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Ohapter I

INTRODUCTIO!l

A oonservative estimate of the value of the

1948-1949 oaTllat1on crop in the United States was plaoed

by Fossum (20) at 20 million dollars. Of these flowers

approximately 25 per oent, or 5 million dollars worth,

were grown in Oolorado. This sum represented a vast num

ber of cut flowers, a high peroentage of whioh were of in

ferior quality. Besides those of inferior quality that

were sold at a reduoed price, as compared with prices re

oeived for top quality blooms, millions were disoarded,

because their quality was so low as to render them un

saleable. This disoard made a heavy reduotion of income

to the grower.

It is believed by the writer that if more of the

faotors affeoting the quality of growth of the oarnation

could be_determined and controlled, a higher peroentage

of top quality blooms could be grown. This would elimin

ate the produotion of 80 many low grade and unsaleable

flowers.

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

Oolorado, area a great differenoe in the quality of single

varieties of oarnations as grown in the various greenhouses
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This differenoe in quality is oommon even within one

range, where several different levels of quality are out.

The difference oannot be explained entirely by position in

house, temperature, olimatio conditions, light, or pre

senoe or absence of disease or inseots.

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.

Ohemioal tests are run on these samples, testing for the

various nutrients. SUggestions as to feeding praotioes,

based on the results of the tests, are made to the

growers. It 1s assumed these suggestions are followed.

This, then, should eliminate variations in feeding prao

tioes as a Oause for different levels of quality of blooms

out.

It was believed that a study of oertain soil,

and nutrient faotors and their relationship to the quality

of growth of oarnations, 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 s01l faotors

affeoting the quality of growth.

In light of the foregoing discussion, it was de

oided to set the problem up in the following manner.
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Problem

What effeot do oertain soil and nutrient factors

have on the quality of growth of carnations?

Problem analysis.--Before attempting to answer

the major Question, it will be necessary to divide it into

its component parts and answer eaoh part separately. The

following questions suggest themselves:

1. What is the quality of growth of William 8im

oarnations in eaoh of 40 greenhouses?

2. What 1s the relationship between proportion

of sand, silt and olay in the soil and qual

ity of growth of oarnations?

3. What is the relationship between 80i1 aera

tion and quality of growth of carnations?

4. What relationship exists between the amount

of organio matter in the 80il and quality of

growth of carnations?

5. What is the relationship between amount of

available potassium in the s01l and quality

of growth of oarnat ions?

S. What is the relationship between amount of

available oaloium in the s011 and quality of

growth of oarnations'

7. What is the relationship between amount of

ava.ilable sodium in the soil and quality of

growth of oarnations?



1 1

8. What evidenoe is there to show the effeot

of improper balance of these faotors on the

quality of growth of oarnations?

De11m1tation.--This investigation haa been re

stricted to the William S1m oarnation as grown in 40 com

meroial greenhouses in the Denver, Colorado, area.

Samples were taken from April 1 to May 12, 1951.

Definition of terms.--l. Quality of growth.-

The faotor, weight per inch, inoludes stem and bloom.

This was used to designate quality of growth and was ob

tained as described 1n Ohapter III, Methods and Materials.

2. Available--those amounts of potassium, oa1

cium, and sodium that are soluble in' Spurway's aoetic aoid

extraoting solution are considered to be available to the

plants.

3. Pinohed plants--those plants whose primary

growing points have been removed to stimulate axillary

growth.



Ohapter II

REVIEW OF .LITERATURE

Little work has been done to determine the ef

fect of various 8011 and nutrient factors on the quality

of growth of oarnations. The body of this review will of

necessity deal with the effect of' these faotors on other

crops whioh have been under investigation. To make more

comprehensive reading, each faotor under oonsideration is

reviewed separately.

Meohanioal analysis

In his text on soil physios, Baver (4) gave a

oomplete acoount of the earlier work done on the physioal

structure of the soil as affeoted by the peroentages of

sand, silt, and olay. This has long been recognized as

one of the most important factors oontributing to crop

growth and crop response to fertilizers. As Baver pointed

out, the peroentage of sand, silt, and olay and their ar

rangement into aggregates affeot many physical properties

of the soil. Among these are base exchange oapacity, air

supply, water holding oapacity, water permeabili ty, and

availability of nutrients.

Aooording to B'aver (4), early workers in the

field of soil physios were Sohubler, Schumaker, Wol1ny,



Hl1gard, Johnson, Xing and others. Many of the conoepts

set forth by these men are being proved today.

More reoent investigations of soil oolloids have

been carried on by Bray (10). In his work, so1100110ids

below one micron in size were fraotionated into three

fractions and the ,base exchange of eaoh determined. His

conolusions were that the exohange of the finer fraotions

increased markedly with deoreasing particle size.

Whitt and Baver (44), working with the colloidal

frae-tion of Putnam olay, also found that exohange oapaoity

of 001101ds inoreased with deoreasing particle size.

Baver (4) pointed out that the exohange oapacity

of so11s 1s due mainly to the colloidal fraction of the

soil, including oolloidal organio matter. He also in

dioated that it 1s this exohange phenomenon that aids in

the formation of- soil aggregates and improves the soil

struoture. It is also the exohange oomplex that oauses

ansorption of ions or nutrients, thus preventing them from

leaching out of the root zone and running off in the

drainage water.

Reporting the work of Bager, 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, ~eration, water permeabil

ity and water holding oapacity. In his own work, Baver

(2) found this to be true. He found also that oalcium had



the opposite effect, e.g., tended to aid in the aggrega

tion of soils containing a high peroentage of clay.

Hoffer (26) working on oorn response to fertil

izers, found an increase in yield in Bome cases, and a

deorease in yield in others. This was true even though

all plots fertilized were considered low in available

nutrients at the time of fertilizer applioation. 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 s011. He determined that the

poor aeration oaused a subsequent contest for oxygen by

the inorease of mioroorganisms and plants. This oondition

ooupled. with the release of COa and its subsequent

build-up in a poorly aerated. s011, oaused a reduotion in

plant yield.

Soil orsanio matter

This oonstituent of the soil perfo%ms several

very important functions in the so11. Among them are:

1. To cement soil partioles to form stable

aggregates.

2. To .dsorb and release mineral nutrients as

needed by the plants through base exohange.

3. To supply nutrients to the plants and micro

organisms by undergoing deoomposition.

4. To inorease the wa.ter holding capaoity of

the s011.
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From a study of the effeot of organio matter on

four different so11s, Baver (3) cono1uded that the absorp

tion oapacity of the soil for cations due to organio

matter varied from 30 to 60 per oent and that there 1s a

base exohange of one milliequivalent for every gram of or

ganic matter. He ooncluded further that oxidation of the

organio matter produced a marked lowering of both the up

per and lower plastio limits with a slight tendenoy to

wards decreasing the plastic number.

Feustel and Byers (19) reported a 40 to '50 per

oent inorease in the water holding oapaoity of Boils when

mixed with equal volumes of peat. However t they believed

that due to the inoreased moisture percentage at the wilt

ing ooefficient, the admixture of peat to heavy soils re

duced the benefits of the inoreased water holding capacity.

Only in sandy Boils would maximum benefits from additional

water holding oapaoity be evident.

