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INTRODUCTION

Active plant growth is a result of the interaction of
the hereditary constitution of the plant with its environment.,
In addition to light, moisture, heat, oxygen, carbon dioxide
and wéter; plants require from their environment a number
of metallic and non-metallic elements to facilitate the
propér functioning of their metabolic processes. The
elements used by plants have been classified as major and
minor elements aécording to the quantities in which they are
used by plants. Among the major elements are found potas-
sium and calcium, both of which are absorbed in fairly large
quantities. On the other hand, iron and manganese which are
of the minor element group are absorbed to a far lesser
extent, but nevertheless they have been shown to be indis-~
pensable for normal plant development.

The object of the present investigation was to deter-
'mine the action of the two major elements (Ca and K) on the
absorption of the two minor elements (Fe and Mn). Lime
induced chlorosis due to insufficient absorption or improper
iron metabolism, as well as manganese deficiency in highly
limed soils (5,28,%6,15) are practical demonstrations of the
action of one element on the absorption and accumuiation of
an other.

The absorption of iron and manganese in connection

with calcium and potassium supply have been studied by a
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number of investigators. Swanback,( 43 ) in his studies
~on the antagonistic phenomsna and cation absorption in
tobacco in the presencs and absence of manganess and boron,
has made some observablons related to the subjecte.

In this investigation an abttempt has been made to
study the absorption,by tomato and oat plants of iron and
manganese in culbture solutions containing different lsvels
of calcium and potassium and té compare bthe results thus
obtained with the conclusions drawn by Swanback #= ( 43 )
from his studies on Nicobiana. To facilitats adequate
comparison the compositions of the solutions used were es-
sentially similar to those of the solutions used by
Swanback ( #3 ). Some alberations, however, were mads,
primarily with regard to the microelements ussd to enable
simultaneous investigation on manganese deficiency (grey
speck disease). This was done with a view to continuing
the work previously carried out on this subject in the
Department of Bobany, The University of Manitoba, by Miss
Ruth Bulmen and which has already been desaribad in her
thesis(3),




REVIEW OF LITERATURE

Absorption of Manganese by Plants in connection

with Ca and K Supplye.

Mangenese occurs in the soil in several forms,
ises as exchangeable manganese, as & cation attached to
clay particles, as a part of organic matter and as a con-
stituent of certain minerals. Manganese deficiency
sympboms in plants may be due to 'a scarcity of this metal
in the soil in the vicinity of the plant root or the man-
ganege may be present in theréoil in a non-available
forme To be available to plaﬁts manganess must exist as
en exchangeable manganesse, as part of organic matfer or
in an inorganic easily reducible forume. In nature mans=
genese is very readily oxidizable thus made not available
for the vegetation. Therefore factors affecting the man-
ganic-manganous status in the soil are of great importance.
Sherman andﬁﬁhrmdr (37 ) stated that the manganilc-manganous
equilibrium in the soil depends on its acidity, lime and
phosphate conbent, clay content, asration tempsrabture and
the presencs of reducing or oxidizing agentbts. They showed
that neutral or alkaline conditions favor the formation
of manganous manganess and acid conditions of manganic

manganess. Sulfur retarded the oxidabtion of manganese. .




When strongly acid soils which were rich in solubls manganese
were limed the oxidation reduction equilibrium was shifted
toward ths mangsnous side and the soils.bacams mangane ss=
deficisnt with respsct to avallable manganesse for plant
growthe. Generally winbter conditions favor the formation
of the manganous ion and summer conditions the manganic ione
Manganese is leached easily from acid solls bub not so from
alkaline soils because of its greater solubility in the
formere.

Gilbert ( t0 ) found that manganese deficisncy is
linked with soil alkalinity, but the pH range in which
chlorasis may occur varies with crop and climate and notb
with the soil type. Genarally, however, manganese defi-
ciency symptoms have been fouhd in organic highly limed
soils, or sandy soills, as pointed out by Sherman and
Harmer (37 ). Gisiger ( 12 ) believed on basges of
analyses of straw that the availability of manganese is
 greater in acid and very alkaline soils than in neutral

or slightly alkaline soills,

Olsen ( 3] ) held that different plant speciss
absorb different amounits of manganesse from the same soil
and that different species can tolerabte differsnt amounts
of manganese with varying optima.

