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The application of CI always increased the uptake of Mn. A11

bean plants on the zero lirne treatrnents that had received an applica-

tion of CI developed severe Mn toxicity symptorns in the I953 field

experirnent and in the 1964 greenhouse experirnent.

The application of lirne consistently reduced the Mn content

with the greatest reduction occurring on the treatrnents where Cl had

been applied. The Mn content of the bean leaves on the lirned treat-

rnents was below suggested toxic levels and the plants did not show

any toxicity syrnptorns at the tirne the leaf sarnples were taken for

chernical analyses.

A rnechanisrn has been presented to explain the effect of the Cl

salt on the availability of Mn. In this reaction Cl has acted as an

electron donor causing a chernical reduction of the rnanganic-Mn

oxides to the plant available rnanganous-Mn ion.

These experirnents offer a possible explanation for sorne of the

reductions in yields that have been observed frorn the band applica-

tions of KCI. They also ernphasize the irnportance of evaluating the

effects of individual treatrnents on the whole range of elernents

present in the soil that can have detrirnental as well as beneficial

effects on plant growth.
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THE EFFECT OF CHLORIDE ON THE UPTAKE OF MANGANESE
BY BUSH BEANS AND SWEET CORN

INTRODUC TION

Soil fertility problerns associated with the production of proc-

essing crops on sorrre of the poorly drained soils in the Willarnette

Val1ey have been recently ernphasized in a study initiated by the

Soils Departrnent at Oregon State University. Vegetable crop pro-

duction has been predorninantly concentrated on the soils where

drainage was not a managernent problern. However, the future

expansion of intensive agricultural production in the Willarnette

Valley will depend upon the utilization of sorne of the poorly drained

soils which are currently being used for the production of grass seed.

Approxirnately 800,000 acres in the 'Willarnette Valley are

naturally irnperfect or poorly drained. Profile developrnent has re-

sulted in a heavy-textured B horizon beginning l5 to 30 inches be-

neath the surface on rnuch of the older alluvial rnaterial. This

horizon becornes nearly irnpervious when wet, creating ideal condi-

tions for the reduction of Mn during the winter rnonths. The

irnpervious nature of the B horizon restricts the growth of plant

roots to the area above lirniting the storage of available rnoisture

that can be exploited by plants. This low rnoisture reserve causes

droughty conditions to exist during the surnrner rnonths unless these
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soils are irrigated.

These soils are typically acid with the dorninant pH range frorn

4.9 to 6.3. They are comrrronly deficient in available p and rnost

non-Iegufire crops respond to an application of N. The soils are

relatively low in exchangeable K and the application of lirne is bene-

ficial for crops that do not tolerate acid soil conditions. Concretions

of Fe and Mn oxides are present throughout the profile.

Field and greenhouse experirnents were established to evaluate

the effects of lirne, K, and other fertilizer treatrnents on the pro-

duction of bush beans and sweet corn on these soils. The effect of

excessive arnount of Mn on plant growth becarne evident as the

experirnents progre s sed.



OBJEC TIVES

The rnajor objective of this investigation was to evaluate the

effect of fertilizer rnaterials on the uptake of Mn in poorly drained

acid soils. Bush beans were used as the prirnary indicator plant

with supporting evidence being obtained frorn sweet corn. Ernphasis

was placed on the evaluation of the following effects:

A. The effect of source of K on the uptake of Mn.

B. The effect of Cl on the uptake of Mn.

C. The effect of lirne on the uptake of Mn.



LITERATURE REVIEW

Manganese was first dernonstrated to be essential for plant

growthby J. S. McHargue in l9ZZ. It is known to serve as an

activator of certain enzyrne systerns and is thought to be involved in

N transforrnation in both soils and plants. Manganese is absorbed

by the plant systern in the divalent forrn and has been found to con-

centrate in the region of highest physiological activity, Very srna1I

quantities of Mn are essential for plant growth with larger arnounts

being quite toxic.

Manganese is generally considered to exist in soils in one or

rrlore of the three following valence states; (1) divalent Mn which is

soluble and rnay be present as an adsorbed cation or as an ion in the

soil solution, (2) trivalent Mn which supposedly exists as the reac-

tive oxide, Mn,O,, and (3) tetravalent Mn which is generally present
L5

as an inert oxide in soi1s. The divalent forrn is favored by reducing

conditions and a pH below 5.5, while the two latter forrns are

favored by oxidizing conditions and higher soil pHts.

The rnoisture status is the rnain physical characteristic of

soils which has an'influence on the availability of Mn. Both past and

present rnoisture conditions influence the arnounts of available Mn

present. Piper (1931) has shown that a period of waterlogging

favored the reduction of the unavailable forrn of Mn to the plant



5

available forrn and that this rnay be one way to increase the arnounts

of available Mn in sorne soils. Pearsall (I950) attributed this effect

to an alteration of the chernical and biological processes caused by a

scarcity of available Or. This type of alteration rnay liberate large

arnounts of exchangeable cations particularly Fe, Mn, and A1. In a

recent publication Dhein (1962) has attributed a ternporary Mn injury

on clover to the chernical reduction of the higher valency oxides of

Mn to the plant available forrn during a period of waterlogging.

Fujirnoto and Sherrnan (1!45) found that the level of exchange-

able Mn was decreased when dry soils were rnoistened to approxi-

rnately their field capacity under non-saturated conditions. This

type of fixation was also observed by Rich (1955) and Christensen,

Toth, and Bear (1950) to occr;r only in well-drained soils. The

extractable Mn was increased in soils upon air-drying according to

Fujirnoto and Sherrnan (1945), Zende (1954), and Rich (1955) . Zende

(1954) found that the increase was greater in soils that had a higher

organic rnatter content, a higher content of active Mn, and a pH of

less than 6.3. This increase of extractable Mn could be explained

by the dehydration of the cornplex Mn oxide,(MnO)*(MrrOZ),(}{ZO)2,

as hypothesized in the Mn cycle of Fujirnoto and Sherrnarr (1948).

Sorne investigators have included soil ternperature as a factor

affecting the availability of Mn. Mederski and Wilson (1955) showed

that foliar deficiency syrnptorns of Mn developed on soybeans at 1ow



soil ternperatures and at high soil rnoistures. They also found that

increasing the soil ternperature increased the uptake of Mn and

reduced the deficiency syrnptorns in the soybeans. This would

indicate that the higher soil ternperature either increased the avail-

ability of Mn or increased the plant activity.

The availability of Mn has been found to be closely related to

the pH of the soil and to pH changes resulting frorn the application

of fertilizer rnaterials and soil arnendrnents. Snider (L943) found

that the arnounts of soluble and exchangeable Mn in soils were rnore

closely related to the H* iort concentration than to the arnounts of

exchangeable bases in the surface Iayer. He concluded that any in-

crease in soil acidity was followed by an increase in the availability

of Mn and that sorne fertilizers and their constituents affected the

availability of Mn in this way. An increase in soluble Mn was

rneasured by Funchess (19I8) following the application of (NHn) 
ZSOI

in an acid soil. The addition of the acid-residual rnaterials,

NH4NO3, (NH4) 
ZSO4, 

trrea, and HCI, were shown by Conner (L93Zl

to benefit oats that were deficient in Mn. According to Berger and

Gerloff (1947) the addition of any fertiltzer which lowered the pH of

the soil caused Mn toxicity to occur in potatoes where the leve1 of

available Mn in the soil was near the critical leveI. Jacobson and

Swanback (L932) reported that there was an increase in the uptake

of Mn by tobacco plants and an increase in the active Mn in the soil



following a decrease in the pH of the soil. ,, The increased avail_

ability of Mn frorn the application of superphosphate was attributed

to an increase in the H* ion concentration by steckel, Bertarnson,

and ohlrogge (19481. This effect was later confirrned by studies

rnade with rnonocalciurn phosphate rnonohydrate (Lindsay and

Stephenson, 1959).