In work on oolloidal hUmus, Baver and Horner

(5) found that humus systems saturated with lithium, sod

ium and potassium ions were completely dispersed, and

could be flocculated only with difficulty. They suggested

also that the importance of oaloium in the nutrition of

plants for the production of vegetation is a more sig

nifioant faotor in organic matter accumulation than has

been reoognized. They observed further that the stable



struotural formation of soil is more dependent upon total

organio matter oontent than its peroentage saturation with

calcium.

In a study of the influenoe of various soil mix

tures on production and growth of roses, Link and Oulvert

(29) reported a significant inorease in produotion 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 signifioant differenoes between mix

tures of 50 per cent peat and 50 per cent Genesee silt

loam which had been oomposted with manure ( 25 per oent by

volume) for nine months, and other s011 mixtures. These

differences were observed: the Boils used, especially the

compost soil, packed considerably during the studYj 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 oent peat was completely rami

fied by a mass of fibrous roots, while in the oomposted

soil there were relatively few small roots.

Ray and Shanks (35) conducted an experiment with

oa~ations and roses in whioh soil alone and also differ

ent mixtures of Boil and manure, hay, stover, blue grass

sod, sand, and cinders were used as a growing medium.



The amount of aggregation was determined as was the air

supply and oxygen content of the soil. They reported

better aeration with the mixtures than with soil alone.

In one plot sucrose was added with the result that the ox

ygen content of the soil was reduoed considera.bly. No

beneficial or detrimental effeots on the plants were

noted.

Soil aera.tion

This is rather a two-fold problem. The first

part is oonoerned 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 air is affected by many things.

They are as follows:

1. Soil struoture or the amount of, or lack of

water-stable aggregates. It is generally

true that as the per oent of aggregation

inoreases, the per oent of soil air

inoreases.

2. The water holding oapaoity 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 deorease.
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3. The B01l miorobiological activity. This

aotivity depends on the amount of organic

matter available for deoomposition by the

organisms and the resultant decomposition in

turn effects the composition of the soil air.

4. The type and number of plants growing in a

given.area. This affeots the oomposition

of the gases and also the amount of organio

matter available to microorganisms.

Durell (18) grew tomato plants in nutrient solu

tions with forced aeration and found that the growth of

these plants inoreased 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 s011 and sand mixtures,

Oannon (14) and Clements (is) reported that moist air

foroed through the growing medium greatly inoreased the

growth; increased the number and length of root hairs; in

oreased the top to root ratio; and in general, gave the·

plants a healthier appearance. These favo%able results

occurred only in those plots considered inadequately

aerated, and were deemed to oocur beoause the oxygen was

resupplied to the soil air, and the carbon dioxide was

brought into equilibrium with the atmosphere above the

~oil.



Cannon (14) worked with several varieties of

plants and found that at different oxygen levels, the 8011

temperature greatly affeoted the growth response of the

plants. By growing plants at one tempe:rature and varying

the oxygen level, growth inoreased as the oxygen oonoen

tration inoreased. By growing plants at one oxygen level

and varying the temperature, he found that growth de

creased as the temperature inoreased.

Other resu~ts obtained by Cannon in this rather

extensive experiment were as follows:

1. When working with carbon dioxide levels of

10, 25, 50, 7S, and 90 per oent and corre

sponding oxygen levels of 90, 75, 50, 25,

and 10 per oent, it was found that growth

was depressed in Bome ORees or oeased en

tirely in others, but in all oases growth

was resumed again within one to six hours

after normal aeration.

2. In oertain speoies of plants which have

marked aerobic traits, root hairs did not

develop in oases of great oxygen defioiency.

3. It was the rate of supply rather than the

partial pressure "per sen of oxygen that in

fluenoed growth.

In other-experiments, Oannon (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 direot in

fluenoe on the rate of photosynthesis. As the dryness of

the air inoreased, photosynthesis proceeded at a very slow

rate or ceased entirely. In this event, the evolution of

oxygen oeased also. Oannon reasoned that partial aeration

of the plant tissues may oome from the oxygen evolved in

photosynthesis. Working on this hypothesis, he Bet up an

experiment in whioh the plants were grown in direct sun

light but the evaporation rate from plant surfaoes was

speeded alternately by an electrio fan and by the natural

movement of the air. It was found that the rate of oxygen

absorption by roots during the active period of evapora

tion was from 50 to 100 per cent more rapid than during

those periods in which the air was qUiet. It was con

cluded that under conditions of rapid evaporation the rate

of photosynthesis was less rapid than dun ng qui'et periods;

less oxygen was evolved, and aocordingly less available

to plant tissues, inoluding those of the roots. Thus a

relatively heavy drain was plaoed on the oxygen in the

Boil air.

Other oonolusions drawn by Cannon from this ser

ies of experiments were that there is probably a different

critical ooncentration of oxygen for each species at dif

ferent temperatures, and that tbere is a specific re

sponse to parallel amounts of oxygen and oarbon dioxide
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in the soil air.

In an extensive article on the ef£eot of Boil

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

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

following oonclusions:

1. Plants in aerated Boils were heavier and

taller than those in check plots. Plants

receiving supplemental aeration made an

earlier and more rapid growth.

2. Plants in aerated cultures had larger, more

fibrous root systems and root cells were

heavier and higher in reserve carbohydrates.

3. Aera.ted plants were able to absorb nutrients

more rapidly as shown by higher oontent of

aSh, calcium, potassium and phosphorous.

4. Aerated plants were higher in total weight

of orude fibers, staroh, total sugars, and

nitrogen.

5. The expressed sap of the tops and roots of

aerated plants was more a1~al1ne; a higher

buffer oapaoity against alkali and aoid was

shown by the tops but the roots showed a

lower buffer oapaoity against alkali and

aoid.
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s. There was smaller top to :root ra.tios in

terms of fresh weight of aerated plants as

oompared to those in control plots.

Loehw1ng's (30) oonolusions were that moderate

rates of oontinuous soil aeration with moist air inoreased

size and growth rate of plants, but very rapid aeration

had the opposite effeot. Speoies differed in their tol

eranoe of soil aeration.

Bryant (12), Boynton (7), and Boynton, DeV11lers

and Reuther (8) found results in their work on soil aera.

tion that substantiated the work of the men mentioned pre

viously.

Potassium, oaloium,ana sodiumi their
'Iiiteractions

It is impossible to investigate the effeots of

these nutrients separately sinoe their effeots on one an

other and subsequent reaotions on plant growth are just

as important as their individual effeots on plant growth.

The bulk of potassium. absorbed by plants ordin

arily moves into it in the early stages of its life oyole.

Unlike all other ash oonstituents required by plants in

appreoiable amounts, potassium is not definitely known to

be built into organic compounds of fundamental significan

oe. It ocours in plants mostly as soluble inorganio

salts. Potassium salts of organic aoids also oocur in



plant cells. 'Nevertheless, potassium is essential to

plant growth and cannot be replaced entirely by such

chemioally similar elements as sodium or lithium~ Potas

sium, when available to the plant, is generally abundant

in young meristematio tissue suoh as buds, young leaves,

root tips, etc. Sinoe older tissue oontains comparatively

little potassium, it is assumed that it is translocated

to the younger, more rapidly growing seotions.

Although the exact role of potassium is obsoure,

its ohief role is oonsidered to be a regulatory or oataly

tic one and it may exert many of its effeots by influeno

ing enzymatic activity. Potassium is oonsidered necessary

for the normal maintenanoe of the folloWing prooeBs~s:

1. Synthesis of simple sugars and staroh.

2. Translocation of carbohydrates.

3. Reduction of nitrates.

4. Synthesis of proteins, partioularly in

meristems.