Miecrobiological aectivity may affect the sbate of

soluble manganese to some extente Cerretsen ( 8 )




thought that precipitation of menganic oxide in the soil
was causged by specific microorganisms when the PH was
between 6.5 and 7.8. WNaclachland (26 ) was able to iso-
late manganese oxidizing becteria and fungi and attribubed
the deficiency of available mangsnese in the soil to
microbial activitye

Morris and FPierrve ( 30 ) carried outb experiments
with Lespedeza which is very sensitive to menganese and
shows manganese toxicity symptoms at a concentration of
S PePelle They found that by increasing the calcium
concentration in the culture sclutiong from 12 pepeme L0
60 pepeme or 300 pepems there was no effect in reducing
mangenese toxicity. There was even some indication that
mangenese toxicity was increased in the higher calecium
levels. No evidence was found to show that calecium reduced
the toxicity of mengenese as reported by Hewlitt (/5 ).
‘However, liming has been found to be beneficial to the
growth of L@sgedéza in acid soils and this probably might
be due, at least in part, to the fact that liming decreases
the aemount of soluble mengesnese present in the soil. It
was found that edd water-soluble manganese was diminished
on liming soils and bringing the pH up to values of 5.5
to é?@’

Swanback, (%3 ) in a study of cation absorptim

by tobacco plantsg ocbserved that there was an antagonism




between calcium and mengsnese. Symptoms of mangsnese
deficiency were very pronounced with high calcium in the
culture solutions, legs wilith medium, and not noticeable
with low calclum. Manganese deficiency symptoms were
found to appear where calcium hindered the absorptiocon and
utilization of manganese at low menganese levels. Hewltt
( 15 ) thought that calcium as an element clearly anbag-
onized tha intake of manganase; His experiments have been
done in sand cultures. Sugar canse and cauliflower were
affected with manganese toxicity in acid soils; however,
the calcium status modified the toxicity effects consider=
sbly. %ith.increasing calcium the toxicity effects
decreaseds

Burstrgm ( 4 ) in his work upon the role of man-
ganese in the nitrate assimilation, showed definitely an
antagonism between potassium and manganese. In lower
potassium concentrations the intake of manganese by wheat
increased by increasing potassium concentrations from
K = 1/2000 mol. to K = 1/1000 mol., but fell rapidly when
potassium concentrations were increased further to |
K = 1/500 or K = 1/125 mol. [He called it a typical cation
antagonism.

MeCool (27 ) showed that ﬁ/SQO ﬁ-Olzin distilled

water prevented the growth of wheat seedlings and N/200




ﬁnolzwas extremely toxice This deleteriocus action was
overccme by the presence of N/B0 KC1 in the nutrient
solution. A4 weaker solution of KC1 (I/500) was antago-
nigtic to mangsnese absorption but to a lesser extent

than more concentrated solutionse A N/50 KC1 solution
was found to be very injurieus to roots of wheat seedlings.

The presence of either /500, /2000 or /500 MnCl, coun=

2
teracted this effect, showing that there existed a mutual
antagonism between pobassium and mangsnese. In the same
paper McCool sbated that he found a definite antagonism
between calcium and manganesee. By means of several experi-
ments he showed that manganese was rendered innocuous by

the addition of calcium, e.g. 2 pure solution of N/4000
InCly was toxic to Canada pea seedlings, but when a stronger

sclution of /1000 MnC12 was mixed with N/2000 CacCl injury

22
due to manganese was greatly reduced. Protective action
existed as well with variocus different combinations of
calecium end menganese. He further found from repeated
experiments that large applications of lime Lo pobs of

soil overdosed with manganese resulted in a more vigorous
development of the plants in the potse. Swenback's ( 43 )
determinations of the manganese content of shoots and roots
of tobacco plants,grown in different levels of potassium

and calcium and 00054 millimol. of menganese per litre,

showed that caleium has a reducing effect on both the




intake and translocation of manganese to the lesaves,
while no such effect was suggested regarding pobassivm.

Abgorption of Iron by Plants in Connection

_with Ca and K supply.

Iron is more sbundant in the soil than mangsnese
and is at the same time required in greater amoumﬁs by
plants. It.is available to plants in the ferrous condi-
tion as soluble iron or in the colloidal state. It may
. be précipitated in the soil by iron fizxing bacteria in the
form of ferric-hydrate, or it méy be transformed into the
ferric state Dby aﬁy oxidation proccesses possible ( 38 Je
Arnon in [194%3(1)in disegreement with Scmerz end Shieve's
( 43 ) view, expressed the opinion that both the ferrous
and the ferric form of iron, and not the ferrous iron alone,
should be regarded as metabolically actives

Chapmen ( 5 ). showed that colloidal iron can be
absorbed by plents, bub that it can be ubilized only under
certain condiﬁions@ He concluded from this that the
"water soluble® iron conten®t of a soil is not directly
related to chlorosis in plants, as part of the available
iron is probably associated with the soil colloids or is
itsell colloidale Colloi&él iron will remain available
unless it is absorbed.by the calcium carbonate in cal-

carecus soilse. In vitro, colloidal iron is most easily

brought into solution by weak acids in the presence of a




veducing agent, and Chapman ( 5 ) believed that by these
means 1t is bréught into solutien after absorption. The

colloidal iron cannot be re@ﬁc@d in chlorotic plantg, and
this Chapman ascribed to be thé result of a breakdown of

the oxygen exchange mechenism.

