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ON THE COVER: This boun~iful fiellbl o~ c10m will yield nearly :il!l'llO bV!shels per acre. This publh::ation wefPO~~s 
research in Martin a!lldi W~seca Counties 'l:o de~er1nine hl:llw high fer~iiize:r ie~ehs miiJJst ille be~ore bro~dcasting 
c©Jn be dlise;:oniii1Jue;dl. 

~ li1h'!llldwr::~ion 

High-producing cornfields in I'VIinnesota are generally 
on soils buiH up to a degree of fertility. This buildup 
is primarily from broadcast applications of 
phorus (P) and potassium (K) fertilizers. 

Before 1 small amounts of commercial ferti-
lizer were used for corn, usuaHy in As 
farmers strived for higher yields, these 
rates. The oldstyle "split boot" 
fertilizer to come into contact 
higher rates, resulted. 
The next improvement vvas Row 
fertilizer was placed 2 inches 2 inches 
below the seed to protect the kernels. High rates could 
then be in the row without damage, but l(e,eo'mg 
the fertilizer boxes filled slowed the planting 

Bulk spreading came into use in the 1 
using this method, 

as and higher rates were 
used. The amount in the :rovv could be reduced. 
Farmers once 
the seed, 

per acre were not news anymore. 

FertHizer prices took a drop in the late 
and they continued low in the early 1970's. This 

tremendous price benefit and high brought on even 
higher rates of broadcast fertilizer. As a result, soils in 

C<VY>Ul11nCJY areas 'Were very both in 

occurred in 
197 4 its price 2 
years earlieL Phosphorus 

earHer values. Potash costs have 
The need for efficient use and 
on fertilizer returned. 

1\leed for present research 

Liberal fertilizer applications have brought 
'""''o""'Ju, "How must fertility levels be before 

can be discontinued?" In 1 were 
Martin and Waseca Counties to answer these and 

_9bjectivss 

1. To evaluate the University of IVIinnesota computerized 
fertiHzer recommendations so maximum and efficient 

use. 
2. To observe the long term effects on 

corn from broadcas·t and row P K 
soils testing very high in these elements. 

*Overdahl and Fenster are extension soils "'~-''~'""'"'""'"· Randall is a soil scientist at the Southern 
Waseca. 
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Materials and methods 

Soils 

Waseca County soils1 

Soils of the K experimental area on the Lukken farm 
are principally LeSueur clay loam (aquic argiudolls),2 

with some Cordova silty clay loam (Typic Argiaquolls). 
The LeSueur series consists of dark -colored, deep 

soils that are moderately well-drained to somewhat poorly 
drained. They developed under hardwood forests. The 
surface layer is black to very dark gray, slightly acid to 
medium acid clay loam 8 to 12 inches thick. The subsoil 
is very dark grayish-brown, medium acid to strongly acid 
clay loam 30 to 40 inches thick. The underlying material 
is light olive-brown calcareous loam or clay loam. 

These nearly level (0-2 percent slope) LeSueur clay 
loam soils are moderately permeable. Their natural 
fertility and moisture-supplying capacity are high. They 
have few limitations for farming and are used intensively 
for row crops. 

The P experimental site had principally Cordova silty 
clay loam soils with small LeSueur clay loam areas. 

The Cordova series consists of black, deep, poorly 
drained upland soils. These soils are nearly level and are 
on the tops of somewhat circular hills or on broad flats 
and in small, shallow depressions. These soils also develop­
ed under hardwoods. 

The surface layer is black, neutral to slightly acid 
silty clay loam 6 to 10 inches thick. The subsoil is dark 
gray or very dark gray; medium acid to slightly acid silty 
clay loam, light silty clay, or clay loam 15 to 30 inches 
thick. The underlying material is olive, firm, calcareous 
clay loam. 

The Cordova silty clay loam, 0 to 2 percent slope, 
requires drainage. If adequately drained, this soil is 
highly productive. Row crops can be grown intensively. 

On the Lukken farm, adequate tile drainage has been 
installed through the entire experimental area. 

Martin County soils 
The P experiment was located on the Canisteo series 

(Typic Haplaquolls). This series3 consists of deep, poorly 
drained, limy soils on flats and slightly elevated rims around 
depressions. These fine-textured soils developed in cal­
careous glacial till where the original vegetation was tall 
grass prairie. The surface layer is black and very dark 
gray, silty clay loam about 20 inches thick. The subsoil, 
about 11 inches thick, is a dark gray to gray, mottled 
clay loam. The underlying material is olive gray mottled 
clay loam glacial till. Canisteo soils have high water 
storage capacity and high organic matter content and 
moderate natural fertility. Permeability is moderate, and 
drainage is needed for maximum productivity. Associated 
series are Glencoe, Webster, Harps, and Nicollet soils. 

The K experiment was on a soil similar to that of the 
P plot site; however, since the surface pH is less than 7, it is 

1Soil Survey, Waseca County Series 1961, No. 24, 1965. 
2Tentative classification of soil series of Minnesota in the 

comprehensive system, USDA, SCS. 
3Soil Conservation Service, USDA. 
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classified as a Webster. The W ebster4 silty clay loam 
(Typic Haplaquolls) is described as a deep, dark-colored, 
imperfectly to poorly drained soil. This soil has developed 
from friable medium-textured limy glacial till parent 
material. The topsoil is about 14 inches thick and has a 
slightly acid to neutral reaction. From 14 to 21 inches, it 
is a dark gray silty clay loam with a slightly acid to neutral 
pH. From this depth to 30 inches, it is an olive-colored 
calcareous silty clay loam; beyond 30 inches, it is highly 
calcareous. 

The Dahl farm has adequate tile drainage installed 
through the experimental area. 

Weather 

Appendix tables 1 a and 1 b show precipitation records 
from near the plots. The Fairmont weather station is ap­
proximately 12 miles northwest from the Martin County 
plot area. The Waseca Experiment Station weather station 
is 5 miles east of the Waseca County pl0t area. 

Rainfall in Martin County was adequate in 1972, but 
hail reduced yields. High rainfall in early season some 
years prevented adequate warming of soils; row fertilizer 
in these years was usually most beneficial. 

