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' STUDIES IN PLANT METABOLISM

SECTION I -

INTRODUGT ION




INTRODUCTION

Thisbthesis consists of studies on, orAassociated with,
that branch of metabolism which deals with the nutrition of
plants, |

A disease of the tomato plant which is characterised by

a distinctive leaf chlorosis is fairly common In the glasshouses

of the West of Scotland, and for a nurber of years has been
very severe in the glasshouses of the West of Scotland
Agricultwal College's Research Statlon, Auchincruive, by Ayre

From certain aspects, the disease appeared to be a
nutritional sbnormality and seemed therefore to be a suitable
subject for physiological or bilochemical researche. No
previous Investigation of the disease appeared to have been
conducted, and so it was chosen for the central work for this
thesise |

One useful approach to the problem seemed to be by
chemical analysis of plant tissue; because of this, and
because similar methods could be used to deal with other
diseases of a nutritional character in general agricultural
and hortlcultural crops which had to be investigated from
time to time, a technique of tissue analysis was elaborated.
In this thesis that technique is described and discussed and
applied to the investigetion of the tomato disease.

There are therefore two main parts of the thesis,
namely, that which deals with the chemical and physical

methods employed in the investigation, and that in which
the/
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the actual experiments are described and discussede
The thesis is divided into five sectionsi=

Section I Introduction

Section IT Chemical and Physical Methods

Part I This consists of a discussion and
description of the plant analysis
technique.

Part II In %his, the methods used for soil
anclyses are discussed and described.

Part III In this part, the determination of
magnesium is dealt with as thls was
important not only for the immediate
problem but also for the other nutrition
studies, and as so much time was given
to studying methods and evolving a
satisfactory one,

Part IV ' In this are sumarised the mlscellaneous
methods of analyses used In the
investigatione

Section III Investigation of a nutritional dilsease
of the tomato plant.

Part I In this part the experimental work on
the tomato disease 1s describeds

The results of the experimental work are
here summarised and discussed.

Part II

Section IV Sumnary of Thesis and Acknowledgements.

Section Vv References to the Literature,

General aspects of the work in this thesis which the
author claims as original are (1) certain methods and
modifications of methods of analyses and methods of extraction,
in Section I, with particular emphasis on the determination

of magnesium; (2) the recognition of the tomato disease

as/
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as a magnesium deficlency and its correlation with the
potassium status of the rooting medium; (3) the investigation
of the effects of certain nutrient solutions of specific
osmot ic pressures and ratios of nutrient ions on the growth
of tomato plants; (4) the investigation of other features

of the disease and measures for controlling the disease.

i s o me L e e g oMt A e e
o~ B ST




STUDIES IN PLANT METABOLISM
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- CHEMICAL AND PHYSICAL METHODS

PART I PLANT ANALYSES
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PART T PLANT ANALVSES

1 REVIEW

Francis Home in 1757, is generally recognised as being
the first to utilise plant analyses as a method of studying
plant nutrition. However, Theodore de Saussure in 1804,
and Justus von Lieblg in 1840, firmly established the basls
of the science, and Liebig in particular utilised the study
of plant composition for determining the nutrient status
of plants, |

Liebig!s assumption that the composition of a plant
indicated exactly the fertilisers it required for maxlmum
growth was disproved by the field experiments of J.B. Lawes
and J.H. Gilbert in 1847, and simple plant analysls was
undoubtedly shown to be unsultable for that purpose.

Since the time of Liebig until about 1920, a number of
workers, Hellriegel (1) probably being the first, attempted

with varied success to find methods by which differences in

the composition of plants of the same variety couid be used
to determine the nutrients which were available or deflclent
in the soil for the growth of these plants.

Considerably more interest has been shown in the
plant-analysis technique since 1920, and the problem has

been approached in many ways. Some of these are discussed

below,

In/
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In the methods based on the analyses of plants for the
investigation of suspected gbnormaslitles in plant nutrition,
the snalytical results for the abnormal plants are usually
compared with those for normal plants of the same varilety,
of the same degree of maturity and growing under simllar
conditions. This may be done by collecting a large amount
of relevant analytical data and from these determining for
the appropriate nutrients, the percentage above which the
plants are normal and below which they are abnormal; such
limiting values of course, can be only aprroximate. On the
other Hand, the comparison may be made of abnormal plants
with normal plants of the same variety and degree of
maturity taken from the same field or glasshouse etc., at
the same time. Because of the considerable change in
composition of plants with growth, and the difficulty of
identifying accurately the degree of maturity of the plants,
and because of the possibility of other interfering factors,
1t would seem that the second method, that 1s, one of
direct comparison, is the better. In this direct
comparison method, however, it may not always be possible
to obtain samples of truly normal plants, but comparison of
abnormal plants with those much more nearly normal is
usually sufficient.

Plant analyses may also similarly be used to demonstrate
the effects of different nutrient treatments on plants,

Either/



Either the whole plant, or better, distinct anatomical
regions such as stems, petioles, leaves or laminae of leaves
etc. may be analysed, and it is important that the samples
chosen for comparison be taken from parts of the same degree
of development,

Oonce the samples have been taken, the methods of dealing
with them vary considerably and some of these afe discussed
below,

l. Total Analysis.

Many analysts, particularly spectrographlsts, prefer
to use this method which consists of the determinatlion of the
total amounts of the appropriate elements in the dry-matter
of the samples.

The results for abnormal samples are usually compared
or contrasted with those for normal (or more nearly normal),
_or with previously determined normal results as mentioned
before. Thomas and Mack (2), however, use a system,
known as foliar diagnosis, in which they determine the
composition of specific leaves several times throughout the
growing season and they interpret their results graphically
by means of trilinear coordinates; the method is laborious,
however, and in addition has been effectively criticised
(Petrie (3)).

2. Dry-Katter Extract Analysis, .

Tr/
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In this methqd the samples are dried and the ground wp
dry-matter is treated with an extracting solution, The actuai
solution véries according to the individual preference of the

analyst; Wall (4) used boiling water, while Hale (5) used
dilute hydrochloric acid., One of the advantages of this
method and the following ones over the first mentioned is that
considerable time is saved by elimination of the ashing
procedure and assoclated manipulations.

The results in this method are often recalculated in
terms of concentration in the dry-matter, but the same relative
results are given by consideration of concentration in the
extracts, 1if equal weights of dry-matter and equal volumes of
extractant are used.

3s Direct Tissue Tests.

This method has been investigated mainly by Hoffer (6)
and Thornton et al. (7). It consists of applying reagents %o
'the cut surface of the appropriate tissue or of shaking sliced
t issue with certain reagents and then treating the mixture with
complenentary reagents. The results usually enable the amounts
of nitrate, phosphate and potash present in the extracts to be
estimated and compared.

It 1s obvious that this method will not yield accurate
analytical results.

A similar method is thét in which the expressed sap is

examined/
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examined chemically. The method works well with succulent
plants such as maize, but the difficulty of sap expression
from some material renders it not generally applicable.
Gilbert (8), McCool and Weldon (9) among others have utilised
this method,

4. Fresh-Tissue Extract Analysis.

This method consists essentially in the extraction of the
samples in the fresh condition, that is, without drying etc.
The extractants and the methods used for the initial treatment
of the fresh material vary congiderably. For example, Plant
et al. (L0), sliced the samples and extracted with Morgan's
reagent (see pageld ) for most nutrients. Brmert (11)
macerated the tissue thoroughly with 2% acetic acid and
Beauchamp (144) used boiling alcohol. Hester (12) utilised
the Waring Blendor for emulsifying the tissue with sodium
acetate, acetic acld buffer solution; other workers, for
example Wolf (13), utilised this instrument with success. 1In
every case the extract was filtered or otherwise separated
before use.

IT EXPRESSION OF RESULTS

Once the extracts are prepared the nutrients present in
them may be estimated and expressed in terms of concentration
in the extracts or, if the dry-matter content of the fresh
material has been determined, the results of the extract
analyses may be recalculated on the dry-matter basis.

The/
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The concentrations of nutrients may be determined
accurately, or may be expressed simply as High, Medium, or Low.

Changes in tissue composition connected with plant
nutrition are usually considered to be better represented by
changes in the inorganic or wnassimilated forms than in the
total concentration present. The importance of these forms
have been emphasigsed by, for example, Tottingham (14) and -
Michael and Heidecker (15), and Phillis and lMason (16) (17)
have similarly investigated the 'luxury!'! in contrast to the
tgrowth! forms of some elements. It seems reasonable that
when there is more of any nutrient than is required for the
normal growth of a plant, this excess will tend to accumulate
in the sap and probably will be in a relatively simple form.
Conversely, when there 1g insufficilent of a nutrient for normal
growth, the concentration of that nutrient in the sap will be
first affected. The concentration of nutrients in the sap,
therefore, though not being an exact meagure of wmassimilated
nutrients (because some nutrients must be in the sap for normal
metaboliam) should be better than the total concentration of
nutrients in the plant as an index of the nutritional status
of the plant.

If an extraction method were used by which only the
nutrients in the sap were extracted, the concentration of
nutrients in the extract could then be referred back to the
concentration in the water in the weight of sample taken and
thence to sap, assuming that the water content in the sample

was a measure of the sap content.

If ‘




If two or more samples of the same type of tissue, from
the same variety of plants, were being compared, the
difference in the moisture contents would be relatively small
especially if the moisture contents were high -~ which would
usually be the case. Therefore, recalculation of
concentration of nutrients in the extracts és concentration
in weight of samples taken (that is, to the basis of the
original fresh material) would gilve apmroximately the same
relative results as concentration in sap and would obviate the
determination of the moisture content of the samples. In
addition, if equal weights of such fresh material were taken
and extracted with equal volumes of extractant, then
concentration of nutrients in the extracts would be relatively
the same as the concentration of extractable nutrilents in the
original and therefore apiroxXimately the same relative
concentration as in the sap.

Unfortwmately the exact relatiqnshipvbetween the nutrients
extracted by Morgan's reagent from tissue under the conditions
described below, and the nutrients present in the sap, 1s not
kmown, but obviously the amounts extracted should be a better
measure of the nutrients in the than the total concentration
of nutrients present.

It seems more likely too, that the nutrients extracted
from fresh tissue will approach more closely the nutrients in
the sap than will those nutrients extracted from the dry-matter;
the changes occurring in the nutrients on drying tissue are not

definitely/
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definitely known, but those affecting the nitrogen content
in particular are undoubtedly large.

The practice of referring concentration of nutrients in
the extract back to concentration in the dry-matter, as
advocated by, for example, Wolf (13), seems to be contrary
to the general principles of the method, that is,
determination of concentration of nutrients in the sap;
also the percentage difference between the dry-matter
content of two similar samples of high moisture content is
greater than between the two corresponding moisture contents
and is a source of error which, if the difference in
concentration of nutrients is not great, may reverse the
entire result. Let us consider an extreme case of this;

data for two samples of the laminae of tomato leaves =

 Sample A B
Dry-matter % 16 20
Moisture % 84 80

In each case 5 g. of the fresh matérial were extracted with
100 ml., of extractant and the concentration of magnesium was
determined in the extractse

Magnesium concentration

in extract in mg. per 100 ml. 2.5 3.0
Moisture in 5 g 4.2 g 4,0 g
Dry-matter in 5 g, 0«8 ge 1.0 g.
Total volume of extract 104.2 ml, 104.0 ml,
Wt. of magnesium extracted 2.605 mg, 3¢12 mg,

Wt. magnesium associated with

100 g. moisture in original 62.02 mg. 78.0 mg,
material

W/
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Wte. magnesium associated with
100 g. dry-=matter in original 325.6 mge 312 mg.
material
It can be seen from the sbove that on a dry-matter basis
there would appear to be a better supply of mégnesium in
Sample A whereas on the extract basis and the moisture basis
(that is, the sap basis) the reverse is true.

When concentrations in the extracts are compared, care
must be taken to ensure that the original moisture contents
of the samples are wnaltered prior to extracting the samples,
and because of variations in moisture contents, comparisons
are best done between two or more samples rather than agalnst
previously established standard levels. Comparisons on
dry-matter basis are more useful vwhen such standard levels
are usede.

Summarising, comparison of nutriénts present in extracts
of the fresh material 1s satisfactory when the moisture
contents of the samples are equal or the percentage
difference between them is small; this latter condition is
most likely when the moisture percentage 1s high.

IIT SAMPLING OF TISSUE

There are considerable diffarences of opinion as to which

part of a plant is the best to sample for the dlagnosis of
nutrient abnormalities by chemical analyées.

Thomnas/




Thomas and Mack (2) and Roach (18) have emphasised the
importance of the leaf as the seat of synthesis, and, therefore,
as the most sultable part to extract; Dboth papers point out
the importance of sampling parts of the same degree of
mabturity. Harrington (19), Ulrich (20) and Plant et al. (10),
on the other hand, all used the composition of the conducting
tissue as a diagnostic aid. Jones et al.(1l36 to 138)
and Walsh and Clarke (140, 141) used whole leaves for the
diagnosis of ﬁagnesium deficiency in the tomato plant.
Thornton (21) used different types of tissue in different
plants while Hoffer (22) further indicated that the most
satisfactory part varied with the degree of maturity of the
plant.

It is likely, therefore, that the most satisfactory part
varies with the nutrient, the species, and the maturity of the
plant being investigated. It would appear, too, that for
nutrients not mobile to0 any extent in the plant (for example,
calcium) the younger parts would be thé most satisfactory,
whereas for the more mobile nutrients (for example, nitrogen)
the older parts (though not senescent) would be the best.

In the work done in Section III, the most satisfactory
index of the magnesium status of the tomato plant was the
magnesium cdntent of the laminae of the lower leaves. The
magnesium content of the wper-leaf laminae, or the petioles
or stems was sometimes satisfactory, but sometimes very
misleading.

The/
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The laminae extract also was useful as an index of the
calcium status of the plants, potassium belng indicated
equally well by the laminae, petioles énd:stems while phosphate
on the whole was best represented by the stem content. These
results are only fentative, however, as only the magnesium
side of the question was investigated to any extent.

The nitrate content of the laminae was very varied, and
had 1little relation to the nitrogen status of the plants.

This was not surprising as it is well known that nitrates are
rapidly changed by actively photosynthesising tissue, such as
the leaf laminae, and even in & plant well supplied with
nitrates, the nitrate content of such tissue may be low during
the day. The nitrate content of the petioles and stems were
found to be a better index of the nitrogen status of the
plants, though the investigation of this aspect was not

- thorough.

IV ADOPTED METHODS

l. General

In this investigation it was necessary to utilise methods
which were rapid and reasbnably accurate. For this reason,
the Direct Tissue Testing method was not used nor was the
simpler type of Fresh-tissue Extract Analysis method. The use
of a Waring Blendor would have been admirable but the
instrument was unobtainable.

Where/
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Where possible, therefore, the Fresh-tissue Extract
Analysis method in the form described below was used. When
it was not possible to deal immedliately with all the samples
in the fresh condition, they-wére dried, and the dry matter
was dealt with by the Total analysis or the Dry-matter extract
analysis methods.

The three methods used are described on page 17 and
results received by them are compared and discussed on page 22,

Results obtained by the analyses of the solutions were
elther stated in terms of concentration in the solutions or
were recalculated as percentages in the dry-matters.

Results were interpreted by direct comparisons.

As far as possible, the samples were taken clean and fres }
from soil and especially fertiliser contamination; when it :
was found that they required to be cleaned, careful wiping é
with a damp cloth was usually satisfactory.

Before proceeding with the actual descriptions, it is
necessary to discuss two reagents which have been used
considerably in the preparation of solutions for analysis.

These are Morgan's reagent and decolourising carbon.

(a) Morgan'!s Reagent. The ektraction agent used in the

Investigation was a form of the reagent first introduced by
Morgan (23) and slightly modified by Wolf (13). The reagent

described by Morgan (23) consisted of 100 g. of hydrated

sodium/
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sodium acetate and 30 ml. of glaclial acetic acid dissolved
in ﬁater and made up with water to 1 litre. - The modified
reagent which was used was normal sodium acetate solution
to which was added glacial acetic acid until the pH was

4,8 and was prepaféd by dissolving 136.1 g. Analar hydrated
sodium acetate in water, diluting to 1 litfe and adding

40 ml. glacial acetic acid, .

The modified reagent (termed throughout this thesis as
Morgan's reagent) was slightly more buffered than the
original but otherwise had the same properties.

As Morgan (24) (discussing the original solution) had
pointed out, it is useful_because, being strongly buffered,

its pH will not be easily altered, and also, it is a

suitable medium for conducting the appropriate chemical tests,

It was found thet extracts made by this material could
be stored for many months without deterioration if kept in
tightly stoppered bottles, especilally under low
temperature conditionse.

