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/1PASTURE PRODUCTIVITY-v. ".-

OF 
~ 

CRESTED WHEATGRASS 

AS INFLUENCED BY 


NITROGEN FERTILIZATION 

AND ALFALFA' 


By GEORGE A. RooLEB and RUBBELL J. LoRENZ rCSf!!lrch agronmnists, 

Orops Researvh Dj.v~jon, A.gricultul·ilZ Research Service 


The value of crested, wheatgrass (Agropy1'on desertorum [Fisch. ex 
Link] Schult.) as spring pasture to supplement native range or as fuU
season pasture in some areas is well documented for the northern Plains 
and much of 'Vestern United States and Canada (fa, 8, 10, 16, 17, 18, fa5, 
r!6,).1 Mpst studies that have shown the pasture poteEtial of this grass 
have also shown that production decreases as age of stand increases. 
The purpose of this present study was to evaluate crested wheatgrass 
for spring grazing when unfertilized, when feltilized with nitrogen 
(N), and ·when used in mixture with alfalfa. 

Animal responses were measured in terms of gains per acre and per 
head and by dry matter intake. Plant responses were measured in 
terms of carrying capacity in steerdays grazing per acre, dry matter 
production at various stages of gro\yth, protein content, total digestible 
nutrients (TDN) per acre, and palatability. Changes in soil organic 
carbon, nitrogen, pH, and phosphorus under pastures receiving the 
various treatments were also measured. 

EXPERIMENTAL AREA AND CLIMATE 
The study was conducted at the Northern Great Plains Research 

Center, Mandan, N. Dak. Elevation at the study site is 1,750 feet above 
sea level. Experimental pastures were seeded on an area that was 
broken from native sod in 1921 and seeded to tame pasture that same 
year. The area remained in tame pasture until the present study was 
established. The slope of the land is from level to approximately 2 
percent toward the west. Long dimension of the experimental pastures 
was from east to west. Soil of the site is classified as Temvik silt loam. 
It was developed over calcareous glacial till and has a dark grayish
brown surface. Soil constituents will be discussed on page 21 under 
"Results :md Discussion." 

The climate of the area is semiarid. Temperatures reach e:ll.i;remes 
in both winter and summer and there are strong drying winds and 
frequent droughts. Precipitation during the 10-year period of the 
study is shown in table 1. The most effective precipitation was in April, 
May, and June when the crested wheatgrass was making the major 

1 Italic numbers in parentheses refer to Literature Cited, page 26. 
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TABLE I.-Precipitation in inches recorded at the Northern Great Plains Research Center, Mandan, N.Dak.,fl'om July ~ 
1955 through June 1965 ~ 

t> 
t"' 

Prccipitation rccordcd ii'- Total prccipi
\:dtation in g 

Crop ycar fuAn- Scp- Octo- No- Dc- Janu- Feb- 12 April 
z ~July gust tcmbcr bcr vcm- ccm- Ilry ruary March April MIlY Junc months to Junc 

ber bel' 
I-<-- 1/.' 
o1955-56 ___________ t-:J3.88 1. 70 2.93 0.22 0.99 0.19 0.48 0.05 1. 03 0.08 3.45 3.61 18.61 '1.141956-57 ___________ 2.65 3.13 .46 .14 1. 47 .09 .42 .11 .2:l 1. 51 3.11 2.72 16.03 7.341957-58 ___________ 1.97 1. 68 .99 2. 15 .17 .33 .18 .90 .22 .86 1. 35 4.18 14.98 6.39 .~

1958-59 ___________ 1.48 .90 .29 .46 1. 62 .20 .2] .23 .21 .31 1. 91 2.44 10.26 4.66 ~ 
1959-60 ___________ .20 2.20 1. 93 1. 21 .76 .36 .13 .01 .41 .49 3.23 6.01 16.94 9.7'31960-61 ___________ .70 3.32 .22 .01 .22 .23 .16 .17 .07 1. 68 .97 1. 88 9.63 4.531961-62 ___________ 1. 89 .77 3.69 .44 0 .40 .22 .22 .60 .57 4.82 2.82 16.44 8.21 ~ 
1962-63 ___________ 2.84 1. 29 .59 .57 .28 .1a .12 .35 .46 1. 62 2.89 5.37 16.45 9.88 !"3
1963-64 ___________ 3.91 1. 72 .63 1. 02 0 .25 .56 .09 .17 Z.68 1. 08 5.75 17.86 9.511964-65 ___________ 

1. 64 .95 .96 .10 .58 .26 .35 .12 .30 1.73 4.67 5.02 15.68 11.42 f; 
> 

100ycllr averagc __ 2.12 1.77 1. 27 .63 .61 .24 .28 .23 .36 1. 15 2.75 .• 3.98 15.39 7.88 fa 
~ 

@ 
g 
l:;! 
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part of its seasonal growth. The yellxs 1959 and 1961 were except.ionally 
dry and unfavorable for the growth of grass. The years 1962 and 1965 
were exceptionally favoraole for growth because of high May 
precipitation. 

PROCEDURE 
Seeding and Treatments 

Approx,\mately 3'i acres of land for the experiment was plowed in 
late summer of 1953. After the land was fallowed, it was seeded with 
crested wheatgrass on September 20 and 21, 1954, at 10 pounds per acre 
with It standard single-disk p;rain drm having a 'i-inch row spacing. 
The seeded area was divided' into ~ight 4.5~bacre pastures (each 157 
feet by 1,260 feet). 

___ There were four trp.atments, each wj.th two randomized replications 
(pastures). The treatments were: 

(1) 	 Crested wheatgrass with no fertilizer (O-N), 
2) Crested w heatgrass with 40 pounds of nitrogen per acre (40-N), 
3) Crested wheatgrass with 80 pounds of nitrogen per acre (80-N) , 

an(~	 _ 
(4) Crested wheatgrass-alfalfa mixture with no fertilizer. 
Fertilizer as ammonium nitrate was applied with a broad

cast spreader iT'. mid-October each year. 'Ladak' alfalfa (Mediaago 
sativa L.) was overseeded on two of the pastures with a single-disk drill 
at 2 pounds per acre on April 15, 1955. . 

Livestock and Pastnre Management 

High-quality yearling Hereford steers, averaging 524 pounds per 
head starting wei~ht over the 10 years, were used as experimental ani
mals. Their startmg weight ranged from a high of 5'i5 pounds per 
head in 1959 to a low of 475 pounds per head in 1965. Stocking rates 
at the beginning of the season were based on forage yields taken at 
that time. There were never fewer than four steers on any pasture at 
any time. Extra steers were added or removed as needed to fully utilize 
the pastures uniformly in periods of high or low production. The aver
age number of steers per pasture was: 
Treatment: 	 NumberG-N _.____________________________ '-______________________________ 4. 88 

4G-N ___________________________________________________________ 7.41 
SG-N ___________________________________________________________ 7.93 
Mixture _________________________________________________________ 5. 73 

Gains per acre were based on the total gains made by the steers left 
on the pastures the full season and by those added or removed. Theo
retical gains (average daily gain of season-long steers X steerdays of 
!!razing) based only on the daily gains of the season-long steers were 
not used because of the close association with actual gains. 

~t\ll weights were of individual steers. 1Yeights used in allotting steers 
at the beginning of the season were an average of weights on 3 con
secutive days. Before and durhlg the weigh-in period, the steers were 
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preconditioned on pastures of new green grass. Steers were allotted by 
weight so the average weight per steer for each pasture was the same 
within each year. During the grazing period n.ll steers were weighed 
every 2 weeks or oftener as needed. "Vater was wi,thhelrl from the ani
mals overnight before early morning weighing. Final weights were 
the average of 2 consecutive days. 

Grazing began OIl May 16 each year. The amount of new leaf 
growth on that date varied from year to year, depending upon the 
en.rliness of the season. Growth ranged from 4 to 7 inches on the un
fertilized pastures and from 6 to 10 inches on the fertilized. Cattle 
remained on the pa::;~\1res for 25 to 55 days, depending upon forage 
production and tl,e time necessary to utilize the available forage. An 
effort was made to completely utilize all pastures by the time the 
grass became less palatable and less nutritious, approximately ,Tuly 1. 

Loose livestock salt was provided fl'ee choice for the cattle at all 
times. H.orn flies were contr.olled as needed. 

Forage Production and Consumption 

Eight 4- by 7-foot cages and four S- by S-f.oot cages were placed at 
random in each of the pastures at the beginning of the grazing season. 
Forage yields for the determination of pasture production for the 
period the cattle were on the pastures were .obtnined from clippings in
side the smaller cages. ClipPlllgs from the larger cages were taken at 
approximately dough stage and considered to be hay~yielcls. An yields 
determinations were made on a dry mat.ter (oyendry' to 70° C.) basis. 
Clippings ~ye~'e taken .outside the cages 'at, the beginning of the season 
:wd both lIlslde and outside ea.ch cage when cattle. were removed. 
Forage consumption was assumed to be the difference in weight be
tween the inside a.nd outside clippings. Clippin!rS were made with a 
si.ckle bar mower at a height of 1 inch during t~e first 5 years of the 
stUdy. After that, clippings were made with a rotary mower with 
pickup attachment at a hei.ght of 2 inches in two 2- by 100-foot strips " 
in the grazed a.reas of the pa,sture and within each cage for the length 
of the cage. Since the clipping height of the rotary mower was 2 inches, 
2-foot square areas were clipped at four random locations at the soil 
sm'race in the grazed areas within each rotary-mowed strip and at 
one location in the cages. The total of the surface and rotary clipping 
made up the total yield. All hay yields were taken at a 1-inch height. 
The crested wheatgrass and alfalfa components of the mixed pastures t 
were >;;eparated for yield determinations. 

Fom' addit.ional 4- by 'i-foot cages were plaeed in paired positions in 
eaeh pasture in lDG3 to determine the effects of phosphorus (P) fertili
zation. Phosphorus was surface applied as treble superphosphate in 
one cage of en.ch pair at the rate of 44 pounds of phosphorus per acre 
on "March 2i. Clippings at a I-inch height were taken on .Tuly 15. 

Protein and Total Digestihle Nutrients 

Clippings for crude protein determina.tions were taleen at the begin
ning and end of the grazing season anel at. hay stage each year. Nitrogen 
cont.ent of the forage (not inclucling nitrate) was determined by a 
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modified Kjeldahl method (1) and crude protein calculated as 
6.25 X N. 

Total digestible nutrients (TDN) per acre for the various treatments 
was based on the nutritional needs of the animal for maintenance and 
gain in accordance with the method uscl by the National Research 
Oouncil ()::1). 

