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ABSTRACT 

To study the auxin metabolism of etiolated oat seedlings a modification 

of the straight growth method of assaying hormones, using wheat coleoptile 

cylinders has been employed. 

Wheat coleoptiles detached from the endosperm are subjected to high 

and low temperature treatment, and exposure to dim red light during handling, 

prior to cutting from them the 10 mm cylinders used in the assay. Such 

cylinders grow less in sucrose-buffer solution than do those not so 

treated, but their response to externally applied IAA is not affected. 

In this way a very small amount of IAA ( 0.005 „1.2g ) in 0.5 ml of 

sucrose-buffer ean be detected with certainty. 

The auxin content of the wheat coleoptiles used to provide the 

cylinders for the assay has been investigated. Heating and chilling, 

employed either separat,?ly or in combination, destroys native hormone; 

the reduced growth of the cylinders may thus be accounted for. 

Exposure to dim red light for the period used in the experiments has 

little effect on hormone content. 

The growth of the mesocotyl and coleoptile of etiolated oat plants 

can be modified differentially by using a number of environmental 

conditions as follows:- 

Treatment 	Mesocotyl 	Coleoptile  

Carbon dioxide 	promotion 	depression 

Ethanol 	slight promotion 	depression 

Nitrates 	slight promotion 	promotion after 5th day 

Sucrose 	slight promotion 	strong depression 

Heating 	strong depression 
	

transient promotion 

Illumination 	strong depression 
	

transient promotion 
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Samples of plants grown under these conditions were harvested on 

successive days in darkness and immediately frozen in solid carbon dioxide. 

They were then dissected without allowing them to thaw and auxins were 

extracted in cold ether; purified; chromatographed, and assayed. 

Growth data were obtained by measuring replicate samples which were 

then discarded. 

The results show that 

i) the length attained at any particulAr time is not related to 

the auxin content at that time; much, and little growth can each be 

associated with much or little auxin; and vice versa. 

ii) the future growth to be made cannot be forecast from the auxin 

present at an earlier stage of growth. 

iii) the rate of growth is not related to auxin content. 

iv) a high auxin content can be found in structures which have 

ceased growing. 

v) the inhibition of mesocotyl growth and the associated transient 

promotion of the coleoptile, induced by treatment with light and 

heating are not accompanied by corresponding changes in auxin 

content. 

These observations are completely discordant with the 'Auxin' theory 

of growth, as currently formulated and a proposal is made to modify it 

and account for the observations made. 

It is assumed that auxin synthesis proceeds during growth. The 

resultant elongation should then be correlated with the amount of hormone 

consumed, which cannot be estimated. What remains unused is extracted 

and measured; it will bear a relationship neither with the growth that 

has been made nor with the growth that can be made. 



- 	-- 

It is suggested that all auxin relationships should be regarded as a 

balance between the amount of hormone synthesized, consumed and unused. 

Four basic situations relating growth with these factors are stated and 

elucidated by reference to the data presented. 
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INTRODUCTION 

The topic under discussion in this thesis is the relationship 

between growth and auxin content', 'For the investigation etiolated 

oat seedlings were used because in hormone studies Avena sativa is 

regarded as a classical organism on account of its use in the original 

researches which culminated with the isolation of a growth promoting 

substance ( Went, 1928 ) 

When the plant is germinated and grown in darkness, the emerging 

plumule consists of two parts : a lower stem structure Called the 

first internode or mesocotyl and an upper hollow tapering cylinder - 

the coleoptile, which encloses the main apical growing point and leaves. 

The coleoptile is geotropically sensitive and it consequently serves 

to establish the young plant vertically with respect to the soil. 

On the 2nd-.day after sowing (under the experimental conditions used) 

both structures are about 2mm each in length. The mesocotyl then 

begins to elongate rapidly and continues to grow at a uniform rate until 

the 4th day; elongation then takes place very much more slowly and 

effectively the final length is reached by the 5th day. While the 

mesocotyl is extending rapidly coleoptile growth proceeds more slowly; 

it increases on the 4th day and continues until the 8th day when growth 

ceases. The leaves are then exserted and grow forward. 