Iron compounds have long been regarded as oxygen
carriers in plants and animélse Disturbances in iron nu-
trition are probably the most commonly recognized nutri-
tional discorders causing chlorosis.

In connection with this Lindner and Harley ( 23 )
stated'that there are various ways in which the iron nutri-
tion of plants may be affected sc as to bring about chlorotic
conditionse PFour of the most commonly recognised types are:
{1) true iron deficiency, (2) an upset in the phosphat@»
iron balance, (3) an upset in the ironwmanganase'balance,
(4) a lime induced chlorosis. The latter is probably the
widest spread disorder of this type and it has assumed
serious proportions in the more arid regions where high
concentrations of calcium~carbonate and magnesium-carbon=-
ate: are present in the socil.

True iron deficiency occurs experimentally in
water culture solutions or sand culbtures, where the iron
level of the nutrient solutions 1is kept low, or the ab=-
sorption and utilisation of iron is retarded by the pH or

the presence of other metals., Since iron is so widely




10

spread in most soils, and since the amount of Iiron necessary
for normal plant growth is relatively small, this simple
type of chlorosis probably ocours frequently under field
conditionse

Sideris and Young ( 40 ) found that chlorosis,
due to iron deficiency, occurred in pineapple plants gener-
ally on mangeniferous soils and that it could be prsvented
by epplication of iron-sulfate. It may, however, develop
in non-manganiferous soils with pH values higher than 5.5
sspecially when treatsd with fertilizers which have a rssidu&l
alkaline reaction. Conseguently high pH causes oxidatlon of
iron with following precipitation of the latter.

Jonnson { 21 ) and Kelley ( 4% )} belisved that
manganese induces iron chlorosis by oxidizing ferrous iron
to ferric iron in the soil, a reaction comparable to that
oceurring at high pHe.

It has been found guite often that iron as well
as manganese is more soluble in acid than in alkaline S0ilse
The danger of diminishing the iron content in the soil by
leaching is therefore greater in acid soils, especially
when poor in lime.

McGeorge (28 ) concluded from Johnson's ({ 20 )
and Kelley's (22 ) data that pineapple chlorosis on mangan-

iferous soils was due to a greabter assimilation of calcium




11

and that the principal disturbance was the greafter immo-
bility of iron in the plants caused Dy sxcessive lime cone
tent in the stalk and leaﬁes; since iron was present In
equally available form in bobth, manganiferous and non-
manganiferous soils of equal pHe |

¢ile ( H ) distinguished between manganesse
induced chlorosgis and lime indvced chlorosis, and statsd that
manganess induced chlorosis in pineapples in Hawall was in
part due to iron deficiency in the plants induced by mangan-
ese, while the lime induced chlorosis in Puerto Rico was
dus to o lack of iron in the plants induced by calcium car-

B

vonate diminishing

ct

he availsbility of iron in the soil.

6]

Tunmann ( 44 ) found that "high lime® plants

P

displayed an iron immobility charscherized by copilous pre-

o
L

e

cipitation © ron in the roots with a tendency to diminish
in aerial parts to such an exbsent as to introduce iron

chlorosis symptomse Loehwing (24 ) and Shigve (38 )

o

imilar opinionss

L,

expressed s
| Hopkins and Wenn { 17 , 46 ) held that iron is
removed by adsorption on calcium phosphate, which gradually
pracipitates when solutions become alkaline. This is a
yhysiooughsmical effect which may influence irvon availability

e culture media.

Q

within the plant as well as in ti

k

The oxidation of iron in the plants, as suggested

by Shigve (38 ) was ascribed to the fact that the btriva-
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lent manganese has a higher oxidation reduction potential
than the divalent iron. The same ability to induce
chlorosis was stressed for cobalt whers valency change was

assoclated with a still higher pobential.

&

Chlorosis due to an upset in the iron-manganess
balance has been discussed more often and the general
cpinion seems to be that it leads Lo a disburbance in the
oxidation=-reduction potential wherseby the functioning of
iron is disturbed. However; in some cases a mutual antaguk
onism between iron and manganese has been suggested; where
chlorosis was due to a retarded absorption of one of these
metalsl, 45). |

Lime induced chlorosgis was studied more recently
by Lindner and Harley (23 ). They reported that thers
was no congistent correlation between the total iron con-
tent in leaves and lime induced chlorosis. Furthermors
thers seemed to be no correlation between lime induced
chlorosis and the phogphate-iron balance. It would thus
appear that lime indﬁced chlorosis is not associated with
the other types of iron chlorosis. In some cases a lower
iron content may be‘a contributing factor in lime induced
chlorosis but other factors must also be significant,

Lime induced chlorosis is probably brought about by a com-
plex of causes whose interrelations are not yet fully es-

tabhlished. There was always found a rslatively high
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potassivm-caleivn ratio by Lindner and Harley (24 ) in
chlorotic leaves which lead to the suggestion that a rela-
tively high potassium level induces chlorosis by replacing
the iron in the enzyme responsible for chlorophyll forms-
tion, thereby inactivating the enzyme.

