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INTRODUCTION

The fact that some Michigan soils are deficient in soil potassium
for good legume growth has been partially demonstrated in previous years
by fertilizer field trials, greenmhouse pot experiments, plant tissue tests,
and soil analyses., A more complete investigation was needed, however, to
test the validity of the hypothesis that the cause of many low yields and
orop failures of alfalfa and other legumes is due to a lack of awvailable
potassium,

The importance of potassium in the mutrition of alfalfa and clovers
has been indicated by the work of many investigators, including Ames and
Boltz (2), Blair and Prince (5), Cook and Millar (10), Donaldson (11),
Gustafson (13), Hunter, Toth, and Bear (16), Prince (27), and Weathers (34).
BExperimental work in Michigan by Cook (8) and Millar (21) has shown that for
good legume growth, sandy soils need fertilizers having PsK ratios of 1lil,
132, or 113, while phosphate alone or fertiliszers containing phosphorus amd
potash in the ratio of 2 to 1 on the heavier loams and silt loams has proved
most beneficial, The present fertilizer recommendation (10) for the better
sandy loams where seedings may be made with or without a nurse crop is the
use of 300 to 400 pounds per acre of 0-12=-12, Fertilizer having the ratio
0=9=27 is advised for lighter soils where seedings should be made without a
murse orope Top dressing of alfalfa stands on sandy soils with 0-12-12 or
0=9=27 has been found to be profitable after the first ocutting of the seoond
harvest year, provided fertilizer was applied at seeding time. Subsequent

applications may be made every two years for the duration of the stand,
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8ince the use of field plat trials in experimental work covering a large
aumber of soil areas is both slow and expensive, correlation is needed between
soll properties and orop growth, Once information has been estat;lished
concerning the growth of legumes and such faotors as the supply of awvailable
soil potassium and calcium, better interpretation can be made of farmers'
problems of legume failures, and sounder recommendations can be given in
part on a soll type basis for possible correction and solution. 8uch relation-
ships can be obtained in one wa.y by sampling many problem areas and making
intensive greenhouse and laboratory tqata on both soils and plants.

The object of this investigation was to determine the supply of avail-
able potassium and the soil factors influencing the supply in some Michigan
soil types, and to compare the legume growth with the soil properties of
samples takén from those soils, The study has been divided into four
sections,

1, The collection and analysis of soil and plant samples from good

and poor alfalfa fields in western Michigan,

2., Greenhouse pot tgcts on the growth of alfalfa under controlled
mitrient and moisture supply, using soils from known field
locations.

3, Investigation of the relation between available soil potassium
and the chemical composition of field beans grown in eastern
Miochigan.

4. The influence of oropping and fertilization on the potassium

equilibrium in some major Michigan soil types.



S.
SECTION I. SOIL AND PLANT ANALYSIS

In previous years, many reports have come from farmers in western
Michigan to county agricultural agents and soils extension specialists
indiocating difficulty in growing and maintaining alfalfa and clovers.

This area includes the sandy soils extending from the Straits of Mackinac
to the southern boundary of the state. In some cases no benefits were
reported from tho use of lime and fertilizer. The fact that the content
of minor elements as well as available potassium tends to be rather low in
sandy soll and the degree of leaching high, might be a partial cause for
the unsatisfactory growth of legumes. An adequate supply of calcium is

of course a prerequisite for a legume program, but it is also possible that
overliming of such soils would make boron, manganese, tino, copper, and
cobalt unavailable to plants.

8ince legumes are extremely important in the crop rotation on the
lighter soils as soil building orops in lupply‘l;ng organic matter and nitrogen,
and in the production of hay and pasture, the problem of tho‘ establishment

and maintenance of alfalfa and clover stands is an important one.
Methods of Sampling

In the summer of 1940 and 1942 soils were collected from farms in
St. Joseph, Cass, Kalamazoo, Van Buren, Manistee, Benzie, Antrim, Kalkaska,
and Grand Traverse oounties f'or chemical analysis and greenhouse investigation.
The fields seleoted for study were located in general through the cooperation

of the county agents. Samples of solil were taken from fields having high
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yielding alfalfa stands and from fields where the stand was poor or had
failed to catsoh or to produce good orops of alfalfa, An attempt was

made to obtain these soils from good and poor fields on the same soil

type and from the same farm. In most cases it was necessary to obtain
samples of a soil type from several different farms. Criteria for eval-
uating good and poor alfalfa growth were visual appearance and farmers' reports
on the yield. A record of the past history of the field selected was
obtained from the farmer. This report included the nmunber of times alfalfa
had been grown previously on the area, the duration of each stand, and the
condition of each seeding and stand. The time, rate, and kind of fertil-
izing, mamring, and liming were also considered in the general orop
rotation,

For chemical analysis, two or three sets of profile soil samples were
taken at random in each field. Samples were generally obtained to a depth
of about three feet. Care was taken to avoid low wet areas and high
droughty knolls where oconditions for alfalfa growth were not consistent
with those of the general section of the field, The samples were air
dried and sieved through a two millimeter screen. The percentage of soil
in the sample passing the scoreen was calculated and the soil then stored
in glass oontainers.

The soil types collected, their series number and location, the ocon-
dition of the alfalfa stand, and the study or studies for which the soils

were used are given in Table 1.
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Table 1, The soil types, their series number, the location of
sampling, the condition of the stand or field, and
the study or studies for which these soils were used
Series Soil Condition of
number _type Loocation stand or field Study
| Plainfield C. Holtom Good laboratory
sandy loam 8t, Joseph Co, alfalfa
NE}, Sec. 22
T6S R11W
2 Plainfield H.O. Berkhold Poor Laboratory
sandy loam 8t. Joseph Co, alfalfa
NE} Sec. 28
6S R1lW
3 Plainfield R, Samson Poor Laboratory
loamy sand Van Buren Co. alfalfa and
NW} Sec. 13 greenhouse
T38 R13W
4 Fox sandy D. Dermott Good laboratory
loam St. Joseph Co. alfalfa
SWL: Sec. 12
T78 R12W
5 Fox sandy E.P, Wolf Fair to laboratory
loam 8t. Joseph Co. good alfalfa and
NE} Sec. 13 - greenhouse
T88 R11W
6 Fox sandy E.P., Wolf Poor laboratory
loam . 8t. Joseph Co. alfalfe and
NE} S8ec. 13 greenhouse
788 R11W
7 Fox sandy E.P. Wolf Poor Laboratory
loam St. Joseph Co,. alfalfa and
8E} 8ec. 12 greenhouse
788 R1IW
8 Fox sandy A, Huff Good Laboratory
loanm 8t. Joseph Co, alfalfa
SW Sec. 12
T8S R1IW
9 Fox sandy G, Swift Poor Laboratory
loen Cass Co. alfalfa
8E} 8ec. 30

768 R16W
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Table 1, (continmed)
“Series Soil Condition of A
mmber type Location stand or field Study
10 Fox fine A, Nower Good Laboratory
sandy loam Van Buren Co. alfalfa and
NW; 8ec. 25 greenhouse
T3S RISW
11 Fox sandy A, Nower Poor Laboratory
loem Van Buren Co. alfalfa and
SW} Sec. 25 greenhouse
T38 RISW
12 Fox loam J. Woodman Good Laboratory
Van Buren Co. alfalfe and
8%} Sec. 20 greenhouse
T3S R14W
13 Fox loam C. Billsborrow Fair Laboratory
Van Buren Co. alfalfa
NW: Sec. §
T38 R13W
14 Fax silt H, Lurkins Good Laboratory
loam Van Buren Co,. alfalfa
8W% Sec. 29
T3S R14W
15 Colome W.A. Cook Good Laboratory
sandy 8t. Joseph Co. alfalfa
loam NE} Sec. 36
178 R1IW
16 Coloms W.A. Cook Poor Laboratory
sandy 8t. Joseph Co, alfalfa
loam NE Sec, 38
T78 RI11W
17 Coloma B. Fee Fair laboratory
sandy Kalamagoo Co, alfalfa
loam SE% Sec. 6
T38 R12W
18 Bellefontaine L. Huff Good laboratory
sandy loam Cass Co, alfalfa
8B Sec. 27
T68 R1SW
19 Bellefontaine M, Whipple Poor Laboratory
sandy loam Kalamazoo Co. alfalfa
NB} Sec. 27

T1S ROW
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Table 1, (continued)
“Berles 8ol Condition of
number type Location stand or field Study
20 Bellefontaine L. Cronkite Poor Laboratory
sandy loam Kalamazoo Co, alfalfa
SE} Sec. 20
718 Rllw
21 Warsaw H, Stears Poor Laboratory
loam 8t. Joseph Co. alfalfa and
SW} Sec. 29 greenhouse
T78 R11W
22 Warsaw H, 8tears Good Laboratory
loam 8t., Joseph Co, alfalfa and
8W} Seo. 32 greenhouse
T78 R1IW
23 Warsaw W. Binghem Poor Laboratory
sandy Kalamagoo Co, alfalfa
losm SwW} Seo. 25
I38 R12W
24 Eume © L. lutsz Poor Greenhouse
loamy Manistee Co. alfalfa
sand SW} Sec. 26
T23N R15W
25 Emmet W. Lindeman Fair Laboratory
sandy Manistee Co. alfalfa and
loam NW} Sec. 17 greenhouse
T23N R1SW
28 Emme t A.J. White Good lLaboratory
sandy Benzie Co. alfalfa and
loam NW} Sec. 15 greenhouse
T27N R13W
27 Emmet F, Armstrong Fair Laboratory
sandy Kalkaska Co, alfalfa and
loam SW} Sec. 8 greenhouse
T27N R6W
28 Bmme t R. Brown Fair Greenhouse
sandy Kalkaska Co, alfalfa
loam 8w} Sec, 18
29 Kalkaska F. Wakley Poor laboratory
loamy Bensie Co, alfalfes and
sand SWi Sec. 27 greenhouse

I2TN R6W



8.

Table 1, (continued)
Series Soil Condition of
number type Location stand or field Study
30 Kalkaska C. Browm Poor Leboratory
sandy Kalkaska Co. alfalfa and
loam NW} Sec. 4 greenhouse
T27N R6W
31 Mancelona K. Derror Poor Laboratory
sandy Antrim Co,. alfalfa and
gravelly NE Sec. § greenhouse
loam T29N R6W
32 Onaway G, Steiner Good Laboratory
sandy Antrim Co, alfalfa and
loam NE} Sec. 4 greenhouse
T29N RSW
33 Onaway Jo Kratchovil Good Greenhouse
sandy Grand Traverse Co. alfalfa
loam NE% Sec. 24
34 Miami M, Pasoo Poor Laboratory
loam S8hiawassee Co. beans
V=47 2 mi. N‘ ’
Owosso
36 Conover M, Petell Good Laboratory
loam Shiawassee Co. beans
M=47 4 mi, N,
Owosso
36 Oshtemo C. Rouake Poor Laboratory
loamy S8aginaw Co, beans
sand 2 mi, B, of
Oakley
37 Kawkawlin F, Sabo Poor Laboratory
sandy Saginaw Co. beans
loem M=13 10 mi,
8., Saginaw
38 Brookston Sugar Compeny Good lLaboratory
silt loam S8aginaw Co, beans
4 mi, B, of
Saginaw
39 Gilford D, Mitchell Poor Laboratory
sandy Tuscola Co. beans
loam 2 mi, N. of

Fairgrove
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Table 1. (concluded)
Series 8oil Condition of
mumber +type Location stand or field Study
40 Mami Fo Kennedy Poor Laboratory
loem 8anilac Co. beans
M-53 E, and
S. CAII City
41 Brookston N. Gilmore Good Laboratory
silt loam Tuscola Co. beans
42 Gilford P, Kruse Fair laboratory
sandy Tuscola Co, beans
loam 4mi, W, of
Unionville
43 Miaml Jeo Dillman Good Laboratory
loam Tuscola Co. beans
2 mi, W, of
Cass City
44 Brookston H, Armbruster Poor Leboratory
loam Huron Co, . beans
4 mi, N, of
Unionville
46 Conover L. Austin Poar Laboratory
loam Clinton Co. beans

M-21 12 mi, W,
8¢, Johns
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Alfalfa plant samples were collected in the spring of 1941 from the
above locations where it was possible $o0 do so., The plants were selected
at random over the field. No attempt was made to obtain the roots. After
drying the plant material in an oven at 656° Cey it was ground for chemical
analysis,

Methods of Chemiocal Analysis

Partial chemical analysis of the soils included base exchange capacity,
reaction, exchangeable calscium, magnesium, and potassium, and available
phosphorus, The base exchange capacity was determined according to the
method of Chapman and Kelly (7). Agitating the soil suspensions in flasks
in a shaking machine was substituted for the 15 hour digestion period,
Exchangeable calcium, magnesium, and potassium analyses were made on
ammonium acetate leachates of soil samples. The leaching solution was
made up as described by Schollenberger and Dreibelbis (29) and a ratio of
10 to 1 of solution to soil was used. The soil suspension was shaken 30
mimites, filtered under suction, and the soil washed on the filter with
four 50 oc. portions of leaching solution, Tests showed that 15 to 30
mimites of agitation of the sandy soil suspensions would remove amounts of
bases comparable to digestion or percolation procedure lasting 12 to 24
hours. The filtrate was evaporated to dryness and the organic matter
destroyed. Gentle ignition was used to decompose the acetates, and the
resulting residue was taken up with dilute HC1l and the solution filtered.

This solution was analyzed for calcium by preoipitating the oxalate,

dissolving it in dilute sulfuric acid, and titrating with standard
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potassium permanganate. Magnesium was determined gravimetirically on the
filtrate and washings of the calcium determination using the organic
precipitant, 8-hydroxyquinoline, as outlined by Kolthoff and Sandell (18).
Before preciplitation, the oxalate ion was destroyed as suggested by
Alexander and Harper (1), After destroying the excess hydroxyquinoline
by ignition, potassium was determined gravimetrically as the chloropletinate
on the filtrate and washings from the magnesium eanalysis, Available phos-
phorus was determined by Truog's (30) method using a Duboscq colorimeter
for color comparison, Measurements of pH ware made using Spurway's "Soil-
tex" indicator and the glass electrode.

The analysis of plant materials was carried out by ashing from 2 to
6 grams of finely ground tissue, moistened with 1 to 10 sulfuric acid, in a
muffle furnsce at 350° C. for 12 hours. The ash was taken up with 1 to 5
hydrochloric acid and the silica dehydrated by eveporating the residue to
dryness on the steam bath, The residue was then redissolved in dilute HCl
and NH4GH added dropwise until a precipitate formed which could be dissoclved
on stirring. The solution was heated nearly to boiling and NE, CH added
to precipitate the iron, alumimum, and phosphorus in the sample. The
precipitate was filtered of f at once and washed with hot water until free
of ammonium ions., From an aliquot of this filtrate, calcium was determined
as the oxalate, Magnesium in the filtrate and washings of the calcium
analysis was determined gravimetrically as magnesium quinolate after the
oxalate fon had been removed, The potassium present in the filtrate and
washings of the magnesium analysis was precipitated as potassium chloroplatin-

ate and washed with 80 per cent ethanol according to standard procedure,
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Nitrogen analyses on the plant material were run using the Gunning-Arnold

modification of the Kjeldahl method,

Condition of Legume Stands as Related to Exchangeable Potassium

and Other Chemical Characteristics of Some Sandy Soils

On the supposition that there would be a difference in the chemical
characteristios of soils that supported good and poor legume growth, soil
samples from 26 good and poor alfalfa fields were analyzed for exchangeable
calcium, magnesium, potassium, available phosphorus, base exchange capacity
and reaction, The results of these tests are listed in Table 2, From
the date available, the per cent base saturation and the CaslMg/K fatio
were ocaloulated, 8inoce no total base determinations were made, only Ca,
Mg, and K are considered in the per cent saturation. There appears to be
quite a large variation in the content of elements present between profile
samples at certain locations. In some cases the differences between
samples in the same field were greater than between samples from different
fields on the same soll type.

In order to present a more comprehensive and condensed pioture of
the supply of plant nutrients, the mean of the analyses for all the soils
grouped as having good or poor legume stands for each chemical character-
istio is given in Table 3, The mean deviation and standard deviation
are presented to indicate the emount of dispersion of the analyses from

the mean,
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Table 3. The statistical analysis of some chemical
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characteristics of the top soil from 26
good and poor alfalfa fields in western

Michigan
t Condition 13 ] ] ] ] ]
Statistio s of : kK 1 cat Mg* : Base 1CadMg/K 3 pHt
s stand 3 : 3 s sats, & ratio
H] $ Me®e 3 Me®e 3 M,O,3 % E 8 PePoeMme
3 s 3 3 3 s ]
Mesan s good $ 0,18 31 6,20 s 0,76 ¢+ T7.1 1 36,2 3 22,1
: poor $ 0,10 3 3,60 3 0,65 ¢+ 69,4 32 50,4 3 18,7
: g : ] 3 ] s
Mean t good $ 0,06 s+ 2,03 1 0,26 s 5,93 11,6 s 6.0
deviation : poor $ 0,03 ¢+ 1,30 s 0,30 ¢+ 11,1 ¢ 18.2 : 7,8
t s $ 3 g : :
Standard ¢ good 1 0,10 : 2,80 s 0,33 ¢ 7.9+ 15,9 s 7.8
deviation : poor $ 0,04 1 1,78 1 0,35 3 13,5 ¢+ 21,1 : 8.4
3 3 3 3 3 3 3
3 g 3 : : s
8ignificance between 3 3.5%%;3 4.1%%3 1,1 1 0,7 : 2,6%#: 1.2
means 3 3 3 3 3 3
#8ignificant to the 5% point.

ss8ignificant to the 1% point,

$Expressed in milliequivalents per 100 grams soil,

$+Average of only 15 fields,
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Of the elements for which analyses were made, only exchangeable
potassium and calcium were significantly different upon comparing good
with poor alfalfa fields, Soils supporting good legume growth were
slightly higher in replaceable magnesium and available phosphorus, and
had greater per cent base saturation and lower cu-ug/x ratios than samples
from poor legume stands. A significant difference between means at the
5 per oent point was found for the CasMg/K ratio.

