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INTRODUCTION

This invoatlgatlon was undertaken for several reasons.

First, an attempt was made to determine whether additions of

Ca, K and Mg^ alone or in various combinations, stimulated the

growth of soybeans, wheat or ladlno clover. Secondly, the

Influence of additions of Ca, K and Mg upon the uptake and

accumulation of these elements and phosphorus by the plants

mentioned above was investigated.

REVIEW OP LITERATURiS

Considerable disagreement can be found among soil scientists

relative to the effect of Ca/l.Ig ratio on plant growth.

Miller (9) calls attention bo the groat difference of opinion

among Investigating scientists. The Loew-Llpraan controversy

on the subject of Ca/Mg ratios serves to Illustrate this con-

flict. Loew tried to prove that each plant has Its own Ca/Mg

ratio at which it grows best. Llpman conducted a series of

experiments with wide differences in Ca/Mg ratio and found no

significant difference In plant yield.

Despite the fact that considerable experimentation has been

done in the past with Ca/Mg ratios on various crops, further

experiments with Kansas soils were undertaken because of en-

couraging results obtained recently by Sanlk (11) on soil

obtained from the Kingman location. Sanlk concluded: "A

varying Ca/Kg ratio In Kingman soil produced a different

weight and hel^t of plants grown." Also Sanlk reported that
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the uptake of all the nutrient elements Included In his study was

affected by varying Ca/Mg ratios.

According to ?Uller (9), calcium percentage In plants varies

from .4 to 8^. Calcium performs a physiological role In plant

growth In the following ways: first, as an antldoting agent

through the Ca/Mg ratio and secondly, as a neutralizing agent

of organic acids in the plant. The element calcium Is one of

the components of the middle lamella of the cell wall. It is

thougjat that calcliom may enter into the composition of the proto-

plasm and certain types of protein in the cell. As to the

•ffects of calcium deficiency in plants, the following are

observed symptoms:

(a) Calcium deficiency causes lower leaves to roll in at

the margins and to become chlorotlc.

(b) Lack of calcium causes translocation of carbohydrates,

(c) Lack of calcium is responsible for a low rate of

absorption and accumulation of nitrates by the plant,

(d) Lack of calcium definitely r^'. ies the size of the

roots and absence of it may lae them to die.

It is obvious that magnesium performs many Important functions

In plant growth and development (14),

(a) Magnesium composes 2*7% of the chlorophyll molecule.

(b) Magnesium deficiency adversely affects chlorophyll

formation.

(c) Magnesium is a phosphate carrier and will assist the

plant in absorbing this element.

(d) Magnesium usually Is found in hi^ concentration in the

seed and fruit of the plant.



(e) Low carbohydrate content of plants is associated with

low magnesium content.

(f

)

Magnesium is important in nitrogen fixation activities

of soybeans.

(g) Magnesitira stimulates reduction processes in plants.

Hlnkle and Eisenmenger (7) made a study to determine the

effect of magnesium deficiency on the production of chloroplast

pigments in the plant. They found that In the case of severe

magnesium deficiency the plants lost chlorophyll, xanthophyll,

and carotene in the ratio of 20-2-1 respectively. The addition

of calcium did not seem to increase or decrease the losses due

to magnesium deficiency.

Hunter (8) made a study of Ca/Mg ratio in alfalfa using

Hardin loam soil. He used Ca/Mg ratios varying from l/4 to 32/l.

He concluded from the results of his experiments that the weight

of the alfalfa produced was not affected by varying Ca/Mg ratios.

He also observed that the percent of phosphorus in the plant in-

creased with a reduced Ca/^g ratio. T' percentage of lignin

was unaffected by any treatment.

The New Jersey Agricultural Experiment Station (5) reports

that heavy applications of potassium to certain New Jersey soils

caused an increase In magnesium deficiency. Also all applications

of magnesium Increased yields. Furthermore, It was observed that

soluble sulfate and oxide forma were more effective than dolomitic

limestone in overcoming the deficiency. Less than 20;^ of the

soils tested had optimum amounts of magnesium.

In working on the problem of the influence of calcium on the



availability of other soil cations. Boar and Toth (6) arrived at

these concluaiona, "Conditions approach the optimum for the cation

nutrition of alfalfa when 65;* of the exchange complex of the soil

la occupied by calcium; lOJ^ by magneaiumj 5% by potassium and 20^

by hydrogen." In further work on the related topic, 13ear and

Prince (4) mace the following observations J

(a) Hl^ yield of alfalfa was associated with hlf^ available

calcium in the soil at the start of the test.

(b) ".Vhen all fertilizer elements were applied before seeding,

the uptake of potassium was too great at first, leaving

a deficiency later on.

(c) They concluded that potassium should be applied annually

at a rate to keep the plant content at a minimum of one

percent but not at a rate so large as to bring about a

substitution of potassium for calcium and magnesium in

the functions that are common to all three cations in

the soil*

Albrecht and Eorner (2), in a study of nitrogen fixation by

soybeans, found that the variation of the efficiency of the plant

In nitrogen fixation is more closely coordinated with the supply

of calcium than with differences in soil pH. In fvirther study

with over four hundred Missouri soils, Albrecht (1) found that

a close relationship existed between decreasing supply of calcium

and decreaains productivity of the soil. Other observations in-

clude :

(a) Increased calcium utilization in legumes increased the

amount of protein harvested, according to Albrecht and

Smith (3).



(b) Soil liming la primarily a means of feedlnr; calcium to

the crop and making P available rather than modifying

soil pH.

Troug (12) observed that occasionally the application of lime

to sandy aolla has reduced crop yields. The reason for this

apparently lies In reduced availability of boron and manganese.

Troug concluded that excess lime in sandy soil, which Is low in

organic matter, makes boron and manganese less available.

EXPERIMaNTAL MiiTHODS

Materials and Methods

Three typical Kansas soils were included in this investigation.

These soils Included Albion loam from the Kingman Experiment Field,

Parsons silt loam from the Thayer Experiment Field and Cherokee

silt loam from the Columbus iixperlment Field,

In each case the soil was obtained from the plow layer. The

soil material was crushed, mixed thorounhly and 200 gm allquots

were placed in glazed earthware pots.

