




The present experiments were started in 1971 at 10 
locations in Minnesota to measure the responses of 
grasses and legumes commonly used for pasture under a 
four-clipping management scheme to simulate rota
tional grazing. The objective was to provide information 
that would be useful for predicting pasture carrying 
capacity in various parts of the state that vary in rainfall. 
fertility. and species used. 

Materials and Methods 
Before the experiments were seeded at the 5 experi

ment stations and on 5 farms. soil tests were taken at 
each location in 1970 and mineral fertilizers were ap
plied (table 1). The annual N treatments applied as am
monium nitrate on grass were 0, 100, 200 and 300 
pounds per acre at each experiment station and 0,100, 
and 200 on each farm. The original plan was to apply the 
first increment of 100 pounds of N in the preceding 
October ofeach year and the second 100 after the 2nd cut 
in June. The 300-pound rate was to go on as 150 pounds 
in October and 150 pounds after the second cut in June. 
In 1972, all first increments were applied in the preced
ing October except at Waseca where application was 
made in early spring. However, we discovered that 
when warm, wet conditions persist in the fall, October 
applications of the N fertilizer were less effective than 
early spring applications. Therefore, in 1973 and 1974 
the first N increments were applied in early spring at all 
locations except on the northern Minnesota farm sites at 
Roseau and Baudette. There the first N increment was 
applied in the preceding October. Because of lower soil 
temperatures at the two northern sites, the October ap
plication was thought to be as effective as early spring. 

Seeding was done without a companion crop in the 
spring of 1971 using a 9-row plot seeder (7-inch row 
spacings). The plot size was 6' x 20' and 4 replications 
were used. The design of the grass experiment was a 
split plot with N treatments as the main plots and grass 
species as subplots. The legumes were grown under 4 
management schemes at the 5 experiment stations and 3 
management schemes on the 5 farms. They were grown 
in a randomized complete block design with a split plot 
arrangement of treatments with managements as the 
main plots and species as subplots. The legumes re
ceived the same P and K fertilization as the grasses. The 
blocks of legumes were arranged between the first and 
second replications and between the third and fourth of 
the grass blocks so that legume yields could be com
pared with grass yields. The four legume managements 
were: 

1. 	Clipped 4 to 5 times including an October clip
ping. 

2. Clipped 4 times with no October clip. 

3. Delay the first cut to mid-June and then clip with 
no October cut. 

4. 	 Delay the first cut to mid-June and then clip in
cluding an October cut. 

The species, varieties and seeding rates were as fol
lows: 
Grass or legume and variety Lbs/A 

Timothy (Phleum pretense L.), Erecta 7 
Smooth bromegrass (Bromus inermis Leyss.), Sac 10 
Reed canarygrass (phalaris arudinacea L.), Rise 10 
Orchardgrass (Dactylis glomereta L.), Nordstern 8 
Kentucky bluegrass (Poa pratensis L.), Park 10 
Tall fescue (Festuca arudinacea L.), Ky. 31 14 
Alfalfa (Medicago sativa L.), Vernal 10 
Birdsfoot trefoil (Lotus corniculatus L.), Leo 5 

In 1972 (the second year after seeding) the grasses 
were clipped to simulate rotation grazing (4 to 5 clip
pings) and the legumes were managed as previously 
described. Fresh weight yields were taken at a 3-inch 
stubble height with a sickle-bar mower (3' x 15' har
vested area) and dry weights were determined from 
approximately a 2-pound sample dried in forced air 
ovens at 1500 F to 1800 F. Notes on height were taken 
before each cut and other notes were recorded which 
appeared important. 

In 1972, in addition to data obtained above, in vitro 
digestible dry matter (IVDDM) and crude protein con
centration were determined on one replication of all 
cuts at Rosemount, Lamberton, and Roseau. In 1973, 
because ofdrought problems at Rosemount and Lamber
ton, the protein and IVDDM determinations were done 
only at Roseau using two replications. The IVDDM pro
cedure was a modified Tilley-Terry (1963) two-stage 
(rumen fluid and peptic acid) supplemented with urea 
as described by Schmid et aI., 1975. Nitrogen concentra
tion was determined by the Kjeldahl procedure and was 
converted to crude protein (x 6.25). 

Results and Discussion 
GRASSES 
Yields 

Because of the similarities between the yields of 
grasses from the four experiment stations and five farms, 
only the averages of the four experiment stations and 
five farms will be used to illustrate the principal results. 
These similarities are evident from the yield data of the 
200 pound per acre N rate for the 9 locations shown in 
table 2. The average dry matter (DM) yield for six grasses 
for three years was somewhat higher at the four experi
ment stations than on the five farms. However, the dif
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ferences among stations and among farms were not 
great. The high yield of the first cut at Morris is due to 
the cutting time which was one week later than at the 
other stations. The high yield of the second cut at 
Waseca reflects an earlier cutting date of the first cut 
than at other stations. The data from the Lamberton 
Experiment Station are not shown because in two of the 
three years, severe drought adversely affected the 
yields. The three-year average yields for each location 
and cutting dates are shown in the Appendix. 

The DM yield rankings of the six grasses at each 
location are shown in table 3. It is apparent that a statisti
cal analysis involving all stations would have shown a 
significant interaction between species and location be
cause there were some wide variations in rankings at a 
few locations. However, some consistencies across all 
locations were evident. Tall fescue ranked consistently 
near the top except at Roseau where winter injury was 
severe. Kentucky bluegrass was consistently lowest 
yielding. Orchardgrass generally was in the top three for 
yield. The wide range in ranking ofbromegrass was due 
to thin stands at some locations and injury due to cutting 
at the boot stage. At Waseca the brome stand was injured 
in 1972 by cutting at the boot stage particularly at the 
200 and 300 pound N rates. Stands recovered in 1973. At 
Morris in 1972, the brome stand was injured by the 
second cutting at all N rates, but recovered in 1973 and 
1974. At Grand Rapids the brome stands obtained the 
first year were thin and were injured by cutting in 1972. 
At Pine City and Baudette, brome stands obtained the 
first year were thin. No distinct differences in ranking 
can be shown for species from southern (Rosemount, 
Waseca) to northern locations (Roseau, Baudette) with 
two exceptions. Bromegrass performed better at the 
northern locations and tall fescue beUer at the southern 
locations. 

The lower yield for farms as compared to experi
ment stations is due to a combination of factors. The 
most important factors may have been lower inherent 
soil productivity of the Pine City and Pierz locations and 
earlier physiologic stage of cutting at the northern farm 
locations of Mahnomen, Roseau, and Baudette. 

Total seasonal production from 4 clippings (over 6 
species, locations and 3 years) was greatly affected by 
the N treatments (table 4). The yield increases were 
greatest from the first two 100 pounds per-acre incre
ments of N. The first 100 pounds applied in October or 
early spring increased the total seasonal DM yields 1.08 
tons per acre at the 4 experiment stations and 0.74 tons 
per acre on the 5 farms. Corresponding to that, second 
100-pound increments were 0.85 tons per acre and 0.79 
tons per acre respectively. The third 100-pound incre
ment, applied at the experiment stations as an extra 50 
pounds in October or early spring and 50 in late June, 

The third and fourth cuttings, taken in late July or 
early August and late August-early September respect
fully, represent the yield during the least productive 
pasture period. They are shown separately and added 
together in table 4. The late June application of N was 
effective in increasing the yields during July and Au
gust. At all locations, 100 pounds N in June, in addition 
to 100 pounds in October or early spring, increased DM 
yield in cuts 3 plus 4 by 0.73 ton over 100 pounds in 
early spring only. It is apparent that increased grass 
pasture productivity can be achieved during July and 
August by late June application of N. 