Garey and Barber (1952) corrected Mn deficiency on an alka-

line soil with the addition of elernental S. They attributed this effect

to an oxidation- reduction reaction involving s and Mn and frorn a

possible increase in soil acidity. The increase of soluble and ex_

changeable Mn frorn the addition of sulfur has also been reported by

Funchess (1918) and Fujirnoto and Sherrnan (l 948).

The beneficial effect of an increase in soil pH on plant growth

rnay result frorn a decrease in the arnounts of available and ex-

changeable Mn present in the soil. sherrnan and Fujirn oto (1946)

decreased the exchangeable Mn in an Hawaiian soil to about one-

fifth the arnount found in the unlirned soil by applying two tons of

hydrated lirne per acre, thereby increasing the pH frorn 4.6 to 6.7.

They also indicated that plant growth was increased and the uptake

of Mn was reduced frorn the application of the hydrated lirne.

lMorris (1948), Lingle et ar. (r96r), and Hortenstine and ozaki

(1961) all reported a reduction in the uptake of Mn by plants frorn

the application of Iirne.,' Mann (1930) applied different arnounts of
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CaCO, and MgCO, and found that the solubility of Mn was decreased

by both carbonate sources. Bortner (I935) attributed the abnorrnal

growth of turkish tobacco on a Bera soil of pH 4.5 to large arnounts

of soluble Mn being present and found that the application of lirne

reduced the toxic condition of excessive Mn in both field and green-

house experirnents. Crinkle leaf (Mn toxicity) of cotton was Pre-

vented by the application of lirne or Narcor, but the application of

a neutral Ca salt had no effect on the prevention of the toxicity

syrnptorns (Adarns and Weir, L957). Fried and Peech (1946) corn-

pared the effect of lirne and gypsurn applications on acid soils and

found that the irnproved growth of plants was not necessarily due to

a lack of available Ca, but that the rnain effect was an increase in

pH resulting frorn the application of lirne. The effect of the appli-

cation of lirne or gypsurn on Mn toxicity was also cornpared by

schrnehl, Peech, and Bradfield (1950). The results that they ob-

tained were sirnilar to those of Fried and Peech (1946), except for

a detrirnental salt effect resulting frorn the application of gypsurn.

Sorne evidence is available which indicates that the application

of a Cl salt increased the uptake of Mn by plants (York, Bradfield,

and Peech, 1954; Foy, 19641. York, Bradfield, and Peech (1954)

after applying NaCl or KCl observed nearly a Z}Oslo increase in the

Mn content of alfalfa on an unlirned soil that had a pH of 5.0. They

have attributed this to a salt effect, i. e. , a cation exchange of Na or
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K for H and Mn. Alfalfa yields were severely decreased by the

application of CaCl, on an acid soil in the experirnents of Foy (19641,

The CaClZwas applied to supply Ca to the growing plants although an

increase of Ca in the plants was not evident frorn his data. The

application of CaCL, caused the Mn toxicity syrnptorns, the Mn up-

take by the plants, and the exchangeable Mn in the soils to increase.

The application of. CaCl, appeared to have little effect on the uptake

of Mn by cotton when a Mn toxicity situation already existed, al-

though a slight increase in water-solubIe Mn was shown by the data

of Adarns and Weir (1957).

The addition of glucose has been shown to increase the arnounts

of divalent Mn present in the soil (Mann and Quastel, t946; Christen-

sen, Toth, and Bear, 1950). The influence of the glucose was

lirnited to its period of decornposition in a lirned soil. In an acid

soil or an unlirned soil they found that the Mn status was indirectly

influenced after the initial decornposition, i. e. , a slower return of

the divalent Mn to the insoluble forrn. The influence frorn the

addition of an organic rnaterial on the availability of Mn was de-

pendent upon the rnoisture conditions at the tirne of the addition

according to the results of Sanchez and Karnprath (1959). They

found that the addition of peat caused an increase in the available Mn

in a soil that was low in organic rnatter and in a rnoistened condition;

but if the soil was dry, the increase did not occur.
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The effect of superphosphate has been reported in the litera-

ture to both increase and decrease the availability of Mn. Page,

Schofield-Plarner, and MacGregor (1963) reported an increase in the

uptake of Mn by oats frorn a superphosphate treatrnent. Messing

(1950) reported sirnilar results frorn studies on lettuce and also

measured an increase in the water-soluble and exchangeable Mn in

the soil. These results can be explained by the decrease in pH

following an application of superphosphate (Lindsay and Stephenson,

I 959).

Other investigators have found that the toxic effect of Mn was

reduced by the application of superphosphate (Hawkins, Brown, and

Rubin, t95l; Larnb, 1951). Bortner (1935) attributed the decrease

in the Mn content of tobacco frorn an application of superphosphate

to an irnrnobili zation of Mn within the plant. Foy (L964) also sug-

gested that the additional phosphate rnay be necessary to provide

sorne protection against Mn injury by a sirnilar reaction.

Manganese can either be reduced or oxidized by rnicroorgan-

isrns depending uPon the availabitity of. Or. In the presence of low

available O^, Pearsall (1950) reported an increase in the divalent
Z

forrn of Mn. Microbiological oxidation has been observed to occur

in soils as acid as pH 4. B and as alkaline as pH 8. $ (Leeper and

Swaby, l94O).

The intensity of light rnay have an influence on the arnount of
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Mn.taken up by sorrre plants. McCool (1935) has shown that the Mn

toxicity syrnptorns and Mn content of soybeans and buckwheat were

decreased as the light intensity decreased. Sutton and Hallsworth

(1958) were able to induce Mn toxicity in forage legurnes under con-

ditions of high light intensities and a low Ca supply. However, they

suggested that the light intensity effect rnay be dependent on the

Fe/ Mn ratio.

Evidence has been presented above which indicates that a Mn

cycle is present in soils involving the divalent, tetravalent, and

probably other valent states of Mn. In this cycle two general

processes occur which influence the availability of Mn. The first

is an oxidation-reduction process and the second is the hydration-

dehydration process of the Mn oxides. The dorninant process and

forrn of Mn present is controlled by soil pH changes, availability

of o^, availability of organic rnatter, biological population, soil
Z

rnoi sture status, and soil ternperature s.
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EXPERIMENTAL METHODS

Soil Characteristic s

The experirnents were conducted on soils that have been classi-

fied as Planosol and as belonging to the Dayton series. The recent

reclassification scherne of the 7th Approxirnation would classify

these soils as a Typic Albaqualf.

These soils have developed on the poorly drained terrace sedi-

rnents of the Willarnette Va1ley. Iron-rnanganese concretions occur

throughout the profile and are concentrated in the lower parts of the

A, horizon. Below this horizon is a very cornpact and clayey horizonL

which becornes alrnost irnpervious when rnoist. This irnpervious

nature causes the upper h-oifzons to becorne waterlogged during the

rainy season frorn rnid-fall to rnid-spring. Ideal conditions for the

reduction of Mn occur on these soils for approxirnately five rnonths

(Conner, l9l8; Piper, 1931).

A surnrnary of sorrte of the chernical characteristics for the

individual experirnents is given in Table l.

Design and Application Methods

A11 experirnents were designed as randornized blocks with a

different order of randornization being used for each. The treat-

rnents in the bush bean experirnents were arranged in factorial
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Table 1. Soil Characteristics from tJle Experimental Locations.*

mel1@ gms.

