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FIGURE 4. Browsing damage to these pines was light under managed, yearlong grazing 
despite utilization averaging more than 60 percent. 

vide better understanding of their are being compared in an attempt to 
responses to overstory influences. improve feeding efficiency and re- 

Aspects of cattle management that duce labor requirements. 
relate closely to range improvement Land preparation and fertilization 
and effective forage utilization have to aid pine establishment and growth 
been studied for several years. This may drastically modify range re- 
line of investigation will continue, sources. Part of the research pro- 
but on a reduced scale, as many of gram in the pine-wiregrass type, 
the major problems have been large- where dependence on fire for forage 
ly resolved. In a Louisiana test renovation has been strong, will be 
started in November 1963, refine- aimed at finding how these forestry 
ments of supplementation techniques practices affect supply and quality 

of forage in planted pine stands. 
Finally, new research plans pro- 

vide for development and improve- 
ment of measurement techniques. 
Long growing seasons and 12-month 
grazing make reliable assessment of 
herbage production and utilizatim 
particularly difficult. Two experi- 
ments aimed at devising better mea- 
surements of these attributes are in 
progress. Improved criteria for de- 
termining condition and trend on 
bluestem and wiregrass ranges and 
establishment of height-weight-den- 
sity indices for wiregrass herbage 
are other goals of methodological 
studies. 

The Outlook 
Problems associated with for- 

est grazing in the South are 
numerous and complex. Certain- 
ly, not all of them can be in- 
vestigated simultaneously, and 
solutions to many may prove 
elusive. However, current re- 
search, plus studies that will 
start soon, should help answer 
some of the most pressing ques- 
tions. Results obtained so far are 
generally encouraging. Prospects 
appear good for raising beef out- 
put of forest ranges and success- 
fully coordinating cattle grazing 
with other land uses. Now, for 
the first time, ranching in the 
woods shows promise of becom- 
ing a sound business. 
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Highlight 

The increasing-rafe fertilizer 
spreader offers a method for over- 
coming variability of herbage stand 
and consequent difficulty of finding 
large uniform areas in fertilizer rate 
studies on rangelands. 

In some native range areas, large 
uniform sites suitable for conven- 
tional soil fertility experiments are 
not available. Because of the vari- 
ability in soils and in plant associa- 
tions, a new method for conducting 
soil fertility studies on native range- 
lands is being investigated. Basical- 
ly, curves showing plant responses to 
fertilizer are determined directly 
from plots to which fertilizer had 
been applied at continuously in- 
creasing rates. 

Smith and Lutwick (1961) de- 
veloped a spreader that applies fer- 
tilizer at rates continuously increas- 
ing from 0 to about 3,000 pounds per 
acre. The spreader thus provides a 
large number of rates, dependent 
upon the intensity of sampling along 

the strips, on a relatively small area. 
This may be of particular advantage 
on native range sites where large 
uniform areas are not available. 

This is an initial report of the use 
of the machine in studies of the re- 
sponse of native range vegetation to 
fertilizer. Response patterns deter- 
mined on small areas of a simple 
sward and of a more complex sward 
to increasing rates of nitrogen fer- 
tilizer and the possible conclusions 
from them are presented as the basis 
of discussion concerning the use of 
the machine in soil fertility studies. 

Mtierials and Methods 

Within areas of two representative 
plant covers, one on the Milk River 
Ridge and one in the Porcupine Hills 



of southwest Alberta, two adjacent 
experimental sites were chosen on 
uniform topography. The percent 
basal area and botanical composition 
of each sward were determined by 
the vertical point and point-yield 
methods (Campbell, 1958). 

For each sward ammonium nitrate 
(33.5-O-O) was applied with the in- 
creasing-rate fertilizer spreader to 
one site in the fall of 1961 and to 
the other site in the fall of 1962. The 
fertilizer was applied in strips over 
the distance required for the spread- 
er to change from completely closed 
to full opened. The strips, 4 feet 
wide, were laid out on g-foot centers 
and were 150 feet long. To account 
for possible fertility gradients in the 
field, the strips were laid in opposite 
directions; in two replications the 
fertilizer rates increased in one di- 
rection, and in the other two they 
increased in the opposite direction. 
The fertilizer was applied once to 
each site. 