The experiment incorporated the following principal features:

(1) A uniform application of nitrogen and phosphorus was

made to each pot so as to eliminate possible deficiencies

of these elements. This application amounted to 0.4 gm

NE4NO3 and 1.0 gm Ca(HgPO^)g.

(2) iilAt soil treatments were employed In duplicate. These

treatments Included applications of Ca, K and Mg alone

and in all possible combinations. Duplicate cultures



of each soil to which none of these elements had been

added served as controls.

(3) Plants utilized Included ladlno clover, soybeans and

spring wheat.

An outline of the treatments is provided below.

TREATMSOT

1. No treatment

2. Ca

3. K

4. CaK

5. Mg

6. CaMg

7. KMg

8. CaKMg

CHSMIGALS USiJJD AMOUNT (GM 1 POT)

CaClg • 2II2O 4

KCl 2

Can.- • 2Hr0 4 KCl 4 4 2

Mr 'J J . 6H2O 2

CaClg • 2H2O 4 MgClg • 6H2O 442
KCl 4 MgClg • SHgO 242
CaClg • 2I12O \ KCl 4 MgCl2*6IfeO 4 4 2 4 2

Cultural Techniques

After soil preparaticn, soybeans were planted in one series

of pots and ladlno clover in the other series of pots for each

soil material. After satisfactory stands of each crop were

obtained, the soybeans were thinned to two plants per pot and

the ladlno clover was thinned to sixteen plants per pot. After

this, re^-ular watering was the only care given to each of the

crops until harvest.

The soybeans were planted October 24, 1951 and harvested

January 1, 1952. The ladlno clover was planted November 12,

1951 and the first cutting harvested January 29, 1952. The

second cutting was harvested March 5, 1952. The third cutting

on Cherokee silt loam and Parsons silt loam soils was taken

April 3, 1952. The third cutting from Albion loam soil was de-



layed until April 18 because of Insufficient growth. A fourth

cutting was taken from the Cherokee silt loam soil on May 5, 1952.

The soybean plants were clipped at ground level and allowed to

dry four days at a temperature of about 75 degrees. The ladino

clover was clipped about one inch above the ground and was dried

in a siriliar manner.

After removal of the soybean crop, wheat was planted in

these same cultures on January 10, 1952. The wheat was harvested

May 12, 1952, and dried in the same manner as the clover and soy-

beans. However, the wheat straw and heads were harvested sepa-

rately. After preliminary drying each sample of plant material

was ground and placed In previously labeled glass or metal con-

tainers. The samples were then oven dried at a temperature of

105 degrees Centigrade for a twelve hour period.

Laboratory Preparation

After the ground plant material was oven dried it was re-

moved and allowed to cool in large dessicators. One gram samples

of plant material were placed in 250 ml beakers. To each of

these samples 2 ml of sulfuric, 15 ml oJ itric, and 4 ml of

perchloric acid were added. Each beaker was then covered with

a watch glass and placed on a hot plate. After approximately

two hours of rip-estion the clear digest was removed and allowed

to cool. The digest was then transferrer to 100 ml volumetric

flasks and diluted to the mark. These preparations were used

for chemical analyses.
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Analytical Tochnlquea

Phosphorus . After the plant material had been digested and

the clear residue diluted to 100 ml, the phosphorus content was

determined. This determination was made by use of the Coleman

Jr. spectrophotometer. The procedure in this determination was

as follows.

A 1 ml aliquot of the above solution was made to 10 ml volume

with distilled water. One-half ml each of ammonium molybdate

solution and reducing reagent were added, Kach tube was allowed

to stand fifteen minutes after the addition of the reducing re-

agent. Spectrophotometer readings were made then. These read-

ings were translated into ppm P by means of a previously prepared

standard curve.

Calcium . Calcium content of the plant digest was obtained

by use of the Perkin-Elmer flame photometer. No dilution of the

plant digest was made.

An internal standard solution containing 1000 ppm calcium

and 100 ppm lithium was used in calibrating the instrument. Dial

readings were converted to ppm by use of a standard curve pre-

pared previously by the use of standard solutions.

Magnesium. Magnesium content of the plant material was

determined by the method of the U. S. Regional Salinity Labor-

atory (10). The essential features of this procedure were as

follows.

A sample of the plant digest containing .005 to .08 me of

calcium was transferred by pipette to a centrifuge tube. Oxalic
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acid (0.2N) was used to precipitate the calcium. After heating

In a steam bath and making the solution sllghtlj/ alkaline with

ammonium hydroxide, the tubes were centrlfuged. The supernatant

liquid was decanted for magnesium determination.

The magnesium was then precipitated with 3 percent eunmonlum

chloride solution and 5 percent ammonium dlhydrogen phosphate

solution. The precipitate was dissolved In approximately 5 N

sulfuric acid, iiqual amounts of 5 percent ammonium molybdate

and 0.25 percent ammonium vanadate solutions were added to the

dissolved precipitate. A colored solution containing the

magnesium complex was formed.

Readings of li^t transmission for these colored solutions

were obtained by use of the Kvelyn photoelectric colorimeter.

Comparisons were made with a curve prepared previously by use of

atandard magnesium solutions.

Potassium . The potassium content of the plant digest was

determined by the use of the Perkln-Slraer flame photometer. The

plant digest was diluted 1 to 10 with water for all samples pro-

duced on soil to which potassium had been added at the beginning

of the experiment. All plant digest samples from soil which had

received no initial potassium application were diluted 1 to 5

with water.

An internal standard solution containing 40 ppra potassium

and 100 ppm lithium was used to calibrate the Instrument. Dial

readings were then converted to ppm K with the use of a curve

previously prepared by obtaining readings from standard solutions

containing known amounts of potassium.
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EXPERBBNTAL RESULTS

Yield Data

Yield data for the entire experiment are aunmarlzed In

Tables 1 to 5 Inclusive. In the case of ladino clover, the

yields are summarized by cuttlnp:s for each of the three soils

used In this experiment.

Statistical analyses of all data were performed to evaluate

the slf^nlfIcance of all results obtained. The major portion of

this discussion of experimental results will deal only with that

portion of the data havlnj^ statistical significance.

