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ThTTROThJCTION

Recent investigations show that there is not a clear-

out relationship between thenative calcium carbonate of soils
and the uptake by plants of calcium from added soluble sources
(13, 22, 4.0, 4.8).

It was expected that, on calcareous soils,

the uptake of water-soluble calcium would be inversely related

to the total calcium content of soils, because of a dynamic
equilibrium between calciu. in the water-soluble, exchangeable,
and slightly soluble forms.

However, Flocker and Fuller (22)

have shown that calcium from calcium carbonate (caliche) in
calcareous soils is not absorbed by plant roots in appreciable
quantities compared with water-soluble and exchangeable calcium.
The reason for this is not clear.

It is hypothesized that

native-soil calcium carbonate exists in some chemical and/or
physical form not readily solubilized by the action of plant
roots or available through contact exchange as postulated by
Jenny and Overstreet

(33.

Since plant roots have been shown to have a cationexchange capacity (19, 58), it would seem. reasonable to assume

some uptake of calcium from calcium carbonate.

If contact ex-

change were to play a very large part in calcium uptake by the
plant, then the calcium content of the plants should be re-

lated to the amount of calcium carbonate in the soil, even
though calcium carbonate is only slightly soluble.

Some studies
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have shown that calcium uptake is related. to total root area

in contact with a calcium containing medium, such as soil

(7, 54.).
Most of the agriculturally important soils of arizona
as well as many soils of the arid and semi-arid West contain
calcium carbonate.

The calcium carbonate may occur as

nodules of varying sizes, it may be dispersed through the
soil, or it may appear as a layer in the soil, which may be
cemented into a hardpan.

Thus, fairly large amounts of

calcium carbonate could come into contact with plant roots
in ealoareous soils.

The present investigation was designed to test the
hypothesis suggested above, that the calcium content of plants

is influenced by the total calcium carbonate content of the
soil.

LITERATtJRE REVII
The importance of calcium in soils and. in plant nutri-

tion and calcium carbonate in soils has long been recognized.
Calciumis one of the essential niacroelem.ents for plants and
for animals.

From earliest time, civilizations have grown up

on soils rich in limestone or formed from limestone.

Agri-

culture had readily succeeded in some regions, not in others.

With the use of lime, lands have been rendered capable of
supporting increasing populations.

Calcium carbonate is close-

ly related to the fertility of the soil.

By reason of its

wide distribution in soils, it has received much consideration
from soil scientists.

Calcium carbonate is closely associated

with such soil processes as pan formation, reversion of phosphates, and the existence of free alkalinity in arid soils (15).

Many fertilizers and agricultural minerals contain a
larger percentage of calcium than of any other single nutrient
(44).

The average calcium oxide content of all fertilizers

sold in recent years to American farmers is calculated to be
about 17 percent.
2

Superphosphate fertilizer contains about

percent calcium calculated as the oxide.

In recent years a

greater tonnage of liming materals (18) was applied to soils in
the tFnited. States than the total of all fertilizers (1).

Yet

calcium, as an essential element for plant growth, is probably
least likely to be the limiting factor in crop production,

3

4
except in the acid, soils of some humid areas.

Role of calcium in the soil
The availability of all nutrient elements obtained by
plants from the soil is influenced. to some degree by the level
of lime present.

Calcium is generally the dominant nutrient

cation in agricultural soils.
scribed. by Bear

(3)

The ideal soil has been de-

as having 65 percent of the exchange coni-

plex occupied by calcium, 10 percent by magnesium, 5 percent
by potassium, and 20 percent by hydrogen.

Walker, et al,(68)

found that the yields of crop plants were markedly depressed at
exchangeable calcium levels of 20 percent or less and Stout and
Overstreet (60) showed. that a calcium saturation of 30 to 35

percent is required for plant growth.

Meisted (4.5) under field

conditions, observed calcium deficiency at about 20 percent
calcium saturation on a silt loam soil.

Calcium deficiency in

these soils did not become evident until all the other nutrient
deficiencies had been corrected through large application of
soluble fertilizers.

It may be possible to induce calcium

deficiency in other soils in this manner.

The ratio of calcium

to other ions present has been shown to be important in plant
nutrient uptake (11, 29,

55,

63,

77).

The tenacity or energy with which a cation such as cal-

cium is attracted to clay colloids is determined by the type of
colloid, the percentage saturation, and the nature of coniplemen-

tary cations present.

Eck, et al.(21) have found that kaolin

at both 45 and 90 percent calcium saturation was a better
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supplier of calcium, from a calcium-hydrogen system to tomato

plants than Wyoming bentonite at
calcium. saturation.

45, 60, 75,

or 90 percent

Similar results have been reported by

Mehlich (43) and. Marshall (39), in that the release of calcium
increased with increasing degree of saturation and. at a given

percentage calcium level, increased in the order, m.ontmorillo-

nite, kaolinite, etc.

Heavy

application of

complementary Ca-

tions such as potassium., magnesium, or ammonium in fertilizers

to soils may serve to increase the availability

of

calcium at

lower saturation values.

Calcium is a divalent cation, occurring in soils in
exchangeable, water-soluble, slightly soluble, and fixed or

non-exchangeable

forms.

Calcium is generally present in a

soluble or exchangeable form, when the pH value of the soil: is
below 6.0.

Under alkaline conditions, calcium may be found

combined with phosphate, carbonate, and other anions to form
slightly soluble compounds.

Arid and semiarid soils may vary considerably in the
amount of calcium carbonate present.

Harper (28) has outlined.

the principal characteristics of a group of soils that occur
mainly in the arid and semi-arid regions, that have been
d.erived from parent materials high in calcium carbonate.

called them "Calcisols".

He

An outstanding characteristic of

these soils is a prominent horizon of calcium carbonate accumulation at or near the depth of rainfall penetration.

Harper (28) the

calcium moves in

According to

percolating water as calcium

bicarbonate in solution and is precipitated as calcium carbonate
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where movement of moisture stops.

It also may form in corn.-

paratively OOarse-textured material by evaporation of water
containing the bicarbonate.

A cemented hardpan may be formed

as a result of continued calcium carbonate precipitation.
These hardpans are commonly termed "caliche'.

The influence of calcium carbonate on the pH value of
acid soils is important.

Fried and Peech (21).have shown that

plants grown on limed soils absorbed much more calcium and
gave much higher yields than those grown on gypsum-treated
soils, despite the higher concentration of calcium in solution
in the gypsum-treated soils.

The results of their study would

indicate that. the poor growth of plants on acid soils is quite

complex, involving several contributing factors such as toxicity of manganese, iron, and aluminum, the relative significance of which probably varies with different crops and soils.
Similar observations have been made by Schniehl, et

al.(54),

who

have concluded, in addition, that root growth in highly acid.

soils may be restricted, resulting in less calcium uptake.
Pierre and. Allaway (51) have concluded that the amount of cal-

cium required by plants grown in nutrient solutions varies
with the pH value.

Less calcium is required at pH values of

6-7.0 and, more at pH values of about 5.0.

Role of calcium in plants
Although calcium has been recognized for a long time
as an essential element for plant growth, Its exact role (or
roles) in the plant is not fully understood.

The general de-

ficiency symptoms are: stunting of growth, yellowing of upper
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leaves while the lower leaves remain green, malformation of
the youngest leaves, and finally ardisintegration of the terminal growing regions of shoot and root (4, 9).

Kaira (37) has

given more detailed descriptions of calcium-deficiency in
tomato plants.

The leaves go through a.chlorosis and necrosis

stage, and in severe deficiencies, death of apical xaeristezn
and the leaf margins, chlorosjs o± young leaves, and an enlargement and dark-green coloration of mature leaves.

The nuclei of

calcium-deficient plants were reduced in size and accumulated
a large amount of chromatin granules.

The critical level of

calcium, at and below which shoot apices tended to become
necrotic, appeared to be 0.16 to

0.17 percent calcium in shoot

apex and about 0.26 percent calcium in internodes.

Venning (66)

has observed that elongation of the upper internodes and roots
is restricted, and the upper portions of the plant are weak,
flabby, and. lacking in turgidity.

The parenchyma of the phloem,

cortex, and. pith of calcium-deficient plants was generally thinwalled and. the individual cells were enormously expanded.

Information relative to the function of calcium in the
plant can be obtained from observations of the deficiency syniptons of calcium.

From the results of many investigations, it

now seenis clear that calcium has several specific functions in
the plant.

Bonner and G-alston (9) have stated that calcium

and magnesium pectates appear to make up much of the middle
lamella of the cell wall and hence responsible for the adhesion
of adjacent cells.

Lyon and Garcia (38) have found that the

supply of calcium is clearly correlated with cell size and the
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thickening of cell walls in collenchyma and pericycle.

Lyon

and Garcia (38) and roham (35) have observed that one factor
associated with the limitation of growth by calcium deficiency
is the failure of normal carbohydrate transport, shown by the
marked accumulation of carbohydrates in the leaves, under calcium deficient conditions which severely limit growth0

Florell

(23) has concluded that calcium favors the formation of the
mitroohondria, by means of its gex.eral influence on the organ-

ization of the cytoplasm, and that calcium regulates the permeability of the plasma membranes.

Velasco and Fertig (65) have

concluded that calcium besides serving as a nutrient at low
concentrations, acts as a genuine cell elongation factor in
some kind of interaction with auxin.