Soil Water and Soil Changes 

Gravimetric soil water samples were taken in the early' spring, at 
th~ time cattle were removed, and again in the fall. Two sOlI cores were 
taken to determine the amount of soil water by foot increments to a 
depth of 6 'feet at each of three locations per pastm:e in 1958, 1959, 
and 1960. 

Soil samples were taken at 0- to 6-inch1 6- to 12-inch, and 12- to 24
inch depths in two locations in each pasture at the time of seerung in 
H)54 and at the enet of the experiment in 1965. The 1954 samples were 
stored and chemical determinations of all samples were made in 1966. 
Organic carbon was determined by a modified 1Yalkley-Black pro
cedure (9), totnlnitrogen C~T), including NOa, by th0 Kjeldahl method 
(1), pH from a satnrated paste (B4) , and sodium bic!lrbonate-soluble 
phosphorus (NttHCOa-soluble P) by the method of Olsen and others 
(14) . 

RESULTS AND DISCUSSION 

Beef Production Per Acre 

Relative beef production per acre from the various treatments was 
the most important ecor.omic measure of pasture performance in the 
study. 'With results from only two replicatlOns, however, plus the high 
yariation in animal gains between replications, statistical significance 
was not obtained between small differences within yea,l's. Wide differ
ences were obtained when averages for all years were considered. 
Significant differences between treatments were sufficiently high to 
show the effects of the treatments on beef production per acre. 

At the beginning of the study (1956) beef production was high from 
all treatments (table 2), but was highest from the 80-N treatment. 
Production from the O-N treatment dropped sharply beginning the 
second year and declined through the fourth year with yearly fluctua
tions thereafter. Reef production from the fertilized pastures exceeded 
tha.t from the unfertilized pastures every yen.r after the first year. The 
differences becRme gre!lter!ls the stands beC'!lme older, with the greatest 
difference the 10th ye!lr of study (1965), when spring precipit!ltion ·was 
higher than it had been any other year. Production from ,the unfer
tilized p!lstures dropped in 19::m and 1961, ye!ll"S of low precipitation, 
but. relll.ti\~e response to high precipihhon in 1962 !lnc11965 W!lS not 
as great from the unfertilized p!lstlU'es as from the fertilized. Con
trary to what was expected, 110 significant (P>.05) relation was found 
between April, May, !lnd .Tune rainfall !lncl beef production from any 
of the trea.tment.~. 
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TABLE 2.-Beej production per aCl'ejrom yearling steers gro;"ing crested 
wheatgras8 pastures receiving various treatments 1 

Beef production from yearling steers on pastures 
treated with-

Year 

o-N 40-N So-N MixtureI 
.Pounds/acre Poulld8/acre Pounds/acre Poullds/acre1956 _________________ 172.9 a 182.8 a 244. 0 b 187.2 a1957_________________ 

106. 8 a 195.5 b 201. 6 b 152.6 ab1958 _________________ 96.9 a 175. 6 bc 191. 0 c 13S. 8 b1959_________________ 82.1 a 129. 4 b 111.2 b 77.7 a1960 _________________ 
99.7 a 143. 2 b 144. 3 b 122. 8 ab1961 _________________ 
65.6 a 106. 8 b 108. 5 b 93.6 b1962 _________________ 

108.4 a 193.8 b 192. 2 b 161. 9 b1963 _________________ 70.5 a 150.4 b 187.2 c 126. 1 b1964 _________________ 105. 7 a 173.5 c 150.9 bc 121. 7 ab1965 _________________ 
98.0 a 237.4 c 232.4 c 171. 8 b 

Average __________ 100.7 a I 168.8 c 176. 3 c 135.4 b 

1 Within each year, means followed by same letter do not differ significantly 
at the 5-percent level (5). 

Beef production from the crested wheatgrass-alfnlfa pastures sig
nificantly (P<.05) exceeded that from the O-N pastures 5 out of 10 
years and equaled it in each of the other 5 years. Only in 3 out of 
10 years did production from the mixture fall below that from the 
40-N pastures. In only 2 out of 10 years did production from the 
80-N pastures exceed that from the 40-N pastures. 

The value of nitrogen fertilizer and alfalfa in the mixture in main
taining production of crested wheatgrass is evident from the data. Beef 
production from the 40-N past.ures increased 55 percent and pro
duction from the 80-N pastures and the mixtures decreased slightly 
from 1956 to 1965. However, production from the O-N pastures cle
creased 42 percent over that same 10-year period. 

As an average for all years, differences in beef production from 
the 40-N and the 80-N pastures were small and not significant. Pro
duction from the 40-N pastures was 68 percent higher than that from 
the O-N pastures and 25 percent higher than that from the mixtures. 

Daily and Seasonal Gains Per Head 

Daily gains of the steers grazing on an pastures recei,-ing various 
treatments were high (table 3), indicating the high l1utrith-e quality 
of crested wheatgrass in the spring. Since the steers were remO\-ed 
from the pastures before the;l'e ,,-as a shortage of forage and while 
nutritive quaJities ,,-ere sHl1 at a hig-h IHel, ,gains were hig-h for the 
entire grazing pe.riod. There was no statistical diJl'erence (P>.05) in 
chily gains between treatments in a.ny yeaI', hmyenr, ya.riation be
tween replications and years was hig-h. TIle crested wheatgrass-a HaUa 
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TABLE 3.-Daily gain of yearling steel'S grazing crested wheatgrass 
pastures receiving various treatments 

Dnily gain in pastures treated with-
Year Average 

O-N 4Q-N 80-N Mixture 

Pounds Pounds Pounds Pounds Pounds1956_______________ 2. 71 2.34 2.98 2. 83 2. 721957 _______________ 2. 31 2. 53 2. 29 3.30 2.611958_______________ 2.93 2.90 2.56 3. 00 2.851959____ __________~ 2.98 2.94 2.52 2.35 2. 70 
1960~ 2.33 2.30 2. 25 2.57 2.361961_______________ 2.38 2. 77 2.82 2. 84 2. 701962_______________ 2. 45 2. 43 2.11 2.90 2.471963_______________ 2.67 2.30 2. 46 2.55 2.501964_______________ 3.01 2.65 2. 28 2.77 2.681965_______________ 2.79 3. 13 3.05 3.09 3.02 

Average________ 2.66 I 2.63 2.53 2.82 I 2.66 

mixture tended to produce somewhat higher daily gains in 1957, 1960, 
and 1962, but these were offset, by lower gains in other years and were 
not as high as those shown by Campbell (3). 

Daily gains on crested wheatgrass from May 15 to June 30 were 
slightly lower than those on adjacent native range for the same period 
under the same nitrogen treatments. During an 8-year period 
(1958-65) average daily gains per head were: 

Gains on 
Gains on crested 
native wheat
range grass 

Treatment: Pound8 Pound8Q-N__________________________________________ _ 
2.70 2. 694Q-N _________________________________________ _ 
2.82 2. 6880-N_________________________________________ _ 
2.92 2.51 

After steers were removed from the crested wheatgrass pastures, they 
were placed together on reserve native range and grazed at It moderate 
rate for the rest of the 140-day sunmler grazing season. Average daily 
gains while on native range were approximately 1.5 pounds per head. 
Total average gains per head on crested wheatgrass for 10 years were: 

Treatment: Pound8 
O-N_________________________________________________________ 94.0
4Q-N_ _ _ _ __ ___ ____ ____ ___ __ _ _ _______ ___ _____ ______ ____ __ ___ __ 105. 1 
8Q-N________________________________________________________ 101.7 
~Iixture______________________________________________________ 107.3 

Total summer gains per head, determined by adding the gain made on 
native range the rest of the season, were: 

32~123 0-69-2 
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Treatment: POlllld8 
O-~_________________________________________________________ 255.5 
40-~________________________________________________________ 255.6 
80-~ - - - ----- - _______________________________________________ 255. 7 
1Iiixture_ - - - ---- - --- - _________________________________________ 264. 8 

Tho data sllO\V that nitrogen fertilizer neither increased nor de
creased gains per head and that the mixture tended to increase gains 
slightly. '1'he adyantage in increased beef production from fertilization 
was due to the increased number of animals per unit of land and not 
to the increased gains per head. 

Carrying Capacity 

FOL' the purpose, of t,his study, cILrrying capacity 'was considered to be 
the ll1aXill1UIl1l1tllnber of animals thilt could be supported on the Yllri
ous treatments for the spl'ing with complete utilIzation and without 
a shortage of iomge, reduced gains, or damage to the vegetation. Car
rying capacit,y mlues obtained in this study are important only as an 
indication of the amount of O'L'Uzable fOL'Uge. \Vhen considered In rela
tion to gain.,; per aCl'e under tIle various treatmcnts, they are important 
in providing :1 measure of the rela.tiye value of the treatments. 

The number of acres required per head for the number of days grazed 
each year are giycn in table 4 ..More acres were required per head as 
stands of unfett{Jizl'd cl'ested wheatgmss became older. C:tl'J'ying ca
pMity of fertilized grHSS was more nearly maintaine(l from year to 

TADLE 4.-Acres required to carry a yearling steer for given number oj 
days on crested wlteatgrass pastures receiv'ing '1Jal'i01lS treatments 

Acres nnd nnmber of dnys rC'quired to carry yenrling 
steer ill pastil res treated with-

Yenr O-N 40-~ 80-~ :Mixture 

Acres IDnys Acres IDnys Acres Days Acres IDnr~
pergrnzed per grazed per grazed per grnzed

head ___ hend ,___ head head 

Nil/II- Num- Num- lvu11!- IVwn- Nm1t Num- Johl/It
1956________________ ber ber ber ber ber ber ber ber 

0.68 45 45 45 4i'i1957 ________________ 0.57 0.56 0.68 
1958 ___________ ____ .76 35 .59 45 .5i'i 45 .76 3ij~ 

1!J59 ________________ . !JI 30 . fi!J 35 .4!J 3f) .76 3fi 
. !)]1960 ________________ 25 .57 2i'i · fi7 25 .76 2ii

1. 00 40 40 40 401961 ________________ .67 .67 .86 
.91 25 25 25 2fi1962 ________________ .65 .65 .76 

1963 ________________ .97 4ii .61 5ii · ii2 .55 .80 4fi
1. 14]964________________ 30 .68 4ii .57 45 . 9] 411 
1.14 4.01965 ________________ .66 4ii .66 4ii . !JI 40 
1.14 40 .57 45 · i'i7 45 .80 45 

Average_ -- ----- .96 36 .62 40' . 58 I 40 . 80 I 38 
---------,-
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year but capacity of the crest.ed whea,tgruss-aUaUa mixture dropped 
sliO'htly as stands became older. 

