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design of pump lines for any 
given pipe size (providing the 
pipe would withstand pressure 
created) any given quantity of 
water may be pumped through 
the line by increasing or decreas- 
ing the power applied to the 
pump. Therefore, it may be 
readily seen (Fig. 5) that the 
maximum pressure on a pump 
line normally occurs at the pump 
or at a lower point in elevation 
along the pipe relatively near the 
pump. 

For an example, using Fig. 5, 
assume the need to deliver 10 
gpm to 50f 00 through a 1.5-inch 
line. The elevation difference be- 
tween Of 00 and the water sur- 
face in the tank at 50f 00 is 175.0 
ft. The friction ,loss in the 1.5- 
inch pipe flowing 10 gpm would 
be 8.6 ft/l,OOO or 43.0 ft total for 
the 5,000 ft of pipe. Neglecting 
minor losses, the total head would 
equal the elevation difference 
plus friction loss, or 218.0 ft at 
O-!-00. 

On gravity and pump lines, 
the maximum pressure on any 
segment of the line should be 
checked. The maximum pressure 
occurs where the hydraulic gra- 
dient or the static head is a maxi- 
mum distance above the center 
line of the pipe. This head in feet 
is easily converted to pressure 
in lb/in2 (P) . 

P=62.4 X Head in ft 

144 
VII. Pumping Plant. - Pump- 

ing water for livestock consider- 
able distance against a high head 
normally requires only small 
pumping plants. Horsepower is 
an expression of the time rate of 
doing work. Work is defined as 
a force (lb) moving through a 
distance (ft). One horsepower is 
defined as 550 ft-lb/second or 
33,000 ft-lb/minute. The first step 
in determining power require- 
ments is to determine the water- 
horse power required. 

When Q=Quantity of flow in 

gpm. 
Water HP = 8.33Qh = Qh 

33,000 3,960 
Referring back to the line in 

Fig. 5, it was determined the 
total pumping head was 218 ft. 
In this case Water Horsepower 
would be: 

HPw= (10) (218) x.55 HP 

3,960 
With a gasoline engine it may 

be safely assumed that an overall 
pumping plant efficiency of 5Oc/: 
could be obtained. This includes 
pump efficiency, transmission 
efficiency, and efficiency of the 
engine itself. In the sample prob- 
lem an engine of 1.1 rated horse- 
power should be sufficient. Se- 
lection of a power unit for this 
system would probably be a 1.5 
horsepower engine. Care must be 
taken in selecting pump and 
engine and matching them in re- 
spect to performance data. Per- 
formance data is available from 
the manufacturers. 
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Highlight 
Rock goldenrod, an undesirable 

range plant, was sprayed with 2,4-D 
incidental fo a sagebrush-control 
project on the Ashley National For- 
est. One-half fo two-thirds of the 
rock goldenrod plants sprayed at fhe 
rate of 2 pounds per acre were killed. 
This application killed all mature 
sagebrush. 

Sagebrush-control projects on the 
Ashley National Forest north of 
Vernal, Utah, provided an opportun- 
ity to determine if 2,4-D will kill 
rock goldenrod (Petradoriu pumila 
(Nutt.) Green). Rock goldenrod is 
an undersirable range plant that 
grows in a wide altitudinal range 
(3,500-11,000 ft) extending from 
Wyoming and southeast Idaho, south 
into northern Arizona and New 
Mexico, and west to the mountains 
of California’s Mohave Desert (An- 
derson, 1963). Rock goldenrod is not 
eaten by livestock or big game (U.S. 
Forest Service, 1964)) nor is it a 
good soil binder because it has a 
taproot with few laterals near the 
surface. 

Some cattlemen believe that rock 
goldenrod has increased in amount 

and distribution on the south slopes 
of the Uinta Mountains during the 
last decade. However, quantitative 
records are not available to confirm 
this belief. The form of rock golden- 
rod in this area is P. pumila ssp. 
pumila (Anderson, 1963). It grows 
with other forbs and with grasses in 
the understory of big sagebrush 
(Artemisia tridentata Nutt.) com- 
munities, and is most abundant on 
rocky ridges and other areas with 
shallow soils. It is also abundant in 
some areas on deep soils that have 
been cultivated and seeded to intro- 
duced grasses. 

This paper does not report a 
“study” of the usual sort-merely 
some observations incidental to the 
sagebrush control projects men- 
tioned above. Since rock goldenrod 
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Table 1. Density of rock goldenrod one year after spraying with 2,4-D. 

