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Chapter I
INTRODUCTION

A conservative estimate of the value of the
1948-1949 carnation orop in the United States was placed
by Fossum (20) at 20 million dollars, Of these flowers
approximately 25 per cent, or 5 million dollars worth,
were grown in Oolorado. This sum represented a vast num-
ber of cut flowers, a high percentage of which were of in-
ferior quality. Besides those of inferlor quality that
were sold at a reduced price, a8 compared with prices re-
ceived for top quality blooms, millions were discarded,
because thelr quality was so low as to render them un-
saleable, This discard masde a heavy reduction of income
to the grower.

It is believed by the writer that if more of the
factors affecting the quality of growth of the carnation
could be determined and controlled, a higher percentage
of top quality blooms could be grown, This would elimin-
ate the production of so many low grade and unsaleable
flowers,

Background.--There has been noted in the Denver,

Colorado, area & great difference in the quality of single

varieties of carnations as grown in the various greenhouses




This difference in quality is common even within one
range, where several different levels of quality are cut.
The difference cannot be explained entirely by position in
house, temperature, oclimatic conditions, light, or pre-
sence or absence of disease or inseocts,

Greenhouses under investigation in this study
are under the supervision of field men from the wholesale
houses, Growers send soil samples to these men monthly,
Ohemical tests are run on these samples, testing for the
various nutrients, Suggestions as to feeding practices,
based on the results of the tests, are made to the
growers, It is assumed these suggestions are followed,
This, then, should eliminate variations in feeding prac-
tices a8 a cause for different levels of quality of blooms
cut.,

It was belleved that a study of certain soll,
and nutrient factors and their relationshlip to the quality
of growth of carnations, would reveal at least a partial
answer to the problem, It was also hoped that this study
would point out paths for future studies on soll factors
affecting the quality of growth,

In 1ight of the foregoing discussion, 1t was de-
cided to set the problem up in the following manner,
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Problem

What effect do certain soil and nutrient factors

have on the quality of growth of carnations?

Problem analysis,--Before attempting to answer

the major question, it will be neoessary to divide it into

its component parts and answer each part separately.\ The

following questions suggest themselves:

1.

2,

3.

6.

What is the quality of growth of William Sim
carnations in each of 40 greenhouses?

What is the rclationship between proportion
of sand, sil{ and olay in the soil and qual-
ity of growth of carnations?t

What is the relationship between soil aera-
tion and quality of growth of carnations?
What relationship exists between the amount
of organic matter in the soil and quality of
growth of carnations?

What is the relationship between amount of
available potassium in the soil and quality
of growth of carnations?

What is the relationship between amount of
available calcium in the soil and quality of
growth of carnations?

What is the relationship between amount of
availaﬁle sodium in the soil and quality of

growth of carnations?
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8, What evidence is there to show the effect
of improper balance of these factors on the
quality of growth of carnations?

Delimitstion.~~This investigation has been re-

stricted to the William Sim carnation as grown in 40 con-

merclal greenhouses in the Denver, Colorado, area.

Samples were taken from April 1 to Mey 12, 1951,
Definition of terms.,--l, Quality of growth,—

The factor, weight per inch, includes stem and bloom,
This was used to designate quality of growth and was ob-
tained as described in Chapter III, Methods and Materials,
3. Available--those amounts of potassium, cal-
cium, and sodium that are soluble in Spurway's acetic acid
extracting solution are considered {0 be available to the
pPlants,
3, Pinched plants—-those plants whose primary
growing points have been removed to stimulate axillary

growth,
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OChapter II
REVIEW OF LITERATURE

Little work has been done to determine the ef-
fect of various soil and nutrient factors on the Qquality
of growth of carnations, The body of this review will of
necessity deal with the effect of these factors on other
crops which have been under investigation, To make more
comprehensive reading, each factor under consideration is

reviewed separately.

Mechanical analysis

In his text on soil physics, Baver (4) gave a
complete account of the earlier work done on the physical
structure of the soil as affected by the perocentages of
sand, silt, and clay, This has long been recognized as
one of the most important faotors contributing to crop
growth and orop response to fertilizers. As Baver pointed
out, the peroentage of sand, silt, and clay and their ar-
rangement into aggregates affect many physical properties
of the soil, Among these are base exchange capacity, air
supply, water holding capacity, water permeability, and
avallability of nutrients,

According to Baver (4), early workers in the

field of soil physics were Schubler, Schumaker, Wollny,
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Hilgard, Johnson, King and others. Many of the concepts
set forth by these men are bheing proved today.

More recent investigations of soil colloids have
been carried on by Bray (10)., In his work, soil colloids
below one micron in size were fractionated into three
fractions and the base exchange of each determined, His
conclusions were that the exchange of the finer fractions
increased markedly with decreasing particle size,

Whitt and Baver (44), working with the colloidal
fraction of Putnam c¢lay, also found that exchange oapacity
of colloids inoreased with decreasing particle size.

Baver (4) pointed out that the exchange capacity
of soils 1s due mainly to the colloidal fraction of the
soll, including colloidal organic matter. He also in-
dicated that it is this exchange phenomenon that aids in
the formation of soill sggregates and improves the soll
structure. It is also the exchange ocomplex that causes
adsorption of ions or nutrients, thus preventing them from
leaching out of the root zZone and running off in the
drainage water,

Reporting the work of Hager, Baver (2) stated
there was definite evidence found in Hager!s work that
sodium and potassium tended to harden argillaceous soils
and reduced their workability, aseration, water permeabil-
ity and water holding capacity. In his own work, Baver

(2) found this to be true, He found also that calcium had
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the opposite effect, e,g., tended to aid in the aggrega-
tion of soils containing a high percentage of olay,

Hoffer (38) working on corn response to fertil-
lzers, found an increase in yield in some cases, and a
decrease in yield in others. This was true even though
all plots fertilized were considered low in availsble
nutrients at the time of fertilizer application. In seek-
ing the reason for the variation in response, Hoffer con-
cluded that the negative response was due to poor aeration
as a result of water logged soil, He determined that the
poor aeration caused a subsequent contest for oxygen by
the increase of microorganisms and plants, This condition
coupled with the release of 0Oz and its subsequent
build-up in a poorly aerated soil, caused s reduction in
plant yleld,

Soll organic matter

This constituent of the soil performs several
very important functions in the soil. Among them are:

1, To cement soll particles to form stable
aggregates,

3, To adsorb and release mineral nutrients as
needed by the plants through base exchange.