A more accurate picture of carrying capacity was obtained by con
sidering both the number of animals per acre and the days grazed, re
fe.rred ~o here as steerdays of grazing pel: acre. Data in table 5 show 
WIde dIfferences between treatments wlthm years and between years 
within treatments. On the basis of this study, considering all years, 
carrying capacity of the 40-N pasture was 72 percent higher than that 
of the O-N pastmes and 37 percent higher than that of the mixtures. 
Carrying capacity of the mixtures was 26 percent higher than that of 
the unfertilized pastures. On the average, carrying capacity oftb'" 80-N 
pastures was higher than that of the 40-N pastures, but this advantage 
disappeared towa.1'(1 the end of the study. 

TABLE 5.-Steerdays of grazing 'P~r acre 'Pl'oduced on crested wheatgrass 
pastures recewmg val''Wu,s treatments 1 

I 
Steerdnys of grazing produced on pastures 

treated with-
Year Average 

O-N I 40-N I SO-N :Mixture 
I 

Number Number Number Number Number1956 _______________ 66. 1 77.7 82.6 66. 1 73. 11957_______________ 46.3 76. 0 82.6 46. 3 62. S1958 _______________ 33.0 59.5 71. 6 46. 3 52. 61959 _______________ 27.5 44. 1 44. 1 33.0 37. 21960 _______________ 39.6 59. 5 59.5 46. 3 51. 21961_______________ 27.5 38.5 38.5 33.0 34. 41962_______________ 46.3 90.3 105. 7 56.2 74.61963 _______________ 26.4 66. 1 79.3 54.0 56. 51964 _______________ \35.2 68.3 68.3 44. 1 54. 01965 _______________ 35.2 79. 3 79. 3 I 56.2 62.5 
, 

Average____ -- --I 38.31 65.9 j 71. 21 48.21 55.9 

1 Steer days indicate the average number of steers per acre X days of grazing. 

Forage Production and Consumption 

Forage yields were taken at the beginning of the grazing season as a 
guide to initial stocking rates (table 6). There was a wide difference in 
amount of new growth on ~Iay 16 from year to year, depending upon 
spring temperatures, precipitation, treat.ment, and growing conditions 
the previous fall. In general t'he data show that approximately 50 per
cent more forage was available on the fertilized pastures at the time 
grazing began than on the unfertilized pastures. In 4 of the 9 ye..'lrs in 
which clippings were taken at the beginning: of the season there was no 
significant increase in forage due fo fertilization, even though the 
fertilized pastures appeared to haTe l1101'e growth 'because of the dark
green leaves. At the beginning of the season, forage production was 
ouly slightly higher fr0111 the crested wheatgrass-aHalfa pastures than 
from the unfertilized pastures. 

http:crest.ed
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A number of workers in the northern Great Plains have shown in
creased forage production from crested wJleatgrass fertilized with 
nitrogen (11,19 '£0, 133). Data from the present study also show wide 
increases in production from the use of 40 and 80 pounds of N pel' acre 
(tnble 6). Clippings made from cages when cattle were l'emoved from 
tbe pastures showed that, when compared with unfertillzed pastures, 
.production was 59 percent higher from 40-N pastures, 79 percent 
higher from 80-N pastures, and 29 percent higher from the mIxtures. 
The level of fomge production maintained over 10 years was also 
higher in the ferttl'ized pastures. Forage production was highest the 
10th year. 

~'he relation between forage and beef production per acre over the 
10 ymH's is indicated by a highly significant (P<.Ol) r value of 0.77. 
Approximately 60 percent of the variation in beef production could 

TABLE G.-Forage production per acre from crested whcatgrass pastures 
l'ecei~ing various treatments and clipped at beginning and end oj 
graztng season 1 2 

Forage production from pastures trented with-
Time of year and year 

O-N 40-N 80-N Mixture 

At beginning of 
grnzing season: Tons/llcre Tons/acre Tons/acre Tons/acre1056_____________ 


1957 _____________ ------------ ------------ ------------ -----------
1958 _____________ 
1959_____________ 
1960 _____________ 
1961 _____________ 
1962 _____________ 
1963_____________ 
1964_____________ 
1965_____________ 

O. 30 a 
.48 a 
.51 It 
.51 a 
.30 a 
.55 a 
.45 a 
.42 a 
.38 n. 

0.45 b 
.65 a 
.72 It 
.71 a 
.42 b 
.83 a 
.72 b 
.66 c 
.76 c 

O. 53 b 
.77 It 
.64 a 
.63 a 
.45 b 
.70 a 
.70 b 
.61 bc 
.67 c 

0.31 It 
.57 a 
.52 a 
.58 a 
.32 n. 
.55 a 
.46 It 
.50 ab 
.56 b 

Average________ .43 a .66 c .63 e .48 b 

At end of grazing 
)season:1956_____________ 

1957 _____________ 
1958_____________ 
1959_____________ 
1960_____________ 
]96] _____________ 
1962_____________ 
1963 _____________ 
1964_____________ 
1965_____________ 

1.46 a 
.67 a 
.72 /I, 

. iiI n. 

.68 a 

.1i8 a 
1.33 It 
.93 a 
.83 !t 

1. 04 n. 

1.59 /I, 

1.07 c 
1. 03 b 
.79 a 

1. 13 a 
.78 a 

2.06 u 
1. 64 c 
1. 63 b 
2. 13 c 

1. 67 It 
1. 45 d 
1.09 b 
.69 a 

1.14/1, 
.91 a 

2.35 !L 

1. 97 d 
1. 89 b 
2. 44 d 

1. 38 a 
.94 b 
.69 /I, 

.62 a 

.81 /I, 

.72 II, 

1. 95 it 
1. 27 b 
1. 14 n. 
1.68 b 

Average ________ .87 a 1. 38 c 1. 56 d 1.12 b 

1 The grazing season began on l\Iay 16 e/l,ch year and ended at vnrious dales 
from June 10 to July 10, depending on the year and treatment. 

2 Within cach year, menns followed by same lctter do not, differ significantly 
at the 5-percent level (5). 
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be accounted for by the variability in forage production. Both forage 
and beef production were low in the dry years of 1959 and 1961 and 
high in the wet years of 1962 and 1965. 

In spite of an attempt to graze all treatmentfl uniformly by applying 
eq.ual grazing pressure, there was considerable variation in utilization 
wIthin each year. The percentage utilization based on differences be
tween clippings taken inside and outside cages at the end of the season 
was more nearly uniform between treatments than was the weight of 
the forage left ungrazed in each treatment (table 1). On the average, 
utilization was lower from the O-N treatment than from the other 
treatments because less forage was produced and consumed in relation 
to the amount ·of forage remaining on the ground when cattle were 
removed. At the end of the season 42 percent more forage remained 
on the fertilized pastures than on the unfertilized. 

TABLE 7.-Forage 	 left ungrazed and utilizQ,tion oj crested wheatgl'as8 
pastures receiving various treatments 

Forage left ungrazed in pastures Utilization of pastures 
treated with- treated with-

Year 

O-N I 40-N 80-N Mixture O-N 40-N 80-N 	 Mix
ture 

Pounds/ Pounds/ Pounds/ Pounds/ Per- Per- Per- Per
acre acre acre acre cent cent cent cent1956________ 1,911 1,674 2,367 1,368 35 47 29 501957________ 359 717 846 556 73 66 71 701958________ 74'7 555 624 351 48 73 71 751959________ 177 267 257 252 83 83 81 791960________ 291 618 786 460 79 72 65 72196L_______ 670 924 913 691 42 40 49 521962________ 1,270 1,482 1,647 1,388 52 64 65 651963________ 1,232 1,413 1,671 1,114 34 57 5& 561964________ 725 1,352 1,360 935 56 58 64 59

1965________ 947 2,053 2, 338 1,288 54 52 52 62 

Average __ 833 	 1, 106 1,281 840 I 52 60 60 63 

Apparent daily forage consumption (forage disappearance) per 
head and the ratIo of consumption to beef production varied widely 
between years and treatments (table 8). Since yearling steers of simi.,. 
lar weight and condition were used each year and since they were 
removed from the pastures whih forage was still adequate, daily con
sumption per head should have, been sImilar each year. A major part 
of the error in determining consumption appeared to be from inade
quate sampling on which consumption values were based. The differ
ence in weight of clipped forage from inside and outside cages at the 
end of 1ne grazing season did not accurately measure the consumption 
within years. The high variability from year to year indicates the 
questionable nature of the clipping method used to determine con
sumption values. 
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TABLE 8.-Forage consumed daily and ratio oj jorage consumed to beej 
produced on crested wheatgrass pastures recei-ving various treatments 

Forage consumed daily on Ratio of forage consumed to 
pastures treated with 1_ beef produced on pastures 

treated with-
Year 

O-N 4O-N So-N 	 Mix- O-N 40-N SO-N Mix
ture ture 

Pounds/ Pounds/ Poundsi Pounds! 
head head head head Pounds Pounds Pounds Pounds

1956 ________ 15.5 19. 2 11. 6 	 21. 0 5.9 7.2 3. 9 7.41957 ________ 21. 2 18.6 24.9 	 21.1 9.2 7.2 10.2 8. 71958 ________ 21. 1 25.2 21. 5 	 19.6 7. 2 8.5 8.1 7.41959 ________ 30.5 29. 7 25.4 	 26.2 10. 2 10. 1 10.1 12.51960 ________ 26. S 27.4 25.1 	 22.5 10. 7 11. 3 10.4 9.4196L_______ 17.7 16.2 23.5 	 21. 9 7. 4 8. 4 6. 9 6. 71962 ________ 29. 6 29. 1 28.8 	 34.0 12. 7 13.5 15. 9 15.71963 ________ 23.6 28. 2 28.6 	 25. 1 8.8 12.4 12. 1 11. 2 1964 ________ 26.3 27. 7 35.4 	 24.8 S.8 10.9 16.0 11. 1 1965 ________ 32.2 27.7 31.9 	 36.9 11. 6 9. 3 10.9 12.2 
, 

Avcrnge.__ 24. 5 24.91 25.71 25. 3 9.1 I 9.8 I 10.4/ 10. 3 I 
1 Apparent consumption (forage disappearance) was bused on difference 

between clippings tuken from inside und outside cages ut the end of the grazing 
season. 

