.0
0.0
0.0
0.0
0.0
0.0
0.1
0.0
0.0
0.0
0.4
0.4

2.3
2.5
1.9
2.1
1.1
1.8
0.7
1.2
0.7
1.0
0.4
0.8
7.1
9.4

plots was significantly less (KO.05) after
spraying for sampling intervals through
August 4, but after this date depletion
was similar for both treatments (Table 1).
The reduction in depletion was not
uniform with depth (Fig. 3). The difference in withdrawal between unsprayed
and sprayed vegetation equalled 0.2, 0.2,
0.7, 0.5, 0.3, and 0.4 inch per foot at the
six measurement depths beginning at the
O-l ft depth. Thus 83% of total reduction
came at depths greater than 2 ft. The

combined grass-forb production was similar for both treatments since the decrease
in forb production on sprayed plots was
offset by increased grass production.
Soil moisture was measured 8 and 15
days after spraying to determine how
quickly the depletion rate changed after
treatment.
The herbicide acted almost
immediately; sprayed plots lost 22% less
moisture the first 8 days after treatment
and 33% less moisture over the next 7
days. Moisture withdrawal on treatment

Unsprayed
1969 O-0
1970 m-----m

Sagebrush was growing rapidly when
sprayed,
and an excellent
kill was
achieved. Brush appearance had changed
noticeably within 1 week after spraying,
but most leaves remained on the sprayed
plants until mid-August,
even though
they were brown and brittle. More than
95% of the sagebrush plants were estimated as dead in early October.
Spraying with 2,4-D greatly modified
the quantity
of vegetation
produced.
Herbaceous production, including current
growth of sagebrush, was measured in
July both years as grasses matured. Total
production
averaged 1,265 pounds per
acre of oven-dry herbage the year before
treatment.
The contribution
by sagebrush, grass, and forbs was 92 1,295, and
49 pounds per acre respectively or 73,23,
and 4% of the total. Untreated sagebrush
plots produced 1 ,167 pounds oven-dry
herbage per acre in 1970, which was
similar to production in 1969. Spraying
decreased total production 63%, to 437
pounds per acre, because of the loss of
sagebrush. Grass production
increased
20% with respect to unsprayed plots, but

0.1
0.0
0.3
0.1
0.3
0.2
0.2
0.3
0.2
0.3
0.1
0.3
1.2
1.2
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Fig. 2. Cumulative change in moisture content and daily precipitation for the 1969 and 1970
growing seasons.
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2.0

withdrawal
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withdrawal at six measurement

reduction was also concentrated
into a
relatively short time period. The overall
difference in withdrawal was 2.3 inches,
and all of the difference
accrued by
August 4.
The change in withdrawal
between
treatments was concentrated in the upper
3 ft of soil immediately after spraying.
Major withdrawal zones shifted to the 3-6
ft depth under sagebrush stands as the
season advanced and remained there until
mid-September.
Moisture withdrawal for
the August 4-19 period depicts the shift
in depletion zones particularly well. Both
treatments had an average profile loss of
1.2 inches, but losses were almost reversed at the O-3 and 3-6 ft depths (Table
1). The loss under sprayed and unsprayed
plots in the surface 3 ft of soil was 0.7
and 0.3 inch, respectively, but at depths
of 3-6 ft, losses were 0.5 and 0.9 inch.
Grasses were still using some water from
the upper 3 ft of soil during this period,
although most species had matured and
set seed. The deep root system of sagebrush enabled it to draw water from
below the major rooting zone of herbaceous species.

3.0
tog/30

depths following

sagebrush control

Discussion
The seemingly contradictory results of
this and Tabler’s (1968) study with conclusions of earlier authors probably stem
from several sources. Most importantly,
early studies failed to sample soil moisture throughout the full rooting zone of
sagebrush. Current results as well as those
of Tabler indicate
that most of the
reduction in moisture withdrawal after
spraying is from soil deeper than 2 or 3
ft. Sonder (1959) sampled only to 18
inches, while Cook and Lewis’s (1963)
deepest sample depth was 3 ft.
The neutron probe is superior to gravimetric sampling for soil moisture studies,
particularly when the parameter of interest is the change in moisture content.
The covariance between repeated measurements at the same location greatly
reduces sampling variance. The neutron
probe has a sphere-of-influence
large
enough to smooth out many of the
micro-variations
in soil moisture content
encountered
with gravimetric sampling,
which
also decreases
sampling
variance.

By sampling soil moisture throughout
the soil profile and at frequent intervals
during the growing season, major zones of
water use can be identified, as well as
periods of active moisture extraction.
Rainfall during the period of most active
growth, mid-June-July was 1.82 and 0.86
inches in 1969 and 1970, respectively,
and usually less than 0.25 inch was
received per day. Consequently, depletion
reflected
evapotranspirational
largely
losses in the period. Depletion rates for
natural sagebrush stands were similar in
both years (Fig. 2) and reflect extraction
rates necessary to sustain physiologic
processes during active growth. Early in
August, however, the rate of depletion
decreased sharply, which coincided with
the time grasses were maturing and sagebrush was completing
its vegetative
growth for the year.
The 24% reduction in depletion measured in this study indicates that spraying
can have a pronounced influence on the
soil moisture regime of sprayed sagebrush
lands where conditions
are similar to
those at the study site. The sagebrush
stand was extremely dense, soils were
of winter snow
deep, and deposition
ensured sufficient water to fully recharge
the soil mantle. The reduction
in soil
moisture withdrawal was not uniform
through the soil mantle, but was concentrated below 2 ft in soil formerly occupied by live sagebrush roots but below
the major rooting zone of residual vegetation. The reduction in depletion was also
concentrated
into a short time interval
while vegetation was actively extracting
water to support vegetative development,
and did not accrue uniformly through the
summer months.
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14 Years
Control

of Rabbitbrush
in Central

Oregon

JOSEPH M. MOHAN

Highlight: Fourteen years (1956 to 1970) of chemical control for rubber and green
rabbitbrush using the ester forms of 2,4-D produced consisrenr conrrol, ranging from
85 fo 98% on rubber rabbitbrush. The nmounf of new twiggrowrh, soil moisture, rate
and methods of application, total seasonal rwig growth, and subsequent drought
conditions proved criticnl for effective kills. Selective kills were achieved by manipulation of these factors. Site potential and response IO changes that result from chemical
control nnur be recognized. “Dminage Effect” is LIcomplex of thermoldrofts, topography, and soil differences that can adversely influence rhe percenrage of rabbitbrush
controlachieved
The Crooked River National Grassland
lies about 130 miles southeast of Portland, Ore., near the town of Madras
(Fig.1). Elevation ranges from 2241 ft at
Madras to 5108 on Gray Butte. Average
annual precipitation for the last 24 years
is 8.8 inches, varying from 4 to 12 inches.
Frost-free periods usually do not exceed
100 days. Soils are sandy to sandy loam
in texture and susceptible to wind erosion. Land form is a gentle north slope
broken by numerous lava rimrocks and a
few precipitous canyons.
Vegetational types are generally associations of western juniper (Juniperus
occidentalis Nutt.), big sagebrush (.4rtemisia tridentata Nutt.), bluebunch wheatgrass
(Agropyron
spicotum
(Pursh.)
Scribn. and Smith.), with Idaho fescue
(Fesruca idahoensis Elmer.) on the steepa north slopes.
At one time over 700 homesteads and
ranches were located within this area;
however, land being farmed was abandoned due to drought in the 1930’s.
About 65,000 acres of abandoned cropland reverted to a dense stand of rubber

(Chlysothamnus
nnusemu~
rabbitbrush
(Pall.) Britt.) with some green rabbitbrush
(C. viscidiflum (Hook.) Nutt.) and big
sagebrush. On these lands rubber rabbitbrush usually grows in excess of 40 inches
high and is so dense as to make observation of ground cover difficult.
Chemical control of rabbitbrush
on
the Crooked River National grassland was
first recorded in 1951. This area was then
known as the Central Oregon Land Utilization Project under the administration
of Soil Conservation
Service. A June
application of butyl ester of (2,4-dichlorophenoxy) acidic acid (2,4-D) appeared
to achieve good control of rubber rabbitbrush, but little lasting control was noted.
A 1954 application
of butyl ester of
2,4-D at 1.8 pounds of acid equivalent
per acre gave 86% control of rubber
rabbitbrush.
This administrative study reviews the

brush control by spraying on the Grassland from 1956 through
1970. Some
spray was applied with ground rigs and
fixed wing planes, but most was applied
by helicopter. Diesel oil has been the
carrier with few exceptions.
Review of Literature
For good results from spraying, new
twig growth on rabbitbrush must exceed
3 inches, according
to Hyder et al.
(1958). Paulson and Miller (1968) found
Parry rabbitbrush (Chrysothamnus
parryi
(Gray.) Greene.) was killed 68% in a
3.inch twig growth, and 82% at 3 to
(I-inch twig growth. In drought years,
rabbitbrush will not produce enough new
twig growth to reach susceptible stage of
development (Hyder et al., 1957).
The most effective single date for
spraying
rabbitbrush,
according
to
Robertson
and Cords (1957), was the
middle of the active growing period,
when the carbohydrate
re~ervtx in the
twigs were relatively high and were being
rapidly depleted. Regrowth is often a
problem
in spraying rabbitbrush
(Kissinger and Vaughn, 1952b; Hyder, 1966;
McIlvain and Savage, 1946).
Hyder et al. (1958) recommend spraying rabbitbrush when Sandberg bluegrass
(Paz securuia Presl.) reaches a flowering
stage in which it has matured yet retains
some green color. Laycock and Phillips
(1968) found evidence of possible harmful effects of improperly timed spray on
rabbitbrush,
since 2,4-D applied at an
unsuitable time may allow rabbitbrush to
increase by removing broadleaved competition. Hyder et al. (1957) controlled
big sagebrush
and green rabbitbrush
simultaneously
with
proper
timing.
McKell (1956) found that the green
rabbitbrush
flowering stage is approximately a week or two earlier than rubber
rabbitbrush,
which, in turn, is about 2
weeks earlier than big sagebrush.

