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BKEEECT OF KRILIUM” ON TEE RiSPIRATORY ACTIVITIES 

OF RHIZOBIUM TRIFCLIT AND AGRCBACTERIUM TUMEFACIENS 
  

ON VARICUS SUBSTRATES 

INTAODUCTION 

Considerable attention has been given to the applica- 

tion of synthetic resins as a means of developing good soil 

structure, The use of such compounds in the soil has raised 

the question as to their possible effect on s0il microorgan- 

isms. Productive capacity of a soil is greatly influenced 

by the texture and structure of thet soil. The term texture 

is used in reference to the type of particles forming the 

soil, i.e. the proportion of clay, sand and silt, amount and 

type of organic matter present in the soil particles, The 

structure of the soll refers to the arrangement and position 

of the soil particles. Structure of the different horizons 

of a scil profile is an essential characteristic of a soil 

just ag are the texture and chemical composition, VMolisture 

relations, availability of plant nutrients, action of micro- 

or,.anisms and plant growth are all yvreatly Influenced by the 

structure of the soil. 

Formation of Soil Agerexsates ~ There are Individual or 

single particles found in the soil which have to be brought 

together to form the stable aggregates necessary for good 

#* Krilium is the trade name of a synthetic polyelectrolyte 

resin manufactured by Monsanto Chemical Company.
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soll structure. In order for these particles to be formed 

into ayuregates some means of cementing or holding these 

particles to;ether must be provided. It is the mechanism 

of the formation of these aggregates which is one of the 

most important phases of the soil structure problem It has 

been pointed out (11) that stable aggregate formation can- 

not take place in the soil unless some type of soil colloidal 

material is present, which indicates that it is the soil 

colloids] material which is responsible for the formation of 

primary particles into stable az; rezates. Three groups of 

colloidal matter have been shown to be responsivtle for the 

formation of the az; regates (10). They are (1) clay parti- 

cles, (2) irreversible or slowly reversible inorganic col- 

loids, such as tne oxides of iron and alumina, and (3%) or- 

aanic matter. Of the three groups, the clay particles and 

organic matter sre of the greatest importance in the forma- 

tion of soll ag.regates. 

One of the most characteristic products making up the 

soil organic matter is known as humus. Good stable ay rega- 

tion has been found where there is a high percentaye of hu- 

mus present in the soil. Humuis has been shown (11) to pos- 

sess the ability to form soil agevregates which are necessary 

for good soil structure. It is a complex substence which is 

now known to be produced in at least three ways (10) (a) by 

pacterial attacks on cellulese, (b) by chemical transforma~
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tions of lignin and (c) from fungal mycelia. Among the 

humus constituents are the polyuronides and uronic groups 

tnet sre widely distributed in plants, composts and soils 

(10). It 1s a known fact (10) that certain gums of the poly- 

saccharide or polyuronide types occurring in good topsoil 

or humus are responsible for cementing together primary soil 

particles to form water stable agzregates of optimum size. 

Agipregation By Synthetie Compounds - Several chemical 

companies have recently initiated research projects in an 

effort to develop synthetic compounds which could be used to 

supplement or replace some of the organic matter of soils so 

as to develop better soil structure and, in generul, more de- 

sirable chemicsl and physical properties of the soil. Mon+ 

santo Chemical Company happened to be the first to place a 

synthetic soil conditioner on the merket, which they gave 

the trademark of Krilium. Frilium is a synthetic polyelec- 

trolyte resin, which according to the manufacturer, can be 

used as @ replacement for the natural polysaccharide or poly- 

uronide resins derived from bumis, It should be noted that 

the production of this compound has just recently been changed 

from a pilot plant to a large production basis. 

The mechanism by which Krilium causes the formation of 

soil azp.reestes is principally the same as that of the natur- 

@l organic colloids of the soil. Krilium exists as a poly- 

anion with a hundred or more negative charges on the indivi-
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dual "ions". The hygroscopic action of Krilium helps it 

to become solubilized In the soil water when it is dispersed 

in the soil. The polyanions presumably are absorbed to col- 

loidal particles, binding these through the carbon linkage 

"bridge" between reactive wroups on the polymer. To bind 

the ultimate particles of the soil together by means of the 

carbon linkaze is the basis of the soil conditioning effect. 

Maximum ag-regating effect of Krilium at lowest concentra- 

tions are obteined in the presence of smali amounts of sod- 

ium, calcium, magnesium and other cations (6). 

Krilium has only been publicized for approximately nine 

months. Monsanto Chemical Company has hed cooperation with 

universities, federal and state agencies in directing studies 

toward evaluation of effects and determinations of the most 

efficient methods of use. Since Krilium is so new, the re- 

search laboratories have not had sufficient tlme to publish 

papers in regard to results obtained with Krilium, The man- 

ufacturer has published a bulletin (13) in which, from pre- 

liminary investigations, a discussion is given of the proper- 

ties, possibilities and uses of Frilium. This bulletin is 

the only source of information to dete pertaining to the ac~- 

tions of Krilium. It should be noted that from a survey of 

available literature no evidence could be found as to the 

effect of Krilium on the soil organisms. 

In the above mentioned bulletin (13), it has been point- 

ed out that one pound of Krilium apears to be equivalent to
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the natural gums produced by 100 to 1000 pounds of manures 

or plant residues. It is also noted in this bulletin that 

Krililum has no undesirable effects on the bacterisl popule- 

tlon of the soil and that It retains its ag-regsting power 

asainst decomposition by soil micrcor,anisms in some cases 

at least 10 times as long as the natural organic matter, 

affects of Krilium on Soil - Mention has been meade (6) 
  

(13) of the effects Krilium has on the soil and some of these 

are itemized below: 

(1) Soil aggregation 1s often doubled or tripled after 

treatment with Krilium. 

(2) Soils treated with Krilium have incressed ability 

to give higher ylelds and improved quality of 

crops. 

(3) The molsture equivalent of the scil is increased 

up to 50% so as to make more water available to 

the plants growing on the treated soll. 

Moisture loss due to evaporation is retarded. fs
 

(5) Soil aeration is significantly improved resulting 

in a better supply of oxygen to the plant roots. 

The manufacturer reports that Krillum will be effective 

when used in concentrations ranging from .02% to .10% by 

weight of the soils treated. They recommend a concentration 

of .05% by weight of soil as a good working concentration. 

It is suggested (13) that concentrations above .24 may be 

detrimental.



Purpose of Investigation 

The primary purpose of this investigation was to study 

the effect that various concentrations cf Krilium might have 

on the respiratory activities of the following two soil or- 

ganismss 

(1) Rhizobium trifolii 

(2) Agrobacterium tumefaciens. 

& secondary objective was to observe any possible differ- 

ences of the effect of varying concentrations of Krilium 

(Blend #6) and Erilium (Blend #9) on the respiratory activi- 

tiles of the above mentioned organisms. 

These organisms were chosen to be used in this study be- 

cause both are concerned in agricultural practices - the 

first one as root nodule bacteria on clover, and the second 

as a plant pathogen that causes crown gall.
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VYanometric methods have proven to be one of the most 

useful means for studying cellular activities. There are 

several modifications of manometric instruments available 

for determinations of the evolution or absorption of gases 

by cells, One of the most extensively used modifications 

is the Harburg resplrometer, which was employed in this 

investigation (3)(14). 