Values for the amount of forage required to produce a pound of 
beef were also highly variable, not only because of differenC'les in 
apparent consumption but also because of variations in gains. ':Vhen 
considering the average consumption values tor all years and treat
ments, however, values for both daily consumption per head and the 
ratio of forage produced to beef produced were similar to those ob
tained by other workers. 

-Whitman and others (25) reported a daily forage consumption of 17 
pounds per head on crested wheatgrass and 17.5 pounds on crested 
wheatgrass-alfalfa mixture. Since their daily gains per head were 
lower than those in the present study, the forage requirement per head 
per day was lower. In the present study the 10-year average require
ment for yearlings on all treatments gaming an average of 2.7 pounds 
per day per head was 9.9 pounds of forage per pound of gain. Feed 
requirement il1dicated by the National Research Council (13) for 
normal-growth yearlings is 10.5. .At the rate of gain made by steers in 
the present study, the value obtained is in line with values indicated 
by the National Research Council. 

Grazing' appal'ently removed little or no forage below a 2-inch height 
as measured in 1961 and from 1963 through 1965 (table 9). Yields below 
2 inches in grazed areas were only slightly less than ,those in caged areas 
where there had been no grazing. If grazin~ caused the plants to stool 
out or become more prostrate in growth habIt, then some s-razing might 
have ocourred below 2 inches without reducing the relatIve yield com
pared with that below 2 inches in caged areas. Forage yields below 2 
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TABLE 9.-Foraf/e production at end of season below and above a fe-inch 
height of C'Utt~ng in grazed and caged areas in crested wheatgrass 
pastures receiving ?''ariO'Us treatments 

Forage production from-

Treatment and year Grazed Caged arcus 
areas 

Below 2 Below 2 Above 2 Total 
inches inches inches 

O-N: Pounds/acre Pounds/acre Pounds/acre Pouuds/acre1961 _____________ 510 ,')69 587 1, 1561963_____________ 858 632 1,222 1,8541964_____________ 562 637 1,014 1,6511965_____________ 561 756 1, 323 2,079 

Average.. _______ 623 I 649 I 1,037 I 1,686 

I 
I 

'lO-N:H16 L ____________ 1 66R 674 874 1, 5481963 _____________1 ;i71 709 2, i56,) 3,274 
198~_____________! 657 713 2, ;;3:3 3,2461963 _____________ 1 

; 
719 8;)8 3,3!)2 4, 250 

Avcrngc________ I1 654 739 I 
i 

2, 341 3, 080I 
80-N:1961 _____________ 668 772 I, 046 1,8181963_____________ 756 816 3, 120 3,9361964_____________ 643 781 2,999 3, 7801965_____________ 739 933 3, 936 4,869 

Average ________ 702 826 2,775 3,601 

:Mixture:1961_____________ 527 629 814 1,4431963_____________ 578 659 1,872 2,5311964_____________ 643 795 1,490 2,2851965_____________ 657 653 2, 706 3,359 

Average ________ 601 684 1, 721 2,405 

inches were increased by fertilization, but ,the major increase due to 
fertilization was above a 2-inch height; consequently, the additional 
forage was available for grazing. The amount of forage above the 
2-inch height was 62 percent from the O-N treatment, 76 percent from 
the 40-N, 77 percent for ,the 80-N, and 72 percent for the mixture. 

Hay yields taken when the seed was in the dough staO'e were not 
significantly increased (P>.05) by fertilization or by alfalfa until 
the 5th year of production (1960) (table 10). In 1961 yields between 
treatments again were not significantly' increased, but from 1962 
through 1965 hay yields from the fertlEzed treatments were much 
higher than from the unfertilized. As with all other forage measure
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TABLE 1O.-Forage production per acre from crested wheatgrass pastures 
receiving various treatments and cut at dough stage (hay) 1 

Year 
Forage production from pastures treated with-

Q-N 40-N 8Q-N 

I 
:Mixture 

1956 __________________ 
1957_________________ 
1958_________________ 
1959_________________ 
1960_________________ 
1961_________________ 
1962_________________ 
1963_________________ 
1964 _________________ 
1965_________________ 

TOM/acre 
1.47 a 
.97 a 
.97 a 
.43 a 
.72 a 
.66 a 

1.02 a 
.70 a 
.77 a 
.75 a 

TOM/acre
1. 59 a 
1.46 a 
1.58 a 
.69 a 

1.28 bc 
.94 a 

2.02 b 
1. 59 c 
1.79 b 
2.31 b 

Tons/acre
1. 67 a 
1.79 a 
1.45 a 
.55 a 

1.38 c 
.91 a 

2. 63 c 
1.90 d 
1.86 b 
2. 20 b 

Tons/acre 
1.38 a 
LIla 
1. 35 a 
.56 a 

1.08 b 
.77 a 

2.16 b 
1.09 b 
1.33 ab 
1.38 a 

Average __________ .84 a 1.52 c 1. 63 c 1. 22 b 

1 Within each year, means followed by Bame letter do not differ significantly 
at the 5-percent level (5). 

ments, yields from the O-N treatment decreased after the 1st year of 
production and tended to level off, with yearly fluctuations after that 
time. Yields from the 4O-N and 80-N treatments were maintained or 
increased. Yields from the 4O-N treatment were higher the 10th year 
than any other year; yields from the 80-N treatment were higher the 
7th year. Alfalfa in mixture with crested wheatgrass helped main
tain hay production but yields were lower than frOm fertilIzed treat
ments. The average increased yields in hay from treated pastures, 
when compared with yields from O-N pastures, were: 
Treatment: Percent 

4Q-N --------------------_______________________________________ 81 
SO-N --------------------_______________________________________ 94 
lIixture ---------------------____________________________________ 45 

Residual effects of nitrogen fertilizer c ., hay yields were measured 
in 1966 and 1967. Fertilizer was last ap~l.ed in the fall of 1964. 
April-June precipitation was 5.73 inches in 1966 and 4.97 inches 
in 1967-both much ,below the 1956-65 average. Hay yields were: 

1966 1967Treatment: Ton/acre TO'UJ/acrcQ-N__________________________________________ _ 
0.3i 0.444Q-N_________________________________________ _ 
.61 .638Q-N_________________________________________ _ 
.93 1. 26lI;Iixture _______________________________________ _ 
.63 .91 

Marked response to residual fertilizer was apparent both years. For
age from the mixture was approximately 30 percent alfalfa and 70 
percent grass both years. Yields from the mixture continued to be 
higher t.han those from the unfertilized treatment. 
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Protein 

Crude protein has long been considered a measme of quality in 
forages. 'While increased emphasis has been placed in recent years on 
energy derived from forages, protein content still remains a good 
measure of the relative nutritive value of various types of pasture 
and forage. According to Sullivan (&1), the percentage of crude pro
tein is highly correlated with the percentage of digestible protein. 
He obtained an r value of 0.99 for all protein data he studied. Crude 
protein content was also highly correlated with digestion coefficients 
of dry mntter and crude protein. 

Each year crude protein determinations were made of forage clipped 
from each pnsture three times during the grazing season (table 11). 
Crude protein contents at all growth stnges except the hay stage were 
in general above the minimum requirements of 9 to 10 percent for 
600-pound year1in~ cattle as sug~ested by the National Research Coun
eil (13). Increased increments ot nitrogen fertilizer increased the pro
tein content significantly at all growth stages. The OTass from the 
crested wheatgrass-alfn,lfa mixtures was slightly hig11er in protein 
than that of grass from O-N pastures but lower than that from 40-N 
pastures. Protein content of the mixtures was similar to that of grass 
from 80-N pastures, except at the beginning of the season when pro
tein was higher from the 80-N pastures. As the plants matured, pro
tein content on all treatments decreased ..Protein content of forage 
that was continuously grazed was higher than that of caged material 
when l;oth were sampled on the same date. Increased protein contents 
due to fertilization did not significantly affect gains per head while 

TABLE ll.-Grude protein content oj crested wheatgrass at th1'ee times oj 
dip,{,ing and j01£r growth stages in grazed and caged areas in past1lres 
l'ecewing vari01ls treatments 1 

I Crude protein content in pastures treated with-

Time of I Growth 
clipping stnge I Mixtllrc 

O-N 40-N !80-N ,I 1 I 
! I Grass Alfalfa bIixtureI ! 

, 
! 
j Percent Percent Percent Percent Percent Percent

Ll'aves_____Start of season 14.08 19.10 22. 34 17. 58 30. 22 18.91 
(May 16). 

End of grazing Leaves and 9.58 10. 42 12. 54 10.45 20. 63 12. 33 
season in stubble. 
grazed areas. 

End of grazing Flower and 8. 21 9.40 11. 37 8. 99 19.14 11. 81 
season in preflowcr. 
caged areas. 

Hay stage_____ Early 7.11 8.10 I 9.93 7.33 16.34 9.90 
dough. I 

1 Values shown are the average of samples taken in two replications each 
year for 10 years (20 samples). 

325-123 0--69-3 
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cattle were on pasture because a.11 these cont<.>uts were abo\7c the mini
mum needs of the animal It is assumed, however, that increased pro
tein due to fertilization would increase the nutritive value of the hay 
,,-hen fed during periods when protein contents in the feed were Ileal' or 
below minimum requirements. 

Total Digestihle Nutrients 

The amount. of total digestible nutrients (TUX) per aere based both 
on beef production :md on carrying capacity is the best measure of 
pasture pedonnance o:r the yarious treatments in the present study. 
Va.lues on canying capacity and dry matter production indicate some
what the expectecfbeef production but are only a partial evaluation of 
pasture performance without supporting data. Beef production yalues 
alone without data on carrying capacity do not take into account the 
length of the grazi ng period a,ntl the ability of the pasture to maintain 
the weight of -the tLllimal as "well as to produce net weight gain. 

The committee on beef c:tttle llutrition of the National Research 
COllllc"il has compiled information on the daily nutrient requirements 
fO!' maintenance ltn(l ga in of \-arious classes of beef cattle (13). Their 
:formula, digestible ellergy (DE) = i4.5"'\Vll•7G (1 + 0.59 g), where ",\V 
is the :werage weight o:r the animal and g is the daily gain, was used 
to cleterm i ne the production of TDN per acre from the various pastures 
in I-his study. Swift (BB), using all the simultaneously determined 
'rDN and DE mlues of mixed and roughage rations available in the 
literature, :tITived nt. the average cOlwersion factor o:r 2,000 kilocalories 
per pound of TDN. '1'11is conversion :factor was used by the National 
Hesearch Conncil. For the present study, calculatecl valtles of DE were 
cOlwel'ted to TDN to express these TDN values as "weight per acre. 