. In general the soil below the surface layer designated as "profile"
in the samples studied contained smaller quantities of plant nutrients
as indicated by the mean value of the profile determinations in Table 4.
As the content of calcium, magnesium, and potassium fell off in the lower
portion of the solum, the reaction, base saturation, and co.&Mg/K ratio
decreased likewise., The fotal exchange capacity of the profile samples
decreased with inoreasing depth, but not in proportion to the lowered base
content, The amount of nutrients in the surface soil absorbed by alfalfa
plants as compared with those taken up from the lower portions of the
profile is not known, but Millar (20) has shown that alfalfa roots can
absorb appreciable quantities of plant food at depths below the surface
layer. However, it would seem that for most purposes an analysis of the
top soil will give about as accurate a pioture of the fertility of sandy

soils as an entire profile analysis,
Potassium

As shom in Table 4, there is a notable difference in the exchangeable

potassium of surface and profile samples when comparing soils from good
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Table 4. Partial chemical analysis of some sandy soils
as related to devth of sampling and condition
of legume stand
Plainfield sandy soils
H ] ] ] Base
Sample Ks 3 Ca* s CasMz/K s saturationss
depth s Good 3 Poor 3 Good 3 Poor s Good $ Poor 3 Good s Poor
3 3 ] 3
Top soil s 0,15 0.13 s 3.39 3.20 ¢+ 25.2 30.7 s 83.9 74.8
Profile s 0,14 0011 3 20‘9 1.91 2106 21.0 3 71.2 56 .6
Fox sandy loam soils
Top soil s 0.13 0.09 s 4.56 3.39 ¢+ 41,2 44.1 3 76,1 74.9
Profile 3 0014 0009 ] 3.21 2.41 3 28.0 32.5 3 65.0 63.4
Fox loam and silt loam soils
Top s0il 3 0,19  0.10 s 5.68  4.67 3 356.0 54.1 s 72.8  65.9
Profile 0.17 0,10 s 5,03 3,07 3 35,6 35.9 :+ 70,0 53.7
Coloma sandy soils
Top soil 3 0.15 0.10 s 1.32 2,06 ¢+ 11.6 23.5 3 64.3 62.1
Profile 3 0,14 0,09 s 1,09 1,47 ¢+ 10.3 18,2 3 62.6 62,0
Bellefontaine sandy loem soils
Top soil 0.14 0.10 : 7.80 3.76 3+ 65,9 64,1 :+ 81,0 61.6
Profile 0.14 0.07 : 4,18 3.286 ¢+ 38,9 45,6 1 75,9 64,3
Emmet sandy loam soils
Top soil s 0.1& 0,06 s 4.38  3.29 &1 40.9 79.2 31 173.3  83.0
Profile 1 0,10 0,06 s 3,08 2,29 3 34.8 65.0 3 69,68 7542
Warsaw sandy loam and loam soils
Top soll 1 0.47  0.14 112,02  6.20 1 28.4 54.2 1 87.1  58.6
Profile s 0,26 0.12 s 6.96 4,19 ¢+ 30.2 36.9 2 78,7 48,7

sExpressed in milliequivalents per 100 grams soil,
ssBxpressed in per cent,
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and poor alfalfa fields., With the exception of the Warsaw soils, the
potassium level of soils supporting luxuriant stands was about 0,15
milliequivalents per 100 grams as compared with 0,10 milliequivalents for
the poor fields. On the basis of the removal of from 40 to 70 pounds of
potassium during the growing season by alfalfa grown on sandy soils, it
is evident that a level of 75 to 80 pounds of exchangeable potassium in

sandy soils is insuffiocient to start or maintain a legume stand.

Calocium, Reaction, and Base Saturation

The exchangeable calcium content of soils having good legume stands
was distinctly higher than that of soils from poor fields in the case of
the Fox, Bellefontaine, Emmet and Warsaw soils, All fields sampled
that supported a good alfalfa growth ahéwed a reaction of pH 6,0 or higher,
while 7 of the 14 fields having poor legume stands tested below pH 6.0,

The per cent base saturation was higher in samples from the Plain=-
field, Bellefontaine, Warsaw, and Fox loam and 8ilt loam soils on which
alfalfa grew well than in soils from fields where growth was inferior,

The Coloma and Fox sandy loam soils presented little difference in per cent
base saturation for good or poor locations, while the opposite relation
was noted for the Emmet soils. In general it appears that sandy soils
having 70 to 76 per cent base saturation, when adequately supplied with
available potassium, will produce flourishing stands of alfalfa. Vander-
ford (32), in a greenhouse study on the effect of lime levels on legumes,
found increases in yield until a condition of 100 per cent base satur-

ation was reached, but these increases were not of a uniform magnitude.
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Under field conditions, it is not advisable to attempt to lime sandy soils
to complete base saturation.

Numerous experiments have been carried out by workers concerning the
effect of lime on the availability of potassium for plants. Many con-
flioting data have been published. Peech and Bradfield (24) consider -
this situation as the result of failure to evaluate properly the conditions
under which the experiments were carried out. They believe that additions
of lime to acid soils containing neutral salts will decrease the potassium
concentration in the soil solution, depending on the initial degree of
base saturation. In the absence of neutral salts in acid soils, potassium

will be liberated by moderate applications of lime,

CadMg/K Batio

Upon comparing the data in Table 4, the Ca+g/K ratio was found to
be definitely lower for soils from the better legume stands in the case
of the Coloma, Emmet, Warsaw, and Fox loam and silt loam soils, and slightly
lower in the Plainfield, Bellefontaine, and Fox sandy loam samples, For
the sandy soils studied, it appears that a ratio higher than 25 to 30 is
indicative of the inability of a soil to produce good alfalfa stands,
while in the sandy loam and loam soils, Ca-Mg/K ratios of 46 to 50 or

higher are synonomous with poor legume growth.

Phocggorua

The date in Table 3 indicate that the dilute acid soluble phosphorus
content of soils from good and poor legume stands is almost the same,

Truog (31) set an arbitrary limit of 50 pounds per aore of available phos-
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phorus as the amount necessary for general farming on the sandy soils of
Wisconsin, In this study, the mean of the phosphorus determination of
all soils from good alfalfa fields was about 456 pounds per acre in the

surface layer,

Relation Between Condition of Legume Stand and

Chemical Composition of Plants

A partial chemical analysis of alfalfa plants from good and poor
alfalfa stands in western Michigan is presented in Table 5, Calcium,
magnesium, and potassium were determined separately on the leaves and stems,
while analyses for nitrogen were made on the entire top of the plant. No
attempt was made to analyze the roots. dix poor stands and four satis-
factory stands were selected on five representative soil types. All poor
fields exhibited medium to strong potash starvation symptoms, except
series 7, where the alfalfa had failed to produce a stand, The alfalfa
at series 5, 10, 12, and 22 was vigorous and healthy,

The per cent nitrogen in the alfalfa tops varied considerably, and
no definite correlation was found between the nitrogen and potash plant
content. Millar (22) found a low positive correlation between the per cent
nitrogen and potassium in a large number of legume hay samples grown in
Michigan, Total protein was undoubtedly higher in those stands having
normsl growth and consequently greater yield.

In general, the alfalfa from poor fields tended to be higher in
calcium end magnesium than that from good stands, with the leaves containing

the greater amount of each element, The inverse reletion between the
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Table 5, Partial chemical analysis* of alfalfa sampled
from good and poor alfalfa stends in southwestern
Michigan in June, 1941

80il type Condition s Part 3 s 3 :
and ] of 1 of tNitrogens*s Ca0 : MgO 3 KZO
nmumberks 3 stend s plant ] 3 [
] 3 t per cent s per 3 per 3 per
: g ] t cent & ocent 3 cent
s t : 3 s 1
Plainfield sandiPoor alfalfa standileaves 1 g8 3,01 ¢ 0,42 ¢ 0,95
) ] E H 3455 H H] ]
Series 3 1K deficiency s : : 3 3
3 symptoms 1Stems 3 $ 1,356 ¢ == 3 1,12
: g 3 3 3 ]
: ' : 3 g 3 3
Fox sandy loam 3Fair alfalfa standi:leaves 3 t 3.45 2 0,55 1 1.42
3 : 3 3.78 3 3 L]
Series § s iStems 1 s 1,28 3 0.45 s 1.56
3 3 3 3 3 )
s s 3 3 3 :
Fox sandy loam 3:Fair to poor s 3 3 L] :
t alfalfa stand :Leaves : 3 3.35 3 0.60 3 0.87
g 1 3 4,02 ] ] :
Series 6 tK deficiency t : 3 2 :
] symptoms tStems t 1 1,35 3 0.49 3 0,68
3 : : : : 3
3 3 g s 3 3
Fox sandy loam sYoung alfalfa g 3 s s :
s stand failed tleaves 3 t 3.44 1 0.65 3 1,04
] g ] 3435 H] ] ]
Series 7 s1Stunted growth sStems 3 s 1,48 s 0,57 3 0,90
3 3 3 3 3 3
s 3 3 3 3 3
Fox fine t ] ] ] ] ]
sandy loam 1Good alfalfa standileaves t 2,78 2 0,49 3 1,68
s : 3 3.88 3 ] E
Series 10 : 1Stems 3 $ 1,23 2 0,40 s 1,73
3 ) 3 3 3 3
3 ] 3 3 3 ]
Fox sandy loam :Poor alfalfa standileaves 3 3 3.84 s 0,62 3 0,61
H ] st 3.7 3 ] 3
Series 11 3K deficiency : 3 ] 3 ]
3 symptoms 1Stems H t 1,82 3 0,66 s 0,76
) 3 3 : 3 :




ch —— ——-




29.

Table 5. (continued)
8o0il type Condition ¢ Part 3 g L]
and 3 of s of sNitrogen®*s CaO 3 MgO 3 Kzo
mmbe rss* 3 stand ¢ plant : s 3
] ] s per cent 3 per s per 3 per
] ] ] s centy cent: cent
f 3 3 3 1 2
Fax loam 1Good alfalfa stand i:leaves t 2,253 0.55: 1,72
3 ] ] 4,26 s 3 ]
Series 12 s sStems 3 t 0,723 0.38: 1.89
3 3 3 3 3 3
3 3 3 3 ) 3
Warsaw loam tPoor alfalfa stand :leaves t 2,873 0,463 0,90
3 3 3 3.90 ] 3 ]
Series 21 1K deficiency 3 : 3 t 3
3 symptoms sStems 1 t 0.,80: 0,363 0.67
) 3 3 3 3 3
3 P 3 3 P s
Warsaw loam 31Good alfalfa stand ileaves 3 3 2,693 0.,41s 2.47
3 3 H 2,54 3 ] H
Series 22 3 tStems 3 t 0,662 0,30: 2,50
3 : 3 ) T 3
? 3 t % 3 3
Warsaw sandy : 3 s E s 3
loam :Poor alfalfa stand 3leaves 3 3 2,83: 0,628 0,80
3 3 3 3.95 3 3 ]
Series 23 1K.deficliency 3 3 g : :
s  symptoms iStems 3 $ 1,153 0.54: 1,07
[} ) 3 L 3 3

#Chemical analyses made on alfalfa tops.

ssAnalyses made on leaves and stems together,

s*sDatea for each series given in Table 1,
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caloium and potassium content of alfalfa has been shown to occur in a
number of experiments by investigators (2) and (30) in studies on the minerel
content and requirements of legumes., 8ince it has been shown that the
exchangeeble calocium and magnesium ocontent of the soil from poor stands
was no higher, and in some cases lower, than the soill from good locations,
the higher content of these elements in potassium deficient alfalfa must
be explained on the basis that a low supply of available potassium in the
soil upset the physiological balance of cation absorption and a larger
proportion of calcium and magnesium was taken into the plants. According
to Pierre and Bower (26) the absorption of one cation is generally
depressed by a high concentration of others,

The correlation between the potash content of alfalfa and the condition
of the stand was high as seen by the scatter diagram in Figure 1. The
average potash content of the leaves of plants from poor fields was 0,86
per cent as compared with 1,82 per cent in the legumes from the four normal
fields., Likewlise the per cent KzO in the stems of deficient plants
averaged about 0,87 in contrast to 1.92 in alfalfa stems from good fields,
The fact that the stems of legumes are higher in potassium than the leaves
is generally known,

Tissue tests were made for potassium in alfalfa on locations 3, 6,

11, 12, 21, and 22 in the middle of May 1941, or about one month before
samples were taken for chemical analysis., Though the deficiency symptoms
were not as marked as a month later, the plants from series 3, 6, 11, and
2]l gave a low test for potash, while the test of vigorous alfalfa plants

from locations 12 and 22 showed high or adequate potassium,
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Figure 1, Socatter diagram showing relation
between per cent potash in alfalfa
leaves and the condition of stand
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The average potassium content of legume hays grown on the lighter
soils of Michigan has been found by Millar (22) to be about 1,34 per cent.
This walue is slightly below that of an average of 1.55% for the normal
alfelfe and considersably above that of 0,76% for the alfalfa from deficient

fields.,

Calcium-Potassium Ratios as Related to

Condition of Stand

In Table 6 the relation between the potassium content of soils and
plants and the condition of legume stend is clearly evidenced, The
average replaceable potassium of soil profiles from good fields was 0,17
milliequivalents per 100 grams and 0.09 milliequivalents from the soils of
deficient stands, This ratio of about 2:1 compares favorably with a 23l
ratio of the potash content of alfalfa from good stands as compared with
poor fields., The equivalent cation ratios for calciumipotassium are
given in Table 6 for both plants and soils,

In greenhouse pot studies of the CasK ratios for alfalfa, Hunter,
Toth, and Bear (15) concluded that though alfalfa can adjust itself to
wide variations in soil Ca:K ratios, making normal growth between 13l
and 10031, sofls having the ratio of 4:1 or less gave optimum development
for the period of study. The work from the New Jersey station indicated
that an abrupt drop in yield took place when the calcium content fell

below 1 per cent, or when the ratio Cai:K exceeded 4 to 1, The data in

*Average of per cent potassium of leaves and stems,
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Table 6. The relation of condition of stand to
potassium content and equivalent CaikK
ratios in soils and plant tissue

1Conditions t Exch. K ¢ Equivalent : Equivalent
Series : of t K,0 in sper 100 gm, ¢ Ca3K ratio ¢ Ca:K ratio
mmber 3 stend s plant® 3 soilsx : plant 3 s80llsxs
3 3 % 3 m.e. 3 :
3 Poor 1,03 0.09 6:l1 11:1
6 Poor 0.78 0.09 T:l 2031
7 POOI’ 0097 0009 6‘1 -
11 Poor 0.68 0.08 1231 --
21 Poor 0.79 0.13 61l 30:1
23 Poor 0.94 0.08 63l 39:1
5 Fair 1.49 0.12 4:1 1631
10 Good 1.7 0.15 331 2721
12 . Good 1,81 0.15 231 2231
22 Good 2.49 0.25 231 2831

sAverage of leaves and stems of plants collected in 1941,
ssAverage of replaceable K of profile samples taken in 1940,

**!Awazhge of replaceable Ca and K of profile samples taken in 1540,
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this paper are in excellent agreement witn the critical limits set for
the calcium and potassium content of alfelfa., However, it appears that
the equivalent cation ratio of the soil can vary widely only if the ex-
changeable potassium content is above a oritical level. In the sandy
soils of Michigan, this critical limit seems to be between 0.10 and 0,15

milliequivalents per 100 grams of soil.



SECTION II., GREEVHOUSE STUDIES

In order to more clearly ascertain the correlation between the con-
dition of legume stands and the supply of certain plant nutrients in soils,
greenhouse studies were carried out under controlled conditions of moiﬁturo
end plant food. It is generally considered that the cropping of soils in
greenhouse pots is more intensive than under actual field trials with
soil temperatures and moistures at a much higher level, This is evidenced
by the fact that soils deficient in phosphorus in the field will often
produce several orops of alfalfa in the greenhouse without showing the
characteristic symptoms of phosphorus deficiency, It is quite possible
that the response of alfalfa to certain chemical elements might be some-
what different under field conditions., However, in the greenhouse, an
investigation of plant growth cen be made with most factors under control
on a large mumber of soils with a minimum of time and expense., It is
thought by many workers that intensive greenhouse pot culture simulates
long time field oropping.