5. Hamal cell division.

Study by Nightingale, Sohermerhorn, and Robbins

(32) showed that potassium defioient plants grown with

ammonium nitrogen developed leaf breakdown symptoms total

ly dissimilar to potassium deficient plants grown with

nitrate nitrogen. Ohemioal evidence attributed this

breakdown to toxio conoentrations of high internal ammom

ium. Ohemical tests showed also potassium defioient plants



in both the ammonium and the nitrate series acoumulated

ammonia, and amide and amino nitrogen, while the protein

ooncentration deoreased. At the same time the plants

showed a high in1t1a1 increase in oarbohydrates, whioh

finally decreased and fell below those plants supplied

w1th adequate potassium.

In an extensive experiment designed to determine

the" effeots of one nutrient or laok of it on the uptake of

other nutrients, Bartholomew, Watts, and Janssen (1) drew

the following oonolusions:

1. The milligrams of nitrogen, phosphorous and

potassium absorbed by piants receiving all

nutrients essential to growth was oontrolled

to a great extent by the conoentration of

those elements in the medium.

2. A defioienoy of potassium in the nutrient

medium inoreased 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 l'

was not applicable to fertilization with potassium salts,

sinoe potassium defioient plants showed an inorease in the

milligrams of nitrogen and phosphorous absoxbed.

Hartt (22) grew sugar oane with varying amounts

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

1. The growth of sugar oane was proportional to

the amount of potassium supplied.

3. The addition of potassium to plants defioien1

in that element resulted in a rapid absorp

tion of potassium and a oonsiderable inoreaSE

in growth. The absorption of phosphorous

and magnesium was deoreased in those plants

to whioh potassium was added.

3. Since equal amounts of potassium were ab

sorbed by day and by night, it was oonoluded

that the absorption of potassium was not af

feoted by light.

4. Plants defioient in potassium absorbed more

phosphosous, iron, caloium, magnesium and

silicon than the oontrols.

5. In potassium deficient plants, there was an

accumulation of iron in the roots and nodes,

but when potassium was added some of the irot

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.

S. Potassium defioient plants had a lower mois

ture content than the control plants.



7. Ash analysis showed potassium migrated from

dying leaves to the living top of sugar

cane. No other element did this.

8. There was some evidence that the transpira

tion rate of potassium deficient plants was

less than that of the oontrols.

9. The effeot of potassium defioienoy upon the

relative amounts of protein and amino nitro

gen in the plants varied with their age.

e.. After two months there was a higher per

oentage of amino nitrogen and a lower

peroentage of protein nitrogen in the

blades and stems of potassium defioient

plants than in the oontrols.

b. After seven months, there was a higher

peroentage of amino, protein and total

nitrogen found in the blades of potassi

um defic! ent plants than in controls,

while in the stems the opposite was true.

10. Oonolusions from above results were that

both synthesis and the translocation of pro

teins were diminished by potassium starva

tion; and that potassium defioiency resulted

in a derangement in the transformation of

hexoses to sucroses.



Regarding the oontroversial sodium for potassium

substitution, Hartt found no evidence to indicate that

sodium could substitute for potassium in any way in the

nutrition of sugar cane.

In an attempt to study the effect of potassium,

oaloium and light on photosynthesis, protein synthesis,

andtranslooation in the pea plant, Hibbard and Grigsby

(as) found no evidenoe that increases in potassium or cal

cium were paralleled by inoreases 'in nitrogen and protein.

Potassium and caloium absorption were found to be more

rapid in light. Total ash was highest in those plants

growing in a oaloium deficient SOlutlon~ The peroentage

of oaloium was higher in plants defioient in potassium

than in check plants or those grown in solutions devoid

of oalcium. The percentage of potassium was higher in

plants growing in solutions lacking calcium than in the

ohecks or in plants growing in solutions without potassi-

um.

In studying the effeot of potassium on plant

growth and on the ability of different plants to absorb

potassium from the soil, Drake and Soarseth (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 s011. Plants differed
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greatly in their ability to absorb potassium from 80ils

low in exchangeable and soluble forms of this element.

Working on the effeots of lack of potassium on

transpiration rates of sunflowers, tobaoco, and beans,

Snow (39) made the following observations:

1. Transpiration decreased significantly in

plants growing in solutions laoking

potassium.

2. In solutions where sodium was substituted fOl

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 obtained 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 deoreased by

additions of oalcium ohloride, and oaloium bromide, as

oompared with additions of distilled water. In aerated

solutions potassium stimulated and oaloium depressed

water absorption.

Nightingale (31) found potassium to be neoessary

for nitrate abso~pt1on and Buggested that potassium, with

other elements, must be intimately associated with syn

thesis of protein from nitrates. He also gave evidenoe 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.

Oalcium.--Th1s element plays a very important

role 1n plant metabolism. It is a structural oomponent of

plant cell walls. Oaloium ions have pronounoed effects

upon the permeability of oyto-plasmic membranes and upon

the hydration of oolloids. Lack of oalcium interferes

with the translooation of oarbohydrates and amino acids.

Oalcium may occur 1n plant oells as calcium proteinate or

insoluble orystals of oaloium oxalate. It a1eo forms

salts by-reactions with organio acids, thus preventing the

accumulation of organio aoids within the cells.

Ooncerning calcium-potassium ratios and their af

feots on growth of tomatoes and cuoumbers, Tiedjens and

Sohermerhorn (42) reported that as long as oaloium was

abundant no detrimental effeots from high potassium were

noted. When oaloium dropped below optimum concentrations

and potassium remained high, the latter element had a pro

nounced depressive aotion on the uptake of oaloium.

Results of their stUdy on a oalo1~Bodium ratio

were reported by them as follows:

1. The higher the proportion of oaloium to sod

ium, the greater the percentage of dry matte

1n 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 a similar affeot to sod

ium, it is entirely possible that one of the

functions of potassium is to counteraot the

effect of an over abundanoe of calcium.

2. There was an acoumulation of protein in

plants reoeiving high calcium.

As a general oonolusion, Tiedjens and SChermer

horn Buggested that one very important funotion of oalcium

is to hold the cell protoplasm in an equilibrium conducive

to the synthetic processes that build up proteins rapidly.

From a study of the physicoohemioal relations of

caloium, Bradfield (9) stated that this element is ex

tremely important in floooulating soil oolloids and thus

preventing their leaohing from the root zone. He showed

also that as the oarbon dioxide oontent of soil air in

oreased,the peroentage saturation of olay by oaloium de

creased. Bradfield considered the "action of calcium in

inoreasing the pH of the soil as one of its most valu

able contributions.