Height of the forages determined from measure
ments made at each cut (table 5) also show the influence 
of the June N applications on plant height of the third 
and fourth cuts. The 100 pounds N applied in June 
resulted in forage 3 to 5 inches taller for cuts 3 and 4 
compared to 100 pounds in October or in early spring. 
Greatest height was recorded at the second cut which 
reflects the presence of head material appearing at that 
time. 

Tall fesCl,le was the highest yielding grass at the 4 
experiment stations, while orchard grass was highest 
yielding on the 5 farms (table 6). In the past, these two 
grasses have shown susceptibility to winter injury. 
However, during the course of this experiment, good 
snow cover occurred each year and little injury resulted. 
The slight injury noted at some locations each year was 
not apparent at the second cutting. 

Figure 1. Clipping yield of each grass at each cut from 
the 200 lb N/acre rate. Averages from 4 ex
periment stations and 3 years 
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Differences in yield among grass species were most 
pronounced at the higher N rates. Dry matter yields for 
each cut at the 200 pounds of N per acre rate for the 4 
experiment stations and 5 farms are shown in figures 1 
and 2, respectively. Reed canarygrass was one of the 
more productive grasses, but was the least productive at 
the fourth cut. At cut 1, tall fescue and orchard grass 
were lowest yielding. At cut 2, tall fescue and timothy 
were highest yielding partly because of head produc
tion. At cut 3, timothy, which is a poor midsummer 
producer, was the least productive species. At cut 4, tall 
fescue produced the highest yields. 

Inches of rain per month are shown for experiment 
stations and farms in table 7 to relate yields to rainfall. 
To convert 4 clipping yields to yields on a monthly 
basis, we allotted a percentage of the forage in each cut 
to the month produced as determined by the number of 
days of each month involved since the previous cut, and 
assuming that meaningful growth started on May 1. 
These yields, on a monthly basis for the 4 experiment 
stations and 5 farms are shown in table 8. In table 9, the 
production efficiency, as shown by tons of DM pro
duced per inch of rain each month, is highest in May and 
June. N was also effective in increasing the efficiency. 
The no N treatment resulted in production of 0.08 to 
0.12 tons of dry matter per inch ofrain in May and June, 
while the N treatments resulted in 0.17 to 0.29 tons, of 
dry matter per inch of rain. The efficiency of production 
in July and August does not go much higher than 0.15 

Figure 2. 	Clipping yield of each grass at each cut from 
the 200 lb N/acre rate. Averages from 5 farms 
and 3 years. 
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ton per inch of rain, even with N. The lower efficiency at 
that time is no doubt due to a combination of factors. The 
factors most likely are the higher evapo-transpiration 
rate (because of the high day and night temperatures), 
shorter days (particularly in August), and the inherent 
nature of a grass to produce heavily in the spring during 
the cycle of panicle and seed production. The efficien
cies of production for September are not shown because 
the last cutting did not involve the whole month of 
September. 

We suggest that for purposes of developing a pasture 
calendar depicting pasture carrying capacity for each 
month for various parts of Minnesota, one could use 
production based on inches of rainfall each month times 
dry matter yield per inch of rainfall for each N treatment 
on grass. Suggested DM yields per inch of rain for this 
purpose are shown in table 10. For a 50-pound N incre
ment instead of 100 as used in these experiments, one 
could assume a linear relationship for the May and June 
production and thus add 1/2 the difference between the 
no N treatment and the 100 N treatment. Likewise, the 
same could be done for a 50-pound N treatment for the 
July and August production from a late June applica
tion. 
Protein 

The crude protein concentration of the clippings 
from the 6 grasses averaged over all N treatments at 
Rosemount and Lamberton was 18.9 percent in 1972 
(table 11). Comparable data were not available in 1973 
and 1974 because of summer drought. At Roseau, where 
we have 2 years of comparable data, the average crude 
protein concentration for all N treatments for 1972 and 
1973 was 18.2 percent. The first 100-pound increment of 
N increased the crude protein concentration 2 to 21/2 
percentage points. The second 100-pound increment 
increased the protein concentration about 1.0 percent
age point. Nitrogen applied in June increased the pro
tein concentration of the third cutting by more than 3 
percentage points and the fourth cutting by 1 to 21/2 
percentage points. 

Species differences in protein concentration (table 
12) were not as great as N differences. However, reed 
canarygrass had the highest protein concentration (21.0 
percent) and that was significantly higher than that of 
bromegrass, Kentucky bluegrass, and tall fescue. Reed 
canarygrass, a tall-growing grass species, may have 
been at an earlier physiological stage of growth as com
pared to the other grasses since they were all cut at the 
same time. 

In vitro digestible DM 
The DM digestibility of the clippings, as determined 

by the in vitro procedure, showed a digestibility of 69.7 
percent for the clippings from all grasses and N treat
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ments at Rosemount and Lamberton in 1972 and 68.6 
percent for the clippings from all grasses and N treat
ments at Roseau in 1972 and 1973 (table 13). On the 
average, N applications increased digestibility. This 
may have been due to the increased leaf growth in rela
tion to stem and head production since it was most 
noticeable in the first and second cuttings. 

Species differences in digestibility (table 14) were 
small with the exception of Kentucky bluegrass which 
was lowest in digestibility at all locations. 

LEGUMES 
Yield 

Yields of alfalfa and birdsfoot trefoil are reported for 
2 experiment stations and 3 farms over a 3-year period 
(table 15). The reduced number dftrials, as compared to 
the grasses,was the result of erratic stands of legumes at 
3 experiment stations and on 2 farms. Furthermore, the 
data from only 2 managements are being shown because 
managements involving October clippings gave negli
gible yields in October. Two meaningful managements 
were: (1) clipping 4 times and at the same time as the 
grasses except that the last clipping was done on or near 
September 1, and (2) a delayed first cut (made at the 
same time as second cut of the 4-clipping schedule) 
followed by two clippings at the same interval as in the 
4-clipping schedule. The average per acre dry matter 
yield of the delayed first cut management for alfalfa for 5 
locations was nearly 1 ton higher than 4 clippings for 
alfalfa and nearly 1/2 ton higher for birdsfoot trefoil. 
Alfalfa yielded 3/4 ton more than birdsfoot trefoil when 
clipped and over 1 ton with delayed first cut. Neither of 
the legumes received any N fertilizer as compared to the 
grasses. The dry matter yield ofthe alfalfa clipped (2.77 
tons/acre for the 5 locations) compares favorably with 
the 200 pounds/acre N rate on grasses from the same 5 
locations where average yield was 2.51 tons/acre (calcu
lated from the Appendix tables). Also, the yields in the 
third and fourth cuts were about as high or higher than 
grasses with N applied in June. Delaying the first cut of 
alfalfa or birdsfoot trefoil resulted in larger yields than 
the combined first and second cuts of the 4-cut clipping 
schedule. The delayed first cut of alfalfa not only in
creased the yield of this cut (shown under second cut) 
but also increased the yield of the second cut (shown 
under third cut). This was not true for birdsfoot trefoil 
probably because birdsfoot trefoil starts more slowly in 
the spring and very little yield was obtained at the first 
clipping of the 4-cut management. The lower yield is 
also indicated by the shorter height as obtained from 
height notes taken at each cut (table 16). 