It is known that certain so-called minor elements are essential for
plant growth., Willis and Piland (35) together with many other workers
have found that boron prevents alfalfa "yellows" and often greatly in-
creases the yield of legumes. Experiments at the Florida Station (17)
on an acid sandy soil have shown thet minor elements in the presence of
lime and fertilizer caused appreciable increases in the growth of pasture

plants, As the work of Millar and Gillam (23) showed that commercial
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fertilizers do not contain enough }g, ¥n, and Cu to take care of plant
needs, these and other minor nutrients were included with caloium,

potassium, and phosphorus as treatments in this greenhouse work,

Experimental Plans

S8amples for greenhouse study were taken from 18 alfalfa fields, the
solls being represented as follows: Fox 5, Warsaw 2, Plainfield 1,
Emmet 5, Kalkaska 2, Mancelona 1, and Onaway 2, The soil types, their
soeries number and location, and the kind of legume stand in the field are
given in Table 1, Each soil sample was obtained by compounding 40 to
650 individual plow layer portions taken at random over the field., After
sieving the solils through a one-half inch mesh galvanized screen, they
were thoroughly mixed. To those soils that tested below pH 6.5, finely
divided calcium ocarbonate was added to raise the reaction to a point
between 6,6 and 7,0, The plant nutrients and the rates at which they
were added on an aore basis are given in Table 7, All fertilizer and
minor element compounds were added as chemically pure salts in solution,
except phosphate, to partially wet soils in one and two gallon glazed
Jars. All treatments were replicated four times, Simple block or split
plotdesigns were used and the yield results were analyzed statistiocally.

The soil in the pots was allowed to dry, was remixed, and brought to
optimum moisture. Inooulation was provided for in cases where it was
questionable whether nitrogen fixing bacteria were present, The soils
were kept at optimm moisture during the course of the experiment by weigh-

ing the pots at frequent intervals, Generally, after three or four
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Table 7, Rates and kinds of lime, fertilizer materials,
and minor elements applied to soils for
greenhouse studies
pH of soil
Series before Pounds per acre of lime and fertilizer
number potting and minor element salts
3 5.5 1000 CaCOS, 160 KC1, 50 MgS ﬁ-7ﬂ o,
15 Na2B4O7-10H20, 25 MnSO « 2
5 5.4 2000 CaCO;, 160 KC1, 178 Ca(H2P04)2,
50 MgSO,. 7H,O0, 10 thB 0 -1)H 0,5 M’:nSO4
28,0, 5 Cusd,- 5H,0, 2380 KC1 For 2nd sténd.
6 5.3 Same as for series 5
10 6.0 1000 CaCOs, other additions same as series 5
11A 6.0 1000 CaCO,, 160 KCl, 200 Ca(H PO, ),*2H O,
50 MgSO, 71O, 15 Na,B,0q+10H, 0% 18 Buso +5H,0
11B 6.0 1000 Cacos, 320 KC1, 100 M’gSO8 7H6° 50 Mnsg§
2H 0, 10 CuSQ,°*5H;0, 25 NayB40q¢10H,0, 10 ZnS0,
12 6.0 1000 CaCOz, other additions same as series 5
21 5.8 1000 Cacos, other additions same as series 5
22 6.0 1000 Cacos, other additions same as serles 5
24 5.7 1000 CaCOs, 160 KCl1, 75 MgSO,-7H_0, 25 MhSO4~
2H O, 256 Na B 0 «10H O, 10 Co(CH COQO) <4H O,
2 247 2 2 2
16 ZnSO,
25 5.5 1000 CaCOs, 400 KCl1, 75 MgSO -7H20, 15 ZnSO 4
30 NazB4O7010H20, 20 Co(CH 000)2-4H20,
26 MnSO, ZHzO
26 6.5 100 MgSO4-7H20 400 KC1, 150 Ca(H P04)2'2H o,
o SO «
30 N’a.23407 10H20, 50 MnSO 2320, 25 Cu 04 5H20,
16 Co(CH_COQ) «4H O
3 2 2
27 6.0 1000 CaCoO 3 400 KC1, 100 MgSO 7H20, 16 ZnSO,,

4
20 N 4ogmnzo. 20 Co(CH coo)2o4nzo.
25 CuS0
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Table 7, (continued)

pH of soil
S8eries before Pounds per acre of lime and fertilizer
mmber potting and minor element salts

28 5.7 1500 CaCO5, 200 KCl, 100 MgSO4-7H20, 10 Znso4,
26 NazB4O7-10H20, 30 Mn804-2H20, 15 Cuso‘-snzo

29A 5.5 1000 CaCOz, 200 KC1, 100 MgSO,+TH,0, 15 znso4,
30 Na B O *10H O, 60 MnSO «2H O CuSO «6H_O

80 40" 108,0s 4 2150 16 0uS0, 58,0,

15 CO(CH3000)2-4320

29B 5.5 1000 CaCO5, 400 KCl, 100 M@SO4 7H20,
25 Cuso, 5H20. 20 Co(CHSCOO)2 4H,0

30 5.8 1000 c;cos, 350 KC1, 75 ¥gS0, 7H20, 10 ZnSO4,

L H CuS SH_O

25 na?34o7 10 20, 15' 04 20s
10 Co CH3000)2 4H20

31 6.0 1000 CaCOz, 200 KC1, 100 1igS0, T7H O,
25 NaqulO7 10d20, 60 MnSO4 ZHZO, 15 CuSO4 5H20,
10 Co(CH3000)2 2H,0

32 6.5 400 KC1, 100 “gSO, TH,0, 50 MnSO, 2H,0,
40 NayB,0, 10 Hp0, 25 CuSO, 5Hy0, 15
co(CHscOO)z 4H20

33 6.0

1000 CaCOS, 200 KC1, 75 MgSO4 7H20,

30 Na,B,0, 10H,0, 50 MnSO, 2,0, 15 ZnSO,,

15 Cu80, 5 Hzo




39,

cuttings the alfalfa roots were removed and the cultures were refertilizeds

and replanted to alfalfa,
Yield of Alfalfa as Affected by Treatment

Plainfield loamy sand---series 3---As indicated in Table 8 little response
was obtained on Plainfield loamy sand from additions of calcium or boron
ilono. but caloium together with potassium gave substantial inoreases in
yield of tops and roots, especially at the time of the third cutting. A
further addition of manganese resulted in a still greater increase in yield
of both tops and roots,

Fox sandy loam---geries 5---On Fox sandy loaﬁ 80il, significant increases
in yield were obtained, as evidenced in Table 9, for all cuttings of both
stands, In the first stand caleium and potassium resulted in yields no -
larger than did calcium alone, while calcium with phosphorus resulted in
smaller yields than did calcium alone, However, where the three elements
caloium, phosphorus, and potassium were applied the yields were increased
and where magnesium, boron, manganese and copper were added to this treat-
ment, increases in yield of 50 to 60 per cent resulted in the second and
third cuttings. In the second stand calcium caused very little increase
in yield but calcium and potassium resulted in increases up to 1000

per cent, while respective additions of magnesium, boron and magnesium,
and boron, magnesium, manganese and copper caused in each ocase further
increases in yield of tops and roots, Per cent nitrogen dropped off
slightly with inoreases in yield and the protein content in grams

varied direotly with yields.

=P was left out of the fertilizer treatments for the second stand
of series 5, 6, 10, 12, 21, and 22,
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Table 8. The mean yield of tops and roots of alfalfa grown
in greenhouse pots on a Plainfield loamy sand* as
affected by various fertilizer and minor element

treatments

3 To) 3
Treatments** 3 cuttings : Roots

3 1lst 3 2nd 3 3rd 3
] gms . gms . gms. 3 gms.

: s
1. Check ] 4.4 2.1 4.3 3 5.4
2., B 1 4.4 2.2 5.3 1 7.2
3. Ca H] 4.3 2.1 4.9 1 7.9
4. Cadx 1 5.0 2,7 T4 1 14.6
5. Ca+KiMg t 4.9 2.8 7.6 ] 15.0
6. CatK+Mgilin H 5.4 3.3 8.2 3 16.8

s 3

#*Data for series 3 given in Table 1.
##Kind and rate of treatments listed in Table 7.

Plate 1, Third cutting of alfalfa grown én
Plainfield sand. Treatments listed above.
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Table 10, Per cent increase in the yield of alfalfa tops and
roots grown in greenhouse pots on a Fox sandy loam
80il®* on comparison of various fertilizer and
minor element treatments

[ First Stand
3 Tops H
Comparison of treatments*#* 3 Cuttings 8 Roots

[} 1lst ) 2nd 3 3rd 3

3 per cent sper cent

3 H
Ca/No treatment : 24,9 28,8 22,8 s 13,7
Ca$+K/No treatment : 30,2 27,1 20,0 1 26,7
CagP/No treatment ' 5.1 -2.0 -20.8 1 2.2
Ca$k+P/No treatment : 40.0 3l.4 29,2 : 31,5
Cat+K+P+Mg+B4CutMn/No treatment 69.0 94,7 117.8 + 56,5
CatX /Ca : 4.4 -1.0 -2.5 : 11,3
Ca#+P/Ca :+  =15.6 -23.9 -35.5 : =10.0
Ca+K+P/Ca s 12,8 2.0 5.1 : 15,7
CatK+P/CatK : 7.5 3.3 8.0 & 3.8
Ca+K+P/CatP : 33.2 34.2 63.4 1 28,7
Ca+K+P+Ng4B+Cutdn/CatK+P :  21.0 48,2 68.6 s  18.9

] 3

1 ]

1 —Second Stand

] 3
Ca/No treatment : 30.0 -12,5 1 6.6
Ca+K/No treatment s+ 950.0 1125.0 3 713.3
Ca+K#Mg/No treatment + 1080,0 1212,5 s 793.3
Cat+KéMg$B/No: treatment : 1175.0 1300.0 No 1 876.6
CatK+Mz+B+CudMn/No treatment 3 1371.0 1475.0 data 1 966.6
CabK/Ca :+ 1708,0 13000  ocollected 3 662.5
Ca+KéMg /Ca + 808.5 1400.0 1 737.5
CatK#Mg /CatK : 12.3 7.2 : 9.8
CatKilighB/CatKMg 3 8.0 6.7 : 9,3
Ca+K$MNg+BéCuddin/CatKidig T 24.2 20.0 1 19,7
Ca#K+Mg+B+Cuthin/Cadk +hig$B : 15,0 12.5 : 9.2

3 3

*Data for series § given in Table 1,

#3Kind and rate of treatments listed in Table 7.
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Fox sandy loam---series 6---The alfalfa in all cuttings of the first and
second stand showed a significant response to treatment, This is shown
by the results reported in Table 11, The data in Table 12 show that
caloium resulted in only a small increase in yield, while alfalfa grown
in pots treated with calcium and potash made up to 60 per cent better
growth at the third cutting of the first stand. Phosphorus appeared

to depress the yields. The combination of magnesium, boron, manganese
and copper definitely helped to maintain legume yields when used with
ocalcium and potassium, In the second stand potassium was very efficient
in increasing the growth of alfalfa, Its effect was especially marked
in the roots, Magnesium caused further incfeasea in yield, as did also
boron and manganese and copper. Nitrogen and protein relations were

the seme as reported for series 5,

Fox fine sandy loam---series 10---On Fox fine sandy loam as shown in

Table 13 significant increases in yield were obtained as a result of all
treatments which included potassium, As shown in Table 14 the increase
in yield of tops ranged as high as 127 per cent of the yield of the
untreated pots in the first stand and 406 per cent in the second stand,
Caloium alone did not cause a significant increase in yield in either stand.
Calcium plus phosphorus caused signifi§ant increases in yield in the first
and third cuttings of the first stand but not in the seocond cutting,
Applications of both phosphorus amd potash in addition to calecium, however,
resulted in yields decidedly higher than did either element alone. A
further addition of magnesium, boron, manganese, and copper caused slight
inoreases in the yields obtained in the first two cuttings of the first

stand and a significant increase in the third cutting.
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Table 12, Per cent increases in the yield of alfalfa tops and
roots grown in greenhouse pots on a Fox sandy loam
soil* on comparison of various fertilizer and
minor element treatments

3 First Stand
] Tops H
Comparison of treatmentss+* 3 Cuttings s Roots

s 1st 3 2nd ] 3rd 3

g per cent sper cent

3 3
Ca/No treatment 1 =7.8 4,4 11.3 1 =6.6
Ca$K/No treatment : 35.0 27.2 57.1 1 28.3
Cat+P/No treatment : 31.3 22,1 26.8 1 17,2
Ca+K+P/No treatment :  66.0 42,2 19.0 1 36.4
Ca+K+P+¥g+BCutlin/No treatment 3 88.5 70.6 147,3 1 67.2
Ca+K/Ca : 48,5 22.0 41,0 + 37.3
Ca$P/Ca 1 42,0 17.0 13,7 1 25.4
Ca+K+P/Ca : 20,2 36.3 7.0 1 45.9
CatK+P/CatK ! 23.0 11.8 -24.3 3 6.3
Ca+K+P/CatP :  26.1 16.3 -6.0 1 16.4
Ca+K+P4lig$B+kintCu/Catk +P 13,1 20.0 107.8 1 22.6

$ 3

3

] Second Stand

3 H
Ca/MNo treatment t  =14,5 42.9 1 =9.4
Cat+k/No treatment :+ 801,0 1000.0 § 528.1
Ca#K+$dg/No treatment : 1130.0 1257,1 No 1 625.0
Cat+KéMg+B/No treatment 1 1230,0 1571.4  data T 706.3
CatK +Mg+BMn+Cu/No treatment s 1250,0 1657.1 ocollected : 790.6
Ca$K/Ce t+ 954,0  670,0 1 593.1
Ca+K+Mg/Ca :+ 1340.0  850.0 1 700.0
CatK+)g /CadK : 36.6 23.4 1 15.4
Ca+K +Mg+B /CatK+ : 8.1 23.2 s 11,2
Cat+K+Mg#B#Cutdn/CatKilg : 9.8 29,5 1 22,9
Ca+K+Mg+B+Cublin/CabKiVgB 3 1.5 5.1 :  10.4

H $

sData for series 6 given in Table 1,

#»Kind and rate of treatments listed in Table 7.
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Table 14, Per cent increase in the yield of alfalfa tops

47,

and roots grown in greenhouse pots on a

Fox fine sandy loam soil® on comparison of

various fertilizer and minor element treatments

] First Stand
] Tops H
Comparison of treatments*s* 3 Cuttings ¢ Roots

s lst 3 2nd 3 3rd 3

H per cent iper cent

3 3
Ca/No treatment : 12,5 3.0 21,7 16.1
Ca+K/No treastment :  40.8 28.0 58.3 3  41.9
Ca¢P/No treatment : 23,4 11.6 316 1 26.4
Cat+K+P/No treatment t  34.5 38.0 73.5 3 58,5
CatK+P4Mg+B4MnéCuNo treatment @  37.0 43,3  127.0 1 51,6
Ca+K/Ca :  29.8 24,2 30.0 @ 22.0
Ca$P/Ca : 13.8 - 8.1 8.2 3 8.9
CatK+P/Ca :t 19,5 33.9 42,5 3 36,7
CatK +P/Catk 1 =4.4 7.6 9.6 1  11.8
CatK+P/CatP s 9.0 23.8 4.0 1 25,5
Cat+K+PeMg+B4lndCu/CatK-P : 2.1 4.0 30.8 3  =4,5

3 3

3

3 Second Stand

t 3
Ca/No treatment : =186 -25,0 s 3.2
Cat+K/No treatment : 214.0 200.0 :  339.1
CatktMg/No treatment 2 231.3 225.0 s 364.5
Ca+K+dig+B/No treatment 3 317.0 387.5 No 3+ 432,38
CatK+Mg+B+¥ntCu/No treatment t 281,65 406,3 data 1 377.4
CatK/Ca : 282,0 300.0 collected: 325.0
Cat+K+lg/Ca : 308.0 333.3 t  350.0
CadK +Mg /Ca+K 1 6.7 8.4 3 5.9
CatK+Ng+B /[CatKidig 1 25.8 50.0 3 14.6
Ca+K+Mg#+BiMndCu/Catligk : 15,1 55.8 : 2.8
Ca+K $Mg +B +in+Cu/Catlig+K+B 1 -8.4 4.0 i =10.3

3 3

*Data for series 10 given in Table 1.

*3Kind and rate of treatments listed in Table 7.
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In the second stand, magnesium caused slight increases in yield,
ranging in percentage from 5.9 in the roots to 8.4 in the tops. An
addition of boron caused significant inoreases in yield in both cuttings
and in the yleld of roots, the increases amounting to 25.8, 50,0, and 14.6
per cent‘rospectivnly. No significant increases in yield were caused by
applications of manganese and copper.

Fox sandy loam=-~-series ll---According to the results reported in Table 15,
the application of boron to a Fox sandy loam soil caused slight increases
in the yield of the first and third cuttings of alfalfa and a significant
inorease in the yield of the second and fourth ocuttings, An application
of ocalcium increased the yield slightly at the second cutting and sig-
nificantly in the last two ocuttings.

Potassium in addition to calcium caused cighificant increases in the
yield of all four cuttings but no further increases in yield were obtained
by edding phosphorus or magnesium to the fertilizer. Copper, however,
when added in combination with magnesium, potassium, and calcium caused
significant increases in the yields of the first three cuttings.

Fox loem~--series 12---As indicated by the results presented in Table 16,
calcium did not significantly inocrease alfalfa yields on Fax loam, In
fact, decreases in yield resulted in five out of six cases, considering
both tops and roots. Potash in addition to calcium caused significant
increases in yield in all cases but an addition of phosphorus to the
ocalcium-potash treatment did not cause further increases in yield large
enough to be significant., Phosphorus and calcium, without potassium,
did not result in yields significantly larger than those obtained from

treatment with caleium alone,
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Table 15, The mean yield of tops of alfalfa grown
on a Fox sandy loam* as affected by various
fertilizer and minor element treatments
_ 3
Treatmente»* ] Cuttings
H 3 3
g 1st 2nd 3 3rd g 4th
3§ grams grams grams grams
:
Check 3 5.9 204 5.0 3.2
B : 6.2 2.6 5.5 5.1
Ca 3 5.9 2.6 6.9 5.9
CatkK : 8.2 3.7 10.2 8.7
CadKéP : 7.6 3.8 9.8 8.3
CatE+Mg s 7.3 3.4 10,7 8.9
CatK$MgéCu : 9.3 4.4 12.0 9,8
)
' .
F value g 15.,0%% . 24,0%* 43,4%% 38,5 **
3
Difference to be 3
significant at 3 0.9 0.2 1.2 1.4
3

the 5% point

sData for series 11 given in Table 1.

s#sSignificant at the 1% point.