Table 1 contains a summary of wheat yields on all soils for

all treatments. The Albion loam soil produced a highly signifi-

cant difference in both grains and straw fields as a result of

soil treatments. All treatments showed significantly greater

yields than did cultures receiving no treatment. In the case

of both grain and straw the largest yield occurred as a result

of the combination of Ca, K and Mg. The largest yield increase

obtained by the application of a single element was brought

about by the application of Ca. Mg applied alone gave the

smallest yield increase. However, the effect of Ca applied

alone was not significantly greater than that of Mg alone. The

combination of applied Ca and K produced the second largest

yield of both wheat grain and straw.

The wheat yield on Parsons silt loam soil showed no signifi-

cant increase or decrease due to soil treatment.
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Table 1. Effect of Chemical Soil Treatment on Mean!/ Yield of

Wheat Grain and Straw on Several tilansaa Soils.

•

SOIL :

TRKATMENT :

•
•

YIZID (Grr./Pot)

Albion
Grain :

Loam
Straw

: Parsona
: Grain

Silt Loara
: Straw

: Cherokee
: Grain

Silt Loi

: Straw

No Treatment 0.60 0.88 4.46 3.68 5.56 5.12

K 2.22 2.48 5.56 5.50 4.90 5.06

Mg 1.87 2.23 4.89 4.20 5.84 5.32

KMg 2.91 3.20 4.41 4.11 5.88 6.84

Ca 2.46 2.51 3.48 3.44 6.65 6.19

CaK 3.36 3.67 3.70 3.54 5.54 6.18

CaMg 2.46 2.92 4.75 4.10 4.18 4.14

CaEMg 4.54 3.90 2.83 3.20 3.88 4,14

Least
cant

Slgnifl-
(.05) .87 .45 M.S. N.S, 1.17 1.29

Difference (.,01)
1.28 .68 N.S. N.S. 1.73 N.S.

1/ Mean of duplicate cultures
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Cherokee silt loam soil produced al^rnlf leant differences In

yields due to treatment effects. However, treatnents which

produced significant differences tended to reduce rrrain yields.

The greatest reduction of yield was brought about by the combin-

ation of Ca, K and Mg. The combination of Ca and Mg also reduced

yields of grain significantly. No significant reduction of straw

yields occurred as a result of treatments. Increased straw yields

were obtained where Mg was used alone and also viihere Mg was

applied in combination with K. Other treatments responsible for

increased straw yields were Ca alone and the combination of Ca

and K.

In summarizing the effect of soil treatments on yield of

wheat grain and straw, a few definite conclusions may be made.

In the first place, Albion loam soil gave a definite response to

each soil treatment. The combination of Ca, K and Mg gave the

greatest jleld response. Since all cultures received uniform

applications of nitrogen and phosphorous, it would appear that

restricted plant growth was due to a lack of exchangeable cations

in the original soil. In the second place. Parsons silt loam

soil did not respond significantly to any of the treatroents.

Since no significant yield differences were obtained from ladino

clover grown on this soil, it would appear that Thayer soil con-

tains adequate amounts of each Ca, K and Mg in the exchangeable

form to support normal plant growth. Finally, the negative re-

sponse of Cherokee silt loam soil to the combination of Ca and

Mg or to the three cations combined (Ca, K and Mg) is difficult

to explain. One might speculate on the possibility that this
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addition of chemicals had a tendency to upset the nutrient element

balance in the soil. However, since three of the treatments

actually increased the yield of straw, the above speculation

aeems somewhat unwarranted. The negative effect was observed

only for grain yields.

As previously explained, no significant treatment effects

on yields were observed on any of the ladlno clover cuttings

taken from Parsons silt loam soil. The same condition prevailed

with respect to Albion loam soil. However, slfv-nif leant yield

differences occurred between treatments on Cherokee silt loam

soil except for the first cutting. Applied K produced a significant

increase in second cutting clover yield. The third and fourth

cutting yields followed the same pattern but the Increases were

not significant. The combination of Ca, K and Mg also produced

an Increase in yield of second cutting ladino clover, tio other

significant increases in yield were observed.

Significant decreases in yield were observed for trefitmenta

of Mg alone, for the combination of K and Mg, and also for the

combination of Ca and Mg. These decreases were observed for

second, third and fourth cuttings. This indicates an undesirable

effect of Mg on nutrient uptake by the plant. Ca alone caused

a reduction in yield for both second and third cuttings of

ladlno clover. Here again it is difficult to point out why

ladino clover yields were reduced by the application of Ca.

Data for ladino clover yields are aumaarized In Tables 2, 3 and

4.
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Table 2. Effect of Chemical Soil Treatment on Meanl/ Yield of

Ladlno Clover, Albion Loam Soil.

SOIL
TREATMENT

•
•

•
•

YIELD (Gm/Pot) by

""'!'. '' ' sags

Gutting
BS

P'-lrat Second •
• Third : Total

Ko Treatment 2.85 1.43 1.70 5.97

K 2.76 1.21 1.49 5.46

Mg 1.90 1.25 1.48 4.63

KMg 1.60 1.18 1.60 4.36

Ca 1.57 0.69 1.50 3.76

CaK 1.48 1.12 1.31 3.91

CaMg 1.30 1.02 1.27 3,60

CaKlig 0.56 0.57 1.56 2.79

Least
cant

Sl/rnlfl

(.05)
:-

N.S. N.S. N.S.

Difference (. 01) N.S. M.S. N.S.

1/ Mean of duplicate sample a
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Table 3. Effect of Chemical Soil Treatment on Meanl/ "iield of

Ladlno Clover, Parsons Silt Loam Soil.

SOIL
SNT :

YIELD (Gni/Pot) by Cutting

TRKATJ^ First : Second : Third : Total

No Treatment 2.14 2,96 2.57 7.67

K 1.86 3.05 2.74 7.66

Mg 1.28 2.09 3.39 6.76

KMg 0.87 1.76 3.06 5.70

Ca 0.76 2.08 2.38 5.22

CaK 1.46 2.18 3.80 7.44

CaMg 0.46 1.85 1.73 4.04

CaKMg 0.34 0.89 1.78 3.00

Least
cant

Signlfi-
(.05) N.S. N.S. N.S.

Difference (.01) K.S. N.S. N.S.

1/ Mean of duplicate samples
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Table 4. Effect of Chemical Soil Treatment on Meani/ Yield of

Ladlno Clover, Cherokee Silt Loam Soil.