3. To supply nuirients to the plants and micro-
organisms by undergoing decomposition,

4, To increase the water holding capacity of
the soll,
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From a study of the effect of organic matter on
four different soils, Baver (3) concluded that the absorp-
tion capacity of the soil for cations due to organic
matter varied from 30 to 60 per cent and that there is a
base exchange of one milliequivalent for every gram of or-
ganic matter. He concluded further that oxidation of the
organic matter produced a marked lowering of both the up-
per and lower plastic limits with a slight tendency to-
wards decreasing the plastic number,

Feustel and Byers (19) reported a 40 to 50 per
cent increase in the water holding capacity of soils when
mixed with equal volumes of peat, However, they bellieved
that due to the increased moisture percentage at the wilt-
ing coefficlient, the admixture of peat to heavy soils re-
duced the benefits of the increased water holding capaclty.
Only in sandy soils would maximum benefits from additional
water holding capacity be evident,

In work on colloidal humus, Baver and Horner
(5) found that humus systems saturated with lithium, sod-
ium and potassium ilons were completely dispersed, and
could be flocculated only with difficulty., They suggested
also that the importance of caleium in the nutrition of
plants for the production of vegetation is a more sig-
nificant factor in organic matter accumulation than has

been recognized, They observed further that the stable
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structural formation of soll is more dependent upon total
organic matter content than 1ts percentage saturation with
calcium,

In a study of the influence of various soil mix-
tures on production and growth of roses, Link and Culvert
(29) reported a significant increase in production of
flowers from the half humus - half sand mixture over all
other mixtures tried. They suggested this difference
could be due to a more uniform moisture content and
aeration.

In a study similar to the one above, Post and
Howland (34) found no significant differences between mix-
tures of 50 per cent peat and 50 per cent Genesee silt
loam which had been composted with manure ( 25 per cent by
volume) for nine months, and other soil mixtures., These
differences were observed: +the solls used, especially the
compost soil, packed considerably during the study; the
soil containing peat remained loose and friable, even at
the end of the experiment (three years). The root zone in
the 25 per cent or 50 per cent peat was completely rami-
fied by a mass of fibrous roots, while in the composted
soil there were relatively few small roots.

Ray and Shanks (35) conducted an experiment with
carnations and roses in which soll alone and also differ-
ent mixtures of soil and manure, hay, stover, blue grass

sod, sand, and cinders were used as a growing medium,
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The amount of aggregation was determined as was the air
supply and oxygen content of the soil, They reported
better seration with the mixtures than with soil slone,

In one plot sucrose was added with the result that the ox-
ygen content of the soil was reduced considerably. No
beneficial or detrimental effects on the plants were
noted,

So0il aeration

This is rather a two-fold problem, The first
part 1s concerned with the amount of air or gas a soil
will hold, the second part with the rate of diffusion of
these gases from the soil into the atmosphere above the
soil in an effort to remain at equilibrium with gases in
the atmosphere, Soil alr is affected by many things,
They are as follows:

1. 8Soil structure or the amount of, or lack of
water-stable aggregates, It is generally
true that as the per cent of aggregation
increases, the per cent of soil air
increases.

2. The water holding capacity of the soil, or
the amount of water in the soil at any time,
As the water in the soil increases, the

pores left for air obviously must decrease,




i3

3. The soil microbiological activity, This
activity depends on the amount of organic
matter available for decomposition by the
organisms and the resultant decomposition in
turn effects the composition of the soil alr,

4, The type and number of plants growing in a
given area., This affects the composition
of the gases and also the amount of organic
matter available to microorganisms,

Durell (18) grew tomato plants in nutrient solu-
tions with forced aeration and found that the growth of
these plants increased markedly when air was bubbled
through the solution at regular times throughout the grow-
ing period.

From results of experiments on forced aeration
of plants growing in various soil and sand mixtures,
Cannon (14) and Olements (18) reported that moist air
forced through the growing medium greatly increased the
growth; increased the number and length of root hairs; in-
creased the top to root ratio; and in general, gave the .
plants a healthier appearance, These favorable results
occurred only in those plots considered inadequately
aerated, and were deemed to occur because the oxygen was
resupplied to the soil air, and the carbon dlioxide was
brought into equilibrium with the atmosphere above the
soil.
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Cannon (14) worked with several varieties of
plants and found that at different oxygen levels, the soil
temperature greatly affected the growth response of the
plants. By giowing plants at one temperature and varying
the oxygen level, growth increased as the oxygen concen-
tration increased. By growing plants at one oxygen level
and varying the temperature, he found that growth de-
creased as the temperature inoreased,

Other results obtained by Cannon in this rather
extensive experiment were as follows:

1. When working with carbon dioxide levels of

10, 25, 50, 75, and 90 per cent and corre-
sponding oxygen levels of 90, 75, 50, 25,
and 10 per cent, it was found that growth
was depressed in some cases or ceased en-
tirely in others, but in all cases growth
was resumed again within one to six hours
after normal aeration.

3, In certain speoiee of plants which have
marked aerobic fraita, root hairs did not
develop in cases of great oxygen deficiency,

3. It was the rate of supply rather than the
partial pressure "per se" of oxygen that in~
fluenced growth,

In other experiments, Cannon (13) studied the

effects of the rate of evaporation on the oxygen
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requirements of plants, It was well known at that time
that the evaporation power of the air had a direct in-
fluence on the rate of photosynthesis, As the dryness of
the air increased, photosynthesis proceeded at a very slow
rate or ceased entirely. In this event, the evolution of
oxygen ceased also., Oannon reassoned that partial aeration
of the plant tissues may come from the oxygen evolved in
photosynthesis, Working on this hypothesis, he set up an
experiment in which the plants were grown in direct sun-
light but the evaporation rate from plant surfaces was
speeded alternately by an electric fan and by the natural
movement of the air, It was found that the rate of oxygen
absorption by roots during the actiie period of evapora-
tion was from 50 to 100 per cent more rapid than during
those periods in which the alr was quiet. It was con-
cluded that under conditions of rapid evaporation the rate
of photosynthesis was less rapid than during quiet periodsy
less oxygen was evolved, and accordingly less available

to plant tissues, including those of the roots. Thus a
relatively heavy drain was placed on the oxygen in the
soil alir,

Other conclusions drawn by Cannon from this ser-
ies of experiments were that there is probably a different
critical concentration of oxygen for each species at dif-
ferent temperatures, and that there is a specific re-

sponse to parallel amounts of oxygen and carbon dioxide




in the soil air.

In an extensive article on the effect of soil

aeration on plant growth, in which he reviewed the work of

others as well as his own, Loehwing (30) presented the

following conclusions:

1.

3.

Plants in aerated solls were heavier and
taller than those in check plots. Plants
receiving supplemental aeration made an
earlier and more rapid growth,

Plants in aerated cultures had larger, more
fibrous root systems and root cells were
heavier and higher in reserve carbohydrates.
Aerated plants were able t0 absordb nutrients
more rapldly as shown by higher content of
ash, calcium, potassium and phosphorous,
Aerafed plants were higher in total weight
of crude fibers, starch, total sugars, and
nitrogen.

The expressed sap of the tops and roots of
aerated plants was more alkaline; a higher
buffer capacity against alkall and acid was
shown by the tops but the roots showed a
lower buffer capacity against alkali and
acid.




6., There was smaller top to root ratios in
terms of fresh weight of aerated plants as
compared to those in control plots,

Loehwing's (30) conclusions were that moderate
rates of continuous soil aeration with moist air increased
size and growth rate of plants, but very rapid aeration
had the opposite effect., Species differed in their tol=
erance of soil aeration,

Bryant (13), Boynton (7), and Boynton, DeVillers|
and Reuther (8) found results in their work on soil aera-
tion that substantiated the work of the men mentioned pre-
viously,

Potassium, caleclunm,

and sodium; their
interactions

It is impossible to investigate the effects of
these nutrients separately since their effeots on one an-
other and subsequent reactions on plant growth are just
as important as their individual effects on plant growth.

