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FOREWORD 

This p ublication is th e resul t of research conducted 
cooperatively by members of the P otassium Subcom­
m ittee of th e North Centra l Mineral D eficiencies Com­
m ittee (NC-16 ) a nd by m embers of NC-16 and oth ers 
in the 12 North Central states, Alaska, th e United 
States D epartmen t of Agriculture a nd Ontario, Can a da . 
T h e objectives and general procedures of t he study 
were su ggested by D r. C. A. Black. As th e initia l phase 
of th e study, uniform field experiments were cond ucted 
at 89 locations in Alaska , Ill in ois, India na, Iowa, K an­
sas, Michigan , Minn esota, Nebraska and Ontario, Can­
ada during 1955 and 1956. In these fi eld experiments, 
potassium fer tilizer was topdressed on establish ed stands 
of a lfa lfa 1 year a fter seeding . Al fa lfa was selected as 
th e test crop in th ese initia l field experimen ts since it 

is grown in a ll parts of the region a nd since much p o­
tassiu m fertilizer i u sed fo r alfa lfa and oth e r legumi­
nous crop s. Supplemen tary g reenhouse studies u sing 
soil sam p les from the fie ld experimenta l sites were con­
ducted by the United Sta tes D epa r tment of Ag riculture 
a nd Purdue University. Supp lem entary labor a to ry 
studies u sing soil a nd p lan t samples from the field ex­
periments were conducted a t Iowa State University. 
The effect of freezing on the exch angeable po tassium 
in some soil samples was studied a t the U niversity of 
Wisconsin . 

During 195 7 and 1958, uniform field experimen ts 
were a lso conducted with corn . The results of th e g reen­
h ouse studies and of the field studies with corn will be 
repor ted in other bulletins. 

CONTENTS 

In troduction ----- -------------- --------- ·---- ---------------------- ---------------- -------------- ----------------- ----------- -163 

E xp erimen tal m ethod s ----------------------- ---- ---------- --------------- ----------··- --------------- --------- ---- -·--· 164 

E xperimenta l resul ts and discussion --------------- --- -- ----- -------------------- ---------- ---- ------- ---------- 165 

E xch angeable K in soil s --- ----------- ---- --------- ------- ----- -------- -·--··------ ----- --- ---------- ---- -- --- ---- --165 

Yield and K con tent of a lfa lfa ·- ----------------------------------- -- ----- --- ----·--··-· -··----- -·--- ----· ··-- 167 

R ela tion between field and greenhou se results ------------------ ----- ---------- --- --------------- -170 

R ela tion between field and la boratory results ----------- -----···-- ------ ------- ----- ------ ---- -·---171 

Summary and con clusions ______ ____ ____ __ _____ ______ ____ _____ ____ __________ ______ _____ ___ _______ ____ ________ _______ __ l 74 

Li teratu re cited __________________ __ ________ __ ____________________________ ------ --- ____ ----- --___ _____ --- ____ _______ _______ __ _ l 7 5 

Appendix ----------- ------------------ ---- ----- ----------------·-···----------- --··--------------·---------- ---·------ ---· --·-·-· 176 



North Central Regional Potassillill Studies 

I. Field Studies \1\Tith Alfalfa 

BY J. J. HANWAY, S . A. BARBER, R. H. BRAY, A. C. CALDWE LL, L. E . E NGELBERT, R. L. Fox, M . FRIED, 

D. HOVLAND, J. W. K E T CHESON, W. M. LA U GHLIN, K . LAWTON, R. C. LIPPS, R. A. OLSON, J. T. PESE K, 

K. PRETTY, F . \Iv. SivrrTH AND E. M . S T ICKN EY1 

Potassium (K ) 2 availability vane widely in soils 
of the North Central R egion of the United States and 
the adjoining areas of anada. Soils in the wes tern part 
of the region generall y contain adequate amounts of 
p lant-availa ble K , but in other parts of the region, 
oi ls vary from those with abundant suppli es of avail­

able K to those that are very deficient. Present tech­
niques for predicting crop requirements for K ferti lizer 
on different oils based on the determina tion of a ll or 
a portion of the exchangeabl e K in the p low layer a re 
often inadequate, even when applied within restric ted 
. oi l areas. In view of the wide range of K availability 
in different oi ls of the region, more effective methods 
of assessing the K status of the soil s must be developed 
if efficient use of K fertilizers is to be accomplished. 
Therefo re, the major objective of this stud y was to in­
vestigate the relationship between crop yield response 
from K fertilizer or uptake of soil K by plant in the 
field and different labora tory indexes of "plan t-avail­
able K ." 

Because of the genera l rela tionships that have been 
fou nd between exchangeable K in the soil a nd the 
crop yield respon e obtained from added K , most soil 
testing laboratories base K fertili zer r commendations 
upon the exchangeable K conten t of soil samples from 
the plow layer. Exchangeable K is usua ll y ex tracted 
from air-dried soil sample with solu tions of sodium or 
ammonium salts or dilute acids. Different studies on 
soils of the North Central R egion have shown that 
the amoun t of exchangeable K ex tracted from soil 
samples often is increased by drying the sample prior 
to extraction (1, 7, 9, 10, 17, 18, 20, 21, 22 ) . This, 
however, does not occur in all soils. In some soil s 
there is no appreciabl e eff ect of drying on the exchange­
able K , and in a few soil s the exchangeable K content 
is decreased by drying. Drying generally decreases ex­
changeable K when the initial level of exchangeable and 
solubl e K in the soil is high , and it increases exchange­
able K when these forms of K a re rela tively low ( 18, 
21 ) . When drying resu I ts in an increase in exchange­
able K , it also results in increased availab ility of th e 
soil K to plants (1, 17, 22 ) . These studies ind icate that 
1 The man uscript was prepared by the fi rst author. The other authors 
contributed by conducting the fi eld or labora tory ex periments or by 
ass isting in plann ing and c011ducting th e s tudy and reviewi ng the manu­
sc rip t. Mo re compl ete information conce rning th e NC-16 co mmittee and 
ot hers associa ted with this st udy is g iven in th e li stin g o f th e committee 
on page 188 . 

2 Th e symbol K will . be used fo r potassium ll11,oug ho ut thi s bull etin. 

plant avail ability of K in soils in the field could be 
predicted more accurately from the exchangeable K 
con ten t of undried soi l samples than from air-dried 
samples (17 ), but no correlation with crop response 
in the field have been obtained to substantiate this. 

It is genera ll y assumed that alfalfa plants obtain 
appreciable amounts of K from the subsurface horizons 
on the soi l. Lawton et al. ( 16 ) showed that absorption 
of fertilizer phosphorus by a lfa lfa was highest wh n 
fertilizer was placed at the surface or 3-inch depth, 
intermediate a t the 6-inch depth and lowest at the 12-
inch or lower depths. R esults of a greenhouse experi­
ment by Lawton and T e ar ( 15 ) indicate that, a l­
though alfa lfa absorbed the greatest amount of K from 
the 0-8 inch depth, appreciabl e amoun ts were a bsorbed 
from the 8-16 inch depth . Few studies have been m ade, 
however, to determine whether including the amount 
of exchangeable K in the subsoil with that in the sur­
face soil wou ld improve the correlations obtained be­
tween exchangeable K in the soil and crop response to 
added fertilizer K. Black ( 4·) h as proposed a method fo r 
evaluating the contribu tion of nutrients from different 
depths in the soil by means of multiple regression. Some 
investigato rs (12, 19, 26 ) have shown tha t the relation 
between exchangeable K in the soil and the percen t K 
in leaves from apple and orange orchards cou ld be im­
proved by including the exchangeable K from subsoil 
horizons. In these studie , however, the amount of 
exchang a bl e K was determined from air-dried soil 
samples. R esults of Hanway and Scott (9 ) indicate 
that the increase in exchangeable K from drying is 
u ually much greater in sub oil samples than in samples 
from surface soils. 

The K content of alfalfa harvested in the bloom 
stage m ay vary from less than 0.5 to more than 3.0 
percent on a dry-weight basis (3 ) . Several investigators 
have shown a defini te relationship to exist between the 
exchangeable K content of the soil and/ or the amount 
of K applied as fertilizer and the percen t K in the 
a lfalfa plan ts (2, 3, 6, 8, 11 , 13, 14, 23, 24, 25, 27 ) . 
Generally in these studies, when the percent K in the 
plants was below a certain critical percen tage, increases 
.in percent K in the pla nts were associated with increases 
in yield. The critical percentage of K in alfalfa pl ants 
above which li ttle or no increa e in yield will be ob­
tained from a lditional K is usuall y considered to be 
within the range of 1.25 to 2.0 percent (2, 3, 8, 13 ) . 
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Jackson et al. designated 1.25 as the lower limit of the 
optimum range for good survival and high yields. Stivers 
and Ohlrogge (25 ) sta te that the percentage of K in 
alfalfa necessary for its survival is 0.9 to 1.1. These 
and other results indicate that the K content of alfalfa 
plants provides a good estimate of the K status of the 
plants and that differences in K contents of a lfalfa 
plants would reflect differences in the availability of 
soil K to the plants. 

EXPERIMENT AL METHODS 

FIELD 

During 1955 and 1956, 89 field experiments with 
alfalfa were conducted in seven of the North Central 
states, Alaska and Ontario, Canada, (see table A-1 in 
the appendix ) . At each fi eld site, a uniform amount of 
superphosphate to supply at least 120 pounds of P2O s 
per acre was broadcast over the entire experimental 
a rea. Differential treatments consisted of topdresscd 
(broadcast ) applications of potassium chloride a t rates 
of 0, 20, 40, 60, 80, 120, 240 and 360 pounds of K 2O 
per acre in 1955; the same rates up to 80 and, in some 
experiments, up to 120 pounds of K 2O per acre were 
used in 1956. In most experiments the plots were 9 x 
15 feet in size and were arranged in a randomized 
block design with six replications. Most experiments 
were conducted on pure stands of a lfalfa seeded the 
previous year, but in a few cases clover (and/or grass ) 
was grown with the alfalfa. In these cases the yield 
and composition of each component are shown separate­
ly in table A-2 in the appendix. Dry matter yields were 
determined from the green weight of hay cut from a 
swath 3 x 12 feet, or a similar area harvested in quad­
rants, and the percent dry matter in the hay which was 
determined by drying at 65 °C. Plant samples for chem­
ical analyses were collected at each cutting by taking 
at least 50 standing alfa lfa shoots at random from the 
sides of the swath cut for yield determinations. These 
plant samples were dried and ground, and a composite 
sample for each K treatment ( composited according to 
the yield of each plot ) was sent to Iowa State U niver­
sity for K analyses. 

Prior to the application of fertilizer, soil samples 
were obtained from each site for laboratory and green­
house studies. A bulk sample consisting of a composite of 
20 subsamples from the 0-6 inch layer of soil from the 
experimental a rea was obtained from each field ex­
periment. In 1956, bulk samples from the 18-24 inch 
layer, taken from a pit dug adjacent to the experimental 
plots, were also coll ected from some of the sites. The 
1955 bulk samples were air dried and sent to the Plant 
Industry Sta tion, Beltsville, Maryland, for a greenhouse 
experiment. The 1956 bulk samples were kept field 
moist and sent to Purdue · University for a greenhouse 
experiment. The results of these greenhouse experiments 
will be published in another bulletin . To obtain smaller 
soil samples for laboratory ana lyses, each location was 
sampled to a depth of 36 inches by 6-inch incremen ts . 
Separate samples, consisting of at least 10 cores each, 
were obta ined from the 0-6 inch layer of each rep licate 
in each experiment. The subsurface samples consisted 
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of composites of two replicates in 1955 and three repli­
cates in 1956 with at least two cores per replicate. These 
samples were kept fi eld moist and sent to Iowa State 
University for laboratory analyses. . 

LABORATORY 

K was extracted from the plant samples by shaking 
0.50 gram of oven-dry plant material in 100 ml. of 
0.15 75 N acetic acid for 30 minutes and filtering 
through a dry filter paper. 

The fi eld-moist soil samples were screened through 
a ½ -inch screen and thoroughly mi,-xed. A small por­
tion of each samp'. e was air dried for 2 weeks in a 
controll ed temperature-humidity room at 5°C. and ap- · 
proximately 40 percent relative humidity. This resulted 
in less drying than would occur at room temperature 
or a lower relative humidity. P ercent moisture in the 
field-moist and air-dried samples was determined by 
oven drying weighed samples at 110°C. for 24 hours. 
Exchangeable K was extracted from weighed samples 
of approximately 10 grams of the fi eld-moist, air-dried 
and oven-dried soil samples by shaking for 30 minutes 
in 15 ml. of Neutral lN NH40Ac, filtering and leaching 
with an additional 60 ml. of lN NH40Ac. The extracts 
were then made up to 100 ml. in volumetric flasks. 

K in the plant and soil extracts was determined on 
a Perkin-Elmer model 52A flame photometer usina 
li thium as an in ternal standard. K contents of the plan~ 
material and the soils are expressed on an oven-dry 
basis. 

A portion of each soil sample was air-dried for a t 
least 2 weeks at room temperature and tested in the 
Iowa State University Soil T esting Laboratory by the 
standard procedures used in that laboratory. A glass 
electrode using a 1: 2 soil: water ra tio was used to de­
termine pH. K was extracted by shaking two grams of 
soil (measured volumetrically) in 10 ml. of Neutral lN 
NH,,0Ac for 5 minu tes and filtering. K in the extract 
was determined using a fl ame photometer. Phosphorus 
was ex tracted by shaking 1 ½ grams of soil (measured 
vo lumetrica lly ) in 10 ml. of Bray's No. 1 phosphorus 
extractant (0.025 N HC1 and 0.03 N NH4F ) for 5 
minutes and filtering. Phosphorus in the ex tract was 
determined colorimetrically using ammonium molyb­
date and stannous chloride to develop the color. 

Portions of selected soil samples were sent to the 
University of Wisconsin where exchangeable K was 
determined after the field-moist samples had been kept 
frozen a t -4°C. fo r 7 months. K was extracted with N eu­
tral lN NH4 0Ac. The soil to solu tion ratio used was 
1 to 10. K in the extract was determined on a Beckman 
model Du fl ame photometer. 

CORRELATION STUDIES 

For studies of correlations between fi eld, greenhouse 
and laboratory results, different indexes of the avai l­
abil ity of K to plants were used. These indexes includ­
ed: ( 1) percent K in plants from plots that received no 
K fertilizer application, (2) pounds of K taken up by 
plants from plots that received no K fertilizer app lica­
tion and (3 ) Ek values calcula ted as shown in fig. 6. 
Percent recovery of applied K was calculated from the 



slope of the regression equation relating pounds of K 
taken up by the plan ts to pounds of K 20 applied to 
the soil over the range of K fert ilizer applications where 
the relationship was linear. Exchangeable K was used 
as the labora tory estimate of K availability in soils. 

EXPERIMENT AL RESULTS AND DISCUSS ION 

E XCHANGEABL E K IN SOILS 

Exchangeable K in field-moist, a ir-dried and oven­
dried soil samples and other soil tes t resul ts for the 
soils used in this study a re reported in table A-1 of the 
appendix. The exchangeable K in field-moist and oven­
dri ed samples from the 0-6 and 30-36 inch depth and 
the changes in exchangeable K resul ting from drying 
a re summa rized in table 1. The relationship between the 
field-moist and oven-dried values is shown in fig. 1 for 
a ll of these samples with the excep tion of three samples 
that had exchangeable K conten ts greater than 1,000 
pp2m. The profil e distribution of exchangeable K in 
field-moist, air-d ry and oven-dry samples for some 
typical soils is shown in fig. 2. 

Exchangeable K under field-moist conditions was 
almost a lways higher in the surface soil samples than in 
samples from the corresponding subsoil horizons. The 

fi eld-moist subsoil samples from most soil profil es were 
low in exchangeable K. Only 18 profiles con tained more 
than 100 pp2m of exchangeable K in the 30-36 inch 
layer, and only one of these contained more than 222 
pp2m. All of these •13 soils were from the western part 
of the North Cen tral R egion (Kansas, Nebraska and 
Minnesota ) or from Ontario. Even in these states, 29 
soil profiles conta ined less than 100 pp2m of excha r;i.ge­
able K in the 30-36 inch layer, and some subsoils from 
Minnesota and Ontario con tained less than 30 pp2m 
of exchangeable K. The exchangeable K in fi eld-moist 
samples from the 30-36 inch layer of 40 profiles from 
Indiana, Michigan, Illinois and Iowa ranged from 22 
to 80 pp2m and averaged 44 pp2m. 

