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Table 1. Annual precipitation and yieid of ear corn during fifteen years (1957-71) with different rates of
annually applied nitrogen, with N concentrations and removal in the corn grain. (Average of 15
replications.)

Annual fertilization rate in 1bs/A*

Year Annual -0+40+40 L0+40+40 40+40+40 80+40+40 240+40+40
— Precip. (s) (F) (s) (s) (s)
(Bushels of corn per acre @ 15.5% moisture)
1957 (May -Dec.) 28.06" 65.2 71.0 69.4 72.1 71.3
1958 (12 mo.) 16.92" 73.2 81.5 81.0 82.4 80.3
1959 " 17.99" 36.1 40,9 41.5 39.7 36.8
1960 " 26.14" 53.3 48,2 55.0 ' 53.7 52.5
1961 " 16.98" - 32.3 48.3 47.6 45.0 46.1
1962 " : 30.42" - 38.1 h 59.0 62.0 65,3 . 67.1
1963 . " 26.29" - 62,7 - - 80.9 83.5 77.4 79.5
1964 " 18.8¢" 33.2 L 34 25.6 29.1 24.7
1965 . ¢ . 33.48" 50.4 - 68.3 75.3 80.8 82.8.
1966 " 22,20" 49.0 63.7 66.3 75,9 33.1
1967 " 16,76" 66.8 69.2 71.2 69,7 71.3
1968 " 27.68" - 64.1 79.6 70.2 78.5 76.0
1669 " 25.47" 76.4 58.0 60.2 - 59.9 58.7
1970 " 27.33" 59.2 66,9 70.2 78.5 76.0
1971 " 33.16" 64.2 79.9 82.6 83.6 85.4
1972 (Jan.-June 15)9.91"
Total 377.1"
15 Year
Average. 25,18 54.3 64.0 64.8 66.1 €2.8

bu/A su/A bu/A bu/A bu/A



Table 1. continued-

0+40+40
(s)
% M in 1971 corn grain 1.15
Pounds N/A in 1971 grain 32.8

il applied in 15 years (Ibs/A) =30

Approx. H removed grain
{1bs/A) 444

il balance in soil -414

(S) - Fertilizer broadcast in séring

(F) - Fertilizer broadcast in f;ll

Annual

40+40+40
(F)

1.32
50.9
630

599
+31

fertilization rate in 1bs/A*

40+40+40 80+40+40
(s) (S)
1.47 1.60
60.0 67.0
630 1230
671 751
-y w79

240+40+40
(S)

1.81
75.7
3630

807
+2823

(*) - Commencing in 1969, all phosphate, potash and an édditional 10 155 Ii/A were appiied in the row

as starter using 6+24+24 at the rate of 167 1b/A to supply the 10+40+40 treatment.

LLL
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It is evident that annual applications of nitrogen at the 40 1bs/A
rate increased corn yields equivalent to N supplied annually at the
higher 80 or the 240 1bs/A rate, although the two latter fertiiization
rates resulted in higher protein corn and hence a greater K removal
per bushel of grain., However, it is evident that over the 15 year
period, very large differences in the N balance of the soils have
arisen with the different rates of N application. The fate of the
excess N applied was examined after nine years in October, 1965, and
again in Novembef of 1967, and finally in mid-June of 1972 (after
15 years). The~N03-N content of these soils found late in 1965

to a depth of 96 inches was reported in Soil Series 80 (February
v1966 -~ pp. 84-86). After nine years of treatment, the first 48 inches
of soil under the annual 40, 80, and 240 1bs/N/A treatments contained
3.3%, 7.1%, and 28.2% as much N as applied, whereas the 48 to 96 inch
depths contained 2.3%, 14.7% and 34.3% respectively as much as applied
in the fertilizer treatments, Therefore, the first eight feet of

soil contained a total of 5.6%, 21.8% and 62.5% as much !l a3 applied
previous to that time.

Two years later (Hovember, 1967) three replications of each of
the three I treatménts'(o,'40, and 240 1bs of i annually) were
sampled to a depth of 32 feet, and N03-N analyses vere made of every
fourth foot below the 48 inch depth. Thg Eesults of this study were
reported in Soil Series 82 (ifarch, 1968 - pp. 90-92) showing NO4-H
accumulations to greater depths &fth the 0, 40, and 240 1bs H/A
treatments. '

Since 1971 the plot area was designated as'a future building site,
the fertilization experiment was términafed at the end of that year
with soil sampling to be done in October or November. However,
extremely heavy fall rains made deep soil sampling impossible and this

vas finally completed amidst the growing corn on June 14 and 15 of 1977
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on the same plots as previously sampled. However, soil analyses of
one of the 240 1bs Il treatment (Plot 35) were much lower in N03-N than
the same treatments of the other two sampled replications and since
it was a depressional area, a similarly treated plot (Plot 35) in
the adjoining replicate was sampled and analyzed later in 1972, The
results were then averaged with those previously sampled, similarly
fertilized plots of,fhe other two main replications. The average
HO3~N content of three profiles of each of the three treatments are
shovm (in parts per million) in Table 2, and the averages (in pounds
per acre) for each depth graphically in Figure 1 (assuming that one
acre foot of soil weighs approximately four million pounds).

As might be expected from the calculated soil nitrogen balances
reported in Table 1, data of Table 2 and Figure 1 show soil profiles
without N fertilization (0+40+40 annually) and those receiving 40
1bs M annually (40+40+40 spring) are consistently low in NO5-N
(the nitrite (NOZ-N) values are also included but these were uni-
formly less than one part per million ).

However, Table 1 shows that soils to wﬁich the 240 1bs/A nitrogen
(240+40+40 S) treatments were made had little more N removed in
the corn grain than either the check or the 40+40+40 treatment,
resuiting in a positive M balance of 2823 1bs N/A. This accumulation
is corroborated by the soil N03-N shown in Table 2 and in Figure 1,

A large proportion of the N not removed in the grain has now been
leached down below the zone of corn root penetration, most occurring
as NO3-N in the 4 to 16 foot soil depth. It is doubtful that any
appreciable proportion of this large supply of chemically and
biologically available nitrogen can again become available to annual
crop plants since roots of these rarely penetrate much below the
four foot depth. Deep rooted perennial plants (such as alfalfa)

could use at least part of this large NO3-H supply.
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Table 2. continued--

Soil depth
(feet) 0+40+40 each of 15 years* 40+40+40 each of 15 years* 240+40+40 each of 15 years*
Plot Humber Plot Number Plot Mumber

21 46 71 Ave. 10 45 55 Ave. 6 36 - 62 Ave.
19-20 2.4 4,2 5,2 3.6 5.3 5,2 5.7 4. 19.2 12.0 ———— 15,6
20-21 1.8 === 1.9 1.9 4,9 8.8. 4,0 5.9 16.9 13.5 19.5 16.6
21-22 1.4 - 4,3 1.9 6.0 ---. 4,0 5.0 14.0 16.0 10.0 10.0
22-23 1.2 --- 4,0 2.6 3.5 --=- 3.4 3.5 14.1 27.5 7.1 16.2
23-24 1.0 ee= === 1,0 4,2 -—- 2.2 3.2 11.1 28.5 --== " 19.8
24-25 1.2 === 1.8 1.5 3.4 —= -=- 3.4 18.8 20.0 —a——— 19.4
25-26 e=e === 1,0 1.0 6.3 - === 6,3 13.5 16.0 -———— 14.8
26-27 -—- === 1.3 1.3 e T 10,0 16,0 ---- 13,0
27-28 ce—e eee eee mea ——- T 12.3 14.5 ——— 13.4
28-29 wee eee  ece eee ——— T 12.2 12.0 ———- 12.1
29-30 N e s T -— cme  eme m=a 7.4 12.5 “eee 9.9
30-31 . mee cem wee ——- cae mee  ce- 10.2 c——- ew== - 10,2
31-32 IR ——- cee eme ee- 10.7 ———— ——— 10.7
32-33 c—— men  mee eee _——— e 9,9 ———— ———— 9,9
33-34 - mee e ea- —— cve  wen ee- 7.8 ———— c——— 7.8

* A1l plot§ received an additional 10 1bs M/A in 1969, 1970 and 1971 as starter fertilizer

et
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Since increased N03-N accumulation is evident to the 34 foot
depth, substantial downward movement of N has apparently occurred
where heavy rates of N fertilizer were applied for 15 years for
corn production under comparatively limited annual precipitation,
Such fertilizer practices are quite evidently not justified, either
economically, or from their péssible contribution of additional
NO3-N to subterranean water supplies.

Ammonium nitrogen'(HH44N) also occurs in soils, a1though
usually in much lower amounts than occurs as nitrate N (N03-N). If
soils are water-saturated for a considerable period, much of the N
present as NOé is then reduced by the lack of free oxygen (02) to
the HH, form, (as in lowland soils on which rice is grovn). Soils
develeped in areas of more limited precipitation such as western
Minnesota are usually we]] aerated, and‘hence NH4-N concentrations
are coparatively low. Amounts of ammonium N in 1bs. per acre foot
present at the different soil deptbs. after 15 years of N fertilization
shovn in Figure 2. o ;

It is evident that the continued [ fertilization, even at the
heaviest rate has not appreciably increased soil NH4-N to the 34
foot depth.