Severe hail damage was incurred on the Waseca 
County plots in 197 4. Also in that year, frost damaged 
the corn at both sites Sept 3. 

Experimental area 

The Martin County site was located on the Fred Dahl 
farm 5 miles south and 10 miles east of Fairmont. The 
Waseca County site was on the Roy Lukken farm 5 miles 
west of Waseca. 

Experimental design and fertilizer treatments 

Phosphorus trial 

Identical experimental designs were used at the two 
sites in Martin and Waseca Counties. Broadcast P treat­
ments were. 0, 50, 100, 150, and 200 pounds per acre of 
phosphate (P20s). A randomized complete block design 
was used with eight replications. All treatments were split, 
half receiving row fertilizer and half with no row treatment 
(figure 1, appendix). The annual row fertilizers applied in 
Martin and Waseca counties were 10 + 40 + 40 and 13 + 
34 + 45 pounds per acre of N, P205 and K20, respectively. 

Broadcast applications of 200 pounds of N and 200 
pounds of K20 per acre were made annually across all 
plots. In each of the first 2 years of the trial in Martin 
County, 20 pounds per acre of zinc (Zn) as zinc sulfate 
were applied to insure adequate Zn. The same Zn rate was 
applied at Waseca in 1972. 

Each individual plot in Martin County was 40 feet long 
and 15 feet wide (6 30-inch rows); in Waseca County, the 
plots were 100 feet long and 10 feet wide (4 30-inch 
rows). 

Potassium trial 

The K experiment was conducted in much the same way 
as was the P trial. 

4Soil Survey Series 194 7, Soil Conservation Service, 
USDA, "Faribault County Minnesota Soils." 



Treatments and vvere the same for both sites, 
The treatments were 0, 50, and 400 

acre of lK20. These were randomized within each of 
As whh the P aH plots were 

split; each broadcast received row fertilizer 
rates identical to those in the P triaL 

'-'"'""'u"'~·"~ of 200 + 150 + 0 were broadcast annually, 
over aU as described above. 

to those the lP experiment. 

4201 was used during each of the 5 years 
The final was approximately 

per acre This is a l 
relative maturity was used to 
root worm, and Lasso was used as the herbicide. Control 
of insects and weeds was very effective. 

Land 'Nas after P and lK fertilizer was 
broadcast. In the land was tiJled with a tandem 

a haffOVif planting, and n1icron,aPn was 
Corn was cultivated twice. 

Waseca 

Com was cultivated 
and cultivated 

year to year. 

