
Frc. 1. Artificial canopy devised to dupli- 
cate shade and interception effects of 
juniper. 

was found to be statistically signifi- 
cant. 

These relationships are important 
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Highlight 

Color negative film used in a camera 
with a lens providing a good depth 
of field at short focal distances has 
produced stereo color prints that per- 
mit accurate identification and mea- 
surement of range vegetation with a 
pocket stereoscope. This system can 
overcome many of the problems of 
inventorying a range. 

The many and varied range inven- 
tory techniques are the results of a 
continuing search for better inventory 
procedures. Major considerations in 
inventory techniques continue to be 
time allotted, information desired, ac- 
curacy required and qualifications of 
personnel. The time involved in all 
of the acceptable procedures severely 
restricts the size of the samples; the 
smallness of the samples creates too 
great a sampling error. 

The greatest weakness, however, of 
these processes lies in the difference 
between results achieved by different 

1 Received May 7, 1969; accepted for 
publication July 1, 1969. 
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in managing pinyon-juniper ranges. 
Where the litter covers only a small 
part of the area, the blue grama re- 
sponse expected from juniper control 
should be about the same magnitude 
as the effect of root competition shown 
in this study. Where there is more 
litter, production of blue grama will 
be less, and although the increase may 
eventually be greater, it may be delayed 
until the litter at least partially de- 
composes. 
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field technicians when they attempt to 
duplicate a sample. This variation 
prohibits the accurate recognition of 
small trends over a period of time even 
when the best trained men collect the 
sample information, it makes the re- 
sults from any one sample suspect. 

Most previous attempts to use 
close-up photography in understory veg- 
etational analysis have proven rather 
fruitless. Winkworth, Perry and Ros- 
settii (1962) made vertical photographs 
from a stepladder to facilitate examina- 
tion of plant cover. Although they did 
find that the photographs gave an 
excellent projectional representation 
of the vegetation, they also concluded 
that it was impossible to measure areas 
planimetrically without simplifying the 
plant outlines quite arbitrarily. Grelen 
(1959) similarly concluded that vertical 
photographs have not been successful 
in measuring basal area because of the 
confusion with crown cover. 

In 1956 the U. S. Forest Service 
adapted the “Three-Step Method” for 
documentation of range condition and 
trend. The relevant step three con- 
sisted of two key photographs; a gen- 
eral view of the transect and a close-up 
of a 3 x 3 foot square plot, taken 
obliquely from the same point as the 
general photograph (Parker and Harris, 
1959). These photographs were suitable 
for showing general changes in under- 
story condition, but they offered 
limited application in interpreting 
small changes. As such, they can sup- 
plement ground surveys, but have not 
been used to quantify the vegetation. 

Wimbush, Barrow and Costin (1967) 
worked on color stereo-photography in 
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1966 to measure range vegetation. 
They took color transparencies with a 
35 mm camera, forming a continuous 
strip 30 x 3 feet with 15 pairs of photo- 
graphs. Using these stereophotographs 
required a rather sophisticated stereo- 
scope. They reported success in mea- 
suring vegetative trends, but stated 
that the method is not suitable for 
multilayered vegetation, except to de- 
termine species composition of the 
dominant and perhaps the subdomi- 
nant strata. 

Claveran (1966) reported the use of 
Polaroid stereoscopic pairs in charting 
Arizona range plants. Use of the 
Polaroid positive/negative AA-type 
film allowed immediate field check of 
the photograph quality and field 
charting on the photographs. He noted 
that the method is suitable only for 
low vegetation and especially unsuit- 
able for rhizomatous or dense vegeta- 
tion. Remeiun (1967) discusses require- 
ments for obtaining high quality 
stereophotographs. 

The authors worked with a sample 
plot, one meter on a side, subdivided 
into 25 squares, each 20 centimeters on 
a side (Fig. 1). The frame delineating 
the plot was designed to fold in the 
center and the bars creating the sub- 
divisions were removable. The sub- 
division bars are laced into position 
after the frame has been positioned as 
close to the ground as possible. If the 
plots are to be used for periodic re- 
measurement, each corner can be 
marked with a peg driven flush with 
the ground. 