Location Lime rate
T/A

pH P

Ppm

Ca Mg Mn CEC

Bush bean field
experiment-1 963

Greenhouse

experiment-l964

Bush bean field
experiment-l964

Sweet Corn Exp. -1964
1.426

2. 427

0

3

0
3

o
1.5
3

4.9
6.6

5.0
6.5

4.9
5.2
6.0

5.5

5.2

19. 8

20.2

7.2
8.2

t2.5
t2.7
t2.4

16. O

11. 0

0.11
o.L4

0. 18

o.22

o.L4
o.L4
o. 16

0.25

0.16

2.6
11.0

2.8
8.5

2.9
4.5
8.6

7.O

4.3

t.4
1.5

1.1
1.4

1.3
1.3
t.4

t,9

t.2

0

0

- 11.3
- 11.3

0.67 tL.6
o.t7 tz.t

0.10
o.07
0.04

0.06 18.0

0.13 12.3

A11 values are the means of the replications from the respective experiment.
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cornbination and the lirne rates in the bush bean greenhouse experi-

rnent were included in the factorial design. The lirne rates were

considered as rnain plots and all other treatrnent cornbinations were

considered sub-plot units in the bush bean field experirnents. The

sub-plots were planted continuously across all rnain plots within

each replication. This type of design increases the precision with

which the interactions can be evaluated and decreases the precision

on the rnain effects.

A11 fertilizer rnaterials except for lime were banded about two

inches to the side and two inches below the seed at planting tirne.

Hydrated lirne was broadcast and disced into the soil on the field

experirnents and rnixed by hand into the soil used for the greenhouse

experirnent.

Soil Sarnpling and Analysgs

Soil sarnples were taken frorn all of the replications in the field

experirnents irnrnediately before planting. The sarnples were then

air-dried, ground, and stored until sub-sarnples were taken for

analyses. A11 of the rnethods used for the soil analyses except for

the rnethod used in the deBp.rrnination of the extractable Mn were

those used by the Oregon State University Soil Testing Laboratory

(Alban and Kellogg, 1959).

Freshly obtained soil sarnples were used for the deterrnination
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of the available (extractable) Mn. The sarnples were allowed to air-

dry to a workable condition and were then extracted irnrnediately

because the drying of. a rnoist soil has been shown to increase the

arnount of available Mn (Fujirnoto and sherlnan, 1945).

The procedure for the extraction and deterrnination of the

available Mn is as follows:

Thirty rnl. of lN caclrwere added to ten gralns of fresh

soil in a z5o rnl. wide-mouthed polyproylene bottle. The

sarnple was then shaken for ten rninutes and centrifuged,

and the supernatant liquid was relrtoved by filtering. This

process was repeated three tirnes for each sarnple. The

arnount of soluble Mn in the cornbined filtrate was then

deterrnined with an atornic absorption spectrophotorneter.

Plant Sarnpling and Analvses

The rnost recently rnatured trifoliate bean leaves were sarnpled

for chernical analyses when the plants were at early flowering on the

1953 experirnent and when the first trifoliate bean leaves reached

rnaturity on the 1964 field experirnent. Six weeks after planting, the

greenhouse experirnent was terrninated and all trifoliate leaves were

collected for chernical analyses. Whole tops were taken six weeks

after planting frorn the sweet corn experiments'

A11 plant sarnples were dried and ground. sub-sarnples were
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digested with HNO, and HC1O4. The deterrnination of Ca, Mg, Mn,

Zn, and Fe in the plant digests was done with an atornic absorption

spectrophotorneter. Potassiurn was deterrnined on a flarne photo-

rneter and P was deterrnined according to the rnethod as described

by Barton (1948).
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RESULTS AND DISCUSSION

Bush Bean Field Experirnent-1963

This experirnent was prirnarily designed to investigate the

effect of fertilizer treatrnents on plant growth and possible inter-

actions resulting frorn the application of lirne. A11 plots received

50 pounds of N per acre as (NHn) ZSO+. Rates of 0, 26, and 52

pounds of P per acre were applied as ca(HrPO4) , and KCl was used

to supply rates of 0, 50, and 100 pounds of K per acre. Lirne was

applied three weeks before planting at tates of zero and three tons

per acre.

Yield data and chernical analyses of the trifoliate leaves are

given in the Appendix. Values used in evaluating the application of

K, P, and lirne on plant growth and nutrient content are presented in

Tables 2 and 3. Prirnary consideration has been given to the effect

of the fertilizer rnaterials on the uptake of Mn.

AIl plants becarne extrernely chlorotic shortly after ernergence

regardless of the fertilizer treatrnent. The first visible leaves, the

prirnary leaves, becarne stunted and exhibited a severe rnarginal

chlorosis which extended into the interveinal areas. These leaves

becarne crinkled and spotted with nurnerous srnall yellowish necrotic

spots. The syrnptorns were later associated with Mn toxicity be-

cause of the sirnilarity to the Mn toxicity syrnptorns as described on
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Table 2. Effect of K and Lime on the Yield and Uptake of Mn by Bush Beans in the
1963 Field Experiment. *

Lirne zero Lime 3TlA

K rate
(lbs/A)

0

50

100

Mn
ppm

798

1190

1048

Yield
T/A

5. 16

2.6t

2.05

Mn
ppm

528

772

610

Yield
TlA

3. 61

7.02

6.17

Least Significant Differences (5% level)

Comparing tle effect of lime at constant K

Comparing the effect of K at constant lime

Yield (T/A)

1,64

2.to

ppm Mn

458

82

Al1 values are tlre means of 4 replications.

Table 3. Effect of P and Lime on the Yield and Uptake of Mn by Bush Beans in the
1963 Field Experiment. *

Lime zero Lime 3Tl,A

P rate
(lbs/A)

0

26

52

Mn
ppm

745

988

1 048

YieId
.T/A

2.61

2.M

2. 05

Mn
ppm

530

702

610

Yield
T/A

s. 38

6.02

6. t7

Least Significant Differences (5% level)

Comparing the effect of lime at constant P

Comparing the effect of P at constant lime

Yield (T/A)

1.64

2.LO

ppm Mn

458

82

All values are the means of 4 replications.
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the French bean (Lbhnis, L95l; Fergus, L954). The plants rernained

in this stunted stage of growth for approxirnately one week; at this

tirne, the first trifoliate leaves appeared and rnost of the chlorotic

prirnary leaves dropped off.

A11 treatrnents that had not received an application of KCI re-

covered rnuch faster than the treatrnents that did and, in general,

the lirned treatrnents were better than the unlirned. However, sorne

toxicity syrnptorns were still evident on sorne KCl treatrnents at

harvest. The severity of the Mn toxicity symptorns increased as the

rate of K increased.

The data given in Table 2 shows that the yield of beans in this

experirnent could be related to the Mn content of the bean leaves

except on the treatrnents where a K deficiency situation was accen-

tuated by the application of lirne. The increase in the Mn content

that was associated with the application of K was greater at tlne zero

lirne rate than at the three ton rate. The application of K in the

presence of lirne increased the yield even though this increase was

accornpanied by an increase in the Mn content. .l\1so, the yield

decrease frorn the first rate of K (50 pounds per acre) in the absence

of lirne was rnuch greater than the decrease in yield when the rate of

K was increased frorn 50 to 100 pounds per acre. The application

of 50 pounds of K always coincided with the application of 45 pounds

of Cl.
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The application of lirne reduced the Mn content in the bean

leaves at aLL levels of K and P (Tables 2 and 3). The decrease in

the Mn content was associated with an increase in soil pH frorn 4' t

to 6.6, possibly causing a decrease in the availability of Mn (Sher-

rnan and Fujirnoto, 1946; Morris, L948; Lingle et aI., 1951). Lirne

rnay have also been rnore effective at the earlier stages of growth if

it could have been aPPlied sooner.

The addition of lirne increased the yield of beans significantly

where K was applied but decreased the yields where K was not

apptied (Table 2). The reduction in yield frorn the application of

lirne probably was not associated with the srnall reduction in the K

content, l.O5oloto 0.96a/0, but to the wider Cal K ratio rnainly caused

by the increase of Ca in the bean leaves frorn l.4zoloto 1.80%. Sirni-

lar lirne by K interactions have also been observed by Van Itallie

(I938) and Lucas and Scarseth (1949).