The bulk of potassium absorbed by plants ordin-
arily moves into it in the early stages of its life cycle.
Unlike all other ash constituents required by plants in
apprecliable amounts, potassium is not definitely known to
be built into organic compounds of fundamental significan-
ce, It occurs in plants mostly as soluble inorganic

salts, Potassium salts of organlic acids also occur in




23

plant cells, Nevertheless, potassium is essential to
plant growth and cannot be replaced entirely by such
chemically similar elements as sodium or lithium, Potas-
sium, when available to the plant, is generally abundant
in young meristematic tissue such as buds, young leaves,
root tips, ete. Since older tissue contains comparatively
little potassium, it is assumed that it is translocated

to the younger, more rapidly growing sections.

Although the exact role of potassium is obscure,
its chief role is considered to be a regulatory or cataly-
tic one and it may exert many of its effects by influenc-
ing enzymatic activity., Potassium is considered necessary
for the normal maintenance of the following processes:

1, Synthesis of aimple sugars and starch,

3. Translocation of carbohydrates.

3., Reduction of nitrates,

4, Synthesis of proteins, partiéularly in

meristems,

5. Normal cell division,

Study by Nightingale, Schermerhorn, and Robbins
(32) showed that potassium deficient plants grown with
ammonium nitrogen developed leaf breakdown symptoms total-
1ly dissimilar to potassium deficient plants grown with
nitrate nitrogen. Chemical evidence attributed this
breakdown to toxic concentrations of high internal ammom-

ium, Ohemical tests showed also potassium deficient plants
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in both the ammonium and the nitrate series accumulated
ammonia, and amide and amino nitrogen, while the protein
concentration decreased., At the same time the plants
showed a high initial increase in carbohydrates, which
finally decreased and fell below those plants supplied
with adequate potassiunm,

In an extensive experiment designed to determine
the effects of one nutrient or lack of it on the uptake of
other nutrients, Bartholomew, Watts, and Janssen (1) drew
the following conclusions:

1, The milligrams of nitrogen, phosphorous and
potassium absorbed by plants receiving all
nutrients essential to growth was controlled
to a great extent by the concentration of
those elements in the mediunm,

2, A deficiency of potassium in the nutrient
medium increased absorption of nitrogen and
phosphorous by the leaves, and an abundant
supply of potassium increased the absorption
of phosphorous by the stem,

He suggested that Liebigs "Law of the Minimum"
was not applicable to fertilization with potassium salts,
since potassium deficient plants showed an increase in the
milligrams of nitrogen and phosphorous absorbed.

Hartt (22) grew sugar cane with varying amounts

of potassium and with sodium instead of potassium and made
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the following observations:

1.

3.

S,

8.

_Potaaaium deficient plants had a lower mois-

The growth of sugar cane was proportional to
the amount of potassium supplied,

The addition of potassium to plants deficient
in that element resulted in a rapid absorp—-
tion of potassium and a considerable inoreaaﬁ
in growth, The absorption of phosphorous
and magnesium was decreased in those plants
to which potassium was added.

Since equal amounts of potassium were ab-
sorbed by day and by night, it was concluded
that the absorption of potassium was not af-
feocted by light,

Plants deficient in potassium absorbed more
phosphosous, iron, calcium, magnesium and
silicon than the controls,

In potassium deficient plants, there was an
accumulation of iron in the roots and nodes,
but when potassium was added some of the iron
moved up into the blades. This was possibly
due to an increase of turgor in the leaves,
and to the upward movement of the transpira-

tion stream,

ture content than the control plants,
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7.

8.

10.

Ash analysis showed potassium migrated from
dying leaves to the living top of sugar
cane, No other element did this,

There was some evidence that the transpira-

tion rate of potassium deficient plants was

less than that of the controls,.

The effect of potassium deficiency upon the

relative amounts of protein and amino nitro-

gen in the plants varied with their age,

8. After two months there was a higher per-
centage of amino nitrogen and a lower
percentage of protein nitrogen in the
blades and stems of potassium deficient
plants than in the controls,

b. After seven months, there was & higher
peroentage of amino, protein and total
nitrogen found in the blades of potassi-
um deficient plants than in controls,
while in the stems the opposite was true]

Concluasions from above results were that

both synthesis and the translocation of pro-

teins were diminished by potassium starva-
tion; and that potassium defliciency resulted
in a derangement in the transformation of

hexoses to sucroses.
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Regarding the controversial sodium for potassium
substitution, Hartt found no evidence to indicate that
godium could substitute for potassium in any way in the
nutrition of sugar cane,

In an attempt to study the effect of potassium,
calcium and l1ight on photosynthesis, protein synthesis,
and translocation in the pea plant, Hibbard and Grigsby
(35) found no evidence that increases in potassium or cal-
cium were paralleled by increases in nitrogen and protein,
Potassium and calcium absorption were found to be more
rapid in light, Total ash was highest in those plants
growing in a calcium deficient solution, The percentage
of calcium was higher in plants deficient in potassium
than in check plants or those grown in solutions devoid
of calcium, The percentage of potassium was higher in
plants growing in solutions lacking calcium than in the
checks or in plants growing in solutions without potassi-
un,

In studying the effect of potassium on plant
growth and on the ability of different plants to absordb
potassium from the soil, Drake and Scarseth (17) found
that the best quality leaves on tobacco were obtained when
the ratio of magnesium to potassium was 1 to 5,9, The re-
sponse of various plants to potash fertilization was al-
most inversely proportional to the abilities of the plants
to absorb native potash from the soil, Plants differed
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greatly in their ability to absorb potassium from soils
low in exchangeable and soluble forms of this element.,

Working on the effects of lack of potassium on

transpiration rates of sunflowers, tobacco, and beans,
Snow (39) made the following observations:

1., Transpiration decreased significantly in
plants growing in solutions lacking
potassium,

2. In solutions where sodium was substituted fo#
potassium, there was either no significant
difference between those plants and the
checks, or the difference became apparent
only in the last 45 hours of the experiment,
The length of the experiment was nine days.

Reporting results obtalned from work on potato

discs, Sommer (40) gave the following: respiratory rates
were increased by additions of potassium bromide, potas-
sium chloride and potassium nitrate, and decreased by
additions of calcium chloride, and calcium bromide, as
compared with additions of distilled water., In aerated
solutions potassium stimulated and calcium depressed
water absorption,

Nightingale (31) found potassium to be necessary

for nitrate absorption and suggested that potassium, with
other elements, must be intimately assoclated with syn-

thesis of protein from nitrates. He also gave evidence to
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show that potassium was important in carbon dioxide as-
similation. Plants adequately supplied with potassium
were materially higher in reserve carbohydrates than
others deficient in this element.

