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A REPORT Or FIELD RESEARCH Iil SOILS

The 1973 edition of the "Bluebook" is a compilation of data col-
lected and analyzed throughout flinnesota. Information was contributed
by personnel of the Department of Soil Science, Extension Soil.Special-
ists and Agronomists at St. Paul and at the branch stations of Crookston,
Grand Rapids, Lamberton, "orris, Rosemount and !laseca; and Soils and
Crops area agents. Other associate personnel contributing information
included: Iron Range Resources and Rehabilitation: !Minnesota Resources
Commissions: Office of llater Re;ources Research, U.S. Department of the
Interior; Soil Conservétion Service; SWCRD-ARS-USDA; Tennessee Valley
Authority; and the Veather Bureau?

Some of the results are from 1972 experiments only and should be
regarded on this basis. Since considerable amounts of data includes
only one year's study, it should not be considered as conclusive and not
for further publication.

Sincere appreciation is expressed for materials and/or financial
assistance or program support from several organizations including:
Amchem Products: American Potash Institute: American 0il Company:
Bonewitz Laboratories, Inc.: Chevron Chemical Comnany; CIC Biometercloqy
Graduate Program:; College of Environmental Sciences, University of
llisconsin; Conwed Corporation: Custom Farm Services: DuPont Chemical
Company:; Eagle-Picher Company: Elanco Products Comnany: Farmers Union
Central Exchange, Geigy Agricultural Chemical Corporation:; Gulf Qil
Company; Green Giant Company:; Howe Incorporated; International Harvester
Company. International iiinerals and Chemical Corporation; Jacaues Seed
Company; King Gas Company; liidland Cooperatives:; !linnesota Crop Improve-

ment Association; Minnesota Golf Course Superintendents Association;



ii
linnesota Limestone Producers Associaﬁion{ [linnesota Plant Food Associ-
ation; ilinnesota Soil and Hater'Conéefvation Commission: lionsanto
Chemical Corporation; !Montana Sulphur and Chemical Company: Matro-Gro,
Inc., Olin Agricultural Division; J. L. Shiely Company; Smith-Douglas
Division of Bordens Chemical; St. Paul Ammonia Products: Tennessee
Corporation; Tennessee Valley Authority; Trojan Seed Company; The
Fertilizer Institute; U.S. Borax and Chemical Corporation; and

Wyandotle Chemical Corporation.

Hote: Ilolybdenum values obtained with the Multi-Element Emmission
Spectrophotometer are questionable due to analytical inter-

ference.
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Climatological ilotes of 197é
by D. G. Paker
1. Review of the 1972 leather,
| by E. L. Kuehnast and D. G. Baker..
The year 1972 shall be lona remembered as one of the coldest
‘ years; a sumﬁer with many flash floods and a "month vrithout the
.sun". The year vas the co1dest_since:1917§ itinneapolis=-St. Paul
“mean temperature in 1617 vas 40,6 degrees and for:1972 - 41,3
.degrees. Flash floods occurred in every month from 'lay through
September, The’month of HOVemBer=receiyed‘tbe least amount of
sunshine of any month sincg sunshine records began:-

Yet the vear can be classified as a quiet and.neaceful vear

"~ wvith respect to severe storms. There vere only five tornadoes,

compared vith the normal of 17 per vear, and all five vere veak
‘and caused 1ittle damage. ' Also there vere less than the average

number of damaqging hail, wind and sno\: storms during the vear.

January

January vas.a very cold month with temperatufes averaging near

8 degrees below normal across tlie State. -The minus'53'deqrees‘bélow
zero at lioose Lake on the 15th was the coldest temperature in
Hinnesota since 1936 vhen i'arroad had a minus 55 degrees. 0Blizzards
occurred on the 12th in the north and on the 24th across the vhole
State.
February

- The second consécutive very co]d.month with tempergtures‘
averaging 6 deqrees below normal, though precipitation vas near

ﬁorma]; One Llizzard occurred on the 17th.



ifarch

.Slightlv belov normal month- though cold tie first ten days,
then varm the next 10 days which melted the very early snow cover
vhich began on flovember 23, 1971. - Heavy rains for Harch of necar
one inch across the central part.of the State occurred on the 21st.

Hinter 1971-72

The vrinter vas cold, temperatures averaging 5 degrees belov
normal. Precipitation vas. near normal 'with 3 blizzards.
April-liay

Temperatures continued to be beloyr normal averaaing near
3 degrees belov normal until the 16th~1Gth of llay vhen tempera-
tures rose from the lov 60's into the 80's and 90's and remained
high the rest of the month, lieavy rains off. and on in the Southvest
and lest Ceﬁtral Districts, continued to delay planting of crops.
'gggg :

A relatively dry month vith cool temperatures. A flash flood
- of 8 inches near tladelia on.the 7ith and 8th. The ice vent out of
Du]uth Harbor on the 9th, only in 1917 had it staved this late in
-the scason,

Spring

Gene;ally cool except the last half-of !Mav uvhich vas liot.
Rainfa]ls spotty, with !'est :Central and.part of the Soutinest
Districf.so vet that some farmers vere unable to plant a crop.
auly ,

'Cpld and vet month with rainfalls double the normal amount.
The flash flood on the 21st énd 22nd vas the "arand-daddy" of any
flashkflood to date within the state. It.covered the largest area,
had the greatest amount of rainfall and could be the most damaging

(once all statistics are in).  There were-unofficial rainfalls of

&y
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more than 13 inches through central iiinnesota.
huqust |

Yariable vith cold, hot then cool- ten day periods for the
month. Dry in the northwvest and south but wet from central through
1 northeast. Duluth and the Morth Shore had four days vith flash:
floods{ The most damaging flood in Duluth's history occurred early
morning of the Zist. Property damage ias heavy. -
September

Cool with cxceptionally variakle rainfalls, vet in the east
and relatively drv in the west. Flash floods again'in Duluth and
~ the l'orth Shore on the 20th, |
~ Summey.

~ Cold summer and vetter than normail with many local flash

f]dods. Thére v:as onlv one summer hot spell, a 10 day period in
min-August.
October

Very cold and vet with bitter cold wave in mid-Qctaber with tﬁe
season's first sianificant snovfall 6f 2 to 4 inches on the 17th
and 18th along the southern border,
ilovember

flovember vil1l Le remembered as the "month vithout fhe sun"
because this 1ias the least amount of sunshine for any month for
ilinnesota since sunshine records tegan in 1897. Analysis of the
data shows that the State received aliout 15 percent of possible
sunshine. Temperatures vvere normal and precipitation below normal,
with 1ittle to no snov during {lovember,
December

Temperatures averaged 8 degrees below normal. The first half

of December tias the coldest earlv December ever vith 156 consecutive



days having belou zero temperatﬁres. Blizzard conditions on
the 30th.
Fall |

It was a fall of extremes vith temberatures a]terﬁating
several times from warm to extreﬁe éold | Very vet up to the
first several days of ilovemter then very dry the rest of the fa]l
Long periods of cloudiness, Pinneapo1is had a strina of 23 davs
with a total of only G hours of sunshine viiich 1nc1uded a period

Ny

of 16 consecutive davs of no sun, a ney record

At St. Paul the solar radiation has beeﬁ measurad fok 0
vears vith the result that some special remarks can le nade
relative to the ahove comments on the sunmer of 1972 be1nq a
“cold summer and vietter than norma1“ and November as the "month'

without a sun",

" First the solar radiation in 19&2-at st. ‘Eaul vias fouhd fo he
only 0% of the average for the year as a vhole as w911 ae for the -
Hay-Senptember 1072 arou1ng season, lhvs, of course, is a reflect1on '
of the increased cloud cover during the summer, Secondarily,
l'ovember was found to have received onl& 59% of the average amount
of fadiatiqn. Little wonder then that it could be'cal1ed the "month

without the sun".

A question arises then that vith the acnerallv Lelov normal
temperature; and less than normal solar radiétion uhy vere crop
yields as good as they vere? It vould appear that a]thoﬁah tempera-»
ture and radiation vere prolab1v not at opt1num levels, the soil .

mo1sture remained at a fairlv high level. And in particu]ar the



rains vere generally distributed so that in most areas the crops
were never really subjected to a moisture stress. laterial in the
follovring section vould seem to indicate this to be true for a

large part of the state.