In retrospect it can be recognized that the choice of Avena sativa 

for use•in the "standard curvature assay" technique was an 

unfortunate one. For satisfactory measurements robust, straight, 

vertically growing coleoptiles are essential. 
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In darkness, however, the mesocotyl grows obliquely upwards and the 

coleoptiles are short and curved. It was therefore necessary to treat 

the young plants so as to suppress mesocotyl growth and'this was done 

most conveniently by exposing them to dim red light during the first 

24 hours of growth. Although not used for the preparation of the 
0 	0 

seedlings for the assay, high temperature (40 C- 48 C) in darkness, 

will also prevent mesocotyl growth and stimulate that of the 

coleoptile. 

After it had been perfected by Went (1928) and his collaboraters 

(Went and Thimann, 1937) the assay technique was employed to examine 

the auxin situation in the oat seedling, and not unexpectedly attention 

centred upon the coleoptile, rather than upon the mesocotyl. When it 

was found that auxin was produced by the tip it was decided that the 

elongation of the coleoptile resulted from the utilization of.this 

growth-promoter during transit downwards through the tissues. In 

agreement, the content of auxin at the base of the coleoptile was 

found to be low or zero; hence it was consumed in £rowth. Also, 

because tissue from these lower parts of the coleoptile which had 

ceased elongating could be made to resume extension by supplying 

growth substance externally Went coined the axiom "Ohne Wuchsstoff, 

kein Nachstum"- no growth substance, no growth. 

The uppermost tip of the coleoptile, which contained most auxin 

was. now found to elongate least or not at all. To account for the 

lack of growth in the presence of superfluous auxin Went proposed the 

two stream hypothesis. This involved auxin flowing downwards from the tip 
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and a "food factor" flowing upwards from the endosperm. Growth was 

supposed to occur at the junction of these two streams, giving rise 

to an elongating zone which gradually moved from the base to the tip 

of the coleoptile. 

Van Overbeek (1935,1936)  applied these ideas subsequently to 

the growth of the mesocotyl: he wrote " the growth of the mesocotyl 

is quite dependent on the amount of auxin left over by the coleoptile. 

If this amount is large, a large growth will result; if the amount is 

small then little mesocotyl growth will result. This can be shown 

very nicely by decapitation experiments of normal plants. The amount 

of auxin produced by a ' new physiological tip ' if a tip of about 

1 cm is cut off is considerably less than the original tip. Still 

this amount is sufficient for the coleoptile stump to grow as much as 

a comparable zone in the intact plant, but the growth of the mesocotyl 

is stopped completely. " 

The supporting evidence for this explanation was wholly 

circumstantial, consisting of the observations mentioned above and 

the results of experiments in which additional auxin (IAA) was applied 

externally to the tips of the coleoptiles of either heated or illuminated 

plants. By this treatment the length of the mesocotyl was increased 

to match that of untreated plants. (Van Overbeek, 1936). There is 

in the literature but one record of an auxin content in the mesocotyl 

(Van Overbeek, 1938). The length of the structures is given as 

14- mm and, since in darkness they reach a length of 65-75 mm, 
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it is clear that the plants which were dealt with had been exposed 

to light. Similarly for the further data recorded, it is not possible 

to decide how the plants were grown, and successive observations were 

not made during growth. For present purposes therefore these data 

are of little assistance. Van Overbeek noted however, that least 

auxin was present at the top of the mesocotyl where the growth rate 

was highest; the base of the mesocotyl which had stopped growing 

contained most auxin. 

The re-examination of this situation by Mer (1951) showed quite 

clearly that the reported effects on mesocotyl growth of removing the 

tip of the coleoptile were in fact attributable to illumination 

during the process of decapitation. Further, the investigation gave 

rise to the suggestion that mesocotyl growth was more probably due 

to the " apical— and nodal-meristem complex " than to the auxin 

secreted by the tip of the coleoptile. With the discovery of the 

effects on growth of a high concentration of Carbon dioxide, 

(Mer and Richards 1951, Yer, 1957, 1959) and of a low concentration 

of ethanol (Mer, 1958, 1959) new methods of analyzing this growth 

problem became available. In darkness these treatments promote 

mesocotyl growth and reduce that of the coleoptile and leaves. 