It is evident that 155years'of‘N.ferti]ization of continuous
corn at Morris has resulted in modgrate increases in corn yield with
moderate fertilization rates. Heavier annual N fertilization rates
failed to produce furthér inﬁréases in corn yields and the unused N
has largely been leached downward beyond the reach of plant'roots and

may eventually increase the l03-N content of subterranean water

supblies.

are

[})
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Nitrate Nitrogen (Pounds

Figure 1.
Following Fifteen Years (

i

er acre) in a Barnes Loam
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Figure 2.

1 aLf

Exchangeable Ammonium Nitrogen (Pounds per acre) in

a Barnes Loam Following Fifteen Years (1957-71) of
Annual Corn Cropping with Different Rates of Nitrogen

Fertilization.
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Small Grain Fertilization
West Central Experiment Statidn-ﬂorris

S.D. Evans

Field experiments were carried out on Tara silt loam in 1971
and Doland silt loam in 1972 to study the response of wheat, oats,
and barley to nitrogen fertilization. Three varieties of each crop
viere grown at three applied nitrogen levels. The nitrate nitrogen
level in the soil was determined by the University of linnesota
Soil Testing Laboratory.

A. Oats

Main plots - Varieties (1) Lodi (2) Otter (3) Diana

Sub-plots- nitrogen levels of 0, 30, 60, and 90 1bs. of

actual nitrogen,

‘eeding date- April 28, 1972

Nitrate nitrogen soil test- 53 1bs/acre.

A uniform starter application of 100 1bs of 10-20~20 was used.

Table 1. Yield, Oat Fertility Study, Horris, 1972.

%%%%%2521b5/A - Lodi Ottervariety Diana*
Lod1 1ana Average
===Bu/A«==

0 60.0 53.5 23.5 45.7

30 69.9 N7 34,0 58,5
60 76.5 77.8 136.3 63.6

90 80.3 76.7 50.8 69.3
Average 7.7 69.9 36.2

* There was severeLbirc damage with variety Diana.
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Table 2. Lodging Score (1-9 scale). Oat Fertility Study, Morris 1972,

%%%%%ggﬂﬁbs/A TriN gzsgg?riety T T
-==Lodging---

0 | ' 2.3 27 2.0 - 2.3

30 - 3.3 27 T 23 2.8

60 4.0 2.7 S WY 2.8

90 3.3 4.0 2 3.1

Average 3.2 3.0 2.2

Table 3. Groat Percentages, Oat Fertility Study, Morris 1972,

gi§¥%g§gj , Variety

ppTied 1b/A Lodi. Otter . Diana* Average
~===Groat %---

0 68 69 58 65

30 | 66 68 53 63

60 68 68 54 64

90 64 68 c4 65

Average 66 68 57

* There was severe bird damage in the variety Diana.

The statistical analysis of these variables has not been done.



127

B. Barley
Main plots- Varieties (1) Dickson (2) Larker (3) 64-76 in 1971
and €5-220 in 1972,
Sub-plots~ nitrogen levels of 0, 30, 60, and 90 1bs. of
actual nitrogen.
Seeding date- April 7, 1971 and April 28, 1972,
Nitrate nitrogen soil test- 1971-70 1bs/acre
1972-53 1bs/acre
A uniform starter application of 100 1bs. of 10-20-20 was used,

Table 4. Percent protein in grain, Barley Fertility Study, florris 1971.

Nitrcgen Variety

Apyited bs/A Dickson  Larker 64-76 Average
-=-% Proteine--

0 1.1 m3 I3 1.2

30 - 10.8 1.9 1.4 1.4

60 1.0 12.1 10.7 1.2

%0 12.6 13.1 11.8 12.5

Average 1.4 12.1 1.3

Table 5. VYield, Barley Fertility Study, Morris 1972.

g%%%%ggﬂ1bs/A ~Dickson ngEEEfEty - 65-220 Average
-==Bu/A===

0 27.2 29.9 AN 26.1

30 34.5 37.0 . 29.2 33.6

60 46.8 . 45.4 3.2 0.8

90 40.2 47.1 28.6 38.6

Average 37.2 38.2 28.0
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Table 6. Lodging score (1-9 scale), Barley Fertility Study, 1972.

Nitrogen C ' Variety
Applied 1bs/A Dickson Larker 65-220 Average
===Lodging-~- _
0 .0 . 13 3.7 2.0
30 1.3 1.7 4.0 2.3
60 3.0 23 67 4.0
90 3.3 3.3 7.0 4.7
Average . 2.2 2.2 5.3
Takle 7. Analysis of Variann,‘Barley Fertility Study, Horris
1971 and 1972.

Source of Variation 197 . 1972

‘ % Protein Bu/A Lodging
Reps NS NS -not-
Varieties (V) NS * -analyzed-
Nitrogen (N) * * -yet-
Vx N NSNS
C. Uheat.

" Main plots- Varieties (1) Chris (2) Era (3) Ciano. 67
Sub-plots- Nitrogen levels of 0, 40, 80, and 120 1bs of actual
nitrogen,
Seeding date- April 7, 1971
 Nitrate nitrogen soil test- 1971-70 1bs/acre. A uniform starter

application of 100 1bs of 10-20-20 was used.
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Table 8, Percent protein in grain, theat Fertility Study,
Morris, 1971,

%%%§$%§ﬂ1bs/A Chris 522Y§rie;y Clano 67  Average
-=--% Protein---

0 13.8 12.7 14,0 13,5

40 14,6 12.9 14.3 14.0

80 - 15,5 12.7 13.9 14.0

120 16.7 13.3 - 14,5 14.8

Average 15.2 12.9 14,2

The 1972 wheat data was not available at the time of printing.

This vork was done in cooperation with the following staff of
Department of Agronomy and Plant Genetics: |

Oats - D, D, Stuthman

Barley - D. C. Rasmusson

Wlheat - R. E. Heiner

Statistical analysis was done by Dean Fairchild, Department of

Soil Science.

the
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SOVBEAI-IITROGE! FERTILIZER SOURCE AMD RATE STUDY

G. E. Ham and S. D. Evans

Ammonium nitrate, urea and soybean meal sources of
nitrogen at the rate of 100 and 200 pounds pf_nitrogen per acre
were compared at liorris and Rosemount. All'%ertilizers vere
applied to the surface and disked in Lefore planting. ilon-
nodulating and nodulating isolines of Chippeqa,maturity and Svift
soybeans vere grown on the plots. The yields for 1972 are shown
in Table 1 and 2. ilitrogen fertilizer significantly increased
seed yields at florris but not at Rosemount. The previous crop
at fiorris vas corn and alfalfa at Rosemount vhich may explain
the lack of response to nitrogen at Rosemount. The nodulating
plants were vell-nodulated at both locations.

Table 1. Effect of nitrogén Sdufces énd'?ates and'soybean geno-
type on soybean seed yield at Hprris‘(1972).

Hlitrogen Hitrogen o
source rate Soybean genotype
Hon=-nod Hod Swift
Ib/acre = = eececcccccesae-- bu/acre=eeecee===
Check 2] a 3 a . 37 ab
Asmonium nitrate 100 27 b 33 a 36 a
Urea 100 27 b 34 a 37 ab
Soybean meal 100 29 bc 34 a 35 te
Ammonium nitrate 200 33 de 33 a 41 cd
Urea 200 33 de 34 a 39 bc
Soybean meal 200 31 cd 37 b 43 d
Ammonium nitrate 300 e 3 a 40 ¢

Yields under a 'variety folloved by the same letter are not significantly -
different From cach other at the .05 level (Duncan's myltiple range

test).
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Table 2. Effect of nitrogen sources and rates and soybean
genotype on soybean sced yield at Rosemount (1972).

Soybean genotype

i trogen - Nitrogen

source rate Hon-nod Nod Swift
-___~_——- _137;:;;; -------------- bu7;;}e -----------
Check 38 44 46
Ammonium nitrate 100 40 ' 42 47
Urea 100 4 44 47
Soybean meal 100 42 43 44
Ammonium nitrate 200 38 43 46
Urea 200 40 | 46 49
SoyLean meal 200 42 43 44

Ammonium nitrate 300 39 41 47
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FERTILIZER TRIALS ON IRRIGATED ALFALFA AND RED CLOVER
STAPLES, MINNESOTA

C. J. Overdahl, Dean Fairchild and el Weins

The plant nutrients phosphorus, potassium, sulfur, boron and copper,
under varying rafes plus 3 levels of llme, were under study at the
Staples Irrigation Farm in 1972.

The first year alfalfa growth was small and yields up to only
3.8 tons per acre were harvested from 3 cuttings. Red clover on this
first year was better with ylelds as high as 5 tons per acre. There
was no signiflcant response to any of the nutrients or lime added.

This is not easily explained for potassium, since check plot soil tests
ranged from 92 to 107, which is quite low.

Phosphorus soi| tests were very high, averaging about 90 pounds,
sulfur was medium high., The plant analyses on check plots showed
2% poiassium, .45 P, which are adequate. All secondary and micro
nutrients In the plant analyses were high except copper. Added copper
gave no yield increase in 1972. The pH was 6.2 on the surface 6 Inches,
put averaged 6.5 from | to 2 feet and 6.9 from 2 to 3 feeft.

Boron readings In alfalfa plant tissue by cutting were: Ist=60 ppm,
2nd=51 ppm, 3rd=45 ppm. Red clover readings were: Ist cut=75 ppm,
2nd cut=35 ppm, 3rd cut=35 ppm. Above 30 ppm is considered sufficient
for these crops.

