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described above. One point for 
each of the four experiments 
relating nitrogen content to per 
cent maximum yield in the check 
treatment was plotted on Figure 
1. All four are within the 95 per 
cent confidence belt. 

Discussion 

A relationship between the ni- 
trogen content of range grass 
and the yield response to nitro- 
gen fertilization has been found. 
This relationship could be useful 
in assessing the yield response 
of a site from the nitrogen anal- 
ysis of the grass. 

Some burning occurred from 
the higher rates of nitrogen ap- 
plication. However, it seems dif- 
ficult to avoid burning entirely if 
rates high enough to attain max- 
imum yields are to be used. 
Earlier application of the fer- 
tilizer in September might re- 
duce the burning. The treatments 
in these experiments were all 
applied in the very late fall. 

The stage of maturity at har- 
2Range ecologist, Research Station, 

Kamloops, 33. C., Canada; private 
communication. 

NITROGEN CONTENT 

vest is critical, because the nitro- 
gen content is still falling rather 
rapidly. According to MacLean2, 
the nitrogen content falls from 
2.40 per cent at the leafy stage 
to 1.39 at flower, 1.05 at seed, 
0.66 at seed-set and 0.49 at the 
cured stage. Therefore, care must 
be taken to harvest at the chosen 
maturity to reduce variation in 
maturity to a minimum. 

Summary 

The nitrogen content of range 
grass has been shown to be re- 
lated to yield response to nitro- 
gen fertilizer. A comprehensive 
yield response experiment on 
Agropyron inerme (beardless 
wheatgrass) gave the basic rela- 
tionship between nitrogen con- 
tent and yield. The linear regres- 
sion equation is LOG (100-y) = 
-0.9073 (% N) + 2.3670 where y 
is yield expressed as a per cent 
of the maximum yield obtained 
in the experiment. A series of 
four test experiments was used 
to evaluate the relationship. The 
yield of the check plots ex- 
pressed as per cent maximum 
was plotted against nitrogen con- 
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tent. The points from all four 
experiments were within the 
95% confidence belt of the re- 
gression line. The data suggest 
that nitrogen analysis of range 
grass could be used as a measure 
of the fertilizer response to be 
expected. Grass was harvested 
at the seed-set stage of maturity. 
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Response of an Orchardgrass-Subclover Mixture 
In Western Oregon to Different Clipping 
And Fertilizing Practices1 

DONALD W. HEDRICK 
Professor of Range Management, Oregon State Univer- 
sity, Corvallis, Oregon.2 

Introduction 

Considerable attention in both 
California and Oregon has been 
directed toward establishment of 
subterranean clover (Trifolium 
subterraneum L.) , usually re- 
ferred to as subclover (Williams 
et al., 1957; McGuire, 1961). Few 

ITechnical Paper No. 1724 from the 
Oregon Agricultural Experiment 
Station. 

2 Assistance and Counsel of Dr. T. L. 
Jackson, Prof. of Soils at O.S.U. is 
acknowledged. 

studies in the United States, 
however, have been concerned 
with management of established 
stands. Most of the work under- 
taken in the United States on 
grass-legume mixtures has been 
with white clover (Trifolium 
repens L.) and trefoil (Lotus 
spp.) with various grasses, e.g., 
Austenson and Law, (1955) and 
Davis and Bell, (1957). A num- 
ber of studies on subclover- 
perennial grass management 
have been made in Australia. For 
example, Andrew, (1960) has in- 

dicated the necessity of keeping 
grass rows fairly widely spaced 
for maximum production; other- 
wise not enough underground 
transfer of nitrogen from the 
subclover is obtained to keep the 
grass growing vigorously. 

In view of this need for in- 
formation on management of 
established stands in western 
Oregon, a 5-year study was un- 
dertaken in the Willamette Val- 
ley to better assess the influence 
of various fertilizer and cutting 
practices on the production of 
an orchardgrass (Dactylis glo- 
merata L.) -subclover mixture. 
Common orchardgrass and 
Nangeela subclover were the 
varieties used in this experi- 
ment. Subclover is a winter an- 
nual that germinates with the 
first substantial rain (0.5 inch or 
more followed by several cloudy 
days) in September. Growth of 
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this mixture during October and 
November depends upon favor- 
able moisture and temperature 
but is generally negligible from 
December through March. The 
main growth period extends 
from April through June. 