A note should be made hére with respect to the very cold
temperatures of early December that occurred'bgfqre an adequate
blanket of snow covered the soil. It is quite possille that this
condition may be a warning that the vinter-kill of plants such as
alfalfa may be higher than usual. As a result of the early Cecember
low temperatures the soil frost mav bLe more of the "concrete"

type than the more porous tvpe that is less damaginq to roots.

II. .Soil lioisture Survey.

by Donald G. Baker

The soil moisture at the end of the 1972 season vas adequate
to surp]us at all stations sampled except perhaps at Crookston as

shovn by Table 1.

: Thp column in Table 1 headed "llater Use Ly Crops" is interesting,
Except for the Long Frairie, Todd Co., site the data appear to aive
very reasonabhle results with respect to the amount of.watcr used by
crops based upon our simh]e.estimates. The Todd Co., results are
incorrect due to the heavy rains of July 21-22 which resulted in
severe flooding and much runoff. The other stations shoivs that about
17-20 inches are reouired for ‘most annual crops. The Grookston,

PolL Co., data illustrate once again that a crop that grous actively
througlout the season such as alfalfa is a large vater user compared

to annuals at the same site.



Table 1. The 1972 Soil !loisture SUfVey Results
Station Sample Soil I 8 Precip- Hater Use Crop Soil
NDates Preqen% 1tat10n by Crop Tvpe
Hayfield,
Dodge Co. 6/14 7.87 in o Soybeans  Kasson
11/30 .04 : S silt loam
-T1.17 in  20.57 in. 17.34in,
ililaca, . (
[ti11e Lacs 5/9 11.27 Hay - lora
County 11/9 14.90 L silt loam
- 3.63 23.99 © 17.9%
Crookston, 5/4 8.78 Barleyv llegne
Polk Co. 11/1 5.71 § , silty clay
: ‘ 3.0 14.24° 15.89 Toam
. Crookston, ' ’
Polk Co. 5/2 10.34 Alfalfa  Hegne
1N 1.81 silty clay
. 14.26 21.36 Toam
Crookston, .
Polk Co. 5/10 7.63 Suagarbeets ilegne
"N 3.98 . ) L silty clav
~3.65 " 13.38 15.6% loam
Lamberton _ '
Redviood 5/19 7.00 Corn licollet
County 10/25 6.0° : clay loam
' 0.91 19.10 18.10
Hinthrop missing Soybeans ilicollet
Sibley Co. 11/T = 8.9 C-- - clay loam
Long : ‘ ‘ |
Prairie, 5/10 13.94 ' ~ Alfalfa  Clowers
Todd Co. 10/C 10,12 ‘ loamy fine
3.82  31.80  32.44* sand
Kellogg | , 4 , :
Vabasha 4/16 0.87 Soybeans Fayette
- Co. 10/25 13.53 _ silt loam
- 3.60 25.29 19,10
Butter- .
field, 4/10 c.42 ‘ Corn . Mcollet
llatonwan 11/14 3.56 o clayv loam
County 0.8 21.72 20.41

L

-«



Table 1. (continued)

Date in spring and fall vhen soil sample was obtained.

The amount of plant available w&ter in a five foot column

of soil, - | o

The precipitatioﬁ measured at nearest Natidnal Veather Service

Cooperative Station betvieen the soil sample dates.

The amount of vater presumed to be used Ly the crop betveen

soil sample dates.A It is estimafedrthat 10% of the precipi-
tation is lost by éither_surfacé funpff. downvmrd drainage
of both. | |
Obviously the crop did not use this much wvater, fiuch of the

precipitation vas lost in runoff from the heavy rains of July

- vhen a total of 15.55 inches was measurod at Long Prairie.

lost of the July precipitat1on fe]] on Julv 21-22 uhen a tota]

of 10.12 inches was measured



Fia. 1 shous the 1972 soil vater profile o!:tained through the
groving season at Lamberton, Redi:cod Co., comparéd to an eleven
year averaqe. This figure may explain at least in’part vhy in spite
of the generally below normal temperatures and helov normal solar
radiation that the crop vields vere as good: as they were. That is, -
there was water present in the soil when needed, and the plants
never really suffered from a drought. This is particularly evident
jn Fig. 1 during the mid- to late- July period vthen ‘'silkina befins

and the vater supply to.the plant is apparently quite critical.

There 'is some additional information obtained as a result of
the long-term nature.of the soil moisture data that vill be of
interest to some readers. Talle 2 shows the amourit of vater consumed
by a corn crop (evapotranspiration) at Lamberton, Rédwood Co., if
the assumption that 10% is lost as either surface runoff, drainage .
through the profile or both. !!e have to make this simplifying
assumption for ve do not have the facilities to measure such Josses
at this time. Runoff measurcments of the Cottomood River vatershed,
in which Lamberton lies, shov that this estimate of 10% loss of
: precipitation is an acceptable one.

Dr. 0laf Soine has been measuring the soil moisture during the
course of the grovring season under a number of crops at the ilorthvest
Experiment Station, Crookston, since 1962. Table 3 is a summarv of
these data. Except vhen aroim in the samc vear a rigorous comparison
between crops viith respect to the iater consumption cannot be made.
For several of the crops, hovever, enouqh vears have been sampled

that a good idea of the water needs of these crons can Le obtained.

it

)

)
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Table 2. Amount of vater consumed by'cbrn crop (evapotranspiration
less) during indicated periods assuming 10% of qrowing
period precipitatibn is not availahle for use. Data
based upon soil moisture and precipitation measurements

by Dr, t10, tlelson, Southwest Experiment Station, .

Lqmbeqton.

Year Period : Vater Consumed
1961 5/1-10/2 17.55 inches
1962 5/1-0/26 Y

1963 5/1-10/19 . 19.00

1964 5/1-10/1 ' 18.84

1965 © 5/10-10/6 17.95

1966 ~ 5/17-10/17 17.55

1967 4/26-10/21 13.65

1968 4/30-5/13* 17,72

1969  Too ﬁet for late season_samp]es
1970 4/27-10/5 18.14

1971 . 5/5-0/17% 16.01

1972 . .5/19-10/25 18.10
Average | B 17.77 inches

* A later sample vould have Leen preferred, but it was too vet for
sampling. llovever, 1ittle vater is lost by evapotrahspiration '

after mid-Septenber.
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Table 3. Amount of vater consumed (inches) Ly various crops (evapotranépiration loss) during. indicated periods

assuming 10% of crovving period precipitation is not availakle for use.
measurements by Dr. Nlaf foine, flortinest Experiment Station, Crookston.

Data from soil and precipitation

Vear Crop
Afalfa Rarley Corn Pasture Sovbeans Sugarkteets “heat
Period  Use ‘
1062 5/7-16/1 18,32 4/25- 16,10 |5/31-  14.7G
. - 10/1 16/1
| e T e - ‘—-~qL-'-.‘r .
1663 5/4-10/1-12.87 5/8- 17.62 |5/10-10/3 15.50
1966 | 5/1-10/1 12.84 |5/1-10/1 12.4¢€ o 5/1-  17.37
10/1 .
1065 T 5/28- 10.5¢ |5/17-10/1 12.97
e . 10/1 N
1066 Is/0-9/30 15.25 £/31- 25.00 |5/31-5/30 12.50
. 9/30 A
1567 5/15- 13,70 5/26- 16.66
10/3 1- 10/3 ,
1968 5/17- 17.03 16/5-12/1 16.065/20-16/1 1¢.16

16/1




n

Talle 3. (continued)--
Year Crop
Mfalfa Barley Corn - Pasture Soyteans Suqarbeets “heat"

Period Use

]969 5/3-10/1 16.86 5/10- 17.74 |5/30-10/1 13.4C
— /30
1970 . |5/13-10/1 23.50 ‘ €/2-10/1 18.125/18-10/1 14,12 |
1971 4/30-10/4 16.40 4/30- 21.8G|5/7-10/4 11.%52
3 | . 10/4
1972 5/2-24/26 19.27 {5/4-9/28 13.¢4 5/16- 12.23¢
—_— —_ 9/29 S

Average 18.00 14.45 14,75 1£.4S 1€.1% 17.25 13.84




Once again I would 1ike to express myv appreciation to the
following individuals who have Leen résponsible for supplying
the soil moisture samples or the.combuted moisture content of
their samples, |
Steven F. Crull, District Conservationist, 11.,S.D.A., Msatonna, 'iinn.
Duane T. Goerend, Djstrict Conservationist, U.S.D;A., Gaviord, :iinn,
Roger V!, Hoff, District Conservationist, U,S.D.A., lalasha, !linn.
Lee R. Johnson, District Conservationist, U.S.D.A., St. James, fiinn,
Hilliam [i, Kalton, District Conservationist, U.S.D.A., itilaca, Minn,
Robert E. Krause, District Conservationist, U.S.D.A., Long Prairie,
finnesota.;
HaTllace 1., llelson, Univérsity of !'innesota, ﬁouthuest Experiment
Station, Lamberton, Hinhesota.
Olaf C. Sojne, Unjvgrsify of Hinnegota, ﬁorthwest Experiment

Statibn;‘CrookSton) ilinnesota.
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III. Thé Future Farmers of America Project
Rain Gage and Phenolonical Ohservations
by Donald G. Paker.

