
pect from the range upon which 
he has no experience. Once his 
estimate of initial stocking rate 
is determined, he commences 
grazing but he keeps records of 
trend. Trend is simply a measure 
of change and may involve 
amount of vegetation, kind of 
vegetation, erosion, litter on the 
ground, vigor of vegetation, and 

CORRECT STOCKING RATE 

the like. If any undesirable 
trends accompany grazing, then 
obviously either numbers must 
be reduced or management must 
be improved. 

Federal range permit cuts are 
as likely to result from poor 
management as from any in- 
herent productivity limitation on 
the part of the range itself. 
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Stockmen should look to good 
management as a means of in- 
creasing livestock numbers. On 
public ranges, land administra- 
tors should reward stockmen 
who do practice good manage- 
ment by protecting their place 
on the land among other com- 
peting use demands. 

Can Fertilizers Effectively Increase 
Our Range Land Production? 

Associate Professor and Instructor, D e p art m en t of 
Agronomu. Washington State University, Pullman, 
W&hingt& 

The recent widespread use of 
nitrogen fertilizer for wheat pro- 
duction in the Northwest has in- 
terested ranchers in the possibil- 
ities of using nitrogen to in- 
crease forage production on their 
adjoining ranges. Some areas in 
the West have reported excellent 
success with various fertilizers 
applied to range lands. Califor- 
nia ranges respond to nitrogen, 
phosphate, and sulfur on certain 
sites. Many of the California 
sites (Williams, 1956) have areas 
where annual legumes can make 
effective use of the phosphorous 
and surfur, since legumes require 
more of these two elements than 
do grasses. These types of data 
cannot be transferred directly to 
the Washington ranges. In Wash- 
ington the soils are relatively 
high in phosphate; however, 
grasses do not have a high phos- 
phorous requirement. 

nize and handle as such. It ap- 
pears unwise to stimulate itspro- 
duction at the expense of our 
more desirable indigenous per- 
ennial species. 

The data in Table 1 show the 
response that can be obtained by 
adding nitrogen fertilizer to na- 
tive range in an annual rainfall 
area of 12 to 13 inches. The na- 
tive grass species there make 
good use of the nitrogen at rates 
up to 40 pounds of N per acre. 
In fact, the production was 
doubled. It is also noteworthy to 
keep in mind that the natural- 

Our main problem then is to 
determine the response that can 
be expected from the application 
of nitrogen to native or reseeded 
ranges. The response, as shown 
in Figure 1, in increased dry 
matter is not the whole answer, 
however. Ranges in central 
Washington have become in- 
fested with an introduced grass, 
cheatgrass (Bromus tectorum), 
that now has essentially become 
a native which we must recog- 

FIGURE 1. Response of native grass range to nitrogen fertilizer-80 pounds on the left, 
0 pounds in the center and 60 pounds of N on the right. Note, also, the increased growth 
of cheatgrass on the fertilized plots. 
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ized cheatgrass prefers this high 
standard of living. Its produc- 
tion increased from an average 
of 6 percent (1956) to 13 percent 
(1957)) where no fertilizer was 
applied, compared to 19 percent 
(1956) to 58 percent (1957) 
where 40 pounds of N were sup- 
plied. Increased rates of nitro- 
gen aided the cheatgrass at the 
expense of the native grasses as 
can be seen in Tables 2 and 3. 
The Idaho fescue (Festuca ida- 
hoensis) production was severely 
decreased in both 1956 and 1957 
by the cheatgrass competition. 

Bluebunch wheatgrass (Agro- 
pyron inerme) was greatly re- 
duced by the cheatgrass compz- 
tition but Sandberg bluegrass 
(Poa secunda) was not greatly 
affected. This may seem strange 
at first since the two species de- 
pressed the most are much taller 
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izer to range areas. The yield of 
crested wheatgrass was doubled 
by the use of 40 pounds of N. 
Furthermore, crested wheatgrass 
can utilize increased rates of fer- 
tilizer up to 80 pounds of N with 
substantial increases in produc- 
tion. It should be noted that the 
doubling of production of crested 
wheatgrass with 40 pounds of N 
resulted in about 1100 pounds 
gain in yield-the native grasses 
doubled their yield at the same 

Table 1. Oven dry herbage (Poa, Festuca and Agropyron spp.) produced 
on nafive grasslands wifh differenfial rafes of nifrogen applicafion 
af Hooper, Washingfon. 1953-1957. 

