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238 SCHROEDER 

In this order of things, where 
do you think the rehabilitation 
of the western rangelands will 
occur? Do you think your con- 
ventional wisdom will touch the 
affluent society for the moneys 
to accomplish it? How success- 
fully will your conventional wis- 
dom approach the affluent so- 
ciety which has been called to 
the expensive creation of a total 
environment, and which is more 
than ready to heed that ca11?3 

I say it cannot, if it ever could. 
The concept of economic use has 
been and is implicit in the mul- 
tiple-use principle; for this rea- 
son, the clarion call of multiple 
use will not inspire range re- 
habilitation. The multiple-use 
principle has been and will con- 
tinue to be only productive of 

controversy between the uses 
themselves and between the ac- 
cepted uses and others. If po- 
litical appropriations upon which 
range rehabilitation depends are 
obtainable at all, they will be ob- 
tained only if those controversies 
are permitted to die and instead 
a new clarion is heard in the 
land which can appeal to our 
elected representatives east of 
the Hundredth Meridian and 
their constituents. We can no 
longer justify the rehabilitation 
of the western rangelands with 
the conventional wisdom. We 
can no longer waste our talents 
in odious comparisons between 
the economic contributions of 
each of the multiple users of the 
public lands. Because of this 
heritage of economic competi- 
tion, I wish to suggest that the 

3 Since this was written, “The Foul- 
multiple use principle in its pres- 

ing of the American Environment” 
ent frame of reference isobsolete 

was published in Saturday Re- and that only by discarding it 
view, May 22, 1965, to which the will range rehabilitation have 
attention of the reader is called. meaning in our time. 

If the ranges are to be re- 
stored, we must with a single 
voice, justify this as part of the 
land conscience that has mean- 
ing for the future. We must, in 
short, accord to it a total human 
value which it has. 

To all of you who are profes- 
sionals in the field of public 
lands, let me say that the way of 
accomplishing this is within your 
better understanding and im- 
plementation. If you do not, or 
will not understand it and move 
vigorously with it, I am confi- 
dent that this will be your obitu- 
ary. 

For simple souls like me, I am 
content to suggest one of the 
Wordsworth sonnets which be- 
gins: 

The land we from our father 
had in trust 

And to our children will trans- 
mit, or die: 

This is our maxim, this our 
piety. 
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Highlight 
Phosphorus fertilization subsian- 

fially increased liifle bluesiem pro- 
duction. Potassium decreased ifs pro- 
duction because of an increase in 
weeds. If appears that little blue- 
stem will respond fo nitrogen only 
with sufficieni moisture. 

Little bluestem, Andropogon 
scoparius Michx., is well known 
for its ability to produce large 
quantities of forage. However, 
little is known about how it re- 
sponds to fertilization. Such in- 
formation is important; .especial- 
ly, if higher yields and more 
nutritious forage can be obtained. 

The application of commercial 
fertilizers has been shown to 

affect native forage grasses in 
several ways. In an Arizona test 
Holt and Wilson (1961) applied 
ammonium phosphate and am- 
monium nitrate to a typical 
desert grassland site. They re- 
ported that both fertilizers al- 
most doubled forage production 
over that produced on the unfer- 
tilized areas. Sulfur fertilization 
of an annual-plant range at the 
San Joaquin Experimental 
Range increased herbage produc- 
tion on two range sites by 59 and 
57% during a five year period 
(Bentley, et al., (1959). Rogler 
and Lorenz (1957) found that 
forage production on heavily 
grazed ranges in the Northern 

Great Plains was significantly 
increased with nitrogen fertili- 
zation. The increase was due 
primarily to an increase in west- 
ern wheatgrass. Rumburg and 
Cooper (1961) reported that high 
rates of nitrogen and phosphorus 
fertilization changed the botani- 
cal composition as well as in- 
creased forage yields on native 
meadows in Oregon. 

Research has shown that fer- 
tilization will also improve the 
quality and palatability of range 
grasses. In a study of eleven im- 
portant forage grasses grown on 
Lufkin fine sandy loam at Col- 
lege Station, Texas, Brittingham 
and Fudge (1944) found that the 
improvement of quality due to 
fertilization would increase at a 
greater rate than would the 
yields of forage. They reported 
that species of Andropogon 
showed enough improvement in 
quality of forage to justify the 
use of fertilizer. 