The "resting cell" technique (15) was used in making 

this study of the respiratory activities of the test organ 

isms. This technique involves the use of non-prolifcrating 

cells (washed suspension of cells) which can be used to ob- 

tain results of respiratory rates without the influence of 

growth on the respiration of the organisms. Wany previous 

studies (4)(9) of the respiratory activities of bacteria 

have been msde with yvrowing cultures, but since there is no 

means of interpreting the effects of vrowth on the respira- 

tion rates, the difficulty arises as to how to interpret the 

data obtained. The "resting cell" technique is, therefore, 

the more generally used method of studying respiratory ac- 

tivities of bacteria, 

warburg khespirometer 

Theory of Warburg Resplrometer - The “arburg apparatus 
  

is one of tre many types of manometric instruments which
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have been uscd in estimating the exchange of gases of bio~ 

iogical and chemical reactions, This type of respirometer 

hes possibly been used more extensively than any other type 

of resplrometer in blological studies, The main principle 

involved is that at constant temperature and constant gas 

volume any changes in the amount of gas in the flask can be 

measured by changes in its pressure. 

The Varburg apparatus consists essentially of a Utube 

manometer and a renmction flask. The manometer has one end 

open to the atmospuere and the other end attached to the re- 

action flask. Attached to the manometer is a tyxon tube 

which serves as a reservoir for the manometric liguid of 

known density. There is also provided a screw clamp which 

is used to adjust the level of the liquid in the U-tube. 

The reaction flask has one or more sidearms and a center cup. 

More complete details of the apparatus may be found in the 

literature (3)(14). 

When the respirometer is being used, the reaction flask 

with its contents is attached to the manometer. The appara-« 

tus is so designed that the manometer can be attached to a 

shaking apparatus and at the same time allow the resection 

flask to be completely immersed in a water bath. The mano- 

meter is on the outside of the water bath and is so posi- 

tioned to make it easy to observe any change in the level 

of the manometer fluid, The flasks are immersed in the
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water bath at a constant tempersture and shaken to promote 

a rapid exchange of gas between the liquid and gas phases. 

Before the Varburg apparatus can be used in estimating 

changes In the amount of any gas in the flask the volume of 

the manometer and flask must be determined. So that a con- 

stant volume can be established and maintained, the level 

of the liquid in thet side of tne manometer which is at- 

tached to the flask is always adjusted to tne same point 

(in this case to 150 mm). 

A known amount of Liquid in which the reaction will 

take place is contained in the flask. This reaction may 

elther involve an evolution or absorption of a vas. The 

ecnan:e in volume of the ,as can be determined by observing 

the level of the manometer fluid both before and after the 

reaction has taken place, This difference in the level of 

the manometer fluid is due to the change of the pressure in- 

side of the reaction flask. 

The actual change in the amount of gas can be calculated 

by the equations x=hk 

where, x is the amount of gas evolved or absorbed at 

normal pressure and temperature. If the gas 

is evolved, x will be positive and if the 

gas is absorbed, x will be negative. 

n is the reading of the open arm of the mano- 

meter in millimeters,
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tet
 

is the apparatus constant, usually known 

as the flask constant. This constant must 

be known in order to convert mm, pressure 

change into microliters of gas involved in 

tre reaction. This constant, k, varies with 

the conditions of the experiment and for a 

given constant these conditions must remain 

the same. Also k may or may not be the same 

for each individual flask (3)(14). 

There are several methods which could be used to cali-~ 

brate the apparatus, which in turn is the determination of 

the "flask constants" (3)(14). ‘Three methods for calibration 

of the apparatus are as follows: 

1. 

Ze 

By the Munger and Kewman method (5) in which a 

measured amount of gas is added or withdrawn 

from the flasks by means of a graduated pipette, 

and the resulting reading of the manometer obe 

served. 

By Liberating or absorbing a known amount of 

gas in the vessel by meens of a chemical reac- 

tion. 

by calculation from the following formula: 

273 
k Vv T +V,p a 

il 

&
 

  

Fo



Li 

Gas volume <j
 

ih 

Ve= Liquid volume in the flask 

rd
 

Mi Yemperature of water bath in abso- 

lute degrees. (275 temperature in 

°C.) 

a = Solubility in liquid in vessel of 

gas involved (expressed as ml. gas/ 

ml. liquid when gas is at a pressure 

of one atmosphere (760 mm. Hg) at 

the temperature T. 

Po = 760 mm, Hg (standard pressure) ex- 

pressed in terms of the manometer 

fluid: 

Po? 760 X 13.6 (specific gravity of 

Hg)/specifie previty of manometer 

fluid. 

The metiiod used to determine the constants in this work 

was by liberating a known volume of gas and making use of the 

precedin,, formule in order to determine the constants, 

Determination of Oxygen Absorption ~ There are two meth- 

ods of measuring the oxygen uptake of cells by manometric 

methods: (1} the method by which the oxygen uptake 1s meas~ 

ured directly and (2) the method by which it is obtained by 

indirect calculation. The former method wes used in this
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study. In the direct method the center well of the flask 

contains alkali which absorbs the carbon dioxide produced 

by the respiring cells, so that the carbon dioxide liberated 

has no effect on the manometer. The reading of the manoc- 

meter then gives a direct measure of the oxygen obsorption, 

Using the direct method, only one flask is necessary te de- 

termine oxyzen absorption, 

the concentration of the alkali used by various investi- 

gators varies but KOh is almost universally employed as the 

alkall because of the solubility of potassium carbonate. A 

15% solution of KCH was used to insure sufficient concentra-~ 

tion of KOH to obtain instantaneous absorption of ecarbon di- 

oxide, to increase the surface area of the alkali, a square 

of fllter paper with 2 em. sides wis folded in accordion 

fashion and placed in the center cup. 

betermination of Carbon Dioxide Libcration - The direct 

method for determining carbon dioxide liberation was used in 

this investigetion. This determinaticn necessitates the use 

of two flasks respiring in the same wey, except that in one, 

the ezrbon dioxide is absorbed whereas in tre otner it was 

not, The flask containing the alkali provides a means of 

measuring the oxygen uptscke which needs to be known in order 

to calculate from the second flask the amount of curbon di- 

oxide literated. Carbon dioxide liberation can be calculated 

as follows:
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Let Xo. = amount of oxygen absorption 

Xoo = amount of carbon dioxide Liberated, 
2 

The manometer chan-e due to oxygen absorption is 

h /k. since X= h. k = xX . , e 03 “Op Os Oy 

The manometer change due to carton dioxide production is 

"C05" X00! “cos . 

So the final observed reading h in tre flask without KOH 

would be the resultant of the two, 

x, / ko X / x he h.+ h,, = 
COp “02 g C0g" 0g 02 

thus, 

X =a (h- xX {fk }x 

Xo is known from the flask which contsined KOH and Ky and 
2 2 

Koo are known from the flask without KOH, h being observed, 
2 

hence X can be calculated, 
CO. 

Thermobarometer = Since one end of the manometer tube 
  

is open to the atmosphere the Warburg manometers are very sen- 

sitive to slight changes in the barometric pressure or the 

vemperature of the water bath. It is then necessary to nave 

an additicnal manometer to serve as a thermobsrometer, It 

is not necessary to calibrate the flask used as the thermo~- 

barometer but any change of the manometer level of the thermo-~-
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berometer must be used in correcting the other manometers,. 