SOIL
•
•

•
YIELD (On/Pot) by Cutting

TRiiATMJiNT : First t Second t Third : Fourth : Total

No Treatment 3.24 3.94 5.31 4.48 16.96

K 2.86 4.39 5.88 5.18 18.31

Mg 2.35 3.43 4.22 3.52 13.52

KMg 1,93 3.21 4.28 3.43 12.84

Ca 2.16 3.39 3.91 4.12 13,57

CaK 2.35 3.69 4.65 4.12 14.80

CaMg 2.24 3.15 4.13 3.52 13.04

CaKMg 2.83 4.44 5.38 3.68 15.33

Least Signifi-
cant (.05) N.S. .25

Difference (.01)K.S. .37

1/ Mean of duplicate samples

1.14

1.70

.89

1.32
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Soybean yield data are suioaarized in Table 5. It can be

observed readily that all treatments caused a reduction in yield

on all soils. It appears that the high concentration of chemicals

was toxic to the soybean plant. All the plants except those on

no treatment pots tended to wither prematurely.

Chemical Composition of Plant Material

Soybeans . Data relative to the chemical composition of th«

soybeans are contained in Tables 6, 7 and 8.

No significant differences were observed in plant content of

phosphorous. A slfnlf leant Increase in potassium content was

observed for all treatments ivhere this element was applied. The

above statements held true for all three soils used in the experi-

ment,

O.'he uptake of calcium by the soybean plant varied considerably

according to the soil upon which this crop was grown. Significant

increases in calcium percentage composition was indicated for th»

Parsons silt loam soil where this element was applied to the soil

at the beginning of the experiment. However, Cherokee silt loam

soil produced a significant increase in plant calcium content

only where Ca, K and Mg were applied in combination. Also, a de-

crease in calcium content was observed where K was applied alone

and in combination with Ca. Soybeans grown on Albion loam soil

showed significant Increases in calcixim uptake on treatments where

Ca was applied in combination with the other applied elements.

However, no significant increase in calcium uptake by the plant

was observed where Ca was the only element applied.
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Table 5. Effect of Chemical Soil Treatment on

Soybeans on Several Kansas Soils.

Menn^ Yleld of

SOIL
TREAT 1.

1

BCT

YliiLD (Om/Pot)

! Albion
• Loam Soil : Silt

Parsons
Loain Sc il

•
•

•
•

Cherokee
Silt Loam Soil

No TreatoMmt 4.40 4.10 4.70

K 3.55 2.55 3.80

Mg 4.10 2.20 4.15

KMg 2.65 1.40 3.35,

Ga 3.10 1.45 1.45

CaK 0.45 1.35 2.60

CaMg 1.95 0.95 3.40

CaKMg 0.55 0.15 1.85

^ Mean of duplicate samples



Table 6. liffect of Chemical Soil Treatsient on Moans' Cheialcal

Composition of Soybeans, Parsons Silt Loam Soil.

19

SOIL Mean Chemical Compoj3ition (^')

TRiiATI/[SNT P : K •
• Ca

No Treatment .422 1.75 1.78

K .405 2.71 1.52

Mg .357 1.55 1.55

KMg .319 2.42 1.95

Ca .360 1.80 2.11

CaK .412 3.05 2.87

CaMg .375 1.78 2.39

CaKlvlg .428 3.30 2.35

Least Sif^n if icant (.05) N.S. .66 .32

Difference ( ,01) N.S. ,98 .47

1/ Mean of duplicate samples
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Table 7. Effect of Chemical Soil Treatment on Meani^ Chemical

Composition of Soybeans, Cherokee Silt Loam Soil.

SOIL
I

:

•
•

Mean Chemical Compos Itlon (^ )

TRSAT^'rSKT P •
• K •

• Ca

No Treatment .478 1.33 2.44

K .429 1.89 2.07

Mg .332 1.16 2.28

KMg .404 2.07 2.51

Ca .530 1.55 2.65

CaK .428 1.98 2.16

CaMg .332 1.25 2.20

CaKMg .439 2.13 3.44

Least SignIfloant (.05) M.S. .24 .27

Difference (.,01) N.S. .35 .39

JL/ Mean of duplicate samples



Table 8. Effect of Chemical Soil Treatment on Mean-' Chemical

Composition of Soybeans, Albion Loam Soil.

21

OATT
Mean Che'Tilcal Compos Iti on i%)

TRKATMii^T
\

P •
• K : Ca

No Treatment .956 1.77 2.16

K .689 2.67 2.30

Mg .489 1.53 1.94

KMg .500 2.56 2.45

Ca .464 1.63 2.27

CaK .456 3.22 3.06

Cal.'g .637 1.B3 2.84

CaFd'Ir .583 3.05 2.82

Least Significant (.05) N.S.

Difference (.01) N.S.

1/ Mean of duplicate samples

.39

.58

.47

.70
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It must be noted that the soybean crop did not develop

normally on any of the cultures where chemical treatment waa

applied. During the growing period of the soybean plant it

appeared that soa» thing in the soil solution waa toxic to the

plant. Since all treatments had some tendency to reduce soybean

yields, no individual element can be charged with this effect.

Lad Ino Clover . Ladlno clover was grown on each of the

three soils used in the experiment. Three cuttings each were

taken from the Albion loam soil and from the Parsons silt loam

soil, and four cuttings from the Cherokee silt loam soil. The

composition of plants with respect to phosphorus, potassium,

calcium and magnesium is summarized in Tables 9, 10 and 11.

On the Parsons silt loam soil, no significant influences

from chemical soil treatji^nt were noted with respect to content

of phosphorus of the first cutting of plant material. However,

for the second cutting several differences were ooserved.

Combinations of Ca and K and Ca, K and Mg resulted in a slight

decrease in the content of phosphorus in the plants. All other

applications of those elements resulted in an increased content

of phosphorus in the plant material, Mg alone and the combin-

ation of Ca and Mg were the treatments responsible for the

greatest increase in content of phosphorus. A high content of

phosphorus in the plant material from cultures of the third

cutting changed the pattern of results observed in the second

cutting, however. There was little evidence that applications

of Mg resulted in a greater content of phosphorus in the plant

material.
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Applied K Insulted in a considerable Increase In content of

potassium In the plant. The combination of applied Ca and K was

responsible for the highest content of potassium at the first

cutting. However, second and third cutting, analyses revealed

that the highest content of potassium resulted from the Ca, K

and Mg combination.