The study area occupies a 
transition zone between the oak 
woodlands of the hills and the 
valley bottoms used intensive1.y 
for crop production. Although 
many of the soils are cultivated, 
the best land use is improved 
pasture. When used as improved 
pasture without irrigation, a 
grass-legume mixture with sub- 
clover probably supplies a maxi- 
mum amount of forage. How- 
ever, many such mixtures have 
not been maintained because of 
failure to manage them properly 
(Figure 1). It is recognized that 
cutting does not simulate graz- 
ing directly, but some of the ef- 
fects are similar, particularly in 
relationship to light, which ap- 
pears to be a critical factor in 
management of subclover in 
mixtures with grass. 

Materials and Methods 

Soil in the study area has been 
described by Carpenter and Tor- 
gerson (1924). It is Grande 
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Ronde silty clay loam which oc- 
cupies terraces and alluvial 
slopes and is derived mainly 
from water-laid deposits having 
their source in the sandstone or 
shale rocks of the adjacent hills. 
It occupies a position intermedi- 
ate between the lower alluvial 
soils of the valley and the resid- 
ual soils of the hills. The topog- 
raphy is gently sloping to un- 
dulating and surface drainage is 
usually good, though subsoil 
drainage is restricted. Seepage 
from the hills often keeps these 
soils wet until late in the spring. 

The surface soil of the Grande 
Ronde silty clay loam has an 
average depth of 14 inches and 
consists of a yellowish-brown 
smooth-textured silty clay loam, 
low in organic matter. The sub- 
soil, to a depth of 22 inches, con- 
sists of yellowish-brown silty 
clay, mottled with gray or yel- 
low. The lower subsoil is a 
brownish-yellow clay, mottled 
with gray and sometimes with 
iron stains. Soil test samples 
from the 0 to 6-inch layer were 
taken to evaluate pH, phospho- 
rus, potassium, calcium, mag- 
nesium and cation exchange ca- 
pacity. Phosphorus was deter- 
mined using sodium bicarbonate 

FIGURE 1. General view of experimental area. Plot on right received 80 lbs. of nitrogen 

per acre annually but produced less forage than plot on left without nitrogen but 
with a good stand of subclover. 

extract; exchangeable bases 
were extracted with 1 N am- 
monium acetate using proce- 
dures outlined by Alban and 
Kellogg (1959). Duplicate anal- 
yses on two different samples re- 
vealed ranges in each constituent 
except for pH as follows: pH 
5.3; P (ppm 3.0-4.0) ; the remain- 
ing all in M.E./lOO g: K(0.66- 
0.82)) Ca (6.4-6.8)) Mg (3.5-4.1) 
and Cation Exchange Capacity 
(19.1-20.3). Phosphorus was 
judged to be the only nutrient 
deficient for legume growth and 
no lime was added to the experi- 
mental area even though the pH 
is on the low side for maximum 
growth of subclover. 

The climate of this area has 
been designated as a mild-sub- 
coastal type with moist, open 
winters, cool, dry summers and 
a dry harvest period. Extremes 
of temperature generally range 
from 20” F to 90” F between 
winter and summer with only 
brief periods down to 10” F or 
up to 100” F. Maximum tempera- 
tures generally occur in August 
and minimums in January. 
Heaviest precipitation occurs 
from November through January 
and snowfall averages less than 
six inches annually. July and 
August are typically dry and 
rainfall averages less than two 
inches in the months of May, 
June and September. Low tem- 
peratures generally limit grass 
and legume growth to slow ac- 
cumulation of foliage from about 
November 1 to March 1, and in- 
sufficient precipitation restricts 
forage production from mid-June 
through September. 