The effect of oven drying on the exchangeable K 
content of soil samples varied with dep th as shown by 
the rela tionships in fig. 1. \i\lhen a ll samples represented 
in fig. 1 were considered, there was a much higher de­
gree of correlation between the exchangeabl e K con tents 
of fi eld-moist and oven-dried samples for the 0-6 inch 
depth ( r = 0.96 ) than for the 30-3G inch depth ( r = 
0.5 7) . This higher degree of correlation, however, is 
par tia lly due to the greater range of va lues for the 
0-6 inch samples. When only the 0-6 inch samples with 
exchangeable K con tents between 100 and 250 pp2m 

TABL E I. EXCH ANGEABLE K IN FIELD-MOIST AND OVEN-DRIED SAMPLES F R OM THE 0-6 AN D 30-36 INC H SOIL LAYERS AT THE 
DIFFERENT FIELD EX PERIMENT AL SIT ES AN D T HE CH ANG ES I N EX CHA NGEAB LE K AFTE R OV EN DR YING EXPRESSED AS PP2M. 
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in the field-moist condition were considered, the cor­
relation between field-moist and oven-dried value. was 
not so high (r = 0.61 ) . 

As shown in fig. 2, the profile distribution of ex­
changeable K in most soils was marked ly modified by 
drying the soil samples prior to ext raction of th e ex­
changeable K. Table 1 shows that exchangeable K 
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and ove n-dri ed so il sam ples from th e 0-6 and 30-36 in ch soil layers . 
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was increased by oven drying by more than 20 pp2m 
in almost a ll subsoil samples and in over half of the 
surface soil samples. The increases from drying w re 
usually much greater in subsoil samples than in surface 
soil samples, altho~gh in severa l surface soil samples the 
increase from oven drying was greater than l 00 pp2m. 
In some subsoil samples there was a tenfold increase in 
exchangeable K. Thus, fig. 2A shows the most common 
profile distribution of exchangeable K as influenced by 
moisture content of the samples tested. In more than 
one-third of the surface soils, drying resulted in little 
or no change (20 pp2m or less ) in exchangeable K. 
Data from this type of soil a re illustrated in fi g. 2B. 
In six of the surface soils, a decrease of greater than 
20 pp2m in exchangeable K resu lted from drying, and 
th is bro ugh t about a profi le distribution in most of 
these soils similar to tha t shown in fig. 2C. Figure 2D 
shows the profile distribution commonly found in sanel y 
soil s. At a ll depths in most sanel y soils there was only 
a sma ll increase in exchangeable K resulting from dry­
ing, but a ll determinations for exchangeable K were 
very low. 

For samples in which changes in exchangeable K 
occurred upon drying, the amount of exchangeable K 
extracted depended upon the degree of drying. The 
a ir-dried values were intermediate between the fi eld­
moist and oven-dried valu es . Air drying at the constan t 
temperature and humidity us d in this study resulted 
in less moisture loss and less change in the exchange­
ab le K than did drying at room temperature in the 
soil testing laboratory. In most laboratories, excha nge­
ab le K is usually determined on air-dried soil samples. 
The data reported here indicated that the changes ob­
served in exchangeable K resulting from air drying will 
be less than those indicated for oven drying. The 
changes from air drying were often appreciable, how­
ever, and the values observed will vary with the degree 
of drying achieved. 

Some less common profile distributions of exchange­
a ble K are shown in fig. 3. Figure 3A repre ents a 
sanely soil wi th a relative ly high exchangeable K con­
tent. In this soil the exchangeable K at a ll depths in 
the profile was decreased by drying. In the Bates very 
fine sanely loam, fig. 3B, exchangeable K in moist 
ampl es increased with depth to the 12-18 inch layer 

a nd then decreased with depth below this layer. Drying 
produced an increase in exchangeable K a t a ll depths 
except in the 12-18 inch layer. Exchangeable K in the 
moist soil was the highes t in this layer, and drying re­
sulted in a decrease in exchangeable K. A similar 
ph enomenon was observed in the Knik silt loam soil 
from Alaska and to a lesser extent in a few other soi ls. 

In most soil profiles the exchangeable K content 
in field-moist soil samples decreased with depth in the 
profi le or decreased to a minimum value and then re­
mained relatively constant below that depth. In a few 
soils, however, as illustrated in figs. 3C and 3D, the 
exchangeable K in undried samples decreased with 
depth to a minimum valu e and then increased with in­
creasing depth. A few soils, other than those for which 
the data are ill ustratecl here, showed these variations 
to lesser degrees. 

The change in exchangeable K that resulted from 
drying 0-6 inch samples varied in different parts of the 
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region . In surface soils from Illinois, Iowa, K ansas and 
Nebraska th ere were no decreases, and most so ils showed 
signif icant increases in exchangeable K because of dry­
ing; whereas, in su rface so il s from M ichigan, drying 
resulted in essentia lly no change or in significant de­
creases in exchangeable K . Onl y 3 of the 16 surface 
soils from Indiana showed significant increa es in ex­
changeable K from drying, and there was essentia ll y 
no change in the other 13 soils. Exchangeabl e K in the 
one surface soil from Alaska cl creased on drying. 
Changes produced by drying the surface soils from 
Minne ota varied from essentia ll y no change to large 
increases, and changes in su rface soils from On tario 
varied from a la rge decrease in one soil to significant 
increases in others . In genera l, surface soil s from the 
eastern part of the region showed less change in ex­
changeable K resulting from drying than did so ils from 
the western part of the region, except tha t sand y soil s, 
!rrespective of location, showed li tt le change from dry­
ing. 

Freezing appears to have a dessication £feet on 
exchangeable K , resulting in increases or decreases in 
excha ngeable K the same as air drying or oven drying. 
Data from a few samples are shown in table 2. The 
changes in exchangeable K produced by freezing were 
relatively small and comparable to those produced by 
air drying at low temperature in the constan t tempera­
ture-humid ity room, bu t were much smaller than those 
produced by oven drying the soil sample . 

As has been shown by other workers ( 18, 21) , dry­
ing may r suit in either increases, no change or de­
crea es in exchangeable K in soil samples depending 
upon the level of exchangeable K in the soil sample. 
This i shown in table 3 by the exchangeable K content 
of moist and oven-dried amples from a Minne ota soil 
wh ere th e exchangeabl K in the soil varied ex trem ely 
in different rep licates of the field experimen t. Samples 
from replicates low in exchangeabl e K howed a n in-

TABLE 2. THE EFFECT OF FREEZI NG ON EXCHANGEABLE K IN 
CERTAJ N SOILS AS COMPA RED WITH TI-IE EFFECT OF AIR 
DRYJNG AND OVEN DRYING. • 

Experim ental 
site 

Sample 
depth 

(inche~) 

Iowa 7 ······-··-······.18•24 
11inncsot;·· 1 ············ ' 8•24 
Indi ana 1 .................. 18•24 
Indiana I ·········--------- o. 6 
Iowa 2 ...................... o. 6 
Ontari o 3 ................. .18•24 
]vf inn csota 1 -- --··-----· o. 6 
Ont ario 3 ·-------·· ···--· o. 6 

Replica te 

I & 2 
3 & 6 
3 & 4 

4 
2 

1 & 2 
6 
I 

a Samples from 1955 fi eld ex periments. 

Exchangeab le K ( pp2m ) 

Air Oven 
Nloist Froz,cn dried dried 

40 80 98 421 
53 100 88 340 
61 11 3 156 447 

106 135 120 205 
132 159 158 28 1 
145 263 206 348 
220 185 218 214 
398 382 384 172 

TABLE 3. T I-IE EFFECT OF DRYING ON EXCHANGEABLE K IN 
SOJL SAMPLES FROM THE 0·6 INCH LAYER OF DIFFERENT 
REPLI CATES OF THE MJNNESOTA NO. 2 ( 1955) FIELD EXPERJ. 
1V!ENT O N A CLARION CLAY LOAM . 

Field 
replicate 
sampl ed Field moist 

3 ·······-······-··-··········-······.144 
2 ·······················-···············22 1 
l ······················ ·············-···274 
4 ···························-· ··········369 
6 •·······································662 
5 ··············•·············· 1,370 

Excha 11geab le K (pp2 m ) 
Cha nge a lter 

Oven dri ed drying 

254 
303 
324 
494 
649 

1,235 

+ 11 0 
+ 82 
+ 48 
+ 125 
- 13 
- 135 

crease from drying, whereas those from replicates with 
h igh exchangeable K showed a decrease from drying. 

YIELD AND K CONTENT OF ALFALFA 

The dry-matter yields and the percent K in the 
pla nts for a ll fi eld experiment a re reported in table 
A-2 of the appendix and are partiall y summarized in 
tab le 4. 

The yields of hay for the first and second cuttings 
from the unfertilized plots of the different experiments 
a rc compa red in fig. 4. The correlation bet\-veen the 
yields of the two cuttings was very low (r = 0.48•x--x- ) but 
still highl y significant. In general, the second-cutting 
yields were lower than those of the first cutting, but in 
some experiments drouth seriously limited first-cutting 
yields, and la ter rains resulted in yields of the second 
cutting tha t exceeded those of the first. Yields of first 
cutting averaged 3,200 pound per acre and ranged 
from 280 to 5,880 pounds per acre in the different ex­
periments. 

Even though there was a poor relation between 
yields of the two cuttings of a lfa lfa, the percentage of 
K in the unfertilized plants from the two cuttings was 
highly correlated, as shown in fig. 5. Where more than 
two cutting were made, this same rela tionship held 
for a ll cuttings . It appears that different environmenta l 
conditions at different times in the growing season 
marked ly influenced yields but, at most . ites, did not 
result in appreciab le changes in the K concentration in 
the unfertilized plants. This indicate that the percent 
K in alfa lfa plants of any cutting could be used as an 
index of K availability to the plants. 

Figure 5 also indicates the generally high level of 
K availability in the sites selected for these experimen ts. 
The K content of the alfalfa p lants from the first cut­
ting at different sites ranged from 0.64 to 4.50 percent 
and averaged 2.0 percent. The percent K in the plan ts 
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TABLE 4. SUMMARY OF RESULTS FROM FIELD EXPERIMENTS WITH ALFALFA. 

Expt. No. 

Alaska 
Illi11ois 

" 
Indiana 

Iowa 
" 

K ansas 
" 

:Minnesota 
" 

Nebraska 
" 

1 dO 

I 
2 
I 
2 
3 
4 
5 
6 
7 
3c1 2 

1 
2 
3 
4 
5 
6 
7 
8 
I 
2 
3 
4 
5 c1 1 

6 
7 
8 
9 

10 
II 
12 
13 
14 
16 

1 
2 
3 
4tl l 

5<1'.! 
6d1 
7<11 
Jell 
?dl 
'.3t11 
4aa 
5 d 3 

6"' 7ao 
8d3 
9aa 

10"' 
j dG 

2 
1 
2 
3 
4 
5 
I 
2c11 
3 d2 
4a1 
5 
fidl 
8dl 
9c1.1 
I d:? 

2 
3 
4 
5 
I"' 
2 dl 
1d2 

2'" 
1 
2 
3dt 

4 
1 
2 
3 
4 
5<12 
6d •i 

Year 

1956 

1955 
" 

1956 

1955 
" 

1956 
" 

1956 
" 

1955 
" 

1955 
" 

1956 
" 

1955 
" 

1956 
" 

1955 
" 

Soi l t ype 

Kni k si l 
Ocon ee sil 
Ebbert si l 
Il rookston s il 
Miami si l 
R ccsvill e s il 
Brookston sil 
:Miami l 
Brookston sil 
Brookston sil 
Miami I 
Crosby fsl 
Brook ston sil 
Coloma Ifs 
Brookston sil 
Tracy Ifs 
Tracy Ifs 
Brookston sicl 
Tracy Ifs 

Clinton sil 
Clin ton sil 
C larion si l 
C larion sil 
Tama sil 
T arna sil 
F aye tte sil 
Faye tte s il 
Carring ton I 
Carring ton sl 
F ayet te sil 
Fayette sil 
Car ri ngton 
Carr ington 
Clyde I 
Cherokee sil 
Ba les vfsl 
Parsons s il 
Ba tes vfsl 
VVoodson si l 
H obbs-like sil 
Geary sicl 
Hobbs-lik e sil 
Geary sic! 
Sarpy rsl 
C hero kee si l 
Parsons s il 
P~ rsons s il 
Woodson sil 
Cherokee sil 
Parso ns s il 
Bates vrsl 
Fox sl 
Hi ll sda le sl 
Bcll efon1 ai ne s l 
Fox sl 
Conover I 
Mi ami l 
Be ll donlainc sl 
N icollet cl 
Clarion cl 
Fayette s il 
Aastad si l 
M enahga sl 
Rothsay sic! 
F argo sc 
Bearden sicl 
F loyd cl 
Hubba rd Is 
Lino Irs 
Hayden rs! 
Mi laca fsl 
Thurrna n ls 
H all sil 
Moody vfsl 
Thurma n ls 
Guelph I 
Burrord I 
H aldimand c 
Fox sl 
Gue lph I 
Fox sl 
Dumfries 
Perth cl 
Huron cl 
H aldimand cl 

11 In fi eld-moist 0-6 inch soil sam pl es; pp2m. 

Exch . K 11 

165 
151 
92 

150 
90 
84 

158 
123 
131 
11 7 
91 
95 

103 
Ill 
131 

76 
90 

1 ll 
104 

239 
122 
143 
138 
440 
219 
140 
145 
139 
164 
159 
128 
124 
121 
210 

102 
65 

145 
254 
262 
565 
675 
522 
567 
531 

82 
106 
129 
134 
151 
111 
172 
232 
199 
151 
180 
80 

209 
65 

217 
507 
162 

1,010 
166 
529 
592 
480 
107 

72 
87 

121 
68 

247 
1,488 

254 
340 
82 

142 
418 
66 
94 
52 

163 
11 7 
202 
285 

% K 

1. 30 
1.77 
1.78 
1.79 
l. 78 
1.44 
1.99 
1.82 
1.70 
1.59 
1.63 
l. EO 
1.62 
1.98 
2. 38 
1.95 
1.86 
1.90 
1.74 

2. 75 
2.07 
l. ~O 
1.66 
2.68 
1. 68 
1.79 
2.C5 
1.70 
2.07 
1.72 
1. 68 
1. 68 
1.48 
1.81 
1.80 
1.1 4 
1.87 
2.1 3 
1.M 
2.48 
2.34 
2.57 
3 .48 
4.50 
2.94 
2.32 
2.94 

2.34 
1.62 
2.20 
1.93 
2. 14 
2.03 
1.87 
1.47 
2. 13 
1. 60 
1.54 
1.76 
1.76 
2.76 
2.8 1 
2.26 
3.46 
3.34 
0.78 
0. 93 
0.96 
1.32 
0.64 
3.55 
3.52 
2.67 
3.60 
0.73 
1.22 
2.56 
0.89 
1.77 
1.05 
1.95 
1.65 
1.87 
1.99 

Check plots 

Yield 
(lb/ A) 

2,280 
2,860 
2,590 
3,230 
2,770 
3,360 
4,090 
3,650 
4,100 
4,990 
4,370 
4,260 
3,860 
3,8~0 
4,730 
3,820 
3,030 
3,540 
3,250 
5,240 
4, 170 
3,700 
4,550 
3,420 
3,450 
4,030 
3,900 
3,510 
4, 170 
2 690 
3:340 
3,450 
3,780 
4,280 
2,440 
2,500 
2,460 
1,750 
3,920 

810 
1,280 

800 
3,840 
1,240 

600 
1,260 

820 
1,620 

740 
580 
280 

2,160 
2,680 
4,340 
3,780 
4,240 
5,100 
3,220 
5,020 
4.620 
5.880 
3,280 
4,420 
4,440 
2,480 
3,240 
3,760 
1,460 
4,360 
4.160 
2:840 
4,230 
4,240 
1,850 
4,890 
3,840 
3,860 
2,370 
2,430 
3,830 
1,650 
3,350 
1,820 
2,670 
2,440 

First c utting 
Response to K fertilizer 

Yield 
jncrcase 

lb/ Ah 

260 
460 

680 

460 
540 
420 
450 
430 

760 

980 
560 

710 
510 

560 

510* 

Increase 
in 

% l(C 

0.25 
0.42·• 
0.34·* 
0.72* 
1.05'*" 
0.70 
0.52 
0.62·X· 
0.92'· 
0.66·• 
0.48 
0.57* 
0.51 
0.40 
0.49 
0.77*'* 
0.84** 
0 .90·'· 
0.84* 
0.38-X-.· 
0.62* 
0. 12 
0.44*"' 
0.00 
0.45•· 
0.56·* 
0.45·• 
0.84*·* 
0.83*'* 
0.45·• 
0.78·X· 
0.52·* 
0.65* 
0.42* 
0.51"* 
0.8F°·X· 
0 .21 
0.54 
0.01 
0.08 

- 0.14 
- 0.22 
- 0. 12 

0.26 
- 0.03 
-0.06 

0.14 

·cuo 
- 0.06 

0. 17 
0.32 
0.28'· 
0.34 
l. 17·•·• 
0 .10 

0.83* 
0.41 
0.00 
Q.55.;(·-X· 
0.02 
0. 13 
0.00 

- 0.01 
0.01 
0.32 
0 .72·X··> 
0_59.c--x-
0.52 
0.82*"' 

-0 .58 
0.10 
0.06 
0.22 
0.61"'* 
O.GO·X··X· 
0 .06 
0.32* 
0.92 
1.04* 
J.29H 
1.04** 
0.30·X··* 
0.22-><-

% recovery 
of added 

KC 

0 
12H 
17* 
41* 
43-, .. ,. 
36''' 
24 
36''' 
58* 
53-x­
! 6 
37·X·i<· 
22 
21 
29 
45<· 
29•· 
25"'· 
31·•·• 

31* 
46* 
3 

45* 
17** 
22 
43* 
36•· 
48* 
GO·• 
29* 
30·*"· 
29·** 
31 
24 
19 
24'** 
12 
19 
0 
I 
0 
0 
0 

17* 
0 
1 
0 

5 
I 
I 

40* 
26'* 
48 
67 *·* 
17 

52** 
12·• 
24 
23 
14 
0. 17* 
0.1 7*'" 
7 
2 

23 
17'"* 
35·* 
30 
29·* 
0 
2 
0 

14 
39·• 
29* 
2 

14 
65+:--x-
34* 
52* 
31** 
13 
12 

Second 
cutt ing 

% recovery 
o[ a dded 

K c 

0 
10 
16 
31 
II 
23* 
12 
25-::-
15 
20 

17 
6 
0 
1 

12 
19* 
9 

16 
8 
5 

II 
23 

0 
I 
7 
0 
3 
0 
0 
7 
2 

14** 

8 
8 

15 

2 
20·'·* 
J8·• 

6 
28** 
5 
4 
0 

17 
3* 
8 
8 
0 

25*·lf-
20"'* 
0 

12 
4 

11** 

b Signi rica.nt yield increases from 80 pounds K ,0/ A. 
c lla~ed o n linear regression bet\vcen pounds K.20 appli ed per acre (up to 80 pounds/ acre) , and percent K in plants or pounds K/ A in plants. In crease 

in percent K is the increase per 100 pounds K:i0 appl ied oer acre. 
d Exper iments not included in correlati on studies because : dl - Excha ngeable K was g reat-er than 400 pp21n. d!!_ Alfalfa y ields were va riable between 

re pl icates . <l 3- Alfa lfa yjc lcls were very low (usua ll y beca use of drouth ) . ll 1- Exchangcab le K was variable between rep lica lcs . dei_ T hc da ta were 
in comple te beca use of in com pl ete sarnpl ing . 

