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Weather Summary - 1968

West Central Experiment Statj.on - Morris

‘Semiel D, Evans

Precipitation Alr Tempersture Temp.
Average Deviation Averege Devistion Soil(1Ocm.)
Month Perdiod 1968 1930-59 from Nor. 21968 1930-59 from Nor. 1968
Jamary 1-.31 «70 .56 +.14 8.4 10.1 -1.7 12.1
February 1-29 .11 .67 =56 10,1 147 4.6 17.6
March 1-31 48 1.11 -.63 35.3 27.5  +7.8 31.5
April 1-10  1.55 38.0  37.3 37.9
]-1-20 1033 4»808 4\305 4500
21-30  2.00 46,0 48,6 449
Totel or Average 4.88 2.05 +2,83 bhe3 43.1 +1,2 42.6
MW 1-10 .81 52.3 53.0 52.0
11-20 .86 48.8 56.3 50.1
21-31 225 3422 60.2 55,8
Total or Average 2.22 3.07 -.85 51.8 56.5 <47 52.7
June 1-10 1.25 72.6 63.6 69.8
11-20 1.46 61.3 66.3 65.0
21-30  _.80 blb 684 6724
Total or Average 3.51 3.7 ~.28 66.2 66,1 +0.1 67.4
July 1-10 .08 | 64.9  70.4 70.2
11-20 37 75.5 72.0 78.2
21-31 .61 68,2 72.6 74.8
Total or Average 1.06 3.25 =2,19 69.6 7.7 =2.1 A
August 1-10 10 26 730 5 7203 77.8
11-20 1l.21 63.8 70.1 70.4
21-31 49 67,6 66.7 74.8
Total or Average 2.96 2.87 +.09 68.3  69.7 -1.4 72.5
September 1-30 3.46 1.94 +1,52 58.2 59.7 =15 €0.3
October 1-31 4el2 1,44 +2,68 46.7 8.9 =2.2 48.3
November 1-30 .70 1.09 -.39 32.0 30.4 +1.6 34.3
December 1-31 3.48 .59  +2.89 12,1 17.0 ~4.9 25.1
(Growing Season)
Ja-no l_Dec. 31 27068 22.4\3 +5.25 42.0 43.0 -1.0 45.0

(Annusl)




Use of Varying. Rates of iiié%gen & Starte; é;:i éorn .in 1968
West an‘_bral Bxperiment Station ~ Morris
' o Samel D. Evans
In the spring of 1967 en experiment was initiated!'dh Dolend silt loem
to determine the effect of varying rates of nitrogen and starter on corn
yields, |

Table 1. The yield of ear corn in 1968 at Morris with verying rates of
nitrogen and starter fertilizer,

Starter (6-24-24) applied

(1bs./acre)

NMitrogen = . . - e
1bs,/acre 0 50 100 200 ‘ayerage
50 58.8 65.1 65.6 70.1 649
150 50,0 63.2 - 59.3 66.6 59.8

Average 59.2 61.7 63.2 67.5. h

Nitrogen significantly decreased ylelds and starter had no effect.
There was a highly significant starter x nitrogen interaction.

Variety - DeKalb XL 304 Plenting date ~ May 2

Use of Seed Incorporated (Pop-up) Fertilizer
West Central Experiment Station - Morris

Samzel D. Evens

In the spring of 1967 an experiment was initiated to determine the
effect of small amounts of seed incorporated fertilizer on early growth and
yield of corn. The experiment was set up on a Doland silt loem on which
various broadcast rates were spplied anmually,

Broadcast fertilizer did not significantly increase yield. Placement
of fertilizer elther with the seed or in the "2 x 2" position increased
yields significantly, but placement was not important. It was the amount
of sterter used thet was of greatest significance. None of the fertilizer
treatment hsd any effect on early grdwth.

Variety - DeKalb XL 304 Planting date - Mgy 2
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Table 1. The effect of fertilizer placement at different broedcast rates
on corn ylelds at Morris in 1968. ,

;- Row Treatment
(Yield in bu./acre ¢ 15.5% moisture)

Broedcast Treatment Check Pop-up(l) Sterter(2) g:ar:g: Average

100+ 0+ 0 - 76.0 79.1 92.6 97.8 86.4

100 + 25 + 25 70.7 75.8 82,0 8l.5 7.5

100 + 50 + 50 78.4 77.7 82.6 84.6 80.8

100+ 75+ 75 7.2 76.1 89.8 ol.6 83.7

100 + 100 + 100 85.4 94.7 89.3 87.2 89.2
Average 77.5 80,7 87.3 - 88.6

(1) Pop-up - 37.5 lbs., of 8-32-16
(2) Starter - 150 lbs. of 8-32-16

Figure 1. The effect of starter rate & placement at five broasdcast rates.
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Effect of High Rates of Phosphorus With and Without Zinc on Corn Yields
West Central Experiment Station ~ Morris

Samuel D. Evans
H:I.gh rates of phosphoms were app].ied to a Doland Silt loam in the fall
of 1967 to s:l.nn.tlate phosphorus induced zine deficiency on corn, The appli-
cation of phosphorus increased yields and there was no indication of a
'phosphorus induced zinc deficiency.
Table 1, Soils tests of the experimental area,
Semple No. - pH O.M.%  Ext, P (1bs./A) Exch. K (1bs./A)
1 6.9 5.5 12 310
2 6.7 5.5 9 260

Teble 2. Yield in bu./acre @ 15.5% molsture for 1968,

Ireatment = dield
Check ‘ 91.6
60 lbs. P05 S 97.1
120 1bs, P305 . 95.0
240 1bs. Po0s 98.2
10 lbs. Zinc as zinc sulfate ‘ 97.7

240 1bs. P205 = 10 1bs. Zinc as zinc sulfate 98.7
Variety - DeKalb XL 304 , Planting date - May 2

Phosphorus Fertilization of Contimious Corn
West Central Experiment Station - Morris

Samiel D, Evans .
In 1965 a phosphorus experiment was set up on Forman clay 1oam to
determine (1) the interaction of row and broadcast levele of phosphorua
on corn yields and, (2) the effect of high phosphorus appl:lcation on the
zinc content of corn leaves and corn yields. o
All plots received a uniform row app]icat;l;on of 10 + O + 20, Nitrqgen
at 120 1bs./acre and potash at the rate of 60 1bs. of K20/aj.orev were plowed

down in the fall of 1967.
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1968 Yield
Row Phosphorus ‘treatment (;gg,[acrel

Broedcast P trt. oP 15 P 30P A5 P 45 P + 10 Zn  Average

(1bs./acre)
0P 66.4  68.5  T2.5  68.7 70.9 69.4
45 P Uk TL6 65,5  62.6 68.2 68.5
Average 70.4, 70,0  69.0  65.7 69.5

There was no significent effect of either row or broadcast phosphcrus

in 1968,

Veriety - DeKalb - X1 304

Plenting date - May 1

2inc Fertilization of Contimious Corn
West Central Experiment Station - Morris

Semel D, Evens

In the springf“of 1965 an experiment was initiated involving the use

of zinc fertilizex;s on contimicus corn. The plots were set up on Forman

cley loam and corn grown previously on this soil had not previcusly shown

zinc deficlency, even though leaf samples indicated the zinc content to be

below 20 ppm 2zine.

Yield

Treatment When A ed Bushels/acre @ 15.5% moisture
Gheck _ m———— 71‘1
5 lbs, zinc as 2nSQ, 1965 64.4
10 1bs. zinc as ZnSO, 1965 67.6
10 1bs. zinc as ZnSO, yearly 68.2
20 1bs. zine as ZnSO 1965 58.4
0.5 1bs. zinc as ZnChel, yearly 73.3
45 1bs. P broadcast yearly 69.0
45 lbs, P brosdcast - yearly

10 1bs. zinc as ZnSO, 1965 68.9

As in the past .there was no significant differences due to zinc appli-

cation, but agaln the anmual treatment of 10 1lbs. of zinc as‘ 2nS0; gave the

highest yleld. The lest two years the lowest ylelding treatment has been

the one receiving the 0.5 lbs. of zinc as zinc chelate,

Variety - DeKalb XL 304

Plenting date - April 30

-— e —wwn
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Contimicus Corii Silege
West Centrel Experiment Station -~ Morris

Samuel D, Evens
In 1965 an experiment was initiated on McIntosh silt ldam to deter-
mine the effect of removal of contimous corn silasge and fertiliser
epplication on corn grein end corn silage ylelds. Rates of fertilizer
used were 74 + 48 + 48 and 148 + 96 + 96, All plots received a brosdeast
epplication of 10 lbs. of zinc as zinc sulfate in the fall of 1965.

1968 Silage Yields
t t

On plots harvested as grain 1965-68:
Low fertility (74 + 48 + 48) = 4.60
High fertility (148 + 96 + 96) - 5.04
On plots harvested as silage 1965-68: .
Low fertility (74 + 48 + 48) = 4.60
High fertility (148 + 96 + 96) -~ 5.00

1968 Grain Yields
shels/acre € 1 molsture

On plots harvested as grein 1965-68:
g rervilie (L8 + 96 + 96 - 3
In sddition an unfertilized, unreplicated check sdjacent to the
experimental area ylelded as followas
Grain (O + 0 + 0) = 34.26 bushéls/acre
Silage (0 + 0 + 0) - 3,7, tons/ecre
There appears to be no reduction in corn yields after removing silage
for 4 years. Higher fertility inoressed silage ylelds by 0.4 tons/acre
end grain yields by 10 bushels/acre. Yields on fertilized plots were
significantly higher then on unfertilized plots.

Veriety - Ploneer 3681 ' Planting date - Mey 10
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Corn Irrigation Experiment
West Central Experiment Station - Morris

L, K. lindor, S. D, Evans, and R. E. Smith

In the spring of 1967 an experiment was initiated at the station on
a Sioux sandy loam (15-18 inches to gravel) to determine the effect of
irrigation on corn ylelds at three populations and three nitrogen levels,
Results fram the first two years indicate that irrigation of this soil
1s econamicelly feasible, Irrigation watezfﬂne‘eded to maintain the soil
at 50 percent of field capacity was ll"incﬁes in 1967 end 9 inches in
1968, At a cost of $1.00 per acre inch these amounts are resscnable
considering the yleld increase obteined. In 1967 the yield on &1 un~
irrigated plot at the low population and the 60-pcund nitrogen rate was
18.7 btushels per acre., The yield when the ssme treatment was irrigated
was 92,6 bushels per acre. In 1968 -fﬁe yield on the same treatment un-
irrigeted was 26.2 bushels per acre. Uhen irrigated the yleld was 109.3
bushels per acre., So the yleld increese on the lowest cost treatment in
1967 was 73.9 bushels per scre and in 1968 it wes 83.1 bushels per acre,
In 1967 there was a further yield increase due to nitrogen application
end in 1968 there was a yleld increase due to higher population.

Deteils of the 1967 treatments are given in Soil Series 82 (March
1968). In 1968 the hybrid used was DeKalb XI 306, The entire plot wes
fertilized with O+ 100 + 100 in the fell of 1967 before plowing.
Starter fertilizer was vsed cn the entire experiment at the rate of
150 1bs. of 8-32-16 per acre, Yields and messurements made in 1967 end
1968 are given in teble 1 and 2 respectively. The corn was pleanted on

Mey 22 in 1957 end on May 2 end 3 in 1968.
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Table 1. Irrigated corn at Morris - 1967

Population Trt. .

Low

Medium

High
Significence

Nitrogen Trt.

"'60 1bs. |
‘120 1bs. -
180 lbs.

Significanbe

--Yield

- (Bu/a)

99.0a

105.1a

105038
NS .

97073
106.4b
105.3b

LR

Po Nit teractio

Low x 60

Low x 120 ..
Low x 180

Med, x 60
Med., x 120
Med, x 180
High x 60
High x 120
High x 180

Significance

92.6
103.8
100.7

96.7
109.9
108,6
103.7
105.6
106.6

NS

Unirr, ck. (60f# N) 18.7

Plants[acre

22,085a

25,178b

26,855¢
it

243459

2476338

255;025a
NS.