**%Kind and rate of treatments listed in Table 7,
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The combination of magnesium, boron, manganese, and copper did not
inorease yields in the first two cuttings of the first stand but caused
an inorease in the third cutting, according to Table 17, of 47,5 per cent.

In the second stand calcium again failed to affect yields., Potassium
applications caused very marked increases in yield. Magnesium and boron,
considered singly, both caused significant increases in yield in the second
cutting but not in the first, and probably not in the root yields. The
combination of boron, manganese, and copper caused significant increases
in yield in the top growth from both cuttings and probebly in the roots.
According to the data, much of the increase was due to the manganese and
the copper,
Warsaw loam---series 2l=--In the experiment with Warsaw loﬁm from a poor
alfalfa field, Teble 18, calciunm failed to cause significant inocreases in
yield in either stand as did also potash, applied in addition to calcium
in the first stand, Phosphorus applied with calcium caused a significant
increase in the yield of the third cutting but not of the first two outtings.
A combination of potash and phosphgruo, applied with calcium increased the
yields in the first and third ocuttings of the first stand., The group of
elements, magnesium, boron, manganese, and copper was effective in inoreasing
yields, as shown in Table 19, 10.6, 8.4, and 10,0 per cent, respectively,
in the three ocuttings of the firast stand, The increases, considering as
a basis the yields obtained from the pots treated only with calcium, phos-
phorus, and potassium, were significant in the first and third cuttings
but not in the second.

In the second stand potash again caused very marked increases in yield,

Magnesium caused slight inoreases in yield and boron caused a significant
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Table 17. Per cent increase in the yield of alfalfa tops
and roots grown in greenhouse pots on a Fox
loam 80il* on comparison of various fertilizer
and minor element treatments

H First Stand
3 Tops ]
Comparison of treatmentsss s Cuttings ¢ Roots

3 1st 3 2nd 3rd 3

] per cent tper cent

3 ]
Ca/No treatment :+ 15,0 -16.0 -9,2 &t 5,5
Ca#k/No treatment 3 51,0 14,3 44.1 31 b55.8
Cat+P/No treatment :  24.4 «16,5 17,3 ¢+ 21.4
Ca#+K+P/No treatment :+ 37,0 25.0 68,2 1 59.9
Cat+K+PHMz+B#MnéCu/No treatment : 37,7 32,1 148.0 31 75.4
CatK/Ca 1+ 31.5 36.3 66.4 1t 47.6
Cat+P/Ca : 8.3 0.5 29,5 & 15.1
Ca+K+P/Ca 19,2 48,7 85.4 1 61.2
Cat+K+P/CatK i =9.2 9.0 16.5 & 2.4
Ca+K+P/CatP s 10.0 49.8 43,4 3 31,3
CatK +P+Mz+B4MndCu/CatK+P 1 0.4 6.0 47,5 3 10,0

3 3

H

3 Second Stand

H
Ca/No treatment 1 =32,0 -37.5 -23.1
Ca+K/No treatment + 433.0 450.0 419.2
Ca$KdMgNo treatment : 450.0 550.0 No 438,5
CatK+Mg#+B No treatment : 525.0 712,5 data 488,2
Ca#K+Mg+BédnéCu/No treatment s 693.0 900,0 colleoted 519.2
CatK/Ca s 674.0 780.0 575.0
CatK#Mg/Ca : 710.0 940,0 600,0
CatKilig /[CatK 1 4.6 18,2 3.7
Ca+K+Mg+B/CatKé : 13,5 25.0 9.3
Ca+K#lg#BéMnéCu/CatKbNg 1 34.0 53,9 15,0
Ca+K+MgsB+MniCa /CatKiMg$B : 18,3 23,1 5.2

3

sData for series 12 given in Table 1,

ssKind and rate of treatments listed in Table 7,
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Table 19, Per cent increase in the yield of alfalfa tops
and roots grown in greenhouse pots on a Warsaw
loam 80il* on comparison of various fertilizer
and minor element treatments

3 First Stand
] Tops H
Comparison of treatments*# : Cuttings t: Roots

3 1st 2nd 3 3rd 3

] per cent sper cent

] : ]
Ca/No treatment :  =13.2 -3.0 3.2 1 =10.2
Ca$K/No treatment : -14.0 -2,2 2,0 + =31
Cat+P/No treatment 1 -12,6 0.8 21,0 3 =6.2
Ca+K+P/No treatment : 13,7 6.1 56,0 : 16.6
Cat+K+P+Mg+B+hindOu/No treatment 25,2 15.2 71.9 3 30.0
Ca+K/Ca 1 -0.8 0.8 -1.2 : 8.8
Ca+P/Ce. : 0.7 4.0 17.0 1+ 5.8
Ca+K+P/Ca 1 30.7 9.6 51,0 1 30.9
Cat+K+P/Ca-K 1 31.6 8.7 63.1 1 20,3
Cat+K+P/Ca-P T 29.5 503 29,0 1 24,3
Ca+K+P+Mg 4B 4 Mn¢Cu /CatK4P : 10.6 8.4 10,0 : 11.3

3 3

]

3 Second Stand

3 3
Ca/No treatment T 61,3 35.0 :  18.4
Ca+K/No treatment T 306.0 343.0 2 323.7
Ca$K#Mg/No treatment :  377.0 404.0 : 38648
Ca$E+¥g4B/No treatment : 575.0 465.0 No : 458.0
CatK+Vg+B+MniCuMNo treatment 1 573.0 368.0 data 1 518.4
CatK/Ca : 152.0 288.0 ocollected: 257.8
Ca+K+dg/Ca :  196.0 274.0 : 300.0
CatK+Mg /Ca-K : 17.4 14.0 1 14.9
Ca+Kilig+B/Catk+ :+ 42,0 12,0 : 14,6
Ca+K+Mg +B+MndCu/Catk $Mg 1 43.5 -6.0 :  26.0
Cat+K¢Mg+B+Mn$Cu/CaKiMg$B ' -1.0 -15,1 : 10.9

3 3

sDate for series 21 given in Table 1,

#sKind and rate of treatments listed in Table 7,
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inorease in yield in the first cutting but not in the second. The data
presented in Table 18 indicate no benefit, at least in yield of tops, from
the application of manganese and copper. There may have been a slight
inorease in the yield of roots as a result of the addition of these two
elements,

Warsaw loam=---series 22---On Warsaw loam soil, taken from a field where
there was a good stand of alfalfa, there was no responsé as shown in Taﬁle 20
to any of the treatments at the first cutting of the first steand. At the
second and third cuttings there was no response to calcium, potassium, and
phosphorus, but the further addition of magnesium, boron, menganese, and
copper resulted in highly significant inocreases in yield. Since this soil
produced good alfalfa in the field it is not surprising that the response
to fertilizer should be less in the first stand than that obtained on soils
where the field crop had been very poor,

After alfalfa was replanted on this soil there was still no response
to calcium but a very marked response to potash and a statistically sig-
nificant responmse to magnesium, Boron caused a significant increase in
the yield of the second cutting and probably of the roots. Manganese and
copper did not cause a further increase in yield.

Emmet loamy sand---series 24---This soil produced a poor stand of alfalfa

in the field, Likewise the yields produced in the greenhouse were low,
There were, however, several significant increases in yields resulting from
the various treatments, as shown by the data in Tables 22, 23, and 24.
Caloium alone caused significant increases in the yield of the fourth cutting

of the first stand and in both cuttings of the second stand but caused a
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Table 21, Per cent increase in the yield of alfalfa tops
and roots grown in greenhouse pots on a Warsaw
loam soil#* on comparison of various fertilizer
and minor element treatments

] First Stand
H Tops 3
Comparison of treatments*s : Cuttings 1 Roots

[} 1st 3 2nd 3 3rd [

3 per cent sper cent

3 ]
Ca/No treatment s  =1.0 -5.6 0.5 g =2.2
Ca+K/No treatment s 0.6 4.2 2.9 1 =1,9
Cat+P/No treatment : =-0.6 -10.6 -18,7 t =6.1
Ca#+K+P/No treatment 1 =3.5 -3.1 -5.0 4.4
CatK+P+Mg+BIMndCu/No treatment s 4.5 16.0 42,0 : 16,0
Cat+K/Ca : 1.5 10.5 2.2 : 0.3
CatP/Ca i =8,6 -5.2 -19.0 1 =4.0
Cat+K+P/Ca 1 =2.5 2,5 -5.4 2 6,7
Catk +P/Ca-K 1 =4.0 -7.0 -7.5 : 6.4
Ca+K+P/CatP 1 6.6 8.3 17.0 s 11,2
Ca$+K+P#Mg+B4lintCu/CatK+P : 8.4 20.0 49.4 : 11,1

$ 3

]

: Second Stand

3 H
Ca/No treatment ¢ =7.7 11,7 : 3.0
Ca#+K/No treatment : 221.0 234.9 : 250.0
CatK+Mg/No treatment : 268.0 267.4 : 332.0
CatK$Mg+B/No treatment : 295.0 316.3 No 1 403.0
Ca+K +kig+B#Mn$Cu/No treatment 1 312,56 318.6 data 2 430.3
CatK/Ca : 248,0 200,0  ocollected 3 339,7
CatK +Mg/Ca 1 300.0 229,2 1 319.1
CatK$Mg/CatK T 14.6 9.7 1 23.4
Ca+K¢Mg#B /CatKéV, 3 7.3 13.3 : 16,5
Ca#K +Mg+B+MnsCu /CatK éNg : 12,0 13,8 1 22,8

" Ca#KHlig+B+MnéCu/CatKilgiB : 4.4 0.6 1 5.4
3 :

sData for series 22 given in Table 1.

#3Kind and rate of treatments listed in Table 7.
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Second stand, second cutting of alfalfa grown on a
Fox sendy loam, series 5. Treatments 1. Check, 2. Ca,
3. Ca+K, 4. CatKiNg, 6. CatK+lig4B, 6. CatK4MgiB+iiniCu,

- = ;

Plate 3, Second stand, second cutting of alfalfa grown on a
Wersew loam, series 22. Treatments 1. Check, 2. Ca,
3. Ca#K, 4. CabKéMg, 5. CapkK#MgB, 6. CatKiMg+BiMniCu.
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Table 22, The mean yield of tops and roots of alfalfa grown
in greenhouse pots on an Emmet loamy sand soil®
as affected by various fertilizer and minor
element treatments

: First Stand 1__Second Stand
] Tops s H Tops 3
Treatment** : Cuttings : Roots s Cuttings s Roots

s 1st ¢ 2nd s 3rd s 4th t 1st : 2nd 3

3 grams $ grams : grams s grams

3 3 H 3
No treatment s 4.8 3.6 ls4 0.9 3 4.5 3 1.9 1.5 3 345
Ca t 5.2 3.8 1.5 1.2 13 4,3 1 2,1 1.9 3 3.2
CatB 1 5.9 4.4 1,9 1,5¢ 4.8 32,3 2,23 3.8
Cat+B4Mg 1 6,5 5.2 2,5 1,73 5.4 12,9 2.1s 4.0
Cat+Bé#MgéMn $ 5.6 5.5 2.6 1.6 s 5.6 1 2,5 2,3 1 3.6
Cat+B+Mg#lntCo+Zn 1 5.0 4.8 2,1 1.3 s+ 4.4 1 2.3 2,31 3.5

1 [ [ 3

3 3 3 3
Cask 3 568 4.9 2.4 l.4 st Ted 1 2.5 2.4 3 4.2
Cat+K4B $ 5,6 5,5 3.0 1,68 8,0 3 2,7 2,5 4,6
Ct"'K*B*Mg 3 6.7 604 3.4 109 3 9.2 3 2.8 300 3 5.3
Cat+K¢B+Mg+Mn : 5.8 5,7 3.2 1,81 7.6 1 3,1 2,97 5.0
Ca+Kk+B+MgdMndCodZn : 6.4 6.0 3.3 1.8 : 8,6 2,9 3.2 5.6

3 3 3 3

sDate for series 24 given in Table 1,

*3Kind and rate of treatments listed in Teble 7,
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reduction in the root yields of both stands, Potassium applied in
addition to calcium‘inoreased, significantly all yields except the
first cutting of the first stend. The increa;ee ranged in percentage
from 7.3 to 71.4 (Table 24). i

Boron when applied in addition to calocium caused significant increases
in yield in ail cases except the first cutting of the second stand and
where it inﬁ applied in addition to calcium and potash it caused sig-
nificant increases in all cases except the first cutting of the first
stand and the two top growth yields of the second stand.

Megnesium resulted in increased yields in all cases except one, the
second cutting of the second stand in the no potash groupe Most of the
increases in yield were significant,

Manganese was apparently not needed on this Emmet loamy sand soil,
There were more cases of decreases than of increases in yield as a result
of the addition of the element to the fertilizer mixtures.

Cobalt and zinc added together to the fertilizer mixtures caused
decreases in yield 9 out of 16 times,

Emmet sandy loam---series 25---According to the data shown in Table 25,
this Emmet sandy loam, which produced a fair stand of alfalfa in the field
responded quite markedly to various mixtures of calcium and magnesium
with potassium both with and without certain combinations of the minor
elements, However, very slight increases in yield were obtained from
additions of calcium and magnesium., Apparently the potassium was the
most needed element, TWhere potassium was omitted from the mixtures,

boron caused an increase in yield amounting to as much as 25 per cent on
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the roots, but where potassium was present, no increase in yield resulted
from the boron treatment. Likewise cobalt and copper caused increases
in yield where potassium was not present but not where that element was
applied.

A combination of boron, copper, and zinc caused marked increases in
yield, ranging from 31.3 to 48.4 per cent where no potassium was apolied.
In the presence of potassium these elements caused rather large increases
in yield in two cases, slight increases in four cases and decreases in
yield in two cases, In other words, wherever potassium was applied, the
value of the minor elements seemed to te lessensd or nullified,

Emmet sandy loam---series 26-=--Cn this Emmet sandy loam, as shown by the
data presented in Table 26, magnesium produced a.significant increase in
yield in the fourth cutting and perhaps in the roots. The addition of
potassium to the fertilizer treatment resulted in yields which were sig-
nificantly greater than those obtained where only magnesium was applied.
Boron had no effect on yields, but a further addition of phosph&rus did
cause still greater yields. The increases were significant in all four
ocuttings. [lengenese caused a significant increase in yield only in the
fourth cutting. Copper and cobalt, applied together, in addition to
magnesium, potessium, and boron caused a significant reduction in yield
in the first cutting, a significant increase in the second and slight
increases in the third and fourth cuttings and in the yield of roots,
Emmet sandy loam---series 27---Several elements caused increases in
yield on this so0il sccording to the data remorted in Table 27, It is

interesting to note that only a fair crop of alfalfa was produced in the
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Table 26. The mean yield of tops and roots of alfalfa grown on
an Emmet sandy loam* as affected by various fertilizer
and minor element treatments

] Tops 3
Treatment*x* 3 cuttings 3 Roots

$ 1lst 31 2nd 3 3rd s 4th 3

L] grams $ grams

3 3
No t"atment 4 9.8 7.1 4.9 508 $ 9.7
Mg : 9.5 6.6 5.0 8.6 1 11,5
Mg +E : 10.4 8.8 6.4 8.5 1 13.6
Mg#+K#B : 10,7 8.3 6.2 8.6 1 13.8
Mg+K+B4+P : 13.4 10.9 9.0 9.8 3 15,1
Mg +K 4B $Mn + 10.6 8.5 6.3 10.3 't 13.8
Mg +K+B#CutCo 1 9.8 9.3 6.5 9.0 1 14,1

3 3

3 3
F value 3 39.2%% 84.,4%x 28,T#x 54,8%% 3 24,9%%

3 3
Difference to be 3
significant et s 0.6 0.5 0.7 0.7
5% point :

Per cent increase in yield on comparison of above
treatments

] Tops H]

Comparison of treatmentss#*x 3 cuttings t Roots
: 3 1st 2nd 3rd 4th

3 per cent sper cent

3 e
Mg/No treatment 1 =2.8 -2.9 2.0 13,8 3 18,5
Mg+K/No treatment : 6.1 24,0 30.6 46,6 t 40,2
Mg+K+B/No treatment 1 9.2 16.9 26,5 48.3 : 40.2
Mg+K¢B+P/No treatment 3 3647 53.5 83.7 69,0 1 55.7
Mg#+K$+B+Mn/No treatment s+ 8.2 19.7 29.9 77.6 3 42,3
Mg+K+B+MntOutCo/No treatment 3+ 0.0 30.9 32,7 55.2 1 45.4
Mg+K Mg :+ 9.5 33.3 28,0 28.8 1 18,3
Mg K $B Mg 4K : 3.0 -5.7 -3.1 1.2 3 1.5
Mg+K+B+P/Mg+K+B 1 25,2 31.4 45,2 14,0 ¢ 11.0
Ug+K+Bikin Mg 4K 1 1.9 -3.4 -1.6 21,2 1+ 1.5
Mg+K+B+Mn Alg+K+B 1 =1.0 2.4 1.6 19.8 s 1,5
Mg+K+B+CudCo Mgk 1 =5.8 5.7 1.6 5.9 1 3.7
Mg +K+B+CutCo/ Mg +K+B 1 -8.4 12,0 4.8 4.7 1 2.2

3 3

sDate for series 26 given in Table 1,
s#8ignificant at the 17 point.
*sxKind and rate of treatments'listed in Table 7.
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field on this sandy loam, In the presence of calcium and magnesium, boron
caused marked inoreases in alfalfa yields, Such was not the case, however,
where the calcium and magnesium were omitted or where potassium was applied.
The results cbtained from zinoc were somewhat the reverse from those obtained
from boron., Zinc, in addition to boron caused increases in yield where
calcium, magnesium, and potassium were applied and where all three were
omitted but not where calcium and megnesium only were applied., A similar
situation resulted with respect to cobalt, Perhaps the explanation for
the failure of zinc snd cobalt to ceuse increases in yield in the presence
of calcium and magnesium and the absence of potassium is that the yields

of the pots which received only boron in addition to calcium and magnesium
were too high, or in other words werevin error, Copper caused 8slight but
probably not significant increases in yield in 9 out of 12 cases. Again
the three cases of decreased yields occurred on the pots where calcium

and magnesium but not potassium were applied.