Shear, Crane, and Myers (37) substantiated the

findings of other workers regarding oaloium and potassium

and suggested some points not brought out by others. They

observed that the most pronounced relationship was between

the Oa - X ratio and boron. A high ratio of Ca - X
mg



oonsistently resulted in boron to~icity. A high . Oa - Mg
k

ratio also increased boron toxioity, but high X - Mg
Oa

ratios had alittle effect on the appearanoe of boron toxi

oity. They also observed that definite relationships ex-'

isted between the accumulation in the leaves of the three

bases, namely, calcium, potassium, and magnesium, and the

acoumulation of manganese, zino, oopper, and iron. They

pointed out that symptoms of manganese defioienoy were

found to b~ assooiated with a high ~coumulat1on of anyone

of the three ba~es, and were most severe when all three

were high in proportion to manganese. Thus oonditions

promoting increased aooumulation of these three bases

worked in two ways to produce manganese defioiency; first,

by depressing the aocumulation of manganese, and second,

by increasing the concentration of manganese required in

the leaf to oreate 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 aot as a partial substitute for potassium,

Hartwell and Pember (23) gave the following observations:

1. When potassium was w1thheld to suoh an ex

tent that the growth of the seedlings was

depressed, an addition of sodium resulted in



an increase 1n the production of seedlings

tops.'

2. When potassium was inoreased or the sodium

added,the inorease of transpiration was

usually less than the increase of green

weight.

3. An excess ratio of magnesium to oalcium

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 ooncluded that some of the func

tions of potassium in some plants could be performed by

sodium. They stated also that there were oertain princi

pal functions of potassium which could not be performed by

any other element. If the amount of potassium was insuf

fioient for these funotions, maximum growth could not be

secured with any amount of sodium.

Work by Lehr (2S) gave evidenoe that in the even1

of a potassium shortage, sodium was translooated to the

fo11age, releasing certain amounts of potassium for use in

other parts of the plant. He supported other investiga

tions in stating that beoause the effects of sodium depend

on speoial oiroumstances and orops, the importance of



sodium and potassium change with the orop.

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 foliage. These plants also

showed inoreased disease resistance, deoreased wilting in

hot weather, and their foliage oontinued grOWing for a

longer period. It was in these plants that these men as

sumed sodium had a definite function it alone could ful

fill.

Absence of sodium in sodium-responsive plants

resulted in increased absorption of potassium. Absence

of potassium in sodium responsive plants resulted in

physiologioa.l breakdown because sodium could not serve all

the funotions of potassium.

Shear, Orane and Meyers (37) inferred that one

of the prinoipal effects of sodium in sodium aocumulating

plants resulted from its differential depressing effeot

on other bases. Thus, at times sodium oaused e. more



favorable oaloium-magnesium-potassium ratio in the plant

in whioh case benefioial effeots resulted from its ao

cumulation. Under other oonditions, aocumulation of sod

ium produced a less favorable ratio between these elements

and subsequent detrimental ef£eots.



Ohapter III

METHODS AND MATERIALS

In setting up this experiment, tests for sand,

silt, olay, aeration, organio matter, potassium, oaloium,

and sodium were selected on the basis of their potential

adaptabl11ty to oommeroial use.

General Erooedure

In this investigation a ten foot seotion of a

benoh of the oarnation variety William 81m was selected

in eaoh of' 40 commercial greenhouses. Speoial effort was

made to seleot a seotion 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. lIeasurements were made at the end of that hour to

determine the air supply in the soil. Ten samples were

taken at random throughout the benoh and their average air

oontent was oonsidered representative of that seotion.

All normal flowers at approximately the same

stage of maturity in eaoh test seotion were cut and the

quality of growth determined by average weight per inoh of

stem length. Eaoh flower was out to its point of origin

and measured in inohes. Side branohes were removed and

the flowers were then weighed on a dietary scale in grams



and the weight divided by the length to give a quality in

dex in grams per inoh. All flowers from one seotion were

then averaged. This average or index was oonsidered to be

indioative of the quality of the flowers found in that

seotion.

Ten soil samples were taken at random from each

test seotion. After removal of loose muloh, oomplete

cores were taken with a sampling tube and mixed to give

one oomposite 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 duplioate, and results

agreed olosely.

A questionnaire pertinent to the treatment of

the s011 in the chosen section was submitted to the grow

ers and ~swered by them as far as possible. (See Ap

pendix). Notes also were made by the author regarding

temperatures, light and other faotors whioh might have af

feoted the quality of growth in each seotion. The answers

to the questionnaire and observations by the author were

used as aids in interpreting results obtained.

Meohanical analysis

The Bouyouoos method (8) for determining the

peroentage of sand, silt, and clay in a soil sample by the



hydrometer was used. Sodium silicate and sodium oxalate

were added to the soil suspensions to preoipitate the cal

cium and also to aid in dispersing the soil partioles.

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 oorreotions

were made for temperature changes. The extremes of tem

peratures at which readings were taken ranged from 78.8°,

to 8S.SoF. Two readings were taken; one at 40 seoonds and

one two hours after shaking the suspension.

This method of mechanical analysis was chosen

because it is rapid, cost of materials is low, and results

are comparable to those by other empirioal methods. As

pointed out by Bouyouoos and also by Keen (27) the experi

mental errors are approximately nullified or,oompensate

one another.

Organic matter

Comparison of the methods of organio matter de

termination, their speed and accuraoy of results showed

the Walkley-Blaok method (43) is oomparable to others

in results, is faster, and requires less expensive equ1p-

ment,.



In this method the organic carbon of the soil is

digested with ohromio and sulphurio aoids, making use of

the heat of dilution of the sulphuric acid. The excess of

ohromio' aoid not reduoed by the organic matter of the s011

is then determined by titration with standard ferrous sul

phate. To prevent interferenoe from chlorides likely to

be present 1n the soil, 1.25 g of silver sUlphate were

dissolved in eaoh 100 ml of sulphurio aoid used. By pre

oipitating the chlorine as silver ohloride, this prevented

the reduction of ohromio acid by the chlorine present.

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

oarbon oxidized was determined by the formula:

VI - Va x 0.003 x 100 • Oarbon oxidized
W

VI =volume of N potassium diohromate eml)

Va • volume of N ferrous sulphate (ml)

W = weight of soil taken

The peroentage reoovery of organic matter by

this method for the majority of agricultural soils lies

between 75 and 80 per oent. They are reported as "Organic

oarbon , Walkley-Black values·.

All: supplY

A new instrument for determining the percentage

of soil volume oocupied by air has been devised by Russell

(38). This instrument, oalled the air pionometer, 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

lioated.

A soil sample of known volume is plaoed in an

air tight'system in which the gas pressure is known. The

vOlume of the system 1s then ohanged by a known amount and

the resultant pressure is measured. From this data and

comparison with a curve oalibrated with a series of brass

disos of known size, the peroentage of the sample volume

that is filled with air oan be oalculated. The curve cal

ibrated from brass disos of sizes varying from 5 to 100 pe

oent of total volume of oylinder is shown in Fig. 1.

As was stated in the general procedure, the per

oentage of air-filled pores was determined at the green

houses, one hour after thorough watering of the seotion.

Nutrient tests

The extraotion solution for use in testing for

potassium, oalcium,and sodium was made aocoxding to Spur-

way (41).

Potassium.--Bray's test (11) for potassium was

used. This is known as the sodium oobaltinitrite test in

whioh potassium is preoipitated as potassium oobaltini

trite. The amount of preoipitation was measured by using

the Oenoo photolometer. The photolometer reading was oon

verted to parts per million by comparison with a ourve

established with known solutions, Fig.' 2.



Fig. l~-...Ana1ytica.l curve for converting air picnometer mercury readings of soils to per cent
of soil occupied by air.
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Fig. '2.--Analytical curve for converting photolo
meter reading to pa~t8 per million of
potassium in solution.

