Radiation

On a éontinual recording basis both solar radiation and net radiation are
obtained at the Soils Department Weather Station. Detailed studies using these
data are being made, Of a more generél nature is a pilot study into the correlation
between sunshine duration and solar radiation recepfion, as well as the distribution
of each based upon climatological records.

The results obtained, though of preliminary nature, are interesting. The only
item of this study to be presented here, however, is the following figure which
shows the averagé weekly sunshine received at Minneapolis and the average weekly
radiation veceived at St. Cloud. Incidentally, until a year ago these were the only

stations in the state recording such data,
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The Weather of 1963

The following sumhdry was kindly provided by Mr, Joseph H, Strub, Jr., for
inclusion in this outline. :

Although January began quite warm, severe cold moved into the northern third
of the State on the 10th and the rest of the State on the 1llth, Daily minimum
temperatures registered 0° F., or colder from then through January 3l. Throughout
February daily minimum temperatures were recorded 0° P, or colder for at least half
of the month, but their occurrence was not consecutive as in January. Except for
long-term mean precipitation over the southwest division during Jamuary and along
the Canadian Border during February, Jamuary and February precipitation was much
below the long=term mean, With the extended cold of Jamuary and February, and the
lack of snowfall, frost penetration was much deeper this year compared to last year.

March temperatures were L® to 9° above the long-term mean, Precipitation was near
the mean. Although snowfall was near the mean, the above 32° F, temperatures the
last 10 days of the month coupled with nighttime readings below 32° F. released the
snow melt slowly so that there was no flood problem., Frost penetration came out
rapidly. Record breaking temperatures in the sixties and seventies occurred the
last 4 days of March. The last occurrence of 0° F, or colder occurred on March 22
at Gunflint Lake,

April temperatures continued warm with precipitation above the mean., Field work
started throughout most of the State by mid-April. Seeding was well underway in
the central and scuthern half of the State, Mississippi River navigation opened
at Minneapolis~St. Paul on April 1 after a channel was made through Lake Pepin ice
on March 31, The yearts first storm of 3/4 inch hail occurred on April 1 in the
Paynesville area.

What looked like the start of earlier-than-usual and an excellent agriculture
season darkened somewhat as May turned out cool and wet. Western and southern
Minnesota were hit hard by a freeze during the early morning hours of the 21st, 22nd,
and 23rd as temperatures as low as 21° in some areas damaged soybeans, corn, peas,
garden crops, and fruit trees, QOreatest damage was sustained the morning of the
22nd. For many areas the temperature recorded was the coldest temperature of record
for so late in the season. Regardless, planting and seeding were completed in most
areas by May 31,

With the return of warm temperatures in June severe weather began to occur throughout
the State. The seasonts first damaging windstorm covered southeastern Minnesota on
June 8, The first 1963 tornado was observed at Janesville on June 9. The first
occurrence of a temperature of 100° F, or more was recorded at Canby on June 29, 101°F.

June temperatures were below the long term mean with precipitation also below the

mean with the exception of the southwest, south central, and parts of the north central
and northeast divisions, where it was above. For all of the State there was little

or no rainfall from June 10 through 27. This lack of rainfall aggravated by temp-
eratures generally in the upper eighties and nineties the last 9 days of the month
dried the State out. Although agricultural interests had sufficient moisture to con-
tinue growth, urban areas such as Minneapolis-St, Paul were suffering moisture to
continue growth, urban areas such as Minneapolis-St. Paul were suffering as supplement
watering was needed to sustain grass, shrubbery, ornamental trees, and truck gardens,
Vatering bans were in effect throughout many suburban areas by the end of the month.
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The first eleven days of July were void of effective rainfall except for the south~
western and south central divisions, July rainfall ranged from 0.97 inch at Duluth
to 13.61 inches at Canby. This July rainfall at Canby was more than the total seven
month precipitation at Minneapolis=-St. Paul, 12,62 inches. For the most part rainfall
was heavy over the southern third of the State,

August rainfall was below the long-term mean but what fell was timely. September
precipitation was above except for the northern third of the state.and the southeast -
division. The remaining four months of the year were below the long-term monthly mean.

”n

July temperatures were near the long-term mean with August below. September returned
to above the long-term mean with October and November much above. The October-November
months combined were the second warmest such period of record for many locations,
Surprisingly, the warmest October-November for much of the state was that of 1953,
Although a temperature of 32° or colder was reported in numercus arcasin September,

it wasntt until Cctober 29 when temperatures were lower than 32° F. statewide that the
growing season ended. ‘ '

December ended 1963 the way it began in January with temperatures much below the
long~term mean and precipitation also below except for north central Minnesota and
along the Canadian border where it was above the long-term mean, For most of the
state December was the fourth coldest of record. There were at least twelve conse-
cutive days with a minimum temperature O° F. or colder. On the 15th-16th and again
for the period of the 19th through the 21st, the maximum, as well as the minimum temp-
eratures, did not go higher than 0" F. i '

There was no snow in October except for a trace at Babbitt. November snowfall was
light with the first measurable amounts falling on the 1llth., Minneapolis=St. Paul
had only a trace of snow during November, This had only happened once before in 1928,
Vinter came to lMinnesota in a hurry on December 8~9 as 3 to 9 inches of snow fell
throughcut the state followed by sub-zero temperatures on the 1llth, The first
occurrence of =10° or colder was on December 11; of ~20° or colder on December 15;

and of =30° or colder on December 16,

13

With the snow and cold arriving in December as it did, winter agricultural routine
and sporting activities went into high gear. Ice fisherman were on the lakes by
the 10th as lakes over most of the state were ice covered by December 1., The sub-
zero temperatures broke on the 22nd allowing Christmas shoppers to complete their

buying .

The Mississippl River navigation season ended at Minneapolis-St. Paul on December 9
and at La Crescent-lLa Crosse on December 1lj. ILake Superior navigation terminated
at Duluth on December 1,

b
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The Effect of Nitrogen Source, Placement and Time of Application on the Yield
and Composition of Continuous Corn on Webster Clay Leam at Lamberton

Je Mo MacGregor, W, ¥/, Nelson, and R G. Hanson

The effect urea and ammonium nitrate as sources: of nitrogen on the yield and
composition of corn is being studied. The nitrogen materials are being plowed
down and surface applied. The plowed down treatments are fall applications. The
surface treatments were applied in fall, spring and a late sidedressing. This
study was started in 1960, . |

Each experimental plot is 77.5 feet long -and six corn rows wide. Each treat-
ment is replicated fovr times. Sufficient phosphorua and pctassium is applied as
broadcast and starter applications. A plant population of '.18,000;'1'51811‘53 per acre
is established. | The pri.ma.ry objectives of this field ﬁrbject is to investigate:

1) Thé relative effectiveness of equal amounts of n:ffrogen as urea or as
ammonium when applied to this Qoil at different i':a;tés; o
2) The relative efficiency of such nitrogen foi'ﬁzé'.whe‘n they are aﬁ)iied in the
late fall, in the spi'ing at time of planting, or as Iaté’ sidedreading in late
June or in early July. S |
3) The relative vaines of fall plowing dowmn of two sources in compéfison to
overwintering of the nitrogen fertilizer on the surface of the fall plowed

" goil, ' h B

L) "To find if there was any possible fertilizer nitrogen sccumilation in the soil,
the relative amounts removed by the corn crop and losses sustained through
leaching, losses to the air, or losses by soil erosion.