The application of K increased the K content of the bean leaves

approxirnately Lolo on all treatrnents. The increase frorn the first

rate of K (50 pounds per acre) was rnuch greater than the increase

between the first and second rate of K (100 pounds per acre). It

would appear that the first rate of K was adequate to supply the

plantrs growth requirernent for K in this experirnent'

The effect frlat the application of. ca(:HrPO4) ,lnad on the uptake

of Mn is shown in Table 3. In general, the application of P
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increased the Mn content of bean leaves at both levels of lirne with

the increase being rrlore pronounced at the zero lirne rate, The

application of P decreased the yields in the absence of lirne and

increased the yields in the presence of lirne. Both changes coincided

with a srnall increase in P content. The increase of P and Mn in

the bean leaves and the yield changes were not significant.

Plant sarnples frorn the above treatrnents were analyzed for Ca,

Mg, and Zn. The application of lirne increased the Ca content and

decreased the Zn content on all treatrnents. The values found for

the Ca, Mg, P, and Zn contents do not appear to be in either the

deficiency or the toxicity range.

When it becarne apparent that the severity of the toxicity

syrnptorns were closely associated with the application of KCl, a

supplernental non- replicated experirnent, irnrnediately adjacent to the

rnain experirnent, was established in the rniddle of the growing sea-

son to evaluate which ion was responsible for the effect, the K* qr

the Cl-. This experirnent consisted of a sirnple cornparison between

KCl and KZSO4 at two rates of P and lirne. Even though it was

relatively late in the growing season, it was evident that the toxicity

syrnptorns on the prirnary leaves were considerably rnore severe on

all the KCl treatrnents than on the KrSO ntreatrnents. A cornparison

rnade between the sources of K showed that the Mn content of the

plants on the KCI treatrnents was alrnost 50olo greater than the Mn
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content of the plants on the *rSOn treatrnent. Whole plant sarnples

collected at bloorn showed that the Mn content of the plants was re-

duced two and one-half tirnes by the application of lirne (Appendix

Table Ib).

The observations and plant analyses data frorn

treatrnents and the rnain field experirnent suggested

greenhouse expe rirnent.

Bush Bean Grgenhousq Experirnent- I 954

the

the

supplernental

following

The greenhouse experirnent was designed to deterrnine the

effect of different sources of K and CI on the uptake of Mn in the

absence and presence of 1irne. The arrangernent of treatrnents and

rnaterials is shown in Table 4. The K rnaterials were banded

irnrnediately before planting at a rate per inch of row that would

correspond to 4l pounds of K per acre for a 30 inch row spacing.

The arnount of CI that was supplied by the CaClrtreatrnent was

equivalent to the arnount supplied by the KCl treatrnent. A11 treat-

rnents had the equivalent of nine pounds of P and eight pounds of N

per acre applied with the banded rnaterials.



Table 4. Arrangernent
rnents in the

23

of Fertilizer Materials and Treat-
1964 Bush Bean Greenhouse Experirnent.

tr'e rtilize r
rnate rial

Check

KC1

^rson
nzco l

Lirne zero Lirne 3T I A
-CaCL, *CaCL, -CaCl, lCaCL,

x

x

x

x

x

x

x

x

xx
xx
xx
xx

The soil that was used in this experirnent was taken frorn the

1963 experirnental site when wet frorn winter rains. The sarnple was

dried enough to facilitate handling, screening, rnixing with lirne, and

potting. The soil was then kept under saturated conditions in the

greenhouse for four weeks to re-establish reducing conditions. It

was also allowed to dry slightly before planting to help prevent the

occurrence of darnping-off during seedling errrergence.

The toxicity syrnptorns that appeared in this experirnent were

very sirnilar to those described for the 1953 field experirnent. The

first visible signs of Mn toxicity appeared on all plants that had

received an application of Cl regardless of source. The chlorotic

syrnptorns were pronounced on aLI zero lirne treatrnents and the

application of cl increased the severity of the syrnptorns.

The effect t]nat the fertilizer treatrnents had on plant growth
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five weeks after planting can be seen in Figures I and 2. The plant

growth that occurred on the treatrnents corresponded inversely to the

Mn content of the bean leaves (Table 5).

Figure I cornpares the effect of the different sources of K and

CaCl- on plant growth in the absence of lirne. Figure 2 cornpares
L

the effect of addinE CaClrto the sources of K. The check treatrnent

in Figure 2 did not receive any fertilizer treatrnent. Cornparison of

Figures I and 2 shows that the plant growth was severely decreased

frorn the addition of CaCl, on the K treatrnents. No evaluation of

the treatrnent effects on plant yields was rnade in this experirnent;

however, the effect of the treatrnents on plant growth could serve as

an indication of the respective yields as shown for the zero lirne

treatrnents. The growth of the plants on the lirned treatrnents

corresponded very closely to the check treatrnent in Figure Z.

Chernical analyses for the trifoliate leaves taken at the tirne

the experirnent was terrninated are given in the Appendix. The

values for pprn Mn, percent K, and percent Ca for the respective

treatrnents are given in Table 5.

In the absence of lirne the increases in the Mn content of the

bean leaves frorn the application of Cl, either as KCl or CaCLr, were

highly significant in cornparison to the check treatrnent where no Cl

was applied. The difference between the Mn content on the CaCl,

and KCI treatrnents was statistically significant in the absence of
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Table 5. Effect of Lime and Fertilizer Materials on the Mn, K, and Ca Content of
the Bush Bean Leaves in the 1964 Greenhouse Experiment. 

*

Lime zero Lime 3TlA
Fertilizer
material

Nutrient
content

ppm Mn

%K

%Ca

ppm Mn

%K

%Ca

ppm Mn

%K

%Ca

ppm Mn

%K

%Ca

Check

KCl

KSO24

KCO
23

4aCL,

300

o.74

0.61

1 165

3.07

1. 13

467

1.66

0. s0

+CaCl,

2192

2.OL

1. 55

2t25

3. 30

1.71

1783

3. 25

1.8

990

2.33

1.00

-CaCl,

68

0.79

1.29

154

3.64

1. 80

110

t.75

0.80

t20

2, t7

1.43

+CaCL,

23t

1. 05

t.9L

393

2.77

t.92

90

2.OL

1.53

89

2.42

t.23

258

1. 89

0.52

Least Significant Differences (5% level)

Comparing 2 treatment mears

Mn

PPrn

635

K
%

Ca
%

0.63 o.44

All values are the mearx of 3 replications.
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Figure 1. The Iiffect of the Different Sor.rces of K and
cacl.2 on Prant Growfh in the Absence of Lime. Greenhouse
Experiment 196l+.

C,CI

Fig,re 2. The Effect of Adding cacr, to the sources of Kin the ,rbsence of Li:ne. Greenhouse Experi:rrent 1961.
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lirne although it is doubtful if rnuch significance should be attached to

this difference because of the abnorrnal growth resulting frorn the

excessive arnounts of Mn present. The addition of Cl, as KCl,

CaCla, and KCl plus CaClr, in the presence of lirne still showed a

slight increase in the Mn content.

Potassiurn chloride was the only K fertilizer rnaterial that

significantly increased the Mn content of the leaves in the absence of

lirne and CaCl.. This increase was significantly higher when corn-
Z

pared to either the check or to the other sources of K. The applica-

tion of 
^rSOn 

or KrCO, decreased the Mn content in either the

presence or absence of lirne on the treatrnents where CI had been

applied. The decreases frorn nrSOn or KrCO3 may have resulted

frorn an antagonistic effect of K on the uptake of Mn or frorn a

dilution effect.

The application of lirne reduced the Mn content in all treatrnent

cornbinations with the greatest reduction occurring on the treatrnents

that had received an application of. CaClr. A11 reductions were highly

significant on the treatrnents that had received an application of Cl.