The observation of veather in the United Sfates is a function
of the ilational lleather Service (formerly called the U.S. Ueathef
Bureau), Department of Commerce. There are approximately 300
stations in the state with the majority maintained by voluntary

observers, Tvo seasons ano the F.F.A. estal:lished the Operation

Rain Gage as a project for their members to undertake. The otjective

~ of this project is to correctly measure aﬁd record all rainfall at
the F.F.A. members residence for the 5 month period iav throuqgh
Septemher. This project meﬁ uith'aimost instant success for there
vere ahout 800 observers in 1671, and this last season there \ere
morg_than 1200 membters vtio took‘part.. If this project can le
continued the possibilities are tremendous with respect to the
details that may be learned about ‘the state-wide precipitation
patterns, individual storﬁs. and'othcr matters relating to the

’ hydrology of the state.

Thanks in large-part to the F.F.A, otservers tvo severe storms
of the 1972 season'have Leen recorded in great detail. /ne
occurred near Hadelia in nortlieastern V'atomsan county on June 7-8.
The séconq storm ﬁasuﬁn'bu1y:21-22 in iiorrison and adjoining- |
counties in ilorth Central 'linnesota, The maonitude of the storm vas
tremendous, Its Qréai extent vas 6300 scuare miles and the area of

more than 5 inches of rain equalled 3500 square'miles. iearly 120

square miles received 13 inches or more. As a fesult of the combined

liational Veather Sérvicg and FuturéuFarmers of America netvorks of
observers the latter storm may 1ell be the lest documented- intense

. storm in the United States.

N

o
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Fig. 2 shovs é map of the rainfall as determined from a total
of 245 observers; vrith 215 of these being members of the F.F.A. Rain
Gage project. Lines are draym for every 2 inches from a 2-inch
total rainfall up to 12 inches with a dashed line for the 13 inch .
zone. An interesting feature of this map is the long and narrov
orientation of the rain. This is a common featurc of most storms.
The reason is that the storm cell or cells from which the heaviest
rain falls originate are moving with the upper vinds. Decause the
cells are moving the rainfall distribution usually shows a config-
uration similar to that in Fig. 2. The high amount of rain that
fell over such a larae area is certain to he of utmost concern to
the designers of structures that either carry or impede the move-
~ment of surface watef. .

(me fact that seems to Le emerging from these measurements is
that the occurrence of high intensity storms in ﬂinnesoié is more
frequent than previously suspected. The greater frequency of
cccurrence is not a matter of climatic change but undoubtedly due’
to the increased density of oliservers,

The F.F.A. Operation Rain Raqe advisors are !ir, Earl Kuchnast
and Joseph Strul of the Mational lleather Service and Donald Baker,
Soil Science Department, U. of llinnesota. _

Some of the members of the ilinnesota F.F.A. also are taking
phenological measurements of the crops raised on their farms. Like
the precipitation measurements these are nov in their second vear
but the number of oliservers is still very small, HMevertheless, same
very interesting and useful information has been obtained from thase
measurements. The tvpical corn and soybean plants in ilinnesota develep
as shown in Figs. 3 and 4. 1t was also found that the average

planting dates for corn and soybeans were fiay 13 and [lay 22,
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respectively,

General as the data shovm in F%gs. 3 and 4 are, as a result
of plant, management, soil and climatic differences, they can be
applied to certain practical matters. For example, in combination
with certain climatological information it may be found advisable
to advance or retard the silking period yhen meteorological
conditions are so important. Plant heiait is of concern vith
respect to the desion and use\of agricultural machinery. And,
too, . knovledge of plant height or the number of days
after planting can lLe used to estimate plant cover and other
features. Data oltained from measurements made af the St. Paul
Agricultural Experiment Station, Figs. 5 and 6, show that about
65% of the ground vill be covered by soybeans about 60 davs after
planting in narrow (20 inch) rov:'s and about 70 davs after planting
in wide rous of 36 inches. A plant cover of 65% is important for
at this point the soil is well protected from "qully vashers"
~and the soybean.evapotranspiration is equal to that of a full plant
cover. In general terms this condition of 65% cover is not
reached in Minnesota until akout the end of July vith respect to
sovbeans.

Ve regret that ve do not présent]y have data for corn similar
to that shown in Figs. 5 and 6,

Fig. 7 shows the general confiquration of the time when the
corn plants reached 4 inches in height in 1972. This figuré has the
same general pattern as does the temperature isolines for the
state: a warm area in south-central Minnesota which coincides with
the early date of the 4 inch height; cooler temperatures and later
dates when 4 inch height is reached in the southeast ahd southwest;

the 1ate season in the northwest; and virtually no crop and much
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Tower temperatures in northeastern !linncsota. ileager as the
data are upon vhich Fig. 7 vas dravm they do shovr the strong

relationship hetween crops and temperature,

IV. Spring Runoff

by Donald G. Baker

Armchair reasoning suggests that in those regions where soils
freeze measurement of winter precipitation should provide an excellent
means of predicting the early spring runoff. The reasoning is as
follows: little winter precipitation can enter the frozen soil;
- the soil cannot thaw to any great extent until free of the precipi-
tation of winter; and therefore most précipitation must be long as
spring runoff, |

A study vas made with the objective of verifving, if possible,
the above reasoning and to shov: that vwinter precipitation can be
used as a predictive tool in spring runoff fbrecasts,

From the studyAconductéd'a high correlation vas found between
the precipitation that fell when soils were frozen (defined as
the "cold.pefiod") and the early spring runoff in 8_of_10 ﬁater-
sheds in southern and central'ninﬁgsdta. The “chq pefiod"‘precipi-
tation thus becomes a useful tool'in‘predicting early spring runoff
amounts in those areas there soils freeze. The results also indicated
that the “cp]d period“ precipitation can be entirely accoﬁnted for
by runoff and sublimation (or evaporation). It was found that ad-
ditions to the soil vater reserves need not te called on to satisfy
an accounting of the disposal of the "cold period” precipitation.
This runoff preﬁic:xon method has the advantage of simp]fcify'oncé
a linear regressibh equation (“"cold périod" precipitation versus

measured runoff) for a watershed is calculated. This method
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requires only the measurement of soil temperature and precipitation
at one station in each vatershed. ) L
The'wqpersheds tested in this study largely.lie within agri-
cultural regions of relativelv intense cultivation. In forested

regions, vhere soils undergo a less intense winter thermal regime,

il

results may differ from those found in this study.

An example of the "cold period®, vhich was defined as the.
time vhen soils were frozen, can be obtained from-measurements
made at the Soutiwest Agricultural Experiment Station at Lamberton.
The soi] might be considered as frozen when the maximum daily soil
temperature at 2 inches remains. equal to or.lower than 32°F, And
it remains frozen until the minimum.daily spring temperature at
12 inches rises and rcmains above 32°F, .Based upon these criteria
Tablie 4 shows"the heginning and.ending dates of frbzen,soil and the
duration of this period as it occurred at Lamberton. ; |

Table 4, Soil freezing and thawing dates and duration of the
. “cold period", Lamberton,.1961-1972, . . ., = .

Soil Froze Soil Thawed . - Duration

Dec. 6, 1961 .April 24, 1962 139 days

Dec., 7, 1962 Harch 29, 1963 Mz -

Dec. 8, 1963 Apri] 10, 1964 . 123 .

tlov. 20, 1964 April 21, 1265 152

flov. 27, 1965 _ flarch 30, 1966 = 123 ...