TDN production per acre for maintellltllCe was calculated from the 
ntlues for ayera.ge number of steers per acre, twemge weight of steers, 
weight. of steel's per acre, TDN required daily per 100 pounds body 
weight, and a\'erage days grazed. TDN production per acre for ~ain 
was eaknlatecl. '1'1'0111 the values for gain per acre and TDN reqU1l'ecl 
per ponnd of gain. 

The lO-year :wemge production of TDN per acre for maintenance 
and gain and the total of the two values did not differ significantly be
tween the 40-N and RO-N treatments (table 12). On the basis of total 
TDN production pel' :lel'e, pl'ocluction from the 40-N treatment ,,-as 
74 percent higher than f'hat from the O-J.'\T treatment and 29 percent 
higher than from the mixture; and total production from the mixture 
was 35 percent 11 igher th:tn that from the O-N treatment. Daily TDN 
nnd DE production per acre was also higher from the fertilizer treat
ments, and production from the mixture was higher than that from 
tho unfertilized treatment. 

There was a highly significant (P<.OI) positive relation between 
TDN production and beef lJroduct,ion per acre with an r value of 0.95. 
This was expeeted since beef production was oile of the factors w:;ed 
in calculating TDN. The relation between TDN and dry matter pro
duction was somewhat lower but also highly significant. with an l' 

value of 0.80. Total TDN proclurtion varied widely between treat
ments and between years (table 19, appendix). The ]e\'el of prodnc

http:ayera.ge
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TABLE 12.-PI'Owllction of total digestible nlttl'ients (TDN) and diges
tible energy (DE) and TDN 1'eqlbired pel' pound of grin from crested 
wheatgl'ass pasil£res 1'eceiving variolts treatments, to-year averages 1 2 

TDNTDN TDN 
produc- produc- Total TDN DE re

pro- pro- quircdTrent- tion tion TDN 
pro- duced duced perment for for 

nminte- gain duced dnily dldly pound 
of gainnnnce 

Kilo-
Pounds! calories!Pounds! Pounds! Pounds! 

acre Poundsacre acreacre acre
O-N ________ 150 It 225 a 375 a 10. 7 a 21,400 n 3. Sl a 

4Q-N_______ 260 c c c 16.3 32,600 c 3. S6 a
392 652 c 
SO-N _______ 279 c 409 c 68S c 17.2 c 34,400 c 3. 91 n 
:Mixture ____ ISS b 317 b 505 b 13.2 b 26, 400 b 3. 75 a 

I Bused on animnl requirements calculated from thc Nt.t. Res. Oouncil (13) 
equation Dg = U.;)WO•73 (1 -I- 0.59 g) where W = wt. of animal and g = dnily 
gt.in and I>ssumillg 2,000 kilocalories of Dg per pound of TDN. All values nrc 
in terms of dry mutter. 

2 i\Ieans followed by S:1I11e letter do not cliffer significantly at the 5-percent 
level (5). 

tion for the :fertilized treatments helel np well over the 10 years, pro
duction during the last year of study (1965) being one of the highest. 
There was a marked loss in production frOITl the unfertilized treat
ment the first 2 years. After that, production tended to fluctuate each 
year. Production was low from the unfertilized treatment during the 
last year even though precipitation was favorable for growth. The 
mixture maintained TD~ production better tnan the unfertilized 
treatment. 

On the average, the amount of 'I'DN required to produce a pound 
of beef wus similar for all treatments (table 12). However, the TD~ 
requirement tended to be lower for the mixture, indicating a S0111e
\~ hat higher forage quality for the mh-ture. TDN requirements in all 
cases were not out of line with those indicated by the National He
search Council (13) for cattle of similar weight makil1~ similar gains. 

The data indicate that the values for the amount of forage required 
to produce a pound of beef (table 8) were much more erratic from 
year to year than were yaines for TDN required per pound of beef 
(table 19, appendix). The standard error for forage required per 
pound of beef was 4.8 percent of the means and that for r.rDN required 
per pound of beef was 1.3 percent. 

Palatability 

)Iil1er and Terwilliger (DB) showed that nitrogen fertilizer in
(Teased the palatability of crested wheatgruss to cattle, especially dur
ing the soft dongh and seed ripe stages. In the present study intake 
measurements (table 8) would indicate no marked differences in the 
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average palatabHity of the various treatments. :However, the steers in 
the fertilized pastures tended to graze less uniformly. fn some years 
the steers in the fertilized pastures were not grltzing the grass as 
rapidly as it was developing and plants became stf.lmmy and coarse. 
Patchy grazing deyeloped, with close grazing in SOlue spots and prac
tically no grazmg in others. The problem was the same in dry years 
when soil moisture was depleted more rapidly in the fertilized pas
tures. Patchy grazing developed in these pastures, while grazing re
mained <J.uite uniform in the lmfertilized pastures. 

No reSIdual effects were observed the year after patchy grazing had 
developed. Improved management such as increased ~razing intensity 
ot" mowing might have decreased the amount of patclly grazing. 

Maintenance of Alfalfa in Mixture 

'Whitman and others (185) reported that the alfalfn. of the forage 
from pastures of crested wheatgrnss-alfalfa mixture grazed wit1l cattle 
dcrreased from 50 percent the 1st year of grazing to 4 percent the 7th. 
Campbell (3) reported that alfalfa from the same type pasture but 
grazed with sheep de~reased gradually over a 6-year period. In the 
})J"esent study, also WIth the same type pasture but after a shorter 
spring grazing period than in the above two studies, alfalfa increase.d 
from 10 percent the 1st year to 37 percent the 10th (table 13). It IS 

assumed that where the livestock were removed after a grazing period 
of 45 days or less, the alfalfa root reserves were restored and were 
sufficient to protect the plants from winter injury. 

TABLE l3.-Yields oj crested 1Vheatgmss-alfalfa mixt~lres and p1tre 
crested 1Vheatgrassi 

Q 

Forage production from-
Pure 

crested 
Year l\'lixture whent

grnsR 

Gr:tS'; Alfalfil Total 

Pounds! Pounds! Pounds/ Pounds! 
acre acre Perren/. acre acre1o0fo_______________ ')-1957 	 2, 470 -10 10 2,754 2,933 
1,430 451 24 1,881 1,341 

10~R________ • ______ 1,008 373 27 1,381 1,444 
10~0 

1,02U 1U6 16 1,225 1,016lU60_______________ 
1, 160 452 28 1,612 1,3531961 _______________ 1,068 375 26 1,443 1,1561962 _______________ 	 ?2,849 1,054 -, 3,903 2,6431063 _______________ 1,721 810 32 2,531 1,8551964_______________ 1,576 708 31 2,284 1,6511065 _______________ 2,116 1,243 37 3,359 2,070 

Average ________ 1,64:3 594 ?--, 2,237 1,747 

I Clippings were taken within cages in pastures of ench treatment at the end 
of the grazing senson. 
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Alfalfn increased the yield of grass in the mixtures, compared with 
che increased yield of grass in pure stands. The yield of grass in the 
mixtures was less than that in pure stands, but only a part of the space 
in the pasture ,,-as occupied by the grass and the rest by alfalfa. If 
the grass in the mh.-tures had occupled Rll space, the yield of grass 
per acre would have been approximately ~,250 pounds, compared with 
1,74i pounds jn pure stands. Thus, forage yield in the mixtures was 
higher than that in the grass, not only because of increased growth of 
grass but also because of the additional alfalfa. 

Stand Depletion 

It "was evident in early spring of 1961, after an extremely dry "(
month period, that stands in the 80-N pastures were greatly reduced 
because mallY crested wheatgrass phmts had died. In some locations 
enough plants llud died to cause large bare areas of soil to appear. 
These were soon covered with Kochia 8copa7'ia (L.) Roth) a common 
weed easily controlled by spraying with common herbicides. In some 
eases the grass plants were not entirely dead but were dwarfed, with 
dead centers. Stands in adjacent O-N pastures were not reduced, but 
stands in the 40-N pastures were reduced slightly. Seamands and Lang 
(19) found the same general tendency for stands of crested wheatgrass 
fertilized with high rates of nitrogen to thin out in certain years. 

To determine 1f there were differences in electrical conductivity 
yalues or in soil pH, samples were taken of the 0- to 6-inch depth in 
areas of different. degrees of stand depletion (stand index) in the 
various pastures. Almost without exception, conductivity values were 
higher and soil pH vnIues lower in areas where plants had died or were 
weakened and the stand index Y'ms high (table 14) . Neither the comluc
tivity values nor pH was in the range considered toxic to plants UN).
Conductivity values were so low tlUllt differences between treatments 
were of no significance other than to indicate the possibility of a con
centration of nitrogen salts in certain areas. 

The 80-N treatment could haw, caused increased respiration and car
bohydrate utilization similar to ,thu,>e reported by a number of workers 
(4,7,15) with other cool-season gras:ces. In the present study, lowered 
root reserves in the 80-N {mstures could have rendered the plants espe
cia.lly susceptible to drought and winter injury. Grazing pressure may 
have intensified .the damnge that resulted in stand depletion. Graber 
(6) in 1931 stated, "It is clearly evident that the productive capacity 
of grasses -is not only dependent upon adequate supplies of available 
nutrients and moisture combil1ed with favorable light and ,temperature 
conditions but also on food reserves of the plant.... 'Vhen regenera
tion is cnllstantly stimulated by fertile soil or by abundant nitrogenous 
fertiliJ:ation the carbohydrate reserves are rapidly consumed and with 
slight opportunity for replenishment they often 'become the principal 
factors llmiting growth." 

The thin stands in the 80-N pastures in 1961 reduced production to 
approximately that of the 40-N pnstures. However, in 1962, a faVOl'

able year for growth, production was higher in the 80-N pastures 
than in the 40-N pastures. Soil moisture samples in the spring showed 
a greater depth of moisture where stands were thin. From 1963 
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TABLE 14.-Electrieal conductilt'ity and soil pH frMn the 0- to 6-inch 
depth from selected areas showing various degrees oj stand depletion 
in crested wheat[lrass pastures receiving various treatmentlJ, 1961 

Conductivity
Treatment EO x lOS Soil pH Stand 

at 25° C.I index 2 

80-~ ________________________________ _ 
O. 60 5.55 5 

80-~________________________________ _ 
80-~________________________________ _ .49 5.90 5 
80-~________________________________ _ .42 5. 60 5 
80-~ ________________________________ _ .39 5.80 5 
80-~________________________________ _ .37 :i. 60 4 
80-~________________________________ _ .36 5.60 5 
40-~________________________________ _ .33 6.05 2 

.38 6.00 3 
40-~ .30 5.95 3 
O-~_~ 


O-~_________________________________ _ 
 .30 6.05 1 
O-N _________________________________ _ .28 6.00 J. 