Kaira (37) has found

calcium-deficient plants to have a greater percentage of dry

weight, so suggested that the amount of water in the tissues
is proportional to the calcium supply.

Joham (34) found that 45-day-old cotton plants deprived
of their calcium supply had an apparent change in their ability
to absorb water.

The additions of sodium to calcium deficient

solutions prevented wilting and the plants appeared normal in
the absence of calcium.

The role of sodium in substitution for

calcium may be that of mobilization of stored calcium in the
older tissues.
reduction.

Calcium is thought to play a part in nitrate

Skok (56) found that with calcium present, nitrate-

nitrogen produced better growth than urea, but in the absence
of calcium much better growth was made with urea than with
nitrates.

With urea the calcium deficiency symptoms were much
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delayed and when they becam,e evident, they were very much less
severe.

As shown by Wallace (69) and ]3ledsoe, et al.

(.6

)

the

seeds of plants contain very little calcium, which would tend.
to indicate that some mechanism prevails for excluding excessive quantities of calcium from seed and other storage tissues
concerned with reproduction.

In the latter study, Ca45 ad-

ministered to the roots of an active plant could. be detected
after three hours in all vegetative portions of the plant, but
was found only in the young peg (gynophore and ovary) of the
fruiting stages.

The uptake of labeled oalcium. by the develop-

ing fruit was reversed when it was administered to the fruiting
zone.

This tends to indicate a lack of mobility of calcium in

the phloem.

Ririe and Toth (53), using radioactive calcium,

found. more calcium in lower than upper leaves, and. little

transfer of calcium between roots or to opposite sides of the
plant.

True (64) ascribes to calcium the functions of the

maintenance of the chemical and functional integrity of the
cell wall, as well as the chemical and functional integrity
of the deeper lying living parts of the cells of absorbing
roots of higher green plants.

When a necessary minimum of

calcium ions is not present in the culture ruediuni, the other

required ions are of little value to the plant.

From this it

was concluded that calcium ions make "physiologically available"
other equally indespensable nutrient ions.

A deficiency of

calcium is believed to cause some physiological diseases in
plants.

Laynard,

al. (41) have traced "blossom-end rot" to
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a calcium deficient Condition.

This disorder is a nianifesta-

tion of insufficient calcium within the fruit which causes the
characteristic cellular breakdown at the blossom end of the
fruit.

Also

black_hearttt of celery and "blossom-end rot" of

peppers are believed to be directly related to a disturbance
of the calcium nutrition.

Much work has been done on the effect of calcium upon
the uptake of other elements in the plant and the ratios of
the various nutrients necessary for optimum growth (46, 49, 52,

62, 72, 73).

Kahn and Hanson (36) have made a study of the

kinetics of potassium accumulation by corn and soybean roots
as affected by calcium.

For both kinds of roots, calcium in-

creased the affinity between potassium ion and the postulated
carrier; in the second reaction, independent of the first, calCiUUI decreased the velocity of the metabolic phase of potas-

siuin uptake.

The net result of the two effects was to induce

inaxinium potassium accumulatioxi in the, presence of calcium,

Beeson, et al.

(5) found that the calcium concentration in

the plant tissues was positively correlated with calcium supply
and negatively correlated with potassium supply.

Viets

(67)

reported that calcium accelerates potassium and bromine absorption.

Since plant roots have been shown to exhibit. cation

exchange, this may account for some of the differences in the
ability of plant species to use nutrients from the soil.
ing with tomatoes and several other plants, Williams and

Work-

Coleman (70) have shown the existence of a cation double-layer
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associated with root surfaces, Hydrogen-ions are present on
root surfaces in exchangeable form and may be replaced by
other cations.

Smith and Wallace

(57, 5)

have shown that

root cation-exchange characteristics are physical in nature,
that is, to be the same on living and nonhiving roots as well
as on metabolically active or inactive roots.

Nitrogen ferti-

lization increases the cation-exchange-capacity of at least
some plant species.

Drake, et al. (19) found that the cation-

exchange capacities of roots of the dicotyledonous plants in-

vestigated were roughly double the value for monocotyledons.
Plants such as legunies with roots of high cation-exchange capacity,

absorbed relatively large amounts of calcium and magnesium, but
small amounts of potassium.

On the other hand, plants with

roots of low exchange capacity, such as grasses, absorbed relatively small amounts of calcium and magnesium, but relatively
large amounts of potassium.

The fact that cations are adsorbed on the root surface
does not necessarily indicate that they will be absorbed into
the root.

The mechanism of absorption isnot very well under-

stood at present.

Overstreet

(50)

has commented, on the general

concept of mineral absorption, viewed in terms of protoplasmic
structures.

He postulates a metabolically produced "carrier

substance" for mineral absorption by cells.

Tanada (1,) has con-

cluded that calcium appears to play a part in regulating cation
and anion uptake, but proposed no adequate explanation.

The

results obtained have been interpreted to indicate that a ribonucleoprotein is involved in salt absorption,

The suggestion
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has been niade that the nucleic acid binds cations, while the

protein moiety binds anions0
Conditions in. caloareous soils

The vast majority of work regarding calcium and its
influence on soils and plants has been done in the acid. pH
value range.

/Lany of the principles involved in plant nutrition

will still hold true under alkaline conditions.

However, under

most alkaline conditions and especially in calcareous soils the
factor of free calcium carbonate enters the picture.

Brown and

Albrecht (14) state that the accumulation of calcium carbonate
in soils should serve as a criterion of their low degree of
soil development.

Free calcium carbonate exists in the semi-

arid ana arid oaleareous soils as one of the most important
influences on the adsorption,retention, and. ionic exchange of

plant nutrients from the colloidal complex to the plant roots.
Furthermore, free calcium carbonate is probably one of the most
persistent and effective obstacles in the process of mineral
weathering and release of mineral reserves to the colloidal
clay complex.

Borland. and Reitenieier (10), using Ca45 an

vari-

ous clay fractions, at pH value 7.0, have demonstrated that the
calcium of calcium-saturated clays replaceable by ammonium
acetate, rapidly equilibrates with the soluble calcium.

These

results offer direct experimental confirmation of a basic premise
of cation exchange.

Blunie and Smith (8) found that in cal-

careous soils, not only the exchangeable calcium held by the
clay, but also the surface calcium of calcium carbonate rapidly
equilibrates with that in solution0

The amount of surface
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calcium per gram of calcium carbonate depends on the size and
form of the crystals.

A laboratory experiment using analytical

grade calcium. carbonate showed that about 0.5 percent of the

calcium carbonate was reactive.

It is reasonable to assume

that the surface calcium of slightly soluble calcium compounds,
the exchangeable calcium held by the clay, anct the calcium in

solution are all part of the equilibrium system under natural
conditions.

hIeyer and yolk

(47) conclude that 4-

mesh agri-

cultural limestone material has little or no value as a liming
material, that

20-30 mesh material may become effective over

extended. period.s and to be effective within a year after appli-

cation, a large portion must be ground sufficiently fine to
pass a 40 mesh sieve, on acid soils.

It would seem reasonable

to assume that the calcium carbonate in calcareous soils would
need to be in a finely divided state to actively engage in
equilibrium with exchangeable and soluble calcium.

Bradfield (12) has discussed some of the reactions
involving calcium in the soil and the important role of carbon
dioxide in these reactions.

The soil air may contain up to

20 percent carbon dioxide at lower depths, which favors the
formation of carbonates.

Carbon dioxide in the air has an

im.portant Influence on the pH value of calcareous soils.

Buehrer and. Williams (15) have studied the action of calcium

carbonate in calcarous soils.

The calcium carbonate has a

great influence on alkalinity and, buffer capacity of the soil.

Organic and Inorganic colloidal materials were found to decrease the hydrolysis of calcium carbonate markedly.

This
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effect is attributed to the adsorption of a film of the
colloidal material, which inhibits the further hydrolysis of
the calcium carbonate particles.

The exchangeable hydrogen on plant roots would seem
to be a factor in the breakdown of calcium carbonate to release calcii.uu.

However, Goertzen and Bower (27) conclude that

the effects of carbon dioxide from plant roots on the replacement of adsorbed sodium in calcareous soils are measurable but
small, and of less importance than the effects brought about
by the hydrolysis of calcium carbonate upon leaching with
salt-free water.

Flocker and Fuller (22) have also concluded

that root evolution of carbon dioxide is believed to play a
minor role in making calcium carbonate available for absorption
by plants.

EXPERflVLENTAL MATERIALS

Soils used

Some of the characteristics of the soils used are
given in Table 1.

The Mohave sandy clay loam, a red desert

soil was obtained from an area near Chandler, Arizona.
the top 6 inches of the profile was used.

was obtained
about 15

near Tucson, Arizona.

Only

The Pima clay loam

The Chilson soil, from

miles southwest of Winslow, Arizona, was sampled at

0-3 inch and.

3-6 inch depths for use in this study.

soil had calcium
profile.

This

carbonate nodules dispersed throughout the

The fourth soil was taken from an area 2-3 miles

northeast of Coolidge, Arizona, where nodules also were
collected.

The soils were air-dried, then rolled to pass a

2 rum, sieve, before being used.