The weather during the course 
of the experiment was remark- 
ably consistent. Selected data on 
temperature and precipitation 
for the period 1956 through 1960 
are included in Table 1. Crop 
year precipitation was above av- 
erage in 1955-56 and below in 
1956-57 and 1959-60, whereas fig- 
ures for 1957-58 and 1958-59 were 
about normal. The precipitation 
and temperature figures from 



ORCHARDGRASS-SUBCLOVER RESPONSE 

Table 1. Selected weaiher data for Corvallis, 1955-60. 
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Mean temperatures (F) and precipitation (inches) by months during 
spring growing period each year of the experiment 

Month 

March 
April 
May 
June 

1956 1957 1958 1959 1960 
Mean Mean Mean Mean Mean 
Temp. Ppt. Temp. Ppt. Temp. Ppt. Temp. Ppt. Temp. Ppt. 

43.30 5.89 46.33 7.01 44.26 2.55 45.06 3.99 44.55 7.18 
50.58 .93 50.95 2.11 49.71 3.66 50.2 .84 49.5 3.29 
57.18 1.98 57.47 3.21 59.85 1.12 53.1 2.20 52.34 3.92 
57.60 1.14 61.20 1.07 63.64 2.91 60.3 1.31 61.54 .22 

Mean temperature and total precipitation by crop years 

(1955-56) (1956-57) I (1957-58) (1958-59) (1959-60) 

Temp. Ppt. Temp. Ppt. 

September 
through June 48.10 56.12 48.29 33.99 50.47 44.03 49.99 40.04 48.35 34.58 

Temp. Ppt. Temp. Ppt. Temp. Ppt. 

March through June are more 
important than the totals. Based 
on the seasonal distribution it 
appears that the 1958-59 growing 
season may have been slightly 
deficient with a total spring pre- 
cipitation of eight plus inches 
compared with 10 or more in 
other years. Otherwise, weather 
was probably not an important 
variable during the five-year 
period of the experiment. 

The experimental design con- 
sisted of an incomplete factorial 
with six treatments (Table 2). 
To a complete factorial of four 
factors (2 x 4 x 2 x 2) or a total 
of 32 treatments, ten more were 
added in the third management 
system (fall and mid-spring and 
June) in the form of: (1) a 
check plot; (2) and (3), two 
levels each of sulfur (0 and 40 
lbs/acre) and phosphorus (0 and 
100 lbs PaOa/acre) ; and (4) and 
(5)) the third level of nitrogen 
applied in both fall and spring. 
Each of these five treatments 
was applied on a set of plots cut 
at both the 2 and 3-inch stubble 
heights. These 42 treatments 
were completely randomized in 
each of four blocks or replica- 
tions. 

The study area was seeded in 
the fall of 1955 after summer fal- 
lowing to control a stand of As- 
toria bentgrass (Agrostis tenth - 

Sibth) which had occupied the in the fall (October 1) of 1956. 
site since 1943. In June of 1956, Periodic harvests were taken 
two square-foot random samples from each plot with the use of 
in each treatment plot of 5 x 15 the Scythette (Hedrick and 
feet were clipped at a a-inch Hitchcock, 1953) during 1957, 
height as a pre-treatment inven- 1958 and 1959. In June, 1960, all 
tory of production and composi- plots were sampled by clipping 
tion. Afterwards, the area was another two, 1-sq.-foot samples 
uniformly mowed to a a-inch from each treatment at a 2-inch 
stubble height and fertilizer and height for comparison with the 
clipping treatments were started 1956 figures. 

Table 2. Arrangement of treatments in subclover management experiment. 

Management Systems with: 

Height Dates of Cutting Fertilizer Treatment 
of 1 2 3 4 lbs./A of ~___ 

Cutting Oct. 1 Apr. 1 Oct. 1 Aug. 1 Nitrogen S p205 

(Inches) 
- - 

A pr. 1 June 1 May 1 May 1 Fall Spring 
May 1 Jun. 1 

2 X X X X 0 0 40 100 
3 X X X X 

2 X X X X 40 0 40 100 
3 X X X X 

2 X X X X 0 40 40 100 
3 X X X X 

2 X X X X 40 40 40 100 
3 X X X X 

2 X 0 0 0 0 
3 X 

2 X 0 0 40 0 
3 X 

2 X 0 0 0 100 
3 X 

2 X 80 0 40 100 
3 X 

2 X 0 80 40 100 
3 X 
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Table 3. Dry weight yieldsl: means over all years by lreafmenis. 
Height Management Systems Fall Nitrogen2 