Calcium.—-This element plays a very important
role in plant metgbolism, It is a structural component of
plant cell walls, Oaloium lons have pronounced effects
upon the permeability of cyto~plasmic membranes and upon
the hydration of colloids, Lack of calcium interferes
with the translocation of carbohydrates and amino acids,
Calcium may occur in plant cells as calcium proteinate or
insoluble crystals of caleium oxalate. It also forms
salts by reactions with organic acids, thus preventing the
accumulation of organic aclids within the cells,

Concerning calcium-potassium ratios and their ef-
fects on growth of tomatoes and cucumbers, Tiedjens and
Schermerhorn (42) reported that as long as calcium was
abundant no detrimental effects from high potassium were
noted, When calcium dropped below optimum concentrations
and potassium remained high, the latter element had a pro-
nounced depressive action on the uptake of caleium,

Results of their study on a calcium-sodium ratio
were reported by them as follows:

1. The higher the proportion of calcium to sod-

ium, the greater the percentage of dry matter

in plants, They explained this by pointing
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out the difference in affinity for water of
sodium and calcium, They suggested that,
since potassium has & similar affect to sod-
ium, it is entirely possible that one of the
functions of potassium is to counteract the
effect of an ovei abundance of calcium,

3. There was an acoumulation of protein in

Plants receiving high calcium,

As a general conclusion, Tiedjens and Schermer-
horn suggested that one very important function of calcium
is to hold the cell protoplasm in an equilibrium conducive
to the synthetic processes that build up proteins rapidly.

From a study of the physicochemical relations of
calcium, Bradfield (9) stated that this element is ex~
tremely important in flocculating soil colloids and thus
preventing their leaching from the root zone. He showed
also that as the carbon dioxide content of soil air in-
creased, the percentage saturation of clay by calcium de-
creased, Bradfield considered the action of calclum in
increasing the pH of the soil as one of its most valu-
able contributions,

Shear, Orane, and Myers (37) substantiated the
findings of other workers regarding calcium and potassium
and suggested some points not brought out by others., They
observed that the most pronounced relationship was between

the 0a = X ratio and boron., 4 high ratio of Ca - K
mg ng
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consistently resulted in boron toxicity. A high Ca - Mg
ratio also increased boron toxicity, but high g%f;jgg

a
ratios had alittle effect on the appearance of boron toxi-
city. They alsoc observed that definite relationships ex—
isted between the accumulation in the leaves of the three
bases, namely, calcium, potassium, and magnesium, and the
accumulation of manganese, zinc, copper, and iron. They
pointed out that symptoms of manganese deficlency were
found to be associated with a high accumulation of any one
of the three bases, and were most severe when all three
were high in proportion to manganese, Thus conditions
promoting increased accumulation of these three bases
worked in two ways to produce manganese deficiency; first,
by depressing the accumulation of manganese, and second,
by increasing the concentration of manganese required in
the leaf to create a proper balance with the other ele-
ments,

Sodium,~~From an experiment on millet, wheat,
oats, barley, and rye seedlings to test the theory that
sodium could act as a partial substitute for potassium,
Hartwell and Pember (23) gave the following observations:

1. When potassium was withheld to such an ex-~

tent that the growth of the seedlings was
depressed, an addition of sodium resulted in
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an increase in the production of seedlings
tops,

2, When potassium was increased or the sodium
added, the increase of transpiration was
usually less than the increase of green
weight. »

3. An excess ratio of magnesium to calcium
markedly reduced transpiration and root
growth,

4, During a given time less potassium was ab-
sorbed by the seedlings when the potassium
was supplemented by sodium, Sodium was a
conserver of potassium,

These workers concluded that some of the func-
tions of potassium in some plants could be performed by
sodium, They stated also that there were certain princi-
pal functions of potassium which could not be performed by
any other element, If the amount of potassium was insuf-
ficient for these functions, maximum growth could not be
secured with any amount of sodium,

Work by Lehr (38) gave evidence that in the evenJ
of a potassium shortage, sodium was translocated to the
foliage, releasing certain amounts of potassium for use in
other parts of the plant, He supported other investiga-
tions in stating that because the effects of sodium depend

on special circumstances and crops, the importance of
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sodium and potassium change with the crop.

Harmer and Benne (21) divided plants into two
groups; those benefited by sodium when potassium was low,
and those benefited when potassium was abundant, They
concluded that sodium served no definite function in those
plants benefited only when potassium was low, but that it
did substitute for or assist with the functions of potas-
sium,

When Harmer and Benne added sodium to a nutrient
solution containing abundant potassium, some plants show-
ed improved vigor and color of follage. These plants also
showed increased disease resistance, decreased wilting in
hot weather, and their foliage continued growing for =
longer period, It was in these plants that these men as-
sumed sodium had a definite function it alone could ful-
f£ill,

Absence of sodium in sodium-—-responsive plants
resulted in increased absorption of potassium, Absence
of potassium in sodium responsive plants resulted in
physiological breakdown because sodium could not serve all
the functions of potassium,

Shear, Orane and Meyers (37) inferred that one
of the principal effects of sodium in sodium accumulating
plants resulted from its differential depressing effect

on other bases, Thus, at times sodium caused & more
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favorable calcium-magnesium-potassium ratio in the plant
in which case beneficial effects resulted from its ac-
cumuletion., TUnder other conditions, accumulation of sod-
ium produced a less favorable ratio between these elements

and subsequent detrimental effects,
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Chapter III
METHODS AND MATERIALS

In setting up this experiment, tests for sand,
gilt, clay, aeration, organic matter, potassium, calcium,
and sodlum were selected on the basis of their potential

adaptability to commercial use,

General procedure

In this investigation a ten foot section of a
bench of the carnation variety William Sim was selected
in each of 40 commercial greenhouses, Special effort was
made to seleot a section in each house that was represen-
tative of the type of growth in that house, This section
was watered thoroughly, then allowed to drain for one
hour, Measurements were made at the end of that hour te
determine the air supply in the soll, Ten samples were
taken at random throughout the bench and their average air
content was considered representative of that section,

All normal flowerse at approximately the same
stage of maturity in each test section were cut and the
quality of growth determined by average weight per inch of
stem length., Each flower was cut to its point of origin
and measured in inches, Side branches were removed and

the flowers were then weighed on a dletary scale in grams
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and the weight divided by the length to give a quality in-
dex in grams per inch, All flowers from one section were
then averaged, This average or index was considered to be
indicative of the quality of the flowers found in that
section,

Ten soil samples were taken at random from each
test section, After removal of loose mulch, complete
cores were taken with a sampling tube and mixed to give
one composite sample for each test seotion. The samples
were brought back to the laboratory, air dried, and
screened through a 0,5 mm, screen. They were then analyz-
ed for the desired factors,

All tests were run in duplicate, and results
agreed closely,

A questionnaire pertinent to the treatment of
the soil in the chosen section was submitted to the grow-
ers and answered by them as far as possible, (See Ap-
pendix), Notes aisb were made by the author regarding
temperatures, light and other factors which might have af-
fected the quality of growth in each section, The answers
to the questionnaire and observations by the author were

used a8 aids in interpreting results obtained.

