
s 

>RTH CENTRAL 

61 
.R47 
No.503 
1962 ;1ONAL PUBLICATION 

NO. 135 

- - ---
2 2 

- - - -
3 3 

4 
4 - -

5 
--- -

6 
5 

7 
- - --

8 

6 
9 

----
7 10 

3 
Li 7 

10 
i\e 20 

18 
A <O 

38 
Sr SS 

47 
Ag l08 

54 55 
Xe !JI Cs 133 

79 
Au 197 

86 87 
Re 222 Fr 

Ag ricultural Experiment Stations of 

Alaska 
Illinois 
Indiana 
Iowa 
Kansas 
Michigan 

Mi nnesota 
Nebraska 
North Dakota 
O hio 
South Dakota 
Wisconsin 

~ ........ . 

United States De partment of Agriculture 
coopera t ing 

82 
Pb 207 

NORTH CENTRAL REGIONAL 

POTASSIUM STUDIES 

III. Field Studies With Corn 

8 9 
0 16 F 19 

16 17 
S 32 Cl JS.5 

24 25 26 
Cr 52 !\.fn 55 Fe 55.8 

33 34 35 
As 75 Se 79 Br 80 

42 0 " ~lo 96 Tc Ru l02 

51 52 53 
Sb 122 Tc 128 1127 

73 7' 75 76 
Ta 181 W 184 Re 186 Os 190 

83 H 85 
Bi 209 Po 210 At 

91 
Pa 23 1 

92 
U 238 t 

AGRICULTURAL AND HOME ECONOMICS EXPER IMENT STATION 

IOWA STATE UNIVERSITY of Science and Technology, AM ES, IOWA 

RES EARC H BU LLETIN 503 APRIL 1962, 

IOWA STATE TRAVELING LIBRARY 
DES MOINES, IOWA 



FOREWORD 

This publication reports the results of research con
ducted cooperatively by members of the Potassium Sub
committee of the North Central Mineral Deficiencies 
Committee (NC-16 ) and by members of the NC-16 
Committee and others in the 12 North Central states, 
Alaska and the United States Department of Agricul
ture. Uniform fi eld experiments were conducted at 51 
locations with corn in Illinois, Indiana, Iowa, K ansas, 
Michigan and Minnesota during 1957 and 1958. In 
these experiments potassium fertilizer was broadcast on 
the experimental plots and plowed under or disked in . 

Supplementary greenhouse studies using soil samples 
from the 195 7 fi eld experiments were conducted at 
Purdue University under the direction of Dr. S. A. Bar
ber. Supplementary laboratory analyses using soil and 
plant samples from the field experiments were made 
at Iowa State University under the direction of Dr. J. 
J. Hanway. 

The results of previous field experiments with al
falfa and of the supplementary greenhouse experiments 
have been reported in two other regional research 
bulletins (2, 9 ) . 
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North Central Regional Potassium Studies 
Ill. Field Studies With Corn 

By J . J. Hanway, S. A. Ba rbe r, R. H. Bray, A. C. Caldwe ll , M. Fried, L. T. Kurtz, K. Lawton, J . T. Pesek, K. Pretty, 
M. Reed and F. W. Smith 1 

Corn is sensitive to a defici ency of potassium (K ) ,2 

and yields of corn on K-deficient soils often are in
creased by K fertilizer applications. K deficiencies in 
corn have been observed or yield increases have been 
obtained from K fertilizer applications on many soils 
in the North Central R egion of the United States. How
ever, many other soils in the region have high levels of 
available K , and applications of K fertilizers on these 
soils have not increased corn yields. Therefore, it is 
important to have effective methods of estimating plan t 
availability of K in different soils and to develop meth
ods of predicting the yield response which can be ex
pected from applications of K fertilizer for corn o-rown 
on different soils. "' 

The increases in yields of corn and other crops ob
tained from applications of K fertilizer have been 
shown in some studies to be inversely related to the 
level of exchangeable K in air-dry samples of the sur
face soil ( 5, 7). Therefore, this determination is com
monly used in soil testing laboratories to estimate K 
availability. Other studies, however, have shown that 
the amount of exchangeable K in some soils is mark
edly changed by d rying the soil (1, 2, 9, 17, 18). In 
some of these studies, the level of exchangeable K in 
undried soil samples provided a better estimate of K 
availability to plants than did the exchangeable K in 
dry soil samples (2, 9, 17 ). M a tthews and Sherrell ( 18), 
on the other hand, studied the relation between ex
changeable K in the soil and the yield of potatoes grown 
on sandy soils in Ontario, Canada and found a higher 
correlation with exchangeable K values for oven-dry 
soils than for undried soils. 

Predicting the yield increase to be expected from K 
fertilizer applications is complicated by many factors 
that influence crop response to K fertilizer applica
tions ( 15 ) . Plants obtain K from subsurface layers in 
the soil ; thus it may be important to consider the ex
changeable K in these layers, in addition to that in 
the surface layer (9, 16, 21 ). Poor aeration restricts 
the ability of plant roots to absorb K from the soil 
(8, 14); thus poor aeration resulting from excess mois
ture, tillage methods, etc. may cause K deficiencies in 
plants even though the level of exchangeable K might 

1 The manuscript was prepared by the first author. The other authors 
contributed by conducting the fi eld and laboratory experiments or by 
assisting in pla nning and co nducti ng the study and reviewing the man
uscript. M ore complete informat ion concerning the NC-1 6 Committee 
and others associated with this study is given on the back page of this 
bulletin. 
2 The symbol K will be used for potassium thrg11ghout this bu)letin, 

otherwise be adequate (3, 15, 19 ). K uptake by plants 
is also restricted under conditions where soil moisture 
is limited (26, 27 ), where soil temperatures are low 
( 11 ) and where there are high concentrations of other 
ions, especially calcium, magnesium or ammonium, in 
the soil solution (20 ). K in soil organic matter or or
ganic soils has been found to be more readily avail
able than K adsorbed on soil clays ( 13 ) . Differences 
in plant population and in genetic characteristi.cs of 
different hybrids would also be expected to result in 
differences in K uptake and yield responses obtained 
from K ferti lizer applications. Thus, many factors may 
have to be considered in predicting the response to be 
expected from K fertilizer applications for corn on dif
ferent soils. 

Corn plants begin to absorb soil K early in the 
seedling stage (6) and take up K very rapidly during 
the vegetative growth period (22 ), but little or no K 
appears to be taken up during the grain formation 
period late in the season ( 22 ) . K deficiency in corn 
appears first as decreased growth of the seedlings and 
young plants followed by a characteristic "firing," on 
the edges and tips of the lower leaves. In severe cases 
all leaves may show the "firing," and entire leaves on 
the lower pa rt of the plant may die ( 12 ) . 

The K status of corn plants at most stages of growth 
is refl ected in the K content of the different plant 
parts. Since all , or nearly all, of the K in corn plants 
is water soluble, it is not necessary to consider differ
ent forms of K in the plant in interpreting the results 
of plant analyses, but the plant part and the stage 
of development must be considered. T yner (25 ) an
alyzed the sixth leaf from th e base of the plant, sam
pled during the period of full silk, and suggested 1.30 
percent K on an air-dry basis as being the critical level 
above which little or no increase in yield would be 
obtained from additional K applications. In his ex
periments he found an average increase in yield of 
2.05 bushels per acre for each change of 0.1 p ercent 
K in the leaf. 

The purpose of this study was to obtain informa
tion concerning: (a ) the effect of K fertilizer appli
cations on the yield and K content of corn plants un
der different soil and environmental conditions found 
in the North Central Region, (b ) the amount of ex
changeable K in field-moist and dried soil samples 
from different soil profiles, ( c) relationships between 
exchangeable K in the soils and the K content and 
yield of corn as influenced by applications of K ferti-
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lizers and ( d ) the effect of other factors such as plant 
population, soil texture, etc. on these relationships. 

EXPE RI MENTAL METHODS 

Field 

Uniform field experiments with corn were estab
lished at 51 locations in Illinois, Indiana, Iowa, K an
sas, Michigan and Minnesota during 195 7 and 1958. 
T wo experiments were discarded - one in Iowa be
cause of an extremely variable stand and one in Mich
igan because of a severe zinc deficiency. R ecords and 
plant samples from the seven experiments in K ansas 
in 1957 were lost in a fire, and grain was not har
vested from one experiment in K ansas in 1958. There
fore, corn-yield data were obtained from only 4 1 of 
the 51 experiments. 

D eta iled characteristics and information concerning 
the experiments are given in tables A-1 , A-2 and A-_3 
of the appendix. As shown in table A-2 , most expen
men ts were conducted on sites that had been in a 
legume or legume-grass meadow the previous year . Jn 
a few cases, however, the previous crop was small gram, 
corn, soybeans or sorghum . Most experimen tal _a_reas 
received a uniform application of and P fertili zers 
either broadcast or split between a broadcast applica
tion and an application with a p lanter attachment. Dif
ferential p lot treatments consisted of broadcast ( and 
in most cases p lowed under) applications of KC! at 
rates of 0, 25, 50, 75, 100 and 125 pounds of K per 
acre. 3 The experimental design used at most sites was 
a Latin square. Each plot was usually 4 to 6 rows wide 
and 30 to 50 feet long. Except in specia l cases, efforts 
were made to obtain uniform stands of 16,000 plants 
per acre of hybrids adapted to the location. 

Before the application of any fertilizer, soil samples 
for laboratory ana lyses and greenhouse studies were 
coll ected from each experimental site. Each site was 
sampled to a depth of 36 inches by 6-inch increm ents 
to obtain samples for laboratory analyses . Separate 
samples, consisting of at least 10 cores each, were ob
tained from the 0-6 inch layer of each replicate. Th e 
subsurface samples were a composite of three repli
cates with at least two cores per r eplicate. These smaller 
samples were kept field moi t and sent to Iowa State 
University for laboratory ana lyses. In 1957, bulk sam
ples of approxima tely 300 pounds consisting of a t least 
20 subsamples from the experimen tal area were col
lected from the 0-6 inch layer of soil. At some sites 
a simila r amount of soil from the 18-24 inch layer 
was obta ined from a pi t dug adjacent to the experi
m ental area. These bulk samples were kept field moist 
and sent to Purdue University for a greenhouse study. 

Plan t samples were collected from a ll sites when 
the plants were in the silking stage. Whole-plant sam
ples, usually consisting of eigh t plants per plot, we:e 
obtained by cutting the p lan ts off just above the soil. 
At the sam e time, leaf samples, consisting of 20 leaves 
taken from opposite and ju t below the major ear
shoot of normal p lan ts, were collected . At som e of the 

3 These rates correspond to 0, 30, 60, 90, 120 and 150 pounds of K:O 
per acre, respectively, 
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sites whole-plant samples were a lso collected in a sim
ilar manner at an earlier elate (2 to 4 weeks prior to 
silkinO' ) and at a later elate (2 weeks or more after 
silking ) . All p lant samples were dried at 65° C., weighed 
and ground, and l"epresentative subsamples were sent 
to Iowa State University for chemical analyses . 

Gra in yields were estimated by ha rvesting the ears 
from a representative area of each plot ( usually about 
1/200 of an acre ) . T he yield of grain at 15.5 percent 
moisture and, for most experimen ts, the moisture con
ten t a t ha rvest and the shelling percentage were deter
mined . 

Laboratory 

K was ext racted from the plant samples by sh aking 
0.50 gram of the oven-dry plant material in 100 m l. of 
0.1575 N acetic acid for 30 minutes and filtering 
through a dry filter paper. 

The field-moist soil samples were sc reened through 
a 1/ 4-inch screen and thoroughly _ mixed . P~rc~nt 
moisture in the samples was determmed by weighing 
subsamples before and after oven drying at 100°C . for 
24 hours. E xchangeable K was extracted fro11; weigh~d 
samples ( of approximately 10 gram~ ) of the f~eld-mo1st 
and oven-dry soil samples by shakmg the s01l sa~ple 
for 30 minutes in 15 ml. of neutral lN NH. OAc, filter
inO' and leachino· with an additional 60 ml. of 1 N o , 0 

NH,,OAc. The extracts were then made up to 100 ml. 
in volumetric flask s. 

K in the plant and soil extracts was determined 
using a Perkin-Elmer model 52A fl ame photom eter 
with li thi um as an in ternal standard. K contents of 
the plan t material and soils a re expressed on an oven
dry basi s. 

A portion of each soil sample was a ir dried for at 
least 2 weeks at room temperature and analyzed in 
the Iowa State University Soil T esting L aboratory by 
the procedures used in that labora_tory. The J?H was 
determined with a glass electrode usmg a 1 :2 s01 l:wa ter 
ratio. K was ext racted by sh aking approximately 2 
g rams of soil ( measu red vo lumetrically ) in 10 ml. of 
neutra l lN NH.,OAc for 5 minutes and filtering. K 
in the extract was determined using a flame photo
meter. P was ex t racted by sh aking approximately 1 ½ 
grams of soil ( measured volumetrically ) in 10 ml. of 
Bray's No. 1 P extractant (~.02~ N H~l and 0 .03 N 

H 4F ) for 5 minutes a nd f1ltenng. P m the ext:act 
was determined colorimetrically using ammonium 
molybdate and sta nnous chloride to develop the color. 

Correlation Studies 

Data from 31 of the field experiments were analyz
ed by multiple regression procedures. As stated pre
viously, corn-yield data were not obtained from 10 ~f 
the 5 1 fi eld experiments. Data from another 10 expen
ments were not used in the multiple reg ression ana lyses 
because of incomplete data, severe drou th, ex tremely 
variable stands or very high K contents in the soil s and 
plants. These 10 experiments were: Illinois 397; Iowa 
23 ; K ansas 5, 6 and 7 in 1958; Michigan 1, 2 and 3 in 
195 7 · and Minnesota 2 in 195 7 and 1958. The treat
ment means for the different levels of applied K in the 



Table I. Variable s included in the multiple re g ression analyses and 
the symbols used to denote the individ ual variables. 

Variable Symbol 

Excha ngeable K in the 0·6 inch layer of soil (pppp
2
2mm )) ..... _ ... ·.~·.·.·.·.· .. ·: ·.·.-........ - .... KK ss·_' 

Exchangeab le K in the 6•12 inch layer of soil ( _ _ _ .. 
Exchangeable K in the 12-18 inc.h layer of soil (pp2m ) ....... _ .. _ ........... K s, 
Exchangeable K in the 18-24 inch layer of soi l (pp2m ) .......................... K s, 
Exchangeable K in the 24-30 inch layer of soil (pp2m ) ... _ .. _ .. _ ................... K s, 
Exchangeable K in the 30.36 inch layer of soi l (pp2m) ...... ·-··-· .. ··· .. ··-·· ·· ... Kso 
Exchangeable K in the 12•36 inch layer of soil (pp2m) .. ·-··-······ .. ··-.. - · . .Ks,., 
Fert ilizer K applied (pounds of K per acre ) ............................... _ .. _ .. _ ....... KF 
Plant popu lation (thousands of plants per acre ) ... _ .. - .. - .............. - .......... - ....... S 
Soi l texture & ···- ··-······ ······ ··-····-···-··-·--··-··-······----·----·· ··· ········-·-- --··-----··-·············· ·····T 
Leaf dry weight (g rams per 20 leaves) ... _ ...... - ..... ......... - ................................... L 
Percen t K in leaves at sil king t ime (no K a pplied ) .. ·-······-............... CK % K 
Pe roent K in leaves at silking time ...... ·- -- -··············•····-······-··-··············-···%K 
Increase in percent K in leaves result ing from K applications ........ ~ %K 
Pounds of K per acre in corn plants at si lking time ............. . ·-··· ············ ··· ·K P 
Yield of corn grain (bushels per acre) ............................. ·····-········ .... ·•- ......... .Y 
Increase i.n yield of gra in resulting from K ferti lizer 

(bushels per acre) ... - .......... _ .. _ ...... - ................................................................ !::, Y 

a The fo llowing code was used for soil textures: sand = l , loamy sand=2, 
sandy loam=3, loam=4, sil t loam=5 and silty clay loam=6. 

31 experiments provided 184 observations fo r each of 
the dependen t variables used in the multiple regression 
analyses . 

The variables included in the multiple regression 
analyses and the symbols used to denote these variables 
in the following discussion are shown in table 1. 

EXPERIMENT AL RES UL TS 

Exchangeable K in Soils 
The percent moisture in the field-moist soil samples, 

level of exchangeable K in field-moist and oven-dry soil 
samples and the Soil T esting Laboratory results fo r the 
air-d ry soils a re reported in table A-4 of the appendix. 
The exchangeable K levels in the field-moist and 
oven-dry samples from the 0-6 inch and 30-36 inch soil 
layers and the changes in exchangeable K that occurred 
on d rying these samples are summarized in table 2. 

In mineral soils, the level of exchangeable K under 
fi eld-moist conditions was almost always higher in sur
face-soil samples than in subsoil samples from the same 
location. Exchangeable K in the subsoils was consis
tently low. Only in seven soils from K ansas did the ex .. 
changeable K in field-moist 30-36 inch samples exceed 
100 pp2m. 

The change in exchangeable K that resul ted from 
dryino- 0-6 inch soil samples varied in different parts 
of th~ region much the same as was found in a pre .. 
vious study (9 ) . The exchangeable K in some of the 
surface -soil samples from Iowa and K ansas increased 
very m uch upon d rying. A few soils from these stat~s, 
however, showed littl e change, and two K ansas smls 
with hio-h levels of exchangeable K showed small de
creases ~pon drying. Drying surface soils from Michigan 
resul ted in either no change or appreciable decreases 
in exchangeable K. D rying caused relatively li ttle 
change in exchangeable K in surface soil samples from 
Indiana or the Cisne soils of Illinois. Changes from dry .. 
ing in surface samples from Minnesota ranged from 
small decreases in two sandy soils to appreciable in
creases in some sil t loam soils. 

Exchangeable K increased on drying in all samples 
from the 30-36 inch layer . In the sandy soils the in .. 
creases were small , bu t in other soils the increases were 
as much as tenfold. 

Table 2. Exchangeable K in field-moist and oven-dry soil samples 
from the 0-6 and the 30-36 inch layers at the differe nt 
experimental fi eld sit es and the chang e in excha ng eable 
K because of oven drying. 

Exchangeable K (pp2m) 
0.6 inch 30-26 inc.h 

F ield 
Soil typee. moist 

Change Change 
Oven after F ield O ven after 
dried drying moist dried drying Experiment Year 

lll . I 1957 
Ill. 397 1958 

Ind. 1 1957 
Ind . 2 1957 
Ind. 3 1957 
Ind . 4 1957 
Ind . 5 1958 
Ind . 6 1958 
Ind . 7 1958 
Ind . 8 1958 

Iowa 17 1957 
Iowa 18 1957 
Iowa 19 1957 
Iowa 20 1957 
Iowa 21 1957 
Iowa 22 1957 
Iowa 23 1958 
Iowa 24 1958 
Iowa 25 1958 
Iowa 26 1958 
Iowa 27 1958 
Iowa 28 1958 
Iowa 29 1958 

K an . I 1957 
Ka n. 3 1957 
Kan . 4 1957 
Kan. 5 1957 
Kan. 6 1957 
Kan. 7 1957 
Kan. 8 1957 
Kan. I 1958 
K an. 2 1958 
Kan . 3 1958 
Kan. 4 1958 
Kan. 5 1958 
Kan . 6 1958 
Kan. 7 1958 

M ich. 1 1957 
M ich. 2 1957 
M ich. 3 1957 
Mi ch . 4 1957 
Mich . I 1958 
Mich. 2 1958 
M ich. 3 1958 
Mich. 4 1958 

Cisne sil ............ 73 
Cisne sil ....... ..... 64 

Fincastle sil ...... 126 
Fincastle sil ...... 104 
Elston I ........... .1 30 
F incastle sil ....... .11 2 
Fincastle si l ....... .1 21 
Crosby fsl .......... 128 
Miami I ......... ... 103 
Sidell sil ............ 170 

96 23 
86 22 

134 8 
125 21 
150 20 
156 44 
151 30 
110 -18 
87 -16 

213 43 

Floyd sil ............ 151 185 34 
Carrington sil .... 146 166 20 
Faye tte sil ... ..... 160 232 72 
Clyde sil ........... .1 00 279 179 
Carrington sil .... 102 139 37 
Fayet te sil ........ 138 170 32 
Well er sil ............ 78 11 2 34 
Carrington sil .... 153 178 25 
Fayette sil ........ 244 269 25 
Fayette sil ........ 79 163 84 
Clyde sil .. ......... .1 58 171 13 
Webster sicl ........ 11 2 359 247 
Primg.har sil .... 348 456 108 

Bates sil ............ 91 
Summit sil ... - ... 262 
Labette sil ........ 935 
Summit sil ....... .427 
Laurel fsl ........ 455 
Wabash sil ........ 559 
Cherokee sil .... 149 
Summit sil ........ 232 
Boone I ............. .150 
Parsons sil ... _ ... ! 73 
Cherokee sil .... 136 
Geary sil .. .......... 602 
Sarpy sil ............ 605 
? ....... - ................... 232 

Fox I .................. 450 
Oshtema s .......... 94 
Metea sl ........... .1 64 
Hough ton muck 574 
Fox sl .............. 86 
Kalamazoo sl .... 284 
Conover l .......... 80 
Parkhi ll I .......... 97 

100 9 
334 72 
910 -25 
484 57 
474 19 
795 236 
211 62 
344 112 
243 93 
243 70 
190 54 
650 48 
565 -40 
363 131 

304 - 146 
78 - 16 

11 2 -52 
554 -20 

89 3 
222 -62 

84 4 
74 -23 

Minn . I 1957 Hubbard Is ........ 146 132 - 14 
100 - 11 Min n. 2 1957 Zim merman fs 111 

M in.n. 3 1957 Skyberg sil ........ 85 
M inn. 4 1957 Skyberg sil ....... .1 33 
M inn. I 1958 Floyd sil .... .. .... 11 9 
M inn. 2 1958 Orga nic ... - .... - .. .1 92 

Average ..................... . .. . .... - .. 210 

140 55 
178 45 
199 80 
202 10 
246 36 

50 204 154 
51 168 11 7 

80 254 174 
42 292 250 
84 122 38 
58 284 226 
52 225 173 
29 31 2 
52 138 86 
66 254 188 

20 203 183 
31 255 224 
48 322 274 
28 218 190 
35 156 121 
44 304 260 
70 364 294 
33 172 139 
39 359 320 
54 360 306 
35b 2J9b 184 
37 298 261 
74 478 404 

32 158 126 
126 558 432 
144 568 424 
104 318 214 
314 374 60 
112 332 220 
86 316 230 
90 492 402 
67 330 263 
60 275 215 
81 410 329 

194 553 359 
220 284 64 
100 372 272 

94 139 45 
11 12 I 
68 129 61 

204• 232 • 28 
32 78 46 
48 71 23 
36 77 41 
30 61 31 

44 72 
40 46 
57 190 
32 206 
26 177 

140 170 
73 249 

28 
6 

133 
174 
151 

30 
176 

e. c=clay; si==s ilt ; s=sand; l = loam; fs= fine sand . Th e textural classi• 
fi cation s shown arc those designated by the persons who cond ucted the 
field experiments and are probably not always consistent or accurate. 
b 18•24 inch. 
c 12-1 8 inch . 

