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Soil Fertility Investigations on the 

Kenyon, Kasson, and Associated 
Soils of Minnesota 

A. c. CcddwelP 

T
HE MANAGEMENT of any farm land depends a great deal 
on the type of soiL In Minnesota there are many soil types, 

each with its own peculiarities and characteristics. This bulletin 
reports on soil fertility studies the University of Minnesota Agri
cultural Experiment Station has made on the Kasson-Skyberg, 
Ostrander-Kenyon-Floyd, and other soil associations. These soils 
are found in parts of Mower, Fillmore, Olmsted, Dodge, Goodhue, 
Rice, and Dakota Counties as well as several northern Iowa 
counties. 

The study itself was started on these 
soils in Mower County in 1944 and was 
conducted before, during, and after the 
soil survey was being made in the coun
ty. An earlier publication, Minnesota 
Agricultural Experiment Station Mis
«llam•ous Report 23, "Soils of Mower 
County" published the county soil sur
\'~Y maps and r eports . 

This bulletin gives additional results 
and applies them to a much larger area. 
In some instances this bulletin does not 
present all the data of an experiment 
but rather gives illustrative examples 
of the information obtained. The table 
of contents on the opposite page lists 
all the aspects of the studies covered 
here. 

FERTILIZER RATIOS, GRADES, AND RATES 
FOR CORN 

FERTILIZER RATIOS 

One of the first fertility projects un
dertaken was an attempt to determine 
some of the best fertilizer ratios for 
com. A fertilizer ratio refers to the 
relative proportion of nitrogen, phos
phate, and potash in a fertilizer. To 

determine the ratio, divide the content 
of each of these three nutrients by the 
content of the one that is present in the 
smallest amount. 

For example, a 5-20-20 fertilizer con
tains 5 percent of nitrogen, 20 percent 
phosphate, and 20 percent potash. It has 

1 Several members of the University of Minnesota Soils Department, Including C. 0 . Rost. 
t"'1ver head, P . R. McMiller, professor emeritus , H . F. Arneman , assistant professor, and A . R . 

orson, and Gen Ogata, former graduate assistants, and many members of the soil survey 
:"

8
were ins trumental in gathering the data in this report. The Hormel Foundation, through 
ormel Institute, contributed financially to the proj ect. 
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Table l. Effect of different fertilizer ratios on 

yield and moisture content of corn on Granger 

silt loams and Kenyon silt loams 

Ratio Yield Moisture content 
(bushels per acre) (percent) 

0-0-0 ------· 50.7 42.5 
increase or decrease 

1-0-0 ·····-···-······-·- .. -·--·-· -0.6 +0.9 
0-1-0 ......................................... +4.2 -2.5 
0-0-1 .......................................... +2.7 +0.5 

1-0-1 ·····-··-···-··-·-·········-······ +4.7 +!.1 

1-1-0 ·····--··-···--·····--- +7.7 -3.4 

0-1-1 : .............. ·-·-·-·········-·- +12.5 -3.2 
1-1-1 ........ +13.5 -2.8 

1-4-2 -·--······--- ---- +14.6 -3.2 

1-4-4 ........... -·---····- +15.0 -3.2 

1-2-2 ·-·· ·----·-·-- +17.5 -4.3 
1-1-2 .................. .. - ... - ............ +17.5 -3.4 
1-2-1 ....................................... +18.1 -4.2 

a ratio of 1-4-4, obtained by dividing 
the amounts of nitrogen, phosphate, and 
potash by§. 

The ratio study compared 27 different 
fertilizer combinations. Nitrogen, phos
phate, and potash were applied alone 
and in all combinations at three rates 
of each. Fertilizers containing two or 
more nu~rients were mixed together, 
and all nutrients were applied in the 
hill at planting time. 

These combinations were tested on 
Granger and Kenyon silt loams. These 
soils were quite acid, with a pH of 5 
or sligh t~y higher in the top foot. The 
nitrogen content averaged around 0.2 
percent, and soil tests showed phosphate 

Fig. 1. It Is possible to get effects from all three 
major fertilizing nutrients: nitrogen, phosphate, 
and potash. 
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to be low generally and potash 
medium. 

The inadequacy of single 
nutrients is shown by the ratios 
0-0-1, and 0-1-0 (table 1). The 
1-0-0, containing nitrogen only, 
about a slight decrease in yield, 
the corn at harvest time contained 
moisture than the unfertilized 
Potash alone, 0-0-1 ratio, caused a 
increase in yield, but again at 
time the corn was wetter than the 
fertilized. Phosphate alone, 0-1-0 
brought about a better increase in 
than the previous two ratios and 
hastened the maturity of the corn. 
results with the single nutrients, 
ticularly nitrogen and potash, 
show the importance of using a 
fertilizer. 

A combination of two nutrients 
greater effects on yield than single 
tilizing elements, but the delaying 
tion of nitrogen and potash alone 
maturity was accentuated when 
were combined (1-0-1 ratio). It has 
a common observation on other 
also that nitrogen and potash alone, 
particularly in excess, tend to delay 
turity. Phosphate, on the other 
usually hastens maturity. 

If only two nutrients are used, 
results will be obtained with a 
phosphate combination (1-1-0 
phosphate-potash fertilizer (0-1-1 
However, it is only when a 
fertilizer (one containing all three 
jor fertilizing nutrients), is used 
best increases in yield are 
Complete fertilizers are also 
in bringing about drier corn. The 
effective fertilizer ratios were, 1-2-1, 
1-2, and 1-2-2, with 1-4-4 and 1-4-2 
far behind (table 1). 

FERTILIZER GRADES 

Fertilizer grades representing 
ratios were compared on Granger 
Kenyon silt loams over a period 
years. (A fertilizer grade refers to 
JJUmmum guaranty of its plant 
expressed in terms of total 

le 
2

, Effect of fertilizer grades and ratios on yield of corn on three Granger silt loams 
Tab and four Kenyon silty clay Joams 

Granger silt loam Kenyon silty clay loam Aver~e 

(bushels per acre) 

ch.ck) 36.4 50.2 40.4 53.7 
.... . 1-1-1 57.7 58.8 51.9 72.9 

27.8 
44.8 
38.4 

57.4 66.9 47.5 
70.4 71.5 61.6 

... 1-2-1 60.2 61.9 52.2 70.0 

···,· 1-1-2 70.0 60.9 46.3 73.8 

71.3 
69.1 

70.6 60.7 
78.3 63.0 ... •••• , 1-2-2 66 .0 66 .6 46.7 76.2 

16 ).4-4 68.0 69.9 52.7 75.7 

42.9 
46.7 
35.8 

72.5 
68.2 

73.2 
72.2 

64.0 
63.4 
55.3 ·~. 1-4·2 57.9 ..... -. ......... 65 .7 

~·.. . 
42.3 

&;;,uotd 01 200 pounds per acre in the hill at planting time. 

1
vailable phosphoric acid, and water

toluble potash). The results largely sup
ported the ratio work tha~ had been 
clone previously. No one ratio stood out 
(JVer any other. However, the ratios 
l-4-4. 1-2-2, and 1-1-2 (highest in pot
asbl. averaged a little better than the 
1-1·1 and 1-2-1 ratios. Only three tests 
flre made for the 1-4-2 ratio so it could 
not be compared fairly. 

at-nerally the fertilizers gave very 
..,00 yield increases. If an average cost 
ot $8.00 per acre were assumed for each 
IJld corn was valued at anything over 
11.00 per bushel, most fertilizers would 
bave paid for themselves, some of them 
teVeral times over. 

Additional tests were made with com
mon fertilizer grades on Racine, Ken-
on, and Skyberg si:t loams. Strikingly, 

1 fertilizer without potash (10-20-0) was 
much inferior to a complete fertilizer 
ruch as a 10-20-20. 

Some potash apparently is essential 
rn a fertilizer for corn on these soils. 

There was little choice among the other 
fertilizers so far as response was con
cerned. The trials on Skyberg silt loam 
show that soils of the same type 
may not necessarily have the same 
fertility requirements. Field 1 of Sky
berg silt loam had the lowest yield on 
the unfertilized plot and also responded 
least to fertilizer. Some factor or factors 
other than nutrients, such as drainage, 
organic matter content, tilth, variety of 
corn, acidity of the soil, or other un
determined factor has limited the yield. 

In five of the six fields the use of a 
complete fertilizer has yielded very 
good returns in terms of dollars. If the 
fertilizer cost $4.00 per acre, in field 2 
of the Racine silt loam, for example, 
using it netted approximately $8.00 to 
$15.00 per acre. 

FERTILIZER RATES 

Not only must the proper ratio and 
grade of fertilizer be used on corn but 

Tab!e 3. Effect of fertilizer g rades and ratios on the yield of corn on Racine, Kenyon. 

and Skyberg silt looms 

Racine silt loam Kenyon sill loam Sky berg silt loam 
rnllaer. Field I Field 2 Field I Field 2 Field I Field 2 

(bushels per acre) 
72.1 63.8 75.7 71.8 54.5 90.4 
84.2 79.0 76.5 83.4 60.5 105.9 
82.8 83.2 91.5 86.4 56.2 118.0 
86.4 76.8 91.2 86.2 56.1 113.3 
73.7 79.9 90.6 86.4 56.9 116.5 
73.4 66.6 89.3 75.8 59.4 97.9 

level 10.9 9.3 11.6 4.8 5.6 9.5 
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Table 4. Eflect of diflerent fertilizer rates applied in the hill at planting time to corn oa 

of corn on Kenyon and Granger silt loam 

Kenyon silt loam 

Fertilizer rates Field I Field 2 

(pounds per acre) 

None ...... ··-··~· - ·········-··-········ ········-···-···· ···- .... . 53.7 

100 -·· ······--·-···-·······-· ·-··--· 66.8 
200 ......... ..... -- ---·- 72.8 
400 71.7 
600 75.9 

L.S D.. 5 percent level 3.8 

also the rate must be an effective and 
economical one. Various grades of fer
tilizer were applied at different rates 
in the hill to corn over a period of three 
years on Kenyon and Granger silt 
loams. Table 4 gives the results the first 
year and table 5 the second year. 

Increases in yield for the first year 
(table 4) did not keep pace with the in
creases in rates of application. On Ken
yon silt loam the 400-pound rates might 
barely pay for the fertilizer, but the 
600-pound rates did not. The 100- and 
200-pound applications, the former par
ticularly, gave excellent returns. Un-

(bushels per acre) 
27.8 36.4 
42.5 59.7 
41.2 62.1 
43.7 70 9 
47.0 73.6 

3.8 

usually large increases were 
from the fertilizer on the Granger 
loam, but it would be unrealistic to 
pect yields like this every year. 
ever, all fertilizer rates on this soil 
for themselves handsomely. These 
periments demonstrated that 
rates of fertilizer can be applied in 
hill to corn without damage to the 
or plant if care is taken that seed 
fertilizer do not come in direct 
Moisture supplies were adequate, a 
tor in minimizing fertilizer damage. 

It was concluded after the one 
work with rates up to 600 pounds 

acre in the hill, that the heaviest rate, 
at least, would pro~ably never become 

1 
practical one for h1ll application. Con

sequentlY rates of 100, 200, 300, and 400 
pounds were tried the next year on the 
sarne soil types. 