For the first few years, all data was obtained by harvesting and analyzing the
corn plahts, and computing the nitrogen removal and relative efficieney based on
amounts actually present in the corn plants, The plant” parts were divided into ears,

leaves, upper stalk and lower stalk, Soil samples were collected from some treat-

ments during 1962 and 1963. The depths sampled were O=6t , 612" and 12-2l",
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The yield of corn in 1960 was quite low for all treatments. The 1961 yields
were much higher than thg‘1960 yields and could be related to amount of applied
nitrogen, In 1962 the we;ther was cold and wet and only sidedress applications
indicate strong response to application of nitrogen, |
The effect of nitrogen source, rate and time of application of urea and ammonium -
nitrate on the yleld of continuous corn is presented for the L years (1960-63) in
Table 1.

Table 1. The Effect of Nitrogen Source, Rate and Time of‘Application on the Yield
of Continuous Corn at Lamberton from 1960-63, -

(Ranked according to 1963 yield - average of L replicates)
Yield of Ear Corn (Bu./acre)

Rank Treatment (Lbs. N Per Acre) 1960 3661 1962 1963%
1 80 as Urea plowed under fall 61.7 76.9 36.7 154.5
2 160 ®Urea " m w790 12,5 3.5 152.8
3 10 "WNOy et plantdng . 662 920 LSk 152.2 ‘
L 160 " NH)NO; late sidedressing 40,7 97.4 7.7 151,7
5 80 " NH,NO3 plowed under fall 67.h  97.9 13.6  1h49.6 -
6 80 " Urea at planting 577 99.1 k0.5 149.3
7 80 "mmNog * v . 593 90,0 32,7 1h9.2
8 LO " Urea plowed under fall =, 55.1 78.2 29,1  148.8
9 Lo * NHNO; late sidedressing 63.6 92.6 39.5 148.6
10 LO " NH NO3 plowed under fall Lh2,3  87.5 30.9 148.6
1L 160 "wHNOo; v v 69.8  97.9 b6.7 7.7 ]
12 4O " Urea at planting . LS. 91.1 314 147.6
13 80 " Urea late sidedressing 7649 86.4 48.2 143.8 :
1 Lo " Urea " -_ . 5T 95.6 249 142.3
1 8 vmgoy v Csod, B W67 L.
16 4o v Urea left on plowed surface . 62.3 101.3 37.0 10,7
17 4O "UNHNOg M M W oo k9o 96,7 29,6 1L0.1
18 Check 9.5 88,2 26,1 132,6

# Duncan?!s New Multiple Range test = 0.05
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The yields in table 1 are ranked according-to the results obtained in 1963,

These yields would not be ranked the same each year,

The 1963 yields were not

significantly different from each other as is drawn by Duncan?!s multiple rank best,

However many treatments are significantly higher in yield than the che¢k. The

check as expected was the lowest yielding plot.

The total yield obtained over the L years of this fleld experiment, the total

increase in yield and the calculated pounds of nitrogen applied per increase in

yield of continuous corn as influenced by nitrogen source, rate and time of applica-

tion is presented in Table 2,

Table 2, The Total Yield of L Years, Increase and Pounds of Nitrogen._npp‘l:‘led" Per
Bushel Yield Increase of Continuous Corn as Influenced by Nitrogen Source, Rate &
Time of Application at Lamberton -

(1960-63)

Total Inlc‘rzgée

(Ranked according to 4 year total - average of l replicates)

Nitrogen Nitrogen
) ly yr. in Applied Applied Per
Rank Treatment (Lbs. N. per acre) Yield = 7Yield } yT. Increase Yield
Bu/A.  Bu/A. 1bs.fA. 1bs./bue
1 160 as Urea plowed under fall 388.8 92.L4 800 8.7
2 160 " NH)NOj late sidedressing 367.5 L1 800 11.3
3 160 " NHNO3 plowed under fall 362,1 . '65.7 800 12.2.
L B0 "Nmmoy w o mo w7 358,5 621 320 5.1
5 LO " NH)NOy at planting 355.8 59k 120 2,0
6 80 " Urea late sidedressing 355.3 58.9 320 9.0
7 80 " Urea at planting 3466 5042 320 6.L
8 LO " NENO; late sidedressing 3hL.3 47.9 120 2.5
9 4O " Urea left on plowed surface 341.3 LkL.9 120 2.7
10 80 " NH;NO; late sidedressing 336.2  39.8 320 8.0
11 80 " NHNO at planting 331.2  3L.8 320 942
12 80 " Urea plowed under fall 329.8 33,4 320 9.6
13 4O " Urea late sidedressing ~'320,5 2he1 120 5.0
1k 4O " Urea at planting " 315.5 19,1 120 643
" '
15 Lo " NHNO3 left on ploved .., 19,0 120 6.3
16 4O " Urea plowed under fall 311.2 14.8 120 8.1
17 ko u EH)NO; ™ " " 309.3 12,9 120 9¢3
18 Check : ' 296l  mewn ' —— -
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The highest total yields were obtained on plots receiving 160 pounds of nitrogen

and is independent of source, placement and time., The rank of total yields appear
to very closely follow rate of nitrogen application. The late sidedressing and at
planting time applications appear to be.ranked higher for all of the increments of
nitrogen that were applied., Generally the LO.pounds of nitrogen per acre applica=-
tionishowed the least nitrogen required for inereased yield of corn, These results
indicate the 160 pounds of nitrogen per acre would be the least economic production
in relation to nitrogen required for bushel increase in yield.

The effect of nitrogen source, rate and time of application on the total nitro-

gen content of 1963 continucus corn plots is presented in Table 3.