The application of K, regardless of sorlrce, increased the K

content of the bean leaves when cornpared orthogonally with the

treatrnents where K was not applied. In general, the K content of

the bean leaves was the highest on the treatrnents that had ".."irr.d
KC1. The rnajority of this increase could probably be attributed to

(
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the growth reduction

content of the leaves

rnents to prevent K

were not present on

terrninated although

developed on the K

that occurred on these treatrnents. The K

was adequate on the KrSOn and KZCO3 treat-

deficiency. Potassiurn deficiency symptorns

any treatrnents at the tirne the experirnent was

a deficiency situation would have probably

zero treatrnents if the plants would have been

allowed to rnature.

The addition of CaCl.- increased the K content of the bean

leaves on all treatrnents that had not received an application of KCl.

The detrirnental effect of a Cl salt on plant growth has been previous-

ly discussed and the dilution effect rnay have been the principal factor

responsible for this increase. The decrease in the K content of the

leaves frorn the application of lirne corresponded to an increase in

the Ca content. A11 K content reductions frorn lirning were signifi-

cant in the presence of. CaCl, except where KZCO3 was applied.

The application of K reduced the Ca content except where

growth was abnorrnal on the Cl treatrnents. The Ca content of the

bean leaves was increased by the application of CaCl, and lirne. In

general, the Ca content was slightly lower than the levels found in

the field experirnents.

The K and Ca relationships of this experirnent rnay be surrr-

rnarized as follows: The addition of Ca, frorn either CaCL, or lirne,

increased the Ca content and probably decreased the K content of
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the bean leaves. In general, the addition of K increased the K

content and decreased the Ca content. Sirnilar Ca by K interactions

have also been observed by Van Itallie (1938) and Lucas and Scarseth

(1949).

The level of the other nutrients in the bean leaves would not

indicate a deficiency or toxicity situation. A11 plant sarnples col-

lected were an.alyzed for Mg and P. Selected sarnples were analyzed

for Zn.

Leaves were dying and dropping frorn the rnore severely

affected plants at the tirne that this experirnent was terrninated. This

wide degree of senescence between treatrnents and the high levels of

Mn in the plant leaves may have resulted in considerable variation

in the chernical cornposition and attributed to a higher error terrn.

resulted in rnarked in-However, there can be little doubt that CI

creases in the Mn content of the bean leaves in the absence of lirne

or that the application of lirne reduced the Mn contents even where

Cl had been applied.

Additional experirnents were conducted during the surnrner of

1964 on different field experirnental sites. One experirnent was

conducted with bush beans to provide additional inforrnation on the

factors affecting the uptake of Mn under field conditions. Two addi-

tional experirnents were carried out with sweet corn to substantiate

the effect of C1 on the uptake of Mn.
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Bush Bean Field Experirnent-1964

Additional inforrnation concerning the effect of CI on the uptake

of Mn by bush beans under the influence of field conditions was the

rnain objective of this experirnent. The treatrnents were arranged so

that orthogonal cornparisons could be rnade between the two CI

sources, the two sources of K, the sources of SOn, and the Ca salts.

Potassiurn was applied at the rates of 0, 50, and 100 pounds

per acre frorn either the KCt or the *rSOn source. One source of K

was used in each 3 by 3 unit and the Ca salt of the anion of the other

K source was used in the sarne unit, i.e. , KCI and CaSOn were used

in one unit and *rSOn and CaCl, in the other rrnit. Three rates of Cl,

O, 45, and 90 pounds per acre, were applied frorn either the CaCl,

or KCI source. The KrSOnand CaSOn rnaterials supplied 0, 20, and

40 pounds of S per acre. The arnount of Ca that was supplied frorn

either the CaCl, or the CaSOn source was considered to be non-

significant although 25 and 50 pounds of Ca per acre were supplied

by each rnaterial at the higher rates. The above treatrnent cornbina-

tions are shown in Table 6.
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Table 6. Treatment Combinations in the 1964 Bush Bean Field Experiment.

Materials and Rate (Ibs/A)

Treatment
No.

L

2

3

4
5

6

7

8

9

10
11

t2
13

14
15

L6

t7
18

KCl(K) CaSon(S)

45

90

45

90
45

90

50
50
50

100

100
100

z;
Q

20

40

20

40

5;
50
50

100
100

't

Thirty-five pounds of N per acre was broadcast as NH4NO3

before planting and an additional 35 pounds was banded as (NHn) 
ZSOq

at planting. In addition, 26 pounds of P per acre was banded on all

treatrnents at planting as Ca(HrnOn)r. Zero, I.5, and 3 tons of

hydrated lirne per acre were applied and disced into the soil the

previous fall.

Manganese toxicity syrnptorns did not appear as soon after

seedling elTrergence as was observed in the previous bush bean ex-

perirnents. The late appearance of the toxicity syrnptorns rnay have

been partially accounted for by the unusually dry spring causing the
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arnounts of available Mn to be lower than that in the other experirnents

at planting. However, toxicity symptorns were present on all treat-

rnents that had received an application of Cl before the appearance of

the trifoliate leaves. A11 treatrnents that had received an application

of lirne were not severely affected and recovered very rapidly.

It soon becarne apparent that the design of the experirnent was

inadequate to account for the soil differences present. The replica-

tions, as designed, were arranged to account for the gradient be-

tween the soil series present. However, the location of a drainage

ditch along one side of this experirnent was instrurnental in causing

better drainage conditions in approxirnately one-half of the experi-

rnental p1ots. Treatrnents that were located on this side of the

experirnent had a lower level of Mn in the bean leaves and, in gen-

eral, had larger vegetative growth than the corresponding treatrnents

on the other side. A statistical evaluation of the treatrnents on the

separate sides or the influence of the drainage ditch on plant growth

could not be rnade because of the high degree of classification present

in the basic design.

Chernical analyses were carried out on the first rnature

trifoliate leaves and the results are given in the Appendix. The

following conclusions are probably justified frorn the treatrnent

effects which were observed in this experirnent.

The application of Cl frorn either the KCI or the CaCL, source
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increased the Mn content of the bean leaves in cornparison to the

treatrnents where CI was not applied. The increase frorn the applica-

tion of Cl as CaCl, was probably greater than the increase resulting

frorn the application of a sirnilar rate of Cl frorn the KCI source

(Tab1e 7).

The effect frorn an application of SOn appeared to be dependent

upon the source. The Mn content was increased frorn the application

of CaSOn and decreased when KZSO4 was applied.

The Mn content of the bean leaves was reduced frorn the appli-

cation of lirne in all treatrnent cornbinations (Tabte 7). The decrease

was highly significant at the three ton rate.

Potassiurn deficiency syrnptorns developed on all treatrnents

that did not receive an application of K. The severity of the defi-

ciency syrnptorns increased with an increase in the lirne rate corre-

sponding to a decrease in the K content and to an increase in the Ca

content of the bean leaves. Potassiurn deficiency symptorns devel-

oped on all plants that had less than l.40olo K in the bean leaves when

sarnpled at this stage of growth. A11 levels of Ca found in the bean

leaves are assurned to be adequate in this experirnent.

The arnounts of Zn, P, Fe, and Mg present in the leaves were

also deterrnined. The 1evel of these nutrients appeared to be ade-

quate for plants sarnpled at this stage of growth.
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Table 7. Effect of Lime and Fertilizer Materials on the Mn Content of t]le Bush Bean
Leaves in the 1964 Field Experiment. 

*

Materials applied

CaSon (lbs S/A)

KCl
(Ibs K/A)

o

100

Lime rate
(T/A)

0

1.5
5

o

1.5
3

o
1.5
5

50

Ave.

435

292

205

519
304
221

416
292

214

322

433

306

188

s50
399

242

497
304
218

3,ttt

Ave.
446
259
t92

306

516

391

275

379
815

381

322

383

399

Materials applied

CaCI, (lbs CllA)

KzSoa
(tus r/at

0

Lime rate
(T/A)

o

1.5
3

o

1.5
3

0
1.5
5

o 45 90

----------ppm Mn--------
Ave.

