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The decline in daily gain as 
the season advances is most like- 
ly largely a result of the drop 
in nutrient value of the feed 
available. A decline in crude 
protein and phosphorus was 
demonstrated by McLean and 
Tisdale (1960) who collected most 
of their samples from the same 
general area in which the graz- 
ing trial was conducted. The 
lower feed value of pinegrass as 
compared with associated forbs 
and shrubs was especially 
marked. Dr. D. M. Bowden, Ani- 
mal Scientist, CDA Research 
Station, Agassiz, B.C. carried out 
in vitro digestibility analysis on 
a series of pinegrass samples col- 
lected in 1965 from the experi- 
mental fields. The digestibility 
values dropped from about 65% 
at the end of May to 57, 53, 48, 
and 37% at the end of June, July, 
August, and September respec- 
tively. 

The above results suggest that 
animals that are to be sold in the 
fall should be taken off forest 
range in early September or 
have their diets supplemented if 
they are to maintain their rate 
of gain. 

MCLEAN 

The average carrying capacity 
of 4.8 acres/AUM is considered 
to represent a realistic figure for 
the fields. In interpreting this 
value for range management 
purposes, however, it must be 
remembered to allow for such 
factors as distance from water 
and accessibility. 

Understocking of the fields in 
1960 accounts for the lower gain 
per acre and the greater number 
of acres required per AUM for 
that year (Table 2). 

The average gain per acre 
over the 5 years for the 300 acres 
was 19.3 lb for the season which, 
if beef was sold for 25$/lb would 
return nearly $5.00/acre. 

The fields were rotationally 
grazed during 1965 and 1966 by 
yearling heifers, starting dates 
being June 1 and 3 respectively. 
The fields were grazed for 108 
and 112 days and produced aver- 
age daily gains of 1.68 and 1.69 
lb. The average gains per acre 
were 24.6 and 26.8 lb for the two 
years respectively. 

Much better utilization of 
pinegrass was obtained by the 
earlier turnout in the past 2 
years as it was readily acceptable 
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Highlight Research and practical experi- 
Application of nitrogen fertilizer 

io a deteriorated range site changed 
ence indicate that much range- 

fhe botanical composition from pre- land has a potential for greater 
dominantly forbs and shorfgrass spe- forage production. Practices such 
ties fo a western wheafgrass and 
shorfgrass composition. Nitrogen 

as reseeding, control of undesir- 
fertilization increased both forage able species, proper management 
and crude protein yields. and mechanical treatments all 

aid in range improvement. 

1 Mr. Cosper is now a graduate stu- 
Range pitting, for example, on 

dent at the University of Nebraska, the shortgrass plains of Wyo- 
and Dr. Thomas is now at Weslaco, ming (Barnes, 1952; Rauzi and 
Texas. Lang, 1956) increased carrying 

throughout June. On the other 
hand it became very unaccept- 
able by mid August. Despite the 
earlier season of use, the average 
daily gains were not appreciably 
better than those from the first 
5 years. 
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capacity and forage production. 
Use of fertilizer on dryland 

ranges is also a practical means 
of increasing forage production 
in certain situations. However, 
some range fertilization studies 
have shown erratic or undesir- 
able effects. Huffine and Elder 
(1960) in Oklahoma found that 
fertilized native pastures pro- 
duced 2 to 5 times more weeds 
(by weight) than did unfertilized 
pastures. On the other hand, in 
southeastern Arizona blue grama 
responded consistently to fer- 
tilizer applications (Honnas et 
al., 1959). Similarly, results from 
a 6-year study in North Dakota 
showed that 2 years of fertiliza- 
tion, with 90 lb of nitrogen on a 
heavily grazed pasture, did more 
to improve range condition and 
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production than did 6 years with- 
out grazing (Rogler and Lorenz, 
1957). Studies in western South 
Dakota indicated that maximum 
forage production from utilizing 
runoff water could not be ob- 
tained without fertilization (Cos- 
per and Thomas, 1961). 

In the Northern Great Plains, 
forage yields from native ranges 
in poor to fair condition seldom 
exceed 600 lb/acre even in years 
of 15 inches or more precipita- 
tion. Little information is avail- 
able on the effect of fertilizer on 
species composition and nutrient 
uptake on native rangeland. Gen- 
erally, cool-season grasses re- 
sponded to nitrogen fertilizer 
(Rogler and Lorenz, 1957). In 
order to evaluate potential for- 
age production, in. addition to 
other effects of fertilization, two 
native ranges in northeastern 
Wyoming were selected for 
study. The economics of range- 
land fertilization was not in- 
vestigated. 