22,717
21,845
21,715
249655
25,265
25,592
25,984,
26,789
27,770
NS

17,751

% Moisture ¢ Barren
at Hervest

31.0b
33.0a

31.1b
#.

31.6a

31,.2a

32.33'
NS

3l.2
30.5 .
31.2
34.7
32.2
32.2
28.9
30.9
33.5
NS

29.8

#* Significently different at the 5% level.
## Significently different at the 1% level
NS Not significantly difrerent.

6.9¢

Stalks

T.48
7.9a

NS

Ear Wt,

(1bs.)
+438b

. +398b
 «368e
¢

+386a
<4028
«397a
NS

41l

374
42l
«400
372
.358
374
NS

176

Note: Values folloued by different letters ere significantly different
at the level specified by the stars (*).

Table la. Soil test resulta Fell 1967

7.3
7.0

1

2

over 8.5

over 8,5

Egt. B (/o)

3
3

Q;gh, Klllﬁs,zgl
240
200



Table 2, Irrigated corn at Morris - 1968

Population Trt.

Low

Medium

High
Significance

Nitrogen Trt.

60 1bs.

120 1bs.

180 1bs.
Significance

Yield

(Bu/A)

110;8a:

121,6b
123.9b
i

118.2a

118,2a

119. 88.
NS

Pop, x Nit. Intersction

Low x 60
Low x 120
Low x 180
Med. x 60
Med, x 120
Med. x 180
High x 60
High x 120
High x 180
Significance

Unirr, ck. (60# N)

109.3
112.3
110.6
122.2
121.9
123.2
120.5
128.0
NS

26,2

64

22,0948

25,178b

29,812c
L

25,735a

25,596a

25,753a
NS

21,989
22,094
22,216
24,951
25,038
25,561
30,283

29,673

29,481
NS

20,857

: : % Molsture % Berren
B__ﬁéwg_ﬂm.s__%m.

36088
37.0a

37.6a
NS -

37.1a

370 2a

370 Oa
NS

W\
o O
e o o

W W W
YHYYRR
HOONOBWMWOOB

S =23
[ e
-

## Sionificantly different at the 1% level,
NS Not significantly different.

N - PN <
HOYWWBMEHsENDWNMY

16.2¢
92.2b
4.8a
#%

10.0a
9.3a

11.0a
NS

. o &

N
o
~

Ear Vit.

{1bs.)

. 4200
+368b
«307a

it

«364a

«360a

. 3718.
NS

424
413
0422
.368
+364
<374
<302
«302
317
NS

.189

Note: Values followed by different letters are significantly different
at the 1% level.

Table 2a. Soil test results - Fall 1968

Sample No.
1

2

o
7.8
7.6

0.M.% Ext, P (1bs,/A) Exch. K(1bs/A) ppm Zn

high
high

13
16

250
230

2.0

“
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Phosphorus and Potassium Fertilization of Alfalfa
West Central Experiment Station - Moiris

Semel D, Evans
In the fall of 1966 en alfalfa fertility experiment was established
at the station on Forman clay loam (formerly Barnes) Two cuttings were
made in 1967 and 1968 Yields were quite low in both years due to a

shortage of moisture,

Tsble 1., Initial soil test data of the experimental area.

Sample No. pH 0.M.% Ext. P (1bs./A) Exch, K (1bs./4)

Table 2. First cutting yields - 1968

K50 Applied
P505 Applied 0 60 120 240 480 Average

‘Lbs, alfalfa hay/A € 15% moisture

0 3850 4050 3850 3550 3600 3780
57 3950 3750 3950 4050 4200 3980
114 4000 4000 4100 4200 4450 4150
229 4100 4050 4150 4150 4170
458 4150 4250 4050 4300 [0 0
Average 4010 4020 4020 4050 4190

Teble 3, Second cutting yields - 1968

KgO Applied
P,0; Applied O 60 120 240 _480  Aversge
Lbs, alfalfa hay/A @ 15% moisture
0 1450 1250 1200 1100 1400 1280
57 1150 1250 1100 1300 1200 1200
14 1150 1350 1400 1250 1250 1280
229 1200 1350 1200 1100 1500 1270
458 1250 1400 1350 1450 1550 1400

Average 12,0 1320 1250 1240 1380
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Table 4. Total 1968 yields

KgO Applied
P05 Applied O 60 ¢ 120 240  _480  Averege
Lbs, plfelfa hay/A € 15% moisture
0 5300 5300 5050 4650 5000 5060
57 5100 5000 5050 5350 5400 5180
114 5150 5350 5500 5450 5700 5430
229 5300 5400 5340 5250 5900 5440
458 5400 5650 5400 5750 5850 5610
iverage 5250 5340 © 5270 5290 5570

Table 5. Analysis of Variance
lst cutting 2nd cutting Totel

Reps NS NS NS
Phosphorus rates Ll NS #

Potassium rates NS NS NS
P x K interaction s HS NS

There was a small significant response to phosphorus in 1968 in
the first cutting, but the increase was too small to psy for the edded
fertilizer. |

L1
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Follar Application of Micromtrients
Southern Experiment Stgtlon - Wesece

. . Russell D. Frazier . -
Several micromutrients were applied to the leaves of soybeans growing
in production fields at __the kxperiment Stetion and on Thé Tilney Fa.fms
near Lewisville. Treahnents included metallic sulfates, chelates, mix~
tures of chelestes end a zinc-containing fungicide. Four replicetes of
9 trestments were msde in a randomized complete block design. Foliar

enalysis of the plants is in progress.

Teble 1, Folisr Application of Micromutrients--Lewlsville, and Wsseca.

Rate of Yields, bushels per acre

’ material spplied

Treatmen per_acre, pounds Lewisville liageca
1, CuSO, 8 45.5 30.1
2. 2nS0; 15 AT 327
3. Zn Chelste 2 417 - 36.4
4. PeSO; 00 T 493 320
5. Fe 138 Chelate 2 - 46.8 33.2
6. MnSO, 8 - 4a 38.8
7. Mn Chelate 1 55.0 36.2
8. Zn-fungicide 6 52.4 36.9
9. [Trt 5+3+7] 1 eech 49.3 40.9

Enelysis of varliance using class comparisons as described by
LeClerg and others irdicated the following informetion.
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Source af Lewisville = Wasece
Treatménts: 8 | 36,21% 48,324#
Comparigons: o
2, 31 1 1.3, 53.40%
2, 334, 5 1 .81 S5
2, 3:6, 7 1 48.65" 33.93"
2:3 1 21 28.13"
2:8 1 5.00 35707
45 1 12.75 3.00
6:7 1 123.25%# 13.26
219 1 7.41 O 133.66%%
Error 2/ 12.51 2.51

From this one yeer's preliminary dats it appeers that the chelates
heve a more favorable effect on soybeen yield then do the sulfates used.
This mey be due to rates of sulfates used as much as the nature of the
campounds. The information tends to indicate that consideratiﬁn should

be given to both zinc end manganese mutrition,

L1]

©
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1968 Zinc Sources Trial for Field Corn
Southern Experiment Station - Waeseca

Russell'D; Fragler' .

Varicus scurces and carriers of zinc were spplied broadcast to the
soil in s rendomized block-design. Five treatments and 5 reps were used.
" Pioneer 3582 ‘Seed was planted Mey .2, 1968 at a population of -about -
25,000 kernels per acre. Soil pH was 6.1, P test 17, K test 230. Since
one ‘of the treatments conteined emmonium nitrate, ell other treatments
recelived an equivalent esmount of emmonium nitrate to compensste. Since
this soil is slightly scid, e deficiency of eveileble zn would not be
normelly expected.

Treatment results are shown in the accampanying tsble. These date
ere inconclusive as far s comparing treatments is conéermed, but do
puzzle one in interpreting the seeming difference in favor of no trest-
gxent, There were no significent treahngn:b effects, Further work is

anticipated for 1969.

Table 1. Treetments. end results, Waseca Zn source trisl, 1968.

Treetment o .o &[Ac Corn . -

Liquid
1. 10 1lb. Zn/Ac es ZnSO, 187.4.
2. 10 1b. Zn/Ac es Znii03 end. NH3 in Hp0 186.8
3. 2.5 1b. Znfhc es NajZn 186.4
Gramular
4. 10 1b. Zn/Ac es ZnSO, -  183.6

5. HNo zine - o 203.1
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Fertilize'erlaceme:nt Study on 'Corn, HWaseca 1968
Southern Experiment Station, Weseca
Ruaaell D Frezier '

4 randomized block design with e split plot feature wes used to
investigate the effects of broadcast, row and "popup" placement of fert:.—
lizer es vell es date of planting. Treatments were chosen to dovetail
into those of the larger corn management studies begun in 1967. Plots
were established in 1968, so broadcast treatment did not have much oppor-
tunity to be evident. It is anticipsted to continne these plots on the
seme locetion for several years to ascertain broadcast effect as well as

interactions with row placement.

Teble 1. Results of Fertilizer Placement Studies on Corn, Weseca, 1968

Ho Brosdcast B c 100+ 00
Mey 2  «Mey 25 May 2 Mey 25 . Ave.
Row: Check - 192.0 "~ 155.1 233.2 166.6 186.7
22 (21+55+72) 223.0  144.1 2149 © 170.9-  188.2
Seed placement (4+9+12)  237,2 6.7 219.3  153.0 189.0
Lve. o 7.4  UB6  222.5  163.5

Ammonium 'n:ltrate was used oversll at 150 1lb. d rete per acre.
Soil test information: pH P K |
5.5 72 20

Minnhybrid 4201 was seeded at rate of 25,000.

Deteiled statistical anelysis .has not been completed as of Jamery
30, 1969, so specific stetements can not be made as to treatment effects.
ALt this point it eppears thet there is a considerable effect in favor of
early planting, and perhsps also in favor of the brosdcest fertilization.
Little can be said at this point with regards to placement effect.

F2Y
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The Effect of Nitrogen Source, Placement and Time of Application to a Webster
- Clay Loam at Lamberton on 1960-68 Corn Yields and the Nitrogen Content of the
. Corn Grain

John M. MacGregor, Wallace W. Nelson, and Gyles W. Randall

A field fertilizer experiment for continuous corn was commenced in the
spring of 1960 to determine the relative effectiveness of annually appl%ed N
as either ammonium nitrate or as urea. The nitrogen was broadcast and plowed
down or simply broadcast and left on the plowed surface over winter, or broad-
cast in the spring and worked in during the usual seedbed preparation, or
broadcast as a sidedressing in late June. Four replications of 18 different
annual treatments were applied as a randomized block, each plot being 20 feet
wide and 77.5 feet long. A starter fertilizer such as 8-24-12 is applied
over the entire field at planting at approximately 175 pounds per acre. The
corn seed for several years was drilled lengthwise over each plgt_at a 40 inch
row spacing to obtain about 18,000 - 20,000 plants per acre, but later the row
direction was reversed with a 30 inch row spacing to supply the same population.
Many different studies have been made during the nine years of continuous corn
growing to N application of this experiment, with results reported each year
in Soil Series 76-82.

The 1968 growing season at Lamberton was characterized by a relatively
dry spring and early summer, but with an extremely wet late summer and fall.
Yield samples were taken from 30 feet of row on October 10th and the calculated
data are shown in Table 1. Since nitrogen concentrations in the corn grain
were determined on only one replication, it was not possible to statistically

analyze the amounts of nitrogen and crude protein actually removed.
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Table 1. The Effect of Rate, Kind, Time, and Pldacement of Fertilizer Nitrogen
on the 1968 Corn Yield, Nitrogen, and Criide Protein Content of the
Grain at Lamberton.