Calcium materials
In this study, calcium carbonate, radioactive óaleium
carbonate, a soluble radioactive calcium nitrate, fractured
caliohe in three sieve sizes, and caliohe-type nodules were
utilized.

The radioactive calcium was obtained in the carbon-

ate form and. contained its non-radioactive isotope as a carrier.
The non-radioactive calcium carbonate was in the precipitated.

form as a c.p. reagent.

The radioactive calcium carbonate was

diluted. with non-radioactive

calcium

carbonate, 1 part of radio-

active to 4 parts of non-radioactive calcium carbonate,
15

This
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mixture was suspended in distilled water and. mixed in a Waring
blender for 15 minutes.

The suspension was filtered

by suction,

dried at 700 C., and then broken up in a glass mortar and pestle.
The non-radioactive calcium carbonate was treated in a like

manner, so as to be in a comparable state for use in the treatments.

For the soluble source, a

suitable

amount of radio-

active calcium carbonate was dissolved in a minimum amount of
approximately 1 N nitric acid.

Most of the distilled water

necessary for dilution was added and the pH value adjusted to
7.0 by addition of dilute axnnionium. hydroxide.

The solution

was then made up to a known volume.

Samples of caliche' were collected from locations on
the University of Arizona campus.

A layer of calcium carbonate

accumulation occurred at a depth of one to two feet in the pro-

file and extended from a few inches to

2-3

feet in thickness,

Samples were removed in chunks, rinsed off under a stream of
distilled water, then dried and crushed to pass through the
desired sieves.

Three sizes of caliche were used, 4-10 mesh,

20-40 mesh, and material passing a 140 mesh sieve.

Nodules

were collected from the surface 0-3 inches of a Laveen profile,
in two locations east of Tucson0

at three locations in an area

Similar nodules were gathered

2-3 miles northeast of Coolidge,

Arizona, from small areas of soil similar to Laveen, although
the surrounding soils were predoniinently Mohave.

These areas

1. Caliehe in Arizona is primarily calcium carbonate,
The samples collected for this study were about 60% CaCO3.
Some Mg CO3 silicates of Ca and Mg and fine gravel and sand
were presefit.

**

12.4.

16.8

16.8

18.5

40.5

Na

10.8

14.8

14.7

1.2

1.5

1.6

1.3

4.8

meq./lOOg.

15.4

30.0

Ca

0.4

0.5

0.5

1.8

5,7

K

Exchangeable cations

0.71

ND

ND

0.95

1.37

Organic
carbon

0.092

ND

ND

0.091

0,339

8,0

ND

ND

T

8.5

ppm.PO4

ru s

Total CO2nitro- Soluble
gen
phospho-

7.7

8.0

8.0

7.3

7.4

pK of
soil
paste

11.2

21.2

20.8

0.07

1.6

CaCO.

Information on the first two soils was from reference (22) and the third soil from (20).
The letters ND mean not determined. All results are reported on an air-dry basis.
Computed from percentage of

0-6"

Gila sandy
loam

0-3"

0-6"

0-6"

3-6"

*

Cation
Exchange
capacity

Some Chemical Characteristics of the Soils used in this Study.

Inches rnecj,/l0Og.

Depth

1 oani

Chilson

loam

Ohil son

loam

sandy clay

Mohave

Pima clay
loam

Soil type

Table 1.

I-i
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were so. unproductive that they are not presently used for
agriculture.

The nodules, which varied in size from about

2 to 40 mm, in diameter, were used in their native form.
Sand.

Pure silica sand of' 20-40 mesh size was used,

was soaked in approximately 1 N HOl or

The sand.

03 then leached free

of acid, with distilled water and dried.

Plants
Perennial rye grass (Lolium perenne) and Early Pak
tomatoes (Lycopersicon esoulentum Mill.) were used for test
crops.

Nutrient solution
For plants grown in sand culture without soil, nutrients
were supplied in Hoagland's calcium-free solution (30).

For

the last three experiments the trace elements were added at
half strength, in making up the solution.

The nutrient solu-

tion was made up in 18-20 liter amounts and the pH value
adjusted to about 6.8, by means of KOH, using the B.eonan pH
meter.

EERThEENTAL LEE"THODS

Plant growth procedure
The method, of growing plants was based on the Neubauer
technique (42). Enaznelware bowls of 14,5 oni. top diameter, decreasing to 10 cm. at the bottom and 6.5 cm. deep, were used.

In order to obtain a longer growing period and more plant
material for analysis and to represent more of an actual plant

life cycle in the soil, in regard to root effects, etc., it
was deemed advisable to use larger amounts of soil and sand.
than recommended in the conventional 1'Teubauer test. So 200 gin.
of soil and about 600 gin. of silica sand were used. The
amount of sand varied somewhat depending on the treatment, but
in all cases the total weight of bowl and material was 980 gin.,
of which the pan contributed about 180 gin. AU bowls were made
up to the same weight for ease of watering. In the first two
experiments, the sand, soil and calcitm carbonate or caliche

material were added in separate layers, but in the other experiments, these materials were thoroughly mixed. One hundred
rye grass seeds or 15 tomato seeds were planted per bowl.
Later the tomato seedlings were thinned to 10 per bowl. An
additional 150 gin. of sand was added to cover the seed. This
made 980 gin, of material and the bowl weight, to which was
added. 120 gin, of water or nutrient solution. The calcium carbonate and caliche materials to be added. were oven dried and
weighed on a torsion balance. The cases in which the 200 gm
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of soil were included, 100 pounds per acre of nitrogen and
phosphorus were added in the form of analytical grade NH4NO3
and. NII,E2PO4 in solution.

In certain experiments this was in-

creased to 400 pounds per acre of nitrogen, phosphorus, and
potassium.

Supplemental additions were made if needed, as

shown by crop growth.

The

amount of fertilizer added was

cal-

culated, on the basis of 4,000,000 pounds of soil per acre-foot

and based on the 200 gm. soil in the bowl.

calcium

Where radioactive

nitrate was used, allowance was made for this nitrogen

in the supplemental nitrogen fertilization.
brought up to the moisture level as required.

The bowls were
The nutrient

solution was added about every 5 days, with distilled. water

being added on the intervening days.

The experiments were con-

ducted under greenhouse oonditions
The general layout of treatments in the various experiments is given in Tables 2, 5 and 10.

In all cases, except in

the preliminary experiments, each treatment had 3 replications.

Analytical methods
In all cases the tops of the plants were harvested by
cutting them off at the surface of the sand or soiL.

The cut

ends of the stalks were rinsed in distilled water, to remove any
contamination from the culture medium, and then placed in paper
bags to be dried.

In one experiment the roots were also harvested.

The caliche and sand material were separated out then the roots

were rinsed in 0.01 N hydrochloric acid for about a minute, then
rinsed in distilled. water and dried.

After the roots were dried,

more caliehe and sand material was separated from the roots.
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The roots were not harvested in the other experiments due to
the extreme difficulty in separating out all foreign material.
Ashing

The plant material was dried in a force draft oven at
65 to 70° C. for 3 days and then weighed on a torsion balance
as soon as cool0 The material was then ground. in a Wiley mill
to pass a 40 mesh screen. The samples were returned to the oven
for a few hours before a portion was weighed out for analysis.
This was done in an attempt to get more reproducible weights.
One-gram samples were weighed into 50 ml. beakers and ignited
in a muffle furnace at 5500 C. for frora3 to 4 hours. After
cooling, the samples were wetted with deionized water and dissolved in 10 nil, of 2 N nitric acid. The solutions were filtered.
into 100 ml. beakers using Whatman #40 filter paper. The f 11-

trates were then evaporated to dryness on a hot plate and the
residues digested with 10 ml. of deionized water and 6 to 7 drops
of 0.1 N hydrochloric acid with moderate heating. This solution
was then filtered as before, into 100 ml. volumetric flasks and
suitable aliquots were removed for determination of radiocalciurn
and total calcium.
Calcium method

Total calcium was determined by a modification of Cheng
and Bray's EDTA (Versenate) procedure (16). The results obtained
by this method have been shown to compare favorably with the
A.O,A.C. methods for calcium (2, 26, 31, 32).

The procedure used in this analysis utilized a new
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indicator, Calvar II (Hach Chemical Company).

Matsuda (40)

made a study of the effects of various ions on this indicator
and found that phosphates as well as some 1iavy metals interfered, with the end-point.

Cheng,et al. (17) have described a

method of removing interfering metals in the versenate method;
however, their interference apparently was negligible in this
study.

Other workers have found phosphate ion to interfere in

this determination and Gehrke,et al. (26) have outlined a method
of separation of phosphate by anion exchange.

The anion exchange resin, Dowex l-X8, 50-100 mesh
(Dow Chemical Company), was used to remove the phosphates from
the plant samples.

The resin was made up into a slurry and trans-

ferred to the elutriating columns.

The elutriating columns were

made from culture tubes, 14 mm. in diameter and 16 cm, long by
blowing out the bottom and welding on a short piece of 5 mm.
diameter glass tubing.

To the end of this was fitted a short

piece of tygon tubing, with a pinch clamp to regulate the flow.
Each column contained a 9 cm. depth of resin.

The resin in the

eluting column was regenerated with approximately 1 N hydrochloric acid, when required, using

0-90 ml. per column.

Then

each column was leached with deionized water until free of the
acid.