If the level of the liquid in the cpen arm of the thermo- 

barometer rises there has elther been an increase in the 

terosrature of the water bath or a decrease in the berome- 

tric pressure, If so, the number of mm. chan,.e must be 

aided to the manometer readings of the other flasks in order 

to carry out an accurate determination. If there is a de- 

crease in the liquid level of the open arm of the thermo- 

barcreter then the amount of change In mm. must be subtracted 

from the manometer reacings of the other flasks, 

Calioration of The ‘arburg Flasks ~« The method used to 

calibrate the Varburg flasks and manometers was that of re- 

leasing a given amount of a gas (CO.) in tre reaction flasks 

and by means of known equations (14) was able to calculate 

the constants anc volumes of the manometers and flasks. The 

carbon dioxide was released by the addition of hydrochloric 

acid to sodium bicarbonate ag shown by tne following equa- 

tions 

NakCO, + HCL = NaCl + H20 + COgt 

A given amount of sodium bicarbonate was dried in an oven at 

90°C. until a constant weight was obtained. After drying the 

sodium bicarbonate to a constant welght, three aliquotes 

were teken from the Initial amount and were used in the de- 

terminations, The aliquotes were weighed on an analytical
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balance and added to distilled water as follows: 

(1) ©.7185 grams/liter 

(2) 0,7168 grams/liter 

(3) 0.5258 grars/liter 

The calculation of the theoretical amount of gas to be 

liberated in each case was determined by the following equa- 

  

tions 

34 6 wt, of NaliGO. X 2£2.4 X 10 

Xoo, = 
2 molecular wt. of NaliCO, 

Procedure of Calibration - The procedure followed to 
  

calibrate the respirometer was to place 1 ml. of 1N HCl in 

the sidearm of the resction flask and 1 ml. of the Nahco, 

solution in the main chamber of the flask. After allowing 

the flask to eyullibrate for fifteen minutes, the flask was 

tilted so as to permit entrance of the HCl into the main por- 

tion of the flask, This initiated the reaction of the acid 

on the sodium bicarbonate which would release the carbon di- 

oxide necessary for the determination. By cbserving the 

change in the level of the manometer fluld it was possible 

to use this figure to determine the flask volume and con- 

stants of the flask. In this case the flask volune refers 

to the volume of the flask plus trat volume of the manometer 

from the level of the manometer liquid in the closed slde, 

The heighth of the liquid was 150 mm, in esch determination,
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fhe constants of tee flasks could be calculated since 

the theoretical amount of gas liberated (x) was known an 

ho was observed. The constant (x) could be determined by 

ks x/h. Five determinations were made on each flask and 

the ¢as volume of each flask was cetermined as the average 

of these determinations. Tha flask volume could then be 

calculated by V+ V,. 
& f 

Throughout the entire experimental work, the flasks 

and manometers were paired as shown below with the constants 

for each at specified conditions,
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Table TI 

Values For Kespirometer Volumes and Constants 

Hanometer 2 3 4 5 6 7 

Flask 10 11 12 13 14 15 

Volume (ml.) 17,3190 17.929 17.548 17.401 17,328 17,592 

K, 34° 1.5754 1,6306 1,5962 1.5429 1.5762 1.9185 

K.. (2 m1,34°) 1.5146 1.5725 1.5430 1.5245 1.5179 1.5411 

K (2 m1,34°) 1.3964 1.4540 1.4245 1.4060 1.3993 1.4243 

(3 ml,34°) 1.4879 1.5419 1.5087 1.4953 1.4887 1.5115 

K. (2 m1,34°) 1.3101 1.3641 1.3509 1.3175 1.3109 1.5348 

The calculations were made using the following equation: 

278 

  

Po 

The symbols are the same as were shown on page 9 and page 10. 

The method of calibration was tsken from Umbreit (14) and 

Dixon (3). 

In order to calculate P, it was necessary to determine 

the density of the manometer fluid. This was done by means
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of a@ pycnometer, Po wes then calculated as shown below: 

Fa 760 X 13,6/1.0574 = 9775 

Products And Uandling 

Organisms -~ The two organisms used in this research were 

Rhizobium trifolil e205 (¥. B. Sarles, American Type Culture 
  

Collection) and Agrobacter tumefaciens (Hendrickson, Strain 
  

A~G). These cultures were carried In stock on yeast extract 

mannitol mineral salts agar. In preperation of the cellular 

suspensions to be used for the warburg studies, the bacteria 

were grown on yeast extract mineral salts agar which cone 

tained no carbohycrate source, Ey using this medium, it was 

possible to deminish the production of a polyssccharide gum 

whieh is cnaracteristic of the above crpanisms when grown on 

a medium containing an available carbohydrate, Some of th 

reasons for attempting to inhibit the formaticn of this gum 

are given as follows: 

1. The gum is not readily removed from the cells. 

ae Makes the recovery of the organisms from the agar 
retner difficult. 

ta
 ». the erdoxzenous respiration (respiration of organ- 

isms without a substrate) is not too excessive, 

4, Preparations used where there has been excessive 
gum formation are almost useless for the study of 
oxygen uptare, since most of the respiration arises 
from cellular constituents rather than from the 

substrate.
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Substrates ~- The study of the effect of Krilium on the 

resplratory rates of the two soll organisms was made on three 

substrates to which Krilium had been added, A .O2M solution 

of glucose, succinate and mannitol were used in the investi- 

gation. Tne given amount of esch substrate was dissolved in 

a standerd buffer solution (5). 

Two blends of Krilium were used in the study, Blend #6 

and Blend #9. Respiratory activities of tue two organisms 

were first observed on glucosé6, succinate and mannitol in 

order to measure the rates of activities without the Influ- 

ence of Krilium. The respiratory activity was then observed 

when the organisms were subjected to the sane substrates in 

the presence of different conecntrations of the Krilium - 

205%, 0.10% and 1.00%, Measurements were also made of the 

activity of the test organisms on the sbove concentrations 

of Erilium without another substrate, 

Cell Suspension - In order to obtain valid results the 
  

cell suspension used in each run had to be standardized as 

nearly as possible, both in quantity of cells and the acti-~- 

vity of the cells. 

For esch run a fresh suspension of cells was prepared 

so that the cells used each time would have approximately the 

same rate of respiration on the same substrate, The organ- 

Lam Khizobilun trifolil was permitted to grow for 44-46 hours 

before being used in a run. The culture Ayrobacterium tume-



“20 

faciens was used in the Geterminations after a growth per- 

lod of 1-24 hours. Khnlzobiwn trifolli was permitted a 

longer pericd of Lneubation than Aprobacterium tumefaciens 

because the former organism has a much slower growing rate 

than the latter organism. Both organisms were harvested 

from the medium by being washed off with standerd buffer 

solution. The culture suspension wes then centrifuged with 

an International Clinical centrifusze with a speed of 2000 - 

2000 revolutions per minute for @ period of fifteen minutes, 

The cells obtained after centrifugation were resuspended in 

buffer selution and recentrifuged. This washing procedure 

was porformed three successive times for each cell suspen- 

sion to be used in one study. After the final washing the 

cells were resuspended in buffer solution to the desired 

concentration of cells (1.5 mg. celis/ml. by dry weight) to 

be used for the respiratory studies, The celluler suspen- 

sion was acdjustec to the proper concentration by turbidity 

measurements in a Klett-Summerson photoelectric colorimeter, 

Calibretion of the Klett-Sumserson colorimeter waa made 

in terms of dry welght versus turbidity reading. The dry 

weicht versus turbidity curve for esech organism was deter~ 

mined in the following manner: 

(a) Each organism was grown in larze quantities so as 

to prepare a very turbid suspension of cells. 

(ob) Four aligquotes of 5 ml. each was obtained from the
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very turbid suspension. 

(c) Three of the above aliquotes were put into tared 

OG ml, beakers and were placed in an oven to dry 

at 90°C for a period of 36 - 46 hours. They were 

then placed in a desiccator and allowed to come 

to a constant weight. The dry weight of each ali- 

guote of cells was determined, 

(d) A turbidity reading was made of the fourth aliquote 

on the Flett-Summerson colorimeter. Turbidity read- 

ings were then made on the suspension after in- 

creased dilutions were made to the 5 ml. suspen- 

sion, 

(e) The weights of the three dried allquotes were aver- 

aged to obtain tne approximate dary weizht of the 

cells in the suspension used to procure the tur- 

bldity readings. 