8ol-----~

t" .,
._-----_.----~-,. -+

I,

!
, I

~j~.
"°L

I
30!f----,

L. _
f

2l--"
/°1

j- ~ .-.-

,.~ for _4~...um -.
~-:-.:-.• ...;!.L.:..!-~_,I::',~':'~:.~:'1L:r==·~·~;~_T:-_.7:=~~1]"':"';i;~~: r77.:~)~.JL:-'-+~-I_~+c: . !

~ .., ? '" t ' i t

• 'c ~.C i- : <:.i~;; ::~: /;; ,':' i'+":::""!: 1- j-- +Cui
: -~,:_: '.: -_:,,:.~~~-: .:.': ': ~.;.:: ~ ~:.' ... .! --,---;--;--~:
.---~'-:-~~ . '; ..~::~~_..~=-~.-_~~_ .,i.:~ _ C· :

.' .,:!:L~,_ --==~;~J-An_:!-:-'~[,TJ '
, -, . .':' -.:.' ':', I· ; : . ;, t

-~-------I.:. !
/(JD + .. ! ,. ,. I t :_~__ '_... H ..... H.---.---i

~ i

---~-_ ..."... /~- -"" ~

Pptn TO .. --- -- :._,.. : ~r.· _i· ~..---~----_.- -._- '" ..,._....
,o~---_-':'-_-_:-_-:---+-' ---:':------.--~'--~,.__...-.-.~- -------



•

/1lVt---

801------

.fl)i

I.,
I

20

IO~

10 2D.Jr)
/ra.'1t;m Kt 'Icy



Inasmuch as temperature affeots the amount of

precipitate formed, the tests were xun at a constant tem

perature of 70°F. Reagents were made up fresh for the

tests.

Oalcium.--Peech's ammoniacal-soap solution test

(33) for oaloium was used. In this test, as in the one

for potassium, the precipitate formed was measured by the

Oenoo photolometer and was converted to parts per million

by oomparison with a ourve made up from known solutions,

Fig. 3.

Sod1um.--Spurway's magnesium uranyl acetate

test (41) was used to determine sodium. The sodium pre

sent was precipitated as sodium uranyl aoetate, and was

estimated as blank, low. medium, or high in quantity.

Supplemental experiment ~
potassium, oaloium, sodium
ratios

In addition to testing the 40 greenhouse soils

for potassium, oalcium and sodium and their effect on the

quality of the carnation, a sand-nutrient solution experi

ment was Bet up in the Oolorado ,A &K researoh greenhouses

to test the effeots 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 orooks. There

were six crooks to a side. (See Fig. 4). The nutrient



Fig. 3.~Analytioal cUrve for oonverting photolometer read
ings to parts per million oaloium in solution.
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Fig. 4.--Sohematlc diagram of potassium, oalc1um~ sodium
experiment.
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solutions used for the plants were oomplete with the ex

ception of potassium whioh varied from 500 ppm. to 0 ppm.,

oalcium from 1,000 ppm. to 0 ppm., and sodium from 500

ppm. to 0 ppm. These were made up as shown on pages 71

75 Appendix, and replicated twioe.

The nutrient solutions were made up in concen

trated form, (ao x that used on the plants) and diluted

190 00 HaO to 10 00 of the conoentrate at feeding time.

Pinohed plants that had been grown in sand with

out nutrients were planted two to a crook on July 23, 1951.

They were watered on the Bame day and were given the nu

trient solution on the following day and every sixth day

thereafter.

On November 28, 1951, 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 oiroulating

oven at 125°F for 48 hours and weighed again. The dry

weight and moisture content of the tops were determined fOl

eaoh plant given each nutrient solution.



Ohapter IV

ANALYSIS OF DATA

The results of the t,ests for the various faotors

under oonsideration are given in Table 1. Since the tests

for oaloium were oonsistently high, around 250 p.p.m., and

the tests for sodium were consistently low, with little or

no variation for either nutrient, the results for these

two faotors were discarded.

Total oorrelation

Total oorrelation of eaoh faotor was caloulated

by the formula reoommended by Snedeoor (38), presented be-

low.

:r =N Sexy) - -sex) S(y)

V(j sx2 - s(x)3rn- 8 (y2) S(y)~
Table 2 inoludes the caloulated total correla-

tion ooefficients between all faotors as well as between

eaoh faotor and quality alone.



Table l.--RESULTS OF SOIL TESTS OF 40 COMMERCIAL GREENHOUSE
SOILS AND THE QUALITY OF GROWTH OF OARNATIONS FOUND FOR
EAOH SOIL.

Soil 9U4/dy fhce.nt Percf!nt firUtd /ircent Ifltrcent fI""" /,PM

IIlImbu- l"tit.1- 1'ore.s,.Cf! Sand Silt Clo..y O,"!'lhJe R,t<fSSI/~m Ct:dcl4/m SodIum114tter

I /·30.r /9 t,9 2S" 6 2.56 /9 250 "ft'"4C e

2 /./93 10 68 23 B 2.'0 2/ 250 I'

3 /./28 J3 1/ 2/ 8 2. {,G ~8 250 "

-4 /.1/0 2/ ..;9 36 IS 2,.'8 SO 250 "

5 /.062- /f 6/ 29 /0 '2.73 31 2.50 II

6 1.062 12 S3 1"1 6 2.04- t1 250 /I

1 '.0j'3 15 73 20 1 2.58 -fi ?.so "

8 1.09.$" 17 '0 22 /8 2." 3/ 250 "

9 It b2 II 3.19 4S' 250
II

10'13 27
/0 /.03' 20 69 22 'J ~.e6 45 zsa "

II 79 , 2.36 3
..

1.0~'1 20 IS' 17S

12 /.014 /8 7/ 23 £, 2.'2 21 '2.50 "

13 .38 16 18 {, 2.87 38 250
.

/.01/

1+ /.ooB 17 12 ':57 21 3.20 38 2. SO "
IS- 1.008 /8 81 13 6 2.35 3 2.'20 "

/6 ·996 /2 '8 2/ II 2.'2 48 -z. so "

17 ·982 II 78 13 9 2·23 fS ZSO "

/8 .961 8 5'9 40 / 9..10 50 250
,1

/9 .91'S 8 8~ /1- 2 1.8t 20 250 "
20 .~39 5 '1 2i /2 2.1~ +s Z. so

,.

2/ 28 2' SO 250
I'

.936 /7 46 , 3./3
22 It ~o 1+ ".931 26 2.32 4e 2&0

23 .929 3' 77 IS 8 2,.23 38 19S "

24 .92+ II 74- 2/ S 1.9' SO 25'D
,I

2S .])23 9 72 21 7 1.9& Ie 25"0
It

2~ •.9/Z /5 41- 31 22. 2.'''' 35' /90
,

21 .9/2 II 65 20 IS 2./' '1' 25'0 "

28 6 32 20 50
,

.904 4-8 2.38 250

29 ·893 /0 1- 3/ 250 "/0 86 /.90

30 /9 21 17 2·7J 37 25'0 ".883 62
3/ .B82 22 /2 2..,.9 42- "/9 66 250

32 ·87/ 16 62 32 ,
/.9' 2J 250 "

33 ·869 7 60 24f- I' 2.5'6 3i?- 25'0
'1

3'" .1360 22 58 26 16 2.3/ 8 2.5'0
If

:IS It 42 39 /9 3+ z.so ".8S3 2.22

36 .786 IS" 66 21 13 "'10 25'0
II

2.07

37 is S SO ".780 29 sO 2.9D "SO

38 6 8J 12 5" 2.02 25 2stJ "·161

39 .7SB 4 78 S /.2~
II

J7 2/ 250

1° .71+ 62 , 27
II

/7 32 2.01- 2.50

r .,'
•• ~ Y"



Table 2.--TOTAL CORRELATION OOEFFIOIENTS FOR ALL INTER
RELATIONSHIPS BETWEEN FACTORS B TO G AND THE RELATION
SHIPS BETWEEN EAOH OF THESE FAOTORS AND QUALITY OF
GROWTH OF OARNATIONS.