* Si~ nifica nt a t 5-percent level. 
** S1sn if icant at I-percent level. 
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from the first cutting was less than l.+ in only 11 o [ 
88 field experimen ts harvested. 

Considering the generally high K content of the 
p lan ts from the check plots, one wo uld not expect many 
large yield increases to have resu lted from applications 
of potassium fertilizer. In on ly 15 of the experiment 
were there significant yield increases ( table 4 ) . The 
significant fi rst-cu tting yield increases from 80 pounds 
K 20 per acre in these 15 experiments ranged from 260 
to 980 pounds of hay per acre and averaged 560 pounds 
per acre. The percent K in the a lfalfa plants from 
the e same experiments ranged from 1.05 to 2.26 and 
averaged 1.81. In th is study there was no relationship 
between percent K in the plants and the increases in 
yield obtained. In fact, in only 1 of the 11 experiments 
where the plants contained less than 1.4 percen t K 
was there a significant yield increase resu lting from the 
application of K fertilize r. 

T he lack of response to p otassium fertilizer appli­
cation was probab ly due in part to a bias in selecting 
experimenta l sites . Selecting only sites with good stands 
of a lfalfa the year after seeding caused many potassium­
deficient sites to be rejected because they had poor a l­
falfa stands. 

Even though applications of K fertilizer did not 
result in many significant yield increases, in most of the 
experiments appreciable amounts of the applied K were 
taken up by the plants. The percent K in the plants 
and the recovery of added K by the plants were lin­
early rela ted to the amount of K applied up to appli­
cation rates of 80 pounds of K 20 per acre at most lo­
cations. A lower percen tage recovery at higher rates 
of app lication usua lly resulted in deviations from linear­
ity for rates above 80 pounds of K 20 per acre. Because 
of this, the estimates reported in table 4 of the increase 
in percen t K in the plants resu lting from applications 
of K fertilizer and the estimates of the percent of fer­
tilizer K recovered in the plan ts were based on ly on 
K 20 applications up to the 80-pound-per-acre rate. 
These estimates were calculated from the slopes of the 
linear regress ions for the rela tionships between : ( 1) 
the percen t K in the pla nts and the pounds of K 20 ap­
p lied per acre and ( 2) pounds of K per acre taken up 
by the p lants and pounds of K 20 applied per acre. The 
relationship between pounds of K in the alfa lfa and 
pounds of K ,0 applied for a typical experiment is il­
lustrated in fig. 6. In th is example, percent recovery 
equals 0.22 X 1.2 X 100 = 26. 

An app lication of 100 pounds of K 20 per acre in­
creased the percent K in the alfalfa of the first cutting 
by as much as 1.29. The average increase was 0.42. 
Percent recovery of applied K in the first cu tting varied 
from 0 to 67 percen t in different experimen ts and av­
eraged 27 percent . Percent recovery was inversely re­
lated to the percent K in the plants from unfertilized 
p lots (r = - 0.32·X··X· ) and directly related to dry matter 
yields of the unfertil ized plots (r = 0.40-::•* ) . These 
two va riables account for only a small part of the var­
iabi lity in the percent recovery, however, indicating 
that other individual, unidentified factors might ex­
plain more of the observed va riations. Undoubtedly, 
moisture cond itions, and possibly reactions between the 
fertilizer and the soil, were important. R ecovery of add­
ed K by the plants in the second cutting wa generally 
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m uch lower than that for the first cutting. In the 54 
experimen ts for which recovery was calculated for both 
cuttings, the total recovery in the two cuttings ranged 
from 0 to 90 percent and averaged 33 percent of that 
appl ied. 

Although alfalfa requires la rge amounts of K for 
ne:1r maximum yields, it does not compete effectively 
with other plan ts such as grasses and weeds for K under 
con ditions where K availability is low (3, 5, 11 ) . There­
fo re, under K-deficient conditions, grasse and other 
plan ts growing with the alfalfa usually have a higher 
K content than do the alfalfa plants. In nine of these 
regional experiments there were mixed stands of a lfalfa 
with grass and/ or clover. In these experiments, K in the 
grass or clover averaged 0.4 percent higher than that 
in the alfalfa. 

RELAT ION BETWEEN FIELD AND GREENHOUSE RES U LTS 

The use of pot tests in the greenhouse has often 
been advocated as a better method of measuring nu­
trient availability in soils than a chemical ex traction 
of the soil, because in pot tests growing plants are 
used to evaluate nutrient availability to plants. Since 
soil samples from most of the fi eld experiments con­
ducted in this study were used in greenhouse experi­
ments, it is possible to compare the results obta ined in 
the greenhouse with those obtained in the fi eld. The 
results of the greenhouse experiment will be published 
in another bulletin, but comparisons between the field 
and greenhovse results are presented here. 

The soil samples from the 1955 experiments were 
air dried before potting for the greenhouse experiment, 
but the samples from the 1956 experiments were kept 
undried. There were not sufficient yield increases from 
K applications in the experiments of either year to 
permit a comparison of yield responses in the field and 
the greenhouse. Therefore. comparisons were made be­
tween : ( 1) the percen t K in the alfalfa in the field 
and the millet in the greenhouse, (2) the amount of 
K removed by the plants from the un treated soil m 
the field and the greenhouse and ( 3) the recovery of 



Fig . 7. Relation between percent 
K in alfalfa (first cutting) from 
field expe rim ents and percent K 
in mill e t plants grown on surface 
soil san1pl es in th e g reenhouse. 
(Soil sampl es fo r th e g reenho use 
exper irnen ts we re ai r dried in 
1955 bu t were not d r ied in 1956. 
Circled va lues arc fro m field ex­
pe riments that were not included 
in la ter corre lation studies wit,h 
soil analyses.) 
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added K by the p lants in the fi eld and the greenhouse. 
The rela tion between the percent K of the first­

cutting alfalfa p lants in the field and the mill et in the 
greenhouse is ill ustra ted in fig. 7. It can be seen that 
there is a general rela tionship between the K contents 
of plants in the field and the greenhouse. The correla­
tion coefficients (r = 0.70->H:· in 1955; r = 0.63 ·>:- ❖, in 
1956 ) a re significant at the 1-percent level. The per­
cent K in the greenhouse mill et, however, does not per­
mit a very accura te estimate of the percent K in the 
fi eld a lfalfa. 

The amounts of K taken up by the plants from the 
soil without added fe rti lizer K in the field and in the 
greenhouse were rela ted (r = 0.42·:·:· in 1955, and r = 
0. 3s-x• in 1956 ) . These values, however, were not as 
highly correla ted as were those for percent K in the 
plants. 

The correla tion between percent recovery of applied 
K by the p lants in the fi eld and the greenhouse was 
significant a t the 1-percent level in 1955 (r = 0.55 ·X··):·), 
but was not significant in 1956 (r = 0.1 3) . 

Part of th e difference between field and greenhouse 
results is undoubtedl y due to p lant upta ke of K from 
the subsoil in the field ; however, differences in other 
factors such as moisture, temperature, aeration, and in­
tensity of K removal are probably of equ al and perhaps 
even greater importance. The difference in the plants 
grown ( a lfa lfa and mi ll et ) might also be expected to 
ca use differences between the fi eld and greenhouse re­
sults. These various factors appear to have less influence 
on the percent K in the plants than on the dry-matter 
yield. 

RELATION BET W EEN FIELD AN D LABORATORY RES ULTS 

Correla tion studi es between fi eld and laboratory re­
su lts were restricted to the results from 51 of the 89 
field experiments. No alfalfa was harves ted from four 

% K GREENHOU SE MILLET 

of the experiments. Other experiments were not in­

cluded where : ( 1) the exchangeable K in the soi l ex­
ceeded 400 pp2m, (2) the a lfalfa yields were variab le 
between replica tes resulting in li tt le or no rela tionship 
between K treatments and yield or K uptake by the 
plants, ( 3 ) a lfalfa yields were very low ( usua lly be­
ca use of drouth ) , ( 4 ) exchangeable K was extrem ely 
va riable between rep licates and ( 5 ) incomplete sampl­
ing re ul tecl in incomplete da ta for exchangeab le K of 
the oil or the K content of the plants. 

Three indexes of K availability to the alfa lfa p lants 
in these experiments were used. These included : ( 1) 
the concentra tion of K in the p lants of the first cutting 
from ch eck plots (percent K ), (2) the amount of K 
taken up from the soil by the plants of the firs t cutting 
( pounds K/ A ) and ( 3) the availabi lity of soil K in 
rela tion to tha t of applied fertilizer K (E1, values cal­
cula ted as shown in fig. 6 ). These three indexes of K 
availabi lity to plants were related as shown in table 5. 
The degree of correla tion between percent K and 
pound K / A was higher than that between either of 
these two variables and the Ek va lues. This would be 
expected, since percent K was one of the two factors 
used to ca lculate pounds K / A. 

The r elationship between the indexes of K avail­
ability to a lfalfa plan ts and the exchangeable K in field­
moist 0-6 inch soil samples is shown in fi gs . 8, 9 and 10. 
All the va lues included in the correlation studies are 

TABLE 5. CORRELATIONS BETWEEN PAIRS OF THE THREE 
I NDEXES OF K AVAILABILITY TO ALFALFA PLANTS USED IN 
CORRELATION ST UDIES. 

Esti ma tes o f K ava il ability8 

% K and lbs. K/ A 
%K and Ek ..... 
Lbs. K/ A and Ek 

Correlation coeffi c ie nt {r) 

.................. 0.83"* 
. ................ 0.56*"* 
········-····· ··0.58** 

11 %K = percent K in fi rs t c utting of alfalfa . 
lbs. K / A = pounds of K per acre removed in the first cutting of 

alfa lfa . 
E~ = . ':!x trapola ted K value (s ec fi g. 6 ). 

->H❖ S1gnif1can t a t the 1-pc rcc nt level. 
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shown in these figures. Also shown are values that fa ll 
within the range of the figures but that were not in­
cluded in the correlation studies for reasons listed pre­
viously. T hree soil s had exchangeable K contents great­
er than 600, and the E1, values exceeded 1,000 for 18 
soils. 

It is a pparen t in fig. 9 that pounds K / A taken up 
by the p lan ts was low in many of the experimen ts not 
included in the correlation studies. T hese low values 
reflect the low yields obtained in these experiments, 
in mo t cases becau e of drouth. T his a lso resul ted in 
low up take of added fer tilizer K in these experiments 
and, thu , high E1, values which cou ld not be shown in 
fig. 10. 

One would expect the relationship between ex-

Fig. 8. R elat ion between percent 
K in a lfa lfa p la nts (first c utti ng) 
and exchangeable K in field­
moist soil sam ples from the 0-6 
inch layer. (On ly solid points 
were incl ud ed in the co rrelation 
stu dies.) 
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changeable K in the soil and the percen t K in the 
p lants or the pounds K / A taken up by the p lants to 
be curvilinear. As indicated in figs. 8 and 9, however, 
within the range of values used in the correla tion studies 
the rela tionship is •very nearly linear, so all regression 
ana lyses were calculated on a linear basis. 

The coefficients of determination ( r2 or R2 ) for 
the simple and multip le linear regressions rela ting the 
indexes of K availability to plan ts and exchangeable K 
in the soil for various depths and moisture conditions 
are reported in table 6. These data show that the p er­
cen t of va riability in the indexes of K availability to 
p lants explained by the exchangeable K con tent of the 
soil was greatest for the field-moist soil samples or for 
samples air dried a t constan t temperature. Thi air d ry-· 
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Fig. IO. R ela tion bc lwec n Ek 
va lues calculated from K uptake 
by a lfa lfa in field experiments 
and excha ngeab le K jn fi e ld• 
mo ist so il sa mples from the 0-6 
in ch layer. (On ly solid points 
were incl uded in the correlation 
studies.) 
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ing at 5°C. generally resulted in only small cha nges in 
exchangeable K from Lhat observed in field-moist sam­
ples. As the degree of drying increased, the r2 and R 2 

values decreased. The coefficients of determination were 
consistently lowest for oven-dried samples. This agrees 
with the results obtained in greenhouse studie where 
exchangeable K in field-moist soil samples gave the 
best prediction of K availability to plants. 

The r 2 valu es genera lly decreased with increasing 
depth in the soil. The r" values for 6-12 inch soil 
samples tha t were fi eld moist or air dried at 5° C. were 
just as high as those for the 0-6 inch samples for percent 
K, however, and m uch higher for the E1, valu e . The 

TABLE 6. COEFFICIENTS OF DETERMJNATTON FOR REGRES­
SIONS RELATING INDEXES OF K AVA ILAJ3ILITY TO PLANTS 
AND THE EXCHANGEABLE K IN SOIL AMPLES FROM DIF­
FE RENT LAYERS AND DETERMINED AT DIFFERENT MOISTURE 
CONTENTS. 

Ind ex of K 
avai labi lity Soi l layC' r 
to pl ants includecl 0 

%K X, 
X, 
X :i 
X, ,X, 
X 1.X 2, X 3 
X 1, X 2. X 3,X1 ,X :1, X o 

Lbs. K/ A X, 
X, 
X, 
X, ,X, 
X,.X, ,X, 
X, ,X,,X,,X ,. X,,Xo 

Ek X1 x, 
X, 
X, ,X, 
X 1,X 2,X 3 
X, ,X, ,X,,X,,X,,Xo 

Coc rf ic ic nt of determina tion ( r:? o r R. :?) fo r 
reg ression with exchangeable K determin ed 

on so il sa mpl es that were: 
Field Air dried Air dried O ve n 
moist (const. te mp .) (so il tes t ) dried 

0.35** 
0.36** 
0.19"'" 
0.4·6** 
0.46•·• 
0.47*'" 
0.35** 
0.23->-> 
0.04 
0.38*"' 
0.49·H 
0.50** 
0.26·•• 
0.62** 
0.30"""" 
0.63''··> 
0. 71 "** 
o. 72*'" 

0.37** 
0.38** 
0.27** 

0.50*"' 
0.3 1*"'" 
0.21"'* 
0.10·• 

0.44** 
0.23** 
0.32*'" 
0. 17"'* 

0.45** 

0.30** 
o. 1a•·• 
0. 12·• 

0.37-><-
0.23*"* 
0.07 
0.04 

0.30** 
0.29** 
0.12•· 
0.10* 

0.20** 
0.11 * 
0.10 • 

0.24* .. 

0. 14*"' 
0 .06 
0.05 

0 .20 
0.20** 
0 .06 
0.05 

0.24* 

n X1 , X 2, X 3, X 4, X a and X e rep resent exchangeable K ( pp2m ) in soil 
sa mples from the 0-6, 6- 12, 12-18, 18-24, 24-30 a nd 30-36 inch laye ,·s , 
respective ly. 