(b) Decolourising Carbon. Carbon has been used in many

plant-analysis tests o remove organic matter, partlcularly
coloured, which would interfere with the tests. In this
investigation, it was found necessary to purify samples of
carbon by extraction with acetic acid, the carbon afterwards
being washed with water, and dried and heated for 24 howrs.
Before use, the purified material was always extracted With
Morgan's reagent and the extract shown to be free from the

apprropriate ions,

To/
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To determine the effect of the carbon on the ions
in the extract, a synthetic solution containing known amounts
of calcium, magnesium, potassium, nitrate, phosphsate,
sulphate and chloride ions was shaken with the usual
quantity of carbon for two minutes and filtered, The
filtrate was found to contain practically the same
concentration of ions as before treatment and thus no
significant error is introduced by absorption of ions by
carbon; - Peech and BEnglish (25) and Boynton and Peech (26),
have published similar results, though the latter have found
in some cases, that magnesium (in which they were
particularly interested) tended to be absorbed if the carbon
were left for four minuteé in contact with the solution,

2. Extraction Methods

(a) Total-analysis method.

The samples were cut up or minced in a cutting mincer
and dried for 24 hours at 105°¢., The dried material was
ground up in an electric mill, bottled and stored. lihen
desired, the dried material was reheated at 105°¢. for 3 hours
to remove hygroscopic moisture, cooled in a desiccaﬁor, mixed,
and 1 g. weighed out immediately into a silica basin. This
was kept in a muffle furnace at a dull red temperature until
the contents were completely ashed and then it was cooled and

treated with concentrated hydrochloric acid, precautions being

taken/
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taken to avoid loss by spurting. It was then evaporated
gently to dryness on a hot-plate and heating thereon was
continued for a few hours to dehydrate the silica. The
residue was extracted several times with hot Morgan's reagent
and filtered into a 100 ml, graduated flask. The filter
paper (VWhatman No. 531) was washed with llorgan's reagent and
the flltrate and washings made up in the flask, when cool,

to 100 ml, with Morgan's reagent and mixed.

This method of ashing and extraction was compared with
usual ashing and extraction methods for the determination of
total calcium, magnesium and potassium (27), and there wasd
good agreement,

The total concentration of phosphorus was determined in
the dry-matter of the laminae of tomato leaves by the wet
ashing fechnique of Bolen and Stamberg (28) followed by the
absorptiometric determination of phosphate as
molybdivanadophosphoric acid as described by Kitson and
Mellon (29). The results were compared with those for
phosphorus obtained in the same way but preceded by the dry-
ashing and acid treatment technique described above; that
phosphorus is lost by this treatment is illustrated in Table L.

It is obvious that in the dry-ashing method there will
be loss of nitrogen, chlorine and sulphur.

The solution was therefore suitable for the direct
determination of the total concentration of calcium,
magnesium and potassium in the dry-matter but not for the
determination of total nitrogen, phosphorus, chlorine or

sulphur./
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sulphur. Total nitrogen was determined as described in
Fertilisers and Feeding-stuffs Regulat ions (30) and total
phosphorus by the Bolen and‘S%amberg (28) and Kitson and
Mellan (29) technigue. Total sulphur and chlorine were
assumed to be equal to the sulphate and chlorine extractable
by Morgan's reagent from the dry-matter.

(b) Dry-matter Extract Analysis lMethod.

The dried, ground-up samples were prepared as described
in the Total Analysis method and were stored until required.
Then they were heated at 105°C. for 3 hours to .pemove
hygroscopic moisture, cooled in a desiccator, mixed, and 1 g.
of each weighed immediately into a 4 oz. bakelite-stoppered,
wide-mouthed bottle and 100 ml. of Morgan's reagent added.

A representative sample was easily welghed out because of the
fineness of the milled material. The bottles were thenr
stoppered and placed on a to-and-fro shaker for 1 howr. About
0.5 g« of decolourising carbon was then added and the shaking
continued for about 2 minutes. The contents were then
filtered by suction through an 11 cm. Whatman Filter Paper
No. 42 in a Buchner funnel. This fumel was filled so that
the filtrate passed directly to its storage bottle thus
eliminating transference from a pressure flask and so
facilitating the whole operatione. The fumnel was washed,
and drained by‘sucticn between eaﬁh filtration.

The extract was sultable for the determination of
extractable calcium, magnesium, potassium, nitrate, phosphate,

chloride and sulphate.
The/
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The effects of degree of shaking, temperature of
extraction and time for which extracted, were invesfigated.

When hand shaking at intervals over a period of 1 hour
was found to give erratic results, a to-and=-from shaker was
~resorted to and was found to be satisfactorye.

Temperature within the limits of those experienced in
the laboratory was found to have no effect on the amounts
extracted by shaking for 1 hour.

The effect of length of time during which the extraction
proceeded is shown in Table 2. The method was as described
above except that different times of shaking were used; the
temperature was 18°¢, It will be seen that after about
15 minutes, less for some nutrients, the amounts extracted
were bonstant for a period of howrs, Treatment for periods
of more than 6 hours extracted slightly more of some
nutrients. Accurate time of shaking therefore need not be
observed So long as the time lies between 15 minutes and
6 hours. The figures in Table 2 show clearly that extraction
as described for between 15 minutes and 6 hours gives results
reproducxlbl.e to within 10%. It was decided however 5o

standardise the method as described sboves .

(c) Fresh-Tissue Extract Analysis Method.

The fresh tissue was alWajs exbtracted as soon as
possible after sampling and in the interim period samples
were stored in alr-tight containers. Extracts were usually
made the same day as the samples were taken and always within
18 hours of that time. When the samples had to be kept

overnight /



- 2] =

overnight, they were stored in a refrigerator at about 5%,

When small, the samples were cut up by scissors; when
iarge, they were minced in a cutting mincer. It was
absolutely essential that a finely shredded material was
produced by the cutting or mincing process if a
representative sample were to be obtained. The shredded
material was well mixed and a 5 g. sSample was wighed out.
This was ground with a portion of 100 ml. of Morgan's
reagent in a porcelain mortar and the mixture was completely
transferred by the remainder of the 100 ml. llorgants
reagent to a 4 0z. bakelite-stoppered, wide-mouthed bottle
and shaken on a to-and-fro shaker for 1 hour. Approximately
0e5 ge Of carbon was then added and the bottle shaken for a
further 2 minutes. The mixture was filtered as described
under Dry-matter Extract Analysis Method.

The Fresh-tissue Extract was always made in duplicate.
Method of shaking, temperature of extraction and time for
which extracted were investigated and results were similar
to those for Dry-matter Extract Analysis Methods Table 3
shows the effect of length of time of extraction on the
amounts exXtracted from the fresh tissue. The method
adopted for investigating this was as just described except
that different times of sheking were used; the temperaturs
was 18°%. It will be seen that shaking for between 15
minutes and 6 hours gave results within 10% for most nutrients
studied; calcium results were less reliable, due probably to

the ¥
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the relatively large experimental error superimposed on the
error of extraction, while chlorine results were still less
reliable probably because of the sensitivity of the method of
analyses and the ease of contamination by chloridese.

It was decided to standardise the method as above and
shake for 1 hour.

Results were not so satisfactory when grinding was
omitt ed.

3¢ Comparison of Methods of Preparing Solutions for Analyses

Unfortunately, it was not'possible to investigate
thoroughly the question of which method of preparing
solutions for énalyses was the most useful for the diagnosis
of nutritional abnormalities by plant analysese An attempt
was made, however, by comparing together the results
obtained by the Total, the Dry-matter Extract, and the
- Fresh-tissue Extract Methods with regard to (1) the
relative amounts of nutrients extracted and (2) the best
method for diagnostic purposes; the matter was of cowrse
dealt with from the View-poiﬁt of the work in Section III,
in which the magnesium status of plants was of prime
importance,

To do this, plants of known treatment and condition
were analysed, and the results are given in Tables 4, 5,

6 and 7. The plants (with the exception of those of
Table47) were part of axperiments described on pages 118
and 122,
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Discussion of results.

{a) Relative amounts of nutrients extractede

It will be seen (Tables 4, 6 and 7) that from soft,

easlly ground and macerated tissue, such as the leaf lamina,

very approximately the following proportions were extractedg=

g Dry-matter extractlion. Fresh-tissue extraction.
i Amount extracted as % Amount extracted as %

of total in tissue of amounts in dry-matter
extract

Ccalcium 80 - 90 20 - 100
Magnesium 80 - 95 90 - 100
Potassium 95 - 105 95 = 1056
Phosphorus X 80 - 85

Chlorine - Variable
Sulphate - Variable

X sSee Table 1,

These results, and those which follow must not be taken
as conclusive -~ there was considerable variation in the
amounts extracted, and insufficient samples have been
analysed to give conclusive results.

Those tissues which were more difficult to macerate
(Table 5) gave rather different resﬁltsg~ |

Fresh-tissue extraction
Amount extracted as % of total in tissue.

Calcium 70
Magnesium 70
Potassium 85

Figures are not available for the comparable dry-matter
extracts but these will presumebly bear the same relation to
the total amounts present as in the lamina extracts, because

the dry-matter is in a finely divided condition when extracted.

These/



These figures are reasonably in keeping with previous
findings: Nightingale et al. (31),report considerable
differences in water soluble and insoluble calcium in the
tomato plant, Lindner and Harley (32), discuss the fractions
of magnesium and calcium, and state that pqtassium is mostly
water soluble, in lime-induced chlorosis of several plant
species, and Phillis and Mason (17) report similarly for
magnesium and calcium in the cotton plant and also record
that therein, potassium is mainly water soluble or adsorbed;
the occurrence of phosphate fractions is reported by
Miller (33), and chlorine and sulphate will be easily
extractable because they mainly occur in the ionic form
(Tung (34) and liller (35)).

(b) Nutrientestatus index.

This matter has been discussed in some detail on
page 9 3 there it was argued that the fresh~tissue
extract method was better than the dry-matter extract method,
and considerably better than the total-analysis method,
because it 1s simpler and on theoretical grounds. In actual
practice in the investigation of magnesium deficiency of
tomatoes, there is little to choose between the methods
except for convenience, and speed = impartant factorse
Unpublished work on the phosphorus nutrition of swedes
suggests that in this sphere the fresh-tissue extract method
1s better than the others. In assessing the value of the

fresh-tissue extract method, one must consider its relation

also/
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also to the determination of the nitrogen status of plants,
for which pwpose it 1s probably considersbly better then
the other methods (see page 11 ).

It is clear, howevér, that the fresh-tissue extract
method adopted leaves much to be desired, and further
investigation would lead undoubtedly to0 improvements. The
source of trouble is probably that under the conditions of
the methdd, the extracting agent removes considerably more of
the nutrients from the tissue than are actually in the sap,
and the use of other extracting agents, possibly water
itself, combined with an effilcient macerating machine such as
the Waring Blendor would probably be more satisfactory.

The methods of analysis developed in this thesis could be
easily adapted to such changed conditions.
4, Methods of Analysing the BExtracts.

(a) General.

-In this investigation, as well as in general nutritional

studies, the number of samples to be analysed was considerable,;

and therefore the methods of analysis had to be fairly rapid.
In addition, the amounts of nutrients in the extracts were

not large and so the methods had to be sensitive. It was
impartant too that the methods were free from interference by
lMorgen's reagent and by those amounts of substances likely to
be present in the extract along with the particular ion being
determined; 1if this were not so, the time of analysis would
be considerably lengthened bj‘théyfémoéalef these interfering

substances. It was necessary also that there be wide ranges
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of concentration over which the methods were applicable,
otherwise time would have had to be spent in adjusting the
concentrations to keep within the range of the methods.

These requiremnnts eliminated at once the classical
methods of analyses which, although very accurate, are long
and suitable only for macro-quantities.

It was realised that speed and the necessary degree of
accuracy could be obtained by utilising absorptiometric and
turbidimetric methods of analysis and so attention was
concentrated on these.

Because of the large difference in composition between
samples of normal and abnormal tissue, the accuracy of
analytical methods used in the investigation of abnormal
nutrition need not be very great but, of course, must be
dependsble with the prescribed limits. An accuracy of & 5%
was aimed ate.

The use of sultable centrifuges was strictly limited and
therefore, In deciding upon analytical methods, those which
required a centrifuge had to be avolded wherever possible.

It was decided to confine the investigation on the
analytical side to the elements calcium, magnesium, potassium,
phosphorus, nitrogen, chlorine and sulphur.

In the case of calcium, magnesium and potassium, it is
generally assumed that a suitable measure of the nufrient is
the simple ionic form.

The phosphate ion is usually regarded as the best
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indicator of phosphorus status of plants and has been shown

to be suitable in this connection for the tomato by Emmert (36).

The nitrate ion has been used as the indicator of the
nitrogen status for many plants and has been shown to be
satisfactory for the tomato by Emmert (36).

With respect to chlorine and sulphur, interest in this
investigation was centred only in the application of excess
amounts of chlorides and sulphates, Chlorine occurs in
plants in the simple ilonic form (Jung (34)) while sulphur,
when applied in excess, accumulates in the form of sulphate
ions in the plants (Miller (35)).

In this Investigation, therefore, the elements were
determined as followss= calcium, magnesium, potassium and
chlorine as simple ions; nltrogen, phosphorus and sulphur
as nitrate, phosphate and sulphate ions respectively.

(b) The Spekker Photoelectric Absorptiometer.

The Instrument was found to be very satisfactory for the
rapid and accurate measurement of light absorption and
turbidity, and was used in all guantitative methods of
analyses dependent on these,

The colour filters used were of the Hilger Spekker
Series numbered 1 to 7; specilal Hilger,gelétine filters
were also used.

Heat absorbing filters were always used in addition to
the colour or turbidity types and increased the efficiency

of the instrument. Bolled and cooled distilled water was
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used as the standard, with a drum reading of 1.00, for setting
the instrument. |

When determining the amount of nutrient in an extract, a
colour or turbidity was produced, the intensity or degree of
which was dependent on the amount of nubtrient present, and the
appropriate drum reading (that is Spekker reading) determined
for this.

To interpret the Spekker reading of a colour or
turbidity use was made of a graph constructed as described
on page 29 from Spekker readings of colours or turbidities
developed on solutions of known and varied concentration.

The extract volume (see page 29 ) was not necessarily
the volume of the extract taken in the actual determination;
any smaller volumes could be taken and diluted to the extract
volume before proceeding with the determination, the graph

reading being appropiriately modified.

The graph values were easily modified to give concentration

in parts-per-million, or milliequivalents %, instead of

absolube valuese.

(c) Method for Investigating Analytical Procedures.

In general, the method used for the investigation of
analytical procedures was as followsgs=-

The minimum volume of the final solution (with the colour
developed and finally prepared for reading in the Spekker)
which would be necessary for all manipulations and of suitable

concentration for the colour or turbidity develoPment;
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was calculated. The total xfolume of special reagents was
then deducted from the above volume, the remainder being the
maximum volume of extract which could be taken for the
detemihation; in practice, a round number near this volume
was chosen and called the 'extract volume!.

A standard aolubtion containing approximately the maximum
concentration of the appropriate ions sultable for belng
estimated by the method was prepared and from it was made a
nunber of solutions ranging in concentration from zero to this
maximum concentration, eaéh having a volume equal to the

extract volume, For example, if the maximum concentration

of magnesium permissible for a particular method were 10 Pe.Delle

and the extract volume were 40 ml. then a standard solution
containing 10 ‘p.p.m. of magnesium would be made up and from
it a number of solutions each having a volume of 40 ml. would
be prepared by dilution as shown in Table 8. It was usﬁal for
the standard solution to be made up, and the dilutions done,
with Morgan'!s reagent.

The colour or turbfiity was then developed in each of
these and read in the Spekker, A graph of Spekker readings
against corresponding concentrations of ions in the extract
volumes was then constructed,

The smoothness and reproductivity of this graph was‘
taken as a measure of the suitability of the method, alﬁays
essuming that a sufficiently large difference between Spekker

readings was given by appropriate differences in concentration

of the ions.
An/




An additional check was made by taking any typical
concentration in the working range and preparing about ten
solutions of this concentration; the colour ar turbidity was
then developed in each and the difference in results compared
with differences between results given by solutions of
different concentrations.

The effect of other ions etc,, was always tried by

including these in varying amounts in the solutions belng made

up to extract volume, and comparing the results smong
themselves and with those of ordinary standard solutionse.

(d) The Determination of Calcium.

A semi-micro volumetric method (37) was considered but
discarded because it required the use of a centrifuge.

The turbidimetric method of Wolf (13) was tried but
investigation soon showed that unless the manipulations were
strictly standardised, erratic results were obtained. The
use of a mechanical stirrer and controlled addition of the
oxalate during the addition of the oxalate greatly
facilitated thils standardisation. Temperature effects also
were examihed and it was found that standardisation was
necessary here also and that a low temperature was most
suitable.