A B a D E F G
Per Per Per Per Per
oent oent oent cent oent

Potas·~

Pore Organio sium
Quality Spaoe Sand Silt Clay Matter ppm

A.
Quality 0

B
Per oent
Pore Spaoe .0133 0

0
Per oent
Sand .0406 -.0537 0

D
Per oent ••
Silt -.0130 .0690 -.8682 0

lC
Per cent ••
01ay -.0682 .0092 -.7207 .2944 0

F
Per oent
Organic •• • •• •
Matter .4332 .3859 -.'4617 .3217 .0045 0

G
ppm • • ...

Potassium .0135 -.0061 -.3998 .'3633 .2685 .3764 0

• Significant at .05 level
•• Signifioant at .01 level

r values necessary to show significance are .313 at
the .05 level and .403 at the .01 level



Faotors which should be pointed out at this time

are as follows:

1. The effect of organic matter on quality was

significant at the one per oent level.

2. The effect of organic matter on pore spaoe

was significant at the five per cent level.

3. The effect of sand on organio matter oontent

was signifioant at the one per cent level.

4. There was no apparent effect of sand on the

pore space.

5. The effects of silt on organic matter and

silt on potassium oontent were signifioant

at the five per cent level.

6. The effect of organic matter on the potassi

um content was signifioant at the five per

cent level.

MUltiple oorrelation

To determine the total effects of the factors

studied on the quality of growth of oarnations, multiple

correlation was caloulated using a method recommended by

Ha.yes and Immer (24). In this method the standard partial

regression coefficients are determined, Table 3, and these

in conjunction with the total correla.tion coefficients are

used to determine the total effect.



Table 3.--PARTIAL-REGRESSION COEFFICIENTS OF THE INTER
F~LATIONSHIPS BETWEEN GROWTH QUALITY OF CARNATIONS
(A), 4ND PORE SPACE (B), SAND (0), SILT (D), OLAY (E),
ORGANIO MATTER (F), POTASSIUM (G), OF THE SOIL.

• (3 AB. CDEFG - 0.0407

• @AO.BDEFG - -2.0207-
• (3 AD. BCEFG = -1.4400

• @AE.BCDFG s -1.1150

• (3 AF.BCDEG :I -0.0662

• (3 AG. BODEF - 0.0533

*Factors to the left of the decimal point are
correlated while the faotors to the right are held con
stant.

The multiple-oorrelation coeffioient measures

the degree to which the dependent variable is influenoed

by the other factors studied and is calculated from the

formula given below.

R2
rAB x <? AB. CDEFG rAe x (3 AO.BDEFG +A.BCDEFG = +

:rAD x(3AD. BCEFG + :rAE x @AE.BCDFG +

r Ai' :x @AF.BODEG + rAG x @AG.BODEF •

The multiple correlation R. 0.122. Squaring this factor

and multiplying by 100 gave 1.49 per cent of the quality

of growth of oarnations that was affected by the factors

studied.
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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, oaloium, and

sodium on the growth of oarnations. The results of this

experiment are inoluded in Table 4.

Attention should be direoted at this point to

the decrease in peroentage of weight lost on drying of

green plant tissue. The water oontent of the plants de

oreased significantly as the calcium level was increased.

High sodium treatment plants had significantly more water

than did high potassium plants.

Using the analysis of varianoe given by

Snedeoor (38) to determine the signifioanoe of differenoes

in per oent weight lost on drying by the different treat

ments, an "F" value of 14.335 was obtained. The required

"F" value to show signifioance at the one per oent level

was 8.10. The LSD at this level was 1.71.

Fig. 5 is a photograph of four of the sets of

plants reoeiving different treatments. The differenoes

in degree of maturity should be noted.



Table 4.--RESULTS OF MOISTURE PERCENTAGE DETERMINATIONS FOR
POTASSIUM, OALCIUM, SODIUM TREATMENTS.·

fl B
"fea t7

Tr-cqfl7le tt't Green Dry Joss or l7J055
Numher' Gree" pry L05S 0.(- % Loss %

Wel'jlrt(q) klel'j"t(,J klBI1ht('1 ~e,eq':t W4?I'jhf(t;) WC1Jhf(1) 'We'1hi (1) c;,.e~1t L05S, ~e,

/ 59.5 10.5 4-9.0 82.-1- '2.0 //.0 5"1..0 S2.'3 ~2.3S

2 68.5 /2. S 5'·0 81.8 Sf). 5 11.5 +8.0 8°·7 8/.25"

3 55'-5 /1.0 +4.5 80.2 72.5 /+.5 58.0 80.0 80.1

1- ~9.5 793 58.0 1/·0
I

Bo./575.0;/5·5 +7.0 &/.0

S
I

7Y.166·5 /3.5 53.0 68.0 I~·O S-4.0 i.9.t 1.f).55

6 64.0 /2.5 ,51.5 80.S 70.0 /3.0 5'7- 0 8/·4- 80.95

7 66.0 12,0 54·0 8/·9 S/·O /0.0 4/·0 SO.i- 8/./

8 51S /0.0 1-1.5 80.6 66.0 /2.5 53.' BI.1 80.85

9 69.5 I 0/.0 55.S 79.9 S'6.0 /0.5 45.S 81.3 80.6

10 60.0 /2.0 18.0 80.0 74.0 IS.O 5~() 19·7 7~.8S'

II 51.5 /0.5 4'1.0 7.9. 6 5/.5 If. 0 40.S 78.6 79./

/2 '3.5 1:3.5 50.5 7.9./ {,D.O /2.S- +7.5 1~.2 19./S

/3 59.0 IZ.S 4-6.5 78.8 60.5 /3.5 47. () 71.7 78.25

/f 53.0 /1·0 ~2.0 1.9. 2 S'·S I/.S 45. 0 7J.6 79. '/-0

/5 68.0 I¥.. S ~3.5 787 75.0 /b.O 59.0 78.7 78·70

/6 7.5:0 /6.0 59.0 78.7 52.0 I I· S- qo·s 77. 9 78.30

/7 55.0 /2·0 -13.0 78.2 58. () /3. () +S.O 71.8 78.00

/8 65. 0 I~O 51.0 78.S 67. .s- If.S 53.0 78.S" 78.5'0

/9 S8.o /3.0 -tS. O 77.6 53.0 /2. S" ' 40.S 7'·i" 77.00

20 53.0 /2.S 40.S 76.+ 55. 0 13.0 42.0 7{,,4 7'.~

2/ S,.O 13.~ +2..5' 75:9 620 /6.0 S3.o 7,,8 7'.35"

*For key to treatments see appendix and for key to experi
mental design see Fig. 4.