of 
Clipping2 No. Dates of Cutting 0 40 lbs/Ac Ht. x Mgt. .~ 

Spring N Means Spring N Means Means - 
0 40 0 40 

2” Oct. 1, April 1, May 1 
April 1 and June 1 
Oct. 1, May 1, June 1 
May - and August 1 

Means 

--------- (Grams) - - _ - - - - _ _ 

284 466 375 410 589 499 437 
377 594 463 488 693 590 527 
430 456 443 442 553 497 470 
467 565 516 541 644 593 554 
390 509 449 470 620 545 497 

3” Oct. 1, April 1, May 1 
April 1 and June 1 
Oct. 1, May 1, June 1 
May 1 and August 1 

Means 
N Treatment Means 

314 360 337 334 443 389 363 
377 524 450 403 638 521 486 
308 430 369 390 488 439 404 
370 487 428 531 580 555 492 
342 450 396 415 537 476 436 
366 480 423 442 579 510 467 

IYields in grams per 19.2 sq. ft. plot. 
2LSD at the .Ol level is 26 grams for height and both fall and spring N. 
sFor management systems, LSD is 37 grams. 

R@SUlfS 

Complete harvest data by plots 
were taken from 1957 through 
1959 and analyzed to’obtain the 
summary means; data in Table 
3 are based on yields from plots 
receiving blanket applications of 
phosphorus and sulfur. Response 
to phosphorus was marked. This 
is indicated by significant yield 
differences (not reported in 
Table 3) in cutting treatment 
number 3 (October 1, May 1 and 
June 1) where check plots pro- 
duced 295 grams versus 422 
grams from plots receiving phos- 
phorus. No response was ob- 
tained from additions of sulfur. 
Highly signif icant differences 
were obtained for replications, 
all treatments, and two interac- 
tions - management systems x 
spring nitrogen and years x 
treatment. As expected, highest 
yields were produced by a-inch 
clipping heights when cut only 
twice during the season. Although 
both fall and spring nitrogen ap- 
plications increased production, 
spring treatments were more 
effective and generally had less 
of a depressive influence on the 
stands of subclover. 

There were two different pat- 
terns of response to nitrogen fer- 
tilizer. Spring nitrogen on man- 

agement system No. 3 (cut Oct. 
1, May 1 and June 1) resulted 
in less increase than on the other 
three. Although the general pat- 
tern of yields was greatest the 
first year with nitrogen and re- 
mained about constant the sec- 
ond and third season, means of 
all management systems without 
nitrogen or with only spring ap- 
plications at the a-inch stubble 
height increased to their highest 
point the third and final season 
of clipping (Table 4). 

Data in Table 5 support the 
conclusion that subclover is of 
value in supplying nitrogen to 
the grass since yields in 1960 
were proportional to the percent 

of the subclover at the end of the 
experiment. This relationship be- 
tween total yield and amount of 
subclover is best shown by the 
regression line in Figure 2. 
Wherever plots were harvested 
in June or August, subclover 
stands were maintained when 
clipped at the two-inch height 
even with 40 to 80 lbs. of nitro- 
gen applied annually. Although 
yields from unfertilized plots 
showed a greater total yield in- 
crease per unit of subclover or 
more benefit from association 
with subclover, this influence 
was not pronounced except for 
management system No. 1 where 
the plots were not clipped during 

Table 4. Influence of nitrogen fertilizer on mean producrfion per plot of 
four management systems at fwo clipping heights for fhree years 1957- 
59. 

Fall Nitrogen 0 Fall Nitrogen 40 lbs. 