Av. no. plants 
per plot Percent 

Live Dead 
kill 

Spray date Site description No. of 9.6- 
sq.-ft. plots 

June, 1962 Scattered sagebrush 
~~ 

20 2.6 4.4 631 
shallow soil 

June, 1963 Scattered sagebrush 40 3.6 5.4 60 
shallow soil 

June, 1963 Moderate sagebrush 100 4.2 4.4 51 
deep soil 

1 Counts 2 years after spraying showed 66% kill. 

is often found in association with big 
sagebrush, there may well be some 
interest in the fact that 2,4-D may 
be used to control both plants si- 
multaneously. 

Methods 
Two areas were sprayed with 

2,4-D in an oil base at the rate of 2 
lb/acre-one in June 1962; the other 
in June 1963. Both are on gentle, 
southeasterly-facing slopes at ap- 
proximately 8,000 ft elevation. 

On the area sprayed in 1962, live 
goldenrod plants were counted on 
20 permanent 9.6-fts plots just be- 
fore, 1 year after, and again 2 years 
after spraying. The plots were on 
shallow soil with only scattered 
sagebrush plants. The rock golden- 
rod plants killed by the 1962 spray 
could be easily identified and 
counted in 1963. A slightly different 
technique was used to determine 
mortality of rock goldenrod on the 
area sprayed in June 1963. On this 
area, both live and dead plants were 
counted on 140 randomly located 
9.6-fts plots in 1964, a year after 
spraying. No count was made prior 
to spraying. Forty of the plots were 
on rocky, shallow soils with scat- 
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tered sagebrush plants; the re- 
mainder were on deep soil with a 
moderate stand of sagebrush. 

Numbers of live and dead sage- 
brush plants were also counted in 
the plots on both areas. Sagebrush 
plants were arbitrarily grouped into 
two classes: seedlings-4 inches or 
less in height, and mature-over 4 
inches. 

Resulfs and Discussion 

Rock goldenrod had reached its 
full vegetative growth, but had no 
flower stalks when sprayed in 1962. 
The sprayed plants produced a few 
distorted stalks without flowers later 
in the summer. Unsprayed golden- 
rod plants in adjacent areas flow- 
ered the first week in August 1962. 

In 1963, 63 percent of the rock 
goldenrod plants sprayed the year 
before were dead (Table 1). Por- 
tions of many live plants also ap- 
peared to have been killed by the 
spray, and some of these plants died 
by 1964. Spraying killed all mature 
sagebrush, but one-fourth of the 
sagebrush seedlings survived. 

In 1964, 60% of the rock golden- 
rod plants sprayed in 1963 were dead 
on shallow soils with little sage- 

Highlight 
The grazed planf method of esii- 

mating utilization is some times in- 
adequate because a large perceniage 
of the plants may be grazed lightly. 
Utilization by weight may be no 
more than 40% when 100% of the 
planis are grazed. An adaptation of 
the grazed plant method aimed af 
overcoming this weakness has 
yielded very gratifying results for 
Thurber fescue in fhe Central Rocky 
Mountain area, 

A vital factor in good range 
management is proper stocking. 

brush cover; 51% were dead on deep 
soils with more sagebrush (Table 1). 
The spray killed all the sagebrush in 
the plots on shallow soil and 90% 
of the sagebrush on the deep soils. 
All live sagebrush plants were less 
than 4 inches in height, and many 
appeared to be seedlings that had 
sprouted after the area had been 
sprayed. The lower mortality of rock 
goldenrod and small sagebrush 
plants in the area that had the most 
sagebrush suggests that large sage- 
brush plants may have shielded 
some of these low-growing plants 
from the spray. On adjacent un- 
sprayed areas, no dead rock golden- 
rod plants and only occasional dead 
sagebrush plants were observed in 
1964. 

Conclusions 
Perhaps a greater proportion of 

rock goldenrod plants would be 
killed by ( 1) spraying at a heavier 
rate in June, (2) spraying all plants 
directly, including those under large 
sagebrush plants. Whether such a 
control program would be practical 
is not known. 

Rocky ridges where rock golden- 
rod is most abundant are often ex- 
cluded from areas sprayed for sage- 
brush control because the sagebrush 
cover is often quite sparse. If further 
study reveals that removing rock 
goldenrod increases grass yields, 
these rocky areas probably should 
be included in future spray pro- 
grams. 
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Proper stocking, in turn, is based 
on proper utilization of the key 
forage species. To maintain 
proper stocking then, a manager 
must have an efficient method 
for estimating utilization. 

Several methods for estimat- 
ing utilization of range plants 
have been described. The use of 
these methods has met with 
varying degrees of success and 
satisfaction to the user. For use 
on National Forest allotments, a 