Solutions to be passed through the coinmns for phosphate

removal should be only slightly acid, 0.01 N or weaker, other-

wise the phosphates will be leached On through, and not removed
by the resin.

Suitable aliquots of the plant sample solutions were
passed through the exchange column into 150 ml. beakers and

23

elutriated with deionized water until the beaker was nearly full.
The leachate was then evaporated down to 30-35 nil, on a hot plate,
before titration,

The solution to be titrated was made alkaline

by adding 2 nil, of 10 percent potassiu

gave a final pH value of about 12.4.

hydroxide solution, which

Approximately 60 rag, of

the indicator powder were added and then the beaker was placed
on a magnetic stirrer (utilizing a plastic-coated stirrer) over

a piece of white paper.

The EDTA solution was titrated into the

mixture from a 10 ml, microburet,

The color transition from. a

pink or pale-wine-red to purple to blue was observed by looking
through the solution toward a 15-watt daylight fluorescent lamp
placed one foot away.

The end-point was taken as the point

where the solution changed from purple to blue and no appreciable
color change was noted with another drop of

DTA solution0

The EDTA solution was standardized with a 2 ml. portion
of the standard calcium solution.

A blank titration was made

with deionized water and an average of 0.03 nil, of

DTA was re-

quired to develop the color, so this amount was subtracted from
all titration values.

Best results were obtained when the

titration process was carried out with a minimum of delay from
the moment the potassium hydroxide and indicator were added.
PH value

After the plants were harvested, pH values and total
soluble salts were determined on the contents of some of the
bowls.

Water was added to the pans to bring the contents to

about the saturation point and then let stand for an hour.
the pH value was determined.

Then
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Total soluble salts

Enough liquid was drained off for a conductivity reading
using a Solu-bridge.

The total soluble salts were recorded in

terms of (EC x l0) nimhos per cm.
Radioactive techniques
All radioassays were conducted using an alpha-betagamma proportional internal-gas-chamber counter (Nuclear
Measurements Corporation, Model PC-3).

In each case a portion

of the original solution was reserved for use as a standard.

The assumption was made that the decay of the radioactive
material was the same in the solution as in the plant.
A known amount of the standard radioactive solution
was uniformly distributed in a flat-bottomed aluminum dish,

formed from a 2-inch diameter disc by bending up the edges
slightly.

Known amounts of the solution of plant materials

were placed in similar planchets and their activity determined.
These planchets were prepared for counting, by taking a 1 ml.

aliquot of solution and depositing this in the center of the
planchet, and drying on a moderately warm hotplate.

The end

of the pipette was used to guide the solution for uniform
coverage of the bottom of the planchet.

In all cases in which

there was sufficient plant material, a 0.500 giu. portion of the

plant sample was placed on a planchet and ignited at 5500 C. for
3

hours in a muffle furnace.

All planchets were counted three

times, being rotated 120 degrees between counts, and the average
of these taken as the final value.

Most samples contained

enough radio-activity to give a high count (ten times or more
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than background) in a 1 or 2 minute counting period.
some samples of low activity (2 or
counted for longer periods.

3

However,

times background) were

A correction factor was obtained by

comparing the activities of the plant ash with the activity of
the solution of the same plant sample material.

The activity

of the ash was adjusted by this factor and then compared with a
standard, the calcium content of which was known, in order to
evaluate the amount of radioactive calcium in the plant ash.

Statistical analyses
All experiments were conducted using a completely randoniized block design.

The pans were laid out on a ranctorn basis

using a table of random numbers (59).

The statistical anaJ..ysis

of the results was computed according to analysis of variance,

and LIS.D. values were obtained (59)0
significant at the

5%

Values wore considered

level.

S ecial Research in Methodology
It seems appropriate at this point to make a few comments

on the special methodology used in these experiments.

While most

of the methods used were standard practice, some were new or
modifications of the generally accepted methods.

The method of

growing the plants, as stated in a previous section, is a modification, which was deemed more suitable.

It appeared to work quite

well, and. satisfactory growth of plants was obtained,

However,

using a closed system such as this, some care had to be exercised
to avoid the accumulation of salts as well as a high pH value
condition in the culture resulting from additions of the nutrient
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solution,

In one experiment an attempt was made to find an

adequate nutrient level for growing the plants over a given
period of time, particularly with reference to using calciunifree nutrient solution1,

The pH values of the culture media at

harvest time seemed to vary somewhat with treatments.

The ones

with Ca003 tended to have higher pH values than those not having
0a003.

In most instances the plants did not seem to suffer from

pH values of from.

to 9.

The method of calcium. detemination was adapted from
Cheng and pray (16) and Matsud.a (40).

The procedure outlined

for digesting the plant sample gives a solution of about 0.001 N.
in hydrogen ion concentration.

This solution is sufficiently

weak in acidity to give good phosphate removal when passed through
the exchange resin.

A stronger acidity of around 0.1 N and higher

will tend to cause phosphates to leach through and hence interfere with the titration.
change,

The indicator used gave a good color

When a solution was prepared for titration, and the KOH

and indicator added, any delay in time thereafter resulted in
erroneous values.

Such values will be lower, apparently due to

the formation of 0a003, the calcium of which is unavailable for
reaction with versenate.

In some tests a 30 minute delay in

titration caused a calcium value of about one-half the actual
amount.

Also a time delay will cause a less well-defined color

change in the titration.

RESULTS AND DISCUSSION

Preliminary exiperiments

The calcium absorption by rye grass from 3 different
sizes or caliche added to quartz sand was compared with calcium
absorption from Pirna soil, and a complete Hoagland nutrient
solution, both added to quartz sand. The design of the experi.ment and treatments is shown in Table 2 and the results are
listed in Table 3. The calcium content of 100 rye grass seeds
also is shown in Table 3 for comparison purposes. The data in
the bottom line show how much calcium may be expected to be re-

tamed in the different parts of the plant from the seed alone.
Rye grass grown in distilled water alone showed more calcium
than was found in seeds. This indicates that some contamination,
probably from the quartz sand and/or the distilled water had
occurred. Steps were taken to prevent such contamination in
future experiments by washing the quartz sand in acid and passing
the distilled water through an organic exchange resin demineral-

izer.
Differences between the different treatments are highly
significant with respect to yield of dry matter. The Pirna soil
produced the highest yields. This appeared to indicate that the
sand cultures could not be expected to support plant growth as
well as the soil cultures. However, from visual observations, it
appeared that the better growth was due to a more vigorous early
growth of the rye grass on the soil. Plant nutrients were
27
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Table 2.

Design and Treatments of a Preliminary Experiment to
Determine the Effect of Particle Size of Caliche and
Moisture Level of Root Medium on Calcium Absorption
by Rye Grass from Sand and Soil Cultures.
Caliche Added

Culture
Medium

Intervals
Between
Additions
of Sol'n.

Amount

Size

Water
Added

./pot

Mesh

g./pot

Sand

100

4-10

120

Ca-free

Sand

100

20-40

120

Ca-free

Sand

100

i4O

120

Ca-free

Sand

None

None

120

Ca-free

Pima c.l.

None*

None

120

None,Water only

Sand

None

None

120

Complete

Sand

100

4-10

120

Ca-free

8

Sand

100

20-40

120

Ca-free

8

Sand

100

4-10

120

Ca-free

6

Sand

100

20-40

120

Ca-free

6

Sand

100

4-10

120

Ca-free

4

Sand

100

20-40

120

Ca-free

4

Sand.

100

4-10

150

Ca-free

8

Sand

100

20-40

150

Ca-free

8

Sand

100

4-10

150

Ca-free

6

Sand

100

20-40

150

Ca-free

6

Sand

100

4-10

150

Ca-free

4

Sand

100

20-40

150

Ca-free

4

*

Nutrient
Solution

Days
Sol'n or water
added as needed

'

About 700 g. sand was used per pot. Where Pim.a clay loam was
used, 100 g. of soil was added per pot instead of caliche as
the source of calcium,
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Table

3.

The Influence of Caliche of Different Particle Sizes
on the Calcium, Content of Rye Grass Tops and Roots,
a Preliminary Experiment.

Rye Grass Tops

Material

Size

Rye Grass Roots

Oven Dry

Total

wt.

Oven Dry

Total

Calcium.

wt.

Calcium

j_

g./pot

mg.Jpot

835

0.461

0.911*

3.72

0.390

1.588
1.917

7.93

0.737*

2.17

0.287

7.73

0.502
0.405*

1.118*

21.98

1.970*

1.369

2.00

0.149

0.659

0.75

0.116

3.56

0.303

Mesh

g./pot mg./pot

Caliche

4-10

1.732

Caliohe

20-40

Gauche

>140

No
Cali che

Pinia clay

loam (No
Ca.liche

2.371* 14.66

0.621*

Complete
Nutrient
Solution

1.933

0.772*

1,182*

L.S.D. at 5%
level

0.294

0.111

0.048

Ca content of
100 rye grass
seeds

0.200 0,429

0,214

14.85

0.349

The symbol (*) means significant at the 5% level.
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available from the start in the soil, whereas in the sand culture nutrient solution was added only at the time of need
for supplemental moisture, so the nutrient level may have
been too low at first.
The different treatments also were highly significant
as to the calcium, content of the plant.