The DM production per inch of rain on a monthly 
basis and the suggested DM production to use for calcu
lating yields in any area of Minnesota based on rainfall 
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are shown in table 17. The production efficiency as 
related to rainfall was highest for alfalfa in May and June 
and was higher in July and August (suggested .18 and 
.14 tons, respectively) than the grasses with 200 pounds 
{suggested .12 and .12 tons, respectively}. Birdsfoot tre
foil which is slow starting showed best dry matter pro
duction per inch of rain in June. 

Protein 

The crude protein concentration of alfalfa and birds
foot trefoil from Rosemount in 1972 and Roseau in 1972 
and 1973 varied with management (table 18). The aver
age protein content of the 4-cut system for alfalfa was 
25.2 percent and for birdsfoot trefoil, 21.6 percent. The 
delayed first cut dropped the protein concentration of 
alfalfa to 16.6 percent and of birdsfoot trefoil to 17.0 
percent. The smaller drop in crude protein percentage of 
birdsfoot trefoil is most likely caused by its slower 
growth, formation of new shoots from auxiliary buds 
and thus less physiologic maturity than alfalfa, and by 
its ability to hold its leaves as it approaches maturity. In 
comparing protein percentages ofthe legumes (table 18) 
with the grasses (table 11). we can see that alfalfa 
clipped the same as grasses is about four to five percent
age points higher than the grasses with 200 or 300 
pounds of N per acre. Birdsfoot trefoil is about the same 
or slightly higher than the grasses with 200 or 300 
pounds of N per acre. 

In Vitro Digestible 

The dry matter digestibility of the clippings (table 
19) as measured by the in vitro procedure showed an 
average digestibility ofalfalfa clippings for the 3 trials of 
76.0 percent and birdsfoot trefoil at 70.8 percent. The 
delayed cut dropped the first cut to 61.4 percent for 
alfalfa as compared to 73.5 percent for the second cut of 
the clipped management and 64.3 percent for birdsfoot 
trefoil as compared to 68.5 percent for the second cut of 
the clipped. 

In comparison with the IVDDM of the grasses (table 
13), the alfalfa clipped was six to eight percentage 
points higher than grasses with or without N. The 
IVDDM of birdsfoot trefoil was similar or slightly higher 
than the grasses. 

Conclusions 
1. 	Under the conditions of these experiments, the 

highest yielding grasses were tall fescue and or
chardgrass and the lowest was Kentucky bluegrass. 
During the three years of the experiments, winter 
injury was not a serious factor because of good snow 
cover and rather mild temperatures. 

2. 	 The use of 100 pounds per acre N on grass applied 
in early spring increased grass yield about 0.75 to 



1.00 ton DM per acre. Applying another 100 pound 
ofN per acre in late June increased the yield another 
0.8 tons per acre. This latter increase came in July 
and August when pasture is short. 

3. 	 Differences between species were apparent in the 
seasonal distribution of yield. Smooth bromegrass 
fertilized with N was one of the highest yielding 
species in the first cut (end of May). Tall fescue and 
orchard grass were the lowest yielding in the first 
cut possibly because of slight winter inju~. Tall 
fescue, timothy and orchardgrass were hlghe.st 
yielding in the second cut (third or fourth week m 
June). In the third cut (third or fourth week in July) 
tall fescue, orchardgrass, and reed canarygrass were 
the highest yielding, while timothy was the least 
productive. In the fourth cut (mid-September) tall 
fescue and orchard grass were the highest yielding 
while reed canarygrass and smooth bromegrass 
were among the least productive. 

4. The efficiency of production of the grasses, as mea
sured by DM production per inch of rain each 
month showed that with 100 pounds of N per acre 
applied in early spring, May and June production 
per inch of rain was more than double that of the 
check. With an additional June application of 100 
pounds of N per acre, the July and ~ugust produc
tion per inch of rain was about trIple that of the 
check. However, the efficiency of production for 
July and August, even with June N application, was 
only one-half as good as in May and June. From 
these data efficiency factors are suggested for calcu
lating production each month from grass for differ
ent parts of Minnesota based on rainfall. 

5. 	The protein concentration of grasses was increased 
by about 2 percentage points by the application of 
100 pounds of N per acre annually. An addition,al 
100 pounds applied in June increased the pr?tem 
concentration about another 1.5 percentage pomts. 

6. 	 The protein concentration of reed canarygrass was 
1.5 to 2.5 percentage points higher than other 
grasses possibly because of a younger physiological 
stage of development when cut. 

7. 	 The IVDDM of Kentucky bluegrass was 4 to 9 per
centage points lower than all other grasses. 

8. 	 Applying N fertilizer to grasses did not have a large 
impact on IVDDM. The 200 pounds per acr~ of N 
rate increased the IVDDM 2.3 percentage pomts. 

9. 	 Alfalfa with no N fertilizer clipped four times, with 
the last cut taken by September 1. yielded about the 
same as grasses with 200 pounds of N per acre. 

10. A delayed first cut (a 3-cut system) 	of alfalfa in
creased the July-August clipping yields over the 
July-August of a 4-cut system. 

11. The alfalfa yielded .75 to 1.25 tons more dry matter 
than birdsfoot trefoil. 

12. The production efficiency of alfalfa. as measured by 
dry matter production per inch of rain, was as high 
or higher in July and August than the grasses with 
200 pounds per acre of N. Suggested production 
efficiency factors are shown for calculating produc
tion each month from alfalfa and birdsfoot trefoil for 
different parts of Minnesota. 

13. Birdsfoot trefoil started slower than the alfalfa in the 
spring and its maximum production efficiency was 
reached in June. 

14. The delayed first 	cut of alfalfa (3-cut system) re
duced the protein concentration by about 8.0 per
centage points as compared to the second cut of 
alfalfa in the 4-cut system. 

15. Alfalfa was about 4 percentage points higher in 
protein concentration in the 4-cut system than 
birdsfoot trefoil. 

16. The average IVDDM for alfalfa clipped 4 times was 
about 5.0 percentage points higher than birdsfoot 
trefoil and grasses (with 200 pounds of N per acre). 
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Table 1. Soil tests and mineral fertilizers applied. 