Only limited conclusions can be drawn on one year's data. The 1973

data will probably give more meaningful information.

Tfforts of Bob McCaslin, Bob Schoper, Charles Behrens, Fred Bergsrud
and others assisting on plots are gratefully acknowledged.
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HITROGEI! TRIALS ON CHRIS AND ERA
VHEAT UUDER IRRIGATION. AT STAPLES 1972

A. C. Caldwell, F. G. Bergsrud,
1. J. tHens and D. S. Fairchild
Five rates of I (0, 25, 50, 75, 100 1bs/A) vere applied as a

broadcast to varieties of Chris and Era vheat on Hubbard sandy
loam at Staples. The entire nitrogen rates of 25 and 50 1bs/A
were applied before seeding vhile the 75 1bs of [/A was split
into 50 1bs/A at seeding and 25 1bs/A at Loot stage, and the 100
1bs rate at 50 1bs/A at seeding and 50 1bs/A at boot stage. A
basic starter fertilizer of 8-16-32 + 2 1/2 S was applied at
200 1bs/A.

The nitrate nitrogen level in the 0-24 inch soil zone was at
12 1bz/A. Soil test levels of P and K vere very high and medium, re-

spectively.

Table 1 indicates that no significant yield increases were noted

in Chris or Era varieties vith greater than 50 1bs of I!/A.

Table 1. Yields of Era and Chris wheat as affected by nitrogen
rates under irrigation, Staples, [iinnesota.

Fertilizer Variety
Treatments Era Chris
(Ibs WARY*  ecccmmmcmmmans Bu/Am~emamemmmem—ne-
0 22 a ** 15 a

25 31 be 19 b

50 37 ¢ 26 ¢

75 32 be 26 ¢
100 29 b 24 ¢

* [| applied as ammonium nitrate

**Any letter(s) different from another letter in a column indicates a
significant difference between the means at the 5% level.
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The percent nitrogen in the plant tissue from the variety
Chris was below the critical level of '2.7% il for treatments receiving
0 and 25 lbs. of {l/A. Treatments receiving 50, 75 and 100 1bs. of
H/A were not significantly different in % Il and above the critical
level of 2.7% (Table 2). Ilitrogen contents of plant tissue from the
variety Era indicated nitrogen deficiencies Only in the treatment
receiving 6 1bs. of I!//A. Significant increases in thé ﬁitrogen
content of Era's plant tissue were noted with>increasing nitrbgen

fertilizer rates (Table 2).

Table 2. The nitrogen content of plant tissue from Era and Chris
viveat as affected by nitrogen rates under irrigation.

Fertilizer ' Variety

Treatment 1 . Era , Chris

(1bs. l/R) ' : | eesmeceaa- % I in dry matteree-—---

0 2.5 a
25 2.8 ab
50 3.0 bc
75 3.2 cd
100 3.4 d

* finy latter(s) différent,from another letter in a column indicates a
significant difference betveen the means at the 5% level.
Table 3 indicates the percent nitrogen in Chris and Era vwheat
grain increased vith increasing rates of nitrogen. Significant
increases are noted at the 50 and 100 1bs. of !I/A rates with the

Era grain being slightly lower in nitrogen than the Chris grain.

¥



135

Table 3. The nitrogen content of grain from Era and Chris wleat as
affected by nitrogen rates under irrigation.

Fertilizer ’ Variety

Treatments tra Chris
(1bs. 1i/R) —memememeeeee- Ylrmmmmmm—ne——————
0 1.6 a* 1.0 a
25 1.8 a . 1.¢ a
50 2.0 b | 2.1 ab
75 AL 241
100 2.4 ¢ 2,6 ¢

* Any letter(s) different from another letter in a column indicates a

significant difference betveen the means at the 5% level.

Yields of both Chris and Era were not satisfactory and too low
to be economical crops under irrigation. This experiment will be
repeated in 1973 vwith greater emphasis on management practices to
increase wheat yields and with more extensive soil sampling to
monitor the movement of nitrogen on coarse textured soils under

irrigation.
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THE EFFECTS OF FERTILIZER RATES Qi! CUCUIIBERS
UiLDER IRRIGATION AT STAPLEs;:1972

£. C, Caldwell, F. G. Bergsrud,
il J. lliens and D. S. Fairchild

The introduction of irriéat%bn and different crops to central
Minnesota has created a need fdr new research to determine crop
response to applied fertilizer., To fulfill this neced a fertilizer
study with cucumbers was initiated at the Staples Irrigation Farm
on a Hubbard sandy loam in 1972;

The nitrate nitrogen level in the 0-24 inch soil zone vas
54 1bs/A. Soil test levels of phosphorus and potassium were very
high and medium, respectively.

I randomized complete block design vas used with eight treatments

replicated five times. The fertilizer treatments were as follows:

Treatment

Code - Treatments i+Po05+K,0+5+8
- - --1bs/acre----

A Hy +Py + K] 5 +B 100 + 75 + 200 +.20 +3
B Hy +Py + Ky +59 + B 50 + 75 + 200 + 20 + 3
c iig #Pp + Ky +59 + B 100 + 75 + 200 + 20 + 3
D iy +Py + Ky 45, + B 150 + 75 + 200 + 20 + 3
E H] +P2 + (] +S] +8B 100 + 150 + 200 + 20 + 3
F N] K +5) + B 100 + 75 + 400 + 20 + 3
G Hy +Py + Ky #5, + L 100 + 75 + 200 + 40 + 3

H Check 0+ 0+ 0+ 0+0
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A1l fertilizer treatments, except the nitrogen rates, were
top-dressed and tilled in on June 21, 1972. [litrogen rates vere
split into the fo]iowing amounts and times of application:

1. Hy - 50 lbs/acre at planting + 50 1bs/acre two weeks after

plant appearance,

2. W, - 50 1bs/acre at planting,

3. H3 - 100 1bs/acre at planting, and

4, 1, - 50 1bs/acre at planting + 50 1bs/acre two weeks after

i
plant appearance + 50 1bs/acre four ueeks after plant ap-
pearance,

Cucumbers vere planted in 22 inch rows on June 27, 1972, at

80-100,000 plants/acre. |

Total saleable cucumber yields are reported in Table 1. Highest
yield« are noted with 100 1bs. of nitrogen/acre either as a split
application or as one application at planting. Yield increases are
also indicated with the higher fertilizer rates of phosphorus,
potassium and sulfur though the increases are not always significant.

Six fold increases in yield of fertilized over unfertilized cucumbers

are tremendous and it is very apparent that based on one year's

results and on this soil, fertilization is a must for satisfactory
cucumber yields.

Table 1. 1972 Cucumber yields with varialle fertilizer rates under
irrigation at Staples.

Fertilizer

Treatment

Code Total Salealle
----- Yield Tbs/acre------=cec=

A 6192 cd* 5477 de

B 3408 b 2483 b

C 0697 d ‘ 4298 cd

D 4585 be 4109 ¢
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Table 1. (continued) --

Fertilizer

Treatment

Code . Total Saleable’
------ Yield lbs/acre-wecececceea-

£ 7875 d 6017 e

F 6219 cd 523¢ cde

G 1348 a : 1043 a

* Any letter(s) different from another letter in a column indicates
a significant difference betveen the means at the 5% level.

Plant tissue samples vere collected on Auqust 8, 1572, from the
fully developed upper leaves at the early bloom stace in growth.
Significant increases in nitrogen, potassium, magnesium, sulfur and
manganese in the plant tissue are noted in Table 2.

T~is experiment will be repeated in 1973.



Table 2.

at Staples in 1972.

Plant analyses of uprer leaves from cucumbers with variable fertilizer rates under irrigation

.69 ¢

Fertilizer
Treatment =  =====------c-- L e ket PP Homomomcccnnmcnnan e
Code 1! P K Ca vig S AL Fe In Cu iln B
;% A 3.98c* .82 2.84b 2.1 .45 a .64 atc 561 556 ~ 67.8 6.4 134 bc‘ 41.5
B 3.21 a .84 2,74 ab 1,97 .46 a'.69 c 588 576 64.0 6.1 130 b 42.7
c 3.57 b .82 2.81:b 2.1 .47 a .68 bc €35 €08 71.2 5.9 149 e 39.5
D 4,48 d .80 2,82b 2.43 .50 a,.60.a 660 658 70.2 5.6 150 e  42.8
E 4,21 cd .87 2.75b 2,20 .49 a ;62 ab 716 678 66.9 6.2 146 de 38.2
. F 4.17 ¢d = .83 2.80b 2,06 .43 a .63 abc 621 622 68.6 6.3 143 4 39.4
;f} G 4,08 c .79 2,74 ab 2.25 .50 a .69 ¢ 554 545 - 69.0 5.9 138 ¢ 41.7
H 3.60b .89 2,556a 2.08° 122 650 - 72.2 8.7 104 a2 31.8

s

the means at the 5% level.