The rela tionship between exchangeable K m the 
field-moist and the oven-dry 0-6 inch and the 30-36 
inch samples for differen t states and different textu ral 
classes is shown m fig. 1. There was an increase in ex .. 
changeable K from drying in the sil ty clay loam and in 
all silt loams except in one 0-6 inch sample from K ansas 
that was very high m exchangeable K . H owever, ex
changeable K decreased or changed very li ttle with dry
ing in all but one of the 0-6 inch samples of the loams, 
sandy loams, loamy sands and sands. The exception was 
a Boone loam from K ansas. Exchangeable K in the 30-
36 inch samples from the silty clay loam and the sil t 
loams increased markedly because of drying. Increases 
from d rying also occurred, bu t to a lesser degree, in all 
the samples from the 30-36 inch depth in the loam s and 
sands-except m one Kansas loam where the increase 
was large. Exchangeable K in the two organic soils from 
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Michigan and Minnesota was not influenced appreciably 
by drying. These relationships indicate that the texture 
and the level of exchangeable K in the soil, rather than 
geographic location, are the primary factors influencing 
the change in exchangeable K that is observed on drying. 
The type of clay present may be an important con
sideration, but this study does not provide information 
concerning the kinds of clay minerals present in the 
soils. 4 

T he profile distribution of exchangeable K in field
moist soils and the effect of drying on the profile dis
tribution of exchangeable K found in soils in this study 
were similar to previous findings (9, 10) . Some of the 
different types of profile distributions of exchangeable 
K are illustrated in figs. 2A through 2H. 

The effect of oven drying on the level of exchange
able K varied with depth in the profile. Drying usually 
increased exchangeable K throughout the profile, but 
the increases were generally much greater in the subsoil 
than in the surface soil. Figures 2A and 2B illustrate 
this for two sil t loam soils and show how the magnitude 
of the change resulting from drying varies in different 
soils. Drying often decreased exchangeable K in the 
surface soil but increased it in the subsoil, as shown 
for the Fox loam in fig. 2C . In a few soils, however, 
the increase from drying was similar in the surface and 
subsoil layers, as shown for the Webster soil in fig. 2D. 
In sandy soils, as shown in figs. 2E and 2F, drying 
usua lly had li ttle effect on exchangeable K- often 
decreasing it slightly in the surface soil and increasing 
it slightly in the subsoil. .,. 

The profile distribution of exchangeable K in t~o 
organic soils is shown in figs. 2G and 2H. Exchangeable 
K , expressed on an oven-dry weight basis, was very high 
in the surface layers of the Houghton m uck but de
creased markedly in the subsoil. Exchangeable K in the 
organic soil from Minnesota showed a decrease followed 
by an increase with depth. Drying had no appreciable 
effect on the exchangeable K extracted from these 
organic soils. 

K Content and Yield of Corn 

Th e dry weight and K con tent of the corn leaves 
and p lants and corn grain yield data for the different 
field experiments a re reported in tables A-5 and A-6 of 
the appendix. 

DR Y MATTER ACCUMULATIO N AND K CONTENT 
O F COR N PLAN TS DURING THE SEASON 

Whole-plant samples were collected from 42 of the 
field experiments at silking time. Addi tional whole-plant 
samples were collected from 20 'of the field experiments 
at varying periods of time before and/ or after silking. 
These additional samples provide informatio n concern
ing dry matter accumulation, K uptake by the corn 
plants and the K content of the corn plants during the 
growing season. The data from these 20 experiments 
are summarized in table 3. 

Since each of the 20 experiments was sampled at 
silking time, the values at silking time provided a stand-

4 Mineralogical studi es using soil sam ples from the 1957 fie ld experim ents 
are being con ducted at th e University o f Wisco nsin. 

ard of reference for comparing the results of the other 
samplings. Figure 3 summarizes the dry weights and K 
conten ts of the plan ts from the early and la te samplings 
in relation to the values obtained at silking. In this figure, 
determinations m•ade on samples collected at the time 
of silking were assigned a relative value of 100, and time 
of sampling was represented as days before and after 
silking. Since the period from silking to ma turity ap
pears to be relatively constant ( 24 ) , days after silking 
should be a reasonably accurate estimate of the stage 
of development at the time of sampling after silking. 
The length of time from emergence to silking is much 
more variable ( 23 ) , so the use of days before silking is 
a less desirable estimate of the stage of development. 5 

However, days from silking was used for the period prior 
to silking as a matter of convenience and consistency 
in presenting the data. 

Within each experiment, the relative dry weights of 
the plants, percent K in the plants and the pounds of K 
per acre in the plants at the samplings before or after 
silking in relation to the values at silking time were 
similar for a ll levels of K ferti lizer application. There
fore, an average value for a ll treatments in each ex
periment was used in fig. 3. 

As a ll values are in relation to those at silking, the 
regressions for dry weigh t, percent K in the plants prior 
to silking and pounds of K in the plants prior to silking 
were forced through the value of 100 at silking by using 

5 The dat es of plan ti ng in these experiments varied from May 9 to June 
15, ~n d the dates ?f silki n& ~aricd f_rom July 22 to Se pt. 6. !he length 
of time from plantmg to s1lkmg vaned from 59 to 108 days rn the dif
ferent experim ents. 
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Table 3. Effect of K fertilizer applications on the dry weight and K content of corn plants at different times during the growing season 
in the different field experiments. 

Dry weight ( lb./A) Percent K Pounds K / A in the plants 
Experirnen t Yeai· Date No K Increase from No K Increase from No K In crease from Extrapolated 

sampled applied added K.a applied added K" • applied added Kb K valuc c 

Ill. 1-----···········1957 7/ 29 1,040 -20d l.63 1.18"" I 7 II* 158 
8/ 16• 3, 125 l ,829**d 0.7 1 0.47* 22 38** 55 

Ill. 397 ...... _ ........ .1 958 7/ 15 949 168 1.74 0.67** 17 10* 164 
8/ 8• 4,461 586 0.87 0.53*'" 39 31** 124 

Iowa 17. ·········-···1957 7/ 10 2,067 256 2.01 0.45* 42 14* 329 
7/ 22 • 3,853 - 130 l.82 0.41* 70 13* 540 
9/ 5 10, 710 -100 0.79 0.29* 85 32** 257 

Iowa 18 .. -.. -......... .1957 7/ 10 1,863 -136 2.73 0.57** 51 8 624 
7 /22• 4,286 1 1.70 0.33** 73 17** 436 
9/5 8,537 810 0.94 0.11** 80 12 698 

Iowa 19 .. ·-······ ·····1957 7 / 17 1,032 35 2.97 0.39** 31 6** 562 
8/ 1• 5,877 0 1.76 0.21* 104 16 599 
9/4 11 ,323 924 0.93 0.10* 105 16* 616 

Iowa 20 ......... ....... 1957 7/ 1:> 833 130 2.44 0.:'>8* 20 9** 225 
7 /31• 3,910 383 1.32 0.33* 52 17* 329 
9/:> 8, 103 900 0.7:> 0. 19** 61 20** 303 

Iowa 21' ···-·······1957 7/16 1,183 400 2.46 0.87** 29 18** 1:'>9 
7/24• 3,926 517 1.48 0.71** :'>8 3i** 169 
8/ 27 6,827 -390 0.78 0.36** 53 22** 230 

Iowa 22.._····-·······1957 7/ 20 1,434 -45 1.79 0.42** 26 3 952 
8/1• 4,532 459 1.41 0. 19* 64 15* 1, 169 

8/27 10,568 441 0.68 0.04 72 10 774 
Iowa 23 ......... ....... 1958 7/10 2,209 964** 1.18 0.87** 26 36** 82 

7 /23• 4 ,720 744 1.01 0.90** 48 56** 80 
8/ 7 6,648 1.82:'> 0.92 0.45** 61 49** 138 

Iowa 25___········-···1958 7/ 15 439 -6 5.11 0.16 22 2 1,393 
8/12° 4,11 6 -4 2. 17 0.41** 89 16* 572 
8/25 5,671 234 1.65 0.35** 94 24** 393 

Iowa 26· --····-······ .1958 7/ 1:> 926 268 2.08 1.43** 19 22** 8:, 
8/ 12• 4,459 1,360* 1.20 0.70** :'>3 52** 107 
8/ 26 6,480 241 1.00 0.55*" 6:, 39** 166 

Iowa 27 ···-············1958 7/16 606 88 3.5 1 1.16* 21 12* 168 
8/13• 4 ,896 233 1.41 0.72** 69 43** l:'>9 
8/26 6,239 690 1.27 0.43* 79 39* 193 

Iowa 28----······-··· 1958 7/21 2,673 555 2.10 0.81** 56 32* 188 
8/ 1• :'> ,:'>65 433 1.78 0.54** 99 40** 244 

8/ 14 8,967 866 1.06 0.30** 95 34* 257 

Mich. !..._ .......... 1957 7/ 23 2,953 -298 4 .76 0 .34 141 -2 
8/8• 6,247 95 3.32 0.03 207 -22 

10/8 19,240 2,580 1.31 0.09 252 41* 586 
Mich . 2 ........... _ .. .l 95 7 7/23 2,935 37 1 3.24 0 .33 95 24 395 

8/ 7• 4,428 304 2.06 0.66* 91 36* 264 
10/8 11 ,000 -1 ,400 1.41 --0.04 155 -27** 

Mich. 3• ············1957 7/26 2,546 -398 3.55 0 .88** 90 4 2,503 
8/ 15° 6,833 -211 1.86 0.24* 127 11 1,058 

10/ 11 8,880 360 0.84 0. 10 75 9 903 
Mich. 3 ................ 1958 8/ 1 1,774 70 l.74 0 .89** 31 19* 186 

8/ 29• 6,700 -20 0.89 0.30** 60 21** 286 
Mich. 4 ............... .1 958 7 / 31 3,060 300 1.86 0 .52** 57 23** 235 

8/ 22 • 5,220 840* 1.10 0.37** 57 16** 374 
Minn. 3 .. ·-·········· .195 7 8/3• 3,659 382* 1.46 1.10** 53 47** 118 

10/ 13 12,600 400 0.55 0 .24* 69 33** 194 
Minn. 4 .. ·-·-- ··-··-1957 9/ 6• 6,997 822 0 .69 0 .35** 48 30** 169 

10/ 12 9,600 170 0.53 0.24** 51 25** 202 

acre and plots wit h no K • Difference in dry weight of plants from plots with 125 lbs. K per 
1• Inc rease per 100 pounds of appli ed K per acre (based on regression 

applied. 
equation of the form y=a+bK1,• where K F equals lbs. of K applied per acre) . 

c Negative va lue of K applied obtained by ex trapolating regression equation to the point where pounds of K in the plants equals zero. 
d Increase fpom 100 pounds of applied K per acre. 
e Date of sil king . 
r Severe drouth damage after silking. 
g Water damage, N deficient. 
** Significant at the 1-pcrccn t level. 
* Significant at the 5-perccnt level. 

deviations from that value and uncorrected sums of 
squares and crossproducts in calculating the regressions. 
The pounds of K in the plants had apparently reached 
a maximum by the time the first samples were collected 
after silking. Therefore, the data for the pounds of K 
in the plants after silking were represented by a hor
izontal line through the mean of the observations. The 
regression for percent K after silking was calculated to 
pass through the mean of the observations. 

The rate of dry matter accumulation appeared to 
be essentially linear for the period represented in fig. 3. 
K uptake, however, followed a much different pattern. 
Prior to silking the value for pounds of K in the plants 
relative to that at silking was higher than the relative 
dry weights of the plants. At silking, the plants had 
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accumulated 90 percent of the total K taken up during 
the season. By 10-15 days after silking, K uptake by the 
plants was complete, and the amount of K in the plants 
remained constant after that time. 

Data from two experiments not illustrated in fig. 3 
showed an appreciable loss of K from the plants after 
silking. A severe drouth at the site of Iowa 21 and water 
damage on Michigan 3 in 1957 apparently resulted in 
loss of K from the plants after silking, as shown in 
table 3. 

The relative percen t K in the plants decreased 
rapidly until a short time after silking and then de
creased slowly until the end of the season . The actual 
percent K in the plants varied from a maximum of 
greater than 5 percent in some plants sampled about 



Table 4. Effect of K fertilize r applications on dry weight and K content of corn plants a nd of corn leaves at silking time in the diffe rent 
fie ld experime nts. 

Lea,·cs 11 Whole plan lS 

D ry Weight (g. ) % K D,·y Weight (II., ./A) % K 
Pounds of K per acre 

in plants 

Experi
ment Year 

Ill. 
Ill. 

I nd . 
Ind. 
Ind . 
Ind . 
Ind. 
Ind. 
Ind. 
Ind . 

Iowa 
Iowa 
Iowa 
Iowa 
Iowa 
Iowa 
Iowa 
Iowa 
Iowa 
Iowa 
Iowa 
Iowa 

K an. 
Ka n. 
Kan . 
K a n . 
K an. 
K a n. 
Kan . 

M ich . 
Mic h . 
Mich. 
Mich . 
Mich. 
Mich. 
Mich. 

Minn. 
Minn. 
Minn . 
Minn . 
Minn . 
Minn . 

1... ............... .1957 
397..... . .... .1958 

!..._ .. - ......... .1 957 
2..... .. 1957 
3 ................. 1957 
4 ................ 1957 
5......... .1958 
6 ....... - ...... .1 958 
7 ... - .............. 1958 
8 .................. .1958 

17... .............. 1957 
18.... .. ..... 1957 
19 ................... 1957 
20 .................... 1957 
21... .... _ .. _·· · .... l 957 
22 ............... _ .. 1957 
23 ... _.... .. 1958 
25 ............... ..... 1958 
26 .......... . _ ....... 1958 
27 .................... 1958 
28 ............... - ... 1958 
29 ... _ ............. .. 1958 

I .................. .1 958 
2 ................... 1958 
3..... .. 1958 
4 ............... - .. 1958 
5 ... - .......... _ .. 1958 
6 ....... - .......... 1958 
7 .................. 1958 

!... ............... 1957 
2......... .. 1957 
3.... .. 1957 
!... ................ 1958 
?......... .1 958 
3............ . .. 1958 
4............. ..1958 

!... ................ 1957 
2 ................... 1957 
3 ................ 1957 
4.... ..1957 
1... ............... .1958 
2......... ..1958 

Average ·-------········· · 

Date 
samp led 

8/16 
8/ 8 

8/ 8 
8/ 9 
8/ 9 
8/ 4 

8/ 11 
8/ 8 

8/ 12 
8/ 11 

7/ 22 
7/ 22 
8/ 1 

7/ 31 
7/24 

8/ 1 
7/23 
8/ 12 
8/ 12 
8/ 13 

8/ 1 
8/ 5 

7/28 
7/28 
7/24 
7/23 
7/23 
8/4 

8/ 8 
8/ 7 

8/ 15 
8/ 12 
8/ 15 
8/ 29 
8/ 22 

8/ 12 
8/14 
8/3 
9/ 6 

8/ 18 
8/ 22 

l ncreascb No K 
No K from added K applied 

99 

56 
51 
55 
57 
77 
82 
84 
99 

90 
85 
86 
92 
89 
93 

109 
96 
89 

103 
11 9 
11 4 

135 
101 
115 
126 
112 
109 

130 
11 7 
108 
Ill 
81 
92 
79 

73 
47 
97 
78 
73 
88 

92 

15** 

-2 
-1 

I 
-3 

1 
-2 

0 
2 

- I 
- 1 

3 
4 
1 

- I 
-6 

0 
0 
7 

-2 
6 

5 
-3 

1 
3 
I 

-9 

-7 
-2 

0 
0 

--4 
-5 

3 

3 
1 
3 
0 

19** 
--4 

0.88 
1.50 

0 .79 
1.04 
1.61 
1.76 
1.77 
2.10 
1.70 
2. 18 

1.40 
1.62 
1.69 
1.10 
1.41 
I. 16 
1.23 
2.30 
1.38 
1.49 
1.70 
2. 11 

2.52 
2.26 
1.93 
1.79 
2.58 
3.02 
3.05 

3.14 
2.68 
2 .80 
1.36 
2.96 
0.96 
1.75 

2.24 
1.41 
1.00 
0.89 
0.60 
0.63 

1.73 

11 Leaves from opposite and just below the major ca r of 20 pl ants. 

Increase 
from added 

K• 

0.8 1** 
0.63** 

0.63·** 
0.50** 
0.2i** 
0.28** 
0.49·'* 
0.58** 
0.80** 
0.30* 

0.39** 
0.20** 
0.26** 
0.54** 
0.69** 
0.32** 
0.69** 
0.31** 
0.65** 
0.64** 
0.39·** 

0.19* 

0.22* 
0.33* 
0.21** 
0.29"* 

--0.08 
--0.02 

0.04 

0.2 1* 
0.55** 
0.32** 
0.39** 
0. 10*" 
0.69""· 
0.37** 

0.28** 
0.38** 
0.64** 
0.58** 
0.66** 
1.25** 

0.42 

NoK 
a ppl ied 

3,125 
4,461 

4,155 
3,924 
4,976 
4 ,901 
6,015 
5,253 
5,458 
6,079 

3,853 
4 ,286 
5,877 
3,910 
3,926 
4 ,532 
4,720 
4,11 6 
4,459 
4,896 
5,565 
5,465 

2,571 
6,218 
6,969 
6,135 
7, 181 
5,083 

6,247 
4,428 
6.833 
6,0-1-0 
6,980 
6,700 
5,220 

3,848 

3,659 
6,997 
3,300 
3,600 

5,049 

Increase 
from added No K 

K b appli ed 

-247 
83 

--430 
223 
316 

-521 
953* 

-342 

- 130 
I 
0 

383 
517 
459 
744 
--4 

1,~~ 
433 

- 99 

1,081 
-801 

407 
-223 

- 1,737 
-35 

95 
304 

-2 11 
880 
300 

-20 
840* 

I 7 

382* 
822 

3,~~** 

314 

0. 71 
0.87 

0.64 
0.85 
I.I O 
1.42 
0.90 
1.38 
1.04 
1.74 

1.82 
l.70 
1.76 
1.32 
1.48 
1.41 
1.01 
2. 17 
1.20 
1.41 
1.78 
1.90 

2 .06 
2.23 
1.52 
1.22 
2.34 
2.97 
2.80 

3.32 
2.06 
1.86 
1.06 
2 .00 
0.89 
1. 10 

1.98 
1.06 
1.46 
0.69 
0. 71 
0. 76 

1.52 

Increase 
from added No K In crease from 

K c a pplied added K• 

0.47* 
0.53** 

0.47** 
0.35** 
0.38** 
0.48** 
0.33*"' 
0.58** 
0.57** 
0.54"* 

0.41* 
0.33** 
0.21 * 
0.33* 
0.7 1** 
0.19* 
0.90*"' 
0.41** 
0.70"'* 
0. 72•·• 
0.54** 
0.29** 

0.23 
0. 17** 
0. 19·• 
0.40* 
0.07 

-0.02 
0.1 7* 

0.03 
0.66** 
0.24·• 
(l.15* 
0. 14 
0.30** 
0.37** 

0.36** 
0.21*'* 
1.10"* 
0.35** 
0.58** 
0.98** 

0.41 

22 
39 

27 
33 
55 
70 
54 
72 
57 

106 

70 
73 

104 
52 
58 
64 
48 
89 
53 
69 
99 

104 

57 
95 
85 

144 
213 
142 

207 
91 

127 
64 

140 
60 
57 

76 

53 
48 
23 
27 

78 

38** 
31** 

19" 
16* 
l i** 
27** 
24** 
25** 
51* 
30·• 

13* 
17* 
16 
17* 
37** 
15* 
56** 
16* 
52** 
43->* 
40** 
12 

18 
5 

38** 
-2 

-32 
IO 

-22 
36* 
11 
18** 
16* 
21** 
16** 

12* 

47** 
30** 
52** 
46** 

23 

b DiHercncc in dry weig ht from plots with 125 pounds of K per acre and a nd plots with no K. 
c Increase from 100 pounds of K per acre calcu lated from a regression of th e form: y=a + bK 1i"' where K F equals the pounds of applied K per acre. 
d Increase from 100 pounds of applied K per acre. 
** Signi fi ca nt a t the I-perce nt level. 
* Significant a t the 5-pcrccnt level. 

a month before silking to a low of 0.53 percent in some 
plants at maturity. Data in table 3 indicate that in most 
experiments the increase in percent K in the plants re .. 
suiting from applications of K fe rtilizer decreased as 
the season progressed . 