Fertilizer applied 
Soil test 1970 as N-P20s-K20 

Site pH 
lbs/acre 

P K S 
at seeding 

Spring 1971 Annually 
1972 only* 
Sulfur Boron 

Experiment Stations: 
Rosemount 
Waseca 
Lamberton 
Morris 
Grand Rapids 

Farms: 
Pine City (R. Lindahl) 
Pierz (J. Waytashek) 
Mahnomen (R. Schafer) 
Roseau (Y. Magnusson) 
Baudette fR. Krause) 

------------------------------------------------1bslacre -----------------------------------------------

6.2 	 41 330 15-60-60 0-30-60 
6.0 	 30 240 0-50-50 0-30-60 
5.8 	 30 310 10-30-15 0-30-60 
7.7 	 21 360 26-109-56 0-30-30 


80 180 12-24-48 0-30-180 


6.2 	 14 230 5 15-60-60 0-30-180 
5.9 	 15 70 1 15-60-60 0-30-300 45.6 4.5 
7.4 	 27 290 9 15-60-60 0-30-30 
7.3 200 270 none 0-30-30 
8.2 	 11 85 15-60-60 0-30-180 

Table 2. 	 Average clipping yields from six grasses for 3 
years (72-74) from the 200 lb ~er acre N rate 
(100 lb in October or spring p us 100 in June) 
treatment at 4 experiment stations and 5 
farms 

Cut Number 
Location 1 2 3 4 Total 

--------Dry wt., T/A -------
Four experiment stations: 

Rosemount .89 .75 .71 .55 2.90 
Waseca .85 1.11 .54 .72 3.22 
Morris 1.09 .44 .53 .52 2.58 
Grand Rapids .75 .83 .69 .74 3.01 

Average 	 .90 .78 .61 .63 2.93 
Five farms: 

Pine City .58 .61 .75 .63 2.57 
Pierz .74 .37 .71 .35 2.17 
Mahnomen .47 .64 .50 .47 2.08 
Roseau .43 .86 .46 .71 2.46 
Baudette .42 .53 .78 .36 2.09 

Average 	 .53 .60 .64 .50 2.27 

Table 3. 	Ranking from highest to lowest yielding (3 yr. avg. of season totals) for each species at each location 

Rose- Grand Pine Mah- Bau-
Species mount Waseca Morris Rapids City Pierz nomen Roseau dette Avg. 

--------------------------------------Rank for season total DM yield * -------------------------------------
Timothy 6 3 6 3 4 1 5 6 4 4.2 
Bromegrass 4 5 4 6 6 5 1 1 5 4.1 
Reed canarygrass 2 4 2 4 3 4 4 2 3 3.1 
Orchard grass 3 2 3 2 1 3 3 3 1 2.3 
Kentucky bluegrass 5 6 5 5 5 6 6 5 6 5.4 
Tall fescue 1 1 1 1 2 2 2 4 2 1.8 
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Table 4. Average clipping yields for each N treatment 
for 3 years from 6 grasses and 4 replications at 
4 experiment stations (Rosemount, Waseca, 
Morris, Grand Rapids) and 5 farms (pine City, 
Pierz, Mahnomen, Roseau, Baudette) 

Lbs. N/acre applied* 1 2 3 4 Total** 3+4 

---------Dry wt., T/A--------
Four experiment stations: 

Check. no N .23 .41 .16 .20 1.00d .36 
100 Oct. or Spring .86 .71 .26 ,25 2.08c .51 
100 Oct. or Spring ±100 June ,90 .78 .61 .63 2.98b 1.24 
150 Oct. or Spring + 150 June .98 .80 .58 .80 3.16a 1.38 

Average .74 .68 .40 .47 2.29 .87 
Five farms: 

Check, noN .19.28.14.13 .74c .27 
100 Oct. or Spring .53 .58 .20 .17 1.48b .37 
100 Oct. or Spring + 100 June .53 .60 .64 .50 2,27a 1.14 

"For 1972 the first N increment at experiment stations was applied in 
Oct. 1971 at 3 stations and April, 1972 at the 4th. In 1973-74 all first 
increments were April at experiment stations. 
For 1972 the First N increments on all farms were applied in Oct. of 
1971. In 1973-74 the first N increments were applied in April on 3 
farms. The other 2 farms (in Northern Minnesota) continued to get 
October applications. 

"·Total yields not followed by the same letter are significantly differ
ent (P .05) within experiment stations and within farms. 

Table 5. 	Average plant height at each cut of6 grasses 
for 3 years at 4 experiment stations and 5 
farms for each N treatment* 

Cut no. 
LbslNlacre applied 1 2 3 4 

--------Inches-------
Four experiment stations: 

Check, no N 8 13 7 8 
100 Oct of Spring 13 16 8 8 
100 Oct or Spring + 100 June 13 16 12 12 
150 Oct or Spring + 150 June 13 16 11 13 

Average 12 15 10 10 
Five fanns: 

Check, no N 9 16 7 7 
100 Oct or Spring 13 18 9 8 
100 Oct or Spring + 100 June 12 18 13 11 

• See Table 2 for locations of experiment stations and farms. 

Table 6. Average clipping yields for each grass species 
from 4 expernnent stations (4 replications, 4 N 
treatments, for 3 years) and 5 farms (4 replica
tions,3 N treatments for 3 years)* 

Species 	 1 2 3 4Total**3+4 

F()ur experiment stations: 
Timothy 
Bromegrass 
Reed canarygrass 
Orchardgrass 
Kentucky bluegrass 
Tall fescue 

Average 

Five fanns: 
Timothy 
Bromegrass 
Reed canarygrass 
Orchardgrass 
Kentucky bluegrass 
Tall fescue 

---------Dry wt., T/A--------

.74.79.23.46 2.22c .69 

.83.53.36.39 2.11d .75 

.84 .64 .53 .36 2.37b .89 

.69.67 .46 .52 2.34b .98 

.73.56.31.45 2.05e .76 

.62.88.53.65 2.68a 1.13 

.74.68.40 ;47 2.29 .87 

.37.64.20.21 1.42d .41 

.57.41.36.23 1.57b .59 

.41.41.45.25 1.5sc .70 

.47.48.36.31 1.6sa .67 

.35 .38.28.26 1.27e .54 

.32 .60 .32 .33 1.57b .65 

·See Table 2 for locations of experiment stations and farms. 
• ·Total yields not followed by the same letter are significantly differ

ent (P = .05) within experiment stations and within farms. 
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Table 7. 	Three year average rainfall (1972-74) for each 
month ofgrowing season at 5 exx-eriment sta
tions and 3 farm locations in Mmnesota 

Station May June July Aug. Sept. Total 
Ex~eriment Stations: 

Rosemount 3.9 3.5 4.1 4.B 2.9 19.2 
Waseca 4.7 3.3 4.7 3.3 3.5 19.5 
Morris 3.3 1.9 5.2 2.B 1.1 14.3 
Grand Rapids 3.6 3.0 4.9 3.5 2.4 17.4 

Average 3.9 2.9 4.7 3.6 2.5 17.6 
Lamberton* 4.2 2.1 4.2 1.2 3.2 14.9 

Farms: * * 
Pine City 3.7 3.5 3.5 5.7 2.6 19.1 
Pierz 2.5 4.5 6.1 5.7 2.6 21.4 
Mahnomen 3.0 2.4 3.2 3.5 1.5 13.6 
Roseau 2.B 2.9 2.B 4.9 3.4 16.8 
Baudette 2.3 2.7 3.4 5.3 3.6 17.3 

*Data for 1972 and 1973 only (the years when yield data obtained). 
* *Pine City and Pierz data from farmers' rain gauges. Others are from 

government records. 
H*Heavy above average rain at Pine City, August. 1973; Pierz. July. 

1972 and August, 1973; Roseau and Baudette. August. 1974. 