Parsche (39 ) showed that calcium=chloride,as
well as calcium=-carbonate,may induce iron chlorosis in
lupine even though the calcium chlovide'did not affect
the pH of the soil apprecisblye

Bennett { 2 ) stated that pobtassiuvm deficiency
caused & chlorosis of plum trees which appesred to be a
disturbance of the functicniﬂg'of irone. The chlorotic
lesaves did not respond to iron applications which usually
cure lime induced chlorosgis, bub they became green when
large applications were made. In this form of chlorosis
potassivm=calciuvm ratios were lower in chlorotic than in
green leaves. A disturbed iron functioning here thus seems
to be due to a ratic of potassium to caleium opposite to
that existing in lime induced chlorosise | |

Hartt ( 14 ) found 2 nodular sccumulation of iron
in sugar cane where plants were starved for potassium.’
The addition of potassium to those plants caused some of
the iron Lo pass up into the leaf bladss. McCeorge ( 29 )
stated that both potassium and phosphorus ai@ in the dis-

tribution of iron and aluminum in the nodses of cane.




Iron toxicity s?mptams cccurred in plants starved of potash
although they conbtained less iron than plants with good
growth, thus sgpporting the view that the toxieity of iron
in sugar cans is rather due to its wnequal digtribution
than to its tobtal concentrations HMoreover, it must be
taken into account that pobtash starvation may lead to lron
toxicitye

Sideris and Young ( 40 ),working with different
amounts of potassium on growth and ash constituents of
pineapple, found that the plants growing in "high potassium”
cultures (205 mg K/L) conteined more iron than those in
"low potassium® cultures (4 mg K/L)e The greater accumu~
lation of iron in the "high potassium" cultures had possi-
bly resulted from the higher rate of metabolic activity
which in turn increased the absorption of irone The
greater amount of iron which was found in the roots in
"high potassium” cultures then in "low potassium” cultures
was probably due to the fact that iron was attracted té the
root surface by some physico~chemical force generalted in
the cells almost proportional to the metabolic achivity
of the cells, as indicated by the betier growth of "high
potassium® plants. In the same set of experiments the
plants given ammonia as a nitrogen source conbained more
iron than those glven nitrates, indicating that the higher

hydrogen ion concentration in the ammonium series had




onn of iron by increasing its sclubiliiye.

)

fevored the absorpt

Rhode ( 35 ) stated that pobtassium-deficient
plants contained low smounbts of iron but high amounts of
manganese. lMoreover he asserted that catalytic enzymes
which contain iron and influvence assimilation either de=
crease or completely cease their activity in potassium-
&efi@iani plants, whereas enzymes containing manganese
are able to continue their function in assimilation and in

‘congegquence promote certain metabolic changes which cease
o account of iron deficiency.

From the statements cited above it seems that
pobassiuvm does not have a direct effect upon the ebaorption
of iron. In low concentraticns of potassium the absorptiom
of iron is inhibited by lower metabolic activities of the
plant; a too high concentration of potassium disturbs the
enzyme system by replacing iron in these compoundse

As regards calcium, Swanback ( 43 ) suggested that
absorption of iron is retarded by calcium. The approximate
translocation guotient for iron was 1.0 at low calcium con=
centrations (0.042 g Ca/L) while in the cultures with high
amounts of calcium (0.143 g Ca/L and 0.403 g Ca/L) the
guotient was lowered to 0.20 or less. He thought it was
possible that insoluble iron compounds were formed in the
roots and therefore not translocated.

Ia}

Chapmen ( 5 ) working with Pinus maritima,

st
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found that excessive caleium combined with menganese was
rapidly fatel by producing iron chlorosis, while high
calcium without manganese was tolerateds.

| Hess ( I3 ). stated that with calcareous soils
excessive soil moisture resulted in high pH valuss, thus
making iron unavailable both inside and outside the plant,

and so causing chlorosise.
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MATERTALS AND METHODS

l. Methods of Cultivation

The water culture method was used throughoutb.
Although exaet duplication of soill conditions was not possi-
ble, it was felt that for experimentsal purposes, particu-
larly in nutritional studies; soil culture methods would
entail extensive and elaborate analyses. Ordinary soil
iz difficult to use because of its complicated physico=
chemical structure. In addition, a series of complicating
factors would be involved. Therefore the waber culture
method seemed best adapéed to studies on the absorption
of salts. and elements, and their effects on each other and
on the plants. Ffurthermore the composition of the aqueous
nutrient medium is known and can be easily analysed and
altered, if necessary, at any time.

Water culture of plants creates certain problems,
when normal growth is desired. A proper balance of salts,
aeration of the root system, and a sabisfactory pH must
be provided.