50

505

258

188

436

305

220

325
206
t72

290

742

441

244

436
382
22t

591

328
23t

398

561

383

242

547
368

287

58s
359

264

399

393

355

3N

100

Ave.

A1l values are the means of 4 replications.
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Sweet Corn Field Experirnents 425 and 427-1954

These experirnents were carried out to evaluate the effects of

different sources of K on the uptake of Mn by sweet corn. The K

treatrnents were applied in a randornized block design with a different

order of randornizatlot being used for each experirnent.

KCl, 
^rSOn, 

and KrCO3 were banded at rates of 0, 50, and 100

pounds of K per acre at planting. Ninety pounds of N per acre was

broadcast as NH*NO, before planting. Sixty pounds of N as

(NH4) 
ZSO+ 

and 52 pounds of P as Ca(HrPO4) Zpu, acre were banded

at planting on all treatrnents.

Early field observations indicated a reduction in plant growth

and vigor where KC1 had been applied as a source of K on both

experirnents. In general, the plant growth on all treatrnents was

less on the 427 site than on the 426 site. Soil chernical analyses

frorn the two sites indicated that the 1evel of extractable Mn at

planting tirne rnay have influenced the arnount of growth on the ex-

pe rirnental site s .

Chernical analyses data for the whole plant tops taken six

weeks after planting are given in the Appendix. The Mn contents

for the respective treatrnents are given in Table B.

The application of KCI increased the Mn content of the plants

in cornparison with either the check or the other sources of K in
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Table 8. Effect of Source of K on the Mn Content of the 1964 Sweet Corn Experiments. 
*

Experiment 426

KCl
Source of K

K2SO4lbs K/A

0

50

100

KzC03

88

109

t34

88

72

82

88

76

79

Experiment 427

Source of K
lbs K/A

0

50

100

KzcoaKCI

247

331

&3

KSO24

247

247

2t5

247

2LO

217

Least Significant Differences (5% level)

Comparing 2 treatment means (ppm Mn)

Exp, 426 Exp, 427

8130

All valtres are the means of 3 replications.
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both experirnents. This increase was highly significant at the 100

pound rate of K. The application of Krson or Krco3 did not signifi-

cantly affect the Mn content in either experirnent.

The application of K frorn all three sources resulted in a

significant increase in the K content for both sweet corn experi-

rnents. This increase was highly significant for the KCl treatrnent

on experirnent 427 which rnay have been partially related to the

reduction in growth which occurred on this treatrnent. A11 increases

in K were significant at the I% 1evel in experirnent 426.

Plants sarnples were anaLyzed for Ca, Mg, P, Zn, and Fe.

The leveI of these nutrients appear to be adequate for corn plants at

this stage of growth.

The level of Mn which is associated with toxicity in sweet corn

is not available in the literature nor can it be evaluated in these

two experirnents. In rnost treatrnents there was sorne reduction of

yield occurring with an increase in the Mn content. However, the

effect of this increase cannot be evaluated satisfactorily because of

a boron deficiency which delayed rnaturity and prevented filling of

the ears. This problern also tirnited the valuation of increasing the

K content.
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GENERAL DISCUSSION

The surface horizons of the soils used in this study norrnally

contain nurnerous concretions of Fe and Mn oxides. They are also

naturally acid and saturated frorn the winter rains for at least five

rnonths of the year. This waterlogged condition and the abundance

of Mn oxides result in conditions which tend to restrict the growth of

plants which are sensitive to high arnounts of available Mn. The Mn

oxides are reduced during the period of waterlogging and the half-

ce1l reactions for the rnost 1ikely reaction describing this reduction

are as follows:

Mno, + 4H+ + ze- ? Mrr** + zTzo
IzHzo+oz + 4IF,'+ 4e

Eo(volts)
+1, Z3O

-1. ZZ9

(r)

(r)

+r+zMno, + 4H- + zMn' ' + Z}l|O + Oz +0.001 (ru)

A11 half-cell reactions and their standard oxidation potentials are

frorn the Handbook of Chernistry and Physics, 40th Edition (1959).

This reaction is very near to equilibriurn in standard state conditions.

However, the natural acidity of these soils, the relative abundance

of the Mn concretions, and the decrease of the partial pressures of

oxygen

Oxygen

aerobic

are aLl factors which tend to drive this reaction to the right.

can also be rernoved frorn the systern by the rnetabolisrn of

rnicroorganisrns and in pure cultures, where oxygen was
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absent, rnanganic-Mn has been shown to function as an electron

acceptor (Hochster and Quastel, l95Z).

The toxic nature of these soils was reduced by lirne. The

application of lirne caused a rnarked reduction in the uptake of Mn,

increased plant growth, and raised the soil pH frorn 5.0 to above

6.0. The rnain effect of lirning was probably the reduction of the

hydrogen ion concentration. This decrease would bring about a

shift in the equilibriurn of reaction III to the left under both aerobic

and anaerobic conditions. There should be less build-up of available

Mn during the period of waterlogging in the lirned as cornpared to the

unlirned soi1, even though the reaction would sti1l proceed to the

right where there was a lack of available oxygen.

The additional Ca supplied frorn the lirne rnay have had an

antagonistic effect on Mn absorption. Calciurn has been found by

Williarns and Vlarnis (1957 ) to reduce the Mn content of the leaf

tissue of barley. Lbhnis (1950) has also reported that Mn injury

could be reduced by fertilizing with Ca. It should be rnentioned that

their work was d.one with culture solutions and not under field con-

ditions. However, this rnay be part of the rnechanisrn by which

lirne reduces Mn uptake.

The naturally high level of Mn created an ideal situation in

which Mn could becorne quite toxic if its availability were increased.

Potassiurn chloride and CaCIZ appeared to have this effect since the
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uptake of Mn was increased following the application of these rnate-

rials. The effect was rrrore apparent on the non-lirned treatrnents

again suggesting that the hydrogen ion concentration played an

irnportant ro1e.

The effect

partially due to t

the C1 salt on the availability of Mn rnay be

high salt concentration in the f.ertllizer band. A

high concentration of soluble salt would displace hydrogen ions frorn

the exchange cornplex causing the concentration of the hydrogen ions

to increase in the soil solution with a corresponding shift in the

equilibriurn of reaction III to the right. Manganous-Mn rnay also be

increased in the soil solution through a sirnilar exchange reaction.

However, the rnajor part of the Mn increase does not appear to be

due to this reaction since the application of KZSO4 and CaSOr, salts

of a strong acid, or KrCO, had essentially no effect on the uptake

of Mn in the greenhouse nor in the field experirnents.

Chloride rnay also be functioning as an electron donor in an

oxidation-reduction reaction involving rnanganic-Mn in acid soils.

In order to evaluate this possibility, it would be inforrnative to look

at the half-ceIl reactions of one of the possible reactions. The first

half-cell reaction involves the reduction of rnanganic-Mn and the

second the oxidation of Cl. A11 standard oxidation potentials are

given for standard state conditions.

of

he
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MnO, + 4H+ + Ze + Mr,** + ZHzo
Eo (vo1t s)
+1. 230

-r. 358+ Cr, + ze-

MnO, + 4H+ + ZCt- + Mrr** + ZH-O + 
"r, -0. l2g

The ernf of the cornbined reaction indicates that there is a

slightly greater tendency for the CI electrode to give off the electrons

thus oxidizing rranganous-Mn. However, the conditions existing in

these soils rnight be displaced considerably frorn the standard state.