(f) Making use of the determined dry weight of the cells 

in suspension and after making the turbidity read- 

ings, it was pessible to plot the dry welght ver- 

sus turbidity curve for euch organism, 

The standerd suspension used in this work was 1.5 milligrams 

of cells psr milliliter of buffer solution. The curves 

plotted for esxch orgavism used in this research are shown in 

Figures 1 and &. 

varburg Determinations and Conditions - The Warburg ree
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Figure 1. Turbidity - Dry Weight Curve for Rhizobium 
trifolii.
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24 

Splrometer was used to measure the oxvyyven consumption an 

carbon dioxide liberstion of the test organisms on the giv- 

én substretes. The temperature of the water bath wes 34°C 

and the Plasks were shaken 110 complete one inch strokes 

per minute. All determinations were made in an atmosphere 

of air. In all cases tne fluid volume of the flasks was 

Sm. (1 mi. of cell suspension, 1 ml. buffer and 1 ml. sub- 

strate), In the flasks used for the determination of oxy- 

gen upteke, .2 ml, of 15% KOCH was placed in the center cup 

of the reection flask to absorb the carbon dioxide liber- 

ated during the reaction. 

Keplicaticns were made of each determination of the 

resplratory activiti:s of the organisms on the various sub- 

strates in presence cf concentraticns of Krilium A fresh 

suspension of celis wes prepared for exch replication, Only 

one determination was made on a specific substrate (l.e. glu- 

cose with .10% Krilium) with a portion of a .,iven cell sus- 

pension, Endogenous oxye-en uptake was determined for ¢eacn 

LUIe 

fhe temperature of the water bath was maintained at 

34°C because the rate of respiration of the two organisms 

used is near optimum at this temperature and this tempera- 

ture is sufficiently low so that inactivetion of enzymes 

through prolonged exposure to higher temperatures is preven- 

ted (15).



Buffer Solution - The vuffer solution used in this ine 
  

vestigation wus 2 KUorO, and kaGh buifer with a pH of 

6.6 (5).
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Respiratory rates were determined for Rhizobium tri- 

folii and Agrobacterium tumefaciens on specific substrates 

(glucose, succinate and mannitol) in the presence of various 

concentrations of Krilium. Two blends of Krilium were used 

in this experimentsl work, blend #6 and blend #9, 

Values for the oxygen consumption and carbon dioxide 

iibersation of Rhizobium trifolil respiring on the various 

substrates and in the vresence of varying concentrations of 

Krilium, blend #6 and blend #9, are shown in Tables IT 

through IX. Tables V and IX show the vslues obtained when 

Krilium was used aa the only substrate, 

The respiratory measurements of Agrobacterium tume- 

faciens respiring on the verlous substrates and in the pre- 

sence of varying concentretions of Frililum are shown in 

Tables X to XVII, inclusively. 

The above data for both oryenisms has been presented 

in graphical form in Pigures 3 to 354,



TARLE IT 

nesplration of Rhizobium trifolil on 
Glucose in Presence cof Krilium (Blend £6) 

Goncentrations of Krilium 

Time in 0.0% 205% 10% 
Minutes 

A 0, Cp Op Og Op C0, 

O » 15 16 13 L7 14 16 ~ 

15 - 30 23 no 2 27 ao - 

30 - 45 oo on 45 39 42 ~ 

45 = 60 49 41 56 4% BO ~ 

50 = 75 62 Oo 69 SY 76 ~ 

75 = 90 VL 60 &O 69 Sl ~ 

B 

Q + 15 14 16 14 - 17 14 

15 = SO ao 19 oe ~ oo 2? 

30 - 45 33 2G 4} ~ 48 o6 

$5 ~ 60 50 ou 60 - OO 47 

60 - 75 62 4&5 75 ~ 68 58 

73 = 90 75 60 Si - 50 65 

C 

O- 15 LS - 17 13 15 14 

15 = 50 a4 - oe 27 oe rm 

oO =~ 45 35 - 4°7 og 49 42 

49 = OO ol ~ 59 49 5g o4 

60 = 75 65 ~ 73 60 72 G6 

75 - 9G 75 - 3b 74 SS 76 

45 

59 

72 

85 

1. O% 

CO. 

18 

29 

ol 

o4 

45 

55 

79



Table ITT 

Respiretion of Rhigobium trifolli on 
Succinate in Presence of Krilium (Blend #6) 

  

Concentrations of Frilium 

Time in 0.0% 205% - 10% 1.0% 
Vinutes 

A Op C0p Op Op Op Cp Oy Oy 
Q - 15 17 15 L3 17 17? ~ a4 oe 

15 - 30 36 SE 47 47 o& - 47 57 

oO - €5 DO 51 Te 74 57 ~ 71 o4 

45 -— 60 77 76 96 96 &C ~ 93 109 

60 - 75 LO00 92 120 120 104 - Lis 150 

75 = 90 lige 114 145 147 123 - LSS 152 

B 

Ge 15 ee - 16 19 24 ev al 32 

15 = SO 49 - o6 41 46 49 4'7 ol 

20 - 45 76 ~ oo GS OY 74 Te &9 

45 = 60 Ge - 79 BS BO 97 oF 11s 

60 - 75 115 - 105 iil L069 114 L20 143 

75 = 9O LSS lee 129 Les L5G 142 170 

G 

QO - 15 14 i5 ei ~ ee ao an - 

15 - SO a0 ol 45 - 45 Du 46 - 

SO - 45 92 o6 64 - 72 76 09 ~ 

45 = 60 71 74 84 - 26 100 87 - 

60 = 75 9S 97 LOS ~ 11S Led 106 - 

75 ~- 9O 113 116 L125 - l4e 146 Les -
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TABLE IV 

Respiration of Rhizobium trifolili on 
¥arnniteol in Presence of Krilium (Blend #6) 
  

Concentrations of Krillium 

Time in 0.0% «05% » L0% 1.0% 
Ninutes 

A Om GOs On Cleo Og C05 Op C0. 

QO - 15 - ill 9 Ll - le 14 

15 = 30 16 -~ 19 «#17 18 - ee ao 

30 - 45 a2 - 24 21 26 ~ oT ed 

45 - 60 29 - 2B 23 ao - Sl OL 

60 - 75 oo - Oo 20 oo - oS 64 

7S =- 90 o8 - 39 27 ou - 79 77 

B 

O - 15 LS 11 9 g 9 7 Lé 15 

15 = 50 ed 1y 1g i? lé6é 18 ao 26 

oO = 45 ey 24 el 19 25 20 55 S38 

45 - 60 oo 2g 29 20 29 8622 45 46 

66 = 75 42 GO ob 27 54 25 55 oo 

75 - 90 5¢ 49 41 30 44 30 6& 69 

C 

QO - 15 Li ll 9 - li 9 13 - 

15 - SO 18 16 17 - 1? 15 a4 ~ 

50 = 45 25 24 24 - oe 67 oS -~ 

45 = 60 ol 2o un ~ 25 21 47 - 

60 «- 75 oo on oS - 23 ee OG - 

75 + 90 42 26 45 - og 26 70 -



Time in 
Minutes 

A 

Q- 15 

15 = 30 

50 - 45 

40 60 

SO 75 

75 = GO 

B 

0 15 

LS 50 

oo 43 

45 18) 

60 75 

79 30 

Q 

0 LS 

15 - 3G 

50 = 45 

46 60 

80 75 

75 = YG 

TABLE V 

Hespiration of Nhizobium trifolli on 
Krilium (Blend 6) as the Substrate 

Goncentration of Krilium 

Og 

7 

Ll 

13 

17 

21 

24 

1? 

il 

1d 

Ls 

ol 

« OD% 

COs 

LS 

19 

ao 

10 

14 

14 

1? 

o7 

13 

LY 

ao 

zQ 

C2
 

ae
 

210% 

13 

24 

23 

o4 

©
 

Ll 

20 

1.0% 

CO, 

14 

27 

29 

oo 

D2



Time in 
Vinutes 

A 

0 LS 

15 30 

30 45 

45 60 

60 75 

75 gO 

B 

0 15 

15 30 

SO 45 

45 60 

60 78 

75 GO 

C 

0 15 

LS 30 

56 48 

45 60 

60 7D 

75 90 

TARLE VI 

Respiration of Khizobium trifolll on 
Glucose in Presence of Frilium (Blend #79) 