Chapman (38) has emphasised the importance of
brecipitating the calcium as oxalate at a pH about 4,0 to
obtain complete precipitation and to avoid interference by
other ions; for this reason, in the method used, sufficient

acetic acid was added to reduce the PH to about 4.0,
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It has not been possible to devote time to the
improvement of the method described below, though this would
have been desirable. The method has however the advantage
of being simple and rapid, and, with constant checkling of
results, is sufficiently accurate. Both Snell and Snell (39)
and Melsted (40) report the difficulties of obtaining
consistent results in the turbidimetric determination of
calcium as oxalabte.

Method

Reagents
(1) Oxalate reagent. 2 ge sodium oxalate dissolved in

100 ml, of water. This reagent was only used within a

fortnight of preparation.

(2) Glacial acetic acid.

Procedure ' |
A sultable aliquot of the extract (usually 5 ml. for

lemina, 10 ml. for petiole or 20 ml. for stem of the tomato)

. was pipetted into a 100 ml. beaker and made up to 20 ml, with

Morgant!s reagent. 2 ml, of glacial acetic acld were added
and the mixture cooled to 6 - 7°C. in an ice bathe

4 ml, of the oxalate reagent were then added over a
period of 2 minutes, the solution being stirred during the
additlon at a constant rate by a mechanical stirrer. Stirring
was continued for 2 minutes after the oxalate was added.

After 15 minutes, and within 2 hours, the contents of the

beaker were stirred vigorously by an ordinary stirring rod and

then/



then the Spekker reading was noted using a 1 cm, cell and
turbidity filters (H508). The concentration of calcium ions
was Obtained from a graph constructed by using a solution
containing 100 pepeMe Of calcium as calcium acetate dlssolved
in lorgan's reagent.

Concentrations of calcium lons greater than 100 peDeMe
were not determined by this method without dilution of the
extract.

(e) The Determination of Magnesium.

The determination of magnesium was of consilderable
importance in this investigation and much time was spent in
finding a sultsble method, Because of this, the subject is
discussed and described in detail in a separate section.

(f) Determination of Potassium,

The determination of potassium presented some considerable
difficultye.

Simple comparison of turbidity produwced by addition of

sodium cobaltinitrite solution to the extract followed by

| isopropyl alcohol, as described by Wolf (13) was found
unsatisfactory even with pure solutions of potagssium in
Morgan's reagent, Further investigation showed that the
method of mixing and the precipitation temperature were
important; the varying amounts of other ions in plant

extracts also played an important part though it was not
possible to investigate this further.
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Determinat ion by the turbidimetric method described by
yolk (41) in which use is made of a mechanical stirrer and
careful standardisation, was found to be considerably better
than the previously mentioned though 1t was also unsatisfactory.‘

Turbidimetric methods of determining potassium have
recently been discussed by Tinsley and Pizer (42) who found
strict standardisat ion necessary and wavoidable interference
by the sulphate ion.

It was eventually decided that a method using a
centrifuge would have to be adopted.

The first method of this type considered was the
precipitation of potassium as cobaltinitrite and the
determination of nitrite in this precipitate by
dimethylaniline as described by lMiller (43). Experience of
this method had been gained in analysing soils unconnected
with this investigation, and it was decided that it was not
sufficiently dependable.

Some time was spent in investigating a method by
Stewart (44) in which the potassium was precipitated as
potassium=silver«cobaltinitrite and the cobalt therein
determined absorptiometrically by the Nitroso-R=Salt method,
Unsatisfactory results were obtained though the replication was
good when pure solutions of cobalt salts were used.

The addition of Lysapol=N to the solution as g wetting
agent to facilitate centrifﬁging out the precipitate (as used
by Stewart (45)) was examined and no improvement was found.

The/
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The method used by Walker (46) was next tried. This
method congisted of precipitating the potassium as
potassium—silver~cobaltinitrite and determining the cobalt
therein by means of ammonium thiocyanate; it was found to
be very satisfactory and was adopted with only two minor
changes; firstly, a hot-wplate was used instead of the
suggested water bath and was found to be much more convenient;
secondly, the nitric acid was found to dissolve the
precipitate much more easily if a trace of Lysapol=N were
added to the acid as a wetting agent.

During the investigation of the method, the impartance
of the preéparation of a new calibration curve with each supply
of ammonium thiocyanate reagent was noted. The importance
too was seen of alwgys having the same amount of nitric acild
in the tube after dissolving the precipitate because the
intensity of the colour formed on the addition of the
thiocyanate reagent, was influenced by the concentration of
water in the final solutione.

Method
Reagents
(1) cobaltinitrite rsagent.

(a) 25 go of sodium cobaltinitrite dissolved in 150 ml,
sodium nitrite solution contailning 50 g. of sodium nitrite.

(b) A solution of silver nitrate containing 40 ge of
silver nitraté per 100 ml,

(c) Glacial acetic acid,
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5 ml. of reagent (b) were added to reagent (a) prepared
as above and the mixture diluted to 200 nl. 2 mi. of
reagent (c) were added and the solution was mixed and cobled
and a current of air passed through it for 1 hour to remove
nitrous fumes. It was then kept at about 5%. for at least
12 houwrs and then filtered through a No. 42 Whatman filter
papere. It was stored at about 5°C. for not longer than'two
weeks and was centrifuged immediately before use, only the
supernatant layers being used.

(2) 30% acetone. 30 ml. of acetone diluted with 70 ml. of
water.

(3) Nitric acid reagent. 200 ml. of Analar nitric acid
diluted with 800 mle. of water and 2 drops of Lysapol=~N added.
(4) Thiocyanate reagent. 2 g. of armmonium thiocyanate
dissolved in 100 ml. of rectified industrisl spirits.
Procedure. »

A suitaﬁle aliquot of the extract (usually 1 ml. for
the tomato) was diluted to 5 ml. with Morgan's reagent in a
18 ml. centrifuge tube and 2 ml. of the cobaltinitrite
reagent were added. The contents were mixed and the tube
kept about 5°C. for at least 1 hour after which it was
centrifuged for 5 minutes at 6,000 TePelle The clear solution
was then sucked off leaving the precipate wndisturbed, The
precipitate was washed twice with 5 to 10 ml. of 30% acetone

reagent, and once with pure acetone, centrifuging and sucking
off as before, after each washinge.

The/




The tube was then supported by a stand so that it almost
touched the surface of a hot plate, until all the acetone had
evaporated. 1 ml. of the nitric acid reagent was then added
and the tube was returned to the stand and reheated until the
cobaltinitrite portion of the precipitate (including any on
the side of the tube) was dissolved. Evaporation of the
contents of the tube was kept at a minimum. A residue of
silver chloride usually remained after this treatment.

The tube was cooled and 8 ml. of the thiocyanate reagent
were added, shaken and left for at least 20 minutes.

The Spekker reading for the blue colowr which developed
was then taken using a 1 cme. cell and red filters No. l.

The concentration of potassium in the extract was
obtained from a graph constructed using a solution
containing 120 pepem. poOtassium as potassium nitrate

dissolved in Morgan'!s reagent.

The method was suitaile for use without dilution of the

extract for concentrations of potassium not exceeding 120 pepele

The presence of dissolved or suspended iron, or compounds
of iron, in the reagents and apparatus had to be carefully

avoided because of the red colour produced by iron with the

thiocyanate reagent. A faint pink colour in the thiocyanate

reagent itself did not interfere.

(g) Determination of Nitratee

Time was not available for the quantitative determination

of the nitrate ion, Semi-quantitative examination, that is,
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classification of extracts relatively as Low, Medium, or
High with regard to nitrate content was as much as could be
undertaken, and was usually sufficient as it has been
established (Emment (36)) that the presence of a moderate
concentration of nitrate ions in the tomato plant tissue 1is
indicative of there being sufficient nitrogen for normal
metabolism.

Method

Reagent
Diphenylamine reagent. 1 g. of diphenylamine (Analar)

dissolved in 100 ml. of 90% sulphuric acid (1 volume of
water diluted with 9 volumes of concentrated, nltrogen-free
sulphuric acid).

Procedure

2 ml. of extract were pipetted into a 100 ml. conical
flask and 20 ml. of the diphenylamine reagent added; the
contents of the flask were then mixed,

The extract could be classified as High, Medium or Low
in nitrate concentration according to the depth of blue
colour formed.

The colour was estimated irmediately because it faded
in a short time,

(h) Determination of Phosphate.

Phosphate was determined in the extracts by a method
described by Wolf (13) with minor changes.

The reagent containing the aminonaphtholsulphonic acid

was/




was not too satisfactory and so the one devised by Fiske &
gubbarow (47) was used with satisfactory results.
Method
Reagents .
(1) Molybdate reagente 2.5 ge ammonium molybdate dissolved
in 100 ml. of 6N sulphuric acid,
(2) Sulphonic acid reagent. 7 to 8 ml., of sodium sulphite
solution (20 g, of sodium sulphite dissolved in 100 ml. of
water) were added to 49 ml. of sodium metgbisulphite solution
(15 g. dissolved in 100 ml. of water) containing 0.125 g.
of l-amino-2-naphthol~4~sulphonic acid. This reagent was
not stable for more than two weeks.
Procedure

A suitable aliquot of the extract (usually 2 ml, for the
tomato) was pipetted into a 100 ml. conical flask and the
volume was made up to 20 ml. with lMorgant's reagente 4 ml. of
the molybdate reagent were then added and mixed followed by
1 ml. of the sulphonic acid reagent and the contents of the
flask were again mixed. The colour was allowed to develop
for 1 hour after which its Spelkker reading was noted using a
1l cme cell and Ho. 6 blue filters.

The concentration of phosphorus as phosphate in the
extract was then determined from the Spekker reading by a
graph obtained from a standard solution containing 20 pepelte

of phosphorus as potassium dihydrogen phosphate dissolved in

lorgan's reagent.
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The method was suitable for use without dilutlon of the
extracts for concentrations of phosphorus not exceeding
20 PeDellle

(i) Determination of Chlorine.

The insolubility of silver chloride in nitric acid éeemed
to be a suitable foundation for a turbidimsetric method for the
determination of the concentration of chlaride ions in an
extract. No other ions are likely to interfere under the
conditions of the reactione The method described below was
found to give satlisfactory results within the stated
concentrations, when the manipulations were strictly
standardised,
lethod
Reagents

0.05N silver nitrate in nitric acid solution (1 volume
concenttrated nitric acid diluted with 4 volumes of water).
Procedure

Immediately befare a series of operations, all apparatus
used In this determination had to be washed with dilute nitric
acid, rinsed with distilled water, and dried.

A sultable aliquot of the extract (usually 1 ml. of the
tomato) was pipetted into a 25 ml. test-tube with lip and
diluted to 5 ml. with liorgan's reagent. 2 ml. of the silver

nitrate reagent were then added, the tube shaken vigorously, and

left in the dark for 1 hour. The tube was then shaken

vigorously, air bubbles allowed to disperse and the Spekker
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‘reading obtained using a 1 cm. cell and turbildity filters
No. H508,

The concentration of chlorine ions in the extract was
then obtained by means of the Spekker reading from a graph
prepared from a solution containing 50 pepeme. of chloride
as sodium chloride dissolved in liorgan's reagent.

The method was suiltable for use with undiluted extracts
containing not more than 50 pepe.m. chlorine ions.

(i) Determination of Sulphate.

The method used for determination of the concentration
of sulphate ions in an exXtract was essentially that of
Kilton et al.(48), and satisfactory results were obtained.
Method
Reagents
(1) Precipitating reagent.

(4) 0.4 g of bacteriological beef peptone was dissolved
in 100 ml. of barium chloride solution (1 g. barium chloride
dissolved in 100 ml. of water). Sufficient 0.02N hydrochloric
acid was added to give a pH of 5,0 (determined electrometric-
ally by a glass electrode) followed by 20 ge. of sodium
chloride, and the volume was made upto 200 ml. This was
heated in a bolling water bath for 15 minutes, cooled, and a
few drops of chloroform added. It was then stared in a

refrigerator and was suitable for use long after the date

of preparstion.
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(B) 0e2 go oOf ground Gum Ghatti was dissolved in barium
chloride solution (1 g. of barium chloride dissolved in
100 ml. of water). This reagent was not used beyond one week
" from date of preparation.

The precipitating reggent was prepared immediatelﬁ before
use by mixing (A) and (B) in the proportion of 1 to 50 by
volume. | '

(2) Hydrochloric acid reagent. 1 volume of hydrochloric acild
diluted with 4 volumes of watere.
Procedure

An appropriate volume (usually 2 ml. for the tomato) was

pipetted into a 25 ml., test=tube with 1lip and made up to 10 ml,
with Morgan's reagente 5 ml. of the hydrochloric acid
reagent were then added and the contents of the tube shaken.
5 mle of the precipitating reagent were then added and the
tube shaken vigorously and left for 1 hour. The Spekker
reading was then obtained using a 1 cm. cell and turbidityv
filters No. 508, the tubes being shaken vigorously, and air
bubbles allowed to disperse before readinge The
concentratilon of sulphate ions was then determined from a
graph prepared from a solution containing 250 pep.m. Of
Sulphate ions as sodium sulphate in Morgan's reagent.

The method was suitable for use with undiluted extracts

containing not more than 250 pep.m. of sulphate,
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PART 1T SOIL ANALYSES

I GEVERAL |

In the present state of ouwr knowledge, analysis of the
soil used for growing tomato plants in glasshouses is not
of such value as the analyses of agricultural soils. The
large accumulation of fertilisers in the glasshouse soils
complicates further what is an already complex matter, and
renders difficult the interpretation of analytical results.
For example, it is often found that although a glasshouse soil
contains large concentrations of 'available! potassium, yet
considerable response is shown on the application of further
potassic fertilisers.

Although the value of soll analysis in this investigation
was limited, certain determinations were made and were useful
guides.

The samples of soil were drawn to a depth of 9 inches by
means of a wood auger diameter 1 inch. Each sample welghed
gbout 1% 1bs. and was made up of cores taken at random from
the area being examined.

Each sample was mixed and put through a half-inch sieve,
the residue being discarded. It was then kept at about 30°0.
in a hot-air oven for about 36 hours to become air-dry. After
this it was transferred to a rubber-lined moftar and gently
ground to break down any soil-particle aggregates without

disintegrating the particles themselves, It was then sieved

using
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using a 2 m.m. round-holed sieve, and the residue was
retuwned to the mortar. The whole process of grinding and
sieving was repeated until no more of the sample would pass
through the sieve; the residue was discarded and the
material which had passed through the sieve was mixed and
was used for the analyses -~ being termed the analysis=-sample.

ITI ANALYSES UNDERTAKEN

Summary

l. Moisture and loss-on-ignition.

2. ©pH.

3. Availsble phosphate, potassium and magnesium.

4. Composition of a ;:5 goil : water extract.

5. Osmotic pressure of high ratlo (3:2) soil 3 water extract.

l. Moisture and Loss-on-Ignition

The moisture present in the air-dry analysis-sample was
determined so that analytical results (although'made on the
air-dry material) could be expressed on the oven-dry basis,
which is the most suitable for comparison.

The percentage loss-on-ignition was taken as a rough
measure of the organic matter content of the soil (Wright
(49) ).

2. pH

A measwre of the acidity of the soill was made by
determining the pH of soil extract madé up of a 1:2.5, soils
water ratio as recommended by the Soil Reactilon Committee

of the International Soclety of Soll Scilence (50).
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Method

16 g. of the analysis-sample were shaken with 40 ml. of
water on a to-and-fro shaker for at least 30 minutes. The
pH of the suspension was then determined electrometrically
using a quinhydrone electrode (Biilmarmm(51) ), the
potientiometric reading being taken immediately on mixing the
quinhydrone with the suspension.

3. Available Phosphate, Potassium and llagnesiun

The determination by chemical methods of these soil
nutrients which can be utilised by plants, that is, the
available nutrients, is empirical at the present time, and
the results must be interpreted by means of wide-~scale field
experiments and are not always accurate.

The total concentration of elements in a soll has been of
litﬁle value in nutrition studies. On the other hand, the
concentration of easily soluble or of exchangeable nutrients
has been a useful measure of the avallable nubtrients (for
example, Russell (52) and Stewart (53)).

The phosphate which is extractable by dilute acetic acid
has been a suitable index of the concentration of availlable
phosphate in soil (for example, Williams and Stewart (54) )
and has been used for that purpose in this investigat ion.

It is well known that the exchangeable bases which may be
regarded as a measure of the available bases may be extracted
by leaching a soil with a fairly concentrated salt solution
(Robinson (55)), and one extraction with Morgan's original
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reagent, as described below, is sufficlent to remove a large
proportion of these bases (Peech and English (25),
Stewart (56)). "

(a) Morgan's reagent as soll extractant.

The use of Morgan's reagent as a plant extractant has
been previously discussed on page 15 and it has additional
advantages when applied to soil.

Morgan (24) has pointed out that it is a well buffered
solution at a pH approximately that of the soil solution in
equilibrium with the partial pressure of carbon dioxide
normally found in the soil air and that its extracting
capacity is not appreciably affectea by the presence of
moderate amounts of calcium carbonate in the soil.