1968 1968 1968
Trt. Annual Treatment N in Corp Grain Crude Protein in Grain
No. Lbs N/a2 Bu/A % Lbs/A % Lbs/A
1 Check 102.4 a  1.12 54.3 7.0 339
2 40 NH,NO, P.DP fall  131.6 bed 1.30 82.7 8.1 517
3 4urea " "  132.5bed 1.29 82.6 8.1 516
4 40 NH,NO, Top® " 135.2 bed 1.23  80.4 7.7 502
5 40urea " " 134.0 bed 1.27  82.2 7.9 514
6 80 NHNOj P.D. " 131.2 be  1.34  85.0 8.4 531
7 80 urea P.D, " 142.6 bed 1.47 101.3 9.2 633
8 160 NH,NO3 P.D. " 140.2 bed 1.46 98.9 9.1 618
9 160 urea " " 149.9 d  1.42 102.9 8.9 643
10 40 NHNO3 T.D. spring 128.0 b  1.21 74.8 7.6 468
11 40 urea " " + 140.5 bed 1.22 82.8 7.6 518
12 80 NHgNOo3 " " 144.7 bed 1.40  97.9 8.8 612
13 80 urea " " 138.7 bed 1,46 97.9 9.1 612
14 40 NHNO, S.D.d 133.4 bed 1.26 81.2 7.9 508
15 40 urea " 132.2 bed 1.31  83.9 8.2 523
16 80 NH,NO,  137.7 bed 1.39  92.5 8.7 578
17 80 urea " ' 146.9 cd 1.43 10L.5 8.9 634
18 160 NH,NO; 141.5 bed 1.45 99.1 ° 9.1 620

a approximately 14 1bs/A additional N is applied annually in the starter
fertilizer (175 lbs of 8-24~12 per acre).

b P.D. = plowed down
c T = topdressed
d S.D. = sidedressed

«)

(1]
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It is evident that all of the annual nitrogen treatments significantly

increased corn yields, but with 1ittle or no’ significant effect on increasing
N rates, time of application, or of placement of the N fertilizer.

The application of NH4N03 for the four placement or time of application
(fall plow down, fall on top of plowedrsoil, at spring planting, or as a mid-
June sidedressing) produééd an average increase over the no N treatment of
21.6 bu/A (19.3%), whereas the same treatﬁepts as urea yielded an average of
22.5 bu/A (20.1%). | | '

The three times of applying 80 lbs N/A as NH4NO3 inc?eased average corn
yield 24.9 bu/A (22.2%),‘with'e§ﬁivélent rate; of urea ﬁ'prodﬁcing 30.9 bu/A
(a 27.6% increase). ‘

The fall and éidedressed'NH4N05 treaéméﬁtéﬁéuéblying'ibo 1bs. N/A v
increased average corn yield 28 4 bu/A (25. 3%), whereas the one fall applied
160 1b N rate as urea 1ncreased yields by 37.7 bu/A (a 33. 7% increase)

When field corn is grown each year with annual fgrtilizer N application,
it is also important to‘déter;ine long terﬁEQQerage aﬁnﬁal corn grain yields.
The nine year annual corn yield averages are shown in Table 2. All of the N

treatments have significantly increased ear .corn yield‘aveiages over the 9

year period.



Table 2.

Webster Clay Loam at Lamber;on for Nine Years (1960-68).

Trt.
No. Treatment (lbs N/A)
1 Check
2 40 NH,NO5 P.D. fail
3 40 urea " "
5 40 urea " "
6 80 NH,NO3 P.D. "
< g 128 urea P'..D. :
NO
9 - 160 Eﬂga 3w "
10 40 NH,NOq T.D. spring
11 40 urea " "
12 80 NHgNO3 “ "
13 80 urea w. n
14 40 NH4NO3 s.D. "
15 40 urea "
16 80 NH4NO3 "
17 80 urea "

18 160 NH4N03 "

Yearly Average

Year
1960 ., 1961 1962 1963 1964 1965 1966 1967 1968
Bushels of ear corn per acre @ 15.5Z moisture
49.5 88.2 26.1 132.6 72.9 33.1 11.1 53.4 102.4
42.3 87.5 30.9 148.6 88.3 34.9 26.8 75.7 131.6
55.1 78.2 29.1 148.8 - 100.3 38.8 19.8 86.9 132.5
49.0 96.7 29.6 140.1 101.5 45.6 24.3 75.1 135.2
62.3 101.3 37.0 140.7 84.1 57.4 30.9 87.2 134.0
67.4 97.9 43.6 149.6 100.8 63.4 47.3 114.8 131.2
61.7 76.9 36.7 154.5 104.9 73.0 37.8 117.2 142.6
69.8 97.9 46.7 147.7 100.9 70.8 38.5 127.4 140.2
79.4 112.5 43.5 152.8 112.4 73.5 37.7 121.3 149.9
66.2 92.0 45.4 152.2 99.8 63.4 23,7 99.8 128.0
45.4 91.1 3.4 147.6 100.6 59.8 33.8 95.0 140.5
59.3 90.0 32.7 149.2 112.5 74.2 49.0 128.3 144.7
57.7 99.1 40.5 149.3 115.7 84.4 41.8 128.6 138.7
63.6 92.6 39.5 148.6 90.4 54.8 38.6 96.8 133.4
57.7 95.6 24.9 142.3 94.1 48.4 50.4 86.1 132.2
50.4 98.4 46.7 140.7 113.0 68.1 43.8 101.6 137.7
76.9 86.4 48.2 143.8 121.4 64.7 47.3 117.0 146.9
40.7 97.4 77.7 151.7 109.5 77.6 51.4 120.2 141.5
58.6 93.3 39.4 146.7 101.3 60.3 36.3 101.8 135.7

The Effect of Rate, Time, Kind, and Placement of Fertilizer Nitrogen on Ear Corn Production from a

9 Yr. Avg.

63.3
74.1
76.6
77.4
81.6
90.7
89.5
93.3
98.1
85.5
82.7
83.6
95.1
84.2
81.3

"88.9

9.7
96.4

a
b

be
be
bed
defg
defg
efg

cdef
bed
bede
fg
cde
bed
defg

g
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NH ,NO_ versus urea N
—#—-3——_——_

The four NB4§03 treatmente.at the rate of 40 lbs N/A annually averaged
80.3 bu/A of corn over the 9Tyeara, whereaa similar treatmenialaa urea N
averaged 80.6 bu/A. |

The three NH,NO, times of anplication'at 80 1lbs of N/A‘averaged 87.7 bu/A,
and the comparative urea N avenage was 95.1 bushels.

The two 160 lbs of N/A rates as NH,NO, averaged 94.9 bu/A, with the one
similar rate urea fall treatment 98.1 bu/A. |

It would appear that over the nine year period, urea N is fully as
effective as NH,NO3 - N in continuous corn production at Lamberton.

Rates of N application (40, 80, & 160 ;bs[Az o

The eight 40 1b N/A treatments aweraéed 80.4 bushels (17.4 bu increase),
the six 80 1b N/A rates produced a 9 &ear average of 90.4 bn/A and thelnhree
annual 160 lbs N/Ataweraged 95.9Abu/A, showing that the lower N application
rates produced pronortionally laréer wield‘increasea.

Time of N agglication and Placement (over nine years)

Forty lbs of N/A plowed down in the fall averaged 75.4 bushels, whereas
similar amounts spread and left on the surface over winter averaged 79.5
bushels. Similar treatments made in the spring however, averaged 84.1 bu/A
and June sidedressing yielded an 82. 8 buehel average.

Eighty pounds of»N/a plowed down in the fall averaged 85.1 bushels,
compared to 89.4 bushels with spring application, and 91.8 bu/A when side-
dressed.

The two 160 lbs N/A rates plowed down in the fall averaged 95.7 bu/A,
whereas the lone NH4N03-160 1b N/A June sidedressing averaged 96.4 bushels
over the 9 years.

There appears to be a small advantage for spring over fall application
at the 40 and 80 1b N/A rates but this is not apparent where 160 lbs N were

broadcast annually.
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The Effect of Eleven Years of Annual Application of Nitrogen
for Continuous Corn on Soil Reaction and on Zinc Concentration
in the Sixth Corn Leaf at Silking in 1968
(8arnes loam-Morris)

J.M. MacGregor, G.R. Blake, and S. Evans

Commencing in 1957, corn has been grown each year on a Barnes
loam at Morris, with annual applicaéions of 0, 40, 80 and 240 pounds
of fertilizer N as NH4N03 or as urea. P205, and K20 were also applied
each year at the rate of 40 pounds per acre.

During the summer of 1967, laboratory analyses of the 0"-6" depth
gsoil indicated a significant lowering of pH with the heaviest N appli-
cation. Although there was some decrease in the pH of the subsoils
with the heavy annual N aﬁplication, this was not significant.

Since a decrease in soil pH (increase in soil acidity) frequently
increases zinc availabilitv, samples of the sixth corn leaves were
obtained in 1968 from the five replications of each of the five N
treatments and these were analyzed for zinc concentration. The pH
of the 0"-6" soil samples collected in 1967 and the zinc concentrations

of the 1968 corn leaves are shown below.

The pH of Surface Soil in 1967 and Zinc Concentration
in 1968 Corn Leaves at Morris

Annual fertilizer treatment pH of 0"-6" soil Leaf zinc in ppm
(Lbs/A) (1957-1968) (1967) (1968)
N P05 K0
0 + 40 + 40 (applied in spring) 7.26 a 16.4 a
40 + 40 + 40 (applied in fall) 7.28 a 15.9 a
40 + 40 + 40 (applied in spring) © 7.14 a 16.6 a
80 + 40 + 40 ( " " ") 7.11 a 21.2 b
240 + 40 + 40 ( " " ") 6.50 b 22.2 b

”



7
It is appgtent thag the 240 ngéq ran.gf N application every
year evénfqal1y gignifICangii déﬁééésed'the ;q;qf the surface soil.
The much lower 80 1b N/A.annual fgrgtlizgtion deprégsed soil pH,
out not significantly so,‘bu; both pf the two»hgavigr rates of N

significantly increased zinc concentrations in the 1968 corn leaves.
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Concentrations of Nitreste Nitrogen (M03-i) in Free Soil Water
in Vebster Clay Loem Subsoil at Lamberton Under and Adjscent
to Contimicus Corn With Anmgl Nitrogen Fertilization
J. M. MacGregor end W, W. Nelson

Early in 1968, a study of the NO3-H content of free soil water under-
lying the contimious corn fertilized enmually with 0, 40, 80, end 160
pounds per acre of NH4N03 or urea nitrogen wes initisted, Approximately
14 lba N/A is spplied enmually with emple P05 end K,0 (175#/4 of 8-24-12)
in the starter fertilizer over the entire experimentsl area. Aluminum
tubes 3" in diameter end 30, 42, 54, 66, and 78 inches in length were
stoppered at one end end a ring of smsll holes drilled through in a ring
erocund each cylinder 6" from the stoppered end. These cylinders were then
sunk some 20 feet inside four of the no nitrogen and within four of the
enmual 80 1b iH,NO3 ~Il/L plots, so that the ring of smell holes would be
2, 3", 4', 5%, end 6' from the surface of the soll. These tubes were
then also cspped at the soil surface end to prevent soil or other materials
fram falling down these "wells." Free water could then enter through the
ring of drilled holes and would be collected in the 6" reservoir below
the holes at the lowered stoppered end.

To determine 103~Il concentrations and possible HO3~N movement between
the ends of the plots and a tile drain some 12 feet distsnt in the surface
roadwsy, & mumber of similer wells having the ring of holes 42 inches from
the soil surface were sunk midwey between the ends of three check, three
40 1b §/& plots, four 80 1b /A plots, snd four plots receiving 160 lbs
of NH,N03 anmually.

Since 1968 at Lemberton was reletively dry until late in July, there
was no water sccumilation in any of the wells and the first sempling vas
aveilsble on July 29th. Semples collected were chilled or frozen immedi-~

ately until NO3 enalysis. A study on sample temperature storage effect

©“
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prio;;' to l03 anslyses, when frozen, refrigereted or meinteined at room

temperature (for 10 days) sh_wed a aﬁall end variable effect, 8o ell
semples were then frozen until enelysis wes possible. 4 totel of five
samplj.ngs were made fram late July to egr]y in N&ember. The results
are shown in Tables 1 end 2. . |

It is obvious that the NO3-N content of fre§ vater in the subsgil of
the check plots is relatively low under the contim:.d.us corn, s:l.nce_ they
receive only some 14 lbs /. enmelly in the NPK starter fertilizer used.
It is doubtful if a lateral movement of N into the subsoll of the plots
has occurred from the two adjoining plot tre‘a'hnents , @lthough this may
have cccurred in Plot 7 where the NO3-N concentration of the water at
6 feet is considersbly more than the seme level in the other three check
plots. 103-N concentrations at the 42" depth midwasy between the ends of
the check plots end the tile lines sre higher then within the plots, in-
diceting either same accumlation or s possible movement of the N03 toward
the tile dreins. While there was no increase in M03-N concentrations in
the wells ocutside the 40 1b N/A plots, this would not be expected, since
most of this il edded in such smell emounts would be normally removed by
the growing corn.