Concentrations of Krilium 

0.0% 

14 

37 

47 

ov 

05% 

CO» 

3 

& 

Os 

10% 

COx 

14 

Ge 

06 

458 

54 

61 

Sl 

1.0% 

Op C05 

9 8 

22 «168 

30 24 

3931 

50 39 

BQ 46 

1 

220 = 

34 0 = 

43 = 

54 = = 

66 

iz 8B 

25 30 

37 43 

51 56 

62 65 

72 75



TALLE VII 

Respiration of Khigoblum trifolli on 
Succinate in Fresence of Krilium (Glend #9) 

Concentrations of Krilium 

Time in 0.0% » 05% 210% 1,0% 
Minutes 

A Oo CO5 Op COs Oo C05 Os CQ 

O- 15 17 1d 21 24 el Ze 11 - 

15 - 30 36 je 41 4] 57 ov eo - 

SO = 45 56 ol 59 59 51 45 41 - 

45 - 66 77 70 76 76 67 60 Si - 

60 - 75 100 92 95 o4 80 70 76 - 

75 = 90 we. 114 113 2115 95 65 92 - 

B 

O- 15 22 - 2. 21 23 20 25 

15 - 30 49 - 3380 2 = 45 47 40 80 

SO = 45 70 = 54 = = 67 69S 74 

45 - 60 gg 69 = 89 92 84 ° 97 

66-75 115 - 83 ie 114 «117 «1114 == :130 

7-90 135 - 96 = 136 140 126 = 143 

C 

O- 15 14 15s gl 25 = ~ - - 

15 = 30 30 31 43 45 = - - - 

30 = 45 52 56 65 £468 - ~ - - 

45 = 60 71 174 +85 67 - ~ ~ - 

60 = 75 93 97 107 les - - - - 

75 = 90 L1s 118 150 1S< - “ - -
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TArLis VIII 

Kespiration of Khizoblium trifolili on 
NWannitol in Presence of Krilfum (Blend #9) 

Concentrations of Krilium 

Time in 0.0% 05% - 10% 1.0%: 
Minutes 

A 02 0p Og C0g Og Og Og Og 

QO - 15 9 - 3 7 3 © Ls 16 

15 ~ 30 16 - LS LO 15 10 el 24 

SO » 45 22 - 19 16 17 13 ao ol 

45 - 60 2G ~ ao 19 el 16 oe o4 

60 - 75 Os - 29 ed 25 #1 40 41 

B 

O- 15 Ld 1l 13 7 8 o Li 13 

15 - 30 24 L$ 20 LS Le oS Ls 21 

0 - 45 29 24 2G L7 19 16 od at 

45 « 60 Oo 29 o1 od oO il 26 ol 

60 = 75 40 De ov oe av le zQ o4 

75 = 90 59 49 42 26 351 14 35 37 

C 

QO - 15 li 11 ~ - - ~ - - 

15 ~ 30 18 16 - ~ - ~ - - 

50 = 45 25 24 ~ ~ - ~ - - 

45 = 60 ol 23 - - - ~ - - 

60 - 75 28 &2 - ~ ~ - - - 

75 - 90 42 56 - - - ~ -



TAbLG x 

Hespiration of Agrobacterlum tumefaciens on 
Glucose in Presence of Krilitum (Blend #6) 

Time in 

Minutes 

A 

0 15 

15 30 

50 45 

45 60 

60 75 

75 O 

B 

0 15 

15 30 

oO 45 

45 80 

60 75 

75 90 

C 

6 15 

15 oC 

30 = 45 

45 60 

60 75 

75 gO 

Op 

eg 

2O 

oS 

9O 

60 

9O 

Concentrations of Frilium 

O. O% 

COp 

21 

46 

69 

12 

26 

37 

47 

56 

65 

CGp 

oY 

90 

GO 

71 

6S 

85 

2 10% 

o4 

46 

o& 

74 

86
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TABLE XI 

Respiration of Agrobacterium tumefaciens on 
Succinate in Presence of Krilium (Blend #6) 

Concentrations of Krilium 

Time in 0.0% 05% + 10% 1.0% 
Minutes 

A Op COp Ge COs 05 O05 Oo CO, 

O- 15 ~ - - 20 a6 24 Se 

15 + 30 44 Bo 45 O83 44 be 44 a7 

SO - 45 - - - - 69 &0 67 82 

45 =~ 60 87 LOL 95 103 93 107 91 112 

60 ~ 75 - ~ ~ - 113 128 11s 136 

75 ~ 90 126 144 156 155 147 154 136 161 

8 

O - 15 24 ~ L7 24 16 a4 9 17 

15 + 36 43 ~ 36 44 44 Oo wi oo 

oO = 45 68 ~ 55 6S 6S 76 ol 6o 

45 - 80 94 ~ 76 90 85 160 72 102 

60 = 75 117 - o7 120 107 124 95 114 

70 + GO 139 ~ 125 L159 126 146 110 1é2 

C 

Q-~- 15 ~ - 1s ~ 16 17 16 ao 

15 = 30 ~ - 40 ~ oo oo oo 45 

S50 - 45 - - 6S - 26 GO o6 67 

Oo ~ 6O - - Be ~ 75 Gl 76 387 

60 = 75 - - LGS - 82 L106 96 108 

123 111 126 i po
) & ~ 75 - 9O - ~ 124



TARLE XIT 

Respiration of Agrobacterium tumefaciens on 
Mannitol in Fresence of Frilium (Blend 6) 

Time in 

Minutes 

A 

O- 15 

15 - SO 

75 = 90 

15 - 350 

SQ - 45 

45 = 60 

64 

LOS 

Concentrations of Frilium 

0, 0% 

Og 

40 

27 

45 

05% 

COn 

_ 

el 

39 

eS
 

Li 

17 

a? 

o4 

44 103 

10% 

a 

o2 

46 

O09 

L6 

2g 

oo 

75 

36 

73
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TALL XIII 

Respiration of Agrobacterium tumefaciens on 
Krilium (Blend #6) as the Substrete 

Concentrations of Krilium 

ime in 0, O% 05% » 10% 1.0% 
Minutes 

A On COs Os COs Oo C05 Oo 

QO - 15 - - 14 14 9 6 14 

15 ~« 30 - - 19 el Li 7 20 

SO = 45 ~ - Ce oe 16 Li Oo 

45 = 60 - - ey au eG 13 45 

60 - 75 - ~ oo eu Le 16 o4 

75 =~ 90 - - oO oO Zo 20 64 

B 

O- 15 - 7 9 - ii 

1S = 36O - L2 L&E - a4 

40 - 45 - 13 el ~ 36 

45 = 60 - 16 20 ~ 4" 

60 - 75 - 1 29 ~ 60 

75 = GO - el 35 - 73 

C 

O- 15 ~ 7 - - Le 

15 = $0 - 13 - - oo 

oO = 45 - L4 ~ - ob 

45 ~ 60 - L5 - - 46 

60~ 75 ~ 20 ~ ~ a5 

75 =~ 90 ~ 25 ~ ~ 65 

10 

20 

45 

o5 

&7 

16 

et 

o7 

47 

54



PanL & XIV 

Hespiration of Agrobacterium tumefeciens on 
Glucose in Fresence of Krilium (Blend #9) 

Time in 

Binutes 

Og 

29 

56 

B7 

26 

o6 

GO 

a4, 

60 

{ 
iO
 

od
 

Concentrations of Krilium 

0.0% 

COs 

21 

46 

69 

14 

23 

50 

65 

75 

if 
05% 

COn 

11 

21 

32 

39 

50 

10% 

O35 

82 

ll 

ei 

zo 

nay 

43 

og 

17 

19 

o4 

44 

o4
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VTAGLE XV 

Respiration of Agrobacterium tumefaciens on 
Suceinate in #resence of Krilium (lend #3 ) 