The concentration of the cI in the fertilizer band or irnrnediately

around a KC1 or cac7, particle could be quite high and rnay provide

a considerable driving force for the reaction. The abund.ance of Mn

in these soils rnakes it highly probable that a given fertilizer particle

would be lying in'close proxirnity to a Mn concretion. The concen_

tration of hydrogen ions in solution would increase through an ex-

change reaction, creating an additional driving force. AIso the

concentration of chlorine would be very low because of its rernoval

in the forrn of a gas or through a secondary reaction with water.

In addition, Mno, and Hro shourd have little effect since they are

norrnally very near to their standard states. Frorn these considera-

tions, it seerns reasonable to conclude that Mn avairability rnight

be quite high in the vicinity of a C1 salt particle.

zct

(r)

(IV)

(v)



4Z

Another possibility of a Cl reaction would be the following

half-ce1l reactions.

IJ+MnO. + 4}{' + Ze Mn'
z

cI-+4rzo + c1o4-

zllzo

8H* + 8e

Eo(volts) /rr
+L.230 rU

-l.360 (vr)

4Mno, + 8H+ + Cf + 4Mrr** + C1O4- + 4HzO -0. t3o (Vil)

This would give a cornbined reaction with an ernf of -0.I30 volts

which is only slightly rnore negative than the ernf for reaction V.

Additional oxidation-reduction reactions involving CI and Mn have

greater negative ernfts and would, therefore, be less like1y to occur

in soi1s.

Sherrnan, McHargue, and Hagernan (I!43) have studied the

influence of an addition of a halide salt on the oxidation equilibriurn

of Mn in soils. They found that the addition of KI to an acid soil, to

which rnanganic-Mn had been added, increased the manganous-Mn

and released iodine. This reaction rnay have occurred in the

following way:

+ _ rr- Eo(volts)
MnO, + 4H' + ZI 

- 
Mn " + Z}IZO + IZ +0. 694 (VIII)

The positive standard ernf indicates that this reaction should occur

spontaneously as written. The effect of a Br salt application was

not clear frorn their results although the standard ernf of an '
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oxidation-reduction reaction would indicate that Br could also reduce

rnanganic -Mn (reaction IX).

MnO, + 4H+ + ZBt- + Mrr**+ ZHZO+rrr.
Eo(voIts)
+0. 165 (rx)

This reaction rnay be irnportant in soils because corrrpounds con-

taining Br such as ethylene dibrornide and rnethyl brornide have been

applied to sorne soils as organic pesticides.

Plant sarnples were taken frorn each bean experirnent at a

different stage of growth for chernical analyses. The correct tirne

for plant sarnpling does not appear to be a critical factor in the

identification of a toxicity situation (L6hnis, r960; single and Bird,

1958). Manganese toxicity can be adequatery identified by visual

syrnptorns and toxic leve1s can be established frorn the analyses of

the rnost recently rnatured trifoliate leaves. A content of l, ooo

pprn has been suggested as a Mn toxicity 1evel for the French bean

(Fergus, 1954; Ldhnis, l95l); however, the observations in this

series of experirnents would indicate that Mn toxicity rnay be present

when 700-900 pprn of Mn are present in the trifoliate leaves. rt
should be rnentioned that this toxic level is cornparable only for
plants grown'under sirnilar conditions because of the 1arge nurnber

of factors affecting the availability and uptake of Mn.
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SUMMARY

The effect of fertilizer treatrnents on the uptake of Mn was

investigated under field and greenhouse conditions. The experirnents

were conducted on poorly drained acid soils, classified as Planosols.

Drainage was restricted on these soils because of a B horizon which

becornes nearly irnpervious when wet thus creating ideal conditions

for the reduction of Mn during the winter rnonths. The soils con-

tained numerous concretions of Fe and Mn oxides. The addition of

S, K, N, and P has usually been necessary for rnaxirrlurn plant

growth and yields on these soils.

Bush beans were used as the prirnary indicator plant and

supporting evidence was obtained with sweet corn. Plant sarnples

for chernical analyses consisted of the rnost recently rnatured tri-

foliate leaves frorn the field experirnents and all trifotiate leaves

frorn the greenhouse experirnent. whole plant tops were taken six

weeks aftet planting frorn the sweet corn experirnents.

The treatrnents were arranged in factorial cornbinations for

all bush bean experirnents. Hydrated lirne was broadcast and

disced into the soil at rates up to three tons per acre in the bush

bean experirnents. Sources of K and cI were cornpared and cl was

applied at rates up to 90 pounds per acre. A11 treatrnents received

a uniforrn application of N, P, and S and all fertilizer rnaterials
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applied at planting tirne were banded.

The effect of an application of K on the uptake of Mn was

dependent upon the source of K. The application of KCl significantly

increased the Mn content when cornpared to either the other sources

of K or to the check treatrnent where no K was applied. This in-

crease was observed in both the bush bean and the sweet corn

experirnents and, in general, was great enough to cause Mn toxicity

in the bush bean experirnents. The application of KrSOn and K,CO,

had little or no effect on the uptake of Mn.

The application of Cl, as KCl or as CaClr, always increased

the uptake of Mn. The increases were rnuch greater on the unlirned

than on the lirned treatrnents. The application of CaCl, significantly

increased the Mn content of the bean leaves on the zeto lirne treat-

rnents in the L964 greenhouse experirnent. A11 bean plants on the

zero lirne treatrnents that had received an application of Cl

developed severe Mn toxicity syrnptorns in the 1963 field experirnent

and in the I )64 greenhouse experirnent. The application of Cl also

increased the Mn content in the 1964 field experirnents.

The application of lirne consistently reduced the Mn content

with the greatest reduction occurring on the treatrnents where CI

had been applied. The Mn content of the bean leaves on the lirned

treatrnents was below suggested toxic levels and the plants did not

show any toxicity syrnptorns at the tirne the leaf sarnples were taken
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for chernical analyses.

A toxicity level of Mn cannot be established for all conditions

since the availability and uptake of Mn are controlled by a nurnber of

factors. However, the observations in this series of experirnents

would indicate that Mn toxicity rnay be present when 700-900 pprn

Mn are present in the rnature trifoliate leaves. rt should be rnen-

tioned that this toxic leve1 is cornparable only for bean plants grown

under sirnilar conditions.

A rnechanisrn has been presented to explain the effect of the Cl

salt on the availability of Mn. In this reaction Cl has acted as an

electron donor causing a chernical reduction of the rnanganic-Mn

oxides to the plant available manganous-Mn ion.

These experirnents offer a possible explanation for sorne of the

reductions in yields that have been observed frorn the band applica-

tions of KCI. They also ernphasize the irnportance of evaluating the

effects of individual treatrnents on the whole range of elernents

present in the soil that can have beneficial as well as detrirnental

effects on plant growth.
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Appendix Table 1a. Chemical Composition of the Mature Trifoliate Leaves and yield of Beans.
Bruh Bean Field Experiment 1963. Means of 4 Replications.

Treatment*
NPK

Lime rate
T/A

Mg Zt
% PPm

P

%

K
%

Yield
T/A

Mn

PPrn

Ca
%

0
3

0
3

o
3

o
3

o
3

5.16
3. 61

2.6t
7.02

2. 05

6.t7

2.61
5.38

2.6
6.02

798
528

11 90

772

104ti
610

745
530

988

702

1. 05

0. 96

2.06
r.82

2.03
2, t4

1.79
2.09

1,92
2.20

1.42
1. 80

1. 68

t.99

t.69
1. 95

L.57
2.04

t,67
2,@

o. 354
o.34t

o.347
0.319

o,323
o.3t2

0. 315

o.28t

o.32L
o.292

o.54tt 29

0.600 20

0.535 4L

0. rltiO 25

0.511 &
0.475 27

o.4tt9 33
0.533 26

0.514 38

0.459 27

Fertilizer rates: N at 50 pounds per acre, p at 0, 26, ands2 potrnds per acre, and K
at O, 50, and 10O pounds per acre.

Appendix Table 1b. Chemicd Composition of Whole Plant Tops. Sr.pplemental Bu,sh Bean
Experiment 1963. One Replication.