Dec. 1, 1966 April 1 1967 121

Dec. 14, 1967 April 2, 1968. = 109 :

Dec., 6, 1968 April 14 19C9 129 *

flov. 28, 1969 i‘arch 17, 1970 . 109 *

Dec, 7, 1970 ilarch 30, 1971 n3 =

Dec., 26, 1971 April 11, 1972 106 v
Average: Dec. 5 ‘ April 6 121

9

* Soil temperature remained relatively high throughout the winter
and soil freezing was shallow. It is possible that drainage could
have occurred within the soil almost throughout the winter. This
certainly would be the case within soils that had a bit more in-
sulation or vegetative cover.
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Based upon data for the period 1961 19(8 the eariv spring
runoff from the COttOﬂhOOd River vatersued for exampie, expected
for a qiven amount of procipitation ‘ith1n the \atersheﬂ durinq the
"cold period", that 1s, vhen soils are frozen, is shovn in Tatle 5.
Similar data have been obtained for 9 otier uate(sheds_in southern
and qentra] ftinnesota. - o

- Tallo &, Prodictcd runo?f from. tlo Cotton=
. vood River vaters hed as measured at hev Ulm for given

amounts of "cold period" precipitation.

Cold period Punoff at flew Ulm,
Precipitation inches, ~ _inches.
0.50 Lo 060
1.00 L o0
.50 - . .0.00
2.00 - - -0.21
2.50 o . B.G6
3.00 o ' i.12
3.50 o 1.58
4.00 2,03
5.00 2.94
6.00 : 3.85
8.00 : 5.67

10.00 : o . 7.49
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SUGARBEET RESEARCH AT [ORTHWEST EXPERIVIEHT STATION, CROOKSTOH, IN 1972
Olaf C. Soine,.Soil Scientist

Sugarbget Rotation: The first four-year cycle of this field
experiment has been completed, summarized and submitted for publica-
~ tion. : ‘

Thg effect of the six different rotations on the yield, percent
sugar;‘purity, and sugar yield is given:jn Table\l.. The three fallow
rotations had the highest yields and highest impurities, vhile the
last three had the highest percent sugar and lowest impurities. There
was no difference in the recoverab]g_sugar per acre between the six

rotations.

Table 1. Effect of six rotations on yield, percent sugar, impurity
index and sugar yield, 1967-70 ~ -

Yield - Sugar Impdrity* Recoverable
Rotation T/A % Index Sugar 1bs/A
Black fallow 18.0 - 13.48 828 -4258
Legume fallow 17.5 13.83 864 4213
Alfalfa fallow 17.1 14,29 769 4317
Barley 17.0 14,27 m 4362
Soybeans 16.9 14.36 753 4311
Oats - 16.0 14.80 639 4286
LSD 5% 1.33 0.81 m ’ s

It is interesting to note that beets following black fallow out-
yielded beets following the oat rotation by two tons per acre but the
recoverable sugar yields were nearly identical. This occurred because
beets following black fallow had lower percent sugar and higher impurity
jndex. This index is calculated from the amount of sodium, potassium
and amino-nitrogen in the beet "brei". Beets following the three
fallow rotations contained larger amounts of these three materials which

produced more sugar impurities and less recoverable sugar per acre.

i
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Zinc: This zinc trial on sugarbeets in 1972 concludes three
years of work with this fertilizer material in the Glyndon-Sabin

area., The field data is given in Table 2.

Table 2, Effect of four rates of zinc on the yield and number of
beets harvested, 1972, Glyndon,

Rate Yield Ho. beets harvested
Treatment 1bs/A tons/A 60-ft. row
Check ' 0 17.5 50
Broadcast 10 - 17,2 : 53
‘Broadcast 20 17.4 L 48
Broadcast 40 17,1 52

Soil type: Glyndon silt loam, 2.2 ppm zinc.

The soil test of the plot area which contained 2.2 ppm of avail-
able zinc indicates that the beet crop had sufficient amounts of
- zinc. The data in Table 2 shows that. there were no yield increases
from the treatments.

Potash: There has been considerable interest in potash fertili-
zation of sugarbeets even though the Red River Valley soil contains
sufficient amounts. Generally the soils test from 300 to 600 ibs. of
available potash per acre and additional. potash will not increase
yields. In order to check this.out, a potash trial on beets was
undertaken in 1972 at the Northwest Experiment Station and the results

are given in Table 3,
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Table 3. Effect of five rates of potash on yield and number of sugar-
beets harvested, 1972.

Rate : Yield Ho. of beets

Treatment =~ 1bs/A o otons/A harvested/60 ft.
: : C ol . row -
Check 0 BRRTX 59
Broadcast : - 50 ;.i'url4.4 | 64
Broadcast 100 . 154 64
Broadcast ' 200 -~ 14,0 a 51
Broadcast 400 13,7 - 46

Soil test: pH 8.1
P 62 1bs/A
K 600-1bs/A
0J1H, .

The available soil potash was very high and the addition of the two
high rates of fertilizer resulted in a significant yield reduction. '
This high potash concentration also reduced the stand of beets as
indicated in Table 3.

Micro-lutrients: Micro-nutrients are needed-in'very small amounts
for plant growth and' the Red River Valléy soils contain adequate amounts
of these elements. Two years of field testing with- these nutrients
have shown that sugarbeet yields were not increased and the beet
plants were not deficient in micro-nutrients. Trials ‘were conducted
at Glyndon and the Horthwest Experiment Station'during 1971 and
1972 and the results are given in Table 4,

Sulfur is not a micro-nutrient but was included because of the
interest in this element for beet production. The individual rates

- of boron, manganese, sulfur and iron were mixed and applied as one

treatment and labeled "Blast".
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Table 4. Effect of five different micro-nutrients on yield at
Crookston and Glyndon, 1971-1972,

Treatment

Check
Blast
Boron
ilanganese
Sulfur

Iron

* The above materials mixed and applied as one treatment.

Glyndon
Check

Blast
Boron
Manganese
Sulfur
Iron

Soil test:

Cirookston

Glyndon

Rate
1b/A

0

*

2

10

20
0.3

Yield

" 16.0

16.7

1971-72(Ave. of

19.3
19.4
19.0

19,5 -
19.3-
" 19.7

18.4
* 16.4 17.7
2 ' 16.8 18.4
10 16.6 15.3
20 16.0 17.5

0.3 15.5 17.4

1bs/A

P K S B W In

97 420 54 2.8 1 1

1% 185 80 2.5 1 1

1971 &
1972 yields)
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There viere no significant yield increases from any treatment at
either location. The iron treatment.at Crookston produced a slight

yield increase but at Glyndon, the yle]d was reduced.

Mutrient Levels of Sugarbeet Blades: Leafvéémples vere
taken at Crookston and Glyndon and the nutrient levels are givén in
Table 5 for 1971 and 1972. Because of the late spring planting in
1972, the samples on August 16, 1972 were in the same stage of |
growth as those taken on July 19, 1971. Sulfur determinations are
not available at this time.

The results are very similar for both locations with a few
exceptions. The soil phosphorus at Glyndon was low and at Crookston
it was very high. (See bottom of Table 4.) Sodium content was
niocher at Glyndon. ifanganese and boron levels were higher at
Crookston, while iron was slightly higher at Glyndon.

A1l the micro-nutrients wérg_above deficiency levels--there
were no great differences betwéei treatments and check, or between

" treatments.

L



Table 5. RKutrient Levels of Sugarbe:t Leaf Blades at liorthwest Experiment Station, Crookston, and Glyndon,

1971-72.
Crookston ~ Sampled July 19, 1971 and August 16, 1572
Treatment Rate :

1b/a P K Ca Na vig S Fe In “n B tio

mmemmcmrccececDElCONtmemcncmccarcccacne  ccmeccccmocccas PPM=cemrmcenccana-

Check - 40  2.19 76 2.45 1.09 92 33 115 62 12

Blast * 40  2.20 73 2.45 1.03 ‘ 91 32 110 | 64 12

Boron 2 A2  2.27 .66 2,33 .25 93 32 97 62 1
[langanese 10 42 2,20 .72 2,56 1.01 ‘ 94 32 108 - 64 11
Sulfur 20 42  2.20 .04 2.47 .97 93 33 9 - 62 | 11.