The increase in pounds of K per acre in the plants 
from K fertilizer applications was generally much higher 
at silking time than at the early sampling, bu t there was 
no consistent relationship between th e increase at silking 
time and that at the later sampling. Neither did the 
extrapolated K values reported in table 3 show any 
consistent change with time of sampling in the different 
experiments. 

PLANT WEIGHT AND K CONTENT AT SILK ING TIME 

The dry weights and K contents of the leaves and 
plants from the 42 field experiments sampled at silking 
time are summarized in table 4. 

There were large differences among different experi .. 
ments in the dry weights of the corn plants and of the 
leaves at silking time. The dry weight of p lants varied 
from 2,571 to 7, 181 pounds per acre and averaged 5,049 

pounds. The dry weight of 20 leaves varied from 47 to 
135 grams and averaged 92 grams. Part of the difference 
in dry weights of the plants at silking time may be due to 
some inconsistency in sampling at the same stage of 
plant development in all experiments, but it is believed 
that most experimen ts were sampled very close to the 
desired stage of development. The variability between 
replicates of individual experiments was often very 
large, indicating that eight plants per plot is probably 
not an adequate sample for the estimation of dry weights 
of the plants. This variability within individual experi .. 
ments is reflected in the increases in dry weights of the 
plants from K fertilizer applications reported in table 
4 where some relatively large increases or decreases are 
not statistically significant. There was much less vari .. 
ability within individual experiments in the dry weights 
of 20 leaves than was observed in the dry weights of 
eight plants. 

The application of K fertilizer increased the dry 
weight of the plants significantly in only six experiments 
and the dry weights of the leaves significantly in only 
two experiments. Increases in the yield of grain from 
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applications of K fertilizer were large in the two ex
periments where the dry weights of the leaves were in
creased. 

The K content of corn leaves at silking time from 
plots that had received no K fertilizer varied from 0.60 
to 3.14 percent in different experiments and averaged 
1. 73 percent. Increases in the percent K in the leaves 
resulting from K fertilizer applications were highly signi
ficant in all experiments, except where the percent K in 
leaves from plots that received no K fertilizer was high. 
The largest increase in percent K in the leaves from K 
fertilization occured on a K -deficient, organic soil in 
Minnesota where an increase of 1.25 percent K per 100 
pounds of K applied was observed . The average increase 
in percent K resulting from K fertilizer applications was 
0.42 percent per 100 pounds •of K applied . 

The K contents of the whole plants a t silking time 
varied from 0.64 to 3.32 percent in the different experi
ments and averaged 1.52 percent. Applications of K 
fertilizer increased the percent K ~n the plants in all 
excep t five of the field experiments. In these five experi
ments, the percent K in the plants from plots that re
ceived no K fertilizer was high (2.00 percent or higher ) . 
The maximum increase in percent K in the plants re
sulting from applied K was 1.10 percen t per 100 pounds 
of applied K per acre. The average increase in percent 
K in the plants was 0.41 per 100 pounds of applied K 
per acre. 

Although, in general, the percent K in the leaves 
was closely related to that in the whole p lant, in some 
individual experiments the percent K in the leaves was 
much higher and in other experiments it was much 
lower than that in the whole plants . T his may have been 
due in part to errors in time of sampling since the percent 
K in the whole plant would be expected to decrease 
much faster with time than would that in the leaves. 
Varietal differences and other factors may also result 
in different distributions of K within the plants. 

At silking time the total amount of K in the above
ground portion of the plants from plots that received no 
K fertilizer varied from 22 to 21 3 pounds per acre 
and averaged 78 pounds per acre. Applications of K 
fertilizer significantly increased the amount of K taken 
up by the corn plants in most of the experiments, ex
cept where the K contents of the p lants from the un
fertilized plots were high. The statistical significance of 
these increases in pounds of K in the plants was gen
erally lower than was found for percent K because of 
the variability within individual experiments in the dry 
weights of the plants . 

Since the increases in pounds of K per acre in the 
plants from K fertilizer applications is expressed as 
pounds of K per 100 pounds of K applied, it can be 
considered as the percent recovery of applied K in the 
above-ground parts of the plants at silking time. There 
was a maximum recovery in the above-ground plant 
parts of 56 percent of the applied K in one experiment 
and an average of 23 percent for all experiments. 

GRAIN YIELD 

The plant populations, yield of grain, moisture con
tent of the grain and the shelling percentage for the dif
ferent experiments are summarized in table 5. Plant 
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Table 5. Effect of K app lications on the yield of gra in, percent 
moisture in the grain a nd shelling percentage in t he d if
fe rent fiel d experiments. 

Grain yield % H ,O in grain Shellin g pct. 

Expt. 
Av.,.-age No. (bu ./A. ) 

Year of plants Check Increasc 0 No K In crease No K Increase 
per acre yield from ferti- from ferti- from 
( thous- added lizer added lizer added 
ands) K Kb Kb 

Ill. 1... .... . 1957 9.5 57 38** 82 I 
Ill . 397 c ... .1958 11.6 75 9 17 I 79 2 
Ind. 1... ... 1957 10.2 63 9 31 -1 84 1 
Ind . 2 ...... 1957 11.3 74 1 38 -3 86 0 
Ind . 3 ...... 1957 8.6 91 I 26 3 85 I 
Ind . 4 ... ... 1957 11.9 11 3 6 36 0 85 2 
Ind. 5 ...... 1958 15.0 99 -1 35 I 86 1 
Ind . 6 ...... 1958 14.8 90 1 22 0 84 1 
fnd. 7 ...... 1958 15 .2 95 15** 30 0 83 1 
Ind. 8 ...... 1958 14.8 127 8 30 0 83 3 
Iowa 17 .. .1957 14.0 97 8 49 0 84 I* 
Iowa 18 ... 1957 13.9 90 1 52 3 84 0 
Iowa 19 ... . 1957 14.2 111 5* 58 3 85 0 
Iowa 20 ... .1957 14.1 59 16* 36 2 81 3** 
Iowa 21 c .. 1957 14.2 33 3 31 0 84 2* 
Iowa 22 .... 1957 11.6 90 15* 52 6 83 0 
Iowa 23 ... . 1958 13.6 100 26** 29 I 84 2 
Iowa 25 ... .1 958 12.4 75 I 43 -1 81 -1 
Iowa 26 .... 1958 13.0 77 9 33 0 85 -1 
Iowa 27 .... 1958 13.4 76 10* 41 -3 78 1 
Iowa 28 .... 1958 14.7 94 II 37 - 2 80 3 
Iowa 29 .... 1958 12.8 82 - 3 21 1 
Kan. 2 .. .. 1958 5.9 46 8 22 2 84 0 
K an. 3 .... 1958 14.7 98 5 7 1 86 - 1 
Kan. 4 .... 1958 15.4 108 1 9 0 87 -1 
Ka n . 5c .... 1958 11.1 87 -2 22 -1 85 - 1 
Kan . 6c ... .J958 17. 7 103 -3 7 I 86 -1 
Kan. 7c ____ l 958 16.7 80 8 12 0 82 0 
Mic h . J c. .. 1957 13.2 73 -3 32 1 80 --4 
Mich. 2c .... 1957 9.8 33 -4 36 - 1 75 0 
Mich. 3c .... 1957 14.2 64 8 37 -2 80 0 
Mich . 1.. .. 1958 10.6 52 8 47 -1 80 I 
Mich. 2 .... 1958 13.8 87 -1 39 -2 84 0 
Mich . 3 .... 1958 13.5 68 11 ** 31 -2 82 0 
Mich . 4 .... 1958 14.9 76 -3 37 - 1 82 -2 
M inn. 1....1957 15.2 99 I 20 0 80 2** 
Minn . 2c .. J957 16.0 62 -8 23 0 84 2* 
Minn . 3 .... 1957 16 .2 93 26"** 38 -3 78 3* 
M inn . 4 .... 1957 16.0 72 14* 51 -3 82 0 
Minn . 1.. .. 1958 16.0 49 52** 50 - 17** 85 -2 
M inn. 2c . .J958 16.1 39 14* 60 -2 66 4 
Average 13.5 79.4 7.8 33.2 -0.5 82.4 0.8 

8 In crease in yie ld from 125 pounds of K per acre based on a regress ion 
equation fitted to trea tment means of the form: y==a + b1K1,-. + b2K F2 where 
K i,= pounds o-1 K applied per acre. 
b Difference between means for 125 pounds of added K per acre and no K. 
c Data from these experiments were not used in later multiple regression 
analyses. 
** Significant at the !-percent level. 
* Significa nt at the 5-perccnt level. 

populations varied from 5,900 to 17,700 plants per acre 
and averaged 13,500 plants. Thus, poor stands were 
the cause of low yields and possibly limited the yield 
response obtained from K fertilizer applications in some 
experiments. 

Grain yields of the plots that received no K fertilizer 
varied from 33 to 12 7 bushels per acre and averaged 
79.4 bushels per · acre for a ll experiments. Grain yields 
were increased significantly by K ferti lizer applications 
in 11 of the 41 field experiments that were h arvested . 

The percen t moisture in the grain at harvest was 
significantly influenced by K fertilization in only one 
experiment-Minnesota 1-1958. In that experiment a 
fertilizer application of 125 pounds of K per acre re
sulted in a moisture content of 33 percent as compared 
with 50 percent in the grain from untreated p lo.ts. The 
largest increase in grain yield from K fertilization, 52 
bushels per acre, a lso occured in this experiment. 

Application of K fertilizer had little effect on the 
shelling percentage of the corn . Increases in the shelling 
percen tage because of K fertilization were statistically 
significan t in six experiments, but they were small (3 
percent or less ) and were not associated with increases 
in yield. 



Relation Between Percent K in Corn Leaves at 
Silking Time and K Content and Grain Yield of 
Corn Plants 

The multiple regression equations and the coefficients 
of determination for these relationships are reported in 
table A-7 of the appendix. These were calculated using 
data from 31 field experiments. 

UPTAKE OF A PPLI ED K BY THE COR N PLA NTS 

The increase in percent K in the leaves resulting 
from K application;5 ( calculated as described in table 4 ) 
was inversely related to the percent Kin the leaves from 
plots that received no K fertilizer. This relationship is 
shown in fig. 4. Part of the variability in the relation
ship illustrated in fig. 4 appeared to be related to soil 
texture. The increase in percent K in the leaves from K 
fertilization observed in six of the field experiments was 
much greater than that observed in the majority of the 
experiments. These six experiments were on loams or 
sands and on an organic soil. H owever, the increase in 
percent K on nine of the loams and sands appeared to 
follow the same relationship as that observed for finer 
textured sil t loams and the silty clay loam. I t appears 
that the applied fertilizer was more avai lable in the or
ganic soil and some of the sandy soils than it was in the 
finer textured soils. 

The effect of differen t rates of application of K 
fert ilizer on the percent K in corn leaves at silking 
time in relation to the percent K in leaves from plots 
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that received no K fertilizer is shown in fig. 5. Data 
from the organic soil from Minnesota and three of the 
loams and sands from M ichigan, where larger than 
normal increases in percent K were ob erved, were not 
included in this portion of the study. 

Within each experiment the increase in percent K 
in the corn leaves resu lting from K fertilizer applications 
was essentially linear over the range of K applications 
used in this study. However, the data of fig. 5 suggest 
that the relationship would be curvilinear over a greater 
range of K applications. 

The pounds of K per acre in the corn plants at silk
ing time in relation to the percent K in the corn leaves 
at silking time and the amount of fer tilizer K applied 
is shown in fig. 6. Including data for plant population 
(S) and leaf weigh t (L ) significantly improved the 
degree of correlation for this rela tionship. The average 
value for these variables for a ll experiments was used in 
preparing fig. 6. 

The relationship between pounds of K in the corn 
plants and pounds of K applied was very nearly linear 
over the range of K applications used in each field 
experimen t, as was true for the relationship with per
cent K in the corn leaves. Futhermore, the increase in 
the pounds of K in the plants resulting from K ferti li zer 
applications was inversely related to the percent K in 
the leaves from unfertilized plots, as was t rue for the 
increase in percent K in the leaves from applied K . 

YIELD INCREASES FROM K FERTILIZER 
A PPLI CATIONS 

The simple relationship between percent K in the 
corn leaves at si lking and the increase in yield of 
grain obtained from an application of 125 pounds of 
K per acre is shown in fig. 7. This fi gure includes the 
data from all 41 fi eld experiments from which yield 
data were obtained --- even though drou th, excess 
moistu re, variable stands, etc. were known to limit the 
yields and yield responses observed in several of the 
experiments. As was shown in table 5, all except one 
of the yield increases that were greater th an 10 bushels 
per acre were statist ically significant, and only one of 
those less than 10 bushels per acre was statisticall y 
sign ificant. 

Statistically significant yield increases were ob tain
ed only where the percent K in leaves from unferti lized 
plots was 1.7 or less. The regression equation indicates 
that no increase in yield would be expected when the 
K content of the leaves is slightly above 2.0 percen t. 

Since yield increase of less than 10 bushels pe r acre 
were generally not statistically significant, it is not pos
sible with these data to es tablish a critical percen t K 
in the com leaves ( above which no yield increase wou ld 
be expec ted ) with a high degree of precision. H owever, 
in all but two experiments where the percent K in the 
leaves was less than 1.3 there was a significant increase 
in yield. This indicates that the percent K in the leaves 
does provide a good estimate of the K status of the 
plants and the probable response that can be expected 
from applications of K fertilizer. 

The rela tion between the K content of corn leaves 
at silking time from plots that received no K fertilizer 
and the yield increases obtained from different rate of 
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application of K fertilizer is shown in fig . 8. Including 
the p lant popula tion and leaf weight as varia bles in th e 
regression equation significantly increased the degree 
of correlation. 
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Table 6. Multiple regress ion e quations re lating the K contents of the corn leaves and plants at silking t ime and th e grain yields 
o btained to the percent K in the corn leaves from plots without K fe rtilize r, the amount of K fertilize r appli e d and othe r 
variables based on data from 31 field experiments. 

(Ck% K ) 
Eq ua ti on a Ck%K (C k% K )' K,,. KF' KF( Ck%K ) l>.%K (L::,. %K ) s L SL K1·S 

% K in corn leaves a t silking lime (%K ) 

1 0. 19 + 0.8j** +0.0063** -0.000016** + 0.004 -0.00 0.92** 
2 0.01 + 1.00** +0.0100** -0.000015* -0.0024** 

In crease in %K in corn leaves at s ilking time from K fertilizer applica tions ( 6. o/o K ) 

la 0. 19 -0. 15** + 0.0063** -0.000016* + 0.004 -0.00 
2a ··················-0.04 +O.D7 -0.02 +0.0100** -0.0000 15* -0.0024** 

0.66** 
0.70** 

Pounds of K per acre i.n corn plants a t silking time (Kp) 

lb 78.6 + 3.8 + 10.8** + 0. 13 -0.0003 
2b 89.2 + IO.j + I0 .6** 

-0.09* -5.8** 
+ 71** - 181 -7.6** 

-0.76** +0.08** 
- 1.11** +0. 11** 

+ 0.02* 0.75** 
0. 75** 

Yield of corn grain, bushels per acre (Y) 

le 83.7 + 58"'* - 13"** +0.17 -0.0007 -0.095* 
2c j8,7 +78** - 19** 

-4.1"' -0.97** 
+53** -31** -3.31 -0.93** 

+ 0.08** 
+ 0.07** 

+0.01 0.45** 
0.46•·• 

Increase in yield of corn g rain from K fertilizer applications ( 6 Y ) 

Id ·······-·········-j•O -24** + 6** +0.25** -0.0008** -0.10** + 1.51 + 0.29** -0.017* +0.0063+ 0.61** 
0.64** 2d .................. -4.6 -18** + 4** 

** Significan t at the 1- pcrcent level. 
* Signif icant at the 5-pcrcent level. 
t Sign ifican t at the ID-percent level. 
+ -Significant at the 20-pcrcent level. 

EFFECTS OF DIFFER ENT VAR IA BLES O N THE K CON
TENT OF THE PLA NTS A ND THE GRAIN YIELDS . . 

The multip le regre sion equations and the coeffi
cien ts of determination (R 2

) for relationships between 
the p ercent K in the corn leaves at silking time, the K 
con ten ts of the plants, and the grain yields are reported 
in table A-7 of the appendix and a re partially sum
marized in table 6. 

There was lit tle difference in the R 2 values obtained 
wheth er a variable for the amount of K applied (KF) 
was included or a variable for the increase in percent 
K in the corn leaves resul ting from K fer tilizer applica
tions ( b.. %K ) was included. b.. %K was highly correlated 
with K F, as is indicated in fig. 5. 

Including variables for plant population (S) or leaf 
weight (L ) did not increase the R 2 value for % K 
or b.. %K, but the coefficien ts for these variables were 
significan t in the relationships with the pounds of K per 
acre in the corn plan ts a t silking time (K p), the yield 
of corn grain (Y ), and the increase in yield of corn 
grain resulting from K fertilizer applications ( b.. Y ). 
Thus, it appears that the number of plan ts per ac re 
and the size of the plan ts, as indicated by leaf weights, 
had little effect on the concentration of K in the plan ts 
but did influence the total amount of K taken up per 
acre by the plan ts and the fi nal yield of grain per acre. 

Relation Between Exchangeable Soil K and the 
K Content and Grain Yield of Corn Plants 

K CONTENT OF COR N PLA NTS 

The rela tion between exchangeable K in field-moist 
soil samples from the 0-6 inch depth and the percent 
K in corn leaves at silking time is shown in fig. 9. The 
da ta for the organic soil from Minnesota is shown in 
the following figures, but was not used in calcula ting 
the regression equations. As would be expected1 the 

+ 40*" - 16** + I.I • + 0.2 1* -0.009 

percent K in the com leaves from the organic soil is 
low in rela tion to the amount of exch angeable K when 
exchangeable K is expressed on a dry-weight basis as 
was done here. The weight per unit volume is very 
much less for organic than for mineral soils. The data 
from a K ansas soil (No. 7-1 958 ) is also shown in the 
figures by the symbol "?" but is not included in the 
regressions. This was an unusual soil with a silt loam to 
silty clay loam texture in the surface 18 inch es under
lain with sanely materia l. The exchangeable K in the 
6-12 inch layer of this K ansas soil was much higher 
than in the 0-6 inch layer. 

The percen t K in the corn leaves is highly correlated 
with the exchangeable K conten t of the field-moist, 
0-6 inch so il samples. H owever, the relation ship be
tween the K in the leaves and in the soil is very differ
ent for the fine-textured soils than for the coarse-tex
tured soils. The percent K in the corn leaves at any 
given level of exchangeable K in the soils is much 
higher on the loams and sands than on the silt loams 
and the sil ty clay loam. It appears obvious tha t a given 
level of exchangeable K generally indicates a higher 
level of K availability in the coarse-textured soils. I t 
would h ave been desirable to have grouped th e soils 
according to percent clay rather th an this crude tex
tural classification that was used, but data from mech
anical analyses of the soils were not available. 

The rela tion between exchangeable K in field-moist, 
0-6 inch soil samples and the pounds of K per acre in 
the com plan ts at silking time is shown in fig. 10. Since 
the amount of K per acre in the corn plan ts was shown 
to be related to the number of plan ts per acre, the 
values used in fig. 10 were adjusted to a mean plant 
population of 13,300 plan ts per acre according to the 
regression equation : adjusted K P= K P -4.55 (S-1 3.3) . 
As was indicated by the dat a in fig. 3, the amount of K 
in the plan ts at silking time generally represen ted about 
90 percen t of the total K taken up by the plants du ring 
the season. 

Th amoun t of K in the com plants was highly 
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Fig. I I . Relation betwee n ex
cha ngable K in field -moist 
soil samples from the 0-6 inch 
depth and the increase in 
percent K in corn lea ves at 
silking time resulting from a 
fertilizer application of 100 
pounds of K per acre. 
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correlated wi th the exchangeable K in the surface soil 
for both textural groups of soils. At any given level of 
exchangeable K in the soil, there was more K in the 
corn plants from the coarser textured loams and sands 
than from the finer textured silt loams and the silty 
clay loam. 

INCREASE IN K CONTENT OF CORN PLANTS FROM 
K FERTILIZER APPLICATIONS 

The increase in percent K in the com leaves at silk
ing time resulting from K ferti lizer applications ( cal
culated as described in table 4 ) was inversely rela ted to 
the level of exchangeable K in field-moist, 0-6 inch 
soil samples as shown in fig. 11. At low levels of ex
changeable soil K , K fer tilizer applications increased 
the percent K in corn leaves appreciably, but a t high 
levels of exchangeable K in the soil there was no in
crease in percent K in the leaves as a result of K fertili
zer applications. There was no significant difference in 
the rela tionship between the two textural groups of soils. 
It should be remembered, however, tha t the leaves from 
the unfertilized p lots on the coarser tex tured soils were 
higher in percent K ( see fig. 9 ) and the increase in 
percent K from K ferti lizer applications is inversely 
related to the percent K in the leaves from plots with
out K fertilizer ( see fig . 4 ) . Therefore, this similarity 
observed in fig. 11 does not necessarily indicate a similar 
availability of added K in the two groups of soils. 

The predicted percentages of K in corn leaves a t 
silking time as influenced by the exchangeable K level 
of the soil and the amount of K fertilizer applied are 
shown in fig. 12. This rela tionship is based on data fro m 
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Fig . 12 . Predicted effect of K fertilizer applications on the percent 
K in corn leaves at silki ng time as influenced by the leve l of ex
changeable K in the field-moist 0-6 inch layer of soil (T= S). 