First cutting plant material reflected no specific pattern

with respect to calcium uptake. Data for the second and third

cuttings clearly reflected an increase in the uptake of this

element as a result of Ca applications to the soil. Apparently

some repression of calcium accumulation resulted from the

applications of K. Repressive effects of Mg applications on the

accumulation of calcivun were not noted.

Content of magnesium of the plant material was greatest for

each of the three cuttings when this element was applied to the

soil alone or in combination with calcium. Applications of K

to the soil were f;enerally reflected in a lower content of

magnesium In the plant material.

A review of the chemical composition data for ladlno clover

grown on Cherokee silt loam soil revealed certain relationships.

Content of phosphorus was generally lowest in those plants

produced on cultures which included the combination of Ca, K and

Mg as a treatment. The greatest content of phosphorus in plant

material for the first and second cuttings was produced by

cultures which received the combination of K and Mg as a treat-

ment. This treatment apparently failed to affect slfoiif Icantly

the content of phosphorus In the third cutting of plant material
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but It did produce an Increased content of phosphorus in the

fourth cutting. The Ca treatment also was responsible for a

sizeable Increase in content of phosphorus in ladino clover in

all except the second cutting of plant material.

The Cherokee silt loam soil responded markedly to treatments

InvolvinfT applied K, The content of potassium of the plant

material produced where K was applied alone and in combination

with Mg was two to four times as great as that observed vohere

none was applied. Applications of cations other than K had

little effect upon the content of potassium in ladino clover

produced in cultures of Cherokee silt loam soil.

Applications of Ca, alone or in combination with other

cations, had a distinct tendency to increase the calcium content

of the ladino clover plants. This was not accompanied by yield

increases, however. Potassium when applied alone or in combin-

ation with Ca and Mg tended to repress the calcium content of

the ladino plants.

The application of Mg alone to the Cherokee silt loam was

the only treatjient resulting In a consistent increase in the

magnesium content of the plant. The fourth cutting of plant

material was the only one in which all soil treatments t-iat in-

cluded Mg reflected an increased content of this element in the

plants. A steady increase in the plant content of magnesium

from the first through the fourth cutting was observed where Mg

was applied alone to the soil. When applied alone, K tended to

repress the magnesium content of the plant material. This

relationship was true for each cutting.
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Chemical soil treatments exhibited a tendency to cause a

restricted uptake of phosphorus by the ladino clover plants

produced on the Albion loam soil. This situation was especially

noticeable with both the second and third cuttings of plant

material. Also, data from the above cuttings revealed that

phosphorus uptake by the plant was least restricted where Mg

alone was applied to the soil. These data also tend to indicate

that greatest restriction of phosphorus uptake was brought about

when the combination of Ca, K and Mg was applied to the soil.

Applied K was responsible for a substantial increase in

potassium content of the ladino clover plant as shown by the

data of Table 11 for the first cutting. These same comparisons

for the second cutting of plant material indicated that treat-

ments which Included K had much less effect on potassium uptake

by the plant than was observed with first cutting. Actually, no

increase in potassium content of plant material occurred at the

second cutting as a result of the application of the combination

of Ca and K.

Data for the third cutting somewhat corresponded with those

of the first cutting except that relative increases in potassium

content were somewhat lower.

All treatments involving the application of Ca to the soil

resulted In an increased calcium content of the plant material.

The application of Ca alone had a tendency to lower the potassium

content of the ladino clover plants.

The application of Mg alone produced the greatest increase
»

In magnesium content of the plant only at the time of the second
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cutting. First and third cutting data suggest that the greatest

magnesium content of the plant material occurred as a result of

the combination of Ca and Wg and the combination of Ca, K and Mg.

These relationships suggest that both calcium and potassium

exerted a favorable Influence with respect to the accumulation

of magnesium by ladino clover plants grown on the Albion loam

soil. A more complete study of the data suggested that Ca was

more beneficial than was potassium toward facilitating the

accumulation of magnesium by the plants.

In comparing, the relative responses of the three soils to

applied cations some parallel patterns in uptake of the cations

by the ladino clover plant were noted. Ca, when applied alone,

exerted a favorable Influence toward the accumulation of potassium.

Magnesium, when applied alone, did not result In Increased

potassium content of ladino clover plants. Magnesium and

phosphorus contents of the plant material did not follow clearly

defined parallel patterns. However, the greatest phosphorus

content of plant material was found among cultures rrrown. on soil

which Included the element }'g as part of the treatment. Applied

Mg did not'increase calcium uptake. Applied Ca did, however,

tend to Increase magnesium uptake on Albion loam soil and Parsons

silt loam soil.

vVheat Grain . Table 12 contains a summary of the chemical

composition of wheat grain produced on various cultures of each

of the three soils used In the experiment. No determination of

calcium content was Included because the concentration of this

element in the grain was too low to permit accurate measurement
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with the flame photometer.

Wheat grain produced on the Cherokee silt loam soil reflected

no significant variations in uptake of elements as a result of

chemical soil treatment.

Uptake of cations on the Parsons silt loam soil was Influenced

by treatments. Applications of Mg alone tended to reduce

phosphorus content. No significant differences In potassium

content were observed. Slight but nevertheless sip-nifleant

differences in magnesium content of grain were observed. The

lowest magnesium content was found In the grain produced on soil

receiving an application of Ca alone. The treatment combination

of Mg, K and Ca resulted in the greatest magnesium content of the

grain. Wheat grain produced on the Albion loam soil showed a

considerable increase in phosphorus uptaios due to applications

of the various cations, alone or In any combination. The Ca-K

soil treatment resulted in a three fold Increase in phosphorus

content of the grain. Nearly as great an Increase was observed

for each of the other treatments. Potassium uptake also was in-

creased by each soil treatment. The above element was found in

greatest concentration In plant material produced on soil re-

ceiving the combination of Ca, K and Mg, No significant increase

in magnesium content of the grain was observed as a result of

soil treatment on content of the grain was observed as a result

of soil treatment on the Albion loam,

'.Vheat Straw . All data with respect to chemical composition

of thn -/heat straw for each of the soils are summarized in

Tablo 13. Phosphorus content of the straw was so low that
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satisfactory analyses could not be obtained for the material pro-

duced by the Parsons silt loam and Cherokee silt loam soils.