Also, the samounts of iron and aluminium extracted by
lorgant's reagent from neubral or slightly acid solls are
very small and are insufficient to interfere with the
chemical determinatiomswhich are conducted on the extract
(Peech and English (25)).

liorgan's reagent was used in this investigation for the

extraction of "avallable" potassium and magnesium.

(b) Determination of availsble phosphate.

Available phosphate was assumed té be that extracted by
shaking 20 g. of the analysis-sample with 800 ml. of acetic
acid solution (25 ml. glacial acetic azid diluted to 1 litre
with water) for 6 hours on an end-over=-end shaker. The

concentration of phosphate in the filtered extract was
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determined by the absorptiometric estimation of the

intensity of the blue complex formed by reducing

phosphomolybdic acid in acid solution by stannous chloridee.
The method was exactly that described by Williesms and
Stewart (57); it was most satisfactory.

The results were expressed as milliequivalents phosphorus
per 100 g. of oven=-dry soil,.

(c) Determination of available potassiume

Available potassium was assumed to be that extracted
from 20 g. of the analysis-sample by shaking with 100 ml. of
Morgant!s reagent for 2 hours and filteringe.

A sultable aliquot (usually 1 or 2 ml.) of the extract
was diluted to'5 ml. with Morgan'!s reagent and 1 ml. of
40% formaldehyde solution was added to prevent interference
by ammonium ions (for example Haver & Bruner (58)).
Potassium was then determined as described on page 34
and was expressed as milliequivalents potassium per 100 g.
of oven-dry soil.

(d) Determination of available magnesium.

The avallable magnesium was assumed to be that extracted
as described under the determination of available potassiume
The concentration of magnesium in the extract was determined
as described on page 82 and was expressed as milliequivalents

magnesium per 100 g. of oven-dry soil.
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4. Composition of & 135 80ils Water Extract.

To obtain information regarding the solution surrounding
the roots of the tomato plants growing in soil, the soil
solution, should have been separated by a suitable method
(for example, Burd and Martin (59) or Richards (60)) and
analysed. It was not possible to carry out such separations
and a simpler method was resorted to. This consisted of
making an extract of the soil by shaking together soil and
water iIn the ratio 1:5, filtering and using the extract as a
guide to the composition of the soil solution. It is
realised that such a procedure will not give an accurate
picture of the composition of the soil solution. It seems
likely, however, (in view of the high concentration of
fertilisers in glasshouse soils) that the‘composiﬁion of such
extracts with respect to potassium, magnesium, sulphate and
chlorine ions, which are of particular interest in this
investigation, will bear some relationship to the solution in
contact with the roots of the plant; the relationship will
certainly be much closer than that of the fraction extracted
by liorgan!s reagent etc.

The speclfic conductivity of a 145 soils water
suspension was used as a measure of the soluble~salt content
of the soils being investigated. It is of necessity an
inaccurate method, because the conductivity of a soil
Suspension depends upon the type of salts present therein as
well as on the total salt concentration. The specific
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conductivity of a water extract of soil has been used with
succesé in studies on greenhouse soils by Merkle and
Dunkle (61) and is advocated by Magisted et al. (62).

(a) Preparation of the 135 soils water extract.

10 g. of the analysis-sample were shaken for half an hour
on a to=and=fro shaker with 50 ml. of waﬁer. The extract,
after determining the specific conductivity of the suspension,
was filtered off by suction and the other determinatioggzaone
within a few days.

(b) Determination of potassium in water extract of soil.

The concentration of potassium was determined in the
extracts prepared as described above by pipetting a suitable
aliguot (usually 2 or 5 ml.) into an 18 ml. centrifuge tiube
and making up to 5 ml. 1f necessary with water, adding 2 drops.
of glaclal acetic acid and 1 ml. of formaldehyde.

Procedure was then exactly as described on page 34 .

(c) Determlnar.%lon onm dnlorine and sulphate ions in the
water extract ofsoil,

The concentration of these was determined exactly as
described under the Plant Analyses Section pages 82, 39
and 40 . Sultable aliquots were usually 5 ml,

(d) Determination of specific conductivity of water
extract of soil.

The specific conductivity of the suspension of soil in

water as prepared above was determined before filtering off

the extract.
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The apparatus used was that described by Niemczycki
and Galeckl (63) for the determination of specific
conduetivity of milk. Two main modifications were made
in this method, namely (1) an electrolyte 0.005Ne. potassium
chloride of specific conductivity nearly approaching that
of a glasshouse soll susvension was used and (2) the double
cell described by Illemczyckl and Galeckl was replaced by
two separate cells which were more easlly handled,

The cell constants of the two cells were determined in
the usual manner by employing an electrolyte such as
0.02N potassium chloride of lknowxn specific conductivity
namely 2.498 x 10”9 and observing the Wheatstone Bridge
readings when known resistances were balanced agsainst
this electrolyte; the cell constant of the cell which was
used for the 0,005 potassium chloride electrolyte was
found to be 0.5208 and for the soil suspension cell, 0.5348,

The specific conductiVity of the 0.005N potassium
chloride was then deternined in a simillar way lmowing the
cell constant,'and a value of 7.05 x 10~% mhos at 20°¢. was
cbtained. |

The following described& briefly the layout of the
‘apparatus and the establishment ovf the formula used in
Acompﬁting the specific conductivities of the 1lsS soil

suspensions,
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Oscillator

450 mains
The above sketch shows that the left~hand electrode W

of the standard cell was connected to the left-hand and A
of the.n@tre Bridge, while the right-hand electrode Z of the
soil suSpehsion cell was connected to the right-hand end B
of the Bridge. The remaining two electrodes wére attached
to a common}junction J to which was also attached one of the
telephone wires. The other telephone wire was connected
to a sliding contact 8. The two ends of the wires from the
oscillator were connected to the ends A and B of the Bridge,
the oscillator being connected to the electric mains.

The electrolyte and the soll suspensions were placed in
‘a bath maintained at 20°C. for some time before the
determinations were commenced. It was essential to maintain
the electrolyte and the suspénsions at a constant temperature

as little removed from 20°¢. as possible.
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In the calculation of values let

k¥ = specific conductivity of the soil suspension
k! = specific conductivity of the 0.005 N pota381um

chloride
Kw = cell constant of the standard cell
Kz = cell constant of the soll-suspension cell
Rw = resistance of the 0.005N potassium chloride
Rz = resistance of the soil suspension
¥ = Bridge reading in m.n.

Then

Kz

Rz = K=z Rw (1)
T Kw Kw Rz

- W :
Since the reolstances Rw and Rz are in the same ratio
to oneanother as the Bridge readings,
¥y and 1000-y,that is
RW = ¥
Rz 1000
equation (1) becomes
k = I\,Z - Y
k! Kw * T000-y
and
k 2K gkE ox __y (2)
Kw 1000~y ‘
Now k' = 7.05 x 10~%mhos at 20°c.

Kz = 0.5348
Kw = 0.5208 whence Kz = 1l.026

Kw
and formula (2) becomes

= 7.05 x 107% x 1.026 x v
1000 - y

k

which glves the specific conductivity of the suspension.
The specific conductivity was expressed in mhos for

the 1:5 soil suspension at 20°¢,
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5., Osmotic Pressure of High-2atio (332) Soils ater Extract.

It was desirable to determine the osmotic pressure of
the soil solution in which the plants were growing so that
a comparison could be made between the individual soil
solutions and also between them and the sand-culture
solutions used in studying the effect of osmotic pressure
on the absorption of nutrients. It was not possible to
obtain the soll solutlion and it was decided that the
nearest practicable approach\to it was to make a high-ratio,
soilswater extract. It seemed iikely that the osmotic
pressures of the soil solution and of such an extract would
be fairly close to one another on account of the large
accumulation of fertilisers in the glasshouse soils, and
that, in any case, the osmotic pressure of the extract
would not be greater than that of the soil solution.
Iiethod

The extract was prepared by shaking togéther for two
hoﬁrs in a to-and-fro shaker, 150 g. of analysis-sample
and 100 ml. of water, and then filtering by suction.

The osmotic pressure of the extract was calculated
from its freezing point determined by means of a Hortvetb:t
Cryoscope exactly as described in the "Methods of Analysis"
of the A.0.A.C. (64).
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PART IIT DETERMINATION OF MAGNEST UM

I GENERAL

It was important to be able to determine small
quantities of magnesium falrly accurately in large numbers of
plant and soll extracts, and considerable time was spent in
examining existing methods and in devising a satisfactory one.

The characteristics of a sultable method are
suwmarised below.

(1) It must be reasonably accurate.

(2) It must be sensitive.

(3) It must not be time-consuming.

(4) It must be satisfactory in presence of
Morgan's reagent.

(5) It must be free from interference by those amounts
of substances likely to be present with the
magnesium in the plant tissue or soil and to
have passed with the magnesium into the extract.

(6) It must be suitable over a fairly large range
of magnesium concentrations.

If conditions (4) and (5) were not satisfied then the
time required for removal‘of the interfering substances before
the actual determination would have considerably limited the
number of analyses which could have been undertaken; if
condition (6) were not satisfied considerable time would

have had to be spent on finding the necessary dilution

factors,
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IT MNETHODS BASED ON MACNESIWM AMNMONIW PHOSPHATE

1. Gravimetric

The gravimetric method of estimating magnesium by
precipitation as magnesium ammonium phosphate from the
calcium freed solution, and weighing as magnesium .
pyrophosphate (liethods of Analysis of A.0.A.C. (65)) 1s
probably the most accurate method available. It was
unsuitable in this case, however, because of the relatively
large amounts of magnesium required and the considerable
time necessary for the determination.

2. Volumetric

The above method may be converted into a volumetric one
(Handy (66)) by dissolving up the pure precipitated double
phosphate 1n excess standard sulphuric acid and back
titrating with sodium hydroxide. This requires less time
than the gravimetric method bubt is still time-consuming and,
as before, a relatively large amount of magnesium is
required. The volumetric procedure, in my experilence, is
considerably less accurate than the gravimetric, especially
when the amounts of magnesium present tend to be small.

Se Semi-micro colorimetric. or absorptiometric

In this type of method, described by Briggs (67),
Denis (68) and Harmett and Adams (69), the magnesium present
in the extract, from which calcium has been removed, is

precipitated as magnesium ammonium phosphate.

‘To/
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To reduce the amount of magnesium required, a centrifugal
method of dealing with the precipitate 1s used. The
precipitate is separated and washed by centrifuging and is
finally dissolved up and the phosphate present is determined
colorimetrically; from the amount of phosphate present the
amount of magnesium may be calculated.

The method is sensitive and fairly rapid and the
accuracy has been stated to be about 3%. Calcium requires
to be separated first, however, and a suitable centrifuge
was not available when the estimations had to be done;
the method, therefore, could not be adopted for routine
DUrpOSes.

III METHODS BASED ON 8-EYRDOXYQUINOLINE.

The methods based on precipitation of the magnesium
with 8=~hydroxyquinoline were considered and though
gravimetric, volumetric and colorometric methods were
available (for example, Staff of Hopking: and Williams
(70)) it was found that these were unsatisfactory for the
purpose of this investigation. Ih some, the amounts
required were too large, and where the procedure was simple,
the accuracy was low, and vhere the accuracy>was
satisfactory, the method was too involved and often
required the use of a centrifuge. In addition, the
macro-gravimetric and volumetric methods described by
Staff of Hopkins and Williams (70), had been tried in
connect ion With.another‘investiggtion and difficulty was

found/
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found in obtaining consistent results - possibly due to
precipitation of some of the 8=hydroxyquinoline along with
the magnesium complex,

IV LETHODS BASED ON CURCUMIN COMPLEX

A coloroietric method is described by Kolthoff_(?l) in
which 1s noted the intensity of the orange colour produced
when the magnesium is precipitated by excess sodium hydroxide
in the presence of the natural colowing matter curcumln.
Thrum (72) attempts to increase the accuracy by keeping the
complex in colloidal solution, using starch~glycerite as a.
stabllising agent.

The methods were investigated both colorimetrically and
absorptiometrically and found to be completely unsatisfactory
because of the very small range and lack of sensitivity to
small changes of magnesium concentration. It is possible thatb
the type of curcumln used was not the same ag that in the

original work,

V IETHOD BASED ON p~NITHOBENZENE-AZO-RESORCIIQL COiTPLEX

The dye p-nitrobenzene-azo-resorcinol hés been wed to
detect magnesium qualitatively but seemingly not quantitatilveli
wntil a method was developed by Peech and English (25). The
authors state that 1t is satisfactofy for plant tissue extract:u
but not for soll because of the difficulty of preventing
interference by substances in the soil extracts.

The/
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The method used in this investigation had been evolved
before the description of the Peech and English (25) method
was available and therefore it was not examined here.

VI UEBETECDS BASED ON TITAIT YELLOW COMPLEX

1. General

Kolthoff (73) appears to have been the first to emphasise
that the dye titan yellow forms a red colour with magnesium in
alkaline solution. liellan (74) has pointed out that ﬁhis red
colour may be due to the adsorption of the dye by‘the insoluble
megnesium hydroxide and/or to partial precipitation of the dye
at the same time as the magnesium hydroxide. gome of the dye
may actually be combined as a salt but probably most is held
on the surface of the precipitaté by adsorption.

If the concentfation of magnesiun lons 1n the solution is
low, then the complex 1s at first colloidal and later coagulates
giving a visible precipitate. If the concentration is higher,
then this precipitate appears immediately.

The estimation of magnesium by titan yellow is therefore
based on the formation of the red magnesium hydraiide tiltan
yellow lake or complex (hereafter termed the complex), and the
determination of the intenﬂity.of this by a colorimeter or
absorptiometer. It is clear therefore that unless the
magnesium hydroxide forms.exactly the same type of suspension
then not only will the iﬁtensity of the red colour be different
but also the estimation of this will be subject to additional
considerable er}or because of the Surbidimetric effect.

The/
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The majority of methods therefore aim at (1)
standardising the determination and (2) keeping the complex in
colloidal solution by using low concentrations of magnesium
and somet imes by the use of a stabilising agent.

It is ciear also that the presence of anything which will
change the charge upon the hydroxide particles will also change
the appearance of the complex (liellan {(74)). It is nécessary
therefore to ensure the absence of anything which will
interfere in this or in any other way with the actual intensity
of the colowr or with the determination of that intensity.

2. Simpie Determination by Colour of Complex

The titan yellow reaction has been employed Iin an
unrefined form by liorgan (24), CGarman and Iferkle (75), and
Wolf (13). Their methods are essentially the same though the
determination of the intensity of the red colour ﬁay be made by
different means namely, by direct visual comparison with a
series of sténdards, or by a colorimeter, or by a photoelectric
absorptiometer.

The direct titan yellow method investigated was a slight
modification of Wolf's (13), the differences being only in the
volume to which the aliquot was diluted and the correspondiné
changes necessitated in the amounts of titan yellow and sodium
hydroxide reagents added.

Wolf's Method.

Reagents.
(1)/
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(1) Titan yellow reagent. 0.2 g. of titan yellow dissolved
in a mixture of 100 ml., water and 1C0 ml. niethyl alcohol.
The solution was stored in a brown bottle, and renewed
regularly.

(2) Sodium hydroxide reagent. 15 g

o

sodium hydroxide
dissolved In water and diluted to 100 ml.

(3) ﬁagnesiun s tandard solution. The magnesium standard
solutions used in the investigation of this and the other
methods contained usually 20 or 40 p.p.m. of magnesium as
magnesium sulphate dissolved.in Morgan's reagent.
Procedure.

A suitable aliquot of the magnésium.standard solufion was
pipetted into a 100 ml. conical flask and diluted to 40 ml.
with lorgan's reagent, and 2 ml. of titan yellow reagent were
added followed by 8 ml. of sodium hydroxide reagent. The
whole was mixed and after 5 minutes the'Spekkér reading was
taken using a 1 cm. cell and'green filters No. 5.

Discussion.

This method, and the others which follow, were investigated;
as described on page 28.

In Table 9 are figures for a typical graph and although
the determinations were repeated a number of times there was
no improveuent. Table 9 also shows the variation in reading:
obtained for a solution conbtaining 2 p.p.m. of magnesium and
comparison of the differences between these reading§ with the

~rach/



graph readings shows differences which, at that concen'tration,
amount to approximately 30%. Such differences were not
exceptional and larger ones have been obtalned. The method
is also seen to be unsuita‘ble far concentration above 4 Depenle

It soon becarie clear that a number of factorg was
inflvencing the 8pekker readings. Anong these, and by far
the most izszortaht, was the rate and manner of addition of
the sodium hydroxide reagent. This had such a big effect
that it tended to mask any others though it was not long
before minor sources of error were noticed and eliminated,
For example, it was found that the amounts of reagents added
had to be strictly adhered to and that the titan yellow
gsolution should be added immediately before the NaQH because
its colour fades in Morgan's reagent (Table 10).

The effect of adding the sodium hydroxide at different

rates is shown in Table 11 and will be Seen to be considerable.