Concentrations of Krilium 

Time in 6.0% 0 G5% »1lO% 1.0% 
NVinutes 

A On C0 Op Cp Og Oy Oo COs 

Co - 15 - ~ 17 21 21 - ~ ~ 

15 - 30 44 5S 42 50 43 ~ 41 32 

SO ~ 45 ~ - 64 7 67 - ~ - 

45 = €0 a7 OL 65 97 8G - B82 68 

60 - 75 - - lof 115 110 - ~ - 

73 =—- vO 1lZb 144 del LS& 135 - 119 105 

b 

O - 15 24 - 12 - 22 ~ 16 ~ 

15 - 30 43 ~ 28 - 45 - 30 _ 

SO + 45 68 - 46 - 71 ~ 50 ~ 

45. - 60 94 - 66 - Bg ~ 66 - 

60 - 75 117 - 61 - 110 - 62 ~ 

75 = 9O 139 - 110 ~ 129 ie ag - 

C 

O- 15 - - - - - ~ 15 19 

15 = 30 - - - ~ - ~ 31 3S 

30 - 45 ~ - ~ - ~ - 43 56 

45 - 60 ~ - ~ - - ~ 63 77 

60 = 75 - - - - - - 79 94 

75 - 90 - ~- - ~ - - Gee 103



TABLS XVI 

Kespiration of Agrobacterium tumefaciens on 
Vannitol in Presence of Krilium (Blend #9) 

Time in 

Minutes 

64 

106 

68 

LOS 

Concentrations of Krilium 

4&7 

61 

S
 

©
 

t& 

ol 

42 

05% 

CO. 
8 

on
 

ll 

L? 

ois 
tat 

we we 
ts

 
c:
 

ch
 

12 

lé 

Zo 

O56 

45 

» 1LO% 

C05 

7 

11 

te 
no
 

~d
 

N 
qi
 

)
 

ae
 

40 

af 

1. Oj



TAoLa XAVIT 

Kespiration of Aprobeacteorium tumefaciens on 
Krilium (flend »%) as the Substrate 

Cornceritrations of Friliun 

Tire in 

Minutes 205k 210% 1.0% 

A Oo COn Cy GO Oe COg 

O - 15 5 4 5 9 12 

15 - 30 11 13 8 9 16 18 

30 - 45 le 16 il 11 25 26 

45 - 60 16 18 13 14 25 29 

60 - 75 21 3 16 15 31 3O 

75 = 90 24 25 19 18 35 37 

fs 

G - 15 9 - -~ - 6 9 

15 - 36 13 - 14 - 12 12 

30 "= 45 16 - - 20 20 

45 - 60 20 - 25 - 25 22 

60 - 75 25 - ~ - 28 30 

75 - 90 28 - 38 - 3S 34 

C 

O- 15 - - 3 11 - - 

15 - 30 7 - 11 20 ~ - 

30 - 45 g - 13 21 - - 

45 - 60 14 - 17 24 - - 

60 = 75 17 - 20 26 - -
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Concentration of Krilium 

Figure 3. Oxygen uptake of Rhizobium trifolii 205 
on .02 M Glucose in presence of Shown concentrations 
of Krilium (Blend #6). 1.5 mg. cells - Time is 
90 minutes.
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Figure 4, Carbon dioxide liberated by Rhizobium 
trifolii 205 on .02 M Glucose in presence of shown 
concentrations of Krilium (Blend #6). 1.5 mg.cells 
Time is 90 minutes.
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Figure 5. Oxygen uptake of Rhizobium trifolii 205 
on .02 M Succinate in presence of shown concentrations 
of Krilium (Blend #6). 1.5 mg. cells - Time is 90 
minutes,
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Figure 6. Carbon dioxide liberated by Rhizobium tri- 
folii 205 on .02 M Succinate in presence of Shown con- 
centrations of Krilium (Blend #6). 1.5 mg. cells - 
Time is 90 minutes,
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Figure 7. Oxygen uptake of Rhizobium trifolii 205 
on .02 M Mannitol in presence of shown concentrations of Krilium (Blend #6). 1.5 mg. cells - Time is 90 
minutes,
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Figure 8, Carbon dioxide liberated by Rhizobium 
trifolii 205 on .02 M Mannitol in presence of shown 
concentrations of Krilium (Blend #6). 1.5 mg. cells 
Time is 90 minutes.
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Figure 9. Oxygen uptake of Rhizobium trifolii 205 
on shown concentrations of Krilium (Blend #6). 
1.5 mg. cells = Time is 90 minutes,
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Figure 10. Carbon dioxide liberated by Rhizobium 
trifolli 205 on shown concentrations of Krilium 
(Blend #6), 1.5 mg. cells - Time is 90 minutes.
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Figure ll. Oxygen uptake of Rhigobitm trifolii 205 
on .02 M Glucose in presence of Shown concentrations 
of Krilium (Blend #9), 1.5 mg. cells - Time is 90 
minutes,
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Figure 12. Carbon dioxide liberated by Rhizobium tri- 
folii 205 on .02 M Glucose in presence of shown con- 
centrations of Krilium (Blend #9). 1.5 mg. cells 
Time is 90 minutes,



oe 

~---~ Endogenous 

1401 
  

  

  

  

120} — 

  

  

100] 
  

  

  

BO 

                                

0.0% 095% . «10% 1.0% 
Concentration of Krilium 

Figure 13, Oxygen uptake of Rhizobium trifolii 205 on 
«92 M Succinate in presence of shown concentrations of 
Krilium (Blend #9). 1.5 mg. cells, Time is 90 minutes.
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Figure 14. Carbon dioxide liberated by Rhizobium trifolil 
£05 on .O2 M Succinate in presence of shown concentrations 
of Krilium (Blend #9). 1.5 mg. cells - Time is 90 minutes.
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Figure 15. Oxygen uptake of Rhizobium trifolii 205 on 
002 M Mannitol in presence of shown concentrations of 
Krilium (Blend #9). 1.5 mg. cells - Time is 90 minutes.
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Figure 16. Carbon dioxide liberated by Rhizobium trifolii 
205 on .02 M Mannitol in presence of shown concentrations 
of Krilium (Blend #9). 1.5 mg. cells - Time is 90 minutes,
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Figure 17. Oxygen uptake of Rhizobium trifolii 205 on 

shown concentrations of Krilium (Blend FS), i.d mg. cells 

Time is 90 minutes.
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Figure 18, Carbon dioxide liberated by Rhizobium trifolii 
205 on shown concentrations of Krilium (Blend #9). 1.5 mg. 
cells ~ Time is 90 minutes,
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Figure 19, Oxygen uptake of Agrobacterium tumefaciens on 
e92 M Glucose in presence of shown concentrations of Kril- 
ium (Blend #6). 1.5 mg. cells - Time is 90 minutes.
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Figure 20. Carbon dioxide liberated by Agrobacterium 
tumefaciens on .02 M Glucose in presence of shown con— 
centrations of Krilium (Blend #6). 1.5 mg. cells - 
Time is 90 minutes,
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Figure 21. Oxygen uptake of Agrobacterium tumefaciens 
on .Q2 M Succinate in presence of shown concentrations 
of Krilium (Blend #6). 1.5 mg. cells - Time is 90 minutes.
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Figure 22. Carbon dioxide liberated by Agrobacterium tume- 
facitens on .02 M Succinate in presence of shown concentrations 
of Krilium (Blend #6). 1.5 mg. cells - Time is 90 minutes.