Table 8. 	Average clippings yields by month for each N 
treatment for 3 years from 6 grasses and 4 
replications at 4 experiment stations and 5 
farms· 

Month 
Lbs. N/acre applied May June July Aug. Sept. Total 

·---------Dry wt., T/A -.-------
Four experiment stations: 

Check, no N .33 .34 .16 .13 .03 1.00 
100 Oct. or Spr 1.03 .59 .24 .16 .05 2.08 
100 Oct. or Spr + 100 June 1.09 .71 .56 .43 .14 2.93 
150 Oct. or Spr + 150 June 1.18 .73 .55 .54 .18 3.16 

Five farms: 

Check, noN 
100 Oct. or 

*See Table 2 for locations of experiment stations and farms. 

Table 9. 	Dry matter productionjer inch of rain for 
indicated months an N treatment of 6 
grasses. Average of3 years and 4 replications 
at 4 experiment stations and 5 farms· 

T/A per inch of rain 
Four experiment stations: 

Check, no N .OB .12 .03 .04 
100 Oct. or Spring .29 .20 .05 .04 
100 Oct. or Spring + 100 June .2B .24 .12 .12 
150 Oct. or Spring-150 June .30 

Five farms: 
.25 .12 .15 

Check, no N .OB .09 .03 .02 
100 Oct. or Spring .21 .17 .04 .03 

.100 Oct. or Spring +JOO lune .21 .21 .14 .OB 
* See Table 2 for locations of experiment stations and farms. 

Table 10. 	Suggested dry matter yields per inch of rain 
earn month for calculating yields in various 
parts of Minnesota 

Treatment 	 May June July August 
--T/A per inch of rain· 

Unfertilized grass .OB .10 .03 .03 
100 lb N early spring .24 .22 .04 .04 
100 lb N early spring 

+ 100 N in late June .24 .22 .12 .12 
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Table 11. Crude protein concentration averaged for 6 grasses at each cut for each N treabnent at Rosemount and 
Lamberton 1972 and Roseau 1972 and 1973* 

Lbs. N/acre aQQlied 1 2 3 4 Avg.** 
------------------------------------% Crude Protein------------------------------------

Av~ Rosemount and Lamberton 1972 
C eck, no N 15.1 13.6 17.4 17.9 15.9c 
100 Oct. or Spring 19.4 16.8 19.2 18.1 18.4b 
100 Oct. or Spring + 100 June 18.7 18.4 22.8 18.4 19.5b 
150 Oct. or Spring + 150 June 21.3 21.4 22.4 21.1 21.6a 

Average 18.6 17.6 20.4 18.9 18.9 
A~ Roseau 1972 and 1973 

eck, no N 16.5 12.2 17.5 18.9 16.2c 
100 Oct. or Spring 20.5 15.5 18.7 19.0 18.5b 
100 Oct. or Spring + 100 June 20.6 15.0 22.7 21.4 19.9a 

Average 19.1 14.2 19.7 19.8 18.2 
A~ of 4 trials 

eck, no N 15.8 12.9 17.4 18.4 16.1c 
100 Oct. or Spring 19.9 16.2 19.0 18.6 18.4b 
100 Oct. or Spring + 100 June 19.7 16.7 22.7 19.9 19.8a 

·Rosemount and Lamberton data are from one replication at each location. The Roseau data are from one replication in 1972 and two reps in 1973. 
··Means not followed by the same letter are significantly different (P = .05) within experiment stations. Roseau. and averages of 4 trials. 

Table 12. 	 Crude protein concentration averaged from 4 clippings and 4 N treabnents at Rosemount and Lamber
ton and 4 clippings and 3 N treabnents at Roseau 

1972 1973 1972 1973 4 trial 
Species Rosemount Rosemount 

___________________________________________% 

Roseau Roseau average* 
Crude Protein** ------------------------------------------

Timothy 
Bromegrass 
Reed canarygrass 
Orchardgrass 

17.8 
19.8 
20.3 
17.0 

19.8 
20.8 
21.6 
18.5 

17.8 
19.3 
21.5 
17.2 

17.6 
18.4 
20.7 
17.1 

18.3ab 
19.6ab 
21.0 
17.4b 

Kentucky bluegrass 17.8 18.4 16.9 16.0 17.3b 
Tall fescue 16.1 18.4 18.2 17.6 17.6b 

Average 18.1 19.6 18.5 17.9 18.5 

• Means not followed by the same letter are significantly different (P = .05). 

•• Rosemount and Lamberton data are from one rep at each location. The Roseau data are from two reps each year. 
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Table 13. In vitro digestible dry matter averaged for 6 grasses at each cut for each N lreabnent at Rosemount and 
Lamberton 1972 and Roseau 1972 and 1973* 

Cut 
Lbs. N/acre agglied 	 1 2 3 4 Avg.** 

__________________________________________0/0 IVDDM ----------------------____________________ 

A(!t Rosemount and Lamberton 1972 
eck, noN 70.4 62.9 68.9 74.5 69.2b 

100 Oct. or Spring 
100 Oct. or Spring + 100 June 
150 Oct. or Spring + 150 June 

Average 

71.4 
73.4 
74.2 
72.3 

65.5 
66.2 
67.6 
65.6 

64.2 
68.7 
72.8 
68.7 

70.9 
71.2 
72.9 
72.4 

67.9b 
69.8ab 
71.9a 
69.7 

A~ Roseau 1972 and 1973 
eck, no N 64.6 63.6 65.9 71.2 66.3b 

100 Oct. or Spring 
100 Oct. or Spring + 100 June 

70.3 
66.7 

68.2 
66.7 

67.9 
73.4 

69.7 
74.1 

69.0a 
70.3a 

Average 67.2 66.2 69.1 71.7 68.6 
Av~ of 4 trials 

C eck, noN 67.5 63.3 67.4 72.9 67.8b 
100 Oct. or Spring 
100 Oct. or Spring + 100 June 

70.9 
70.1 

66.9 
66.4 

66.0 
71.1 

70.3 
72.6 

68.5ab 
70.1a 

Average 69.5 65.5 68.2 71.9 68.8 
*Rosemount and Lamberton data are from one rep at each location. The Roseau data are from two reps each year. 

**Means not followed by the same letter are significantly different (P .05) within experiment stations, Roseau and average of 4 trials. 

Table 15. 	Legume dry matter yields for 2 managements averaged over 3 years from 2 experiment stations and 3 
farms 

Cut No. 
Location & Management 1 2 3 4 Total 1 2 3 4 Total 

------------------------------------------------_.-Dry wt., T / A ---------------------------------------------------
Rosemount 
Cli~ped .66 .70 1.02 .53 2.91 .18 1.29 .79 .30 2.56 
De ay 1st cut 1.90 1.39 .61 3.90 1.37 .75 .27 2.39 

Morris 
CliFcped 1.01 .85 1.15 .69 3.70 .24 .76 .78 .24 2.02 
De ayed 1st cut 2.26 1.35 .73 4.34 1.87 .69 .21 2.77 

Pine City 
Cli~ped .49 .60 .56 .43 2.08 .20 .71 .49 .24 1.64 
De ayed 1st cut 1.40 .86 .52 2.80 1.34 .48 .23 2.05 

Mahnomen 
.50 .52 .72 .47 2.21 .16 .59 .65 .27 1.67CliFcped

De ayed 1st cut 	 1.82 1.12 .55 3.52 1.55 .67 .26 2.48 
Roseau 

CliFcped .36 1.00 .92 .69 2.97 .11 .97 .68 .42 2.18 
De ayed 1st cut 1.60 1.17 .72 3.49 1.42 .71 .45 2.58 

Average 5 locations 
Cli~ped .60 .73 .87 .56 2.77 .18 .86 .68 .29 2.01 
De ayed 1st cut 1.80 1.18 .63 3.61 1.51 .66 .28 2.45 
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Table 16. Average height at each cut of alfalfa and 
birdsfoot trefoil for 5 locations (2 experi
ment stations and 3 farms)* and 2 manage
ments 

Cut No. 
Management 1 2 3 4 

---------Inches --------
Alfalfa 

Clifaped 12 15 17 14 
De ayed 1st cut 27 20 15 

Birdsfoot trefoil 
Clipped 7 13 12 9 
Delayed 1st cut 19 12 9 

"Experiment stations at Rosemount and Morris. Farms at Pine City, 
Mahnomen and Roseau. 