FERTILIZING LITTLE BLUESTEM 239 

Procedures 
The experiment was conducted 

on a nearly pure stand of little 
bluestem on a gently sloping up- 
land site near College Station, 
Texas. The soil is a typical Tabor 
sandy loam of low to moderate 
productivity. Soil tests revealed 
deficiencies of nitrogen, phos- 
phorus, potassium, and calcium. 

The experiment was a pilot 
study to determine if little blue- 
stem plants would respond to 
fertilization both wi.th and with- 
out weed control. The study was 
not intended to yield data for 
specific fertilization recommen- 
dations and was therefore de- 
signed to yield basic information 
through a minimum number of 
plots. Very high and low levels 
of fertilization, particularly with 
nitrogen, were stressed. 

The basic design was a partial 
and unbalanced N, P, and K 
split-plot factorial. The factorial 
contained five levels of nitrogen, 
three levels of phosphorus and 
three levels of potassium. A uni- 
form lOOO-lb. calcium carbonate 
treatment was applied to all but 
the control and one treatment 
pertained to calcium only. Each 
treatment was replicated three 
times. The fertilization plots 
were 10 x 40 ft. and the fertiliza- 
tion treatments were completely 
randomized. 

The fertilizer elements were 
applied March 22, 1963, at the 
following rates of active ma- 
terial per acre: 33% ammonium- 
nitrate at 0, 40, 80, 160, and 320 
lb.; 20% superphosphate at 0, 40, 
and 80 lb.; and 60% muriate of 
potash at 0, 60, and 120 lb. Weed 
control was obtained by spraying 
one-half of each plot with 2,4-D 
amine at the rate of 0.5 lb. per 
20 gal. of water per acre. Spray- 
ing was done during the early 
part of April and it was not nec- 
essary to respray. 

Prior to fertilization the entire 
area was mowed to a uniform 6- 
inch stubble height. Initial varia- 
tion between plots was deter- 

mined by frequency analyses via 
the inclined point-contact tech- 
nique. Subsequent, frequency 
analyses were also determined 
by the same technique. 

The Student’s t test revealed 
that some of the plots had a 
significantly different initial fre- 
quency of little bluestem than 
other plots. The treatment with 
the highest frequency of little 
bluestem was the control. These 
initial differences prompted a 
multiple regression analysis for 
forage yields including 14 vari- 
ables: (1) time, (2) N, (3) P, 
(4) K, (5) time2, (6) N2, (7) P2, 
(8) K2, (9) time x N, (10) time 

x P, (11) time x K, (12) NP, 
(13) NK and (14) PK. The vari- 
able “time” was included to de- 
termine the effects brought 
about by natural environmental 
developments such as phenologi- 
cal development of the plant 
community. To test for curvi- 
linearity, the original data were 
squared and included as the vari- 
ables N2, P2, K2 and time2. The 
effect of calcium fertilization 
was determined by analysis of 
variance. 

Forage production was mea- 
sured by clipping four circular 
quadrats containing 9.6 ft.2 on 
each plot on May 30, July 30 and 
December 5, 1963. The latter date 
was determined by the first frost. 
The forage was clipped to a two- 
inch stubble height and clippings 
were not repeated on the same 
plot. Production at any clipping 
date represents growth in weight 
from the beginning of the grow- 
ing season to that date and does 
not represent accumulated 
weight through repeated clip- 
ping. This was deemed necessary 
in order to avoid any influence 
that frequent clipping might 
have on forage production. 

Resulfs and Discussion 
The study was largely influ- 

enced by drought during most 
of the growing season. Precipita- 
tion was less than three-fourths 
of the average for the area dur- 
ing six of the months of the year 

and was below average during 
eight months. Extremely low 
amounts of precipitation in May, 
June, and August were probably 
the most influential in respect to 
plant growth and certainly to the 
effects obtained from fertiliza- 
tion. Conversely, above average 
rainfall during April was bene- 
ficial to plant growth and re- 
sponse to fertilization. 