62 

1201 

-~~--— Endogenous 
  

    

      

1LOOL 

  

SO 
  

  

  

  

6G 

Oxygen 

20                                   
0.0% 05% «10% 1,0% 

Concentration of Krilium 

Figure 23, Oxygen uptake of Agrobacterium tumefaciens on 
«O02 M Mannitol in presence of shown concentrations of 
Krilium (Blend #6). 1.5 mg. cells - Time is 90 minutes.
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Figure 24, Carbon dioxide liberated by Agrobacterium tume- 
faciens on .02 M Mannitol in presence of shown concentrations 
of Krilium (Blend #9). 1.5 mg. cells - Time is 90 minutes.
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Figure 25. Oxygen uptake of Agrobacterium tumefaciens on 
shown concentrations of Krilium (Blend #6). 1.5 mg. cells 
Time is 90 minutes.
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Figure 26. Carbon dioxide liberated by Agrobacterium 
tumefaciens on shown concentrations of Krilium (Blend #6). 
1.5 mg. cells - Time is 90 minutes,
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Figure 27. Oxygen uptake of Agrobacterium tumefaciens on 

.02 M Glucose in presence of Shoon concentrations of 

Krilium (Blend #9). 1.5 mg. cells - Time is 90 minutes.
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Figure 28, Carbon dioxide liberated by Agrobacterium tume- 
faciens on .0< M Glucose in presence of shown concentrations 
OF KrTlium (Blend #9). 1.5 mg. celis ~ Time is 90 minutes.
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Figure 29. Oxygen uptake of Lerobe chert tumefaciens on 
-02 M Succinate in presence of shown concentrations of 
Krilium (Blend #9). 1.5 mg. cells - Time is 90 minutes.
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Figure 50, Carbon dioxide liberated by Agrobacterium tume-~ 
faciens on .02 M Succinate in presence of shown concentrations 
of Krilium (Blend #9). 1.5 mg. cells ~ Time is 90 minutes.
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Figure 31. Oxygen uptake of Agrobacterium tumefaciens on 
«O2 M Mannitol in presence of shown concentrations of 
Krilium (Blend #9). 1.5 mg. cells - Time is 90 minutes.
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Figure 42. Carbon dioxide liberated by Agrobacterium tume- 
faciens on .92 M Mannitol in presence of shown concentrations 
of Krilium (Blend #6). 1.5 mg. cells - Time is 90 minutes.
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Figure 33. Oxygen uptake of Agrobacterium tumefaciens on 
shown concentrations of Krilium (Blend #9). 1.5 mg. cells 
Time is 90 minutes,
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Figure 64. Carbon dioxide liberated by Agrobacterium tume- 

faciens on shown concentrations of Krilium (Blend #9). 
L.5 mg. cells - Time is 90 minutes.
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DISCUSsION CF RASULTS 

Tne effect of Krililum on the respiratory activities of 

Rhizoblumn trifelil 205 and Agrobacterium tumefaciens was in- 
  

vestigeted by meens of the Yarburg respirometer. It was 

necessary to calibrate the “aerburge apparatus and cevelope a 

technique for using this instrument before tye investigation 

could be initiated. After the preliminary work was conducted, 

respiration measurements were made on the test or,anisms when 

these or.snisms were subjected to glucose, succinic acid and 

mernnitol respectively. The oxygen uptake and carbon dioxide 

liberation was measured when each organism was introduced 

to each of t.e above suostrates to which a given concentra- 

tion (.05%m .10% and 1.0%) of Krilium had been added. ‘Two 

blends of Krililum were tested in this investigation. ‘These 

blends of Krillum were signified by Vonsanto Chemical Com- 

pany as Krilium (Blend #6} and Krilium (Blend #9). 

The discussion on the resviratory activities of the two 

organisms, Rhizobium trifolii 205 and Agrobacterium tume- 

faciens, will be presented separately. Also the discussion 

of results pertsining to each specific substrate will be pre- 

sented sgepsrately, including the results of oxygen uptake and 

carbon dioxide liberation of the organisms when subjected to 

the substrsates containing either of the two blends of Kril- 

lum A weneral discussion will be given in an attempt to 

explain the results obtained when Krillum was added to the
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specific substrates, 

Respiratory Activities of Hhizobium trifolil - 
  

Kegpiration on Glucose - Krilium (Blend #6) - The 
  

respiratory retes of Hhizobium trifolli were determined 
  

wnen gluccese wes used as the substrate. hese determinations 

were made to estactlish a reference point whereby comperisons 

could be made of results obtained from exoeriments in which 

2054, 2.10% and 1.0% concentrations of Krilium had been added 

to the substrate, glucose. Keplicate determinations were 

made and the results obtained were consistant, 

It appears that the respiratory rate is slightly in- 

creased when Krilium is added to tne subdstrate. The increase 

in concentration of Krilium from .05% to 1.0% seemed to have 

no significsnt effect on the rate obtained after the initial 

addition of ,05%@ Krilium to the glucose. Approximately con- 

stant respiratory rates were obtained when the organism was 

subjected to the substrate containing tne concentrations of 

Krilium. The results can best be seen by observing Figure 

55, which shows the average oxygen uptake in presence of the 

varying concentrations of Krilium and substrate. 

Krilium (Blend #9) - Determinations of the respiratory 

activities of the ,iven organism were made using Krilium 

(lend #9) in the same manner as in the case of Krilium 

(blend #6). From the results obtained, it appears thet the 

respiratory rate of Khizobilum trifolli is decreased slightly
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when Krilium (Blend #9) is added to the glucose substrate 

in varying concentrations. 

Respiration on Succinate ~ Krilium (Blend #6) - Gaseous 
  

exchange is increasea to some extent when Krilium (blend #6) 

is added to e substrate of succinic scid, There is a very 

Slight increase in the oxygen uptuke when the concentration 

of Krilium is increased. When the concentration of Krilium 

is increased, the amount of carbon dioxide liberated in- 

creases to @ greater extent then does the oxygen uptake, 

Krilium (Blend #9) - Oxygen upteke decreased consistantly 

as the concentration of Krilium is increased. Even though 

the oxygen upteke did decreass, the amount of curbon dioxide 

evolved incressed directly with incressing concentrations of 

Krilium, It may be noted that the amount of carbon dioxide 

liberated is much greater when the 1.0% concentration of 

Krilium is used than with the other two concentrations, 

espiration on Mannitol - Krilium (Blend #6) - Strange 
  

resplratory rates were obtained for Rhizobium trifolli when 

mannitol containing, Krilium wes used as the substrate. When 

mannitol contelning .05%4 Krilium was used, both the amount of 

oxygen absorbed and carbon dioxide evolved were reduced. The 

reduction in the respiratory rate was even greater when the 

concentration of Krilium was increased to .10%, The peculiar 

results appeared when the concentration of Krillum was in- 

creased to 1.0%. Instesd of obtesining a decrease in the res-~
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piratory rate as was anticipated, results were obtained com- 

pareble to those obteined wnen mannitol containing no Kril- 

ium was used as the substrate. 

Krilium (Blend #9) - Oxygen consumption was shown to be 

Slightly decreased when the Krilium (Blend 9) was adved to 

the mannitol substrate. A comparatively grester decresse in 

carbon dioxide liberation wes demonstrated to accompany the 

decrease in oxyzen consumption, 

hespiration on Krilium - Measurements of the rate of 
  

gaseous exchenge were made wren the blends of Krillum were 

introduced as tne substrates for the organism, ‘The respira- 

tory rates of the orzanism were observed on .C5x%, .10% and 

1.0% solutions of Krilium, 

Krilium (Blend #6) ~ The rate of respiration of Khizo- 

bium trifolii on a .05% solution of Krilium wes approximately 
  

the same as the endogenous respiration. When the concentra- 

tion of Krilium was inecressed to .10%, the rate of rcospira- 

tion increased and continued to increase to a grester ex- 

tent when a 1.0% solution cof Krilium was used as the substrate. 