Under greenhouse conditions the required light,
humidity and bemperature were present. However, only a
few of the experiments could be carried out in a green-
house. Frequently plants were grown in a small laboratory

where the culture vessels were placed on tables facing
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ht was supplied by

£
&

north-east windows. Additional 131
three 40 watt fluorescent lamps suspended above the plants.
On cold days infra red lamps provided heat. Although the
temperature in the room was very dry, satisfactory humidity
was obtained by keeping the cement [loor moist.

The conditions in the small laboratory were far
from optimal, which caused many difficulties throughout
the course of the studiese.

During the summer months the plants were grown
in a larger labpratory in front of sast and soubh facing
windows where the light conditions were somewhat better.
The temperature also was more favourable during this tims.

In the spring and summer months‘fungi and bac-
teria attacked the roots of the plants so heavily in some
cases that the material had to be discarded. NMicroscopic
examination revealed the presence of bacteria, Olpidium

bragsicae, Fusariwm and species of the Mucorsles.

Tometo seedlings suffered frequently from the damping off
disease which 1s known to be caused by Pythium. In order
to reduce fungus infection, seed-borne organisms on the
tomatoes were controlled by a heat treatment. The sesds
ware kept for 25 winubtes in 2 water bath at 50QG, there=-
after they were allowed to germinate under aseptic condi-
tiong. Seedling diseases were controlled with mercuric

chloride (2 pepem. of mercuric chloride added to the
pep ,




nutrient solution). The plants were kept in such solu-
tions for one weeke. The presence of mercury even in this
concentration markedly depressed the growth of the bomato
plantse The fungl appesared, however, to be unable to sur-
vive the mercurial treatment as transplanted plants showed
normal growth without fungal attack. In some caseg it
was found that frequent dipping of the temato roots in en
agueous solution of 10 pe.pe.ms of mercuric chloride for one
or two minutes helped to suppress the growth of fungi.
Oats in general wers more difficult Lo grow in
culture solutions than bomaboes. They suffered more
severely from fungal énd becterial attacks, and difficul-
ties were énoountered in controlling these organismse
Despilte the’culture difficulties it was possible
to obtain a considersble number of normal, healthy plants
with which to carry out the desired experiments, thus mak-

ing it possible to obtain certain definite results.

2e Nubtrient Solutions

The nutrient solutions were prepared from Fisher,
TePo or Be.D.H. AnalaR salts and distilled water, prepared
in a Barast@ad stillo The pH of the distilled water was
6.5, A 2000 mi0 semple of it was evapcrated to a volume
of 25 ml. and tested by spectrophotometric analyses for

iron and Mangenesee. The analyses did not indicate




20

the presence of elther of these slemsents, and the distilled
water was therefore considersd to be free from them.

A test of stock solutions did not show the pre-
sence of lron or manganese in detectable amounts, and as a
result they were not purified. The stock solubtions wers
10 times th§ concentration of the working nutrient solutions.
These were prepared separately for each of the low caleium,
high calcium and potassium series. The low calcium series |
contained 0.42 g. of caleium per litre; the high calecium.
series contained 1.43 g. of calcium per litre; while potas-
sium wegs not included in the potassium seriss stock but was
added as required to each of the nutrient solutions. The

compositions of the solutions are given below.
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Composition of the salts in the

"low caloivm®” series.

Salt ge DOT
Ca(li0g) g+ 4H,0 0425
I ‘F }? B Ligy @ 56
ﬁa.{z 045 ‘dQ 0.156
KEOS 0,214
NaNOS 0,037
Mg {NO@}gsﬁﬂEQ 032

0632

Na~50, « LOH
Tas550, .+ 10,0

w

nutrien

L

Composition of the salbts in khe nubtrient

"high calciun' series.

Salt Ze per L
Ca(l0z) e 4H,0 0847
NaHpP0, .Hs0 0.156
Mg 80,.7H0 0.308
K530, 0.185

Composition of the salbts in the nutrien

potassium series.

A
W

2l

%y b 2
SOoLACLONS

golubions

solubtions

Salt ge. per L of solubtion
Ca(&Og}%eéﬁzo 0,847
l\xaﬁg?géﬁﬁg{) Osl56
EESOQ A Q.06

B 0.82
G 0.6
D 1.0
Mg S04.7Ho0 0.308
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3s Plants.

The expesriment was designed to inelude studies on

c-.i—
[}

mono= and dicobyledonous plantse The monccobylsdon used was
J E !

the strain Tama of Avens sativa L. while the dicotyledon was

the garden strain of Marglobe of Lycopersicon ssculenbum.

Seed samples of the oats werse provided by Dr. W.H.Hagborg of the
Laboratory of Plant Pathology from experimental plots at Oglk

Bank, Manibobae The tomabo seeds were obtained commercially.