Butyl ester 2,4-D with water as a graphs and colored slides of these measurecarrier gave most satisfactory
kills for
ments
were taken.
Distance
down
to
damp soil adequate
for maximum
plant
some (Tingey and Robinson, 1952; Hyder
growth was measured and recorded daily.
et al., 1952). Hull et al. (1952) found
Results of the years 1956- 1966 were
highest average kills with diesel as a
recorded
in September
1968; results for
carrier. A 3 pound per acre acid equivathe years 1967- 1970 were recorded
in
lent of 2,4-D gave good rabbitbrush conOctober 197 1.
trol (Hyder et al., 1958; Hyder, 1966).
For each year’s spray treatment
Rabbitbrush and bunchgrass appear to
100 measurements
were made along a
be in direct competition with each other
pace transect.
Paced intervals
were six
(McKell and Chilcote, 1957) because of paces or approximately
36 feet. The
the nature of their root systems. Old rabbitbrush
or sagebrush plant nearest to
Kill was
rabbitbrush
plants (in the 25-year old the left foot was recorded.
by plant kill, not top kill.
class) appear to be almost independent of determined
weather conditions or competition
from Partial top kill was also recorded but is
bunchgrass or smaller plants because they not included in Table 1.
have both a deep and spreading root
Results Observed
system (McKell, 1956).
Frischknecht
(1963)
at Benmore,
Site Recognition
Utah, compared root systems of rubber
Recognition
of sites for rabbitbrush
rabbitbrush
and big sagebrush. Lateral
control
involves
some knowledge of indiroots of big sagebrush became more
highly developed than lateral roots of cator species, soil texture, soil depth,
available content of the soil, and site
rubber rabbitbrush in surface soils, the
potential. Areas incapable of supporting
zone where grass roots are more numerbig
bunchgrass, such as bluebunch wheatous. Frischknecht
questioned
whether
grass, should be excluded from the spray
control of rabbitbrush in crested wheatgrass stands is justified on the area he project area. Indicator species and soils
are an integral unit. Indicator species can
studied. Plant communities give a better
be
considered an expression of site, while
indication of the nature of environment
soil texture is one of the determining
than individual factors (Oosting, 1958).
factors of that site. Big sagebrush with an
Methods of Study
understory of native perennial bunchgrass
is indicative of an excellent spray opporTable I summarizes
the 14 herbicide
applications
on rubber rabbitbrush,
green
tunity,
but sagebrush
or rabbitbrush
rabbitbrush,
and big sagebrush
for the
alone is not as good an indicator of spray
years of 1956 to 1970 evaluated
in this
potential.
study.
Round-headed buckwheat (Eriogonum
Each year during spraying, new twig
sphaerocephalum (Dougl.) ex Benth.) or
growth measurements
of the species being
stiff sagebrush (Artemisia rigida (Nutt .)
controlled
plus that of the associated
Gray.), are fair to good big game forage.
species and stage of development
were
They grow in soils too shallow to support
recorded
daily. Black-and-white
photo-

Table 1.

Treatments

made and results obtained

bunchgrass and should not be sprayed.
On the grassland, stiff sagebrush occurs in
9 inches or less of soil above bedrock;
wild buckwheat occurs in the 9- to 1 linch soil depth.
Needleandthread
(Stipa comata Trin.
and Rupr.)
and Thurber
needlegrass
(Stipa thurberiana Piper.) indicate a
severe site with extreme soil drainage in
the top few inches. Chemical control on
these sites often appears to be spotty or
variable. This is due to the rapid loss of
soil moisture in the top 4 inches. Top soil
droughtiness often inhibits seedling establishment on this site after spray application.
Each locality and site will have its own
combination
of indicator plants. Consistently successful rabbitbrush control cannot be expected without the ability to
interpret correctly such indicators.
Drainage Effect
Drainage effect is the term applied
when the effectiveness
of spraying is
reduced by thermal updrafts and downdrafts, deeper, more sandy soils, and
rolling terrain (Fig. 2). Micro-climate is
influenced
by such features as topography, soil texture, and soil moisture. The
pattern and kind of thermal air currents
associated with these factors apparently
contribute to this phenomenon
that reduces effectiveness of spray.
Decrease in rabbitbrush
control of
from 20 to 50% has been noted in wide,
shallow drainages with very sandy soils.
Steep or V-shaped drainages do not seem
to experience this reduced control. Wide,
shallow drainages are subject to crosswinds and turbulence
as well as the

from 14 tests of 2,4-D applications to rubber and green rabbitbrush and big sagebrush.
Kill (%)

Year

Method of application

1956
1957
1958
1959
1960
1961
1962
1963

Ground-boom
Fixed wing airplane
Fixed wing airplane
No spraying-insufficient
Helicopter
Helicopter
Helicopter
Helicopter

1964
1965
1966
1967
1968
1969
1970

Helicopter
Helicopter
Helicopter
Helicopter
Helicopter
Helicopter
Helicopter

‘Spray results based on evaluations
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2,4-D formulation
& carrier

Lbs/acre
acid equiv.

Butyl ester + water
,,
,,
,,
,,
,,
,,
twig growth due to drought.
Butyl ester + diesel
,,
,,
,,
,,
,,
,,
(Low volatile) IsoOctyl + diesel
,,
,,
,,
,,
,,
,,
9,
3,
,,
,,
,,
3,
,,
3,
9,
,,
,,
,V
,,
,)
,,
(1956-1966)
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Rubber
rabbitbrush

Green
rabbitbrush

Big
sagebrush

91
0
0

72
0
0

28~4
2
2

6/9,6/21
6119
616-617

9168
9168
9168

98
95

2
2
2

615-617
6/16-6/18
6114-6122

9168
9168
9168

85
85
96

85
29

85
10
100

9168
9168
9168
9168

94
96

75
75
29

75
94
80
94
73
79
100

2
2
2
2
2
2
2
2

6/10-6/15
613-6113
612-617
5 126-5 I29
6/10-6/12
618-6116
5/27-6/l 1
6/10
in 1968, and (1967-1970)
in 1971.

November

Date’ results
judged

10/71
10/71
10/71
10/71

14

83
100
85
72
78
98

-

42
55
41
71
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thermal updrafts
and downdrafts
which
are also channeled
in the steeper
Vshaped drainages.
Two such occurrences,
one in the East
Cyrus pasture and the other in the North
Willow Creek pasture
of the grassland,
have been studied in some detail. Both
drainages
are
wide,
shallow,
and
(i-shaped,
and both have somewhat sandy
soils. The East Cyrus drainage is 1220 ft
wide and 35 ft deep, while the North
Willow Creek is 1840 ft wide and 15 ft
deep. Table 3 summarizes
these difference~ in effective chemical control.
Soils in the East Cyrus drainage were
classified as Degner gravelly loam in the
drainage bottom and as Degner clay loam
on the adjacent upland. Control on green
rabbitbrush
dropped
from 75% on the
upland
area to 25% in the drainage.
Rubber rabbitbrush
control ranged from
53% on the upland to 31% in the drainage. Big sagebrush
control
varied from
97% in the upland to 50% in the drainage.
Soils in the North willow drainage
were found to be Metolius sandy loam in
the drainage bottom and Agency loam on
the upland area. Control on the upland
area averaged 75% for green rabbitbrush,
96% for rubber rabbitbrush,
and 94% for
big sagebrush;
in the drainage
bottom

control was only 38% for green rabbitbrush, 50% for rubber rabbitbrush,
and
83% for big sagebrush.
Twig Growth

and Soil Moisture

Development
of at least 4 inches of
new twig growth
is basic for effective
chemical control of rabbitbrush.
Table 2
summarizes
the twig growth predictions
for the years of treatment.
In drought
years rabbitbrush
growth will not reach
this minimum.
Because 1959 was such a
year on the Grassland, we did not spray.
Adequate
soil moisture
for maximum
plant growth should be at or within 4
inches
of the soil’s surface
for best
rabbitbrush
control.
This means
very
damp
soil that
is slightly
below
the
saturation
point. Data demonstrating
the
validity of this criterion
are available in
the Grassland
files, showing
both good
results (over 90%) when moisture
was
favorable
and poor results (under 75%)
when soil moisture
fell below the 4.inch
level. On the Grassland, green rabbitbrush
control was less than SO% when spray ap
plication occurred when soil moisture was
below 4 inches.
Maximum
control
of
rubber rabbitbrush
was achieved with soil
moisture
in the 4.inch zone; over 85%

Inchesofnew twiggrowthbydates
Species

s/13

Rubberrabbitbrush
Range
O-2.5
Average
.66
Greenrabbitbrush
Range
O-2.5
*wage
.60
Big sagebrush
Range
o-2.75
Average
1.31

s/22

6/6

6115

6127

7125

O-2.5
.75

2.0-5.0
3.4

2.75-6.0
4.1

3.5-9.0
5.1

3.5-12.0'
8.1

o- .25
.I6

2.0-6.0
3.9

3.25-8.0
5.4

2.25-9.0
5.7

3.5-12.0'
8.1

1.2-4.7
1.42

4.0-7.0
5.1

3.0-8.0
5.25

2.5-9.0
5.3

4.5-12.0'
8.9

~Tofalseasonalgrowth had ceased.