Emmet sandy loam---series 28---On a fourth Emmet sandy loam, in which alfalfa
under field conditions did rather poorly, marked increases in yield were
obtained as a result of application of calcium and magnesium and a com=-
bination of caleium, magnesium, and potessium. Increases in yield also
occurred from application of boron, either alone or with calcium and
magnesium or with calcium, magnesium, and potassium, In any combination,
manganese seemed to depress yields, while further additions of copper and
gino tended to raise them again., Perhaps if the copper and zinc had been

added without the manganese they would have proved more advantageous,
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Kalkaska loamy sand---series 29---With the Kalkaska loamy sand represented
by series 29, which produced a very poor crop in the field, some very
interesting results were obtained, as shown by Tables 31, 32 and 33. Cal=-
cium end magnesium, applied together without other treatment did not
appreciably affect alfalfa yields but an addition of potassium caused

very marked increases in yield, 56,6 per cent in the second cutting of the
first stand to 191.7 per cent in the second cutting of the second stand.
Boron, applied alone or in combination with calcium and magnesium, or
calecium, magnesium, and potassium, caused consistent and in most cases
significant increases in yield, The addition of mangenese and copper to
the treatments increased the vields in only 9 out of 24 cases and reduced
the yields in 12 cases, Cobalt, added to each of the fertilizer mixtures,
caused increases in yield in all instances except that of the second
cutting in the second stand where the potassium was included, and in the
first cutting of the first stand where calcium, magnesium, and potassium
were omitted. In some cases the increases were not significant.

Kalkaska loamy sand---series 30---As shown by the results presented in
Tables 34 and 35, this soil was badly in need of potassium for alfalfa

but apparently did not need the other elements applied. Very little
response was obtained from additions of calcium and magnesium,but where
potassium was added yields were inoreased from 25,7 per cent to 144,0 per
cent, The inorease due to potassium ranged from 13.4 to 117.8 per cent,
No consistent increases in yield were obtained from any of the minor

elements, Many of the increases obtained were insignificant.
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loam soil#* as effected by various fertilizer

The mean yield of tops and roots of alfalfa
and minor element treatments

grown in greenhouse pots on an Emmet sandy

Table 28,

Second Stand

Tops
Guttings
s 1st 3 2nd s 3rd s

sgramss

First Stand

3
tRoots:

Tops
Cuttings

s$Roots

Treatment =

t 1st ¢ 2nd ¢ 3rd & 4th 3

sgrams

grams

grams

NO WMo
e o o o
N H 0w

No treatment

B
BMntCubZn

B#Mn

N W
® O o o
O NN
“ o o0 o0 oo
7145
1222

0 O 4O
L J [ ) [ ] L]
<o

ot
[
a0 H
o e 0 oo o
O N O
e o © o
N0 N H
% e 0 0 oo
O wuwo
e o o o
o~~~

14.48
1111

& ot
[ ] L] [ ] [ ]
R R

A
o B~ =~ b~

Ca+Mg+B+¥n#CutZn

Catlg
CatligtB
Ca+lig$BéMn

Cat+Mg+K+B$MniCutZn

CatMg+K
CatMg#K +B
CatVMg+K+B4kin

sData for series 28 given in Table 1,

#*Kind and rate of treatments listed in Table 7,
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Table 31, The mean yield of tops and roots of alfalfa grown
in greenhouse pots on a Falkaska sand soil# as
affected by various fertilizer and minor element

treatments

3 First Stand 3 Second Stand

3 Tops 3 3 Tops H
Treatments* H Cuttings sRoots: Cuttings sRoots

st 1st 1 2nd ¢ 3rd s 4th t l1lst 3 2nd 3
3 grams sgrams: grams sgrams

3 3 ] ]
No treatment 3 109 2.7 105 102 3.6 ] 109 1.2 ] 109
B 1 2.2 3.6 2.0 1.6 2+ 5,1 s 2,2 l.4s 2.4
B¢MnéCu 1 2,3 3.6 1.8 1.3 ¢ 5.0 ¢ 2.1 les s 2,0
B¢MntCutCo 1 2.3 3.9 2.0 1.6 3 5.4 3 2,5 1.8 3 2,7

3 3 3 3

s : H 3 g
ca*MG s 2,0 3.1 107 1.1 s 4.0 200 1.4 2.2
C‘+ME+B ] 205 3.8 202 1.3 3 5.3 3 207 1.7 $ 2.5
Ca+¥g+B4+MnéCu s 3.0 3.9 2.2 1.7 :5.1: 2.8 2,2 3 2,6
Cu*'Mg“'B*-Mn'FCu"'DO H 406 503 301 1.8 ] 600 H 30 3 2.6 3 3.1

3 ] 1 g

g ] 1 3
CatlMgtK 1t 3.5 4,2 2.9 1.9 3 8.7: 2.8 3.5 1 3.8
Cat+lMig+K+B s 4.1 5.6 4.0 2.4 :10.7T s 3.4 4.4 : 4,2
Ca+Mg+K$B#Mn$Cu 31 3.4 4.5 3.1 2,1 :10.,6 3+ 3.0 5,3 ¢ 4.7
Catlg+K+B+hindCudCo 3 3.6 4.8 3.8 2,2 :1l.1 ¢ 3.7 B.l 2 6,7

: ] 3 3

sData for series 29 given in Teble 1,

*%Kind and rate of treatments listed in Table 7.
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Table 34. The mean yield of tops and roots of alfalfa grown
in greenhouse pots on a Kalkeaska loamy sand* as
affected by various fertilizer and minor
element treatments

3 Tops 3
Treatmentes 3 Cuttings t  Roots
3 lst 3 2nd 3 3rd 4th 3
H grams 3
No treatment 3 7.4 3.7 2.5 3.9 3 5.5
Catlg s 8.2 4.0 2.8 3.7 1 6.8
Ca$Mg¢B g 8.0 3.8 3.0 4.0 7.2
CatMg#+B$Co¢Cu $ 8.4 4.0 3.2 4.2 3 6.2
Ca¢Mg#B+Cod+CutZn 1 8.4 4.2 3.8 4.7 6.8
3 3
] 3
CatMg+K s 9.3 7.2 6.1 8.0 3 10.1
CatMg+K+B 3 9.3 7.0 6.4 B85 3 10.8
Ca#Mg+K$B$Co4Cu t 9.7 7.1 7.1 8.9 12,1
Cat+Mg+K+B#Co#CutZn s 9.2 6.8 7.0 9.3 3 12,3
[ 3
sData for series 30 given in Table 1,
#3Xind and rate of treatments listed in Table 7.
Analysis of variance of the yield of tops
3 s First s Seoond ¢ Third s Fourth
Source $ DF 1 cutting s outting s cutting 1 outting
3 3 SS 3 SS 3 SS ] SS
s f 3 ] 3
Total :1 31 s 17,67 ¢ 76,77 ¢ 104.37 ¢ 178,00
Blocks (Bk) 1 31 0.06 1 0.20 3 0.59 H 0.18
Fertilizers (F) t 1l 14.,58%% 3 73,21%% 3 96,26%% 3 167.45%*
Bk x F 1 31 0.62 H 0.13 0.83 1 0.56
Minor elements 1 3 0.68 3 0.96*% 4,43%% 3 4.21
(M B1) 3 3 3 3 :
F x M El) : 33 0.53 0.98 3 0.52 2 0.27
Bk x M El t 913 0.41 2 0.19 3 1.28 3 2.68
Bk x Fx M El 1t 93 0.79 3 0.10 1 0.46 : 2.65
3 ] ] 3 3

ssSignificant to 1% point.
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Table 35. Per cent increase in the yield of alfalfa tops
and roots grown in greenhouse pots on a Kalkaska
loanmy sand soil* on comparison of various fertil-
izer and minor element treatments

Tops 3
Comparison of treatmentss#* Cuttings t Roots
l1st ¢ 2nd ¢ 3rd ¢ 4th 1
per cent tper cent

}
1008 8.1 12.0 "5.13 5.
25,7 94.,6 144.0 105.1: 83.
13.4 80.0 117.8 116.23 4.
16.3 84,2 133.3 1l12.6s 50.0
15,5 77,5 121.9 11l1,9: 95,2
9.5 61.9 84,2 97.9: 80.9

3

}

3

Catdg/No treatmentsss

Ca$Mg#K/No treatmentsss
CatMg+K/Ca=Mg

CatMz+K+B/CatlighB

Ca+Mg +K+B+Co+Cu/Catlig#B+Co+Cu
CatMg+K+B+CodCutZn/Catiig+B+CoéCubZn

= O N

Cat)Mz Fertilizer

B/Checks#s# 2.5 =5.0 7.1  8.11 24,1
B+Co4Cu/Checkss+s 2.4 0.0 14.3 13.5: 6.9
B#Co#CutZn/Checkss*# 2.4 5.0 35.7 27.08 17.2
" B+Co#Cu/B 5.0 5.3 6.7  5.03 =13.9
B$Go#CutZn/B 6.0 10,6 26,7 17.561 =5.6
B#Co+CutZn/B+CotCu 0.0 5.0 18,7 11,93 9.7

]

H

Cat)z+K Fertilizer 3
B/Checks##* 0.0 =2.8 4.9  6.3: 6.9
B+Co+Cu/Checkss*=* 4,3 =1,0 16.4 11.3: 19,8
B+Co#Cu+Zn/Checkss*= -1l,1 =5.6 14,8 16,3: 21,8
B#Co4Cu/B 4,3 1.4 10,9 4,73 12,0
B#Co+CutZn/B -1.1 -2.9 9.4  9.43 13.9
B$#Co$Cu$Zn/B¢CotCu ~5,2 =4,2 -1l.4 4,51 1,7

G0 00 00 066 00 00 00 00 00 |00 00 00 00 00 00 G0 00 00 00 00 00 60 00 00 00 00 00 00 B0 00
§

sData for series 30 given in Table 1.
s»Kind and rate of treatments listed in Table 7.
sx2No fertilizer or minor element treatment,

**%%Che ck refers to fertilizer treatment alone under the
respective fertilizer heading.
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Mancelons sandy loam---series 3l==--Very poor alfalfa was produced on
this soil in the field. For that reason one would expect a response

to treatment and such was the case, Calcium and magnesium applied
together, caused significant increases in the yields of all cuttings
except the third in the second stand. The increases in root growth were
both significant. An addition of potassium to the mixture caused further
increases in yield, significant in all cases except in the fir;t cutting
of the first stand., The total production of tops and roots for the six
cuttings amounted to 14.7 and 6.3 grams respectively on untreated pots,
18.2 and 8,0 grams respectively on pots which received only calcium and
magnesium, and 25.3 and 16,0 grams respectively on pots which received
potassium in addition to calcium and magnesium. As indicated by the
table, the increase in yield caused by the potassium was greater in the
second than in the first stand., Especially was this true of the root
growth,

Boron seemed to be deficient on this kiancelona soil, ‘here the
element was applied alone it caused significant increases in all yields,
both tops and roots. Where calcium and magnesium was epplied, the same
result was obtained in the first stand but not in the second. ‘Where
caloium, magnesium, and potassium were applied as a basic treatment, the
boron increased six yields significantly and caused decreases in two others,

In most of the 24 cases recorded in Table 36, manganese and copper
caused reductions in yield,

Onawey sandy loam-=--gseries 32---Alfalfa on this soil, which produced a
good orop in the field, did not respond to magnesium, as shown in Tables 39

and 40, but did give small increases as a result of applications of potassium,.
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Table 36. The mean yield of tops and roots of alfalfa
grown in greenhouse pots on a Mancelona sandy
gravelly loam soil#* as affected by various
fertilizer and minor element treatments

3 First Stand s Second Stend
: Tops 3 3 Tops ]
Treatment#* 3 Cuttings ¢ Roots: Cuttings t Roots

$ lst $: 2nd s 3rd t 18t 3 2nd : 3rd 3

3 grams igrams 3 grams 3 grams

3 H ] ]
No treatment 1 5.0 2.2 1.5 s 3.7 2.9 2.0 1,1 s 2.6
B t 5.5 2.8 l.8 s 4.3 : 3.3 2.4 1.3 ¢ 3.2
B+Mn¢Cu s 4.7 2,7 1.7 ¢+ 3.5 2.7 2,1 1.1 s 2.7

3 3 3 3

3 3 3 3
Catlg s 6.2 2.6 1,9 ¢ 4.5 ¢ 3.7 2.5 1.3 3 3.5
CatMg+B s 7.0 3.4 2,3 & 6.4 3 3.7 2.4 l.4 : 3.2
Cat)Mg+B+MnéCu t 6.6 3.4 2,5 1 4.3 ¢+ 3.2 2.2 1.4 s 3.3

? 1 3 3

3 3 1 1
Ca#Mg+K t 6.4 37 2.4 1 6.3 s 4,2 4.4 4.2 1 9.7
Ca#Mg+KéB 3 6.7 33 2,2 & 7,33 4.9 5.0 5.0 s 11,0
CatligéK+B¢¥ndéCu s 6.8 3.8 2.7 31 6.7 3 4.2 4.4 4,3 s 8.9

3 ] 3 3

sData for series 31 given in Table 1,

#+Kind and rate of treatments listed in Table T
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Plate 4. Second stand, second cutting of alfalfa grown on a
Kalkaska sand, series 29, Treatments 1, Check,
2. Ca, 3. CatkK.

Plate 5. Second stand, second cutting of alfalfa grown on a
Mencelona sandy loam, series 31. Treatments 1., Check,
2. Ca, 3. CatK.
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Teble 39, The mean yield of tops and roots of alfalfa
grown in greenhouse pots on an Onaway sandy
loam soil* as affected by various fertilizer
and minor element treatments

H Tops 3
Treatment*s H Cuttings ¢ Roots
t 1lst 3 2nd s 3rd 3
3 grams t grams
H 3
No treatment : 4.1 5.3 5.9 1 10.5
Mg T 4,2 5.2 5.9 H 10.5
Mg+B t 4.6 6.2 6.6 3 9.9
Ng$B¥Mn s 4.9 5.9 6.9 ] 10.8
Mg+B4Mn+CudCo s 4.7 5.8 6e5 3 12.0
3 3
3 ]
Mg+K 1 5.6 5.9 7.2 3 11.4
Mg#+K»B s 5.7 6.4 7.9 3 12.2
Mg#K +B4Mn $ 6.6 7.7 8.4 3 16.8
Mg+K+B+kn#CudCo s 6.3 6.8 8.2 3 11.7
3 3

*Data for series 32 given in Table 1.

**Kind and rate of treatments listed in Table 7.
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Table 40, Per cent increase in the yield of alfalfa tops
and roots grown in greenhouse pots on an Onaway
sandy loem soil#® on comparison of various
fertilizer and minor element treatments

] Tops H
Comparison of treatmentsss ] Cuttings t Roots
s 1lst 2nd 3 3rd s
] per cent tper cent
3 3
Mg/No treatment t 2.4 -1.9 0.0 ¢+ 0.0
Mg+K/MNo treatment 1 36.6 11.3 22,0 8.6
Mz#K Mg t 33.3 13.5 22,0 3 8.6
Mg#+K+B/Mg+B 2 23.9 3.2 19.7 s 23.2
Mg#+K+B4Mn Mg +B+Mn t 34,7 30.5 21,7 1 55.6
Mg +K+B+¥n$Cd+CoMg+B#+¥n+CudCo s 34,0 17.2 26,2 1 =2,5
3 3
3 H
Mgz Fertilizer s 3
B/Check#*ss*# : 9.5 19.2 11,9 1 =5.3
B+¥n/Checks#ss 3 16.7 13.5 16,9 1 2.9
B#Mn+CutCo/Checkes*s : 11,9 11,5 11.0 1 14,3
B#kn/B i 6.5 -4.8 4.5 1 9.1
B#Mn#CutCo/B i 2.2 -6.6 -1.,5 1 21,2
B#Mn#CudCo/B+Mn 1 -4,1 -1,7 -5.8 1 1l.1
H 3
H 3
Mg+K Fertilizer s H
B/Checkss»s 1 1.8 845 9.7 3 7.0
B#Mn/Checkesss t 17.9 30.5 16,7 3 47.4
B#Mn#+CutCo/Checks*s# : 12,5 15.3 13.9 1 2.6
BéMn/B : 1 15.8 20,3 63 1 37,7
B#¥n#CudCo/B 1 10,5 6.3 3.8 1 =14
B#Mn#CubCo/B+Mn i -4.,5  -11,7 2,4 1 =30.4
3 3

sData for series 32 given in Table 1,
s3Kind and rate of treatments listed in Table 7.
s3sNo fertilizer or minor element treatment.