Experimental Area and 
Procedure 

Site A was located approxi- 
mately 11 miles north and site B, 
6 miles east of Sundance, Wyo- 
ming. Due to the influence of the 
neighboring Black Hills, precipi- 
tation at the two sites varies 
somewhat from that recorded at 
Sundance (Table 1). Normally, 
45% of the annual precipitation 
comes in April, May and June. 
Day temperatures in the summer 
very often reach 90 to lOOF. Win- 
ter temperatures may go as low 
as minus 30F. Drouths are fre- 
quent. In 1961 lack of precipita- 
tion limited plant growth and 
forage yields were not taken. 

The soils at the two locations 
were similar in that each de- 
veloped from very fine sandy 
and silty parent materials 
weathered from fine-grained 
sandstones. At site A the surface 
2 inches of soil was a very fine 
sandy loam with a pH of 6.8 to 
7.0. At 2 to 9 inches the soil 
graded into a silty clay loam 
(35% clay) with a pH of 7.2. The 
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Table 1. Annual and seasonal (April 
1 fo June 30) precipitation in 
inches, 1957- 1962. af Sundance, 
Wyoming. 

Year Annual Seasonal 

1957 24.59 13.12 
1958 18.86 8.37 
1959 18.10 8.48 
1960 15.96 5.67 
1961 17.91 4.84 
1962 33.63 19.65 
Mean 21.51 10.02 
19-Year Mean 21.22 9.66 

soil at site B, from the surface 
to the 16-inch depth, was a silt 
loam with a pH of 8.0. Topogra- 
phy at both locations is gently 
sloping. 

Native grass species at site A 
in 1958 accounted for 54.6% of 
the vegetation by weight and 
other plant species made up the 
remainder. Principal grass spe- 
cies present before the study was 
initiated were western wheat- 
grass (Agropyron smithii Rydb.) , 
blue grama (Bouteloua gracilis 
H.B.K. Lag. x Steud.), buffalo- 
grass (Buchloe dactyloides [Nutt] 
Engelm.) and sandberg blue- 
grass (Pea secunda Presl.) . Other 
principal species were horse- 
weed (Conyzcz canadensis [L.] 
Cron.) , fringed sagewort (Arte- 
misia frigida Willd.) , woolly 
plantain (Plantago purshii R. & 
S.) , threadleaf sedge (Carex fiZi- 
folk Nutt.), needleleaf sedge 
(Carex eleocharis Bailey), green 
sagewort (Artemisia glauca 
Pall.), and downy brome 
(Bromus tectorum L.) . Numer- 
ous other species were repre- 
sented but in relatively small 
amounts. Grass species at site B 
before the study began ac- 
counted for 91% of the vegeta- 
tion by weight. In addition to the 
same grass species that were 
present at site A, a small amount 
of green needlegrass (Stipa 
viridula Tren.) was found at site 
B. Other species included six- 
weeks fescue (Festuca octoflora 
Walt.). 

Three variables, nitrogen, phos- 
phorus, and season of fertilizer 
application, were included in a 
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factoral design with three repli- 
cations at both sites A and B. 
Each fertilizer treatment was ap- 
plied to an area 5 by 24 ft. Nitro- 
gen as ammonium nitrate (33.5% 
N) was applied at rates of 0, 40, 
80, and 160 lb/acre and phos- 
phorus as superphosphate (43% 
PzO,~) was applied at rates of 0, 
80, and 100 lb/acre. The fertilizer 
was placed in bands 10 inches 
apart to a depth of 2 to 3 inches 
in the soil by means of small 
chisels. The nonfertilized treat- 
ments were also chiseled. The 
experimental sites were pro- 
tected from grazing. 

Fertilizer was applied at three 
seasons of the year, fall (Octo- 
ber, 1957) spring (April, 1958) 
and summer (first week of June, 
1958) at site A; and two seasons, 
spring (April, 1957) and summer 
(June, 1957) at site B. Fertilizer 
was applied only at the initiation 
of the study at each location. 

The forage from 2 randomly 
selected areas (total of 28 ft2) in 
each fertilizer treatment was 
clipped 1 inch above ground 
level late in June. The plant ma- 
terial was separated into 3 cate- 
gories; intermediate grasses, 
short grasses, and other species 
which included nongrasses and 
summer annual grasses. Dry 
matter yields in each category 
were determined. Yields were 
measured in 1958 through 1960 
and in 1962 at site A. At site B, 
yields were taken in 1957 and 
1958. 