31 field experiments. The predicted increase in percent 
K is large at low levels of exchangable K , but becomes 
very sma ll as the exchangeable K in the surface soil 
approach es 300 pp2m. Including a variable for soil 
texture in the regression equation significantly increased 
the degree of correla tion. The rela tionship shown in 
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fig . 12 was calculated using the coded value of 5 for 
a silt loam texture. Higher percentages of K in the 
leaves would be predicted for coarser textured soils. 

Th e increase in pounds of K per acre in the corn 
plants resulting from K fertilization ( calcula ted as de
scribed in table 4) was also inversely related to the level 
of exchangeable K in the field-moist soil. This is shown 
in fig. 13. Over most of the range of the observations 
there was no marked difference in the two textural 
groups of soils, although uptake of fertilizer K tended 
to be lower on the coarse-textured soils. Two of the 
sandy soils with high levels of exchangeable K showed 
negative increases in pound of K in the plants follow
ing the app lication of K ferti lizer, but these were not 
stati tically significant and are probably due to experi
mental error. The regressions indicate that there would 
be no increase in the amount of K taken up by the 
corn plants from K fer tilizer applica tions where ex
changeable K in the soil exceeds 300 to 400 pp2m, but 
at low levels of exchangeable K as much as half of the 
applied K may be taken up by the corn plants. 

The p redicted pounds of K per acre found in corn 
plants at silking time as influenced by the amoun t of 
K fertilizer applied and the level of exchangeable K 
in the surface soil are shown in fig . 14. The uptake of 
fertilizer K increased linearly with the amount of K 
fertilizer applied over the range of applica tions used in 
this study, but much more was taken up at low levels 
of exchangeable soil K than at high levels. Including 
data for oil texture and plant population in the mul
tiple regression equation significantly increased the 
degree of correla tion. The relationship shown in fig. 
14 was calculated for a silt loam texture (T =5) and 
for the average stand (S) of 13,300 plants per acre. 

GRA IN YIELD INCREASES FROM 
K FERTILIZER APPLI CATIO NS 

The rela tion between the level of exchangeable K 
in field-moist, 0-6 inch soil samples and the increases 
in grain yield obtained from K fertilizer applications 
is shown in fig. 15. The degree of correlation between 
exchangeable K in the soil and the yield increases was 
low for both textural groups of soils. This resul ted from 
the failure to obtain significant yield increases in many 
experiments where the exchangeable K in the soil was 
low. There were no significant yield increases where 
exch angeable K exceeded 160 pp2m except on the or
ganic soil from Minnesota which h ad 192 pp2m of ex
changeable K. No significant yield increases occurred 
on sands. Significan t yield increases of 11 and 15 
bushels per acre were obtained on two loam soils with 
exchangeable K contents of 80 and 103 pp2m, respec
tively. The large increases in yield of greater than 20 
bushels per acre occurred on silt loam soils with ex
changeable K conten ts ranging from 73 to 119 pp2m. 

Since, as was shown earlier, the added fert ilizer K 
was taken up by the corn plan ts to increase the percent 
K in the plants grown on all of these low K soils, the 
lack of r esponse must be ~xplained in other ways than 
the failure of the plants to take up the fer tilizer K . Poor 
stands and drouth limited the yields and yield increases 
in some of the experiments. In other experimen ts it 
appears that the plants from sites with low levels of 
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exchangeable K contained adequate amounts of K . This 
was especially true for sandy soils under favorable 
moisture condi tions. 

The predicted yield increases to be expected from 
K fertilizer applications at different levels of exchange-
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able soil K in the 0-6 inch layer of field-moist soil are 
shown in fig. 16. The relation hip illustra ted was cal
culated for a plant population of 13,300 and a soil of 
silt loam texture. This relationship is very similar to 
that obtained by Dumenil, et al. ( 7) with da ta from 
144 field experiments in Iowa. 

EFFECT OF SUBSOIL KAND OTHER VARIABLES ON 
THE RELATIONSH IPS . 

Multiple regression equations and the coefficients 
of determination for the relationships between ex-

changeable K in the field-moist soil and the K contents 
and grain yields of the corn p lants are reported in 
tables A-8 and A-9 of the appendix and are partially 
summarized in table 7. These were calculated using data 
from 31 field experiments. 

The regressio; coeffici ents for exchangeable K in 
the field-moist 0-6 inch layer of soil (Ks1 ) were signifi
cant in all the equations for % K , K P and Y, and the 
curvilinear component (K si2) was significant in these 
relationships except for the relation with Kp. F or the 
relationships concerning changes resul ting from K fert
ilizer applications, 6. %K and Ll Y, the values for K 2s1 

were consistently significant but those for K s1 were not. 
The r egression coefficients for exchangeable K in the 
6-12 inch layer of soil (K s2 ) were significant in many 
of the equations and were significant in a ll of the equa
tions for 6. % K and 6. Y in which only changes from 
applied K fert ilizer were being considered . However, 
deleting this variable from the equations generally re
sulted in little reduction in the R 2 value. The coeffi 
cients for exchangeable K in layers of soil below 12 
inches varied considerably in their significance. Deleting 
these variables generally resulted in rela tively small de
creases in the R 2 values, except in the relationships with 
yield (Y ) where the coefficients for K s5 and K 8 6 were 
highly significant and deletion of these variables reduced 
the R 2 value appreciably. 

The linear component for the amount of K fertilizer 
applied (KF) was highly significant in a ll equations, 
except for tha t with the yield of grain (Y ) . The curvi
linear component (K F2

) was significant in equations for 
t:.. %K and 6. Y where only changes re ulting from ap
plied K fertilizer were being considered. The inter
action between K fertilizer applied and exchangeable 
K in the 0-6 inch layer of soil (K s1K F) was significant 
in all equations, except those for the relationship with 
yield of grain (Y ) . 

The coefficients for soil texture (T ) and/ or the 
interaction between texture and exchangeable K in the 
0-6 inch layer (K s1 T ) were significant for all the re
lationships, excep t those concerned with the increase 
in percent K in the leaves from K fertilizer applications 
( 6. %K ) . The coefficients for plant population ( S ) were 
highly significant in the equations for pounds of K in 
the corn plants (K p) and yield of grain (Y ) but not 
for the other relationships. Deleting the variables for 
soil texture reduced the R 2 value for % K, and deleting 
the variables for soil texture and p lant population re
duced the R 2 values for K P and Y appreciably, but de
leting these variables had litt le effect on the R 2 values of 
6. % K and 6. Y where only increases from K fertilizer 
applications were being considered. 

In general, it appears that the exchangeable K in 
the field-moist, 0-6 inch layer of soil (Ks1 ) and the 
amoun t of K fertilizer applied (K,,) were important 
variables to be considered in a ll of the relationships 
with the K contents of the corn p lants and the yields of 
corn grain. The relationships with these variables were 
curvilinear, and the interactions between these variables 
were significant. The amount of exchangeable K in the 
layers of soil below 6 inches appeared to have some 
value in improving the correla tions in most of the 
relationships. 

A given level of exchangeable K in the field-moist 
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Table 7. Multi ple re gression equations relati ng the K contents a nd the g rain yield of corn to excha ng eable K in field-moist soils, the amount of K fert il izer applied a nd 
variables based on data fr o m 31 field experiments." 

Equa-
tion K s, Ks,2 Ks, Ks,Ks, 
No . a x!O' xlO' x!O' x l05 

0.47 + 20** - 22** + 2.61 
? ······· ···· ····-··· 0.52 + 20·X··» -22*·* + 2. 71 +ii:,.,, 
3 ···················· 0.52 + 15** -81•··X· -8.9 
4 0.28 + 21*"' -n• + 0.5 
5 1.11 + 13** - }7·X·* -4.6"• 
b ·····-·-··· 0.69 + 15->-> - 13* 

0.38 + lP* - 13* 

l a ···-············· 0.26 -2.51 + 6.2"'* -2.7** 
2a 0.13 - 1. lt + 15.3*'" - 10. l ** + 1.2 
3a ....... 0.26 - l_6·X· + 7.0** -2 .8** 
4a ....... 0.28 -3.4** + 8.3*'" 

l b ·········-64.8 + 798*"'" -7. 118*"* -941 .,. + 1,906** 
26 ....... _ ·-··-·--M .2 + 768*"'" -3081 + I 
3b .................. - 92.5 + 876** - 143 -97 
46 ·······-···· .... -89.4 + 853*"* .... . ..... 
56 26.7 +295*"'" ----

le ···-······- .... -74.4 + 620·'"'' -803*'· + 97 
2c .... -64.1 + 399·> -? 44JH -396 + 697*"'" 
3c .... -44.8 +292·X··S -613** - 140! 
4c .......... -25.1 + 355·X· - 524* + 1521 
Sc ........ -29 .9 + 410*"' -571"* 
6c 57.6 +31J->* -715-X··)!-

Id ·······-········-10.4 -44 + 314*"'" - 234** 
2d ········· ··- ·····-4.4 + 1391 - J,067* -608*"' + 345*"* 
3d ·· ·····-········-8.2 -68 + 264·> -207** 
4d ············· ····-4.5 -53 + 234*· - 150** 
Sd ........ - 12.l +20 + 279* - 136** 
6d ·····- ········-3.4 - 11 71 +326** 
id 12.3 - 137·"* + 307"'* 

11 The eq uati ons have the gene ral form: ? = a+ Lb ;XL 
•• Sign ifi ca nt at the !-percent Jcvel. 
• Significant at th e 5-percent level. 
I Significant at the 10-peroen t level. 
I Signifi ca nt at the 20-percent level. 

Partial regression coe ffi c ie,nts {bi) 
Ks, Ks, K so Ks, Ks, -, K s,Ks,-, Ks,Ks,-, KF 
xl03 x!O' x!O' x!O' xJOS x l05 x l05 xl03 

%K in corn leaves at silking time (%K ) 

-6.1* - 15** + 25** -4.4 + 9.3H 
-6.4* - 15** + 25** -4.7 + 9.4*"* 

...... - 1.2 -42 + 9.0·>-> 
-6.o·• + 9.3->-> 

+ 5.5* ····-· + 9. P * 
+ 9.2·X··> 

···-···· + 9.2** 

Increase in %K in corn leaves from K ferti lizer applica tions ( fl, %K) 

+ 0.4 - 1.7 + 4.7* - 2.51 +9.lH 
----·· + 8.3·• - 11 .6"'* + 10.8*"* + 9. 1*"* 

+ 0.4 + 9.1** 
···- ··· + 9. 1** 

Pounds pe r acre of K in corn plants at silking ti·me (Kp ) 

+ ss'i1 
+ 2,383·H + 114 -3,224*·* + 423** 

+ 2061 - 561* -23 + 422** 
+ 101 ······ + 423** 

.... + 395** 
+ 428** 

Yield of corn grain, bushels per acre (Y) 

-36 -2i91 -735** + 1,316*'· + 199'· 
+ 1,809"** -288 - 1,204·• + 1921 
+ 583*"' + 1901 

-88 + 211 
+ 2121 
+ 2641 

Increase in yield of com grain from K forti lizer applications ( 6 Y ) 

+ 981 + 1531 -60 -63 + 249->-* 
.... + 276 - 160 -52 + 257*'' 

+ 143*"* +249** 
+ 60 ...... . ....... +251** 

+ 254*·* 
+ 249""* 
+ 253** 

K 11~2 Ks,KF T Ks,T s 
x!O' x!O' x!O' x! O" xl03 

- 15 -2.2·• - 121 - 121 + 6.6 
- 15 -2.2* -11 - 13* 
- 15 -2.0"' -27** +31 
- 15 -2 .1 * + 6 - 21"** 
- 15 -2.0* -2 1.ic--l!- + 1 
-15 -2. 1* -6 - 11 
- 15 -2.11 ···----- ······· ...... 

- 15"* -2.0** - 1.5 + 2.2 + 2.4 
- 15·H - 2.0"'"* ·-······ ········ - 15·• -2.0*"' ···-··· . ....... 
- 15·• -2.0** ........ ---- ···· 

-271 -96* -419"* + 166·• + 3 044*"* 
-233 -991 + 9611 -824* + 3'.676"** 
-250 -981 + 1,571*"* -1 ,162-*"* + 3,382*"' 

-991 + 1,640*'" - 1,265** + 3,350** 
- 1151 ···-··· ········ ........ 

-590 -481 + 1,021"'* -561"' + 4,789->-* 
-626 -42 + 474** -68 + 4,393*'' 
-612 -42 + 672"*"* - 142·• + 4 640** 
-645 -50 + 960* -3801 + 3'.601** 
-647 -50 + 1,038*"* -3611 + 3,545"'* 
- 787 -66 . 
-797"* -58* +465·* -69 + 186 
-800·• -62** + 257** + soi -53 
-793·X· -58->-> + 3431 + 6 + 248 
- 792* -59"*"'· + 24JH + 14 + 240 
-796* -60** + 519** - 1781 + 85 
-792"' -58* + 2i91 -61 + 279 
-803* -59* ........ 

other 

R' 

0.69*·• 
0.69** 
0.62** 
0.59** 
0.58** 
0.56** 
0.42** 

o. 78** 
0.79** 
0.77** 
0.73** 

0.66"** 
0.6P* 
0.59"** 
@.sg-x-, 
0.44*'" 

0.62** 
0.48** 
0.45** 
0.36*"* 
0.35"** 
0.08* 

0.42"'* 
0.42** 
0.41*'" 
0.38** 
0.38** 
0.32** 
0.29H 



soil indicated a higher availability of K to plants m 
coarse-textured soils than in finer textured soils. 

Plant population was an important variable to be 
considered in predicting total grain yields or pounds of 
K per acre in the corn plants but was not significant 
in predictions of percent K in the plan ts or the increase 
in grain yield because of K fertilizer applications. 

EFFECT OF DETERMIN ING EXCHANG EABLE K 
ON MOIST VS. DRIED SOIL SAMPLES 

The coefficients of determination (R 2
) for different 

multiple regression equations rela ting K contents and 
yields of the corn p lants to exchangeable K determined 
on field-moist, air-dry and oven-dry soil samples are 
reported in table 8. The multiple regression equations 
obtained using exchangeable K values for air-dry and 
oven-dry soil samples are reported in table A-10 of the 
appendix. The degree of correla tion is consistently as 
high or higher for the field-moist values as for the air
dry or oven-dry values. The fact tha t the degree of 
correlation for the field-moist values is considerably 
higher in several cases indicates that exchangeable K 
determined on field-moist soil samples provides a better 
estimate of K uptake by corn plants in the field than 
does the exchangeable K determined on dry soil samples. 
This is in agreement with the resu lts of previous studies 
(2, 9 ). 

Table 8. Effect of drying so il sa m ples prior t o dete rm ination of 
exchang ea ble K on th e d egree of corre lati o n b etwee n 
exch a ng eable K in the soil and th e yie ld, K conte nt 
a nd respons es of co rn t o K fe rti lize r a pplicat io ns. 

Field Air O ven 
moist dry 8 dry 

% K in corn leaves (o/oK ) 

Ks1,Ks12,Ks2, Ksa, Ks,i 1Ks5 1 KsG,KF,K 1J"'2,K s1KF,T ,K s11· 0.69** 0.5 1** 0.56** 
Ks1,Ks12 KF,K1,"'2,Ks1 KF,T ,K s1T 0.56** 0 .42** 0.45** 

Increase ln o/oK ( L', o/oK) 

K s1,K s12,K s2 1K sa,K s4,K so: ,K su,K F, K 1i'2 .K s1KF _ . ..... ... . 0.78·~* 0. 75** 0 .69** 
K s1,K s12 K F,K 1r2,K s 1KF ...... ...... 0.73** 0 .73** 0.65** 

Pounds of K / acre (K p) 

K s1,K s12,K s2,K sa,K s <1,K s5,K so, KF, KF2 ,K s1K1\T ,K sJ1',S 0.61** 0 .60** 0 .60"** 
Ks1,K s1' KF,KF',K s ,KF,T ,KsJT,S 0.59** 0.50"'* 0.5 1** 

Yield of g rain (Y ) 

K s1 K s12,K s2,K s3,K S4,K sis ,K se,KF,K 1t2,Ks1KF,T ,Ks 1T,S 0.62** 0 .53** 0.43** 
Ks1:Ks12 KF,Kli·2,Ks1KF,T ,Ksn ,S 0.35** 0. 34** 0.34** 

Yield increase ( L', Y ) 

Ks1 Ks12,Ks2,Ks3, Ks",Ksc;, Ksa,KF,KF\K s1KF,T ,Ksn ·,S 0.42** 0.39** 0.27** 
K s,'.K s,2 KF,K>' ' ,K s, KF,T ,Ks ,T ,s 0.32** 0.24*" 0.20** 

n Air dried for at least 2 week s before exchangeable K was determined 
in Soil T esting Laboratory. 
.. Significant at the I-percent leve l. 

The rela tionship between the exchangeable K con
tent of oven-dry soil samples from the 0-6 inch layer 
and the percent K in the corn leaves a t silking time is 
shown in fig. 17. This can be compared with the rela
tionship illustra ted in fig. 9 for exchangeable K deter
mined on field-moist soil samples. In the relationship 
for the dry soils, as with the moist soils, there was a 
definite difference between the coarse and fine-textured 
soils. For both textural groups of soils the correlation 
coefficients are lower for the oven-dry samples than 
for the field-moist samples. As was shown in fig. 1, 
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Fig . 17. Re latio n bet wee n exchang eab le K in ove n-dry soil samples 
fro m t he 0-6 inch d e pth and perce nt K in corn lea ves at silking 
t ime from plots that re ceived no K fe rt ilize r. 

exchangeable K in most of the loams and sands de
creased on drying, whereas exchangeable K in the silt 
loams and the silty clay loam generally increased on 
drying. Therefore, drying increased the differences attri
butable to soil texture in the relationship between leaf 
and soil K . 

Comparis-on of Field and Greenhouse Results 

Soil samples from the 1957 field experiments were 
used in a greenhouse study for which the resu lts were 
reported previously (2 ) . In the greenhouse study ex
changeable K in field-moist soil samples was very highly 
correlated with the K content of millet p lants grown on 
the soil samples. In this regard the greenhouse and 
field results were similar. R ecovery of added K, as 
measured by the difference in K content of p lants from 
pots that received K fertilizer and those that received 
no K fert il izer, however, was much higher in the green
house than in the field. 

SUMMARY AND CONCLUSIONS 
Uniform field experiments in which K fertilizers 

were applied a t different rates (0, 25, 50, 75, 100 and 
125 pounds of K per acre ) for corn were established at 
51 locations in six North Central states during 1957 and 
1958. Laboratory analyses were made on soil samples 
from each field experimental site. Data concerning 
grain yields and K contents of the corn p lants were 
obtained from 41 of the field experiments. 

Excha ngeable K in field-moist soil samples from the 
0-6 inch layer of soil varied from 64 to 935 pp2m and 
averaged 210 pp2m. 

At the time of silking, the corn plants contained 90 
percent of the total K taken up during the season, and 
K uptake appeared to be complete by 10 to 15 days 
after silking. 

The amount of K in p lants a t silking time from 
plots that received no K ferti lizer varied from 22 to 21 3 
pounds per acre and averaged 78 pounds. The average 
increase in K content of the p lants resu lting from K 
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fertilizer application was equal to 23 percent of the 
amount applied. 

Grain yields from plots that received no K ferti li zer 
varied from 33 to 127 bushels per acre and averaged 
79 bushels. Grain yields were significantly increased in 
11 experiments by application of K ferti lizer. Applica
tions of K fertilizer had little or no effect on the shelling 
percentages . The applications dec reased moistu re per
cen tages in the grain at h arvest in only one experiment, 
where a la rge increase in the grain yield a lso resulted. 

The K content of the corn plants was highly corre
lated with the exchangeable K content of th e soil. How
ever, a t a given level of exchangeable K in the soi l, 
plants grown on coarse-textured loams and sands con
tained more K than plants grown on finer textured 
silt loam soils. 

Uptake of fertilizer K was inversely related to the 
level of exchangeable K in the soil and to the percent 
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K in corn leaves from plots that received no fertilizer 
K. Increases in yield of corn grain obtained from K 
fertilizer applications were more highly correlated with 
the percent K in corn leaves a t silking time than with 
exchangeable K .contents of the soils. 

The number of corn plants per acre did not appear 
to influence the percent K in the plants but did in
fluence total K uptake per acre and yield of grain. 

Exchangeable K determined on field-moist samples 
provided a better estimate of the amount of K in corn 
p lants and increases in grain yields caused by K fertilizer 
applications than did exchangeable K determined on 
air-dry or oven-dry soil samples. 

Including data for the exchangeable K contents of 
subsoil layers in multiple regression equa tions rela ting 
K con ten ts of the corn plants and yield of corn grain 
to exchangeable K contents of the soils generally im
proved the degree of correlation . 
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APPENDIX 

Table A-1. General characteristics of the sites on which regional 
field experiments with corn were conducted. 

Rema rks Remarks 
~ 

§ 
~ 

" ,: " " ,: " u.2 
-~ " "' u .~ " M 

0. o- - "' -~~- -2 ~ g~ - " ·=.': 
;'.;' .Si§ " "" " " " "-C-0. o·~ -~::, a. E·@ 

" ;; - o 0 bf s "u " :. -o 0 8 C: c..i 
C. :3 <J ti'i ~ 8~ a. g.:o ti'i " ~ ·- 0 ..... 