Table 3, The Effect of Nitrogen Source, Rate and Time of Application on the Total
Nitrogen Content of 1963 Corn of the Continuous Corn Plots at Lamberton

(Total above ground plant parts - average of L replicates)

Nitrogen in Plant Parts Inc.
A . | o Upper . ZLower Total in
Treatment (lbs. N. Per acre) . leaves-- Ears' - - Stalks. Stalk Nity - -Niti

1bs N/A 1bs Tos N/A 1bs N/A 1bs N/A 1Bs/x

N/A
Check 18.9 761  bad 2.2 1013 ==
4O as NH)NO3 plowed down fall 29 . TLe3 L9 3.7 1048 3.5
Lo " Urea n n 1 23.7 . .92.3 Seli L.9 126.0 2L.7
4O " NH,NO3 left on surface fall 25.0 78,1 5.1 o 1122 10.9
LO " Urea ® m m noo22,7 . 87.0 L6 L.k 118.7 17.4
80 " NHNO; plowed down fall ~ 2L9 823 5.1 5.5  1lk8 13.5
80 "Urea~ v w m 28,1  8L.3 Lok 5.3 1191 17.8
160 " NHNO3 " L 248 90,9 L.6 b5 1248 23.5
160 " Urea " nooow 20.0 77.2. bob 5.0 106,6 5.3
4O " NH)NO; at planting S 2Ll 796 Y 5.3 110,7 9.k
Lo " Urea " " - 23.5 ' 6.6 L.2 3.8 .93.1 <82
80 " NHNOj " " 18,6 ThS 3.7 5.8  102.6 1.3
80 " Urea " 0 26,6  13.8 bl 3.4 1079 6.6
LO " NHNO3 late sidedressing 20,5 ~ 71.8 bl 4O 100k 0.9
Lo " Urea M n 29,7 . 0.2 L.b 3.8 108.1 6.8
80 " NHNO5 " " 2.5 . 67.0 bl L0 .99:6  =l.7
80 " Urea " " 28,3  80.1 6.1 5.9 120.4  19.1
160 " NHNO; " o ..20,0 - 80,1 6.1 5.9 143 13.0

[ 2]
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The highest quantity of nitrogen in the above ground-plant parts is generally

from the plots where nitrogen was plowed down in the faii. The nitrogen yield did
not appear to follow the rate of application or does it appear to be related to
source of nitrogen. During the four years of this experiment the increase of
nitrogen yield over the check was the lowest dufing 1963. Since all But ears are
returned to the soil it would be anticipated that an increase in nitrogen yields"
would increase rather.than decrease for the higﬁer ﬁitrogen rafes. with adverse'w
conditions for corn growth in 1963 the orgahic nitrogen méy have been held aﬁd‘then
released by the very favorable conditions existing in 1963. The analysis of soil % .
from some of fertilized plots indicated exchangeable ammonia to be high in fall after
treatment and nitrates to be high the'foilﬁwing'apriﬁg. Spring,énd sidedress plots
were low in exchangeable ammonia and nitrates during entire growing season, The

fall treatments were again low in exchangeable ammonia and nitrate by early summer
and remained low all se#son° This would iﬁdicabe available nitrogen was being
utilized by the corne / | o



The Effect of Five Nitrogen Sources on the
Yield of Corn at Lamberton

Je M, MacGregor, W, W, Nelqon and R, G. Hanson

The influence of five nitrogen sources on the production of corn growing on .
Webster clay loam was investigated at Lamberton. Two fields were used in this
experiment, These fields ‘had corn following corn and corn following alfalfa. 175
1bs./acre of 8-24~12 was applied as a starter fért111Zer.

The nitrogen socurces, yields and yield increaaes ia presented in Table 1.

Table 1. The effect of nitrogen source on yiel& of cofn where corn follows corn
and corn follows alfalfa on Webster clay at I.amberton

(Average of l replicates - 50 1bs. nitrogen/per acre applied)

Corn following corn  Corn following alfalfa

Yield :  1Incresse. . Yield Increase
Source of nitrogen of corn” - ovwer check «..: of corn . over check

' Bu/A Bu/y " Bu/A Bu/A
Check : 63.7 - e 88.5 -
33.5=-0=0 .- 8L.0 17038 81.3. “742
Urea 82.3 18, 6% 78.8 9.7
Anhydrous 81.3 1760 80,7 ~7.8
Liquid 20.5% 83.6 19 .93 87.1 ~1l.h
Liquid 37% 78.8 1541 80.7 ~7.8

175 1bs/acre 8~24~12 starter fertilizer

# Significant 5% L.S.D.
3¢ Significant 1% LoSoDo

A1l the sources of nitrogen significantly increased the yield of corn for the
field where corn followed corn., There was a nonsignificant decrease in yleld with

nitrogen application for the field where corn followed alfalfa.

o\

LY
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The Effgc;‘gf High Raﬁes of Phosphdnus Application on. the
Growth and Composition of Corn and Soybeans |
A C. Caldvell and W, . Nelson
“"In 1962 an experimental plot-was established'awaambertbn ta;study,the affects
of extremely high rates of phosphorus application on the yield and chemical
composition of crops. Concentrated superphosphate was applied by broadcast
application at rates up to 800 pounds of P per acre. In 1952 conn was grown
on all of these plots, The treatments consisted of rates of broadcast phosphorua
from 0 to 800 pounds per acre P with and without aniadditional starter fertilizer
application of 40 pounds of P per acre. Conninas grown on theaavsame treatmentsg
in 1963 and the results of both years shown in tabla 1. In 1963 soybeans were
grown on those plots whiéh received starter phosphorus in 1962,

In general, the data in table 1l indicate that the yield of corn was 1ncreased
by the first increment of phosphorus added and no further increases found with
increasing rate of application.

The phosphorus content of 6th leaf of untreated corn was below the critical
level, but after application of 100 pounds per acre P the phosphorus content was
above the critical level, - The data also indicate that-fhe.manganese content.
was increased at higher levels of phosphorus applicatidn. -

Data in table 2 show that the yield of soybeans was increased slightly dne '
to the residual effect of phosphorus application. Phosphorus ‘content of the
soybean tissue increased with increasing rate of phosphorus application to the
soil, Both zinc and aluminum contents of the plants were reduced by the

application of high rates of phosphorus the previous year,

)
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Table 1. Effect of phosphoﬁus on the yield and nutrient composition of corn at

Lamberton, o
Shelled corn Nutrient content of 1962

Broadcast Starter yield . 6th leaf samplesl
fertilizer fertilézer 1962 1963 P Ca Mg Mn Zn Al
pp2m P pp2m K pp2m P bus/acre - -G - PpM

0 0 0 53 138 +25 o 24 «29 8% 25 76
0 0 §0 60 152 «26 «28 «33 46 27 88
50 0 o 58 luy .

50 0 40 65 147

100 0 0 60 lu8 29 «29 « 34 4y 27 1056
100 0 40 62 147 31 29 «33 47 34 128
100 100 0 70 148

100 100 40 72 150

200 0 0 72 142

200 0 40 77 14y

200 200 0 67 155 «36 27 «27 48 26 77
200 200 4o 73 49 «31 23 23 45 24 71
400 0 0 56 ius o U0 «30 .34 47 25 8y
400 0 40 65 145 «38 32 «36 61 40 133
800 0 0 T4 147 51 «30 31 56 27 83
800 0 40 69 153 60 «37 «38 71 24 87
LeSsDe (.05) 6 1

1All analytic data analyzed from a composite sample analyzed by Ohio State University
Spectrographic Laboratory.

Table 2. Yield and composition of soybeans as effected by phosphorus fertilization
at Lamberton in 1963,

Fertilizer Yield ; Nutrient content of soybean tissue?
broadcast of
in 19921 soybeans P Ca Mg ¥n Zn Al
pp2m P pp2m K bu./acre % - ppm
0 0 29 24 1,55 .69 39 123 180
S0 0 32 4
100 0 33 33 1.60 77 39 83 148
100 100 32
200 0 33
200 200 32 32 1.50 «57 37 54 120
400 0 32 .38 1.60 77 39 72 110
800 0 31 52 1.65 .80 39 65 115
L.S.D. (.05) 2.2

la1so 40 pp2m P was applied to all plots as starter fertilizer in 1962,
2Chemical analysis run by the Ohio State University Spectrographic Laboratory.

