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Nodulatioln and Chem ca 0~E~~:ESOTA 
Composition of Soyb a1'1 20 1990 

ST PAUL CAMPUS USRARIES 

Although rigid schedules of premiums and 
discounts - based on protein and oil 
concentration • have not been implemented 
officially for soybean, chemical composition is 
very important to domestic and foreign buyers. 
Soybean currently derives the larger share of 
its value from the production of high protein 
soybean meal. Consequently, processors 
prefer soybeans with higher ~ 35%) protein 
concentration and may refuse to purchase 
soybeans with lower protein values. As you 
might expect, several factors can influence 
final protein concentration, including varieties, 
environments (locations, years) and 
management practices. One management 
practice which may be especially important for 
soybean producers in NW MN is seed or soil 
inoculation with effective strains of B. 
japonicum. These bacteria are responsible for 
initiating nodule formation on soybeans and 
are necessary for symbiotic fixation of 
atmospheric nitrogen. Successful inoculation, 
prolific nodulation and vigorous N2 fixation can 
enhance grain protein as well as yield. 

Studies In more traditional. areas of soybean 
production have shown th"at nonnodulated 
soybean plants grown without supplemental 
fertilizer N often have lower grain yield and ~ 
protein content than nodulated plants. These ~ 
deficiencies usually can be corrected by ~ 
applying fertilizer N to nonnodulated plants. 
None the less, even under conditions of 
moderate to high levels (1 00-150 lb N03"-N/A) 
of soil plus fertilizer N, nodulated plants may 
partition more dry weight and N to pods and 
seed than their nonnodulated counterparts. 
This partitioning may alter protein and oil 
concentration. Field research conducted at 
Crookston and Fosston during 1988 and 1989 
supports this hypothesis and provides 
evidence that nodulation status Influences the 
chemical composition of soybean seed 
produced In NW MN. Examples of this 
research Involving Inoculated and 
nonlnoculated soybean grown on soils with 
different Initial N03"·N concentrations are 
given In Figures 1, 2, 3 and 4. 

by John Wiersma, Agronomist 
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Result:s presented In Fig. 1 are the average 
grain pnoteln concentrations of six varieties, 
either Inoculated or not Inoculated, grown at 
Crookston during 1988 on soil which had an 
Initial N03--N concentration of 130 lb/A In the 
top two feet. Substantial Increases In grain 
protein and yield were observed despite 
relatively high Initial soli No3--N 
concentr"atlons and mediocre nodulation. 
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Fig. 2 Includes results from a similar trial 
grown at Crookston during 1989. Six varieties, 
either not Inoculated or Inoculated with one of 
five strains of B. japonlcum, were evaluated. The 
average response across varieties to each 
strain Is JPresented In Fig. 2. High to very high 
(130-190' lb N03 ·-N/A) concentrations of soil 
N03·-N were measured at planting. Although 
Inoculation did not Increase grain yield, 
moderatE!, statistically sigr;,iflcant Increases In 

grain protein concentration were observed. Fig. 
3 Includes results from the same trial grown at 
Fosston on soil having an Initial No3--N 
concentration of 46 lb/A In the top two feet. In 
this trial, Inoculation Increased grain yield and 
grain protein 40 and 14%, respectively. Grain 
oil concentrations presented In Fig . 3 are 
highly, negatively correlated with protein 
concentrations and depict differences 
associated with diverse strains of bacteria. · 
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Results presented In Fig. 4 are from a trial 
grown at Crookston during 1989 using the 
same six varieties given In Fig. 1 and three N 
treatments designed to Influence nodule mass. 
The three N treatments Included: (1) no 
supplemental fertilizer N; (2) 50 lb N/A 
broadcast preplan! and Incorporated; and (3) 
50 lb N/A knifed between rows post
emergence. Initial soil No3--N concentrations 
again were high (150 lb/A) and nodulation was 
poor to mediocre . Adding fertilizer N to 
nonlnoculated plants slg niflcantiy Increased 
grain protein concentration. A small, statistically 
nonsignificant response to fertilizer N was 
observed with Inoculated plants. Fertilizer N 
reduced the response to Inoculation, but did 
not significantly Increase grain protein 
concentration of Inoculated plants. Inoculated 
plants grown with or without additional fertilizer 
N had higher protein concentrations. Despite 
the relatively high Initial soli No3--N con
centration, Inoculation also significantly 
Increased grain yield . Although the Increase In 
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Smith's Comments 