Iron 0.3 40 2.1 .69 2.48 .99 - 89 33 - 116 65 n

Glyndon - Sampled July 22, 1971 and August 23, 1972 -

~ Check -- 29 2,36 .78 3.99 1.03 o102 33 67 47 13

Blast * .28 2.51 67 3.71 .88 N G4 39 61 43 11

Boron 2 .28 2.19 J1 3.98 .95 ' 91 33 ~ 60 a7 12

flanganese 10 .32 2,28 .69 3.76 .92 105 39 64 43 12
Sulfur 20 30 2.36 .73  3.86 . «95 100 34 61 47 12 -

Iron 0.3 32 2.43 73 3.69 .93 100 30 59 47 11

LE

* Above treatments mixed and added as a treatment.
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Available Soil lloisture Studies: HMoisture held in the soil
above the gravitational pull and below the permanent wilting point is
available for plant growth, This amount varies vrith the type of soii,
but the Fargo and Bearden soils can hold approximately 17 inches of
total available water in the top five feet of 5611. However, the
amount for optimum plant growth'iérapproximately 8-10 1inches.

Soil samples were taken each fa11 to a depth of five feet from
four sites and available moisturé determinations were made. Alfalfa,
beets, wheat and,1egqme fa]low_are.the crops grbun. The data is

given in Table 6.

Table 6. Available Soil Hbistufe at the end of the growing season,
Horthuest Experiment Station, 1971 and 1972,

Site , Soil Type | Texture Croﬁ Available Yater
o A s . 5 ft. depth
) 1971 1972
1 . Fargo . S, Clay Toam Alfalfa 6.43 in. 1.81 in.
2 Bearden © silt loam heat  --=- 5.71 in.
3 Bearden -©  Silt loam . . Beets  9.91 in. 3.98 in.
4

Bearden HSi]t Toam Alfalfa
L N . fallow 11.10% in. 4.82%% {p,

*  Black fallow 1971
Wk 1§t crop hay, fallow 1972

The.avai1ab1e soil moisture was low at the end of 1972 compared
to 1971. Site 1 (alf&lfa 1972) Qés Qéry lov and the top three féet
were extremely dry, Siie 4 (a1fa1fa faliow 1972) was low, consider-
ing that it was in fallow after the rgmova] of the first cutting of
alfalfa. The;sbil moisture in fﬁfé'érea vas generally lov at the

end of the cropping season because of the dry fall.

P
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Water Use Per Day: From the availab]e soil moisture study it
is possible to calculate the \ater use per day for the three crops

mentioned above. This data is g1ven in Table 7.

Table 7. Hater use per day for AIféifa, Sugarbeefs. and Barley, at
the Northwest Experiment-Station, 1972,

Water use per day in inches

Sample Period Alfalfa--~-Sugarbeets..-.Barley
5/2-5/31* 77 © .060 .043
6/1-6/30 143 - 004 , .102
71-8/1 .097 077 . 195
8/2-8/31 166 - - 144 147
9/1-9/28 .084 - . 108 .083
9/29-11/1 _.060 . 084 . _.065_
Total for season 21.89 13.69 19.29

* £/16-5/31 samp]e period for sugarbeéts;

Alfalfa with its long root'sysfgm.is a heavy consumer of.soii
moisture, starting with ear]y spring growth.and ending at freeze-up
time in the fall. Grain crops 11ke wheat and barley use conswderab]e
soil moisture dur1ng the growing season but are harvested ear]1er than
sugarbeets. Suqarbeets are low users dur1ng the ear]y grou1ng season

but by mid-.season requvre ]asqe amaunts of 5011 moisture.
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Weather Summary 1972: Slightly 1ower,temperatgres and less precipi-
tation were recorded for 1972 at Crookston. 0n1y four months--Harch,
May, June and August--were above the. 1ong-time mean temperature.
January was the coldest month with a -;4° compared to the iong-time
mean temperature of 4.9°. ODecember had a mean temperature of 4.0°
compared to 11.6°, the 60-year average; o '

The weather summary for 1972 whiEﬁ is given in Table 1, in¢ludes
precipitation, mean temperature, and 10ng-t1me averages, Table 2
. gives the clear and cloudy days. |

The last spring frost occurred dn*May 7 vhen the temperatdre
dropped to 28°, The first fall frosffocdurred on September 27 when
the low temperature was 30°, A killing frost came on October 17 with
a reading of 15.0°.

The frost-free period of 143 days during 1972 was 18.days longer
than average. o

The total precipitatiqn ended with a deficit‘of‘2.24 inches. Of
the total precipitation, 15.63 inches‘fe11 as rain epd ;@eAremeining
2.33 1nches came from the'43 inches of snov., The last three months
were below normal 1n prec1p1tat1on and the soils in this area were
drier than usual at the end of the fall. Ju]y and Auqust were the
- only months above average in precip1tation.

The snowfall for the calendar year measured 43 inches, and for
the winter 1971-72 it was 40 inches. The moisture content per inch
of snow for 1972 vas .054 inches and for the winter 1971-72 it vas

.065 inches.



Table 8. Weather Summary for 1972 \lith Averages for Precinitaiion and liean Temperatures for 1500-70.

Precipitation--inch ilean Temperatures in
Snow Precip. : Degrees

ionth Inch Inch Rain Total 1609-70 1972 1910-70
January o .55 0 55 .56 -.4 4.9
February 6 .46 0 .36 .61 2.7 8.8
ifarch 1 .48 1 .59 .79 22.5 16.3
April 1 .07 1.28 1.35 1.51 40.3 41.4
May 0 0 1.46 1.46 2.62 60.4 54.6
June 0 0 2.31 2.31 3.36 66.7 64.0
July 0 0 3.85 3.85 2,98 66.4 69.7
August - 0 0 3.16 3.16 2.89 70.5 67.5
September 0 0 2.46 2.46 2.11 56.2 57.2
October 4 .23 .79 1.02 1.34 43,7 45,0
ilovember 2 .10 d1 .21 .06 27.1 27.2
December 10 .44 .10 .54 N .59 4,0 11.6
Total 43 2.33 15.63 17.96 20,20 Av, 38.3 39.0

G¢

Table 9., HNumber of clear, partly cloudy, and cloudy days for 1972.

Jan, Feb. HMarch April HMay June July Aug. Sept. Oct. HNov. Dec. Avg.

Clear 7 10 12 5 8 17 10 1N 6 6 1 15 9
P. Cloudy 11 ) 4 14 13 9 14 12 12 13 6 4 10
Cloudy 13 n 15 n 10 4 7 8 12 12 23 12 12
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Iron and Zinc Trial on Corn: This will conclude two years of field
testing with cofn and the data will be summarized. |

Sequestrene 138 iron and sequéstrene zinc chelate viere used.

The materials were broadcast, the blots were rototilled and harroved
before planting. Botﬁ materials vere coated on 18-46-0 at 8 1b. per
100 b, of fertilizer, which helped in obtaining a uniform application.
Cargill 185 corn was drilled in 22-inch rows on May 30 and the plofs
weré‘harvested the first part of October.

Table Upgives the yield of corn for the various treatments of
iron and zinc. The headiﬁg “Fekti]izér“ in Tab]élb gives the amount
of 18-46-0 ‘that vas a;plied to furnish the required amount of iron and
zinc per acre.

Table 10, Thé effect of iron and zinc on the yield of corn, 1970.

Yield* |

Treatment Rate ' Fertilizer! 1972 1970 & '72 ave.
1177 SN 'Y/ SRR ) N—

Check -- 63 142 122

Check . e= 125 156 ———

Zinc 0.36 . 32 143 125

Zinc 0.72 . ' 63. 136 117

Iron 0.30 - 63 150 120

Iron 0.60 125 143 117

12inc and iron chelates furnished by Giegy Chemical COmpany.
138 Iron contained 6% iron . L
Zinc (NapZn) contained 14.2% zinc

Soil test: ‘pH ~ 8,0° P’ 58 Ib/A
n 2.4 K 600 1b/A

The soil phosphorus and potash levels were very high and 100 1bs.
of nitrogen (300 1bs, ilHyli03) were added to eliminate any possibility
of nitrogen def1c1ency. A R

Corn yields vere very h1gh in 1972 and the check plot whuch
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received 125 1bs/A of fertilizer 18:46-0 produced the highest yield.
The high rates of zinc and iron tended to depress the corn yields in
1972, but no great differences appeared. . This same pattern appeared
in the 2-year average yield data but no significant treatment

differences were noted.
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W ITROGEI! TRIALS Of SHALL GRAIHS AT THE NORTHUEST
EXPCRIVENT STATION, CROOKSTOMN, 1972, :

This is the second year of the -cooperative trial at Crookston,
Lamberton and [orris to determine the proper rates of nitrogen

fertilizer for semi-dwarf varieties of wheat, barley and oats.