An attempt was made to standardise the method by which
the sodium hydroxide rea;j:enﬁ was addeds the reagent was run

into the solution rapidly until the precipitation was aboub

to start; then it was added slowly dropv by drop with constant

mixing until the red colour was fully farmed after which the
remaining portion of the reagent was added rapidly and the
whole mixed. It was found that little iImprovement resulted
from this. |

The/
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The effect of very rapid addition of the sodium hydroxide
reagent and rapid mixing was also noted but results cbtained
showed an even greater scatter than those of any previous
method, |

It was goon clear that i ithis simple form the titan yellow
reaction was not sufficiently accurate and so methods
elaborated from it were investigated.

3. Elaborated Determination by Colour of Comnplex

(a) Gillam's Method.

In the method devised by Gillam (76), iron, aluminium,
armmonium and phosphate ions are first separated and then the
colour is developed in the presence of hydroxylamine (to
prevent fading of the colour) and sucrose (to prevent
interference by calcium). An acc oﬁnt of the method, slightly
modified for use with lMorgan's reagent, 1s given below.
Reagents. |
(1) Titan yellow reagent. 0.15 g. titan yellow dissolved in
75 ml. 95% ethyl alcohol and 25 ml. water.

(2) Hydroxylamine reagent. | 4 g. hydroxylemine hydrochloride
dissolved in 100 ml. of water.

(3) sucrose reasgent. 5 g. sucrose dissolved in 100 ml. of
water. |

(4) Sodium hydroxide reagent. 4 g. sodium hydroxide dissolved
in 100 ml, of water.

Procedure. /
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Procedure.

The apnropriate volume of a standard magnesiuvm solution
in Morgan's reagent was added to a 100 ml, graduated flask
followed by 10 ml. and 2 ml. respectivelj of the sucrose and
hydroxylamine reagents. The mixture was then diluted to
approXximately 70 ml. with water, ten drops of the titan yelloﬁ
reagent added and sodium hydroxide reagent run in uwntil the
colour changed to brown. The red colour was then restored
by the addition of a drop of dilufe hydrochloric acid and
finally, 10 ml. of the sodium hydroxide reagent were added and
the contents of the flask gently mixed, made up to volume with
water and mixed again. The Spekker reading was then

determined using a 4 cm. cell and green filters No. 5.

This procedure differs from Gillam’'s only im that prior to

the development of colowr the acld solution is approximately
neutralised (using the titan yellow as indicator) and then made
just acid with hydrochloric acid (the effect of which on the
reaction was shown to be negligible); in this way the effect
of varied amounts of the Morgan'!s reagent in decreasing the
final alkalinity of the solution was largely eliminated.

Discussion.

It was soon found, as illustrated in Table 12, that
replicable results were difficult to obtain.
The/
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The effect of adding the sodium hydroxide reagent at
different rates was investigzated and found t0 be very marked,
but strict standardisatibn of the method of addition did not
have the desired effect. Table 13 shows resultsfdbtained when
the sodium hydroxide reagent was added very slowly at the
critical stage.

Also, Gillam has mentioned that foﬁ accurate results the
concenmtration of magnesium ﬁust lie between 0.5 and 3 DePeitle
and thus the range of the method is inanveniently small.

In the above work, in which solutions consisting only éf
magnesium sulphate dissolved in Morgan's ?eagent were used,
'fading! of the colour of titan yellow in alkaline solution
over a period of a few hours was never noticed, although
change due to gradual conversion of the complex from the
colloidal state to a precipitate was observed. The use of
hydroxylamine as advocated by Gillam was not found to improve
the method in any way when the investigation was based on the
use of a pure solution of magnesium sulphate in Morgan's
reagent. Stross (77), also was unable to confirm the effect
of hydroxylamine described ﬁy @Gillam, and Peech and BEnglish
(25) have demonstrated that hydroxylamine eliminates fading
cauéed by manganese.

Stross (77) has also recorded the importance of
controlling the rate of addition of the sodium hydroxide
reagent, and of carefully standardising the whole procedure,

(v)/




(b) Standardisation of Colour Development.

It was next decided to attempt to control the farm of
the magnesium hydroxide, titan yellow.complex by
(1) use of a mechanical stirrer,
(2) temperature control,
(3) use of a protective colloid.
In view of the results obtained on using Gillam's
method, it was thought that the simpler technique of Wolf
(see page 58 ) would be adequate.

Use of mechanical stirrer.

To control the rate of mixing at the farmatlon of the
complex, a mechanical stirrer, revolving ét a constant rete,
was uge, the sodium hydroxﬂie reagent was added very slowly
over the critical stage to ensure satisfactory mixing. The
results were poor and typlcal ones are given in Table 14.
Rapid addition of the sodium hydroxide at the critical stage
was equally unsatisfactory.

Temperature control.

Production of the complex at a temperaﬁure over 25°¢.
was unsatisfactory because the complex soon precipitated as
relatively lavrge particiltes:, which were wnsuitable for
Spekker determinations.

To determine the effect of a lower temperature, the
extract volume wés cooled to 59C. and the colowr was developed
using cooled reagents. To prevent the deposition'of a film
of moisture on the optical surfaces of the cell, the

temperature/
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temperature was allowed to rise to that of the room before

the liquid was transferred to the Spekker cell. Both ordinary
mixing and mechanical stifring were used but results were still
unsatisfactory; some of the results received using a
mechanical stirrer are shown in Table 15.

Use of a protective colloid.

The need for the presence éf a protective colloid to
keep the complex in the colloidal state has been emphasilsed
by a number of authors. Peech and English (25), Stross (77)
and Hirschfelder and Serles (78) have all made use of starch
for this purpose,

The method used for investigating thls was as given on
page 58 with the addition of 10 ml. of starch solution (2 g.
soluble starch dissolved in 100 ml. of bolling water, cooled
and filtered) before adding the titan yellow reagent. Ordinary
mixing and mechanical stirring were both tried and some results
are given in Tables 16 and 17 respectively. Once again it
will be seen that the range was restricted (to aboubt 5 pepem.)
and that even within this range the fesults were not
satisfactory.

Use of mechanical stirrer in conjunction with the special
reagents of Glllam (76).

The use of Gillam's special reagents along with the
attempted control of the complex formation by a mechanical
stirrer was next investigated.

The/




The extract volume was 40 ml. but this included 10 ml.
of sucrose reagent (page 61 ) and 2 ml. of hydroxylamine
reagent. (page 61 ). Ten drops of the titan yellow reagent
(page 61 ) were added immediate;y followed by 10 ml, of
sodium hydroxide reagent (nage 58 ) the rate of addition
teing controlled and the rate of mixing standardised by a
mechanical stirrer. In preparing solutions of different
magnesium concentrations, the amount of Morgan's reagent was
adjusted to be the same in every case, Spekker readings
were obtained using a 1 cm. cell and green filters No. 5.

The results were wnsatisfactory and typical ones are
given in Table 18.

It should be noted that the results for the above methods
were 3nsatisfactory even although they were investigated by
using simple solutions of magnesium sulphate in Morgan's
reagent.

(c) Method of Peech and English (25).

Peech and English have investigated the determination
of magnesium in soil extracts, and though their results were
published after the method described én page 82 was evolved
it may be of interest to mention some features of their
method and conclusions.

Starch 1s used to extend the range and increiée the
accuracy of their method and hydroxylamine is used to prevent

interference by manganese and iron.

Although/
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Although they state that thelr elaboration of the titan
yellow technique is better than previous methods, they also
record that it is still not sat isfactory.

4. Determination by colour of excess titan yellow =
separated by filltering or centrifuging.

The various ﬁethods described above (excepting that of
Peech and English (25)) having been examined, it was decided
that the main cause of trouble was the e ffect of the state of
the magnesium hydroxide on the determination of the intensity
of the colour by the Speklker and on the quality of the colour,

As previously indicated this effect would be caused in two
ways, firstly, by the state of the magnesium hydroxide affecting
to some extent the amount of dye incorporated in the complex
and therefore the intensity of the colow of the complex and,
secondly, by the presence of a twbidimetric effect the extent
of which would vary with changes in the state of the magnesium
hydroxide.

Additional complications may also occur when the solution
in which the magnesium 1s being determined contains other ions
which may form precipitates, cause fading of colour, affect
the state of the complex etc..

If any one of these effects could be eliminated it seemed

likely that the results would be more satisfactory. It was
thought that much of the difficulty could be overcome if a
definite amount of titan yellow, more than was necessary to

react/
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react with all the magnesium present, were used, and the
excess of dye separated off; the amount of excess dye in the
separated solution could then be determined simply by the
Spekker without interference by precipitates, etc., especially
if the dye were in true solution (as opposed to colloidal
solution or suspension).

On first sight, it seemed that one could simply precipitate
the complex and, having filtered or centrifuged the mixture,
determine the emount of fye in the filtrate of supernatant
liquid. When, however, a solution of titan yellow in Morgan's
reagent was made alkaline with sodium hydroxide and centrilfuged,
the dye was seen to be largely insoluble or to have formed to
a large extent an insoluble complex. A simple separation by
filtering or centrifuging was therefore not possible. It may
be of interest to note that the dye was not precipitated‘by
adding sodium hydroxide to its solution in water,

An attempt was then made to find a substance which would
keep the excess dye in solution in the presence of alkaline
Morgan'!s reagent and yet not affect the complex.

It may be apposite to mention that Haury (79) was found
at this point to have utilised a similar idea in the
investigafion of the determination of magnesium in serum.
Briefly, he cemtrifuges off firstly the calcium precipitated
as the oxalate from the serum, secondly, the serum proteins,

precipitated by trichloroacetic acid, and finally, the
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magnesium hydroxide titan yellow complex precipitated as usual.
To determine the amount of excess titan yellow he treats an
aliquot of the supernatant liquid with starch, sodium hydroxide
and excess mangesium sulphate solutions and matches the colours
produced with those from standard solutions.

Ir the latter part of his method, Haury therefore
introduces the usual causes of error due to dealing‘with the
complex in the colloidal or suspended forms.

In view of the disparity between the fact that Haury
separated the excess dye from the complex by centrifuging and
that, as mentioned above, much of the excess dye was insoluble
in alkaline Morgan's reagent, Haury's method was examined exactly
as described (79) except that water was used in place of serum.

A fairly large proportion of the dye was found to be precipitatedy
It seemed therefore that either something presemt in the serum
kept the excess dye in 301ﬁfion-in presence of alkaline sodium
oxalate and trichloroacetic acid solutions, or that the dye used
was different in constitubtion from that of Haury. It may be

of interest to note that much more of the dye was precipitated
when Morgan'!s reagent was present than in Haury'!s mixture of
solution but the inclusion of these in the test with Morgan's
reagent did not improve matters. It was unlikely that
significant amounts of magnesium were present in any of the
reagents which were all of Analar qualilty and several baitches

from different sources were investigated.
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Had Haury'!s results been confirmed, useful information on
a method of keeping the dye in solubtion under certain condit ions

might have been gained.

5. Use of excess titan yellow solvents.

(a) General.

A solvent which would prevent the ramnoval of the excess
titan yellow on filtration or centrifuging could either be added
before or after the precipitation of the complex. In the
former case it would be essentlal that it did not prevent the
formation of the complex, and in the latter, did not remove dye
from the complex, and that, in both cases, it would dissolve the
excess of the dye.

(b) Ethyl alcohol as solvent.

The use of éthyl alcohol as a solvent was iﬁvestigated by
examining its action at room and higher temperatures on the dye
and on the complex as follows.

(1) 30 minutes after mixing together Morgan's reagent, titan
yellow and excess sodium hydroxide, the mixture was treated with
an equal volume of ethyl alcohol and 30 minutes later was
cehtrifuged: the mixture was then seen to be composed of a
precipitate and a brown-red coloured liquid, showing that under
the conditions of the experiment part of the dye was rendered
insoluble. On boiling the mixtuwre for 5 minutes, cooling and
centrifuging, a precipitate was still present: heating of the
mixture did not therefore cause solution of all the dye.
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(2) To some magnesium sulphate dissolved in lMorgzan's reagent was
added insufficient titan yellow to react with all the magnesium
present and then excess sodium hydroxide waé added; after 30
minutes an equal volume of ethyl alcohol was added and 30
minutes later the mixture was centrifused: only a trace of
colour was presemt in the liquid and this trace was only slightly
increased by boiling the mixtwe. This showed that once the |
complex was formed, it was not appreciably affected by eilther
cold or hot alcohol in the mixture.

(3) A half volume of ethyl alcohol was added to some Morgan's
reagent, folloWed by titan yellow and excess sodium hydroxide;
in 30 minutes the mixture was cantrifuged, showing a small
precipitate and a coloured solution. The same result was
obtained when the titan yellow and sodium hydroxide were added
to the hot mixture. The presence therefore, of alcohol in the
solution at the time of the addition of sodium hydroxide was
capable of keeping most of the dye in solution.

(4) A half volume of ethyl alcohol was added to a solubion of
magnesium sulphate in Morgan'!s reagent and insufficient titan
yellow to react with the magnesium was added followed by excess
sodium hydroxide; centrifuging 30 minutes later showed that a
moderately large precipitate had been formed and that this was
suspended in a coloured solution. The same result was obtained

when the titan yellow and sodium hydroxide were added to a hot

mixture. It will be seen therefore that the presence of alcochol
interfered with the formation of the complex.

Summarising/
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Surmarising the above results it will be seen that
although alcohol does not appear to affect fhe complex once it
has been formed, it does interfere if present during its
formation; also, treatment of the mixture after precipitation
of the dye will not completely dissolve up the excess of the dye
although, if the alcohol is present before the additlon of the
sodium hydroxide, then only very little of the dye willl be
precipitated.

These facts render the use of ethyl alcohol as a solvert

rather unsatisfactory because to keep the excess dye in solution

the alcohol must be present before the addition of the alkali
and this interferes with the formation of the complex.

(c) Use of solvents other than ethyl alcohol.

Other cheamicals which were investigated in the same way as
the above were methyl alcohol, iso-=propyl alcohol, acetone,
glzcerol and carbilitol; the results were much the same as those
for ethyl alcohol though it was seen that iso-propyl alcohol and
acetone were a little more satisfactory. It was decided to
investigate their use further, and in the followlng methods of
this subsection each was tried in turn; in every case also,
various proportions of solvent to extract volume had to he
investigated as described gbove and as the conditions of the
method prescribed, but only that ratio which seemed most

satisfactory was used in the actual methods and is given here.
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(d) lethods based on the use of solvernts.

Reagents.
(1) Titan yellow reagent. 0.05 g. titan yellow dissolved in

100 ml. of water and filtered. | |
(2) 15% sodium hydroxide. 15 ge. sodium hydroxide dissolved

in water and volume made up to 100 ml..

(3) 2% sodium hydroxide. 2 g. sodium hydroxide dissolved in |
water and volume made up to 100 ml,..

(4) 504 solvent. 1 volume of solvent diluted with 1 volume of
water, ‘

(5) 109 solvent. 1 volume of solvent diluted with 9 volumes of
water, i

Method T. Solvent added after formation of the complex in hot

solution and the amount of excess titan yellow determined.

The extract-volume was 40 ml, and after raiging its
temperature to 70°C., exactly 2 ml., of the titén yellow reagent
were added followed immediately by 8 ml. of 15% sodium hydroxide
and the whole mixed. No special method of stirring wag used
as the high temperature caused immediate precipitation of the
complex and it was thought that this would be sufficient
standardisation. The mixture was kept at 70°¢. for ten

minutes after which 20 ml., of the solvent were added and the

mixtwre was kept at 70°C. for a further 30 minut es. It was
then filtered through a 7 cms No. 531 Whatman filter paper, the |
residue waghed with 507 solvent and the filtrate and washings
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made us with 50% solvent to 100 mi.. The Spekker reading of
this solution was determined using a 4 cm. cell and green
filters Mo. 5.

Some results obtained by this method are given in Table 19
and are obviously unsatisfactary. The effect of the rate of
addition of the sodium hydroxide reagent to the hot solution
is shown in Table 20 and will be seen to be very great. An
attempt was made to standardise the method using a mechanical
stirrer and adding the sodlum hydroxide at a constant, slow
rate, but results obtained in this way were no better.

That the fault did not.lie in the instability of the
complex or the dye in the hot alcoholic mixtwe 1s shown 1n
Table 21.

It appreared therefore that the control of the composition
of the complex by its formation in hot solution was not
safisfactory s0 the following method was devised.

Method. II. Solvent added after formation of the complex in

cold solubtion and excess of titan yellow determined.