"~ % Any letter(s) different fron another letter in a <~lumn indicates a significant difference between

6L
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‘INFLUENCE OF PHOSPHORUS AND POTASSIUM FERTILIZATION ON
ALFALFA YIELDS, WASECA, 1969-1972,

W. E. Lueschen and G. W. Randall

An experiment was established in 1969 at the Southern
Oxperiment Station to evaluate phosphorus and potassium fert~
ilization of alfalfa for south-central Minnesota. The experi-
axant was located on a Webster clay loam soil with a pH of 5.7,
¥ test of 40 and a K test of 240. Prior to geeding the trial
& uniform application of 7 tons per acre of limestome was app~
lied. Annual applications of fertilizer were as follows: 2&
or 150 pounds per acre of Py0s5 in combinations with 0, 60 or
290 pounds per acre of K20. The initial application of fert-
ilizers was made prior to apring plowing on May 5, 1969;
gabsequent applications were top-d;es#ed each spring. The
trial was seeded on May 14, 1969 with three varietles: Vernal,
Saranac énd Minn. Syn N. 8ix xeplications were eatabliaﬁeﬂ
without a companion crop using Eptam and 2, 4-DB for weed
gontrol gave excellent ianitial stands of alfalfa. All plotr
wore harvested to simulate removal as hay with 2, 4, 3 and 2
cwttings removed in 1969, 1570, 1971 and 1972, respectively.

vield levels were relatively low, as is typical for the
Wageca area (tables 1 and 2). The higher yields in 1970 ware
a result of excellent growlng conditions which permitted
harvesting 4 cuttings by early September. Lower first and
third cutting yields in ;971 reéuced that'aeasop'srtotal‘.
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vield considerably. Removing 4 cuttings in 1970 may have wonk~
aned the plants enough to reduce yieldé for the fifst cutting
in 1971. Inadequate rainfall in July and August of 1971 were
mainly réqunsible for very low third cqtting vields.

Saranéc ténﬁed to be the highest yielding variety in .
1269, 1970 and 1971. The response of all three varieties was
very similar for all fertilization treatments.

Table 2 gives the effects of the P-and K treatments aver-
a;ed over tha three vﬁrieties. Althbugh significant yield in-
creages were obtaihed for phoaphorus in 1969 and 1970, the
increases were very‘small; .10. T/A, which wouid not péy fox
fertiliizer costs. The soil P levels in the upper & inchez
ware voary high (40 lbs./A) when the triai was inifiated in
1969 and remained at very high 1e§els {30 ibs./A) throughou
the trial even where only 30 pounds P,05/A were applied an-~
nually. Soil tegts for phosphprus were increased to 50-60
wheré an annual application of 150 pounds per acre of P20g
vas made. These results explain the lack of large zespénaez
to phosphorus. Table 4 gives the percentage phosphorus in |
plant tissue of the third cutting in 1972. These valuas
were adequate for good alfélfa p:odﬁction eée@ at thellow '
rote of phosphorus fertilization (€ 0.20% deficient).

With the exception of 1969, alfalfa yields tendéd to in-
crxease slightly with potassium fertilization. Additions'cf
60 pounds per acre of K20 had no effect on yields in 1969 and
1910 but significant increases (0.20 T/A) were observed in
1974 and 1972. As with phosphoruvs, these increases would not
pay for the fertilizer costs using $20/T for the alfalfa ané
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£.05/1b. of qu. additional yield increases (0.20 T/A) for
306 pounds Kzo/a were obaefved 1n 1970 and 1972, |

Lack of response in 1969 to potaasium fertilization can
ko .explained on the hasis of high initial X soil test values
{240 1lbs./A). Soil tests in the fall of 1972 (tzble 3) were
| in the medium range for the 0 and 60 pounds per acre treatmant,
and the high range for the 300 pound rate. With relatively
low forage yields in 1972, eoil supplied potasaium was nearly
sufficient to meet plant nutrient needs.

Plant tissue tests for third cutting in 1972 indicate
leas than adequate K tissue levels (£ 1.75% difficient) for
the 0 and 60 pound K0 rate and adequate levels for the 300
pound rate. However, only élight_differences in total yleld
rare ot:zarved among the treatments in 1972 with no response
to K fertilization in the third cutting;A S

Phytophthoré root rot was present'in the trial and may

have contribﬁted to the poor yields and lack of response to
fertilization. New trials are planned with Phytophthora

mesistant varieties to determine if alfalfa ylelds can be
improved with fertilization of resistant varieties. When
severe infestatiau of this dispaee exists, extenaive dam-
age is done to the root system and this may limit the
ability of the plants to extract nutrients from the.soil.
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Table 1. Influence cf phosphorus and potassium fertilization .
. on alfalfa yields, Waseca, 1969-1972. :

Hay Yield (T/A @ 128 H;0)
Variety P05 K30 - 1969 1970 1971 1972

lbs/A lbs/A

4.08

Vernal 30 0 1.72 5.04 3.3
n 150 0 1.95 5.25 3.26 4.14
" - 30 60 . l.72 5.27 3.46 4,13
" 150 .60 1.91 5.26 3.41 4.33
" 30 300 1.8 5.43 3.59 4.34
" lsoj 300 : 1.80 5032 3.52 4018
Variety Average  1.82 5.26 3.43 4.20
SBaranac 30 0 1.80 5.50 3.45 4.08
" © 150 0 1.95 5.75 3.25 4,02
" 30 60 1.97 5.42 3.70 4.20
" 150 &0 - 2.10 5.61 3.63 4,18
§ 3¢ 300 1.92 5.90 3.68 4.07
w 150 300 2.11 5.86 3.72 4.34
“Faciety Average 1.98 5.67 357 2.15
 Elnn. fyn B 30 0 1.69 5,09  3.0L 4,03
b 150 0 1.70 5.08 . 3.09 3.93
- B, 30 69 1.75 4.99 3.06 3.87
a 150 &0 1.73 5.03 3.19 4.11
2 30 300 1.63 5.19 3.12 4,23
s 150 300 1.77 5.43 3.34 4.37
Variety Average  1.71 5.14 3.14 4,09

Table 2. Influence of phosphorus and potassium fertilizaticn
on alfalfa yields (T/A @ 12% H30), Waseca, 1969-1972,
(Average of 3 varietias)*

- Annual P05 Applications Per Acre

Anpnual 1969 1970 1971 | 1972
Ra0(lbs./n) 30 150 30 150 30 150 30 150
0 1,74 1.87 5.21 5.36 3.26 3.20 4.07 4.03
60 1.81 1,91 5.23 5.30 3.43 3.41 4.07 4.21
300 1.79 1.89 5.51 5.54 3.46 3.53 4.21 4.28
BLSD (.05) P .07 .11 ns ns
1 .10 .13

w2, 4, 3 aﬁﬂ'ﬁ cuttings removed in 1969, 1970, 1071
and 1972, xespactively. :
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" N

Table 3. Influence c©f phosphorus and potassium fazcilizatuon on aoil tests (Waseca,
fall 1970 and 1972).% :

 Treatments 0-6. inch Da ,_gth o _ y~18 Zich negth ‘ ’
P,0g K50 , pﬁ’ 2 ] L pH
ibs./a 1bs./Aa lhs.é L R 1ba.éa
1970 1972 - 1970 197 970
30 o 6.1 6.4 50 30 §33"I€5' " . 6.0 5.6 A 200 160
150 o 6.0 6.3 ‘60 60 ~ 200 160 . ' '5.8.5.7 7 17 200 150
30 - 80 6.1 6.4 50 30 260 170 6.0 5.7 5 16 190 160
150 60 6.1 . 6.2 75 55 250 170 5.9 5.8 7 17 210 160
30 300-. 6.1 6.2 50 30 425 280 5.8 5.8 6 14 - 210 160
- 150 300 5.9 6.3 75 50 310 220 5.9 5.7 8 - 14 220 170
* samgles from Saranac plots only. - L

'Tabie 4. ' Influence of phosphorus and potassium fertilization on pereent.phosphorus '
and potassium in plant tissue, Waseca 1972. (cut 3).*

2205 . . KzO » % P o ¢ K
s. A 9. k .
30 o 0.30 1.54
150 0 .0.39 1.70
30 . 60 0.30 1.65
150 60 0.35 1.69
30 300 0.28 2.23
150 360 1 0.33 2.28

_ 2 samples from Saranac only.
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.__CORN TILLAGE 8STUDY
waleca, 1972 .

G. W, Randall, ¥W. E. Lueschen, J. B. Swan and J. A. True

A field experiment was initiatéd'in 1969 to evaluate
+illage siéﬁéms for continuous corn §rédh¢tion 1n s6ﬁth¥
central Minnesota, Eleven tillage treatments were estab- |
~ 1ished in a randomized complete-block design with four
replications. Each treatment haé been super-imposed on .
ﬁhelgame plot since establishment. The experiment is
located on a LeSuewr clay loam soil with a 2-58% south~
* facing slope. Tile‘iihes spaced 75' apart lie pérpendic;
vlar to the rows within all plots, h o

A broadcast application of fertilizar-(0460+90 ibéﬁ
N+P205+K50/A) was applied on October 15 and’ was followed :
immediately by the fall primary tillage oparations.
'Nitrogen (175 lbs. N/A as ammonium nitrate) was broad-
cast on the surface on April 25, The apring primaxy till-
age treatments were installed on April 27 and the secondary
treatments on May 8. | o _

Corn (Minhybrid 4201) was planted at a rat; of 26,000 |
ppA on May 9. An Allis Chaimers minimum tillage planter
with fluted coulters was used to plant the pibts which did
not receive primary tillage. For those plots which aia ‘
recelve primary tillage, the fluted coultefs were‘réﬁovéd;
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- Staxter fertilizer (13+35+4S 1bs. N+P205+K20/A) and an in-
secticide (1 lb. active Puraden/A) were applied at planting =
| time. Chemical weed control’ consisted of 5 lbs, propachlor/A
(8.I1.) applied at planting.in 4 14" band and 2 lbs.‘atrazine
(A.I.) + 1% qt. vegetablé oil/A applied postemergence on June
10. wWieh the .exception of the fell chisel«none and no~till- |
age treatmente where too much surface reeidue prevented cnlti-\‘
.vetion, each treatment was cultivated once.