Fertilizer 0-30-15 O 100 1bs per acre vas broadcast with the
various rates of ammonjum nitrate and vorked into the soil. f{lo
drill-applied fertilizer was used. The plot area was in beets

in 1972,

The late spring delayed field work. OBarley was planted on
~ April 27, wheat on ilay G, and oats on Hay 2.

Table 1 gives tlie soil analysis of the plot area for each crop.

Table 1. Soil Analysis.

0. ilatter pH P K Noiji E_ EE

----- 1bs/a==mcccana ppm ppm

itheat H 7.8 8 600 47 15 2.4
Barley H 7.9 47 600 55 15 2.4
Oats H 8.1 62 600 63 15 2.4

Tables 2, 3, and 4 give the yield, percert of protein, and 13 bushel
weight for the three classes for 1972 and average for 1971-72.

P R Y . - S Py
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Table 2, Effect of four nitrogen treatments on yields of wheat,
barley and oat varieties for 1972 and 1971-72.

1972 1971-72

Treatment  Ciano Chris Era Ciano Chris Cra

----- T/ —— SRS Y 7 W,
Check 22,5 20.8 3.5 3.0 37.3  39.4
40 1b 33.3 38.7 52.9 4.7 49,1 61.3
80 1b 40.9 41.8 62.2 47.2 49.3 71.5
120 1b 41.2 45,1 57.4 49.6  53.3 68.1
LSD 5% 6.5 8.6

Treatment Dickson Larker 65.220 Dickson Larker 65-220%

---------- bu/Asemscncn ' cmcaccmecuccbf/Ammcccncn-
Check 42.9 41,9 39.2 63.1 557  GO.4
30 1b 560 5.0 G641  73.5 60.0  64.3
60 b 61.5  56.8  63.8 8.1 60.5 758
90 1b 7.3 577 720 767 65.2  75.6
LSD 5% 6.0 53 53

* VYariety 64-76 grown fn 1971 ahd averaged with 65-220.

Treatment  Otter Lodi  Diana _ Otter Lodi Diana

------- bu/Acemecnenaa cmcmeccveenh/Acrcncnns
Check 56.9  5€.1 43.5 69.6  70.1 53.7
30 1b 7C.3 74,4 (8.3 72.8  75.8 69.2
60 1b 7.9  77.1  82.8 82.9 83.5 72.0
90 1b 83.6 86.6 €9.0 79.7  86.9 80.8

LSD 5% 18.0 24.0 19.0




40

Table 3. Effect of four nitrogen treatments on buShe] vieight of
wheat, barley and oat varieties for 1972 and 1971-72.

------- -7 72— SRR, [17 5 (N / TS
Treatment Ciano Chris Era Ciano Chris Era

———— bu.wt,emeeee - '-------;bh; wf;;----
Check 62 60 GO 63 60 60
40 1b 8 6l 61 63 7 I Y
80 1b 63 60 61 3 6 61
120 b 63 60 GO 6 60 61

Treatment Dickson Larker 65-220 Dickson Larker . 65-220

--------- bu. Wt,«cwcen  ccccccwa-aby, Wt emmmem-
Check 46 fe a4 87 43 46
30 1b 49 49 6 48 48 " 45
60 1b 48 50 46 48 48 45
90 1b 48 4 46 48 47 46
Treatment Otter- Lodi biéha Oftér Lodi Diané
-------- bu., wt,===e== cmemmmenapy, Wi, omee——-
Check 3 % 3% 3B 36 37
30 1b 38 37 36 37 36 37

60 1b 37 38 36 37 37 . 38
90 1b 37 37 36 37 36 37
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Table 4. Effect of four nitrogen treatments on percent protein of
vheat and barley varieties for 1972 and 1971-72.

------  [57 77— cmmmneaea1971-72-muu-
Treatment Ciano Chris Era Ciano Chris Era

------ % protein---- mee=wee==f protein---
Check 13.3 11.5 1.0 13.1 12.1 10.6
40 1b 14.2 12.4 10.5 13.6 12.6 10.4
80 1b 15.8 12.9 11.2 15.5 13.8 11.7
120 1b 16.8 140 131 16.0 14.6 13.3
LSD 5% 1.44 0.72 1.15

Treatment Dickson Larker G5-220 Dickson Larker 65-220

-------- % proteineeese  ccccacee-e-? protein----
Check 10.9 11.2 10.8 11.3  11.6 11.1
30 b 10.9 12.2 1.2 n.s 12.7 11.6
60 1b 1.9  12.4 12,1 12, 12,9 12.2
2 1b 12,9 13.7 12.4 12,5 13.5 12.3

LSD 5% 1.1 0.5 0.5
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FEBTILIZER TRIALSfONtALFALFA - ELK RIVER 1972
| C. J. Overdah! and C, P, Klln+f
The alfalfa plots were reseeded in 1971 and treatments were modiflad
slléhfly over the preceding years. The plots were mowed twice the
seeding year and In 1972 three cuttings were made.
Alfalfa ylelds, soll test K and ﬁercgn+ K fh'planT tissue for
irrigated vs, unirrigated plofé were és.foliows: .
Rates of K-0/acre and *lme of application

0 0 Oct. 240 Qct. 240 Oct.
0 240 June 0 June 240 June

Irrigated (avg. pH 6.8)

Yield T/A 3.4a 5,4p¥** 4.9b 5.3b
Soil test K ‘ '
(Sept.) 72 380 182 565
9 K tissue |

Ist cut 1.42 2.95 . 3.18 . 3.54.
2nd cut l.14 2.68 2.30 2.48
3rd cut 1,19 . 2.31 . 2,18 ... 2.62

Non-irrigated (avg. pH 6.3)

Yield T/A - 2,9a 4,4p** 4.2b 4,2b
Soll fest K
(Sept.) 90 390 242 590
% K tissue
Ist cut .84 2.98 3.31 3,72
2nd cut .99 2.26 2.03 2,67
3rd cut .32 2.47 2.38 2.86

#* where letters after yleld differ from check plot, yields are
different statistically at the 1S level of confidence,

I Efforts of Dean Fairchild, Charies Behrens, Bob Schoper, Glenn Titrud
and others assisting on plots are gratefully acknowledged.
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POTATO FERTILIZATION ON IRRIGATED LOAMY SANDS - ELK RIVER
C. J. Overdah! and C. P, Klin'l-l

K

Norland potatoes have been grown continuously since 1968 except for a
one year break in 1971 when the plots were seeded to rye. The variables
are potassium, magnesium and nitrogen..

Nltrogen Effect , Yield, Cwt/acre

N + P,05 + K50 | 1968 1969 1970 1972
75 + 150 + 500 " 139a  251a’ 84a 201a
150% + 150 + 500 : '204b 270b 233c¢ 230b
300% + 150 + 500 216b ~ 285b 187b 2224

* had additional N treatments of 75 and 225 above regular 150
and 300 treatments in 1970,

Potassium-Magnesium Effect ‘ Yield, Cwt/acre

N + P05 + KZO + Mg - 1968 - 1969 197¢C 1972
200 + 150 + 0 + O 158~ 270 267 210
200 + 150 + 150 + O . 170 - 288 268 320
200 + 150 + 500 + O 189 285 287 339
200 + 150 + O + 50 195 286 237 207
200 + 150 + 150 + 50 199 327 294 334
200 + 150 + 500 + 50 183 305 263 284

N.S. N.S.  N.S. N.S,

Average Potassium Effect Average Magnesium Effect
K20 1968 1969 1970 1972 Mg Ibs/a 1968 1969 1970 1972

0 176 278 252 209a 0 172 282 274 290
150 185 306 281 327b 50 192 304 265 275

500 186 297 275 311b N.S. N,S. N.§. N.S.
N.s' N.s. N.S. ** ' -

Potassium-magnesium interaction in‘pe+iole analyses (1972)

K,0 Alone K0 + 50#/A Mg
0 150 500 0 150 500
g K .47 5.95 11,16 .79 6.80 10.68
2 Mg 1.12 0.42 0.07 1,42 0,52 0.10