used in 1970 and at 
~~~""I as 

as 
of 

time to control corn 
of Lasso and Atrazine was ap­

effective insect and weed 

after P and K fertilizer treat­
spring. 

Com was hand~harvested for 1 year in Waseca 
Two 20-foot rows were harvested from each plot; 

care was taken to select uniform stand. Com was weighed 
as ear corn. Ten ear were selected 
from each and moisture was determined from them. 

Plant and soil analyses 

SoH samples to a 6--im~h depth were taken between the 
rows each October. AH were air-dried and routine-
Iy at the of Minnesota Soil Testing 
Laboratory. 

Exchangeable K was extracted5 with normal neutral 
ammonium acetate, a soH-solution ratio of l to 5. 

were shaken for minute before filtering, and K 
filtered extract was read on a flame emission Qn,,rir!rr.~ 

Extractable soil JP5 'Nas extracted with ~l03 N am~ 
moniu.m fluoride in 0.025 N hydrochloric acid 
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of soH and 10 rniHiliters of ex­
tractant were fo:r 1 minute, and 5 ml of filtered 
solution were treated with ammonium molybdate and 

acid solution. The intensity of 
a resulting blue color was read on an absorption cn,,,r>t•rrL. 

Soil pH5 was determined a glass electrode 
pH meter on a 1 to 1 soH-water suspension, 

The first leaf and below the ear was sampled 
each year emergence. Ten leaves per 
were taken. Leaves were oven-dried and analyzed 
multi-element emission spectrophotometer at the 
of Minnesota for P, K, Ca, Fe, Zn, B, Mn, and Cu. 

was determined method. 

!1lesults and disCIL!$$iOII'I 

Initial soil analvses 

Martin 

Five soH samples were taken in fall 1969 from each 
of the two plot areas. These the initial 
levels of the P and K experimental sites. The average 
results are: 
Experiment pH p K Texture 

p 7.7 46 300 SiCl 
K 6.4 44 280 SiCL 

Plots were located beginning 70 feet from a field 
along a gravel road. The P plot, therefore, ex-

70 to 270 feet in frowthe edge of the fidd. 
two of 40 had a below 7 and two 

between 7 ancl 7 .4. A.Jl other pH in the P area 
ranged from 7.5 and 8.1. 

In the K plot area, 3 owl of 40 plots had a pH 
above 7. The K experiment extended 270 to 470 feet 
from the field road boundary. The break in pH differences 
occured betvt~een the P and K plot boundaries. 

Waseca 

Averages from four 
areas in 1 970 are: 

Expetl'_i ment ---""p"-H'----~P _____ ;_;:K'---__ T~e:c:x.::.:tu"'r-"e'---
p 

K 

6.4 

EL2 
34 
53 

310 

260 
SiCL 

SiCL 

Potassium broadcast on the P site and P broadcast 
on the K site are reflected in these tests. P and K levels 
from the respective experiments are from check plots not 
treated wiith these these valid initial 
P and JK for each 

Broadcast phosphorus effect 

The initial P soil test levels and those on the 
check plots throughout the experiment appear to be ade~ 

to sustain highest possible corn yields during each 
the 5 years of the trials. Tables 1 and 2 show 

methods as used in University of 
Laboratory, Institute of Agri-

and Hmne Economics of 
1968. 



Table 1. 1970 through 1974 corn yields, plant analyses, and soil tests in Martin County according to broadcast 
phosphorus treatment 

Yields 
bu/acre 

lbs/A 1970 1971 1972 1973 1974 

0 155 
50 151 

100 162 
150 146 
200 145 

ns 

137 
137 
156 
146 
154 

+ 

136 160 
127 157 
136 160 
129 153 
130 158 
ns ns 

Average starter response 
Average percent N in leaves 
Average K soil test 
Average percent Kin leaves 
Average soil pH 
Average Zn leaves (ppm) 
Average Zn soil (ppm) 

**significant at 1 percent. 
*significant at 5 percent. 

+significant at 10 percent. 

151 
146 
153 
150 
149 . 
ns 

Percent P 
leaves 

1970 1971 1972 1973 1974 

.26 .28 .37 .27 .30 

.26 .27 .39 .27 .33 

.27 .30 .40 .29 .34 

.28 .30 .39 .29 .35 

.28 .28 .38 .30 .37 
ns ns ns * 

1970 1971 

4* 2 
2.7 

270 350 
1.70 1.88 

7.7 7.2 
18 17 

5.3 

Soil test 
P lbs/acre 

1970 1971 1972 1973 1974 

46 37 47 35 57 
36 39 47 50 78 
56 55 96 81 101 
65 63 94 85 102 
64 55 109 88 100 

1972 1973 1974 

7* 8** 13* * 
2.7 2.8 2.8 
490 360 260 
1.83 1.93 1.94 

7.3 7.4 7.1 
27 22 30 
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Table 2. 1970 through 1974 corn yields, plant analyses, and soil tests in Waseca County according to broadcast 
phosphorus treatment 

P20s Yields Percent P Soil test 
bu/acre leaves P lbs/acre 

lbs/A 1970 1971 1972 1973 1974 1970 1971 1972 1973 1974 1970 1971 1972 1973 1974 

0 133 139 140 167 98 .29 .28 .29 .26 .32 34 27 39 36 28 
50 136 133 142 164 99 .29 .27 .30 .28 .34 31 33 62 58 37 

100 132 132 144 163 108 .28 .27 .32 .27 .36 31 40 91 62 63 
150 136 135 141 162 104 .30 .30 .36 .28 .38 40 44 87 66 85 
200 138 130 144 167 106 .31 .30 .34 .29 .38 53 45 79 76 96 

ns ns ns ns ns ns ns ** ns ** 

1970 1971 1972 1973 1974 

Average starter response 13* 4 4 2 2 
Average percent N in leaves 2.8 2.5 2.6 
Average K soil test 310 280 390 380 300 
Average percent K in leaves 1.79 1.82 1.88 2.28 2.57 
Average soil pH 6.4 6.1 6.1 6.0 6.0 
Average Zn leaves (ppm) 26 16 22 26 25 
Average Zn soil (ppm) 2.6 5.7 

**significant at 1 percent. 
*significant at 5 percent. 

5 



Table 3. uno thll'Oikigh 1974 com yields, pit<u'l·[ !!maly$es, and soil te~ts iiil Marton Countty ~ZJ~cordi!'llg ~o broadcast 
potas$ium ~rea!!men~ 

Yields Percent K Soil test 
bu/acre leaves K lbs/acre 

lbs/A 1970 1971 1972 1973 1974 1970 1971 1972 1973 19'74 1970 1971 1972 1973 1974 

0 "156 148 120 160 148 1.7 1.8 1.6 ~ .8 2.1 202 230 295 273 160 
501 "147 154 127 155 i48 1.7 1.8 1.7 1.9 2.2 212 258 360 303 245 

100 i 52 149 i29 157 153 1.8 1.9 1.8 2.2 2.5 222 278 328 318 275 
200 147 143 "130 "15~1 151 IJ3 2.1 1.9 2.1 2.2 270 328 415 380 290 
400 160 149 132 158 149 1.6 2 1 1.9 2.2 2.6 243 320 490 533 :375 

ns ns + ns ns ns •If ll: ns 

'1970 1971 1972 1973 1974 

s-tarter response 16*" 3 1 9** 8* 

Average percent N in leaves 2.8 2.8 2.8 3.2 
Average P soil test 50 62 99 68 71 

Pin leaves .26 .28 AO .27 .34 
6.4 6 -· . ' 6.1 6.1 6.4 

Average Zn leaves 22 22 30 26 40 
Zn soil (ppm) 8.4 13 

'*significant at i percent 
''significant at 5 percent. 

+ at ·10 

"i"a~b~~ 4. Ul'ill ~tlitrough 1974 c:om yields, piani il:llfUlllywe~, ani!:! s,oii ~es~:'!i in Waseca Co[mty acccm:J!ing ii(J) broadcasil 