Small plant weights were obtained on Juee 14 by randqmly
ee]ecting 10 plantz from each plot and oven drying thenm. -
Grarﬂ yields were determined by combine harvesting two centez
rows from each plot on October 5. | ‘ .

51a11 plant weight, weed infestatien .and moieture cone ..
tent of the grain at harvest were effected significantly, »'
by the tillage treatmente (Table 1). In general, early |
plant growth was greater, the weeds were less numerous and
.the corn was_drier from the molqpoard plow treatmente, irre-
gardless of sscondary rreatments. The.emallest early plant
groﬁth and rhe wettest_corn at harvest reeulted'frem the no-
tillaée treatment. Highest weed:infeetation.reeulted,frcm
the fall chisel treatment with no secondary tillage. Quack~
grass and fall panicum were the dominant species found.

Pinal population, lodging and"yield were not affected by the
| tillage treatments. In addition the correlation ccefficient °
between yield aed small plant weight (.130) was not signifi-
cant, rhis was the third year in this study in which final
yleld ﬁas not related to early growth. Weed 1nfeetation had
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Influence of tillage traatmsnts on coacinucus corn production at Waseca

. 1,5

in 1%72.

. ‘ Mbisture
Tillage Treatments ' Small plant weeld le at Yield
Primnary Secondary ht infestation gggglation _ged _harvest (@15.5%)

g]ﬁgy 00 % . bu/A
. plant
Fall Plow None 7.4 2.2 . 24.6 7.9 28.2 135.3
" " . Conventional 6.8 1.8 25,0 6.4 27.7 131.8
" n Field Cult.’ 6.1 1.5 24.0 6.7 27.8 136.2
Spring Plow Conventional 6.8 1.5 - 25,0 5.8 - 27.3 134.9
Fall Chisel " 6.0 2.5 25.4 3.0 28.5 130.8
. n » Field Cult. ’ 508 2a8 i 24'9 601 29.1 13301
" " ' None 5.6 4.9 24.9 2.6 30.0 126.2
Spring Chisel Conventicnal 6.4 - 2.8 24,1 6.8 2%.2 139.9
" " Disk 5.3 3.0 25,1 4.0 29.5 133.6
None None 3.9 3.0 25.0 1.0 31.2 130.1
None Disk 5.3 2.8 24,9 2.0 30.4 130.8
Significance: * % b ns ns *% ns
Cv. (%) : 12.9 25.8 S.0 86.6 2.6 5.1
BLSD ‘
.05 : 1.1 1.0 : : 1.0
.01 : 1.3 A 1 1.3

v Weed infeatgtion rating of 1=-5 :

1 @ None 5 = Severe

248
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no effect cn the yizid (x= -.006)." |

Other physical measurements as affecééd by ceréatn till-

age treatments were recorded during the growing season. Sur—
face residue accumulation (mulch from the preceding corn cropa) |
was shown to increase markedly with the chisel and no-tillage
'treatmente (Table 2), rThaae accumulations of 3.78 and 6.06 -
T/A, respectively, are moxre than 2x as high as in‘1971.'which
ghows the additive effect of leaving residues from QontinuouzA
corn on the surface, | o

The effect of this mulch on the soil temperature is sbown
in Fig. 1. These measurements were obtained by uaing thermo-'~'
cou;ieé installed two days after planting to a depth of 4"
beneath the corn row. The minimum and maximumfdaily tempar-
atures were averaged eéch~day fbr'apérorimately one month.
puring the early part of this period, the fall plow-field
cultivate treatment showed a 2 to 3 OF advantage over the
fall chisel-field culgivate treatment, Temperatqres from
the latter treatment were consistently.to 1° highér,than
the no-tillage treatment. Later in the season tha'femper-
ature differences among treatmenﬁs were not as great; but
the same pattern still held.

May was warmer than normal with temperaturea ranging
between 83 and 90° from the 16th, thru the 24th.. This
resulted in soil temperatures rising well above 50° in all
treatments., Conssguently, emergence of.éorp was not affect-
ed by tillége treatment. | | )

Depth to the perched water table was monitored in two
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Table 2. Effect of primary tillage treatments on the surface
residue accumulation after three years of continuous
corn at Waseca.

Tillage treatment

Primary Secondary Surface residue
ry Matter)

Fall Plow None Trace

Fall Chisel None 3.78

None None - 6.06

tillage treatments from late June thru mid-September withropen-
end, 2-inch plastic pipes (Fig. 2). Differences between.the
water table levels of the fall élow—field cultivate and the
no tillage treatments were not;épparent ihrqughout the season.
_The effect of the high July réinfall (7.74",. which 1is 4.46“
above normal)is shown by thé ﬁater table rising from'ds" on
June 29 to 27" on Aug. 1._ August precipitation . (1.54") was
1.94" below normal and is reflected by the water table
dropping to 60" on Sept. 11. With the water table varying
from 27" to 60% during.the growing seasbn, it is doubtful
that available soil moisture was limifing‘in'1972.

Attempts were made.to take neutzon probg'moistute,data
on two tillage treatments throughout the 1972 growihg season
(Fig. 3). FPour stoppered tubes:ﬁere placed in each of the
two treatments frbﬁ two replications. A complete set of
measurements was iaken on June 29. ‘Due to the high July

rainfail, measurements were not take . until Aug. 28.
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1972 DATE
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Pig. 2. Water table fluctuation during the 1972 season

" " under two tillage systems.
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% H,0 by volume

20.0 25.0 30.0 35.0 40.0
0 et e '
6.
12
pepth )
(inches)
18
24
304
6~29-72
cde—sumws F811 plow, field
‘ cultivate
3 —r——d—Zaro Tillage
8-28-72
apeepmemzy Fall plow, f£icld
cultivate -
42 —_gp—g——geLero Tillage

Fig. . Effect of tillage treatment om % nzo by volume at
gwo different dates at Waseca.



183

Instrumental problems‘terminated further meaaurements.' In
late June soil moisture at the 8" and 12" depths was higher
for the no tillage treatment than'for the fall plow-field
culiivate treatment. This may have been due to the lesser
plant growth on the no tillage treatments and .the absence .
of tillage which promotes suxface evaporation. Howe#er,'

at the 18, 24 and 30" depths in both June and August, the
woigture was greater when fall plowed and field cultivated.
.This would indicate that infiltration conditions on the till~
ad treatments were better which allowed the apring<and.summer
rains to soak in rather than partially running off as‘was
the canae for the no tillage treatment. | o
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LIME PLOTS, WASECA, 1972
John Grava, C. J. Overdanl, D. S. Fairchild, G. W. Randall

A field experiment was established at the Soutﬁeéh Experiﬁenﬁ
Station in spring of 1971 to study the effects of 1iming on‘yield and
chemical composition of corn, and chemical properties.of spil‘. In 1971.
lime'treatmehts did not affect - corn yield and had no e?fgét on the
chemical composition of leaf tissue. 'This investigation was cdntiﬁued
in 1972, R | -

Two other experiments were established on this ffe1d; one with soy-
beans and another one with élfalfa.”'Dolomitfé Timestone used in these
two experiments had the following quality characteristics: |

‘Passing 8 - Mesh Sieve 96.3% ‘

Passing 60 - Mesh Sieve 38.7%

" Calcium Carbonate Equivalent 96.4%.

The lime rates used were as follows: 0, 2.5, 5.0, 7.5, 10.0 tons
per acre. The treatments were replicated six times. Limestone was
applied on April 26, 1972. Individual plots were 20 feet wide and 30
feet Tong. Average soil test results of samples collected prior to the

establishment of the experiment are given in Table 1.

Table 1. Soil test results (soybean - alfalfa area, April 1972).

Soil SWP P K In S Lime
Area pH Buffer LB/A LB/A ppm ppm Require-
Index ment
Tons/A
Soybeans 5.5 6.0 100 290 3.5 19 6.5-7.5
Alfalfa 5.5 6.1 105 290 3.3 15 5.5-7.0

! See "A Report on Field Research in Soils," Soil Series 88, March

1972, pp. 140-141, for results obtained during 1971.
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Following is information on ménagement practices, yields, etc. of
the three lime experiments during 1972.

Corn

A1l plots received the following: (a) 193+74+95 LB/A of plant
nutrients, expressed as N, Py05, K,0; (b) herbicide: pre-emergence
Sutan 3 LB/A, post emergence atrazine and oil 2 LB/A and 1 1/4 GAL/A;
(c) insecticide: Furadan 1 LB/A. Pioneer 3582 Hybrid was planted on
May 9, planting rate: 26,000. Corn was cultivated on June 13.

The yield of corn and chemical composition of sixth leaf at
tasseling are given in Tables 2 and 3. Lime treatments had no effect
on corn yield nor did they affect the concentration of nutrient elements
in leaf tissue.

Soybeans

Corsoy soybeans were planted on May 16 in 30-inch rows, 9 beans
per {aot. A1l plots received the following: 13+34+45 LB/A of plant
nutrients in row; herbicide: 1 LB/A Treflan.