Table 17. 	Legume dry matter produced per inch ofrain 
for each month. Avera~es of 3 years and 4 
replications at 2 experIment stations and 3 
farms 

Alfalfa Birdsfoot trefoil 
Location May June July Aug. May June July Aug. 

--------------------Dry wt., T / A -------------------
Experiment stations: 

Rosemount .21 .21 .19 .13 .11 .33 .15 .07 
Morris .33.48 .19 .25 .09 .43 .13 .09 

Farms 
Pine City .15 .18 .14 .07 .08 .20 .13 .04 
Mahnomen .19 .24 .20 .12 .08 .26 .18 .07 
Roseau .20 .36 .29 .11 .10 .33 .21 .09 

Suggested yields when 
calculating from 
rainfall .20 .25 .18 .14 .10 .25 .15 .08 

Table 18. Protein concentration for each cut of2legumes and 2 managements at Rosemount 1972 and and Roseau 
1972 and 1973* 

Alfalfa 	 Birdsfoot trefoil 
Cut No. 	 Cut No. 

Location & Management 1 2 3 4 
________________________________________________% 

Avg. 1 2 3 4 Avg.
Crude Protein ------------------------------------------------

Rosemount 1972 
Clifaped
De ayed 1st cut 

30.8 24.9 
15.3 

28.2 
25.0 

25.1 
23.1 

27.3 
21.1 

22.8 19.0 
21.7 

24.4 
20.6 

25.0 
24.6 

22.8 
22.3 

Roseau 1972 
Clipped 26.5 22.7 23.3 26.5 24.8 23.5 18.0 19.6 26.4 21.9 
Delayed 1st cut 15.7 21.0 25.8 20.8 13.9 20.4 26.5 20.3 

Roseau 1973 
Clifaped
De ayed 1st cut 

25.9 20.8 
18.9 

25.0 
23.2 

23.0 
26.1 

23.7 
22.7 

19.6 18.3 
15.3 

21.8 
22.7 

20.7 
23.1 

20.1 
20.4 

3 trial average 
Clifaped
De ayed 1st cut 

27.7 22.8 
16.6 

25.5 
23.1 

24.9 
25.0 

25.2 
21.6 

22.0 18.4 
17.0 

21.9 
21.2 

24.0 
24.7 

21.6 
21.0 

" 1972 data are from one rep at each location and the 1973 are from two reps. 
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Table 19. Average IVDDM % from 2 legumes for each cut and 2 managements in 3 trials 

Cut No. 

Location & Management 1 2 3 4 Avg. 1 2 4 Avg. _____________________________________________________0/0 IVDDM --------------_______________________________________ 

Rosemount 1972 
Clircped
De ayed 1st cut 

78.4 73.9 
57.2 

80.9 
66.2 

81.8 
74.9 

78.8 72.2 66.2 
69.4 

74.1 
75.1 

76.4 
80.5 

72.2 

Roseau 1972 
Clifcped
De ayed 1st cut 

78.8 77.3 
61.8 

73.5 
71.6 

77.9 
74.6 

76.9 74.9 68.5 
63.0 

74.3 
73.0 

75.1 
77.7 

73.2 

Roseau 1973 
Clifcped
De ayed 1st cut 

72.4 69.3 
65.3 

72.5 
74.9 

75.2 
77.1 

72.3 51.8 70.7 
60.4 

73.7 
73.4 

71.5 
75.1 

66.9 

3 trial average 
Clifcped
De ayed 1st cut 

76.5 73.5 
61.4 

75.6 
70.9 

78.3 
75.5 

76.0 66.3 68.5 
64.3 

74.0 
73.8 

74.3 
77.8 

70.8 

Table 14. In vitro digestible dry matter averaged over 4 clippings and 4 N treatments at Rosemount and Lamberton 
and 4 clippings at 3 N treatments at Roseau" 

Year 
1972 1973 1972 1973 4 trial 

Species Rosemount Rosemount Roseau Roseau average* 
-------------------------------------------------% IVDDM ------------------------------------------------

Timothy 72.2 76.4 70.2 70.0 72.2a 
Bromegrass 69.5 71.9 70.8 71.0 70.8a 
Reed canarygrass 68.1 73.0 69.7 71.0 70.5a 
Orchardgrass 69.9 73.2 71.3 70.4 71.2a 
Kentucky bluegrass 61.6 65.1 62.1 61.9 62.7b 
Tall fescue 64.2 71.4 67.9 66.0 67.4ab 

'Rosemount and Lamberton data are from one rep at each location. The Roseau data are from two reps each year. 
"Means not followed by the sarne letter are significantly different (P = .05). 
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Appendix 

Table 1. 	Clipping yield data from Rosemount grasses. 
3 year means 1972-74 

Tons dry matter/acre at each cut 
Species 1 2 3 4 Total sig* 

Check-no N 
Tim .08 .41 .03 .06 .58 bc 
Brome .34 .44 .08 .05 .91 ab 
Reed e. .38 .44 .21 .14 1.17 a 
Orch .08 .34 .08 .06 .56 bc 
Ky Bl .03 .34 .03 .03 .43 c 
T Fes .24 .48 .07 .12 .91 a 
Avg .19 .41 .08 .08 .76 z 

100# N Oct. 
Tim .77 .79 .11 .19 1.86 bc 
Brome 1.12 .48 .32 .23 2.15 b 
Reed e. 1.04 .53 .42 .22 2.21 ab 
Orch .78 .73 .46 .20 2.17 ab 
Ky BI .69 .46 .15 .21 1.51 c 
T Fes .81 .84 .52 .40 2.57 a 
Avg .87 .64 .33 .24 2.08 Y 

100# N Oct. + 100# June 
Tim .87 .82 .34 .53 2.56 c 
Brome 1.12 .58 .64 .39 2.73 bc 
Reed C. .96 .72 1.00 .41 3.09 ab 
Orch .75 .81 .84 .51 2.91 bc 
Ky BI .85 .65 .58 .55 2.63 c 
T Fes .77 .92 .84 .93 3.46 a 
Avg .89 .75 .71 .55 

150# N Oct. + 150# June 
2.90 x 

Tim 1.03 .71 .20 .62 2.56 c 
Brome 1.30 .64 .76 .52 3.22 b 
ReedC. 1.19 .85 .90 .57 3.51 ab 
Orch .86 .89 .75 .71 3.21 b 
Ky Bl 
T Fes 