Ohapter V

DISOUSSION

The total correlation-ooeffioients, Table 2, em

ployed to test signifioanoe of the effect of pore space,

sand, silt, olay, organic matter, potassium, oaloium, and

sodium on the quality of growth of the William 81m oarna

tion, showed that only organic matter had a significant ef·

feet and that effect was signifioant at the one per oent

level. This ooncurs with the results of Link ~d Oulvert

(29) in their work on Briarcliff roses. They found that

organio matter increased stem length and stem diameter as

well as produotion of flowers.

The significant effect of organic matter on

quality obtained in this experiment is readily discernible

when the benefioial effects of organic matter on soils in

general are reviewed. One of the prinoipal effects is to

inorease the aggregation of the soil thereby inoreasing

the air supply or pore space of the soil. Total oorrela

tion between organio matter and pore space was signifioant

at the five per oent level. Inoreasing the organic matter

of a soil increases its water holding capacity, thereby

making a more uniform moisture supply available to plants

over longer periods.



Colloidal humus (organio residue) aots as an

adsorbing surface for nutrients in the s011 and prevents

their leaching from the root zone. !hls may be shown by

the total correlation between potassium and organio matter

which was signifioant at the five per cent level.

The highly s1gn1flcantnegat1ve oorrelation

ooeffioient between sand and organio matter was interest

ing. It might be assumed that increasing the sand oontent

of a s011 would inorease the maoro-pores thereby inoreas

ing the air supply of the soil to the point where the in

oreased air would inorease the rate of decomposition of

organio matter. This would decrease the amount of organio

matter remaining in the solI. That this apparently Is not

the Oase oan be shown by the laok of oorrelation between

sand and pore space. Another and more probable answer

oould l1e in the organic matter oontent of the original

soil as influenoed by the so11 forming prooesses. A 80il

originally high in sand would have little ohance to build

up organio matter due to the low nutrient level of aandy

8011s and their low water holding capaolty. If organio

matter were not added to a sandy Boil at the time it was

plaoed in the bench, it would of neoessity be low in or

ganio matter at testing time. Another probable reason

could be that 8011 is composed of four fraotions; sand,

silt, olaY, and organic matter. An increase of any of
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these would result in the deorease of the other three

fraotions.

There ·was significanoe at the five per oent

level between silt and organic matter, and silt and potas

sium. The effeot of silt on potassium oontent of the soil

may be explained in part by the faot that silt approaohes

oolloids in size and in 80 doing exhibits small powers of

attraotions on the elements or nutrients in the soil, thus

holding them in the root area.

Silt also greatly inhibits the movement of water

through a soil ,and in so doing would tend to reduoe the

leaohing of the nutrients from the root zone. It is the

general belief of most investigators that the over-all

effeot of silt is detrimental to good soil struoture and

to quality of growth, therefore its effeot would be nega

tive. A tendenoy toward this is shown by the slight nega

tive oorrelation between silt and quality.

The oorrelation between silt and organio matter

may be explained in part by a reduotion in the air supply

of the soil oaused by inoreased amounts of silt. There is

no evidence in this experiment of the detrimental effeot

of silt on pore spaoe.

Laok of oorrelation between olay content of the

soil and other faotors studied is rather puzzling. Al

though the oorrelation between olay and potassium approach

ed significanoe it did not show as high a oorrelation as



that between silt and potassium. This could be explained

partially by showing that the olay was a type with a low

exchange complex. Facilities were not available to de

termine the types of olay in the soils ~tud1ed. ¥uch more

work needs to be done on effeots of olay on growth qual

ities and other factors in the soil under greenhouse con

ditions.

MUltiple oorrelation 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

faotors not under control, all of which exerted some in

fluenoe upon quality of growth.

Supplemental experiment

Pointed out in the review of literature were the

effects that potassium, caloium, and sodium have on the

growth of plants other than oarnations. The purpose of

this experiment was to determine the effeots of different

levels of these three nutrients on the growth of carna

tions.

The evidenoe that oaloium inoreases the amount

of dry weight produoed 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

oreased loss of weight on drying. The differenoes were



highly significant, with sodium oausing the greatest in

orease in water content.

High oaloium and low potassium and sodium treat

ments caused an apparent delay in maturity of oarnations

in this experiment, Fig. 5. In spite of all efforts to

keep the nutrients under strict oontro~soil teats at the

end of the experiment showed traoes of all three nutrients

present in all the treatments. It is probable that the

sand used oontained very small amounts of these nutrients.

This would acoount for the absenoe of extreme defioienoy

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 oarnation plant. When

sodium was abundant, no detrimental effects were noted in

the treatments where the potassium level was oonsidered

to be far below that required for normal plant growth.

Suggestions for
further studY

1. Under oontrolled conditions, ·an experiment

may be designed to test the effects of var

ious peroentages 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

ohange capacities on feeding praotioes and



Fil!. 5--.Photograph showing different staees of growth caused by varying levels of potassium, calcium,
nd sodium.



sUbsequent plant growth. The base exohange

oapaoities of these soils could be varied by

using different types and amounts of clay,

and by varying the amount of organic matter.

3. An investigation to determine the adverse

effeots of silt on water movement, air sup

ply, and nutrients in greenhouse soils

should yield valual).le information.

4. An investigation into the effects of differ

ent oalcium, sodium, and potassium levels on

~he keeping quality of oarnation blooms

would be of great interest.
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Oha.pter VI

SUMMARY

An attempt was made to correlate the effeots of

per cent pore space~ sand, silt, olay, organic matter,

potassium, caloium and sodium oontent of the soil with the

quality of carnation growth. The inter-relationships of

these soil faotors also were studied.

1. Total correlatlon-ooefficie~tBshowed that

only organio matter had a signifioant ef

fect on quality. This effect was signifi

oant at the one per oent level.'

2. Total oorrelation-ooefficients found in the

inter-relationships between factors- studied

were as follows:

a. Signifioanoe at the five per oent level

between organic matter content and pore

spaoe.

b. Significanoe at the five per oent level

between potassium and organio matter.

o. Significanoe at the five per cent level

between silt and organic matter.



d. A negative oorrelation signifioant at

the one per oent level between the per

oentage of sand in the Boil and organio

matter content.

e. A negative correlation significant at

the f1ve~per.oent level between sand and

potassium..

f. Signifioanoe at the one per cent level

between silt and potassium.

3. Multiple oorrelation indicated that only

1.49 per oent of the quality of growth was

affected by the faotors studie~.

4. A supplemental sand-nutrient experiment to

~est the effeots of different levels of po

tassium, sodium, and oalolum on the growth

of ca%nat1ons indicated that:

a. A high caloium, low sodium-potassium

ratio produoed greater dry weight per

plant than did a high potassium-sodium,

low oaloium ratio. Plants reoeiving

high sodium contained significantly more

water than those reoeiUing high potas

sium.



b. A high calcium, low sodium-potas,sium

ratio delayed maturity. The most rapid

ly maturing plants were those reoeiving

400 p.p.m. oaloium, 200 p.p.m. sodium,

and 100 p.p.m.· potassium in solution.
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APPENDIX



Greenhouse Date-------------- -----
Soil

1. Where did soil come from?

2. How long has soil been in bench?

3. Treatment of soil before benching orop.

a. Type organio matter added.

b. How sterilized.

c. Anything speoia1 done to it.