Increases were obtained from all the 
rates. but there was so much variation 
in the plots that year that there were 

1
_., .. s. Effect of diflerenl fertilizer rates ap

plied in the hill to com. at planting lime, on 

p1c1 of com on Kenyon and Granger silt loam 

rertahzer 
.at .. 

5 1=er-
UDI lev~l -

Kenyon silt loam Granger silt loam 

(bushels per acre) 
57.4 50.2 
67.9 64.0 
69.6 64.8 
72.3 67.5 
74.0 66.8 

11.3 8.0 

no significant differences between rates 
(table 5). Again assuming $4.00 per hun
dred pounds for fertilizer, all rates paid 
for themselves with corn at more than 
$1.00 per bushel, but the most economi
cal rates were the lighter ones, 100 and 
200 pounds per acre. Once again there 
was no apparent damage from up to 400 
pounds of fertilizer per acre applied in 
the hill if it did not contact the seed. 

The two years' trials indicated that 
rates of fertilizer application in the hill 
for corn would be best kept at a mod
erate level. It is doubtful if more than 
300 pounds per acre should be applied 
in the hill, and even this rate may be 
too high. It is reasonably certain that 
200 pounds per acre will be a safe appli
cation and an economical one with ade
quate moisture and that with increased 
stands and improved varieties it would 
be unwise to use less than 100 pounds 
per acre. 

EFFECT OF FERTILIZER RATES AND PLANT 
POPULATIONS ON CORN YIELDS 

TWO IMPORTANT FACTORS in get
ting better yields of corn are fertilizer 

use and the number of plants per acre. 
To e\'aluate these factors, two rates of 
fertilizer, 100 and 200 pounds per acre 
of 8-16-16, were applied in the hill at 
planting time to corn stands of two, 
three, four, and five plants per hill on 
Waukegan, Racine, Kenyon, and Sky
berg silt loams. The data are reported 
tn tables 6, 7, 8, and 9. 

On Waukegan silt loam (table 6) with
out fertilizer, a stand of three stalks per 
hill gave maximum returns, or a yield 
of only 42.6 bushels per acre. When fer
tilizer was applied, four stalks per hill 
was the best stand, and the yield went 
up to 51.1 bushels, an increase of 8.5 
bushels for 100 pounds of 8-16-16. The 
highest yields were obtained from four 
stalks per hill and 200 pounds per acre 
of fertilizer, but the increase in yield of 

fable 6. Effect of stand and fertilizer rates on the yield of corn on Waukegan silt loam 

....... 
PKhlll 

4 

' 

Stand 

number) 

Plants 
per acre 

7,112 
10,668 
14,224 
17,780 

None 

36.1 
42.6 
39.6 
35.0 

L.I.D., 5 percent level, for stand = 6.1 bushels 
LI.D .. 5 percent level. for fertilizer = 6.3 bushels 
L.I.D .. 5 percent level, for fertilizer, ignoring stand = 3.1 bushels 

Treatments 
Pounds per acre of 8-16-16 

100 200 

(bushels per acre) 
37.7 
43.8 
51.1 
43.7 

42.4 
46.2 
55.6 
49.1 
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Table 7 . Effec t of s tand a n d fertilizer ra te s o n the yield o f c o m on Ra cine 

Stand 
Plants Plants 
per hill per acre 

(number) 

2 ··-··-······ ···-···· .................. 7,840 

3 --.. ------···········- 11,760 

4 --·---_________ ,. ___ 15,680 

5 ........ , __ , ......... . ..................... 19,600 

L.S.D .. 5 percent level, for stand = 7.1 bushels 
L.S .D., 5 percent level , for fertilizers = 7.1 bushels 

None 

52.7 

59.0 

56.2 77.9 

55.0 78.3 

L.S.D .. 5 percent level, for fertilizers, ignorinq stand = 3.5 bushels 

4.5 bushels from the second 100 pounds 
of fertilizer barely paid for itself. 

Yields declined with or without fer
tilizer when five stalks per hill were 
maintained. This soil does not have the 
moisture supplying power to support 
more than about 14,000 corn plants per 
acre. 

On this soil without fertilizer three 
stalks per hill was the best planting 
rate. There is not much difference be
tween the yields from stands of four 
and five stalks per hill fertilized at 100 
and 200 pounds of fertilizer per acre. 
Consequently, a stand of four stalks 
per h ill and an application of 100 pounds 
of fertilizer was the optimum planting 
and fertilizer rate. The second 100 
pounds of fertilizer did not pay for it
self, and there was no need of planting 
five stalks per hill which would only 
require more moisture to support. 

One hundred pounds of fertilizer and 
a stand of four plants per hill produced 
over 25 bushels more corn per acre than 
the lowest planting rate (two stalks per 
hill) without fertilizer. 

On Kenyon silt loam results 
somewhat different than from the 
previous fields. Without fertilizer 
the stand was increased the yield' 
parently increased, though not 
cantly. The best yields were 
from 200 pounds of fertilizer 
stands of four and five plants per 
Since the yields were essentially 
same, the latter would not be 
because more moisture would be 
quired to support that plant popu 
The yield of 91.5 bushels was more 
33 bushels above that from two 
per hill unfertilized, a very 
return from 200 pounds of 8-16-16 
acre. 

On Skyberg silt loam, a soil with 
fertility and ample moisture, 
stands of a prolific hybrid gave 
results. Over 100 bushels of 
acre were obtained without 
with a stand of five plants per hill. 
this planting th e yield kept 
with fertilizer application, and an 
erage of over 140 bushels of corn 
acre was obtained from five plants 

Table 8. Effect of s tand, a nd fe rtilizer rates on the yie ld 

Stand 
Plants Plants 
per hill per acre 

(number) 

2 ........ . .............................. 7,840 

3 ............ -.-....... - ... - ............ - ...... 11,760 

4 .... ------.. ---·- 15,680 

5 ............ ···-··---··········- 19,600 

L.S.D., 5 percen t level. for stand = 6.6 b ushels 
L.S.D., 5 percent level. for fertilizer = 7.0 bushels 

None 

58.3 

59.6 

63.6 
64.9 

L.S.D., 5 percent level. for fertilizer, ignoring s tand = 4.0 bushels 
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Treatments 
Pounds per acre of 8· 
100 

(bushels per acre) 

63.4 
78.0 

83.9 

80.5 

Tobie 9. E ffect of fe r tilizer rate s and s tand on the yie ld of corn o n Sk ybe rq s ilt loam 

Stand Treatments 

fijii.t• 
Plants Pounds per acre of 8-16-16 

pe r acre None 100 200 
,., bill 

(bushels per acre) (number) 
7,840 62.8 78.2 80.7 

I -·- 11.760 78.1 98.3 108.7 

' 15,680 84.7 113.8 128.4 
4 . - -

19,600 101.8 117.5 140.6 

LI.D .• 5 percent level. for stand = 7.0 bushels 
LI.D .• 5 percent level, for fertilizers = 15.5 bushels 
&,.S.D .. 5 percent level. for fertilizers, ignoring stands = 7.8 bushels 

bill and 200 pounds of 8-16-16 per acre. 
This was just about 80 bushels more 
corn per acre than were obtained from 
two stalks per hill without fertilizer. 
On this field, which was quite different 
trom the Waukegan silt loam, five stalks 
per hill and 200 pounds of fertilizer 
pro\·ed the best planting and fertilizer 
rate. 

As a partial explanation for the very 
high yields it should be pointed out that 
the hybrid used was a very late matur
ing one, probably a 120-125 day variety. 
The corn was planted early, the season 
was a good one for maturing corn, yet 
at harvest time, late in September, the 
moisture content of the corn averaged 
,v,~r 50 percent. A late maturing hybrid 
uch as this is not adapted to Minne
ot:l l'Onditions and, while high yielding, 

would not be dry enough to crib before 
damage by frost. 

As a gene;ral rule most Kenyon
Kasson-Skyberg soils can support a 
population of about 16.000 plants 
per acre. This is four plants per hill 
on a 40-inch spacing both ways or 
a p lant every 10 inches in rows 40 
inches apart. Because of mortality 
more than 16,000 kernels will have 
to be planted. A good grade of a 
complete fertilizer at 100 to 200 
pounds per acre should be applied 
in :the hill. If :the corn i s not follow
ing a legume. side-dressing with 40 
to 60 pounds of nitrogen per acre 
(equivalent :to about 125 :to 200 
pounds per acre of ammonium ni
trate) would be advisable. 

FERTILIZATION OF OATS AND FLAX 

OATS 

Oats IS one of the principal crops 
1ro.,·n on the Kenyon-Kasson-Skyberg 
toils. This grain is never a high value 
crop. This coupled with the fact that 
yields are often low, makes it doubly 
important that fertility practices be 
IUch that maximum returns are assured. 

In order to determine which single 
nutril'nt or combination of them was 
most needed, an experiment was set up 
on Kenyon silt loam in which nitrogen, 
Phosphate, and potash, a lone and in all 
~mbinations, was applied broadcast in 

1 1 

the spring to oats. Before the experi
ment on this field, corn and oats had 
been planted a little too frequently and 
legumes too seldom; barnyard manure 
was used as far as it would go, but was 
often insufficient; and some commercial 
fertilizer was used, but not nearly 
enough. 

Nitrogen obviously was by far the 
most limiting nutrient (table 10). Every 
time nitrogen was used the increase in 
yield over the unfertilized plots was 
over 20 bushels. The best results were 
obtained with a complete fertilizer, 



Table 10. Effect of fertilizer nutrients alone or 

in combination on yield of oat grain and straw 

on Kenyon silt loam 

Fertilizer 
treatment• Oat grain 

(bushels per acre) 

None . --···-··- _ 44.7 
Nitrogen _ -·······-- -· 66.8 

Phosphate ·······--·-······· .... . 49.6 
Potash ....................... ....... 49.2 
Nitrogen, phosphate ··-· 72.5 
Nitrogen, potash ···- __ : 71.0 
Phosphate, potash ....... 53.3 
Nitro;ren, phosphate, 

potash ...... ......................... 75.7 
L.S.D., 5 percent level 5.0 

Oat straw 

(tons per acre) 
0.82 
1.34 
0.92 
0.94 

!.59 
!.52 
1.03 

1.69 
0.13 

• Applied broadcast at the rate of 48 pounds per 
acre each of nitrogen, phosphate, and potash 
before planting. 

however, with the yield from these 
plots averaging more than 75 bushels 
per acre. In addition, nitrogen increased 
straw yields over half a ton of straw 
per acre, adding more organic matter 
for soil improvement. 

Further tests with different rates of 
nitrogen with phosphate and potash 
were made on oats later (table 11). 
These data demonstrate the importance 
of nitrogen in producing good oat 
yields. On Skyberg silt loam for ex
ample, oat yields were more than dou
bled when 60 and 80 pounds of nitrogen 
per acre were used (table 11). Though 
the figures are not shown, yields of 
straw on these fields increased as the 
grain yield increased, and on the av-

Fig. 7. This experiment with oats shows 
best fertilization for small grains seeded 
a nitrogen-phosphate combination. II you 
cast the fertilizer, apply it either in the 
or fall. 

erage were nearly doubled on the 
receiving 60 and 80 pounds of n 
per acre. 