The extract volume was 20 ml., and to it was added at room
temperature, &iactly 1 ml. of titean yellow reagent, 3.3 ml. of
159 sodium hydroxide (rapidly), 5 ml. of 2% sodium hydroxlde
solution (very slowly with constant mixing until the pH of the
solution was raised over the -critical range for the formation
of the complex), and 1.7 ml. of 15% sodium hydroxide. After

mixing, and leaving for 30 minutes, the temperature was raised
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to 80°C. (to.coagulate the complex and facilitate the solution

of the excess dye by the solvent) and 10 ml, of the solvent
were added and the whole boiled for 2 minutes. It was then
cooled to 5°C., filtered etc. and made up to 100 ml. &s in
Method I and Spékker readings taken as before. The cooling
of the mixture before filtration was found to facilibtate the
retention of the complex by the filter paper.

Some results are given in Table 22 and were still
unsatisfactory.

fethod III. Solvent added before formation of the complex in

arounts insuvfficlent to interfere with this formation, and

ecess of titan yellow determined.

To an extract-~volume of 20 ml., 2 ml., of the solvent were
added. This proportion had'been'shdwn to influence only
slightly the amount of complex formed. Exactly 1 ml, of
titan yellow reagent was added followed immediately by 3 ml., of
157 sodium hydroxide (added rapidly), 5 ml. of 29 sodium
hydroxide (added slowly) and 2 ml. of 15% sodium hydrozide
(added rapidly), a mechanical stirrer being used. After 30
minutes the mixture was heated to 80°C. and kept at that

temperature far 2 minutes after which it was cooled to about

50C. and filtered through a 7 cm. No, 531 Whatman filter paper.

The residue was washed with 10% solvent and the filtrate and
washings made up with the 10% solvent to 100 ml, Spekier
readings were obtained using a 4 cm. cell. Although green

filters/




filters are usually advocated for titan yellow readlings, and had
been used previously, it was found at this time that a better
raﬁge of readings was got using violet fllters and these were
badOpted; photoelectric cells are relatively rather
insensitive to violet 1ight, but the use of the sensitivity
control on the Sensitive Model of the Spekker largely off-set
this feature. |

The need for cooling the mixtwe before filtratlion is shown
in Table 23.

Results obtained using this method are given in Table 24
and were very unsatisfactory.

Method IV. Solvent added before the formation of the complex -

in amounts sufficient to interfere with this formation, and the

intengity of the mixtwe colour determined.

This method is a departure from the previous three, in that
the excess of dye was not separated from the complex, but the
intensity of colour of the whole was determined. It foilGWed
from the observation that with certain proportions of extract-
volume to solvent, although the preclipitation of the complex was
partly prevented, the colour of the mixture varied with the
concentration of magnesium present.

The extract volume was 40 ml., and to this 20 ml, of the
solvent were added and the mixture heated to 70°¢. 4 ml. of

titan yellow reagent were added followed by 10 ml, of 15% sodium

l

hydroxide reasent. The mixture was kept at 70°C. for 2 minwes

and then allowed to cool to room temperature. Spelker readings

viere then made using 4 cm. cell and green filters No. S.
Zesuls: /
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Results are given in Table 25 and it will be seen that they
are unsatisfactory. The effective range is small and
revlication therein podr, either when direct readings are made
or after centrifuging.

(e) Absorption of dye by filter paper.

In the above methods in which filtration was used for the
separation of the excess titan yellow, a small, though possibly
variable amonnt of the dye combined with, or was adsorbed by,

the filter paper in such a way that it was not removable by
the solvent. This was another possible source of error which
was redwed to a minimum by using a very small filter paper,
Filtration by suction either through a filter paper disc ar
sintered glass disc was useless because the complex was not
retained. Unfortunately, centrifuging of many samples was not
possible and so this method could not be used to overcome the
difficulty.

6. Determination by colour of excess titan yellow- separated
by two phase liquld formation.

(a) general.

Because of the above menﬁioned difficulties encountered in
the separation of the excess titan yellow, the use of a dye
solveﬁt vhich would formm two distinct and easily separated liquid
phases with the other reagents was investigated. Ideally, the
less dense phase would conbtain all or most of the excess titan
yellow 1n true solution, and no suspended matter, while the
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other would contain the complex along with any other susperded
material; 1f such were so then the less dense phase confaining
the excess dye could be easily separated by decantation and 1ts
absorptive capacity accurately determined by the Spekker,

In view of previous experience it was decided that it would
be better to precipitate the,complex in absence of thé solvent ;
it was essential, of course, that the solvent would not affect the
complex once it was formed.

(b) Solvents.

The solvents investigated, and coments on their use, are
given in Table Z6. The method used in the preparation of this
table was to shake up for two minutes 10 ml. of the solvent with a
mixture of 10 ml. of Morgan's reagent, 1 ml, titan yellow reagent
(page 59 )and 5 ml. 15% sodium hydrozide reagent (page 59 ); the
mixture was then kept under observation until separation, if anj,
of the layers took place and for some time after.

Sec=butyl alcohol seemed to be the most satisfactory of the

solvert s investigated because 1t separated easily into two layers,
1t held the dye almost complebely in the upper layer, and because
the dye was only slightly precipitated in that layer;
unfortinately a turbidity soon developed in the alcohol layer.
To overcome this, iso=propyl alcohol was incorporated and various
proportions of sec-butyi alcohol»to iso=propyl alcohol wefe tried
end a 2:3 ratio was found to be satisfactory; this gave with the
reagents a mixtuwre which easily separated into two 1ayeré, the
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upper of which contaimed most of the excess dye, and though a
tuwrbldity soon developed in this layer, a clear solution was i
formed when 1t was poured into water or dilute sodium hydroxide
soluvtion. The dye apreared to be more stable in the latter.
The urper layer when sec-butyl alcohol was used alone did not
clear in this way. The use of a mixtwe of alcohols for
extraction was also advantageous because the sec=butyl alcohol
was in short supply. ' |
The following method was eventually arrived at. |

(c) Method using a 2:3 mixture of sec=butyl and 1so=propyl
alcohols.

neagents.

(1) Solvent. 200 ml. sec=butyl alcchol mixed with 300 ml.
iso~propyl alcohol.

(2) Titan yellow reagent. As page 73 .

(3) 15% sodium hydroxide reagent. AS page 73 .

(4) 2% sodium hydroxide reagent. As page 73 .
Procedure. i
Exactly 1 ml. of titen yellow reagent followed by 10 ml, of :
the 15% sodium hydroxide was added to an extract-volume of 20 ml.:
and nixed. 30 minutes later 50 ml. of golvent were added and the
whole sheken up for some time and then separation of the two
phases was allowed to proceed. When complete, enough of the
upper layer was decanted into a 50 ml. graduated flask (containing

exactly 10 ml. of the 2% sodium hydroxide reagent) to £ill it to
the/ ¢
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the marlk. The contents were then mixed and transferred to a
dry conical flask. When clear of air bubbles, the liquid was
poured into a 4 cm. cell (this could not have been done direct
from the graduated flask without incorporating air-bubbles)
and the Spekker reading obtained using violet filters No. 7.
Some results obtained using this method are given in
Table 27 and were moderately satisfactory especially when the
range was restricted to between 4 and 10 p.p.m. magnesium ih
extract-volume. Fuwther study of the method, especially
incorporation of a tartrate would possibly have improved it.
After‘a fair amount of work had been done in investigating
the interference of ions on this method, it had to be rejected
because of the diffiéulty of obtaining supplies of sec~butyl
alcohol duvue to war exigencies. It was found, however, thab
iso=propyl alcohol could be used alone as the solvent because
when mixed with the reagents it formed a satisfactory two phase |
liquid system if the electrolyte concentration of the mixture
were sufficiently high and if a satisfactary proportion of the
total volume were iso-propyl alcochol, Additional sodium
hydroxide was used to increase the electrolybe concentration.
In the two phase system formed, excess titan yellow was not
extracted absolutely completely from the bottom layer;
however, the use of similarly treated standards in the

preparation of the calibration curves offset the difficulty.
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An additional advantage was found in that the uprer layer could
be read directly in the Spekker because no turbidity occcurred
(but see page 84 ).

During the investigation of the effects of ions on the
above described method (page 79 ) various facts were elucidated
and modificat ions had to be introduced to prevent interference
by these ions. ‘When iso-propyl alcohol alone had to be used
- as solvent those modifications were again examined and
incorporated and the investigatilon continued.

The method ultimately adopted is described below, andl
coments regarding certain of its features are given. It will
be understood that during theevolution of the method, as each
modification was introduced, the previous findings had to be
checked wnder the changed conditions. The degree of accuracj
was gradually increased as fresh modifications were introduced
and sometimes wodifications introduced for one reason were found
to be useful in other directions also; the most outstanding of
these was that during the investigation of the use of sodium
hydrogen tartrate in preventing interference by manganese, it
was noted that it markedly slowed down the formation of the
complex (and therefore probably rendered the ultinqate
constitution of the complex more éonstant), and was therefore

ubilised in such proportions as to fulfill both these functions.
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(d) lethod using iso-propyl alcohol as solvent in two nhase system
LIETHOD ADOPTED FOE CENERAL PTRPOSES)

Reagents.

The reagents described below have all proved satisfactory

for at least six weeks after their preparation. Approximately
equivalent quantities were prepared together and with each fresh
batch a new calibration graph was constructed.

(1) Calcium solution. Calcium acetate dissolved in Norgan's

reagent at the rate of 0,4830 g. calcium acetate®per 100 ml, of

solution, that is it contains 100 p.p.m. calcium.
(2) Oxalate reagent. 1.5 g. sodium oxalate dissolved in 100 mnl.

of lMorgan's reagent and filtered.

(3) Tartrate reagent. 1.6 g. sodium hydrogen tartrate dissolved
in 100 ml, Morgan's reagent and filtered.

(4) Titan yellow reagent. 0.08 . titan yellow dissolved in

100 ml, of water, filtered and stored in brown bottle.
(5) Sodium.hydroxide reagent. 15 g. sodium hydroxide dissolved

in water and volwme made up to 100 ml. and stored at 27°C..

Procedure. (Letters in brackets refer to notes commencing pag&%m
LR ISR 2 |

fs. Preparation of extract-volume.

The extract-volume chosen was 20 ml. and this was placed in

a 100 ml. conical flask. The preparation of this differed

according to the amount of magnesium and calcium present in the 1
solution being examined. The volume of extract taken was such
that the amount of magnesium in the extract-volume lay between
0.04 mz. and 0.2 mg. (A), and the amount of calcium not less

than/
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than 0.2 mg. (2) and not more than 2.4 mg. (¢). For samples
containing much calcium, a suitable volume was therefore diluted
to the extract-volume with lMorgan's reagent. For samples
containing little calcium (especially standards) the volume
taken was made up 1f necessary to 10 ml. with lorgan's reagent
and 10 ml, of the above calcium solution were added.

II. Precipitation of calcium. ().

To the extract volume were added 5 ml. of oxalate reagetm

and, after mixing, the whole was placed in an incubator at
270¢. for 1 hour.

III. Development of complex.

a—

5 ml. of the tartrate reagent (D) were added to the above
followed by exactly 1 ml. of the titan yellow reagent (E) and
imediately after 20 ml. of the sodium hydroxide reagent { F) ana
(6) were run in and mixed; The mixture was returned to the 1

incubator at 27°C.  (G) for 1 hour (H).

Iv. Extréction of the excess tltan yellow.

50 ml. of absolute iso-propyl alcochol (I) were added and

the flask stopiered with a clean, dry, rubber stopper and shaken -
vigorously for 1 minuse (J). The stopper was then removed and

the layers allowed to separate.

V. Determination of intensity of colour.

Enough of the top layer (K) was decanted into a 4 cm. cell

and the Spekker reading obtained using violet filters No. 7,
(L).
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(4) Range of method.

When the concentrabtion of magnesium ions in the extract-
volume was greater than 10 pe.p.m., inaccurate results Were.
obtained (see Graph I). A lower limit of ébout 1 DepPelM. Was
likely for general purposes and 2-p.p.m, when greater accwacy

was necessary.

(B) Lower limit for calcium concentration.

When there was insufficient calcium present, a turbidity
graduall'y developed in the upper of the two layers. The
presence of 10 p.p.m,’of calcium in the extract-volume was
sufficient to counteract this; the reason is not known.
Changes in the amounts of other reagents (lncluding oxalate)
were not effective in preventing the appearance of the
twbidity.

(¢) Interference by calcium iong.

Figures given in Table 28 show the effect of varying
concenbratims of calcium on the reactionkin absenée and in
presence of oxalate reagent. It will be seen that a con-
centration of calcium in the extract-volume greater than about
120 p.p.m, introduces a large error. It is ﬁSually easy to
arrange for the concentration of calcium and magnesium to fall

within the correct limits.

The oxalate reagent will only prevent calcium interference

if sufficient time is allowed for the most of the calciun
oxalate to vrecipitates 30 minutes 1s usually sufficient for

thisg/
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this but 1t is convenient to standardise the time to 1 hour
to ensure that the flasks have come to the required
temperature (seé Hote @) Longer treatment with the oxalate
reagent- does not affect the results.

The use of an incubator at temperature 27°C. at this
stage was primarly to bring the flasks and contents to a
standard temperature for the development of the colour
(Note G), though it would possibly also assist the

precipitation.

The possibility of combining the oxalate reagent with
the tartrate was examined because of the gimplicity which
would be introduced. It was found, however, that the

precipitation of the calcium was considerably interfered

with and therefore interference in the established ranges
was increaéed. It might have been possible to utillse the i
mixture; however, by establishing new tolerable maximum and i
minimum concentrations for the calclum ions; unfortunately

time was not available for this.

The great advantage of the two phase liquid method of &
separation is that the excess dye 1s separated not only from
the complex but from any other precipitates such as calcium
oxalate which would interfere with the Spekker readings,
Oxalate has been used often in preventing the interference
of calcium in the determination of magnesium, but it
invariably has required to be filtered or centrifuged off,
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Gillam (76) usecd sucrose for the elimination of calcium
interference in his method, Its use for this purpose was
investigated here and it was found to be unsatisfactory.

Stross (77) produced the complex in the presence of a
relatively large amount of calcium to prevent !'fading's
It was thought that if the calcium content of the extract=-
volume were increased, then the calcium would ultimately
produce a maximum, and therefore standardised, effect;
in this method, however, too great a concentration of calcium
prevented development of the complex.

(D) Interference by manganese ions.

The effect of manganese ions on the determination in the
absence and in the presence of the tartrate reagent 1s shown
in Table 29. By uvsing the tartrate reagent as described,
interference by manganese ions up to a concentration of
40 pepemes in the exﬁract-volume was avoilded. Concentrations
greater than these are unusual and may usually be met by
reducing the volume of extract in the extract=volume.

The tartrate reagent slows down the formation of the
complex and is thus useful in the production of a ﬁdre
uniform type. It is probable that the tartrate ion also
enters into the complex,

The amount of tartrate present had to be adjusted because
too little did not prevent the interference by manganese and

too much adversely affected the formation of the complex.

Tt/
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It may be possible to combine the additions of tartrate
and sodium hydroxide by dissolving one in the solution of the
other but this has not been investigated.

(8) Titan yellow reagent,

A strength of tiftan yellow reagent had to be chosen which
under the conditions of the determination would give a sulteble
range of readings on the Spekker. 0.08% was arrived at
because with this a Spekker reading of 0.30 aprroximately was
given when no magnesium was present and 0.84 when 10 PeDele
of magnesium were in the extract-volume. The dye was made
up to 0.08% approximately and a new calibration curve was
drawn each time a fresh solution was prepared.

The fading of titan yellow in Morgan's reagent has been
noted on page 60 . Results in Table 30, however, gained
by this method show that the change under the conditions in
this method, is reversible. The need for addition of the
sodium hydroxide immediately after the dye is therefore not
essential bub 1t 1s better.

(FP) Addition of sodium hydroxide reagent.

The addition of this reagent was not standardised to the
extent attempted before; it was run down the inside wall of
the flask and only when it was all in (and having formed a
layer at the bottom with the still acid Morgan's reagent above)

was the whole mixed by swirling.

(@)/
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(@) Temperature of complex development.,

The temperature of colour development was éontrolled by
bringing the temperatwure of the extréct-volume plus oxalate
reagent, and the sod ium hydroxide reagent, to 27°C. in an
incubator before mixing then. The automatic pipette by
which the sodium hydroxide was added was rinsed out 5 times
with the reagent at 27°C. and thus an even temperature was
maintained, The flasl and contents were returned to the
incubator within 5 minutes of the addition of sodium
hydroxide and thus, when a nuber was being done, about
5 could be taken from, and returned to, the incubator each
time the door was openeds

The effect of temperature at which the colour was
developed will be seen in Table 31 and is considerable.
Strict control is unnecessary, however, though a temperature
above 200C. is desirable, A range of 25°C. to 30°C. is
convenient,

(H) Duration of conplex development.

The complex must be given sufficilent time to develop,
otherwise erratic results will be obtained. Table 32 shows
that for 5 pe.pei. magnesium and 50 PePelie dalcium there is
little change from 16 minutes up to 24 hours at least but it
is convenient, esnecially when doing a large nunber to
standardise the time at 1 hour. The amount of time required
for complete complex development varies with, among other
things, the concentratlon of magnesium and calcium but under

the/
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the condit lons of the method it is complete easily within
1 hour.
(I) Solvent.