Plants grown in the

complete nutrient solution showed the highest percentage of
The grass grown on Pima soil was higher in calcium

calcium.

There was no apparent effect ol' particle

than that on ealiche.

size of the caliche upon the amount of calcium taken up by
rye grass.
Very little information can be obtained from the root

analysis, except for the untreated in contrast with the complete
nutrient treatment.

The smallest particle size caliche re-

sulted in the highest percentage of calcium in the plant;

whereas the plants grown on the other sizes were not significantly different from each other.

The high calcium figure for

the smallest particle size caliche may have been due to caliche
adherring to the roots,

There was considerable variation in

root yields associated with the different treatments.

There

is no clear-cut relationship observed from the root data.
A second experiment was designed to determine the
best moisture and nutrient level to use in the soil and sand
cultures, Table 2.

were retained.

The container had no drain so all nutrients

The 120 grams of water per container level is

an approximation of field capacity.

The second moisture level,

150 grams, was used to evaluate the effect of a higher level
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Table 4.

The Influence of Particle Size of Caliche, Amount and
Concentration of Ca-free Nutrient Solution Added, on
the Absorption of Calcium by Rye Grass.

Nutrient Solution

Caliohe4.

Size

Mesh

Interval
Between
Additions
(lays

Amount

Oven Dry
wt.

iiil./pot

Culture Medium

Rye Grass Tops

g/pot

Total

Calcium
nig./pot

pH

Value

Soluble
Salts
Cxl03

%

rnmho s/cm.

4-10

8

120

2,539

12.272 0483

7.6

306

20-40

8

120

1.685

9,220 0.547

8.2

3.5

4-10

6

120

30087

11.777 0.382

8.8

3.5

20-4.0

6

120

2,325

11.486 0.494

8.3

4-10

4

120

3.665

9.861 0.269

9.7

20-4.0

4

120

3.855

11.720 0.304

9.0

4-10

8

150

2.840

12.950 0.456

7.5

20-40

8

150

2.000

9.059 0.453

8.4

4-10

6

150

3,570

12,263 0.344

8.1

20-40

6

150

3.055

12,306 0,403

8.4

4-10

4

150

4.85 5

9,076 0.187

9.6

4.4

20-40

4

150

4.020

10.205 0.254

9.3

5.5

3.0

304

The symbol (4.) means 100 g. of caliche were added per pot
to quartz sand culture.
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of water on plants.

Statistical analyses were not made of these results because of the preliminary nature of the experiment.
given in Table L.
dent, however.

The data are

Some striking relationships were quite evi-

For example, in all but one case, the larger

size caliche gave higher dry weight yields and, lower percentage
of calcium in the plant than the sniall particle sizes.

Further-

more, the shorter the interval between additions of nutrient
solution, the lower the percentage of calcium in the plant.

Lower moisture levels also resulted in a higher calcium content
of the plant.

The plants grown at the highest nutrient level

seemed to grow faster at first, but toward the last the others

seemed to catch up0

in the final analysis, however, the high

level of nutrients supported plants that yielded more dry weight.

The pH value of the culture medium increased as the frequency
of additions of nutrient solution increased.

From the overall results, it was concluded that the
12.0-gram. moisture level and about 6-day interval of nutrient

solution additions were satisfactory for the purposes of these
experiments.

Uptake of Calcium by Rre Grass from Different Calcium Sources
in Soil Cultures - Two sizes of caliche at two different
rates of application were compared with CaCO3 in equivalent
amounts in a sand and soil media.
treatments are shown in Table 5.

The experimental design and

Apparently the Mohave soil

contained an abundant supply of' available calcium, or maybe

acted as a buffer, because all treatments were statistically
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Table

5.

The Design and Treatments of an Experiment to Study
the Influence of Three Different Sources of Calcium.
on Calcium Uptake by Rye C-rass.

Caliohe Added
Am.ount
Size
g./lDot

esh

Ca40003 Added
g./pot

Ca45(N0 2 or
Ca CO3 Added

Nutrient
Solution

Added

g.or ppm.Ca/pot

Mohave Clay Loam
None
2

10

4-10
4-10

2

>14.0

10

>140

None
None

None

None

ft

None
None

None
None
None

I?

10

None
None
None
None
None
None

None
None
None
2

2

10

g.Ca4SCO3

g.Ca45003
100 ppm
100 ppm

2

>140

10

"140

10
None
None

100

4-10

No Soil-All Sand Culture
100 ppm
None

100
100

>140
4-10

None
None
None
None
None

10
None
None
10

5

"l40
l40

None

None
None
2

10

None

None
None

None
None
None

100 ppm.

100 ppm
100 ppm

100 ppm.

None
None
None
None
100 ppm
100 ppm
5 g.Ca4'CO3
No

10 g.CaCO3

Vt

ft

ft
I-,

Vt

I,
Vt
Vt

ft
ft

Ca-free Nutrient
Solution
Vt
1?

It
Vt

U
Vt

ft

None

10 (i4OM)

Level

10

2

None

None

None

None

None

None

g./pot

Ca15CO3

The symbol (M) means mesh.

L.S.D. at 5%

None

None

2 (.l4OM)

None

None

10 (4-1OM)

None

None

2 (4-1OM)

None

None

None

5

g./pot

p./pot

None

Ca40003

Precipitated

0.204

2,607

2.783

2.950

3.080

3.027

3.046

3.052

3.052

g,/pot

Oven Dry
wt.

0.463

0.470

1.655

14.302

0.049

0.464
12.030 0.408
13.098 0.471
11.886 0.456

14.661 0,484

14.864 0,488

14.016

14.343

mg./pot _j_

Total Calcium

R e Grass

of

Total Ca

Ca7

0.01572

0.1322

7.6
7.5
7.6
7.6
7.9
7,7
7.9

747

Culture
Medium

Pe;entage pH of

0.00940 0,0717

mg./pot

Total
RadioCalcium

The Aniount of Calcium, in Rye GrassDerived from Caliche, Precipitated.
Calcium Carbonate, and. Irradiated Calcium Carbonate Applied to
Mohave Clay Loam.

Caliohe

Table 6.
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alike, Table 6.

None of the results with caliohe of different

particle size and rate of application were statistically different from each other.

That is, neither particle size nor the

rate of application affected dry weight or concentration of Ca
in the plant.

However, in the case of Ca45CO3, where the rate

of Ca45 applications differed by 5 fold, the percentage Ca45 of
total calcium in the grass, roughly only doubled in value and
the total calcium in the plant remained the same,
In another experiment where calcium, nitrate, calcium

carbonate, and caliohe were compared, it appeared the small
additions of soluble calcium in the nitrate form. were absorbed

by the grass about equally well from all treatments despite the
presence or absence of CaCO3 or caliche, Table 7.

Apparently

there was little exchange between the calcium of the two calcium carbonate sources and the calcium of the nitrate source.
It was anticipated that if differences in the absorption of cal-

cium by the grass from the two carbonate sources and two different rates occurred, then the addition of a soluble radioactive
source would serve as a technique to demonstrate the difference.
If the availability of the calcium can be considered to be in-

versely related to the uptake of Ca45 from the Ca45 (No3)2
source, then there was some indication that the higher application of pure CaCO3 supplied more calcium to the crass when

added to Mohave clay loam thanthe.lowérrate.
Sand Cultures - This study almbst duplicates the Mohave
soil study with respect to calcium treatments,

Two particle sizes

and two rates of application of caliohe are compared with pure

None

100

100
100

None

None

2

10

None

None

None

None

None

None

2 (>140M)

10 (>140M)

100

The symbol

(*)

2.850

12.145

1.628

0.118

12.773

12.923

12.325

0.090

0.614

0.655

0.611

0.634

0.042

0.367

0.357

0.361

0.4.14*

3.053

0397

0.0022

7.8

8.0

7.7

2.794
2,792

7.8
3.357

0.0185

0.0183

0.0171

0.0213

7.9

0.0207

14.671* 0.727
0-.4l8

iug.Jpot j

Medium

pH of
Culture

7.8

%

Ca
of
Total Ca

Peçentage

0.581

10.710

mg.jpot

1.978

1.949

2.115

1,943

2.017

1.844.

g.Jpot

wt.

Total RadioCalcium

means significant difference at the 5% level.

The symbol (lvi) means mesh.

L.8.D. at 5% Level

ppm Ca

g./pot

g./pot

100

Ca4 (NO3)2

Caliche

Rye Grass
Oven Dry Total Calcium

The Amount of Calcium in Rye Grass Derived, from Calcium Nitrate,
Caliche, and Precipitated Calcium Carbonate Applied to Mohave
Clay Loam.

Pptd.
Ca40003

Table 7.
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CaCO3.

The data in Table S for the sand-culture study are in

marked contrast to those for the Mohave soil culture.

Differ-

ent calcium treatments resulted in differences in both yield

and calcium content of the grass in the sand cultures.
Where the highest amounts of calcium were added, higher
percentages of this element were found in the plant.

The small

particle size of caliche gave significantly higher calcium
values for the grass than the large particle size.

These

generalizations hold true for both total calcium uptake and
percentage of calcium found in the grass.

The big surprise

in the results, however, was that addition of 0a003 in a precipitated form at the 10 grani rate did not result in signifi-

cant differences from the

5

grain rate with respect to effect

on yield of dry matter, percentage Ca in the plant, or total
Ca absorbed.