Nitrogen Pounds herbage 
(pounds) per pound 

applied per acre 1953 1954 1955 1956 1957 Av. N added 

Pounds per acre 
0 410 430 330 860 660 538 

20 580 780 640 1280 1040 864 16. 
40 1080 940 640 1550 1240 1090 11.5 
60 970 840 700 890 690 818 -12.5 
80 1190 940 660 730 720 848 0.5 

Average 850 780 590 1060 870 832 

than Sandberg bluegrass. How- 
ever, the bluegrass begins active 
growth early in the spring and 
is able to complete its annual 
growth cycle much ahead of 
bluebunch wheatgrass or Idaho 
fescue. This may explain its abil- 
ity to compete successfully with 
the prime invader, cheatgrass. 

It would seem then that one 
could expect excellent increases 
in yield without any substantial 
ecological upset at moderate 
rates of nitrogen fertilizer. High 
rates, however, did not give a 
corresponding increase in yield 
of the desirable grasses and 
promoted a potentially serious 

Table 3. Oven dry herbage produced by four grass’ species on nafive grass- 
lands under differenfial rates of nifrogen applicafion af Hooper, 
Washingfon. 1957. 

Nitrogen Percent 
pounds Agropyron Festuca Poa Bromus Bromus 

per acre inerme idahoensis secunda tectorum Total tectorum 

Pounds Per Acre 
0 503 30 128 103 764 13 

20 463 137 440 913 1953 47 
40 402 112 727 1717 2958 58 
60 218 58 415 2497 3188 78 
80 348 28 345 3198 3919 82 

Average 387 73 411 1686 2557 66 

of the climax species). 
Nitrogen response of seeded 

crested wheatgrass (Agropyron 
desertorum) (Table 4)) promises 
even more hope for possible 
commercial application of fertil- 

Table 2. Oven dry herbage produced by four grass species on nafive grass- 

rate of nitrogen but produced 
only 550 pounds of additional 
herbage. The percentage change 
was equal but the herbage avail- 
able for feed was twice as much 
from crested wheatgrass com- 
pared to the native species. 

Does this production increase 
pay? This is a question that can 
best be answered by each ranch 
operator. The cost per pound or 
ton of herbage can be calculated 
easily. As yet the cost is rela- 
tively high per pound of herbage 
gained. With N at about 15# per 
pound, the rancher would have a 
fertilizer cost of $6.00 for the 40 
pounds of N that was the most 
efficient rate on either of the 

land under differeniial rafes of nifrogen applicafion af Hooper, 
Washingfon. 1956. 

Nitrogen Percent 
pounds Agropyron Festuca Poa Bromus Bromus 

per acre inerme idahoensis secunda tectorum Total tectorum 
Pounds per acre 

0 708 58 93 57 916 6 
20 864 266 150 168 1448 12 
40 1161 125 263 370 1919 19 
60 621 42 224 443 1330 33 
80 468 27 239 283 1017 28 

Average 764 104 194 264 1326 20 

ecological retrogression. No 
doubt, as can be seen by these 
data, one could expect excellent 
yield increases on cheatgrass 
range by the use of high nitrogen 
fertilization. This would likely 
lessen the chance for such a 
range to recover toward its cli- 
max species and thus the prac- 
tice should be used only on those 
sites that are hopeless ecologi- 
cally (areas with only remnants 

Table 4. Ferfilizer response of cresfed wheafgrass, oven-dry herbage per 
acre, Hooper, Washingfon 

Nitrogen 
applied 
per acre 1953 1954 1955 1956 1957 

Herbage 
5-yr. per pound 

av. added N 

0 2130 
20 2680 
40 3350 
60 4020 
80 4180 

Average 3270 

Pounds Per Acre 
1050 850 1120 970 1220 
1450 1180 1150 990 1490 13.5 
2160 1870 2550 1590 2300 40.5 
2390 1780 3420 2040 2730 21.5 
2570 1310 3680 3050 2960 11.5 
1920 1400 2380 1730 2140 
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two range types. The 1100 
pounds of crested wheatgrass 
could be obtained for about $6.00 
or at the rate of approximately 
$12 per ton. Similarly for $6.00, 
one could produce 550 pounds of 
native grass (plus some cheat- 
grass). This would be at the 
rate of slightly less than $20 per 
ton of the desired herbage. Good 
range management practices 
would allow use of only about 
one half of this increased pro- 

duction. The only cost calculated 
so far is that of the nitrogen 
added. C o s t s o f application 
would need to be included. Un- 
der present costs and prices it 
would seem that only the ranch- 
er in areas receiving at least 13 
inches of precipitation annually 
with crested wheatgrass range 
would benefit by nitrogen ferti- 
lizer application. A few more 
might use nitrogen fertilization 
to provide increased growth on 

a part of the range for early 
grazing to cut down winter feed- 
ing costs. This might be espe- 
cially true of the cheatgrass 
areas not yet reseeded to crested 
wheatgrass. 
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Winter Germination of Intermediate 
Wheatgrass on Mountain Lands 