" " ] o- --c " ~ ·o --c Q, u Q,) 

~ >, ..:I * ..:; ~ rn ..:I * ..:; 

Ill. 1957 Cisn e sil Jasper 0-1 P OOi" wet early season, Kan. l 1957 Bates sil Cherokee 
variable stand Kan. 3 1957 Summit sil J ohn son 

Ill. 397 1958 Cisne sil Richland ½ -1½ poor very wet season KaJ1, 4 1957 Labette sil J ohn son 
Kan. 5 1957 Summit sil J o.hnson 

Ind. I 1957 Fincastl e sil Tippeca.uoe 1-2 slow many missing plots K an. 6 1957 Laurel fsl Ril ey 
Ind . 2 1957 Fincast le sil C linton 1-2 slow very wet at plant- K an. 7 1957 Wabash sil Ril ey 

ing , poor stands Kan. 8 1957 C herokee sil Chernkee 
Ind. 3 1957 El ston 1 Tippccan.oc 0-5 porous poor stand , severe K an . I 1958 Summit sil Leavenworth 

wind lodging In Kan. 2 1958 Boone I Leaven,vo,·th 
July Kan. 3 1958 Parsons s il Neosho 

Ind. 4 1957 Fincastle si l Tippecanoe 1-2 slow Kan. 4 1958 Cherokee sil Cherokee 
Ind. 5 1958 Fin cas tle sil Parke 0-2 fair doub l e normal Kan. 5 1958 Geary sil Ril ey 

rai nfall , N deli- Kan. 6 1958 Sarpy si l Riley 
cient Kan . 7 1958 J efferson 

Ind . 6 1958 Crosby fsl Cass 1-3 good doub l e normal 
ra infall , N defi- Mich . 1957 Fox K a lamazoo 5 good wet early season, 
cient w1 even stand and 

Ind. 7 1958 Miami l Fulton 0-2 good double normal grow th 
rai n[a ll , N d efi- Mich. 2 1957 O shtcma s Kalamazoo 5 execs- wet ea rl y season, 
c ient sive severe drouth at 

Ind. 8 1958 Sidell sil Tippecanoe 2-4 good doub l e normal tasse ling 
rai nfa ll , N defi- Mi ch. 3 1957 M etea sl Ingham flat mod. wet early season, 
cient good un even stand an d 

Iowa 17 195i Floyd sil Fayette dry in early Aug- Mich. 4 1957 H oughton 
growth 

C lin ton discarded because 
ust muck of severe zinc de-

Iowa 18 195i Carring ton sil Fayette dry in early Aug- ricicncy 
ust Mich. 1958 Fox sl K a lamazoo good d ry, cool early 

Iowa 19 1957 F ayette sil All ama kee very good condi- slight season; harvested 
tion s eady to permit en -

Iowa 20 1957 Clyde sil Bremer silage 
Iowa 21 1957 Carri ngton sil Bremer se,aerc drouth in Mich. 2 1958 Kalamazoo sl K a lamazoo mod. dry, cool ea rly 

Aug ust none season; r rost before 
K defi cie ncy symp- foll y mature. 
toms ea rly Mich. 3 1958 Conover l Ingham very good dry, cool early 

Iowa 22 1957 Fayette sil Dubuque slight season; quackgrass 
Iowa 23 1957 Weller sil Lee 3 large "s tarter" re- s pray retarded 

sponse, very good early growth ; frost 
season before m ature. 

Iowa 24 1957 Carrington sil Fayette d iscarded because Mich . 4 1958 Pa rkhill l Sani lac none tiled d ry, cool ea rl y 
or variable stand season; immature 

Iowa 25 1957 Fayette si l Allamakee 2 low moistttre a ll when froste d. 
summer 

Iowa 26 1957 Fayette si l Allamakee low moisture all Minn . 1957 Hubbard ls Anoka 0-2 very 
summer; nonuni- rapid 
rorm stand and M.inn. 2 1957 Zimmcnnan fs Sherburne 2-3 very 
growth 

Minn. 3 1957 Skyberg sil 
rapid 

Iowa 27 1957 C lyde sil Fayette < l - dry at planting, Dodge 2-3 poor 
variable stand, late Minn. 4 1957 Skyberg sil Mower 2-3 poor 
ma turity ivlinn. l 1958 Floyd sil Dodge 1-3 tiled cool Ju ne & July 

Iowa 28 1957 Webster sil Story wet J une, good Nii nn. 2 1958 Organic Wright 0-1 tiled cool Jun e & July; 
season immatu re at ,har-

Iowa 29 1957 Primghar si l O ,Brien 2 good vest 

426 



Tabl e A-2. Previo us crop , fe rtilize r and planting info rma ti o n for re gi o nal f ield ex p e rime nts with corn . 

Basic ferti l izer trea tment (lbs. / A.) .!.~ Planting 
0 ell~ 

Experiment Year Previous crop Planter v c•- Hybrid o -- :-:: 
B,·oadcast attachment -5~t • 

N P,Os N P,O, i~~ Date M ethod" 

Ill. I 1957 280 200 D. I. 6/ 11 3/ 40" 
Ill . 397 1958 Sma ll grai n 100 110 Band 5/ 29 Pioneer 339 
Ind. 1 1957 Soybea ns 210 135 P.U. 6/ 3 Ind. 813 
Ind. 2 1957 Clover-timothy 150 135 D. I. 6/ 3 I nd. 813 
lnd. 3 1957 Corn 150 135 P.U. 5/ 30 Ind. 813 
lnd. 4 1957 Wh eat 150 135 P.U. 6/ 5 Ind. 813 
Ind. 5 1958 Clover (hog pasture ) 100 135 P.U. 5/ 15 
Ind. 6 1958 Alfalfa 100 135 16 72 P.U. 5/ 23 1/ 8-9" 
Ind . 7 1958 Dairy pasture 100 135 16 72 P.U. 5/ 23 1/ 6" 
Ind. 8 1958 Clover 100 135 16 22 P.U. 5/ 19 2/ 12.7" 
Iowa 17 1957 Alfalfa , Ladino 80 120 12 48 P.U. 5/ 24 4/ 40" Pioneer 349 
Iowa 18 1957 Alfa lfa, Ladino 80 120 12 48 P.U. 5/ 24 4/ 40" Pioneer 349 
Iowa 19 1957 Alfalfa-brome 80 120 12 48 P.U. 5/ 24 3/ 19" Pioneer 349 
Iowa 20 1957 Alfalfa 80 120 12 48 P.U. 5/ 23 4/ 40" Fanks G-33A 
Iowa 21 1957 Alfalfa 80 120 12 48 P.U. 5/ 9 4/ 40" Pioneer 371 
Iowa 22 1957 Alfalfa 80 120 12 48 P.U. 5/24 2/ 14.5" 
Iowa 23 1958 Hay 80 120 8 32 P.U. 5/ 12 2/ 14.5" Funks G 75A 
Iowa 24 1958 80 120 8 32 P .U. 
Iowa 25 1958 Pasture 80 120 8 32 P.U. 5/ 19 6/ 40'' Pioneer 37 1 
Iowa 26 1958 Alfalfa 80 120 8 32 P.U. 5/ 13 6/ 40" Pioneer 354 
Iowa 27 1958 PastUJ·e 80 120 8 32 P.U. 5/ 19 6/ 40" Pioneer 349 
Iowa 28 1958 Alfalfa 80 120 8 32 P.U. 5/ 20 
Iowa 29 1958 Soybea ns 48 60 P.U. 4/ 26 Pioneer 354 
Kan . 1 1957 ··········-······· 
Kan. 3 1957 
Kan . 4 1957 
Kan. 5 1957 -----------······ ·-···· ···· 
Kan. 6 1957 
Kan. 7 1957 ····················-
Kan . 8 1957 

5/ 14 K an . I 1958 Corn 80 120 
Kan. 2 1958 Sm. grai n, Lespedeza 80 120 5/ 14 
Kan. 3 1958 Corn 80 120 4/ 28 
Kan. 4 1958 Corn 80 120 4/ 29 
Kan. 5 1958 Wheat 80 120 5/ 8 
K an . 6 1958 Alfalfa 80 120 5/ 26 
Kan. 7 1958 Sorg hum 80 120 6/ 2 
~1 ich . I 1957 Pasture c 80 120 P.U. 5/ 9 Micb. 480 
Mich. 2 1957 Pasture 80 120 P.U. 5/ 12 Mich. 480 
M ich. 3 1957 Red dover (pasture ) 80 120 D. I. 5/ 27 Mich. 480 
Mich . 4 1957 
M ich . I 1958 Alfalfa 66 120 16 22 P .U. 5/ 10 M ich . 350 
Mich. 2 1958 Si lage corn 66 120 16 22 P.U. 5/ 16 Mich . 350 
Mich . 3 1958 Alfalfa 66 125 16 22 P.U. 5/ 13 M ich . 350 
~ 1l ich. 4 1958 Fallow 66 125 16 22 P.U. 5/ 16 Mich . 350 
~Ii nn . I 1957 Alfalfa 80 120 16 20 BR. 5/30 2/ 20" Pioneer 379A 
Nl inn. 2 1957 Alfalfa-brome 80 120 16 20 P.U. 5/ 23 2/ 2(}" H aapa ln 300B 
M inn. 3 1957 Alfalfa 80 120 16 20 BR. 5/ 11 2/ 20'' Pioneer 349 
~

1Iinn. 4 1957 Alfalfa 80 120 16 20 P.U. 6/ 15 2/ 20" Min hybrid 409 
Minn. I 1958 Alfalfa 80 120 16 20 BR . 5/ 17 2/ 20" Northrup-King KB4 
Minn . 2 1958 f'...orn 80 120 16 20 f1T{, 5/ 19 1/ 10" P ioneer 390 

a P.U. = plowed under; D. I. = D isked in; BR = Broadcast. 
b K ern els dropped prr hi ll /spacing of hills in row in inches. In some experiments the plants were the n thinned to a uniform stand. 
C 275 lbs. K,0/ A applied over previous 4 years. 

Table . A-3 . Monthly precipitation at the expe rimental sites of some 
of the 1958 regio nal fie ld experiments with corn . 

Inches of precipitation 

Ex1>erimcnt Jan. Feb. March Ap,·il May J une July Aug. Sept. Oct. 

Ind. 5 3.2 6. 1 7.7 4.5 
Ind. 6 1.5 10.4 5.0 3.9 
Ind. 7 1.0 14.8 5 .2 3.4 
I nd . 8 1.0 8 .9 9.6 5.2 2.4 
Iowa 23 5.0 4.5 9.5 3.0 2.8 1.8 
Iowa 25 ·22 ":3:6 

1.5 2.3 2.2 2.9 2.9 0.1 
Kan . I 1.0 2.9 2.2 6.6 10.6 2.4 4. 1 2.4 
Kan. 2 2.2 1.0 3.6 2.9 2.2 6.6 10.6 2.4 4. 1 2.4 
Kan . 3 0.8 0.8 4.9 3.4 5.2 5. 1 9.7 1.0 2.2 0. 1 
Kan. 4 0.9 1.0 5.0 3.3 5.1 3.9 13.0 1.0 5 .9 0. 1 
Kan . 5 1.3 1.4 2.2 1.1 2.2 7.6 12.4 3.9 7.6 2.4 
Kan. 6 1.1 2.3 4.9 13.4 4.4 7 . I 1.5 
Kan. 7 1.3 1.2 3.0 2.4 2.6 6.6 9.2 2.8 4.2 2.3 
Mich. I 1.4 6.3 3.3 4.3 2.4 1.8 
Mich. 2 1.4 6.3 3.3 4.3 2.4 1.8 
M ich. 3 0.4 3.3 4.3 3.2 2.3 
Mich. 4 0.7 1.4 3.0 3.7 2.4 
Minn . 1 5.6 3.1 1.2 1.5 1.3 
Minn. 2 3.0 2.1 6.4 2.6 
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Table A-4. Chemical characteristics of the soils on which north 
c e ntral reg io nal field e xperime nts with corn were con-
ducte d . 

Laboratory a nalyses Laboratory analyses 

Field Oven- Soil tests 
. 

Field Oven - Soil tests 
moist dry (air-dry) moist dry (a ir-dry) 

Experi ment Year Soi l type Sample ~ ~ Experiment Year Soi l type Sample 
~ ~ 

tF-9. .a .5 E E tF-9, . 8 .8 8 E 
depth ..c; N 

~C'~ 
~~ ~ p_.N dept h -""" -5~ ~~ ::r:: P.. "" 

(inches) :i: u C. 0: 
C. (inches) :i: u C. C. C. 

X 0. C. X C. X C. C. C. 
<"I <"I <"I <"I 

111. 1957 Cisne si l 0-6 7 73 96 77 5.4 14 Iowa 20 1957 Clyde sil 0-6 29 100 279 161 7. 1 4 
6-1 2 8 28 70 65 4.6 3 6-12 30 78 308 182 6.9 2 

12- 18 8 14 58 69 4.7 I 12-1 8 24 74 340 206 7.2 1 
18-24 14 18 124 145 5 .0 < I 18-24 17 40 346 181 7.4 < 1 
24-30 20 42 228 229 5 .2 < l 24-30 12 32 295 159 7.5 < I 
30-36 14 50 204 23 1 5.2 < I 30-36 8 28 218 108 7 .5 < 1 

Ill . 397 1958 Cisne sil 0-6 12 64 86 54 5.8 6 Iowa 21 1957 Carrington 0-6 14 102 139 106 6.9 4 
6-12 15 44 71 51 4.8 2 si l 6-12 17 68 132 98 6.0 3 

12-1 8 13 38 66 48 4.8 2 12-18 15 57 144 120 5 .8 2 
18-24 14 42 82 78 5.0 1 18-24 12 42 154 126 5.8 I 
24-30 15 46 134 127 5.3 I 24-30 8 38 152 11 2 6.2 1 
30-36 18 51 168 153 5.2 1 30-36 7 35 156 106 6.7 l 

Ind. 1957 Fi ncastle 0-6 20 126 134 99 5.4° 7 Iowa 22 1957 Fayette sil 0-6 22 138 170 11 5 7.5 3 
si l 6-1 2 14 96 139 108 5.2 4 6-12 22 68 168 93 6.9 3 

12-1 8 15 88 228 159 5.0 2 12- 18 27 50 232 170 5.5 2 
18-24 15 90 270 191 4.9 1 18-24 22 44 278 208 5.2 4 
24-30 16 78 304 198 5 .0 1 24-30 20 37 284 199 5.2 6 
30-36 14 80 254 171 5.2 I 30-36 17 44 304 225 5.4 10 

In d. 2 1957 Fincas tle 0-6 17 104 125 100 5.5 2 Iowa 23 1958 Well er sil 0-6 25 78 11 2 55 6.0• l 
sil 6-12 20 90 178 147 5.7 5• 6-12 22 38 114 84 5 .0 < 1 

12-18 19 57 208• 217• 5.7 2 12-1 8 21 42 208 178 5.0 I 
18-24 14 56 356 2 17 6.2 < I 18-24 25 57 376 273 5.0 6 
24-30 13 46 280 205 6.7 < I 24-30 27 56 380 274 5. 1 IO 
30-36 17 42 292 197 7.0 I 30-36 23 70 364 259 5 .2 18 

I nd. 3 1957 Elston I 0-6 13 130 150 136 6.4 4 Iowa 24 1958 Carring ton 0-6 18 153• 178 127 6.3 6 
6-1 2 I I 92 136 135 5.9 4 sil 6- 12 21 75 120 82 5.4 I 

12-18 11 78 138 126 5.7 4 12- 18 20 50 126 89 5.2 1 
18-24 10 72 139 132 5.6 4 18-24 17 38 146 110 5.2 < 1 
24-30 9 66 129 I 18 5.6 4 24-30 14 30 174 130 5.2 < 1 
30-36 14 84 122 11 2 5.6 6 30-36 9 33 172 14 1 5.4 < I 

Ind. 4 1957 Fincastle 0-6 I 7 I 12• 156• 11 6° 6.7• 4 Iowa 25 1958 Faye tt e s il 0-6 30 2448 269• 141 6.3 5 
sil 6- 12 17 86 196 103 6.8 1 6- 12 27 98 194 111 5 .7 4 

12-1 8 17 64 23G 139 6.4 1 12-18 25 70 232 125 5.4 2 
18-24 16 65 313 193 6.3• I 18-24 24 46 33 1 173 5.2 5 
24-30 13 58 336 I 73 6.4• 1 24-30 23 42 366 192 5.2 16 
30-36 16 58R 284• 212• 6.8 1 30-36 23 39 359 192 5 .2 24 

Ind. 5 1958 F incas tle 0-6 23 121" 152b 66• 6.8 3 Iowa 26 1958 Faye tte s il 0-6 23 79 163 74 6.3 3 
sil 6-12 17 79 166 97 6 .4 1 6- 12 21 44 260 158 5.6 8 

12- 18 23 66 288 137 6.0 < l 12- 18 24 46 348 202 5.2 14 
18-24 23 53 296 11 5 6.6 < l 18-24 22 43 372 222 5.2 23 
24-30 23 48 248 71 7.2 < I 24-30 22 50 366 197 5.4 30 
30-36 19 52 225 63 7.8 < 1 30-36 23 54 360 181 5.4 29 

Ind. 6 1958 Crosby fsl 0-6 9 128 11 0 110 6.2 40• Iowa 27 1958 Clyde sil 0-6 34 158• 171• 107 6.2 5 
6- 12 9 39 41 32 5.8 39 6-12 28 76 154 93 6. 1 2 

12-18 8 36 38 20 5.7 18 12-18 18 51 196 65 6.3 2 
18-24 8 28 32 20 5.6 8 18-24 16 35 219 69 6.4 < l 
24-30 8 28 31 28 5.6 7 24-30 54 6.5 < 1 
30-36 6 29 31 26 5.6 4 30-36 52 6.6 < l 

Ind . 7 1958 ?vfi ami 1 0-6 14 103 87 70 6.7 13 Iowa 28 1958 Webster 0-6 25 11 2 359 149 7.8 l 
6-12 II 47 50 38 5.8 11 sicl 6-12 22 64 348 123 8.0 1 

12-1 8 10 40 54 36 5.5 9 12- 18 19 51 350 11 5 8.0 < I 
18-24 13 38 86 52 5.4 8 18-24 21 47 345 104 8.0 1 
24-30 16 56 148 87 5.3 4 24-30 16 47 312 105 8 .0 < l 
30-36 13 52 138 75 6.4• 6 30-36 18 37 298 89 8.0 < l 

Ind . 8 1958 Side ll sil 0-6 28 170 213 128 5.0 2 Iowa 29 1958 Primghar 0-6 29 348 456 276• 5.6 4 
6-1 2 30 88 178 108 5.0 < 1 sil 6-1 2 32 167 399 221 5 .8 1 

12-1 8 30 71 264 153 5.0 < l 12- 18 29 108 424 22 1 5 .9 1 
18-24 29 68 300 173 5 .1 < 1 18-24 26 92 446 214 6. 1 1 
24-30 26 66 285 168 5.6 < I 24-30 25 84 469 176 6.3 1 
30-36 25 66 254 110 7.3 < I 30-36 26 74 478 176 6.8 1 

Iowa 17 1957 Fl oyd sil 0-6 30 151• 185 133• 6.8 4 K an . 1957 Bates sil 0-6 19 91 100 89 6.9 2 
6- 12 26 73 169 85 6.6 3 6- 12 19 41 123 110 5 .6 1 

12-1 8 23 54 222 94 7.0 1 12- 18 22 51 247 184 6.0 < 1 
18-24 15 30 220 50 7.2 < 1 18-24 19 54 210 194 6.3 < 1 
24-30 11 20 208 52 7.6 < 1 24-30 14 32 164 121 6.6 < 1 
30-36 10 20 203 45 8.0 < l 30-36 15 32 158 105 6.6 < l 

Iowa 18 1957 Carring ton 0-6 24 146 166 138 5 .6 2 Kan . 3 1957 Su1nmit sil 0-6 16 262 334 255 6.0 8 
sil 6-12 25 90 132 100 5.5 2 6-12 19 84 264 188 5.4 4 

12-18 25 56 142 96 5.4 2 12-18 20 90 392 301 5 .4 2 
18-24 20 36 202 171 5.2 1 18-24 22 112 606 381 5.8 2 
24-30 15 32 257 160 5.6 < I 24-30 20 112 624 <400 6.6 l 
30-36 12 31 255 90 6.0 < 1 30-36 16 126 558 < 400 7.2 l 

Iowa 19 1957 Fayette sil 0-6 25 160 232 J 70 6.7 6 Kan. 4 1957 L abette 0-6 16 935 910 < 400 6.3• 16 
6- 12 25 96 198 123 5.9 4 sil 6- 12 21 205 332 247 5.7 2 

12-1 8 24 84 214 164 5 .4 2 12-18 22 156 418• 263• 5.6 1 
18-24 22 58 267 199 5.4 3 18-24 22 171 448• 330• 5 .6 1 
24-30 20 48 302 229 5.4 8 24-30 22 165 557• 370 5.6 2 
30-36 18 48 322 257 5.4 10 30-36 22 144 568• 378 5.8 8 
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Table A-4 (continued) 

Laboratory analyses Laboratory analyses 
Field Oven- Soil tests Field Oven- Soi l tests 
moi st dry (air-dry) moist dry (air-dry) 
~ ~~ 

. 
)<: 

)<: s Experim en t Year Soil type Sample 
ls'<9. .e " E :i:: E Experiment Year Soil type Sample 

ls'<9. .a 6 8 dept h ~N ..c: N )<:c;,t P-i(:'\d.. depth -5~ ..CN ~c-d. ::c: i11c-d., 
(inches) :i:: u C. ~ g: C. 