Nitrogen not only gives better 
and straw yields but also may 
weed growth considerably. The 
straw, plus weeds (if the field 
be infested with them) creates a 
in getting a stand of legume. 

On the first Skyberg silt loam 
red clover had been seeded with 
oats. On the plots that received 
pounds of nitrogen per acre, the 
was completely smothered. The yield 
oat straw on these plots averaged 
2 tons per acre. 

Table 11. Effect of fertilizers with different ratios of nitrogen to phosphate 

of oats on Skyberg and Kenyon silt loam 

Sky berg Sky berg Kenyon Kenyon 
Treatment• silt silt silt silt 

Nitrogen Phosphate Potash loam loam loam loam 

(pounds per acre) (bushels per acre) 

None None None 41.9 62.8 32.0 38.0 

20 40 40 55.1 69.8 44.2 47.7 

20 20 20 56.7 73.1 43.0 38.1 

40 20 20 75.2 78.8 52.6 40.9 

60 20 20 86.3 86.3 69.0 51.5 

80 20 20 93.3 83.4 67.8 63.8 

* Fertilizers broadcast in the spring before seedinq. 

1'l 

fgble !2. Effect of fertilizers and rates of seeding on tbe yield of oats on Slcyberg silt loam 

jfiifoqen 

JOII• 
0 

110 

Treatment• 
Phosphate 

pounds per acre) 

None 

40 

20 

40 
110 -

Potash 

None 

40 

20 

40t 

Rates of seeding per acre 
1 bushel 2 bushels - 3- bushels 

42.9 

44.5 

67.7 

65.8 

(bushels per acre) 

46.4 

53.5 

72.9 

70.4 

48.2 

61.0 

90.0 

64.9 

;-F~rtilizers broadcast at seeding time. 
t PIUS rarer elements (copper, manganese, boron, zinc, iron, magnesium). 

It would appear that if oats are going 
to be used as a companion crop for a 
legume, the amount of nitrogen added 
will have to be kept at a moderate 
level, perhaps not more than 40 pounds 
of nitrogen per acre. At the same time 
It· would be wise to be sure that phos
phate and potash are adequate to stimu
late the growth of the legume. 

Fertilizer trials on 11 fields of oats 
were carried out in one year on Sky
berg, Kenyon, Racine, Taopi, and Wau
kegan silt loams. The average yield in
crease from a complete fertilizer (40 

pounds per acre each of nitrogen, phos
phate, and potash) was 17.4 bushels per 
acre; from phosphate and potash at the 
same rate, 4.2 bushels per acre; and 
from 40 pounds per acre of phosphate, 
2.8 bushels per acre. The lowest in
crease from the complete fertilizer was 
5.1 bushels per acre and the greatest 
increase was 31.1. There were large dif
ferences in the responses to fertilizer 
on the same soil type; the average in
crease in yield on one Skyberg silt loam 
field, for example, was 14.6 bushels per 
acre, and on a second only 4.5. 

Fig. 8. Applying anhydrous ammonia. 
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Fig. 9. Equipment for applying liquid fertilizers. 

The observation that legumes seeded 
with oats did poorly on some of the 
high yielding plots led to a rate of 
planting study to determine if good oat 
yields could be obtained from well
fertilized lighter seedings of grain in 
which the legume might be able to 
maintain itself. 

Table 12 shows that the yield of oats, 
both unfertilized and to which phos
phate and potash were added, increased 
with increase in rate of planting. When 
substantial amounts of nitrogen are 
added to phosphate and potash, the rate 
of seeding did not become so important 
because yields were about the same. 
Nitrogen induced stooling and accom
plished essentially the same result as 
planting a heavier rate. On this field 
there was no advantage to using 40 
pounds of phosphate and potash rather 
than 20, and no consistent benefit re
sulted from the application of the rarer 
nutrients. These plots had been seeded 
with a mixture of legumes. In the fall 
there was a good legume stand on all 
plots with no obvious difference be-

tween differently fertilized areas. 
fortunately the legume plants w 
killed so badly that no yields could 
taken the next year. 

Anhydrous Ammonia and 

nium Nitrate as Sources 
Nitrogen for Oats 

The effect of anhydrous ammonia 
ammonium nitrate on oats Wiis 
studied. Anhydrous ammonia 
monly used is carried under 
in tanks as a liquid. When the pressure 
is released the liquid ammonia bcco~ 
a gas and is conveyed to the soil. 
steel tank containing the amm 
mounted on a field cultivator 
gas is conducted into the 
through tubes behind the 
shovels. Anhydrous ammonia was 
plied at 40 pounds of nitrogen per 
to four fields before seeding oats. 
monium nitrate was broadcast on 
plots for comparative purposes, and 
pounds of 0-20-20 was applied 
all plots to take care of the phospna~e 
and potash needs. 

The results with these two ni 
sources varied from field to field, 
in general, can be considered equi 
to each other, pound for pound of 
gen (table 13). 

FLAX 

A number of trials using 
fertilizers were carried out 
grown on Kenyon silt loam. 

All treatments brought good respnn
in flax, and the yields increased 
an increase in nitrogen content of 
fertilizer (table 14). Straw yields 

Table 13. Effects of anhydrous ammonia and ammonium nitrate on yield of oats on 

Skyberq. Kenyon. and Racine silt !cams 

Treatment 

None _ 

Anhydrous Ammonia 

Ammonium nill'ate -····· _____ .,_ 

Waukegan 
silt loam 

63.7 

73.3 

79.4-

14 

Sky berg 
silt loam 

Kenyon 
silt loam 

(bushels per acre) 

79.1 74.4 

94.1 90.0 

92.4 87.1 

substantial also bu_t did not increase as 
consistently as gram when the nitrogen 
content of the fertilizer rose. The max
imUm increase was reached at 40 pounds 
of nitrogen per acre. 

Effect on Alfalfa Following Flax 

The flax fi eld was seeded with alfalfa 
as a companion crop, and yields of hay 
were taken the following year. The 
stand of alfalfa was good, but the yields 
trom the various plots were extremely 
variable. This was due to some soil 
factor other than nutrients so soil sam
ples were taken on some of the plots 
down to a 2-foot depth. The reaction of 
these samples was determined, and the 
correlation between the alfalfa yield 
and soil pH is shown in table 15. (pH 
is a numerical measure of the acidity 
or basicity of a soil. A pH of 7 indicates 
a neutral soil, 6.5 is very slightly acid, 
8.0 slightly acid, 5.5 moderately acid, 5.0 
strongly acid, and 4.5, a very strongly 
acid soil.) 

Thl' acidity of a soil does affect the 
growth of alfalfa in different ways 
(table 15). Whenever the pH of the 
soil was above 6.0 for the surface 0-6 
inchl·s. the alfalfa yield was over 1 ton 
per acre; when the pH was close to 5.0, 
growth was retarded. These data also 
show that th ere was some residual effect 
or the fertilizer applied to flax the year 
before. Yield increases of about one 
quarter of a ton were realized, and the 

Fig. 10. Nitrogen carryover from the year before 
has increased the stand and yield of flax. 

increase was about the same on the 
moderately acid soils as on the slightly 
acid ones. Usually, however, fertilizers 
are more efficient on soils near neu
trality than on acid soils. 

Effect on Weeds in Flax 

If a field is infested with weeds, large 
amounts of nitrogen will stimulate the 
weed growth and the grain crop may 
actually suffer rather than be helped 
by the nitrogen. An experiment con
ducted on Kenyon silt loam demonstrat
ed this very well and also showed what 
could be done if measures were taken 
to control the weeds (table 16). 

Where weeds were not controlled, 
there were no significant increases in 
yield of flax from the fertilizer. This 
can be accounted for in the heavy straw, 
much of it being weeds (largely smart-

Table 14. Effect of fertilizer on flax grain and straw on Kenyon silt loam 

lfllroqen 

0 

10 
411 ., ., ., 

Treatment• 
Phosphate 

(pounds per acre) 

0 

40 

40 

40 

40 

20 
LI.D., 5 percent level 

• Fenilizer broadcast before seeding. 
t a.a. llands for not significant. 

Potash 

0 

40 

40 

40 

40 

20 

15 

Grain 

(bushels per acre) 

13.4 

18.5 

21.8 

22.4 

23.5 

24.0 

4.0 

Straw 

(tons 
per acre) 

0.96 

1.41 

1.68 

1.53 

1.61 

1.71 

n.s.t 



Table 15. Correlation between alfalfa yield and soil pH on Kenyon silt IoalD 

Treatment pH at different depths 
Nitrogen Phosphate Potash Hay 0-6 6-12 

(pounds per acre) (tons per acre) (inches) 

0 0 0 0.41 

0 0 0 0.56 

0 0 0 1.08 

0 0 0 1.22 

80 40 40 0.83 

80 40 40 0.74 

80 40 40 1.34 

80 40 40 1.42 

L.S.D., 5 percent level 0.18 

weed) which occurred in the high nitro
gen plots. Forty pounds of nitrogen, for 
example, increased the straw yield, 
again mostly weeds, by nearly a ton per 
acre, with the result that the grain on 
this plot actually yielded,over 2 bushels 
less than the flax on the unfertilized 
plot. On the other hand, where weeds 
were controlled, 40 pounds of nitrogen 
plus 20 of phosphate and 20 of potash 

5.8 6.1 

5.5 5.2 

6.7 5.6 

6.8 5.7 

5.3 5.0 

5.2 5.1 

6.8 5.7 

6.0 5.7 

increased the yield over the unfertilized 
by 5 bushels per acre. 

If flax is used as a companioD 
crop for a legume. it might be ad. 
visable not to use a nitrogen ferti
lizer unless the field is very clellll, 
Nitrogen fertilizers may be used U 
coupled with effective weed control 
measures. 

RESPONSE OF OATS, SOYBEANS, CORN, 
LEGUME HAY TO DIFFERENT PHOSPHATES 

IN 1947 a series of plots was established 
on Kenyon silt loam to compare the 

effectiveness of different phosphate fer
tilizers. The phosphate fertilizers used 
were ordinary superphosphate, concen
trated superphosphate, calcium meta
phosphate, liquid phosphoric acid, fused 
tricalcium phosphate, colloidal phos
phate, and rock phosphate. 

All were broadcast annually in the 
spring at 40 pounds of P .o . per acre 
plus an additional treatment of rock 
phosphate at 100 pounds of P .O. per 
acre per year. Treatments were random
ized and replicated four times. 

Potash was applied to all plots and 
nitrogen as ammonium nitrate was 
spread on plots sown to grain and corn. 

Across each series of phosphate treat
ments a 4-year rotation of grain, hay, 
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corn, and soybeans was carried for 
first 4 years, but in 1951 the 
was changed to a 4-year rotation 
grain, 2 years of hay, and corn. 
grain crops grown included one 
of flax, one of wheat, and 5 
oats; legume crops have consisted 
ally of a mixture of alfalfa and 
clover mixed with brome grass. 

The average amount of 
phosphorus as determined by soil 
on the plots was 18 pounds of phospq 
per acre. The extremes in range of 
from plot to plot was 5.4 to 6.4, 
most plots falling in the range from 
to 6.0. 