Another planting season is just around the 
corner. The wet snow and rain of mid-March 
has increased people's optimism that it really 
can rain in northwest Minnesota. It was fun to 
enter the local morning coffee hangout and 
hear laughter again . I hope the laughter 
continues throughout this growing season. 

Career changes and retirements will change 
the makeup of the Station's support staff. Jeff 
Volesky, assistant scientist on the beef and 
sheep projects for the past six years, will 
resume a career in farming at Wyndmere, NO. 

Nathan Derby, junior scientist on the soils 
project, has defected to NDSU where he has 
taken a position as research specialist in the 
Soil Science Department. Nate will be working 
on an irrigation and water quality project. The 
drought of the past two summers may have 
had an impact on his decision. 

Arnold Benson , custodial engineer for the 
past 25 years, will retire this spring. Arnold has 
taken care of the custodial chores at the 
Agriculture Research Center for the past eight 
years. His smiling face and helpful attitude will 
be missed by the visitors to the Station, and by 
those who use the Station's auditorium as 
Arnie is the only one in this building who 
knows how to run all the audio-visual 
equipment. To these individuals, a sincere 
thank you is given for a job well done. 

The University of Minnesota has a new Vice 
President for Agriculture, Forestry and Home 
Economics. Or. C. Eugene Allen will fill the 
post on a full-time basis beginning April 6. Dr. 
Allen has provided strong leadership for the 
Institute as Acting Vice President for the past 
two years. Congratulations! 

THINK RAIN! 

KOPECKY NAMED EMPLOYEE OF THE YEAR 

Dale t<opecky, farm foreman at the Northwest 
Experiment Station, was the recipient of the 4th 
Annual Employee of the Year Award. 

Dale started working in the farm department 
the spring of 1972 and was promoted to his 
present position on March 1, 1987. Dale 
supervises a crew of three and coordinates the 
farm detpartment's work load. 

Dahe is an integral part of the Station's 
research mission. During the spring and 
summ13r months, he spends his time 
overse13ing the harvest of the various feedstuffs 
needed for the livestock programs and 
collecting information on the crops grown for 
agronomy and soils personnel. The fall and 
winter months are spent ordering fertilizer, 
seed, machinery, etc . needed for the next 
cropping season and tabulating the results of 
the da,ta from the various weighings and 
samplings of the past growing season. For the 
past two seasons, Dale has collected fuel 
records and tractor hours for every crop and 

field as well as livestock operation on the 
Station. These findings have resulted in better 
records on the costs of growing the various 
commodities used and produced In the 
research programs and on the proper sizing of 
machinery used in commodity production. 
Timeliness Is important. From early spring to 
late fall, Dale is on the job early, late or as time 
is required. 

Dale was nominated by his co-workers to 
receive this award because of his positive 
attitude toward his job, his willingness to go out 
of his way to help other people and his 
friendliness toward his co-workers. 

The Employee of the Year Award was 
designed to promote and recognize excellence 
in job performance among Civil Service and 
Bargaining Unit Personnel. Funds for this 
award come from a President's Club donation 
designated for this purpose. 

Congratulations, Dale, on receiving the 1989 
Employee of the Year Award. 

Pictured are: Supt. Larry Smith, Dale and Janet Kopecky 

Calendar of 
Events 

Crops and Soils Day 
July 18, 1990 



Broadcast, Knife, Starter - Does Phosphorus Placement Make 
A Difference For Spring Wheat Or Soybean Production? 