* Si~nifica nt a t the 5- percc nt level. 
*-X· Signif ica nt at Lh e 1-pcrccnt level. 

coefficients of detenninalion for the 12-18 inch layer of 
soil were in all ases much lower than for the 6-1 2 inch 
layer. Exchangeable K in layers below 18 inches was 
high ly correlated with that in the 12-18 inch layer, and 
the coeffici ents of determina tion for lh ese deeper layers 
were simi la r to those for the 12-18 inch sample. Th e 
coefficients obtained for a ll oven-dried subsoil samples 
were very low. 

The inclusion in a m ultiple regression of exchange­
able K values for all Lhe layers sampled (0-6 inches to 
30-36 inches) improved Lhe correlations between ex­
changeab le K in the soi l and the indexes of K availabil­
i ty to plants over that obtained for samples from any one 
depth alone. Nevertheless, there was much less improve­
ment for the dri ed so il samples than for the field-moist 
amples. In fact, very !itlle improvement resulted from 

inclusion of exchangeable K for oven-dried soil samples 
from all soil layers over that obtained from the 0-6 inch 
layer a lone. This effec t could be expected since ex­
changeable K in field-moist samples appears to provide 
the better estimate of K availabi li ty to plants, and dry­
ing resulted in very large increases in exchangeable K 
in many of the subsoil samples. 

Since the exchangeable K value for field -moist soil 
samples were mo t highly correlalecl with the estimates 
of K availability to planls, only field-moist exchange­
able K values were used in a more detailed study of 
the K contributions of different soil depths to the plants. 
The regression equ ations fo r these relationships a re 
shown in table 7. The figures directly below the re­
gression coefficients are the standard errors associa ted 
with the respective coefficients. These standard errors 
provide an approximate method of assessing the sig­
nificance of the regression coefficien ts. As a rough rule, 
a regression coefficient is significant at the 5-percent 
level if it exceeds twice its standard error. 

Where the regression equations include a ll six soil 
layers, none of the regression coefficients for depths be-
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TABLE 7. R EGR ESS ION EQUATIONS AND COEFFICIENTS OF DET ERMINATI ON FOR SOME R ELATIONSHIPS BETWEEN EXCHANGE­
ABLE K JN FIELD-MOIST SOILS AN D DIFFER ENT IN DEXES OF K AVA ILA BILITY TO ALFALFA PLANT S IN T H E FIELD . 

R egrcssjon eq uationn 

% K = 0.97 + 0.0058X1 
± 0.0011 

o/oK = 0.85 + 0.0037X, + 0.0053X, ..... 
± 0.0016 ± 0.0023 

% K = 0.85 + 0.0034X1 + 0.0078X, - 0.0026X, . 
± 0.0017 ± 0.0046 ± 0.0042 

-------- ------- ...... 4 ..... 

Coeff ic ient of dcte rrn.ina tion 
(r2 or R') 

o/oK = 0.83 + 0.0037X1 + 0.0077X, - 0.00 12X:i - 0.0026X, + 0.0081X, - 0.0074XG ...... . 
± 0.0018 ± 0.0046 ± 0.0065 ± 0.0067 ± 0.0138 ± 0.0123 

0.47* 

+ 0.33X1 .. 
± 0.07 

Lbs. K / A = 20 

Lbs. K / A = 17 

Lbs. K / A = 19 

Lbs. K / A = 16 

+ 0.26X1 + O. ISX, . 
± 0.09 ± 0. 13 
+ 0.20X, + 0.71X, - 0.56X, ... 
± 0. 10 ± 0.26 ± 0.24 
+ 0.22X, + 0.68X, - 0.61X, - 0.05X, + 0.39X, - 0.24X, . 
± 0. 11 ± 0.27 ± 0.37 ± 0.39 ± 0.79 ± 0.71 

Ek = 22 + l .90X , 
± 0.46 

Ek = - 65 + 0.41X, + 3.79X, 
± 0.62 ± 0.87 

Ek = - 51 t- 0.047X, + 6.87X, 
± 0.65 ± 1.74 

E. = -48 - 0.058X, + 6.88X2 
± 0.70 ± 1.76 

- 3.~5X, 
.:,:: '-~~ 
- 3.64X, + 0.65X., - 2.66X, + 2.72Xo 
± 2.46 ± 2.56 ± 5.27 ± 4.68 

0.38'*" 

o.soa 

0.26** 

0.7 1"* 

0. 72** 

n X 1 , X 2, X a, X,i , X G and Xu represen t exchangeab le K ( pp2m ) in so il sa1n pl es from Lhc 0-6, 6-12, 12-1 8, 18-24, 24-30 a nd 30-36 inch soil layers , 
rcspcclive ly . 

* Significa nt at th e 5-perccnt level. 
** SigJli fica nt at Lh e I-percent level. 

low 18 inches in any of the three equalions approach 
significance a t the 5-percent level. 

E limina ting the lower three layers so the regression 
equations incl ude on ly the top three soi l layers r ed uces 
the coeff icien t of determination in each case by only 
0.01 from tha t obta ined by using a ll six depths. Where 
only the top three soil depths a re used, the regression 
coeff icien ts for the 12-1 8 inch layer are significan t a t 
the 5-percent leve l in the equations for pounds K / A 
and E1c, but not in the equa tion for percen t K. I t may be 
noted tha t the regression coefficien t for the 12-18 inch 
laye r is negative in all the equa tions. T his does not 
appear to be realistic, and the reason for it is not ob­
vious. The fact that exchangeable K values in the 6-12 
and the 12-1 8 inch layers were highly correlated (r = 
0.88•:,- -;:• ) is probably involved . As would be expected 
from the significance of the regression coefficients, elim­
inating the 12-18 inch layer from the regression equa­
tions, leaving only the 0-6 and 6-1 2 inch layers, re­
duced the coefficients of determina lion for pounds K / A 
and Ek but not for percent K. 

The regression equa tions for pred icting percent K 
ind icate that exchangeable K in bolh the 0-6 and 6- 12 
inch layers is importan t. The equa tion for pounds K / A 
indicates that exchangeable K in the 0-6 and 12-1 8 inch 
layers is of greatest importance. For pred icting E1, values 
th e exchangeable K in the 6- 12 inch soi l layer is of 
most importance, and that in the 12- 18 inch layer is 
a lso significant, bu t the regression coefficien t for the 
0-6 inch layer is significant on ly where it is used alone. 

From this i t may be concluded that each 6- inch 
layer of soil to a dep th of 18 inches made a signifi cant 
contribution to the alfa lfa p lants and that knowledge 
of th e exchangeable K in the soil to this dep th can be 
used to improve the es timation of K availability to al­
fa lfa p lan ts growing in the field. I t should not be con­
cluded, however, tha t alfa lfa p lan ts do not obtain sig-
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nificant am ounts of K from below the 18-inch depth in 
the soil. Exchangeable K conten ts of field-moist soil 
samples from below the 18-inch dep th showed rela tively 
small differences with dep th and were highly correla ted 
with exchangeable K in the 12-18 inch layer . There­
fo re, inclusion of the exchangeable K values fo r th ese 
dep ths wou ld not improve the correla tions obtained. 
Nonethel ss, p lants p robably did obtain K from these 
dep ths. 

In practice, the marked improvement in precision 
of estima tion derived from the inclusion of measure­
ments of exchangeable K on field-moist samples below 
the surface 6 inches might be obtained either directly or 
ind irec tl y- direc tly by actually making the measure­
men ts or indirectly by estimation from the exchan o-e­
able K in the surface layer. U npublished data of tl1e 
Depar tmen t of Agronom y, Iowa State U niversity, in­
d icate that the level of exchangeable K in the indi­
vidua l lower soil layers is reasonably constant with in 
soil types. O nce these levels are establi heel for the dif­
fe rent oil types, most of the improvement in precision 
attainab le by measuring exchangeable K in the lower 
layers of soil can be a tta ined without making actua l 
measurements on any excep t the surface layer where 
exchangeable K wi ll vary within soil types because of 
management and fertilization practices. 

Including soil pH or the change in exchangeable K 
tha t occurred on oven d rying the soil samples in the 
m ultiple regression equa tions, did not significantly in­
crease the coeffi cien ts of determina tion. 

SUMMARY AND CONCLUSIONS 

During 1955 and 1956, 89 field experimen ts in 
which K fe rti lizer was app lied a t differen t ra tes for al­
fa lfa were conducted in seven North Central tatcs, 



Alaska and Ontario, Canada. The yield and K content 
of the a lfalfa were determined. Soi l samples from each 
fi eld experiment were used in supplementary greenhouse 
and laboratory studies. 

R egardl ess of the plant method used for estimating 
K availability or the depth of soil sampled, the index 
of p lan t availability of K was more h ighl y correlated 
with K extracted from f ield-moist soil samples than 
from samples that were air dried at room temperature 
or oven dried. 

Drying differen t surface soil samples resulted in in­
creases, no change or decreases in exchangeable K. 
Fewer soils from the eastern part of the region showed 
large increases in exchangeab le K as a resu lt of drying. 
Changes in exchangeable K in surface soil samples 
because of drying seldom exceeded 100 pp2m, but in 
some soils this meant that the amount of K extracted 
was nearly doubled by drying. 

Drying of subsoil samples resulted in increased ex­
changeable K in almost a ll samples, except some from 
sandy soils, and with some the increase from drying 
was a lmost tenfold. Therefore, it is impera tive that 

analyses for exchangeable K in subsoils be made on 
undried samples. 

Exchangeable K in field -moist subsoil samples was 
a lmost a lways considerably lower than in corresponding 
surface soil sampl~. 

Knowledge of exchangeabl e K in the 6-12 and pos­
sibly the 12-18 inch layers in addition to that in the 
0-6 inch layer can be used to improve the estima tion 
of K avai labili ty to a lfa lfa plants growing in the field. 

Percentages of K in the alfalfa from different cut­
tings were high ly correlated, even though dry m atter 
yields of the different cuttings were not. 

Significant yield increases of a lfalfa from K ferti li­
zation were obtained in on ly 15 of the 89 experiments, 
a nd the increases of the first cutting in these 15 experi­
ments averaged only ¼ ton of hay per acre with no 
increases greater than ½ ton per acre. 

The correla tions between percent K, amount of K 
in the plants and percent recovery of added K in field 
alfalfa and greenhouse mi ll et were not h igh, indicating 
that environmental conditions in the field have a 
ma rked effect on K uptake by plants in the field. 
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APPENDIX 

TABLE A-1. C HARACTERISTICS OF THE SOILS ON WHICH FIELD EXPERIMENTS WERE CONDUCTED . 

State Y ear Expt. 

Alas ka ................ 1956 

Ill inois ............. .! 956 

Ill inois .............. 1956 2 

Indiana .............. 1955 

Indiana .............. 1955 2 

India na .............. 1955 

Indiana ....... .. ..... 1955 4 

Indiana .............. 1955 5 

Indiana .............. 1955 6 
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County Soil ty pe 

Third K nik sil 
Judicial 

District 

:rvlontgo mery Oconee sil 

M acoupin Ebbc,·t sil 

Montgomery Brookston sil 

M ontgomery l\1iami sil 
(grit t y) 

Montgomery Recsv ill c sil 

Montgo mery Broo kston sil 

Cass Miami 1 

Cass Brookston si l 

Sa mple 
depth 
(in .) 

0- 6 
6-12 

12-18 
18-24 
24-30 
30-36 

0- 6 
6-12 

12- 18 
18-24 
24-30 
30-36 

0- 6 
6- 12 

12-18 
18-24 
24-30 
30-36 

0- 6 
6-12 

12-18 
18-24 
24-30 
30·36 

0- 6 
6-12 

12-18 
18-24 
24-30 
30-36 

0- 6 
6-12 

12-18 
18-24 
24-30 
30-36 

0- 6 
6-1 2 

12-18 
18-24 
24-30 
30-36 

0- 6 
6-12 

12-18 
18-24 
24-30 
30-36 

0- 6 
6-12 

12- 18 
18-24 
24-30 
30-36 

F ield moist 
Exch . K 1-I,O 

pp2m % 

165 
132 
122 
222'* 

32 
34 

151* 
110 
73 
77 
78 
80 

92 
68 
66 
79 
68 
53 

150 
66 
62 
60 
62 
65 

90 
64 
59 
60 
65 
53 

84 
62 
63 
49 
42 
39 

158 
104 
85 
79 
78 
73 

123 
55 
48 
46 
46 
46 

131 
69 
63 
62 
64 
65 

21 
20 
17 
14 

2 
2 

20 
20 
20 
20 
19 
17 

21 
19 
16 
19 
18 
17 

24 
24 
20 
18 
15 
14 

22 
19 
18 
18 
15 
13 

19 
20 
19 
17 
19 
18 

24 
26 
17 
15 
15 
14 

12 
12 
12 
13 
II 
II 

28 
20 
14 
12 
12 
13 

Laboratory analys is 

Air driedn 
Exc h . K I-1,0 

pp2m % 

177 
114 
95 

220·• 
50 
66 

186•· 
152 
146 
163 
164 
170 

104 
101 
128 
150 
142 
116 

160 
137 
145 
152 
146 
133 

76 
83 
92 

123 
129 
99 

72 
125 
142 
123 
106 
104 

167 
157 
162 
151 
149 
152 

123 
72 
84 
89 
89 
70 

157 
95 

101 
121 
118·* 
111 ·• 

4 
5 
5 
4 
2 
2 

5 
5 
7 
9 
8 
8 

4 
3 
5 
7 
7 
7 

G 
6 
8 
8 
7 
6 

3 
4 
6 
8 
6 
5 

4 
8 
8 
7 
6 
5 

6 
9 
7 
7 
7 
7 

2 
4 
4 
3 
4 
4 

7 
7 
6 
6 
6 
5 

Airb Oven 
dried drico 

Exc h. K Exch. K 
pp2m pp2m 

84 
74 
60 
94 
32 
38 

183* 
177 
230 
329 
326 
310 

151 
179 
285 
302 
255 
215 

136 
185 
208 
218 
197 
184 

79 
99 

124 
186 
187 
140 

91 
189 
216 
165 
125 
121 

168 
189 
228 
217 
229 
23 1 

129 
102 
135 
144 
145 
99 

144 
130 
149 
181 
157-X· 
151'* 

129 
127 
94 

136* 
52 
65 

216* 
191 
246 
318 
360 
372 

13~ 
189 
311 
389 
370 
316 

205 
310 
403 
432 
393 
336 

99 
101 
196 
274 
287 
181 

11 5 
314 
415 
347 
297 
274 

237 
334 
438 
446 
429 
465 

11 9 
104 
172 
192 
195 
139 

151 
211 
292 
328 
254-x• 
251'* 

Soi l t est" 
p 

pH pp2m 

6.1 
6.0 
6.0 
6.0 
6.6 
6 .6 

5.4 
5.4 
5.4 
5.4 
5.4 
5.6 

6.4 
6. 1 
6.2 
6.3 
6.5 
6.7 

6.4 
6.7 
6.4 
6.6 
6.7 
7.0 

6.8 
6.7 
6.5 
6.3 
7.1 
7.5 

6.3 
6.3 
6.6 
7. 1 
7 .7 
8.0 

6.2 
6 .5 
6.8 
7.3 
7.6 
7.6 

6.4 
6.9 
6.6 
6.8 
7.4 
8. 1 

6.6 
6 .7 
7. 1 
7 .5 
7. 7 
7. 7 

14 
10 
6 
6 
6 
8 

5 
2 
1 
I 
1 
1 

7 
3 
l 
1 
1 
I 

10 
I 
I 

< I 
< I 
< I 

6 
3 

< I 
< l 
< 1 
< I 

3 
< I 
< l 
< I 
< 1 
< I 

10 
7 
4 
1 

< 1 
< 1 

3 
< 1 
< I 
< I 
< 1 
< 1 

9 
3 
1 

< l 
< l 
< l 



TABLE A-1 (continued ) 

Laboratory analyses 

Sample 
AirU O ve n 

State Year Expt. County Soil type depth 
Fie ld moist Air dricdn dried dried Soil testll 

( in . ) Exch . K H,O Exch. K• H,O Exch. K Exch. K p 
pp2m % pp2m % pp2m pp2m pH pp2m 

Indiana ·········19!i5 Cass Brook ston sil 0- 6 11 7 18 122 5 106 106 6.5 9 
6-12 39 15 60 2 56 95 6.6 2 

12-1 8 32 12 86 2 94 169 7.0 1 
18-24 30 12 89 2 118 185 7.1 < 1 
24-30 23 12 73 4 84 142 7. 7 < 1 
30-36 26 14 74 2 78 140 7.9 < 1 

Indiana ... .. ........ 1955 8 Cass Miami I 0- 6 91 15 104 2 100 91 6.8 9 
6-1 2 47 13 62 2 62 81 7.1 1 

12-18 43 12 89 3 119 I 75 6. 7 < I 
18-24 43 13 11 3 4 132 223 6.8 < 1 
24-30 39 13 106 4 11 7 202 6.9 < l 
30-36 42 12 100 3 129 183 7 . I < l 