Mechanical analysis

The Bouyoucos method (8) for determining the
percentage of sand, silt, and clay in a soil sample by the
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hydrometer was used., Sodium silicate and sodium oxalate
were added to the soil suspensions to precipitate the cal-
cium and also to aid in dispersing the soil particles,

The suspensions were then stirred for 20 minutes with a
mechanical stirrer to insure complete dispersion, The new
type hydrometer with the stream-lined bulb was used and was|
removed at the end of every reading, The temperature of
the solution was taken at every reading and corrections
were made for temperature changes., The extremes of tem-
peratures at which readings were taken ranged from 78,8°F
to 88.89F, Two readings were taken; one at 40 seconds and
one two hours after shaking the suspension,

This method of mechanicel analysis was chosen
because it is rapid, cost of materials is low, and results
are comparable to those by other empirical methods, As
pointed out by Bouyoucos and also by Keen (27) the experi-
mental errors are approximately nullified or compensate

one another,

Organic matter

Oomparison of the methods of organic matter de-
termination, their speed and accuracy of results showed
the Walkley-~Black method (43) is comparable to others
in results, is faster, and requires less expensive equip-

ment.,
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In this method the organic carbon of the soil is
digested with chromic and sulphuric acids, making use of
the heat of dilution of the sulphuric acid., The excess of
chromic acid not reduced by the organic matter of the soil
is then determined by titration with standard ferrous sul-
phate, To prevent interference from chlorides likely to
be present in the soll, 1,25 g of silver sulphate were
dissolved in each 100 ml of sulphuric acid used. By pre-
cipitating the chlorine as silver chloride, this prevented
the reduction of chromic acid by the chlorine present,

The end point in every test was very sharp, The amount of

carbon oxidiged was determined by the formula:

1~ Vé x 0,003 x 100 = Carbon oxidized

V1 = volume of N potassium dichromate (ml)

Vo = volume of N ferrous sulphate (ml)

W = weight of soil taken

The percentage recovery of organic matter by
this method for the majority of agricultural soils lies
between 75 and 80 per cent, They are reported as "Organic

Oarbon, Walkley-Black values"®,

Air supply

A new instrument for determining the percentage
of soill volume occupied by air has been devised by Russell
(36)., This instrument, called the air picnometer, has
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given results very similar to those obtained by other
methods, It is very rapid and the results are easily dup-
licated.

A s0il sample of known volume is placed in an
air tight system in which the gas pressure is known., The
volume of the system 1s then changed by a known amount and
the resultant pressure is measured, From this data and
comparison with a curve calibrated with a series of brass
discs of known size, the percentage of the sample volume
that is filled with air can be calculated, The curve cal-
ibrated from brass discs of sizes varying from 5 to 100 per
cent of total volume of cylinder is shown in Fig. 1.

As was stated in the general procedure, the per-
centage of air-filled pores was determined at the green-

houses, one hour after thorough watering of the section,

Nutrient tests

The extraction solution for use in testing for
potassium, calcium,and sodium was made according to Spur-
way (41).

Potassium,--Bray's test (11) for potassium was
used, Thie is known as the sodium cobaltinitrite test in
which potassium is precipitated as potassium cobaltini-
trite. The amount of precipitation was measured by using
the Oenco photolometer, The photolometer reading was con-

verted to parts per million by comparison with a curve
established with known solutions, Fig. 2,
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Inasmuch as temperature affects the amount of
precipitate formed, the tests were run at a constant tem-
peiature of 70°F. Reagents were made up fresh for the
tests,

Calcium,-~Peech's ammoniacal-sosp solution test
(33) for ocalcium was used. In this test, as in the one
for potassium, the precipitate formed was measured by the
Cenco photolometer and was converted to parts per million
by comparison with a curve made up from known solutions,
Fig. 3.

Sodium, -~-Spurway's magnesium uranyl acetate
test (41) was used to determine sodium, The sodium pre-
sent was precipitated as sodium uranyl acetate, and was
estimated as blank, low, medium, or high in quantity.
Supplemental experiment on

potassium, caleium, sodium
ratios

In addition to testing the 40 greenhouse soils
for potassium, calcium and sodium and their effect on the
quality of the carnation, a sand-nutrient solution experi-
ment was set up in the Colorado A & M research greenhouses
to test the effects of varying proportions of these three
elements on the quality of growth of carnations.

The experiment was set up in the form of a tri-
angle with a total of 21 one-gallon glazed crocks, There

were six crocks to a side. (See Fig, 4). The nutrient
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Fig. 4.,--Schematic diagram of potassium, calcium, sodium
experiment,
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solutions used for the plants were complete with the ex-
ception of potassium which varied from 500 ppm. to O ppm.,
calcium from 1,000 ppm, to O ppm,, and sodium from 500
ppm. to O ppm. These were made up as shown on pages 71 -
75 Appendix, and replicated twice,

The nutrient solutions were made up in concen-
trated form, (20 x that used on the plants) and diluted
180 co Hp0 to 10 cc of the concentrate at feeding time.

Pinched plants that had been grown in sand with-
out nutrients were planted two to e crock on July 23, 1951,
They were watered on the same day and were given the nu-
trient solution on the following day and every sixth day
thereafter.

On November 28, 1851, the experiment was termin-
ated, Photographs were taken to show the differences in
growth and the plants were then cut off at the soil line,
The tops were weighed green then dried in a circulating
oven at 125°F for 48 hours and weighed again, The dry
weight and moisture content of the tops were determined fo{

each plant given each nutrlent solution,




Chapter IV
ANALYSIS OF DATA

The results of the tests for the wvarious factors
under consideration are given in Table 1, Since the tests
for calcium were consistently high, around 350 p,p.m., and
the tests for sodium were consistently low, with 1little or
no variation for either nutrient, the results for these

two factors were discarded.

Total correlation

Total correlation of each factor was calculated
by the formula recommended by Snedecor (38), presented be-

low,
r =N 3{xy) - 8(x) s(y)
\/[ﬁx 8x® - s(x)?.[@ 8 (%) - S(y)?r

Table 2 includes the calculated total correla-

tion coefficients between all factors as well as between

each factor and quality alone.




Table 1,--RESULTS OF SOIL TESTS OF 40 COMMERCIAL GREENHOUSE
SOILS AND THE QUALITY OF GROWTH OF CARNATIONS FOUND FOR
EACH SOIL.

St | ity | el | S| iy B | S | Sucan
1 |r3os | 19 | g9 |25 | 6 |2.56| 19 250 |rrace
2 g3 | 0 68 |23 8 lp.co| 2! |pso | -
3 lpes |13 | 71 |27 | 8B |2.-66]48 |pso

4 o | 21 |49 | 36 | 15 |2.¢8] 50 |52 | -
5 lros2 | /4 | €7 |29 | 10 |2.73| 37 (250 ~
6 loe2 | 12 53 | 44 6 |2.08| 14 (50

7 lros3 | s | 73 |20 | 7 |2.58/ 4% |250

8 lrogs | 17 | 60 |22 | /8 |p.69|3] 250 “
9 lromz| 14 |62 |27 | 11 |3.19]| 45 |gso|
/0 l103¢ |20 | 69 |22 | 9 |2.86/ 45 |250

/' lroz¢ | 20 | 79 | IS 6 |2.36] 3 175
12 osg | 18 | 7/ |23 | 6 lac2| 21 |250

/3 o |38 |76 1 /8 | 6 |2.87|38 |250
/4 lo0s | 17 |42 |37 | 2/ |3.20] 38 |[250]| ~
/5 lro08 | 18 181 |13 | 6 |2.35| 3 |(220| °
/6 | .99 | 12 | 68 |2/ | /2 |2.62| 48 |25°