Table 2 shows that the anmual mpplication of 80 lbs /A has increased
the NO3-N concentrations of the free water in the subsoil (Plots 2, 25, 60,
and 78) even with much higher corn yields on these plots. Since the NO3-H
content of the wells cutside the 80 1b-N/A plots is somewhat higher than
those reported in Table 1, it is probeble that this rete of N application
has resulted in some lsterel movement of NO5-N ‘to the tile drains, which
are same 12.5' from the end of each of these plots. Since even higher N
concentrations occur in the wells edjacent to the 160 1b rate of N/A
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treatment;, it appears thafﬂsome 0o~ 18 probaply being lost in the drain-
age weters at these higher retes of ¥ app]'.i‘cation.

Whereas lateral moveniént of NO3-N between plot treatments is probsbly
small or non-existent, (the piots are 20' in width), it is epparent that
some NO3~N of the anmual 80 end 160 1b N/A treatmehts is being carried
ewsy by the tile dreins in fhe free water in the subsoll and is thus lost

to crop production.



Table 1. Treatment, iditrate N Concentretions in Soil Free Water, Stalks, Ears, and Corn Yield -
per hcre in 1968 .onvNHANOB-Urea Treated Contimious Corn st Lamberton. (Webster Cley Loem)

Annuel N/A . Plot treatment ‘Plot treatment . Well NO4-if in ppm in H,0 . Lep
Plot Rate, time west side east side _depth Corn
No. & placement Lbs N/A® Lbs N/A (feet) 7/29 7/31 9/25 10/22 11/2 Stalks/L Bers/A Bu/h
: ‘ ' o ' Wells within plots o
7 Nome - 160 ¥H;NO3-N(SD) 80 urea-N(fall) 2 — == = 132 — 22,070 20,328 108.3
. S : . 3 —— 0073 0013 0053 ‘4003~ ' K ST
4 2'44 0099 0-26 0046 0-20
5 4.55 3.96 1.25 1.45 0.66
32 None 40 NH,NO3-T(SD) 160 urea-il(fall) 2 -— - — 2,90 -- 19,747 19,166 106.3
3 - hatnd had 1. 22 -
4 - - 0.73 0.46 0.99
5 - 5.9, 0.66 0.46 0.79
N 6 - 4009 1.52 1.25 1.19 a
46 Hone 80 urea-N)SD) 40 WH,NO03-N(fall) 2 - - -— 0.46 -- 20,909 18,005 107.8
3 hadd 1012 0'79 0053 2.18
» 4 5.61 1,06 0,53  1.06 2.24
b= 5 2,18 1,91 1,39 1.25 1.91
A ° . . . 6 2. 2084 2071 1012 1098
73 HNone 80 urea-N(fall) 80 HH NO3-Ul(fell) 3 - - - 0.59 ° - 18,005 15,101 87.4
4 —— 0014 0007 : 0013 l.32
5 0.59 0.59 " 0.07 0.53 0.73
6 1.25 1.06 0.20 0.2 0.79
Wells et cuter end of plots (12 feet distent from tile drain)

4 Hone 40 urea~(fall) 40 IM4N03-N(fall)_ 3.5 - 1.58 — 8.78 .1.98 18,005 18,005 113.6
54 Hone 40 urea-N(fall) 160 iH/NO3-N(fell) 3.5 - - — 11.09 22.58 20,909 19,747 110.5
79  None None 80 iHyH03-N(spring) 3.5 12.41 14.45  — - — 19,166 19,166 119.8
15 40 NH4N03—N(SD) 80 urea-N(spring) 40 uree-N(fell) 3.5 - -— -— 7.26 10.43 17,424 17,424 136.9
33 40 MI4N03—N(SDJ 160 NH4N03-N(SD) None 3.5 — 0.73 - 9.04 — 17,424 17,424 135.1
49 40 NH,NO3-H(SD) 160 NH,NO3-1i(SD) 40 NH,;NO3-N(fall) 3.5 - - - 16,17 — 16,843 16,262 110.0

83D = gidedressed



Teble 2.

(Webster Cley Loem)

Treatment, NO3-i Concentrations in Soil Free Water, Stelks, Lars, and Corn Yield per
Lcre in 1968 in WH;i103-Uree Contimucus Corn at Leuberton.

Anmisl N/A Plot treatment Plot treatment Well NO3-N in ppm in H50
Plot Rste, time west side east side Depth
No. & placement Lbs W/A Tos N/t (feet) 7/29 7/31 9/25 10/22 11/2 Stalks/A Eers/A Bu/A
_ ' Wells within plots

2 80 NH,H03-i 40 NH;NO3-M(fall) 40 NH,NO;-N 2 -~ 16,36 == 15,70 -- 21,490 19,166 134.9

(spring (spring 3 15.97 19.94 22.58 21,12 13.66

4 18,94 18.74 15.32 20,20 16.56

5 11,62 14.52 11,22 15.58 13.13

6 15,71 18.48 20.60 17.68 14.19
25 80 MH,NO,-N 80 Urea-N(spring) 160 MH,HO3-N(fall) 2 - - -- 12,67 == 19,747 18,586 141.6

(spring 3 - - -~ 13.13 14.00

. - —~  6.07 16.50 14.26

5 — 4042 6-47 13-79 13060

6 8.05 5.81 6.47 13.86 16.64
60 80 MH,NO3-i 40 §H;NO3-N(fell) 40 urea-N 2 - - —  1.98 == 21,490 19,747 147.5

~  (spring (spring) 3 - — 2,57 3.50 5.68

® 4 — 6,53 5.48 5.02 4.42

5 5.7, 5.54 3.63 3.96 4.22
78 80 NH,i03-I None 80 urea-N(spring) 2 - 3.82 0.79 2.71 - 23,813 21,490 169.3

(spring) 3 9.31 8.32 1.45 4.69 2.57

A 6.80 10.09 4.36 4.49 2.11

5 6.34 10.75 4.95 4.22 2.8,

. . 6 5.5, 5.7, 5.21 5,08 5.02

Wells et outer end of plots (12 feet distant from tile drains)

11 80 NH,NO3-N(SD) None 40 uree-i(spring) 3.5 — 1,39 == 12.61 17.16 22,070 22,070 141.6
38 80 NH,NO3-N(SD) None 40 urea-ii(SD) 3.5 10.76 14.98 - —-— -- 20,909 19,166 140.5
58 80 NH;NO3-N(SD) 40 ures-N(spring) 80 urea-N(spring_ 3.5 - - -  27.46 20.72 20,909 19,166 138.7
63 80 NHNO3-N(SD) 4O urea-N(spring) 40 WH,NO;-i¥(fall) 3.5  —- == - 28,52 == 19,747 17,424 130.1
8 160 NH,HO3-N(SD) 80 HH,NO3~N(fall) None 3.5 - - -~ 39.46 87.64 20,909 19,166 139.5
34 160 NH,HO3-N(SD) 40 urea-N(spring) 40 NH,03-N(SD) 3.5 — 19,40 -- 17,16 -- 19,747 19,166 150.2
50 160 NH;NO3-N(SD) 80 urea-N(fall) 40 iH,203-H(SD) 3.5 - - - 47.52 39.46 19,747 18,586 132.6
68 160 HH,NO3-N(SD) 40 uree-M(fall) 160 urea-N)fell) 3.5 - - -~ 71.28 -- 23,813 21,490 143.7
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Soybean Nitrogen Fertilization Study
G. E. Ham, R, ll, Anderson, S. D, Evans, W. W, Nelson
R. D. Frazier and J. R. Lofgren

At the 30 to 60 bushel level, one-third to one-half of the nitrogen
in the soybean plant iéxtaken fr&m éhé soil in the form of ammonium and
nitrate ions, A considerable amount of this nitrogen is taken up during
the last month of the growing season when the seeds are filling, At
about_tﬁe same time the seeds are filling, the nitrogen fixing ability
of the nodules decreases. These facts would seem to indicate that nitrogen
fertilization of soybeans should increase seed yield, but such is not the
case, Nitrogen applications at planting time or sidedress applications
during the growing season have not significantly increased seed yields,

Ammonium nitrate, urea, urea plus sulfur and sulfur-coated urea
sources of nitrogen were compared at Lamberton, Waseca and Morris with
nonnodulating and nodulating isolines of Chippewa maturity and Chippewa 64
soybeans. The same sources of nitrogen were compared at Crookston and
Grand Rapids with Altona, Norman and Portage soybeans, The yields from
Grand Rapids, Lamberton and Morris are shown in Table 1, 2 and 3.

The yields from Waseca were erratic due to the effects of
phytophthara root rot. The yields from Crookston were low and erratic due

to the cool, wet season and a wet spot in the plots,
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Table 1, Effect of nitrogen fertilizer additions on 1968 soybean seed yield
at Grand Rapids, Minnesota when different sources of nitrogen ° '
fertilizers at the rate of 150 pounds of N per acre were disced into
the soil in the spring of 1968

Soybean variety

Nitrogen source Altona Portage ' 1I-55-14
bu/acre bu/acre bu/acre
Check 27.5 29.8 31.3
Ammonium nitrate 31.7 30.6 32.2
Urea 33.2 32.6 31.9
Urea + sulfur? 34,6 ' 32.6 30,0
Sulfur-coated urea 33.7 32.8 33.5

8 fTreatment had some N and S as sulfur-coated urea
Provided by Dr. H. L. Meredith, Agronomist, TVA

Table 2, Effect of nitrogen fertilizer additions on 1968 soybean seed yield

at Lanberton, Minnesota. when different- sources of nitrogen -
fertilizers at the rate of 15U pounds of N per acre were disced into
the soil in the spring of 1968.

Soybean variety

Nitrogen source Nonnods? Nods? A Chippewa 64
bu/acre bu/acre ' bu/acre

Check 24,6 30.1 28.2
Ammonium nitrate 29.3 28.9 27.7
Urea b 29.1 28.5 27.9
Urea + sulfur 29,0 27.2 28,2
Sulfur-coated urea® 30.6 29.5 29.1

a

Nennods and nods are isolines of Chippewa maturity. The isolines are very
similar in all respects except for the inability and ability to form nodules
when the plants are grown in the presence of most strains of Rhizobium japonicum

b Treatment has same N and S as sulfur-coated urea,

¢ Provided by Dr. H., L. Meredith,Agronomist, TVA,
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Table 3. Effect of nitrogen fertilizer additions on 1968 soybean seed yield
at Morris, Minnesota when different sources of nitrogen fertilizers
at the rate of 150 pounds of N per acre were disced into the soil
in the spring of 1968

Soybean variety

Nitrogen Source Nonnods?® Nods? Chippewa 64
bu/acre bu/acre bu/acre
Check _ 16.9 19.6 17.7
Ammonium nitrate 22,1 21.4 19.4
Urea b 24,3 25,6 23,7
Urea + sulfur N 21.7 20.4 21,2
Sulfur-coated ureac 21.8 22.1 20,9
3 Nonnods and nods are isolines of Chippewa maturity, The isolines are very

similar in all respects except for the inability and ability to form nodules
when the plants are grown in the presence of most strains of Rhizobium

{aponicum

Treatment has same N and S as sulfur-coated urea.

€ provided by Dr. H. L. Meredith, Agronomist, TVA
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1968 Polyphosphate Investigations
A. C. Caldwell
and
R. C. Leslie

Field trials comparing the effects of polyphosphates and ortho-
phosphates on 1) early growth, 2) elemental uptake and 3) yilelds of
soybeans were run at Rosemount, Lamberton, and Morris Experiment
Stations. Three different phosphate treatments at two placements

were employed at all stations with two rates included at Rosemount

as shown in Table 1.