Ind iana ·· ·· ··········1956 Fulton Crosby fsl 0- 6 95 10 103 4 91 82 6.5 13 
6-12 61 9 61 3 59 63 6. 1 II 

12-18 46 8 54* 3 66* 63* 5.8 7 
18-24 47 10 73* 5 75* 90* 5.6 1 
24-30 72* 13 11 9 4 139 195 5.9 < 1 
30-36 67 15 11 6 3 124 191 6.6 < 1 

India na .... ......... 1956 2 Fulton Brookston sil 0- 6 103 22 104 3 86 104 6.0 30 
6-12 52 20 67 3 58 70 5.8 14 

12- 18 23 14 45 3 59 64 6.0 5 
18-24 28 13 69 2 98 105 5.9 4 
24-30 24 10 51 2 58 81 6.8 1 
30-36 33 10 60 2 73 88 7.4 2 

Indi ana ........... ... 1956 3 Fulton Coloma lfs 0- 6 Ill 5 11 6 2 114 98 6.5 28 
6- 12 78 6 71 2 61 59 6.4 21 

12-18 53 6 59 I 55 47 6.2 14 
18-24 44 6 52 2 46 39 6.1 6 
24-30 40 5 38 2 41 33 6.0 3 
30-36 36 5 40 2 47 39 6.1 1 

Indi ana ··············1956 4 Fulton Brookston sil 0- 6 131 14 135 2 125 123 7.0 13 
6-12 91 12 96 2 75 78 6.6 4 

12- 18 38 9 39 2 41 52 6.8 I 
18-24 38 15 96 4 86 129 6.7 < 1 
24-30 43 15 98 3 109 151 7 .2 < 1 
30-36 39 14 94 4 103 142 7.4 < 1 

Indiana ··············1956 5 St . J oseph Tracy lfs 0- 6 76 9 87 3 87 76 6.6 22 
6- 12 83 9 85 3 83 82 6.2 23 

12-18 57 10 70 7 84 77 5.9 27 
18-24 41 9 69 4 93 85 6.4 17 
24-30 45 8 67 5 100 98 6.8 14 
30-36 37 5 47 3 77 70 6.7 13 

Indiana ·············.l 956 6 St . Joseph Tracy lfs 0- 6 90 6 105 3 112 86 6.6 37 
6- 12 78 7 73 2 84 60 6 .3 27 

12-1 8 60 7 56 2 55 45 6.3 18 
18-24 41 6 39 3 49 41 6.0 14 
24-30 35 5 34 2 40 36 6.1 11 
30-36 35 4 35 2 45 37 6. 1 8 

[nd iana ·······-····.1956 St. Jose ph Brook ston sicl 0- 6 111 33 115 3 96 114 6.8 32 
6- 12 76 32 89 5 87 90 6.8 24 

12-18 36 24 71 4 93 90 7.0 JO 
18-24 26 20 65 3 112 114 7.6 3 
24-30 29 11 61 2 107 94 7.8 2 
30-36 22 12 44 3 69 70 8.0 2 

Ind iana .............. 1956 8 St. J oseph Tracy lfs 0- 6 104 10 104 5 125 95 5.8 20 
6-12 56 9 55 4 68 57 6.0 19 

12-18 50 9 54 2 79 61 5.7 20 
18-24 32 8 51 3 80 62 5.8 15 
24-30 39 7 56 2 83 71 5.9 15 
30-36 38 6 45 2 65 60 6. 1 13 

Iowa .................. 1955 Washingto n Clinton sil 0- 6 239 25 268 2 223 264 7.0 10 
6- 12 11 5 13 135 4 180 259 6.5 14 

12-18 70 15 141 3 261 416 6.1 2 1 
18-24 68 18 163 6 364 536 5.6 27 
24-30 64 20 176 5 375 584 5.4 29 
30-36 67 20 179 6 372 572 5.3 35 

Iowa ··--········· ... .1955 2 Washing ton Clinton sil 0- 6 122 23 153 3 170 232 7.5 3 
6- 12 60 18 144 6 292 448 6.3 1 

12-18 51 20 150 6 361 489 5.7 6 
18-24 48 21 155 8 378 55 1 5.5 15 
24-30 42 23 151 7 362 530 5.5 28 
30-36 47 24 146 6 352 5 14 5.5 34 

Iowa .................. 1955 3 Story Clarion sil 0- 6 143 16 156 3 163 212 7.3 3 
6-12 97 10 100 2 170 199 7. 1 2 

12- 18 61 10 74 3 153 205 7.3 1 
18-24 33 9 62 2 145 209 · 7.9 < 1 
24-30 30 9 60 2 132 190 7.9 < 1 
30-36 33 10 61 3 104 181 8.0 < 1 

Iowa ........ ........ .1955 4 Story C la rion sil 0- 6 138 18 152 1 154 208 6.9 3 
6-12 72 15 11 3 6 166 213 6.4 1 

12-18 52 14 96 6 166 216 6.3 < 1 
18-24 38 13 90 7 168 244 7. 1 < 1 
24-30 31 12 78 4 151 234 7.6 < 1 
30-36 27 12 67 3 129 196 8.0 < 1 
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TABLE A-1 (contin ued ) 

Laboratory anal ys is 

Sample 
Air" Oven 

F ie ld moist Air driedn dried dried Soil tes t 11 State Y ear Expt. County Soil type d• pth 
Exch. K H,O Exch. K • H,O Exch. K Exch. K p ( in. ) 

pp2m % pp2m % pp2m pp2m pH pp2m 

Iowa ·················· 1955 5 Marsha ll Tama sil 0- 6 440 26 438 3 > 400 526 6.7 8 
6- 12 104 22 159 6 308 462 6.3 3 

12-18 63 20 133 7 303 459 6. 1 6 
18-24 55 20 130 7 294 466 6. 1 12 
24-30 47 21 128 7 293 467 6.2 15 
30-36 46 22 129 6 313 452 6.3 14 

Iowa .................. 1955 6 Marsha ll Tama sil 0- 6 219 27 252 5 25 1 319 7.3 5 
6- 12 103 21 155 5 262 362 6.0 2 

12- 18 84 21 151 7 28 1 398 6.0 1 
18-24 61 22 141 7 292 474 6.2 3 
24-30 52 22 132 6 295 50 1 6.3 4 
30-36 57 22 130 6 278 485 6.7 3 

Iowa .................. 1955 7 Dubuque Fayell e sil 0- 6 140 22 147 3 135 180 7.4 4 
6-1 2 46 22 119 5 237 368 6.2 10 

12- 18 46 23 11 4 6 266 412 5.8 19 
18-24 48 23 106 6 2i2 425 5.7 26 
24-30 43 23 112 6 277 406 5.9 30 
30-36 44 23 109 6 285 431 5 .7 30 

Iowa ...... ............ 1955 8 J ackson Faycll c sil 0- 6 145 26 147 3 158 162 7.4 7 
6- 12 60 J8 83 4 157 22-f 6.2 6 

12- 18 55 18 96 4 22 1 360 5.4 10 
18-24 55 19 109 5 25 1 416 5.3 16 
24-30 51 20 114 6 269 440 5.2 23 
30-36 57 22 119 6 265 438 5.3 31 

Iowa .................. 1955 9 D elaware Carring ton I 0- 6 139 32 138 5 149 153 6.9 2 
6-1 2 48 27 77 6 120 160 5.6 I 

12- 18 45 24 80 6 152 199 5.5 < 1 
18-24 32 20 85 5 163 217 5.8 < I 
24-30 32 19 89 4 162 241 6. 1 < 1 
30-36 27 19 92 5 167 209 6.2 < I 

Iowa ············•·····1955 10 D elaware Carr ington sl 0- 6 164 18 170 4 150 171 7.0 4 
6- 12 66 16 11 8 4 98 107 5.7 2 

12-18 58 16 116 4 11 0 11 6 5.4 I 
18-24 37 14 112 4 11 9 147 5.4 < l 
24-30 30 14 136 4 128 203 5.3 < 1 
30-36 30 14 138 4 154 236 5.4 < l 

Iowa ···-············· 1956 11 J ackson Fayette sil 0- 6 159 21 184 4 211 205 5.9 5 
6- 12 80 23 138 5 208 184 5.6 5 

12- 18 60 23 126 5 240 244 5 .2 I 
18-24 48 22 128 5 278 310 5.2 4 
24-30 45 23 133 6 290 256 5.1 4 
30-36 44 20 134 6 320 329 5.2 12 

Iowa ·················-' 956 12 J ackson Fa(.e tte sil 0- 6 128 16 145 4 175 161 6.2 6 
eroded ) 6- 12 60 19 108 4 228 214 5.9 3 

12- 18 43 21 126 5 270 278 5.6 5 
18-24 46 20 128 6 306 303 5.6 6 
24-30 42 18 130 5 302 317 5.6 22 
30-36 40 18 128 6 284 324 5.6 23 

Iowa ··············· ·· ·1956 13 Delaware Carrington 1 0- 6 124 16 135 3 164 162 5.8 7 
6- 12 64 20 93 5 146 124 5 .7 2 

12-18 47 19 80 4 158 130 5.7 2 
18-24 30 16 79 5 176 174 5.8 1 
24-30 28 II 78 4 158 197 6.1 I 
30-36 28 9 72 3 164 196 6.2 I 

Iowa .................. 1956 14 D elaware Carrington 1 0- 6 121 14 126 3 154 143 6.2 6 
6-12 69 17 91 4 142 124 5.9 4 

12-1 8 46 17 79 138 11 0 5.9 2 
18-24 28 14 68 3 144 145 5.8 I 
24-30 37 II 70 3 158 157 5.8 2 
30-36 28 13 73 3 162 152 6.0 2 

Iowa ................ 1956 15 Brem er Floyd sil 0- 6 121 43 161 8 161 193 6.2 5 
6- 12 72 23 130 10 212 290 6.7 2 

12- 18 54 19 125 7 204 326 6.9 1 
18-24 38 14 110 4 192 316 7.2 1 
24-30 30 10 82 3 138 228 7.6 < I 
30-36 30 11 80 5 132 204 7.7 < 1 

Iowa ...... ............ 1956 16 Bremer Clyde s il 0- 6 210 27 234 5 203 245 6.3 6 
6-12 88 22 121 8 150 171 6.0 3 

12- 18 62 21 120 8 156 199 6.2 2 
18-24 54 19 124 9 198 288 6.5 I 
24-30 37 17 J 12 7 182 316 6.9 1 
30-36 38 JI 86 4 166 274 7.4 l 

Kansas ·············-'955 Cherokee Cherokee sil 0- 6 102 14 122 4 104 137 6.6 5 
6-12 94 19 74 6 108 94 5.6 2 

12-18 122 25 11 0 9 128 242 5.2 < l 
18-24 l 12 18 154 10 232 328 4.9 < 1 
24-30 75 16 150 9 224 321 4 .8 < l 
30-36 66 16 142 8 216 277 4.8 < 1 

Kansas ............. .1 955 2 Cherokee Bates vfsl 0- 6 65 15 86 4 76 100 7.0 10 
6- 12 32 14 63 1 46 88 5.7 < 1 

12-1 8 25 16 66 4 80 100 5.3 < 1 
18-24 38 16 80 4 11 8 150 5.6 < l 
24-30 36 16 89 5 136 191 5.8 < 1 
30-36 47 15 105 6 180 230 6.0 < l 
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TABLE A-1 (conti nued ) 

Laboratory ana lys is 

Sample 
Airh O ven 

Fi eld moist Air driedn dried dried Soi l tcs tb 
State Year Expt . Cowlly Soil type depth 

Exch. K l-120 Exch. Ko 1-1 ,0 Exch. K 
- --

(in. ) Exch . K p 
pp2m % pp2m % pp2 m pp2m pH pp2m 

Ka nsas .............. 1955 3 Labette Parsons sil 0- 6 145 12 185 5 188 264 5.6 20 
6-1 2 176 18 178 8 280 382 5.8 2 

12-[8 l 78 20 186 lO 394 454 6.2 < l 
[8-24 187 [8 181 9 284 431 6.3 < 1 
24-30 100 17 194 10 246 405 6.4 < I 
30-36 84 17 193 10 252 357 6.6 < 1 

Kansas ........ -.... ,1955 4 Neosho Bates vis! 0- 6 254 21 292 6 256 296 5.6 < 1 
6-1 2 312 22 344 5 296 357 5.8 < 1 

12-1 8 544 23 540 IO > 4CO 494 6.0 < 1 
18-24 466 26 492 IO 384 5 11 6.2 < I 
24-30 247 25 294 II 260 404 6.4 < I 
30-36 11 2 19 194 3 220 340 6.6 < 1 

Kan sas .............. 1955 5 Franklin Woodson sil 0- 6 262 20 292 6 248 368 6.6 8 
6- 12 88 21 166 9 220 350 6.2 3 

12-18 11 0 20 206 9 356 507 6.4 1 
18-24 106 15 20 1 8 312 520 6.6 I 
24-30 99 12 188 7 336 488 7. 1 < 1 
30-36 86 13 180 6 300 460 7.2 < 1 

Ka nsas ............ .. 1955 6 Riley H obbs-like sil 0- 6 565 II 589 4 > 400 645 5 .2 24 
(a lluvia l) 6-12 347 15 398 5 364 487 5.4 11 

12- 18 222 14 292 5 292 406 5.4 7 
18-24 194 I 7 295 9 308 432 5.7 6 
24-30 214 15 301 9 320 447 5.8 6 
30-36 219 10 294 5 328 478 6.0 7 

Kansas .............. 1955 Ril ey Gea ry sicl 0- 6 675 11 68 1 7 > 400 800 6.0 22 
6-1 2 340 14 38 1 7 > 400 606 6.2 8 

12-1 8 150 12 232 7 308 486 6.7 I 
18-24 125 12 214 7 300 471 6.6 2 
24-30 138 II 216 6 300 475 6.8 I 
30-36 131 II 21 l 6 288 46 1 7.0 2 

Kan sas .............. 1956 R il ey H obbs-like sil 0- 6 522 23 615 4 > 400 612 5.3 23 
(a ll uvia l) 6- 12 262 23 328 4 > 380 386 5.8 7 

12- 18 224 24 318 5 320 392 5.8 6 
18-24 218 25 348 6 364 483 5.8 6 
24-30 228 20 355 4 > 392 465 5.8 6 
30-36 222 16 367 5 > 400 548 5.9 6 

Kan sas .............. 1956 2 Ril ey Geary sicl 0- 6 567 2 l 602 7 > 400 639 5.8 25 
6-[ 2 288 22 318 5 > 400 534 5. 7 10 

12- [8 169 23 236 5 354 456 6.4 4 
18-24 142 22 222 6 342 446 6.9 2 
24-30 122 22 208 5 322 460 6.8 3 
30-36 121 21 199 5 329 476 7.0 2 

Kansas .... ......... 1956 3 Ril ey Sarpy Isl 0- 6 531 18 602 4 > 400 574 7.8 23 
6-1 2 365 I 7 463 3 > 362 479 7.4 15 

12-18 227 17 293 5 294 378 7.3 6 
18-24 15 1 21 20-1- 5 238 302 7. 7 5 
24-30 127 12 162 I 194 244 8.0 4 
30-36 149 13 186 I 230 288 8. 1 2 

Kansas .. .. .. .1956 4 Cherokee C herokee sil 0- 6 82 18 90 3 123 11 0 5 .7 
6-12 72 18 84 5 120 11 7 5.6 < 

12- 18 85 26 I 18 10 154 216 5.3 
18-24 109 24 154 9 214 292 5.0 
24-30 155 19 195 9 245 314 5.0 < 
30-36 103 18 142 7 214 252 5.0 

Kansas .... .... .. 1956 5 Neosho Parson s sil 0- 6 106 21 11 0 3 151 142 6.6 2 
6- 12 65 23 102 5 154 150 5 .7 I 

12- 18 90 22 144 6 170 198 6.4 1 
18-24 109 20 177 G 234 272 7.2 1 
24-30 136 23 206 8 254 311 7.8 1 
30-36 133 21 192 7 260 292 8. 1 1 

Kansas ... ... ... .... 1956 6 L abette Parsons sil 0- 6 129 20 140 4 142 200 7.0 8 
6-12 83 20 121 5 170 219 5 .5 1 

12-1 8 109 23 142 7 178 277 5.6 1 
18-24 116 20 168 8 228 323 5.7 1 
24-30 134 19 194 8 270 373 6.4 l 
30-36 181 16 232 8 286 4 19 7.0 1 

Kansas .............. 1956 7 Franklin Woodson sil 0- 6 134 18 155 4 148 210 6.8 5 
6- 12 88 20 144 7 22 1 279 6.2 2 

12- 18 11 6 20 168 8 278 410 6.4 2 
18-24 138 21 202 9 322 480 6.6 2 
24-30 132 19 206 8 388 486 6.8 2 
30-36 136 17 188 8 334 502 7.1 2 