*ssx#Check refers to fertilizer treatment alone under the
respective fertilizer heading.
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Boron caused an inorease in yield in seven out of eight cases, with the
decrease occurring in one of the root yields, lianganese also caused
increases in yields in all cases except that of the second cutting where
potash was not applied. Copper and cobalt, applied together caused
reductions in seven out of eight yields,

Onawvay sandy loam---series 33---This Onaway sandy loam supported a good
crop of alfalfa in the fields In the greenhouse jars, calcium and
magnesium did not significantly increase yields, as shown by Table 41,
Potassium in addition to calcium and magnesium, however, caused increases
in yield which ranged from 20 per cent (Table 43) in the first cutting of
the second stand to 204.9 per cent in the root growth of the first stand.

Boron caused significant increases in yields in all cases.

Manganese caused significant increases in yields in six of nine
cases, There was one decrease and two insignificant increases. Probably
the element was actually beneficial.

Copper and zinc actually reduced yields where potassium was applied

but increased them where it was omitted from the mixture.
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Table 41, The mean yield of tops and roots of alfalfa
grown in greenhouse pots on an Onaway sandy
loam soil* as affected by various fertilizer
and minor element treatments

First Stand 3 Second Stand

3
3 Tops : s Tops s
Tredtment ** 3 Cuttings sRoots: Cuttings tRoots
s 1st s 2nd s 3rd 3 4th 3 1 1st s 2nd 3 3rd 1
3 grams grams grams igrams
3 3 H 3
No treatment $ 8.3 3.4 1.9 1le4: 3.0: 3.5 4.4 5.4t 4.4
Ca*'}v{g H 9.4 306 2.0 1.53' 3-13 3.5 4.6 5.73 4.6
CatMg+B 1 10,7 4.4 2.6 2,0 3.8: 4.5 5,5 6.3 5.3
CatMg#+B+Mn gt 9.8 65,7 3.6 2.,5: 5,23 4.6 5,6 6.0 6.2
Cat+Mg#BéMnéCudZn t 11,3 6.5 4,0 2.8: 5.5: 5.5 7.3 7.1s 9.0
s 1 3 )
[} 3 3 ]
Ca+Mg+K $ 12,3 8.9 5.4 2,91 9.4: 4.2 6.0 8,03 7.1
Catlig+K$B 1 13.2 10.0 6,6 3.53 10,58t 4.7 6,8 9,03 8,3
Catlig+K$Biin $ 1563 1064 B8eT 5432 16,68 7.3 9.6 10,33 10,9
CatMg+KéB#Mn+CudZn ¢ 14,4 9.7 6.5 4.8: 12,1: 6.1 8.6 8,63 16.3
(]

*Data for series 33 given in Table 1,

**Kind and rate of treatments given in Table 7,
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SECTION III. A STUDY OF SOME POTASSIUM-DEFICIENT

FIELD-BEANS SOILS IN MICHIGAN

In the past few years, especially during dry summer months, a large
number of areas of field beans showing a certain characteristic yellowing
of the leaves have been noticed in the "Thumb™ section of Michigan.
Cook (9) hag shown by means of plant tissue tests and fertilizer
applications that these deficiency symptoms were due to a lack of soil
potassium, Muriate of potash, applied as a sidedressing after the
starvation symptoms had appeared, greatly increased the yield of beans
and produced plants of normal color.

Upon the observation of such potassium deficiency symptoms rather
generally over the area in the summer of 1941, it was decided a study
should be made of those soils on which beans showing such symptoms were
growing. Plant and soil samples were to be collected for chemical
analysis, and nuriate of potash was to be used as a side-dressing to
discover if the yield of field beans could be increased by an addition
of potassium at the first appearance of signs of potassium starvation in

the growing plants,
Location and Sampling of Fields

Fields where beans exhibited deficiency symptoms and fields of
normal appearing beans on the same soil type were selected wherever
possible, The choice of fields was made by driving through the area and

sempling as many different soil types as were found. Twelve fields on
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8ix different soils were included in the investigation, These soils,
together with their assigned series number, their location, and the
condition of the bean fields, are listed in Table 1.

On the bean fields selected for study, both plant and soil samples
were taken during the period of July 21st to July 23rd. The plant samples
were composed of from ten to twenty bean plants collected at random along
several rows, The plant tissue was dried and ground in the laboratory.
Three samples of soil were teken in each field in close proximity to the
area from which the plants were gathered. These samples consisted of
top 80il or plow layer portions and at least 10 to 15 inches of the B
horizon, The s80il was dried and then passed through a 2 millimeter
sieve, Analyses for the potash content of the bean plants were made by
ashing the samples as in Section I and determining potassium as sodium
potassium cobaltinitrite, Exchangeable potassium in the soils was run
according to Volk's (33) method.

Muriate of potash was applied as a sidedressing on the fields of ten
farms at the rate of 100 pounds per acre using a hand drill, Two rows
of beans were fertilized and the next two rows were left as a check plot.
This unit was replicated at least four times in the field. The potash
was placed on the inside of the pair of fertilized rows to avoid in=-
fluencing the grow¥h of plants in adiacent check rows, The fertilized

bean rows varied in length from 100 to 200 feet.
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Weather Conditions During the Growing Season

Very little rain fell in the "Thumb" area during the month of July
and the first of August. About the middle of July potassium deficiency
symptoms in field beans were first observed in certain sections of east
central Michigan., This study was not carried out until a week later
when signs of potash starvation appeared more zenerally throughout the
region, Very definite symptoms developed resulting in some cases in
entire fields of small yellow beans, At the time of sampling the bean
plants were stunted in grovrth, The lower leaves, especially at the tips,
had turned yellow and the chlorosis had worked back between the main veins
of the leaves, In extreme cases, these lower leaves were entirely yellow
and the margins were turning brown, while the uppermost leaves showed
slight to medium signs of potassium starvation,

From the 20th of July to the first of August when daily temperatures
were constantly high and rainfall was very light throughout the area,
many bean blossoms on plants in both normal and deficient fields were
blasted and few pods were set. The field beans on potassium deficient
soils that were planted early in the spring were most seriously affected,
Since these beans were nearly mature, they failed to recover and produce
more blossoms in August, Very few pods were present at harvest time
on these stunted plants. Those beans that were planted late in June on
soils low in potassium did not suffer as much as those planted earlier
since they were not as fully developed. These beans put forth new growth
and blossoms during the month of August, Field beans planted on soils
adequate in available potassium produced a good crop despite the period

of low rainfall in July. These plants likewise made new growth and
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blossomed in August when light rains fell,
The Potassium Content of Soils and Bean Plants

In Teble 44 the data show a very good correlation between the field
condition of beans and the exchangeable potassium in the plow layer, the
plant tissue test for potash, and the total content of potassium in
the dried plant material, Medium to seriocus potash deficiency occurred
in the bean plants when the exchangeable potassium content of the surface
soil fell below 0.10 to 0,15 milli-equivalents per 100 grams of soil in
the lighter soils and below 0,15 to 0.20 milli-equivalents in the heavier
soils, From a consideration of the latter group, it appears that the
bean plants starved for potassium do not obtain any large amount of that
element from the subsoil, The normal bean plants had percemtages of KZO
of 1,90 and above, while the per cent Kzo of all potash deficien£ plants
sampled was below 1.20, excaept for those from two locations showing a

medium deficiency,
Effect of Sidedressing on Yield

Observations in early September of those bean fields treated with
muriate of potash indicated that there would be a significant difference
in yield between fertilized and check plots at only two locations, The
potash deficient plants sidedressed with KCl developed much better color
in the following two months and were somewhat larger than the plants on
the untreated strips. The effect of sidedressing field beans at the
H, Armbruster farm is shown by data in Table 45, The data indicate that
the addition of potash approximately doubled the yield in all but one

replicate.
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Table 44, Partial chemical analysis of field bean plants
and soils sampled in July 1941 in the "Thumb"
area of Michigan

3 3 ] 3 Plant s K,0 in
Soil type 3 Field ¢ Soil : Exchangeable K s tissue : field
and t symptoms 3 semple ¢ per 100 grams 3 test t bean
mumbers* 3 t depth 3 air dry soil s for K gt plants
1 t inches 3 MeB, L 8 per cent
3 3 : : :
Miami loam: s  0-12 3 0.08 3 t
sSerious g 12-20 3 0,09 2 3
Series 34 :potash 8 O0=613 0.07 s Low s 0.62
tdeficliency s 6-18 3 0.07 3 3
] g 0-1T771 0.06 ] 3
g 3 7-24 3 0.03 g 3
g t O0-61 0.22 : :
Conover ¢ No t  6=17 0,19 3 :
loam tpotash t O=6 3 0.18 ¢ High ¢ 1,92
tdeficiency s 6=-16 : 0.14 s s
Series 35 3 s 0=17c¢: 0.29 s 3
3 3 7=15 3 0.21 3 :
L ¢ O=-181¢ 0.06 ] ]
Oshtemo 3 t  B8=18 i 0.03 H H
loamy sandi:Serious t O0=-181 0.05 : g
spotash t 8=20 1 0.04 : Low t  0.57
Series 36 :deficiency 3§+ 0= 6 3 0.04 3 3
g :  6-18 3 0.03 s 3
Kawkawlin 3 s 0-10 @ 0.09 H 3
sandy s :  10-40 : 0.05 3 3
loam s1Medium s 0-9 3 0.07 t Low s 0.71
spotash g 9-30 0.08 g 3
Series 37 ideficiency ¢+ O- 8 : 0.11 g s
] H 8=25 1 0,14 g 3
Brookston 3 t O0=-81: 0.37 3 s
silt : No s 10-18 @ 0,31 g s
loam tpotash t 0-9 1 0.37 s+ High s 2,94
tdeficiency s 10-30 3 0.41 ] :
Series 38 : i 0= 813 0.45 3 3
3 s 10-24 1 0.47 3 3
Gilford s 0-12 3 0.05 3 3
sandy 1Serious s 12-30 : 0.03 3 3
loanm spotash t 0O0=17 3 0.03 s Low s+ 0,73
sdeficiency s 730 1 0.02 3 3
Series 39 13 g 0-11 0.07 g :
s s 11-25 3 0,04 3 :
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Table 44, (contimed)
H L] 3 ¢ Plant s 0 in
Soil type 3+ Field ¢ Soil s Exchangeable K 3 tissue 3 field
and $ symptoms  sample 8 per 100 grams 3 test $ bean
number® 3 s depth : air dry soil g8 for K t plants
] ¢ inches 13 Me®, ] t per cent
3 ] 1 3 H
Miami loams s 0-7 3 0.08 1 3
sSerious s 7-16 1 0.21 3 :
tpotash $ 0-8 3 0.07 s Low : 1.15
Series 40 sdeficiency s 8-25 0.12 s t
] g8 O0=T7 1 0.06 3 3
3 t T=25 1 0,13 : s
Brookston st 0=-8 3 0.36 ] 3
silt s No s 8=22 0.23 3 3
loam spotash s 0-10 0.36 ¢+ High : 1.92
tdeficiency : 10-18 1 0.29 : :
Series 41 ; s 0=-9 3 0.38 3 H
3 s 10=-27 3 0.26 3 3
Gilford ] 8 O=-9 3 0.04 H 3
sandy  iliedium 3 9-20 0.02 : H
loam spotash $ 0-9 1 0.08 t MNedium 1.82
tdeficiency ¢ 9-22 0.02 '3 :
Series 42 s 0-10 0.04 H 3
3 1 10-20 0,03 3 3
3 $ O=6 1 0.22 3 3
Miami loams: No 3 6=20 1 0,12 3 3
spotash 8 0=7 1 0.18 ¢ High 2.94
Series 43 :deficiency : 8-20 0.29 s g
3 st 0=-9 1 0.21 g :
3 g 9=22 0.24 3 3
3 : 0-10 0.17 s g
Brookston sSerious s 10-18 0,12 ] 3
loam spotash s 0=12 0.13 t Low H 0.59
sdeficlency s 12-20 0.20 s :
Series 44 t O0=-6 0.10 3 3
3 1 6-16 3 0.11 3 t
] s O0=9 3 0.15 3 3
Conover  :Medium t 9=22 3 O.1l4 s 3
loam spotash i 0-8 3 0.10 t+ Low : 1,74
sdeficiency : 8-24 0.11 3 3
Series 45 : t 0=T7 0.17 ] ]
3 g B=25 3 0,12 3 1

sData for each series given in Table 1.
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Table 45, The yield of field beans on a Brookston
loam at the H, Armbruster farm as affected
by sidedressing with KCl in late July 1941

3 3
Rows 1 Treatment s Yield in pounds per acre
3 3

la 2 KC1 1006
3= 4 Check 649
b= 6 KCl 921
7- 8 Check 461
9=10 KC1 893
11=-12 Check 329
13-14 KC1 470
15-16 Check 385
17-18 KCl 761
19=20 Check 263

It is believed that the application of fertilizer was not early enough
at most locations to increase the yield, though the appearance of the
plants was improved. Had appreciable amounts of rain fallen in the area
before the end of July, the effect of sidedressing on the yield of beans

might have been greater,
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SECTION IV. THE POTASSIUM EQUILIBRIUM IN SOVE MICHIGAN SOILS
Release Studies

The potassium requirement of legumes, especially alfalfa and
clovers, are known to be hizh. Investigators (3), (5), (34) have
found that a ton of alfalfa contains from 25 to 50 pounds of potassium,
varying with the time of cutting and the purity of the hay. Ames and
Boltz (2) noted one instance where three cuttings from an alfalfa field
one season removed 206 pounds of potassium per acre. The power of
sandy soils to supply potassium to plants is generally regarded as low
even though a total chemical analysis of such soils shows a fairly high
potassium content, The inability of a sandy soil or sandy loam to
provide a continuous supply of available potassium could well be a
oritical factor in the production of a good alfalfa crop.

It is evident from recent soil investigations that the release of
potassium from the weathering of potash bearing primary minerals by
hydrolysis cannot entirely account for the amounts of available potassium
which some soils are able to supply when subject to intensive cropping,
artificial leaching, or alternate freezing and thawing. Hoagland and
Martin (14) have presented greenhouse data in which the potassium taken
up by the plant was greater than the accompanying decrease in the ex-
changeable form indicating that release cf non-replaceable potassium had

teken place during the growth of the crop. Experiments by Bray and
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and DeTurk (6), in which soils were artificially leached with acids and
salt solution to markedly lower the level of available potassium, have
shown that the rate of release of potassium over a period of six months
was too great to attribute to the gradual hydrolysis of primary minerals.
In a study on the effect of freezing and thawing of saturated soils on
the amount of exchangeable potassium, Fine, Bailey, and Truog (12)

found that releases of potassium from the non-replaceable form occurred
in two-thirds of the soils studied.

A number of explanations have been extended to cover the character
of the release and fixation of potassium in its several defined forms
in soils, Wood and DeTurk (36), Rartholomew and Janssen (4), Page and
Williams (24), Hoagland and Martin (14), Jofee and Kolodny (16), and
Bray and DeTurk (6) have used the concept of an equilibrium to relate
asmounts of water soluble, replaceable, and non-replaceable or fixed
potassium found in soils, Some investigators have suggested explanation
of the equilibrium release of potassium on compounds of varying solubility
present in the soil, on the formation of stable secondary minerals, or
on the formation of potassium phosphate complexes. Other workers have
interpreted bacterial fixation and the release of potassium in a double
buffer system involving two types of base exchange reactions as morse
suitable concepts to explain the potassium equilibrium,

Few studies have been made concerning the release and fixation of
potassium in sandy soils under laboratory and greenhouse conditions. A
more comprehensive study of the equilibrium between the various fractions
of soil potassium under different levels of cropnins and fertilization

is needed in representative soil types in western Michigan., Such an
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investigation would be helpful in supplementing field data concerning
time of application and the amounts of potash fertilizers to be used in
a legume program, as well as gaining information of a particular soil

type with a view to estimating fertility reserves,

Experimental Procedure

This study was designed to determine the rate of increase in the
concentration of water soluble and exchangeable potassium and to follow
the equilibrium between the various fractions in five soil types from
western Michigan, These soils were hrought to a low fertility level
in two ways. In the first procedure, the soils were cropped using
alfalfa grown in greenhouse pots, while in the second method the soils
were artificially leached with a neutral salt solution.

Alfalfa was planted on the five soils in one gallon glazed pots,
Nine jars of each soil type were set uv. The soil types, their original
pH values and the amount of lime applied to each are given in Table 46,
Every soil was then given a fertilizer increment of 250 pounds super-
phosphate, 75 pounds megnesium sulfate, 25 pounds manganese sulfate, 15

Table 46, The soils, their original pH, and the
lime applied to each

Series 3 Soil s pd 3 Pounds of CaCOgz
mmber type 3 3 _per acre
3 Plainfield sand 5.5 1000
10 Fox fine sandy loam 6.0 500
25 Ermet sandy loam 545 1000
33 Onaway sandy loam 6.0 500
29 Kalkaska sand 545
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pounds borax, and 10 pounds copper sulfate on an acre basis,

Three pots of each soil were selected at random after the first,
second, and third alfalfa clippings. The roots were removed and a
composite sample of s0il taken from all three jars, These samples were
brought to optimum moisture and stored at a uniform temperature of about
20 degrees C., A portion of each soil was air dried to determine the
leyul of potassium at the beginning of the storage period, At intervals,
samples of the moist so0il were dried and analyzed. Water soluble
potassium was extracted with boiled distilled water using a soil-water
ratio of 1 to 10. The 80il suspension was shalen for 30 minutes and
filtered under suction, Exchangeable XK was determined on the same sample
aocording to the procedure in Section I, Using the same sample the
acid soluble fraction was found by boiling lo.gms. of soil with 100 cc.