"

<)
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Comparison of Phosphorus Sources
A. C_o Caldwell and Eo' Ce Seinm .

A phosphorus source experiment was . established at Rosemount in 1951, Twelve
treatments of various phosphate materials were replicated L times across a regular
rotation of corn, wheat, and 2 years of alfalfa., In 1959 the rotation was changed
to corn, soybeans s wheat, and alfalfa. Potassium has been appl:l.ed as required ac-
cording to .8oil test, Lime was applied to 2 replicates in the fall of 1961, Corn
yields were significantly increased by phosphate treatments over the check but the
differences between sources were not substantial and do not follow a consistent
pattern over the years. Soybean yields in 1963 showed small but consistent increases
to the phssphate treatments. No specific phosphate treatment has been cons:lstent_ly
bette;' over the years._ Whea'b yields were disappointingly low in _1963 because of late
planting and dry weather immediately thereafter. As in past years large increases
in the yleld of alfalfa resulted from all sources whether or not the phesphopus was
readily available,

Effect of various phosphate fertilizers on yiéld of
corn, soybeans, wheat, and alfalfa,.

(Rosemount, 1963)

Treatments ong/m. I gm é“‘oyl}:?ns guh%f ;ﬁ:ﬁ;&f >
None 9hoh 26.8 1105 1.h2
Ord Super ko 119.3 26.7" 13.5 2,50
Conc Super Lo 108.7 27.6 15.4 2,50
cal Meta ko 122,9 28,4 12,4 2,68
Phos, Acid Lo 112.8 27.9 13.1 2,32
Fused trical,

Phos LO 112,3 30.1 16.3 3.05
Fl, Rock & Ord,

Super 20+20 11502 29oh lh.7 2.60
Fl. Rock 100 109.1 27.2 13.6 2.0k

(Cont.)
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Effect of various phosphate fertilize®s .e... (Cont,)

Treatments  PoOz/A/l Yr. Corn ~  Soybeans  Vheat #Alfalfa
Fl. Rock 1000 n7.7° 283  15.6 2,03
Western Rock 1000 115.7 .. 29,3 1.7 1.90
Cal. Clay | '

Rock 1000 99.0 . 27.6 . 13,6 . o 2,19
Tunis. Rock 1000 © 120.6 29,0 1L 2,19

# Only two replications
Std error - 3.3 | 1.7 2.1 | .HB

Lsd (.05) 9.5 NS " NS NS
Hsd (.05) 16.7 NS .. WS NS
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Yield and potassium content of alfalfa as
affected by potassium applications
(Northeast Experiment Station)

He J. Hopen, R. S. Grant and A. C. Calduwell

The residual effects of potassium applied in‘1961 ﬁére sfillAgvident 6n the
yield and potasainm content of alfalfa in:1963. This soil is classed as oné very
low in exchangeable potassium, ‘Levels §f ﬁotassiuh in plénts below 1.5% are con-
gsidered deficient. Stan& countsvshowed over twice as many alfalfa plants on the
heavily fertilized.plots.

Table 1. Yield and potassium content of alfalfa

‘ 1st Harvest ° - 2nd Harvest

Treatment Yield X Yield K
1bs. K,0/A tons/A. % ' tons/A. %
None 1.8 : 1927 0.6 103h
100 2,2 1.39 0.9 1.33
200 2.6 - 1,68 1.1 - 1.46
400 2.7 2.33 1.2  1.87
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The effect of lime and molybdenum on the yield of

alfalfa, oats, corn and soybeans

Ae C. Caldwell and E, C, Seim

The purpose of this experiment, started in the fall of 1951, is to study the
long time effécts of 1ime on (1) the yields of some common crops and (2) on the
physical and éhemical properties of the soil, Tréatments were 0, 3, 6, 12, and 2} -
tons of dolomitic lime per acre, replicated 4 times. A rotation of corn, oats,
and 2 years of alfalfa was set up. Each year corn and oats have received 200
pounds of 5-20-20 per acre. The alfalfa has received P and K as needed according
to soil tests, Since 1959 soybeans have replaced one year of alfalfa in the ro-
tation., The beans receive 100 pounds of 5-20=20 per acre as a starter fertilizer.

In 1960, molybdenum -(as (VH) o Mo0),) was-applied at the rate of 8.7 ouncés per
acre on one of the check piﬁts in each repiicate.

Effect of the different treatments on yields are shown in the Table. Alfalfa
yields have been most affected by lime, as has been the case in the past. Six tons
of lime gave the greatest yield but 3 tons were nearly as effective as six tons in
increasing the yileld. Molybdenum was also effective in increasing alfalfa yields
in 1963 as it was in 1962,

Oat yields were increased by all treatments, significantly so by 3 tons of lime
and by the Mo treatment, This is what has been found in most other years except
1962 when the yields were errabic.,

Increases in corn yields were not significant in 1963. In past years all
treatments have generally increased corn yields. The diminished response to lime
and molybdenum in 1963 may be attributed to the lower yields which reflect the
effect of a period of drougth in midsummer.

There were no major effects of lime on soybeans,
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Effect of lime and molybdenum on yields of
alfalfa, cats, corn and soybgans

(Rosemount 1963)

Alfalfa
m%”"m?}i‘.‘“‘e“ ) éinﬁ‘/‘if"“iiif Bu/_g?tsdiff Bu/A?orgiff ; e diee
0 0,95 == 385 - 09,0 == 26,1  -=
3 2,11 41,16 48,2  +9.7 104.0 =5.0 27.7 #L.6
6 2,62 +1.67 40,1 +1.6  111.0 +2.0 26,7 0.6
12 2.43  +1.18 bOJ  #L.9 113,77 27.2  +L.1
2l 246  #1.51 39.8 413 117.1 48,1 26,8 40,7
0 + 8.7 oz, 1.9  +0.96 k.2 +5.7 106.2 «2.8 26,1 -
Mo/A. -

Standard error 1.25 L.16 5.1
Hed (.05) o55 NS 22,3 NeSe
Hed .01 .70 N.S. 28,7 N.S.
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Sulfur Investigations on Soils and Crops

A. C, Caldwell, Paulina .Ii, E. C. Seim,
George Rehm and W. P. Martin

Department of Soil Science
University of Minnesota

An active research program on sulfur has been conducted in Minnesota in 1963,
Studies have been made in the field and laboratory. Major invéstigations have in-
cluded effects of rates and kinds of sulfur - bearing mﬁterials on field crops,
sulfur in the atmosphere, oxidation of elemental sulfur in the soil, and development
of a satisfactory method of determining total sulfur iﬁ plants, Some of the results

of these investigations are given beiow.