Clearly if the reduced growth of the coleoptile, on the basis of 

Van Overbeek's assertion, signifies less auxin, then the growth 

promotion of the mesocotyl cannot be accounted for without 

introducing a subsidiary hypothesis to the effect that the tissues 

are more sensitive to auxin. Alternatively it must be supposed that 
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a supra-optimal level occurs in the coleoptile and not in the 

mesocotyl. These uncertainties can only be resolVed by assaying 

the auxin present during the course of growth, as influenced by a 

variety of modifying factors, carbon dioxide, ethanol, sucrose, 

illumination etc.. 

Two further problems immediately arise, how is the auxin to be 

extracted ?; and how assayed ? 

Many solvents have been used for extraction of auxins, water, 

ethanol, methanol, chloroform, ether, and different combinations of 

these. In preliminary work ethanol, methanol, and ether were employed 

and ether was finally cnosen as most suitable on account of the ease 

and rapidity with which it can be evaporated and separated from water. 

As regards the assay, it is not proposed here to review all 

possible methods as they have been tabulated in a recent comprehensive 

review (Pilet, 1960). Only those assays will be mentioned which have 

been under critical examination in this department. The difficulties 

associated with the curvature technique are well known; it is very 

laborious,and highyvariable between occasions. Das (1953) used the 

inhibition of root growth for his study of hormones in relation to 

vernalisation, but his successor (S.H. Choudhurv, 1957) found the 

method much less sensitive than had been expected. This method of 

assay has not been widely adopted because all active substances 

depress root growth so that promotive and inhibitory agents cannot 

be recognized. Be therefore transferred his attention to the 
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" Straight Growth " method devised by Hancock and Barlow (1953) 

and immediately encountered the difficulty that a concentration of 

2 
10 mg/1 IAA used for calibration purposes behaved as an inhibitor. 

This matter was investigated by Hafeez (1960) who showed that a 

-2 	cr definitive calibration with IAA between 10 ppm and 10 ppm, could 

be obtained by pretreating the coleoptiles from which the 10 mm 

cylinders were cut, with high and low temperatures. 

This method, a brief account of which has been published 

(Mer, Choudhury, Datta ray and Hafeez 1963), has been employed and 

its usefulness established beyond doubt. An investigation of the 

hormone status of the test coleoptiles was then undertaken and the 

results obtained contribute to the general analysis and discussion 

of the relationship between auxin content and elongation. 
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MATERIALS AND MULHODS 

Materials:- Initially, Wheat, var, Heine VII was used; when this 

was exhausted, var. Jufy I was used in all the experiments. 

PART I 

1) BIOASSAY 

The straight growth method, using wheat coleoptile cylinders 

described by Hancock and Barlow (1953), was followed with the 

modific,.1tions suggested b:T Hafeez (1960). Wheat seeds were sown in 

polystyrene dishes containing moist vermiculite ith of an inch deep, 

and covered with a thin layer of -vermiculite (i"). The seeds thus 

sown were transferred to a closed growth chamber maintained at 2200, 

through which passed a continuous stream of moist air prefiltered 

through activated carbon to remove the impurities present in London 

air. After growing for 4 to 41 days in darkness the seedlings were 

exposed to dim orange-red light (5 fc) in order to select plants 

'le:73ns coleoptiles 30-45 run long. The coleoptiles were cut off at the 

base and wrapped up in bundles of 150-200 at a time, in moist filter 

paper. 

One to three bundles of coleoptiles were placed vertically 

(coleoptile tip upwards) in a glass jar containing a little distilled 

water. Three such jars were placed in a light tight tin box which 

was then placed successively in an incubator at 40°C (for one hour) 

and then in a refrigerator at + 1 to + 4P0 for 2 days for chilling 

treatment. 

The coleoptiles were removed a bundle at a time, in dim 

orange-red light, and were placed on a wet glass slide, so that 
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the tips were aligned with the edge of the slide, and a conventional 

cutter was pressed over them. This removed a 10 mm segment from each 

coleoptile, discarding the 3 mm tip portion. The cut segments were 

then transferred 5 at a time to the corked specimen tubes (8mm diem) 

each containing 0.5 ml of sucrose-buffer solution ( 0.05 litKE-2 F04 and 

Sucrose,pH 4.5 ) or the same volume of solution and a segment of 

filter paper from a chromatogram. Two such tubes were then enclosed in 

a wider alUminium tube to exclude light; they were so rotated in a 

klinostat (2 revs/min) that the segments were maintained in a 

horizontal plane. 