4., Method of Geraminstion:

"

The sesds were germinated on elither moist guartz sand
or ashless filter paper. Impurities were removed from The
guartz sand before usse. This was done by treating it with
1O per cent nitri@'asid for one days, followed by several rinses
with tap wat@r:and then distilled waber until the pH of the
sand remained at G.5e

Germination of oat seeds on sand or filbter paper molge-
tened with distilled water was satisfactory. Sesdlings devel=-
oped within one week to a height of 5-6 inches. The tomato seeds

reguired a longsr period of time for germination, gnd in ad-

dition to waler a nubtrient solution without iron and manganese
had to be given. A4t the end of 3 weeks the tomato éeedlings
wers usually large enough for btransplantation into the cul=-
bural vessels containing the variﬁus nubrient solutions.

Both types of plants germinated and grew egually well on
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filter paper as on sand.  Because of the greater convenlience,
the seeds were eventuzlly germinated on filter paper. The
ghesets of paper were easily changed after use, while clesaning
the sand was a more complicated procedursce

Before the oat plants were transferred tco nutrient
solutions the endosperms wers removed in ordsr to prevent
contamination of the nutrient medls with material stored in
the seedss No such precautions were needed with btomatoes
bscause the storage organs of their seeds are the cotyledons.

Two separate micro element solutions were prepared fopr
boron, copper,; zine and molybdenume. Their compositions were
as follows:

Micro nubtrient solution I (ge. per litrs)

20860 g. HyBO,
0220 e ZﬂﬁﬁésVH‘gQ

0.080 Ze G’QSQéo 5H80

Micro nubtrisnt solution IT (ge per litrs)

0,075 g. MoOs

One millilityres from each stock solubtions was added to
one liter of nutrient media thus providing the plants with
008 pepems OFf boron,; 0,00 pepome 0Ff zinc, 0.02 pepem of
copper and 0.05 of molybdenure

Iron and mangenese were added in varying concentra-

tions depending upon the experiment.
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Iron was employed in seversl ways until e sabtisfachory method

ric ammonium citrate was used.

g-—‘

waé evelveds AT first fer
However, with this the iron preci lpitated rapidly, making it
necessary to change the golutions very oftemes In order %o
confirm the fach that the precipitate contained iron, the
sclution was filtered, and both the precipitate and the
filtrate were testede. The preclpitaue CO@tdlﬂ@ a far
higher concentration of iron than the fwls Verying
the pH within the range of 4 to 7 did not reduce or prevent
preciplitation.

Iron humate was next tried, although it is. known to
be a stimulator of bacterial growble Hornérg Burke and

I

Hooven ( g@ ) found that humate was more coenvenient t0 eme
ploy than other forms of ivon, such as sulfate,; citrabe or
tartrate

The following method was used for the preparatiocn of
iron humate.

To one litre of 30 volumesper cent sulphuric acid

which was brought to boiling, werse added 125 g. of sugar.
The mixture was allowed to simmer for three hours. After
cooling the liquid phase was discarded by filtering.
Concentrated potassium hydroxide or godium hydroxide was
added to the solid phase until it partially dissolved and

Y

gave an alkaline reaction when tested with phenelphthalein.
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The material was re-filtered and the sclid phase discarded
‘after one or more washings with dilube alkali. The alkali
extract containing relatively pure soluble pobtassium humate
was purified by precipitation with sulfuric acid at a pH

of 3=4, The liquid phase was discarded while the solid
hydrogen humabte was dissolved and neutralized with 1 to'

© per cent potassium hydroxide until the solution had a pH
of 7. Ohe litre stock solution of potassium numate was
prepared by adding distilled watere.

The concentration of the humate in the final solution
wag determined by precipibating it in a 5 ml. aliquot portion
with KOHe The precipitate was dried overnight in a weighed
fritted glass filter at 1009C, and reweighed. The ftotal
amount of potassium humate conteined in 1 litre of solution
was 20 gramse

Iron humate was prepared by the addition of fervous
sulfate to portiohs of potassium humate; KOH was used
to raise the pH to 8, thus preventing the solution to floc-
culate on standing. The K-humate reacted with approxie
mately 2 mge of iron per millilitere It was found that
plant growth was severely retarded in humate solutions
beéause of the profuse bacterial and fungal growthe.

Jacobsen (19 ) found that iron supply in nutrient
solutions could be maintained by the addition of ferric

potassium ethylene-diamine-tetra-acetic acid. This
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compound forms chelated GOmpl@Xes particularliy with
di and tri-valent ionse For the preparaticn of chelated
iron 2.6 gms of ethylene-diamine tetra=-scetic acid Wefe
Vdissolved in 26,8 mle of 1 N. potassium hydroxide. To this
2049 gms of ferrous sulfate (FeS0,.7Hg0) were added directly
and a brown precipitate formed. The mixture was diluted
to about 400 ml. with distilled water. The remaining pre-
cipitate was dissolved by adding drops of concentrated
sulfuric acid until the pH 5.5 was reached., A clear yellow
solution resulted at this acidity levele The solution was
diluted with distilled water to a volume of 500 ml. One
milliliter of the solution in ons liter of liguid provided
1 pepeme of iron. Chelated iron was used in the majority
of experiments and was found to be a satisfactory source
of irone |

| Thoroughly cleanéd pyrex glassware was used throughout
the experimentse The beakers, etc. were washed first with
aerosol and water, then placed in a cleaning’solution (made
of KoCrgOy and conce sulfuric acid) for at least one half
hour and then rinsed in five changes of distilled waters