Table 1. Phosphate Treatments
Experiment Rate

hosphate Material tion # PEOS A Application
ghecﬁ = — . -
Ortho. Dry 11-48-0 L-R-M 62.5% 2x2
Ortho. Dry 11~-48-0 L-R-M 62.5 Pop-up
Ortho. Dry 11-48-0 R 125.0 2x 2
Ortho. Dry 11-48-0 R 125.0 Pop-up
Ortho. Liq. 8-24-0 L-R-M 125.0 2x2
Ortho. Liq. 8-24-0 L-R-M 125.0 Pop-up
Ortho. Liq. 8-24-0 R 250.0 2x2
Ortho. Liq. 8-24-0 R 250.0 Pop-up
Poly. Liq. 11-37-0 L-R-M 81.1 2 x 2
Poly. Liq. 11-37-0 L-R-M 81.1 Pop-up
Poly. Liq. 11-37-0 R 162.2 2x 2
Poly. Liq. 11-37-0 R 162.2 Pop-up

* 98 # P205/Acre at Lamberton
At Rosemount and Morris, treatments were replicated five times,
with six replications at Lamberton. All locations used Chippewa-64

soybeans. In addition to the phosphate treatments at Lambertonm,

wi

200 # N/Acre was broadcast before planting as processed feathers

and disked in.

. A S 4
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The plants in the non-nitrogen fertilized plots were randomly
sampled at two different érowch stages, whereas whole plants 5-7
inches high and uppermost.fully ma;ureqttfifoliate leaves were
sampled at pod stagé. h - B "

Total dry matter was dgtermined for both samplings. Elemental
analyses were run on all plots, except nitrogen fertilized plots.
Yields were determiqed on all plots.

Yields Results

Yield data at Lamberton and at Rosemount (Tables 2 and 4
respectively) indicate a response to phosphorus fertilizatiom.
Motris.yield Qata, Table 3, show no response to pposphorus.fertiiiz-
ation because{of atrazine carty;oyer damage. The.only éigﬁifiEQné-
difference among treatments was the 2 x 2, 8-24-0_app11€ation at
60#/A. The 11-48-0 applied as pop-up reduced yields at Rosemount.

Nitrogen fertilization increased Lamberton yields.

Table 2. Effect of Phosphate Fertilizers on Soybean Yields at Lamberton

Ireatments
Ortho. Dry Ortho. Liq. Poly. Lig.
Treatment (1bs/A) Check 2 x 2 Pop-up 2 x 2 Pop-up _2x 2 Pop-up
‘ Bu/Acre
No Nitrogen 25.9a 30.4b 30.6b 29.1bc 28.8c 29.9bc 29.2be

200 1lbs. Nitrogen 27.5 33.6 33.3 31.6 29.7 31.0 30.3
*Values followed by same letter not significantly different at 5% level

Table 3. Effect of Phosphate Fertilizers on Soybean Yields at Morris

Treatments
Ortho. Dry Ortho. Lig. Poly. Liq.
Check 2 x 2 Pop-up 2 x 2 Pop-up 2 x 2 Pop-up
Bu/Acre

26.8 25.6 24.3 25.9 25.1 27.7 25.6

Treato - NoSo
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Table 4. Effect of Phosphate Fertilizers on Soybean Yields at Rosemount

Treatments
Qrtho. Dry Ortho. Lig. . Poly. Liq.
Treatment (ibs/A) Check 2 x 2 Pop-up 2 x 2 Pop-up 2 x 2 Pop-up
Bu/Acre ;
30# PZOSIA 26.1la 33.9b .27.0a 33.2b 33.4b 31.5b 32.5b
60# P205/A 30.8b. * 38.3¢ 31.1b 33.0b 33.5b

*Values followed by same letter not significantly different at
5% level.

* Salt damage too extensive for yield determination.

ELEMENTAL ANALYSIS

Elemental uptake data on soybean tissue from Rosemount, Table 5,
show increases in P uptake by young soybean plants. when liquids were
applied at rates to supply 60# P205/A. Significant differences in
K, Ca, Mg, Mn and B uptake among treatments were found. Lamberton
elemental uptake data, Table 6, show significantly greater uptake
of all elements by soybeans fertilized with 11-37-0 applied as pop-up.
Morris elemental uptake data showed no significant differences among
all :reatﬁents. Differences in elemental content of tissue at both

Rosemount and Lamberton appeared to have no significant effect on

soybean yields.

'y
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Table 5.

Treatorent
Rate
Material #Pzgsié Placement
Check
11-48-0 30 2 x 2
11-48-0. 30 Pop-up
11-48-0 60 2x2
11-48-0 60 Pop-up
8-24-0 30 2 x2
8-24-0 30 Pop-up
8-24-0 60 2 x 2
8-24-( 60 - - Pop-up
11-37-0 30 2 x 2
11-37-0 30 Pop~up
11-37-0 60 2 x2
11-37-" 60 Pop-up
Significance

Effect of Phosphorus Sources on Element
Uptake by Soybeans at Rosemount

First Sampling

Elepents ; :

P K Ca Mg Fe Al 2n Cu Mo Mo B
------- Milligrams/Plant Micrograms/Plant--
1.03a 3.02a 5.24a 3.66a 161 205 22.9 7.21 1.12 17.3a 14.6a
1.33a  3.08a 5.46a 4.08ab 146 168 28.8 6.93 1.00 18.7abc 14.%a
2.56ed 3.51a 7.29ab 5.52b 160 169 21.6 6.01 1.27 30.7c 18.3abe
1.64ab 3.03a 6.0lab 4.44ab 144 164 22.0 7.24 1.18 22.5abc 15.8abc

Salt Damage

1.84bc 4.18ab 7.52ab S5.l4ab 188 224 28.1 8.63 1.45 25.2abc 21.2bc
1.65ab 4.04ab- 6.92ab 4.95ab 164 182 27.9 7.79 1.29 26.5bc 18.8abc
2.34bed 5.36b 8.27b 5.60b 174 198 30.1 7.26 1.39 30.4bc 21.9c
2.55cd 5.34b 7.65ab S5.1lab 158 172 26.2 7.78 1.32 32.5¢ 20.0abe
1.66ab 3.37a 6.62ab 4.89ab 161 188 20.8 7.91 1.35 23.0abc 18.labc
1.63ab 3.04a 6.18ab 4.6lab 158 174 21.2 6.84 1.17 22.5abc 16.8abc
2.38bcd 3.53a 7.66ab 5.52b 177 196 25.7 6.57 1l.44 3l1l.3c 20.4abc
2.31bed 3.43 6.91ab 4.89ab 185 207 20.3 7.87 1.37 32.1c 18.9abc

* * * ® N.S. N.S. K.S. N¥S. N:S. * *
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Table 5.

Material

Check
11-48-0
11-48-0
11-48-0
11-48-0
8-24-0
8-24-0
8-24-0
8-24-0
11-37-0
11-37-0
11-37-0
11-37-0

{(Continued)

Treatment

Rate
#P20 /A_ Placement

30 2% 2
30 . Pop-up
60 2 x 2
60 Pop-up
30 2 x 2
30 Pop-up
60 2 x2
60 Pop-up
30 2 x2
30 Pop-up
00 2 x 2
60 Pop~up
Significance

Second Sampling

Elements

P K Ca Mg Fe Al Zn Cu Mo Mn B
——-=-Milligrams/Plant Micrograms/Plant -
26.5 126.2ab 91.6 45.3 1237.9 342.7 561.1 205.3 11.2 448.5a 461.8
29.3 125.3ab 86.8 44.1 1284.0 336.8 542.1 205.9 10.7 458.8a 468.3
35.9 147.1ab 103.7 57.2 1666.4 358.2 582.,1 198.5 13.1 615.3ab 553.0
28.4 117.4a 80.1 40.6 1199.6 223.6 485.4 163.7 11l.7 454.1a 446.4

Salt Damage
37.3 157.0ab 112.4 56.3 1632.6 396.3 701.9 239.8 12.9 607.2ab 602.7
29.6, 138.6ab 93.2 44.5 1248.1 317.6 566.5 201.5 11.5 509.2ab  493.3
37.8 155.2b 109.5 51.9 1740.8 331.7 632.5 225.4 15.2 589.7b 600.1
38.3 172.0ab 119.9  57.4 1690.4 398.2 655.9 238.6 13.9 686.lab 634.1
35.6 157.8ab 107.2 54.4 1472.8 395.3 654.7 224.2 14.0 578.6ab  581.0
38.3 164.3ab 115.2 57.7 1642.0 356.1 665.3 233.1 14.9 615.2ab 623.8
33.1 142.8ab 101.0 50.0 1434.7 296.8 550.8 181.5 12.7 593.8ab 519.6
37.1 155.5ab 108.2 54.2 1536.0 371.7 596.1 212,7 1l4.4 604.9ab 584.7
N.S. * N.S. N.S. N.S. N.S. N.S. N.S. N.S. * N.S.
not significantly different at the 5% level

*Values followed by the same letter
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Table 6.

Treatments
Material Placerent

Cheék

11-48-uL 2 x2
11-48-0 Pop-up

8-24-0 2 x 2
8-24-0 Pop-up
11-37-0 2 x 2z
11-37-0 ‘Pop-tp -

Significance

Check
11-48-0
11-48-0
8-24-0
8-24~¢
11-37-0
11-37-0
Significance

*Values followed by the same letter not

Effect of Phosphorus Sources on Element

Uptake by Soybeans at Lamberton

First Sampling

: Elements ;
P K Ca Mg N Al & - Zn Mo Mn B Fe
~~=m—m-=-Mi1ligrams/Plant . -~tilcrograms/Plant
1.77a 13.2bc 8:6bc 3.6be;  30.5bc. 91%bc 68.8b 2,4bc  25.0a 21.9cd 582be
1.19a 8.2ab 5.7a 2.5a 20.0a ~ 598ab 39.5ab .1.6ab 16.8a .15.6ab 38lab
1.40a 8.lab 6.lab 2.8ab 2l1.5a T 671 34.9ab .1.7ab 19.9a 16.2abc 43%abe
1.63a 10.1lab 7.0ab 3.2abc 26.2ab: 637ab 42.3ab 1.8abc 25.4a 17.2abc 4l4abe
¥.31a 7.0a 5.5a 2.7ab 21.3a 393a 24.6a 1.2a 20.4a 13.9a 263a
1.83ab 11.6abc 8.7bec 4.0cd 29.5bc 8llbe 57.1ab 2.2bc 26.8a 20.3bed 538abce
2.43b 15.6 ¢ 10.6c 4.8d 36.7c 1075c 68.6b 2.7¢ 36.9p 25.44 68lc
* * * * ® * % * * * *
Second Sampling
46.3ab 202.4ab 98.9ab 46.9ab 705.0ab 178.6a 782.4abc 11.6ab 361.lab 522.0ab 1147ab
35.8a 164.4a 75.7a 37.4ab 575.0a " 198.4a 631.6ab 9.4b 269.4a 404.0a 934a
50.2ab 215.,1ab 95.7ab 49.3ab 729,6ab: 4Q4.7b 844.lbc 12,.7ab 386.2ab 537.0ab 1501b
51.9ab 208.2ab 93.2ab 48.1ab 712.3ab- 247.3ab 767.4abc 12.2ab 362.1ab 530.0ab 1207ab
32.3a 131.4a 60.6a 32.1a 456.;1la 190.3a 486.8a 7.8 248.6a 336.0a 8l4a
47.4ab 205.1lab 96.7ab 47.4ab 717.6ab-. 222.0ab 756.1abc 1l.3ab 357.4ab 522.vab 1189ab
67.4b 272.6b 131.0b 61.7b 967.2b 254.lab 1008.7bc 16.2a 491.0b 719.0b 1513b
* % * * * * * * * * *

significantly different at 5% level.
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Effect of Potassium Fertilizer Sources and Retes on Soybeans
George E. Ham
The plots were loceted on the University of Minnesota Send Plain Ex-
perimental Field neer £lk River in Anoks County. The goil wes & Hubbard

loemy cosrse send with 0-2% slope. Soil test results ere given below:

Ixtrectable Exchangesble
pH phosphorus potessium Sulfur Zine
ppZm pp2m pp2m pp2m
5.6 200(VH)® 200(M) 3(L) 2.6(H)
5.9 200( VH) . 220(M) 5(L) 2,0(M)
5,1 200(VH) 180(M) 5(L) 2.8(H)
5.3 200(VH) 180(M) 5(L) 3.2(H)

®H=very high, H=high, M-medium, L=low

411 plots were treated uniformly with O+40+0 (elementel besis) and 3 tons
of limestone. Then, the potassium treatments were spplied, the erea was
ploved sbout 12 inches deep and three tons of limestone were applied and
disced into the soil.