.28 6. 15 1:nfixturc ______________________________ _ .33 6. 10 1:nUxturc ______________________________ _ 

.30 6.00 1 

1 Eler.tricnl concluclh'ity of 0. so.tuntted soil pnstein millimho/centimetcrs
(EC x 103). 

2 l:\tancl index: 1=110 thinning of stand; 3= medium thinning; 5=scYcrc thinning. 

through 10G;} \"igor in the 80-N pastures decreased gencra.lly to a, point 
below that in the 40-N pastures. Fertilization was discontinued in the 
fall of 19M, and relatiye yigor and yields of the 80-N pastures were 
regained by 1066 and 19~7 and were again greater than those of the 
40-N pastures. 

Soil Water 

Soil water samples were taken by I-foot increments to a depth of 
6 feet on four dates in 1958, on three in 1959, and on three in 1960 
(table 15). Since there did not appear to be a significant relation 
between water use lmd forage and beef production per acre, sampling 
was discontinued in 1960. Soil water was approximately the same to 
11. depth of 6 feet for all treatments in early spring each year. Soil WIlS 

driest in the :fall and increased in water content during the winter. 
'Yhen the October-March precipitation was added to the soil water in 
the fall, the loss in water from all treatments was much greater during 
the 1959-60 winter than during the 1958-59 winter. A partial explana
tion for this difference is that high precipitation after the last sampling 
date in 1058 increased the amount of soil water. In add.ition, late 
spring growth in 1950 reduced early water use. In 1959, high Septem
ber-Octobe1.' precipitation resulted in fall regrowth, which reduced the 
soil water after the last sampling date. 

",Vide :.rear-to-:.rear yariation in the soil water status of dryland soils 
is common. 'Yith the limited data available, we cannot draw definite 
concl usions. Di fferences bet.ween treatments were small and not statisti 
cally signi.ficant. The crested wheatgrass-alfalfa mixture did tend to
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TABLE 15.-Total water in 8'/lrjace 6 feet of soil on 10 sampling dates 
1l'nder crested wheatgrass past-ures receimng various treatments 1 2 

Water in Boil under pastures treated with-
Date 

o-N 4o-N So-N Mixture 

1958: Inches Inches Inches InchesAtril 8 ___________________ 11.80 12.16 12. 78 12.121\' Ily 18 ___________________ 10.63 10.05 10. 23 10. 03 June 24 ___________________ 11.65 11.24 11.74 10.99
October 8 _________________ 9.81 9. 49 9.66 9. 35 

1959:April 8 ___________________ 12. 00 11. 86 11. 44 10.31June 12 ___________________ 9.88 10. 03 9. 32 9. 00
September 30_____________ 10.91 10. 78 10.51 10. 38 

1060:April 12 11. 20 11. 00 11. 39 . 10. 7i
.June 20 ___________________ 11. 25 10.58 11. 16 10. 75 
St'plclllbcr 22 _____________ 9. 70 9. 52 0.33 0.31 

1 

1 ~oi\ \\'flt~\r ,Samples were taken by D. E. Smikfl, Soil and 'Vater Conservntion 
U('s('al'ch Dh·i:;ion. 

2 The total watcl' in the surfacc 6 feet of soil nt 15 bnrs of tension was 0.42 
inches. 

ward greater ,Yat.er us~, probably because of the presence of deeper 
rooted' :t1fa1fa. ,Yater use under the unfert.ilized treatment appeared 
to be slighUy less than thf-.~ under the fertilized treatments, but the 
relatiye rimount under the various treatments changed between dates. 

Soil Changes 

In general, the data consistently indicate that iertilization increased 
the organic carbon and total nitrogen content in the soil (table 16). 
Tho magnitude of the variation in individual soil samples between 
locations and depths (tables 20 to 23, appendix) was so ~reat, however, 
that the amount of increase could not be statisticalJy determined. 
1~l'l'Or3 in analysis and in field samplings are normally greater than the 
differences found in total nitrogen between years and treatments. 

Soil weight per acre-foot based on bulk density yalues for the 0- to 
12-inch depth was 2,818,715 pounds and that for the 12- to 24-inch 
depth was 3,240,028 pounds. Pounds of organ.ic carbon and total 
nitrogen for any treatment or depth can be calculated from the percent 
\'aluesshownin bhedata. 

The data were not sufficient to determine the amount of nitrogen 
l'emoyed by the grass and the cattle. Based on forage yields and protein 
determinations, the amonnt of nitrogen used by the grass was approxi
mately 217 ponnds per acre in the 40-N treatment and approxImately 
3i4in the 80-N treatment. Most of this was returned to the soil by 
excretions from t11e cattle while grazing. A determination of the 
amount lost by yolatilization and the amount reincorporated in the soil 

http:organ.ic
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TABLE 16.-Average percentage oj organw carbon and total nitrogen and 
cm'bon/nitrogen ratio oj soil under crested wlleatgras8 past1treS receiving
L'Orious treatments, 1954 and 1965 ..~ 

Organic carbon Total nitrogen Carbon/ni trogell 
Treatment and depth ratio

of soil (inches) 

1954 1965 1954 1965 1954 1965 
-

Percent Percent Percent Percent
O-N:0--6_____________ 


6-12 ____________ 2.46 2. 44 O. 233 tj~ 235 10.6 10.4 

1. 50 1. 66 .160 .168 9. 4 9.912-24___________ 
.88 1. 00 .104 .109 8.5 9.2 

4Q-N:
0--6 _____________
6-12 ____________ 2.49 2.56 .233 .246 10.7 10.4 

1.58 1.82 .161 .175 9.8 10. 412-24___________ .92 1.06 .103 .112 8.9 9.5 

SO-N:0--6 _____________ 
2.35 2.66 .229 .245 10. 3 10.96-12 _________ -- 

12-24___________ 1.63 1.64 .147 .165 11.1 9.9 
.94 1. 03 .104 .112 9.0 9.2 

Mixture:0--6 _____________ 

6-12 _______ ..____ 2.63 2.72 .243 .245 10.8 11.1 

12-24 ___________ 
 1.50 1.72 .157 .167 9.6 10. 3 

1. 01 1.07 .108 .111 9. 4 9.6 

was beyond the scope of this study. The amount of nitrogen removed 
in the bodies of the animals when taken from the pastures was prob
ably negligible. 

The pH values in soils 0 to 6 inches deep under the unfertilized pas
tures changed little, if at all; but the }?H definitely tended to decrease 
in soils at this same depth under fertIlized pastures (table 17.) Phos
phorus was lost in all treatments, but the loss was least under fertilized 
pastures and greatest under the mixture. Individual soil samples 
showed varying degrees of loss in phosphorus between depths and 
locations (tables 20 to 23, appendix). The higher phosphorus content 
of the fertilized soils in 1965 was related to lowered pH. Increased 
acidity with nitrogen fertilization evidently resulted. in the release 
of greater amounts of available phosphorus. The 1965 SOlI samples were 
taken in the fall after a season unusually favorable for high forage 
production accompanied by high phosphorus use. Possibly': there 11ad 
not been sufficient time for natural replenishment of avaIlable phos
phorus to occur before samples were taken. The apparent 12-year loss 
might not have been as high if the samples in 1965 had been taken at 
a later date. 

On the basis of work by Olsen und others (14-), soils with less than 
5.46 parts per million (p.p.m.) of sodium bicarbonate-soluble phospho
rus (NaHCOs-soluble P) should respond to phosphorus ft>rtilization 
with increased crop production. On this basis, forage yields in the 
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present study should have jncreased with phosphorus fertilization. 
However, fortilization of small plots in all pastures with 44 pounds of 
phosphorus per acre in 1963 did not increase forage yields tlul;t year 
(table 18). Possibly there had not been sufficient time .fo1' the phospho
rus.to become effective. Yields from the plots were not recorded in 1964 
and 1965. 

TI.\BLE l7.-Average values jor pH and sodium bicarbonate-soluble 
phosphorus in 3 depths oj soil under crested wheatgrass receiving 
various treatments, 1954 and 1965 

NaHC03-soluble P I__
P.H
Treatment and depth of soil 


(inches) 

1 1954 1965 1954 1965 

P.p.m. P.p.nt.o-N:0-6 ______________________ 6.0 5. 9 9. 36 4.S5
6-12 _____________________ 6.2 5.9 4.14 2. 97 
12-24____________________ 7.0 6.9 2.7S 2. 70 

40-N:0-6 ______________________ 6. 0 5.6 S.60 5.66
6-12 _____________________ 6.3 6. 4, 3. 92 3. 20 
12-24 ____________________ 6. 9 6.9 2.S2 2.5S 

So-N:0-6 ______________________ 6.2 5. 4 8. 66 7.S7
6-12 _____________________ 6. 4 6.3 3.20 3. 09
12-24____________________ 7.1 7. 1 2.68 2.23 

l\Iixturc:0-6______________________ 6. 2 6. 0 9.35 4.48
6-12 _____________________ 6.3 6.1 4.05 2. S7
12-24 ____________________ 6. S 6. 9 3. 35 2.45 

TABLE l8.-Average jorage yields at hay stage in 1963 as influenced by 
one application oj 4-4- pounds oj phosphorus per acre on crested wheat
grass pastures receiving various treatments 1 

Forage yields after phosphorus 
treatment of-

Treatmcnt 

o pounds per 44 pounds pcr 
acre acre 

Pound8/acre Pounds/acre 
1,3S7 1,366O-N_________ - - - ------- - ------ ------------ 40-N ________________________ - ___________ _ 3, 170 3, 171

SO-N _____________________________________ _ 3,SOO 3,57S 
l\Iixturc __________ ------ -- - -- - - ---- -------  2, 174 2,006 

I Phosphorus was surface applicd as trcblc superphosphate on March 27, 1963. 
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SUMMARY 
A 10-year study was conducted at the Northern Great Plains Research Center, Mandan, N. Dak., on pasture performance of crestedwheatgrass fertilized annually with 40 and 80 pounds of nitrogenper acre as compared with pasture performance with no fertilizatIonand with a crested wheatgrass-alfalfa mixture.