Krilium (Blend #9) - Kespiretion of Rhizobium trifolti 

on Krilium (Blend *%) wes very nearly the same as the endog- 

encus respiration, In sone cases the rate was even leas 

than the endogenous rates obtained, but on an average, the 

rates were tne same as the endogenous respiration.
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General Discussion - The effect Krilium (Blend #6) had 

on the respiratory rates of Khizoblum trifolii wes not the 

same for each substrate, In the eases where wlucose, succinic 

acid and Krilium (Blend #6) were used as the substrates, an 

increase in respirstory rates wes obtained. When mannitol 

was the substrate in the presence of .C5% and .10% Krilium, 

there was a considerable decrease in tre respiratory rate, 

Increasing the concentretion of Krilium to 1.0% brought a- 

bout a respiratory rate similar to thet obtsined when no 

Erilium wes presente 

A decrease in respiration was noticeable in each case 

when Krilium (Blend #9) was added to the substrate. 

Hespiratory Activities sf Agrobacterium tumefaciens - 

Respiration on Glucose - Kriliwn (Blend #6) - The res- 

piratory rates of Agrobacterium tumefaciens were effected 

to some extent when a .05% and .10% concentration of ¥rilium 

was added to the glucose substrate. The .05% solution de- 

minished the respirstory rate to a greater extent than did 

the .10% solution of Krilium. In the sresence of a 1.0% 

solution of Krilium, the activities of the organisms were the 

same as those obtained when no Krilium had been added to the 

substrate, 

Krilium (Blend 9) - A very noticeable decrease in resp-~ 

iratory rates was observed upon the addition of a .05% solu- 

tion of Krilium to the substrate, After an increase in con-



72 

centration to .10% krilium, the respiratory activities 

approached the control but was still lower than when no 

Krilium was present in the substrate. Similar results were 

obtained when the concentration of Krilium wes inereused to 

Kespiration on Succinate - Krilium (Blend #6) - A con- 

sistant decrease in oxygen consumption by Aprobacterium 

tumefeciens wus observed when Krilium was added in increased 

concentrations to the succinate substrate. 

Krilium (Blend 9) - A more significant decresse in 

respiratory rates wis observed when Krilium (Blend #9) was 

used tian when Mrilium (Blend #6) was added to the substrate, 

A 17% decrease in total oxygen consumption w.s noted when 

the concentration of Frilium was increased to a 1.0% level, 

Kespiration on Mannitol ~ Krilium (Blend #6) - No sig- 

nificant cnange in respiratory activities was observed when 

the ,05% and .10% solutions of Krilium were placed in the 

mannitol substrates. Yet, when the concentration of Krilium 

was increased to a 1.0% solution, the cxyxzen consumption 

showed a 25% decrease. 

Krilium (Blend 49) - The activitles of Agrobacterium 

tumefaciens were prently inhibited when Krilium (Blend #9) 

was added to the mannitol substrate, In the presence of 

.05%,.10% ard 1.0% solutions cof Krilium, the oxygen con-
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sumption of this organism was deminished to approximately 

one-half of its oxygen consumption when subjected to a man- 

nitol substrate containing no Krilium (Blend #9). me
. 

Respiration on Krilium - Krilium (Blend #6) « As demon- 

strated in Figure 42, the oxyren consumption of Agrobacter-~ 

lum tumefuciens increased considerably when subjected to a 
  

substrate containing only Krilium, 

Krilium (Blend #9) ~- There wes a noticeable increase in 

oxygen consumption when the organism was permitted to respire 

on Krilium (Blend #9) as the substrate, The increuse in the 

respiratory rate wes not as great as thet obtained for Kril- 

jum (Blend #6). 

General Discussion - Results obtained, when Agrobac- 

terium tumefaciens was permitted to resplire on the sub-~ 
  

strates containing Krilium (Blend #6), seemed to indicate 

that there was a slight inhibitory effect of the Krilium 

on the respiratory rates of the orgenism as the concentra- 

tion of Krilium was incrersed to a maximum of 1.0%. Addi- 

tion of a .05% and .10% concentration of Krilium to the sub- 

strate seemed to have a very slight effect on the resplra- 

tien of the orpanism. 

Krilium (Blend /¢) had a more adverse effect on the rate 

of respiration than did Kriltum (Blend #6). A very notice- 

able decrease in oxygen consumption wes observed when Kril-
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dum (Glend #9) was sddedi to tre three substrutes, 

An unexplained obdservetion was sade when Krilium was 

used as the substrate. The oxy,en consumption Increased 

as the concentration of Krillum was increased. Although 

the Krilium seems to have a slight inhibitory effset on the 

respiration of the organiam when added to sone otrer sube 

strate, there is an incresse in oxysen consumption when 

Krilium is used as the substrate. This indicates that the 

organisms are able to utilize the Krilium to some extent. 

The results obtained for both organisms can be better 

Lllustrated by Figures 35 - 42, The microliters of oxygen 

consuried by the organisms represents the averages of the de-~ 

terminations made for tne given conditicns as stated in 

gech of the folloving figures.
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Figure 35, Oxygen uptake of Rhizobium trifolii 
on .02 M Glucose in presence of shown concentra- 
tions of Kriliun. 
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Figure 56. Oxygen uptake of Rhizobium trifolil 
on .92 M Succinate in presence of Shown concen- 
trations of Kriliun,
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Figure 37. Oxygen uptake of Rhizobium trifolii 
on .O02 M Mannitol in presence of Shown concen- 
trations of Krilium. 
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Figure 38. Oxygen uptake of Rhizobium trifolii 
on shown concentrations of Kriliun.
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Figure 39. Oxygen uptake of Agrobacterium tume- 
faciens on .02 M Glucose in presence of shown 
concentrations of Krilium 

  
  

—__..- Blend #6 
14¢ ---- Blend #9 

13d = 

12e¢ a 
ul ~~. 

0 en NL 
*yEOR od ae 

100 

0.0% 205% «10% 1.0% 
Concentration of Kriliwum 

Figure 40. Oxygen uptake of Agrobacterium tume- 
faciens on .02 M Succinate in presence of shown 
concentrations of Kriliun.
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Figure 41. Oxygen uptake of Agrobacterium tume- 
faciens on .02 M Mannitol in presence of shown 
concentrations of Krilium. 
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Figure 42. Oxygen uptake of robacterium tumefaciens 
on shown concentrations of Kriliun.
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SUMMAKY AAD CULCLESIONS 

The respiratory rates of Rhizobium trifolli and Agro- 

bacterium tumefeciens were measured by use of a vurburg 
  

Kespirometer. A non-proliferating or "resting cell" tech- 

nigue was utilized in deswonstrating the erfect of Frilium 

on the oxygen consumption of the organisms when Krilium was 

aided to a given substrate, glucose, succinate or mannitol. 

two types of Krilium were used in this Investigation, 

Rrilium (Blend #6) and Krilium (Blend #9). Observations 

were made on the effect of verious concentrations (,05%, 

~10% and 1.0%) of the two blends of Krilium on the respira- 

tory activities of the test organisms, 

It was observed tnat Krillum (Glend #76) caused a notice- 

able increase in the respiratory rate of Khizoblum trifolll, 

wheress in the esse of Agrobacterium tumefaciens, no effect 

or a slight decreese was observed when Krilium (Elend #9) 

wos added to the substrate, 

A very noticeable decreases in respiratory rates was ob- 

served when both test organisms were permitted to respire 

on substrates conteining Krilium (Blend 9). 

Wnen Krilium (Blend «6) and Krilium (Blend #9) were 

used as the only substretes, an inerease in respiration rates 

of the organisrs was observed. 

Tt is ind@teative from this work that Krilium (Blend #6)



CF 

either causes &@ slight Iinerease In the respiratory ectivi- 

tiles or has no deleterious effect on the respiration of the 

test organisms, The results obtained, when using FKrilium 

(Blend #9), seem to indicate thst this blend of Krillum has 

an undesirable effect on the respiration of tre two organ- 

isms usec in this Investigation.
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