Protein was determined by the 
A.O.A.C. method (1960). Plant 
phosphorus was determined by 
the methods of Bolin and Stam- 
berg (1944) and Barton (1948). 

Vegetative composition at each 
site was determined by the point 
frame method. The procedure 
was similar to that first described 
by Levy and Madden (1933). 
Points of contact were spaced 1 
inch apart along a a-foot frame. 
Two frames were counted per 
individual plot to determine 
vegetative composition and plant 
cover. 
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stituted 23.4, 25.9, 27.6, and 34.9%, 
respectively, of the total forage 
yield. In 1960 other species re- 
sponded to a greater extent than 
the grasses to residual nitrogen. 
Other species made up 63.2, 62.0, 
58.7, and 50.7% of the total yield 
in response to residual nitrogen 
from the 0-, 40-, 80-, and 160-lb 
nitrogen applications of 1958. The 
difference in response by grasses 
in 1959 and 1960 may be due to 
rainfall distribution. 

Increased yields from residual 
N in 1962 were due to intermedi- 
ate grasses (Fig. 2). These native 
grasses accounted for 46 and 62% 
of the total yield (by weight) of 
the nonfertilized and the pre- 
viously fertilized (160 lb/acre N) 
forage, respectively. Shortgrass 
species such as buffalo and blue 
grama contributed 44 and 32% of 
the total yield at the same nitro- 
gen additions, respectively. 

Site B.-Applications of nitro- 
gen and phosphorus to a predom- 
inantly shortgrass range signifi- 
cantly increased forage produc- 
tion. Forage yields for two 
seasons are presented in Table 3. 
Forage yields the first season in- 
creased as the rate of nitrogen 
application increased. The larg- 
est yield was obtained with the 
160-lb nitrogen addition in com- 
bination with 80 lb of phos- 
phorus. The greatest increase per 
pound of nitrogen applied, how- 
ever, was from 40 lb. 

In contrast to the initial plant 
species response on Site A, the 
increased yields at Site B were 
due to greater production by na- 
tive grass species rather than by 
other species. Nonfertilized other 
species accounted for 45 and 9% 
of the total yield at Sites A and 
B, respectively. Following the 
application of 160 lb of nitrogen, 
the nongrass yields at Sites A 
and B constituted 88 and 19% of 
the total yield, respectively. 

The time of fertilizer applica- 
tion significantly affected forage 
production (Table 3, Fig. 3). 
Spring applications (April, 1957) 
increased growth of other species 

Table 3. Dry mafier, fofal protein yields (lb/acre) and mean phosphorus 
confeni (%) of forage on a short grass range (site B) as affected by rate 
(lb/acre) and season of N and P application (1957) and residual fertilizer 
(1959). 

Fertilizer 
applied in Spring Summer 

1957 Spring applied Summer applied Crude Phos- Crude Phos- 
N p205 1957 1958 1957 1958 prot.? phorus prot. phorus 

0 0 1345ghi* 669 1128hi 886 165 0.145 165 0.145 
40 0 2205cd 1111 1390fg 960 274 ,133 221 .127 
80 0 2118cd 1198 1483fg 1019 324 .115 245 .118 

160 0 2066cd 1013 1644ef 1240 337 .114 294 .124 

0 80 1220hi 1098 1081hi 945 189 .156 175 .175 
40 80 2401~ 1519 1411fg 1214 337 .155 221 .167 
80 80 3208a 1417 1581eg 1084 437 .158 264 .152 

160 80 3157a 1278 2720b 1504 481 .164 458 .161 

0 160 1372fgh 932 1027hi 750 203 .178 147 .176 
40 160 1993d 1064 1570eg 1141 267 .167 248 .175 
80 160 2201cd 1095 1809de 1035 320 .188 284 .161 

160 160 2906b 1503 2215cd 1503 483 .211 459 .201 

+ L.S.D. 5% Crude protein- Fertilizer, 58 lb/acre; Season, 49 lb/acre. 
* Values in same year, column or row followed by the same letter not sig- 

nificantly different at 5% probability level by Duncan Multiple Range 
Test. 
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FIG. 2. Forage yields by species on a deteriorated range as affected by applied and 
residual nitrogen fertilizer. 
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Table 4. The effecf of nifrogen fer- 
tilizer (applied in 1958) on fhe 1962 
producfion and germinafion of 
wesiern wheafgrass seed (sife A). 