For the Parsons silt loam soil, all applications of Ca re-

sulted In an Increased content of this element in the straw.

The combination of Ca and Mg was responsible for the greatest

uptake of calcium.

Applied K tended to Increase the content of this element In

the straw. With respect to potassium content, it was observed

that a greater content of this element occurred ffaen K was

applied in combination with Ca than when applied In combination

with Mg.

The most outstanding aspect of magnesium content of the

straw was the repressing effect observed for K applications.

Applications of Mg resulted in an appreciable Increase in

magnesium content of the straw.

A study of the composition of the straw produced on cultures

of Cherokee silt loam soil revealed no significant differences

wltti respect to content of magnesium. However, applied Ca

brought about a sizeable increase In the content of this element

in the straw. The combination of Ca, K and Kg resulted in the

largest content of calcium in the wheat straw.

Applied potassltutt more than doubled the concentration of

this element in the straw. Neither calcium nor magnesium, nor

the combination of the two, had any appreciable effect on the

potassiiim content of the straw.

The chemical composition of wheat straw from Albion loam soil

closely resembled that obtained for straw grown on Parsons silt
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loam aoll. However, the magnesium content of straw from the

Albion loam soil was lower than that in the straw produced on

the Parsons silt loam soil. Applied Ca facilitated the accumu-

lation of potassium in plants grown on the Albion loam soil.

This same treatment was only moderately effective with respect

to potassium accumulation in straw produced on the Parsons silt

loam soil. Applied K did not exert a impressive effect on

magnesium uptake on the Albion loam soil. However, a repressive

effect was evident with the straw produced on the Parsons silt

loam soil.

BIFLUENCS OF SOIL TREATT.ffiNT ON CATION UPTAKK OF PLANTS

Ladino Clover

Aa indicated in Pigs. 1, 2 and 3, there was considerable

variation in cation accumulation by the ladino clover plants as

a result of soil treatment. Also there was some variation be-

tween cuttintjs.

On Parsons silt loam soil, there was a distinct tendency

for applications of any of the elements to increase the total

accumulation of cations in the plants, except where Mg was applied

alone. The effects of K were especially evident for the first

two cuttings.

Accumulation of potassium by ladino clover grown on the

Parsons silt loam aoll vThich had received no application of K

became less pronounced with each cutting. Expressed on the baala

of chemical equivalents of cations accumulated, potassium uptake
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was dominant over magnesium uptake at the first cutting, even

where no K had been applied. This tendency was only partially

In evidence with the second cutting' and at the time of the

third cutting, magnesium uptake was dominant over potassium

uptake where no K had heen applied,

-Applications of K generally had the effect of making the

uptake of this element completely dominant over both Ca and Mg,

even where applications of the other two had been. This might

suggest that luxury absorption of potassium occurred on cultures

where K was applied.

For Cherokee silt loam soil, there was a greater accumulation

of cations in the ladlno clover, at the time of the first

cutting on ttie untreated soil than was the case for the Parsons

silt loam soil. Apparently there was a sufficiency of each

elen»nt in the soil. Application of K merely resulted in luxury

absorption of this element. Application of either Ga or Mg had

little effect.

The accumulation of potassium was markedly less for each of

the succeeding cuttinp:s than for the first cutting when the

soils which did not receive applications of this element are

considered. No doubt such accumulation was insufficient for

optimum growth. Some luxury absorption of potassium probably

occurred throughout each of the first three cuttings on those

cultures where K had been applied. However, this probably was

not the case with the fourth cutting.

With respect to dominance of the various elements, it was

observed that generally speaking calcium was accumulated in
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greatest proportions except on the cultures of the second cutting

where K had been applied. Accumulation of potassium was dominant

over magnesium for the first cutting on cultures which had re-

ceived no added K. For each of the later cuttlnr^s, however,

magnesium was accumulated in greater proportions than potassium

on such cultures. Accumulation of potassium was always dominant

over magnesium where K had been applied to the soil and in some

cases It was even dominant over calcium accumulation.

For the Albion loam soil, there was a low total accumulation

of cations in the first cutting on the soil which received no

treatment. This might suggest that there Is some characteristic

of low productivity associated with the low cation supplying

power of this soil. If any one of the three elements was low

In accumulation by the plants, it probably was calcium. Two

reasons are cited for this belief. First of all, for cultures

not receiving an application of Ca, the accumulation of this

element from the Albion loam soil was much less than for either

of the other sites. Secondly, there was a marked increase in

accumulation of calcium as a result of application to the soil.

This relationship was true for each of the cuttings. Thus it

would appear that a naturally low level of available calcium must

exist in the Albion loam soil. Apparently, however, the supplying

pov7er of this soil with respect to both potassium and magnesium

is relatively more adequate.
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Wheat Straw

Apparently cation accumulation In '."iheat straw produced on

the Parsons silt loam soil was substantially greater than on

either of the other soils, as indicated in Fig, 4. There was

little or no evidence of lack of accumulation of either calcium

or magnesium. Accumulation of potassium by wheat straw on the

cultures which did not receive added K was at a relatively low

level.

Cation accumulation in the straw produced on the Cherokee

silt loam soil was at a low level, especially where K was not

applied. Accumulation of calcium was at a rather low level

where none of this element was furnished to the soil. Cation

accumulation on this soil would seem to present a greater

fertility problem than on the Parsons silt loam soil.

Much the same situation prevailed with respect to the

Albion silt loam soil as existed for the Cherokee silt loam

soil. There was even somewhat lower accumulation of cations

on the untreated cultures of this soil than on the untreated

cultures of Cherokee silt loam. Low total cation supplying

power of this soil apparently was the major factor associated

with low wheat yields on this soil. Apparently this power was

low for each of the three elements.
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SXJMMARY AND COKCLUSIOliS

The soils selected for this experiment were known to be

limited in their capacity to produce maximum plant growth. The

exact nature of such limitations Is not wholly understood. Each

of these soils In the field, possessed certain physical pro-

perties which are not desirable for maximum crop production.