! Efforts of Dean Fairchild, Bob Schoper, Bob McCaslin, Charles Behrens,
Glenn Titrud and others are gratefully acknowiedged.
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FIELD EXPERIMENTS WITH .SOIL MODIFICATION
Oil AN IRRIGATED HUBBARD SOIL-ELK RIVER-1972

R.S. Farnham and D.S. Fairchild

This soil modification experiment using organic and inorganic
detention layers in atsandy Hubbérd soil were started in 1969 and
continued through 1972, Materié]s used in the layers include peats,
viood products, composfed garbage; manure, calcinad clay and
vermiculite. The objectives of these studies are to improve the
air, water, and nutrient coﬁdiiions fn fhé-root‘:bne environment
of this droughty sandy soil. Layers were installed in 1969 in
both rows and square plots at a depth of 18 inches}below the
surface. Yields of field corn obtained in 1670 and 1971 seascns

seemed to be relatively higher where layers were placed in soil,
1972 STUDIES-CORH

- The variety - Minhybrid 4éb1 - a 110 day corn vas planted
May 8, 1972 at a population of.25,640 per acre. fhe'row Qidth
was 206 inches. A Laséo-Atrazine mix herbicide was applied beiore
planting. Fertilizer applied included 850 1bs. of 8-16-16 broadcast
and disked before planting and side dressing of 75 1bs. M on June 5th,
and 70 1bs. N on June 17th.

The total rainfall for the growing season May-October inclusive
was 20.6 inches which is above average‘preéipitation for the season.
July rainfall was 8.47 inches. In addition irrigation water applied
totaled 7.0 inches and was applied at weekly intervals,

Table 1 shows the yields of corn obtained on the various plots.
yields varied from a low of 139 on the check plots to a high of 185

with one of the peat 1ayer§. Differences in yields in 1972 were not

. e e, A -
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as great as in 1970 and 1971 probably because of the more than
adequate rainfall’ throughout the season.

The plots were harvested October 20, 1972.

In general the yields were éood’%ﬁ:1952 but not as high on

the average as in 1970 and 1971.

Table 1, Soil Modification P]ots.at Elk River - Corn - 1972,

‘ H

Treatments o Yield ..
(Type of Layers) 1972 Bu/Acre
Check (No layers) S Ave, 135

Range 137-148

A. Squave Plots (14' x 14')

Reed - Sedge peat : : K » 153
Sphagnum Peat o T 164
Hydromuich S 145
Calcined Clay o - 160
Vermiculite , S , oo 162

B. Row Plots (18° wide)

Hydromulch , ‘ : R . 154
Composted Garbage A , 163
Reed - Sedge Peat (fresh) | R 154
Reed - Sedge Peat (compost.) . 172
Sphagnum Peat : . 162
Vermiculite. 1/2" : : 165
Vermiculite 3/4" } \ 150
Vermiculite 1 " 155

Calcined Clay 160
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1972 Fertigation of Corn on a Hubbard Loamy
Coarse Sand in Sherburne County.

John [facGregor, Dean ‘Fairchild, and Robert funter

Some two or three million acres of san&y sqils in [linnesota

are, or could be irrigated. These soils qfe droughty and usually
low in orﬁanic matter, The avaiiabilitj and addiiion of water is
usually the first requirement for economic crop production.
ilon-legume crops, such as corn, require'large amounts of fertilizer
or other nitrogen which is now comparatively low in cost. Fertilizer
nitrogen can be readily added in sprinkler irrigation water, Lut
must be followed by a clear water rinsing at the end of each nitrogen
sprinkling treatment._ Some mineral elements such as potassium may
also be initially deficient, and eventually several or even all of
.the essential mineral fertilizer elements must be applied. Uthere
legum:s such as soybeans, alfalfa, or several of the clovers are to
be growm, initial 1iming of many of these soils would be desirable,
in addition to the later need of the essential mineral elements.

This 1972 study of the effectiveness of rate and time of nitrogen
application to sprinkler irrigated corn was a continuation of a 1971
study previously réported in Soi1 Series 88, pp 50-57. It will be
continued in 1973: |

The land.was blowed on April 18th, disked on fiay 3rd, harrowed
and planted on iay 4th to supply a population of 30,723 plants per
acre. The seed was Minhybrid 4201 (110 day) in 30" rous, 2" deep,
without starter fertilizer. On May 8th, AA trex 80 U vias applied
at the rate of 2 1bs. and Lasso at 1 1b/A in 45 gallons of vater.
Initial irrigation was cn Hay 9th, with a season total of 6.0"
concluding on September ist. Total May through September rainfall
waleI.ZO?. making a total moisture supply (rainfall and irrigation)
of 27.20" during the five month peried. The 1972 growing season \as

. e et Al e -
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compaiatively cool, and the mature corn vas harvestgd in late
October. The 1971 and the 1972 results are shown in Table 1.

Sixth corn leaf N was determined in 1971 but not in 1972.

Since 2.5% N is usually assumed to be the desirable concentration
for optimum corn production, it is evident that for I épplied at
rates of 200 to 300 pounds per acre, such WQqu be best applied at
monthly or bimoﬁth]y inferva]s which has increased Il concentrations
to this concentration in thé corn leaves.

The 1972 grain yields vere considerably lower than those of
the preceding vear, but the effect of il oﬁ grain yields shows much
the same trend. HNitrogen fertilization at the 200 1b/A rate appears
most efficient, with the monthly applications being quite effective
with all three Nl app]icatidn rates. fhié‘éfso seems to be rela-
tively true for the relative amounts of I removed in the corn grain.

It is apparent that when lénd reﬁta], 1abof, machinery, irri-
gation, fertilizer, and all other coéfs are taken into consideration,
four N treatments made at monthly intervals supplying 50 1bs N/A
eacn time would have maximum efficiency. This ﬁou]d provide
excellent corn yields at minimum expense, and also would allow rela-
tively little of the applied fertilizer  to be leached into sub-

_ terranean waters with the minimum possible contamination.

One of the main objectives of this study is to determine the
number of years irrigated corn can be grovn supplying fertilizer N
alone. Phosphorus and potassium fertilizers wefe last applied -
for the 196 corn crop, and N alone has been applied for the crops
of 1970, 1971, and 1972. llutrient element deficiencies to date
have been limited fo insufficient [ fertilization, especially those

plots having no N during the last five years of corn production.
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Table 1. The 1971 and 1972 yields and ii content of corn grain and of corn ieaves on irrigated Hubbard loamy.
coarse sand near Elk River with different rates and times ¢f N fertilization (average of 6 replications).

f applfed Time(s) of N* #INOf B %of 1 in Bu Cbrn/A @ g
: . ' N in corn # N removed

annually  application m ?;I;]leaf,lgn 15.5% Ho0 . W% %M%
(1bs./A) 7 7 g . I?71 !47? , 2 9 : g g
Home  mmememeeceee- R 0,61 ===~ 43l 212 .0.92 0.84ab 19  Ba
100 5/8 after planting 100 109 seed o2b ©  68b  0.82 ~ 0.88abc 28 30b
100 . -5/8,6/5,7/8,8/8 25 1.2 ---- 156cd  0od 1.06 0.8% 77 43c
00.  5/8&22 6/58&23, . o L : | —

- 7/8&21,8/8&22. 12.5 1.63 === 136c 93¢ 1,02  0.98abcd 66 43c
200 5/8 after planting 2000  1.11°  wee= 158cde  125e2 0.9  1.03cd 74 60d
200 ~ 5/8,6/5,7/8,8/8 © 50 1.89 = ---- 185def 143fF 1,156  1.09d- 101, - 72d
200 5/8 & 22, 6/5 & 23, o | R « .