control
of this species has also been obtained when the soil moisture
level was
down to the 7.inch zone.
Two pounds acid equivalent
of butyl
ester
2,4-D
per acre was applied
to
the North Grizzly pasture in 1957. Soil
moisture was down to 5 inches; new twig
growth was 5 inches long on big sagebrush and 6 inches on both green and
rubber
rabbitbrush.
Ninety-five
percent
control
of rubber
rabbitbrush
was obtained, with no control
of either green
rabbitbrush
or big sagebrush.
Soil moisture was below the required depth, so no
green rabbitbrush
was killed. Big sagebrush was too far advanced in develop
ment for effective control.
The east side of Round
Butte was
sprayed
in 1969 with
3 lb/acre
acid
equivalent
of iso-octyl
2,4-D. Big sagebrush had 3 inches of new growth, green
rabbitbrush
3 inches, and rubber rabbitbrush 2 inches. Soil was damp 2 inches
below
the
soil surface.
Temperature
ranged from 49 to 57°F. Control was as
follows: Green rabbitbrush,
95%; rubber
rabbitbrush,
41%; and big sagebrush,
58%; Unsatisfactory
control
of rubber
rabbitbrush
was due to insufficient
new
twig development.
Excellent
control
of
green rabbitbrush
was attributed
to sufficient
twig development,
soil moisture
within the 4.inch level, and application
of
3 lb/acre acid equivalent.
Big sagebrush
control
was too late to achieve
best
results, as this species usually rraches the
stage of maximum
susceptibility
2 to 3
weeks earlier than green rabbitbrush.
Formulations

and Carriers

Spray applications
on the Grassland
prior to 1963 contained
butyl ester of
2,4-D with both diesel oil and water as
carriers.
Since 1963 iso-octyl
ester of
2,4-D and diesel oil have been used in a
total formulation
of 3 gallons per acre.
Use of diesel oil as a carrier cuts down
weight, which is always a cost factor in
aerial operations.
In addition,
diesel oil
helps the mixture to penetrate
the leaf
surface.
If green rabbitbrush
exceeds SO% of
the crown cover, results on the Grassland
indicate
the need for application
of 3
lb/acre of an ester form of 2,4-D. This
same concentration
can cause extensive
resprouting
in rubber rabbitbrush,
which
requires the 2 lb/acre acid equivalent
of
an ester form of 2,4-D.
Controls
Spray applied with spotty distribution
01 in incorrect amountS can cause failure

Table 3.

Drainage

effect

on

chemical

control

in drainage areas as contrasted to

adjacent upland area.
Control
Upland

(%)
Drainage

Area

Species

East Cyrus

Big sagebrush
Green rabbitbrush
Rubber rabbitbrush

97
75
53

50
25
31

North Willow

Big sagebrush
Green rabbitbrush
Rubber rabbitbrush

94
75
96

83
38
50

in brush
control efforts. Drift is affected
by droplet size, gravity, and turbulent
air, Droplets of 1 ,100 microns and larger
fall by gravity. Air resistance is minimal
(Boving, 1965). Contracts for aerial spray
work usually specify size of orifice tips,
allowable discharge rate, and spray boom
operating pressure. If these contractual
requirements
are met, field conditions
produce 2 added causes for variable
droplet size and distribution, namely: air
and thermal
disturbulence
(wind)
Drift is defined
turbance (temperature).
as that deviation from the intended spray
pattern due to wind or air turbulence and
detectable on oil sensitive cards.
Control of drift is measured by placing oil sensitive cards in the area to be
protected and watching these cards during the spray operation. Control of drift
is achieved by quick radio action if spray
droplets begin to appear on these cards,
and by timing spray application to take
advantage of upslope or downslope winds
which carry the spray away from the
desired protection area.
Vokztization
of spray is defined as
that vaporization of fine droplets which
occurs at 70°F. and above. Volatization
droplets are often too fine to be detectable by the oil sensitive cards. Shutting
down spray operation at 70°F is the best
prevention. Volatized material can drift
for great distances, as attention to temperature is important.
*

Forage Production

In 1960, 1100 acres of the Rush
Pasture were sprayed primarily for rubber rabbitbrush.
In 1961 the remaining
700 acres were sprayed. On the same site
in 1961, crested wheatgrass covered by
the 1960 spray operation remained green
for 3 weeks longer than that on the
adjacent unsprayed
area. Total heightgrowth of crested wheatgrass averaged 3
to 4 inches more in the sprayed area.
Available forage in this pasture rose from
400 AUM in the fall prior to spraying to
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about 1000 AUM at the same season of
use after control. Under central Oregon
conditions,
rabbitbrush
more
control
than doubled forage production.
Conclusions

Consistent chemical control of both
green and rubber rabbitbrush is possible
if certain standards are met. Based on
observed
over
the years
results
1956- 1970, the following requirements
for maximum
effectiveness are: 1) at
least 4 inches of new twig growth on
both green and rubber rabbitbrush;
2)
two pounds of acid equivalent per acre of
2,4-D ester for rubber rabbitbrush and 3
pounds acid equivalent per acre if green
rabbitbrush
predominates;
3) adequate
soil moisture
for good plant growth
within 4 inches of soil surface at the time
of spray application;
4) wind velocity
below 7 miles per hour and temperature
of below 70°F; and 5) helicopter or
plane remaining at or below 20 ft in
altitude when spraying. Dry, hot weather
shortly after spraying application
contributes significantly
to effectiveness of
brush control.
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Effect

of Clipping

of Crested

91 cm apart. Although this system produced exceptionally uniform stands, the
planting required too much time. In
1967, 1968, and 1970, seeding was done
with a cone seeder at a seeding rate of 26
seeds per meter of row. Seeding depth
was 2 cm in all tests on a firm, fallowed
seedbed. One planting was made in April
of each year, except for 1970 when
planting dates were April 10, April 24,
May 8, and May 25.

on Survival

Wheatgrass

Seedlings
WILLIAM J. McGINNIES
Highlight: Seedlings of crested wheatgrass (Agropyron

(Fisch. ex Link)
Schult.) from spring plantings were clipped to a 1.3-cm stubble or to ground level in
the year of seeding in 6 years between 1954 and 1970. Two to nine clipping dates per
year, between May and August, were used. Seedling survival was measured in the fall
of the year of seeding. Clipping to 1.3 cm reduced survival by 0 to 13%, but the reductions were considered to be of no practical consequence.
Clipping to ground level
reduced survival by 0 to 61%, and the reduction varied greatly between years, dates of
clipping, and dates of clipping within years. There was no consistent relationship
between date of clipping and survival. It was not possible to predict seedling mortality
from date of clipping, or from number of tillers or height of seedlings at time of clipping. In 1970, when height measurements were made, plant height in September
decreased for later dates of planting, and height of regrowth after clipping decreased
with later dates of planting and later dates of clipping.

The general practice in range seeding is
to protect the seeded stand from grazing
or other disturbance for 1 to 3 years after
seeding. Hull (1944) reported that full
stands could be obtained under grazing,
but vigor was likely to be low. The costs
of preventing grazing of the seeded stand
by livestock or other animals can be large,
and an alternate source of feed may be
needed for several years while the seeded
stand is being established. Seedling damage by rodents, rabbits, insects, or hail
may be difficult to prevent, and weed
control (McGinnies, 1968) in the seedling
stand may also entail seedling damage. I
have observed a number
of seedling
stands that appeared to have been severely damaged by insects, hail, cattle, or
rabbits; later, these stands recovered with
no apparent adverse effects from the
disturbance.
Because of this apparent
conflict with generally accepted recommendations, a series of studies in which
seedlings were clipped to simulate herbage removal by grazing and other causes
was conducted to determine the effects
of this type of seedling damage on seedling survival.
Methods and Materials
Separate experiments were conducted
The author is range scientist, Agricultural
Research Service, U.S. Department of Agriculture, Crops Research Laboratory, Fort Collins,
Colorado.
The research is a contribution of Agr. Res.
Serv., U.S. Dep. Agr., in cooperation
with
Colorado State University Experiment Station.
It is published with the approval of the Co10 rado Agricultural Experiment Station as Scientific Series Paper No. 1828.
Manuscript received January 17, 1973.
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desertorum

in each

of 6 years between 1964 and
1970, and each year the experiments
were changed or modified as a result of
the previous year’s experiences. In 1964,
1965, and 1966, plantings were made at
the Foothills Experimental Range east of
Fort Collins, Colo., on a Cass fine sandy
loam. Plantings were made at the Fort
Collins Experimental Range north of Fort
Collins on a Larimer gravelly loam in
1967, 1968, and 1970. Average annual
precipitation is 30 cm at both locations.
In 1964, 1965, and 1966, individual seeds
of Nordan crested wheatgrass (Agropyron
desertorum (Fisch. ex Link) Schult.) were
planted 8 cm apart in long rows spaced

In the 1964, 1965, and 1966 experiments, l/3 of the seedlings to be treated
on each clipping date were clipped to
ground level with sharp scissors, l/3 were
clipped to a 1.3-cm stubble, and l/3 were
left unclipped. In 1967, 1968, and 1970,
l/2 of the seedlings to be treated on any
particular date were clipped to ground
level and the other half left unclipped.
The dates of clipping for each year are
shown in Tables 1 and 2. The location of
each seedling was marked with a small
pot-state at the time of treatment.
Survival was measured by counting
seedlings that remained alive in September or early October of the seedling year.
Seedlings from the 1965 planting were
counted again in August 1966. In 1967
the number of leaves or tillers at time of
treatment
was determined before clipping. In 1970 the heights of the seedlings
(tallest culm or upstretched leaf) at time
of treatment and at the date of the final
count
in
September,
1970, were
measured.
The number of seedlings treated in the
different years varied with the number of
seedlings available for treatment, and the
number available depended on seedling
emergence and experimental design. Sta-

Table 1. Seedling survival (%) in the fall of the year of planting, for seedlings clipped to a 1.3-cm
stubble and to ground level, expressed as percent of unclipped plants that survived.

date of seeding, and clipping treatment

Year.
Date of
clipping
May 21-25
26-3 1
June l-5
6-10
11-15
16-20
21-25
26-30
July l-5
6-10
11-15
16-20
21-25
26-3 1
Aug. l-5
6-10
11-15
16-20

1.3-cm
102
87**
-

* = Differs significantly
* * = Differs significantly

1966
Apr. 16

1965
Apr. 22

1964
Apr. 16
ground
55**
5i**
from unclipped,
from unclipped,

1.3-cm

ground

98
-

gj**
-

9,**
-

4;**
-

1
-

1
-

100
-

9,**
-

1967
Apr. 4

1.3-cm

ground

93**
-

58**
-

103

39**

1
100

92**

-

75**
-

101

93
-

-

100
-

z
-

ground

1968
Apr. 5
ground

95*
91**

99

-

94

;9’

