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were not the major forage or 
where the cattle management 
within the pasture was changed 
every year. For example, the 
poorest relationship (R = 0.32) 
was for a pasture used to test the 
influence of placing salt and salt- 
meal mixture at and away from 
water on a four-year rotation. 
Variations in placement and kind 
of mineral and feed supplements 
changed the pattern of use on the 
pasture each year. Intermediate 
relationships were found for pas- 
tures in the driest parts of the 
range where shrubs and winter 
annual forbs made up a consid- 
erable proportion of the forage. 
The shrubs and forbs were not 
measured when yearly forage 
production or utilization was 
determined. These observations 
lead to the conclusion that, to 
use the relationship, major for- 
age species must be measured 
and a consistent management 
program must be followed 
within a pasture. 

In practice, data from past 
years are used to compute an av- 
erage relationship among vari- 
ables for each pasture or range 
area. A separate relationship 
is needed for each area because 
each varies as to cattle distri- 
bution patterns, relative amounts 

of forage types, and relation of 
the forage species measured for 
production and utilization to all 
the forage produced and used 
within the pasture. The regres- 
sion equation can properly be 
used to estimate the percent util- 
ization that will result from a 
given yield and rate of stocking 
in the pasture because utilization 
(U) is the dependent variable 
subject to random error. 

An investigator more often de- 
sires to know the number of ani- 
mals to place on an experimental 
pasture to arrive at desired de- 
gree of utilization. This requires 
solving the regression equation 
for S (stocking), which is an in- 
dependent variable subject to se- 
lection, and setting confidence 
limits for this estimate. In par- 
ticular from equation 2 we have 
equation 3 (Figure 1). 

Substitution of given values 
of AG, PG, and U results in the 
estimate of S. A general method 
for deriving confidence limits for 
S may be obtained as shown in 
Figure 1. Figure 2 is an example 
of the computation of stocking, S, 
and confidence limits for a pas- 
ture on the Santa Rita Experi- 
mental Range. 

To date the procedure has been 
used only to estimate grazing 

capacity of experimental pas- 
tures where rather intensive data 
on herbage production and utili- 
zation of the main species have 
been available. Its best use is 
where production estimates can 
be made before livestock are 
placed on the range, and utiliza- 
tion estimates can be made after 
the livestock are removed and 
before growth begins. The 
method can be used, however, 
to estimate stocking to meet a 
given herbage production. On 
Black Mesa, for example, stock- 
ing rates are adjusted at three- 
year intervals, the estimate each 
three years being made of the 
number of animals required 
based on a year of average her- 
bage production. The most ex- 
tensive test of the method was 
with the Jornada Experimental 
Range data in which good pro- 
duction and utilization records 
were available for large pastures. 
Herbage production and utiliza- 
tion were determined each year 
on four 50-foot transects per sec- 
tion (640 acres). The good rela- 
tionships obtained on the Jor- 
nada suggest possible use on 
range allotments as an approach 
to estimating grazing capacity. 
Trials of this kind are recom- 
mended. 
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Green needlegrass (Stipa viri- 
dula Trin.) is a cool season 
bunchgrass native to the Great 
Plains. It is a highly nutritious 
forage plant, capable of vigorous 
seedling growth and rapid re- 
covery after heavy grazing. 
These qualities make green 
needlegrass useful in range ren- 
ovation. Difficulty in establish- 
ing a field stand has been one of 
the major problems with green 

needlegrass. Most people credit 
poor seeding success to a high 
seed dormancy. 

Research the past three years 
has suggested another reason for 
failure; low quality of commer- 
cial seed on the market. 

Results of studies of the qual- 
ity characteristics of commercial 
green needlegrass seed lots are 
presented here. 