‘Field Research

One of the major areas of investigation of sulfur in soil was the field research
conducted on an experimental area near Park Rapids, Alfglfa planted in 1962 received
various rates of elemental sulfur and gypsum. About 1/2 of the plots were to receive
no more sulfur and would serve as a measure of the residual effects of sulfur treat-
ments; additional sulfur was added in 1963 to the remaining plots. All alfalfa plots
were sampled for yield and tissue collected for analysis, Stand counts were made also.
The plot area that had been in corn in 1962 was planted to alfalfa in 1963, Additional
sulfur was applied to all plots except the control and two other sets that had gotten
sulfur in 1962, Barley was planted and sulfur as elemental sulfur, gypsum and pota-
ssium sulfate was applied with the seed at planting time. Sulfur as sodium sulfate
was broadcast for corn at rates of 5, 15 and 25 pounds of sulfur per acre. Treatments
on soybeans consisted of broadcast applications of elemental sulfur at 25 and 50
pounds per acre and gypsum at the rate of 50 pounds of sulfur per acre. Barley, corn
and soybeans were sampled for yield and tissue samples collected for analysis.

Yields of alfalfa on the Park Rapids sulfur experimental field showed no differ-
ence between plots which had gotten sulfur in 1962 and 1963, and those which had

treatment only in 1963. Yields were greatly increased over the control by sulfur

LS}
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treatments however (table 1), There were no significant differences between the
effects of elemental sulfur or gypsum. Generally elemental sulfur at 25 pounds of
sulfur per acre was not as effective as 50 and 100 pounds. A apring plant count
showed over twice as many plants on the sﬁlfur treated piﬁts as on the controls,

A nitric-perchloric digestion of alfalfé tiéaue collected inA1962 showed re-
covery of about 35% more sulfur than a dry combustion method previously used. Plants
from control plots, for example, increased from .117 to .179% S (young plants). All
sulfur treatments resulted in a large increase in the sulfur‘oontent of young and
mature alfalfa plants. Gypsum was a more efficient form of sulfur iﬁ this respect
than elemental sulfur. |

Drouth hurt barley yields badly, differences between treatmehts were small, so
no significant effects from sulfur were apparent. Applications of sulfur did result
in increased sulfur in the plants however, Gypsum and potassium sulfate were more
efficient in getting sulfur into the plant than was elemental sulfur, There were no
gignificant effects of sulfur treatments on corn or soybeans. o S

Spectroscopic analysis of alfalfa, oat and corn tissue (1962 samples), showed
no effects of sulfur on the content of other elements measured, including K, f, Ca,

Mg, 8102, Mn, Fe, B, Cu, Zn, Al, Sr, Na and Ba.

Sulfur in the Atmosphere

Sulfur in the rainfall and S0, in the atmosphere were determined at L major
sites, St. Paul, Duluth, Park Rapids and Lamberton. These sites are at the corners
of a square approximately 200 miles on each side in an area of central Minnesota.
Collections were made once a month and samples anaiyzed for total sulfur,

Estimates of sulfur as S0, and that in precipitation showed much greater amounts
of bcth at St. Paul than any other station (table 2), At St., Paul the amount of sul-
fur in precipitation was 13.3 pounds per acre compared to 3.1 pounds at Park Rapids.
Also there was 5 times more SO, in the atmosphere at St. Paul than in the air at
Park Repids, ' o | R



-5) -

Oxidation of Elemental Sulfur in Soils

Work was continued in 1963 on the oxidation of elemental sulfur in soils, Under
investigation was the effect of particle size, rate of application, length of time
of incubation, and temperature on sulfur oxidation. The effects of rate, particle
size and time on the oxidation of elemental sulfur incorporated into 3 fertilizer
materials were also studied.

Data on the oxidation of elemental sulfur showed that the amount of sulfur oxi-
dized increased with decrease in particle size., Greatest oxidation occurred with
particle sizes of less than 100 mesh, Oxidation.reached a peek et 60 days of incu-
bationrtime. The amount of sulfur applied to the soii did not seem to affect the
fraction oxidised, Litble sulfur was oxidized ab L° C., some at 10° C. (graph).
Terperatures of 30° C. and 40° C. were more effective than 23° C. and 1ouer. In
studies with sulfur-fertilizer mixtures it was shown that maximum oxidation of fine
and medium particle sizes (-10+30 and =30 mesh) occurred after 60 days of incubation,
after which the amount oxidized declined (table 3). with larger particle sizes aulfur
oxidation kept increasing slightty with time. Sulfur was oxidized to a greater extent
in the nitric phosphates and diammonium ohosphates than in the triple superphosphates.

The addition of sulfur to fertilizers did not affect water soluble or Bray No.

1 available phosphorus in triple superphosphate or diammonium phosphate. Sulfur did

reduce both kinds of phosphorus in the nitrie phosphates.

Determination of Sulfur in Plant Material by

N itric~Perchloric Digfstion

A major effort was made to fashion a more satisfactory method for determining
the sulfur content of plant tissue, Particular attention was given to the initial
step of oxidizing plant material to see that complete oxidation of difficultly oxidi-
zable sulfur compounds occurred, and to see that sulfur was not lost in some gaseous

form. To check on completeness of oxidation, methionine (a difficultly oxidizable
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material) was digested. A major shift in method was gq;ng ‘t‘o a nitr:!'.df-p_erchloric
digestion rather than furnace combustion of a salt-organic material mixture.

It is our belief that we have now developed a satisfactory method of determining
total sulfur in plant'tissue. It was reported .above that the amount of sulfur recovered
in alfalfa by a nitric-perchloric digestion was up to 35% greater than a dry combus-
tion procedure. Studies with methionine indicated an average of 98% récapjbure of

this difficultly oxidizable material.

Table 1. Effect of sulfur bearing materials on stand and yield of alfalfa.

Yield:
Stand S app’d. . S app'd.
Rate plants per 162 only 162 & 163

Material 1bs, S/ac, 8q. ft, tons/ac. tons/ac.
None 0 7 u6 53
Sulfur 25 15 1.0l 1,03

" ' 50 15 - 1,08 1.23

" 100 18 : 1.27 ' 1.29
Gypsum 50 19 1,18 1,10

" 1000 1 1.0k e
L.S.D. 2l ' .25
1

Two cuttings

Table 2, Sulfur dioxide in the atmosphere and sulfur in precipitation at four
locations in Minnesota from Oct. 162 to Oct. 163.

S02 S in precip. . Precip,
Locati.on 1bs, S/ac.® 1bs. S/ac. inches
Sto Paul 3308 13.3 2007
Duluth 9.3 6.9 19.2
Park Rapids 6.5 3.1 19.7
Lamberton 5.6 6.4 26.6
#

Per acre of exposed surface of Pbo2 coated fabric.
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Table 3, Oxidation of elemental sulfur in gramilated fertilizers

Incubation Time, Days

Base o Particle 10 60 120
Material gs Size S oxidized, ppm

- y=lh-1h 5 =10 +20 9 16 27
U-1h-1} 6 =35 L5 76 62
- 0=L42-0 15 =10 +20 5 12 10
0=42-0 17 =35 21 56 34
18-45-0 13 ~10 +20 10 L2 26

18li5=0 18 -35 25 61 30

LS., 0405 = 10
* Added to soil at rate of 100 ppm S

Table 4., Sulfur recovery of thiourea and methionine by digestion
with nitric-perchloric acids.