/7 |.982 | 1t |78 | /3 9 l2.23| 45 |250
/8 |.os | 8 | 59 |40 /| _|2.40| 50 |250]| ”
9 |51 8 |8+ | /4 2 |7.84| 20 |50 | "
20 (.939| 5 |é¢ |24 | 12 |2.7¢4| 45 (250 ~
2! |.o36| /7 |46 |28 | 26 |33 50 |250 |
22 |.ou | 14 |60 | 26 | 74 |2.32) 42 |250 |
23 |.939| 3¢ |77 |/5 | 8 [2.23| 38 195 | °
24 1.924| // |74 |21 | 5 |19 | 50 [g50
25 |.923| 9 |72 |2+ | 7 |186 | 1B (250 °
26 |.o2 | 15 (44 |34 | 22 |2.¢¢| 35 |190 ]
27 |.oz| i 165 |20 15 [p.16] 46 l250] °
28 |.o04| 6 |48 |32 | 20 |2.38] 50 |2s0]| °
29 |.893| 10 |86 | 410 | 4 |r90| 31 |250]| "
3 |.ea3| /9 |¢2 |2/ | /7 |2.73 37 |pso |’
3/ |ggzl| /9 |ee |22 | 12 [2.49| 42 |250]|
32 |az |76 (62 {32 | 6 |79 |23 |250 ]
33 |lges | 7 160 |24 | 16 |p.56| 32 250 | "
34 860|222 |58 (26 | /6 |23/ 8 |250] "
35 |.esz| /¢ |42 |39 | 719 |g2r| 34 |250| "
36 |.78¢61 15 |66 |27 | 13 |207|40 |250| "
37 |.780) 29 |50 |45 | 5§ |2.90| 50 |250| "
38 .76/ | 6 |83 |12 | 5§ |po2| s |250] "
39 |.s58| 4 |78 |17 1 5 ls23] 2/ |250]”
40 | 94| +7 |62 [32 | 6 |eos|27 [p350]

9
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Table 23,~-TOTAL CORRELATION COEFFICIENTS FOR ALL INTER-
RELATIONSHIPS BETWEEN FACTORS B TO G AND THE RELATION-
SHIPS BETWEEN EACH OF THESE FACTORS AND QUALITY OF

GROWTH OF CARNATIONS.

B
Per
cent

Pore

Quality Space

o) D B F G
Per Per Per Per
cent cent c¢ent cent

Potas-

Organic sium

Sand Silt Clay Matter pp!

A
Quality 0

B
Per cent
Pore Space .0133

o}
Per cent
Sand .04086

D
Per cent
gi1t -, 0130

E
Per cent
Clay -.06823

F
Per cent
Organic o
Matter L4332

G
ppm
Potassium ,0135

-.05637

.0880

.0092

[ ]
. 3859

.

.

L1 »
~,4617 .3317 0045 O

L . L

¥ Jignificant at .05 level
** Zignificant at .01 level

r values necessary to show significance are ,313 at
the .05 level and ,403 at the ,01 level
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Factors which should be pointed out at this time

are as follows:

1,

2,

3.

6.

The effect of prganic matter on quality was
gignificant at the one per cent level,

The effect of organic matter on pore space
was significant at the five per cent level,
The effect of sand on organic matter content
was significant at the one per cent level,
There was no apparent effect of sand on the
pore space.

The effects of silt on organic matter and
8ilt on potassium content were significant
at the five per cent level.

The effect of organic matter on the potassi-
um content was significant at the five per

cent level,

Multinle correlation

To determine the total effects of the factors

gtudied on the quality of growth of carnations, multiple-

correlation was calculated using a method recommended by

Hayes and Immer (24). In this method the standard partial-

regression coefficients are determined, Table 3, and these

in conjunction with the total correlation coefficients are

used to determine the total effect.
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Supplemental experiment

As was stated in Chapter III, a supplemental
sand-nutrient experiment was undertaken to determine the
effects of different levels of potassium, calcium, and
sodium on the growth of carnations, The results of this
experiment are included in Table 4.

Attention should be directed at this point to
the decrease in percentage of weight lost on drying of
green plant tissue, The water content of the plants de-
creased significantly as the calcium level was increased.
High sodium treatment plants had significantly more water
than did high potassium plants,

Using the analysis of wvariance given by
Snedecor (38) to determine the significance of differences
in per cent welight lost on drying by the different treat-
ments, an "F' value of 14,335 was obtained. The reguired
"F" value to show significance at the one per cent level
was 8,10, The LSD at this level was 1.71,

Fig. 5 is a photograph of four of the sets of
plants receiving different treatments, The differences

in degree of maturity should be noted.




Table 4,--RESULTS OF MOISTURE PERCENTAGE DETERMINATIONS FOR

POTASSIUM, CALCIUM, SODIUM TREATMENTS,®*

Treqtment’
Num ber

A

B

Mean

Green

h/elgﬁfé)

Dr
Werght(3)

loss of
Weight (9

% loss
Green
wergsl

Green
Welg‘/:ﬂq)

D
weryht ()

loss of

‘Werght (|G ree
igrtllierecn Loss

% doss

%

/

595

/0.5

450

824

62.0

7/.0

5.0

82.3

8235

66.5

2.5

5¢.0

81.8

595

115

4-8.0

80.7

8/.25

555

//-0

44.5

8o.2

72.5

/4.5

58.0

80.0

80./

75.0

/5.5

5825

793

58.0

/1.0

47.0

8/-0

80.15

i

66-5

/3.5

53.0

727

€8.0

] 4.0

54.0

794

7955

64.0

/2.5

575

80.5

70.0

/3.0

57.0

814

80.95

66.0

/2.0

54.0

8.8

570

]0.0

4.0

8o.4

8.1/

515

/0.0

41.5

80.6

66.0

12.5

535

811

80385

2
3
4
5
6
7
8
9

695

/"7’-0

55.5

78.9

56.0

10.5

45.5

81.3

8o.6

/0

£0.0

/2.0

48.0

80.0

74.0

15.0

520

72.7

75.85

//

5.5

/0.5

41.0

796

575

/10

40.5

78.6

75.1

/2

635

/3.5

505

758.1

60.0

12.5

475

759.2

758.15

/3

590

/2.5

465

788

60.5

13.5

47.0

777

78.25

/¥t

53.0

1/.0

4p.0

782

5é.5

1.5

45.0

79.6

79. 40

/5

680

/¢S5

535

787

73.0

/6.0

550

787

78.70

/6

73.0

16.0

590

78.7

52.0

115

405

77.9

78.30

/7

55.0

12-0

43.0

78.2

§8.0

/3.0

45.0

77.8

78.00

/8

65.0

/4.0

570

78.5

675

/+5

530

78.5

78.50

/9

580

/3.0

45.0

776

530

/2.5

40.5

7¢.4

77.00

20

530

/2.5

40.5

76.4

550

/3.0

42.0

76.4

76.4

2/

5¢.0

/3.5

42.5

75.9

630

/6.0

530

76,8

76.35

*For key to treatments see appendix and for key to experi-

mental design see Fig, 4.
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Chapter V
DISCUSSION