1 N nitric acid in a reflux condenser for 10 minutes and washing on a
filter with several portions of boiling 1N HNOz.  Potassium was determined
using Volk's (33) method.

Artificial leaching of the soils was accomplished by allowing three
liters of neutral normal ammonium acetate to percolate through one
kilogram of soil, The funnels were connected with a suction pump to
maintain a constant percolation rate of about one drop per second.
Occluded ammonia was removed by leaching with distilled water. The
80ils were then partially dried, mixed, and stored at optimum moisture
and uniform temperature, Fxchangesble and water soluble potassium before

and during storage were determined as with the soils planted to alfalfa.
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Rate of Release of Potassium as Affected by Cropping and Leaching

The mean yield per pot of alfalfa clippings for each soil type at
each cutting listed in Table 47 indicate that after three cuttings the
differences in yield between soils were reduced to a minimum except for
alfalfa grown on the Onaway soil,

Table 47, Mean yield per pot of oven dry alfalfa
grown on five sandy soils

3 s

Series 3 Soil type : Cuttings
number 3 3 1st : 2nd | 3rd
grams grams grams
3 Plainfield sand 6.6 5.5 4,6
10 Fox fine sandy loam 9.5 6.1 4,2
26 Emmet sandy loam 8.9 6.9 4,3
33 Onawey sandy loam 12,5 9.3 7.5
29 Kalkeska sand 9.1 6.0 5.4

In Fijures 2, 3, and 4, the increase of salt soluble (replaceable 4
water soluble) potassium in five soils on storage’after one, two, and
three cuttings of alfalfa is shown, The release of potassium for these
same 8oils on storage after leaching with a salt solution is given in
Figure 5. The data show that continued cropping tends to reduce the
level of exchangeable potassium for the soils studied., The rate of
release of potassium from the soil after any cutting is most rapid
during the first two months of incubation, snd as the soils are more
heavily croppedlthe rate of increase over the entire storapge period
becomes greater, as indicated in a comparison of rigures 2 and 4. The
presence of potassium deficiency symptoms on the second cutting of

alfalfa grown on the Kalkaska and Plainfield soils, and severe starvation
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signs on the third cutting of alfalfa grown on all five soils would
indicate that further cropping would not lower the potassium level much
below that found in the soils immediately after three crops of elfelfa
were removed,

A general pattern of release of potassium for the five soils is
apparent upon comparing the data in ligures 2, 3, 4, and 5. The Fox,
Onawey and Emmet soils, having original replaceable potassium contents
of 49, 48, and 33 p.p.m. respvectivelr, were croovned to aporoximately the
same potassium level and show very similar increases on incubation,.

The single exception to this trend is the rapid release shown by the
Onawey soil in Figure 4 over the first three months of storage. The
Kglknska and Plainfield soils, being of a more sandy nature, had lower
original exchangeable potassium levels of 23 and 24 p.p.m., and were
cropped to lower values than the other soils, Of the two sandy soils,
the Kalkaska released potassium more rapidly after one and two cuttings
of alfalfa, but its release rate was lower than that of the Plainfield
so0il after three cuttings were removed, The Plainfield and Kalkaska
samples returned upon storage after each cutting to a potassium content
higher than the original., Only on incubation after the first cutting
did the exchangeable potassium of the kmmet soil rise above the original
level. The potassium level in the Fox and Onaway soils did not rise
above a meximum of 36 p.p.m, over a storage of eizht months,

The effect of leaching with & neutral salt and subsequent incubation
on the five soils is given in Figure 5. The leaching procedure reduced
the K content to a considerably lower level than the growth of three

cuttings of alfalfa. At the beginning of the storage period, the
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replaceable potassium of all soils was between 4 and 10 p.p.m. After
four months of moist storage the potassium supply varied from 9 to 25
PePelns The release of potassium in the Fox sample was greatest, followed

by the Emmet, Onaway, Plainfield, and Kalkasks samnles,

Effect of Cropping on Equilibrium Between Fcur Fractions of Soil Fotassium

The release of acid soluble, exchangeable, and water soluble
potassium over the storage period for the five soils, as given in Table 48,

can be illustrated diagrametically under equilibrium conditions as in

Figure 6.
Treatment Fixed Available
Acid Acid Exchangeable Water
insoluble soluble soluble
lst cutting —_— - + + 0 +
2nd cutting - - - 0 + ++
3rd cutting 0 - — - ++ 4+ ++

Figure 6, Diagramatic equilibrium between the various
forms of soil potassium
After the eight month incubation the soils that had one cutting of
.alfalfa removed showed a gain in the acid soluble and water soluble
fractions, no avprecisble deviation in exchangeable potassium, and a
marked loss in acid insoluble potas#ium calculated by difference, After
two cuttings of alfalfa and incubation, the soils gained in both exchange-

able and water soluble forms, decreased in acid insoluble potassium, and
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averaged little change in the acid soluble fraction. It should be noted
that the acid soluble potassium increased in the sandy loams and decreased
in the case of the sandy soils, After three cuttings of alfalfa btoth
water soluble and exchangeable forms gained at the expense of the acid
soluble form.

It can be concluded from this study that during the four months of
growth of alfalfa before the first cutting, the more available water
soluble and replaceable fractions were mainly utilized thereby drawing
upon and reducing the acid soluble form. Upon eight months storage the
level of the aocid soluble form rose due to releases of potassium from the
less soluble fraction. About two months growing period elapsed before
the second cutting thus enabling the alfalfa plants to further exhaust
the water soluble, exchangeable, and acid soluble supply. Upon incubation
at this time the probable facts that the acid insoluble fraction released
potassium less rapidly and that the potessium equilibrium had been shifted
further toward the more aveilable forms by plant remowval, would sub-
stantiate the gain of water soluble snd exchangeable potassium at the
expense of the less soluble fractions., The marked increase in the two more
available forms of potessium and decrease in acid soluble potassium was
probably brought about by a further drastic removal of potassium by
- alfalfa plants and a lower rate of release of potassium from the acid

insoluble form,

Salt Soluble and Water Soluble Potassium as Related to Cropping

and Time of Storage

A better insight into the relation of water soluble to salt soluble

potassium after cropping or leaching and subsequent storage can be gained
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from the data in Table 49, For any given treatment for any of the five
soils the ratio of salt soluble to water soluble potsssium decreases with
time of incubation, indicating that the vrovortion of the more soluble
form increases, For example, the ratio of all soils after one cutting
at initial storage time is quite similar varying from 2.50 to 2.60. At
the end of the incubation, with the exception of the Fox soil, these ratios
fell to approximately 2.00. The effect of cropping was to change the
ratio between the two forms of soil potassium. The date would indicate
that the alfalfa plants were obtaining a pfqportionately larger share of
potassium from the soil solution and that the equilibrium between
replaceable and water soluble potassium was unable to maintain the

proportion of the two forms as found in the original soil,
Fixation Studies

A considerable number of experiments have been carried out in the
past ten years concerning the fixation of potassium in soils and the
availability of various forms of soil potassium to plants, The fixation
of potassium by soils has been observed by Hoagland end Martin (14),
Wood and DeTurk (36), Joffe and Kolodny (16), Purvis and Blume (28),
Lamb, Jr. (19), and others. lost of these investigators regard fixed
or non-replaceable potassium as that form not extractable with a neutral
salt solution, but yet more available to plants than potassium held in
primary minerals., Wood and DeTurk (36) have divided the fixed fraction
into the acid soluble and acid insoluble forms. Studies on fixation

have been made mainly by adding soluble potassium or salts of potassium
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Table 49, The effect of incubation on the ratio of salt soluble
to water soluble potassium in some sandy soils which
have been cropped and artificially leached

H] ] Ratio of salt soluble to water
Soil type Soil g soluble X over a period of weeks

3 treatment 3+ O s 2 : 4 1 8 s 16 3 32
3 s

Plainfield 1 1 cutting ¢ 2,60 2.46 2,55 2,16 2.00

sand 1 2 outtings s 2,83 2,71 2.44 2,31 2.20

t 3 cuttings s 3,25 3,00 3.20 3.33 2.64
H leached : 2,33 2.24 2,00 2.00 1.88
3 :
3 3

Fox fine t 1 cutting ¢ 2,61 2,50 2,33 2.43 2.33

sandy t 2 cuttings ¢+ 3,12 3,10 2,90 2,80 2,72
loam t 3 cuttings s 4.20 4.00 3,83 3,33 2.83
: leached 1 2,00 2,00 2,00 1.86 2,05
3 3
3 3

Emmet sandy : 1 cutting : 2,50 2.40 2.13 2,12 2,06

loam t 2 cuttings s 3,33 3.06 3.06 2,70 2,68
1 3 Quttings 3 4020 4,20 3.83 3.37 2. 70
t leached 8 2,35 2,26 2,00 2,00 2.25
: 3
3 [}

Onaway 8 1 cutting s 2,46 2,54 2.32 2,33 2.12
sandy ¢t 2 cuttings 3 2,60 2,57 2.54 2.46 2,35
loam s 3 outtings : 3.33 3.38 3.23 3.00 2.60

3 leached 3 1.50 1.57 1.45 1.36 1.47
3 3
3 3

Kalkaska s 1 cutting 1 2,65 2,33 2.16 2,07 1.94

sand 1 2 outtings 1 2,44 2,21 2,19 2,08 2,08
t 3 outtings s 2,43 2,57 2,57 2.50 2.36
] leached 3 2.00 1070 1.50 1.75 1.80
3 :
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to soils and leaching the soil at intervals with dilute acids or salt
solutions after moist storage or heat or freezing treatments to determine
the level of various forms of soil potassium, The picture of the

mechanism of fixation is still not clear,

Experimental Procedure

The application of medium to heavy fertilizer applications to soil
and the subsequent sampling to recover all potassium presents difficulties.
Hoagland and Martin (14) concluded that sampling from a large lot of soil
does not give as accurate results as to the fate of potassium added to a
soil as does the analysis of ons portion of soil which has been given an
inocrement of potash,

A workable procedure was developed in this study, whereby solutions
of KCl were added to 500 gram portions of air dry soil at the rate of 200,
500, and 1000 pounds per acre of KCl. The partially moistened soil was
thoroughly mixed on waxed paper, and the mixing sheets analyzed for
potassium, The amount lost was found to be within the experimental
error of the methode Seven sandy soils were given the abtove treatments
and then stored at optimum moisture and at room temperature. Fifty gram
portions of 8o0il were removed at intervals to determine the water soluble,
exchangeable, and acid soluble potassium, The extraction and analytical

methods used were the same as those employed in studies of release,
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The Potessium Equilibrium as Affected by Addition of Muriate of

Potash to the Soil

The various fractions of soil potassium are given in Table 50 for
the original soils before incubation and after four months storage for
the seme soils to which three levels of potash were added, The rate of
applylng the potassium solutions can be listed as ratios of 0:1:2,5:5 or
at rate of 0, 105, 263, and 525 pounds potassium per acre respectively,
Work by other investigators (35) indicates that the rate of equilibrium
reaction varies with time and may be different for each soil, Prelim-
inary work in this study showed 1little change in the amount of potassium
fixed in each soil over a period ranging from 8 to 32 weeks.

The exchangeable form in the original soils is about 1} times that
extracted by water, while the acid soluble fraction appears from 2 to 4
times greater than the water soluble and exchangeable forms combined.

A value for the fixed or insoluble form is lacking since it is an
arbitrary figure obtained by difference.

After an incubation period of four months, the test soils to which
no potassium was added, showed in general slight increases in water
soluble and replaceable votash, and in three out of four soils a small
decrease in the acid soluble form. The Onaway and Emmet soils gave
minor releases of potassium from the acid insoluble fraction. Upon
analysis of the soil to which potassium wes added, the water soluble
form was fourd to have increased most amd in the approximate ratios of

0:1$2,0-2,634,2=~5.5, The exchangeable fraction was raised in the ratio
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Table 50, The effect of added potassium on the proportion
of so0il potassium in four fractions after
16 weeks' incubation

Fox fine sandy loam

+ Pounds K 3 Pounds of K per aore in incubated soil
t per acre 3 after varying increments of K had been added
Fraction t1in original: 3 3 3

3 soil : 0 ) 105 g 263 3 525

3 3
Fixeds s 0O 12 83 102 106
Acid soluble 246 3 230 168 176 180
Exchangeable 42 44 88 150 246
Water soluble 28 : 30 82 150 310

3 3

Cnaway sandy loam

s 3
Fixed* % 0 ] -12%% 46 102 107
Acid soluble 194 3 194 146 112 152
Exchangeable 56 3 60 88 138 204
Water soluble 3 40 3 48 116 202 352

3 3

Emmet sandy loam

s t
M xed* ] 0 ] =5 %% 85 147 139
Acid soluble 244 3 235 150 126 164
Exchangeable 1 40 ] 50 84 138 224
Water soluble 13 26 3 30 96 162 308

3 )

Emmet sandy loam

3 :
Fixeds* H 0 3 -1%* 127 97 85
Acid soluble 222 3 214 124 180 228
Exchangeable 1 54 13 69 92 126 212
Water soluble 3 34 f 38 90 188 328

[ 3

*This is considered to be the acid insoluble form;

ssNegative values in the fixed or acid insoluble fraction indicate
a release of potassium from that form.
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of 02132,0-2,734.7=-5.3. Accordingly the rise in the two forms with
inocreasing amounts of potassium added is rather close to the ratio at
which the increments were made,

The emount of acid soluble potassium as listed in Table 50 is
approximately the same for all original samples except for the Onawey
soil, Little change occurred in this form over four months of moist
storage when no treatment wes made, With the addition of 105 pounds
potassium per acre, a marked decrease in the level of this form was noted,
However, the content of the acid insoluble or fixed form was necessarily
increased indicating a éhift in equilibrium from the more available to the
less available fraction. The same general picture holds for the 263
pound inocrement with the exception of inocreases in the acid soluble
fraction in two of the four soils, Adding 525 pounds K per acre to the
soils changed the equilibrium still more by shifting a slightly larger
amount of potassium into the acid insoluble form, It is interesting to
note that the content of acid insoluble fraction is about the seme whether
potassium was added at the rate of 500 or 1000 pounds KCl per acre., This

might indicate a possible "saturation" with respect to this fraction.

Amounts of Potassium Fixed

The gain in the water soluble and exchangeable potassium content of
seven soils, together with the potassium added, and the amount of fixation
is given in Table 51, Fixation from =9 to 17 pounds per acre was
recorded for the 105 pound per acre addition, from 11 to 37 pounds per
aore for the 263 pounds potassium increment, and from 31 to 99 pounds per

acre for the 525 pound per acre addition. The Kalkaska sandy soil showed
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The recovery and correlated fixation of

soluble potassium added to seven soils

after 16 weeks' incubation

Fox fine sandy loam

Pounds per : Exchangeable:Water soluble:

acre of K K ] K s Fixation t Fixation
added :+ 1bs./A. &t 1lbs./A. 1 lbs./A. : per cent

0 2 2 -4 -5
106 46 54 5 3
263 108 122 33 10
525 204 282 39 4

Onaway sandy loam

0 4 8 -12 =13
105 32 76 -3 =5
263 80 162 21 9
625 148 312 65 12

‘Emmet sandy loam

0 10 4 =14 =21
105 44 70 -9 =5
263 98 136 29 9
525 144 282 69 10

Emmet sandy leem ,

0 5 4 -9 -11
106 38 56 11 6
263 72 154 37 10
525 158 294 73 12

Mancelona Sandy loam

0 0 2 -2 -3
105 28 64 13 7
263 76 150 37 11
525 164 302 59 10
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Table 51, (continued)

Kalkaska sand

Pounds per 1 Exchangeable:Water soluble: 3
aore of XK 3 K 3 K s Fixation 3 Fixation
added :+ lbs./A. ¢ 1bs,/A. 3+ 1bs./A. &  per cent
0 4 2 -6 -18
105 46 54 5 3
263 98 154 11 4
525 156 338 31 6

Fox sandy loam

0 -2 4 -2 -2
105 52 36 17 16
263 122 108 33 13

525 198 - 228 99 19
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the least tendency to fix potassium, immobilizing only 6 pounds with a
1000 pound increment of XCl on an acre basis., The liancelona, Onaway,
and Fox fine sandy loam soils had the same fixing power with a maximum
of about 10 per cent when a half ton of muriate of potash per acre was
added, The Fox sandy loaﬁ fixed the greatest amount of soluble potassium

with the fixation between 15 and 20 per cent,

Potassium Equilibrium in Soils Under Greenhouse

Culture

It was decided that an experiment be set up to study the potassium
equilibrium of soils at the time they were supporting plant growth,
This investigation was carried out using millet grown on ten different
Michigan soils in the greemhouse., Small jars were used to facilitate
an intensive removal of potassium as well as other plant mutrients, Six
pots of each soil were used with potassium being added as the chloride
to three of the jars at the rate of 400 pounds per acre. A general
mutrient addition was given all soils consisting of 400 pounds ammonium
sulfate, 100 pounds megnesium nitrate, 400 pounds mon§écalcium phosphate,
20 pounds manganese sulfate, 5 pounds zinc sulfate, and 5§ pounds copper
sulfate on an acre basis, The acid soluble, exchangeable, and water
soluble fractions of potassium of the soils were determined before and
after oropping using the methods of extraction and analysis as indicated
under release studies, The yield of plant material was taken from each
jar and the oven dry tissue anslvzed for notassium, The growth of

millet on six of the ten soils with and without added potash is shown in
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Plate 6, With values for plant removal of potassium given in Table 52
and the contents of the various fractions before and after cropping
listed in Table 53, a clearer picture can be gained of the source of

potassium as used for plant growth,
Source of Potassium for Plant Growth

The yield figures in Table 52 show that the addition of potassium
to the soil gzave inoreases of from 2 to 3 times the dry weight of millet
for the sandier soils and from 1 to 2 times for the heavier soils compared
with yields where no notassium was added, The per cent of potassium
in the plants followed a similar trend with 8 to 12 times more potassium
in the plants grown on the lighter soils receiving soluble KCl and 3
to 8 times more potassium in millet grown on the finer textured soils
to which potassium was added. The data in Table 53 indicate that in
all soils there is a gain in the water soluble and replaceable fractions
after cropping regardless of whether votassium was supplied to the soil,
Likewise, it should be noted that the values for the acid soluble form
were lower after cropping, and that, in general, this fraction decreased
most in those pots to which potassium was added, The figures listed
under the column "absorbed or fixed" refer to that potassium either
absorbed by plants or fixed in an acid insoluble form in the soil.