There appears to be no simple explanation for

this finding.
In the comparison between the 5 and. 10 grain rates of

Ca45CO3 application, the percentage Ca45 of the total Ca in
the plant was twice as high in the 10 gram treatment as in the
5

gram treatment.

The yield was significantly higher where

10 grams of 140 mesh caliche was applied compared to the same
amount of carbonate or mixture of carbonate and caliche.
Radiocalciuni was found to be readily absorbed from

the calcium nitrate source, Table 9.

One hundred parts per

million (20 ing.) of Ca as 0a45(NO3)2 was a more efficient
source of calcium than 10 gin, of precipitated CaCO3.

Caliche

added at the rate of 100 gin. per culture in both particle sizes

None

(>14.OM)

None
10

None

5

None

0.455

1.484

3.801*

2.935

1.112

0.805

1.131

2,830

2.217

0.870

0.0249

0.076

0.075

0.076

0,078

0.00924

-

0,00886

-

-

0.8166

-

0.3997

-

-

0.098

2. 225*

9.1

8.7

9.3

9.4

9.1

9.0

2.184*

-

0.089

2.477

2.781*
-

8.1

0.197*

11.858*

mg.Jpot

Medium

Total Ca

6.028*

JL

pH of
Culture

Ca7 of

Peentage

8.3

nig./pot

Total
RadioCalcium

No Soil-All Sand Culture
4.282*
5.858* 0.137*

g./pot

wt,

Rye Grass
Oven Dry Total Calcium

The symbol (*) means significant difference at the 5% level.
The symbol (M) means mesh.

LISIIDI at 5% Level

10

None

None

None

None

5 ('140M)

None

10

None

None

None

None

100 (>14CM)

2

None

None

100 (J+-1OM)

None

g./pot

Precipitated
Ca40003
Ca4CO3

The Amount of Calcium in Rye Grass from Caliche, Precipitated
Calcium Carbonate, and Irradiated Calcium Carbonate Applied to
Quartz Sand.

g,/pot

g./pot

Caliche

Table 8.

39

supplied calcium, to the rye grass in greater amounts than did

any of the other treatments as indicated by the percentage
total calcium..

The use of the radioactive technique indicated

that the under-lL0 mesh caliehe provides more available calcium.
to the plant than the L. to 10 mesh material,,

These data tend to

support the suggestion that precipitated CaCO3 is a poorer source
of calcium for plants than ground caliche.

U'take of Calcium by Tomatoes from Different Calcium Sources.
Comparison between particle size and rate of application Studies designed to determine the relative availability of calcium from. calcium, nitrate, caliche, and precipitated calcium
carbonate to tomato plants grown in soil and, sand. cultures

were conducted during two different times of the year, November
and Tanuary.
10.

The design of these treatments is given in Table

The data for the November experiment are given in Table 11

and those for ranuary in Table 12.

The January experiment in-

volved some of the treatments of the November experiment, in
that the same bowls were seeded to tomatoes after the first
crop was harvested, to observe the effect, if any, in calcium
uptake by a second crop from the previous root-culture mediiin.

Two particle sizes of caliche were compared, 4-10 mesh
and under-140 mesh.

The data for tomato plants grown in Mohave

clay loam, as shown in Table 11, indicate that the plants absorbed. more calcium from, the finer than from. the coarser material.,

The difference In absorption does not always appear significant
at the 5% level.

This suggests that the plants may have found

sufficient quantities of exchangeable calcium in the soil to

None

10

None

None

None

None

100 (4-lOM)

100 (>l4OM)

(*)

The symbol (N)

The symbol

100

100

100

means mesh.

mg,/pot

%

0,727

2,944
1.979
2.841
2.233

1.891

5% level.

0.677 0.033

2.420* 0.123
6.738w 0.237*
6.746 0.302*

0.814 0.043
3.513* 0.119*

No Soil-All Sand Culture

g./pot

wt.

Rye Grass
Oven Dry
Total Calcium

means significant at the

at 5% Level

100

None

None

L,SSD.

None

g./pot

g./pot
ppm.Ca

Ca000.

Ca45(NO)2

Quartz Sand.

-

%

-

Ca
of
Total Ca

Perntage

0.223

0.244

0.193
0.552*

7094

0.055 16,80

0.0194 8,19
0.0109 3,61

0.0098

1.720* 0.0584 48.97*

-

nig./pot

Total RadioCalcium

The Aniount of Calcium in Rye Grass Derived from Calcium Nitrate,
Caliche, and Precipitated Calcium Carbonate Applied to

Caliche

Pptd.

Table 9.

9.3
8,5

9.5
9.7

10.1

Mediuni

pu of
Culture
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Table 10.

Design and Treatments of an Experiment to Study
the Influence of Three Different Sources of
Calcium on Calcium absorption by Tomatoes.

Caliche
Aniount

Ca45CO3

Size

or

Ca45 (NO3)2

CaCO3 added

Added.

Nutrient
Solution
Add. ed.

g./ot

Mesh

g./pot

ppni Ca

Mohave Clay Loam
None
2

10
2

10
None

4-10
4-10
>140

l4Q

None
None
None
None
None

10

100
100
100
100
None
None
None

10 g.CaCO3
l4O

'140
4-10

'140
4-10
'14.0

None
5

10

None
None
None

10 g.CaC0
2 g.Ca4Sd0
10 g.Ca45CO3
None
None
2 g.Ca003

None
2

None
None
None
None
None

'140
140

None
None

None
None
None
None
None
None
None
None
100
200
100
100
100
100

No Soil - All Sand Culture
100
None
100
None
None
None
None
None
None
2 g.OaCO
None
10 g.CaC0
100
None
100
10 g.CaCO3
None
5 g.Ca45CO3
None
None
None
10 g.Ca45CO3
None
30 g.CaCO3
None
None

Calcium-free
Vt
Vt

Vt
Vt

Vt
VT

Vt

ft
'V

ft
'V

ft

G-ila Sandy Loam
None
None
None

None
None

hi1on L Oau
None

None
100

None
None

None

None

None

None

Chilson Loam (3-6')
None

None

100

None
None

5%

Level

None
None
100

100
100
100

0.242

2.70
2,63
2.81
3,49*
2.74
2,75
2.82
2.76

2.66
2.62

2.64.

2,39
2.41
2.66

g./pot

Weight

Dry

4.721

59.73
74.89
63.80
72.85
65.24
69.46

68.42

75.02
61.17

66.84

59.30

54.94
58,23

52.20

The symbol (t) means CakSCO3 used,

-

2.194

0.121

2.514

2.313

2.146
2,330
2.656

2.128

0.2256

2.058
1.981
1.831
1.811

3.942*

1.732

2.247
2.512*
2.866*
2.266
1.896
2.601 3.652*

-

mg/pot

Medium.

Total Ca

-

0.00829

0.0655

0.0752
0.0722
0.0648

0.1129*

0.0617

0.254

3.23
2.72
2.80
2.61

2.90
5.26*

0.1j89* 534

0.0702

3.09

-

-

-

-

-

%

-

8.1

8.3

-

-

-

8.2

-

8.1

pH of
Culture

ca5 of

Percentage

-

Total Radio
Calcium

2.183
2.288

mg./pot
%
Mohave Clay Loam

Total Calcium

Tomato Plants

The symbol (*) means sinifioant at the 5% level.

The symbol (M) nieans mesh.

L.S.D. at

2 (14QM)
10 (140M)

None

2
10

None
None

2
lot

None
None
None
None
None
None

2 (l40M)
10 (l40M)

10 (4.-1OM)

200

None
None
None
None
None
None

None
None
None
None
None
10

2 (4-lOM)

None

ppm.Ca

g./pot

g.Jpot

Ca45 (NO3

CaCO3

Oven

The Aiount of Calcium in Tomato Plants Derived from Calcium Nitrate,
Caliohe, and Precipitated Calciuni Carbonate - November xperinient.

Caliche

Table 11.

100 (4-1OM)
100 (>140M)
100
None
None
None
None

10

5

5 (>140M)

None

None

0.523

0.52
4.40*
5.00*
2.42
1.39*
0.15
15.43

70.37
38.18*
0.289

7l.48

50.33
69.15
58.37
62.13
72.91
82.03
15.67
9.97
67.28

The symbol (M) means mesh.
The symbol (*) means sinif leant at the 5% level.
The symbol (i-) means Cak5CO3 used.

L.S.D. at 5% Level

30

None
None

lot

10 (140M) None

10

None

100

None

2

None
None
None
None

None

3.71

None
None
None

None
None
None

100

None

100 (4-1OM)

Calcium

mg./pot

Total

Tomato Plants

nig./pot

0.308 1.813

1.942 3,176
1.974 1.766
1.758
1.736
1,999
3479* -0.421 11.022*
1.917 0.172
1.531 6.647*
1.427*
2.898 15.485*
2.662*
0.189
0.0316

-

0.2956*
0.0330
0.1512
0.6414*

0.1214*
0.0505

%

Radio
Calcium

Total

No Soil - All Sand Culture

g./pot

2.57
3.50
3.31*
3.59
3.65
2.35*

100

g./pot

g ./lDOt

100 (l40M)

ppm.Ca

CaCO3

Gauche

Oven
a45(NO3)2 Dry
Weight

4.643

70.14*
1 71
9.88
22.32*

6.24
2.56

%

8.8
9.5

8.8
8.4
8.2
6.6
9.0
9.4

Peç9entage pH of
Culture
C&' of
Total Ca
Medium

Table 11 (Continued) The Amount of Calcium in Tomato Plants Derived from Calcium Nitrate,
Gauche, and Precipitated Calcium Carbonate - November Experiment.