The first-year sites were har- 
vested in 1962 and 1963. The yields 
in 1963 represented the residual 
effect of the fertilizer. The second- 
year site was harvested in 1963. 
Square-yard samples were taken 
every 10 feet beginning 5 feet from 
the end of the strip. The yields for 
each rate of fertilizer were averaged 
across the four replications within 
each test. Square-yard samples were 
also harvested along untreated strips 
adjacent to the fertilized strips. 

FkUlfS 

Simple sward .-The botanical com- 
position of the sward on the Milk 
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River Ridge site was relatively sim- 
ple. The dominant grass was rough 
fescue (Festuca scabrella Torr.) 
(Table 1). Other grass species, Carex 
SPP., and forbs were of minor im- 
portance at this site. 

for the two years combined, the 
optimum rate appeared to be 180 
pounds of N per acre. 

The composition of the sward was 
affected by high rates of nitrogen 
fertilizer. At about 350 pounds of N 
per acre Carex spp. were killed out 
and at about 540 pounds of N per 
acre Idaho fescue (Festuca idaho- 
ensis Elmer) was killed out, leaving 
rough fescue and a few forbs as the 
only components of the sward. 

The optimum rate of fertilizer 
determined in one year may not be 
applicable as an optimum rate next 
year. Also, the response function 
obtained in one year may not be 
applicable next year. The residual 
effects of nitrogen on yield of herb- 
age in the second year are as great 
or nearly as great as the effects ob- 
tained in the first year. 

The yields across the field where 
no fertilizer had been applied (Fig- 
ure 1) were relatively constant, in- 
dicating a fairly uniform stand of 
herbage. Where nitrogen had been 
applied, the first-year yield patterns 
depended upon season. Thus, in 1963 
the curve up to 180 pounds of N per 
acre was convex; beyond that point 
the curve was depressed. In 1962 
the curve up to 123 pounds of N per 
acre was concave and beyond that 
point was essentially linear. The 
optimum rates appeared to be 180 
pounds of N per acre in 1963 and 123 
pounds of N per acre in 1962. 

Mixed sward.-The botanical com- 
position of the sward on the Porcu- 
pine Hills sites was more complex 
than that on the Milk River Ridge 
sites. Parry oatgrass (Danthonia 
purryi Scribn.) and rough fescue 
occurred as co-dominants with other 
grasses, carices, and forbs (Table 1). 
The forb component of the sward 
contained more species than occurred 
in the simple sward. 

The second-year yield pattern, 
showing the effect of residual nitro- 
gen, was similar to that of the first 
year, although maximum yield 
occurred at a higher rate of fertil- 
izer. Also, the effect of residual 
nitrogen was nearly as great as the 
initial effect found in the preceding 
year. However, this effect of residual 
nitrogen was greater than the initial 
effect found in the same year on the 
plots fertilized in 1962. With yields 

Carex spp. and Idaho fescue were 
killed out at high rates of nitrogen 
fertilizer as they were in the simple 
sward (Figure 2). Oatgrass, a co- 
dominant, was killed out at about 
580 pounds of N per acre. Other 
grass species such as northern 
wheatgrass (Agropyron dasystach- 
yum (Hook.) Scribn.), western 
wheatgrass (A. smithii Rydb.), and 
northern awnless brome (Bromus 
pumpellianus Scribn.) , which had 
occurred in trace amounts, increased 
in growth and assumed greater im- 
portance in the sward as the rates 
of nitrogen fertilizer increased. None 
of the forbs were killed out at high 
rates of nitrogen fertilizer. Some 
species, such as scarlet globe mallow 
(Sphaeralcea coccinea (Pursh.) 
Rydb.) and narrow-leaved goosefoot 
(Chenopodium leptophyllum Nutt.) , 
which tolerate relatively high salin- 
ity, appeared at the high rate of 
nitrogen end of the strips. They may 
be considered invaders when other 
species are killed out. 

Table 1.. Percent basal area and composifion of vegefaficm 
sites and response of species fo high rates of nitrogen. 

af fwo sfudy 

Species 

Reaction Milk River Ridge Porcupine Hills to high 

basal compo- basal compo- rates 
area sition area sition of Nl 

Festuca scabrella 
Danthonia parryi 
Festuca idahoensis 
Stipa spartea 
Agropyron smithii 
Agropyron dasystachyum 
Calamagrostis montanensis 
Bromus pumpellianus 
Other grasses 
Carex spp. 
Forbs and shrubs 
Total 

14.80 
- 

1.40 
0.95 
0.40 

- 
- 

1.33 
2.52 
3.56 

24.96 
- 

80 3.12 31 
- 7.25 37 
4 1.35 5 
3 0.72 4 
2 0.42 3 

- 0.32 2 
- 0.28 2 
- 0.70 4 

4 0.73 4 
5 1.48 5 
2 3.41 3 

100 20.78 100 

R 
K 
K 
K 
R 
R 
K 
R 
- 
K 
- 

1K -killed out at high rates of N; R -responded to high rates of N. 