Average beef production for the 10 years was: 


Treatment: 1'01/111/.
O-N ______________________________________________.______________

/Ie/, ac/'e 

40-N __________________________________. _________________________ 
101 

80-N ____________________________________________________________ 
1{j!J 

~Ilxture _________________________________________________________ 
li{)
135 

Production from the 1st to the 10th year increased in the ferti1izedpastures, decreased slightly in the mixtures, and decreased sharply inthe unfertilized pastures.
Daily gains of steers grazin~ on crested wheatgrass pastures werehigh (over 2.5 pounds) , indicatmg the high nutritive quality of crestedwheat~ass in the spring, but fertilization did not increase these dailygains. lllcreased beef production from fertilization was due to theincrease in number of animals per unit of land and not to increasedgains per head.
Carrying capacity of the 40-N pastures was 72 percent higher thanthat of the O-N pastures and 3i percent higher than that of the mixtures. At the -beginning of the study, carrying capacity of the 80-Npastures was higher than that of the 40-N pastures, but not at the end.At the beginning of the grazing season, approximately 50 percentmore forage was available for grazing on the fertilized pastures thanon unfertilized. At the end of the grazing season, forage productionfrom caged areas in the 80-N pastures increased 79 percent orer thatin the O-N pastures; production in the 40-N pastures increased 59percent, and production in the mixtures increased 29 percent.
Daily forage consumption per head was approximately 25 pounds,with no significant differences between treatments. The average foragerequirement for the yearlings gaining 2.7 pounds per day was 9.9pounds per pound of gain.
Forage yields at the end of the grazing season below and aboye a2-inch clipping height indicated that little grazing had taken pIncebelow 2 inches. TJ18 major effect of fertilization was to increase thepropoltion of the yield above the 2-inch height.
Hay yields fro111 protected areas were: 

Average
increase

over O-N
Yields treatmcnt 

Treatmcnt:O-N __________________________________________ _ TOll,.luc/'e Pel-ccllt0.84 __________40-N_____________ , ____________________________ _80-N _________________________________________ _ L 52 81
l\lixturc_______________________________________ _ L 63 !)4

L 22 45 
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Residual effects in forage production from fertilization were pro
nounced 2 years after the last fertilization. 

Nitrogen fertilizer increased the percentage of crude protein in 
the fora~ at all growth stages.)fC?rage continuously grazed was higher 
in protem than forage protected by a cage. 

TDN production determined by animal requirements was considered 
to be the best pasture measurement because both beef I?roduction 
per acre and steerdays of grazing were used in the calculatiOns. TDN 
production for maintenance and gain were determined for all treat
ments. Total TDN production from the 40-N and 80-N treatments was 
not significantly different. The 40-N treatment produced 74 percent 
more TDN than the O-N treatment and 29 percent more than the mix
ture. The mixture produced 35 percent more than the O-N treatment. 
A highly significant {lositive relation of r=0.95 was determined be
tween TDN and beef production per acre. TDN requirements per 
pound of beef were similar for all treatments and were not out of line 
with values determined by the National Research Council. 

Steers on fertilized pastures tended to graze less uniformly than 
those on unfertilized pastures. Patchy grazing with overuse in local 
spots often occurred in the fertilized pastures. 

Under a system of spring grazing only, alfalfa in the mixture 
increased from 10 percent in 1956 to 37 percent in 1965. 

By the 6th year of production, losses in stands were noted in the 
80-N pastures. Conductivity values tended to be higher and soil pH 
values were lower in areas where plants had died or were weltkened. 
Neither value was in the rrmge considered ,toxic to plants. It was as
sumed that stand depletion was due to lower root reserves and subse
quent susceptibility to drought and grazing pressure. There was no 
stand depletion in the 40-N pastures. 

Soil water samples indicated slightly higher water use by plants in 
the mixture than by plants in the other treatments. Differences in soil 
moisture between treatments were low and no definite soil moisture
pasture production relation was indicated. 

Organic carbon a.nd total nitrogen increased consistently with 
nitrogen fertilization, but differences in values between the beginning 
and end of the experiment were not significant because of the magnitude 
of the variation in sampling and analysis. 

Soil pH tended to decrease in surface soils under the fertilized 
treatments. Phosphorus losses appeared to be less under the fertilized 
treatments and grelttest under the mixture. 
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TAilLE 19.-Yearly l)f'O(i1LCtion oj total diyestible nutrients (l'DN) based on lIearlill{I steer performance and TDN 
1-3

7'equired IJer pound oj yainjrom crested wlteatgrass IJastUres 'receiuing various treatment8 1 

TDN re- ~ TDN TDNSteers Average Total quired TDN ()'l'DN pro- Total re-Year and treatment J)ro- Total reper weight weight daily per Days dueed for weight quired ~ need TDN quiredacre per oC 100 pound grazed mainte- gain per for per tilsteer steers weight for Ilance luro
- qpound gain ueed poundmaintellance t:"gain of gain t:" 

t'1 

Pounds! POl/nds! Pounds! Founds! Pounds/ ~ 1956: N'Il 111 ber PoundsQ-N___________ acre Pounds N'Il III!Jer acre acre Pounds acre acre PoundlJ ....1. 47 57940-N __________ 851 0.677 45 259 173 2. 40 415 674 3.90 tl:1.75 571 99980-N__________ .693 45 212 183 2.24 410 C721 3.941. 79 585 1,047 .677 4:3 3 I!} ~1\Iixture ________ 244 2.40 586 905 3.711. 47 582 856 .677 4:,) 261 187 2. 40 449 710 3. 79 q 
1957:O-N ___________ fJl 

1. 32 59140-N __________ 780 .677 35 185 107 2.40 256 441 4. 13 t::I1. 69 607 1,026 .67780-N__________ 45 313 196 2.40 l':I1. 82 602 1,096 .677 45 
469 782 4.00

Mixture________ 334 202 2. 40 4841. 32 608 803 .677 3- 818 4.06 ~ 0 190 153 2. 40 366 557 3.65 
1958:Q-N ___________ ~ 

1.10 569 62640-N ________ .. _ .693 30 130 97 2. 24 2171.69 576 973 347 3.58
80-N __________ .677 35 231 ~ 2. 04 570 176 2.40 421 6&2 3. 71 1,163 .693 3:') ::!lMixture________ 282 2.24 42!!191 I 710 3.721.32 

!
578 763 .677 a5 181 13u 2. 40 333 514 3.70 

1959:Q-N___________ 
1. 10 613 674 .677 8540-N__________/ :l14 82 2. 40 197 311 3.791. 75 612 1,071 .677 1)80-N __________ lSI 129 2.40 311 492 3.80 l':I1. 7:') 607 1,062 

~O 

.677 25 180 HIMixture__ .. _____ 2.40 267 447 4.021.32 605 799 .677 25 135 78 I 2.40 I 187 322 4. 14 



___________ 

___________ 

___________ 

19GO: 	 I
O-N ___________ 

1. 00 577 577 .677 40 15U 100 2.40 239 396 3.9740-N __________ 1. 49 576 858 · G77 40 232 143 2.40 344 576 4. 02SO-N __________ 1. 4!) 57i'i 8il7 .677 40 232 144 2.40 346 578 4.01 
~lixLur(J________ 1. 16 582 675 .677 40 183 123 2.40 295 478 3. 89 

1061 :O-N ___________ 1.10 550 605 .603 25 105 66 2. 24 147 252 3.8440-N __________ 1. 54 555 855 · G93 25 148 107 2.24 239 387 3.63
80-N__________ 1.M 555 855 · !i!)3 25 148 109 2. 24 243 391 3.60 IMixture________ 1.32 556 734 .693 'r 127 94 2.24 210 337 3. 60-" 	 "0 

:::l
1!){i2:O-N 	 o 

1.03 595 613 .677 4ii 187 108 2.40 260 447 4.12 	 g'!O-N __________ 1.64 595 !l76 .677 fl5 363 194 2.40 465 829 4. 28SO-N __________ 1.92 606 I, 164 .677 55 433 192 2.40 461 895 4.66
1\lixLurc________ 31.25 603 754 .677 45 230 162 2. 40 389 618 3.82 

~ 
1963:O-N 	 ~ 

0.88 540 47.5 .693 30 99 71 2. 24 158 257 3. 64 	 o4.0-N __________ 1. 47 552 8ll .693 45 253 150 2. 24 337 590 3.92 	 "1j80-N __________ 1. 75 55:j 971 .693 4i'i 303 187 2. 24 419 722 3. 86 	 ol\1h:turc________ 1.10 	 5fi7 613 • GIl3 45 191 126 2. 24 283 474 3. i6 :::l 
t.'l 

1964:O-N .88 565 497 .6!)3 40 138 106 2. 24 237 375 3.M ~ 
40-N __________ 	 t:'1. 52 565 851) .693 45 268 174 2. 24. 389 657 3. 78
SO-N __________ 1. 52 557 847 .61l3 41) 264 151 2. 24. 338 602 3.99
Mixturc________ 1.10 561 617 .693 40 171 122 2. 24 273 4.44 3.65 ~ 

1965:O-N___________ 	 ~ .88 531 467 .693 40 130 98 2. 24 220 349 3. 56
40-N __________ 1. 75 1545 954 .693 45 298 237 2. 24 532 829 3.49 	 fJ
80-N__________ 1.75 1544 952 .693 45 297 232 2. 24 521 817 3.51 ~ Mixturc________ 1.25 545 681 .693 45 212 172 2. 24 385 597 3.48 	 Ul 

1 Animal reqnirements calculated from the National Rcscareh assuming 2,000 kilocalories of DE per pound of TDN. All values 
Council (18) equlltion DE=74.5wo.76 (1 +0.59 g) where DE= are in terms of dry lIlutter. t-:) 

digestible energy, W=woight of animal, und g=dnily gain and CO 

http:DE=74.5wo.76


o 
~ 

TAULE 2D.-Or!J(t1~'£c carbon, total nitrogen, IJll, anAl sod'i'ltm bicarbonate-soluble IJ/wsphorus oj soils in 1954- and 1965 
under crested wheatgrass pastures receiving no jert'ilizer (O-N) ~ 

HOJJlicaLioll No. I Location Soil depth 

OrganicI__carbon 
Total 

nitrogen 
pH NaHC03

soluble P I 
Inches1_________________ EuiiL __________ 0-6. ___________1.________________ West___________ 0-6____________

11________________ EnsL __________ 0-6____________11________________ WesL__________ 0-6____________ 

Av()rage __________ 
---------------- ---------------1_________________ EnsL __________ 6-12___________T__ -______________ West___________ 6-12___________11________________ East. __________ 6-12___________11________________ West___________ 6-12___________ 