GRAIN 

Since flax and wheat were grown 
one year, the effect of phosphate 

fczble !6. Effact of weed control on fertilized plots on yields of flax on Kenyon silt loam 

Treatment Weeds not controlled Weeds controlled 

Phosphate Potash Grain 
JlllrOClen -

(bushels 
:pounds per acre) per acre ) 

None None 17.0 
Non• 20 17.7 
0 

2~ 

20 20 18.1 
1fJ 20 14.8 20 
40 

20 17.6 20 
10 
L,S.D .. 5 percent level. 

these crops will not be reported here. 
There were no large differences brought 
about by any of the phosphates on these 
crops, and no conclusions can be drawn 
from one year's trials. Oats were grown 
as a companion crop for the legume 
seeding for 5 years, and table 17 shows 
the average effect of the different phos
phates on oat yields for 4 of these years 
(missing plots in one year made it 

Straw Grain Straw 

(tons (bushels (tons 
j:er act e) per acre) per acre) 

1.63 16.8 1.44 

1.89 18.5 1.64 

2.27 20.1 1.75 

2.72 21.8 1.71 

2.45 21.6 1.77 

0.52 3.1 

necessary to omit the results for that 
year). 

All phosphates gave increases in 
yield, with ordinary superphosphate 
and fused tricalcium phosphate some
what better than the other materials. 
Though the effects seem fairly large, the 
results were quite variable, and none of 
the differences were statistically signifi
cant. 

.... 11. The soybean rows to the right and left of the check row have had a starter fertilizer con. 
taining potash. The check row shows typical potash deficiency symptoms in soybeans. 
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Table 17. EfJect of difJerent phosphate ma

terials on yield of oats on Kenyon silt loam. 

4-year average 

Phosphates • 

None ..... . 
Ordinary superphosphate 
Concentrated superphosphate 

Calcium melaphosphale .......... .. 
Liquid phosphoric acid ............ . 

Fused tricalcium phosphate 

Colloidal clay phosphate ·--

Rock phosphate (H) --········-···-··-· 
Rock phosphate ----. 

Yield 

Increase 
from 

fertilizer 

(bushels per acre) 

58.0 

67.5 9.5 

63.4 5.4 

63.0 5.0 

64.0 6.0 

65.5 7.5 

62.0 4.0 

62.0 4.0 

62.6 4.6 

• All phosphates broadcast annually in the spring 
at 40 pounds of P.Oo per acre except rock phos
phate (H) which was applied at 100 pounds per 
acre. 

SOYBEANS 

Soybeans were grown following corn 
in the first 4 years of the experiment. 
The yields under the different treat
ments are shown in table 18. 

None of the phosphates produced pro
nounced effects on soybeans. There were 
more reductions in yield than there 
were increases, but neither reductions 
nor increases were significant. .. 

In only very few trials conducted i'n 
Minnesota have soybeans been found to 
respond to fertilizer treatments. 

Table 18. Effect of different phosphate materials 

on yield of soybeans on Kenyon silt loam. 

4-year average 

Phosphates• 

None ........... _ ....... .. 
Ordinary superphosphate ..... 

Concentrated superphosphate 
Calcium metaphosphate _. ..... 
Liquid phosphoric acid __ _ 

Fused tricalcium phosphate 
Colloidal clay phosphate ·-
Rock phosphate (H) ........ ___ ... 

Rock phosphate 

Yield 

Increase 
from. 

fertilizer 

(bushels per acre) 

19.0 

18.2 -0.8 

18.3 -0.7 

17.5 - 1.5 

19.2 0.2 

19.2 0.2 

18.2 - 0.8 

19.0 0.0 

18.5 -0.5 

• All phosphates were broadcast annually in the 
spring at 40 pounds of P.Os per acre except rock 
phosphate (H) which was applied at 100 pounds 
per acre. 

Table 19. EfJect of different phosphate 

on yield of com on Kenyon silt lOQJza, 
7-year average 

Phosphates • 

None ............ .. 
Ordinary superphosphate 

Concen Ira led superphosphate 

Yield 

Calcium metaphosphate ......... 60.2 

Liquid phosphoric acid ............. 61.0 

Fused tricalcium phosphate 62.7 

Colloidal clay phosphate ....... 58.0 

Rock phosphate (H) ... .. ........... 57.8 

Rock phosphate -.. ...... ................ 57.2 

• All phosphates were broadcast annually 
spring at 40 pounds of P.Os per acre 
phosphate (H) which was applied at 
per acre. 

CORN 

Corn was grown every year 
the 7 years of the experiment (table 
In only one of the 7 years has the 
crease in yield been great enough 
be significant, and that was in 1 
when metaphosphate, liquid phosohorli 
acid, and fused tricalcium 
brought about increases of over 
el~ per acre. Increases from 
and concentrated superphosphate 
nearly as great. 

The effects of the rock 
were negligible. 

Average increases in yields 
were not large from any 
None were statistically significant. 
cations are, however, that 
that contain their phosphorus 
the available form are superior 
rock phosphates. The manner in 
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the phosphates were applied was 
very efficient one for corn. If the 
tilizers had been applied in the hill 
planting time, more efficient use 
have been made of them and 
might have been greater. 

HAY 
Mixed legume hay has occupied 

of the area on the phosphate plots 
year except the first, so that hay 

are available for 6 out of the 7 years of 

the experiment. 
Table 20 shows the average effect of 

different phosphates on the first cutting 
of first-year hay. In most years second 
utting of hay was sampled also, but 
~e effects of the fertilizers were usually 
much Jess than on the first cutting and 
the yields are not reported. Increases 
of one-half ton of hay and more were 
obtained from the phosphates which 
~~ave most of their phosphorus in the 

available form. 
In 5 years out of 6, ordinary super-

pha!'phate and liquid phosphoric acid 
ga\·e stgnificant increases in hay yields. 
In 3 years out of 6, concentrated super
pha!'phate, calcium metaphosphate, and 
fused tricalcium phosphate gave sub
tantial increases in yield, ranging from 

0.20 to 0.42 tons. In only one year, 1952, 
did any marked increase result from 

Table 20. Effect of different phosphate materials 

on yield of first culling of first-year mixed 

legume hay on Kenyon sill loam. 

6-year average 

Increase 
from 

Phosphates• Yield fertilizer 

(tons per acre) 
None 1~1 

Ordinary superphosphate 2.28 0.67 
Concentrated superphosphate 2.03 0.42 
Calcium metaphosphate .. 1.90 0.29 
Li:tuid phosphoric acid 2.13 0.52 
Fused tricalcium phosphate 2.02 0.41 
Collo;dal clay phosphate 1.71 0.10 
Rock phosphate (H) 1.82 0.21 
Rock phosphate . .... 1.59 -0.02 
L.S.D., 5 percent level 0.17 

• All phosphates were broadcast annually in the 
spring at 40 pounds of P.Os per acre except rock 
phosphate (H) which was applied at 100 pounds 
pe.r acre. 

any of the rock phosphate treatments. 
Recommendations for the use of rock 
phosphate generally suggest that at 

12. Alfalfa roots are not only a source of organic matter and nitrogen, but the vigorous lap root 
also provides drainage. 
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Table 21. Total available soil phosph ate and th e residual a v a ilability of different 

Total p,o, Fertilizer 
Phosphates applied Total residual Total 

(pounds per acre) 

None .•....................... ···-·····-- ···-···-··--. ······-~---······-···· 
None 71.1 ....... 18.2 

Ordinary superphosphate ···--·------ 240 135.0 63.9 40.5 

Concentrated superphosphate . ····-····- .. 240 133.8 62.7 38.5 
Calcium metaphosphate ...•.............................. 240 127.1 56.0 47.8 

Liquid phosphoric acid ------·· -------- 240 184.1 113.0 47.8 
Fused tricalcium phosphate------ ..... 240 117.9 46.8 36.7 

Colloidal clay phosphate ·····-····-·····--·-·····-- 240 67.7 None 19.2 

Rock phosphate -·--·---·· ·····-----···-·········---·-····· 240 69.7 None 15.7 

Rock phosphate ··----·· ·-- --- 600 78.5 7.4 21.2 

• Determined from the equation A = B(l;y), where A= pounds of available P20, in 

pounds of P,,o applied per acre in the fertilizer, and y = percent phosphorus absorbed by the 
from the fertilizer. 

t Bray No. 1 method. 

least 1,000 pounds . per acre be applied 
at one time in a 4-year rotation. 

RESIDUAL EFFECTS 

When the sixth annual application of 
phosphates had been made in the spring 
of 1952, a total of 240 pounds of P .O. 
per acre had been applied to all the 
phosphate plots except the rock phos
phate plots which had received 600 
pounds of P .O. per acre. 

In 1953, a part of all the phosphated 
plots was used to measure the residual 
availability of the various phosphates 
using radioactive superphosphate fer
tilizer. 

To determine the absorption of phos
phorus, 20 pounds per acre of radio
active superphosphate was broadcast on 
a strip 6 feet wide across all the phos
phated plots planted to hay and to 
which phosphates had been applied an
nually the 6 previous years. Samples of 
hay were taken for chemical analysis 
and for radioactivity measurements. 
Soil samples were taken for laboratory 
tests. The results of this investigation 
are reported in table 21. 

Over a period of 6 years 240 pounds 
of phosphate (P.O.) had been applied 
of each of the various kinds of phos-
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phate except for the application of 
pounds per acre of P.O. as rock 
phate. The residual phosphate as 

Fiq. 13. One of the techniques of applyinq 
active phosphate to soils. 

ated by the plant shows that much of 
~e phosphate added to the soil in an 
available form (water _sol_uble and cit
rate soluble) may remam m ;;t condition 
which can be used by the plant. For 
example, almost one-half of the liquid 
phosphoric acid added remained in an 
available form. On the other hand, ap
parentlY none of the colloidal clay phos
phate or rock phosphate at a lighter rate 
was available to the plant. 

These results correlate very well with 
the response of hay to the different 
phosphates as shown in table 20. The 
availllble phosphate, as measured by 
chemical tests, closely patterns the find
ings using the plant. The phosphate fer
tilizers containing phosphorus in an 
available form have considerable re-

sidual availability; phosphate fertilizers 
with little available phosphate have es
sentially no residual availability. 

The amounts of available phosphate 
as shown by the two methods are quite 
different. Phosphate exists in the soil in 
many complex forms and it is not pos
sible to measure exactly that which is 
available. It is not necessary that the 
true values be known if the method 
used is capable of distinguishing be
tweep different levels of supply. The 
two methods used for the data present
ed in table 21 indicate different amounts 
of available phosphate, but this is not 
nearly as important as the fact that they 
both show the same trend and that both 
methods correlated well with field re
sults. 

DEEP PLACEMENT OF FERTILIZERS 

THERE HAS been considerable in
terest in the placement of fertilizer 

on the plow sole with a fertilizer dis
penser attached to the plow. The pur
pose of this was to make available to 
the plant liberal amounts of nutrients at 
a depth where the moisture content of 
the soil was greater and more constant. 
Further the fertilizer would act as a 
rrserve supply for the crop and be 
available when it was most needed. It 
would encourage deeper rooting and 
reduce the danger of damage to the 
seed or young plants by having large 
amounts of fertilizer placed too close to 
the seed. 