Placement of phosphorus (P) fertilizer for in
creased efficiency has become more important 
in recent years because of increasing fertilizer 
costs and decreasing profitability in production 
agriculture. Capitalizing on Increased fertilizer 
use efficiency of different application methods 
can be an important management tool. 
Traditionally it has been said that P fertilizer 
placed with small grain seed will be as effective 
in increasing grain yield as twice that amount 
of fertilizer broadcasted and incorporated. In 
winter wheat country it has been found that for 
soils with a very low P soil test row application 
can be up to four times more effective than 
broadcast application. Little information about 
P placement efficiency exists for any crop in 
northwestern Minnesota. To fill this information 
gap, a P rate and application method study 
was conducted from 1986 to 1988 with a 
soybean - spring wheat rotation at the 
Northwest Experiment Station. Five P rates (0, 
10, 20, 30, and 40 lb PIA in 1986 and 0, 10, 15, 
20 lb P/A in 1987 and 1988) and the three 
application methods (broadcast, knife, and 
starter) were used as treatments on spring 
wheat and soybean crops. Ammonium 
polyphosphate (1 0-34-0) was the P source 
used with all placement methods in all three 
years of the study. The broadcast placement 
was applied and incorporated in the fall 
preceding the cropping season. Standard 
anhydrous ammonia shanks spaced 15 inches 
apart, placed the fertilizer band at a depth of 
six inches for the knife treatment. The starter 
application was placed down the seed tube 
with the wheat seed and placed two inches 
below and three to four inches to the side of 
the soybean seed row. The P soil test at the 
start of the study was only 9 lb/A or 4.5 ppm. 

Table 1 lists the spring grain yield response to 
P fertilization and the effect of application 
method. 

Table 1 . The effect of P rate and application 
method on spring wheat grain yield at NWES 
from 1986 to 1988. 

PRate* 1986 1987 1988 
lb. P/A ---------- bu/A---------

0 43.3 60.1 47.5 
5 44.6 67.1 52.8 
10 46.1 67.3 52.4 
15 45.8 69.0 53.0 
20 44.4 70.8 53.1 

P Placement 

Broadcast 45.4 70.1 52.0 
Knife 45.0 67.7 51.1 
Starter 45.3 67.7 55.3 

•p Rates were 0, 10, 20, 30, and 40 lb PIA In 1986 

by John Lamb, Soil Scientist 

In all three years, a wheat grain yield response 
occurred with the use of P fertilizer. This 
response was 2.8, 10.7, and 5.6 bu/A in 1986, 
1987, and 1988, respectively. The application 
method did not effect the amount of P fertilizer 
needed to produce these grain yield 
responses. The results from this and two other 
spring wheat studies conducted in 1984 and 
1985 indicate that in northwest Minnesota 
placement of P fertilizer does not influence the 
efficiency of fertilizer use in spring wheat 
production. 

What effects does placement of P have on 
soybeans grown in northwestern Minnesota? 
Table 2 lists the grain yields for this study from 
1986 to 1988. 

Table 2 The effect of P rate and application 
method on soybean grain yield at NWES from 
1986 to 1988. 

P Rate• 1986 1987 1988 
lb. P/A - - - -- - - -- - - bu/A- - - - - - - --

0 35.3 32.1 21.3 
5 35.5 32.6 26.0 

10 36.7 32.1 23.9 
15 37.1 32.3 27.3 
20 35.0 31.6 24.3 

P Placement 

Broadcast 37.3 32.4 26.2 
Knife 36.1 31.7 24.8 
Starter 35.0 31.6 24.3 

• PRates were 0, 10, 20, 30, and 40 lb P/A In 1986 

Unlike spring wheat, soybean grain yield was 
significantly increased only in 1988. This 
increase was 6.0 bu/A. Again as with spring 
wheat no placement differences occurred. 