8;**

-

93
73**

94**
-

7;**
97
-

100
98
100
100

1

99

5% level.
1% level.
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Table 2. Seedling survival measured September
11, 1970, for seedlings clipped to ground
level on five dates, expressed as percent of
unclipped plants that survived.
Date of
clipping
(1970
June
July
July
July
July

22
1
10
21
30

Date of planting

(1970)

Apr.
10

Apr.
24

May
8

May
25

Mean

96
100
100
100
100

95
99
100
98
100

102
95
100
100
102

91
100
98
93
100

96
98
99
98
101

99

98

100

96

Mean

tistical analyses were adapted to the
planting designs used in the various years;
analyses of variance or binomial confidence intervals were used for most tests.
Results and Discussion
Seedling counts of the 1965 study
made in August, 1966, showed no seedling mortality
from October 1965 to
August 1966. Based on these counts and
a previously reported study (McGinnies,
1966), it was concluded
that in this
region the fall seedling counts represented
establishment.
There was essentially no
winter mortality, and almost all mortality
during the first year occurred during the
spring and summer immediately
after
seeding. Clipping to ground level in 1965
had a slight but significant effect on plant
height in 1966. Plants clipped to ground
level had an average height of 41 cm in
1966, and the height of unclipped plants
was 44 cm. Plants clipped to 1.3 cm in
1965 averaged 42 cm high in 1966, but
did not differ significantly from either
unclipped
plants or those clipped to
ground level.
Clipping seedlings to a 1.3-cm height
had little or no effect on survival in 1964,
1965, or 1966 (Table 1). Therefore, this
treatment was discontinued
after 1966.
Clipping to ground level caused reductions in seedling survival (Table l), but
the effects of ground-level clipping varied
with year and date of treatment and were
frequently erratic among dates within a
particular year. In all years, the greatest
reduction
in seedlings resulted from a
clipping date sometime during the period
of mid-June through mid-July, but some
clipping dates during this same period
showed no significant reduction in survival. Clipping in August caused little or
no mortality, while clipping late in May
caused slight to large reductions in survival. Clipping to seedlings to ground level
must be considered a hazard to seedling
establishment,
because in 3 of the 6
years, clipping at some date during the
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seedling year reduced survival by 50% or
more.
The 1970 plantings were made on four
dates (April 10, April 24, May 8, and May
25) to provide seedlings of different sizes
and ages to evaluate effects of size and
age on survival. The only significant
reductions in average survival (P > 0.05)
were associated with the June 28 treatment date and the May 25 planting date.
In no instance did clipping to ground
level reduce survival by as much as 10%
below that of the unclipped plants (Table
2). Survival averaged 97% for all unclipped and 95% for all clipped treatments. Survival exceeded 90% for all
combinations
of treatment
dates and
planting dates, except for the June 22
treatment date with the May 8 and May
25 planting dates, and the July 1 treatment date with the May 25 planting date.
Thus, the younger seedlings, clipped or
not clipped, had the higher mortalities.
This appeared
to be related to the
“normal” summer mortality. Because survival rates were so high, it was not
possible to correlate plant height at the
time of clipping with survival of the
clipped seedlings.
The earlier the planting date, the taller
the seedlings were on the date of treatment, and for the unclipped plants, the
earlier the planting date, the taller the
plants were on September 11 (Table 3).
These relations appeared to be entirely a
function of the amount of growing time
between planting and measurement. Both
date of treatment and date of planting
had highly significant
effects on the
amount of regrowth that occurred between date of treatment and September
11 (Table 3). Regrowth consisted of both
new tillers and elongation of the clipped
leaves. The older and taller the plant at
the time of clipping and the greater the
amount of time between clipping and
September 11, the taller the regrowth
was.
Conclusions
Crested wheatgrass seedlings can withstand clipping to 1.3 cm with little or no
seedling mortality.
Because there was
seldom any damage of consequence from
clipping to a 1.3 cm stubble, there is no
reason to think that mowing to this
height (or a higher stubble) for the
purpose of weed control would be detrimental to the seedlings at any period.
In many instances, depending on the
individual year and date within that year,
seedlings can also be clipped to ground
level with little or no seedling loss, but
November
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Table 3. Height (cm) of seedlings at date of
treatment and on September 11,197O.
Treatment
and date
(1970)
Height
June
July
July
July
July

Planting
Apr.
10

on treatment
22
16.9
1
24.7
10
32.3
21
36.4
30
41.7

Mean

30.4

Height of unclipped
on Sept. 11, 19703
June 22
41.4
July 1
43.0
July 10
45.1
July 21
43.0
July 30
42.8

date (197 0)

Apr.
24

May
8

May
25

Mean

date ‘3 ’
13.1
9.9
17.2
12.8
22.8
15.6
27.6
22.1
33.6
24.7

6.6
8.7
10.2
12.6
11.7

11.6
15.8
20.2
24.7
27.9

22.9

10.0

17.0

seedlings
35.4
33.6
36.1
34.6
37.3

23.1
26.8
27.6
29.3
28.7

17.6
19.0
16.8
16.6
15.7

35.4

27.1

17.1

Height of regrowth of clipped
seedlings on Sept. 11, 19704
June 22
25.3
21.9
20.9
July 1
24.0
22.0
20.0
July 10
22.6
21.8
17.9
July 21
20.9
17.3
16.3
July 30
17.8
16.5
15.6

14.8
14.2
14.9
12.5
11.9

Mean

Mean

43.1

22.1

19.9

18.1

29.4
30.6
31.4
30.9
31.1

20.7
20.0
19.3
16.8
15.4

13.7

1 Average
height for both treatments
clipping.
2 LSD, .o 1 Planting date = 6.5; LSD,.,
ment date = 7.3.
date = 3.6; LSD,.,
3 LSD,.,
1 Planting
ment date = n.s.
4LSDo.o 1 Planting date = 2.1; LSD,.,,
ment date = 1.9.

before
1 Treat-

1 TreatTreat-

under certain unpredictable
conditions,
clipping to ground level can cause a high
seedling mortality. It has not been possible to predict the effects of clipping to
ground level on seedling survival from
seedling height, age, or leaf number at the
time of clipping. The effect of time of
clipping was erratic, except that no substantial damage was ever produced by
clipping in August.
When these results are applied to
“field conditions,”
consideration
must
also be given to some other factors that
influence seedling survival. These
may
factor s include: (1) soil disturbance is
commonly
associated with grazing or
mowing; (2) plants may be clipped or
grazed more than once during a season;
and (3) some plants may be pulled from
the ground by the grazing animals.
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Model

Development

Deferred-grazing
RICHARD

C. G. SMITH

AND WILLIAM

for a
System

A. WILLIAMS

Highlight: A model of the early growth of an annual pasture
and liveweight response of grazing sheep was built using first
order differential equations to study the practice of deferred
grazing. The dynamic behavior of the system over time was
simulated by solving the equations on a computer.
The model is an interpretative representation of a subterranean clover pasture in Western Australia and relates to a
specific site and set of seasonal conditions. Use was made of
the literature and a recent grazing experiment to develop the
model. Herbage growth is estimated from known relationships
with radiation received, leaf area exposed, soil moisture, and
herbage removed by grazing. Change in soil moisture is
estimated from rainfall and pan evaporation data. Defoliation
is based on stocking rate, pasture weight, and pasture height to
account for the effects of animal numbers and availability of
pasture. Liveweight change of the consuming animal is calculated as a function of intake, digestibility, and the partitioning
of metabolizable energy between maintenance and weight
change. Validation of the model by results observed in the
grazing experiment is presented.

The early productivity
of mediterranean
annual pastures
and the resulting weight gain of Merino sheep depend on
interactions among pasture plants, climate, soil, and animals
(Smith et al., 1972, 1973). It is beyond the scope of any single
grazing experiment to control and vary individually all these
factors. However, knowledge concerning processes that determine the liveweight response of sheep grazing a mediterranean
annual type pasture is sufficient to attempt an integrating
model. The objective of this study was to synthesize these
relationships into a dynamic model to aid our understanding
of the system.
The model relates to a single species sward (subterranean
clover ‘Woogenellup,’ Trifolium subterraneum) and a specific
site and set of climatic conditions in Western Australia. Its
construction was motivated by a desire to generalize from a
specific field experiment (Smith et al., 1972 experiment B;
and Smith et al., 1973) and data from the literature to the
Authors
are postdoctoral
fellow and professor,
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and Range Science,
University
of California,
Davis. Dr.
Smith’s present address is Department
of Agronomy,
University of New
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practice of deferred grazing (Bishop and Kentish, 1966). Thus
the model was developed as a hypothesis about the dynamic
behaviour of a specified system. Such a model makes use of an
understanding of processes at the lower level of organization in
the system to explain results at the higher level (de Wit, 1969).
In the system under study, the lower level of organization
consists of processes determining the growth and presentation
of pasture, whereas the higher level consists of its consumption
and animal conversion.
Model Description
The transformation
of energy and matter to sheep liveweight is central to the model (Fig. 1). The differential
equations to calculate the rate of conversion involve consideration of the growth rate of pasture, its rate of removal by
grazing, and the conversion of ingested pasture to sheep
liveweight. For the solution of these equations, other functions are used to calculate the weight of herbage produced,
pasture height, plant density, herbage intake and digestibility,
soil moisture, and other phenomena.
The model was written for computer simulation in Fortran
IV and its structure follows the form used by For-rester (196 1,
1969). The system is considered in terms of state variables
which define the status of the system of any given point in
time. The principal state variables are:
1)
2)
3)
4)
5)

weight of herbage
plant density
pasture height
liveweight of sheep
soil moisture

(kg/ha)
(plants/dm2)
(cm)
(kg/ha)
(cm in top 30 cm of soil)

The current value of a state variable represents the accumulated
difference between the flow of material into and out of that
variable. Rates of flow are represented by first order differential equations. To simulate the system the equations are solved
numerically by a finite difference method, which uses difference equations of the form:’
Y t + I = Yt + &At
where Y, is the value of a state variable at time t days from
emergence of the pasture, Y, + 1 is the value of Y at t + 1 days
from emergence, Y, = dY,/dt is the rate of change of Y, and
At is the increment of time (one day in this model). A set of
such difference equations is used to update the system each
day. By this stepwise approach the dynamic performance of
the system is simulated (Goodall, 1969).
The model is deterministic, that is, values of state variables
are determined in accordance with “known” biological and
physical relationships with no randomly varying elements.
‘The “dot”
change.
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Fig. 1. Flow diagram relating the early
growth of a subterranean clover pasture
to liveweight of grazing sheep.