An experiment was set up on Granger 
silt loam in which 100 pounds per acre 
of nitrogen (N), phosphate (P.O.), and 
potash (K,O) were applied alone and in 
all combinations. Nitrogen was applied 
as ammonium sulfate, phosphate as 47 
percent superphosphate, and potash as 
muriate of potash. Treatments were ap
plied on duplicate plots and the fer
tilizers were plowed down in the fall 
and spring. Corn, soybeans, oats, and 
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red clover were grown in this experi
ment. 

These Granger silt loam plots were 
very deficient in potash and moderately 
so in phosphate and nitrogen. The pH 
was a little above 5.0. Commercial fer
tilizers had not been used on this field 
for many years. The operator had been 
careful to rotate the crops and had 
grown red clover every 4 or 5 years 
for some time. This practice may have 
helped the nitrogen status of the soil 
but had only speeded up the removal 
of phosphate and potash, particularly 
the latter. 

CORN YIELDS 

The effects on yield of corn of 
plowed-under fertilizer, with and with
out an application of 200 pounds per 
acre of 8-16-12 in the hill at planting 
time, are shown in table 22. The severe 
potassium deficiency of this field is 
shown by the yields from any treat
ments containing potash. However, with 
one exception, the best increases in 



Table 22. Effect of fertilizer plowed down in the fall and spring and applied in the 

planting time on yield of corn on Granger silt loam 

Fertilizers plowed under Fall plowing 

Nitrogen Phosphate Po:ash r· IIt 

(pounds per acre) (bushels per acre) 

None None None 37.2 57.5 33.9 
100 0 0 51.3 62.6 40.0 

0 100 0 45.9 57.4 40.3 
0 100 64.0 68.7 64.8 

100 100 0 53.6 62.3 33.1 
100 0 100 67.1 74.2 64.8 

0 100 100 74.4 66.7 58.5 
100 100 100 80.2 78.9 62.8 

r· Plowed down fertilizer only. 
IIt Plowed down fertilizer plus 200 pounds of 8-16-12 applied in the hill at planting lime. 

yield were obtained when all three nu
trients were used. 

There was good response both to fer
tilizer plowed under and that applied 
in the hilL The increase in yield from 
the latter was 20.3 bushels per acre on 

Fig. 14. A poorly fed crop often shows hunger 
signs. The leaves of this corn, from left to right, 
are in need of potash, in need of nitrogen, and 
healthy. 
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fall plowing and 16.2 on spring plowi-
One hundred pounds per acre each 
nitrogen, phosphate, and potash ( 
alent to 1,000 pounds per acre of 
10) increased corn yields 43.0 
per acre on fall plowing and 28.9 
els per acre on spring plowing. 
sponse to fertilizer plowed under w• 
considerably less when hill-applied 
tilizer was used. These results dPmn .. _ 1 

strate the value of so-called 
tilizers for corn, and their 
from a yield standpoint and 
ness pricewise for corn should 
overlooked. 

This field is a good example, h0\"0 "-· 

of a soil that requires something 
than a starter fertilizer to get maximwa~ 
yields. The yield on the spring p 
plots on which starter fertilizer 
was used was 50.1 bushels per acre. 
increase of 16.2 bushels over the 
fertilized. An additional increase of 
bushels of corn per acre was obtamea1 
from a complete fertilizer plowed 
It is doubtful if more than 200 
per acre of fertilizer should be 
as a starter fertilizer for corn. If 
is needed it may be applied deeply 
a machine designed for that 
or it may be broadcast and p 
under. 

Fall plowing produced higher 
than spring plowing (table 22). If 
yields from spring and fall plowing 

Table 23. Effect of fertilizer plowed down in the fall and spring on yield of soybeans 

on Granger silt loam 

Fertilizers plowed under 
Phosphate Potash 

Jlitroqen 
(pounds per acre) 

None None ...... 0 0 
00 100 0 
0 0 100 
0 100 0 

100 0 100 
100 100 100 

0 100 100 
100 

a\·eraged separately, the latter yielded 
7.i bushels per acre more than the 
former. Increased yields from fall plow
ing were shown also in a number of 
:imilar experiments conducted else
where in Minnesota where a comparison 
was made of fertilizer plowed under in 
the spring and falL Fall plowing may 
improve the physical condition of a soil, 
and the incorporation of organic res
idues at that time increases the chance 
of dN:omposition and release of nutri-
nts in an available form. Fall plowing 

also makes conditions more suitable for 
weathering of soil minerals with the 
const>quent greater release of nutrients 
like potassium. 

SOYBEAN YIELDS 

Soybeans have shown very little re
:ponst• to fertilization in Minnesota. On 

this fit'ld, however, which was so pot
h dl•ficient, very good results were 

Fall plowing Spring plowing 

(bushels per acre) 
24.6 16.1 
26.4 2l.l 
25.7 17.6 
27.9 24.7 
24.2 19.4 
25.8 25.3 
25.1 24.4 
36.7 27.0 

obtained from the use of this nutrient 
(table 23). It is difficult to explain why, 
on the fall plowed lots, an increase of 
12.1 bushels per acre was obtained from 
the complete fertilizer and so little from 
the other fertilizers containing potas
sium. On spring plowed land the results 
were quite consistent, excellent in
creases being obtained wherever potash 
was applied. With this crop also fall 
plowing was superior to spring plowing. 

The good results from fertilization of 
soybeans on this field makes it unsafe 
to generalize. If soil deficiencies are 
severe enough, soybeans like any other 
crop should respond to fertilization. 

The soybean roots showed a decided 
difference in nodulation, depending on 
the fertilizer treatment. The most nu
merous and largest nodules were found 
on the plants well supplied with potash. 
Few nodules appeared on the plants 
treated only with nitrogen, indicating 
that there is little nitrogen fixation 

Table 24. Effect of plowed-down fertilizer on the yield of oats grown as second- and third-year 

crops following application on Granger silt loam 

Fertilizers plowed under 
Kllroq•n Phosphate Potash Second year Third year 

K011e 
100 

0 
0 

100 
1011 

0 
100 

(pounds per acre) 
None 

0 
100 

0 
100 

0 
100 
100 

None 
0 
0 

100 
0 

100 
100 
100 

60.7 
82.4 
67.3 
68.5 
75.2 
75.0 
62.7 
64.2 

La.D., S percent level ... ~ " 0 
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(bushels per acre) 
77.5 
84.1 
78.5 
76.3 
89.7 
77.1 
67.6 
80.9 

s_s 

H 
:T 

I. i I 
I 



K 0 

Fig. 15. Potash (K) has increased the nodulation 
on these soybean roots. 

when nitrogen is supplied in the fer
tilizer. 

RESIDUAL EFFECTS 

The residual effect of fertilizer plowed 
down was followed in the second and 
third crop year. Crops grown the second 
year were oats seeded with red clover 
and corn; the third year crops were red 
clover and oats. 

Table 24 shows the response of oats 
as a second and third crop, averaging 

the yields for spring and fall 
together. In these tests corn and 
beans responded most markedly to 
ash, but table 24 shows that, with 
exception of the complete fertilizer 
biggest increases in oats as the ' 
crop following fertilizer 
were obtained when nitrogen was 
There is no satisfactory 
why there was not a larger 
feet from the nitrogen in the 
fertilizer, unless the greater yields 
corn obtained from this treatment 
year before had used much of the nitro. 
gen applied. Corn has a high require. 
ment for nitrogen as well as potash., 
Oats, on the other hand, responds best 
to nitrogen, and nitrogen and phosphate, 
There was even a significant effect 
nitrogen and phosphate on oats 2 
after application of the fertilizer 
bushels increase per acre). There 
also a significant reduction in 
oats where phosphate and potash 
been plowed under. 

It is often claimed that beneficial 
effects from nitrogen are largely 
fell only the year of application, but 
here is evidence that results from 
nitrogen may be obtained on second 
and third crops following applica
tion of moderately heavy amounts. 

Corn was planted again the next year 
on part of the plots that had fertilizer 
plowed under one spring and two falls 
previously. 

Table 25. Effect of plowed-down fertilizer on the yield of corn grown as a second crop 
following application on Granger silt loam 

Fertilizers plowed under 
Nitrogen Phosphate Potash Yield 

(pounds per acre) (bushels per acre) 
None None None 70.7 
100 0 0 76.6 

0 100 0 69.5 
0 0 100 70.7 

100 100 0 69.0 
100 0 100 73.3 

0 100 . 100 69.1 
100 100 100 74.6 
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The data show that the residual ef
fects of fertilizer on corn yields were 

gligible. None of the increases or de
:ases noted was statistically signifi-

cant. The residual effect of the various 
plowed-down fertilizers ?I_I red clover 
the third year after fertilizer applica
tion is shown in table 26. There were 
no significant increases in yield of hay 
tram any of the treatments, although 
there were positive increases approach
in~ meaningful levels from potash alone 
and the complete fertilizer. The use of 
nitrogen and phosphate alone signifi
cantly decreased the yield below the un
fertilized plots. Red clover has a high 
requirement for potash and the use of 
nitrogen and phosphate seemed to ac
centuate the potash deficiency on this 
soil. The potash treatment alone, phos
phate and potash, and the complete fer
tilizer were significantly better than 
treatments consisting of nitrogen alone 
phosphate alone, nitrogen-phosphate' 
and nitrogen-potash. ' 

LIME AND FERTILIZER 

Acid soils are often not as productive 
as th<•y might be with common field 
crops. especially alfalfa and sweet
rlovt·r. The soils of the Kenyon-Kasson
Skybl'rg association in general are acid, 
somt~ extremely so. Recognizing this, a 
c-ombined lime and fertilizer experiment 
was l'Slablished on a complex of Kasson 

Fig. 16. Some of the soils of Mower County 
need drainage. 

and Skyberg silt loams in 1948. Dolo
mitic limestone at the rates of 2, 4, 8, and 
16 tons per acre was applied in the fall 
of 1948. The lime was applied on plowed 
land and worked into the soil. A 3-year 
rotation of oats, hay (alfalfa and red 
clover), and corn was established in 
the spring of 1949. This was the se
quence the plots followed also. 

Each crop strip was divided into four 
equal areas, one was not fertilized, and 
three were fertilized. The fertilizer 
treatments on oats are shown in table 
27. All fertilizers were broadcast in the 
spring before seeding. The hay crop, 
which followed the oat crop, was not 
fertilized. The third crop in the rota
tion, corn, was fertilized with 5-20-20 
in the hill at planting time at 100 or 200 

Table 26. Effect of plowed-down fertilizer on the yield of red clover grown as third crop 
following application on Granger silt loam 

llitroq•n 

Jlooe 
ICIO 

D 
D 

ICIO 

Fertilizers plowed under 
Phosphate 

(pounds per acre) 
None 

0 
100 

0 
100 

0 
100 

ICIO 
D 

lCIO 100 
U.D •• S percent level 

Potash 

None 
0 
0 

100 
0 

100 
100 
100 
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Yield 

1.55 

Increase in 
yield from 

fertilizer 

(tons per acre) 

1.41 -0.14 
1.38 -0.17 
1.74 0.19 
1.31 -0.24 
1.40 -0.15 
1.63 0.08 
1.74 0 .19 
0.22 



Table 27. Effect of lime and fertilizer on the yield of oats 

5-year averaqe 

Treatment• 
Nitroqen Phosphate Potash 

(pounds per acre) 

None None None 

0 60 60 

20 40 40 

40 40 40 

pounds per acre. Treatments for corn 
are shown in table 29. 