The camera was a Hasselblad 5OOC, 
with a 55 mm, 75 degree lens. It was 



suspended live leet above the mean 
ground level over the ccnfer of the 
plot from an aluminum angle bar sup- 
ported between two tripods (Fig. 2). 
‘The camera was off-set 18 centimeters 
for the second rxposure. A second pair 
of stereo pictures was then taken with 
the camera positioned over the down- 
hill side of the plot frame. These 
oblique pictures were added after the 
original tests to help in locating and 
identifying the smaller plants that 
might be hidden under other vegeta- 
tion when phot”graphcd from directly 
above. 

When the sun created shadows on 
the plot, the sample urrir was shaded 
with a black plastic sheet. Exposures 
were made with artificial light po- 
vided by a full ring-strobe (44000 
ECI’S) camera aperture of F-16. and a 
ahutter speed oi j/B” of a second, pro- 
viding a focal depth of three feet. The 
film was Kodak Ektacolor, type S with 
an ASA rating of 80. 

The major disadvantage of this pro- 
cedure was with tall grasses on a windy 
day. 7‘he exposure resulting from the 
strobe light will stop this action, but 
the displacement of the subject for the 
second picture results in a confusing 
image for the observer; for instance 
when some of the subjects coincide 
others are out of position. This effect 
could be eliminated with tw” cameras 
taking simultaneous exposures. 

To check the observer’s accuracy in 
locating and identifying vegetation on 
the stereophotographs, every species 
that appeared in each of the 20 cen- 
timeter square subdivisions of the 
sample was identified in the field. 
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Several weeks later the photographs 
were used t” identify the species ap- 
pearing in each of these subsample 
units and the results then compared t” 
the field tally. This procedure was 
applied to 15 different sample units 
under conditions ranging from a time 
brr stand of medium density r” “pen 
range land. All field informaLion and 
photographic interpretation was carried 
out by one observer who was familiar 
with the vegetation. The results from 
tbis work indicated that “ver 95 per- 
cent of the plants could be located ac 
cnrately within the grid system and 
that 95 percent accuracy of species 
identification was possible. Small an- 
nual forbs appeared LO causr the mosr 
trouble in both location and idcntifi- 
cation. 

Stereophotographs of range vegaa- 
tion can help t” determine species 
frequency and drnsiry, ab well as the 
area of vertical projection of the abovc~ 
ground parts “nt” the ground foliage 
cover. The photographs may be leas 
valuable for interpreting basal area, 
however, the oblique photo~graphs does 
allow measurement of one dimension 
of the basal spread of a plant. They 
also should permit very accurate deter- 
mination of vegetative trends by om- 
paring photographic samples taken 
years apart. Rephotographing plots 
for trend analysis, however, must be 
done at the same stage of plant de 

vdopmenl that existed for the earlier 
recordings. 

The pholograpbic sampling tech~ 
nique permils a technician with rela- 
tively little training to do the field 
work and leave the identification and 
analysis to individuala poasasing this 
skill for the winter. ‘This permits the 
critical p&se of the inventory to be 
madr during a conrinuous work session, 
thereby eliminating variations usually 
inherent in the work of different ins 
dividuals, or one individual’s work 
over a long period of time. 
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Sweetclover as a Range Legume1 
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Highlight 
Sweetclover grows among native grasses and supplies 

nitrogen and phosphate. Sweetclover has been increased 
on the ranch by managing for seed set, for seedling estab- 
lishment and by introducing it into new areas. Seed set 
is favored by grazing off the heavy second year growth to 
conserve moisture for seed production. Seeding establish- 
ment is favored by spring grazing that reduces competition. 
The ability to reseed itself has been found to be limited to 
south facing slopes. The sweetclover provides nitrogen 
and extracts phosphate from the soil for its large growth; 
the fertility remains to fertilize the grasses. 