‘\ .

\
.--_
---___ -_

t--___

LIVEWEIGHT
OF
ANIMAL

iour of the system is simulated for the next
repeated use of the equations in Table 1.
Herbage

i

a

Herbage

Equations of the System
Daily values of rainfall,
pan evaporation
and hours of
sunlight from 1969 climatic records of the CSIRO Yalanbee
Experiment
Station,
Western
Australia,
are read into the
model prior to solution of the equations (Table 1). These data
provide the basic input for simulating the system and are the
same as those relating to the field experiment
used to develop
the model. Daily incoming
radiation
(RA) is estimated
(in
Cal/cm2 day) from sunlight
hours (SUN) by an equation
derived by Black et al. (1954):
RA = RMAX (0.23 + 0.48 SUN/DL)
where RMAX is the maximum possible radiation in the absence
of atmosphere,
and DL is the maximum
possible duration of
bright sunshine. Both values are obtained from meteorological
tables (List, 1958).
To define the break of season, the model computes
daily
the sum of rainfall for periods of 14 days from March 1 until a
value of 2.0 cm is exceeded.
On that day growth is initiated.
This value of 2.0 cm was derived by comparing
the incidence
of rainfall
with
the date of pasture
emergence
in the
experiment
used in deriving
the model.
The level of soil
moisture (SM, ) at the break of season is calculated from total
rainfall (RNT) and total pan evaporation
(EOT) in the 14 day
period as:
= RNT

-

0.4 EOT

where 0.4 is the ratio between evaporation
from the soil surface and pan evaporation.
The value of this coefficient
was
estimated from the field experiment.
Plant emergence
is assumed to occur within 24 hours of the
break of season,
and initial plant density
is equal to the
density
of viable seeds which
are specified
as an initial
condition.
Initial weight of pasture
present
on the day of
emergence
is calculated by assuming individual plant weight to
equal 5 mg.
After the break of season has been located and initial soil
moisture
and pasture weight calculated,
the dynamic
behavJOURNAL
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Herbage weight (HW) or green dry matter on offer to the
sheep is considered
a function of the rates of plant growth and
removal by grazing (equation
1).

MEAT
PRODUCED

SM,

105 days by the
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Growth

Rate

The potential
growth rate of herbage (Wp) with nutrients
and water not limiting was predicted
from leaf area index (L)
and incoming radiation (equations
2-5). These equations were
derived from the data of Black (1964) but were adjusted so
that the relationship
between Wp and L was assumed to be an
asymptotic
exponential
(equation
5) to accord
with the
evidence
of Brown and Blaser (1968).
Error due to this
assumption
is not important
to a model of early growth, since
growth for the most part will occur below the optimum
leaf
area index. Wmax (equation
3) is the upper limit to growth
rate imposed
by the level of incoming
radiation,
and _K
(equation
4). is a variable that determines
the rate at which Wp
approaches
Wmax as L increases.
To determine
actual growth rate (equation
6) the effects of
soil productivity
and moisture
are represented
by multipliers
(Forrester,
1969). A multiplier is a dimensionless
number that
predicts
the proportionate
change in the rate due to the
variable considered.
The soil productivity
multiplier (SPM) was
estimated
to be 0.82 by comparing
simulated
and observed
results for HW (Smith et al., 1973). It is an overall scale factor
to adjust Black’s (1964) data for soil differences,
as detailed
modeling of plant nutrition and other soil productivity
factors
is beyond the scope of the present study. The form of the soil
moisture multiplier
(SMM) (equation
7) is based on the work
of Brockington
(1969), who used a similar function to predict
the effect of available soil moisture
on pasture growth. The
constant
“2.1” in equation
7 was the level at which pasture
growth was assumed to cease (i.e. SMM = 0). This value is
lower than the estimated
wilting point of the soil (2.5 cm)
because growth did not appear to cease at this level in the field
experiment.
Soil Moisture
The estimated
levels of moisture
in the top 30 cm of soil
were 2.5 cm at wilting point (15 atm) and 5.0 cm at field
capacity
(0.3 atm) (Smith,
1970). Changes in soil moisture
storage for the top 30 cm are calculated from an assessment of
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Equations used in the model to simulate the system for 105 days from the break of season.

No

Symbol

2

Herbage weight
1.

-. --

HW

t+1-

HWt

C

Calorific value of animal tissue anabolized
(Mcal/kR)

D

Organic matter digestibility of herbage

DAY

Time

DiF

Defoliation by grazing sheep (kg/ha day)

EA

Actual evapotranspiration

EAET

Ratio of actual to potential evapotranspiration

E'I

Energy intake of grazing sheep (Meal/ha day)

EO

Open pan evaporation

+ (ia - DiF - I%J)t At

Herbage growth rate
2.

L - 0.00147 HW

3.

timax - 250.0 (1.0 - exp (-0.0027

4.

K -

5.

tip - &ax

6.

tia - rjp*SPM*SMM

since

plants emerged (day)

RA))
(cm/day)

0.54 - 0.00037 lU
(1.0 - exp (-K-L))

Soil moisture

(cm/day)

7.

SMM - 1.0 - exp (-1.33 (SM - 2.1))

ETEO

Ratio of potential evapotranspiration

8.

SM

H

Height of pasture (cd

9.

ETEO - min (1.0, 0.5 + 0.544 L)

HW

Weight of herbage on offer (kg/ha)

10.

EAETt = mln (1.0, - 0.8 + 0.5 (SMt _ 1 + Rt))

i.

Intake of pasture by grazing sheep (kg/ha day)

11.

EA - EO*ETEO*EAET

K

Coefficient

KF

Efficiency ME used for liveweight gain

- min (5.0, SMt + (R - EA)t At)

t+l

Herbage removed by grazing

.
12.

PD - - (0.16 - 0.014 DAY) SR=PDM, t ,< 12

L

Leaf area index (m2/m2)

13.

PD = 0

LEV

Reduction in digestibility
intake

14.

PD

LW

Liveweight of sheep (kg/ha)

15.

PDM = 0.063 PD
.
PW=-

ri

16.

Maintenance
requirement
(Meal/ha day)

17.

DiF -

ME

Metabolizable

PD

Plant density (plants /dm2)

t+l

,t>12

to EO

due to level of

=PDt+ P'Dt.At

(HW/PD) pb
1.14 (1.0 - exp(-0.0009 HeHW)) SR
Pasture height

.

for energy by sheep

energy of feed (Meal/kg)

18.

H - 0.056 - 0.16 (DEF/ia)

PDM

Plant density multiplier

19.

H t + 1 - max (0.53, Ht + fit-At)

PSI0

Proportion of silica in feces

PiJ

Loss of W due to plants being uprooted
(kg/ha day)

20.

.
I = DiF + 0.75 ti
RA

Incoming radiation (Cal/cm2 day)

21.

D = 0.802 - 0.17 PSI0 - LEV
R

Rainfall (cm/day)

22.

LEV = 0.02 i
SPM

Soil productivity multiplier

23.

PSI0 = exp ((0.0005 - 0.00096 H)
SM

Soil moisture

24.

ME = 3.6 D
SMM

Soil Moisture multiplier

25.

Ei = i-ME
.
M - 0.132 (LW/SR)0'75 SR

SR

Stocking rate

26.

t

Time since the break of season (day)

27.

LW - ($1 - I?) KF/C

&ax
28.

KF - 0.06 + 0.63 D

Maximum herbage growth rate with only RA
limiting (kg/ha day)

29.

C - 0.13 LW/SR

(LW/SR.I>, 10 kg

30.

iw - (E'I- A) 15.5

EI sl;i

31.

LW

Liveweight of sheep
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t+l

- LWt + iWt

(cm)