For example, Albion loam soil from Kingman, Kansas, has a low

permeability rating. The Cherokee silt loam soil and the Par-

sons silt loam soil are each characterized by having heavy clay-

pan developments in the B-horlzon. The main purpose of this

investigation, however, was to determine whether certain chemical

aspects of soil fertility might be responsible in part for

limitations placed on the productive capacity of the soils under

consideration.

Mg, K and Ca were applied to the soil in all possible com-

binations In an effort to determine whether any of these elements

or any combination of these elements would improve soil pro-

ductivity. Three crops were utilized. These crops were soy-

beans, ladino clover and wheat.

The over-all yield response due to soil treatments was

small. Failure to obtain statistically significant results may

have been due in part to rather wide differences in yield

obtained from duplicate cultures. In the case of ladino clover,

some of this difference mlpht be due to failure to obtain and

to keep Identical stands. This should not have been a large

factor in soybean yield data and should have been only a minor
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factor with respect to wheat yield data. A definite beneficial

response to soil treatment was observed in Uie case of wheat pro-

duced on Albion loam soil. All treatments tended to increase by

a substantial amount the yield of both grain and straw. The

maxiraum yield increase in the foregoing case was obtained v>*iere

a combination of Ca, K and Mg were applied to the soil. No

significant response to any of the soil treatjnents was observed

for wheat grown on Thayer soil. Combinations of Ca and Mf and

Ca, K and Mg were responsible for wheat yield reductions on the

Cherokee silt loam soil. Soil treatments tended to reduce soy-

bean yields on each of the soils. Maximum yield reductions were

observed v/here all three of the elements used in the experiment

were applied in combination. This would tend to indicate that

the applied salts were in some way harmful to the plant. Observed

premature withering of the soybean plants added some weight to

this theory.

The ladlno clover yield responses to soil treatment were

limited in number and small in size. Significant yield differ-

ences were not observed on either the Albion loam or Parsons

silt loam soils. A positive response to potassium and to the

combination of Ga, K and Mg was observed for the second cutting

of ladlno clover on the Cherokee silt loam soil. A negative

yield effect was observed where Mg alone, K and Mg, and Ca, K

and Mg were applied to this soil. These data Indicate some

tendency for Mg to exert a repressive yield effect on ladlno

clover grovm on the Cherokee silt loam soil.
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Ghomlcal analyses of plant material were made to determine

the effect of soil treatment on chemical composition. In general

any element when applied to the soil alone resulted In a hlf^^er

concentration of this element in the plant. Because of rather

wide variations In the pattern of eleraent uptake by soils, few

patterns of parallel element uptake or patterns of Interactions

between the uptake of elements could be established as a result

of studying and comparing the data. However, some significant

results are as follows:

(1) Applied K tended to repress rather consistently the

content of calcium in the plants grown on Parsons silt loam soil

and Cherokee silt loam soil.

{2) No parallel pattern in the uptake of marines ium and

phosphorus was established. The increased content of phosphorus

in successive cuttings of ladlno clover plant material produced

on the untreated cultures tended to destroy the effectiveness

of such comparisons. In many cases, phosphorus uptake was in-

creased by Mg treatments in comparison to treatments receiving

no Kg except for the cultures receiving no treatment. Thus no

valid parallel pattern was established.

(3) Most of the data seem to substantiate the negative

effect of applied K on magnesium uptake. Specifically, this

pattern holds true for first, third and fourth cuttings of

clover from the Cherokee silt loam soil. It also was observed

with first and third cuttings from the Parsons silt loam soil.

This n-3gatlve effect of potassium on magnesium uptake corresponds
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with the findings of Tucker (13) who also worked with Cherokee

allt loam soil.

Since only greenhouse cultures were used in this investigation

it is not possible to make conclusions concerning the field

application of these elements. The increased wheat yields on

Albion loam soil due to soil treatment suggest a low level of

exchangeable cations in the natural soil. Perhaps further

study with respect to various ratios of these cations would

provide additional irJ'onnatlon with respect to this soil. Al-

thourJti not significant in all cases, the application of K to

Cherokee silt loam soil resulted in increased production of

ladlno clover. Tucker (13) obtained a highly significant in-

crease in yield of red clover from potassium application to

Cherokee sub-soil at the tine of the second cutting. From the

data on Table 4, it may be observed that K application on Cherokee

top soil also gave the largest increase in ladlno clover yield

at the time of the second cutting. The ladlno clover grown on

the Cherokee silt loam soil was produced under favorable experi-

mental conditions. An even stand of clover was obtained and

maintained throughout the experiment. Significant yield differ-

ences were obtained from all cuttings of clover except the first.

Duplicate soil cultures varied only slightly in clover jiald.

Therefore, the repressive effect of applied K on ladlno clover

yield with respect to Cherokee silt loam soil is rather clearly

established by the experimental data. It is hoped that further

experimentation will be undertaken with similar soils with re-

spect to both physical and chemical properties.



46

ACKNOWLEDGMiiNT

The author wishes to oxpreaa hla appreciation to Dr. ?loyd

W. Smith for his Invaluable assistance in designing and super-

vising this experiment and in the preparation of the manuscript.

The efforts of Dr. R. V. Olson in obtaining analytical methods

for the magnesium determination were much appreciated. Much

credit is due Dr, Janls Grava for long hours spent in making

the statistical analyses of the data reported in this thesis.

Carl Knauss deserves credit for completion of the chemical

analyses of the vrtieat plant material. Boyd G. Ellis and Charles

A. Simklns deserve much credit for the final summarization of

the data. The iiuthor does not wish to claim credit lor work

performed by others, but does accept the responsibility for any

conclusions stated in this manuscript.



47

Ln'ERATURS C ITED

(1) Albrecht, W. A.
Studies on the calcium content of soils and the response
'Of aoils to liming. Mo. Agr. Kxp* Sta. Ann. Rot. 3ul. 387.
1937. 121 p.

(2) Albrecht, W. A. and G. M. Eorner.
Kltrogen-fixatlon in soybeans as Influenced by
exchangeable calcium. Trans. 3rd Intern. Congr. Soil
Scl. Oxford. 1:140-44. 1935.

(3) Albrecht, W. A. and N. C. Smith.
Calcium in relation to phosphorus utilization by some
legumes and nonlegumes. Soil Sci. Soc. of Amer. Proc.
4:260-65. 1939.