& split-plot design was used with six replicates end the trestments
were spplied as cutlined in Tsble 1. Individual plots were six 24-inch
rows (12 feet) wide and 30 feet long. Treflan wes epplied at the rste of
one-half pound per scre. Chippews 6/ veriety soybeens were planted with
e tresctor-mounted four row cone planter on Msy 10, 1968 et the rste of 10
germinable seeds per foot of row. The plots were irrigeted es needed with
two exceptions when the plot ereas beceme dry enough such that moisture
gtresses were epperent.

Leaf samples for follier analysis were teken when the plants were in
mid-bloom. The lest fully metured leaf from about 25-30 plants 1n e plot
were taken per semple. The leaves from replicates I end II were combined

8s were the leaves from replicates II and IV. The lesves were dried,
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ground end: enalyzed for P, K, Ce, Sr, Na, Fe, Mg, Zn, Ou, Mo, Mn, B and
S by emlssion spectrograph. The results are shcun in Table 2.

Flots were harvested for seed yield on October 10, 1968. A 1é~foot
section of one of the two center rows was cut, threshed with a small plot
thresher, cleaned and welghed. Yields for statisticel enslysis were based
on bushels of sﬁybeans per acre on the basis of 12.0% moisture. The
yields ere shown in Tables 3 and 4o

The lack of significent yield increases of soybeens when potassium
ferti]izgrs were epplied to soil in the field at this location this yeer
does not necessarily meen that potassium edditions do not effect seed
vyield.. The ylelds i{ere generelly too low end variable due to irrigstion
problemg to megsure the effect of sdded potassium on soybean seed yield.

Summsry
The sddition of K to soybeans grown in the field hed little effect
on soybean seed yields. The %K in the leaves was inoressed samewhat but
the incresses were not signiﬁcant at the .05 level of significance. Only
%P in the leaves was increased signiﬁ.cantly vhen KZHPOI._ was sdded.



Teble 1. . Ltmount of mutrients contained in added potassium fertilizers.

Fertilizer Rate in Pounds Per Lcre

Potassium Analysis of 100 K20 200 X0 G 400 K50 800 K20
source " fertilizer added N P K S H P K S N P K S Rj F K S
S ¥ - Py05 - K20-S '
KC1 L 0+0+H60+0 0+0+83+0 0+0+166+0 0+0+332+0 0+0+664+0
K03 D 13X0444%0 30+0+83+0 60+0+166+0  90*0+332+0 180+0+664+0
K250, 0+0+50+17.6 0+0+83+35 0+0+166+70 0+0+332+140 O+0+664+280
K HPO, O+44:+48+0 0+34+83+0 0+68+166+0 0+136+332+0 0+272+664+0
Sul-Po-Mag 0+0+22+22.7 0+0+83+103 0+0+166+206 0+0+332+412 0+0+66/4+824
- ‘ +49 Mg +98 Mg . +196 Mg +392 Mg
[«)Y - .
K-CO3 O+0+64+0 0+0+83+0 O+0+166+0 0+0+332+0 0+0+664+0
KC1+S(K,50,) | 0+0+166+70
K(1+Mg(Sul-Po-Mag) : O+0+166+206
' ’ +98 Mg
KC1+N(KNO3) ' 60+0+166+0

KC1+P(K,HFO,) o OH68+166+0



Effect of potsssium scurces end levels on the nutrient.content of

Table 2.
field grown Chippewa 64 soybesns. (Emission spectrogrsph snalysis)
Potessium K50 :
gource level P K Ca Sr Fe Mg 2Zn Cu Mo lMn B S
b/A % % % pm ppm % ppm ppm ppm ppm ppm %
Check 0 .489 1.97 .704 21.3 182 .317 53.8 11.0 1.01 109 49.6 .339
K»CO3 100 .451 2,13 .678 20.0 226 .277 49.1 10.7 1.06 100 43.3 .341
f 200 .462 2.30 .658 19.1 169 .291 52.3 10.5 0.74 96 40.5 .327
" 400 445 2,26 .655 19.3 175 .262 48.4 11.4 0.82 94 41.5 .305
n 800 .450 2.43 .629 20,1 182 .268 52.3 11.3 0.79 93 40.7 .345
" 200 .520 2.26 .683 17.5 239 .311 51.5 11.7 1,05 101 46.3 .336
" 400 540 2.25 647 17.5 249 .276 45.1 7.3 1.04 99 42.0 .342
" 800 .623 2.39 .616 17.0 205 .267 50.7 7.4 0.75 96 40.2 .351
" 200 464 2.29 .71 19.1 180 .306 62.6 12.9 0.83 120 47. 5 347
" 00 .471 2.35 .683 16.8 179 .298 58.4 12.7 0.96 122 47.9 .338
" 800 .437 2.33 .654 16,7 18, .281 59.3 13.1 0.88 117 47.0 .350
K550, -1gS0, 100 .479 2,19 .710 1.2 186 .325 57.4 12.1 0.96 116 48.4 .352
" 200 .438 2.27 .633 16.0 166 .301 54.7 12.0 0.97 105 44.7 .362
n 400 .465 2.30 642 14.7 195,311 54.2 11,9 1.14 114 49.7 .350
n 800 u!p662.38 .61813.4 200' 0318 590627.5"1.1!9 130 50.1 0355
KNO3 100. .484 2.14 .715 21.2 181 ,301 48.0 10.6 1.13 105 46.7 .327
" 200 .513 2.2/ .724 20.8 18%°.319 52.7 10.8 1.03 110 45.2 .330
" 400 .493 2.15 .731 23.5 204 .315 54.8 11.3 0.94 108 45.2 .349
" 800 . .486 2.17 .694 21.1 173 .286 48.7 10.2 0.99 100 44.7 .32
KC1 100 .488 2.24 .720 21,5 251 .333 52.0 11.9 1.03 111 47.3 .337
n 200 .498 2.19 .68 20.0 238 .299 49.5 12.6 1.02 98 47.7 .330
" 800 .464 2.37 623 18 0 234 .277 51.9 11.9 0.87 104 42 5 .331
" 1600 .478 2.50 .629 19,0 174 .274 53.9 11.8 0.88 105 46.7 .345
KC1-N 200 .463 2.28 .708 20.4 215 .295 52.4 11.4 1.02 112 j6.4 .322
KC1-S 200 .454 2.18 .662 18.2 176 .29/ 53.5 13.2 0.90 1157%42.3 .355
KCl-S-Mg 200 .470 2.14 .673 18.5 220 .285 52.9 11.8 1.24 113 48.4 .345
KC1-P 200 .544 2.30 .735 20.0 212 .312 49.2 8.9 0.93 113 48.8 .347
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Table 3. Effect on 1968 soybean seed yleld at klk River, Minnesota when
different rates and scurces of potassium fertilizer were plowed
down in the spring of 1968,

Pounds K50 per acre

Potassium Mesns of
sources 100 200 400 800 ell rates
' Bu/acre Bu/acre Bu/acre Bu/acre

K250, 30.1 28./ 27.8 28.2 28.6
K5C04 33.0 34.3 28,7 30.2 31.5
K50, °MgS0,, 26.5 32.4 29.5 29.9 29.6
KC1 32.1 30.9 30.3 30.7 31.0
Average of , o

ell sources 29.7 30.9 28.8 29.4 29.7

Check plot average (5 replicates) 29.6 bu/acre

Coefficient of varistion: 12.6

Lnelysis of Veriance for Data of Table 3

Source of variation Degreeg of freedom lMean square F value

Replicates (R) 3 88.95 2.13
K sources (S) 5 30.69 0.73
Error (a) 15 41.77.
K retes (Re) 3 18.26 1.44
Rax S 15 11.71 0.92
Error (6) 54 12.70

Coefficient of verisbility (a): 21.8
(b): 12.0%
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Teble 4. Effect on 1968 soybesn seed yield at Llk River, Minnesote
vhen different socurces of potessium fertilizers at the rate
of 200 pounds K50 per scre were plowed down in the spring

of 1968. .
Potassium sources Seed yield
Bu/acre
KHPO, 274
KoS0,, 30.1
K,C03 33.0
K80, *MgS0, 26.5
Ki{03 2.3
KC1 32.1
KCl + P (equivalent to K2HPO4) 26.6
KCL+S( " Ky80;) 31.1
KCL+ N ( n " ENO3) 30.0
KC1 + S + g (equivalent to K5S0,-MgSO,) 2.8
Average of &ll sources 29.4
Check plot average 29.6

Coefficient of verietion: 10.6%

Anaiysis of Variance for Date of Table 4

Source of veristion Degrees of freedgn = Mean squere
Replicates ' 3 28,24
K scurces ; 9 20.74
Error 27 2.15

F yelue
1.34
0.98
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Soybean Fertilizer Placement. Study

G. E. Ham, S. D. Evans, R. D. Frazier, and W. W. Nelson

Fertilizer treatments consistirng of banded starter, starter in
contact with the seed and a combination of banded and seed placement
were superimposed on broadcast fertilizer treatments at Lamberton,
Morris, Waseca, and Rosemount. The treatments and rates are shown
in Tables 1, 2, 3, and 4. The analysis of variance is shown in Tables
5, 6, 7 and 8.

Seed yields of all varieties were increased by broadcast fertilizer
applications at Lamberton and Morris where soil test levels of P and
K were low. Foliar analyses indicated that the response was due
largely to P. At Waseca and Rosemount, seed yields were not increased
by fertilizer applications when the soil test levels of P and K were
medium or high.

These studies showed that seed placement (or pop-up) fertilizer
placement can be used with soybeans without significantly decreasing
seed yigld or stand. However, even with soils testing low in P and
K, broadcast applications of fertilizer had a more marked effect on
soybean seed yield. Under conditions of low P and K soil test levels,
seed placement or band placements may be utilized if small amounts
of fertilizer are used. If maximum yields are a goal, larger amounts
of broadcast fertilizer should be plowed down, preferably, or disced

into the soil before planting.



Table 1. Effect on Soybean Seed Yield When Different Fertilizer Placements Were Applied to Soybeans
Grown at Morris, Minnesota in 1968.

Average of
all varieties

Starter Variety over no broad-
Fertilizer Chippev:a '64 Merit - . - .. Traverse All varieties cast and
No broadcast Broadcast No broadcast Broadcast No broadcast broadcast No broadcast broadcast broadcast
bu/acre bu/acre - .bu/acre bu/acre bu/acre bu/acre bu/acre bu/acre bu/acre
Check coenoe 21,4 22-.9 18.3 21.0 18.1 21.2 19.3 21.7 20.5
Band (2x2) 19,7 26.2 19.8 23.6 ©21.2 22.1 20.3 24.0 22.1
Seed placement  20.3 24.7 18.5 23.4 20.7 22.6 19.8 23.5 °  21.7
Band & seed
& placement 21,7 25.1 19.5 24.6 20.7 22.3 20.7 24.0 . 22.3 .

Average of all
starter
fertilizer 20.9 24.7 19.0 23.2 20.2 22.0 20.0 23.3 21.7

Coefficient of variation: 8..%

Fertilizer rates: Band 10420+10
Seed placement 4+8+4 C
Broadcast 0+60+30 (broadcast to surface in spring 1968)



Table 2. Effect on Soybean Seed Yield When Different Fertilizer Placements Were Applied to Soybeans
Grown at Lamberton, Minnesota in 1968.