Ei > i

l

At

Potential herbage growth rate with L and
RA limiting (kg/ha day)
Actual herbage growth rate with L, R, SM
and soil productivity limiting (kg/ha
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the balance between water input (rainfall) and withdrawal
(evapotranspiration)
(equation
8). Evapotranspiration
(EA)
was calculated from open pan evaporation (EO) by using
multipliers to allow for the effect of leaf area and available soil
moisture (equations 9-l 1). The ratio of potential evapotranspiration to pan evaporation (ETEO) (equation 9) is taken to
increase with leaf area index (L) until L = 0.92. The ratio of
actual evapotranspiration
(EA) to potential evapotranspiration
(EAET) (equation 10) is taken to increase with soil moisture
(SM) until SM = 3.6 cm.
This method of simulating soil moisture has been used by
Fitzpatrick and Nix (1969). The values of coefficients were
determined iteratively until the predicted and observed values
(Smith et al., 1972 experiment B) for soil moisture agreed.
Herbage Removed by Grazing
During early growth of annual pasture, animals may remove
herbage by uprooting of plants and defoliation (Greenwood
and Arnold, 1968). In subterranean
clover the main loss of
plants by uprooting occurs in the first 12 days after emergence
(i.e. t < 12) (Smith, 1970). Loss of plants is estimated in
equations 12-13 as a function of stocking rate (SR), days from
emergence (DAY), and plant density (Smith, 1970). The plant
density multiplier
(PDM) (equation
15) accounts for the
decline in number
of plants uprooted
as plant density
decreases and was chosen for reasons of logic to prevent plant
loss from exceeding plant density at high stocking rates.
Equation 14 is the finite difference equation for deriving plant
density for the next day.
Weight of herbage lost as whole plants is calculated by
estimating individual plant weight and multiplying
by the
number of plants lost (equation 16).
Defoliation rate (DEF) (equation
17) is calculated as a
function of HW, pasture height (H), and stocking rate.
Pasture Height
Pasture height influences the ease with which sheep can
prehend pasture (Allden and Whittaker,
1970), and the
relationship between intake and weight of pasture tends to be
an asymptotic
exponential
(Arnold and Dudzinski,
1967).
Coefficients for equation 17 were derived from the data of
Smith et al. (1972). The constant “1.14” in equation 17 is the
maximum rate of defoliation by an individual sheep and was
estimated to give the maximum liveweight gain recorded in the
field experiment.
Without grazing, pasture height is considered to increase at
a constant rate of 0.056 cm per day. Grazing is then
postulated to decrease this rate, the amount depending on the
ratio between rate of defoliation and rate of pasture growth
(equation 18). The coefficients of equation 18 were calculated
to fit the pasture height data of the field experiment.
In
equation 19 pasture height is assumed to have an absolute
minimum of 0.53 cm.
Liveweight of Sheep
The intake rate of pasture by the grazing sheep is
considered equal to the amount removed by defoliation plus
3/4 of the plants uprooted (equation 20).
The proportion
of the ingested pasture digested (D)
(equations 21-23) is considered to depend on level of intake
and amount of soil in the diet (measured as silica in the feces).
The digestibility of subterranean clover at zero intake of soil is
taken to be 0.802 during vegetative growth (Smith, 1970). The
digestibility is then reduced according to the level of intake
(LEV) (Graham, 1969) and the proportion
of silica in the
feces (PSIO) (Smith et al., 1972, 1973). In equation 23 the
proportion
of silica in the feces (PSIO) is calculated as a
function of the weight and height of pasture present (Smith,
1970), to reflect the effect of pasture availability on soil

intake.
The amount of metabolizable energy (ME) derived from the
digested pasture is calculated in equation 24 to be 3.6 Meal per
kg of digested pasture (Blaxter, 1964), and using this value the
total rate of intake of ME (EI) to meet the energy requirement
of the grazing sheep is calculated in equation 25.
The daily maintenance requirement rate (&I) of the sheep is
calculated in equation 26 as a function of liveweight (LW)
(Young and Corbett, 1968).
Rate of liveweight change (LW) is calculated after allowing
for the maintenance requirement of the sheep. If intake of ME
@I) exceeds maintenance (M) then liveweight gain is calculated by equation 27 (Blaxter, 1967). In equation 28 the
efficiency with which ME surplus to maintenance is used for
tissue synthesis (KF) is calculated from Agricultural Research
Council (1965) data as a function of digestibility (Blaxter
1966). In equation 29 the caloric value of the weight gain (C)
is calculated as a function of liveweight (Searle and Graham
1970).
If intake of ME @I) is below maintenance (M), then the
loss in liveweight is calculated by equation 30 (Blaxter, 1967),
where the denominator,
5.5, is the amount of metabolizable
energy in liveweight loss in Meal per kg (Farrell et al., 1972).
Equation 31 is the finite difference equation for calculating
total liveweight per hectare for the next day.
Initial Conditions
In simulation runs to test and develop the model, state
variables except for soil moisture were given the same values as
those in the field experiment
(Smith et al. 1972). Initial
conditions were:
i) Plant density at emergence - 20 plants/dm’
ii) Plant weight at emergence - 5 mg/plant
iii) Plant height immediately following emergence - 1.0
cm
iv) Stocking rate - 0 and 10 sheep/ha, t < 36 days and 10
sheep/ha, 36 < t < 105 days
v) Liveweight of sheep used to evaluate effects of grazing
treatment for the first 36 days - 27.5 kg/sheep
In the field experiment plots were either grazed continuously (SR = 10) or were deferred (SR = 0) for the first 36
days from pasture emergence. Thereafter they were all stocked
(SR = 10) with a new set of sheep uniform in age, breed, and
weight to evaluate the grazing treatments. A similar procedure
was adopted during simulation runs to test and develop the
model.
Model Performance
Predictions of the weight of herbage available agreed with
measured values in general (Fig. 2).-There were -deviations
between predicted and measured values under continuous
grazing at-the beginning of the experiment and under deferred
grazing at the end of the experiment. The measured values
have coefficients of variation of about 30% (Smith, 1970),
therefore, the deviations are probably not significant.
The model agreed with measured values of plant density
and pasture height (Fig. 3A, 3B).
Predictions of pasture growth rate did not deviate substantially except at the end of the experiment (Fig. 4). There it
was probably due to bias in the enclosure technique used in
the field experiment for estimating growth rate:
Predictions of soil moisture agreed well with the pattern of
the measured values (Fig. 5) -and gave a more detailed
description than the measured values. For example, from 25 to
70 days after emergence, the measured soil moisture values
appear to be well below field capacity, but the simulation
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Fig. 4. l+edicted and observed values of growth rate of herbage dry
matter. Observed values are means over a 14day interval.

u

60
80
EMERGENCE

40

20

DAYS FROM
Fig. 2.

&edict&

b

A

2
2

10

120

Model Critique

and observed dry weights of herbage on offer.

OBSERVED

AI

PREDICTED

I-

100

A

Plant

Density

Pasture

Height

f CONTINUOUS

A

GRAZING

t

00

f3)

A

GRAZING
I

0

20

Fig. 3. Predicted
pasture height.

40
DAYS

I

60
80
FROM EMERGENCE

and observed

1

100

I20

values of (A) plant density and (B)

indicates that the samples taken were representative mainly of
moisture deficit periods.
Predicted values of sheep liveweight agreed closely with
measured values (Fig. 6). Variables underlying the prediction
of liveweight change deviated systematically from measured
values (Fig. 7). The underestimation
of fecal silica caused early
values of digestibility to be overestimated (Fig. 7A,B). This,
associated with a compensating overestimate of intake (Fig.
7C), simulated
actual liveweight (Fig. 7). The apparent
overestimate of intake may not be real due to a negative bias
in measured intake resulting from the method of fecal
collection (Smith et al. 1973).
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The inclusion of soil ingested as a factor influencing
digestibility is based on recent evidence (Smith et al., 1972,
1973; Young and Corbett, 1972). In an earlier version of the
model digestibility was assumed constant, but a systematic
deviation between predicted and observed liveweights was
eliminated subsequently by relating digestibility to level of soil
intake.
Several factors have been omitted from this model. The
effect of dry residue from the previous year on subsequent
pasture growth and diet of grazing animals was not included
because of its absence in the experimgnt used to develop the
model.
The explicit effect of temperature
was omitted in the
segment predicting pasture growth. It is known that temperature affects the growth rate of spaced subterranean
clover
plants (Morley, 1958; Bouma and Dowling, 1969) but this
effect was not observed by Davidson et al. (1970) with plants
growing in dense communities with or without defoliation. De
Wit and Brouwer (1968) have recorded a similar lack of
temperature
response by maize plants grown in a crop in
contrast to plants grown singly. It appears that the effect of
temperature may vary with the stage of crop growth. The
mechanism of this effect in subterranean
clover is not clear,
and therefore temperature has not been included explicitly in
the current model. However, its effect is partly accounted for
by its association with radiation.
Effect of the physiological state of the sheep and its genetic
makeup on maximum intake and effect of stage of plant
growth on herbage digestibility were excluded because they
were not considered important in relation to the objective of
the model.
It might be argued that the good relationship between the
model’s performance and the primary experiment was due to .
“fitting”. However, the model has not been fitted in the sense
of using an empirical statistical technique such as multiple
linear regression that tends to give little insight into mechanisms underlying the behaviour of the system (Watt, 1968).
The model is a system of equations
that constitutes
a
hypothesis about biological processes underlying the system’s
behaviour. Specific coefficients that were estimated to give
good agreement between the experiment and the model were
the soil productivity multiplier (SPM) and the maximum rate
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of defoliation in equation 17. These coefficients are used as
scaling factors, but they have biological meaning, and their
values are not unrealistic.
The present predictive power of the model has several
limitations. For example, the break of season and subsequent
seed germination were assumed to occur in one day. Therefore, for the model to have predictive value for different years,
equations to relate rate of seed germination
and seedling
survival to climatic conditions during the break of season are
needed. Also, the model only relates to a single species sward,
so that additional equations to predict the effect of species
composition are needed before the model may have predictive
value for different pasture types. The information needed to
expand the model are available in part from published data,
but much will have to be derived from further experimentation.
These deficiencies should not detract from the value of
the model as a hypothesis about the system’s behaviour. It was
for this purpose that the model was constructed and used to
make postulates about the response of a subterranean clover
pasture to variations in initial plant density, and the management variables of stocking rate and length of deferment. The
testing and improvement
of this hypotheiss should provide a
basis for furthering
our understanding
of animal-pasture
interactions during the early growth of annual pasture.
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Soil Monolith
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Highlight: Step-by-step instructions are given
for preparation of range soil and vegetation
monoliths. These are slices of range vegetation
and soil mounted on boards for demonstrations
and educational purposes. A complete list of
materials needed for preparation of monoliths
is described.