3.45

2.92
0,17
2.85

100
100
None

100
100

None

None

None

None

10

100, (4-lOivi)

100 (i40M)
100 (l4.0M)

None

None

St

The symbol (M) means mesh.

The symbol (t) means CaCO3 used.

5 N14OM)

None

89.91

3.29

100

None

10 (>140M)

3.71

3.77

-

2.71
5.26

-

0.0597 2.19

Culture

65.47

0.978
100.10

1.547 9.504

0.187 10.48

903

8.4

8.8
3.0

1.45
-

1.451 0.581 0.0044 0.01087 0.446
3.363 0,4398 0.0147 0.442

0.752 0.0217

40.45

79.52

1.503

6.45
7.5

6.7
6.5

Medium

51.93

1.853 0.0501

1.970

1.389 0.0698
2.573 0.116

-

_2!_

Total Ca

pH of

8.5
9.0

2,022

Calcium

mg./pot iL

Culture

2,740

2.576
2.200

Percentage

Total Radio Ca' of

2.57

No Soil-All Sand

48,95

200

None

None

51.25

1.99
2,22

None

None

100

None

None

2.529

iug./pot JL

Mohave Clay Loam.

g,/pot
58.62

ppm. Ca

Ca45(NO3)2

2.33

CaCO3

Oven Tomato Plants
Total Calcium
Dry
Weight

in Tomato Plants Derived from Calcium Nitrate,
Carbonate - January Experiment.

Caliche, and Precipitated Calcium

The Amount of Calcium.

None

.Jpot

Caliehe

Table 12.
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supply their needs for normal growth,

Exchangeable calcium

has been shown to be more readily available than that
of
caliche.

The fact that there was not always a significantly

higher absorption of calcium by the plant when a calcium source

was included, supplies further evidence that the above
tion has merit,

sugges-

Additions of calcium to the soil culture

medium may have resulted in a so-ca1led. Ttluxury consumption'
situation for the plant.

This is evidenced by the fact that

in all cases, except the 4-10 mesh caliche, the 10 gram application gave a significantly higher percentage calcium in the plant
than the 2 gram application.
The trends in calcium uptake found in the soil cultures
were more clear-cut in the sand cultures.
ences in
flected

particle size and
as

differ-

quantity of CaCO3 applied were re-

greater differences in calcium absorption by plants

in sand cultures than soil culture,
however.

For example,

There was one exception,

Where 30 grams of precipitated Ca00

was applied, the

yield as well as the total absorption of calcium by the tomato

plants was seriously diminished, as compared with the 10-gram
application.

This

did

not appear to be wholly a pH value effect,

From visual observations of this treatment the plants appeared.

slightly stunted in growth and somewhat chiorotic, more so in
the first half of the growth period than toward the end
probably was due
in absorption of

This

to ion competition resulting in a deficiency
some essential plant nutrient. In general, the

same relationships hold true in the data in Table 12, as regards
calcium uptake, as influenced by particle size and rate of
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application.

Comparison between Pure CaCO3 and. Caliche - There was only an
occasional significant difference between the absorption of calciuni by tomato plants from precipitated. CaCO3 and caliche at

equivalent rates of application to soil or sand, Table 11. HoW
ever, in two treatments there was a significant increase in absorption of calcium from the Ca003 as compared with caliche,

which indicates that calcium is more available from the precipitated. CaCO3 than from caliche.

This finding is in direct oppo-

sition to the findings with the rye grass, where more calcium
was taken up from the caliche than from the precipitated Ca003.
The reason for this is not apparent, but may have somethih,g to

do with the fact that tomato plants are
plants are monocotyledons.

diootyledons

and the rye

The roots of dicotyledons have rough-

ly double the cation-exchange capacity of the roots of monocotyledons (19).

in addition, the dicot roots tend to

cations more than

monovalent

adsorb

cations and conversely in

divalent

monocots.

These properties of the roots may act differently with caliche
and with precipitated CaCO3, which:accbunts for theresultsfouid, in
this work.

The finding that plants absorbed no.rnQr, and in some

cases less calcium from. the 100 grams of caliche applied to the

sand cultures than the 2, 10, and 30 gram applications of pure
CaCO3 is not easy to explain, except on the basis of particle size.
The precipitated CaCO3 had a smaller particle size and therefore
probably was more reactive.

From visual observations it ap-

peared that the plants where 10 and 30 grams of CaCO3 had
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been applied, were somewhat slower growing and showed some

degree of chiorosis earlier in the growing period, as previously
mentioned, whereas the treatments utilizing caliche gave little
or no indication of this effect.

It does appear that all of the

rates of application provided more calcium than was needed by
the plant and the experiments may have been conducted under
conditions of luxury absorption of calcium.

For example, in

the sand. cultures, the 2-gram level of CaCO3 could supply 10

or more times the amount of calcium than was actually taken up
by the plant.

Com.arjsons between Soluble and Slowl

Soluble Calcium Sources -

The relatively high availability of calcium from calcium nitrate
as compared. with that of caliche and precipitated CaCO3 is one

of the most prominent characteristics of the data appearing in
Tables 11 and 12.

Twenty to forty milligrams of calcium from

Ca45(NO3)2 supplied roughly as much calcium to the plants as
did the 2 and 10 gram applications of pure Ca45003.

A higher

rate of addition of a soluble calcium source probably would
have shown more striking differences.
supply only about

The 100 ppm. rate could

of the total calcium actually taken up by

the plant, if fully utilized.

tJse of the radio-active technique

tends to show up the differences in the availability of calcium
to the plant because of particle size and also the differences
resulting from adding different amounts of material.

The amount

of calcium from the soluble source taken up is generally less in
the treatments where the finer caliche or CaCO3 was used.

This

would indicate that more calcium was taken up from, the finer
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particle size and from the higher rates of application. This
tends to support earlier statements on particle size and rate
of application. In the soil cultures when the amount of
Ca45(NO3)2 applied was doubled, the percentage Ca45 of the

total calcium, almost doubled. In the sand culture treatment
where Ca45(NO3)2 was the only calcium. source added, over 65

percent of the added calcium was recovered in the tops of the
plant. If we assume that the remaining added calcium was taken
up and utilized in the roots, then the Ca45(NO3)2 might have
been 100 percent utilized by the plant.
Calcium carbonate supplies calcium to plants only slowly
in calcareous soils such as Mohave clay loam. Soluble calcium
from. Ca45(NO3)2 competes much more favorably with exchangeable

calcium than dOes the calcium of the carbonates.
Conroarison between iptake from Soil and Sand Cultures ,-. In order

to better understand calcium availability of native and, pure
Ca003, both sand and soil cultures using the tomato plant as
an indicator were compared in a greenhouse study. The data in
both Tables 11 and 12 show quite clearly that calcium carbonate
is not a particularly available source of calcium when present
in calcareous soils. However, the plants used the calcium from
CaCO3 quite freely in sand cultures where no other calcium source
was available. The data indicate that the plants took up roughly
the same total amount of calcium from the soil cultures as from.
the carbonates in the sand cultures. This indicates that plants
can utjlze carbonate öalcium when it is the only source available.
These data also indicate that the soils have other Sou'ces of
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calcium that are so readily available to plants that free CaCO3

is not much of a factor in supplying this element to plants in
calcareous

SOils,

The abundance of exchangeable calcium. on

the colloidal clay represents a highly available source for.
plants.

The exchange complex of calcareous soils is usually

more than 90 percent saturated with calcium. ions.

Carbonate

calcium also must compete with calcium from. soluble calcium

salts in alkaline calcareous soils.
Com.arisons Between U stake of Ca from Four Soils and Six Caliche

Sources - There was a considerable variation with respect to
the percentage of calcium found in plants grown in different
soils according to data in Table 13.

from about 2.0 to 5.2%.

4.7

The variation extended

Yield of dry matter ranged from about

g. per pot to 13.0 grams.

Tomato plants in Pinia clay loam

grew the most vigorously and those in Ohilson loani the least.

Growth on Gila was intermediate.

There was no relationship be-

tween yield of dry matter over a given period of time and percentage of calcium in the plant for the three soils studied.

The amount of free lime in the 0-6 inch layer of Pima, Gila and
Chilson soils according to data in Table 1 was, 1.6%, 11.2% and

20.% for the three soils, respectively.
varies inversely with content of lime.
associated with lowest lime content,

The yield of dry matter
Greatest yields were

The percentage of calcium

in the plant was not correlated with lime content,

In the

Obilson soil where different soil layers were studied, the dry
weight of plant, amount of calcium, and percentage calcium remained about constant despite difference in free CaCO3 content

None

100

1.6

1.6

100
None
None

11.2

11.2

20.8

C-ila s,l.

Chilson 1. 21.2
(3-6")

(0- 3")

(0-6")
Chilson 1.

(0-6")

Gila s.l.