The species composition of the 
community continually changed 
throughout the study, primarily 
due to weeds. The occurrence of 
annual weeds was significantly 
influenced by the variables K 
and time. These weeds were 
present on all plots at the begin- 
ning of the study and slightly in- 
creased with time to about May 
16, then continually decreased 
(Figure 1). Nitrogen and phos- 

phorus had no significant influ- 
ence on the frequency of weeds, 
but potassium did. As shown in 
Figure 1, K at both the 60 and 
120 lb. rates of fertilization caused 
a sharp increase in weeds from 
March 14 through May 16. The 
frequency of weeds was essen- 
tially the same%t the beginning 
and the end of the growing sea- 
son, whereas the frequencies on 
May 16 of the 60 and 120 lb. 
levels were twice as high as for 
the 0 level of K. The increase in 
weeds due to potassium fertiliza- 
tion had a significant influence 
on the production of little blue- 
stem. 

Fertilization definitely in- 
creased the oven-dry forage pro- 

LEGEND 

- 0 POUNDS 

01 
MAR. MAY JULY NOV. 

DATE 

FIGURE 1. Effects of potassium fertilization 
(in pounds of active material per acre) 
on frequency of weeds. 
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ductionof little bluestem as com- 
pared to no fertilization. The 
average increase with no weed 
control was 560 lb./acre-a 50% 
increase. This difference was not 
analyzed for statistical signifi- 
cance, but is considered impor- 
tant and significant, especially 
since the unfertilized plots had a 
higher initial frequency of little 
bluestem. The control of broad- 
leaf herbaceous weeds resulted 
in an additional 21.7% increase 
in forage yield. 

not a statistically signif icant 
variable with weed control 
(Table 1). Potassium also caused 
a sharp increase in herbage pro- 
duced by weeds. The 60 and 120 
lb. rates of potassium produced 
increases in weed yields of 612 
and 572 lb./acre respectively. 

The variables related to a sig- 
nificant increase or decrease in 
the forage production of little 
bluestem are given in Table 1. 
The high regression coefficients 
for the phosphorus variable, both 
with and without weed control, 
indicate that the increase in for- 
age production through fertiliza- 
tion was largely related to phos- 
phorus. Also, the larger regres- 
sion coefficient under weed con- 
trol indicates that little bluestem 
plants will more efficiently re- 
spond to phosphorus fertilization 
in the absences of weeds than in 
their presences. 

The research was designed 
with the hypothesis that little 
bluestem production would re- 
spond primarily to nitrogen fer- 
tilization. The fact that this was 
not true is believed to be due to 
the below average precipitation 
during the study. If this is true, 
then little bluestem will respond 
to nitrogen fertilization only with 
sufficient moisture. This assump- 
tion is partially substantiated by 
the significant negative curvi- 
linear relationship between ni- 
trogen and little bluestem pro- 
duction (Table 1). The negative 
curvilinearity of little bluestem 
production was attributed to the 
rainfall pattern during the study. 
Production increased in the 
spring, decreased in the summer 
and again increased in the fall. 

The effect of=phosphorus on 
forage production was largely 
due to the 80 lb./acre rate. Fer- 
tilization at the 80 lb. level with 
no weed control brought about a 
287 lb./acre increase in May, a 
615 lb. increase in July and a 418 
lb. increase in December. The 40 
lb. level resulted in forage in- 
creases of only 77, 180, and 66 lb. 
during the same respective peri- 
ods. The increases were greater 
in the presences of weed control. 

Table 1. Regression coefficieni and Sfudenf’s i of regression coefficienf for 
liffle bluesfern forage producfionl 

Variable 
No weed control 

Reg. Coef. t of Coef. 