Table 54 may be considered a balance sheet listiny the losses and gains
for each fraction of potassium after oropping. The values for fixed or
acid insolublo potassium have been calcnlated by difference in the

following manners (the sum of the fractions of the original soil) ¢
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Plate 6. The effect of added potassium on the
growth of millet in six Michigan soils.
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of millet as affected by the addition of potassium to

The yield, per cent potassium, and potassium content
some 8soils set up in greenhouse pots

Table 52 °

K added

Yo K added
tYield:K in :K in plant:Yield:K in 3K in plant

H

3 Jar

Soil type

~

o

o
o ®w
2
- x
mr
:wp
f
—
et}
" o
| T
m.a

oy
e oe

—~

o
o O
(@3- ]
—

(/]
| <
o a&
jsTIR ¥]
o
P
=]

o
—
2.
e o0
o
[+
2.8
* o0
1
.m
=
I3
e

16.1
16,1
18,0

s 14,7 1,57
1 13,9 1,66
: 14,3 1,80

a @
° .
OOOo
0w O o
e o o
0 O o
-~

a3 2

Fox sandy loam

10.9
11,3
10.4

t 14,0 1.16
H 1308 1022
: 14.4 1,08

D o N

0 ®» o
AN~ o~

® o o
(e o Neol
-t

* o
wnw O o

Plainfield sand

Emmet sandy loam

13.0
12.7
12.6

«4 1,67
6 1,78
o7 1.90

11
10
9

4 ]
T 3
4 3

~ o~ o~

Kalkaska sand

-
. .
N NN
w
o o o

~t -
SR g

Onaway sandy loam

wed O,

015

~ o~

W ¢
o o o
e~~~

5&6
000

680
4.56

Gilford sandy loam

Warsaw loam

0 -
....IM
O @

(S A= -V
A~ O
D ¢ ¢
o o o
=t~
O N
o o o
0 N W
—
e o9 o

Miami loam

14,1
15,0
14.6

3
-~

37.4.

1.nu
343

Ot~ 0
e o o
-~~~

CEE
* o o
(o o Ne)
o N W
o o o
© O 0

Miami loam

™ @ O
o .

(B N )

B N
[ ] L ] L d
O O ©

Conover 8ilt loam



127,

Table 52, (continued)

] 1 No K added s K added
s Jar :Yield:K in 3K in plantiYield:K in :K in plant
Soil type tnumber: persplants per 100 3 per :plant: per 100
3 s jar: sgrams 8oils jar s sgrams soil
] g gns, per mgms, 3§ gm8, per mgms ,
s 3 cent ] cent
3 3 t
Brookston loam s 1 s 10.4 0.58 5.2 s 11.9 1.45 14,9
s 2 1111,0 0,52 5.0 : 11,6 1,37 13.8
t 3 1 11,7 0.45 4,6 s 11,7 1.42 14.4
f : :
Wauseon loam $ 1 t 8.8 0,35 2.6 : 15,4 1.30 16.8
1 2 : 8.8 0.31 2.3 t 13.6 1.48 16.9
3 3 & 9,6 0,27 2.2 s 12,1 1,52 15.5
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The gain or loss in some fractions of soil potassium

after greenhouse cropping of some soils treated

with and without potassium

Teable 54.

3 K added
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(continued)

Table 54,

K added

No K added
sFixed*iAcid:Exch, sWater :Fixed*3Acid:Exch, sWater

g Jar

Soil type

t80l,t s sol,

Mgms, of potassium per 100 gms. soil
4
3
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snumbers
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¢« o o
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5

3

(=]
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(&)

Brookston loam

Wauseon loam

*This is considered to be the acid insoluble form.
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(the potassium added, if any) = (the sum of the fractions after cropping) +
(the potassium removed by the plants),

As might be expected the exchangeable and water soluble potassium
increased on those soils to winich soiuble ACl was added. To those pots
where no potassium wes added and on which plant growth and appearance was
poor, the replaceatle and water soluble forms also increased over their
original values., The latter phenomenon might be explained by the release
of potassium from the less available sources toward the end of the growing
period forming an accumilation which was not absorbed by weakened and
rather inactively growing plants,

The losses exhibited in the acid soluble form in soils to which
potassium was added indicated.either that plants are able to feed directly
upon this form of potassium or that the equilibrium shift from the acid
soluble to the more available fractions is rather rapid upon intense removal
of water soluble and exchangeable potassium, The gains in the acid insol=
uble form with additions of potassium would appear inconsistent on the basis
of an equilibrium system with the next soluble fraction. However, it could
have been possible, over the period of a month or two before the plants
removed any large amount of potassium, for a shift of that element to occur
from the more aveilable forms to the acid insoluble state, In the case of
sandy soils where no increment of potassium was received, the above explan=-
ation will not suffice, for it appears that there is a movement of potassium
from the acid soluble fraction to both more and less soluble forms, Under
8imilar conditions and upon crop removal the fine textured soils show a
distinct equilibrium trend of potassium from the less available to the

replaceable and water soluble forms,



133,

SULMARY

Plant and soil samples were collected from normal and poor alfalfa
fields located on some sandy soils in western Michigan in an attemnt to
find the soil factcr or factors vhich were causing the farmers difficulty
in estaeblishing and maintaining legume stands. On the supposition that
the lack of available potassium might be a partial answer to the problem,
the s0ils and plants were analyzed for this element and other plant
nutrients,

The soil samples from good and poor alfalfa fields were tested for
exchangeable potassium, calcium, magnesium, available phosphorus, base
exchange capacity, and reaction, The supply of available potassium
and calcium was substantially higher in soils from the good fields,

Little difference was noted between the amount of replaceable magnesium

in soils from either type of location. Ca&Mg/K ratics of samples studied
were lower from the zood alfalfa fields. .although there was no signif-
icant difference between the per cent base saturation of soils sampled
from normal and poor alfalfa stands, it avpvears that 75 per cent base
saturation may bte regarded as the lower limit for good alfelfa growth
provided there is a plentiful supply of available potassium and phosphorus.
The reaction determinations, in general, p&ralleled the values for per
cent base saturation. The available phosphorus content, as extracted

with dilute acid, was about the same for soils from good and poor fields,
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The calcium and magnesium contents of alfalfa from poor fields were
found to be higher than that of plants from good stands, while the per
cent potash was only one-half as hich, The low potassium content of the
dried plants as indicated by chemical test was correlated with field
observations of a stunted and yellowed growth, known symptoms of potash
deficiency, and with tests ﬁade on the green tissue.

The response of alfalfa crown in rreenhouse pots to various fertilizer
and minor element treatments was undertaken in 18 experiments on Plainfield,
Fox, Warsaw, Emnet, Kalkaska, lancelona, and Onaway soils, These soils,
of a sandy character, low in organic matter with the exception of the
Warsaw samples, and subject to drought in periods of low rainfall, were
collected from fields that supported good and poor stands., Though some
soils which had produced a good growth of alfalfe in the field responded
in the greenhouse to plant food additions on cuttings of the first stand,
the increases in yield over no treatment were smaller than those obtained
from clippings of the second stand, In general there was a negative
correlation between the productivity of the field stand and the degree of
growth response in greenhouse culture,

Potassium gave significant incresses in tne yield of tops of one or
more cuttings of alfalfa of the first stand in 16 out of a total of 19
greenhouse experiments conducted on ten different soil types. EHighly
significant response in the growth of tops and roots of the second stand
can be attributed to potassium in every experiment where alfalfa was
replanted and refertilized. Using the yileld of the second cutting of

the first and second stands, where available, as an indicator of the relative
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need of potassium, the average per cent increase in yield of all exper-
iments upon comparing calcium, magnesium, and potassium with calcium

and magnesium or calcium and potassium with calcium is 48 for the first
stand and 375 for the second stand, The individual effect of potassium
on yield for the second stand on two Fox sandy loam soils rose abtove 1000
per cent increase,

It is evident that with heavy cropping of sandy soils, an adequate
supply of votassium is needed for éontinued maintenence and reestablishment
of legume stands,

In general, applicatioﬁs of lime had little effect on yleld even
though the reaction of some soils was below pH 5.8, Small decreases in
growth were recorded in the cuttings of the first stand on four soils and
in the cuttings and roots of the second stand in three experiments. In
all other trials alfalfa responded slightly to additions of calcium or
calcium and magnesium. Three greenhouse experiments using a lancelona,
a Kalkaska, and an Emnet sandy soil indicate that the beneficial effect
of boron, manganese, zinoc, coppesr, and cobalt was increased by the use of
lime, Slightly depressed yields of alfalfa were obtained in a single
trial on an Emmet sandy loam from the addition of lime to minor element
treatments, a4 part of the injurious effect of overliming of sandy soils
is probably due to the formation of insoluble compounds of lime with boron,
manganese, cobalt, copoer, and zinc, It is also vossible that the
addition of lime without potassium to these sandy soils produced a higher

calcium/potassium ratio which would be less favorable for legume growth,
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In eleven experiments where the individual effect of magnesium can
be determined from calcium, potassium, and magnesium combinations, four
showed a significant response in yield from the use of magnesium, while
little or no benefit was obtained from additions of this element on seven
soils, In general, those soils, namely a Fox sandy loam, two ‘jarsaw sandy
loams, and an mmmet sandy loam, that responded to magnesium had lower
amounts of this element in the exchangeable form than did soils not
responding significantly,

Boron was added alcne or in combination with calcium, calcium and
megnesium, magnesium and potassium, or calcium, magnesium, and potassium
in eighteen experiments, In three trials on a Fox, an Emmet, and an Onaway
sandy loam, there was no siznificant increase in either the yield of tops
or roots upon the addition of boron alone or in combination with magnesium
and potassium. Significant response in top growth of one or more cuttings
was obtained on four Fox sandy loam soils, two Warsaw loam soils, three
Emmet sandy loam soils, and on one sample of Kalkaska sand, Mancelona
sandy loam, and Onaway sandy loame Boron was more beneficial for in=-
oreasing the growth of roots than the aerial portions of the alfalfa plant,
In general, boron in combination with calecium and magnesium gave slightly
higher increases in yield than when boron was added together with calcium,
magnesium, and potassium.

The individual effect of mancanese can be determined from the data
of six experiments. Siznificant increases in yield of tops and especially
roots were recorded only on two soils, both Onaway sandy loams with pH

values of between 6,0 and 6,5, A 8light response to manganese was obtained
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on a Plainfield aandy soil, The addition of menganese in experiments on
three Emmet sandy loam soils caused slizht decreases in yield, In contrast
to boron, manganese appears to give a greater increase in yield when

aoplied with calcium and potassium than when applied with calcium alone,

The individual effect of zinc can be calculated in experiments on two
soils, Addition of zinc with boron and with lime, potassium, and boron
gave significant increases in growth of alfelfa tops and roots on an Zrmet
sandy loam soil, but not with 1lime snd boron, Little or no beneficial
effect was found from the use of zinc on a Kalkaska saﬁdy soil,

Coﬁalt added to an Emmet sandy loam soil and a Kalkaska sandy soil
in combination with boron, lime and boron, and lime, boron, and potassium
produced rather important yield increases. The use of cobalt and zinc
together resulted in slight to medium increases in growth on two Emmet
sandy loam soils,

Copper, as the sulfate, was added as a minor element increment to soils
in 15 experiments. The effect of copper alone can be ascertainsd in only
one trial on a Fox sandy loam soil where copper produced significant
increases in growth in three out of four cuttings, In eight experiments
a combination of copper and manganese was used. Good increases were found
in the yield of tops and roots, especially in the second stand, when these
elements were added to three Fox and two Warsaw soils., Decreases in
yield resulted from the use of this combimation regardless of the fertilizer
treatment accompanying it on a uancelona and a Kalkaska sandy soil,
Additions of copper amd cobalt were of importance in raising alfalfa yields

on two Emmet soils and one Kalkaska sandy soil, Root growth was stimulated
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more than top growth,

The general condition of yellowed and stunted field beans, which
farmers of the "Thumb" area of Michigan ascribe to dry weather,would
appear from'this study to be due to the combined effects of low moisture
and‘an inadequate supply of potassium in the surface soil. Those soils
low in evailable potash produced low yielding, potassium deficient beans.
Plants grovn on soils high in potash produced a good yield of beans without
showing deficiency symptoms despite low rainfall during the month of July
and the first part of August. liowever, under summer conditions of higher
rainfall in 1942 when precipitation was above normal for the section, many
of the bean fields that showed potash starvation signs in 1941 produced
normal appearing bean plants. The data points to the fact that soil
moisture is an important factor in determining whether soils low in
available potassium will produce potash deficient beans, Whether the
greater soil moisturo.supply actually increases the content of exchangeable
potassium or whether under such conditions the plant roots have a greater
capacity to forage for potassium has not been demonstrated.

Sidedressing potash deficient beans with 100 pounds per acre of XCl
doubled the yield of beans on two of ten farms. Earlier application of
this fertilizer might have produced higher yields on the other fields.,

With a view to obtaining information on the release and fixation of
potassium in some Michigan soils, studies were made of the equilibrium
between the water soluble, exchangeable, and acid soluble fractions of soil

potassium under controlled laboratory conditions,
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The release of potassium was investigated after soils were brought
to a low fertility level either by cropping or by artificial leaching.

The rate of release of exchangeable and water soluble potassium was found
to be greatest in the first period of incubation and under more intensive
cropping, with the s0ils tending to regain the same level of replaceable
potassium as existed before the experiments started. Under heavy cropping
of these soils, the acid soluble fraction appeared to be the main source

of replacement for the more available forms, The ratio of salt soluble

to water soluble potassium was found to decrease with the time of incubation,
The average amount of exchangeable and water soluble potassium released
over an eight month incubation period from seven sandy soils that had
supported 3 cuttings of alfalfa was 25 pounds, This figure would be

far too small to support a vigorous stand of alfalfa on soils of sandy
texture and low in fertility,

Laboratory studies under optimum moisture conditions on the fixation
of potassium in seven sandy soils of western Michigan indicated that very
little if any potash of a 200 pound per acre application of XCl was fixed
in the acid soluble form. When 500 and 1000 pound per acre additions of
muriate of potash were made, the per cent of fixed potassium in non-
exchangeable forms averaged about 10 per cent. Such large applications,
however, produced rather large amounts of the water soluble and replaceable
fractions, which could be lost through excessive leaching,

The effect of the addition of potassium on its various soil forms
and on plamt growth was investigated on twelve liichigan soils planted to
millet in small greenhouse pots. The addition of KCl to the lighter

textured soils was more effective in increasing the yield of millet than
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when applied to the loam and silt loam soils. Little difference was
noted in the yield and per cent potash of the plants on all soils treated,
but the potassium content of plants grown on the heavier soils with no
treatment was considerably higher due to larger yields and a higher per
cent of potash. The original sandy soils contained less acid soluble

and exchangeable potassium than the heavier soils, but about the same
amount of the water extractable fraction,

After cropoing, the acid soluble and replaceable forms of potassium
in the sandy soils were lower with and without potash treatment than those
fractions in the loam and silt loam soils. In every case, however,
except one, the exchangeable and water soluble potassium of all soils
was higher than at the beginning of the experiment. The apparent source
of potassium for plant growth for the sandy soils receiving no treatment
was the acid soluble form, while for the heavier soils the main supply
caﬁe from the acid soluble and acid insoluble fractions. As in the case
of fixation studies, the effect of the addition of potassium was to cause
a reduction in the acid soluble form and a definite increase in the acid
insoluble form, |

The main source of soil potassium in the sandy soils for plant growth
is the acid soluble fraction, which is in equilibrium with the more
available forms. Soils of low fertility or soils having had poor
management cennot release enough notash to suoply the needs of a vigorous
stand of legumes, Fertilizers high in potash are necessary to help
establish and maintain alfalfa and clover stands. Since the lighter soils

do not fix appreciable amounts of potassium, it would appear that the most
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economical way of applying this plant food would be small and frequent
additions over the life of the stand. Such recommendations have already
been placed before the farmers,

Experimental greenhouse studies indicate that certain minor elements,
such as B, ln, Co, Cu, and Zn, when applied with calcium and potassium

inorease the yield of legumes on sandy soils,
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