Where no fertilizer had been ap- 
plied (Figure 3), the yield of total 
herbage across the field was vari- 
able, indicating that the stand of 
native grasses and forbs was not 
uniform. The one exception was the 
second-year harvest. These plots 
were clipped twice, once before fer- 
tilizer was applied and once for 
yield in 1962. Clipping and removing 
the herbage may tend to even out 
the yield of native herbage in suc- 
ceeding years. 
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FIGURE 1. Yields of dry matter in hundredweights per acre FIGURE 3. Yields of dry matter in hundredweights per acre 
of unfertilized and fertilized strips at the Milk River of unfertilized and fertilized strips at the Porcupine 
Ridge study site. Hills study site. 

FIGURE 2. Fertilized strip at Porcupine 

Hills study site showing toxic effect of 

high applications of N. Surviving plants 

are Festuca scabrella. 

D-fertilued 1961, harvested 1962 

35 

I C- fertdlzed 1961, harvested 1963 /’ 

20 S-fertilized 1961, harvested 1962 

A- ferlilized 1962. harvested 1963 
LEGEND 

CHECK .._.___ 
NITROGEN- 

5;22750”l L.... 123 I60 262 351 444 540 636 733 825 

NITROGEN lb /acre 

Where nitrogen fertilizer had been 
applied, the first-year response pat- 
terns depended upon season. Thus, 
in 1963 maximum response occurred 
at about 80 pounds of N per acre; 
in 1962 yields increased only slight- 
ly from nitrogen fertilizer. In both 
years as noted above some com- 
ponents of the sward were killed 
out. Thus, at rates higher than 440 
pounds of N per acre yields of herb- 
age were equal to or less than the 
yields of the check plots. 

In the second year after fertiliza- 
tion, yields increased with the rate 
of nitrogen up to about 540 pounds 
of N per acre and thereafter were 
relatively constant. The increase 
over the check was not large until 
rates higher than about 350 pounds 
of N per acre had been applied. 
Thus, the residual effect of nitrogen 
was most marked where some spe- 
cies had been killed out the previous 
year. 

With the two years combined, the 
differences between check and ni- 
trogen plots were similar at all rates 
above 260 pounds of N per acre, The 

most apparent effects of nitrogen 
fertilizer on the complex sward 
were: (a) a season-dependent in- 
crease in yield in the first year; (b) 
a change in botanical composition of 
the sward at high rates of nitrogen 
in the first year; and (c) a marked 
increase in yield over the check in 
the second year by those species not 
killed out in the first year. 

The full effect of nitrogen on na- 
tive herbage cannot be assessed in 
one year. Also, the residual effect of 
nitrogen, especially at high rates, 
may not have dissipated after two 
years of growth. 

Discussion 

It is often stated that three rates 
of a given plant nutrient are suffi- 
cient for calculating a plant-nutrient 
yield-response function. However, 
some previously obtained informa- 
tion is required when selecting the 
three rates. In this study of the 
effect of nitrogen on native grass- 
land swards, the response patterns 
appear much more complex than 
can be described by three rates of 



nitrogen fertilizer. Also, even with 
more than three rates, relatively 
simple regression equations, such as 
quadratic and logarithmic functions, 
would not reflect the complexity of 
the response patterns shown in some 
of the curves in Figures 1 and 3. 

Some of the complexity of the re- 
sponse patterns may be attributed 
to the native grasslands themselves. 
They are mostly mixtures of species 
and do not grow in orderly patterns 
as do cultivated crops. Also, cattle 
do not graze in geometrical patterns. 
The irregular grazing would con- 
tribute to the complexity of the 
sward or unevenness of stand. It 
would therefore be impractical to 
establish completely randomized, 
replicated, and orthogonal factorial 
experiments on such complex 
swards. With several rates of fer- 
tilizer in the study, the complexity 
of the sward would force a large 
experiment, thus posing a consider- 
able labor problem, in order to have 
adequate control of error. 