Cutting Spring Spring Spring Spring 
Height Year 0 40 Ibs. 0 40 lbs. Means 

------ (Grams) - - - - - - 
2” 1957 356 476 488 650 492 

1958 370 500 481 596 487 
1959 443 552 441 614 513 

Percent Subclover 30.3 34.8 33.9 23.3 30.6 
1960 

3” 1957 365 480 441 604 473 
1958 324 414 419 489 412 
1959 338 456 384 519 424 

Percent Subclover 30.9 20.1 15.9 8.5 23.9 
1960 
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Table 5. Yields in grams per plot by years, management systems and 
heights with percentage change in subclover from 1956 fo 1960. 

Management System 
1 2 3 4 Means 

Cutting Height (inches) 2 3 2 3 2 3 2 3 
Starting Subclover (pet.) 32 39 32 34 41 35 37 32 35 

19561 456 518 499 495 460 486 523 443 485 
1957 426 403 511 538 466 453 567 496 482 
1958 406 349 524 463 494 390 522 444 449 
1959 480 336 545 455 451 369 574 536 468 
19601 589 631 914 790 1135 989 920 627 825 

Ending Subclover (pet.) 8 3 33 18 42 31 41 23 25 

11956 and 1960 yields based on a single yield taken in early to mid-June 
1956 and late June to early July 1960. 

the summer. Regressions for two 
and three-inch heights were 
computed separately but correla- 
tions (fertilized, unfertilized, 
two-inch, three-inch) were not 
significantly different from the 
over-all relationship plotted in 
Figure 2. 

Although many workers have 
found an advantage in the use 
of nitrogen fertilizer and certain 
clipping treatments to either ad- 
vance or delay the normal time 
for peak forage production, data 
from this study are not encour- 
aging to workers concerned with 
subclover and grass in the Wil- 
lamette Valley. Figure 3 illus- 
trates typical growth rates of 
forage in this experiment. When 
clipped to a 2-inch stubble 
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FIGURE 2. Relationship between amount 
of subclover and total herbage yield ex- 
pressed in grams of oven dry weight 
harvested from l-square-foot plots in 
June, 1960. 

JULY NWIY UC1 

SACIPURO DATES 

FIGURE 3. Influence of nitrogen fertilizer 
on percent seasonal production from 
management system clipped May 1, June 
1, and October 1 at 2-inch stubble height. 

height, approximately 10 percent 
of growth occurs before April 1, 
20 percent during April, about 60 
percent in the month of May and 
10 percent additional in June 
through September. Adjust- 
ments in fertilizer applications 
and time of cutting can influence 
the proportion of production in 
April and May but little, if any, 
effect can be made on forage 
produced before April 1, or after 
June 1. Maximum changes 
achieved in shifting the seasonal 
production in this trial resulted 
in raising the yield in April from 
one-fourth to two-fifths of the 
total and subsequently reducing 
May production from two-thirds 
to one-half. 

In 1958 and 1959, samples from 
each harvest were analyzed for 
crude protein. Figure 4 summar- 
izes these analyses during the 
grazing season from plots with 
and without nitrogen fertilizer. 
Maximum production of protein 

DL ’ c 
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FIGURE 4. Influence of nitrogen fertilizer 
on crude protein content of bulk samples 
cut at 2-inch stubble throughout grazing 
season. 

occurred when stands were cut 
both in May and June and were 
not fertilized with nitrogen. Cut- 
ting only twice a year or once 
in the rapid growth period re- 
sulted in lower yields as well as 
indicating some response to ni- 
trogen applications. At the 3- 
inch stubble height yields were 
highest from the same manage- 
ment system, but nitrogen re- 
sponses were greater at this clip- 
ping level for all treatments. 