po~ass5um tre.mi!me!ll~ 

Yields Percent t\ Soil test 
bu/acre leaves K lbs/acre 

ibs/A 1970 1971 1972 1973 1974 1970 1971 1972 1973 1974 1970 1971 i972 1973 1974 

0 134 "123 136 154 98 .6 1.4 1.4 1.5 2.0 260 210 282 255 210 
50 129 "120 138 156 106 1.7 1.7 1.5 1.8 2.3 275 213 322 287 223 

100 139 "i3"1 139 i60 102 "1.7 1.7 1.7 2.0 2.6 260 220 3i8 295 280 
200 132 1H3 l41 '16"1 102 1.8 1.8 1.9 2.2 2.6 262 223 35~~ 330 320 
400 134 "120 143 162 106 2.2 "i.9 2.'1 2.5 2.9 3"12 310 478 455 398 

ns ns ns ' ns T 

1970 1971 19"72 1973 1974 

starter response 10* 7* 4 3 5 

Average percent N in leaves 2.7 2 c• .o 2.6 
Average P soil test 53 52 79 76 63 

percent P in leaves .27 .31 .36 .28 .34 

Average soil 6.4 6.0 6.0 5.9 5.7 
Average Zn leaves (ppm) 25 14 24 28 33 

3.0 5.8 

* *signifficani: at i 
''significant at 5 percent. 

+ at i 0 percent 

6 



Table 5" Row fertilizer1 responses from phosphorus and pct~ssium experiments in f111artun and Waseca 
Counties, 197'0 to 1974 

Years 

County Experiment 1970 1971 1972 1973 1974 
bu/A 

Martin p 4* 2 7* 8* ,, 13* * 
K 16'' 3 9** 8* 

Waseca p 13* 4 4 2 2 
K 10* 7* 4 3 5 

1Total row fertilizer each year was 10+40+40 per acre in Martin County and 13+34+45 per acre in Waseca 
County of N, P20 5 , and K20, respectively. 

**significant at 1 percent. 
*significant at 5 percent 

averaged from 8 replications in Martin and Waseca 
Counties, respectively. There were no significant P treat­
ment effects at the 95 percent level of significance during 
the experiment. 

Soil test P in the check plots did not appear to decline 
during the 5 years of the trial. In every case except two, 
all P tests were above 30 pounds per acre of extractable 
phosphorus (the designated break between high and very 
high). 

Soil tests related directly to P treatments, with a general 
increase in test levels from treatments during the course 
of the experiment. Some P tests approached or reached 
100 pounds per acre of extractable P during the last year. 

Broadcast potassium effect 

The initial soil test Kat the Martin County and Waseca 
County sites was 280 and 260 in exchangeable K, respec­
tively (tables 3 & 4 ). These tests are high to very high. 
The soil test values in check plots were variable by years-­
sometimes as low as 210, and other years as high as 295. 
These are relatively high levels. 

There were no significant yield increases from broad­
cast K at the 95 percent level of confidence in any of the 
years of the trials. However at Waseca in 1973, there was 
a significant K response at the 90 percent level of con­
fidence (table 4). 

At both locations, soil test K on the check plots was 
generally lower the 5th year of the experiment. This may 
indicate a decline in exchangeable K after 5 years; how­
ever, the levels were not low enough to show a yield 
response from any of the K treatments or low levels in 
the plant tissue. Tests made at the Martin County check 
plots in October 197 5 averaged 245 pounds per acre of 
exchangeable · hence 197 4 readings were probably not 
a true indication of a soil test level decline over the 5 years. 

Row treatment effect 

Each P and K experiment had 5 treatments and 8 
replications, or 40 plots. Since each was split, there 
were 40 plots with row fertilizer and 40 without in each 
of the P and K experiments at the two county locations. 
There was evidence that row fertilizer will give a response 
where broadcast applications do not. This was not con­
sistent, however. Responses to row fertilizer were more 
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frequent on the Martin County plots than at the Waseca 
location (table 5). Considering that the P experiments 
were separate from the K trials, there were two trials each 
year for 5 years or 10 trials over 5 years at each location" 
In Martin County, there was a significant response in 7 out 
of 10 trials, but only in 3 out of 10 in Waseca County. 
Many of the yield increases due to row treatment were 
quite small and would not have been economical. 

There was no broadcast versus row application inter­
action, indicating that a row response was just as likely 
on a high broadcast treatment plot as on a no broadcast 
plot area. 

Plant analyses 

Results from plant analyses are shown in appendix 
tables 2 to 21. Examination of these data shows frequent 
significant treatment effect on plant content in contrast to 
no effect on yield. 

In Waseca County, broadcast K had a highly significant 
effect on K in the leaves all 5 years of the study (table 4) 
and three out of five years in Martin County (table 3). 
The K treatment frequently caused a highly significant 
increase in K content and a correspondingly significant 
decrease in magnesium (appendix tables 5, 8, 9, 12, 13, 
14, 16, 17, 21). Magnesium levels, however, always re­
mained above the safe leveL The effect of broadcast P 
was less, showing a highly significant effect in 2 of 5 
years in Waseca County (table 2) and a significant effect 
only once in 5 years in Martin County (table 1). The P 
treatment caused a significant decrease in Zn content, 
but not below threshhold levels (appendix tables 10, 11, 
14, 18, 19). In all years except 197 4, K content in leaves 
of K check plots in Waseca County were below 1.7 per­
cent, the threshhold level for corn. However, there were 
no significant yield increases. 

Plant tissue Zn levels were low in 1971 at both lo­
cations, with no significant effect from P or K treatments. 
In 1972 to 197 4, broadcast treatments of both P and K 
showed a significant effect on Zn levels, but lowest levels 
were usually in the sufficient range which would indicate 
a doubtful effect of these levels on corn yield. 

In 1971 at Waseca, boron leaf tests bordered on low 
(appendix table 7). In 1972, boron treatments were made 
on four of the eight replications. No yield effect from 
these treatments was noted, but higher boron readings in 



leaf tissue were observed across aH treatments. Drouth 
stress at the time of leaf in 1971 caused 
the low boron 

nutrients. Row fertilizer was using 
a split-plot on the broadcast treatments to observe 
whether higher could be obtained from this 
Nitrogen was to aU plots. Some years, below borderline readings of other nutrients 