Factors affecting seed quality 

were considered by Justice 
(1961) to include percentage of 
pure seed, other crop seed, weed 
seed, inert matter, germination 
and hard seed when present, the 
rate of occurrence of designated 
noxious weed seed, varietal pur- 
ity, freedom from disease and 
disease organisms, moisture con- 
tent, origin of production and 
seed size. Considerable work has 
been done on the factors that 
affect purity and germination, 
but only limited research has 
been done on other factors of 

lApproved as South Dakota Agricul- 
tural Experiment Station Journal 
Article #568. This study was fi- 
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seed quality. One such factor is 
the relationship of seedling vigor 
to seed size. Some investigators 
(Kneebone and Cremer, 1955; 
Martin and Yarnell, 1961; McAl- 
ister, 1943; Rogler, 1954; and 
Vaughan, 1961) have reported on 
the influence of seed size on 
seedling vigor. All concluded 
that the largest seeds produced 
the most vigorous seedlings. 
None of the reports included 
studies of green needlegrass. 

Schaaf and Rogler (1960) sep- 
arated mature dark-colored 
seeds, of green needlegrass, from 
relatively well-developed but 
light-colored seed in each lot. 
Seedling emergence from light 
colored seed was about 57 per- 
cent of that from dark-colored 
seed. 

Methods 

Samples of green needlegrass 
received by the South Dakota 
Seed Laboratory during the past 
three years were tested for pur- 
ity, germination, viability, 
weight of 1000 seeds and sample 
color. Color classifications used 
were: yellowish green, indicative 
of immaturity; all gray, indica- 
tive of maturity; and intermedi- 
ate colors between yellowish- 
green and gray associated with 
the soft dough to hard dough 
stages. 

Pure seed was determined by 
hand removal of the inert matter, 
weed seeds and other crop seeds. 
After each separation was made, 
individual weights were taken 
and the percentage of each com- 
ponent determined. An indica- 
tion of test weight was obtained 
by weighing 1000 seeds. 

A modified form of the tetra- 
zolium test described by Grabe 
and Delouche (1959) was used 
to determine seed viability. Two 
hundred seeds were soaked in 
water for 12 hours at 30°C. Each 
seed was then cut longitudinally 
in order to slice the germ in half. 
Half of each seed was placed in 
a petri dish containing 0.1 per- 
cent of 2,3,5-triphenyl-2H-tetra- 
zolium chloride salt in an aque- 
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termediate maturity) ; (C) mostly gray 

ous solution and soaked for four 
hours. Examination for a color 
change was made w’ith the aid 
of a binocular microscope. 

Results and Discussion 

Color of green needlegrass seed 
can be related to stage of ma- 
turity. Immature seed are light 
gray or yellowish-green. Mature 
seed are uniformly gray. Seed 
lots containing varying degrees 
of yellowish-green and dark 
colored seeds result from uneven 
maturity at time of harvest. Fig- 
ure 1 shows green needlegrass 
seeds divided into four groups 
according to relative maturity as 
determined by seed color and 
size. Samples of green needle- 
grass seed of uniform maturity 
are uncommon because of the de- 
terminate inflorescence of the 
plant. The top of the panicle will 
have mature seed and the bottom 
of the panicle immature seed. 

Seed samples having many or 
all yellowish-green seeds were 
generally of low seed weight, 

(mostly mature) ; (D) all gray (mature). 

purity and viability. Evidence 
of this relationship is presented 
in Table 1. 

Statistical analysis of these 
data presented in Table 2 showed 
that significant differences ex- 
isted between pure seed means 
only when comparing the mean 
of the “yellowish green” group 
with the other group means. 
There were no significant differ- 
ences between means of the 
“some gray”, “mostly gray” and 
“all gray” color groups of pure 
seed. Signif icant differences were 
found between all color groups 
when comparing means of 1000 
seed weights and TZ viability. 
These differences show that seed 
quality can be determined by ob- 
serving color, 1000 seed weight 
and TZ viability. Seed purity 
also indicates seed quality to 
some degree but is not as ac- 
curate a measure. 