Sweetclover (Melilotus officinalis), growing among the 
short native grasses, produces a thick growth, 3 to 4-foot 
high, that compares in forage value to irrigated and ferti- 
lized pasture. The nitrogen the sweetclover fixes and the 
phosphate the sweetclover draws from the soil is left to 
fertilize the grasses. What is more, the sweetclover grows 
naturally. It has been maintaining itself on certain range 
areas of the ranch for over 40 years. 

To the ecologist, sweetclover is an invader. To the 
rancher making a living running cattle, sweetclover is a 
plant that produces forage in far greater abundance and 
of higher nutritional quality than the bluebunch wheat- 
grass (Agropyron spicatum), western wheatgrass (Agropyron 
smithii), and Idaho fescue (Festuca idahoensis). Sweetclover, 
with its thick, four-foot-high growth, makes it amazingly ap- 
parent that the sunlight, soil, and moisture available has a 
greater potential of production than the short growing, un- 
palatable, fertility starved native grasses indicate. 

An effort has been made in the past 25 years to increase 
the amount of sweetclover growing on the ranch. The ranch 
is in south-central Montana at the edge of the plains. 
Elevations range from 4700 to over 7000 ft. Much of the 
yearly precipitation comes in March, April, May, and June. 
Considerable snow accumulates some winters, and snow 
drifting is a factor in moisture distribution. The average 
total precipitation is about 20 inches, but there is a sharp 
variance from one year to another and in moisture patterns. 
July and August are hot and dry with low humidity. High 
winds are characteristic and are associated with periods of 
low humidity. Soils have been formed from decomposed 
sedimentary sandstones and shales. The ranch area is 
broken by steep hills rising 1500 feet from the valley floors. 
The steep hills create marked site differences under the 

l Received May 22, 1969; accepted for publication June 30, 
1969. 

same climatic conditions, the south exposures having mark- 
edly different growing conditions than the north facing 
slopes. Under the varied conditions of soil, moisture, ex- 
posure, and elevation, the adaptability and growth habits 
of the biennial sweetclover is considered. 

The ranch’s sweetclover program has consisted of (1) 
getting more sweetclover to grow and (2) accommodating 
the sweetclover that does grow to give it greater oppor- 
tunity to use its ability to fix nitrogen, its ability to use 
phosphate, its ability to root into winter accumulated mois- 
ture and its ability to produce a tremendous amount of 
carbohydrate and protein. 

The sweetclover growing program is in two phases: (1) 
getting more to grow on sites where it already exists, and 
(2) introducing it into new areas. 

Characteristics of Sweetclover 
Sweetclover is a biennial. It grows in abundance some 

years and is almost completely absent in others. Factors 
that have been found to affect the establishment of sweet- 
clover seedlings, determining whether there will be sweet- 
clover the following year are: (1) availability of seed, (2) 
moisture, (3) competition, and (4) soil. 

Apparently, after there once has been good seed produc- 
tion, the availability of seed is no longer a factor. Hard 
seed is ready and waiting in the soil regardless of the num- 
ber of years since it was produced. Several hundred pounds 
of seed per acre are produced in a year of good seed set. 
Where some seed sprouts under favorable moisture condi- 
tion, sufficient hard seed remains to assure sufficient seed 
in the following years. 

The extent of natural seed production was demonstrated 
when a 450 pound per acre seed yield was obtained from 
a volunteer stand. The 450 pound yield was considerably 
less seed than would have been produced had the sweet- 
clover gone unharvested. Some of the mature seed fell off 
the stems and was lost. A still greater amount was never 
formed, since at the time of harvest there was a high 
percentage of immature seed, with the sweetclover still 
blooming. 

Managing for Seed Production 
Grazing in the right amount and at the right time favors 

seed production. If the second year growth is not grazed, 
the sweetclover exhausts the soil moisture before seed is 
produced. Too close utilization limits seed production. To 
obtain the best forage utilization and seed production, 
grazing should start just before blooming as the plant is 
lengthening out. Grazing then should stop when the sweet- 
clover has been grazed to a IO-inch stubble. From the lo- 
inch stubble, the sweetclover regrows using the moisture 
that has been conserved to produce an abundance of seed. 

Moisture Relations 
Moisture, particularly the way the moisture comes, is an 

important factor in creating an abundance of sweetclover. 