1.05 
.86 

.64 

.87 
.32 
.80 

.70 
1.18 

2.71 
3.71 

c 
a 

Avg 1.05 .77 .62 .72 3.16 w 
Average of N treatments 

Tim .69 .68 .17 .35 1.89 c 
Brome .97 .53 .45 .30 2.25 b 
Reede. .89 .64 .63 .33 2.49 a 
Orch .62 .69 .53 .37 2.21 b 
Ky BI 
T Fes 

.66 

.67 
.52 
.77 

.27 

.56 
.37 
.66 

1.82 
2.66 

c 
a 

Avg .75 .64 .43 .40 2.22 
*a, b, c, d - Compare within a nitrogen treatment or avg. of N 

treatments 
w, x, y. z - Compare only grand averages of N treatments 
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Table 2. Clipping yield data from Waseca grasses. 3-yr Table 3. Clipping yield data from Lamberton grasses. 
means 1972·74 2-yr means 1972·73* 

Tons dry matter/acre at each cut Tons dry matter/acre at each cut 

S~ecies 1 2 3 4 Total sig* S}2ecies 1 2 3 4 Total sig* 
Check-no N Check-no N 

Tim .13 .63 .09 .32 1.17 ab Tim .34 .60 .10 .15 1.19 a 
Brame .36 .51 .14 .30 1.31 a Brame .44 .47 .12 .19 1.22 a 
Reed C. .31 .47 .29 .29 1.36 a Reed C. .25 .44 .17 .26 1.12 ab 
Orch .16 .41 .16 .40 1.13 ab Orch .38 .38 .16 .19 1.11 ab 
Ky BI .13 .40 .13 .29 .95 b Ky BI .25 .43 .13 .10 .91 b 
T Fes .28 .59 .16 .34 1.37 a T Fes .32 .47 .13 .16 1.08 ab 
Avg .23 .50 .16 .32 1.21 z Avg .33 .47 .14 .17 1.11 z 

100# N Apr. 100# N Oct. 
Tim .73 1.18 .08 .41 2.40 ab Tim .44 .70 .15 .15 1.44 a 
Brame .85 .86 .24 .34 2.29 b Brame .65 .56 .21 .25 1.67 a 
Reed C. .77 .91 .28 .30 2.26 b Reed C. .32 .65 .31 .27 1.55 a 
Orch .61 1.00 .26 .50 2.37 ab Orch .30 .57 .33 .20 1.40 a 
Ky Bl .84 .84 .19 .36 2.23 b Ky BI .39 .52 .30 .20 1.41 a 
T Fes .75 1.11 .34 .35 2.55 a T Fes .47 .66 .26 .24 1.63 a 
Avg .76 .98 .23 .38 2.35 Y Avg .43 .61 .26 .22 1.52 Y 

100# N Apr. + 100# June 100# N Oct. + 100# June 
Tim .85 1.24 .24 .80 3.13 b Tim .49 .75 .38 .24 1.86 b 
Brame .92 .98 .48 .66 3.04 be Brame .58 .54 .67 .34 2.13 a 
Reed C. .78 1.07 .79 .45 3.09 bc Reed C. .29 .55 .78 .47 2.09 ab 
Orch .68 1.17 .58 .79 3.22 b Orch .40 .63 .80 .40 2.23 a 
KyBI .96 .91 .30 .68 2.84 c Ky Bl .58 .55 .40 .31 1.84 b 
T Fes .90 1.29 .83 .95 3.97 a T Fes .37 .68 .51 .48 2.04 a 
Avg .85 1.11 .54 .72 3.22 x Avg .45 .62 .59 .37 2.03 x 

150# Apr. + 105# June 150# N Oct. + 150# June 
Tim .87 1.13 .23 .96 3.19 c Tim .48 .77 .27 .25 1.77 b 
Brame 1.07 .96 .55 .92 3.50 bc Brame .84 .59 .58 .38 2.39 a 
Reed C. .79 1.20 .82 .72 3.53 b Reed C. .35 .70 .70 .51 2.26 a 
Orch .76 1.14 .62 1.12 3.64 b Orch .33 .72 .91 .41 2.37 a 
KyBI 1.07 .88 .31 .96 3.22 c Ky BI .61 .55 .39 .31 1.86 b 
T Fes .93 1.32 1.03 1.35 4.63 a T Fes .51 .70 .61 .60 2.42 a 
Avg .92 1.10 .59 1.00 3.62 w Avg .52 .67 .58 .41 2.18 w 

Average of N treatments Average of N treatments 
Tim .65 1.04 .16 .62 2.47 b Tim .44 .72 .22 .19 1.57 be 
Brame .80 .83 .35 .55 2.53 b Brame .63 .54 .39 .29 1.85 a 
Reed C. .66 .91 .55 .44 2.56 b Reed C. .30 .59 .49 .37 1.75 ab 
Orch .56 .93 .40 .70 2.59 b Orch .35 .58 .55 .30 1.78 a 
Ky BI .75 .76 .23 .57 2.31 c Ky BI .45 .51 .31 .23 1.50 c 
T Fes .71 1.08 .59 .75 3.13 a T Fes .41 .63 .38 .37 1.79 a 
Avg .69 .92 .38 .61 2.60 Avg .43 .59 .39 .29 1.71 
*a, b, c, d - Compare within a nitrogen treatment or avg. of N *Cut 3 is the mean of cut 3 in 1972 and a zero yield in 1973 when 

treatments drought prevented a third cut. 1974 yields were not calculated 
w,X.y Compare only grand averages of N treatments because of a treatment error and severe drought. 

**a, b, c. d - Compare within a nitrogen treatment or avg of N 
treatments 

w. x, y. z Compare only grand averages of N treatments 

\ 
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Table 4. 	Clipping yield data from Morris grasses. 3-yr Table 5. Clipping yield data from Grand Rapids 
means 1972-74 grasses. 3-yr means 1972-74 

TOIl~ry matter/acre at each cut Tons dry matter/acre at each cut 
S:Qecies 1 2 3 4 Total sig* S:Qecies 1 2 3 4 Total sig* 

Check-no N Check-no N 
Tim .13 .29 .14 .07 .63 a Tim .35 .78 .17 .38 1.68 a 
Brome .27 .12 .08 .09 .56 a Brome .20 .50 .27 .29 1.26 c 
Reed C. .24 .17 .12 .09 .62 a Reed C. .38 .46 .27 .31 1.42 bc 
Orch .12 .13 .10 .07 .42 a Orch .44 .45 .39 .37 1.65 a 
Ky Bl .17 .15 .10 .08 .50 a Ky Bl .23 .43 .29 .34 1.29 c 
T Fes .15 .22 .14 .03 .54 a T Fes .25 .69 .29 .32 1.55 ab 
Avg .18 .18 .11 .07 .54 z Avg .31 .55 .28 .33 1.47 Y 

100# N Oct. 	 100# N Apr. 
Tim 1.10 .38 .10 .09 1.67 ab Tim .87 1.20 .19 .36 2.62 a 
Brome 1.26 .17 .11 .09 1.63 ab Brome .59 .59 .23 .28 1.69 d 