The total correlation-coefficients, Table 2, em-
ployed to test significance of the effect of pore space,
sand, silt, clay, organic matter, potassium, calcium, and
sodium on the quality of growth of the William Sim carna-
tion, showed that only organic matter had a significant ef+4
fect and that effect was significant at the one per cent
level, This concurs with the results of Link and Culvert
(29) in their work on Briarcliff roses. They found that
organic matter increased stem length and stem diameter as
well as production of flowers,

The significant effect of organic matter on
quality obtained in this experiment is readily discernible
when the beneficial effects of organic matter on soils in
general are reviewed, One of the principal effects is to
Inorease the aggregation of the soil thereby increasing
the air supply or pore space of the soil, Total correla-
tion between organic matter and pore space was significant
at the five per cent level, Increasing the organic matter
of a soil increases its water holding capacity, thereby
making a more uniform moisture supply available to plants

over longer periods,
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Colloidal humus (organic residue) acts as an
adsorbing surface for nutrients in the soil and prevents
their leaching from the root zone, This may be shown by
the total correlation between potassium and organic matter
which was significant at the five per cent level,

The highly significant negative correlation-
coefficient between sand and organic matter was lnterest-
ing. It might be assumed that increasing the sand content
of a soil would increase the macro-pores thereby lincreas~
ing the air supoly of the soil to the point where the in-
oreased ailr would increase the rate of decomposition of
organic matter. This would decrease the amount of organioc
matter remaining in the soil, That this apparently is not
the case can be shown by the lack of correlation between
sand and pore space. Another and more probable answer
could lie in the organic matter content of the original
g0il as influenced by the soil forming processes, A soil
originally high in sand would have 1little chance to build
up organic matter due to the low nuirient level of sandy
soils and their low water holding capacity. If organio
matter were not added to a sandy soil at the time 1t was
placed in the bench, it would of necessity be low in or-
ganic matter at testing time, Another probable reason
could be that soil is composed of four fractions; sand,

siit, clay, and organic matter. An increase of any of




these would result in the decrease of the other three
fractions,

There was significance at the five per cent
level between silt and organic matter, and silt and potas-~
sium, The effect of silt on potassium content of the soil
may be explained in part by the fact that silt approaches
colloids in size and in so doing exhibits small powers of
attractions on the elements or nutrients in the soil, thus
holding them in the root area.

8ilt also greatly inhibits the movement of water
through a soil and in so doing would tend to reduce the
leaching of the nutrients from the root zone. It is the
general belief of most investigators that the over-all
effect of silt is detrimental to good soil structure and
to quality of growth, therefore its effect would be nega-
tive., A tendency toward this is shown by the slight nega-
tive correlation between silt and quality.

The correlation between silt and organic matter
may be explained in part by a reduction in the air supply
of the soil caused by increased amounts of silt., There is
no evidence in this experiment of the detrimental effect
of silt on pore space,

Lack of correlation between clay content of the
soil and other factors studied is rather puzzling., Al-
though the correlation between clay and potassium approach-

ed significance it did not show as high a correlation as
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that between silt and potassium, This could be explained
partially by showing that the clay was & type with a low
exchange complex, Facilities were not available to de-
termine the types of olay in the soils studied, Much more
work needs to be done on effects of clay on growth qual-
ities and other factors in the soil under greenhouse con-
ditions,

Multiple correlation indicated that only 1.49
per cent of the quality of growth of carnations was af-
fected by all the factors studied. This was disappoint-
ingly low but served to point out that there were many
factors not under control, all of which exerted some in-

fluence upon quality of growth,

Supplementzl experiment

Pointed out in the review of literature were the
effects that potassium, caloium, and sodium have on the
growth of plants other than carnations., The purpose of
this experiment was to determine the effects of different
levels of these three nutrients on the growth of carna-
tions,

The evidence that calcium increases the amount
of dry weight produced by the plants substantiated the
work of other investigators, Both potassium and sodium in-
creased the water content of the plants as shown by in-

creased loss of weight on drying., The differences were
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highly significant, with sodium causing the greatest in-
crease in water content,

High calcium and low potassium and sodium treat-
ments caused an apparent delay in maturity of carnations
in this experiment, Fig, 5., 1In spite of all efforts to
keep the nutrients under strict control, soil tests at the
end of the experiment showed traces of all three nutrients
present in all the treatments, It is probable that the
sand used contained very small amounts of these nutrients,
This would account for the absence of extreme deficiency
symptoms on the treatments,

It is assumed from the results of this experi-
ment that sodium can substitute, at least in part, for
potassium in the metabolism of the carnation plant, When
sodium was abundant, no detrimental effects were noted in
the treatments where the potassium level was considered
to be far below that required for normal plant growth.

Suegpestions for
Turther study

1, Under controlled conditions, .an experiment
may be designed to test the effects of var-
ious percentages of sand, silt, and clay on
plant growth in the greenhouse,

2. An experiment should be established to test
the effects of soils with various base ex-

change capacities on feeding practices and
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subsequent plant growth, The base exchange
capacities of these soils could be varied by
using different types and amounts of clay,
and by varying the amount of organic matter,
An investigation to determine the adverse
effects of silt on water movement, air sup-
rly, and nutrients in greenhouse soils
should yleld valuable information,

An investigation into the effects of differ-
ent calcium, sodium, and potassium levels on
the keeping quality of carnation blooma
would be of great interest,
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Chapter VI
SUMMARY

An attempt was mede to correlate the effects of
per cent pore space, sand, silt, clay, organic matter,
potassium, calcium and sodium content of the soil with the
quality of carnation growth, The inter-relationships of
these soil factors also were studied,

1. Total correlation-coefficients showed that
only organic matter had a significant ef-
fect on quality. This effect was signifi-
cant at the one per cent level,

2. Total correlation-coeffigiénts found in the
inter-relationships between factors studied
were as follows:

a., Significance at the five per cent level
between organic matter content and pore
space,

b. Significance at the five per cent level
between potassium and organic matter,

¢. Significance at the five per cent level

between s8ilt and organic matter,
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d. A negative correlation significant at
the one per cent level betweén the per=-
centage of sand in the soil and organic
matter content.

e. AAnegative correlation significant at
the five per cent level between sand and
potassium,

f. Significance at the one per cent level
between silt and potassium,

Multiple correlation indicated that only

1.48 per cent of the quality of growth was

affected by the factors studied.

A supplemental sand-nutrient experiment to

test the effects of different levels of po-

tassium, sodium, and calcium on the growth
of carnations indicated that:

a. A high caloium, low sodium-potassium
ratio produced greater dry weight per
plant than did a high potassium-sodium,
low calcium ratio, Plants recelving
high sodium contained significantly more
water than those recelving high potasg-

sium,
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b.

A high calcium, low sodium~potassium
ratio delayed maturity. The host rapid-
1y maturing plants were those receiving
400 p.p.m, calcium, 200 p.p.m. sodium,

and 100 p.p.m, potassium in solution,
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Greenhouse Date
Soil

1. Where did soll come from?

3. How long has soil been in bench?

3. Treatment of soil before benching crop.,

a. Type organic matter added.
b, How sterilized,
¢. Anything special done to it,

4, 1If soil has been in bench for more than one crop,
how was it treated for the next crop? Roto tilled?
Turned by hand? All the way to the bottom of the
bench?