were also observed. These were apparently weather-re-
as were measured in subsequent 

Data from these trials over 5 years suggest these con­
clusions: 

years. 
Nitrogen content in leaves was not measured for aH 

l. When soil tests were very high in extractable P and 

P and K treatments each year; this nutrient 
ex1;namgea1J1e K, added P and K 

was not included in the statistical 
if any, effect on corn during the 5 years 

of this experiment. 
Kjeldahl N was determined across all broadcast treatments 
for two replications, 

2. Rovv fertilizer showed occasional responses, 

Average N content for both uw~uc,cu sites ranged 
where broadcast treatments did not. 

from 2.78 to except in Waseca 
averaged 2.55 and 2.61 in 1972 and 
These levels were considered to be 

Summary 

where values 
respectively. 

Experiments were conducted with broadcast 
cations of P and K for corn on soils testing in 

Appendix Figun.~ 1. Pi10~ f~r IJ(JJ~h P and K experimentlll on cor!ltinuous corr1 ilrli Marilin ~md W<§lseca C(llll..ill\J~iliils. 
Broken line represfmt!!> d~wisi©Jn between :s~all'~er and no-starter within bmarlca1llt ~~eatml!lllfi'l:s. 
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ment 
treatments 

1-0 Lb/A 
2-50 
3--HlO 
4-150 
5-200 

Basic treatment 
200 +0 +200 

Potassium ment 
treatments 

1--0 Lb/A 
2--50 
3-100 
4-200 
5--400 

Basic treatment 
200 + 150+0 



Appendix Figure 2. Aerial photo showing the P and K experimental site where soybeans were grown in 1975. 

Appendix Table 1 a. Precipitation by years at Fairmont for the growing season April through September 

Month 1970 1971 1972 1973 1974 

April 2.52 0.73 2.41 2.65 2.99 
May 8.20 2.92 3.97 6.43 5.15 
June 1.88 5.26 4.77 1.49 3.94 
July 3.89 2.70 5.84 3.37 2.11 
August 1.40 1.37 1.29 1.24 4.62 
September 2.58 2.64 2.81 6.15 1.11 
Total 20.47 15.62 21.09 21.33 19.92 

Appendix Table 1 b. Precipitation by years at the Waseca Experiment Station for the growing season April 
through September 

Month 1970 1971 1972 1973 1974 

April 3.27 1.32 2.57 4.66 2.47 
May 4.43 3.17 4.28 6.26 3.67 
June 3.29 5.33 1.69 3.40 4.78 
July 6.36 2.76 7.74 4.65 1.94 
August 0.79 0.47 1.53 5.77 5.42 
September 3.62 1.62 5.32 4.27 1.01 
Total 21.76 14.67 23.13 29.01 19.29 
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Appendix Table 2. The effect of phosphorus treatments on 9 nutrients in the 6th leaf of corn taken at silking in 
Martin County, 1970 

Treatment p K Ca Mg Fe Zn Cu Mn B 

----------------- percent ----------------- -------------------------- PPm ------------------------

Starter .26 1.69 .80 .36 114 20 8 57 11 
No starter .27 1.70 .80 .35 134 17 8 56 12 

Significance: ns ns ns ns ns ns ns ns 
BLSD 17 

Broadcast treatment 
(lb. P20 5/A) 

0 .26 1.66 .81 .36 114 18 9 52 12 
50 .26 1.70 .82 .34 141 18 8 59 10 

100 .27 1.78 .80 .37 105 18 8 53 12 
150 .28 1.70 .81 .35 127 19 8 58 12 
200 .28 1.63 .81 .34 133 18 7 58 12 

Significance: ns ns ns ns ns ns ns ns ns 

CV 5.9 9.4 7.3 15.2 39.8 6.7 14.9 14.3 12.5 

Sufficient quantity1 .25 1.71 .21 .21 21 20 6 21 4 

1J. Benton Jones and Harold V. l::ck. Soil testing and plant analysis, Soil Science Society of America, Inc. 1973. 
The sufficient quantity values in succeeding tables 3 to 21 are from this reference. 
*significant at 5 percent. 
ns nonsignificant. 

Appendix Table 3. The effect of phosphorus treatments on 9 nutrients in the 6th leaf of corn taken at silking in 
Waseca County, 1970 

Treatment p K Ca Mg Fe Zn Cu Mn B 

----------------- percent ----------------- -------------------------- PPm ------------------------
Starter .30 1.65 .73 .43 96 25 7 45 7 
No starter .29 1.92 .70 .40 98 27 13 48 7 

Significance: ns ns ns ns ns ns ns ns ns 

Broadcast treatment 
(lb. P205/A) 

0 .29 1.83 .69 .42 95 26 15 45 7 
50 .29 1.61 .73 .41 97 27 11 53 6 

100 .28 1.80 .71 .43 94 30 7 45 7 
150 .30 1.74 .76 .43 93 22 8 43 7 
200 .31 1.95 .69 .40 107 27 9 48 7 

Significance: ns ns ns ns ns ns ns ns 

BLSD .23 

cv 6.7 11.2 9.7 13.2 12.5 26.6 76.5 34.2 13.6 

Sufficient quantity1 .25 1.71 .21 .21 21 20 6 21 4 

1J. Benton Jones and Harold V. Eck. Soil testing and plant analysis, Soil Science Society of America, Inc. 1973. 
The sufficient quantity values in succeeding tables 3 to 21 are from this reference. 
*significant at 5 percent. 
ns nonsignificant. 
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Appendix Table 4. The effect of potassium treatments on 9 nutrients in the 6th leaf of corn taken at silking in 
Martin County, 1970 

Treatment p K Ca Mg Fe Zn Cu Mn B 

-------------- percent --------------- ----------------------- ppm --------------------

Starter .26 1.63 .80 .34 111 24 7 57 11 
No starter .26 1.76 .81 .32 113 20 7 58 12 

Significance: ns ns ns ns ns ns ns ns ns 

Broadcast treatment 
(lb. K20/A) 

0 .26 1.69 .78 .31 102 19 5 46 12 
50 .26 1.74 .82 .35 110 25 7 60 11 

100 .27 1.80 .81 .31 112 25 9 62 12 
200 .26 1.63 .83 .35 108 23 6 59 12 
400 .25 1.63 .80 .33 127 20 6 61 11 

Significance: ns ns ns ns ns ns ns ns ns 

cv 8.6 7.9 11.8 18.3 18.4 30.9 35.6 33.0 10.5 

Sufficient quantity .25 1.71 .21 .21 21 20 6 21 4 

ns nonsignificant. 

Appendix Table 5. The effect of potassium treatments on 9 nutrients in the 6th leaf of corn taken at silking in 
Waseca County, 1970 

Treatment p K Ca Mg Fe Zn Cu Mn B 

-------------- percent --------------- ----------------------- ppm --------------------
Starter .31 1.74 .80 .50 99 26 6 52 7 
No starter .30 1.78 .75 .47 95 23 6 43 7 

Significance: ns ns ns ns ns ns ns ns 

BLSD 7 

Broadcast treatment 
(lb. K20/A) 

0 .32 1.55 .87 .58 105 26 9 57 8 
50 .30 1.67 .77 .49 103 25 7 45 7 

100 .32 1.66 .79 .49 95 24 6 47 7 
200 .29 1.75 .72 .48 92 26 4 47 7 
400 .29 2.17 .72 .39 89 21 4 42 6 

Significance: ns ** ** * ns ** * ns 

BLSD .30 .07 .10 12 2 10 

cv 12.4 16.6 8.7 18.9 11.3 20.8 41.5 18.3 17.8 

Sufficient quantity .25 1.71 .21 .21 21 20 6 21 4 

**significant at 1 percent. 
* significant at 5 percent. 
ns nonsignificant. 
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Appendix Table 6. l!he effecft off !PJ!rlosphonlll tre~fimen~s on 9 n~JJW:rien~$ in thl!ll 6il1 leaf of ~om ~aken a~ siikil'llg in 
Martin County, 1971 

Treatment p K Ca Mg Fe Zn Cu Mn B 