This technical note gives improved
procedures for the preparation of range
soil monoliths.
These monoliths
with
range vegetation are useful to show production, root growth, and kind of soil.
They show what is happening to the soil,
Authors are soil scientist, Soil Scientist, Soil
Conservation
Service, U.S. Department
of Agriculture, Colfax, Washington;
and range conservationist,
Soil Conservation
Service, U.S. Department
of Agriculture,
Dayton, Washington.
Manuscript received January 6, 1973.
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and
frequency
of removal of herbage from an emerging annual grass
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Sot. 23: 144-147.
List, R. J. (ed.) 1958. Smithsonian
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527 p.

root development,
and soil properties.
Monoliths are useful visual aids. Range
conservationists
working with ranchers
find them of particular value when explaining range condition classes, soil moisture relationships,
relationships between
plants, blend of soil and site, and effects
of
grazing
management
(Anderson,
1951). The range soil monoliths are 3 x 4
ft in size and weigh loo-150 lb. They can
be hauled to rural community meetings
without damage and are useful as office
displays.
Method of Preparation
The range soil monoliths were prepared by using the same procedures
described by Smith et al. (19521, using
some revisions of solutions by Berger and
Muckenhirm (1945). Following is a stepby-step procedure for preparing a range
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soil monolith:
1. Carefully select the section to be
represented on the monolith. A string
should be stretched over plant species
to help maintain their alignment on
the mount.
2. Dig a pit into the area markedextend the pit at least a foot on either
side of the desired monolith section.
3. Mark off the area to be worked
down. Use a straightedge as the surface
is prepared (Fig. 1). The final surface
should be about 2 inches from the
crown centers of the plants and as
vertical and smooth as possible for
close adhesion to display board. Any
hole left by removal of gravel or
cobbles should be filled with soil.
4. Using a hand pump that delivers a
coarse spray, apply a thin solution of
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Soil Monolith

NORMAN C. DONALDSON AND DEWAYNE
J. BECK
Highlight: Step-by-step instructions are given
for preparation
monoliths. These
and soil mounted
and educational
materials needed
is described.

of range soil and vegetation
are slices of range vegetation
on boards for demonstrations
purposes. A complete list of
for preparation of monoliths

This technical
note gives improved
procedures
for the preparation
of range
soil monoliths.
These
monoliths
with
range vegetation
are useful to show production,
root growth,
and kind of soil.
They show what is happening
to the soil,
Authors are soil scientist, Soil Scientist, Soil
Conservation
Service, U.S. Department
of Agriculture, Colfax, Washington;
and range conservationist,
Soil Conservation
Service, U.S. Department
of Agriculture,
Dayton, Washington.
Manuscript received January 6, 1973.

root development,
and soil properties.
Monoliths
are useful visual aids. Range
conservationists
working
with ranchers
find them of particular
value when explaining range condition
classes, soil moisture relationships,
relationships
between
plants, blend of soil and site, and effects
of
grazing
management
(Anderson,
195 1). The range soil monoliths are 3 x 4
ft in size and weigh 100-150 lb. They can
be hauled to rural community
meetings
without damage and are useful as office
displays.

Method of Preparation
The range soil monoliths
were prepared
by using the same procedures
described
by Smith et al. ( 1952), using
some revisions of solutions by Berger and
Muckenhirm
(1945). Following is a stepby-step procedure
for preparing
a range

soil monolith:
1. Carefully
select the section to
represented
on the monolith,
A string
should be stretched
over plant species
to help maintain
their alignment
the mount.
2. Dig a pit into the area markedextend the pit at least a foot on either
side of the desired monolith
section.
3. Mark off the area to be worked
down. Use a straightedge
as the surface
is prepared
(Fig. 1). The final surface
should be about 2 inches from the
crown centers
of the plants and
vertical
and smooth
as possible
for
close adhesion
to display board. Any
hole left by removal
of gravel
cobbles should be filled with soil.
4. Using a hand pump that delivers
coarse spray, apply a thin solution

140 g of cellulose acetate in sufficient
acetone
to make 1 gal of solution.
Spray this solution until it has penetrated approximately
l/2 inch, being
careful not to let a film form. This
spray fixes the soil. Let the penetrating solution dry about 30 minutes
or until the surface is not sticky.
5. Apply a thick solutmn of 450 g of
cellulose acetate in sufficient
acetone
to make 1 gal solution
to the entire
surface, starting at the top and using a
brush guide so it coats all the surfaces
(do not brush as it may break the
penetrated
surface).
The
solution
should be about the consistency
of
honey.
In
case more
stability
is
needed, cheesecloth
may be placed on
the soil before
pouring on the thick

cellulose acetate solution.
6. Place the display board against the
wetted surface (Fig. 2). Apply pressure
to hold the board against the monolith
surface. Allow the cellulose acetate to
harden for about 24 hours.
I. Using a sharp spade, clean out an
area on either side of the board. Cut
back at least 6 inches and then begin
to cut around behind the monolith,
being sure to leave at least 4 inches of
soil material
on the board,
Tie off
small 6. to S-inch sections as you work
around behind the board so the monolith will not break away from the
board (Fig. 3). After the entire monolith has been loosened
from the pit
and tied to the board, remove it from
the pit and move it where it can be

worked down.
8. Remove the excess soil by using
compressed
air, if possible,
working
the monolith
down to a thickness
of
about 2.5 to 3 inches. The use of
compressed
air preserves the roots and
soil structure.
9. After
the
monolith
has dried,
spray the entire surface with a final
solution made up of 240 g of WHH
resin in 2/3 acetone,
l/3 methyl isobutyl ketone, making a gallon of solution. This solution fixes the soil and
plant materials, leaving no visible residue. This step is important
to prevent
loss of soil materials. If a sheen develops, it can be removed
by spraying
with methyl isobutyl
ketone on the
soil surface.
Clean the edges of the
monolith
and paint or varnish
the
board (Fig. 4).
10. Store the monolith in a cool, dry,
dark place so that the plants will retain

-

-

as much
possible.

of

their

natural

color

as

Materials and Equipment
The following materials and equipment
are required for each range soil monolith:
Mounting
Board: 3 x 4 ft, of 3/4-inch
waterproof
plywood.
Adherent
solution:
450 g of cellulose
acetate in sufficient acetone to make 1
gal of solution.
Penetration
solution:
140 g cellulose acetate in sufficient acetone to make 1 gal

of solution.
Final solution:
Approximately
240
VYHH
resin
in 2/3 acetone,
methyl isobutyl
ketone,
making
of solution.
String
Paintbrush
Small pick, butcher knife
Sharp spades, shovel
Cheese&o th
Strips of cloth: 6- to 8-inch strips
enough to tie around monolith
loosing soil pit.
Straightedge

g of
l/3
1 gal

long
while

-

Carpenter level
Lumber: several
long

_

pieces

2 x 4 inches,

4 ft
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Satellite
Imagery
for Assessing Range
Fire Damage
Nebraska

in the

Sandhills

PAUL
M. SEEVERS,
PETER
AND JAMES V. DREW

N.

JENSEN,

Highlight:
Initial imagery from the first
Earth Resources Technology Satellite indicates
that satellite-acquired data is of value in determining the location and extent of range fire
in the Sand Hills region of Nebraska. Preliminary results suggest that it can also provide a
tool for monitoring soil erosion by wind and
evaluating the recovery of vegetation in burned
areas.

Fire has a major ecological and economic impact within the 19,250 square
miles of rangeland
composing
the Sand
Hills region
of Nebraska.
Analysis
of
initial imagery from the first Earth Resources
Technology
Satellite
(ERTS-1)
indicates
that satellite-acquired
data can
be of immediate
value to those who must
act to restore the range following a severe
fire.
With the exception
of local areas of
subirrigated
meadows, precipitation
is the
only source of soil moisture
over about
89% of the Sand Hills region and the
water
holding
capacity
of the coarse
textured soils is relatively low (Keech and
Bentall,
1971). Thus, there is considerAuthors are postdoctoral
fellow, Department
of Agronomy,
University of Nebraska, Lincoln;
state range conservationist,
Soil Conservation
Service, Lincoln,
Nebraska;
and professor
of
agronomy,
Department
of Agronomy,
University of Nebraska, Lincoln.
Published as paper No. 3554, Journal Series,
Nebraska Agr. Exp. Sta., research reported was
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under NASA Contract NASS-2 1756.
Investigation results released according to NASA
ERTS-1 Data User Investigation
Publication
and
Information
Release Policy in Weekly Government Abstracts as “Proposal to Evaluate the Use
of ERTS-1 Imagery in Mapping Soil and Range
Resources
in the Sand Hills Region of Nebraska 7” NASA-CR-128412.
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Fig. 1. A portion of an ER TS-I scene showing the burned area as detected by the 0.8 to 1 .I micrometer wavelength band of the multispectral scanner on August 17, 1972. The diagram outlines
the burned area interpreted from the ERTS-1 imagery.
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Materials and Equipment
The following materials and equipment
are required for each range soil monolith:
Mounting
Board:
3 x 4 ft, of 314.inch
waterproof
plywood.
Adherent
solurion:
450 g of cellulose
acetate in sufficient acetone to make 1
gal of solution.
Penetration
solution:
140 g cellulose acetate in sufficient acetone to make 1 gal
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of solution.
Final solution:
Aooroximatelv
240
VYHH
resin -in 213 &tone,
methyl isobutyl ketone,
making
of solution.
String
Paintbrush
Small pick, butcher knife
Sharp spades, shovel
Cheesecloth
Strips of cloth: 6- to S-inch strips
enough to tie around monolith
loosing soil pit.
Straightedge
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Fire has a major ecological and economic impact within the 19,250 square
miles of rangeland
composing
the Sand
Hills region
of Nebraska.
Analysis
of
initial imagery from the first Earth ReSOUIC~S Technology
Satellite
(ERTS-1)
indicates
that satellite-acquired
data can
be of immediate
value to those who must
act to restore the range following a severe
fire.
With the exception
of local areas of
subirrigated
meadows, precipitation
is the
only source of soil moisture over about
89% of the Sand Hills region and the
water
holding
capacity
of the coarse
textured soils is relatively low (Keech and
Bentall, 1971). Thus, there is consider-
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able potential
for fire when range conditions are dry. In view of the susceptibility
of the sandy soils to erosion
by wind,
range management
practices necessary to
insure the rapid recovery
of grass cover
after a fire are essential to stabilize the
soil and prevent blowouts.
On March 6, 1972, a range fire began
about 2 miles south of Mullen, Nebraska
(Jensen,
1972). Before it was controlled,
the fire consumed
an irregular swath of
rangeland
about 30 miles long and 10
miles wide. Estimated
damage totaled one
million dollars in destroyed
grazing vegetation,
cattle and calves, hay, bridges,
fences, and equipment.
Once the fire was
controlled,
an assessment
of its extent
and damage was initiated
to provide a
basis for programs to restore plant cover
and control wind erosion.
The
first
ERTS-1
imagery
of the
burned area was obtained
on August 17,
1972. Of immediate
interest was the clear
delineation
of the burned area on nearinfrared imagery (0.8 to 1.1 micrometer
wavelength
band) obtained
by the multispectral
scanner
aboard
the spacecraft
(Fig. 1). In contrast,
imagery obtained
simultaneously
in the visible wavelength
bands (0.5 to 0.6 and 0.6 to 0.7 micrometer) did not clearly define the burned
area.
The light gray, irregular pattern across
the center
of Figure
1 is an area of
relatively strong near-infrared
reflectance
corresponding
to rangeland burned in the
March fire. Westerly winds up to 40 miles
per hour swept the fire in fan-like patterns toward
the east from its starting
point in the left portion of the picture.
Attempts
to control the fire along northsouth fire breaks are clearly visible, as are
points where strong winds swept the fire
aaoss the fire breaks. Before the fire was
controlled,
a shift in wind to a northerly
direction
burned additional
areas to the
south of the main swath. The destruction
of plant cover enhanced
wind erosion
locally within the burned area (Fig. 2).
Since portions of the burned rangeland
are not readily accessible on the ground,
an obvious use of the satellite imagery
was to locate the extent of the fire and to
estimate the acreage involved. The burned
area was located,
using a transparent
overlay of a standard
U. S. Geological
Survey
map of Nebraska
(1: l,OOO,OOO
scale) showing
geographic
features
and
township
and range boundaries.
Using
major geographic features for positioning,
the overlay was placed over a system
corrected
image (Goddard
Space Flight
Center,
1972) of the burned
area prepared as a positive transparency
with a
scale of 1: 1 ,ooo,ooo.
Measurement
of acreage affected
by
the fire was accomplished
by the dot-grid
method (Bryan, 1943). Using grids of 64
and 256 dots per square inch, an average