Application of Results in 
Grazing Management 

The value of subclover in the 
orchardgrass mixture used in 
this experiment is the same as 
that in any area where a legume 
is grown to maintain economical 
forage production. Subclover, if 
grown with suitable fertilizer 
amendments, furnished nitrogen 
indirectly to the associated grass 
and directly to livestock through 
its high nutritive content. In 
other words, grazing manage- 
ment to obtain the highest pro- 
duction from a grass-legume 
mixture must be directed toward 
maintaining a proper balance be- 
tween the grass and legume com- 
ponents in the sward. A desir- 
able composition for this mixture 
seems to range upward to 50 per- 
cent subclover. As a result of 
this study, several recommenda- 
tions appear necessary in order 
to maintain a proper amount of 
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subclover in a mixture with 
orchardgrass. These are: (1) 
Remove all material (both green 
and dry) from the areas some- 
time before fall rains start. In 
this trial, all clippings made be- 
tween June 1 and August 1 were 
effective in maintaining seed 
production and establishment. 
(2) If nitrogen fertilizer is used, 
apply 40 lbs. of N/acre in the 
spring on soils comparable to 
those in this study and remove 
by clipping or close grazing the 
heavy roughage at least once a 
year prior to September 1. (3) 
Although maximum yields of 
grass can be obtained by two 
clippings or grazings per season, 
at least three should be used on 
subclover. In this trial, maxi- 
mum protein production resulted 
from 2-inch clippings made on 
May 1, June 1, and October 1, 
where no nitrogen fertilizer was 
added. (4) Grazing management 
and nitrogen fertilizer have only 
a slight effect in shifting the 
proportion of production to the 
early or late part of the growing 
season. In cases where the 
spring surplus cannot be used 
efficiently, carefully timed graz- 
ing or clipping sometime in May 
can be useful in improving the 
quality and acceptability of for- 
age stored on the ground for use 
later in the summer. (5) These 
and other experimental data sup- 
port the contentions that good 
subclover fertilization and man- 
agement is essential to keep such 
a grass-legume mixture produc- 
tive. Close grazing periodically, 
or clipping at a a-inch stubble 
height, together with adequate 
phosphate fertilizer are essential 
ingredients in a management 
program designed to maintain 
good subclover-grass stands. 

Summary 

The influence of different clip- 
ping and fertilizing practices was 
studied over a 5-year period on 
an orchardgrass-subclover mix- 
ture near Corvallis, Oregon. Soils 
in the experimental area were 
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moderately deep and fertile and 
represented a transition zone be- 
tween the valley agricultural 
lands and typical hill pastures. 

Climate of the area is a mild, 
sub-coastal type with moist, 
open winters and dry summers. 
Weather was reasonably con- 
stant during the trial with one 
crop year below average, two 
above and two about average. 

An incomplete factorial design 
was used with a total of 42 treat- 
ments. These were completely 
randomized in four replications. 
Square-foot units were clipped 
from each plot in June of the 
first year and last year to calcu- 
late beginning and ending pro- 
duction and percent composition 
figures. Various combinations of 
five cutting dates were applied 
in four management systems 
throughout the three intervening 
years of the study, 1957 through 
1959. 

Significant results are as fol- 
lows: 

1. 

2. 

3. 

4. 

5. 

Response to phosphorus 
was marked but not for sul- 
fur. 
Highest yields were pro- 
duced by a-inch as com- 
pared with 3-inch clipping 
heights and for only two 
rather than three cuts dur- 
ing the crop year. 
Although both fall and 
spring nitrogen applica- 
tions increased production, 
spring treatments were 
more effective and gener- 
ally had less of a depres- 
sive influence on stands of 
subclover. 
Spring applied nitrogen on 
the treatment cut October 
1, May 1 and June 1 re- 
sulted in less increase than 
other treatments. 
Amount of subclover and 
total yield were closely re- 
lated. If plots were cut fre- 
quently and at a low stub- 
ble height, subclover was 
maintained even when 80 

6. 

7. 

8. 

lbs. of N were applied an- 
nually. 
No marked seasonal shifts 
in production were ob- 
tained by nitrogen applica- 
tions of 80 lbs. of N per 
acre. 
Crude protein percent and 
yields were higher on un- 
fertilized plots and were re- 
lated to the amount of sub- 
clover in the stand. 
The application of these 
data to grazing manage- 
ment of perennial grass- 
subclover pastures was dis- 
cussed. Close grazing pe- 
riodically, or clipping at a 
2-inch stubble rheight, to- 
gether with adequate phos- 
phate fertilizer, are essen- 
tial ingredients in a man- 
agement program designed 
to maintain good subclover- 
grass stands. 
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