The yield of soybeans and chemical composition of the upper-most
mature trifoliate are given in Tables 4 and 5. Neither the yield nor
the concentration of plant nutrients in soybean trifoliate were
affected by 1ime treatment.

Mfalfa
Vernal alfalfa was seeded on May 12. A1l plots received: (a)

broadcast 0+46+60 LB/A; (b) 1 LB/A Treflan. No yield was obtained in
1972.
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Table 2. Yield of corn, Waseca lime plots, 1972.

Rate of Lime Yield
“Tons/Acre . . . - BufAcre
0 , 116
2.5 ' : 110
5.0 nz2.
7.5 ' 108
10.0 113
Significance NS*
Cv,% 5

*NS - Treatment means not significantly different at the 5% level.



Table 3.

Rate of
Lime

0

2.5

5.0

7.5

10.0
Significance

Cv,%

P

K Ca
1.88 .65
1.92 .63
1.86 .66
1.96 .69
1.92 .64
NS NS
6 7

NS
1

Cu Mn B Fe
Parts Per Million in Dry ilatter
é 72 6 116a
9 68 7 115a
9 60 7 115a
9 67 7 130b
9 58 6 120ab
NS NS NS *
9 20 8 6

Chemical composition of sixth corn leaf at tasseling, Waseca lime plots, 1972.

S
20

LSt
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Table 4. Yield of soybeans, llaseca Time plots, 1972.

Rate of Lime

Tons/Acre
0
2.5
5.0
7.5
10.0
Significance

CV’%

Yield
Bu/Acre

51"
51
49
52
51
NS
.

2]




Table 5. Chemical composition of soybean trifoliate, l'aseca lime plots, 1972.

Rate of
Lime

10.0

Significance
Ccv,%

K Ca
Percent in Dry latter
2.10 1.08
2.18 1.08
2.0 1.07
2,13 1.09
2,09 1.06
HS 1S

6 8

HS
51

Cu vin B Fe
Parts Per Million in Dry ilatter
7 61 47 88
7 53 47 95
7 53 45 92
8 54 47 93
4 55 47 94
NS NS - NS NS

248 15 5 7

651
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DETERMINING NITROGEN NEEDS FOR CORN

W. E. Fenster and C. J. Overdahl

In the fall of 1969, nitrogen experiments were established with
continuous corn on highly productive land to determine what rates of
nitrogen would result in highest economic yields with a minimum of
nitrate movement through the soil profile. 1t Is quite apparent that
both nitrification and denitrification play major roles in ascertaining
amounts of fertilizer nitrogen that should or should not be applied,

in any given year, on fine textured, high organic matter soils. This
Is well illustrated in the Waseca experiment where, in 1971, nitrogen
deficiency was noted with nitrogen applications up to and including
200 pounds per acre. After the soil had warmed up in the spring of
1971, excessive amounts of rain kept the soil waterlogged for a period
of about 2 or 3 weeks after which time very little moisture fell for
the rest of the season, These weather conditions were ideal for excess
denitrification (loss of nitrogen to the atmosphere) early in the year
and very little nitrification (the forming of nitrates from ammonium
forms) later In the summer and early fall. The combination of these
two blotic reactions caused severe N deficiency, even with N
applications normally considered adequate for maeximum corn production,

In 1972, no nitrogen response or deficiency was noted in the nitrogen
treatmants that exceeded 50 pounds of N per acre. Here the weather
condi+icons varied quite markedly from 1971, The soil was moist early
in the spring and periodic rainfalls throughout the summer created
Ideal conditions for nitrification for much of the growing season. On
this particular year, therefore, the soils were able to produce nearly
enough available nitrogen to sustain the corn crop in 1972. It is
quite obvious that on any given year it may be very difficult to
accurately predict fertilizer nitrogen needs. This is mainly due to
high or low rates of soil denitrification and/or nitrification which
may take place. There Is one saving feature, however, on the fine
textured soils; tf the applied nitrogen Is not utillzed the first
year, it will remain within the rooting zone for corn and be available
for subsequent crops.

The yield, tissue, and nitrate-nitrogen results from the Waseca
experiment are given in tables I-3,

[}
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Table |. Waseca county corn yields as influenced by nitrogen
+reatments (8 replications).

N Yield
(1bs/A)  tbu/A)
annually 1971 72

0 43 a 18 a
50 63 b 138 b

100 93 ¢ 134 b

150 131 d 144 b

200 144 o 141 b

400 151 f 144 b

where letters differ, yields are statistically different at the 10%
level.

All plots received a basic freatment of 0+150+200+20 Zn.

The soil is classified as Viebster silty clay loam.

Table 2. Percentage nitrogen in tissue” (July) as related to nitrogen
applications on continuous corn in Waseca county.

N 1971 1972
(1bs/A 4 4
0 1.5 2.4

50 1.7 2.6
100 2.2 2,6
150 2.6 2,7
200 2.9 2.7
400 3.0 2.7

* sixth leaf at tasselling

Table 3. Amount of nitrate-nitrogen in the soil profile on continuous
corn In Waseca county.

ppm N03~N

Soi | Treatment - lbs N per acre applled

Depth 0 50 100 150 200 400
(f+.) 1971 1972 1971 1972 1971 1972 1971 1972 1971 1972 1971 1972
0-1 I 2 4 |1 6 9 6 32 5 14 17 68

=2 2 2 2 5 3 3 4 17 3 17 12 52

2-3 3 2 3 4 3 2 3 24 3 21 27 46
3-4 2 2 2 5 2 2 3 6 3 9 17 19
4-5 3 2 2 4 3 3 4 4 4 5 10 6

Conducted under the leadership of:
Dr. Gyles Randall, Soll Scientist, University of Minnesota, Waseca
Experiment Station.
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Two adjacent nitrogen experiments, one on continuous corn and one
established to continuous corn on a virgin soil, were also established
in Martin County. The continuous corn experiment was established the
same time (fall 1969) as the Waseca experiment and the one on the
virgin soil was established one year later. In 1972, a hail storm
severely damaged the corn crop. Because of this, the yields are quite
fow and no meaningful statistical analysis could be run. Also, because
of this hail damage, [t Is apparent that the crop did not draw down the
nitrogen in the soll at a normal or expected rate. Yield, tissue, and
nitrate-nitrogen results from these experiments are given in the
following tables for the years 1971 and 1972,

Table 4. Martin county corn yields as influenced by nitrogen
treatments (8 replications),

N : ' ‘ - Yield (bu/A)
(1bs/A) Continuous corn plots Virgin plots
annual ly 1971 1972 1971 1972
0 130 a 68 2 179 a 103
50 142 b 78 190 bc 107
100 151 b 68 I87 be 88
150 144 b 76 183 b 103
200 147 b 69 194 ¢ 96
400 153 b 64 190 bc 103

| Where letters differ for each experiment, yields are statistically
different at the 10% level.

Z A meaningful statistical analysis could not be run in 1972 because
of severe hail damage.

All plots received a basic treatment of 0+150+200+20 Zn. The soils
were classifled as Webster silty clay loam. .

Tabfte 5. Percentage nitrogen in tissue” (July) as related to
nitrogen application on -corn in Martin county.

¢ Nitrogen in Tissue

\ Continuous corn Virgin plots
(Ibs/A) 1971 1972 1971 1972
0 2.5 2.4 2.8 2.9

50 2,7 2.9 2.7 2.8
100 2.6 2.8 2.8 2.8
150 2.9 2.7 2.8 2.8
200 2.9 2.9 2.8 2.9
400 2.9 2.7 2.9 2.8

* gixth leaf at tasseling
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Table 6. Amount of nitrate-nitrogen In the soil profile on
continuous corn in Martin county.

ppm NOz=N
Soi | Treatment - Ibs N per acre applied
Depth 0 ‘50 100 150 200 400
(ft.) 1971 1972 1971 1972 1971 1972 1971 1972 1971 1972 1971 1972

0-1 9 5 9 7 9 8 12 I3 23 21 60 33
1-2 5 3 5 4 8 6 17 13 23 21 45 42
2-3 5 3 I3 9 13 8 43 27 26 19 30 53
3-4 6 6 15 14 I5 13 30 23 20 20 26 40
4-5 7 9 14 21 14 15 28 22 17 26 18 37
5-6 10 10

13 24 14 17 23 22 17 24 18 32

Average of 4 replicates.

Table 7. Amount of nlfra?e-nlffogen in the soil profile on virgin
) soil planted to corn in Martin county.

ppm NOz=N

Soi | "Treatment - Ibs N per acre applied
Depth 0 50 100 150 200 400
(£t 1971 1972 1971 1972 1971 1972 1971 1972 1971 1972 1971 197%
0-1 17 10 19 17 24 17 15 30 31 24 40 22
1-2 10 6 23 14 32 24 29 38 47 33 32 42
2-3 7 6 9 I8 8 25 14 32 14 28 Il 56
3-4 3 6 5 H 4 |5 5 16 4 2] 5 45
4-5 3 5 3 9 4 1| 5 12 6 16 3 3
5-6 4 5 3 7 4 9 4 9 6 I3 4 22

Average of 4 replicates.
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NITROGEN FERTILIZATION OF CORN
Waseca, 1972
G. W. Randall and ¥W. E. . Lueschen

Two f£field experiments were initiated.in the fall of 1971
and spring of 1972 to cbtain additional information on nitrngen
fertilization of corn in south-central Minnesota. Hopefully,
results gained from these new studies will supplement infor-
mation obtained from'long-term'experiments initiated in 1969
by Penster, Overdahl and Frazier. Results from tﬁe initial -
axpr:iments have been reported in Soil Saries:87) 88 and agaln
are reported herein. | | '
Egggg;ment x

To evaluate various sources of N fertiiizer, an éxperi-“
ment involving fowr scurces of ﬁ apélied at two rates in both
the fall and the spring was established 2t the Southern Experi-
ment Station on a Cordova gilty clay loam. The experimentul
design was a randomized complete-block, replicated four times.