.11 1.88 a Reed C. .99 .54 .27 .22 2.02 cReed C. 1.11 .45 .21 
Orch 1.02 .45 .25 .13 1.85 a Orch 1.03 .74 .30 .30 2.37 b 
Ky Bl .95 .31 .15 .09 1.50 b Ky Bl .66 .72 .33 .31 2.02 c 
T Fes .68 .61 .30 .09 1.68 ab T Fes .54 1.23 .31 .28 2.36 b 
Avg 1.02 .39 .19 .10 1.70 Y Avg .78 .84 .27 .29 2.1B x 

100# N Oct. + 100# June 100# N Apr. + 100# June 
Tim 1.06 .47 .2B .43 2.24 c Tim .89 1.03 .60 .B2 3.34 a 
Brome 1.35 .20 .47 .45 2.47 bc Brome .4B .66 .50 .55 2.19 c 
Reed C. 1.21 .50 .72 .41 2.B4 ab Reed C. 1.01 .56 .77 .50 2.B4 b 
Orch .93 .47 .54 .65 2.59 b Orch .B6 .75 .B7 .93 3.41 a 
Ky Bl 1.1B .32 .35 .43 2.28 c Ky Bl .70 .72 .67 .74 2.B3 b 
T Fes .79 .6B .BO .77 3.04 a T Fes .54 1.24 .76 .93 3.47 a 
Avg 1.09 .44 .53 .54 2.5B x Avg .75 .B3 .69 .74 3.01 w 

150# N Oct. + 150# June 150# N Apr. + 150# June 
Tim 1.11 .50 .40 .43 2.44 d Tim .B9 LOB .50 .90 3.37 b 
Brome 1.4B .31 .51 .55 2.B5 bc Brome .49 .52 .41 .5B 2.00 d 
Reed C. 1.16 .6B .65 .49 2.9B b Reed C. 1.14 .61 .70 .56 3.01 c 
Orch .99 .51 .4B .63 2.61 cd Orch .90 .79 .65 1.00 3.34 b 
Ky Bl 1.2B .34 .39 .56 2.57 cd Ky Bl .B4 .79 .60 .B5 3.08 c 
T Fes .B2 .Bl .72 1.12 3.47 a T Fes .64 1.14 .63 1.17 3.59 a 
Avg 1.14 .52 .53 .63 2.B2 w Avg .B2 .B2 .5B .85 3.07 w 

Average Average of N treatments 
Tim .85 .41 .23 .25 1.74 c Tim .75 1.02 .37 .61 2.75 a 
Brome 1.09 .20 .29 .30 1.88 b Brome .44 .57 .35 .42 1.7B c 
Reed C. .93 .45 .43 .27 2.08 a Reed C. .88 .54 .50 .40 2.32 b 
Orch .76 .39 .35 .37 1.B7 b Orch .81 .68 .55 .65 2.69 a 
Ky Bl .89 .28 .25 .29 1.71 c Ky Bl .61 .67 .47 .56 2.31 b 
T Fes .61 .58 .49 .50 2.18 a T Fes .49 1.07 .50 .68 2.74 a 
Avg .B6 .38 .34 .33 1.91 .66 .76 .46 .55 2.43 
*a, b, c, d Compare within a nitrogen treatment or avg. of N *a, b, c, d Compare a nitrogen treatment or average of N 

treatments treatments 
w, x, y, z - Compare only grand averages of N treatments w, x. y. z - Compare only grand averages of N treatments 

, 
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Table 6. Clipping yield data from Pine City grasses. 3- Table 7. Clipping yield data from Pierz grasses. 3-year 
yr means 1972-74 means 1972-74 

Tons dry mtitter/acre at each cut Tons dry matter/acre at each cut 
fu?ecies 1 2 3 4 Total sig* fuJecies 1 2 3 4 Total sig* 

Check-no N Check-noN 
Tim .22 .60 .11 .25 1.18 a Tim .20 .27 .03 .05 .55 a 
Brome .28 .30 .21 .20 .99 a Brome .33 .09 .07 .06 .55 a 
Reed C. .28 .30 .25 .22 1.05 a Reed C. .22 .12 .08 .08 .50 a 
Orch .36 .31 .17 .28 1.12 a arch .25 .12 .07 .06 .50 a 
Ky Bl .10 .19 .22 .22 .73 b Ky Bl .27 .08 .08 .10 .53 a 
T Fes .25 .44 .19 .27 1.15 a T Fes .25 .15 .04 .03 .47 a 
Avg .25 .36 .19 .24 1.04 Y Avg .26 .14 .06 .06 .52 Y 

100# N Oct. 100# N Oct. 
Tim .68 .88 .13 .27 1.96 a Tim .79 .47 .04 .05 1.35 a 
Brome .64 .43 .28 .20 1.55 c Brome .83 .15 .20 .06 1.24 ab 
Reed C. .79 .38 .30 .26 1.73 bc Reed C. .66 .21 .17 .09 1.13 ab 
Orch .92 .58 .26 .32 2.08 a Orch .81 .36 .15 .08 1.40 ab 
Ky Bl .50 .36 .27 .26 1.39 c Ky BI .57 .30 .13 .10 1.10 b 
T Fes .59 .77 .25 .28 1.89 ab T Fes .62 .50 .14 .08 1.34 ab 
Avg .69 .57 .25 .26 1.77 x Avg .71 .33 .14 .08 1.26 x 

100# N Oct. + 100# June 100# N Oct. + 100# June 
Tim .53 .99 .46 .54 2.52 c Tim .94 .59 .46 .36 2.35 a 
Brome .49 .43 .62 .50 2.04 e Brome .81 .17 .84 .21 2.03 b 
Reed C. .74 .46 .98 .44 2.62 bc Reed C. .76 .26 .77 .25 2.04 b 
arch .75 .62 .95 .79 3.11 a arch .64 .43 .86 .39 2.32 a 
Ky Bl .50 .38 .77 .65 2.30 d Ky Bl .69 .27 .58 .41 1.95 b 
T Fes .47 .76 .74 .86 2.83 b T Fes .58 .53 .73 .50 2.34 a 
Avg .58 .61 .75 .63 2.57 w Avg .74 .37 .71 .35 2.17 w 

Average of N treatments Average of N treatments 
Tim .48 .83 .23 .35 1.89 bc Tim .65 .44 .18 .15 1.42 a 
Brome .47 .39 .37 .30 1.53 d Brome .65 .14 .37 .11 1.27 b 
Reed C. .60 .38 .51 .31 1.80 c Reed C. .54 .20 .34 .14 1.22 bc 
arch .67 .50 .46 .47 2.10 a arch .57 .30 .36 .18 1.41 a 
Ky BI .37 .31 .42 .38 1.48 d Ky Bl .51 .21 .26 .21 1.19 c 
T Fes .44 .66 .39 .47 1.96 b T Fes .49 .40 .30 .20 1.39 ab 
Avg .50 .51 .40 .38 1.79 Avg .57 .28 .30 .17 1.32 
"a, b, c, d, e - Compare within a nitrogen treatment or avg. of N *a, b, c. d Compare within a nitrogen treatment or avg. of N 

treatments treatments 
w, x, y - Compare only grand averages of N treatments w, x, y - Compare only grand averages of N treatments 
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