Kansas .............. 1956 8 C he rokee Cherokee sil 0- 6 151 20 178 3 160 192 6.6 3 
6- 12 68 22 140 5 170 224 5.6 1 

12- 18 82 23 175 3 180 215 5 .4 2 
18-24 111 27 195 9 228 290 5 .8 2 
24-30 105 25 200 IO 298 344 5.8 I 
30-36 128 24 228 12 298 345 6.5 1 

Kan sas .............. 1956 9 cos.ho Parsons sil 0- 6 111 I 7 109 3 128 149 6.5 3 
6- 12 69 19 86 4 132 134 5.4 2 

12- 18 66 21 104 6 168 180 5.4 2 
18-24 74 19 120 7 190 200 5.7 I 
24-30 71 18 11 6 7 196 208 6.0 1 
30-36 62 17 96 6 170 183 6.6 < 1 
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TABLE A-1 (co ntinued ) 

Laboratory analysis 

Sample 
Air" Oven 

Field mo ist Air drieda dried dried So il testb 
Sta te Year Expt. County Soil type depth 

Exch . K H,O Exch . K. J-1, O Exch . K Exch. K p ( in. ) 
pp2m % pp2m % pp2m pp2m p!-1 pp2m 

Kansas ·············· ' 956 10 Neosho Bates vfsl 0- 6 172 21 181 4 198 191 5.9 < I 
6-12 112 18 130 6 158 165 5.5 1 

12-18 128 25 146 6 1 iO 198 6.2 I 
18-24 127 26 188 10 218 294 6.5 I 
24-30 146 24 204 10 230 334 7. 1 1 
30-36 130 23 186 9 210 313 7.6 < I 

:Mich iga n ·········.l955 Kalamazoo Fox sl 0- 6 232 II 216 214 173 7.5 42 

l\1ichiga n .......... 1955 2 Ing harn H ill sdale sl 0- 6 199 J8 193 2 166 138 7.2 5 
6-1 2 67 14 92 3 97 111 7.3 < I 

12-18 68 15 91 4 11 0 148 6 .9 < 1 
18-24 59 14 78 4 127 163 7.0 < l 
24-30 60 15 89 4 121 159 7.8 < 1 
30-36 61 13 80 3 111 140 7.9 < 1 

Michigan .......... 1956 R ose La ke Bell efon tai ne sl 0- 6 151 15 167 5 132 120 5.9 10 
Wildlife 6-12 70 JI 71 2 66 61 6.0 4 

Expt. 12- 18 52 10 75 3 97 95 5.6 10 
Station 18-24 60 II 100 5 146 159 5.2 9 

24-30 65 10 108 3 166 154 5. 1 10 
30-36 69 11 108 3 151 158 5.1 10 

Michigan ······· ···1956 2 Kalamazoo Fox sl 0- 6 180 13 168 3 169 166 6.2 13 
6-1 2 80 12 104 3 140 138 6.0 16 

12-18 72 10 98 3 150 142 5.4 14 
18-24 48 7 68 3 11 8 108 5.5 13 
24-30 35 8 57 5 82 62 5.5 9 
30-36 28 4 52 1 62 54 5.6 7 

Mi chigan .......... 1956 3 Ingham Conover 1 0- 6 80 15 81 3 68 86 6.6 3 
6-1 2 56 15 62 3 61 150 7.0 2 

12-18 54 15 102 2 138 188 7. 1 < l 
18-24 44 15 102 3 146 161 7.8 < 1 
24-30 42 14 80 3 126 132 8. 1 < l 
30-36 38 12 62 3 89 130 8.2 < 1 

l\1fi chigan ···-····· 1956 4 Clin ton Miam i I 0- 6 209 17 204 4 161 174 5.8 2 
6-1 2 100 II 105 2 89 104 6.2 2 

12- 18 67 12 86 2 104 132 6.7 < 1 
18-24 67 13 96 2 124 11 6 7.4 < l 
24-30 59 12 86 3 101 11 6 7.9 < 1 
30-36 64 11 84 2 98 110 8.0 I 

Michigan .......... 1956 5 J 2ckson Bell efontaine sl 0- 6 65 6 69 3 67 60 6.9 6 
6-1 2 52 7 46 2 39 39 7.0 10 

12-18 32 6 42 2 35 31 6.9 7 
18-24 26 7 40 2 32 36 6.8 5 
24-30 30 7 31 2 38 40 6.6 5 
30-36 30 5 34 3 43 42 6.6 4 

Minnesota ·······.l955 Steele Nicoll et cl 0- 6 217 25 191 5 197 250 7.4 21 
6- 12 11 7 22 11 5 5 145 156 7.0 10 

12-1 8 60 21 71 5 161 228 6.6 11 
18-24 56 20 85 6 210 320 6.3 5 
24-30 61 20 93 6 234 344 7. 1 3 
30-36 68 20 104 7 223 367 7.8 4 

~1inn eso ta ....... .1955 2 J ackso n Clarion cl 0- 6 507* 20 514* 5 > 400* 543* 6.5 5 
(va riable sand) 6- 12 212* 22 308* 6 > 284* 352* 6.9 I 
subsoil ) 12- 18 11 9* 19 195* 6 27Q·• 317* 6,6 < l 

18-24 77 16 l 19 4 214 307 7.3 < I 
24-30 69 17 11 7 4 188 302 7.9 < 1 
30-36 60 18 100 4 165 259 8. 1 < 1 

t,.,f inn csota ....... .1 955 3 F il lmore Fayet te si l 0- 6 162 24 177 4 179 197 6.9 7 
6- 12 76 21 114 5 176 194 6.5 9 

12-18 62 19 124 6 200 299 6. 1 13 
18-24 57 18 129 6 228 328 5.9 21 
24-30 53 20 133 5 230 346 5.8 24 
30-36 65 20 137 5 222 380 5.9 25 

Minn esota ........ 1955 4 Stevens Aastad sil 0- 6 1.010* 29 1,gi~: 10 > 400* !,~~~: 7 .7 6 
( variable sub- 6- 12 0 673* 25 6 > 400* 7.8 3 
soi l) 12- 18 346* 20 366* 5 > 307* 562* 8,0 < I 

18-24 139* 16 194 6 236 425* 8.2 < 1 
24-30 98 16 157 6 197 368 8.1 < I 
30-36 99 16 163 6 197 35 1 8.1 < I 

~finncsota ........ 1955 5 Crow Wing Menahga sil 0- 6 166 6 165 2 200 154 6.5 51 
6- 12 197 6 193 1 199 169 7.2 43 

12- 18 180 6 166 I 174 128 6.7 36 
18-24 151 7 141 I 143 11 6 6.8 28 
24-30 128 6 11 9 I 128 102 6.7 21 
30-36 119 7 107 2 107 97 6.8 19 

l\1innesota ···-····1955 6 Otte rtail R othsay sic! 0- 6 529 29 55 1 II > 400 647 7.4 5 
6- 12 235 27 292 7 294 500 7.8 2 

12-18 100 21 170 6 256 471 8.1 < I 
18-24 75 19 14-0 5 197 429 8.4 < I 
24-30 55 20 109 5 183 336 8.4 < 1 
30-36 62 18 118 4 182 331 8.5 < l 

Minn esota ······· .l955 7 Hubbard Dcltra mi vfsl 0- 6 123 17 127 2 96 l 16 6.3 14 
6- 12 63 15 59 4 65 68 6.4 14 

12- 18 36 11 52 3 90 181 6.3 8 
18-24 37 II 69 3 128 270 6.8 5 
24-30 37 13 68 3 11 7 211 7.9 2 
30-36 51 12 69 3 102 246 8.2 l 
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TABLE A-1 (continued ) 

Laboratory analysis 

Sample 
Airll Oven 

Field moist Air dricdn dried d ried So il tcsth 
Stat e Year Expt. County Soil type dept h 

Exch. K H,O Exch . Kl H,O Exch . K Exch . K p ( in. ) 
pp2m % pp2rn % pp2 m pp2m pH pp2m 

l\ l inncsota .. ..... 1955 8 Polk No. 1 Fargo sic 0- 6 592 34 615 J I > 400 910 8.0 9 
6-12 298 27 382 10 389 632 8.2 4 

12-18 177 21 282 7 394 614 8.5 < 1 
18-24 167 20 287 10 394 582 8.6 < 1 
24-30 134 20 274 8 397 574 8.7 < I 
30-36 14 1 19 269 8 392 566 8.6 < 1 

~ l i1111c ota ...... 1955 9 Polk No. 2 Bea J'Clen sicl 0- 6 480 29 492 JO > 400 755 8. 1 18 
6-12 199 22 260 8 357 474 8.4 2 

12-18 11 6 20 184 8 290 375 8 .4 < 1 
18-24 104 18 172 8 28 1 373 8.5 < I 
24-30 127 18 194 10 295 411 8.5 < 1 
30-36 144 19 2 11 9 332 461 8.5 < 1 

Minnesota ........ 1956 Mower Floyd cl 0- 6 107 21 123 6 177 177 7.0 10 
6-1 2 48 23 93 6 160 158 6.3 2 

12-18 41 19 92 6 206 218 5.9 I 
18-24 40 16 8 1 5 208 237 6.0 I 
24-30 34 17 67 4 152 204 6.4 I 
30-36 31 8 64 3 124 201 6.7 < 1 

Minnesota ..... .. 1956 2 Wa shington H ubbard ls 0- 6 72 5 67 1 88 79 5 .5 11 
6- 12 35 7 49 I 68 58 5.9 5 

12-18 32 6 37 2 74 56 6.0 2 
18-24 30 4 34 2 74 52 6.0 2 
24-30 32 4 34 I 74 55 6. 1 2 
30-36 30 4 32 1 82 64 6.2 2 

l\1inncsota ........ 1956 3 Anoka Lino Ifs 0- 6 87 7 86 I 87 79 6.6 24 
6- 12 41 9 48 1 52 55 6.2 16 

12-18 34 9 34 1 46 42 6.4 13 
18-24 38 10 38 1 50 52 6.3 JO 
24-30 43 13 45 3 70 74 6.2 9 
30-36 41 13 52 2 86 88 5.8 6 

l\finncsota .. .. .... 1956 4 Pinc {l ) lla yden fsl 0- 6 121 16 I 15 2 100 11 8 6.7 6 
6- 12 64 15 68 2 108 11 3 6 .1 4 

12- 18 41 16 88 4 272 270 5 .6 2 
18-24 45 I 7 11 6 6 336 292 5.3 2 
24-30 58 16 LIO 7 328 332 5.2 6 
30-36 52 16 109 5 308 286 5.4 9 

Minneso ta ...... 1956 5 Benton Mi laca fsl 0- 6 68 15 62 1 77 57 6.4 6 
6-1 2 32 12 30 2 48 40 6.2 2 

12-1 8 29 9 28 2 54 43 6.3 1 
18-24 24 10 30 2 68 46 6.1 I 
24-30 29 10 35 2 76 56 6.2 1 
30-36 31 10 34 3 72 53 6.2 1 

t,.finn cso ta ........ 1956 6 Pine (2) M il aca fsl 0- 6 90 21 92 2 97 95 6.2 12 
6-12 32 13 40 2 44 36 5.7 2 

12- 18 28 11 34 2 42 34 5.9 I 
18-24 44 JI 42 1 48 40 6.3 < I 
24-30 37 JO 34 2 58 41 6.4 < 1 
30-36 34 JO 38 2 74 58 6.8 1 

l\ l innesola ·---- . .1956 7 Pine (3) Crown Isl 0- 6 98 24 102 3 82 IO I 5 .7 45 
6-12 66 18 66 2 66 58 5 .4 36 

12-1 8 30 17 33 3 44 29 5.2 26 
18-24 24 19 26 3 28 28 5 .3 26 
24-30 26 17 30 4 64 28 5.3 42 
30-36 26 1l 28 2 52 24 5.4 32 

Nebraska ... ...... 1955 Merr ick T hurman 1s 0- 6 247 6 215 324 258 7.6 12 
6-12 156 7 134 204 161 6.0 2 

12- 18 87 7 98 145 131 6.2 < 1 
18-24 72 7 80 122 99 6.6 < 1 
24-30 71 7 11 2 120 112 7.2 1 
30-36 89 9 134 126 134 6.8 1 

Nebra ska .......... 1955 2 Dawson Hall sil 0- 6 1,488 5 1,416 5 > 400 1,525 6.8 32 
6-12 992 5 990 5 > 400 1,050 6.7 17 

12- 18 725 5 702 5 > 400 865 6.8 12 
18-24 712 5 719 5 > 400 908 7.2 JO 
24-30 1,020 5 1.010 5 > 400 1,140 8.0 11 
30-36 1,358 5 1,374 5 > 400 1,462 8.3 9 

Nebraska .......... 1956 Cedar Moody vfsl 0- 6 254 5 266 4 300 282 6.7 11 
6- 12 164 6 168 2 21 8 214 7.2 3 

12-1 8 69 5 94 2 196 225 7.4 I 
18-24 64 6 96 3 190 220 7.3 1 
24-30 72 4 92 3 184 250 8. 1 1 
30-36 59 4 84 2 160 218 8.3 < 1 

Nebraska .......... 1956 2 Stanton Thu rman 1s 0- 6 340 2 328 377 34 1 7.5 22 
6-1 2 143 3 140 210 172 7.4 4 

12- 18 145 3 156 196 170 7.0 2 
18-24 109 4 120 168 156 7.0 1 
24-30 77 3 89 148 142 6.9 1 
30-36 68 2 74 124 110 7.0 1 

Ontario ............ 1955 K-1 W elling ton Guelph I 0- 6 82 4 78 3 90 93 7.6 2 
6-12 67 4 59 3 73 83 7.7 1 

12- 18 56 5 55 3 70 8 1 7.8 < I 
18-24 48 4 54 3 61 68 8 .0 < I 
24-30 47 3 47 2 59 57 8.1 < 1 
30-36 47 2 43 2 67 62 8. 1 < 1 
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TABLE A- 1 (continued ) 

Laboratory a nalyses 

Sample 
Airb O ve n 

Field moist Air d1·icd11 d,·ied dried Soi l test1' 
State Year Expt. Coun ty Soi l type dc1>th 

Exch. K H,O Exc.h. K • H,O Exc.h. K Exch. K l' ( in. } 
pp2m % pp2m % pp2m pp2m pH pp2m 

Ontario ....... ..... 1955 K-2 B ra nt Burford I 0- 6 142 4 142 2 130 128 7.2 9 
6-1 2 77 5 75 3 79 I 13 7.3 8 

12-18 83 6 82 3 96 127 7.4 8 
18-24 99 5 89 4 95 124 7.5 7 
24-30 102 5 98 4 112 131 7 .8 4 
30-36 93 4 85 3 109 141 7.9 14 

Ontario ······ ..... 1955 K-3 Lincoln H aldi mand c 0- 6 4 18 8 440 5 326 287 6.2 7 
6- 12 172 19 233 6 244 346 6.3 < I 

12-18 148 21 214 8 238 37 1 6.8 < I 
18-24 160 21 214 7 243 337 7.6 < 1 
24-30 146 17 169 5 189 274 8. 1 < I 
30-36 133 17 160 6 193 26 1 8.2 < I 

Ontar io ···-······· 1955 K-4 Wa te rloo F ox sl 0- 6 66 3 61 2 70 70 7.2 7 
6- 12 40 2 34 2 45 47 7.6 4 

12- 18 4 1 3 38 2 48 49 7.8 2 
18-24 37 3 34 3 46 59 8.0 2 
24-30 31 2 31 2 42 47 8. 1 2 
30-36 26 2 38 2 36 42 8.2 1 

O ntario ............ 1956 K-1 "'-'cllingl'on G uelph I 0- 6 94 11 11 2 2 93 108 7.4 4 
6-12 72 8 81 3 78 89 7 .5 2 

12- 18 62 7 74 3 84 95 7.8 1 
18-24 102 4 100 3 11 6 11 7 7.8 < I 
24-30 82 5 72 3 96 108 7.9 < I 
30-36 75 4 72 2 92 96 8. 1 < I 

Ontario •···········1956 K-2 Wate rloo Fox sl 0- 6 52 4 64 3 62 64 7.3 4 
6- 12 24 2 32 2 46 38 7.8 2 

12-18 26 I 28 I 44 38 7.9 1 
18-24 22 I 26 1 38 36 8 .1 I 
24-30 18 1 20 1 31 26 8.2 I 
30-36 14 < I 15 < 1 22 22 8.4 < 1 

Ontario ............ 1956 K-3 Waterloo Dumfries I 0- 6 163 7 169 4 125 145 6.9 30 
6- 12 66 15 99* 7 138* 128·• 7. 7 4 

12-18 58 12 94·• 6 124* 11 8* 7.8 2 
18-24 34 6 36 2 50 48 8.0 2 
24-30 29 6 32 3 38 46 8. 1 1 
30-36 21 5 24 4 30 35 8.0 < I 

Onta rio ............ 1956 K-4 \¥ atcrloo Perth cl 0- 6 I I 7 11 144 3 122 175 7.2 2 
6- 12 96 II 124 5 132 192 7.6 l 

12- 18 108 JO 144 5 168 235 8.2 1 
18-24 84 9 120 3 138 196 8.3 1 
24-30 86 8 120 3 128 188 8.4 I 
30-36 89 8 120 3 122 175 8.4 < 1 

On ta rio ............ 1956 K-5 Waterloo ]-l u ron cl 0- 6 202 9 212 5 177 248 7.5 6 
6- 12 131 10 156 4 170 25 1 8.0 I 

12- 18 82 10 111 3 124 185 8.4 < I 
18-24 84 9 110 2 I 18 182 8.4 1 
24-30 84 9 Ill 2 128 188 8.4 < 1 
30-36 86 IO 11 I 2 130 179 8.4 I 

Ontario ............ 1956 K-6 Lin coln Haldiman<! cl 0- 6 285·X· 23 325* 7 227 33 1 6.8 3 
6- 12 239 18 286 8 210 323 7 .2 1 

12- 18 184 16 226 10 214 351 8.0 2 
18-24 125 16 199 6 187 262 8.2 < I 
24-30 128 15 168 3 175 256 8.2 < 1 
30-36 138 15 178 6 184 262 8.3 < 1 

a Air dried for 2 weeks at 5°C. a nd 40 percent re la tive hum id ity pr ior to ana.l ys is. 
b Air dr ied for 2 weeks at room temperature . Analysis in Iowa State nivcrsity Soi l Testing Labora tory. 
* Result s ex tremely va ri able be tween rcplica Les. 
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TABLE A-2. YIELD IN POUNDS OF DRY MATIER PER ACRE AN D PERCENT POTASSIUM OF ALFALFA AS INFLUENCED BY APPLI-
CATIONS OF POTASSIUM FERTILIZER. 