Soil test P and K values were high. Broadcast rates of
26¢# P/n and 754 K/A were applied before £all-plowing on
11-8-71. All sources of N were fall~-applied on 11-10-71 and
spring applied on 4-28-72. Soil conditions for both the fall
anéd gpring applicatidns ware good with adequate mdistufa.

Corn (Minhybrid 4201) wae planted at 24,000 ppA in 20°
rows on May 1l. Row fertliizer (11+13+32 lbs.‘N+P+K/A) and
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.an insecticide {1 lb; active Furadan) was applied at planting
time.' Weeds were controlled with a combination of Lasso +
Atrazine herbicides applied preémerqence and 6ne cultivation.
fhé leaf'opposite and below the ear leaf'WBB_éampied'August &
and was submitted for analysis by Kjeldahl methods. Yields
wera obtained on October 9 by combine harvesting the centex
two rowa from each plot. |
Rasults

- Phe weather conditions during the 1972 growing season
wefevfavorable for soill nitrification procesées which prob-
ably supplied nuch of the needed N. Consequently, neither
leaf N concentrations nor yieids of corn were affected sign- -
ificantly by the 16 N troatments (Table 1). Nitrogen rates
of 758 N/A, irregardless of N scurce or time of applicaticn,;
appeared sufficisnt for maximum yields under these exper-
mental conditions.

Experiment II

Excessive rainfall over an extended éeriod of time may
bs expectad to result in denitrification reactiens in. poorly
drained, high organic metter soils. This could zesult in
Nfdaficient corn later in the growing season. Lony pexiods
of high rainfall often occur in the spring in south-central
Minnesota, and losses of N occur., If thesa losses are qQreat
enough tc create J deficiency in corn, a yield response from
a second agplication of N may be expected,

To evaluate split applications of N fertilizer on these

poorly drained, fine textured, high organic matter scils, an
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Table 1. Effect of source, rate and time of application of
nitrogen on the leaf. N concentration and yield of
corn at Waseca in 1972. (Experiment I)

Treatment
Souxce Rate Time Leaf N Yield (815.5%)
~1bs.N/R .. S TV /
Enphydrous Am. 75 Fall 2.38 144.8
® 150 Fall 2.33 . 14%.7
" 150 Spring . 2.40 - 149.9
Urea 75 Fall 2.45 - 154.0
» 150 Fall 2.42 151.9
° 150 spring 2.46 150.0
am. FNitrate 75 Fall 2.44 153.7
a ' 75 " Spring ‘2.30 - 153.2
e 150 Falli 2.35 140.8
b 150 Spring 2.40 147.7
Agqua .m. 75 Fall 2.50 147.4
.o 75 8pring 2.29 : 151.1
* - 150 Fall 2.42 " 15,7
® 1580 Spring = 2.21 147.8
S8ignificance ns " ns ‘
eV (%) ) 6.6 6.0

Individual Factors:

gource | |
Anhydrous am. 2.39 148.7
Ureg.ar ‘ - 2.40 154.0
Am. Nitrate 2.37 148.8
Aqua 2m. 2.35 149.5
Significance ns - as .
Rata
758 N 2.38  150.8
1503 W 2.37 148.7
Significanca ng ne
Time
rall ' . 2.41 ' 148.2
Spring 2.35 150.3

significance ns , ns
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axperiment was estahlished on a LeSueur clay loam soil on the
Roy}Lukken farm, which is the site used by Fenatér} 0verdahi~
and Randall in other corn fertilization studies. The site
for this experiment has 92% of its area within 50' of tile
lines, which should provide adequate internal drainage.
The experimental desiqh was a randomized completg-blogk,
replicated five times.

Coxrn had been grown continuously on this site since
1969 with an annual N application of 200# N/A. Broé&cast‘,
rates of 66¢# P/A and 166# X/A were applied annﬁally beforo
fall pléwing. The first application of N was applied and
digked in on Mey 8. Three of the treatments received a spiit
applization ©f N to the soll surface on June 15 an& were ol-
lowed inmediately by cultivation to incorporate the fertilizer.
Amuonium nitrate was the N source for all treatments.

Corn (Northrup Ring PX 47E) was planted at 26,000 ppA in
30" rows on May 5. Row fertilizer (13+15+37 lbs. N+P4K/A)
and insecticide (1 lb. active Furadan) was applied at plant-~-
ing time. Weeds were chemically controlled with a cémhination
of Laseo + Atrazine applied preemergence plﬁa one cultivétinn.
The lesaf opposite and below the ear leaf was sampled on July
24 and was aﬁhmitted for analysis by Kjeldahl methods. VYields
vere obtained by hand harvesting 15' of row from sach of the
center two rows of each plot.

Results
Leaf N was increased significantly over the.check by the

N rates (Table 2). Hcowever, no siguificant differences were
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noted among tha concentrations due to the rates above and in~

cluding 100£/A.

Table 2. Effect of rate and application method of nitxogen
on the leaf N concentration and yield of corn at
Waseca in 1972. (Experiment II).

Treatment Date and Rate

Total N ' o
5-8~72 6~15-72 Applied Leaf N Yield (815.5%)
1bs.N/A S./A g Bu/A
¢ o 0 2.27 154.0
50 50 - 100 2.47 157.1
100 o 0 100 2.47 . 150.7.
100 - 100 200 2.54 160.6
200 0 2090 - 2.42 156.6
250 0 250 " 2.53 149.7
150 " 180 . 300 2.44 155.4
300 0 300 2.49 151.7
8iznificince | * ns
TV (%) 4.3 R T SR
BLSD (.10) 12 ‘
{.05) .15

A ceﬁbination of the weather conditions during 1972 and
_ the past high fertility program probably accounted for the
lack of yield response. Apparently, adaquate amounts ef.N.
required for maximum ccrn yﬁelds were producsd by ao*l pitri-
fication reactions. During 1972, weather conditipns which
may promote denitrification did not exist. Consequéntly,
split applications of N did not improvs corn yields over
mingle_aéplicationS» | | -
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BROADCAST PHOSPHORUS AND POTASSIUM FOR CORN ON HIGH TESTING SOILS

C. J. Overdahl and V. E. Fenster

This was the third year of the broadcast experiment in Martin and
Waseca counties. In 1972, similar trials for potassium were
initiated in Chippewa and Kandiyohi counties.

The soi| test level and plant analysis of the check plots are the
best observation point in evaluating response or the lack of it.
In Martin County (table 3), there was a significant response to
potassium. Soll tests from year to year are quite variable.

In spite of no broadcast response on the P plot in Martin County
and on the K plot in Chippewa County, there was a response due to
row fertilizer.

The work In ‘laseca County was conducted under the leadership of
Dr. Gyles Randall, Soil Sclentist, at the Southern Experiment Station
at Waseca.

Table 1. 1970, 1971 and 1972 corn yields, plant analyses and soll tests
in Martin County according to broadcast phosphorus treatment.
(200+0+300+20 Zn applied over all phosphorus plots)

P205 Yields P Sotl Test
bu/acre leaves P_lbs/acre
Ibs/acre 1970 1971 1972 1970 1971 1972 1970 1971 1972
0 I55 137a 136 .26 .28 .38 46 37 47
50 15t 137a 127 26,27 .37 36 39 47
100 62 I56b 136 27 .30 .40 56 55 96
150 146  |46ab 129 .28 .30 .40 65 63 94
200 145  154ab 130 .28 .30 .44 64 55 109
N.S. 108 N.S.
1970 1971 1972
Avg. starter response 4% 2 7%
Avg. & N In leaves - 2,7 2.7
Avg. K soll test 2653 352 488
Avg. % K in leaves .70 1.08 1.83
Avg. soil pH 7.7 7.2 7.3
Avg. Zn leaves ppm 19 low 17 low 22 suf,
Avg. Zn sol! ppnm - 5.3 high =

Efforts of Dean Fairchild, Bob Schoper, Charles Behrens, Bob McCasliin,
Floyd Bellin, Martin Co. Extension Agent and Dick Lambert, Martin Co.
Associate Extension Agent are greatly appreciated.
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Table 2. 1970, 1971 and 1972 corn yields, plant analyses and soil tests
In Yaseca County according to broadcast phosphorus treatment.
(200+0+200 applied over all phosphorus plots)

P,05 Yields P Soil Test
bu/acre leaves P_lbs/acre
Ibs/acre 1970 1971 1972 1970 1971 1972 1970 1971 1972