~~~----------- percent --------------- ----------------------- ppm -~--------~---------

Starter .29 1.88 .60 .31 131 16 8 46 9 
No starter .28 1.89 .62 .33 138 18 8 49 8 

ificance: ns ns ns ns ns ns ns ns 

BLSD 5 

Broad cast treatment 

0 .28 1.90 .62 .31 136 17 9 45 8 
50 .27 1.89 .60 .33 140 19 8 46 8 

100 .30 1.85 .62 .32 129 16 8 47 8 
150 .30 1.95 .60 .31 132 16 7 50 9 
200 .28 'i .85 .61 .33 134 17 8 50 9 

Significance: ns ns ns ns ns ns ns ns ns 

cv 9.2 6.9 5.9 10.6 6.0 '!2.3 16.8 12.4 10.7 

Sufficient quantity .25 1.71 .2'1 .21 21 20 6 21 4 

* significant at 5 percent. 
ns nonsignificant 

Appell'ildi:Jt TIE!li:llie 7. The a~fect of phospholl'i,iS tr:ea~ments on 9 i11!Jlirien~:s in ftlhe 6th leaf ~t~f ~Cmn ~!llken a~ siiking in 
Waseca Co!Jnty, 1971 

Treatment p K Ca Mg Fe Zn Cu Mn 8 

==---~~=~----~ =~--=~~~==~~~-- ----------------------- ppm --------------------

S~arter .28 1.82 .54 .29 104 2 5 51 5 
No starter .28 1082 .54 .27 102 2 5 52 5 

Significance: 118 11S ns ns ns 118 ns ns ns 

Broadcast treatment 

0 .28 1.75 .53 .30 00 16 5 51 5 
50 .27 ·LaS .51 .25 105 16 5 54 6 

"100 .27 1.78 o56 .30 104 16 5 70 5 
150 .30 1.82 .55 .28 104 13 5 30 6 
200 .30 1.87 .56 .27 10'1 15 5 52 4 

Significance: ns ns ns ns ns ns ns ns ns 

cv 10.9 6.5 8.5 11.9 7.8 11.9 64.0 51.1 63.1 

Su'lficient quantity .25 "1. 71 .21 .21 21 20 6 21 4 

ns nonsignificant 
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Appendix Table 8. The effect of potassium treatments on 9 nutrients in the 6th leaf of corn taken at silking in· 
Martin County, 1971 

Treatment p K Ca Mg Fe Zn Cu Mn B 

-------------- percent --------------- ----------------------- ppm --------------------

Starter .29 1.96 .61 .27 133 21 5 57 8 
No starter .28 1.93 .63 .31 136 23 6 55 8 

Significance: ns ns ns ns ns ns ns ns ns 

Broadcast treatment 
(lb. K20/A) 

0 .28 1.82 .64 .33 138 22 6 58 8 
50 .30 1.79 .65 .34 136 20 6 57 8 

100 .28 1.94 .61 .27 131 22 5 57 8 
200 .28 2.09 .59 .26 134 21 5 48 8 
400 .28 2.07 .61 .26 135 25 6 60 8 

Significance: ns ** ** ns ns ns ns ns 

BLSD .16 .05 .03 

cv 9.3 7.8 6.8 12.0 6.5 23.3 18.2 15.0 10.5 

Sufficient quantity .25 1.71 .21 .21 21 20 6 21 4 

**significant at 1 percent. 
* significant at 5 percent. 
ns nonsignificant. 

Appendix Table 9. The effect of potassium treatments on 9 nutrients in the 6th leaf of corn taken at silking in 
Waseca County, 1971 

Treatment p K Ca Mg Fe Zn Cu Mn B 

-------------- percent --------------- ----------------------- ppm --------------------

Starter .30 1.70 .57 .33 113 13 5 42 6 
No starter .32 1.65 .57 .33 109 14 5 43 6 

Significance: ns ns ns ns ns ns ns ns ns 

Broadcast treatment 
(lb. K20/A) 

0 .32 1.39 .64 .42 115 14 6 52 6 
50 .31 1.66 .58 .34 116 14 6 43 6 

100 .32 1.67 .59 .33 107 14 5 43 6 
200 .29 1.75 .54 .31 112 14 5 39 5 
400 .30 1.90 .50 .24 105 13 5 35 5 

Significance: ns ** ** ** ns ns ** 

BLSD (.05) .13 .04 .05 .8 11 .7 

cv 9.2 8.3 7.8 14.4 9.2 19.0 14.3 22.7 12.6 

Sufficient quantity .25 1.71 .21 .21 21 20 6 21 4 

**significant at 1 percent. 
* significant at 5 percent. 
ns nonsignificant. 
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Appendix Table 10. The effect of phosphorus treatments on 9 nutrients in the 6th leaf of corn taken at silking in 
Martin County, 1972 

Treatment p K Ca Mg Fe Zn Cu Mn B 

-------------- percent --------------- ----------------------- PPm --------------------

Starter .40 1.80 .67 .27 139 27 8 53 7 
No starter .37 1.85 .65 .27 156 28 9 56 7 

Significance: * ns ns ns ns ns ns * ns 

BLSD .02 3 

Broadcast treatment 
(lb. P20s/A) 

0 .37 1.85 .64 .26 136 31 10 54 7 
50 .39 1.87 .69 .28 161 28 8 62 7 

100 .40 1.82 .66 .25 119 26 8 50 7 
150 .39 1.76 .66 .28 173 26 8 52 7 
200 .38 1.81 .67 .28 148 26 8 56 7 

Significance: ns ns ns ns ns ns ns ns 

BLSD (.05) 4 

cv 8.5 6.2 11.0 14.4 35.5 13.7 16.5 16.6 6.8 

Sufficient quantity .25 1.71 .21 .21 21 20 6 21 4 

* significant at 5 percent. 
ns nonsignificant. 