Seed in the color groups 
“yellowish-green” and “some 
gray” appeared to be of low 
quality as is shown by the seed 
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Table 1. Qualify classification of 31 commercial green needlegrass seed 
samples, by sample color, purify. viability and lOOO-seed weight. 

Color class 
Sample 

no. 

Yellowish-green 

Some gray 

Mostly gray 

All gray 

1 
2 
3 

Means 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

Means 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
Means 

1 
2 

Means 

Purity 
Weight of Viability 
1000 seeds TZ* 

(Percent) (Grams) (Percent) 
51.18 1.008 7 
83.35 1.105 16 
95.17 1.630 44 
76.57 1.248 22 
82.00 1.542 64 
94.04 1.615 61 
88.76 1.669 31 
95.17 1.755 14 
98.12 1.770 68 
94.53 1.780 53 
97.36 1.784 65 
92.92 1.832 53 
96.87 1.859 77 
98.95 1.990 83 
98.54 2.042 52 
94.91 2.091 75 
95.47 2.180 59 
91.64 2.243 34 
89.68 2.544 33 
95.12 2.730 90 
94.01 1.964 57 
88.00 2.085 72 
95.81 2.240 89 
98.41 2.289 81 
97.75 2.296 85 
99.57 2.430 85 
92.05 2.833 82 
97.78 2.910 98 
99.07 2.208 70 
99.64 3.321 92 
97.35 3.410 91 
96.54 2.702 84 
93.03 3.348 73 
99.75 3.597 69 
96.39 3.473 71 

*Tetrazolium 

weight means of 1.248 and 1.964 
grams and by the TZ viability 
readings of 22 and 57 percent. 
The “mostly gray” and “all gray”, 
groups appeared to be of higher 
quality as shown by the seed 
weight means of 2.702 and 3.473 
grams and by the TZ viability 
readings of 84 and 71 percent. 

Of the 31 commercial seed 
samples analyzed in this study, 
three were yellowish-green, 16 
some gray, ten mostly gray and 
two all gray. Sixty-one percent 
of the samples fell into the lower 
quality range characterized by 
yellowish-green color, low lOOO- 
seed weight and low seed vi- 
ability. The remaining 39 percent 

were in the higher quality range 
having darker seed color, higher 
lOOO-seed weight and higher vi- 
ability. 

One unexplained characteris- 
tic of the “all gray” group was 
lower seed viability than the 

“mostly gray” group which con- 
tained a few yellowish-green 
seeds. This particular phenome- 
non needs further study. 

As a general rule, the percent 
viability increased with seed size 
and with seed color toward gray- 
ness. 

Summary 
Thirty-one commercial lots of 

green needlegrass seed received 
during the past three years were 
analyzed for quality. Sixty-one 
percent were found to be low. 

Viability, as determined by a 
tetrazolium test, color and 
weight were found to be closely 
related. 

Samples consisting of “all 
gray” or “mostly gray” colored 
seed were high in lOOO-seed 
weight, of high viability and 
were judged to be of high qual- 
ity. 

Samples containing “yellow- 
ish-green” or “some gray” seed 
had a lower lOOO-seed weight, 
were lower in average viability 
and were considered of low qual- 
ity. 

Establishing green needlegrass 
stands would probably be sim- 
plified by the use of high quality 
seed. 

One thousand seed weight and 
TZ viability were found to be 
good indicators of quality. 

Seed producers should be con- 
scious of the factors that deter- 
mine quality when harvesting 
and processing green needlegrass 
seed in order to market high 
quality seed. 
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Viability 22 57 84 71 5 
lunderscored means are not significantly different. 
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Herbicide Control of Sagebrush on 
Seeded Foothill Ranges in Utah 

C. WAYNE COOK 
Research Professor, Range Management Department, 
Utah State University, Logan, Utah 

It has been shown that big 
sagebrush (Artemisia triden- 
tutu), which is relatively unpal- 
atable, competes seriously with 
forage plants. It has invaded 
millions of acres of deteriorated 
foothill range in the intermoun- 
tain area to the extent that as- 
sociated forage plants produce 
only a modicum of their poten- 
tial. Sagebrush also has rein- 
vaded many seeded foothill 
ranges and reduced their forage 
producing capacity. 