of four determinations
(two with each
grid) gave a measurement
of 76,480 axes
within
the burned
area. Previous
estimates of the burned
area made in the
field immediately
after the fire ranged
from
75,000
acres to 120,000
acres.
Thus,
satellite
imagery
of Sand Hills
rangeland
could facilitate
locating
and
measuring
the extent of range fire damage, information
needed
to implement
disaster relief such as deferred
grazing
payments.
During October.
1972. the onlv difference in tie appe&nce
oi the burned vs.
the unburned
areas in the field was the
lack of plant residues from previous years
in the area that had been burned. Neverreflectance patterns
from the
theless,
burned area obtained
from ERTS-1 imagery in the 0.8 to 1.1 micrometer
wavelength
band
during
September
and
October,
1972, showed the same appear.
ante and outline as the pattern obtained
in August.
Apparently
the relatively
strong near-infrared
reflectance
from the
burned area resulted from new vegetative
growth
and the absence of older plan1
residues to interfere with reflectance.
It is anticipated
that ERTS-1 imagery
wfl provide a synoptic view for monitor.
ing the recovery
of Sand Hills rangeland
damaged
by fire. Because of the total
spectral response of sand, bare surfaces of
sandy soils within the Sand Hills may be
distinguished
using remote sensing techniques (Cihacek and Drew, 1970). Consequently, detection
of severe wind erosion
and blowouts
can identify areas requiring
immediate
application
of erosion control
measures.
Preliminary
interpretations
of
ERTS-1 imagery of the Sand Hills region
suggest that multispectral
data may provide a partial substitute
for observations
on the ground
in measuring
damage
caused by range fire and in monitoring
the density
of forage as the rangeland
IecoYeIS from fire.

Literature

Cited

Bryan, hf. M., 1943. Area determinations with
the modified acreage grid. J. FOreStry
41:764-766.
Cihacek, L.. J., and 1. V. Drew, w/O. infrared
photos can map soils. Nebr. Farm, Ranch
and Home Quarterly. Nebr. Agr. Exp. Sta.
Spring p. 4-8.
Keech, C. F., and R. Bentall, 1971. Dunes on
the plains. Univ. of Nebraska Consew. and
Survey Div. Resource Rep. 4, 18 p.
Goddard Space Flight Center. 1972. Data Users
Handboak~NASA Earth Resources Technalcw Satellite, Document No. 71SD4249.
Greenbelt, Maryland.
Jensen, P. N., 1972. Fire on the range. Soil
Conservation 37:272-273.

Ecology

of Populations,
2nd Ed. By
Arthur S. Boughey. The Macmillan Co.,
866 Third Avenue, New York 10022. 182
p. 1973. $3.95 paperback.

Within the confines
of 182 pages of
text, tables, and figures, the author has
made a concerted
effort to provide the
initiate to the science of ecology a cursory perusal of what is involved in understanding the ecology of populations.
For
the purpose of the text, the term populution is generally
taken to be a species
population
which, in the author’s words,
is “. . an assemblage of organisms with a
considerable
number of characteristics
in
common, a similar origin, and no barriers
that prevent
individual
members
freely
interbreeding
with
one another
when
heterosexual
individuals
are brought
toThe book considers
primarily
gether.”
autecological
phenomena
of population
ecology.
Due to the complexity
of the subject
and the limited space within which it is
presented,
the text is a good annotated
dictionary
of the terms
and concepts
needed by the beginning student of population ecology. Examples from the literature, including
both plant and animal
populations,
are used expeditiously
to
confirm
and interrelate
many
of the
concepts.
Sometimes
these
may seem
somewhat
simplistic, but this approach is
necessary
to imprint the concepts to the
neophyte
for further
exploration.
For
these reasons, the text should trigger the
imagination
of the new student
serious
about the study and understanding
of
natural populations.
‘The first statement
in the Preface is
disturbing. Dr. Boughey states that “Ecology is a young science; . . .” Perhaps in
relation to the “New Ecology,” i.e. model
building,
the availability
of big computers,
and the use of applications
of
remote sensing and telemetering
devices,
such a statement
is acceptable.
In general,
however, the book is a good supplement
for preliminary
courses
in ecology.Richard S. Driscoll, Fort Collins, Colo.

The Lasater Philosophy of Cattle Raising.
By Laurence
M. Lasater. Texas Western
Press, The University
of Texas at El Paso.

464

69 p. 1972. $10.00, deluxe

$25.00.

As I read “The Lasater Philosophy
of
Cattle Raising” I kept trying to fit the
many
fine ideas and well-thought-out
conclusions
into the business
of cattle
raising as I have known it in Wyoming,
where the growing season is short, the
and supplemental
feed
winters
severe,
essential. With today’s livestock prices, do
I dare do without
insecticides,
or on a
few occasions
a foot trim, instead
of
asking Nature to do its best to correct the
trouble?
I came to the conclusion
that
the “Six Essentials”
are quite sound. But
under Wyoming conditions,
some minor
adjustments
in application
are necessary.
The building
of super animals is a
wonderful
goal. We know how much we
owe to past breeders,
who, over the
centuries,
have moulded
our cattle into
the beefmakers
of today. There still is a
need for master stockmen to work on the
“Six Essentials” instead of today’s goal of
stock-show
prizes.
I agree
with Mr.
Lasater that even over a few years, a
severe system of selection and culling can
decidedly
boost the quality of a herd, the
size of the pay check, and the rancher’s
pride in raising fine animals.
Yet few
young ranchers
today, unless fortunate
enough to follow in their fathers footsteps, have the necessary funds to carry
on a selection program that will have any
longrange effect on the industry.
Within each of our pure breeds of beef
cattle, there is a long heritage of meat
production
that, if built upon a program
such as Mr. Lasater proposes, would not
need cross breeding
or exotic blood to
develop a super type. Many ranchers may
think they are doing just that,, but they
forget the severe culling; and I know of
none who have the nerve to set up a
closed herd and not succumb
to the
temptation
of introducing
a new sire
from time to time to meet a popular
trend. Perhaps some experiment
station
could undertake
such a long-time
program in cooperation
with a breed association.
As ranchers read the book or become
acquainted
with
the “Lasater
Philosophy,” they are sure to start thinking,
and only by thinking can they find better
practices
to aid the stockman
in this
competitive
age.-H.
E. Sabin, Lusk, Wyo.
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Mode of Action of Herbicides.
By Floyd
M. Ashton
and Alden S. Crafts. John
Wiley and Sons, Inc. 605 Third Avenue,
New York, N. Y. 10016. 504 p. 1973.
$24.95.
Herbicides
are effective and efficient
tools for manipulating
vegetation
and
improving rangeland communities.
Range
should
be acquainted
with
managers
chemical weed killers, at least in a cursory
way, and be cognizant of how herbicides
kill plants.
This volume provides an introduction
to the physiology
and biochemistry
of
herbicides
and summarizes
information
on properties,
commercial
forms,
and
field use of the 150 products
now available. The first seven chapters
deal with
principles
of herbicides
and herbicidal
action, including
classification
and selectivity, morphological
responses,
absorption and translocation,
biochemical
responses, and mode of action. The following 15 chapters relate to particular classes
of herbicides.
Included
in these chapters
are general principles of mode of action,
growth
and plant structure,
absorption
and translocation,
molecular
fate, biochemical responses,
and a summary of all
these under a general treatment
of mode
of action.
The appendix clarifies the bewildering
nomenclature
of herbicides
by listing the
common
name,
trade
name,
chemical
name, and manufacturer
for each herbicide. It also lists pertinent
physical, chemical, and biological
properties
for each
material.
The authors, both of whom are recognized authorities
in the field of weed
science, have presented
in this volume a
concise, straight-forward
treatment
of the
mode of action of herbicides.
It will be of
much value as a handbook
and reference
to range weed scientists,
extension
specialists, and range managers. In addition,
this book will prove of value as a useful
reference
in any course on range weed
control
or range improvement
by giving
the students an indepth view of mode of
action
of herbicides
and how specific
classes of herbicides
work to kill weeds.Raymond A. Evans, Reno, Nevada.
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