A. C. HULL, JR.1 

Range Conservationist, Crops Research Division, Agri- 
cultural Research Service, Logan, Utah 

A major problem in seeding 
western rangelands is to get the 
seed in the ground at a time 
when germination, once begun, 
can continue and result in 
emergence and establishment of 
plants. Several studies show the 
advantages of seeding at certain 
specific seasons (Hull, 1948; 
Plummer and Fenley, 1950; 
Plummer et al 1955; Robertson, 
1947). In the intermountain area 
late summer or fall has usually 
been the best season for seeding. 
Little is known about the en- 
vironment or the progress of 
germination from the time seed 
is sown in the fall until snow 
melt the following spring. 

In northern Nevada, Robert- 
son (1947) placed seed of 3 
grasses in mesh bags % inch 
deep in the ground in May and 
July. They were dug up and the 
seed germinated in July, August, 
September, and October. Mortal- 
ity was high, probably as a re- 
sult of wetting and drying. Once 

1Appreciation is expressed to per- 
sonnel of the Forest Service, Soil 
Conservation Service, and Utah State 
University who assisted with the 
study and reviewed the manuscript 
and to A. T. Bleak and Wesley Kel- 
ler for review of the manuscript. 

germination was halted, seed did 
not resume growth in the labo- 
ratory. 

On coarse granitic soil in 
Idaho, Hull (1948) recorded the 
date of emergence and death of 
plants of each of 4 grasses 
seeded at 2 depths on 16 dates 
per year over a 4-year period. 
Emergence followed periods of 
abundant soil moisture. Death 
usually occurred in the seedling 
stage as the result of soil drying. 

Early work in central Utah by 
McCarty (1938) showed that 
under snow at high elevations 
soil temperatures were high 
enough to cause frozen soil to 
melt. Also in central Utah, 
Frischknecht (1951) reported 
that grass seedlings commenced 
emerging 2 weeks after early- 
fall seeding and continued to 
emerge throughout the winter. 
Seed from late-fall seeding did 
not germinate until spring. 

Bleak (1959a) pregerminated 
seed of smooth brome (Bromus 
inermis) and Tualatin tall oat- 
grass (Arrhenatherum elatius). 
These seeds and others mois- 
tened for 2 hours were placed Yz 
inch deep in frozen soil under a 
14-inch snow cover in central 
Utah on November 14, 1956. 

Moist en e d seeds of smooth 
brome and tall oatgrass (A. 
elatius) were seeded on January 
4, 1957. Seed samples were re- 
moved once a month from Janu- 
ary 4 to May 13. Pregerminated 
and moistened seed of both 
species germinated slowly when 
the soil thawed under the deep 
snow. The moistened seed gave 
highly significantly greater ger- 
mination than the pregermi- 
nated seed. Ungerminated seed 
removed from soil under snow 
is germinated rap idly, but 
viability had been reduced. 
Bleak (1959b) seeded 7 grasses 
under a permanent snow cover 
on October 31, 1957. By Febru- 
ary 24, some seed of all 7 grasses 
had germinated. On May 22, just 
prior to the snow-free period, 
germination of crested and 
s 1 e n d e r wheatgrasses (Agro- 
pyron desertorum and A. trachy- 
caulum), mountain brome 
(Bromus carinatus), and tall 
oatgrass seed had exceeded 80 
percent. 

Procedure 

The study reported here was 
carried out during the winter of 
1957-58 in southeastern Idaho. 
The site was a weedy opening 
in the spruce-fir and aspen zones 
( F i gu r e 1). Vegetation was 
mainly tarweed (Madia glomer- 
ata), but considerable knotweed 
(Polygonurn douglasii) and 
many spring-growing p 1 a n t s 
with bulbous or fleshy roots 
were present. Elevation was 