Treatment
NPK

Lime rate
Tla

Ca
%

MnK
ppm %

P
0/6

Mg Zn

% PPm

KCI

KCl

KSO24

KSOz4

t730
tt20

2450
5,tO

t270
720

1900
soo

6.20
5.85

2.85
2.74

4.75
6,25

3.07
6.5

2.LO

1.96

t,74
1. 85

1.62
1.92

1. 58

r.70

o. 620
0.585

o.274
0.285

o.47s
o. 625

o.307
0.645

0

3

o
3

o
3

0
3

0.515 32

0.400 2s

0.615 63
0.435 78

0.620 37
0.750 42

0.550 34
0. 4ti5 38

Fertilizer rates: N at 50 pounds per acre, P at 26 and 52 pounds per acre, and K at
5O pounds per acre.
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Appendix Table 2. Chemical Composition of All Trifoliate Leaves. Bush Bean Greenhouse
Experiment 1964. Means of 3 Replications.

Treatment Fe

ppm
Lime rate

T/A
Ca
%

MnK
PPM %

Mg
%

P

%

Zn

pPm

Check

KC1

Kzsoa

K2C03

CaCL,

KCl + CaCl,

K2SO4 + CaCt'

KZCOZ+ CaCl,

0
3

0

3

o
3

o
3

o
3

o
3

o
3

o
3

300

68

1 165

t54

258

110

67
t20

2L92
23L

2t25
393

L7E3
90

990
89

o.74
o.79

3.07
3.64

1.89
t.75

t.66
2.t7

2.Ot
1. 05

3.30
2.77

3. 25

2,OL

2.33
2.42

0.61
t.29

1. 13

1. 80

0.52
0.80

0.50
L.43

1. 55

L.9t

t.7L
L.92

L.8
1. 53

1.00
1.23

o.2t9 0.?39
0.279 0.358

0.349 0.290
0.383 0.286

0.245 0.213
o.2t7 0.20t

0.193 0.23t
o.28 0.267

o.42 0.353
o.375 0.378

0.33s 0.333
0.318 0.267

0.289 0.286
0.253 0.224

0.235 0.256
0.242 0.2t7

9Z

103

161 42
t44 &

30

L9

24

20

42
26

74
78

9L

108

136
109

138

t04

t23
105

96

L20
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Appendix Table 3. Chemical Composition of tlre First Mature Trifoliate Leaves. Bush Bean

Field Experiment 1964. Means of 4 Replications.

Treatment* Lime rate Mn
KCI CaSOn TIA ppm

K
%

Ca
%

Mg
%

P

%

Zn

pPm
Fe

ppm

1@

o
1.5
3

o
1.5
3

0
1.5
3

o
1.5
3

o
1.5
3

0
1.5
3

0
1.5
3

0
1.5
3

o
1.5
3

0

1.5
3

1. 33

r.27
1.23

2.35
2.30
2.63

2.tt
2.4t
2.N

2.49
2.$
2.6

2.L6
2.53
2.56

2.6L
2,33
2.92

2.04
2.64
2.85

L.?5
1. 15

t.?5

L.26
1.16
t.07

1.25
L.07
L.23

1. 31

1. 63

L.96

1.32
r.47
1. 86

1,47
1. 68

1. 61

L.52
t.70
1. 86

r.&
1.60
L.92

t.43
L.70
1. 89

1. s8

t.s4
t.84

t.34
1. 60
1. 85

1. 31

t.69
2.06

1. 39

1.45
1.60

303

339

343

394
43L

84

68
553

473

285
380

&

636

663

44

499
,168

381

658

5ta
550

34t
364
408

374
334
&9

479

4{t0

44L

4t
43

35

38

&
32

Q
38

32

4L

4L

36

38

32

30

36

33

31

34
37

32

N
#
37

4t
43

38

4L

Q
,18

435

292

205

519
304
221

550
399
242

516
391

275

4t6
292

2L4

497

304
2t8

815

381

322

46
259
t92

505

258

188

20

50

100

100

433
306

188

0.53 0.559
0.50 0.618
0.53 0.609

0.52
o.6
o.4u

0.51
0.51
o.47

o.428
o.429
o,473

o.470
o. 433

o.4L3

0.56 0.42
O.52 O. ,154

o.49 0.490

o.34 0.404
o. 38 0. &7
0.45 0.434

0.46 0.405
0.43 0.439
o.6 0.415

o.4 0.432
O.47 0. ,116

o.47 0.4?S

0.56 0.582
0.52 0.616
0.60 0.615

0.57 0.592
0.52 0.665
0.56 0.706

0.53 0.566
0.51 0. 630

0.58 0.6t2

Pounds per acre of K and S respectively.
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Appendix Table 3 (continued).

Treatment* Lime rate Mn Mg Zn

% PPM

CaP
% 0/6

Fe

PPM

436
305

220

436
382
zZL

547

368

287

3?5

206
t72

591

328
23t

585
359
264

742
44t
244

561

383

242

100

50 r15

50 90

100 4s

100 90

0.60 0.460
0.51 0. ,150

0.52 O. r[S9

0.52 0,420
0.50 0. rl53

0.49 0.436

o.38 0.41s
0.51 0.413
o.47 0.418

0.50 0.430
o.49 0.41t
o.47 0.43

o.49 0.501
0. 4tf o. ?94
o.45 0.439

O. & O. ,rl51

o.# 0.405
0. ,ttt 0.428

0.58 0.579
0.54 0.622
0.53 0. 618

o,0 0.542
o.47 0.565
0.61 0.553

0
1.5
3

0
1.5
3

0
1.5
3

0
1.5
3

o
1.5
3

o
1.5
3

0
1.5
3

o
1.5
3

2.39
2.to
2.64

2.38
2,36
2,39

2.04
2.70
2.49

t.22
1. 39

1. 54

1.42
t.75
t,69

1,62
1.75
t.76

t.2L
t.t7
1. 39

1. 48

t,4t
1.72

1.54
1.74
1.90

1.62
t,9L
2.30

1. 95

2.34
2,12

2.75
2,73
2.73

321

356

3,15

383
,lO5

491

50s
533
425

43s
365

379

478
672

676

565

542
393

3s8

383

323

602
5,18

373

42

4L

37

4L

39

39

36

35

31

37
&
36

39

38

32

36

34
32

43

42

37

34
38

35

1. 96

2.67
2.98

2,2t
2.71
2.73

t.44
1. 10
t.N

1.6
1. 38

1.56

Pounds per acne of K and Cl respectively.
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Appendix Table 4. Chemicd Composition of Whole Plants Tops. Sweet Corn Field Experiments
426 arld 427-t964, Means of 3 Replications.

Material #K/A Mn

PPM

Ca
%

Fe

PPIn

Zn

pPm

K
%

Mg
%

Experiment 426

KCl

*rson

KCO23

0

50

1m

50
100

50
100

88

109
t34

76

79

72

82

L.87

3.37
3. 91

3.18
3.73

3.08
3.80

o.62

0.460
0. ,155

o,424
o.4zs

0.418
0.375

o.475

0.436
0.,1O0

0.520
0.,()3

0. 4.15

0.395

o.397

0. 328

o.32t

o. 393

0.330

o.29t
o.270

28

525

278

280

325

185

293

54

6L

56

53
I

52
50

Experiment 427

KCI

K2S04

KCO23

o

50
1@

50
100

5o
100

247

33L

&3

247
215

2LO

2t7

t.94

3. 15

3.49

2.27
2,87

2.97
3.37

o.420

0.353
0.431

0.354
o.37t

0.356
o,37s

0.521

o.423
o.4?8

o.420
0.410

0.400
o.420

0.436

o.326
o.37t

0. 339

0.3z5

o.347
o.337

300

305

235

3tl8
87

272

420

52

4
59

.A

54

42
57