(4) Bear, F. E. and A. L. Prince.
Cation equivalent constancy In alfalfa. Jour. Amer.
Soc. Agron. 37:217-22. 1945.

(5) Bear, F. E. and A. L. Prince.
Magnesium needs of New Jersey soils. New Jersey Exp.
Sta. Bui. 739. 194G 19 p.

(C) Bear, F. S. and S. J. Toth.
Influence of calcium on other soil cations.
Soil Scl. 55:69-74. 1948.

(7) Hlnkle, D. A. and vV. A. Eisenmenger.
Chloroplast pigment in relation to magnesium deficiency.
Soil Scl. 69:213-20. 1950.

(8) Hunter, A. S.
Calcium-magnesium ratio in alfalfa. Soil Scl.
67-53-67. 1949.

(9) Miller, E. C.
Plant Physiology. New York and London. McGraw-Hill
Book Co., Inc. 1938. 1201 p.

(10) Richards, L. A.
The diagnosis and improvement of saline and alkali soils.
Riverside, California: C. S. Regional Salinity Laboratory.
1947. 157 p.

(11) Sanik, John Jr.
The effect of Ca/Kg ratio on the solubility and avail-
ability of plant nutrients. Unpublished Ph.D. thesis,
Kansas State College, Manhattan, Kansas, 1951.



48

(12) Troup, Srall.

The liming of soils. Yearbook of Agriculture, 1945-47,
United States Department of Agriculture. Waahlnr/con:
U. S. Government Printing Office, 1947. 10 p.

(13) Tucker, T. C.
The effect of inagneslum, 'ooron and potassium on the
growth and chemical compoaltion of red clover grown
on certain soils of the clay-pan groups. Unpublished
M, S. Thesis, Kansas State College, Manhattan, Kansas.
1951.

(14) Zimmerman, M.
Magnesium in plants. Soil Scl. 63:1-11. 1947.



EFFECTS OF APPLIED POT/lSSIUi., . -AJi. k .IJ CALCIUM
ON TI-IE GRa'/TH A>JD CilSMK /\i. OSIi'IO:! OP

LADIJIO CLOVi., 30YI WHEAT

by

PRANK ELLSWORTH LOWRY

B»S., University of Nobrasica, 1914-8

AN AiiiiAitAwX OP A THESIS

submitted in partial fulfillraent of the

requirements for the degree

MASTER OF SCIENCE

Department of Agronomy

KANSilS STATE COLLEGE
OP AGRICULTURE AND APPLIED SCIENCE

1953



This investigation was undorta-ten for two principal reasons.

First, an atte.npt was made to determine wliether additions of Ga,

K ftnd Mg, alone or in various combinations, stimulated the growth

of soybeans, wheat or ladino clover. Secondly, the influence of

additions of Ca, K and Mg upon the uptake and accumulation of

these elements and phosphorus by the plants mentioned above was

investigated.

Three typical Kansas soils were included i ; ouis investigation.

These soils included Albion loa .. from the Kingman Experiment

Field, Parsons silt loam i'roni the Thayer Sxporiment Field and

Cherokee silt loan froc: the Columbus axperiiiient riaid.

In each case tliB soil was obtained from the plow layer.

The soil material was crushed, mixed tliorouglily a nd 2000 gm

aliquots were placed in glazed earthware pots.

The experiment incorporated the following principal features,

(1) A uniform application of nitrogen and phosphorus was

made to each pot so as to eliminate possible deficiencies of these

eleaients,

(2) Eight soil treatments were employed in duplicate.

These treatments included applications of Ca, K and Mg alone

and in all possible corabinations. Duplicate cultures of each

soil to which none of these elements have been added served as

controls,

(3) Plants utilized included ladino clover, soybeans and

spring wheat.

The above crops were planted in soil cultures. Of these

soil cultures, all except the controls received chemical appli-

cations prior to planting the crops. After emergence, the crops

"7



were thinned uniformly. Watering at regular intervals was tlrie

only care given to th© crops until uui vt.-:,u. Three cuttinjs of

ladino clover were taken i'roiu Parsons silt loam and Albion loara

soil cultures. Four cuttines of ladino clover were taken from

Cherokee silt loa;u soil cultures. Yield data were obtained from

all crops by clipping, oven-drying, and weighing on a torsion

balance.

The chemical composition of the plant material with re-

spect to Ca, Mg, K and P was determined.

The effect of soil treatment on soybean yield was of a

negative nature. Reduced yield of soybeans due to chemical

treatment occurred with all soils. The concentration of

chemical salts appeared to be toxic to the plants since pre-

mature witherin^^ was observed during plant growth,

Ladino clover yield differences due to soil treatment were

not ai£.nifleant in the case of plant cultures from Parsons silt

loam and Albion loara soil. Soil treatment was responsible for

significant yield differences on Cherokee silt loam soil. Applied

K resulted in an increase in second cutting yield of ladino

clover. Application of K, Ca, and Kg to the soil also Increased

yields of the above mentioned crop. Combln??tion of Ca and Mg

had a tendency to r epress ladino clover yields.

Yield data for wheat indicaced a great variation in treatraent

effect between t;-e three soils used in this experiment. On

Albion loam soil, highly significant yield increases were observed

for all soil treatments. The maximum yield was produced on soil

receiving K, Ca, and Mg in co:nbinatlon. In contrast, no signi-

ficant wheat yield differences were obtained on Parsons silt



loam soil. The yield of both wheat grain and straw was signifi-

cantly increased by an appli ation of Cp to Chc;rokee silt loam

soil. Straw yield on the foregoing soil also was increased

significantly by the coT.bination of K and Mg and by the

combination of Ca and K, Soil treatments including the

combination of Ca and Mg and Ca, Mg, and K resulted in decreased

yields of wheat grain a:id .:traw»

Chemical analyses of all plant material were performed in

order to study the relationship between cation composition of the

plant and chemical soil treatment. Chemical composition of the

plant with respect to calcium, potassium, magnesium and phos-

phorus was determined. In general, any element when applied to

the soil alone resulted in a higher concentration of this element

in the plant. Applied K tended to repress rather consistently

the content of calcium in the plants grown on Parsons silt loam

soil and Cherokee silt loam soil. Except for Albion loam soil,

a negative effect of applied K on magnesium uptake by the ladino

clover plant cultures was observed.