Appendix Table 11. The effect of phosphorus treatments on 9 nutrients in the 6th leaf of corn taken at silking in 
Waseca Countr, 1972 

Treatment p K Ca Mg Fe Zn Cu Mn B 

-------------- percent --------------- ----------------------- ppm --------------------

Starter .33 1.92 .69 .39 104 21 8 43 7 
No starter .32 1.83 .69 .39 99 23 8 40 8 

Significance: ns ns ns ns ns ns ns * ns 

BLSD 2 

Broadcast treatment 
(lb. P20s/A) 

0 .29 1.79 .64 .38 94 25 8 39 7 
50 .30 1.88 .67 .36 97 23 8 48 7 

100 .32 1.84 .70 .41 103 23 7 41 7 
150 .36 1.88 .75 .40 107 19 8 38 8 
200 .34 1.99 .71 .38 107 22 8 43 8 

Significance: ** ns ** ns ** * ns ns ns 

BLSD .02 .05 8 4 

cv 7.8 9.0 7.1 12.4 7.5 16.8 14.2 29.2 9.4 

Sufficient quantity .25 1.71 .21 .21 21 20 6 21 4 

**significant at 1 percent. 
* significant at 5 percent. 
ns nonsignificant. 
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Appendix Table 12. The effect of potassium treatments on 9 nutrients in the 6th leaf of corn taken at silking in 
Martin County, 1972 

Treatment p K Ca Mg Fe Zn Cu Mn B 

-------------- percent --------------- ----------------------- ppm --------------------

Starter .41 1.74 .71 .28 125 31 6 68 7 
No starter .38 1.81 .69 .28 124 30 7 68 7 

Significance: ** ns ns ns ns ns ns ns ns 

BLSD .02 

Broadcast treatment 
(lb. K20/A) 

0 .40 1.62 .74 .33 126 30 6 72 8 
50 .40 1.67 .73 .31 121 28 7 65 7 

100 .40 1.82 .70 .27 125 32 6 78 7 
200 .40 1.87 .67 .25 130 28 6 62 8 
400 .39 1.91 .65 .25 125 33 7 68 7 

Significance: ns ** ns ns ns ns * ns 

BLSD .17 .05 14 

cv 7.4 9.3 11.5 16.8 5.5 16.4 20.7 17.9 9.4 

Sufficient quantity .25 1.71 .21 .21 21 20 6 21 4 

**significant at 1 percent. 
* significant at 5 percent. 
ns nonsignificant. 

Appendix Table 13. The effect of potassium treatments on 9 nutrients in the 6th leaf of corn taken at silking in 
Waseca County, 1972 

Treatment p K Ca Mg Fe Zn Cu Mn B 

-------------- percent --------------- ----------------------- ppm --------------------

Starter .36 1.75 .74 .44 121 23 7 50 8 
No starter .35 1.70 .74 .48 120 25 8 48 8 

Significance: ns ns ns ns ns ** ns ns ns 

BLSD 1 

Broadcast treatment 
(lb. K20/A) 

0 .35 1.39 .82 .58 125 26 8 59 8 
50 .36 1.50 .78 .53 122 24 7 49 8 

100 .36 1.70 .74 .47 119 25 7 48 8 
200 .34 1.90 .71 .38 120 26 7 51 8 
400 .36 2.11 .65 .33 117 21 8 35 8 

Significance: ns ** ** ** ns * ns ** ns 

BLSD .16 .06 .05 4 9 

cv 8.2 10.1 7.9 11.0 9.2 13.3 12.1 19.2 7.7 

Sufficient quantity .25 1.71 .21 .21 21 20 6 21 4 

**significant at 1 percent. 
* significant at 5 percent. 
ns nonsignificant. 
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Appendix Table 14. The effect of phosphorus treatments on 9 nutrients in the 6th leaf of corn taken at silking in 
Martin County, 1973 

Treatment p K Ca Mg Fe Zn Cu Mn B 

-------------- percent --------------- ----------------------- ppm --------------------

Starter .28 1.96 .73 .34 150 21 9 60 6 
No starter .29 1.89 .73 .32 161 23 10 65 6 

Significance: ns ns ns ns ns * ns ns ns 

BLSD 2 

Broadcast treatment 
(lb. P20s/A) 

0 .27 1.96 .69 .33 155 26 10 55 6 
50 .27 1.91 .75 .34 164 23 10 66 6 

100 .29 1.92 .76 .29 157 21 9 67 6 
150 .29 1.97 .73 .34 151 20 9 63 6 
200 .30 1.89 .72 .35 151 19 9 61 6 

Significance: ns ns ns ** ns ns ns 

BLSD .02 .04 4 

cv 6.1 10.1 7.9 11.0 10.0 15.4 12.9 15.7 21.6 

Sufficient quantity .25 1.71 .21 .21 21 20 6 21 4 

**significant at 1 percent. 
* significant at 5 percent. 
ns nonsignificant. 

Appendix Table 15. The effect of phosphorus treatments on 9 nutrients in the 6th leaf of corn taken at silking in 
Waseca County, 1973 

Treatment p K Ca Mg Fe Zn Cu Mn B 

-------------- percent --------------- ----------------------- ppm --------------------

Starter .28 2.29 .73 .33 156 26 18 46 13 
No starter .28 2.27 .72 .32 156 26 16 40 12 

Significance: ns ns ns ns ns ns ns ns ns 

Broadcast treatment 
(lb. P20s/A) 

0 .26 2.23 .68 .32 149 27 22 40 12 
50 .28 2.30 .71 .31 156 28 11 51 12 

100 .27 2.31 .74 .33 162 28 26 46 13 
150 .28 2.24 .77 .33 153 22 14 38 13 
200 .29 2.32 .74 .32 161 25 14 39 12 

Significance: ns ns * ns ns ns ns ns ns 

BLSD .07 

cv 9.1 6.9 8.2 12.7 6.4 30.0 76.5 28.0 19.7 

Sufficient quantity .25 1.71 .21 .21 21 20 6 21 4 

* significant at 5 percent. 
ns nonsignificant. 
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Appendix Table 16. The effect of potassium treatments on 9 nutrients in the 6th leaf of corn taken at silking in 
Martin County, 1973 

Treatment p K Ca Mg Fe Zn Cu Mn B 

-------------- percent --~------------ ----------------------- ppm --------------------

Starter .28 2.12 .71 .28 150 25 7 78 5 
No starter .26 1.95 .72 .27 138 27 8 78 6 

Significance: ns ns ns ** ns ns ns 

BLSD .11 5 .5 

Broadcast treatment 
(lb. K20/A) 