Many of the questions concerning 
the response of native grasslands to 
nitrogen fertilizer can be answered 
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from studies of the type reported 
here. Small areas of relatively uni- 
form stand can be obtained. The 
problem of establishing experiments 
involving several rates of fertilizer 
on such sites, especially where basic 
information is lacking, becomes one 
of selecting the rates and fitting 
them into the area. The increasing- 
rate spreader used in this study ap- 
plies fertilizer from 0 to about 3,000 
pounds per acre in a non-random 
manner. Each strip, 150 feet long 
and 4 feet wide, comprises 600 
square feet of area, and as many 
replications as will fit the area could 
be used. In this study, four replica- 
tions were used. From the strips a 
large number of rates can be se- 
lected after the crop has grown in 
response to the fertilizer. In this 
study, sampling along the strips was 
done at regular intervals. This need 
not be so and sampling may be done 
at any intensity according to the 
desires of the person conducting the 
study. 

The mathematical treatment of 
the data to show significance of re- 
sponses and magnitude of errors has 
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not been worked out. Statisticians 
are presently engaged with the 
problem and will be reporting sep- 
arately. 

Summary 

Nitrogen fertilizer was applied at 
increasing rates from 0 to over 800 
pour& of N per acre to strips of na- 
tive rangeland vegetation. Sub-plots 
for yield measurement were chosen 
at intervals along the strips. Because 
of variability of stand of herbage 
on native rangelands and the con- 
sequent difficulty of finding rela- 
tively large uniform areas, the in- 
creasing-rate fertilizer spreader of- 
fers a method of overcoming these 
difficulties in fertilizer rate studies 
on these rangelands. 

LITERATURE CITED 
CAMPBELL, J. B. 1958. Establishing 

carrying capacity on western 
rangelands. Res. for Farmers 
3: 14-15. 

SMITH, A. D. AND L. E. LUTWICK. 
1961. Note on an increasing-rate 
fertilizer spreader. Can. J. Plant 
Sci. 41: 862-864. 

Use of Fecal Cellulose to Estimate Plant 
Tissue Eaten by Deer1 

HENRY L. SHORT2 AND ELMER E. REMMENGA 
Wildlife Nutritionist, Colorado Cooperative Wildlife Re- 
search Units and Professor, Department of Mathematics 
and Statistics, Colorado State University, Fort Collins. 

Highlight 
In digestion trials with deer, the 

cellulose conienf of forages was in- 
versely related to digestible energy 
of the ration. In range pen trials, 
fecal cellulose seemed fo have pre- 
dictive value in estimating range 
forage consumed. 

Forage utilization on wild 
range has been estimated by at 
least 2 general techniques: (1) 
pre- and post-grazing estimates 
of standing forage crops and the 
determination of difference ex- 
pressed as utilization; and (2) 
use of naturally occurring plant 
pigments or plant cell-wall com- 
ponents, such as lignin, that are 
determined to be digestively re- 
fractive by the animals under 

study. This second technique 
measures the pigment or plant 
cell-wall component in the stand- 

.ing forage and the recovered 
fecal material. Either utilization 
or digestibility of forage rations 
can be estimated by equating 
lignin or plant pigment content 
in the total dry fecal material 
with that in the dry feed. The 
expression of forage digestibility 
assumes the complete indigesti- 
bility of the marker-a situation 
that is sometimes approached 
but not frequently realized. The 
expression of utilization, espe- 
cially where food habits are 
homogeneous (simplifying plant 
sampling problems), seems prac- 

1 This research is a contribution of 
USAEC Contract No. AT(ll-l)- 
898 to Colorado State University. 
We wish to thank Dr. Lee E. Yea- 
ger, former leader of the Colorado 
Cooperative Wildlife Research Unit 
for providing deer, deer feeds, and 
materials used in the construction 
of the range pens; Dr. Robert W. 
Davis, Head, Department of Anat- 
omy, College of Veterinary Medi- 
cine, Colorado State University, for 
providing deer and research jacil- 
ities; Mrs. LaVonne Campbell for 
laboratory assistance; and several 
students who aided in various ca- 
pacities. 
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tion, Forest Service, U. S. Depart- 
ment of Agriculture, Nacogdoches, 
Texas. 
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