In this study, spring wheat had grain yield 
responses each year. Soybean grain yields 
only responded one year of three. Other 
studies have shown similar results that spring 
wheat responds to P fertilization more often 
than soybean. In the instances that a grain 
yield response did occur, the P application 
method did not effect the efficiency of the plant 
to use P fertilizer. At this time we do not know 
why on low soil test P soils in northwest 
Minnesota that we do not get a difference in 
grain yield response to different P application 

methods. We do know at this time that P 
fertilizer causes the same grain yield no matter 
what the method of application is for spring 
wheat and soybeans grown in Northwestern 
Minnesota. 

continued from front page 

grain yield associated with the Inoculation was 
small (1.5 bu/A), adding fertilizer N provided no 
additional grain yield (data not shown). 
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Several additional nodule, physiological and 
agronomic characters were measured In the 
trials briefly described In this article. 
Collectively, results from these trials provide 
strong evidence that nodulation, even mediocre 
nodulation under moderate to high soli No3--N 
conditions, can enhance grain yield and/or 
grain protein concentration of early-maturing 
soybean varities grown In NW MN. Inoculation 
protocols (strains, methods and rates of 
inoculation) designed to promote prolific and 
timely nodulation also are being evaluated at 
the NWES. 
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Which Cclw Size Is Best? 

How big should cows be? Which are better -
large or small? What size is most efficient? 
These are questions being answered with the 
long-term dairy cattle breeding project at the 
Northwest Experiment Station, Crookston. The 
project began in 1966 when two base groups 
from the herd with equal size and production 
ability were either bred to large or small high 
P.O. sires. The offspring of the group bred to 
large sires would continue to be bred to large 
sires in future generations and the small bred 
group to small sires. Some animals are now in 
their 7th and 8th generation in the breeding 
research project. . 

Data is continuing to be collected, and what 
has been found to date? Certainly size has 
changed through selection, but change is 
slower than most expected. First lactation cows 
differ by 11 0 lbs between small and large (1164 
vs 1274 lbs). Multi-lacation cows differ by just 
over 200 lbs so the large sired cows do 
continue to grow and the spread in weight 
continues to Increase as they get older. A large 
range of weights exist In the herd with some 
large cows weighing a ton and some small 
cows 900 lbs. First lactation large cows are 3 
em. taller than small cows, and cows In their 
second lactation and older are 4 em. different 
in height (2.5 em= 1 Inch) . 

There are also substantial differences in birth 
weight between size groups. Small males 
weigh seven lbs less than large males and 
small females weigh three lbs less. Overall 
males weigh 10 lbs heavier than females . 
There is no difference between small and large 
cows in calving ease, dystocia or retained 
placenta. Small cows do, however, have more 
edema or maybe it is an illusion that the 
swelling appears greater than it really is 
because of their smaller proportional size. 
Large cows do have more nutritional rumen 
problems than small cows, otherwise they are 
similar in health problems related to mammary 
gland, respirational disorders, locomotion (feet 
& leg problems) and reproductive efficiency. 

Nutritionally, small cows require 4.5% less 
feed than large cows primarily because of less 
maintenance requirement. The feed to milk 
comparison or feed efficiency is similar among 
big and little cows. Milk production in terms of 
fat-corrected milk is virtually identical among 
the two size groups. Small cows tend to have a 
slightly higher fat percentage in the milk and 
large cows produce a slightly higher volume of 
milk, but are nearly equal in 4% FMC 
produced. 

by George Marx, Dairy Scientist 

An unexpected difference was observed in 
this long-term study. Large sired steers raised 
as Ho~stein beef for market have a finished 
weigh lt of 200 lbs heavier than small sired 
males. However, the small steers finished for 
market a month earlier than the large bred 
steers. Carcass characteristics, however, are 
similar except for the large rib eye area in the 
large :sired steers. Large cows sold to the 
slaughter market also have a higher salvage 

value. This amounts to $121 /head more for the 
large culled cow sold as compared to the small 
sired cows sold for beef in today's market. 