(inches) :i:: <.) C. C. ;,-: 0.. C. C. ;,: 0. ;,: 0. C. C. 
ti1 <-l ti1 ti1 

Kan. 5 1957 Summit sil 0-6 17 427 484 <400 6.5 2 Mich. 3 1957 ]vf etea sl 0-6 16 164 11 2 129 6.1• 16 
6-1 2 21 86 274 239 5.7 < I 6- 12 13 95 78 66 5.3 12 

12-18 19 218 313 258 5.9 I 12-1 8 II 61 70 50 5.4 10 
18-24 20 134 323 277 5.8 1 18-24 11 44 66 40 5.5 7 
24-30 16 11 2 347 260 5.8 < l 24-30 12 60 93 48 5.4 4 
30-36 13 104 318 259 6.2 < l 30-36 13 68 129 58 5.7 3 

Ka n. 6 1957 La urel fsl 0-6 2 455• 4i4• <400 7.8 13 Mi ch. 4 1957 H oug ht0n 0-6 94 5i4 554 249 7.0 10 
6- 12 3 344 373 338 7.4 ]] muck 6- 12 152 645 584 278 6.8 5 

12- 18 4 384• 415• 350• 7 .5 10 12-18 134 204 232 142 6.7 < l 18-24 12 394• 476• 318• 7.5 2 18-24 
24-30 9 350• 44-5 8 306• 7.6 3 24-30 
30-36 6 314• 374• 296• 7.6 3 30-36 

Kan. 1957 Wa bash sil 0-6 24 559• 795• >400 6.2• 12 11fi ch. 1958 Fox sl 0-6 9 86 89 81 5.4 34 
6-1 2 27 420• 654• > 400 6.6• IO 6- 12 9 44 66 49 6.0• 28 

12-18 26 207• 558• 365 8.2 2 12-1 8 8 56 54 89 5.5• 12 
18-24 24 184 528 372 5.6 8 18-24 7 4·8 105 81 5.8• JI 
24-30 21 145 432 257 6.6• 3 24-30 6 28 86 72 5 .8• 8 
30-36 16 112 332 212• 7 .4• 2 30-36 6 32 78 60 5.5• 6 

Kan. 8 1957 Cherokee 0-6 15 149 211 165 6.9 9 Mich. 2 1958 Kal amazoo 0-6 12 284" 222d 211 " 6.2 36 
sil 6- 12 27 87 391• 333• 5.2 1 sl 6- 12 18 160 22 1 150 5.9 19 

12-18 28 100 432• 378 5.0 < I 12- 18 22 154 254 198 5. 1 15 
18-24 23 86 422• 372 5 .0 < I 18-24 14 85 134 107 5.2 15 
24-30 20 88 377• 329 4.8 < I 24-30 14 68 106 96 5.5 10 
30-36 19 86 316• 252 4.7 < I 30-36 JI 48 71 69 5.6 8 

Kan. 1958 Summit sil 0-6 25 232 344 174 6,7 9 Mich. 3 1958 Conover I 0-6 12 80 84 56 6.6 4 
6-12 24 104 366 216 5.6 2 6- 12 13 41 94 45 6.8 J 

12- 18 25 99 575 28 1 5.6 I 12-18 12 4{j 192 70 7.3 < I 
18-24 27 102 616 280 5.9 < I 18-24 12 35 11 9 53 8.0 < I 
24-30 25 94. 563 235 6.2 < I 24-30 12 39 94 48 8.2 < I 
30-36 24 90 492 253 6.3 < I 30-36 10 36 77 39 8.3 < I 

Kan. 2 1958 Boone 1 0-6 23 150• 243• 158• 5.7 6 M ich . 4 1958 Parkhil l I 0-6 23 97 74 39 6.1 5 
6- 12 18 68 298 135 6 .0 < l 6-12 23 46 66 36 6.6 3 

12-1 8 24 76 385 138 6.5 < I 12- 18 19 27 57 36 6.8 1 
18-24 21 78 342 128 6.8 < I 18-24 19 28 67 34 7.0 < l 
24-30 19 80 335 105 7.2 < I 24-30 19 27 66 25 7 .2 < I 
30-36 23 67 330 107 7.4 < I 30-36 20 30 61 26 7. 7 < l 

K an. 3 1958 Parsons 0-6 20 l 73 243 137 5.8 4 Mi1111. 1957 H ubbard 0-6 7 146 132 177 6.4• 16 
sil 6-1 2 23 141 299 161 5.4 < J ls 6-12 6 60 74 78 6.3 JO 

12- 18 24 66 367 179 5.8 < I 12-18 6 58 72 74 5.6 5 
18-24 23 84 345 149 6.4 < I 18-24 6 54 67 66 5.7 8 
24-30 19 64 326 129 6.6 < I 24-30 6 45 57 64 5.8 8 
30-36 18 60 275 127 6.7 < I 30-36 6 44 72 64 5.8 6 

K an. 4 1958 Cherokee 0-6 16 136 190 122 5.9 3 M inn . 2 1957 Z immerman 0-6 7 I ll 100 109 5.6 17 
si l 6-1 2 16 82 186 11 5 5.4 < I fs 6- 12 6 50 58 50 6.2 16 

12-18 21 70 290 176 5.0 < l 12-1 8 5 50 54 46 5.6 12 
18-24 23 73 412 226 4.9 < I 18-24 5 47 52 50 5.6 10 
24-30 20 78 418 184 4.9 < l 24-30 5 40 43 39 5.8 9 
30-36 19 81 410 176 4.6 < I 30-36 5 40 46 39 5.8 8 

K an. 5 1958 Geary si l 0-6 I 7 602 650 > 400 5.3 15 Minn. 3 1957 Sk ybe rg sil 0-6 13 85 140 91 7.0 4 
6- 12 23 202 390 215 5.6 3 6- 12 14 47 160 JOO 6.2 2 

12-1 8 25 173 383 217 5.5 2 12- 18 12 40 246 200 5.2 2 
18-24 23 166 426 250 5.8 2 18-24 10 42 246 214 5.0 4 
24-30 23 190 492 272 5.9 2 24-30 9 51 208 180 5 .3 4 
30-36 22 194 553 317 6. 1 2 30-36 7 57 190 157 5.4 4 

Kan. 6 1958 Sa rpy sl 0-6 17 605 565 > 400 7.9 31 :Minn . 4 1957 Skyberg sil 0-6 19 133 178 127 6.6 8 
6- 12 15 266 372 195 7.6 7 6-12 20 54 160 150 5.6 2 

12- 18 12 198 308 167 7.6 2 12-1 8 18 52 218 191 5.6 2 
18-24 9 180 252 150 8.1 2 18-24 17 50 270• 263• 5.5 2 
24-30 7 173 240 158 8.4 I 24-30 12 36 268• 235• 5.6 4 
30-36 9 220 284 177 8.4 < I 30-36 10 32 206• 215• 5 .8 4 

K an. 7 1958 ? 0-6 16 232 363 197 6.2 7 ~if inn. 1958 Floyd sil 0-6 31 11 9 199 99 6.8 7 
6-12 19 397 412 230 6. 1 4 6-1 2 27 45 204 130 5.8 3 

12- 18 21 134 392 212 6.1 1 12- 18 27 52 244 127 5 .7 3 
18-24 18 110 350 179 6.0 1 18-24 24 36 244 121 5 .8 3 
24-30 16 99 338 165 6.0 < I 24-30 20 34 246 148 6.0 4 
30-36 17 100 372 179 6.4 < I 30-36 14 26 177 74 6.0 2 

Mich . 1957 Fox 1 0-6 12 450• 304• 340• 6.5• 27 11Iin n. 2 1958 Orga nic 0-6 161 192 202 33 6.8 10 
6-1 2 JO 152 166 176 6.1 23 6-12 170 168 152 30 6.8 7 

12- 18 8 135 166 182 5 .1 20 12- 18 267 94 92 18 6.2 4 
18-24 10 137 184 172 4.9 22 18-24 223 111 122 29 6.2 3 
24-30 7 11 3 166 164 5.0 25 24-30 196 134 156 45 6.0 2 
30-36 5 94 139 140 5 .2 26 30-36 176 140 170 52 6.0 1 

Mich. 2 1957 O s.htema s 0-6 2 94• 78• 107• 7. 1 23 . V a1·iable between replicates . 
6- 12 2 33 30 48 6.9 30 b Omit replicate No. 6. 

12- 18 1 24 25 38 6.9 18 C Omit replicate No. 4. 
18-24 I 13 17 20 6.6 19 d Omit replicate No. 1. 
24-30 I 13 16 20 6.8 13 
30-36 1 II 12 18 6.8 18 
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Table A-5. Yie ld and compos ition of co rn pla nts from th e no rt h ce ntral re g ion a l field ex peri me nt s. 

No. of 
Plant samples Gra in 

plants Early sampl ing Sampling at silking time Late sampl ing --o..: 0 O, w 

Experiment Y ear Lbs. of per Whole pla nts Whole pl ants Lcavesb Wh ole plants 
~'-;. :£ ~ ~ K / A" acre D ry wt . % K D ry wt . % K D ry wt. % K D ry wt. % K >- ~ ..c ~ (thousands) (lbs/ A) (lbs/ A) (gtn) (lbs/A) .,, 

* VJ C. 

Il l. 195 7 Ju ly 29 A 11g . 16 Nov . 6 Nov. 6 

0 9.3 1,040 1.63 3, 125 0.7 1 99 0.88 2,647 ° 0.48 57 82 
25 8.8 1, 168 1.87 3,277 0.90 107 1.08 2,8 18 0.59 63 82 
50 8.8 1, 138 2.07 4,601 0.87 116 1.30 3,042 0.62 74 83 

100 10.3 1,020 2.8 1 4,954 1.21 114 1.69 3,809 0.70 95 84 
200 10.3 1,288 3.88 4,32 1 1.79 11 2 2. 18 4,215 1.10 91 83 

Ill . 397 1958 J uly 15 Aug. 8 Oct. 24 Oc t. 31 

0 11.3 949 1.74 4,461 0.87 1.50 2,567d 0.60 75 17 79 
25 11.0 878 1.85 4,223 0.99 1.63 2.358 0.72 71 18 79 
50 12.2 1,174 2. 10 5 ,026 1.10 1.98 2;639 0.75 82 18 80 
75 11.6 1.214 2.20 5.222 1.34 2. 14 2,5 17 0.84 79 19 8 1 

100 11.5 t;097 2.43 4,67 1 1.38 2.20 2,505 1.06 83 17 8 1 
125 12. 1 1, 11 7 2.55 5,047 1.52 2.23 2,92 1 1.12 83 18 81 

Ind . 1957 Aug. 8 Nov. 12 

0 10.1 4, 155 0.64 56 0.79 63 31 84 
25 9.1 3,693 0. 64 56 0.83 72 
50 11.2 4,727 0 .88 56 1.26 74 
75 11.0 4,493 0.98 56 1.4 1 67 

100 10.5 4,322 1.08 53 1.42 67 
125 9.6 3 ,908 1.18 54 1.5 1 76 30 85 

Ind. 2 1957 Aug . 9 Oct . 10 

0 10.9 3.924 0.85 5 1 1.04 74 38 86 
25 11.9 N~t 1.00 52 1. 15 72 
50 11.6 1.01 50 1.31 77 
75 10.4 4.020 1. 19 52 1.50 79 

100 12.5 4.930 1.24 45 1.60 74 
86 125 10.7 4,007 1.28 50 1.60 75 35 

F tes t ** N .S. 

Ind . 3 1957 Aug. 9 O ct . 3 

0 8 .8 4.976 I. IO 55 1.6 1 91 26 85 
25 8.2 4,554 1.32 57 1.69 94 
50 8 .4 4,653 1. 39 58 1.83 95 
75 8.5 4,714 1.49 56 1.88 93 

100 8 .7 5,026 1.53 56 1.97 96 
125 8.7 4,546 1.62 57 1.90 92 29 86 

F test ... - ... N .S. N.S. 

Ind. 4 1957 Aug. 4 Oct. 21 

0 11.6 4,901 1.42 57 1.76 113 36 85 
25 11.4 5, 148 1.5 1 57 1.85 113 
50 11.6 5,081 1.58 54 1.99 I 15 
75 13.3 5 ,175 1.77 56 1.98 120 

100 11.9 5,237 1.85 56 2.04 11 8 
125 11.5 5, 124 2.02 54 2.13 11 6 36 87 

F tes t ........ N .S. 

Ind. 5 1958 Aug. 11 O ct. 6 

0 14.6 6,015 0.90 77 1. 77 99 35 86 
25 15.0 5,948 0.99 80 1.86 99 
50 15.0 6,544 1. 13 77 2.02 94 
75 15.1 6,120 1.09 8 1 2.20 99 

100 15.6 6,482 1.22 75 2.29 104 
125 15.0 ~3t 

1.34 78 2.34 99 36 87 
F test ... - ... '.S. N.S. N .S. 

Ind. 6 1958 Aug. 8 Oct. 28 

0 14.7 5,253 1.38 82 2. 10 90 22 84 
25 14.7 5 ,120 1.55 84 2.44 91 
50 15.2 5,200 1.59 84 2.54 92 
75 14 .7 5,323 1.86 81 2.70 84 

100 14.8 5,047 1.93 84 2.81 93 
125 14.6 4,732 2. 11 80 2.86 91 22 85 

F test.. ...... N.S. N .S. N.S. N.S. 

Incl . 7 1958 Aug. 12 O ct . 30 

0 15.4 5,458 1.04 84 1.70 95 30 83 
25 14.6 5,828 1.34 87 2.19 104 
50 15.0 6,463 1.40 85 2.28 107 
75 15.0 6,459 1.51 83 2.49 107 

100 15.5 7,409 1.84 87 2.7 1 11 2 
125 15.5 6,4 11 1.72 84 2.74 110 30 84 

f test ........ N .S. * N.S. * 

Ind . 8 1958 Aug. 11 O ct. 22 

0 14.3 6,079 1.74 99 2.18 127 30 83 
25 14. 7 5,320 1.70 98 2.07 128 30 84 
50 14 .4 5,463 1.94 95 2.28 128 31 84 
75 15.2 5,506 2.10 98 2.33 133 29 85 

100 15.3 5,760 2.22 99 2.42 139 32 86 
125 15.0 5,737 2.34 101 2.50 132 30 86 

F test. .. _ .. . N.S. N .S. N .S. N .S. N .S. N.S . 
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Table A-5 (continued} 

No. of 
Plant samples Grain 

plants Early saJnpling Sampling at sil king time Late sampling 0 "'~ 
Experiment Year Lbs. of per Whole p lants Whole plants Leavesb Whole plants ~~ :i ~8 KfA• acre Dry wt. % K Dry wt. % K Dry wt. %• K Dry wt. % K .~ ::i .., ~ 

(t housands) (lbs / A ) (lbs/ A) (gm ) (lbs/A) * 
-".., >- ..o ell 0. 

Iowa 17 1957 J uly 10 July 22 Sept. 5 Nov. 9 

0 13.9 2,067 2.01 3,853 1.82 90 1.40 10,710 0.79 97 49 84 
25 14.0 2,257 2.38 3,727 2.1 7 90 1.49 11 ,010 0.85 102 47 83 
50 14. 1 H?7 . 2.26 3,847 2.00 90 1.61 11,447 0.83 106 45 84 
75 14 .2 - ,-JO 2.37 3,697 2.16 88 1.68 11,663 0.89 108 47 85 

100 13.8 2,337 2.58 3,740 2.38 92 1.83 11,557 0.97 103 50 83 
125 13.8 2,323 2.65 3,723 2.37 89 1.86 10,610 1.22 107 49 85 

F test ....... N.S. N.S . N.S . N.S. N.S. N.S. N .S. * 
Iowa 18 1957 J uly 10 July 22 Sept. 5 Nov. 9 

0 14. 1 1,863 2. 73 4,286 1.70 85 1.62 8,537 0.94 90 52 84 
25 13.8 1,660 2.79 4,290 1.86 87 1.68 9,350 1.01 88 55 84 
50 14.0 2,020 3.04 4,087 1.88 86 1.74 9,340 0.98 89 51 84 
75 13.9 1,850 3. 16 4,263 2.00 84 1.77 9,100 0.99 89 54 85 

100 14.0 1,739 3.30 4,523 2.04 87 1.78 8,683 1.09 88 54 84 
125 13.7 1,727 3.39 4,287 2. 14 84 1.90 9,347 1.08 91 55 84 

F test .. .... N .S. N.S . N.S. N.S. N .S. N.S. N.S. N .S, 

Iowa 19 1957 J uly 17 Aug. Sept. 4 Oct. 12 

0 14.4 1,032 2.97 5,877 1.76 86 1.69 11 ,323 0.93 111 58 85 
25 14.3 1,015 3.18 5,783 1.69 88 1.75 12,410 0.80 113 60 85 
50 14.2 1,043 3.22 5,387 1.80 88 1.80 12,070 0.92 114 59 84 
75 14.1 1,052 3.23 6,067 1.81 88 1.89 12,213 0.94 118 60 85 

100 14.3 1,060 3.41 6,267 1.96 88 1.96 12,180 1.02 116 63 86 
125 14.2 1,067 3.52 5,877 1.96 89 2.00 12,247 0.96 11 6 61 85 

F tes t . N .S. N .S. N.S. . S. N.S . N.S . N.S . N.S. 

Iowa 20 1957 J uly 15 J u ly 31 Sept. 5 Nov. 11 
0 14.1 833 2.44 3,910 1.32 92 1. 10 8,103 0.75 59 36 81 

25 13.9 903 2. 19 4, 167 1.50 94 1.26 9,247 0.73 72 37 84 
50 13.5 917 2.64 4,050 1.56 92 1.49 8,590 0.76 72 38 84 
75 14.4 1,027 2.74 4,383 1.75 97 1.54 8,763 0.86 74 40 84 

100 14.4 1,027 2.84 4,107 1.75 92 1.66 8,890 0.91 74 39 84 
125 14 .3 963 3.04 4,293 1.7 1 96 1.79 9,003 0 .96 77 38 84 

F test ...... .. * ** N .S. ** 
Iowa 21 1957 J uly 16 J uly 24 A ug. 27 Oct. 13 

0 14 .3 1,183 2.46 3.926 1.48 89 1.41 6,827 0.78 33 31 84 
25 14. 1 1,330 2.58 { 190 1.74 93 1.67 6,655 0.80 35 29 86 
50 13.9 1,333 2.97 4,133 1.97 89 1.81 6,500 0.94 32 34 83 
75 14 .2 1,323 3.36 4,270 2.23 93 2.03 6,543 1.04 33 33 85 

100 14.3 1,283 3.33 4,280 2.23 89 2. 12 6,727 1.12 34 33 88 
125 14.3 1,583 3.46 4,443 2.38 90 2.31 6,437 1.1 9 36 31 86 

F tes t .... .. N.S. N.S. N.S. * 
Iowa 22 1957 July 20 Aug. 1 Aug. 27 Oct . 13 

0 11.3 1,434 1.79 4,532 1.4 1 93 1.1 6 10,568 0.68 90 52 83 
25 11. 6 1,550 2.23 5, 181 1.48 91 1.33 11 ,219 0.69 103 57 84 
50 11.8 1,679 2. 18 4,984 1.63 94 1.44 11 ,405 0.75 11 3 60 85 
75 11.8 1,579 2.26 4,878 1.54 92 1.44 11 ,960 0.76 108 59 82 

100 12.0 1,402 2.50 5,469 1.59 92 1.56 12,528 0. 73 108 59 83 
125 10.9 1,389 2.34 4,991 1.70 92 1.58 11 ,009 0.73 107 58 83 

F test .. ..... N .S. N.S . N.S. N.S . N .S. ** N.S. N .S. 

Iowa 23 1958 J uly 10 July 23 A ug. Oct. 9 
0 12.3 2,209 1.1 8 4,720 1.01 109 1.23 6,648 0.92 100 29 84 

25 13.3 2,735 1.49 5,300 1. 12 104 1.54 8,37 1 1.03 11 3 31 85 
50 13.4 3,063 1.68 4 ,880 1.38 105 1.64 8,289 1.1 7 11 9 30 85 
75 14.3 3,122 1.84 5,358 1.69 105 1.83 7,836 1.26 123 31 85 

100 14.0 3,060 2.03 5,72 1 1.81 105 1.92 8,758 1.35 128 30 85 
125 14. 1 3,173 2.35 5,464 2.10 103 2. 18 8,473 1.50 126 30 86 

F test ** ** .. N.S. N.S . 

Iowa 25 1958 J uly 15 Aug. 12 Aug. 25 Oct. 14 

0 12. 1 439 5. 11 4, 11 6 2.17 96 2.30 5,67 1 1.65 75 43 81 
25 12.7 449 4.68 4,386 2. 19 98 2.46 5,908 1.68 72 45 80 
50 12. 1 394 4.82 4,096 2.48 93 2.56 5,949 1.83 72 44 80 
75 12.7 476 4 .82 4,578 2.51 94 2.65 6,248 1.96 75 42 78 

100 12.4 462 5 .11 4,079 2.54 98 2.63 6,023 2.00 75 42 80 
125 12.2 433 5. 14 4 ,112 2.68 96 2.72 5,905 2.05 75 42 80 

F test ....... N .S. N.S . N.S. .s. N .S. N.S. .s. N .S. 

Iowa 26 1958 July 15 A ug. 12 Aug . 26 Oct . 14 

0 11.9 926 2.08 4,459 1.20 89 1.38 6,480 1.00 77 33 85 
25 13. 1 1, 100 2.60 5,337 1. 25 95 I. 74 6,709 1.1 0 90 31 85 
50 12.4 1,041 2.62 5,914 1.49 86 1.86 6,742 1.23 82 32 85 
75 13. 1 1,030 3.03 5.255 1.70 89 2.01 6,550 1.38 85 32 84 

100 13.7 1,324 3.38 6;035 1.88 92 2.17 6,889 1.54 88 29 84 
125 13 .2 1,194 4.03 5,819 2.00 89 2.23 6,72 1 1.67 86 33 84 

F test.. ._ ... N.S. N.S. * N.S . N.S. N .S. N .S. N.S. 