The pH of the plots varied between 
5.5 and 5.8. The nitrogen content of a 
composite sample of the surface soil 
was 0.20 percent. Available phosphate 
and potash were moderately deficient. 

OATS 

Table 27 shows the 5-year average 
yield of oats on the lime and fertilizer 
plots. The influence that lime may have 

Fiq. 17. The first staqes of potash deficiency 
in allalia. 

38.3 

39.0 

48.4 

48.0 

41.4 

41.0 

47.1 

51.2 

41.0 

48.2 

47.6 

44.0 

41.6 

48.7 

50.8 

26 

on oats is best illustrated by the 
of different rates without fertilizer. 
16 ton rate of lime, for example, 
creased the yield of oats by over 
bushels. Oats that had received 20 
pounds of nitrogen and 40 each of phos. 
phate and potash, but no lime, increa--:...,J 
the yield about the same amount. 
would appear that lime had about 
same effect on oats as an appl 
a complete fertilizer. (Another 
of this report, table 33, shows that 
was instrumental in bringing about 
creased supplies of available 
in the soil.) 

The data in table 27 further 
findings that phosphate and 
alone are not sufficient to get 
yields of oats-some nitrogen is 
sential. On these plots 40 pounds 
nitrogen were no better than 20. 
general, oat yields increased 
amounts of lime increased but 
were somewhat erratic. 

LEGUME HAY 

Table 28 shows the effect of lime 
fertilizer on the yield of first-cut 
ume hay. Lime has had a greater 
on yields when no fertilizer was 
Eight tons of lime per acre caused 
increase in yield of over one-third 
When phosphate and potash were 
plied the influence of lime became 
ligible. It is likely that the effects 
lime on the unfertilized plots was 
direct in that the availability of 
phate or potash, or both perhaps, 
increased by liming. 

The results, as far as rate of 
is concerned, were erratic. If the 

28
_ Effect of lime and fertilizer on yield of first-cut lequme hay on Kasson-Skyberq silt loam, 

~ ~ru~~ 
Treatment• Lime, tons per acre 

Phosphate Potash 0 2 4 8 16 

1.86 1.70 

JCUr0980 
- pounds per acre} (tons per acre) 

None None 1.52 1.73 1.72 
,...... 60 60 1.99 2.05 1.99 2.06 2.11 
0 40 40 2.00 2.11 2.11 2.17 2.00 

JO 40 40 2.01 2.05 2.15 2.08 2.08 
40 
~ Fertilizers applied to companion crop (oats) the year before yields were taken. 

from the limed and unlimed plots are 
veraged together, phosphate and pot
~ increased hay yields about one
third of a ton; the increase from these 
nutril•nts was about one-half ton on 
the unlimed plots. Decreasing the sup
ph' of phosphate and potash and add
ing some nitrogen had essentially no 
tyect on hay yields. The lesser amount 

of phosphate and potash might show 
up. however, if the legume crop were 
left 2 or more years. 

The effect of lime and fertilizer on 
St'('ond-cut hay is shown in table 29. 
The results follow very closely those 
found with first-cutting hay but on a 
soml·what lesser scale since yields were 
lower. 

It was surprising that greater effects 
Wl'rl' not obtained from liming, particu
larly on a legume crop on an acid soil 
ut·h as this. There are two possible 
xplanations for this. 
Orw 1s that the legume was a mixture 

,f alfalfa and red clover. A vigorous 
growth of the latter was always ob
tamNI. and since this crop is fairly 
tolerant to an acid condition, the effects 
,f lim(' would not be so noticeable as 

they might have been with stands of 
pur1• alfalfa. 

Further, an acid condition in the soil, 
within limits, does not necessarily mean 
that liming is essential. A fine textured 
soil like a silty clay loam may have a 
pH of 5.8 and still have calcium avail
able for plant growth because of the 
high base holding capacity, and in many 
cases it is the deficiency of calcium 
brought about by a low pH, rather than 
the low pH itself, that inhibits plant 
growth. 

In this field the pH is low enough to 
affect the availability of nitrogen, phos
phate, potash, and possibly other nutri
ents, but it does not have any particular 
calcium deficiency. 

Fertilizer applied to oats as a com
panion crop for a legume seeding was 
used to a considerable extent by the 
hay crop the following year. The 0-60-
60 treatment on the unlimed areas, for 
example, gave nearly a ton increase 
in hay when both cuttings are con
sidered. 

CORN 

The effect of lime and fertilizer on 
the yield of corn is shown in table 30. 
Lime without fertilizer did not have as 
much influence on the yield of corn as 

Table 29. Effect of lime and fertilizer on yield of second-cut lequme hay on Kasson-Skyberq 

silt loam, 4-year averaqe 

Treatment• Lime. tons per acre 

~i!JOCien Phosphate Potash 0 2 4 8 16 

(pounds per acre) (tons per acre) 
lODe None None 1.16 1.30 1.40 1.24 1.36 
0 60 60 1.46 1.44 1.48 1.43 1.51 

10 40 40 1.35 1.44 1.43 1.42 1.47 • 40 40 1.40 1.40 1.45 1.37 1.49 

• FertUizers applied to companion crop (oats) the year before yields were taken. 
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Table 30. Effect of lime and fertilizer on yield of com on Kasson-Skyberg silt loam, S-year 

Treatment-

Nitrogen Phosphate Potash 

(pounds per acre) 

None None None 44.4 45.1 46.6 42.8 
0 60 60 45.5 44.4 49.0 48.2 

20 40 
40} plus 69.8 73.0 73.1 72.3 

20 20 

40 40 
40} pius 66.3 75.6 74.5 76.3 

10 40 40 

• Fertilizers 0-60-60, 20-40-40, and 40-40-40 were applied to oats two yean before corn; 
10-40-40 were applied to corn in the hill at planting time. 

it did with oats and hay. Effects were 
not consistent, and differences could not 
be considered significant. Lime on the 
fertilized plots also had variable effects, 
with no consistent increase in yield with 
increase in rates of lime. On the av
erage, lime increased corn yields from 
3 to 4 bushels per acre. 

A large response to hill-applied fer
tilizer was obtained. More than 27 bush
els per acre increase was obtained when 
a 5-20-20 fertilizer was used in the hill 
at planting time. Doubling this rate of 
application did not increase yields cor
respondingly and decidedly was not 
an economical application. There was 
very little residual effect of phosphate 
and potash applied two years previously 
to oats. 

The methods of applying ferti lizer 
the liming and fertilizer 
permits a comparison of systems of 
tilization. There are two schools 
thought in regard to fertilizer 
tion. One advocates applying all 
fertilizer at one time in the rotation 
one crop, the following crops dependinll 
on residual availability for their 
of nutrients. The other school 
dividing the allotment of fertilizer, 
plying some to two or more crops in 
rotation. 

There may be some situations 
which the former method of appl 
would prove best, but on the 

Table 31. Effect of fertilizer applied on grain only or divided between grain and corn on 

of oats. legume hay. and corn in a 3-year rotation 

Treatment• 

Nitrogen Phosphat .. Potash Oats Hay 

(pounds per acre) 
(bushels 
per acre) 

(tons 
per acre) 

None None None 43.8 3.00 
0 60 60 (on oats) 42.1 3.50 

20 40 40 (on oats) } 
plus 48.4 3.50 

5 20 20 (on com) 

40 40 40 (on oats) l 
plus 50.5 3.49 

10 40 40 (on corn) 

• Fertilizer treatments on oats were broadcast before seeding; fertilizers for corn were applied iD 
hill at planting time. 
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32
• Approximate cost of fertilizers and net returns per acre from fertilizers applied on 

!Gille grain only or divided equally between grain and corn 

- Treatment 
--phosphate 

(pounds per acre) 
None 

Potash 
Approximate 

cost 

Value of 
crop increase • 

Approximate 
net return 

,._ 
0 

JO 

s ., 
10 

60 

40 
plus 

20 

40 
plus 

40 

None 
60 (on oats) 

40 (on oats) l 

20 (on com) J 
40 (on oats) l 
40 (on corn) 1 

(dollars per acre) 

10.80 10.75 None 

14.30 39.50 25.20 

21.50 41.55 20.05 

~11 valued at 50¢ per bushel. hay $20.00 per ton, and corn $1.00 per bushel. 

of Kasson-Skyberg silt loarns on which 
the lime and fertilizer experiment was 
conducted, the second method gave bet
ter rt-sults (table 31). The yield figures 
in table 31 are averages for · 5 years 
results on oats and corn and 4 years 
results on hay. (Actually this is not a 
true comparison to the extent that some 
nitrogt-n was added when the fertilizer 
was split between two crops rather than 
applied as a single application.) 

The use of phosphate and potash 
alone gave no increase in oat yields, 
but actually resulted in a small decrease 
which may not be significant, even 
though a decrease was reported in 4 
years out of 5. Hay yields were in
creased one-half ton with the 0-60-60 
fertilizer, but little residual effect was 
obtained on the following corn crop. 

By adding some nitrogen and reduc
ing the amount of phosphate and potash 

Fig. 18. Poor drainage has aUected the com on this field. 
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Fig. 19. Fertilization may have large effects on 
the roots of plants. The hill of com on the right 
had been fertilized. 

on the grain, a small increase in oats 
resulted, and the same increase was ob
tained in the hay crop. When the appli
cation of 20 pounds per acre each of 
phosphate and pota~sh, which did not go 
on the grain was applied directly to 
corn, an increase of 27.2 bushels per 
acre resulted. By doubling the rate of 

fertilizer in the hill only a slight 
crease was obtained. 

The values of the crop increases 
given in table 32. The difference 
tween fertilizer cost and value of 
increase was used as the net 
recognizing that this would be on 
approximate figure. The use of 
phate and potash gave no return 
value of crop increase being about ' 
to the fertilizer cost. The most 
able arrangement was to split the 
tilizer between grain and corn and 
only 100 pounds per acre of 5-20-20 
the hill; the fertilizer in this comh:-
tion paid for itself almost twice 

Until the contrary can be conclu
sively demonstrated, the most ec

0
• 

nomical use of fertilizer would 
appear to be moderate amounts ap. 
plied to individual crops based 
upon the deficiencies of the soU 
and the particular requirements of 
the crop. 

INFLUENCE OF LIME ON NITRATE FORMATION. 
pH, AND EXCHANGEABLE CATIONS IN THE 

f ROM A PRACTICAL standpoint, the 
most important information from a 

liming experiment is the effect of lime 
on crop yields. Yet it is also important 
to know how lime affects soil proper
ties. At the same time that the effect 
of lime on crop growth and yield was 
studied, the soils of certain plots were 
systematically sampled and analyzed 
for nitrates, pH, and exchangeable 
bases. 