Added Recovtd. Added Recov'd
ppm S 4 ppm S %
o e foh 98
" 96 " 98
" 96 n o8
" 96 " 9k

n 98 n - 96
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FOLIAR, SOIL AND SEED TREATMENTS

" . WITH IRON ON SOYBEANS IN 1963 .

by
Jeo M. MacGregor

Soybeans growing on some calcareous soils developed a yellowed leaf condition caused
by a deficiency of iron inducing insufficient chlorophyll development. This yellowed
condition of soybeans usually occurs in more or less scattered areas in the affected
fields, and seldom is an entire soybean field affected, Some soybean varieties are
more seriously affected than others, and cool, moist growing seasons favor the
condition, In serious cases, soybean yellowing may be apparent. from the time of plant
emergence late in May or early June, but it usually becomes more noticeable in mid-
June, Since mineral soils usually contain at least 1% iron (which would mean some .
10 tons of iron per acre six inches of soil) and plants need only 1 or 2 pounds of
iron per acre to grow a orop, it is obvious that any iron deficiency of plants must
be due to limited iron availability rather than total supply present in the soil.

Research on the problem has shoun that the yellowing of plants condition is the re-
sult of many interacting soil factors, of which the presence of free lime in the soil
is probably the most important. Since it is economically impractical to remove the
free lime from calcareous agricultural soils, the problem becomes one of increasing
iron availability, Iron occurs in soils in two forms, the proportion of each depend-
ing upon the relative soil acidity and alkalinity. ;

1. Ferric iron which is relatively insoluble in water (FeO or iron rust is an example)
and becomes even more so as the pH passes neutrality and becomes alkaline, In alkaw
line soils, essentially all solid iron occurs in the ferric (unavailable) form.

2. Ferrous iron, which is soluble in water and may become so abundant in strongly
acid solls as to create toxic conditions for plant root growth. Soil acids dissolve
iron bearing minerals at a relatively rapid rate to produce a soil water solution
relatively high in ferrous (available) iron, and this soluble iron excess also tends
to 1limit phosphorus availability. However, strongly acid soils high in quartz sand

may actually be deficient in total iron,

Mineral soils which are approximately neutral in reaction usually contain relatively
small amounts of ferrous iron, but since most plants require only one or two pounds
of iron per acre for normal growth, iron availability i1s seldom a problem. As soil
pH rises, and eventually free lime is present, more and more of the ferrous iron is
oxidized to the ferric form, until some plant species are unable to obtain sufficient
soluble iron to support normal chlorophyll formation, One can lime an acid soil to
improve soil reaction, but it is impractical to attempt to remove excess free lime
from a soll by any chemical means now available., The problem of correcting iron
chlorosis of plants becomes one of either adding iron to the soil or plant in a form
which will remain available for much of the growing season, or adding some substance
which will render the unavailable soil iron more available.

A. 1963 Seed or Soil Treatments

Field experiments in which various iron compounds have been banded along the soybean
row near the yellowéd seedlings have been carried on for several years with generally
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unsatisfactory results. The only treatment which corrected the soybean chlorosis

in every trial, was the banded application of Chelate-138 HFe (HFe EDDHA) when banded
at the rate of 100 pounds per acre., Since the cost of such a treatment would approach
three hundred dollars per acre, this is obviously an impractical corrective treatment
for field crops such as soybeans,

In 1963, several possible available iron containing materials were either stuck to
the soybean seed coat, or were applied in the row at planting time in contact with
the seed. This was done on two farm soybean fields known to heve a chlorotic soybean
problem, using two soybean varieties, Lindarin and Chippewa. One field was located
near Gaylord in Sibley County, while the second was planted much later in Kandiyohi
County near Pennock. The Pennock field was not harvested because of an uneven stand
and seriocus weed competition. Each of four replicates condisted of three rows 20 feet
in length, of which 15 feet of the center row was harvested in October - to determine
yield and treatment effect, L

Growth observations were made each week on both fields, but at no time was there
significant difference in the degree of chlorosis on the different treatments. The
yields obtained on the Sibley County field are shown in Table 1.

Table 1. The Effect of Iron Treatments on Seed or to a Calcareous Soil on the 1963
Soybean Yield at Gaylord (Harpster clay loam-pH of 8,0)

No. Iron Treatment - -~ Lindarin Chippewa
- ' ~ 1s per acre)
: 12,7

1 None , ' 11.6
' 'Yield increase for iron
treatment
2 Kalo seed treatment - =2,6 ‘ 1.9
3 Fe Chelate 138@)#/A (0.06§Fe/A) =l «3.0
N Fe " @20#/a (l.2#Fe/A) ‘ ] ——
5 Chelate 138820#/A (no Fe) o S a3 ——
6 n % on vermiculite 2.5#/A or 0.06#Fe ~1.8 s
7 Versenol Fe on vermiculite @1#/A or 0.06#Fe ' -3.6 ————
8 Grace 7-35-0 (Fe amm. phos) 78#Fe/A . = ' =1.5 <0.h4
9  ADM Chelate 138Fe + FeSO), (21.2%Fe) €0.95L#/A =3.7 0.2
10  ADM coated FeSO) (2l.2%Fe) @0.954#/a ' 1.9 oLk
Significant (5%) . 3.8 bu. 5.5 bu,

Tt is obvious that none of the nine treatments had a favorable effect on the yield

of either soybean variety. Treatment 5 was the only one which contained no iron with
the intention that some of the soil iron might be made available to the growing soy-
beans, )

B. 1963 Iron Spraying of Chlorotic Soybeans
ince calcarious soils quickly o ze Tthe available ferrous iron to the unavallable

ferric iron, many investigators have recommended the spraying of chlorotic soybean ’
plants with ferrous iron compounds, based on the-theory that the iron would be absorber
into the leaves and never come into contact with the soil. In 1948, the Iowa Agri-
cultural Extension Service recommended the spraying of chlorotic soybeans with ferrous
sulfate at the rate 10 pounds per acre after dissolving in 50 gallons of water, This
would have a material cost of some LO cents per acre., Some Minnesota county agents
have investigated this treatment with generally unsatisfactory results,.

<«
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The Tennessee Corporation of Atlanta, Georgla manufactures a compound "Nu=Iron"
containing 30¢ iron readily absorbable by plants.

In the latter part of June, three chlorotic soybean field areas were selected for
iron spray treatments «= the first field being located one mile west of Lake Lillian
on Highway 7 in Kandiyohi County, the second approximatély midway between Willmar
and Raymond on Highway 23 in Kandiyohi County, and the third field was 8 miles east
of Montevideo on Highway 7 in Chippewa County. Each treatment was replicated four
times on the three fields, with one row plots 20 feet in length.