0 .27 1.83 .77 .33 151 29 8 84 6 
50 .28 1.88 .74 .30 143 22 7 73 5 

100 .27 2.20 .68 .26 146 27 7 83 5 
200 .28 2.07 .70 .24 147 25 8 75 6 
400 .27 2.18 .68 .23 134 29 8 75 5 

Significance: ns ** * ns ns ns ns 

BLSD .21 .08 .03 10 

cv 6.3 10.0 9.6 12.3 6.3 28.2 10.3 18.0 18.1 

Sufficient quantity .25 1.71 .21 .21 21 20 6 21 4 

**significant at 1 percent. 
* significant at 5 percent. 
ns nonsignificant. 

Appendix Table 17. The effect of potassium treatments on 9 nutrients in the 6th leaf of corn taken at silking in 
Waseca County, 1973 

Treatment p K Ca Mg Fe Zn Cu Mn B 

-------------- percent --------------- ----------------------- ppm --------------------

Starter .28 2.03 .77 .41 156 25 23 44 14 
No starter .28 1.91 .79 .44 160 30 27 51 14 

Significance: ns ns ns ns ns ** ns ns ns 

BLSD 2 

Broadcast treatment 
(lb. K20/A) 

0 .30 1.49 .93 .57 166 36 15 60 14 
50 .28 1.75 .82 .50 163 29 35 52 15 

100 .28 2.02 .77 .41 156 27 17 39 12 
200 .28 2.15 .74 .38 158 26 25 47 14 
400 .28 2.45 .64 .28 149 19 37 40 14 

Significance: ns ** ** ** ns ** ns * ns 

BLSD .10 .06 .03 8 16 

cv 6.1 9.9 7.8 13.4 10.5 26.1 130.5 29.2 22.9 

Sufficient quantity .25 1.71 .21 .21 21 20 6 21 4 

**significant at 1 percent. 
* significant at 5 percent. 
ns nonsignificant. 
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Appendix Table 18. The effect of phosphorus treatments on 9 nutrients in the 6th leaf of corn taken at silking in 
Martin County, 1974 

Treatment 
(lb. P20s/A) p K Ca Mg Fe Zn Cu Mn B 

-------------- percent --------------- ----------------------- PPm --------------------

0 .30 1.80 .83 .46 232 36 13 79 9 
50 .33 1.94 .84 .47 252 29 12 86 10 

100 .34 1.92 .93 .49 215 25 11 73 10 
150 .35 1.93 .90 .48 246 29 11 91 11 
200 .37 2.11 .88 .47 226 25 10 75 12 

Significance: * ns * ns ns ns ns ns 

BLSD .05 7 

cv 7.2 14.0 2.1 5.9 16.0 8.2 13.9 13.9 8.0 

Sufficient quantity .25 1.71 .21 .21 21 20 6 21 4 

* significant at 5 percent. 
ns nonsignificant. 

Appendix Table 19. The effect of phosphorus treatments on 9 nutrients in the 6th leaf of corn taken at silking in 
Waseca County, 1974 

Treatment p K Ca Mg Fe Zn Cu Mn B 

-------------- percent --------------- ----------------------- ppm --------------------

Starter .37 2.63 .86 .35 302 27 10 56 14 
No starter .35 2.50 .84 .40 290 23 11 47 14 

Significance: ** * ns ns ns ns ns ns ns 

BLSD .01 .13 

Broadcast treatment 
(lb. P20s/A) 

0 .32 2.62 .75 .34 297 29 12 49 13 
50 .34 2.63 .82 .38 303 26 11 47 14 

100 .36 2.55 .84 .36 293 26 11 60 14 
150 .38 2.68 .90 .37 297 23 9 49 14 
200 .38 2.37 .95 .41 289 20 10 55 14 

Significance: ** * ** ns ns ns ns ns 

BLSD .03 .22 .04 2 

cv 9.3 7.5 5.4 13.9 7.1 39.4 14.2 33.8 10.7 

Sufficient quantity .25 1.71 .21 .21 21 20 6 21 4 

**significant at 1 percent. 
* significant at 5 percent. 
ns nonsignificant. 
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Appendix Table 20. The effect of potassium treatments on 9 nutrients in the 6th leaf of corn taken at silking in 
Martin County, 1974 

Treatment 
(lb. K20/A) p K Ca Mg Fe Zn Cu Mn B 

-------------- percent --------------- ----------------------- PPm --------------------

0 .33 2.10 .96 .46 234 45 11 109 10 
50 .36 2.19 .87 .40 229 29 10 79 11 

100 .33 2.55 .81 .31 229 47 11 104 9 
200 .35 2.18 .88 .30 236 33 12 89 11 
400 .31 2.59 .77 .28 224 47 11 98 9 

Significance: ns ns * ns ** ns ns ns 

BLSD .10 .06 8 

cv 3.4 6.0 4.3 6.5 1.7 7.2 16.9 21.4 9.7 

Sufficient quantity .25 1.71 .21 .21 21 20 6 21 4 

**significant at 1 percent. 
* significant at 5 percent. 
ns nonsignificant. 

Appendix Table 21. The effect of potassium treatments on 9 nutrients in the 6th leaf of corn taken at silking in 
Waseca County, 1974 

Treatment p K Ca Mg Fe Zn Cu Mn B 

-------------- percent --------------- ----------------------- ppm --------------------

Starter .34 2.53 .84 .39 293 34 9 55 15 
No starter .34 2.40 .84 .45 306 33 10 51 15 

Significance: ns ns ns * ns ns ns ns ns 

BLSD .05 

Broadcast treatment 
(lb. K20/A) 

0 .34 2.03 .92 .55 307 38 9 64 15 
50 .34 2.29 .90 .44 294 37 9 60 15 

100 .35 2.56 .85 .41 296 34 10 55 15 
200 .34 2.59 .79 .35 283 27 9 40 14 
400 .35 2.86 .75 .33 315 30 9 45 15 

Significance: ns ** ** ** ns ns ns * ns 

BLSD .25 .05 .06 15 

cv 6.3 10.6 5.8 14.9 14.4 24.9 11.5 26.3 9.9 

Sufficient quantity .25 1.71 .21 .21 21 20 6 21 4 

**significant at 1 percent. 
·* significant at 5 percent. 
ns nonsignificant. 
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