5. Is so0il mulched and, if so, with what?

6. TFertilizers used,

7. Type of bench, (Solid bottom or wooden.)

8. Type of greenhouse - o0ld - new - dirty?

9, Temperatures

Night - .
Day =~

If day was cloudy and cold, was heat run to
"keep day temperature above night tempera-
ture?
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FORMULA FOR POTASSIUM, CALOIUM, SODIUM SOLUTIONS

Concentrated
Orock and Weight 20 times
solution grams Compound ppm/liter (grams/1)
I +680 NaNOg 500 ppm NOgz 13.6
184 ppm Na -
8190 NaQl 316 ppm Na - 16,38
500 ppm C1 -
II .680 NaNOz 500 ppm NOgz 13,.€
184 ppm Na -
.5265 Na0Ol 216 ppm Na - 10.53
321 ppnm C1
.194 K01 100 ppm X - 3.88
91 ppm C1 -
184 ppm Na -
+2925 Nall 116 ppm Na - 5.85
) 178 ppm O1 -
373 K01 200 ppm K = 7.48
175 ppm O1 -
311 ppm K -
.509 NaOl 200 ppm Na - 10,18
310 ppm C1 -
v .808 KNO3 500 ppm NOS - 18.16
' 311 ppm K -
.171 K01 89 ppm K = 3.42
‘ 119 ppm Ol -
.356 NaOl 100 ppm Na 5.13
153 ppm 01 - ,
VI +808 10105 500 ppm Nga - 16,16
' 311 ppm K -
.356 KOl 189 ppm K = 7.12
167 ppm Cl - :
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FORMULA FOR POTASSIUM, CALCIUM, SODIUM SOLUTIONS (con't.)
Oonoentratéd
Orock and Weight 20 times
solution grams Qompound ppm/liter (grams/1)
VIl .944 ca(noa)za 500 ppm NOgz -~ 18.88
4Ha0 160 ppm Ca -~
2323 0all 40 ppm Ca —-— 4,44
142 ppm C1 - ‘
1.04 NaCl 400 ppn Na - 2.08
613 ppm (1l -
VIII .944 Oa(Nos)z. 500 ppm NO; - 18,88
4H70 180 ppm Oa ==
. 333 Oaclz 40 ppm Ca=- 4,44
, 142 ppm 01
77 NaQl 300 ppm Na - 15.4
469 ppm 01 -
. 191 K01 100 ppm X ~ 3.82
S0 ppm 01
IX .944 0a(NOz )g+ 500 ppm NOg - 18,88
4320 160 ppn Ca =
« 333 0aClg 40 ppnm Oa —- 4,44
? 142 ppm C1
«513 Kall 200 ppm Na - 10.24
313 ppm Cl ~
179 ppm Ol
X .944  0a(NOz)5. 500 ppm NOg - 18.88
. 4Hg0 160 ppm Ca =
.232 Call, 40 ppm Oa--— 4,44
142 ppm O
. 356 NaCl 100 ppm Na = 5,13
316 ppm 01 -
.574 KOl 300 ppm K - 11.48
3269 ppm Ol -
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FORMULA FOR POTASSIUM, CALOIUM, SODIUM SOLUTIONS (con't.)

Concentrated
Orock and Weight 30 times
solution grams Qompound ppm/liter (grams/1)
X1 +944¢  0a(NOgz) 5 500 ppm NO, - 18.88
4H50 160 ppm Oa --
.233 0all, 40 ppm COa —- 4,44
142 ppm 01
.75 K01 400 ppm K - 15,0
: 353 ppm 01 =
XII .844  0a(NOg)pe 500 ppm NOg - 18,88
41(30 180 ppm Ca ——
+816 0aS0, 240 ppm Oa —-
808 ppm 80,
.77 NaOl 300 ppm Na - 15.40
469 ppm 01 =~
X111 /944 ca(noa)a.' 500 ppm NO4 - 18,88
4Hg0 160 ppm CUa -
8186 03504 240 ppm Ca =
609 ppm S04 :
#1581 K01 100 ppm K - 3,83
g0 ppnm Ol
.513  NaOl 200 ppm Na - 10.34
312 ppm 01 -
XIv .944  0a(NO,),, 500 ppm NO, - 18,88
4H0 160 ppm Oa —-
.8186 0as0, 340 ppm Ca —-
608 ppm 904_
.256  Na0l 100 ppm Na - 5,13
216 ppm C1 -
. 380 K01 200 ppm X - 7.680

179 ppm C1
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FORMULA FOR POTASSIUM, CALCIUM, SODIUM SOLUTIONS (con't,)

Concentrated
Orock and Welght 20 times
solution grams Oompound ppm/liter (grams/1)
XV 944 _Ga(Noa)a. 500 ppm NO3 - 18,88
4Ha0 160 ppm Ca
.8186 CaS0, 240 ppm Oa
609 ppm S0,
«574 KC1 300 ppn X - 11.48
269 ppm 01 -~
Xvli . 944 °a(N°3)z° 500 ppm NO3 - 18,88
4H20 160 ppm Ca ==
« 958 0&804 380 ppm Ca—-
: 876 ppm 804
Y78 0a013 160 ppm Ca—- 8,88
_ 284 ppm 01 =
. 513 NaCl 200 ppm Na - 10.34
312 ppm O1
XviI .944 05.(1!03) ge 500 ppm FO, - 18,88
4H0 160 ppm Oa
«952 CaSO0, 280 ppn Ca
676 ppm S04
w444 Call, 160 ppm Ca 8.88
284 ppm Ol -
+ 191 KCl 100 ppm X - 3.82
90 ppm C1 ‘
. 358 NaCl 100 ppm Na =~ 5.123
216 ppn 01 ~ :
XVIII . 944 ca(nos)z; 500 ppm‘NO3 - 18.88
4H0 180 ppm Ca
. 953 0as0 280 ppm Ca
4 676 oom 80,
JA444 0ally 160 ppnm Oa ' 8.88
’ 184 ppm 01
+191 KOl 100 ppm K 3,83

90 ppm 01
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FORMULA FOR POTASSIUM, CALOIUM, SODIUM SOLUTIONS (con't.)
Ooncentrated
Orook and Weight 20 times
solution grams Compound ppm/liter (grams/1)
XIX .944¢  Oa(NOz)ze 500 ppm NOg 18.88
' 4H50 160 ppm Ca
.962 0aS0, 380 ppm Ca
876 ppm 804_
1.0 03013 360 ppm Ca 20,0
640 ppm 01 -
. 256 NaCl 100 rpm Na - 5.183
153 ppm 01 -
D 6.4 044 Oa(Nos)a. 500 ppnm NOS 18,88
4 330 1680 ppm Ca
6876 ppm 80,
1.0 cac13 360 ppm COa 20,0
‘ 640 ppm 01 -
.191 KOl 100 ppm K 3.88
90 ppm C1
XXI . 944 Oa(NOS)z. 500 ppm N03 18,88
- 45,0 1680 ppm Ca
1.0 0ally 360 ppm Ca 20,0
640 ppm Ol -
1,66 0&804 480 ppm Ca
1178 ppm 804
LIBRARY
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