.The solvent used was absolute 1so=propyl alcohol.
Alcohol distilled from water (that is, a constant boilling

. mixture of igo=-propyl alcohol and water) is not suitable under

the conditions of the method. An increase in concentration

of the sodium hydroxide reagent would probably overcome this,

The temperature of the iso-propyl alcohol did not affect
the results appreciably within the limits investlgated,
nemely 10°¢. to 30°G.

(J) Duration of extraction.

It is obvious that the solvent must be shaken with the

reagents for a sufficiently long time for equilibrium to be

set ups  The method was standardised by shaking the flask and
contents vigorously for 1 minute which was found to be

sufficient for meximum extraction. i

(K) 8tability of extracted colour,

The 8pekker readings could be taken as soon as the layers
haed completely separated, which took only a few minutes, and
the colour was found to be stable for at least 24 howrs.

(L) Choice of filters.

‘then the uppor layer was examined spectrographically,
absorption of colouvr was seen to tale place mainly in the
Wltraviolet though it commenced in the green zone and the

ebsorption band was fairly wide in the violet region.
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Violet filters ¥o. 7 were therefore used; photo-clectric
cells afe rather insensiti#e to violet light but the use of
the 8ensitive Model Spekker enabled the violet filters to be

used especially as they were not deep violet, -

;nterference by lons.

The effects of ions were examined when the ions were
present as simple salts along with the magnesium (see pageﬂ@
with reference to the necessary presence of calcium ions) .
and also in conjunction with several other ions.

The ions examined in this respect are given in Table 33
along with the concentrations shown to have no appreciable
effect on the accuracy of the determination; the effects of
greater Qoncentrations were not examined except in the case
of calcium and manganese which have already been discussed
(page 84,86} and iron and aluminium.

Iron.

It was found that greater concentrations of this ion
than 8 p.p.m. in the extract-volume seriousiy inferfered with
the method.

Hydroxylamine has been recommended by Peech and English
(25) for eliminating interferénce by iron; .when it was used
in this method, it changed considerably the distribution of
titan yellow between the uppef:and lower layers of the systen
and therefore was not satlsfactory. No other method was
investigated.

Aluminium. /
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Aluminium.

The upper limit of tolerance for aluminium was 25 PPN,
in the extract volume.

Peech and English (25) eliminated interference by having
enough aluminium present to exert its maximum effect. It was
found, however, that such excess aluminium largely prevented
formation of the complex in this method,

No further work was done in this connection.

Fortunately, plant tissue extracts do not contain large
concentrations of either iron or aluminium, and Peech and
English (25) have pointed out that lorgan's reagenﬁ extracts
very little of these lons from neutral or siightly‘acid golils,.
Results.

The results given in Table 34 were obtained from analyses
of standard solutions conducted throughout a period of ten days
and they will be seen to be very satisfactory. When there was
less than 0.04 mg. of magnesium present then results were
relatively more scattered than with larger amounts (as can be
seen by comparison of the coefficients of variation of the
relevant magnesium concentrations) and, in addition, the
likely percentage error was greater.

The graph for the above 1s Number I and is typical; it
will be noted that the method became less sensitive to changes
in magnesium concentration when more than 0.16 mg. of magnesium
was present.
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Three samples of piént tissﬁe were ashed, extracted and
'»analysed by the macro-gravimetric procedure (liethods of
Analysis of A.0.A.C. (65)); the extracts were also diluted
with Morgan's reagent and magnesium determined on them by the
Titan Yellow technique. The magnesium contents of each
sample as determined by the two methods agreed well.

The method was also checked by taking typlcal plant and
soil extracts and determining their magnesium contents; a
known amount of magnesium was then added to fresh samplés of
each extract and the magnesium contents re-determined. The
percentage recovery of the magnesium was calculated and was
very satisfactory. Detaills for two extracts are given in
Table 35.

In addition to this, some 1l:5, soil : lMorgan's reagent
extracts of typical glasshouse soils were made and the
magnesium concentration in each determined in duplicate using
2 ml. and 5 ml., of the extract in each case. Agreement was
very good and results for two solils are given in Table 56;
the extracts of these were not decolourised by carbon and
were yellow—broﬁn.

Decolourised fresh extracts of plant material showed
similar agreement when analysed.’ |

Use of starch as stabiliser.

The use of starch to increase further the accuracy of
the method with low concentrations of magnesium, and

particularly to increase the range, was investigated. The

method/
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method was the same as above excent that a solution of starch
(2 go soluble starch dissolved in 100 ml. of boiling water,
cooled and fiitered) was mixed with an equal volume of Morgan's
solution containing 200 p.p.m. of calcium as calcium acetate,
and this mixture was used instead of the ordinary calcium
solution; ©the titan yellow solution was also slightly
different oonsistin% of 0.12 g. titan yellow dissolved in

100 ml., of water. Results are preéented in Table 37 and it
will be seen that there was no increase in accuracy in the
determination of small quantities of magnesium nor was the
accuracy satisfactory when there were more than 10 PeDPeMa OF
magnesium in the extract volume.

FPeatures of the method as adopted.

Certain features which were the characteristics of a
’suitablé method were pointed out on page}bSand it may be
useful to see how far they have been complied with.

(1) The method is accurate.

(2) The method is sensitive to small changes in magnesium
¢oncentration.

(3) It is not time-consuming. Once the extracts have
been pipetted out, 50 analyses can be completéd in about four
hours.

(4) It is satisfactory in the presence of llorgan's reagent.

(5) It is free from interference by the amounts of those
other ions likely to be encountered in the plant or soil
extract. The method is not as satisfactory with wrespect to

iron and aluminiuvm interference as one would desire,




(6) It is suitable over a fairly large fundamental range
of magnesium concentrations and this range may be considerably
ext ended by dilutién; for example if the smallest aliquot
of the extraét which could.bé conveniently t aken were 1 ml.
then the effective range would be 0.01 mg. to 4 mg. of

magnesium.




STUDIES IN PLANT METABOLISH

g ‘ SECTION IT

CHEMICAL AND PHYSICAL METHODS

o

S

PART IV MISCELLANEOUS: ~



STTUDIES IN PLANT LETASOLISH

SECTION IX
CHEMICAL AND PHYSTICAL LiTTHODS

PART IV, MTSCELLANEOTS

Nutrient solution pH determinations.

These were determined by a Cambride Portable pH Meter
using a glass electrode and a standard calomel one.

This type of electrode was preferred because the
quinhydrone electrode tends to be unreliable when the pH is
greater than 7.

Nutrient solution osmotic pressures (determined).

These were calculated from the freezing points of the
solutions determined by a Hortvet Cryoscope as described in
'Nethods of Analysis! of the A.0:A.C. (64).

Nutrient solution osmotic pressures (calculated).

These were calculated by assuming that the component salts
of a nutrient solution were completely dissociéted (acid-
phosphates into cations and HPO4 OF H2P045'gnd that one gram-
‘ion per litre produced an osmotic pressure of 22.4 atmospheres.

The results were necessarily lnaccurate, especlally for

the more concentrated solutions, but did give some ldea of the

osmotic pressures.
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PART T EXPERTIENTAL

I _GENERAL

1. Description of the disease.

The disease was characterised by a distinctive chlorotic
condition of the leaves. The chlorosis usually first appeared
as small yellowish=-green arcas in the interveinal tissue of
the leaves and, if the condition developed, the interveinal
areas became a bright yellow (sometimes greenish-yellow) colour
wvhile the vascular system, with a strip of adjacent lémina, and
the leaf margins usually remained green., In extreme cases,
the margins of the leaves also lost their chlorophyll but it
was seldom that the vascular system and adjacent lamina did so.
The affected leaves eventually became brittle and tended to dile
prematurely.

The leaves above the third truss were usually the most
affected, while the leaves on the upper part of the plants were
usually not chlorotic. Affected plants produced less frult
on the upper trusses than did normal plants, and although the
frult was apparently wnaltered in flavouwr, 1t was smaller than
usual.

2. Experiments.

Almost all the glasshouse experimental work was done at
the West of Scotland Agricultural College's Research Station,
Auchincruive, by Ayr, and the soils uvsed were typical of those

on wrhich tomatoes are grown. Observatlions were also extended

to/



ﬁo, and sawmples taken from, tomato houses elsevhere,
ﬁarticularly in Lanarkshire. |

It was not possible to obtain the yields of fruit from
any experiment in this work. Nor was it possible to arrange
the experiments so that the results could be treated
statistically. To do so would have required more equlpment
than was available, and would have seriously restricted the
range of the investigation. For this reason, many of the
experiments taken alone would not have been completely
conclusive, but when they are considered as a whole, they are
undouvbtedly sufficlent to justify the conclusions.

In an experiment, treatments were always rapliéated and
élots were always separated from others by guard-rings of plants

which received no fertilisers.

3. Cultivation of the tomato plants.

The tomato plants of the soil experiments discussed herein
were all cultivated according to general tomato—érowing practice E
except where other treatment is detailed. |

Plants were sown out in boxes, brought on in pots, and i
transferred in early spring to the glasshouse ranges.

During the preceding Wihter, the soil in the ranges recelved
farmyard manure at the rate of 20 tons per acre, and was steam
Skerilised.

Basagl dressing. A week or so before planting out in the rang:os

the soil there received an apblication of Basal Dressing, the

composition of which is given in Table 38, at the rate of 1 ton

ver gcre and this was worked into the goll.

LIS

Potash stimvlant./
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Fotash Stimulant. At the first watering of the plants (about

6 to & weeks after planting out) potassium sulphate was applied
‘2t about 4 cwi. per acre as a top dressing and was watered in.
Sometimes, if the plants were "soft", this treatmeht was
repeated in 14 days.

Organic Dressing. When the first formed fruvit were swelling,

an Organic Dressing (Table 38) was givén at 15 cwt. per acre
as a top dressing and watered intb the soil. This was
usually followed by a simllar application 14 days later, and
occasionally by a third after another 14 days. It was not
usual to apply this after the beginning of July.

Summer Stimulant. A Sumer Stimulant (Table 38) was applied at

7 cwt. per acre, firstly at the middle of July and secondly, if
the condition of the plants warranted it, 14 days later.

In normal practice, 1t is unusual for fertilisers to be
given to the tomato crop after the end of July because the

plants then are almost fully grown.
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IT PRALIMIVASY TNVESTIGATIONS

1. Phosphorus - potassium ratio experiment.

Object = Lewis and Harmoy (80) sugzested that the best ratio
of M3Po05:Kg0 for tomato growth was 13132, and it was thought
that 1f this ratio were widely displaced then nutritional
abnormalities might occur. Thils was especially likely in
glasshouse soils which are normally fertilised with large and
varied quantities of fertilisers, particularly potassic. It
was decilded therefore to lay down an experiment to determine
the effect of large variations of the Pg053K20 ratio in the
fertilisers apblied and also to compare the relative
resistance to the disease of certain varietles of tomato plants
growing under these conditions.

Treatments. Basal and Organic Dressings were modified where

necessary to form three treatments namely,

(A) Normal,

(R) Supplying normal nitrogen, no phosphorus,fbut a double
proportion of potasgsium,

(¢) supplying nbrmal nitrogen, a double proportion of phosphorusg

and no potassium.

K1

The fertiliser mixtures used are listed in Table 39; in

no case were the Potash Stimulant, etc. supplied.
Varieties. (1) E. 8. 1. (4) stonor's Moneymaker

(2) Victory (5) Stonort's X=-Ray
(3) Scarlet BEmperor  (6) Hundredfold

Soil./
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goil. r'he soil in the experiment had been used for growing

tomatoes for'the previous ten years and chlorosis had
regularly occurred on it in varying degrees. The analytical
fesults of a general sampling taken before the apvlication of
any of the experimental manures is given in Table 40.

Layout. The exXperiment was laid down aé a randomised block
containing 4 blocks, the treatment and variety belng each
randomised within each block. Owing to lack of space, however,
one treatment had to be omitted from Block IV. There were
four plants of each variety in each treatment plot of each
block, excepting variety 1 of which there were six.

Results. At the end of June the plants were examined and
classified according to their condition, namely,

(1) Surviving in a state suitable for consideration
in the experiment (that is, healthy, or healthy except for
chlorosis) |

(2) Affected by chlorosis

(3) severely affected by chlorosis.

The data obtained were tabulated in Tables 41, 42, 43,
and simple inspection of these shows that there was no
consistency in the results with respect to treatment but that

some varieties (classified in Table 44) were more resistant

than others.

The/
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The number of severely affected plants in blocks III and
IV will be seen to be relatively small; these plants were
growing near the end of the range and growth was much weaker
generally, and yields smaller, cOMpared with the others.

gonclusions. The phosphorous - potassium ratio is unconnected

with the chlorosis. There is considerable difference in the
degree to which varieties are affected. Plants with poor
growth, and bearing small yields of fruit, caused by poorer
growing conditions, are less likely to be affected by the
disease.

In this experiment there was no apparent increase of the
chlorosis in the plots receiving additional potash; this is
contrary to results of folloﬁing experiments but the discrepancy
here may be due (a) to relatively small differences in total
amounts of potash added in each treatment and (b) to the
already high potash content of the.soil used.

2. Minor elements eXxperiment.

Object. The object of this experiment was to determine if the
application of certain nutrients would prevent or intensify the
chlorosis. As designed, it was intended to be a first step
towards determining the nutrient or nutrients, if any, involved
in the disease and if responses had occurred then more detailed
experiments would have been done to determine definitely the

factor which was responsible for any treatment response.

The/
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The question of varietal resistance was again
investigated.
It will be noticed (Table 45) that in addition to minor

elements the scheme included magnesium sulphate, lime and

potassium permanganate, the latter bscause of the report of its:

beneficlal use by Webster and Robertson (99).
Treatments. All the usual basal and top-dressing treatments
were glven in addition to those detailed in Table 45.

Varieties. (1) BE. 8. 1. (3) Scarlet HEmperor
() Victory (4) Ailsa Craig

S0oil. The soil used was dmilar to that in the previous

experiment and the analysis 1s given in Table 40.
Layout . This experiment consisted of 3 blocks, treatment and

variety being each randomised in each block. There were 16

|
i
'

plants of variety 1 and 12 plants of each of varieties 2, 3 and

4 in each treatment plot of each block, excepting Treatment 8,
which had fewer.
Results. The plants were examined and classified as in the
previous experiment and the data are tabulated in Tables 46
and 47. varietal variation within a treatment was much the
same as in the previous experiment.

It will be noted that the results were very consistent in
illustrating that there was no response to treatment and that

some varieties were more resistant than others (Table 44).

Growing conditions in thils case were good throughout the entirec

eXperimental area.

Conclusions./
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Conclusions. The Incidence and degree of chlorosis is not

affected by the application of stated nutrients in stated
guantities. The varietal effect is shown to be important.

3. Analysis of tissue.

Meanwhile the disease was investigated by means of leaf
analyses.
Two samples of leaves which were of the same physiological

age, and from plants of the same variety, were obtained, such

~ that the first contained extremely chlorotic leaves while the

second was from healthy plants. The lamina was stripped from
each and analysed, using ordinary standard methods. N
Results. These are stated in Table 48. The analyses were
characterised by the difference between the magnesium contents

of the two samples, that of the chlorotic being considerably

lower than the normal. The increased potassium content in the

chlorotic samuple was also note-worthy.

The concentration of the other elements determined was
less in the chlorotic tissue, but the difference was not so
great as that of magnesium.

Conclusions. The chlorosis is associlated with a considerable

decrease of magnesium concentration in the lamina of the leaf
and with an increase of pobassium concentration and a decrease

in concentration of ash, nitrogen, phosphorus, and calclum,

',
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4. Consideratbion of magesiumdeficiency as cause of disease.

The results of leaf analyses having indicabed that the
disease was possibly due to magnesium deficiency in the plant,
further investigations were made.

(a) Availlable magnesium in the soil.

The approximate concentration of available magnesiumw as
determined by the method of Garman and Merkle (75) in (a) soils |
on which extremely chlorotic plants were growing and (b) other
neighbouring soils on which the plants were healthy. The resulml
indicated that all the 80lls contained large amounts of
available magnesium.

(b) Application of magnesium to the soil.

Magneslum sulphate was applied, without apparent effect,
during July at the rate of 5 cwbt. per acre to strips of soil
on which affected plants were growing.

(¢) Rooting of leaves in sand-cultures.