Nitro- Seed 
gen heads Weight Germ. 

lb/acre No./ft2 g/head %1 
0 1.2 0.251 80 

40 2.3 .248 - 
80 5.3 .235 91 

160 5.5 .237 91 
IStandard germination - KN03 
(0.2 % solution) diurnal temperature 
15 to 3oc. 

and intermediate grasses more 
than summer (June, 1957) fer- 
tilizer additions. The shortgrass 
species were not affected by the 
time of fertilizer application. 

A marked response by the dif- 
ferent plants to fertilizer was 
noted. The application of 160 lb 
of nitrogen resulted in yield in- 
creases over the nonfertilized 
plants of 58,129, and 199% by the 
shortgrasses, intermediate 
grasses (chiefly western wheat- 
grass and sandberg bluegrass), 
and other species, respectively. 
Eighty pounds of phosphorus in- 
creased the yields of other spe- 
cies, intermediate grasses, and 
shortgrasses by 71, 30, and 9%, 
respectively. 

Forage yield response to resi- 
dual fertilizer from the 1957 ap- 
plications was obtained only in 
1958. All fertilizer treatments 
produced substantially more for- 
age than the nonfertilized treat- 
ment. However, differences in 
yields among fertilizer treat- 
ments were small and nonsignifi- 
cant. 

Seed production.-Nitrogen in- 
creased both plant vigor and 
seed production of western 
wheatgrass. Forty pounds of ni- 
trogen applied at site A in 1958 
nearly doubled the number of 
seed heads and amount of seed 
in 1962, while the residual nitro- 
gen from the 80- and 160-lb ap- 
plications resulted in four times 
more heads and seeds than on 
nonfertilized western wheatgrass 
(Table 4). The results are aver- 
aged for all phosphorus levels 

Table 5. Tofal profein yields (lb/acre) and mean phosphorus confenf (%) 
of forage on a deferiorafed native range (sife A) as influenced by rafe 
(lb/acre) and season of N and P ferfilizer applicafion. 

Fertilizer 
applied in Fall applied Spring applied Summer applied 

1958 Crude Phos- Crude Phos- Crude Phos- 
N P2O5 protein phorus protein phorus protein phorus 
0 0 170 0.193 175 0.170 184 ( I.179 

40 0 312 .183 310 .201 273 .186 
80 0 476 .174 489 .167 286 .179 

160 0 711 .180 589 .171 497 .189 
0 80 160 .194 230 .200 165 .190 

40 80 284 .188 347 .187 280 .200 
80 80 471 .172 416 .178 352 .202 

160 80 637 .181 749 .188 474 .194 
0 160 198 .185 206 .217 203 .214 

40 160 302 ,192 317 .204 284 .202 
80 160 483 .177 485 .197 386 .207 

160 160 883 .188 719 .181 447 .220 
LSD. 5% Crude protein-Fertilizer, 63 lb/acre; Season, 52 lb/acre. 
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FIG. 3. Forage yields by species on a shortgrass range as affected by applied and 

residual nitrogen fertilizer. 

and times of fertilizer applica- 
tion. The weight of individual 
heads decreased as the number 
produced per unit area increased. 
Seed heads on nonfertilized grass 
were larger and heavier than 
those produced by fertilized 
grass. Standard seed germina- 
tion tests showed a ranQe of 80 

to 91% viable seed, with perhaps 
a possible t rend favoring seed 
from fertilized grass. 

Profein Confenf of Forage 

Nitrogen fertilizer significant- 
ly increased the total protein 
yield at both sites (Tables 3 and 
5). The relation between crude 
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protein yields and rate of nitro- 
gen application was linear up to 
the highest rate used, 160 lb/acre 
of nitrogen. The effect of nitro- 
gen and the crude protein per- 
centage was significant only in 
the first and second year. 

Fall and spring fertilizer ap- 
plications significantly increased 
crude protein yields above those 
obtained with a summer applica- 
tion. However, the percent of 
crude protein was generally 
higher in summer-fertilized for- 
age. The mean crude protein con- 
tent of forage at site A was 9.94, 
10.26, and 10.65% for fall-, 
spring-, and summer-applied fer- 
tilizer, respectively. 

The four-year average crude 
protein content of other species 
and grass species on site A was 
9.50 and 8.75%, respectively. No 
differences were found between 
the protein percentages of grasses 
and other plant species at site B. 
The mean crude protein content 
of the forage was 9.50%. 