With no weed control, potassi- 
um caused a decrease in forage 
yields of little bluestem (Table 
1). This decrease in forage pro- 
duction was apparently caused 
by the increase in weed growth 
and subsequent competition 
brought about by potassium fer- 
tilization. This is partially sub- 
stantiated by the fact that the 
negative and linear regression 
coefficient for the variable K 
was significant at the 5% level 
with no weed control. but was 

N 
N” 
P 
P2 
K 
K2 
NP 
NK 
PK 

time 
times 
time x N 
time x P 
time x K 

-.1535 (-2) .2331 (1) -.1133 (-2) .2070 (1) 
.7324 ( 0) .3497 (1) .1302 ( 1) .4106 (1) 

-.4373 (-0) .2018 (1) 

.5060 (-2) .2660 (1) .3963 (-2) .2785 (1) 
-.8182 (-2) .2956 (1) 

IRegression coefficients and Student’s t are given only for the variables 
which were significant at the 5% level. The remaining variables were 
eliminated by the multiple regression procedure. Regression coefficients 
with a positive value denote the variables which cause a significant in- 
crease in the forage production of that species. The coefficients with a 
negative value denote a significant decrease in forage production. Figures 
such as .1535 (-2) mean .1535 x 10-s. 

However, it seems important to 
note that little bluestem produc- 
tion increased with phosphorous 
fertilization in spite of the 
drouth. 

The interaction variable NK 
was also related to the increase 
in little bluestem production 
(Table 1). The positive effect of 
this variable is interesting in 
that the variables N and K by 
themselves caused a negative 
effect. Perhaps the effect of the 
variable NK is related to the cur- 
vilinear relationship between ni- 
trogen and little bluestem pro- 
duction. The variable PK had no 
influence on little bluestem pro- 
duction in the absences of weed 
control, but was a significant 
variable with weed control. The 
negative regression coefficient 
indicates incompatability in the 
presences of weed control. Calci- 
um fertilization caused no in- 
crease or decrease in little blue- 
stem production. 

It was observed during the 
growing season that the plants 
on the plots fertilized with nitro- 

Weed control 
Reg. Coef. t of Coef. 
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gen and phosphorus began their 
vegetative growth from one to 
two weeks earlier than the ones 
on the unfertilized plots. This 
was also found to be true by 
Hoglund, et al. (1952) and Hon- 
nas, et al. (1959). It was noted 
also that the plots which received 
large amounts of nitrogen pro- 
duced a much darker green 
coloration in the leaves and 
stems. The green color gradually 
faded as rainfall became a limit- 
ing factor. This coloration again 
appeared during the fall when 
there was sufficient precipitation 
to bring about growth. 

Summary and Conclusions 
The study was conducted on a 

Tabor fine sandy loam soil near 
College Station, Texas. The de- 
sign was a partial and unbal- 
anced split-plot NPK factorial. 
Weeds were controlled on one- 
half of each plot and all plots 
except the control received a 
base fertilization of calcium. One 
treatment pertained to calcium 
only. 

The effects of fertilization 
were influenced by droughty 
conditions throughout most of 
the study. In spite of these con- 
ditions, little bluestem and the 
community responded in various 
ways to fertilization. Annual 
weeds increased considerably 
with potassium fertilization. This 
increase in weed frequency and 
consequent increase in weed her- 
bage production decreased the 

forage production of little blue- 
stem. 

Fertilization resulted in an ap- 
proximate 50% increase in little 
bluestem forage production. 
Weed control resulted in an ad- 
ditional 22% increase. This in- 
crease was largely due to phos- 
phorus fertilization, particularly 
at the rate of 80 lb./acre of ac- 
tive material. The relationship 
between nitrogen fertilization 
and little bluestem production 
was curvilinear. The negative 
curvilinear regression coefficient 
for nitrogen was attributed to 
the rainfall pattern during the 
growing season. Rainfall was 
high in the spring, low during 
the summer and again high in 
the fall. Potassium fertilization 
in the absence of weed control 
reduced little bluestem produc- 
tion In the presence of weed 
control, potassium had no signifi- 
cant effect. The variable NK was 
also related to the increase in 
little bluestem production, both 
with and without weed control. 
Calcium had no effect on the 
little bluestem community. 

This study indicates that little 
bluestem in this area should not 
be fertilized with potassium. It 
appears that little bluestem will 
respond to nitrogen fertilization 
only with sufficient moisture. 
The species did, however, re- 
spond to phosphorus fertilization 
under droughty conditions. Only 
40 and 80 lb. rates of phosphorus 
fertilization were employed in 

this study. Future studies should 
include higher rates of phos- 
phorus. 
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