Iowa 27 1958 J uly 16 Aug. 13 Aug. 26 Oct. 15 

0 12.8 606 3.5 1 4,896 1.41 103 1.49 6,239 1.27 76 41 78 
25 13. 1 612 3.38 4,581 1.53 104 1.63 6, 150 1.11 79 40 80 
50 13.5 718 3.90 5,019 1.90 104 1.92 6,880 1.45 90 38 80 
75 14.2 756 4.75 5,333 1.99 108 2.08 7,672 1.56 88 38 78 

100 13.8 770 4 .26 5,214 2.27 103 2.25 6,892 1.72 86 39 79 
125 13.2 694 4.85 5, 129 2.2 1 110 2.20 6.929 1.63 87 38 79 

F test... ..... N .S. N.S. N.S. N.S. N.S. ** N.S. N.S. 
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Table A-5 (continue d) 

No. o[ 
Pl ant samples Grain 

plan ts Early samplin g Sampling at silki ng tim e La te sampling 0 "'~ -o< CC Experiment Yea r Lbs. o[ per Whol e plants Whole plants Leavesl/ Whole pl ants :£ :-= ~ 
K / A• acre D ry wt. % K Dry wt. % K D ry wt. % K D ry wt. % K - ---- - u u . ~ ~ 

( thousands) (lbs/A) (lbs/A) (gm) ( lbs/A) ;;;_g t~ .c ~ 
111 g_ 

Iowa 28 1958 July 21 Aug. Aug. 14 Sept. 30 

0 14.2 2,6i3 2.10 5,565 1.78 11 9 1.70 8,967 1.06 94 37 80 
25 13.9 2,870 2.41 5,284 2.00 11 7 1.80 9,192 1.03 94 38 82 
50 15.1 Hi§ 2.78 5,414 2.29 116 2.02 8,930 1.1 7 103 38 82 
75 14.9 2.56 5,292 2. 17 11 6 2.07 8,628 1.24 100 38 83 

100 14.4 2,902 2.94 5,749 2.3 1 116 2.14 9,261 1.25 98 39 83 
125 15.9 3,228 3.25 5,998 2.56 11 7 2.17 9,833 1.44 109 39 83 

F test... ..... N.S. N .S. N.S. N.S. N.S . * N.S. N .S. 

Iowa 29 1958 Aug. 5 Oct. 9 

0 12.8 5,465 1.90 114 2.11 82 21 
25 12.8 5,252 1.97 11 4 2.2 1 87 21 
50 12.8 4,520 2. 16 114 2.24 83 21 
75 12.8 4 ,907 2.20 118 2.3 1 83 21 

LOO 12.8 4,783 2. 18 11 9 2.38 81 22 
125 12.8 5,366 2.28 120 2.32 80 22 

Kan. 1958 July 28 

0 2.06 2.52 
25 2.36 2.62 
50 2.40 2.79 
75 2.29 2.70 Not harvested 

100 2.38 2.85 
125 2.48 2.79 

Kan . 2 1958 July 28 Oct. 2 

0 5.2 2,57 1 2.23 135 2.26 46 22 84 
25 6.1 3, 185 2.34 131 2.58 50 24 84 
50 5.9 2,909 2.30 138 2.44 52 24 85 
75 6. 1 2,929 2.34 137 2.62 55 22 85 

100 6.2 2,915 2.40 138 2.69 50 23 84 
125 7.0 3,652 2 .48 140 2.74 57 24 84 

F test N .S. 

Kan. 3 1958 Jul y 24 Oct. 30 

0 14.8 6,218 1.52 101 1.93 98 7 86 
25 14.8 5,333 1.71 JOI 2.01 97 8 85 
50 14.6 5,850 1.68 103 2.03 l02 8 85 
75 14.8 5,880 1.76 106 2.16 100 8 85 

JOO 14.7 5,625 I.i i IOI 2.12 106 8 85 
125 14.4 5,417 1.84 98 2.20 IOI 8 85 

F test ........ ...... N.S. 

Kan. 4 1958 July 24 Oct. 30 

0 15.2 6,969 1.22 115 1.79 108 9 87 
25 15. 1 6,469 1.26 115 1.94 106 9 86 
50 15.2 7,849 1.20 11 3 1.96 I LO 9 87 
75 15.3 6,679 1.62 114 2.06 109 9 86 

LOO 16. 1 7,983 1.56 l05 2. 12 112 9 85 
125 15.3 7,376 1.65 116 2. 17 108 9 86 

F test.. ...... ...... N.S. 

Kan . 5 1958 July 23 Oct. 8 

0 10.9 6,135 2.34 126 2.58 87 22 85 
25 11.8 6,028 2.38 130 2.50 91 21 85 
50 10 .6 5,880 2 .26 126 2.52 90 20 84 
75 11.4 6,108 2.50 128 2.46 94 20 85 

100 11.2 5,690 2.40 127 2.56 82 22 85 
125 10.9 5,812 2.41 129 2.41 88 21 84 

F test N.S. 

Kan. 6 1958 Jul y 23 Oct . 9 

0 18.0 7,181 2.97 112 3.02 103 7 86 
25 18. 1 6,944 2.88 11 0 3.00 99 8 85 
50 17 .6 6,623 2.96 118 3.01 101 8 85 
75 18. 1 6,743 3.05 11 7 3.0 1 95 8 85 

100 17.4 6,767 2.97 Ill 2.94 102 8 85 
125 17.0 5,444 2.85 113 3.02 99 8 85 

F test N.S . 

Kan . 7 1958 Aug. 4 Oct . 20 

0 16.4 5,083 2.80 109 3.05 80 12 82 
25 16.7 5,266 2.90 103 3.00 90 II 82 
50 16.4 4,707 2.86 102 3. 17 84 12 82 
75 17.6 5,516 2.96 108 3.04 93 12 82 

100 16.4 5,164 2.92 106 3.10 83 12 82 
125 16.8 5,048 3.07 100 3.08 90 12 82 

F test ** 

Mich. 1957 July 23 Aug. 8 Oct. 8 Oct. 8 

0 13.2 2,953 4.76 6,247 3.32 130 3. 14 19,240 1.31 73 32 80 
25 13 .3 2,832 4 .63 6,305 3.49 126 3.29 18, IOO 1.35 60 35 76 
50 13.0 3,069 4 .76 6,666 3.33 127 3.40 20,560 1.25 74 38 80 
75 13.3 2,953 5. 11 6,788 3.21 125 3.34 18,700 1.40 67 34 79 

100 12. 7 2,695 4.83 5,741 3.46 126 3.39 19,060 1.39 77 36 81 
125 13.5 2.655 5.17 6,342 3.41 123 3.47 21.820 1.42 66 33 76 

F test ........ N.S . N.S. ' .S. N.S. N .S. N.S. N .S. N .S. 
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Table A-5 (continued) 

No. of 
Plant sampl es Grain 

plants Early sampling Sampling at silking time Late sam pling 0 "' ~ 
Experiment Year Lbs. of per Whole plants Who le plan ts L eavesb 1( Whole plants -o-< :r: CC 

:.= ~ 
K JA• acre Dry wt. % K Dry wt. % K Dry wt. % , D ry wt . % K ---- - <) 

-~ ::i OJ C 
(thousands) (lbs / A) (lbs/A) (gm ) Obs/A) * 

.,, ., 
>-"' ~ a. 

Mich. 2 1957 July 23 Aug. Oct. 8 Oct . 9 

0 9.8 2,935 3.24 4,428 2.06 11 7 2.68 11 ,000 1.41 33 36 75 
25 9.7 2,933 3.46 4,364 2.23 111 2.83 10,720 1.46 31 37 74 
50 10.0 3,275 3 .41 4,505 2. 78 Ill 2.96 10,200 1.41 28 37 74 
75 10.2 3,080 3.65 4,391 2.83 111 3.13 9,920 1.41 36 35 77 

100 9.9 3,531 3.79 4,536 2.83 114 3.30 8,500 1.45 30 33 76 
125 9.4 3,306 3.57 4,732 2.85 115 3.33 9,600 1.34 28 35 75 

F test..._ .. , N .S. N.S. N.S . N.S . N.S . ** N .S. N .S. 

Mich. 3 1957 July 26 Aug. 15 Oct . 11 Oct . II 

0 14.9 2,546 3 .55 6,833 1.86 108 2.80 8,880 0.84 64 37 80 
25 15.0 2,410 3.70 6,274 1.87 107 2.95 9,300 0.92 80 32 80 
50 14.9 2,812 4.09 6,447 1.98 110 3.05 8,820 0 .99 72 34 79 
75 12 .9 2,709 4.23 6,589 1.92 107 3.13 8,800 1.00 64 35 79 

100 12.9 2,044 4.38 5,940 2. 12 109 3. 18 8,800 1.08 62 37 76 
125 14.9 2,148 4.49 6,622 2. 14 108 3.20 9,240 0.92 78 35 80 

F test .......... N.S . * N.S. N.S. N.S. N.S. N.S . N.S. 

Mich. 1958 Aug. 12 Sept. 17 

0 9.6 6,040 1.06 111 1.36 52 47 80 
25 10.7 6,340 1.16 107 1.64 66 47 82 
50 10.7 6,840 1.08 110 1.64 58 46 82 
75 10.7 6,740 1.19 113 1.67 66 . 46 81 

100 10.4 6,860 1.19 105 1.76 59 48 81 
125 11.5 ili~ 1.29 111 1.97 62 46 81 

F test ... _ .. , N.S. N.S. N.S. N.S. N.S. 

Mich. 2 1958 Aug . 15 Oct. 8 

0 14.2 6,980 2.00 81 2.92 87 39 84 
25 13.2 6,920 2. 12 74 2.92 82 37 83 
50 14.4 6,760 2.21 74 2.94 86 39 83 
75 13.5 7,500 2. 18 75 3.00 84 37 83 

100 13.4 7,100 2.26 77 3.02 80 38 83 
125 13.9 7,280 2.17 77 3.02 88 37 84 

F t est ... - ... N.S. N.S. N .S. N .S. N.S. N.S. 

Mich . 3 1958 Aug. Aug. 29 Oct. 30 

0 13. 1 1,774 1.74 6,700 0 .89 92 0.96 68 31 82 
25 13.4 1,996 1.91 6,820 0 .91 94 1.1 2 74 30 82 
50 13.3 2,076 2.36 7,380 1.03 88 1. 38 83 29 83 
75 14 .2 2,296 2.60 7,520 1. 10 87 1.51 85 31 83 

100 13.4 2,054 2.66 7, 160 1.14 88 1.66 82 30 83 
125 13.4 1,844 2 .80 6,680 1.26 87 1.81 79 29 82 

F test ... ... .. ** ** N.S. N.S. ** N.S. N .S. 

Mich . 4 1958 July 31 Aug. 22 Oct. 22 

0 14.6 3,060 1.86 5,220 1.10 79 1.75 76 37 82 
25 14.7 2,960 1.89 5,740 1.1 5 78 1.93 73 39 82 
50 14.9 2,960 2.27 5,600 1.1 7 96 1.92 70 39 82 
75 15.0 3, 120 2.34 5,140 1.32 80 2.00 75 38 82 

100 15. 1 3,060 2.32 5,660 1.35 88 2.19 74 37 80 
125 15.1 3,360 2.49 6,060 1.28 82 2.23 72 36 80 

F tesL.. ..... N.S. N.S. * N.S. N.S. N.S. N.S. 

Minn . 1957 Aug. 12 Nov . 5 

0 16 3,848 1.98 73 2.24 99 20 80 
25 15 4,07 1 2.04 72 2.29 100 20 80 
50 15 4,094 2. 19 71 2.42 101 20 80 
75 15 3,832 2. 18 71 2.40 94 20 80 

100 15 3,911 2.39 74 2.58 96 20 80 
125 15 3,865 2.40 76 2.56 102 20 82 

F tesL..-... N.S. N.S. N.S. * N.S. ** 

Minn . 2 1957 Aug. 14 Nov. 2 

0 16 1.06 47 1.41 62 23 84 
25 16 1.1 7 50 1.63 64 23 84 
50 16 1.14 48 1.56 55 25 85 
75 16 1.24 49 1.78 59 23 85 

100 16 1.28 50 1.84 63 24 85 
125 16 1.34 48 1.91 51 23 86 

F test.. ...... N.S. ** * N.S . * 

Minn . 3 1957 Aug. 3 Oct. 13 Oct. 13 

0 16 3,659 1.46 97 1.00 12,600 0.55 93 38 78 
25 16 3,927 1.57 99 1.1 6 13,000 0.53 104 36 79 
50 16 4 ,87 1 1.90 100 1.42 13.000 0.61 111 36 80 
75 16 4,139 2.20 99 1.44 13,000 0.60 11 2 36 80 

100 17 4,067 2.40 98 1.58 13,000 0.7 1 11 7 36 81 
125 16 4,041 2.82 100 1.86 13,000 0.86 120 35 81 

F test.. ...... N .S . * N.S. N.S. ** N.S. * 
Minn . 4 1957 Sept. 6 Oct. 12 Oct. 12 

0 16 6,997 0.69 78 0.89 9,600 0 .53 72 51 82 
25 16 7,912 0.82 81 1.18 9,820 0.59 78 49 82 
50 16 7,520 0.80 84 1.23 9,160 0.62 83 49 82 
75 16 7,853 1.02 81 1.45 9,710 0.70 80 50 81 

100 16 7,537 1.01 81 1.57 10, 180 0.79 85 49 82 
125 16 ks§~ 1.15, 78 1.62 9,i70 0.81 86 48 82 

F t est. .. - ... N .S. N.S. N.S. N.S. N.S. N.S. 
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Table A-5 (continued) 

No. of 
Pla nt sa mples 

plants Early sampling Sampli ng at s ilking tim e Late sampling 
Year Lbs. of per Whole plants Whole pl ants Le~ 1esb Whole plants 

G1·ain 
0 

,,,, _ 
-,-< CC 

·- " Experiment 
K/ A• acre Dry wt. % K Dry wt. % K Dry wt . % K Dry wt. % K :£ _ ....._ = u 

.:: ;; "C 

* -" " (thousands) (lbs/A) (lbs/ A ) (gm ) ( lbs/A) 

Minn . 

Minn. 

N.S. 
* 
** 

2 

1958 

F 

1958 

F 

0 16 
25 16 
50 16 
75 16 

100 16 
125 16 
tes t 

0 15.0 
25 15.9 
50 16.5 
75 16.5 

100 16.3 
125 16.4 

test. N.S. 

Aug. 18 

3,300 0 .71 73 0.60 
5,100 0 .74 83 0.76 
5,900 1.00 84 0.90 
5,700 0.94 88 0.98 
5,900 1.12 91 1.35 
6,600 1.50 92 1.39 
** ** 

Aug. 22 

3,600 0.76 88 0.63 
4,300 1.25 88 1.10 
4,200 1.42 87 1.43 
4,200 1.72 84 I.66 
4,100 1.82 87 1.98 
4,400 2.08 84 2.24 
N .S. N.S. 

Not sign ifica nt at the 5-percent level. 
Sig nificant at th e 5-pcrcent level. 
Sign ificant at the !-percent level. 
0 , 25 , 50, 75, 100 and 125 pounds of K per acre con-espond to 0, 30, 60, 90, 120 and 150 pounds of K,O per acre. 
Leaves from opposite and just below the major ear of 20 normal plan ts. 
Stover on ly. 
Yield corrected for stand by covariance. 

Table A-6. Pounds per acre of K in corn plants at different times 
in the growing sea son as influenced by K fertilizer 
applications. 

"' Pounds of K / acre "" C C ~c 
:-= 4) C:.5 !? taken up by corn plants 

Experiment Year i~ ~~~ Experiment Year c. ~ fo ~ s-ll Pounds K appli ed/ acre Es, 
"' ,u :-, -

0 25 125 "' t:£ii en 0.. :i:: C. 50 75 100 en 

Ill . 1957 7/29 17 22 24 29 Iowa 27 1958 7/ 16 85 
8/16 22 30 40 60 8/13 87 

8/ 26 85 

Ill . 397 1958 7/15 17 16 25 27 27 28 
28 7 /2 1 89 8/ 8 39 42 55 70 64 77 Iowa 1958 

8/ 1 87 

Ind. 1 1957 8/ 8 27 24 42 44 47 46 8/ 14 83 

Ind. 2 1957 8/9 33 44 47 48 61 51 Iowa 29 1958 8/ 5 
Ind . 3 1957 8/9 55 60 65 70 i7 74 
Ind. 4 1957 8/ 4 70 78 80 92 97 104 Kan. 2 1958 7/ 28 80 
Ind. 5 1958 8/7 54 59 74 67 79 85 Kan. 3 1958 7/ 24 80 
Ind . 6 1958 8/ 8 72 79 83 99 99 100 Kan. 4 1958 7/ 24 81 
Ind. 7 1958 8/12 57 78 90 98 136 110 Kan . 5 1958 7 / 23 79 
Ind. 8 1958 8/ 11 106 90 106 11 6 128 134 Kan. 6 1958 7/ 23 85 

Kan. 7 1958 8/ 4 85 

Iowa I 7 1957 7/10 89 42 54 51 53 60 62 Mich. 1957 7/23 86 
7/ 22 87 70 81 77 80 89 88 8/ 8 77 
9/ 5 73 85 94 95 104 112 129 10/8 75 

Iowa 18 1957 7/ 10 88 51 46 61 59 57 59 Mich. 2 1957 7 / 23 . 81 
7 / 22 84 73 78 77 85 92 92 8/7 75 
9/5 75 80 94 92 90 95 101 10/ 8 59 

Iowa 19 1957 7 / 17 90 31 32 34 35 36 38 Mich. 3 1957 7/ 26 86 
8/ 1 84 104 98 97 110 123 115 8/ 15 76 
9/4 72 105 99 111 11 5 124 118 10/ 11 46 

Iowa 20 1957 7 / 15 89 20 20 24 28 29 29 Mich . 1958 8/ 12 76 
7/31 86 52 62 63 77 72 73 
9/5 73 61 68 65 75 81 86 Mich. 2 1958 8/ 15 78 

Iowa 21 1957 7/ 16 88 29 34 40 44 43 55 Mich. 3 1958 8/1 90 
7/ 24 83 58 73 81 95 95 106 8/ 29 79 
8/ 27 65 53 53 61 68 75 77 

Mich. 4 1958 7 /3 1 84 
Iowa 22 1957 7/ 20 90 26 35 37 36 35 32 8/ 22 81 

8/ 1 86 64 77 81 75 87 85 
8/ 12 84 8/ 27 73 72 i7 86 91 91 80 M inn. 1957 

Iowa 23 1958 7/10 88 26 41 51 57 62 75 Minn. 2 1957 8/ 14 

7/ 23 85 48 59 67 91 104 115 M in n . 3 1957 8/ 3 88 
8/ 7 83 61 86 97 99 118 127 10/ 13 45 

Iowa 25 1958 7/ 15 89 22 21 19 23 24 22 
Minn. 4 1957 9/ 6 82 8/12 85 89 96 102 ll5 104 110 

8/ 25 83 94 99 109 122 121 121 10/ 12 66 

Iowa 26 1958 7 / 15 90 19 29 27 31 45 48 Minn. 1958 8/ 18 83 

8/12 84 53 67 88 89 113 116 
Minn. 2 1958 8/22 86 8/ 26 81 65 74 83 90 106 ll2 
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0 

21 
69 
79 

56 
99 
95 

104 

57 
95 
85 

144 
213 
142 

141 
207 
252 

95 
91 

155 

90 
127 

75 

64 

140 

31 
60 

57 
57 

76 

53 
69 

48 
51 

23 

27 

:>< .0 t/)0. 

Oct. 25 

49 50 85 
72 40 82 
77 38 80 
90 36 83 
96 34 83 

IO I 33 83 
** ** N.S. 

Oct. 14 

39 60 66 
56 55 il 
56 56 71 
57 56 71 
57 57 73 
54 58 70 
* N.S. N.S. 

Pounds of K / acre 
taken up by corn p lants 

Pounds K appli ed/ acre 
25 50 75 100 125 

21 28 36 33 34 
70 95 106 11 8 I 13 
68 100 120 119 113 

69 90 79 85 105 
106 124 115 133 154 
95 104 107 116 142 

103 98 108 104 122 

75 67 69 70 91 
91 98 103 96 100 
82 94 108 125 122 

143 133 153 137 140 
200 196 206 WI 155 
153 135 163 151 155 

131 146 151 130 137 
220 222 218 199 182 
244 257 262 265 310 

IOI 112 112 134 118 
97 125 124 128 135 

156 144 140 123 129 

89 115 115 90 96 
117 128 126 126 142 
86 87 88 95 85 

74 74 80 82 89 

147 149 164 160 158 

38 49 60 55 52 
62 76 83 82 84 

56 67 73 71 87 
66 66 68 76 78 

83 90 84 93 93 

62 92 91 98 114 
69 79 80 92 112 

65 60 80 76 90 
58 57 68 80 79 

38 59 54 66 99 

54 60 72 75 91 



Table A-7. Multiple regression e q uations relating the K con tent an d the yield of corn t o the percen t K in the corn leaves at silking time, 
t he amo unt of K fe rt ilizer app lied , an d oth er va riab les based on d ata fr om 31 field ex per ime nts." 