})ounds K ~O applied per acre 

State Yea,· Expt. Cutting D etermination 0 20 4-0 • 60 80 120 240 360 

Alaska ...... .1 956 Yield 2,280 3,4-00 2,560 2,160 2,300 2,200 
% K 1.30 1.21 1.24 1.39 1.46 1.32 

Ill. ········· ······-···1956 Yi eld 2,860 2,930 2, i80 2,880 2, i90 2,810 
% K 1.77 1.78 2.01 1.95 2. 10 2.22 

2 Yield 1,000 1,040 920 940 950 990 
% K 1.83 1.59 1.59 1.53 1.66 1.66 

3 Yield 1,090 1,130 1,010 1,010 1,050 920 
% K 1.95 1.81 2.34 2.25 2.43 2.43 

Ill . ····-····· . .......... ....... 1956 2 Yield 2,590 2,820 2,810 2,940 2,760 2,840 
% K 1.78 1.78 1.93 1.95 2.04 2.0 1 

2 Yi eld 1,510 1,460 1,270 1,620 1,590 1,580 
% K 1.54 1.59 1.65 I.i i 1.81 1.89 

3 Yield 1,630 1,610 1,280 1,610 1,600 1,650 
% K 1.59 1.59 1.68 1.69 1.71 1.72 

Ind . ····· --·-·· ······-········ ·······--.l955 Yield 3,230 3, 160 3,380 3,330 3,650 3,280 3,440 3,560 
% K 1.79 1.88 2.25 2.23 2.34 2. 73 2.56 2.89 

2 Yield 
\088 

2, 120 2,360 2,350 2,260 2,490 2,460 2,550 
% K 2.05 2.23 2.27 2.19 2.85 2.97 3.04 

Ind . ········--- ....... .. ................. 1955 2 Yield 2,770 2,760 2,570 2,850 2,970 3,030 2,900 2,770 
% K 1.78 1.93 2.29 2.38 2.60 2.66 2.87 3.06 

2 Yi eld 2,780 2,710 
\78~ 

2,920 2,960 3,050 2,910 2,910 
% K 2.00 2. 13 2.53 2.51 2.54 2.90 3.04 

fnd . ...... ............. ....... .1 955 3 Yi eld 3,360 3,520 3, 74-0 3,840 3,560 3,600 3,700 326ig % K 1.44 1.64 1.92 l.69 2. 11 2.68 2.36 
2 Yield 3,250 2,950 3,0 10 3,120 3,210 3,130 3,210 3,320 

% K 1.80 1.82 2.01 1.99 1.97 2. 15 2.30 2.49 
3 Yi eld 1,690 2, 140 1,980 2,220 2,120 2,210 2,280 2,240 

% K 0.97 1.11 1.21 1.28 1.33 1.53 1.66 1.87 

Ind . ·············'············· ........ 1955 4 Yield 4,090 4,150 3,980 4lE~ 4,030 4,120 4,000 3,790 
% K 1.99 2.26 2.36 2.38 2.69 2.82 3.00 

2 Yi eld 3,000 3,100 3,090 3,320 3, 180 3,350 3,290 3,300 
% K 1.25 1.35 1.41 1.62 1. 61 1. 77 1.98 2.34 

3 Yi eld 2,520 2,360 2,420 2,520 2,420 2,400 2,450 2,700 
% K 1.43 1.47 1.61 1.70 l.i3 1.70 1.85 2.30 

Ind. ...................................... 1955 5 Yield 3,650 3,760 4,000 \ 170 3,720 3,900 4,130 3,750 
% K 1.82 1.89 2. 19 .07 2.35 2.69 2.76 2.93 

2 Yield 2, 180 2,600 2,400 2,320 2,420 2,420 2,700 2,250 
% K 1.58 1.86 1.87 1.84 1.92 2.04 2.26 2.52 

3 Yield 1,050 1,290 1,170 1,210 1,220 1,350 1,390 1,210 
% K 1.50 1.62 1.61 1.57 I. 70 I. 76 1.93 1.97 

Ind . ........ ... 1955 6 Yield 4,100 4,180 4 ,490 4,480 
\3~g 

4,810 4,620 4,940 
% K 1. 70 1.64 1.93 2.32 2.40 2.59 2.79 

2 Yield 3,390 3,000 3,460 3,470 3,480 3,310 3,460 3,590 
% K 1.57 1.65 l.78 1.84 1.92 2.16 2.30 2.54 

3 Yield 1,800 1,720 2,060 1,980 1,890 2,230 1,880 1,840 
% K 1.49 1. 58 1.47 1.58 1.67 1.79 1.94 2.08 

Ind . ·-··· ................................ 1955 Yield 4,990 5,450 5l4o 5,500 
\4f~ 

5,490 5,720 5,910 
% K 1.59 1.98 .04 2.14 2.37 2.63 2.74 

2 Yield 3,290 3,630 3,320 3,790 3,400 3,670 3,610 3,880 
% K 1.38 1.1 6 1.32 1.44 1.57 l.70 1.84 2.04 

Ind . .......................... ............ 1955 8 Yield 4,370 4,500 4,170 4,060 3l1i 3,790 
\9~g 

3,890 
% K 1.63 1.97 1.87 1.91 2.44 2.75 

2 Yield 3,400 3,590 3,580 3,270 3,680 3,250 
324~? 3,560 

% K 1.43 1.63 I. 72 1.80 1.81 2.00 2.30 

Ind . ·························· ........ .. .1 956 Yield 4,260 4,140 4,290 4,350 4,470 4,490 
% K l. 60 1.65 l.7 2 1.97 2.01 2.32 

Ind . ........ 1956 2 Yield 3,860 3,680 3,840 3,820 3,750 3,920 
% K 1.62 1.63 1.65 1.75 2.07 2.37 

Ind. ........ 1956 3 Yield 3,860 3,900 
\~f? \ '. ~~ 3,990 4,100 

% K 1.98 1.83 2.14 2.61 

Ind . --· ················· ............ 1956 4 Yield 4 ,730 
\ 1Ii 4,770 4,870 4 ,730 4 ,770 

% K 2.38 2.26 2.44 2.73 2.67 

Ind . ..... 1956 5 Yi eld 3,820 3,640 4 ,090 4 ,040 3,990 4.050 
% K 1.95 1.95 2.25 2.35 2.52 2.79 

Ind . ............... ...... 1956 6 Yi eld 3,030 3,010 3.1 50 3i00 2.950 3,170 
% K 1.86 2.04 2.28 .43 2.50 2.83 

Ind. ........ 1956 Yi eld 3,540 3,470 3,090 3,280 Y~2 2l90 
% K 1.90 1.92 2.47 2.23 .76 

Ind . ..... .1 956 8 Yield 3,250 
310~~ 

3,020 3,460 3ll8 3,320 
% K l.74 2.25 2.25 

Iowa ......... ..1955 Yi eld 5,240 5,140 5,300 5,570 s!lg~ 5sof~ 
5,350 5,340 

% K 2. 75 2.85 2.92 2.94 3. 10 3.37 
2 Yield 2,490 2/40 2,590 2,590 2,630 2,440 2,530 2,670 

% K 2.60 .66 2.80 2.84 2.77 2.90 2.87 3.03 

Iowa ..................... 1955 2 Yield 4, 170 4,540 
424l~ 

4,330 4,710 4,220 4, 170 4,310 
% K 2.07 2.27 2.50 2.58 2.69 3. 15 3.35 

2 Yield 3,640 3,980 3,790 3,420 3,800 3,920 3,820 4.300 
% K 1.67 1.71 1.66 1.80 1.82 2.00 2.36 2.41 
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TABLE A-2 (continued) 

Pounds K:iO applied pe r acre 

Sta te Year Expt . Cutt ing D etermination 0 20 40 60 80 120 240 360 

fowa ···· ··········.l 955 3 Yield 3,700 3,260 3,460 3,610 3,440 3,780 3,530 3,530 
% K 1.80 !. 77 1.82 1.91 1.85 2.11 2.09 2.28 

2 Yie ld 2,150 1,780 1,820 1,750 1,770 2,000 1.800 2,020 
% K 1.57 1.53 1.69 1.73 I. 71 1.96 2.06 2.28 

Iowa .................................... 1955 4 Yiel d 4,550 5,080 5,200 5,410 5,230 5,180 5,480 5,290 
% K 1.66 l.78 1.75 1.94 2.02 2.08 2.23 2.32 

2 Yield 2,010 1.910 1,840 1.880 1.880 2,010 2,080 2, 120 
% K 1.64 1.66 1.76 1.80 1.74 1.95 2. 14 2.3 1 

Iowa ······-· ................ .1 955 5 Yield 3,420 3,480 3,620 3,670 3.860 3,940 3.820 3,680 
% K 2.68 2.74 2.67 2.69 2.70 2.82 2.87 2.90 

2 Yiel d 2,810 3.0 10 2,900 3, 100 2,930 2,900 3,160 3,100 
% K 2.32 2.44 2.46 2.39 2.59 2.42 2.63 2.68 

[owa ···- ................. 1955 6 Yi eld 3,450 3,580 3,580 3,570 3,530 3,670 3,560 3,700 
% K 1.68 1.96 2.02 2.04 2.09 2.05 2.34 2.38 

2 Yield 3,110 3.360 3,320 3,330 3,460 3,220 3,420 3,510 
% K 1.93 1.93 1.96 2.07 2. 14 2. 12 2.41 2.36 

Iowa ···· ·······-···· ···················1955 7 Yield 4,030 4, 130 4,060 4,420 4,490 4.380 4.330 4,440 
% K 1.79 1.88 1.91 2.22 2. 18 2.29 2.76 2.80 

2 Yi eld 3.070 3, 130 3, 100 3, 150 3,090 
\ 1.88 3,390 3,340 

% K i. 71 1.81 1.94 1.99 1.88 1.90 1.95 

Iowa ·---·------ ·················· 1955 8 Yi eld 3,900 4,080 4, 100 4,040 4,440 4,380 4,560 4,310 
% K 2.05 2.32 2.28 2.40 2.46 2.76 3.02 3.07 

2 Yield 2.200 2,430 2,610 2.530 2,660 2,710 2,720 2,670 
% K 2.05 2.24 2.20 2. 16 2 .21 2.70 2.70 3.1 3 

Iowa ····································1955 9 Yi eld 3,510 3,860 3,670 3,920 3,930 4,250 4,500 4,280 
% K 1.70 1.93 2.00 2.33 2.34 2.81 3.61 3.84 

2 Yi eld 1,940 2,170 1,970 2,200 2,280 2,430 2,770 2,81 0 
% K 1.28 1.1 8 1.1 9 1. 21 1.36 1.50 2. 15 2.28 

Iowa •·· ·· ..... .1 955 10 Yi eld 4, 170 4, 190 4,330 4,390 4,620 4,620 4,490 5,010 
% K 2.07 2. 17 2.56 2.43 2.77 2. 97 3.59 3.58 

2 Yield 2,540 2.600 2.590 2.590 2,800 2,750 2,880 2,930 
% K l. 77 1.65 1.7 1 1.69 1.74 2.03 2.58 2.60 

Iowa ...................... . .1 956 II Yield 2,690 2,760 3, 140 3, 120 3, 120 3,170 
% K 1.72 1.84 2.03 2.06 2.06 2.22 

fo wa .. .1 956 12 Yield 3,340 3,420 3,510 3:?20 3,340 3,500 
% K 1.68 1.82 1.78 .11 2.32 2.47 

[owa ··············1956 13 Yi eld 3,450 3,520 3,350 3,530 3,640 3,970 
% K 1.68 1.74 1.98 2.01 2 .07 2.21 

Iowa .... ...... 1956 14 Yield 3,780 3,850 3,810 3,220 4, 170 3,240 
% K 1.48 1.66 1.83 2.00 1.96 2.26 

{owa ·· ····1956 16 Yie ld 4,280 4,260 4,150 4,040 4,480 4,600 
% K 1.81 1.89 1.88 1.96 2 .20 2.34 

Kan. .... 1955 Yi eld 2,440 2,050 2,280 2,240 2,520 2,090 
\3ig 

2,280 
% K 1.80 1.80 2.03 2. 16 2. 13 2. 15 2.56 
Yiel d 1,880 1,840 1,780 1,950 1,980 1,890 1,960 1.930 

2 % K 1.30 1.34 1.55 l.49 1.57 1.66 1.90 2. 15 

Ka n. ·····················.l 955 2 Yield 2,500 2,300 2,300 2,320 2,440 2,390 2:?10 2,580 
% K l.1 4 1.27 1.50 1.55 1.81 2.04 .30 2.60 

2 Yield 3,120 2,810 3,210 3,490 2,910 2,960 3,700 3,480 
% K 1.17 l.1 3 1.40 1.57 1.53 2.00 2.52 2. 78 

K an . ....... 1955 3 Yield 2,460 2,750 2,850 2,930 2,630 3,050 \~? 2,780 
% K 1.87 2.04 1.94 1.92 2 .14 2. 18 2.41 

Kan. ...... .1 955 4 Yield 1, 750 1,970 1,790 2,000 1,970 1,770 2,030 1,830 
% K 2. 13 1.98 2.96 2.67 2.32 2.55 2.65 2.67 

2 Yield 1,910 1,800 1.930 1.890 1,860 1,830 1,940 1,920 
% K 2.77 3. 15 2 .92 3.07 2.72 3.03 3.44 3.35 

3 Yie ld 1,650 1,710 1.650 1.600 1,570 1.610 1,410 1,580 
% K 2. 13 2.51 2.78 2.67 2.23 2.51 3.05 2.63 

Kan. ····················1955 5 Yield 3.920 4,260 4,100 3,890 3.590 3,740 3 640 3,7i0 
% K 1.84 2.00 1.92 1.94 i.88 2.10 2.30 2.2 1 

2 Yield 2,880 3,090 2,860 3. 120 2,790 2.910 2,880 2,770 
% K 2.60 2.59 2.59 2.69 2.66 2.76 2.96 2.94 

3 Yield 980 990 970 I , 130 840 760 960 1,090 
% K 1.94 2.00 2. 00 1.99 1.98 2.05 2.07 2. 12 

Ka n. ..................... 1955 6 Yield 810 940 880 870 860 720 840 840 
% K 2.48 2.44 2.43 2.6 1 2.47 2.46 2.45 2.55 

2 Yield 1.100 1,3 10 1.360 1.420 1,210 1.1 00 1,070 1,290 
% K 2.38 2.35 2.37 2.37 2.44 2.37 2.27 2.37 

K an. .................................... 1955 Yield 1,280 1.240 1,700 1?480 1,060 1, 160 1,270 1,180 
% K 2.34 2.3 1 2.34 -.29 2.21 2.28 2. 14 2.35 

2 Yield 1.380 1.510 1,060 990 1.290 1,420 1,290 1,380 
% K 2.23 2. 16 2.27 2.2 1 2.23 2.21 2.10 2.27 

K an. ·······························-···1956 Yi eld 800 680 480 540 620 
% K 3.57 3.5 1 3.42 3.42 3.39 

2 Yield 2.080 2,420 1,900 2,320 2,340 
% K 3.00 2.88 2.85 2.82 2.85 

3 Yield 1.64-0 1.620 1.440 1.920 1.900 
% K 3.26 3.24 3.36 3.36 3.30 
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TABLE A-2 (continued ) 