Object. The object of thls experiment was to isolate portions
of the chlorotic plants and use them to determine the
relationship between the chlorosis and magnesium nutrition.
Technigug. When a nuber of slightly chlorotic, immature
leaves, split off at the stem, were placed‘with the bages of
their petioles in moist sand and the cultures kept in darkness,
some developed roots and these leaves continued to grow; the

majority died however, parasitised by fungl, uvsually

Cladosporium fulvum, or Botrytis cinerea.

s/
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T'!

hls technique was tried in four successive years and only
in the first two was it successful. In other years the fungl
destroyed all the plants; proprietary hormone preparations and
fungicides were ineffective.
Treatments. The surviving leaves were divided into two groups
and were treated with the following solut ionsg-

(1) Complete nutrient solution

(2) The above solution without magnesium (See Table 49).
Results. In the leaves treated with solution (1) the chlorosis
did not develop, and in a very few cases that already present
even tended to clear up, while in those treated with (2) the
chlorosig developed further. |

Conclusions. The chlorosis is due to a deficiency of magnesium

in the leaves and is probably mainly irreversible.
S. Eiieratui’é.

The above results suggested that the plants were suffering
froﬁ.a magnesium deficiency of an induced form, there belng no
actual‘deficiency in the soil. It seemed likely, therefore,
that' there was some factor, probably a soll condition, which
prevented the plants from absorbing sufficient magnesium for
their normal metabolism.

That the disease was due to a nutrient deficiency was
supported also by the observation t+that severe chlaroqis was
often found on plants bearing a very heavy crop on the first fev

trusses. It was significant also, that it apeared when there

vas/
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was a ©lg physlological drain on the resouwrces of the plant,
namely, when the fruit on the first few trusses was almost fully
formed, at which time, also, there was much new vegetative growth.

The next procedure was to determine what had already been
found out about the causes of magnesium deficiency, and
examination of the relevant literature revealed that there were
two distinct types of conditions responsible. It was seen that
magnesivm deficiency in plants could be due to either (a) an
actual deficilency of magnesium in the soil, (and this type was
associated with very acid, eas8ily leached soils, and excessive
rainfall or watering) or (b) an antagonistic relationship between
magnesium ions and potassium, calcium and/or sulphate ions, by
which excessive quantities of the later ions make difficult the
absorption of magnesium.

The‘first type, due to actual deficlency of magnesium, was
not tenable as an explanation of the present disease in view: of
(1) the results of determining the concentration of availlable soll
magnesium, (2) the large amounts of farmyard-manw?e used in
tomato culture and which was a useful source of marnesium and (3)
the absence of‘excessiVely acid, easily leached soils.

It seemed very likely, therefore, that the second type - due
to ion antagonism - was the cause of magnesium deficiency in the
plant, and that the potassium and/or sulphate ion effect was
particularly great. The use of the iarge quantities of

fertilisers, especially potassic, which are aprlied to the tomatoe

crop/

i
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crop in normal practvice was in accordance with this theory and
the data concerning vpotassium in Table 48 on the composition of
normal and chlorotic laminae seemed also to be significant.

It was improbable that calcium antagonism was involved to
any marked extent becavse the chlorosis was often observed
where the scil was not excessively limed and also applications
of limestone to a mumber:- of tomato-soils did not appear to
increase the incidence of the disease. The smaller
concentration of calcium in the chlorotic tissue (Table 48)
was alsc consistent with this opinion.

The literature also supported the suggestion that demands
for magnesium by the fruit and the growing parts were the
initial reason for the magnesium supply belng incapable of
satisfying all the heedsbof the plant (see page 170).

The remainder of the work detailed in this Sectlon
consisted in developing the preceding 1ldeas. Its objects were
to determine definitely the causé of the disease, and to show

how it might be prevented or cured.
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III THE TNWVESTICGATION OF TO0N ABSORPTION

1. CGeneral.

In view of the possible relationship between magnesium,
pobassium, etc., 1t was thought necessary to look‘further into
the problem. This could have been done by using either water
culture, sand culture or soil experiments., Although for some
experiments it was necéssary to use soil, the natural medium for
the tomato plant, it was clear that any controlled work
involving ion concentration and ratio would have to be done in
less complex media, namely water or sand cultures. In view of
the usual opinions on the superiority of sand cultwes to water
cultures for problems not involving trace elements (Miller (81)),
sand cultures were used.

2. Sand-cultuwre experiments.’

In these experiments a pure, coarse, water washed, quartz
sand was used in either Mitscherlich standard pots or in large
porcelain pots, drainage being adequate in all cases.

Seeds were sown in damp sand or soil and in the latter
instance the seedlings were transferred to sand while still
young.

Nutrient solutions, except where mentioned, were based on
those described By Miller (82) but modified for the particular
purposes in view.

‘Two methods of adding the nutrient solutions were adopted
as follows:-

1)/
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(1) Calculated quantities of the solutions were poufed on at
appropriate intervals (each day or each alternate day) and the
sand was flushed out with water between additions of the
nutrients.

(2) The solutionswere added constantly as drops (at rate of about
1 litre per day) and the sand was flushed out occasionally with
water. ‘ |

| Plahts were always watered together, and each time excess
water was added. Drainage was never returned to the cultures.

In ali the experiments, even where very low concentrations
of nutrients were being supplied, amounts of solutlon were |
adjusted to ensure that no nutrient was supplied 1in inadequate
qﬁantitﬁes fqr the normal growth of the plants, assuming that
absorption were possible. Where there was a possibllity of
inadequate amounts being surplied, the drainage was always tested
arnd adjustments made if necessary.

Minor elements were supplied in the forms and amounts
indicated by Miller (83) and shown in Table 50. A small
quantity of iron as ferric chloride was added to every nutrient
solution.

To save space in thé tables giving composition etc. of the
nutr ient solutions, the formulae of chemicals are stated instead.
of their names, and water of hydrabtion 1s omitted but should be

assumed to be present where apnropriate.

In/
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In preparing a nutrient solution, it was usual to adjust
the gquantity of chemicals to make aproximately equal the
osmotic pressures of the solutions of a series unless the
experiment were concerned with variations in osmotic pressure.
Sodium sulphate was often included (in soil experiments also)
so that this adjustment could be made without altering the
ratios of effective lons. It was assumed that because
potassium was never deficient, sodium would have a negligible
effect on the experiments;. this was especlally llkely because
‘the amount of sodium present, and the difference in amounts
present between the solutions being compared, were not
excessive (see Richards (84)).

No attermpt was made to standardise the pH of the nutrient
solutions. Hoagland and ArnonA(85), Arnon et al. (86), and
Arnon and Johnson (87), have shown that the pH of nutrlent
. solutions, within a wide range, influences only slightly the
amounts of nutrients sbsorbed by tomato plants. They found
that when the pH was betweeﬁ 4 and 5, absorption of calcium was
reduced if the concentration of calcium in the medlum were low;
‘ when the pH was between 4 and 9, ﬁhe @ffect on the absorption
of ﬁagnesium,potassium and nitrate stasonotigreat. - They found
06, that phosphate absorption was reduced at a pH of 9.  The
DE of the solutions were determined and found to be within the
prescribed range;

The/
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The results given and discussed below must not be taken as
final; 1t was not possible to renllcate the Sreatments a large

nuiber of times in each individual experiment nor analyse

separatelyvthe components of a treatment group. The fact that

occasionally one of the plants in a small group received the

same treatment as the other members of the group bhut reacted 5

differently, for no obvious reason, is fficlent to illustrate
the difficulty of drawing conclusions from nutrient solution
work, espec1a11y when on a small scale; 1t is nossible that the
degree of root development or root aeration weas: among the
factors accounting for the above mentioned dilferonces.
Althotuh emphasising the difficulty in interpreting |
precisely the results of individual treatments and in
generalising from them, it 1s suggested that when these results

E
are compared with one another and with other experiments, certailr

general trends are umiistakable.

SAVD-CTLTTRE ZXPERINENT 1.

Ob ject. The object of & his experiment was to determine 'if the
rabio of potassium sulphate to magnesium ions in a solution
wouvld Influence the ébsbrption of magnesium by rooted tomato
leaves. | .

ilethod. $1ightly chlorotic leaves which were still not fully
crown were woobed as described on rage 104 and divided into two

cch of these received nutrient solution 1 or 2

n
AV
0

(Pable ©1). The leaves were observed for a period of about

two evtls and ansearance noted.
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sults. It was found that the chlorosis on the leaves treasted

with Solution 1 became more severe while the new growth on the
leaves which were given Solution 2 was not chlorotic. In a few
cases, the chlorosis already existing in Group 2 leaves was
slightly diminished.

In Teble 52, the osmotic pressures (calculated) and ionic
ratios of the two solutions are given and it will be seen that

the ratios of potassium and sulphate to magnesium in solution

No. labe considerably higher than in No, 2, as also 1s the osmotic.

pressure, and the development of chlorosis seems to be associated
with these higher figures.

Conclusions. The chlorosis 1s associated with either a high

potassium-sulphatejmagnesium ratio or a high osmotic pressure or

both in the nutrient solution; presumably such conditions

decreace or nrevent the absorption of magnesium by the root-hairs.

SAND-CULT UL L. ZIPLRINENT 2.

‘Object. The object of this experiment was similar to that of
the previous, except that the effect of the factors on whole
plants instead of detached leaves was examined. It was also
desired to compare the symptoms produced by growing tomato plants
in a magnesium deficient nutrient solution with the symptoms of

the disease being investigated. It was hoped too, that analyses

of the plents would enable their composition to be correlated w il

the treatrert and would also enable the results of the treatment
to be stated more precisely.

Yethod. /
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iethod. Seed was sown in soll and when the plants were about

6 inches high, they were transferred to sand-culbures, as much
soil as possible being removed from ﬁheir roots« . They were then
gseparated into three groups and each group received oné of the
nutrient solutions in Table 51. The pl;a.nts were observed for
several months and their appearénce noted.

The plants in Groups 1 and 2 were finally removed and the
roots separated from the stems and leaves and washed. The
stems + leaves were minced and ashed and so also were the roots,
and the ash was then analysed as usuval. The failure to remove
the sand éompletely from the roots might' have introduced very
large errors; this was avoided by determining the gilica content
of the ash (both in stems + leaves and in roots) and expressina
the analytical results on a silica-free-ash basis.

Results. The plants receiving Solution 3 (magnesium deficient)
developed a chlorosis which visuélly was typical of the disesasc
being studied. The plants in Group 1 also became chlorotic
while those in Group 2 did not.,

Tn Table 52, the details of the analyses and the nutrient
solutions are given. It will be seen that in Zroup 1 where Uhc
nutrient solution has a high potassium-sulphatesmagnesium ratio,
the calcium and magnesium contents of the plants were |
considerably lower than those in Group 2 which rece;ved a
moderate potassium-sulphatesmagnesium ratio solution.  Also, n

the former there was a considerable accumulation of potassiw:-.

As/ :
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As well as considering the ratios we must remember that the |
osmotic pressure of Solution 1 is higher than that of 2 and this
mey have been the cause of the decreased absorption of magnesiuie.

The sum of the calcium i d i

T T th ium, magneslium, potassium equlivalents
apreared to remain aprroximately constant irrespective of
treatment.

Conclusions. The chlorosis being studied is visuvally the same

as that produced when tomato plants are grown in a magnes ium-
deficient nubtrient solution.

The chlorosis 1s associated with a high potasslium sulphate:
magnesium ratio or a rather high osmotic pressure, or both, in
the nutrient solution and is correlated with a r educed calcium
and magnesium, and increased potassium content in the plant,
the decrease ih the first two tending to be equalised by the
increase in the lhihd@

SAID-CULTURE EXPERIMENT 3.

Object. Bxperiments 1 and 2 were conducted simultaneously and
when they were completed, it seemed advisable to attempt to
differentiate between the ratio and osmotic fgctors, and so
Experiment 3 was devised. In this, diagnosls of treatment
respongses was mainly to be by visual symptoms and so plants in

only a few groups were chemically analysed.

Kethod. /




- 115 -

lZethod. Seed were sown direct in sand which was kept moist
with water wntil the seedlings were actively arowing . The
plants were then separated into groups and each sroup received
the appropriate group solubtlon of Table 53. It will be seen
that 5 solutions were used of different ionic ratios, and as
éome of these solutions were applied at various dilutions,
there were 10 treatments in all. The plants were observed for
some months and the final visual results of the t reatments are
recorded in Table 54 (which sumnarises the effects of different i
CasligsiKiS0, ratios) and Table 55 (which sumarises the effects
of different osmotic préssures). At the end 6f the season,
fresh éxtracts of the leaf laminae and of the stems were made
of the plants in groups 1, 3, 5 and 10, and thesc were
analysed; the results are recorded in Table 56.

Resultss The effect of different Ca:liz:ii:S04 ratios (Table 54).

At an osmotic pressure (calculated) of about 1,5
atmospheres, a K:lig ratio of 49:1 produced a slight degree of

chlorosis whereas a ratio of 8:1 did not; on the other hand, at

an osmotic pressure of about 2.3 atmospheres, a ratlo of 7:1
did produce a slight amount of chlorosis, showing the
Importance in this instance of the osmotlic effect. At the sawei
.osmotic éressure, 2.3, an increase in the ratio to 6651 |
(accompanied by an increase in the Ca and $043Kg3 ratios)

produced a marked chlorosis, emphasising the ratio effect.

When/
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#dhen the osmotic pressure was about 5 atmospheres, the
plants treated with both 731 and 49:1, Kslig ratio solutions had
very yellow leaves which were possibly symmtoms of a deficient
calcium supply; no magnesium deficlency symptoms were apparent.
The analyses In BExperiment 2 showed that the calciumf@ontent of’
the tissue of plants was reduced by treatment as well.as the
magnesium content, and if the calcium content were reduced so
far that it became the limiting factor in the plant: growth,
then the symptoms of magnesium deficiency would not appear, even
although the absorption of magnesium "were:: considerably
reduced.

At an osmotic presure of about 10 atmospheres, the above-
ment loned yellow chlorosis again appeared when the CagligsKs ratio
was 23137, but where it was 25313166, the growth of thelplants
was very poor and the magnesium chlorosls was present. It
would seem that tomato plants can be grown in solut ions of
relatively high osmotic pressures, bub severe injury wunder such
| conditions results if the balance of nutrients is éqnsiderably
upseb. The effect of the high K:lig ratio in decreasing the
amount of wmagnesium absorbed was seen only with the 6631 ratio,
while at the smaller ratilo, calcium seemed to be 1limiting;
this was probably due to the smaller proport ion of calcium
present. Itis possible that at such concentrations and ratios,
both calcium and magnesium tend to become limiting factors in

the growth of the plants and little will malke one the major
factor in production of symptoms.

Hesults./
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fesults: The effect of different osuotic pressirese. (Table 55).

Table 55 consists essentially of Table 54 reclassified to
show u» the effects of different osmotic pressure at constant
ionic ratios. Little comuent is necessarys chlorosis is seen
to increase with increasing osmotic pressure, and where the
K:lige. ratio was high, the chlorosis was more intense,

Resultss Cheiical analyses, (Table 56).

In Table 56; the chemical analyses of fresh-tissue
extracts of the stems and of the leaf laminae of the plants
in Groups 1, 3, 5 and 10 are given.

(1) Sulvhate effect, Treatments 10 and 1 differed in

that in the latter the potassiwm was more than balanced by an
equivalent of sulphate ions whereas in the former it was not.
The difference in composition of the tissue of these groups
should therefore have illustrated the difference in effect

of supplying potagsium as potassium sulphate and in another
form. Analyses showed a greater concentration of calcium,
magnesiumkand potassium in the lamina of the high sulphate
treated plants than in the others though this did not apply
to the stem tissues.

There was a sipgnificant difference between the
osmotic pressures of the two solutions and 1t is possible that
this was affecting the absorption of the ilons, the KiMg. ratio
effect beinsz less ab the lower osmobtic pressure.

(2) potassium effect. OGroups 5 and 5 offered a good

comparison of thé effect of K:lMg. ratio at similar (rather high)

osmotic/
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osmotic pressures. There was marked reduction in magnesium
content of both stems and laminae when this ratio was high and
reduction orf calcium too, in spite of the relatively small
increase in K:Ca ratio,. The accumulation of potassium was
obvious, and once again there was a tendency for the sum of
Ca, Mg- and K equivalents to remain constant.

Conclusions.

The chlorosis is correlated with the osmotic pressure
and with the X3lig. ratio of the nutrient, being more severe
when these are high and may be illustrated by chemical
analyses of the tissue. |

The effect of the proportion of sulphate In the
nucrient solution is indefinite,

SAVD-CULTULE KIPERILENT 4

Objecte. Bxperiments 4 and 5 were proceeded with concurrently,
to amplify the results of experiment 3; it was decided to il
utilise chemical analyses further in the interpretation of f
v fesults. Experiment 4 was designed to study the effects of
osmotic changes with various ionic ratios,
Method.s  Plants were grown as in experiment 3 and vhen
Separated into'groups were supplied with nutrient solutions
(Table 57) by a drip-culture methods There were nine
Treatments in all, divided into three sections (a), (b) and (c).
Each of these sections was made up of three groups of plants
receiving solutions of the same ionic ratios but of three
osmotic pressures (namely, about 1, 2 and 4 atmospheres

(determined)). The plants were observed throughout the

season/ N
















































































































































































































































































































































































































































































































