0 133 139 140 S .28 .29 34 27 39
50 136 133 142 .30 .27 .30 31 33 62
100 132 132 144 .28 .27 .32 31 40 91
150 136 135 141 29 .30 .35 40 44 87
200 138 130 144 29 .30 .33 53 45 79
1970 1971 1972
Avg. starter response I 3% 4 4
Avg. % N in leaves - 2.8 2.5
Avg. K soil test 307 276 387
Avg. & K in leaves .68 1.82 1.88
Avg. soil pH 6.4 = 6.1 6.1
Avg. Zn leaves ppm 26 suf. 16 low 22 suf,
Avg. Zr soll ppm - 2.6 high -

Table 3. 1970, 1971 and 1972 corn ylelds, plant analyses and soil tests
In Marfin County according to broadcast potassium treatment.
(200+150+0+20 Zn applied over all potassium plots)

K0 Yields w K Soil Test
bu/acre leaves K _Ibs/acre _ _
Ibs/acre 1970 1971 1972 1970 1971 1972 1970 1971 1972

0 156 148 120a 1.7 1.8 1.6 202 230 295
50 147 154 127ab 1,7 1.8 1.6 212 258 360
100 152 149 129ab 1.6 2.1 1.8 222 278 328
200 147 143 130ab 1.8 2.1 1.9 270 328 415
400 163 149 132b 1.6 1.9 2,1 243 320 490
"
1972 1971 1972
Avg. starter response 16% 3 |
Avg. % N in leaves - 2.8 - 2.8
Avg. P soil test 50 62 99
Avg. $ P in leaves .25 .29 .40
Avg. soil pH 6.4 6.1 6.1
Avg. Zn leaves ppm 22 22 30

Ava, Zn soil ppm - 8.4 high -

[0}



171

Table 4. 1970, 1971 and 1372 corn ytelds;Aplanf analyses and soil tests
in Ylaseca County according to broadcast potassium treatment.
(200+150+0 applied over all potassium plots)

K;0 Yields % K Soil Test

bu/acre leaves K Ibs/acre

Ibs/acre 1970 1971 1972 1970 1971 1972 1970 1971 1972

0 134 123 136 1.6 1.4 1.3 260 210 282
50 129 120 138 1.7 1.7 1.5 275 213 322
100 139 131 139 1.7 1.7 1.7 260 220 318
200 132 116 141 .8 1.8 1.9 262 223 352
400 134 120 143 2.2 1.9 2.1 312 310 478

N.s. N.S. N.S'
1970 1971 1972

Avg. starfer response lo# © 7% 4

Avg. % N in leaves - 2.7 2,6

Avg. P soil test 53 - 52 79

Avg. % P in leaves .27 .3l .36

Avg. soil pH 6.4 6.0 6.0

Avg. Zn leaves ppm 26 suf, 14 low 24 suf,

Avg. Zn soil opm - 3.0 high =~

Table 5. 1972 corn yields, plant analyses and soil tests In
Kandiyohi County related to broadcast potash treatments.

" Russell Schow farm., (200+|50+0+20 Zn applied over all plots)*®

K50 Yields 5 K Soll Test

Ibs/acre bu/acre " leaves K Ibs/acre

0 146 l.86 430
50 146 1.78 460
100 - 147 .91 410
200 142 1.92 440
400 142 2,00 500

Avg. starter response 7 buia

Avg. % N in leavas 2.8

Avg. P soil test 87 Ibs/a

Avg. % P in leaves’ .36 o

Avg. soll pH 7.6

Avg. Zn in leaves ppm 19 suf.

* Efforts of Marvin Qlson, Kandiyohi Extension Agent, Philip Hess,

Asst. Extension Agent, Kandiyohi Co., and J. E. Ellis, Area Extension

Agent, Solls, are gratefully acknowledged.
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Table 6. 1972 corn ylelds, plant analyses and soil| tests in Chippewa
County related to broadcast potash treatments. Bernard
Brummer farm. (200+150+0+20 Zn applied over all plots)¥*

K0 Yields % K Soi |l Test
Ibs/acre  bu/acre Jeaves K _Ibs/acre
0 172 " 1.65a 278
50 176 |.68ab 304
100 171 1.85¢c 317

200 177 1.83bc 330
400 174 - 1.93¢ 402

Avg. starter response 10** bu/a

Avg. 2 N In leaves 2.4

Avg. P soll test 40 1bs/a

Avg. ¢ P in leaves .33

Avg. soil pH 1.7

Avg. Zn in leaves ppm Il low

Boron Trial on Corn

A boron trial was superimposed on the potash experiment in Waseca
County by Dr. Randall from the Southern Experiment Station at
Waseca. He applied 2 pounds of boron per acre on 4 replicates and
none on the other 4, There were no differences in yield due to
boron in 1972,

Boron Added No Boron
Yield bu/a 137 141 N.S.
B ppm leaves 9 7 N.S.

The toron content in 1971 was on the borderline of being insufficient,
probably due to dry weather. In 1972, rainfall was more plentiful.

¥ Efforts of Orville M. Gunderson, Area Extension Agent, Soils,
Roger Larson, Chippewa County Extension Agent and Gary Miest,
Chippewa County Assoclate Extension Agent are gratefully
acknow ledged.

LE
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STALK ROT AS [INFLUENCED BY BROADCAST K

Stalk rot diseases leading to the lodging of corn were quite prevalent
In southern Minnesota in the fall of 1972, Climatic conditions during
the summer were primarily responsible for the Incidence of these

diseases. In addition, certain hybrids appeared more susceptible than
others.

Application of K fertilizers commonly has been shown to reduce stalk
lodging of corn, To determine the effects of broadcast K applied to
these fine textured, high K-testing soils, the Incidence of stalk rot
and lodging was noted in the K experiment, The rotting of the stalks
was measured at harvest by squeezing the Internodal area between the
first and second nodes above ground on 40 plants per plot. |If This
area col lapsed easily, the stalks were considered holiow as a result

of the disease organisms. The term "hollow stalks" was then considered
to be a measurement of stalk rot. :

Results

The incidence of hollow stalks was reduced significantly by the
bres:cast K treatments; however, differences did not exist among the
K rates (table 1), Fifty pounds of broadcast K;0, in addition to the
row-applied K, reduced the "hollow stalk" numbers as much as any K
treatmsnt.

Although many of the stalks were hollow, the exterior shell of the corn
stalk appeared very strong. With the rigid, sturdy shell prevalling on
this corn hybrid, lodging was minimal and was not affected by broadcast
K treatments,

Table 1. Effect of broadcast K on the hollow stalk incidence and
lodging of corn.

Broadcast! Hol low
K Rate Stalks Ledain
Ibs., Ky0/A z ‘ g
0 45,0 3.4
50 33,4 2,2
160 34.4 .. 2,2
200 33.4 2.8
400 . 29,7 - 5.3
Significance + N.S.
cv (D) 31, 110,
BLSD (.10) 11.1

' In addition, all pldfs‘récelved 45 Ibs, K,0/A as a row treatment.
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SOYBEAN=MITROCEN FERTILIZER RATE AMD PLANTIHG DATE STUDY
G. £. Ham and G. !'. Randall

Ammonium nitrate at the rate of 50 and 100 pound nitrogen
per acre vas plowed dowm the preceding fall with the corn residues.
Soybean varieties, number of seeds per foot of rouw, planting date
and seed yields are shovn in Table 1. Only the seed yield of

Corsoy planted on llay 8th was increased sianificantly.

Table 1. Effect of nitrogen rates, planting date and soybean
genotype on soybean seed vield at llaseca (1972).

Date Soybean ”gzzg; Nitrogen applied (1b/acre)
planted variety planted 0 : 50 100
ft.row" ------------ bu/acre-eeceu-

Hay 8 Steele 6 - 44 42 45
Steele 10 41 ' a2 42
Corsoy 10 44 49% 52*

Teweles 505 6 42 39 40

Teweles 10 40 40 4]

June 7 Steele 6 39 42 39
Steele 037 36 36

‘Corsoy 10 40 40 38

Teweles -6 33 33 33

Teveles 10 34 31 31

* VYieldm51gnif1canti§ greateé than the check of the same variety.

"
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FERTILIZER RATE STUDY WITH “NEW"
VARIETIES OF TIMOTHY AND KENTUCKY BLUEGRASS-1972]
John Grava, D. S. Fairchild, B. D. McCaslin and R. S. Farnham

Three field experiments were conducted on mineral soils in 1972
to study effects of N, P, K rates on sged production of timothy and
bluegrass varieties that are being introduced in northwestern Minnesota.
These experiments were established on growers' fields in fall of 1970.

Past experimental work in Minnesota had been mainly with Park
Kentucky Bluegrass and Climax Timothy. Attention has been focused on
optimum rates of fertilizer, time of fertilization, and the needs for
sulfur and trace e]emenfs.

Grass seed production -in Minnesota is expanding and under-going
sowe changes. A number of growers are producing timothy seed under
contract for foreign markets, and seed of several new bluegrass
varisties is produced by some growers. Continued researchAis required
to keep abreast of these new developments.

Generé] information on the experimental sites is given in Table 1.
Soil tests of samp1es co]]ected in summer of 1971 indicated high P and
K availability for field no. 1, while the soil test results for field
no. 2 and 3 indicated low P and K availability. 'The soils are
alkaline on all three fields.

A randomized block design was used with nine treatments replicated
four times. Individual plots were 9 fget wide and 20 feet long. The

fertilizer treatments were as follows:

1 See "A Report on Field Research in Soils," Soil Series 88, March

1972, pp. 159-167 for results obtained from similar investigations
conducted in 1971.