Since the sprays were to be applied by hand, it was considered that this would be

more efficiently applied than with power spraying equipment, so both the recommended
treatment rate and one-tenth the recommended treatment rate were applied on June 21,
and a second application was sprayed on as a second treatment on half the plots eleven
days later (July 2).

The chlorotic plants on the differently sprayed treatments were cbserved at weekly
intervals, and while some leaf scorching was noted on the heavier (recommended) rate
treatments, considerable leaf greening occurred during early July. The entire chloro-
tic area of the Chippewa county field recovered its green color at this time, but

this recovery was irrespective of any spray treatment. Soybean plants on both of

the Kandiyohi field areas remained largely chlorotic, and eventually the plants on
several feet of both sprayed or unsprayed soybean rows died completely, and only

stubs of the soybean stems remained, The three fields were harvested in early
October, and the calculated yields are shown in Table 2, (Next page)

Calcareous soils on which soybean chlorosis occurs are extremely variable, and re=-
latively large increases or decreases in yleld are necessary for. mathematical signi-~
ficance effect, None of the increases or decreases shown in Table 2 are consistent
or are sufficiently large to attribute as due to iron spray effect alone.

Gonclusionsf‘
None of the 1963 seed coating, soil, or spraying treatments with iron compounds to

correct iron chlorosis were effEctive for improving soybean chlorosis or yield, and
hence cannot be recommended for farm use.
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Table 2. The Effect of Spraylng Chlorotic Soybeans with Ferrous Sulfate and Nu~Iron
on 1963 Yield :

Location Lake Lillian

Soybean variety
Treatment

None

FeSQ), 1#/A June
F\esoh 1#/A June + July

FeSO), 10#/A June
Fes0), 10///A June + July

Nu-Iron (1/10 rec, rate) - June

Nu~Iron (3/10 rec, rate) -~ June + July -

Nu-Iron (rec. rate) - June
Nu-Iron (rec. rate) ~ June + July

Significant (5%)

Chippewa

Raymond
Chippewa

Montevideo
Harmon Ave,

Yield in bushels per acre

13.5

Yield increase for iron spray

2.3
2.5

‘40
5.3

5.1
2.l

f3oo
"'1.0

8.0 bu,

1L.8 27.L 18.6
0.6 1.8 1.6
1.7 -0.5 1.2
hoB "3.0 106
4.8 -1.2 3.0

-107 ‘107 006
0.1 -1-5 003
108 ‘303 ‘1.5
6.0 -3.8 0.4
7.4 bu. 5.7 bu,

o

«



. w58
State Survey of Zinc in Corn

D. F. Bezdicek and John MacGregor®

Zinc deficiency in corn was first reported from central Minnesota in 1961, Soils
in this area are believed to contain adequate total zinec, but conditions brought
about by high soil pH and high lime reduce the amount available for normal plant
growth,

A state survey of corn conducted in 1962 showed that zinc deficiency occurred in
Meeker, Swift, and Kandiyohi Counties, ‘

A more thorough survey was conducted in 1963 to study the relationship between leaf
zinc concentration and observed deficiency symptoms, soil pH, and soil type. Re~
sults from 100 samplings showed a probable zinc deficlency in twelve Minnesota
counties. A general relationship betueen leaf zinc concentration and the degree

of observed zinc deficiency was found. Visual deficlency symptoms began to appear
when the leaf zinc concentration fell below 15 to 17 parts per million (ppm). This
value is near the minimum critical level of leaf zinc reported by other investiga-
tors.

Table 1 shows the relationship between leaf zinc coneentration and great soil group
and soll series, Some of the soils of the Calcium Carbonate Solonchak, Chernozem,
and Humic Gley are at a critical minimum available zinc level based on leaf zinc
concentration.

Several soils were further classified as being available zinc deficients on the
basis that the leaf samples taken contained less than 15 ppm zinc and that zinc de-
ficliency symptoms were observed, These appear in Table 2.

Corn grown on these soils may not necessarily respond to zinc fertilization. How-
ever, there is a greater probability of zinc response to corn on these soils and
also to other high lime soils not included in the survey.

The cooperation of the Soii Conservation Service personnel for their
assistance in the soil classification is hereby acknowledged.
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Table 1. The average Zn content of Yindex leaf! samples taken from corn growing on
various soil series of great soil groups included in 1963 Minnesota zinc

sSwrvey.

Average "index leaf"

Great soil group ~ Zn content Number of fields
and series ppm sampled
Gray=-Brown Podzolic 20.9 : 3
Hayden 19.3 1
Seaton 21,1 1
Fayette | 22,4 1
Gray-Brown Podzolic-Brunizem 26,9 ‘ - 7
Lester L 16,6 2
Douns 21,2 - 1
Racine 29,6 2
Kasson 33.6 1
Mt Carroll 33.9 1
Brunizem 21,9 . 6
Waukegan 12,8 1
Kingston 12,3 1
Kenyon 18,1 1
Nicollet 20.3 1
Port Byron 31.8 1
Ostrander 36,0 1
Humic Gley 20.6 . 15
. Parnell 9.6 1
Harpster 15.2 1
Luara 15 oh 1
Marna 16.5 1
Webster 16,9 2
Flon 18.0 3
Hatfield 19.5 2
Floyd 20,7 1
Glencoe 22,8 1
Lamoure 33.8 1
Blue Earth 37.9 1
Chernozem 17.5 S 11
Kranzburg 13.6 1
Barnes 15,6 L
Brookings 16.6 1
Aastad 17.9 h
Estelline 24,0 1

(Cont.)

it s, ateme A
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Table 1,

AVeragé' index leaft

Great soil group Zn content Number of fields
and series ppm sampled
Caloium Carbonate Solonchak ~15.0 31 :
Ulen 10 07 1 .
Colvin 1.3 1
Bearden 14.8 ol
Vallers 18.3 9
Hamerly 20.3 2

Table 2, Predicted "available zinc deficient" soil series of the 1963 survey on
the basis that leaf samples taken form the soil sampling area exhibited
both zinc deficiency symptoms and contained 15 ppm Zn or less in the
: #index leaf" at silking.

1., Aastad
2, Barnes
3. Bearden
4. Beauford
S. Borup

6. Buse

Te
8.
Se
10.
1l.
12,

Colvin 13.
Hamerly' ]ll» .
Harpster 15.

Kranzburg 16,
Lura
Parnell

Ulen
Vallers

Webster calcareous variant

36-H*

. #guift County Soil Conser-

vation Service
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Fertilizer Rotation Experiment

West Central Experiment Station

Se. Do Evané and A. Co Caldwell

An NPK factorial experiment involving the three nutrients alone and in all
combinations applied across a 5 year rotation and continuous corn has been in exist-
ence for 8 years, The 5 year rotation crops are flax, alfalfa, corn, corn and soy-
beans., Treatments and rates are as given in the tables.