5. Experimental procedure:

In the preliminary experiments the plants were grown
~in 150 ml. culture vessels. When four days old and about 5
inches high, the seedlings were placed on wet filter paper
sheets containing holes for the roots, and supported by

plastic discse The filter paper sheets were kept moist by
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suspending strips of filter paper through holes in the discs
and paper sheets into the culture solution. The shoot

- system was kept in 13 inch glass cylinders closed at the

top to maintain the humidity. The cylinders also served as
supports for the aerial portions of the plantse No ssration
of the nutrient medis was provided. According to Eastwood

{ 6 ) an@ubb oxygen should be supplled to small roobts by

a % to 1 inch moisture saburated air space betwaen the

tege The spate grade

]

golution level and the bessse of th

[0}

S.&J.G
ually had to be increased in depth as the plants grewe

During the preliminaﬁy experiment in the calclium

OQ

Seri@s~it was found that growing the shoobt systems enclosed
in eylinders was unsatisfact sory unless Tthe conditions wers
sterile, as moist sbagnant air promotes fungal growthe A4S
a result, the interncdes and leaves of the plants were ate-
tacked by these organismse In all furthe r experiments the
closed cylinders were eliminagted P}vthefmoée; acration

of the nutrient solubtions aids in the absorption of salbs
and thus results in better growth of the experimental plante{1p),
Conseguently in all labter experiments vessels of 300 ml.
capacity were used and filled with measured guentities of
250 ml. of nutrient solution and aeration was provided for
sach vessele. The wvessels were coversed with o inch square

o - 1 s n
paraffin coabted cardboard plates « % inch wide and 1 to 1=

inch long glass tubes were fitted into holes punched in
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the squarese The purpose of the bubss was to give a Ffimm
support to the plants. These were held in place by cotton

"

packing arcund the bases of the

w0
)

cotse

The arrangement of the aseration system was very con=
venlaent. Al/3 hepe. electric pressure pump forced the air
’intﬁ a series of glass Te-pieces which were joined together

with rubber connectors and supported by glass rods, stands

and clampse. Bent tubes were attached by rubber connectors

to each T-piece and these carred the alr to the bobtoms of

@

the culture vessels. The air pressure

[0}

were regulated by
serew clamps on each of the tubes leading bto the culibure
vessels. DBefore the air entered the T-tubes from the pump,

it was led through a cotton filter and moistened in a bubbler.
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Oat plants freguently required additional supporit

for their shoot system. ZEnameled wire loops wh

k)
LCO

encloaad

the shoot systems were provided for this purpose. The wire

waz attached to rods fastened to the stands above the plants.

' Black paper folded around the vessels excluded light from

the roots thus providing more natural conditicns and prevent-

ing growth of algaes. The gensral arrangement of these

experiments iz shown in Plate le.

A modification of the wet digestion method for plant

anslyses recommended by Sandelliwas employed in the first

experiment. The roots and shoots were anglysed togethser in

thig single case. Afber the roobs were thoroughly
with d

J

rinsed

istillied watbter, the plants were dried overnight in

an oven abt 100°C, and were then cooled in a desiccabor,

weighed, placed in beakers moistened with 1 ml., of dise-

tilled water, and digested in 2 ml. of concentrated

sulfuric acid and 5 mle. of concentrated nit

¢ acid on a hot

plate at boiling temperaturec. A few drvops of nitric acid

were added Ffron Ltime to btime until the plant materisl was

completely dissoclved and a clear solution was obtained. On

cooling & mle of distilled water were added and the sclution

evaporated again until white fumes of sulfuric acid appearaed

and approximately 1 ml. of the zolution was left in the

evaporating dishe The solution was then filtered and ths



filter paper washed with dﬁgmog into 2 50 ml. volumetr
flask, then made up to volume with dilstilled wabter,

The same wet digestion method as describsd for
plant material was used for analysing solutions conbaining
iron humate as otherwise the dark brown color of these
solutes would interfere with the colorimetric determinatbi
of iron and manganess. Solutions containing chelated iron
were colorless and could be analysed directly. 50 ml.
samples were btaken whensver the solutions were changed or

the ezperiment discontinued. The volumes of the nubrient
solutions were chacked before and after the plants were
placed in theme.

