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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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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 
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FIGURE 1. General view of experimental area, (A) in October showing poles used as 
markers to locate seed under snow, (B) on May 1, 1958, snow was 77 inches deep 
and contained 35 inches of water. 

8,400 feet. Annual precipitation After the first 2 months, the 
a v e r a g e d approximately 40 mesh bags were mostly disin- 
inches, and came mostly as win- tegrated, but they still showed 
ter snow. Usually, snow covers where the seed was located. 
the ground from November 1 to Soil was dry on September 14. 
June 1. Snow depth averages By November 2 there had been 
about 7 feet in late winter. The 2.07 inches of precipitation. The 
soil sometimes freezes before soil was moist to 13 inches and 
winter snow cover forms. frozen 1 inch deep. Snow com- 

Intermediate wheatgrass (Ag- menced falling the morning of 
ropyron intermedium) seed in November 2 and by noon, when 
mesh bags was covered with l/2 seed covering was completed, it 
inch of soil on September 14 and was 5 inches deep. Snow depth 
November 2,1957. Three bags of increased to 87 inches by April 
seed from each date were re- 1, decreased to 77 inches by May 
m o v e d once a month from 1, and disappeared from the ex- 
November 2 to July 1, 1958. perimental area by June 2. By 

December 2 the frozen soil had 
melted under a 20-inch snow 
cover and the soil was wet. By 
March 1 the upper soil had be- 
come saturated with water and 
remained so until mid-June. 
Weekly soil moisture as deter- 
mined by gravometric sampling 
and soil-moisture tensions from 
gypsum blocks at the 3-inch 
depth were as follows: 

Soil- 
Soil moisture 

Date moisture tension 
(Atmos 

(Percent) pheres) 
June 14 34 .2 

21 21 .2 
28 16 .4 

July 5 12 3.7 

Despite moisture at the 3-inch 
depth, the surface Yz inch of soil 
was dry and hard by June 21. 

Results and Discussion 

Each month as seed was re- 
moved from the soil all live 
seedlings were counted. Unger- 
minated seed was placed in the 
germinator. Germination was 
rapid and reached a high per- 
centage within 5 days. Field and 
laboratory germination percent- 
ages are shown in Figure 2. The 
seed used had an initial ger- 
mination of 90 percent. 

Seed covered 1/2 inch deep on 
September 14 reached 89 percent 
germination in the field by 
November 2. The seedlings aver- 
aged l/2 inch tall and were vigor- 
ous and green. Under the snow 
cover, seedlings paled to 
yellowish green and finally to 
yellow. Shoot elongation under 
the snow was not noticeable 
until late April. Shoots then 
grew slowly and reached 3/4 inch 
by snow melt on June 2. Seed- 
lings removed to room tempera- 
tures grew as much as 1/4 inch in 
24 hours. 

Seeds placed 1/2 inch deep in 
frozen soil under 5 inches of 
snow on November 2 had com- 
menced germination by Febru- 
ary 1. Sprouts elongated slowly 
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germinated 89 per cent by 
November 2. The field germi- 
nation remained between 89 and 
91 percent until July 1. Seed put 
in frozen ground under 5 inches 
of snow on November 2 germi- 
nated 35 percent by February 1. 
F i e 1 d germination increased 
each month to 78 percent on 
May 1 and remained between 73 
and 78 percent until July 1. 

Date of removal 

FIGURE 2. Germination of intermediate wh\eatgrass seeded $6 inch deep on September 
14 and November 2, 1957 and removed at monthly intervals. Germinated plants alive 
at monthly intervals, when samples were removed, were counted and ungerminated seeds 
were placed in the germinator for germination. 

and reached a %-inch height by 
snow melt (Figure 3). 

Thermometers and a thermo- 
graph bulb 1/2 inch deep in the 
soil under the snow during 
March, April and May gave a 
temperature range from 31 to 
35” F. Melting of the frozen soil 
during November also indicated 
that soil temperatures were 
above freezing during Novem- 

On March 1, maximum and 
minimum thermometers were 
placed with the bulbs 1/2 inch 
deep in the soil under the snow. 
Throughout the last 3 months 
with snow cover, the maximum 
temperature was 35” and the 
minimum 31” F. From April 29 
to May 9 a thermograph re- 
corded a temperature range 
from 32 to 34” F. at the %-inch 
soil depth under a 70- to 77-inch 
snow cover. Soil temperatures 
under the snow were also above 
freezing during November as 
evidenced by melting of the l- 
inch frost layer. 

A thermograph chart the year 
of the study is not available, but 
a chart with air and l/2 inch soil 
temperatures as snow left the 
area 1 year later is shown in 
Figure 4. These temperatures 
appear to be typical during snow 
melt period in this area. 

Summary 

Intermediate wheatgrass seed 
in cotton mesh bags was covered 
with soil YZ inch deep on 
September 14 and November 2, 
1957. Some of the bags were re- 
moved once a month to July 1 so 
that germination of seed could 
be checked. Seed put in the 
ground on September 14 had 

FIGURE 3. A. Plants on March 1 from seeds covered 1/ inch deep on September 14. 
They were 1/2 inch tall with 89 percent germination. B. Germinating seedlings on 
March 1 from seeds covered l/ inch deep on November 2. They were 1h inch tall 
with 59 percent germination. 
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FIGURE 4. Weekly thermograph chart showing air and %-inch depth soil temperatures 

in degrees Fahrenheit as snow was leaving the area. Notice the sudden rise in the 

soil temperature as the snow cover melted on Tuesday afternoon. 
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STUDY PROGRAM TRANSFERRED 

The University of Colorado is now the home 
of the graduate study program in administration 
and policy of natural resources that was es- 
tablished at Harvard University in 1952. It is the 
only graduate program designed for training of 
government employees in the field. The program 
is supported by Resources for the Future, Inc., 
and other foundation funds. CU will receive a 
$25,000 grant from Resources for the Future dur- 
ing the first two years. 

Dr. Ayers Brinser, director of the program at 
Harvard, has arrived in Boulder to establish and 
direct the undertaking. He also will teach ad- 
vanced courses in the CU economics department. 

Colorado was chosen as the new home of the 
nine-year-old program because many of the na- 

tion’s resource activities have headquarters or 
major regional offices in Denver and because of 
the state’s location in relation to resource projects 
and research. 

Most of the students in the natural resource 
management and development program at the 
University of Colorado will be employees of 
federal or state agencies about to be moved into 
policy decision positions, the director said. En- 
rollment in the seminar probably will be limited 
to about 15 persons. Social sciences will be em- 
phasized because many resource agency personnel 
have had more previous education in the natural 
sciences, Brinser said. The program will comprise 
one year of study leading to a master of science 
degree in public administration, with emphasis 
on natural resource management. 