Average of
: all varieties
Starter - L Variety over no broad-

Pertilizer: - Chippewa ‘64 Corsoy Hark All varieties cast and
No broadcast Broadcast No broadcast Broadcast No broadcast Broadcast No broadcast Broadcast broadcast
bu/acre bu/acre bu/acre bu/acre bu/acre bu/acre bu/acre bu/acre bu/acre
Check 28.0 32.4 31.1 36.5 28.7 34.0 29.2 35.3 31.8
Band (2x2) 28.1 31.8 30.2 35.5 30.6 33.0 29.6 33.5 31.5
Seed placement 28.6 334 33.6 3.8 32,5 33.6 31.5 33.9 32.7
oBand & seed —
S ovlacement *+ 31.4:- 31.4 32.8 33.9 31.4 31.7 31.9 32.3 32.1
Average of
all starter :
fertilizer 29.2 32.3 31.9 35.2 30.8 33.1 30.6 33.5 32.0

Coefficient of variation: 8.7%

Fertilizer rates: Band 10+20+10
Seed placement 4+8+4
Broadcast 0+60+30 (plowed down in fall 1967)



Table 3. Effect on Soybean Seed Yield When Different Fertilizer Placements Were Applied to Soybeans
Grovn at Waseca, Minnesota in 1968.

Average of
all varieties

Starter ) Variety over no broad-
‘Fertilizer Chippeva '64 Corsoy Hark All varieties cast and
No broadcast Broadcast No broadcast Broadcast No broadcast Broadcast No broadcast Broadcast broadcast
hu/acre bu/acre bu/acre bu/acre bu/acre bu/acre bu/acre bu/acre bu/acre
Check 36.5 35.4 40.6 39.6 42,5 41.3 39.9 38.8 39.3
-Band (2x2) T 37.9 34.5 43.1 38.4 - 39.6 41.3 40.2 38.0 39.1
nged placement 35.4 33.5' 40.8 38.3 42.2 40.0 39.4 37.3 38.3
§ Band & seed
placement = 37.2 33.7 39.5 41.1 36.3 37.0 37.7 37.3 37.5
Average of
all starter
fertilizer 36.8 34.3 41.0 39.4 40,2 39.9 39.3 37.8 38.5
Coefficient of variation: 5.0%
Fertilizer rates: Band 16+40+53
Seed placement 4+8+12

Broadcast

- 0+100+150 (broadcast to surface in spring 1968)
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Table 4. Effect on Soybean Seed Yield When Different Fertilizer Placements Were Applied to Chippewa
"~ 64 Soybeans Grown at Rosemount, Minnesota in 1968.

Average of
no broadcast
Fertilizer rate Ho broadcast : Broadcast? and broadcast
Starter Fertilizer 1b/acre N-P-K bu/acre bu/acre bu/acre
Check ‘ 0-0-0 334 32.2 32.8
Seed placement ' 4+8+4 35.9 31.1 33.5
Band 2" x 2" 10420410 35.4 32.2 33.8
Band 3" below seed 10420410 34.3 33.1 ’ 33.7
Band 2" x 2" + 10+20+10 34.2 30.6 32.4
seed placement 44+8+4
Band 3" below seed + ‘ 10+20+10 36.1 33.2 34.7
seed placement 4+8+4
Band 2" :- 2" (0+40+40) 32.5 31.3 | 31.9

Average of all starter
fertilizer 34.5 32.0

Coefficient of variation:

3proadcast consisted of O0+40+40 applied in spring and disced in about 2 weeks before planting.
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Table 5. Analysis of Variance for Soybean Seed Yield When Starter Fertilizer
Was Superimposed on Broadcast Fertilizer at Morris, Minnesota in 1968.

Source of variation Degrees of freedom Mean square Calculated F_value
Replicates (R) 3 22.77 1.56 NS
Varieties (V) 2 AN 30.21 - 2.08 NS
R x V (error a) 6 9.83

Broadcast (B) 1 259.87 17.86 **
VxB 2 11.76 0.81 NS
Rx V x B (error b) 9 14.55 o
Starter (S) 3 16.10 5.32 »*
Vx$S 6 21.69 0.72 NS
BxS 3 1.36 0.45 NS
VxBxS 6 4.93 1.63 NS
RxVxB xS (error ¢) 54 3.02

Table 6. Analysis of Variance for Soybean Seed Yield When Starter Fertilizer
Was Superimposed on Broadcast Fertilizer at Lamberton, “finnesota in 1968.

Source of varieties Degrees of freedom Mean square Calculated F value
Replicates (R) 3 - 5.57 ‘ 0.57 NS
Varieties (V) 2 ' 67.93 ' 6.99 *
R x V (error a) 6 9.71

Broadcast (B) . 1 - 203.53. T 43.50 %%
VxB 2 2.49 0.53 NS
R x Vx B (error b) 9 4.68

Starter (S) 3 6.59 2.38 NS
VxS 6 2.34 © 0.84 NS
BxS 3 23.74 8.57 **
VxBxS 6 3.84 1.39 NS
Rx VxBzx$8S (error c) 54 2.77
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Table 7. Analysis of Variance for Soybean Seed Yield When Starter Fertilizer
Was Superimposed on Broadcast Fertilizer at Waseca, Minnesota in 1968.

Source of variation Degrees of freedom Mean square Calculated F value
Replicates (R) 3 23.64 1.55 NS
Varieties (V) 2 220.53 1.45 NS
R x V (error a) 6 15.21

Broadcast (B) 1 49.16 2.32 NS
VxB 2 9.79 0.46 NS
Rx Vx B (error b) 9 21.20

Starter (S) 3 17.02 4.61 *
VxS$ 6 16.53 4,48 *
BxS 3 4.31 1.17 NS
VxBxS§ 6 9,28 2.52 *
Rx VxB xS (error ¢) 54 3.69

Table 8. Analysis of Variance for Soybean Seed Yield When Starter Fertilizer
Was Superimposed on Broadcast Fertilizer at Rosemount, Minnesota in 1968.

Sources of variation Degrees of freedom Mean square Calculated F value
Replicates (R) 3 6.51 1.42 NS
Broadcast (B) 1 20.64 4.52 *%

B x R (error a) 3 4.57

Starter fertilizer (S) 6 7.20 1.27 NS

Bx S 6 15.84 2,79 *

Bx S x R (error b) 36 5.67

”n
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Effect of Winter Versus Spring Fertilizgtion
on 1968 Corn Yield .

J. M. MacGregor, W. W, Nelsocn and P. M. Burson

~ Since there 1s Qons:lderable interest 1n broadcasﬂng camerciel ‘
fertilizer for corn during the winter months end the comparative y:leld
with eimilar applioationa meds a few. months later in the spring, 8 field
experiment was designed to deternine any xnarked fertility differenoes ‘
vhich might occur on three fields, two being on the Soils Unit of the
Experiment Station, Rosemcunt, one located on Ostra;;QQQ gllt loam having
a 5% slope (fall plowed) end the second on Judson silt loam with a 1%
slope (spring plowed), 4 third field was located on an essentially level
Webster silty clsy loem on the Southwest Experiment Station, Lamberton.
Four replicationa of randemized paired time of fertilization plots were
neasured cut, each being sppraximately 50 feet long and 20 feet wide.
The Rcsemount treatments included N, P205 end K50 at 40 pounds of each
per aére, tut the K0 was amdtfed at Lamberton. o

The winter of 1967-68 was characterized by little snowfall, snow
depth being approximately 6 1nches when the winter fertilization treat-
mente were broasdcest on Jamuary 17 and 18, 1968. The ccmpareble spring
treatments were broedcast at Leamberton on April 2nd and on the two _fields
at Rosemcunt on April 26th, Suiteble corn hybrids were planted early in
Mey to obtein a population of approximatély 20,000 plants per scre,

Precipitation during the 1968 growing season at Rogemount waes higher
then normel, with the m'dntﬁ of June being ex‘bremeil& wet. Reinfall st
Lemberton was limited, until leté July with en extremely wet late summer
and fall. The corn was harvested in late October and ear cora ylelds
are shown in the fo].lowing three tables. o
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The Yield of 1968 Ear Corn at Rosemount on Ostrander Silt Loem

Table 1:
then Fertilized in Mid-Jamuery or in Late April
.. ) w o
Treatment fertilizer Bushels ear corn/A € 15.5% molsture
(1bs/A) broedcast _I II IO IV Aversge  Sig.
None 100.1 110.6 116.9 107.7 - 108.8 a
4LOYOY0 Jemary 18 109.2 124.6 103.9 113.5 112.8 8
L0+0+0 April 26 12,1 99.1 119.8 127.9 - 4.7 a
O+40+N Jamary 18 95.2 110.1 108.7 125.5 109.9 a
O+40+40 Jamery 18 97.2 1159 109.7 121.2 111.0 a
0+40+40 . April 26 . 199.2 113.5 127.5 111.6 115.5 a
LO+L0+20 January 18 116.4 106,8 109,7 117.8 1l12.7 a
April 26 110.6 118.8 12904 10503 11600 ' a

40+40+40

1% is evident thet none of the fertilizer treatments significantly
increased corn yields and this renders time of application meaningless.

Table 2: The Yield of 1968 Eer Corn et Rosemount on Judson Silt Loam
When Fertilized in Mid-Jamuary or in Lste April

Time ' :

Trestment fertilizer Bushels ear corn/A @ 15.5% moisture
_(1bs/A) broedcast I II II IV Average  Sig.
None 110.6 124.6 135.6 141.9 128.2 8
4L0+0+0 January 19 123.6 89.9 146.7 160.7 130.2 a
40"'0'"0 Apﬂl 26 11509 12909 124»6 147.7 12905 a
0+40+0 Januery 19 8.2 139.5 15.4 118.8 130.5 B
0'"1;.0"'0 April 26 137 06 11509 12207 15100 13108 a.
0+40+40 Jamary 19 148.1 136.1 114.5 151.0 137.4 a
0+40+40 April 26 131.8 147.2 142.4 124.1 136.4 &
404040 April 26 140.0 139.0 157.3 137.1 143.4 a

Agein it 1s obvious that none of the fertilizer treatments signifi-

captly increased 1968 corn yleld.
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Teble 3: The Yield of 1968 Ear Corn at Lemberton on a Webster Silty Cley
Loam When Fertilized in Mid-Jamuery or in Early April

Time
Treatment fortilizer Bushels ear corn?A @ 15.5% moisture
(1bs/4) broadcast I II__ I11 IV__ Aversge Sig.

None 105.1 104.1 99.1 67.0 93.8 e
LO+0+0 Jamary 17 110.2 109.1 127.8 94.8 110.5 b
otL0+0 Jamery 17 97.1 104.3 102.8  102.0 101.6 - ab
LOF4OH0 Jemary 17  110.2 118,0 118.1 112.4 114.7 b
40+40+0 April 2 112.0 122.6 104.8 106.4 111.5 b

The N (40+0+0) and the NP (40+40+0) resulted in significent increases
in corn yleld, with no signiﬁ.c’ani'. difference between the different times
of fer't;i.]:l:zei' epplication, ‘

It is ilhfdi*tama'l;.e thet the two experimental corn fields at Rosemount
failed to signiﬁcantfl’y respond to any of the four fertilizer treatments
since 1t precludes the possibility of drewing any conclusions at these
locations; -

Summary

Many factors affect the relative efficiency of fertilizer spplied dur-~
ing the winter,--such as steepness and length of slopes; scll type; snow
depth; plowed or unplowed land; type, amount, end forms of mutrient’ elements
applied; a.nd weather during the late winter and early spring. In years of
- limited snow cover there is little or no mechanicsl problem in winter fer-
tilizeticn, but a heavy snow cover may sericusly limit such an cperation,

The limited results obtained in 1968 are pramising, but are cbviously
insufficient to generalize on the relative merits of winter fertilization
in comparison to similsr treatments applied just before spring planting.
This 'inﬁetigaﬁon :ls"being repeated on the same experimental sreas to
provide a more definite answer on the feasibility of winter fertilizastion
in Minnesota, |
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Sul fur InQestigations on So{}s and Plants in Minnesota
A. C. Caldwell, E,C Seim and G. W. Rehm
Studies on S in soils and crops were continued ?n the field, green-
house and laboratory in 1968. New investigations included NXS inter-
actions, evaluation of a NH,NO4-K,S80, fertilizer and thé absorption of
50, by soils.