£qua- Partial regression coefficie nts (b,) 
(1011 K,, K,·' K1,( CK%K ) (CK%K ) s L SL K,·S 
No . a CK% K CK% K ' xl03 x!OG x!O' 6 % K ( 6 % K ) xl03 x!O' x!O' x!O' CK Y R' 

o/oK in corn leaves at silking time (% K ) 

0. 19 + 0.85 + 6.3 - 16 + 4.5 -0.01 0.92** 
0.02 0.9 i 4,7 0.05 

0.01 + 1.00 + 10.0 -15 -2.4 0.93** 
0.03 I.I 7 0.5 

3 .......... -0.04 + i.07 -0.022 + 10.0 - 15 -2.4 0.93** 
0.10 0.029 I.I 7 0.5 

Increase in % K m corn leaves from K fertilizer appl ications (6%K ) 

la 0. 19 + 0. 15 + 6.3 - 16 - 16 + 4.5 -0.01 0.66** 
0.02 0.9 7 4,7 0.05 

2a ..... -0.04 + 0.07 -0.022 + 10.0 - 15 -2.4 0. 70** 
0 .1 0 0.029 1.1 7 0.5 

3a .......... 0.01 -0.00 + 10.0 -15 -2.4 0.70** 
0.03 I.I 7 0.5 

Pounds of K per acre Ill corn plants at silk ing t ime (Kp ) 

lb 78 .6 + 3.8 + I0.8 + 128 -311 -93 -5,808 - i6.2 + 8.2 + 2.3 0. 75** 
10.6 3. 1 172 654 45 1,851 20.2 1.7 1.0 

2b 89.2 + 10.5 + 10.6 + 71 - 18 -7,624 -1 1.1 + 11.0 0. 75** 
13.0 3.5 14 9 1,806 2. 1 2.0 

Yield of corn grain , bushels per acre (Y ) 

le 8'.U + 58 -13 + 168 -708 -95 --4, 103 -97 + 7.5 + 1.0 0.45** 
II 3 181 686 48 1,942 21 1.8 I.I 

2c 58.7 + 78 -19 + 53 -31 -3,2il -93 -t- 7. I 0.4£** 
13 4 14 10 1,862 22 1.8 

3c 2i. l + 8.2 + 17 -8 + 3,901 -3.2 0.27** 
3.5 15 IO 526 5.5 

Increase in yield of COl"ll gr·ain from K ferti lizer applications (6Y) 

Id .... -5.0 -24 + 6 + 247 -773 -104 + 1,533 + 29 -1.7 + 0.6 0 .61 ** 
5 I 75 283 20 80 1 9 0.7 0.4 

2d ... --4.6 -18 + 4 + 40 - 16 + 1,089 + 21 -0.9 0.64** 
5 I 6 4 752 9 0.7 

3d .... --4.5 -2.5 + 47 -2~ + 162 + 87 -0.4 0.61** 
1.3 6 4 219 20 2,9 

The equa tions have the general form. '9' a + l:b i Xi. T he standard error associated w ith each partial regression coeffi c ient is shown below the partial 
regression coeffic ient. .. Significant at the 1-percen t level. 
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Table A-8. Multiple regression equations relating th e K content and the grain yield of corn to exchangeable K in the field-moist soil , the amoun t of K f e rtil izer applied, and 
other variables, based on data from 3 I field experiments.• 

Equa- Partial regression coefficients (bi ) 
t ion K s1 K s12 K s, K s1K s, K sa K s4 K s, K so Ksa-G K s1Ksa-o K s2K sa-o KF KF2 Ks.1K1r T K s1T s CK Y 
No. a x l03 xlO• x103 xlO• xlO' xl03 xl03 x103 xl O' x105 x105 x103 x l OO x105 xl02 x l04 x103 xlO' R' 

% K in corn leaves at silking t ime (%K ) 

0.47 + 19.9 -22.02 + 2.6 ---6. 1 -14.8 + 25.2 -4.4 + 9.3 - 14.6 -2.2 -12 .2 - 11.8 + 6.6 0.69** 
3.4 4.5 1.9 2.6 4.3 5.1 3.8 2.2 14.1 0.9 9.0 6.0 10.4 

:2 0.52 + 20.3 -21.9 + 2.7 ---6.4 - 14.8 + 25.2 -4.7 +9.4 - 14.9 -2.2 - 11.1 -12.5 0.69** 
3.4 4.5 1.9 2.6 4.2 5.0 3.7 2.2 14.0 0.9 8.8 5.9 

'3 ..... 0.52 + 15. 1 -80.6 -S.9 + 20.7 + 37 .1 - 1.2 -42.3 + 9.0 - 15.4 -2.0 -26.7 + 3.2 0.62** 
3.5 19. 1 7.2 5.4 10.4 7.6 11.4 2.4 15.5 1.0 3.9 1.7 

·4 .......... 0.28 + 21.4 - 12.6 + o.s ---6.0 + 9.3 - 15.1 -2. 1 + 5.7 -20.6 0.59** 
3.4 4.9 1.9 2.3 2.5 15.9 1.0 8.7 5.9 

:i ·------·· 0.49 + 18.0 - 13.5 -2.7 + 9.2 -15.2 -2.1 - 1.2 -13.3 0.57** 
3.2 4.9 1.5 2.5 16.2 1.0 8.4 5.3 

16 ······-·-· I.II + 13.2 -17 .3 -4.6 + s .s + 9. 1 - 15.3 -2.0 -21.0 + 0.7 0.58** 
2.3 5. 1 1.8 2.4 2.5 16.2 1.0 3.7 1.6 

7 .......... 0.69 + 15.4 - 12.6 + 9.2 - 15.2 -2.1 -5.8 - 11.1 0.56** 
2.9 4.9 2.5 16.3 1.0 8. 1 5. 1 

:8 ·······•· · 0.38 + 10.s - 13.4 + 9.2 - 15.2 -2. 1 0.42** 
2.3 5.6 2.9 18.6 1.2 

'9 ···-······ 0.41 + 10.8 - 13.4 + 7.3 -2.1 0.42** 
2.3 5.6 1.7 I.I 

Increase in %K in corn leaves from K fert ilizer applications ( 6 % K l 

la ···-····· 0.26 -2.5 + 6.2 -2.7 + 0.4 -1.7 + 4.7 -2.5 + 9. 1 -15.2 -2.0 - 1.5 + 2.2 + 2.4 0.78** 
1.4 1.9 0.8 1.1 1.8 2. 1 1.6 0.9 5.8 0.4 3.7 2.5 4.3 

2a .......... 0.24 - 1.5 + 6.3 -2.3 --0.5 - 15 + 4.6 -2.4 + 9. 1 - 15.2 -2.0 0.78** 
0.8 1.8 0.7 0.8 1.6 1.9 1.5 0.9 5.8 0.4 

3a .......... 0. 13 + 1.1 + 15.3 -10. 1 + 1.2 + 8.3 - 11 .6 + 10.8 + 9.1 - 15.3 -2.0 0. 79** 
1.2 6.3 2.6 1.9 3.6 2.7 3.9 0.9 5.6 0.3 

4a ·········· 0.28 -1.7 + 7.2 -2.5 --0.2 + 9.1 - 15.3 -2.0 0.77** 
0.8 1.8 0.6 0.7 0.9 5.9 0.4 

Sa .......... 0.26 - 1.6 + 7.0 -2.8 + 0.4 + 9.1 -15.3 -2.0 0.77** 
0.8 1.8 0.6 0.8 0.9 5.9 0.4 

6a ······· .. 0.27 - 1.7 + 7.2 -2.6 + 9.1 -15.3 -2.0 0. 77** 
0.8 1.8 0.5 0.9 5.8 0.4 

7a .......... 0.28 -3.4 + 8.3 + 9.1 - 15.3 -2.0 0.73** 
0.8 1.9 1.0 6.3 0.4 

Pounds of K per acre in corn plants at silking t ime (K p) 

lb .......... ---64.8 +798 -7,118 -941 + 1,906 + 2,383 + 114 -3,224 + 423 -271 -96 -419 + 166 + 3,044 0.66** 
179 997 364 28 517 379 57 120 770 48 196 84 588 

2b .......... -S l.2 + 768 -380 + 1 +206 -561 +587 -23 + 422 -233 -99 +961 -S24 + 3,676 0.61** 
202 267 114 155 25 1 299 224 129 832 51 532 354 617 . 

3b ........ -39.8 + 424 -287 - 121 + 101 + 358 + 407 -227 -91 - 1,094 -75 + 4,160 0.56** 
126 276 101 128 136 137 880 54 202 88 636 

4b .... -92.5 + 876 - 143 -97 + 423 -250 -98 + 1,571 - 1,162 + 3,382 0.59** 
188 258 IOI 131 844 52 475 322 599 

5b .......... -92.3 + 891 - 11 6 + 425 -249 -99 + 1,618 - 1,25 1 + 3,335 0.59** 
152 256 131 842 52 42 1 267 569 

6b ··· ····-·-S9.4 + 853 + 395 -99 + 1,640 - 1,265 + 3,350 0.59** 
125 78 52 416 264 565 

7b .......... 26.7 + 295 + 428 - 115 0.44** 
45 90 60 

Yield of corn gra in , bushels per acre (Y) 

le ·· ·····-·-74.4 + 620 -S03 +97 -36 -279 -735 + 1,316 + 199 - 590 -48 + 1,02 1 -561 + 4,789 0.62** 
140 185 79 11 174 207 155 90 577 36 368 246 427 

2c .......... ---64. 1 +399 -2,441 -396 + 697 + 1,809 -288 - 1,204 + 192 -626 -42 + 474 ---68 +4,393 0.48** 
157 87 1 318 245 452 331 499 105- 674 42 171 73 514 

3c .......... -44.8 + 292 ---613 - 140 583 + 190 ---612 -42 +672 -142 + 4,640 0.45** 
98 216 79 106 107 688 42 158 69 497 

4c .......... -25. 1 +355 -524 + 152 -SB + 211 ---645 -50 +960 -380 + 3,601 0.36** 
165 226 89 11 3 115 741 46 417 282 526 

Sc .......... -22.9 +301 - 534 + 108 + 208 ---644 -48 + 846 -267 +3,700 0.36** 
150 226 69 11 5 740 46 390 242 509 

6c ··········-29.9 + 410 -571 + 212 - 647 -50 + 1,038 -361 +3,545 0.35** 
134 226 11 5 743 46 372 236 502 

7c .......... 57.6 + 311 -715 +264 - 787 -66 0.08* 
110 264 136 877 54 
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Table A-8 (continued) 

Equa
tion 
No. a 

Id _,, _______ -23.2 

2d ....... _ .. -10.4 

3d ......... _ -4.4 

4d ...... _ ... -8.2 

5d _,,_ .. ___ -4.5 

6d _,,_ ..... - 12.1 

7d .......... -3.4 

8d .......... 12.3 

K s, 
x103 

+ 88 
86 

-44 
85 

+ 139 
81 

-68 
78 

-53 
51 

+ 20 
7 

- 11 7 
67 

-137 
48 

Ks,' 
xlO• 

+ 92 
11 7 

+3 14 
11 3 

-1 ,067 
453 

+ 264 
107 

+ 234 
11 3 

+ 279 
109 

+326 
11 3 

+307 
ll 4 

K s, 
x103 

- 168 
48 

-234 
48 

-608 
165 

-207 
42 

- 150 
41 

- 136 
33 

K s,Ks, K s, 
x105 xl03 

+ 72 
62 

+ 98 
65 

+345 
127 

+ 143 
53 

Ks, 
x103 

K s, 
x l03 

K so 
xl0:1 

Pa1-tial re~ress ion coeffic ients {bi) 
K sa-o Ks1 K sa-o K s,K sa-o KF K,·' Ks,K,• 
xl03 xlO' x105 xl03 xl OO x105 

Inc rease in y ield of corn grain from K fertilizer applications ( 6 Y) 

+ 67 - 195 + 211 + 239 -756 -56 
102 123 108 52 333 21 

+ 153 -60 -63 +249 -797 -58 
106 126 95 55 352 22 

+ 276 -160 -52 + 257 -800 -62 
235 172 259 54 350 22 

+ 249 -793 -58 
5.5 352 22 

+ 60 + 25 1 -792 -59 
56 56 359 22 

+ 254 -796 -60 
56 358 22 

+ 249 -i92 ,. -58 
58 373 23 

+ 253 -803 -59 
59 380 23 

T 
xlO' 

+ 575 
214 

+ 465 
225 

+ 257 
89 

+ 343 
198 

+ 241 
83 

+ 519 
188 

+ 279 
187 

K s1T 
xlO'' 

- 167 
143 

-69 
150 

+ 50 
38 

+ 6 
134 

+ 14 
36 

- 178 
11 7 

-61 
11 9 

S CK Y 
x103 xlO' 

+ 1,101 -20 
317 4 

+ 186 
261 

-53 
267 

+248 
249 

+ 240 
260 

+ 85 
246 

+ 279 
252 

The equations have the general £,orm: '9" 
** Significant at the 1-pcrcent level. 

a + tb1 X 1. The sta nda rd error associated w ith each part ial regression coeffic ient is shown below the part ial reg ressio n coefficient. 

* Significant at the 5-pcrcent level. 

R' 

OAS** 

0.42** 

0.42** 

0.41** 

0.38** 

0.38** 

0.32** 

0.29** 



Table A-9. Multiple regress ion equations relating the K c on tent and gra in yield of corn to the exchan g eable K in field moist soils , 
amount of K fertilizer applied , and other variables . Based on data from 31 field experiments.a 

Equa- Partial regression coeff icients (bi) 
tion Ks1½ K s, K s, Ksa Ks, Ks, K s, K ,•½ K F K s 1½ K F½ T K s, ½T s CK Y 
No. a x!O' x103 xlO' xl 03 xl03 xlO' xl03 xl02 xl03 xi ii' xl02 x!O' x lCP x!O' R' 

o/o K in corn leaves at silking time (o/oK ) 

I ... . ..... 2.40 + 55.4 -9.0 + 2.4 -5.7 - 15.3 + 25 .4 --4.6 + 9.8 + 2.8 --0.68 + 9.0 -3.2 + 4.9 0.68** 
10.4 3.2 2.0 2.6 4.3 5. 1 3.8 3. 7 1.8 0.27 18.3 1.5 10.6 

Pounds of K per acr,e in corn plants at silking time (Kp ) 

la ...... .. - 167 + 1,64-1 -57 + 4 + 257 -610 + 628 -48 + 387 + 24-0 - 32 + 1,905 -179 + 3,679 0.60** 
611 190 114 151 253 301 225 215 103 16 1,107 90 622 

Yield of corn g,-ain, bushels per acre (Y ) 

lb ....... -204 + 2,411 -577 +88 - 19 - 324 -704 + l ,311 +287 -24 - 16 + 2,056 - 156 + 4,700 0.63** 
41 6 129 78 103 173 205 158 146 70 II 729 61 4,239 

Increase in yield of corn grain from K fertilizer applications ( 6 Y ) 

le ... ........ -41 + 197 + 58 -164 + 75 + 60 -192 + 213 +332 -25 - 19 + 822 -41 + 1,117 -20 0.49** 
269 83 47 60 102 122 106 85 41 6 428 36 31 3 4 

a T.he equatio ns have the general form: ~=a + l:b1X;. A square root transformation of some of the data was used in these equations. The standard 
en-or associated w ith each part ia l regression coeff icient is shown be low the partial reg ress ion coefficients. 
** Significant at th e I-percent level. 

Table A- 10. Multiple regression equations relating the K content and the yie ld of corn to the exch ang eable K in air-dry and oven
dry so il samples, the amount of K fertilizer applied and other variables. Based on data from 31 field expe rime nts ." 

Equa-
tion Dryness of 
No. soil sample 

2 

3 

4 

Air-dry 

Air-dry ....... 

Oven-dry 

Oven-dry 

la Air.dry 

2a Air-dry 

3a Oven •dry 

4a Oven-dry 

lb Air-dry 

2b Air-d ry 

3b Oven·dry 

4b Oven•d ry 

1.92 

2.09 

2.79 

2.66 

0. 10 

0. 11 

0. 18 

0. 16 

19.8 

10.7 

19.7 

49.4 

le Ai r·d ry .... - 22.2 

2c Air-dry ........ - 11 .9 

3c Oven-dry 14.2 

4c Oven-dry 20 .6 

Id Air.dry .......... - 7.6 

2d Air-dry ..... -10.3 

3d Oven-dry .. -9.6 

4d Oven-d,·y .. -24.9 

+ 4.7 
2.4 

+ 2.8 
2.5 

+ 4.3 
2.9 

+3 .1 
2.3 

-2.2 
0.8 

- 1.5 
0.8 

-2.7 
0.7 

-1.5 
0.6 

+ 4-05 
11 6 

+ 285 
124 

+ 245 
148 

+ 145 
11 8 

+ 425 
88 

+ 284 
99 

+ 11 6 
124 

+ 9 
96 

-45 
49 

+ 4 
53 

-58 
69 

+ 42 
52 

Partial regression coefficients (b t) 
Ks, 
xlO' 

K s, 
xl03 

K s, Ks, K so K,, KF2 K s,KF T 
xl03 xl03 xlO' xl03 xl06 xl05 xl02 

% K 

+ 0.6 
7.4 

+ 5.7 
7.8 

-9.2 
3.0 

-5 .7 
3.2 

in corn leaves at silking time (%K ) 

-2.8 +O .l + 1.5 -6. 1 
1.8 1.6 1.8 1.7 

-3. 1 
1.4 

+ 3.4 
1.1 

-3.8 
1.2 

- 1.9 
1.5 

+ 2.8 
1.2 

+ 5.3 
I.I 

+ 9.5 
2.8 

+ 9.6 
3.0 

+ 8.4 
2.5 

+ 8.3 
2.8 

-15.3 
li .4 

- 15. 1 
18.8 

- 15.3 
16.6 

·-15.4 
18.3 

-2 .7 
1.3 

-2.7 
1.4 

-I.I 
0.7 

- I.I 
0.8 

Increase in K in corn leaves from K fert ilizer applications ( 6 % K) 

+ 5.5 
2.5 

+ 4.4 
2.5 

+ 4.6 
I.I 

+ 2.9 
1.1 

+ 1.4 
0.5 

--0.0 
0.6 

--0.8 
0.5 

+ 0.3 
0.4 

--0.9 
0.6 

--0.3 
0.5 

+ i.3 
0.6 

+ 1.7 
0.6 

--0. 1 
0.4 

- 1.2 
0.5 

Pounds per acre of K in corn plants at silking 

-378 --429 
359 89 

-57 
387 

-5i0 -6 
153 77 

-446 
162 

+322 
76 

+ 11 5 
55 

- 148 - 14-0 
87 84 

-212 - 174 
61 78 

+ 100 
61 

+ 322 
61 

Yield of corn grain , bushels per acre (Y ) 

-596 
273 

-575 
310 

- 395 
128 

-284 
132 

-331 
68 

-99 
64 

+ 101 
58 

+ 45 
46 

+so 
66 

-32 
51 

- 157 
64 

- Ill 
65 

+ 139 
47 

+ 180 
51 

Increase m yield of corn g rain from K ferti lizer 

+ 93 
153 

-27 
164 

+ 69 
71 

+ 47 
72 

+ 27 + 38 -142 + 214 -69 
39 32 37 36 26 

+ 19 
36 

+ 2 
25 

-26 
28 

+ 120 
36 

- 98 
29 

+ 9.5 - 15.3 -2.6 
1.0 6.1 0.5 

+ 9.4 -15.4 -2.6 
1.0 6.3 0.5 

+ 8.3 -15.4 - I.I 
1.0 6.9 0.3 

+ 8.2 - 15.5 - I.I 
I.I 7. 1 0.3 

time (K v) 

+ 436 -253 
133 842 

+ 435 -230 
148 932 

+343 -223 
129 844 

+ 352 -272 
14-0 919 

+ 199 
101 

+ 200 
118 

+ 163 
108 

+ 169 
115 

-632 
64-0 

-643 
747 

-633 
707 

-651 
750 

- 125 
64 

- 126 
70 

-35 
38 

- 35 
41 

-49 
48 

-49 
56 

- 13 
32 

- 14 
34 

applicat ions ( 6 Y) 

+ 244 -793 -61 
57 359 27 

+ 238 -S02 -57 
63 397 30 

+ 193 -801 - 13 
60 339 18 

+ 190 -797 - 12 
62 405 18 

-14.1 
5.0 

-23.1 
5.0 

-50.7 
12 .2 

-42.4 
9.5 

+ 141 
247 

-304 
248 

- 1,414 
62 1 

- 1,712 
488 

+ 839 
188 

+ 727 
199 

-58 
520 

+ 171 
398 

+ 60 
105 

+ 198 
105 

+254 
289 

+548 
215 

Ks1T 
xlO' 

+ 5.3 
2.8 

+ 2.1 
2. 7 

+ 8.3 
5.8 

+ 6.1 
5.3 

+ 450 
134 

+ 137 
133 

+ 353 
298 

+ 519 
273 

-162 
102 

-l i3 
107 

+ 193 
249 

+ 232 
223 

-36 
57 

-20 
57 

-12 
139 

-165 
120 

s 
xl03 

+3,531 
634 

+3,903 
631 

+ 4,392 
672 

+3,291 
637 

+ 3,903 
482 

+ 3,697 
506 

+ 4,04-0 
563 

+ 3,545 
520 

+ 192 
270 

+ 208 
269 

+ 218 
313 

+38 1 
281 

0.51** 

0.42** 

0.56** 

0.45•** 

0. 75** 

0.73** 

0.69** 

0.65** 

0.60** 

0.49"'* 

0.60** 

0.5 1** 

0.53** 

0.34** 

0.43** 

0.34** 

0.39** 

0.24** 

0.27** 

0.20** 

a The equations have th e general form ; i' ; a+lb 1X 1, The standard er ror associa ted with each partial regression coe fficient is shown below 
the partial reg ression coeffic ient. 
** Significant at the 1-p~r~~pt !eve!, 
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