4. If s011 has been in benoh for more than one orop,
how was it treated for the next orop? Roto tilled?
Turned by hand? All the way to the bottom of the
benoh?

5. Is soil mulohed and, if so, with 1Vhat?

6. Fertilizers used.

7. Type of benoh. (Solid bottom or wooden.)

8. Type of greenhouse - old - new - dirty'

9. Temperatures

Night 

Day -

If, day was cloudy and oOld, was heat run to
,keep day temperature above night tempera
ture?
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FORMULA FOR POTASSIUM. OALOIUM, SODIUM 'SOLUTIONS

Crook and Weight
Oonoentrat~d

20 times
solution grams Oompound PEm!11ter (grams/1)

I .680 NaB°3· 500 ppm BOa 13.6
184 ppm la -

.8190 !la01 316 ppm Na'- 16.38
500 ppm 01 -

II .880 NaN°3 500 ppm !l03 13.6
184 'ppm Na-

.'5265 NaCl 216 ppm Na - 10.53
321 ppm 01

.194 E01 100 ppm K - 3.88
91 ppm 01 -

III .680 HaN°3 500 ppm N03 13.8
184 ppm B'a -

5.85.'2925 HaOl 116 ppm Na -
178 ppm 01 -

7.4:6.373 XCl 200 ppm K -
175 ppm 01 -

IV .808 D03 500 ppm N03 - 16.16
311 ppm X -

10.18.'509 BaOl 200 ppm Na -
310 ppm 01 -

V .B08 D03 500 ppm 1103 - 16.16

311 ppm It -
3.42.171 IC01 89 ppm X -

119 ppm 01 -
5~1a.256 Baal 100 ppm !fa

153 ppm 01 -

VI .808 D03 500 ppm 1103 - 16.16
311 ppm It -

7.12.'356 X01 189 ppm X -
167 ppm 01 -
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FORMULA FOR POTASSIUM, OALOIUM, SODIUM SOLUTIONS (coni t.)

Ooncentrated
Crook and Weight 20 times
solution grams Compound ppm/liter (grams/l)

VII .944 Oa(H03) a-' 500 ppm N03 - 18.88
4HaO 160 ppm Os. --

.'222 OaOl 40 ppm Os. - 4.44
142 ppm 01 -

1.04 NaOl 400 ppm Na - 2.08
612 ppm 01 -

VIII .944 Ca(N03) a· 500 ppm N03 - 18..88

4BaO 160 ppm Oa --
.'222 Ca01a 40 ppm Ca- 4.44

142 ppm 01
.77 BaOl 300 ppm Na - 15.4

469 ppm 01 -
3.82.191 le01 100 ppm X -

90 ppm 01

IX .944 Oa(N03 ) 2· 500 ppm N03 - 18.88
4HaO 160 ppm Oa -

.222 Oa012 40 ppm Oa - 4.44
142 ppm 01

10.24.513 NaCl 200 ppm Na -
313 ppm 01 -

.380 XOl 200 ppm X - 7.80
179 ppm 01

X .944 Oa(N03) a-' 500 ppm 103 - 18.98

. 4HaO 160 ppm Oa -

.222 Oa01a 40· ppm Ca-- 4.44
142 ppm 01

5.13.256 HaCl 100 ppm Ha -
216 ppm 01 -

11.48.574 XOl 300 ppm Ie -
269 ppm 01 -



~A -t

FORMULA FOR POTASSIUM, OALOIUM, SODIUM SOLUTIONS (con t t.'

Oonoentrated
-Orook and Weight 20 times
solution gra.ms Oompound ppm/liter (grams/1L

XI .944 Oa(N03) a- 500 ;ppm 1103 - 18.88
4HaO 180 ppm Oa --

.232 OaC1a 40 ppm 0& - 4~44

142 ppm 01
.75 X01 400 ppm It - 15.0

352 ppm 01 -

XII .944 Oa(N03) ae 500 ppm lf03 - 18.88

'HaO 180 ppm 0&-

.'816 0&8°4 240 ppm Oa -

809 ppm 804
.77 laOl 300 ppm la - 15•.40

469 ppm 01 -

XIII e'944 Oa(103' a-' 500 ppm BOS - 18.88

4BaO lao ppm Oa --
_818 Oa804 240 ppm Oe. -

S09 ppm S04
.191 XCl 100 ppm Ie - 3.S2

90 ppm 01
10.24..512 BaC1 200 ppm lia -

312 ppm 01 -

XIV .944 Oa(B03) S· 500 ppm NOa - 18.98

·'HaO 160 ppm Oa -

.816 OaS04 240 ppm Oa -

609 ppm 804
.aS6 Ha01 100 ppm lIa - 5.1a

218 ppm 01 -
7.80.380 1:01 200 ppm X -

.179 ppm 01



·;'-l

FORMULA FOR POTASSIUM, OALOltnl, SODIUM SOLUTIONS (oon~ t.)

Oonoentrated
Orook and Weight 20 times
solut1on grams Oompound ppm{liter (grams/1)

XV .944 Oa(N03) a- 500 ppm NO! - lS.88
4HaO 160 ppm Oa

.816 oaSo, 240 ppm Oa

609 ppm S04
.574 XCl 300 ppm x- . 11.48

269 ppm 01 -

XVI .'944 Oa(H03) 2- 500 ppm H03 - 18.88
4HaO 180 ppm Oa -

.952 Oa804
380 ppm Oa-
676 ppm 804

.444 08012 160 ppm Oa-- 8.88
284 ppm 01 -

10.24.'512 !laCl 200 ppm !Ta -
312 ppm 01

XVII .944 Oa(H03) 2- 500 ppm 1103 - 18.88

4H20 160 ppm Oa

.952 CaBO, 280 ppm Oa

678 ppm SO,
".444 OaOla 160 ppm Oa , 8.88

284 ppm 01 -
3.82-..191 X01 100 ppm X -

90 ppm 01
5~l2.256 BaOl 100 ppm !fa -

216 ppm 01 -

.XVIII .944 Oa(103) a-' 500 ppm' H03 - 18.88
4HaO . 160 ppm.Oa

.953 Oa804 280 ppm Oa
676 ppm S04

.444 Oa01a 160 ppm 0& . 8.88
184 ppm 01

.191 XCl 100 ppm X 3.S2
90 ppm 01
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FORMULA FOR POTASSIUM, CALOIUM, SODIUM SOLUTIONS (con' t.)

Oonoentrated
Orook and Weight 20 times
solution grams Compound ppm/liter (grams/I)

XIX .944 Oa(:N03) 2- 500 ppm B03 18.88
4HaO 160 ppm Oa

.952 OaBO, 280 ppm Oa

876 ppm SO,
1.0 Oa01S 360 ppm Oa 20.0

840 ppm 01 -
.256 HaOl 100 ppm Na - 5.'12

153 ppm 01 -

XX ..944 Oa(N03) 2- 500 ppm B03
18.88

4: HaO 160 ppm Oa
.'952 oaS°4 280 ppm Oa

676 ppm S04

1.0 Oa01a 360 ppm Oa 20.0

640 ppm 01 -
3.88.191 XCl 100 ppm I:

90 ppm 01

XXI .944 0&(1°3' ae 500 ppm !lOa 18.88
4HaO 180 ppm Oa

1.0 Oa01a 380 ppm Oa 20.0
840 ppm 01 -

1 ..S6 OaS04: 480 ppm Ca
1178 ppm S04
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