Pounds K:?0 applied per acre 

Sta te Year Expt. Cutt ing D etennination 0 20 40 60 80 120 240 360 

K an . ..... .1 956 2 Yield 3,840 4,200 3,000 4,120 3,6CO 
% K 3.48 3.72 3.52 3.66 3.39 

2 Yield 1,960 2,400 2,200 2,200 2.000 
% K 3.96 4.05 4. 11 3 . 78 3. 78 

3 Yield 2,140 2,440 2.420 2,300 2,320 
% K 3.94 4. 12 3.96 3.96 4 .02 

4 Yield 1.000 1.080 1.100 1.100 1,080 
% K 3. 18 3.69 3.48 3.48 3.45 

Ka n. ..... 1956 3 Yield 1,240 1.240 1,280 1,380 1,400 
% K 4. 50 4.41 4.39 4 .56 4.68 

2 Yield 3.260 3,900 3.600 3.560 3.880 
% K 5. 11 5.04 5.22 5 .01 5 .1 6 

3 Yield 2.000 2,200 2,600 2.600 2,600 
% K 4.7 1 4.86 4 .83 4.83 4.80 

4 Yield 1,700 2.0CO 2,200 2,000 2,200 
% K 4.95 5.04 5. 16 4.86 5 .04 

5 Yi eld 2,200 2,2CO 2,200 2.400 2,400 
% K 4 .44 4.44 4.35 4.38 4 .44 

K an. .................................... 1956 4 Yield 600 680 680 620 720 
% K 2.94 2.92 2.74 2.88 2.93 

2 Yield 12140 1.260 1,160 1,020 1,020 
% K .55 2.58 2.67 2.50 2.64 

Kan . ·-················ ·· ......... 1956 5 Yield 1,260 J .380 1,340 1.240 1.400 
% K 2.32 2.37 2.34 2.34 2.28 

2 Yi eld 360 420 460 420 380 
% K 2.04 1.98 2.04 2.04 2.0 1 

Ka n . ............. ....................... 1956 6 Yield 820 700 760 740 700 
% K 2.94 3.03 3.03 2.90 3. 15 

K an . .................... ............... 1956 I Yield 1,620 1,720 1,820 1,700 1,760 
2 Yield 1,380 1,480 1.520 1,480 12720 

% K 2.55 2.42 2.55 2. 70 .6 1 
3 Yield 1,520 1,400 1.500 1,420 1,660 

% K 2.70 2. 73 2.58 2.67 2.55 

Ka n. ........ 1956 8 Yield 740 760 760 860 820 
% K 2.34 2.28 2.43 2.24 2.46 

Kan. ....................... 1956 9 Yield 580 660 680 540 700 
% K 1.62 1.56 1. 62 1.56 1.56 

K a n. ············•··········-· .......... 1956 10 Yield 280 340 320 300 320 
% K 2.20 2.28 2.34 2.34 2.34 

Mic h . ·····-··- ·· .1 955 Yield 2, 160 2.240 2.980 2,790 2,920 2,810 3,270 3,3 10 
% K {alfalf a) 1.93 2.20 2.20 2.22 2.24 2.46 2.60 2.54 

( red clove r ) 2.0 1 2.22 2 .1 7 2.36 2.44 2.60 2. 72 2.96 

Mich. ............. 1955 2 Yield 2,680 2,810 2.8 10 3.090 3. 120 3. 160 3,290 3 ,120 
% K 2. 14 2.22 2.33 2.35 2.36 2.46 2.66 2.90 

Jvlich. ............ .1 956 Yi eld 4.340 5.010 5,020 5.050 5.320 5,480 
% K (alfalfa) 2.03 2.28 2.03 2.35 2 .34 2.55 

{brome ) 2. 16 2. 13 2. 13 2. 18 2.2 1 2.59 
2 Yield 3,310 3,480 3,470 3 ,620 3,920 3,990 

Mich . .. 1956 2 Yield 3,780 4,040 3,900 3.820 4.340 4,400 
% K 1.87 2.24 2.48 2. 72 2.80 2. 71 

2 Yield 800 800 960 950 1,080 1,290 

M ich . ·····-················· .. .1 956 3 Yield 4,240 4,320 4,560 4 ,780 4,580 4,950 
% K (alfa lfa) 1.47 1. 26 1.36 1.45 1.48 1.58 

(brornc ) 2. 13 2. 13 1.77 3. 17 2.07 3. 17 
2 Yield 1,54 0 1, 720 2,11 0 2, 110 2, ICO 2,590 

Mich . ................................. .1 956 4 Yi eld 5.100 5,640 5,160 5 ,420 6 ,340 5 ,810 
% K 2. 13 1.98 3.22 3.39 3.30 3.49 

2 Yield 2,850 3,200 3,100 3, 150 3,380 3,450 

Mich . .. ············-··-······- ..... 1956 5 Yield 3,220 3,360 3,750 3,700 3 ,730 3,700 
% K 1.60 2.0 1 1.98 2.2 1 2.33 2.50 

2 Yield 1,650 1,700 1,880 1,860 2,050 2,340 

'?vl inn . ............. .1955 Yield 5.020 5,080 5,280 ~,580 4,680 5.220 5,380 5 ,000 
% K 1.54 1.54 1.47 1.i6 1.84 2.27 2.64 2.76 

2 Yield 3.240 3.040 3,220 2,780 3,080 2.920 2.980 2,980 
% K l.70 1.88 1.94 1.96 2.06 2. 18 2.69 2.84 

1v1inn. ...... .. .................. ·-····· 1955 2 Yield 4,620 4·,780 4.840 5,880 5,060 5,600 5 ,160 4 ,820 
% K l.76 2. 10 1.64 2. 11 l.76 2.30 1.62 1.67 

2 Yie ld 1.660 1.680 1,820 2.000 1.840 1.560 1,560 1,700 
% K 2. 16 2.38 2.0 1 2.27 2.20 2.22 1.98 2 .1 6 

:Min n. ··················· ............... 1955 3 Yield 5.880 4.760 4,760 5 ,240 5 ,140 6.240 5,480 5:z°'tl % K (alfalfa) i. 76 1.88 1.98 2. 10 2.20 2.59 2.62 
(grass, etc.) 2.46 2.48 2.97 2.78 3 .1 2 3.25 3.22 3.28 

Minn . .... ···············.1955 4 Yield 3.280 3,240 3.720 3 ,600 3 ,460 3.500 3.300 3.200 
% K 2.76 2.69 2.86 2.82 2.72 2.76 2.78 2.72 

2 Yield 2.700 2.640 2.640 2.680 2.680 2.540 2.600 2,580 
% K 3. 14 3.25 3.26 3.34 3.3 1 3.22 3 .1 8 3. 18 

Minn. .. .............. .1 955 5 Yield 4,420 4.620 4 ,780 4.740 4 .620 4, 780 4,480 4 ,660 
% K 2.8 1 2. 78 2. 76 2.84 2.9 1 2.84 2.97 2.9 1 

2 Yield 3,580 3, 720 3,800 3,920 3,640 3,840 3,640 3,660 
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T AB LE A-2 (continued ) 

Pounds K20 appli ed per acre 

Sta te Year Expt. C utting D etermi nation 0 20 40 60 80 120 240 360 

l\if inn. .... .1 955 6 Yield 4,440 4,500 4,940 4.660 5,000 5,300 5,020 4 ,860 
% K 2.26 2.28 2.20 2.33 2.24 2.33 1.61 1.85 

2 Yield 3s1gg 3,360 3,640 3,520 3.480 3,360 3,240 3,460 
% K 2.94 2.94 3. 11 3.00 3.46 3.34 3.31 

14i nn. ..... 1955 8 Yield 2,480 2,500 2,520 2,440 2,720 2,400 2,740 2,760 
% K 3.46 3.49 3.52 3.46 3.46 3.64 3.62 3.84 

2 Yi eld 2,680 2. 760 2,720 ? 500 2,580 2.800 2.520 2,600 
% K 2.97 3.37 3.36 -3 .22 3.18 3.22 3.18 3.38 

.M. inn . ... .1 955 9 Yield 3,240 3,560 3,180 3,420 3,360 3.420 3,540 3,460 
% K 3.34 3.52 3.34 3.37 3.43 3.52 3.70 3.61 

2 Yield 3, 160 3.200 3,060 3, 180 3,280 3,440 3,180 3,520 
% K 3.46 3.34 3.31 3.40 3.34 3.58 3.40 3.58 

~ 1linn . ................................ 1956 Yield \760 4l6o 4,200 4,340 4,300 
% K .78 .93 0.93 1. 15 0.99 

2 Yield 1,500 
1/fJ 

1,960 1,900 2,040 
% K 1.32 1.39 1.62 1.63 

~1inn . ---·················· ....... 1956 2 Yi eld 1,460 1,460 1,560 1,600 1,640 
o/o K 0.93 1.09 1.27 1.32 1.53 

2 Yield 1.700 1,740 1,760 1,800 1.900 
% K 2.0 1 1.78 2.31 2.16 2.38 

l'viinn . ............... 1956 3 Yield 4,360 4 ,640 4 ,060 4.660 4 ,560 
% K 0.96 1.1 4 1.15 1.36 1.44 

2 Yield 1,700 1,860 1,740 1,900 1,760 
% K 2.32 2. 10 1.93 2.32 

~,(inn . ·····-·····················--··· 1956 4 Yield 4, 160 4,060 4,400 4,340 4,240 
% K 1.32 1.32 1.68 1.57 1.72 

2 Yi eld 3.000 3,000 2,900 3, 100 3,140 
% K 1.32 1.74 1.54 1. 59 1.48 

:Minn . ............... 1956 5 Yield 2,840 2,700 2,900 2,960 2,860 
% K 0.64 0.60 0.93 1.1 2 1.20 

2 Yield 2,640 2.740 2,760 2,860 2,740 
% K 0.90 1.08 1.21 1.35 1.57 

Nebr. .................................. 1955 Yield 4,230 5,080 4.020 4,390 4, 180 3,920 4,420 4 ,250 
% K 3.55 3.28 2.97 3.00 3. 11 2.97 3.00 3.00 

2 Yield 1,530 1,650 1.470 I ,790 1.470 1,540 1,580 1,570 
% K 2.80 2.88 2.88 2.90 3.04 2.91 2.92 2.84 

3 Yield 1. 680 1.520 1,800 1,550 1,610 1,360 1,950 Ii~ % K 2.8 1 2.76 2.81 2.78 2.69 2. 78 2.94 

Nebr . ... 1955 2 Yi eld 4.240 4,250 4,280 4 ,220 4, 180 4,2 10 4,260 4,290 
% K 3.52 3.52 3.58 3.61 3.58 3.55 3.52 2.97 

2 Yield 3,390 3,290 3, 180 3.230 3,4 10 3,330 3,440 335~ % K 3.60 3.72 3.84 3.76 3.70 3.72 3.78 
3 Yield 4, 180 4, 120 4.240 4,170 4.050 4.220 4.1 10 4 ,280 

% K 3.66 3.66 3.66 3.68 3.80 3.44 3.62 3.50 

Neb r. ......................... 1956 Yield l ,850 1.720 1.860 1,600 1,740 
% K 2.67 2.72 2.72 2.66 2.76 

2 Yield 2,220 2. 100 2,380 2,100 2.230 
% K 3.93 3.81 3.84 4.05 3.27 

3 Yie ld 1,840 1,840 1.950 1,590 1,980 
% K 3.30 3.36 3.48 3.48 

Neb r. ....... 1956 2 Yi eld 4,890 5,250 5, 100 4 ,980 5,050 
% K 3.60 3. 78 3.78 3.91 3. 75 

2 Yield 4.340 4.7 10 4.7 10 4,640 4.470 
% K 3. 15 3.21 3.30 3.30 3.36 

O nt. .................................... 1955 K- 1 Yield (a lfa lfa) 2,090 1,860 2,090 2,2 10 2,690 2,350 2,390 2,160 
(red clove r ) 1,750 1,700 1,670 1,770 1,750 1,860 1,760 1,990 

% K (a lfa lfa ) 0.73 0.78 0 .92 1.06 1.20 1. 50 2.05 2.43 
( red clover ) 1.40 1.40 1.74 1.74 1.80 1.80 1.85 2.06 

2 Yield 350 370 330 360 360 290 340 320 
% K 0.62 0.65 0.72 0 .81 0.96 1.03 1.27 1.33 

Ont. ............... 1955 K -2 Yi eld (alfalfa) 2,870 2.530 2,520 2,900 2,800 2,450 2,640 2,360 
( red clover) 990 1,160 1,400 800 1,140 1,130 940 1,430 

% K (a lfa lfa) 1.22 1.38 1.48 1.59 1.72 2.08 2.44 2.75 
( red clover) 1.50 1.73 1.84 1.90 1.98 2.1 0 2 .69 2.86 

2 Yield 1,210 1,310 1,140 1,230 1,280 1,120 1,250 1,260 
% K 1.44 1.45 1.52 1.73 1. 70 1.82 2.32 2.34 

On t . ····················· .............. 1955 K -3 Yield (a lfa lfa) 460 320 560 440 580 770 730 770 
( red clover) 1,910 1.690 1,790 1,770 1,650 1,600 1,780 1,320 

% K (alfa lfa) 2.56 2.50 2.33 2.56 2.59 2.72 2.91 2.46 
(red clover ) 2.54 2.72 2.59 2.69 2.65 2.84 2.97 2.9 1 

2 Yield 1,940 1.820 2.070 1.750 1,870 2. 180 2.100 2.050 
% K 2.81 2.98 3.04 3.13 3. 18 2.98 3.40 3.34 

OnL ................ 1955 K -4 Yield (alfa lfa) 1,030 980 1,060 1,170 1,060 1, 110 1,210 1,330 
(red clover) 1,400 1,380 1,430 1.330 1,500 1,590 1,590 1,380 

% K (a lfa lfa ) 0.89 0.94 I.J O 1.05 1.1 6 1.28 1.79 2.20 
( red clover ) 1.08 1.1 5 1.35 1.34 1.43 1.54 2.00 2.24 

2 Yi eld 330 280 300 290 290 270 330 340 
% K 0.74 0.73 0.8 1 0.80 0.87 0.92 1.04 1.38 

On t. -·············· ................... 1956 K- 1 Yi eld (a lfalfal 2,330 1,980 2,400 2,450 2,5 10 2,440 
(clover, etc 1,500 1.880 1,610 ll5~£ 1,650 1,700 

% K (alfa lfa 1.77 1.95 2.25 2.79 3.00 
(clover, etc 2.46 2.73 2.68 3.97 3.30 3.24 

2 Yield (a lfalfa ) 1.380 1,260 1,520 1,340 1,450 1,520 
( t imoth y, etc) 1,050 1. 180 1.1 20 1,320 1,130 I . I 70 

% K (a lfa lfa) 1.36 1.38 1.45 1. 67 1.78 2.25 
( timothy, e tc) 2.07 2.25 2.35 2.34 2.75 2.94 
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TABLE A-2 (continued) 

Pounds K ,0 applied per acre 

State Year Expt. Cutt ing D eterm ination 0 20 40 60 80 120 240 360 . 
O nt. ·······-··.1 956 K-2 Yield 1,650 1,920 2, 120 1,930 2,160 2,070 

% K 1.05 1.59 1.51 1.74 2.0 1 2.46 
2 Yield 1, 190 1,#i0 1,660 1,760 1,800 1,930 

% K 1.1 2 1.1 7 1.30 1.31 1.48 1.24 

On l . ..... .... ..................... 1956 K-3 Yield 3,350 3,260 3.450 3,320 3,320 3,280 
% K 1.95 2.3 1 2.46 2.91 2.94 3.00 

2 Yield 2,360 2,330 2,500 2,550 2,#i0 2,570 
% K 1.62 1.76 1.90 1.38 1.52 1.49 

Ont. ············ ········ ····· 1956 K-4 Yield 1,820 2,060 2,030 2,030 2,11 0 1,850 
% K 1.65 l.i7 1.98 2.22 2.#i 2.55 

2 Yield 1.480 1,510 1.580 1,370 1.640 1,640 
% K 1.44 1.59 1.57 1.74 1.88 2.07 

Ont. .. ........... 1956 K-5 Yield 2,670 3,070 3,300 3.000 2,850 3,480 
% K 1.87 1.98 2.00 2.05 2. 14 2.36 

2 Yield 1,130 1,100 1,130 1,220 1, 160 1,200 
% K 1.74 1. 72 1.80 1.84 1.92 2.09 

Ont. ...... .... .......... .... .. ...... .1 956 K-6 Yield 2,440 2,360 2,380 Vl~ 2 640 2,500 
% K 1.99 2.07 2. 11 2. 18 2.42 

2 Yield 2. 170 2,3 10 2,290 2,250 2,390 2,360 
% K 1.67 1.65 1.70 1.86 1. 78 1.95 
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