Overall, we have made substantial progress 
in achieving efficient high producing small and 
large cows. We also want to credit the Holstein 
Association of America for helping support this 
project the past two years. 

Do big1 cows or little cows produce more milk? - What size Is most efficient on grain or 
forage1? - How big should cows be? These questions are being researched by the 
Northwest Experiment Station with their herd of 100 high-producing registered Holsteins. 



Manker, Morex, Robust & Excel: 
Recent And New Varieties Of An Ancient Crop 

Archaeologists estimate that barley was 
domesticated almost 9,000 years ago and that 
It was one of the first crops cultivated by 
civilized man. It Is likely that barley also was 
one of the first crops grown on large acreages 
In the northwest district of Minnesota 1. Despite 
Its long history of cultivation, most of the 
Improvements In productivity and grain quality 
of barley have occurred within the past few 
decades. Many of these Improvements have 
been associated with the development of 
superior varieties. 

Recent studies have estimated that nearly 
three-forths of the yield gains achieved by 
Minnesota spring barley growers during the 
last 40 years can be attributed to Improved 
varieties. Barley grain yields In northwest 
Minnesota have increased almost 300% since 
the early 1920's (Fig. 1 ). Data graphed In Fig. 1 
are the yearly average grain yields of the 
northwest dIstrict. Little change occurred prior 
to 1960, but yield and the rate of change In 
yield Increased dramatically during the 1960's, 
1970's and 1980's. 
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AG. 1 . AVERAGE GRAIN YIELD OF BARLEY GROWN IN THE 
NORTHWEST DISTRICT OF MINNESOTA. 1920 - 2000. 

Correction: 
Wildlife & CRP In NW Minnesota 

by Dan Svedarsky 

In the October 1989 issue of the Northwest 
Experiment Station News, I authored an article 
entitled, "Wildlife and CRP in Northwest 
Minnesota." In table 1 of the article, I 
mistakenly included 25% of total cropland 
acres under the "Acres In CRP" column of the 
Table. As some of you know, 25% of the total 
cropland is the maximum allowed. Please 
substitute the following corrected Table 1 to 
accompany that article and note an additional 
column has been added to indicate acres 
offered under the 9th sign-up. A majority of 
these acres will likely be accepted. 

* * * * * * * 

by John Wiersma, Agronomist 

Improved varieties which were developed, 
released and grown on large acreages during 
this period (Fig. 2) are largely responsible for 
these Impressive yield gains. The five-year 
average grain yield of the northwest district is 
given in Fig. 2 along with several varieties and 
their year of release. Without question, 
varieties recently released by the barley 
breeding project of the University of Minnesota, 
under the direction of Dr. D.C. Rasmusson, 
have provided the genetic potential for 
exceptional progress. The Northwest 
Experiment Station is pleased to have had the 
opportunity to play an Important role in 
developing and testing these varieties. 
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Manker and Morex contributed significantly to 
barley productivity during the time they were 
grown on large acreages. Robust, released In 
1983, continued the trend toward higher yields. 
The newest release, Excel, has performed well 
In local and regional trials and promises to 

0 

yield moderately higher than Robust. Excel 
also has improved malting quality 
characteristics compared to Robust. From the 
plant's perspective, just how have the recent 
Improvements been accomplished? What 
changes In the crop have occurred to provide 
these yield gains? 

Changes in several specific agronomic 
characters, often referred to as high-yield traits, 
have been associated with increased grain 
yields of newer Minnesota varieties. Compared 
to older varieties, these changes Include: (1) a 
reduction in plant height and an increase in 
straw stiffness; (2) an Increase In harvest 
Index, i.e. an Increase in grain weight relative 
to total plant dry weight; (3) an Increase in 
kernel size; (4) a slight delay In maturity; and 
(5) an overall Increase In plant vegetative 
biomass. Future varieties likely will reflect 
progress achieved In Identifying and 
Incorporating additional characters associated 
with high yields and yield stability. 