Average__________ 
---------------- ---------------1_________________ 
K1SL __________ 12-24__________1_________________ West___________ 12-24__________11________________ EllsL __________ 12-24__________11________________ West___________ 12-24__________ 

Average __________________________________________ 

l!.I54 

Per
cent 
2.21 
2.52 
2.55 
2.G6 

2.46 

1. 30 
1. 65 
1. 57 
1. 47 

1. 50 

.78 

. !lS 
1. 03 
.71 

.88 

1!lG5 

Per
cent 
2. IL 
2.58 
2.46 
2.64 

2.4.4 

1. 3{ 
1. 77 
1.86 
1. 66 

1. 66 

.80 

.96 
1. 20 
1. 03 

1. 00 

1!l54 

Per
cent 

0.203 
.241 
.23!J 
.249 

.233 

.142 

.174 

. ]69 

.153 

.160 

.090 

.109 

.113 

.102 

.104 

H)G5 

Per
cent 

0.210 
.248 
. 235 
.247 

.235 

.150 

.181 

.173 

.166 

.168 

.094 

.112 

.122 

.109 

.109 

I 
1954 

5.n 
6,0 
6. 1 
6.0 

6.0 

6.0 
G.3 
6.2 
6.2 

G.2 

7.0 
7. 1 
6.9 
7.0 

7.0 

I 1965 

5.S 
5.8 
5. !) 
5.9 

Ii. 9 

5.!l 
5.9 
5.9 
6.0 

5.9 

7. 1 
7.0 
6.7 
6.9 

G.9 

I 1!l54 

P.p.lII. 
8.28 
n.S!l 
7.87 

11. 41 

9.36 

4.16 
4.70 
3.26 
4.45 

4.14 

2.47 
3.01 
2.64 
3.01 

2.78 

I 1965 

P.p.m.
4.16 
5.n4 
4.28 
5.S1 

4.85 

2.64 
3.50 
3.01 
2.72 

2.!l7 

3.38 
2. 72 
2.22 
2.47 

2.70 

td 

E 
1-:3 
52 
.... ... 
o 
t.:I 

q 
fJl 
t::I 
t'.j 
I'd 
!'3 

~ 
~ 
:;0 

8 

~ 
t'.j 



TABLE 21.-0rganic carbon, total nitrogen, pIl, and sodium bica1'bonate-soluble phosphorus of soils in 1954- and 19fJ5 
under crested wheatgrass pastures jertilized annually with 40 pounds oj mtrogen pel' acre (40-N) 

~ 


Replication No. I Location Soil :dcpt,h 

Organic 
carbon 

I1954 1965 

Total 
nitrogen 

I1954 1965 

pH 

I1954 1965 

NaHCOa-
soluble P 

I1954 1965 

w 
1-3 
CI 
::a 
t;:j 

'd
::a 
0 
'=' 

1_________________ 
1_________________ 
11________________
11________________ 

East___________ 
WesL__________ 
East___________ 
West___________ 

InchesO-G ____________ 
o-u. ___________ 
O-H. ___________ 
0-6____________ 

Per
cent 
2.12 
2. 78
2 ')0).~~ 
2.82 

Per
cent 
2.28 
2.87 
2.21 
2.94 

Per
cent 

0.206 
.261 
.208 
.257 

Per
cent 
0.222 

.274 

.218 

.271 

13.0 
5.9 
6. 1 
5.9 

5.6 
5.7 
5.7 
5.5 

P.p.m. 
(i. 76 

10.92 
7.87 
8.86 

P.p.m.
4.82 
6.47 
4.04 
7.29 

Cl e 
1-3 ..... 
~ 
1-3 
'< 
0 

Averagc__________ ---------------- ---------------
1_________________ Eust___________ 6-]2 ___________ 
1_________________ WesL__________ U-1 ~L ________ -
11________________ ]~allL __________ 6-12___________ 
11________________ WcsL __________ (i-]2 ___________ 

2.49 

1. 27 
1. 84 
1. 38 
1. R3 

2.56 

1.3!1 
2.11 
1. no 
2.17 

.233 

.136 

. 178 

.14H 

.182 

.246 

.144 

.195 

.159 

.203 

6.0 

6.3 
6.1 
6.5 
6.1 

5.6 

6.4 
U ?. ~ 
H.l 
(UI 

8.60 

:3. 26 
4.58 
:~. 26 
4.;Jr; 

5.66 

2.64 
a.02 
2.72 
;{.50 

~ 

e
::a 
t;:j 
w 
~ 
'=' 

Avcmgc __________ ---------------- --------------- 1. 58 1. 82 . ]61 .175 6.a n.4 3.\)2 8.20 

~ 1________________ Eust___________ 12-24__________ 
1_________________ West___________ 12-24__________ 
11________________ East___________ 12-24_________ 
11________________ VVest___________ 12-24__________ 

Avcrage_______ ---  --- ---- - - - --  - - - - - - - - - - --I 

.n 

. !lll 

.83 
1.11 

.92 

.80 
1. 10 
1. 02 
1. 33 

1. Oli 

.08H 

.108 

.098 

.118 

.103 

.089 

.120 

.105 

.134 

.112 

7.8 
6.8 
7.1 
6.4 

6.H 

7.2 
7.2 
7.0 
6.2 

6.9 

1. 98 
3.01 
2.35 
8.H2 

2.82 

1. 9R 
2.47 
2.IH 
3.01 

2.;;8 

~ 
I:)
::a 
>w w 

~ 
i-' 



8 

~ 

'fABLE 22.-0rganic carbon, total nitrogen, pH, and sodium bicarbonate-soluble phosphorus oj soils in 1954 and 1965 ~ 

'under crested wheatgrass pastures Jertilized ann'ually with 80 pounds oj nitrogen per acre (80-N) 

I 
t.:l 

Organic Total pH NaHCOacarbon nitrogenReplication No. soluble P Location Soil depth 

1954 1965 1954 1965 1954 1965 1954 1965 

Per- Pcr- Per- Per- ~ 1_________________ Inche8 cent cent t.:lEasL __________ 0-6____________ cent cent P.p.m. P.p.m.1_________________ 1. 61 2. 56West ___________ 0-6____________ 0.217 O. 231 6.1 5.311________________ 2.37 2.46 .228 
8.16 8. 74 ~ East___________ 0-6____________ .240 6.4 5.4 10.18 8.4411________________ 2.75 2.81 .228 .259Wcst ___________ 0-6____________ 6.1 5A ...8.00 7.002.66 2. 82 .243 .248 6. 0 5.3 8. 28 7.29 oAveragn__________ "" 

---------------- ---------------- 2.35 2. 66 .229 .245 
I>:) 

6. 2 5. 4 8. 66 7.871_________________ Enst___________ 6-12___________ c:1I _________________ 2.44Wcst ___________ 6-12___________ 1. 74 .163 .176 6. 3 6. 3 3.50 3.38 rnII________________ 1. 26 1. 54Enst___________ 6-12___________ .129 .157 6.8 6. 7 3. 26 3. 62lI________________ 1. 45 1.75 .145West ___________ 6-12___________ .172 6. 3 5. 9 3.01 2. 641.36 1.53 .149 ~ .156 6.1 6.1 3.01 2.72 I'd
Averagc___ __ _____ !'3---------------- ---------------- 1.63 1. 64 .147 .165 6. 4 6. 31_________________ 3. 20 3. 09 

l~asL__________ 12-24__________1_________________ ~ West ___________ 12-24_____ ~ ____ .99 1. 03 · 111 .115 6. 9 7.1 3.50 2.351[________________ .88 . no .102 .100J~ast___________ 12-24__________ 7.3 7.2 2. 47 2.22II________________ .90 1.09 .102 .116 ~ WcsL _________ 12-24__________ 7.1 7.1 l:Ij2.10 1. 98.99 1.08 · IlO .117 6. 9 6. {} 2.64 2. 35 dAvcragc __________ ---------------- ---------------- .94 1.03 · ]04 .112 7.1 7. ! 2.68 2. 23 ~ 
~ 



---------------- ----------------

TABLE 23.-0rganic carbon, total nitrogen, pH, arul sodi'um bicarbonate-soluble plwsphoru8 oj 80ils in 1954 and 1965 
under crested wheatgrass-aljalja pastures 

~ 
Total pH NaHCO.-Organic 

carbon nitrogen soluble P ~ 
Replication No. t:'.lLocation Soil depth l:t! 

1954 1965 1954 1965 1954 1965 1954 1965 ;g
\ 

;
gP.p.m. P.p.m.Inches Percwt Percent Percent Percent1_________________ 0-6____________ 6.5 5.9 7.70 3.13East___________ 2.19 2.31 0.213 0.2161_________________ 0-6____________ 4. 82WesL__________ 2. 55 2.65 .23n .232 6.1 5. 9 9.60 

11________________ East___________ 0-6____________ 3. 19 3. In .277 .279 6. 0 6.0 9. 60 4. 98 
11________________ 0-6____________ 6. 0 10. 50 4. 98West___________ 2.60 2. 74 .243 .254 6. 0 

Average __________ 2.63 2.72 .243 .245 6. 2 6. 0 9.35 4. 48 ~o ---------------- ---------------
1_________________ 6-12___________ 3.26 3. 13East___________ 1.56 I .139 .148 6. 6 6.81. 35 ~1_________________ West ___________ 6-12___________ 1. 57 1. 78 .177 .182 6. 2 5.9 5.11 3.13 t:'.l]1________________ Enst___________ 6-12___________ . 191 6. 2 5.9 3. 79 3. 011. 70 2.03 .168
]1________________ West ___________ 6-12__________ ., .147 6. 2 5.9 4.04 2; 221. 37 1. 51 .142 ~ 

t:;j 

Avernge__________ 1.50 1. 72 .157 .167 6.3 6.1 4.05 2.87 

1_________________ Enst_________ -_ 12-24__________ .90 .90 .098 .097 7.1 7. 2 2. 84 2.10 ~ 1 _________________ WeaL__________ 12-24__________ . 121 6.4 6.2 4. 58 2.351. 07 1. ]0 • I Hi
IT________________ ___________ 12-24._________ 1.24 .U9 .122 6.6 6. 7 3.50 2.72 ~ l~ast 1. ]5 Cl11________________ W est ___________ 12-24__________ . 92 1.03 .098 .102 6. 9 7.3 2.47 2.64 

~ 
1. 01 . 1. 07 .108 .111 6. 8 6.9 3.35 2.45 rnAverage ___ ------- ---------------- --------------- r 

CI:) 
CI:) 



' .. 

.' 