The iron determinations were carrisd oub by the
o-phenanthroline method described by Sandell {36 ) This
method 1s based on the reactlion cccurring betwesn ferrous
iron and the o-phenanthroline resulting in the formation
of an orange-rad complex KﬁilggaNgégFé)%+a Sandell men-
tioned that the color intensity is dependent on the amount
of iron preseﬁt irrespecbtive of the pH within the range of
2 to 9. PFull colox daveﬁaamezt occurs within one hour (36 ).
In the aralytical work herein reported it was found, howevsy,
that the most satisfactory results were obbalined when the pH
level was within the higher acidic range {(approximately

ault in full color

C&*

pH 3=5). The method outlinsd did not

development. Therefore minoy modifications of Sandell's
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method were mads.

The f@llawing procedurs was @myieged’far analybical
work. 4 B mle sample was taken from the 50 ml. volumetric
flask conbtaining the dissolved maberial or nubrient solutione.

This was used for debasrnination of the amount of 1l:1 ammo-

53
i
4
O
o
=3
fede
i
3
&

m hydroxide needed t© ¢ pH to approximately 4.
One half millilitre of both 1 M.acstic acid and 1 M sodium
acetate were added as buffers, and a few drops of bromo-
kresol green were used as a color Indicabor. A further 10

ml. of the solution to be analysed were transferred into a

25 mle volumebtric flaske. The reguired amount of buffer

ot

substance and l:1 ammonium hydroxide were added and the

Vsalution was made up Lo volume Withvdistill@d watere A

10 ml. portion of the working sample was placed in a test
tubs, 1 mle of hydroguinone and 1 ml. of 0.5% o-phenanthroline
sodutions were added. The hydroguinone solution [composed

of 6¢5 mle of 1 M acetic acid and 3¢5 mles of 1 M godium
acetate in 100 ml. of distilled water with 1 g. of hydro-
'»quincn@} reduced the ferric iron to ferrous iron while the
o=phenanthroline formed the orange-rsd complex menitioned
aboves. Spectrophotometric analyses were conducted based .

on the principles disct

f

ssad on pages 35-36.

e

For manganese debtermination 35 ml. of the dissolved

H

0

maberial were trangferred to a 150 mls bezker along with
5 ml. of concentrated nitric acid and 1 ml. of concentratsed
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sulphuric acid plus 0.1 gme of pobassium periodate. The

salati@nvwas heated to beiling point a2t which the reaction
2n + 5 Iéé + 3H28w~$v2Mn04 + 5 Tog +6H takes places
The purple color of the solubtion is a result of the pressnce
of the Mﬁ@é; The color intensity is dependent upon the
amount of manganese in the éolutign@ Some difficulties
arose in fthis connestion. With low amounts of mangansse
the color failed to develop, and somebtimes though develop=
ing, faded upon cooling or by the addition of watere |

Richards ( 3% ) peported the necessity of accurate
control of acidity in order Ho obtain satisfactory color
@evelogm@ﬁt with small quantities of manganese. The addim
tion of sulphuric acid prevented color fading within the
acidity range of 5-6j%. Excess acidity caused inadegquate
color development, or caused rapid fadimg@ Skinner and
Patterson {33 } aszhed 10=20 gms;'of animal materizl in a
muffle furnace at cherry red and were thus able to oxidize
the samples directly, with 0.3 gms. of potassium periodate
after they had been extrached with 85% phosphoric acid and
30=50 ml. of water and filtered. 0.0l mgs. of manganess
in 50 ml. gave a readable color.

As sulphuric acid is very difficult to evaporats,
and as spluttering tends to occcur when the amount of solu-

tion ig reduced, it sesmed advisable to reduce the aciditbty

fda

in the working sample and to eliminate the sulphuric acld
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if possible. In wet digestion it was not possible to omit
the sulphuric and nitric acide. Therefore én ashing method
seemed to be more sultable.

The method described by Lindner and Harley ( 23 )
was attempted. The plant material was dried overnight at
100°C., cooled iﬁ a desiccator and the dry welght deter-
mined. It was then ground in a synthetic sapphire mortar
to facilitate proper ashing. The size of sample used for
ashing was determined by the emount of plant material availe-
ables Samples varying from 0.2-=1 g. were agcurately‘weighﬁd
and ashed in silica crucibles in a muffle furnace at 550°C.
for 16 hourse. Following cooling in a desiccator the ash
was weighed and then moistened with one mle of distilled
water and dissolved in 5 ml. of 6N nitric acid by hesating
for 1l=2 hours.

When a residue was present it was necessary to filter
the solution through an ashless filter paper which had pre-
viously been washed with 6N nitric acid and distilled water.
It was found, however, in some cases-that the ash had not
been completely dissolved, when 1t was possible to detect
traces of iron and manganese on the filter paper. Therefore,
2 ml. of concentrated nitric acid were used& in addition to
the 6 N nitric acid to dissolve the ash, and drops of the
concentrated acid were frequently added to the mixture al-

ternately with some distllled water until a clear solution