NITRATE FORMATION 

Laboratory experiments at the Uni
versity of Minnesota and other experi
ment stations have shown that liming 
acid soils increased nitrate formation. 
One of the end products of organic 
matter decomposition in soils is the 
nitrate form of nitrogen, the principal 

')n 

form in which nitrogen is used 
plant. 

The liming experiment provided aa 
opportunity to determine under field 
conditions whether lime increased ni 
trate formation. To study this probJ-
one series of unfertilized lime plots 
each replicate was left uncropped. 
ples of soil to a depth of 2 feet 
taken about every 2 weeks from 
until fall and nitrate nitrogen was 
termined in these samples. Results 
given in table 33. 

On May 2 the nitrate content of 
soil was low and differences bet 
rates of liming were small. By J une 
organic matter decomposition 
speeded up and nitrates hqd started 
accumulate. Also by this time lime 
beginning to have some effect. By 
12, the 4 tons of lime had siJ<nificamJJ 

Je 
33

• Effect of different amounts of lime on nitrate content of Eoil of the 0-to 6-inch depth 
1'Gb of a fallowed soil 

Nitrate content of soil on 
May 2 June 14 July 12 Aug. I Sept. 6 Oct. 4 

J.bll• 
(lOIII per acre) 

(pounds per million of soil)• 

0 
2 
4 

40 
38 
41 
41 

68 
7S 
8S 
61 • ,, 40 83 

J,.S.D .. s percent level. -42 pounds per million 

76 113 
!OS 130 
122 
108 
113 

142 
137 
!09 

231 117 
2S3 119 
268 14S 
234 144 
289 132 

; An acre of soil 6 inches thick weighs 2 million pounds. 

mcrcased the nitrate content above the 
unlimed. The very high levels of nitrate 
that can be attained in an uncropped 
soil are shown in the figures for Sep
tcmbPr 6. By October 4 this high level 
had decreased, but nitrate was still 
present in substantial amounts and dif
ferences from lime were still evident. 

Table 33 shows that lime can favor 
ably influence the amount of nitrate 
produced in the soil. Later this bulletin 
shows that the nitrogen content of oats 
from limed plots was greater than that 
from unlimed ones. 

A growing crop makes use of the ni
tra!P formed in a soil very rapidly 

table 34). 
In June and July there were large 

demands of the crops for nitrogen, and 
mtrate m the soil was down to a low 
Jen•l. By October 6 an increase of ni
tratt· is noted. 

SOIL REACTION (pH) 

Laboratory experiments with nutrient 
solutions have demonstrated that plants 
can grow in solutions of pHs between 
4 and 8 if all essential nutrient elements 
are supplied. Because it is not practical 
to ft·t·d a plant in the field as it can be 

done in the laboratory, it is better to 
adjust the pH in the soil to the point 
at which maximum availability of nu
trients occurs. 

Extremes of pH in the soil are detri
mental to plant growth because of the 
effect of such reactions on essential 
nutrients. In acid soils such essential 
elements as nitrogen, phosphorus, cal
cium, and magnesium are either present 
in insufficient amounts for normal 
growth or they may be in a form large
ly unavailable to plants. In basic soils 
other essential nutrients like iron, man
ganese, and boron may be deficient. The 
optimum pH desired in the soil for good 
plant growth is one slightly on the acid 
side, in the range of pH 6.5 to 6.8. 

The changes in the pH of the soil at 
various depths and with different 
amounts of lime on Kasson-Skyberg silt 
loam are shown in table 35. Some 
changes in the pH of the 0-6 inch soil 
section for different amounts of lime are 
apparent for the first year, in 1949 (lime 
having been applied in the fall of 1948) . 
The acidity was lower ed with increasing 
amounts of added lime. 

It was not until the third year after 
liming, however, that the effects of lime 
seemed to have reached a maximum. 

Table 34. Nitrate content. at intervals from May to October, in a s oil cropped to oats 

Depth of soil May 23 June 8 
Nitrate content of soil on 

June 20 July I July IS Oct. 6 

!lach•a:! (pounds per million of soil) 
0-6 . -- --······ .. 36 20 5.8 4.5 3.4 9.6 
6-12 ... - --·-· 23 16 4.8 3.8 2.1 4.6 

12-24 10 8 3.5 3.2 1.6 1.5 
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Table 35. Changes in p H of various depths of soil under different amounts 

a 4-year period 

Years after liminq-

Lime 1 2 3 4 1 2 3 4 1 2 

0-6 inch depth 6-12 inch depth 

(tons per 
acre) (soil reaction as pH) 

0 5 .5 5.5 5.7 5.7 5.2 

2 5.7 6 .0 6.4 6.4 5.2 

4 5 .8 5 .9 6 .2 6.4 5.2 

8 6.0 6.3 6.7 6.8 5.3 

16 6.4 6.7 7.1 7.2 5.7 

At the end of 4 years all lime rates had 
increased the pH considerably, the 
change progressing with increase in 
rate except for the 4-ton application. 
Rather surprising is the failure of the 
2- and 4-ton lime rates to affect the pH 
in the 6-12 inch layer of soil. There 
was no change with time either, the pH 
being the same 4 years after application 
as the year following. The 8-ton lime 
rate increased the pH slightly, but a 
noticeable change occur-red when 16 
tons per acre were applied, and the 
change was as great the first year as 
the fourth year after application. 

Only the 16 tons rate brought about 
any change in pH of the 12-24 inch 
depth, and the influence seemed to be 
getting less with time rather than 
greater. 

5.2 5.2 5 .2 4.9 5.0 4.9 
5.3 5.3 5.2 4.9 5.0 4.9 
5.2 5.1 5.1 5.0 5.1 4.9 
5.4 5.3 5.3 5.0 5.1 4.9 
5.9 5.6 5.8 5.3 5.4 5.2 

On a soil like this it would 
that amounts of ground dolomitic 
stone as low as 2 tons per acre 
change the pH to a satisfactory 
but it will take several years to do 
and the effects will be confined to 
top few inches of soil. It will take 
least 8 tons of lime to change the 
appreciably in the top foot of soil. 

EXCHANGEABLE CATIONS 
IN THE SOIL 

As part of the study to 
effect of lime on soils, samples of 
by 3-inch sections from the unlimed an4 
from the 16-ton lime plots were takea 
and analyzed for total exchange capac. 
ity and the amounts of calcium, mq. 

Fig. 20. If your pastures look like this, they need nitrogen. The nitrogen in animal droppings 
spotty added growth in this pasture. 

:.l?. 

aesium. potassium, and hydrogen on 
the exchange complex. From these data 
,as calculated the percent of exchange
able calcium, magnesium, potassium, 
and hydrogen, . an~ the percent base 
saturation (which 1s the percent of the 
total exchange capacity made up of 
calcium. magnesium, and potassium). 
These figures are shown in table 36. 

When percentage base saturation fig
ures for limed versus unlimed plots are 
considered, it can be seen that 16 tons 
of lime have increased the percent base 
saturation down to one foot the first 
year after sampling and this was main
tained if not slightly increased the next 
2 years. This is evidence that calcium 

and magnesium have gone on the ex
change complex and replaced hydrogen. 
The ci.etail of the changes taking place 
can be seen by examining the columns 
under percent of exchangeable cations 
as calcium (Ca++), magnesium (Mg++), 
and hydrogen (H•). With only one ex
ception, the percent exchangeable cal
cium and magnesium in corresponding 
years and depths of soil were higher 
in the limed than the unlimed soils. As 
the percent of calcium and magnesium 
increased, so did the exchangeable hy
drogen decrease in the limed soils. The 
addition of dolomitic limestone to the 
soil had no apparent effect on ex
changeable potassium on this soil. 

Table 36. Total exchange capacity. percent base s aturation, and percent of exchangeable 

cations. calcium. magnesium, potassium. and hydrogen in limed and unlimed soils 

Total exchange Exchanqeable cations Base 

Treatment Depth ca~acity Ca++ Mg++ K• H + saturation 

(m .e . per 
(inches) 100 gm. soil) (percent) 

Fall 1949 

Noa• ~· ..... 0-3 20.3 50.2 19.1 0.7 

3-6 20.5 51.4 20.0 0.7 

6-9 20.8 52.1 22.0 0.8 

9-12 24.5 51.4 20.4 0.9 

30.1 69.9 
27.8 72.2 

25.1 74.9 
27.4 72.6 

u-· - - 0-3 20.3 54.3 24.6 0.7 

3-6 20.2 52.7 21.8 0.7 

6-9 19.6 52.9 23.8 0.8 

9-12 21.9 52.9 23.8 0.8 

20.4 79.6 
24.8 75 .2 
22.5 78 .2 
22.5 77.5 

Fall 1950 

Noa• 0-3 18.9 55.5 25.1 0.6 

3-6 19.2 49.0 19.1 0.6 

6-9 20.5 50.2 19.7 0.7 

18.8 81.2 
31.3 68.7 
29.3 70.7 

9-12 20.9 49 .5 20.1 0.3 30.1 69.9 

u..· - 0-3 22.2 59.3 31.0 0.6 

3-6 21.4 61.1 24.6 0.6 
9.1 90.9 

13.8 86.2 

6-9 20 .4 51.5 25.2 0.6 22.8 77.3 

9-12 20 .1 48.9 22.8 0.3 28.0 72.0 

Fall 1951 ... ....... 0-3 20.9 50.1 22 .5 0.8 26.6 73.4 

3-6 ......... ·······- ·-···· ........ 
6-9 21.9 45.9 19.6 1.1 33.5 66.5 

9-12 25.2 48.7 20.0 1.1 30.2 69.8 

u..· 0-3 21.7 57.0 28 .8 0.7 13.6 86.4 

3-6 ......... ...... ··-·· 
6-9 20.1 Sl.2 22.8 1.1 24 .9 75.1 

9-12 25.1 51.5 22.5 1.2 24.9 75.1 

'lbtMn tons per acre applied in the fall of 1948. 
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EFFECT OF FERTILIZERS AND LIME ON THE 
CHEMICAL COMPOSITION OF CROPS 

OATS 

When the experiment on rates of 
liming was started in 1948, the purpose 
was to determine not only how lime 
affected the yields but also how it af
fected the composition of the grain. It 
was known from investigations con
ducted elsewhere that nitrates are used 
by a crop nearly as fast as they are 
formed, so determinations of nitrates in 
the soil under oats would not be ex
pected to show much differences due to 
lime. However, if limed soils were pro
ducing more available nitrogen, the 
plant would contain more of it. 

The nitrogen content of oat plants at 
various stages of grq_wth as affected by 
different rates of liming is shown in 
table 37. The data show that lime in
creased the nitrogen content of the 
plants. The nitrogen content did not in
crease with the increase in rate of lime 
application. When 4 tons of lime per 
acre were used the effects seemed to 
level off. The young plants, represented 
by the June 14 sampling, were high in 
nitrogen content, but the plants sam
pled on July 12 when the oats were 
mature had considerably less nitrogen. 