1 The northwest district is District 1 of the nine crop reporting districts of 
the state of Minnesota. It Includes the following 11 counties: Becker, Clay, 
Clearwater, Kittson, Mahnomen, Marshall, Norman, Pennington, Polk, Red 
Lake and Roseau. 

Table 1. Total cropland and acres enrolled in CRP in northwest Minnesota as of July 7, 1989 
and offered under 9th Sign-Up. (Source ASCS- USDA) 

County 

Kitts on 
Roseau 
Lake of the Woods 
Marshall 
Beltrami 
Pennington* 
Red Lake* 
East Polk 
West Polk 
Clearwater 
Norman 
Mahnomen 
Clay 
Becker 

Total 
Cropland 

464,452 
519,472 

77,840 
797,236 

88,026 
311,149 
215,017 
292,754 
699,945 

81,455 
473,051 
150,992 
549,962 
256,529 

Acres in CRP 
as of July 7,1989 

75,543 
97,720 

3,917 
154,763 

8,603 
76,678 
53,645 
44,766 
43,905 

6,341 
59,158 

8,259 
40,858 
33,578 

Additional Acres Offered 
Under 9th Sign-Up 

3,473 
11,135 

806 
9,712 

730 

2,950 
3,341 

194 
117 
434 

1,350 
1,089 

*Counties with approximately 25% of cropland enrolled and no longer accepting bids. 
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M e•~t the Staff ... 
During the past 16 years, all of the 

research scientists have been introduced 
to our readers. However, the support of 
the Civil Service and Bargaining Unit 
employees is very important to the 
operation of the Station. In this issue we 
feature the Farm Department. 

*************************** 
The Farm Department consists of three 

full-time employees and one part-time 
employee. The crew is headed by Dale 
Kopecky, farm foreman. Dale was born 
and raised at Euclid and graduated from 
Crookston Central High School. Dale 
started working as a summer employee in 
1972. In 1977 he was hired full time as a 
farm equipment operator. Dale was pro
moted to farm foreman in 1987 upon the 
retirement of Elvin Moran. 

Dale and his wife, Janet, are the parents 
of Karen, age 9 and Anne, age 7. Dale's 
hobbies include family activities, traveling, 
fishing, boating and snowmobiling. 

*************************** 
Ray Drellack, a farm equipment 

operator, has been a member of the farm 
department since 1968. Ray was born at 
Fork, Minnesota, which he describes as a 
little spot west of Stephen. Ray attended 
the Northwest School of Agriculture . 
Previous to his joining the Experiment 
Station, Ray was self employed. Ray has 
worked on all of the farm department 
assignments . Tillage and forage 
production are his primary areas of 
responsibility. 
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Ray and Dorothy have 5 children and 9 
grandchildren. Ray enjoys traveling, 
hunting and fishing. 

************************** 
Jim Boutaln, a farm equipment 

operat<)r, is from Red Lake Falls. Jim 
graduated from Lafayette High School in 
Red Lake Falls. He has been employed at 
the Experiment Station since 1982. Jim is 
responsible for grain and corn planting, 
sprayin!g and harvesting. The Station has 
benefiteld from Jim's strong background in 
farm mE~chanics . 

Jim and Narn have three daughters, Amy, 
Meg and Erica. Jim enjoys hunting and 
golfing ~n his spare time. 

************************** 
Rob Heggie, farm equipment operator, 

has worked part time for the Experiment 
Station since 1984. Rob is our resident 
bachelor. With Dale moving to the farm 
foreman position, Rob is assigned to 
sugarbeet production, but also helps in 
the other areas as well. 

Rob was born and raised in Crookston 
and attended Crookston Central High 
School. Rob's hobbies include water 
skiing, jet sking, golf, snow skiing, and 
snowmobiling. 

The farm department does an excellent 
job handling the Station's acreage. 
Thanks for a job well done. 

The Northwest Experiment Station farm crew Is waiting for spring -
Rob Heggie, Dale Kopecky, Jim Boutaln and Ray Drellack. 
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