The use of 24-D has become 
an accepted practice for control- 
ling big sagebrush and eliminat- 
ing competition with other 
plants. However, success on foot- 
hill ranges has been sporadic. 
Many range technicians and land 
operators have been disappointed 
by the results even though they 
followed recommendations as 
prescribed from present research 
knowledge. 

The present study was initi- 
ated in the spring of 1958 on 
seeded foothill range in central 
Utah after four years of disap- 
pointing attempts to control 
sagebrush infestation with selec- 
tive herbicides. The objectives 
of the study were to determine: 
(1) the rate and date of applica- 
tion of 2,4-D that would give 
most effective kill, and (2) the 
relationship of soil moisture and 
of temperature (soil and atmos- 
pheric) to the effectiveness of 
herbicides. 

Review of Literature 

The percentage kill of sage- 
brush with selective herbicides 
has shown considerable variation 
with respect to rate of applica- 
tion. Cornelius and Graham, 
1958; Hull and Vaughan, 1951; 
and Hyder et al., 1958b all re- 
ported satisfactory and econom- 
ical kill of big sagebrush with 
butyl ester of 2,4-D at a rate as 
low as 1.5 pounds of acid equiva- 
lent per acre. Plummer et al. 
(1955) suggested that two 
pounds of 2,4-D per acre, prop- 
erly applied, would kill 60 to 90 
percent of a big sagebrush stand. 
Kills of 75 percent have been 
reported by Hull et al. (1952) 
when 2,4-D was applied at the 
rate of two pounds of acid equiv- 
alent per acre. Cornelius and 
Graham (1958) reported the per- 
centage kill ranged from 81 to 
100 percent when using two 
pounds of acid equivalent per 
acre. Hyder (1953) achieved pn 
average mortality of 77, 89, and 
93 percent by applications of one, 
two and three pounds of 2,4-D 
per acre, respectively. 

Season of applying 2,4-D seems 
to be of primary importance in 
obtaining a successful kill. Pech- 
anec et al. (1954) made the gen- 
eral observation that spraying 
should be done in the spring 
when sagebrush is growing ac- 
tively. Robertson and Cords 
(1956) stated that sites in Ne- 

vada with soil and rainfall favor- 
able for crested wheatgrass 
would provide satisfactory con- 
ditions for control of big sage- 
brush if the herbicide was ap- 
plied when the sagebrush began 
its growth in the spring. Alley 
and Bohmont in Wyoming (1958) 
and Hyder in Oregon (1954) 
have emphasized that effective- 
ness of herbicide application 
drops rapidly in late spring as 
lack of soil moisture and high 
temperatures become critical to 
growth. Alley and Bohmont 
(1958) concluded that the effec- 
tiveness of a given treatment 
may vary markedly within a lo- 
day period. Cornelius and 
Graham (1958) reported that 
highest percentage kill of sage- 
brush in northeastern California 
was obtained from spraying in 
May and June. Hyder (1953) 
found that the most favorable 
period of application in eastern 
Oregon was during May, but 
early June precipitation could 
extend the period of effective- 
ness. A more recent study by 
Hyder et al. (1962) in Oregon 
suggested that greatest suscepti- 
bility of sagebrush to herbicide 
was during the last two weeks in 
May when soil temperature at a 
depth of 18 inches was at least 
50 degrees F. and available soil 
moisture was 40 percent or not 
less than 1.7 atmospheres tension 
as read directly by resistance 
from soil-moisture blocks. 

Alley and Bohmont (1958), 
Cornelius and Graham (1958)) 
and Hull and Vaughan (1951) 
suggested that the period of most 
effective application of 2,4-D on 
big sagebrush occurs during 
rapid twig elongation or when 