. 7/8&%21,8/88&22. 25 2,10 ~--- 192f  141F  1.23 1.00bcd 112° 67d
300 5/8 after planting 300 1.15 ———— 173def  12Ge 1.02 1.0lbed 84 59d
300 5/8,6/5,7/8,8/8 75 2,06 ---- 195f  142f  1.33  1.08d 122 7d
300  5/8°% 22, 6/5 & 23, o T . :

: 7/8 & 21, 8/8 & 22.  31.5 2,43  ---- 18%f  138ef 1.36 1.12d 121 72d

* The 1972 treatments vere 3 days earlier than in the 1971 season.
1. 2umber§ fg}lowed by the same letter are not s1gnificant1y different at the 5% Tevel (Duncan's new lultiple
ange Test).
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The Effect of Four Fertilizer Nitrogen Sources
on 1972 Corn Yields Produced on Irrigated Hubbard

Loamy Coarse Sand in Sherburne County.
John MacGregor, Dean Fairchild, Curtis Klint

There is periodic interest in possible differences in corn
yields when the grower uses different‘kinds of fertilizer nitrogen.
Previous experimants, conducted by the Department of Soil Sciznce,
have shown these N sources produced essentially equivalent corn
yields when equal rates of nitrogen were aﬁplied by acceptable
procedures. Since the earlier Minnesota studies had been conducted
on unirrigated soils of finer texturé, it WAS considered possible
thet some yield differences might result if the diffefenth fertiiizer
sources were applied t¢ the irrigated porous and N deficient‘
sandier soils. |

Minhybrid 4201 (110 day) was planted on May 4th in 30" rows tc
provide a p?ant pcpulation of 30,000 plants per azre. No starter
fertilizer was applied. The herbicide was AAtrex 80 Y at the rate
of 2 1bs/A and 1 1b Lasso applied as a spray in 45 gal of water/A.
Sprinkler irrigation was commenced on May 9th and then as nea=ded
until September 1st. A total of 6" irrigation water was applied.
The May-September (inclusive) rainfall was 21.2", providing a totzl
water supply during the 5 month growing period of 27.2". The
growing season of 1972 was comparatively cool.

Each of the 4 N sources supplied N at the rate of 150#/A.
inera were 5 replications of each treatment, each of the experimental
plots being 15' x 50' in size. The corn was sampled in late
October, the grain analyzed for M concentrations and the results

including per acre N removal are shown in Table 1.
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The three solid nitrogen sources (ammonium nitrate, ammonium

sulfate, and ureca) vere broadcast on Nay 4th. The anhydrous

amronia vias knifed into the soi] approximatelj one veek later.,

1. The three solid n1troqen fcrt1lizer9 vere donated by HOWP
Fertilizers Inc. |

2. The anhydrous ammonia was supplied-and applied bv the King

Gas Company of QOsseo,

Table 1. The Effect of Four Nitroqen Fertilizers Spring App]ied
to an Irriqated HublLard Loamy Coarse Sand in Sherburne

County on 1972 Corn Yie]d, N Content and Removal <n

Grain. .
Hitrogen flitrogen ~ Bu/A ear corn % 0'in ! removal
broadcast source 0 15.5% moisture grain in 1bs/A
none = em=-- 1 ad . 0,97 4.6 a
150 Ammonium sulfate 119 b 1.12 61.3 be
150 Anhydrous ammonia 123 bec " 1.02 58,5 b
150 Urea 125 be - o100 66.1 bc

150 - - Ammonium nitrate: 152 ¢ ' 1.14 80.1 ¢

3

at the 5% leve! (Duncan's new multiple Range Test).

A1l four nitroagen fertilizer treatments significantly increased
corn vielis. There was no sionificant difference between ammonium
sulfate, aniavdrcus ammonia, or urea, the ammonium nitrate being
significantly more effective than the same amount of f! applied as

anhydrous ammonia. HMitrogen concentrations in the corn grain

= Humbers followed by the same letter arc not sianificantly different.

L 1]
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varied littie, and amounts of ii removed in the grain vere largely
dependent on the grain yields obtained from each of the treatments.
The differences in 1972 corn yield resulting from the
different fertilizer It sources should not be considered as con-
clusive and this experiment vwill be repeated in 1973 for additional

information.
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The Time of Nitrogen Fertilization and 1972 Yield of
Russet Burbank Potatoes Grovm on Irrigated Hubbard Loamy
Coarse Sand in Sherburne County. .

John Machregor, Curtis Klint, Glenn Titrud, and Dean Fairchild

Since relatively large amounts.of nitrogen fertilizer are now
usually applied for potato production on the irrigated soils of the-
ilississippi sand plain, an experiment was designed to test the rela-
tive efficiencies of one or several split il fertilizer treatments
(having the same total amounts of il applied) on eventual yields of
Russet Burbank potatoes previously planted with a basic N+P205+KZO
starter fertilizer. Four replications of cach of four treatments
were established in a Latin square design, each of the plots being
20" x 40',

The starter fertilizer used at planting was 6-12-24* applied
at the rate of 834 Tbs/A to supply the three major nutrients as
50+100+200. Total W, including the later application(s) was to be
at the rate of 200 1bs i/A. Four times of Il application were to be
studied. These vere:

1. 1! at the rate of 150 1Ls/A-applied July l1st.
2. I at 50 1bs/A rate-each on Hay 15, June 15, and July 15.
3. N at 50 1bs/A rate-each on June 15, July 15, and Aug. 15.
4., [ at 25 1bs/A rate-each on June 1 and 15, July 1 and 15, and
August 1 and 15,
A1l four deferred M treatments viere as ammonium nitrate,
dissolved and applied in the irrigation vater.

The experimental area was plowed on April 23rd, disked on
April 24th, and herbicide EPTC sprayed on at the rate of 3 1bs/A
in 45 gallons of water and worked in. The Russet Burbank potatoes

vere planted in 26" rows, 11" drop. The potatoes were hilled on

P N VY. Y - Y
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June 18th and sprayed on June 14tﬁ,§1th'2 1bs/A Thiodan and 2 1b.
flanzate D in 100 galldns of water/A.‘.On Juné 21st, they were 21s0
sprayed with 2 1bs Serin and 2 1bs Kocide 101/100 gal water/A;

Rainfall from p]anting’untif harvest (Sebt. 11th) totalled
19.17", with approximately 7" being added as sprinkler irrigation.
The potatoes viere harvested on Septémbér 11th with the yields

reported in Table 1.
* A11 fertilizers used in this study were donated by Howe, Inc.

Table 1. 1672 Yields of Russet Burbank Potatoes Grown Hith
Differcnt Timesoof Delayed Hitrogen Fertigation in
Hubbard Loamy Coarse Sand in Sherburne County.

Hitvogen Treatment * 1972 Tuber Yieid in
- cwts/A,
A. Grade B. Grade Total

(1) 150#/A on July st | 247 28 275
{2) S50#/A on ifay 15, June 15, ‘

and July 15 ~ 258 37 295
(3) 50#/A on June 15, July 15, |

and August 15, 278 29 307

(4) 25#/A on June 1 and 15,

July 1 and 15, and

August 1 and 15, 244 32 276
* The entire experimental area received il, P205, and K20 at the rate
of 50+100+200 as a starter fertilizer at plantihg in addition to the
delayed N treatment(s).
Hone of the yields differed significantly and they approximate those

obtained for this variety on the irrigated sandy soils of this arca.
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LIME PLOTS, LAMBERTON, 1972
J. Grava, W. W. Ne]sbn, D. S. Fairchild

A field experiment was established in 1965 to study the effacts
of 1iming on crop yields, chemical composition of plant tissue, and
chemical properties of soils. The crops grown were: (a) Vernal
alfalfa in series four, and (b) inseries five, corn (1966, 1968,
1970, 1972) and soybeans (1967, 1969, 1971) in a‘sequence.' Data ¢n
crop yields, soil and plant analyses were reported in the departmenia’
"Bluebooks."] |

Alfalfa yields were not affected by lime treatments (Table 1).
Liming decreased corncentration of mahganese‘ih'tissue of second cutting
alfalfa (Table 2).

Corn yields were not affected by ljming (Tablg 3). Lime treatments

had no effect on chemical composition of corn leaf.

Tabic 1. VYield of Alfalfa, Lamberton Lime Plots, 1972.

Rate of First  Second Third

Lime Cutting . Cutting Cutiing Total
Tons/Acre Hay - Tons/Acre ‘
0 2.0 1.3 1.5 4.8
7 2.1 1.3 1.5 4.9
16%* . 2.1 1.2 1.6 4.3
Significance NS NS | NS
Cv,% 7 : 4 12

i See "A Report on Field Research in Soils," Feb. 1967, pp. 69-70;
5011 Series 82, iarch 1968, pp. 38-41; Scil Series 84, March 1989,
pp. 30-31; Soil Series 86, March 1970, pp. 66-69; Soil Series &7,
March 1971, pp. 64-67; Soil Series 88, March 1972, pp. 73-77, 7or

results obtained in previous years.
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