Fertilizer Effect on Nitrogen 

Samples of oat plants from the fer
tilized plots in the lime and fertilizer 

Table 37. Effect of different rates of liming on 

amounts of nitrogen in oat plants a t various 

stages of growth 

Lime 

(tons per acre) 
0 
2 
4 

Nitrogen in oat plants on 

June 14 June 28 July 12 

3.70 
3.72 
3.94 
3.82 
3.83 

(percent) 
1.17 
1.23 
1.28 
1.30 
1.22 

1.15 
l.J7 
1.25 
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study were analyzed for nitrogen 
tent (table 38). 

Plants on the phosphate-potash 
had less nitrogen than the 
plots in the early stages of growth, 
there was no effect from this fprt;H-

in mature plants. The use of 40 
of nitrogen per acre brought about 
nificant increases in the nitrogen 
tent of oats at all stages of 
sampled. 

Table 11 shows the yield of oats from 
fertilizers with different ratios of nitro., 
gen to phosphate and potash. l\T;•---· 

was determined on the grain 
plots grown on the Skyberg silt 
field 1. The results are shown in 
39. 

A 20 pound rate of nitrogen was 
sufficient to maintain the nitrogen 
tent at the level of the 
grain when there was a yield increue 
of 13 to 15 bushels per acre (table 11) 
With higher rates of nitrogen there 
enough of this nutrient to give 
stantial yield increases and also 
creases in the nitrogen content of 
grain . 

The 80 pounds of nitrogen plus phos
phate and potash increased the yield by 
51.4 bushels per acre and the 
weighed 32.3 pounds per m 
bushel. The total increase in 
tributed to the fertilizer was 
pounds per acre. Inasmuch as this 

Fiq. 21. A field in poor tilth. 

I 38 Effect of fer tilizers on nitro gen content of oat plants at various stages of growth 
tab• . 

Treatment 
Phosphate 

None 
2n 

Potash 
None 

20 

had ;1 nitrogen content of 2.12 percent, 
35.2 pounds of the original 80 pounds 
of nitrogen applied was recovered in 
the grain alone. 

LEGUME HAY 

Phosphorus Content 

To determine the residual phosphorus 
~ffect of different phosphates using 
radioactive superphosphate it was nec
essary to analyze the hay for total phos
phorus (table 40). 

All phosphates except the colloidal 
phosphate and the other rock phos
phates significantly increased the phos
phorus content of the hay above the 
unft-rtilized. There were no significant 
dtfft•rences between the rock phosphates 
or bt>twen the phosphates that contain 
their phosphorus in a more available 
form These analyses demonstrate a 
valut> that is often overlooked when 
crops are fertilized, i.e., the increased 
fet•dmg value of the crop brought about 
by mercased nutrient content. 

CORN 
Chemical Composition 

Too often the value of a fertilizer for 
corn has been judged solely on yield 

Nitrogen in oat plants on 
June 14 June 28 July 12 

3.71 1.16 1.15 
1.13 1.15 

increases, and other effects on the grain 
have been ignored. One of the important 
results that fertilizer might have be
sides increasing yields is some influence 
on the chemical composition of the corn. 
Grain from some of the plots which 
were set up to give information on fer
tilizer ratios was analyzed for nitrogen 
and phosphorus (table 41). 

The data show that nitrogen alone 
and nitrogen and potash together had 
the greatest effect -on the nitrogen con
tent of grain. This field was low in 
phosphate, and when it was not added 
yields were poor or poorer than on the 
unfertilized land. Under these circum
stances any nitrogen that is added tends 
to build up in the plant. 

When phosphate was added the nitro
gen content of the plant was about the 
same as that on the unfertilized land, 
except for the nitrogen-phosphate 
treatment which caused a significant 
decrease. In this instance yields were 
increased to the point where the limited 
amount of nitrogen available for growth 
is rationed out to the more vigor ous 
plants and the nitrogen content goes 
down. It is at this point that added 
nitrogen, such as a side-dressing, has 
an important bearing on the growth of 
the plant. 

Table 39. Effec t of different ratios of nitrogen to phosphate and potash on nitrogen content 

of oats (grain l on Sky berg silt loam 

lflhoqen 

0 

• II 
40 

• 10 

Treatments 

Phos.,hate 
(pounds per acre) 

0 
40 
20 
20 
20 
20 

Potash 

0 
40 
20 
20 
20 
20 
---
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Nitro::;en 

1.85 
1.78 
1.82 
1.90 
1.97 
2.12 

(percent) 

Increase or 
decrease 

-0.07 
- 0.03 

0.05 
0.12 
0.27 



Fig. 22. Corn needs a lot of nitrogen. The plants 
on the left had 60 pounds of nitrogen applied 
per acre. 

The content of nitrogen, phosphate, 
and potassium was determined in corn 
from fertilizer-ratio plots on Granger 
silt loam. The soil was very low in 
potassium as shown by the large in
creases in yield that were obtained 
when potassium was added in the fer
tilizer. When phosphate alone or phos
phate and nitrogen together were used 
the nitrogen content of the grain was 
reduced (table 42). 

The reduced nitrogen content of corn 
on the plots receiving the nitrogen
phosphate fertilizer shown in both ex
periments (tables 41 and 42) suggests 
that potassium may play an important 

Table 40. Effect of different phosphate fertilizers 

on phosphorus content of mixed lequme hay 

on Kenyon silt loam 

Phosphates• 

None 

Phosphorus Difference 

(percent) 

0.204 

Ordinary auperphosphate .... 0.257 0.053 

Concentrated superphosphate 0.246 0.042 

Calcium metaphosphate 0.262 0.058 

Liquid phosphoric acid ... ........ 0.256 0.052 

Fused tricalcium phosphate 0.245 0.041 

Colloidal clay phosphate 0.205 0.001 

Rock phosphate (H) ..... 0.221 0.017 

Rock phosphate 0.212 0.008 
L.S.D., 5 percent level _....... 0.027 

• All phosphates, except rock phosphate (H) which 
went on at 100 pounds of P.O. per acre, were 
applied at 40 pounds of P.Os per acre each year 
lor 6 years prior to the season in which the hay 
samples were taken for analysis. 
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Table 41. Effect of different fertilizers 

in the hill at planting lime on nitroge
11 

phosphorus content of the grain and the 

of com on Kenyon silt loam 

Fertilizer Nitrogen Phosphorus 

(percent) 

0-0-0 1.72 0.32 
16-0-0 !.87 0.34 

0-32-0 !.72 0.29 

0-0-32 1.76 0.34 

16-32-0 1.64 0.31 

16-0-32 !.80 0.32 

0-32-32 1.71 0.34 

16-32-32 1.72 0.32 

L.S.D., 5 per-
cent level .02 .02 

part in the nitrogen nutrition of croPI. 
When potassium was applied, the nitro. 
gen content of the grain was approxi. 
mately equal to or better than that 
unfertilized even though yields were 
increased. This attests to the good nitro. 
gen supply in this soil which had been 
in clover the year before the corn crop. 

The phosphorus content of the grain 
was not affected significantly by 
of the treatments. 

Fertilizer may affect not only the 
yield of crops but their compositioD 
as well. A good fertilizer program 
will consider the differences in nu· 
trient requirements of different 
crops as well as soil deficienci ... 
and will attempt to supply ferfil· 
izers with adequate amounts of 
plant food properly balanced in nu· 
trient content. 

Je 
42

• Effect of different fertilizers applied in hill at planting time on nitrogen, phosphorus, 

fGit and potassium content of qraln, and yield of corn on Granger silt loam 

SUMMARY 

1. The most effective fertilizer ratios for corn were 1-2-1, 1-1-2, 
1-2-2, 1-4-4, and 1-4-2. 

2. Best fertilizer grades for corn were 5-20-20 and 10-20-20; 5-20-
10 and 10-20-10 were less effective. A high level of potash in 
the fertilizer seemed to be a prime necessity. 

3. Under moisture conditions at the time of the experiments, up 
to 400 pounds of starter fertilizer could be used in the hill for 
corn if placed so there was no seed contact. The most economi
cal rates lay between 100 and 200 pounds per acre. At these 
rates, fertilizers usually paid for themselves several times 
over. 

4. Corn yields increased with increases in plant population up 
to certain levels. Beyond this they declined because of fer
tility and moisture shortages. A combination of larger plant 
populations (up to 16,000 plants per acre) and adequate fer
tilization gave the best yields. The best combination of ferti
lizer rate and corn stand varied with the soil type. 

5. Nitrogen was the most important fertilizing element in in
creasing yields of oats and flax. Heavy oat straw induced by 
high nitrogen rates (80 pounds of nitrogen per acre) damaged 
legume stands, and extra weed growth encouraged by nitrogen 
on weedy fields reduced flax yields somewhat. 
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6. Ammonium nitrate and anhydrous ammonia, when properly 
applied, were about equal. 
ly effective in bringing 
about yield increases in 
oats. 

Fig. 23. A scene in Mower County. 

7. Fertilizer applied to flax 
produced extra yields of 
a companion crop of al. 
falfa only when the pH of 
the soil was 6.0 or above. 

8. Phosphates in which all 
the phosphorus was 
classed as available were 
more effective in bringing 
about crop increases than 
those having little readily 
available phosphorus. Or. 
dinary superphosphate 
and phosphoric acid were 
the most effective phos· 
phate fertilizers used. The 
phosphates that contained 
their phosphorus largely 

in an available (citrate-soluble) form also increased the avail
able phosphorus content of the soil. 

9. Crops responded to placement of large amounts of fertilizer 
on the plow sole. Residual effects of plow sole-placed nitrogen 
were found 3 years after application. 

10. Corn yielded nearly 8 bushels per acre more on fall-plowed 
than on spring-plowed land. 

11. Lime increased the yield of oats and legume hay on an un
fertilized acid soil, but effects of lime were not as great when 
a complete fertilizer was used. On the other hand, lime did 
not affect corn yields until fertilizer had increased yields from 
about 45 bushels to over 65 bushels per acre. 

12. Split application of fertilizer on the grain and corn of a corn
grain-hay rotation brought about greater returns (largely in 
increases in the corn crop) than applying all the fertilizer 
once in the rotation on the the grain crop. 

13. Lime increased the available nitrogen content of the soil. 

~R 

14. Two tons of lime raised the pH of an acid Kasson-Skyberg 
soil to a satisfactory level, but it took several years to do so 
and effects were confined to the top few inches of soil. It took 
8 tons of lime to change the pH appreciably in the top foot 
of soil. 

15. Sixteen tons of dolomitic limestone increased the percent 
saturation of the first foot of soil the first year after applica
tion, and this was maintained if not slightly increased the 
next 2 years. Greatest change took place in the top 3 inches 
of soil. 

16. Lime increased the nitrogen content of oats. 

17. A fertilizer containing only phosphates and potash did not 
affect the nitrogen content of the mature .oat plant, but a 
complete fertilizer did. The nitrogen content of oats increased 
with increase in nitrogen applications up to 80 pounds of 
nitrogen per acre, the highest rate used. 

18. The phosphorus content of mixed legume hay was increased 
by the use of fertilizer phosphates containing their phophorus 
in an available (citrate-soluble) form, but was not increased 
significantly by phosphates with little available phosphorus. 

t9. The composition of corn grain was changed slightly by the use 
of nitrogen, phosphate, and potash alone and in combination. 
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