Crude protein content of all 
grasses at both sites was below 
the minimum requirement for 
beef cattle except in the year 160 
lb of nitrogen fertilizer was ap- 
plied. An 800-lb beef animal re- 
quires 0.90 to 1.00 lb/day of di- 
gestible protein along with 17.1 
lb of dry matter (Morrison, 1962). 
Nonfertilized grass at site A in 
1958 supplied about 0.56 lb of di- 
gestible protein in the required 
amount of dry matter. The pro- 
tein digestibility coefficient was 
estimated at 45% (Morrison, 
1962). Grass species fertilized at 
the 160-lb nitrogen rate supplied 
0.93 lb of digestible protein. The 
minimum protein requirement 
could be attained by increasing 
dry matter intake to 30.7, 24.8, 
and 21.4 lb/day for grass fertil- 
ized with 0,40, and 80 lb of nitro- 
gen, respectively. 

Phosphorus Confenf of Forage 
Phosphorus content of the for- 

age was dependent on the appli- 
cation rate of nitrogen and phos- 
phorus fertilizers and on the 
time of application. Phosphorus 

fertilizer significantly increased 
the phosphorus content of the 
forage at both sites (Tables 3 and 
5). Forage at site A fertilized in 
the summer had a higher phos- 
phorus content than fall- or 
spring-fertilized forage. How- 
ever, the time of application had 
no effect on the phosphorus con- 
tent at site B. 

Botanical composition also in- 
fluenced the overall phophorus 
content of the forage. Grass spe- 
cies at site B fertilized with 40, 
80, and 160 lb of nitrogen con- 
tained 0.133, 0.139, and 0.135% 
phosphorus. Similar nitrogen ad- 
dition to other species resulted in 
phosphorus concentrations of 
0.174, 0.169, and 0.191%, respec- 
tively. Residual effects from the 
160-lb phosphorus application at 
site A were measured in the 
third year. 

The minimum dry matter re- 
quirement (17.1 lb/day) at site 
B would supply 0.019, 0.024, and 
0.026 lb/day of phosphorus, re- 
spectively, from grass fertilized 
with 0, 80, and 160 lb of phos- 
phorus. The daily phosphorus re- 
quirement for an 800-lb beef ani- 
mal is 0.033 lb/day (Morrison, 
1962). At the same phosphorus 
addition on site A, the minimum 
dry matter requirement would 
furnish 0.027, 0.029, and 0.032 lb 
of phosphorus, respectively, on a 
grass diet in 1958. Inclusion of 
other species would greatly in- 
crease the daily phosphorus in- 
take. 

Summary 
The effects of nitrogen and 

phosphorus fertilization on bo- 
tanical composition, forage yields, 
and chemical composition of for- 
age from two native ranges in 
eastern Wyoming were investi- 
gated. 

A single soil application of ni- 
trogen fertilizer to a deteriorated 
range site changed the botanical 
composition from predominantly 
forbs and shortgrass species to 
a western wheatgrass and short- 
grass composition. Nitrogen fer- 
tilizer applied to a similar soil 

on which shortgrass species rep- 
resented 80% of the total vege- 
tation did not alter botanical 
composition. 

Nitrogen fertilization increased 
both forage production and crude 
protein yields at each location. 
The changes in forage yields 
were associated with botanical 
composition as well as the 
amount of nitrogen applied. 

The crude protein percentage 
of the forage was significantly 
increased by the application of 
nitrogen fertilizer. 

Phosphorus content in the for- 
age increased with the addition 
of phosphorus fertilizer. 

The relation between the pro- 
tein and phosphorus content of 
the forage and the minimum re- 
quirements of these elements by 
range cattle are discussed brief- 
lY* 
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Thickening and Spread of Crested Wheatgrass 
Stands on Southern Idaho Ranges’ 

A. C. HULL, JR., AND G. J. KLOMP 
Range Scientists, Crops Research Division, Agricultural 
Research Service, U.S.D.A., Logan, Utah and Twin Falls, 
Idaho. 

Highlight 
Crested and fairGay wheafgrass 

stands fhickened and plants spread 
fo adjacenf areas from 1954 to 1966 
on six experimenial areas in soufh- 
ern Idaho. Drilling produced 10 
times more seedlings ihan broad- 
casting, and stands reached full pro- 
duciion much sooner. Planf survival 
and final numbers were greaiesf on 
fhe plowed, burned, and untreated 
seedbeds, in ihat order. 