(0-6")
Pixna c.l.
(0-6")
None

100

0.07

(06")
Pinia c.l.

Mohave c.1.

None

m.Ca/pot

Ca45 (NO3 ) 2

0.07

1

Ca003

Soil

Native

4.72

4.85

7.23

6.76

12.97

12,14

3.81

3.97

g.Jpot

Dry wt.

Tomato
Oven

206.69

203.82

351.53

349.04

254,13

253.24

88.79

96.51

mg./pot

4.399

4.207

4.858

5.204

1.960

2.085

2.352

2.457

6.039

0.0837

1.73

1.021 0.00786 0.401

8.1

8.5

7.7

7.5

6.8

6.3

7.6

7.5

Me.iurn.

Total Ca

Culture

pEof

Ca5 of

Peoentage

0.531 0.0140 0.601

ag./lDot

Calcium

Total
Total Calcium Radio

The .rnount of Calcium in Tomato Plants Derived from Soils of
ide1y Difl'ering Lime Contents.

Mohave e.1,
(0-6")

Type

Soil

Table 13.
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In each layer.

The least amount of soluble rad,joce.lcjum with respect
to percentage Ca in plant derived from. C&45(NO3)2 as well as

total absorption appeared in plants grown on Pima clay loam..

This correlates inversely with the amount of exchangeable Ca
in the soils.

Pima clay loam had the greatest amount of ex-

changeable calcium and G-ila the least.

One of the main purposes of this research was to deter-

mine whether or not native soil lime such as caliehe differed
in availability to plants because of its location in the soil
or soils.

The results of the study in sand cultures treated

with different sources of caliohe and seeded to tomatoes are
shown in Table 14.

There was surprising uniformity in absorp-

tion of calcium from caliche by tomato plants regardless of
source.

The main difference in absorption was between the two

different particle sizes,

The finely ground caliche supplied

more calcium to the tomato plants than the coarser material.

The percentage of calcium in the plants also was higher from
plants grown in cultures with the finer, than the coarser
particles.

Thus particle size apparently is more important to

availability than source as represented in Table 14.

Discussion
Most of the irrigated soils in the &uthwest contain
calcium carbonate.

Since calcium and strontium are absorbed

equally well by crop plants and plants do not distinguish between the two elements, it was expected that calcium salts in
caloareous soils would compete directly with sources of

Tucson #1

Tucson #1

700

700

The symbol

(*)

None

100

100

100

2-10

2-10

2-10

2-10

1.06

19.2

0 21

0.20

0.17

1 68

132.1*

7.86*
0.12

1066

102.1

1129

6.14

3

1044

1.53

1.33

1,39

86

86 0

99 3

87 4

mg./pot

Tomato Plants

in

Total Calcium

84.0

6.03

6.73

5.97

6.48

6.57

g ./pot

Tomato
Oven
Dry

means significant at the 5% level.

L.3.D. at 5% Level

-

Coolidge #3

700

None

"140
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Coolidge #2

700

700

l40

100

Coolidge #1

700

100

Tucson #3

700

2-10

100

Tucson #2 -

Mesh

Size

700

Amount
g./pot

Soil
Source

Gauche (lime)

Plants of

7.0

8.5

7.9

7.4

7.1

7.2

7.5

6.7

Iviediuni

pH of
Culture

The Availability of Calcium to Tomato
Six Different
Sources of Caliohe at Different Size Distributions.

g,/pôt

Sand.

of

Amount

Table 14.
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radiostrontium.
that

the

Research has shown, however,

absorption of soluble radiostrontium, although in-

versely related to the a.niount of exchangeable calcium in the

soil, is not related to the amount of calcium carbonate present.

Moreover additions of calcium carbonate either in the form of
native lime or that of the precipitated salt did not appear to
influence appreciably the uptake of soluble calcium added to
calcareous soils and has lead to a hypothesis that requires
additional evidence.

The obvious hypothesis was that calcium

carbonate is not readily available to plants.

Calcium found

in the exchange position on clays, however, is readily available
and competes directly with added soluble calcium in plant absorption.

Some of the results found in this work may be explained
by use of a dynamic equilibrium theory.

The various forms of

calcium in the soil-exchangeable, soluble and slightly solubleare present under dynamic equilibrium conditions.

The exchange-

able and. soluble forms of calcium are very reactive compared to

the slightly soluble forms, such as carbonate, and thus would
equilibrate quite rapidly with each other and in turn with the
plant root.

The calcium carbonate has been shown to be only

slightly reactive (8), so a relatively large change in concentration of the exchangeable or soluble calcium would. be reflected

as a small change in solution of the slightly soluble calcium.
if plant roots were introduced into this system, they would
take up calcium from the system, which would come mainly from
the exchangeable or soluble calcium source, due to their greater
reactivity.

This would explain why adding even large amounts of
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a slightly soluble calcium source to a soil culture medium

would result in a relatively small change in available calcium.
In a sand culture medium., the exchangeable calcium is very small,

so in relation the slightly soluble compounds play a bigger part
in supplying calcium to a system and hence to the plant roots.
Although these dynamic equilibrium reactions are proposed for
theoretical considerations, it is believed that the relative
importance of these reactions with respect to slightly soluble
sources are so small because of slowness of the reaction rates
that they can virtually be ignored with respect to balcium

up-

take by plants in calcic soils.

If this equilibrium system were to exist then there
should be some isotopic exchange.

In the majority of this work

there is perhaps little positive evidence for isotopic exchange.

However, the data in Table 12 gives a good indication of isotopic
exchange or dilution of the radioactive material added to the
culture medium.

This experiment utilized some of the same cul-

ture media of the previous experiment, so the materials had'
roughly twice as much time in contact with each other.

The

plants grown in soil, with no Ca003 or caliche added, had about
the same percentage radioactive calcium of total calcium. in the

early experiment (table ll, as in the later one.

This woula

indicate exchange with the soil exchangeable calcium is fairly
rapid.

The plants grown in soil with 10 grains of fine caliche

added, showed a lower proportion of radioactive calcium. to, total
calcium.

The plants crown in sand with caliche showed a more

decided drop in proportion of radioactive calcium, in the latter
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experiment.

This indicates that possibly a more extensive

exchange occurred

if the later experiment.

The research reported here indicates, as before, that
calcium carbonate is not readily available to plants growing in
caleareous soils0

However, in sand culture where exchangeable

or soluble calcium is not available, plants absorb calcium adequately from precipitated CaCO3 and native soil 0a003.

Thus

evidence is provided to restate the hypothesis regarding the
availability of CaCO3 to plants.

This hypothesis must take into

consideration two important findings: (a) there is an abundance

of caloiwn available to plants for their requirements in calcareous soils from. the exchangeable form and,

(b) calcium. in the

carbonate form is available to plants, but so much less so than
the exchangeable or soluble calcium that it is absorbed poorly
when the two are present together in a competing root medium,
The hypothesis then should be restated on the basis of relative
availability rather than absolute availability of the different

forms in which calcium exist in the soil.
These findings explain, at least in part, why calcium
carbonate added to calcareous soils in widely differing amounts

as well as widely differing particle sizes has very little influence on the calcium absorption by plants from soluble sources
added to calcareous soils.

This also explains why there is little

difference in the absorption of calcium from. calcium carbonate
from different sources.

Critical research should be pursued

further under plant growth conditions where calcium is held at or
near the threshold levels for optimum growth.
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Since most of the arid, soils of the Southwest contain

at least some calcium, carbonate, it was expected that this

should affect calcium uptake by plants.

However, previous

work has shown no clear-cut relationship between the native
calcium carbonate of soils and the uptake by plants of calcium
or radiostrontjuni from added soluble sources.

Experiments were conducted in the greenhouse utilizing

rye and tomato plants to determine why calcium carbonate does
not compete with soluble calcium.

Plants were grown in bowls,

using a method. patterned. after the Neubauer technique, to
which were added sand,, soil, caliche, calcium carbonate, and.

calcium nitrate in varying amounts and treatments.

Radio-

active isotopes were utilized.
The uptake of calcium in rye plants was found. to in-

crease with higher amounts of added calcium.

Calcium uptake

was greater with the finer size of material.

Both increases

were more prominent in sand cultures than insoil,

Also the

rye grass appeared to take up calcium better from caliche than
from calcium carbonate.

Studies conducted with the tomato plant showed similar
results in regard to mesh size of material and quantity added.
In both plants the soluble added. source was taken up much in

preference to the slightly soluble added source.

However, the

tomato plants showed a preference for calcium from CaCO3

as
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compared to caliche, which was different from that of the findings with the rye grass.

The difference in cation-exchange

capacity of the roots of monocotyledon and. dicotyledon type-

plants, is proposed as a possible explanation of this difference.

As in the rye grass studies, the tomato plants took
up adequate quantities of calcium from all sources in the
sand, cultures.

Both types of plants took up the added soluble

calcium much better than the slightly soluble calcium sources.
Plants grown on soils differing in lime content showed seine

difference in calcium content with no apparent correlation.

However, calcium uptake from six added sources of caliche resulted
in no differences in calcium percentage in the plant.

A hypothesis is proposed for calcium uptake on the basis
of relative availability rather than absolute availability of
the different forms in which calcium exists in the soil.

More

research is needed to resolve the apparent differences between
plant species cited in this manuscript.
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