The experiments were started by Soil Science personnel but are handled now by
help at the station led by Dr. Evans. .

N-P-K EXPERIMENT - 1963

Table 1, Yield 'of.COntinuous Corn

Testmet  MROGLO  AemgTel B e T
None 04040 L6.62 - - - -
N 1604040 57.91 +11.29 +20,87%*
P 0+110+0 15.28 - 1.34 - 4.32
K 040440 51,02 + L.L0 - 3.11
NP WL+14040 70,93 +2l1.31 + 6,93
NK 16040440 67.61 +20.99 + 2,41
PK 0+140440 29,85 ~16.77 -10,16
NPK Uili+140+40 59.83 +13.21 - 0.24

NPK+ 3044320480 59.83 +13.21 - -




Table 2. Yield of First Year Corn

e
None 04040 88.28 R - -
N 604040 . 76416 -12,12 | - 5.15
P 042040 . 9L .52 + 6,2 +12,91%
X 0+0+40 78.58 - 9.70 » + 0,16
NP 1l4+20+40 88.53 + 0,35 o + 0,42
NK 6040+40 78.96 - 9432 + 3.60
PK 0+20+40 97.33 #9085 - 3.60
NPK Wis20ei0 93.25 +hoot - 2,65
NPK+ 8L4+100+80 8L, 70 - 3,58 - -

Table 3. Yield of Second Year Corn

Treatuent Lbs/A - Bu/A Diff. From Treatment
N-P20g=K70 Average Yield Untreated Effect
None 04040 6h.li2 - - . - -
N 80-+0%0 | 67.73 | #3031 + 6,13

P 046040 | 70,16 + 5.7k | +1h, 053
K 04040 55.87 w855 - 3.42
NP 64+60+40 81.01 +16.59 _ + 2,60
NK 804040 60,21 - k.21 - 0.65
PX 0+60440 73.03 - 8.61 - LSk
NPK 6L+60+40 | 80.24 -15.82 - 1,16

NPK+ 1044100480 90,19 +25,77 - -




Table 4. Yield of Soybeans

63~

Treatment Lbs/A Bu/A Diff. From Treatment
N=P50g=K20 Average Yield Untreated Effect
None 04040 32,02 - - - -
N 204040 33.95 + 1.93 + 0.21
P 0+4040 31.56 - 0.46 - 0,81
K 040+40 31.76 ~ 0,26 - 0,63
NP 2044040 32,59 + 0.57 - 1,26
NK 2040410 31.50 - 0,52 - 1,27
PK 0+40+40 31.84 - 0,18 + 0.09
NPK 20440+40 29.98 - 2,04 - 0,17
NPK+ 1,0+80+80 33.01 + 0499 - -
Table 5, Yield of Flax
Treatment Lbs/a Bu/A- Diff. From Treatment
N-P50g-K20 Average Yield Untreated Effect
None 0+040 27.88 - - - -
N 60+0+0 26,71 - 1,17 - 0.82
P 0+40+0 28,87 + 0.99 + 0,65
X 0+0+20 2. l2 ~ 3.46 - 0.63
NP 60+10+0 25.54 - 2,34 - 1,65
NK 6040420 27.41 ~ 0.47 + 1,43
PX 0+40+20 28,20 + 0,32 + 0.7k
NPK 60+40+20 26.L3 - 1.5 ~ 0.57
NPK+ 120480+40 26.39 - 1,49 - -




Table 6, Yield of Alfalfa

P

min/n

Treatment Lbs/A .Diff. From Treatment
N-P205-K20 Average Yield - ‘Untreated Effect
None 04040 3.32 - - - -
N - 204040 © 13623 - = 0,09" + 0,25
P 0+80+40 5.19 + 1,87 * 1,92
K 0+0+40 2,59 = 0,73 -‘.0.31
NP éo+ao+o L.75 + 1.43 + 0,15
NK 2040450 3.80 + 0.L8 + 0,51
PK 0+80+40 5.19 + 1,87 + 0,23
NPK 20480440 5451 + 2,19 - 0,13
NPK+ 20+160+80 L1 +1.39 - -
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THE NICOLLET COUNTY PLOTS: .Webster soils of southern Minnesota
W. P, Martin, Fred Vetherill and H. W. Kramer

Yield Results 1963
See 1962 results, p, 34 in Soil Fertility "blue book." "

CONTINUOUS CCRN: Rate and time of application (Started 1954)

Nitrqggn treatnents: Yield results:

Total Time® Starter only" +PK broadcasti¥
None 0-~0-~0 107 bu./acre 95 bu,/acre
4O 1bs, 1-0-0 152 1l

80 1=1-0 47 159

120 1-1-1 151 156

80 1=0=1 154 161

80 0-1-1 W7 153

Lo 0-0-1 145 149

Lo 0-1-0 U3 148

80 2=0-0 151 1
120 3-0-0 156 154

# Refers to time of application as between planting time-
first cultivation-second cultivation; example: 1-0~0

means LO lbs. N at planting time.

¢ 200 1lbs. 6-24-12 in the row at planting time.

Starter plus 300 lbs, 0=20-20 broadcast.

CORN=-OATS, with and without legume green manure (Started 1948)

corns (with legume) Oate: (with legume)
1. Check 75 bu/ac, 69 bu/ac. 45 bu/ac. 59 bu/ac.
2. N on oats 98 81 77 82
3. NP on oats 129 98 8L 85
L4, NPK on oats 129 101 97 99
S. P plowdown 136 96 56 70
6. NPK in hill 11k 99 L3 7h
7. N plowdown 81 100% . 60% 56*
8. N sidedress 136% 115% 6T* 6T*

# One replication only vs three,



NICOLLET COUNTIY PLOTS CONTINUED

CORN-SOYBEANS-CORN~OATS-HAY (with regulac and extia-heavy fertilization treatments)
(Started 1948 as l-year rotation; soybeans added in 1958)

Standard
Treatmnent

6.

1.
2.

Te
3.
10,

L.

5.

Check

P on oats

PK on oats
NP on cats
NPK on oats

P on oats
& corn

Manure on
corn
Manure & P

on corn

Manure & NPK
on corn

Corn (s+)
bu./ac.
122 W7
130 132
148 1k
129 142
139 L5
128 1k
ik 11
150 1k
118 U2

’ Soybeaﬁs

.(*) Corn () Oats (s¢)
bu,/ac. brio/uc., bu./ac,

L3 Ll 11k 148 83 93
k2 L1 109 122 82 95
Ll L3 116 130 92 97
43 L5 126 123 98 100
L8 Lo 129 128 98 9h -
b1 b1 127 128 8k . 95
45 L6 1k 157 82 92
L3 U7 140 157 88 96
b L8 wr 153 98

(*¥) Denotes extra-heavy fertilizer treatments.
3¢ Only one hay cut salvaged because of wet weather.

Hay (3¢)
touS/acc**
1.4 2.1
1.7 2.1
2,2 2.5
1.9 1.8
1.5 2.0
1.7 2.1

| 1.8 2.3
1.9 2.2
2.0 2.2