Sulfur in the air and in precipitation

The measurement of soz in the aumosphere'éﬂd precipitation was
terminated in September 1968. Over 5 years of data on the possible
atmospheric contribution to the S economy of 4 aréas in Minnesota are
now available. Fﬁr the 5 year ﬁeriod, S in the atmosphere (HZS and SO2
absorbed by a PbOZ surface) fanged from 5.8 1b/A of exposed surface at
Park Rapids, Minnesota to 36.4 1lb/A at St. Paul, Minnesota (two sampling
sites about 200 miles apart). Absorption in an industrial area like
St. Paul increased in the winter months to 14 times the Park Rapids
values and dropped in the summer months to 3 times the Park Rapids values.
Sulfur in precipitation ranged from an average of 3.6 1b S/A/yr. at
Park Rapids to 14.7 1b S/A/yr. at St. Paul. If it is assumed that on
the average soils will absorb only 22%Z as much S from the air as the
Pb0, surface (Alway, 1937), the average annual contribution of S to the
soil from atmospheric sources (precipitation and direct absorption) was
4.9 1b S/A/yr. at Park Rapids and 22.7 1lb S/Ayr. at St. Paul.

N:S ratios in alfalfa, red clover, corn and timothy

N:S ratios in first cutting red clover ranged from a 17:1 when the
clover and the preceding small grain éfop had received 50 1b S/A as

gypsum to 22.8:1 when no S was applied. A N:5 ratio of 17:1 is considered

normal for rapidly growing clover.
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An analysis of the second cutting of an alfalfa crop for N
indicated there was no significant effect of S on the N content of
established 5 year old alfalfa. N:S ratios, however, ranged from
16.9 to 1 where no § was applied to 714%1 when 100.-1b S/A was applied
annually. ' ' ' .

N:S ratios in corn fanged”framYZO:l in the 6th leaf of corn which
received no S to 18{5:1‘whenLl0 1b 'S/A as Na50; was applied. Nis
ratios in the corn grain were much higﬁer, averaging 29:1 when no S
was applied and 23:1 when the corn received 10 1b S/A as Na2304.:

N:S ratios of timotﬁi'hay grown on organic and mineral soils in

northern Mlnnesota ranged from 9.5:i.t0 17.8:1.

Sulfate-sulfur in small grain snd alfalfa

Small gfain and alfalfa grown on the experimental field at Park
Rapids were analyzed for 504-8. Ten 1b S/A significantly increased
S04-S in the whole plant at the rootstage from 0.020 to 0.034% in
oats; from 0.019 to 0.0282 in batley; and from 0.007 to 0.041% in wheat.
In alfalfa, 50,-5 ranged from 0.004% when no S was applied, to 0.168%
when 1000 1b S/A as gyasuﬁ‘had been applied 4 years previously.

The effect of new S assemblagés on alfalfa

A study of S assemblages was initiated in 1967 involving the effect
of powdered elemental S, pailled elemental S, 90% elemental S plus 10%
bentoﬂite, and 80% elemenfal S plus 10% bentonite plus 10% NaySO applied
at the rate of 50 1b S/A. All of the ﬁreatments increased yields of
alfalfa, although that taeated with tﬁé prilled S was not significantly
different from the check?yields at the .05 probability level. Powdered
S and the bentonite mixtures significantly increased alfalfa yields, but
there was no significant difference between these materials. Yields
ranged from 1.46 tons/A on the check plots to over 3 tons/A for the

effective S applications
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Evaluation of a NHqNOa-K SOi fertilizer |

During the summer of 1968 fie;d experiments were conducted to
evaluate the effectiveness for corn of an IMC fertilizer product
consisting of 7SZ.NH4NO3 and 25% KZSOa. In this study the effective-
ness of the new product was compared to equal amounts of N, P, and
K applied as S-free mate;ials. The IMC material did not significantly
influence the yield, moisture content or shelling percentage of the
corn. Corn receiving the IMC fertilizer averaged 130.9 bu/A, the S-
free fertilized corn 118.7 bu/A, but this difference was not significant
at the 5% probability level. There was a significant difference in
the S content of the corn plants at the 5-8 inch, and 24 inch growth
stages and in the 6th leaf at tasseling. Sulfur content of the tissue
decreased with increasing maturity. The S containing fertilizer
significantly decreased the N, P and Mo content of the 6th leaf at
tasseling, out the reduced levels did ﬁot appear to be critical.

N:S ratios ranged from 15:1 in the young corn plants receiving the S-
free fertilizer to 11.5:1 in the 6th leaf tissue of the plants
fertilized with the IMC material. N:S ratios decreased with age of
plants for both S-free and S containing fertilizer treatments.

In a greenhouse experiment the growth of barley was significantly
increased by N-K-S treatments at early stages of growth. In general,
withholding N from the fertilizer produced a great reduction of growth
and a reduction in the content and uptake of N, K, S and P. With-

holding S or K from the fertilizer treatment resulted in reduction in

the content and uptake of these elements respectively.
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Effect of source of sulfur on yield and nutrient content of corn in a

K r rate study - o R

There was no significant difference in the yield or in the nutrient

content of corn to which varying levels:of K:were applied ‘as K2504 or as

KCl plus Nazsea. Increasing rates of K application from 100 to 400 1b

K/A increased: the yield of corn from 111 to 132 bu/A, but these
differences were not significant at the 5% confidenceilevel.
N x S interactions

The effect of the NH4+ and N03- ions on SO4='uptake by corn was
studied in the field as well as in the greenhouse and growth chamber.
Uptake of the SOA= ion was traced with 35-S and in some experiments-
the uptake of the N source was followed with 15-N.

When both the N and S sources were applied as a starter to .corn
in the field, the uptake of 80&=wa5'significant1y increased wheanH4 .
rather than NO3 was used as the N source. This effect was observed
in young plants up to 7 weeks old. More N was absorbed by the corn
when NH4 rather than NO3 was the N source. The uptake of fertilizer SO4
was significantly correlated to the uptake of N from the statter. The
N source, however, had no effect on the total S 804-8 or total N content
of corn tissue. The N source also had no effect on com yield. o

PSS



Zine Triels ox:. ].Sigarbeets - 1968
Northwest Experiment Station, Crockston, Minnesota
Olef C. Soine, Soil Scientist

Scme interest hes develcped concerning the effect of zinc on sugar-
beets on the highly calcarecus soils of Western Minnesota, especially cn
golls where high rates of phosphate fertilizers ere being used. Zinc de-
ficlencies in corn have been observed in this pert of the state and the
epplication of this element hes given increasses of 10-20 bushels of corn
per acre, Although no deficiencies have been observed in sugarbeets, it
seemed worth while to set up a zinc experiment on this crop.

Two rates of zinc sulfate (36% zinc) were broadcast prior to plenting
end the seme rates were applied in & band efter planting. Samples of the
leef blade, petiole and roots were taken on July 3 and September 19 for
zinc analysis. The beets were harvested on September 26 for yleld, and
enalyzed for sucrose, purity, sodium, potessium and emino nitrogen.

Table 1 gives the field and lsboratory deta for the roots at har-
vest time,

Teble 1. Effect of zinc on the yield, percent sucrose, purity and
content of scdium, potassium, end amino N., 1968.

Treatment Yield Sucrose Purity Sodium Potassium Amino N,
T./A. % Index
Check 16,35 12.85 904 666 1595 528
Broad. 30 1b, 18.02 13.25 8717 634 1673 523
Broed. 120 1b. 18.56 13.40 824 617 1554 498
Band 30 1b. 18.41 13.18 799 514 1625 464
Band 120 1b, 18.32 13.55 794 580 1681 451
L-ScDo 2.05 0060 109 NoSo N.So NoSo

The yield of beets varied from 16.35 to 18,56 tons per acre for the
check erd 120 1b. brosdcast treatments, respectively. There were no

significent differences in yleld between the zinc treatments.
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The sucrose conxent wes increased hy the zinc treatments vhen
ccmpared to the oheck, but only the 120 lb. band treatment wes aig-'i
nificantly different from all the others. _ _

The purity index gives scme 1nfowmation abcut the prooessing of
the beets and the higher the index the more difficult it is to extract
all the sugar. The highest index in Table 1 ie for the check plot and
the zinc treatments were lower but only the-120 1b. band treatment was
slgnificent. There.wereéno significant differences between the treat~
ments for potassium and amino nitrogen.

The zinc content of the blades, petioles and roots are given in
Table 2 for the 2 ssmpling dates; The zinc cohtent for the July 3

Table 2. 2inc content of leaf blade, petiole and roots of sugerbeets,

1968,
Sempled July 3 Sempled Sept. 19
Treatment . Leaf - Petiole = Root . -. Leaf - Petiole - Rooct
. P.PoMe Lo . PQPQMO
Check 364 131 124 119 8.6 35
Brosd. 30 1lb. - 325 - 114 . 907 - - 82 10.8 54
Broad. 120 1lb. 362 110 106 205 10.8 48
Band 30 lb, 2.51 87 88 - 86 10.8 67

Bend 120 1b. 300 113 98 291 9.4 63

T

eampling is very high and also erratic uhen campared to the sampling on
September 19, The above normal rainfall in June and July mey have hed
some effect on the zinc upteke, while the latter sampling gives the zine
content of a more mature beet. This.is only one year's deta end needs
to be substantiated .with more field trials at other locations.
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The socurce of zinc used in this trisl was zinc sulfate which con~-

tains 36% zinc end 12.5% sulfur. The 2 rates, 30 end 120 lbs. per acre,
edded 3.75 and 15 lbs,., respectively, of sulfur to the soil. The ques-
tion has been asked sbout the eddition of sulfur to the soils in this
area and it seemed desirsble to run sulfur determinetions of the leaf
blade, petiole, and roots. The results’ are given in Table 3.

Table 3. Sulfur content of leaf blede, petiole, and roots of sugar-
beets, sampled September 19, 1968.

—RBate Fercent sulfur
Treatment 1bs,/acre Leaf Petiole Root
Check 0 0.71 0.13 0.06
Brosdcast 30 0.91 0.13 0.06
Brosdcast 120 0.88 0.14 0.07
Bend 120 0.78 0.14 0.06
L.S.D. 5% N.S. N.S. N.S.

There was a slight incresse in the sulfur content of the leaf
bledes when ccmpared to the check plot but the increases were not sig-
nificant., There were no significaent increases in the sulfur content
of the petloles and roots. |

The solls of this area contein substantial emcunts of sulfur in the
form of gypsum (CaSO;) and other soil nﬁ.nerals end from the decsy of
organic matter. The sddition of sulfur is not recammended for crop

production in this area.
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Effects of the Application of Iron
and Zinc Chelates to Flax at Crookston, Minnesota
in 1968

PAR TR
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James R. Lofgren - Agronomist:‘— Ni' W, School and Experiment Station

Yellowing of flax has occurréd frequently in the Red River Valley.
This yellowing has been noted to be associated with cooler temperatures
and highe;-moisture conditions. ‘The cond;;ion has been noted on numerous
horticuitufal crops and ornamentals, The yellowing was believed to be
an iron deficiency or inavailabil%ty.of iron to plants associated with
. cool températures. To determine iéirép woﬁld correct the symptoms
ion fl#x and to defetmine if the sym?toms were‘Qué to an iron or zinc
deficiency the following experiment was performed in 1968.
Methods and Materials
Zinc and iron chelate compounds were provided by Giegy Chemical Co.
Four cultivars 'Nored, ' Bolley,' 'B5128' and 'Summit' were selected so
as to span the general range of maturity for flax. Two rates of each
chelate were used: ten and five pounds per acre for iron and five
and two and one-half pounds per acre for zinc., Plots were ten feet
long and consisted of four rows aﬁaced one foot apart. The design of
the experiment was a split-plot with treatments as whole plots and
cultivars as sub-plots, Four replications were grown on Bearden soil,
The plots were seeded on May 13 and the treatments applied on June 5
when the planté‘were 3-4 inches tall. All plots were harvested on

October 10 (killing frost occurred on October 4),