In the early days of range 
seeding, many land administra- 
tors and some research workers 
asserted that crested wheatgrass 
(Agropyron desertorum (Fisch. 
ex Link) Schult.)2 in the West- 
ern States would not spread to 
adjacent areas, or thicken up be- 
tween rows. They stated that it 
would be confined to the original 
plants even after a considerable 
lapse of time.3 

1 Cooperative research investigations 
of Crops Research Division, Agri- 
cultural Research Service, U.S. 
Department of Agriculture; Bu- 
reau of Land Management and 
Bureau of Indian Affairs, U.S. De- 
partment of the Interior; Univer- 
sity of Idaho Forest, Wildlife and 
Range Experiment Station; and 
Utah Agricultural Experiment Sta- 
tion, Utah Agr. Exp. Sta. Journal 
Paper 606. Thanks go to personnel 
of the cooperating agencies who 
assisted with the field work, and 
to those who made helpful com- 
ments on this paper. 

2 Early seeded stands often contained 
fairway wheatgrass (A. cristatum 
(L.) Gaertn.) . In this discussion, 
except where specifically men- 
tioned, both species will be re- 
ferred to as crested wheatgrass. 

3 Unpublished reports and personal 
communications. 

In more recent years, the abil- 
ity of crested wheatgrass to 
thicken and spread in areas to 
which it is adapted is being ac- 
knowledged. For example, Wein- 
traub (1953) in summarizing 
seeding results on western 
ranges concluded that crested 
wheatgrass reseeds itself well. 
Hull and Klomp (1966) found 
that 20 to 30-year-old seedings 
of crested wheatgrass in south- 
ern Idaho were growing well and 
that plants had spread far be- 
yond the original seeded areas. 

Periodic examinations and re- 
corded data from 1954 seedings 
on six areas in the sagebrush- 
grass type in southern Idaho re- 
vealed the thickening and spread 
of crested and fairway wheat- 
grass stands over a 12-year pe- 
riod. These seedings were de- 
signed mainly to compare air- 
plane and hand-broadcasting of 
pelleted and unpelleted seed 
with drilling. The results, to- 
gether with a description of the 
sites, were reported by Hull 
(1959). 

This study was undertaken to 
determine the thickening and 
spread of crested wheatgrass on 
seeded plots and to determine 
factors which were associated 
with this spread. As this paper 
is concerned only with the thick- 
ening and spread of wheatgrass, 
it does not include those phases 
of the original study which com- 
pared pelleted with unpelleted 
seed, and airplane broadcasting 
with other seeding methods. 

Experimental Areas 
and Methods 

Elevation and precipitation of 
the six areas in the present study 
are given in Table 1. Symbols 
used in tables, together with site 
descriptions follow. 

Sl-Cum&t I is 20 miles north 
of Shoshone. Vegetation is main- 
ly big sagebrush (Artemisia tri- 
dent&a Nutt.) with a bluebunch 
wheatgrass Agropyron spicatum 
(Pursh) Scribn. & Smith) and a 
bluegrass (Poa spp.) understory 
and frequent plants of Great 
Basin wildrye (E lymus cinereus 
Scribn. 8z Merr.) . 

S2-Summit 2 is 21 miles north 
of Shoshone. Vegetation is mixed 
big and low sagebrush (Arte- 
misia arbuscula Pursh.) with an 
understory of bluebunch wheat- 
grass, Idaho fescue (Festuca ida- 
hoensis Elmer), bluegrasses and 
frequent plants of Great Basin 
wildrye, especially on the hum- 
mocks. 

D-Dubois is 13 miles north of 
Dubois. Vegetation is mainly big 
and three-tip sagebrush (Arte- 
misia tripartita Rybd.) with an 
understory of bluebunch, thick- 

Table 1. Elevation, precipitation, and soil texture af the O-2 inch depth for 
the six experimental areas in southern Idaho. 

Annual Mechanical 
Eleva- Precipi- composition 
tion tation (%) (%) (%) 

Location (ft.) (inches) Sand Silt Clay Texture 
Sl 5000 14 30 48 22 loam 
s2 5000 14 35 42 23 loam 
D 6000 16 46 30 24 loam 
S 4450 10 83 7 10 loamy sand 
Bl 4700 11 57 31 12 sandy loam 
B2 4700 11 83 7 10 loamy sand 