For calibration purposes, the necessary range of concentrations 

of indole-3-acetic acid were prepared in sucrose-buffer solution. 

Ethanol was used to dissolve IAA, and the same volume was added to the 

sucrose-buffer medium to maintain uniformity of treatment. For each 

IAA concentration five replicate tubes were prepared. After 24 hrs, 

the segments were removed, and measured to the nearest 0.5 mm by 

arranging them on a glass plate over a sheet of mm graph paper. 

It may perhaps be stressed that in connexion with the assay 

procedure a replicate observation always signifies the total increment 

of the 5 coleoptile cylinders contained in one specimen tube. 
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2) 	EXTRACTION  CHROMATOGRAPHY AND ASSAY OP AUXIN:- 

Growth substances were extracted from the plant material with 

freshly distilled diethyl ether, and the tissue in ether was kept at 

0° to- 2° C in darkness for not less than 48 hrs, before the extracts 

were purified by fractionation. (Larsen 1955) 

The ether was decanted from the sample into a small beaker with 

two or three washings each of 5 ml ether. This ether extract was 

shaken with its own volume of 1 f sodium bicarbonate solution for 

5 minutes, in a separatory funnel from which the aqueous phase was 

removed. The ether fraction was shaken with two further volumes of 

9-10 ml of sodium bicarbonate solutions for 4-5 mins each. Indoleacetic 

acid and other acids were transferred to the aqueous sodium bicarbonate 

phase and the pigments and the fatty substances remained in the ether, 

The pH of the aqueous sodium bicarbonate extract was adjusted to 

2.5 to 2.8 by adding a measured quantity of 0.5 N HC1. This acidified 

aqueous solution was not re-extracted in ether, but was evaporated in 

darkness by allowing a stream of air at 35°C to impinge on the 

surface of the solution. After evaporation to near dryness, the 

residue was taken up in a measured volume of acetonitrile. (Nitsch 1955). 

The activity of growth substances was unaltered in acetonitrile after 

retention in darkness for more than two months. 

If, instead of the above procedure, the aqueous acidic fraction was 

re.-extracted three times with ether (shaking for 5 mins each time) 

and the ether was evaporated, there occurred a slight loss of growth 

substances. The observations made (active substance /100 mg d.wt) 

may be included here instead of in the experimental section as they 

are not relevant to any part of the subsequent investigation. 
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1 2 3 
Neutral ether fraction 0.030 iug/100 mg 0.010jug/100 mg 0.022 pg/100 mg 

Acid ether fraction 1.110 	" 	" 0.645 	" 0.359, 	" 	" 

Aqueous fraction 0.041 	" 0.096 0.031 	" 

The greater part of the growth substance is present in the Acid 

fraction; that present in the other fractions may safely be disregarded . 

Nitsch and Nitsch (1955) consider that water, either alone or with an 

organic compound such as isopropanol is the simplest solvent for the 

separation of auxins. In the present study the ascending method of 

chromatography was adopted and water was used as the solvent. Each 

sheet of Whatman no.1 paper was cut into eight strips, 1" wide. An 

aliquot from the acetonitrile extract ( 1 th,  1 , 1 , 1 th of total 
10 15 2D 40 

volume ) was applied to the paper with a capillary pipette in a single 

spot. Tubes 54x4 cm ( as recommended by Nitsch 1955 ) were used; in 

each tube two paper strips were equilibrated overnight, and next 

morning solvent was run up to 10-11" above the starting line, 

Chromatograms were developed in the dark for 3-32 hrs. After drying 

quickly in a warm closed chamber, they were used for bioassay on the 

same, or next day. Each chromatogram, was cut transversely into one 

inch squares for purposes of estimation. 

For comparison, chromatograms, of synthetic;IAA, and IAA 

extract were run, and the position of IAA was located by applying 

Salkowski's reagent. (Tang and Bonner 1947) ( 120 ml of 60% Ey04t 

0.365 ml of conc. FeCl2  solution ). 
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3) 	STATEMENT OF RESULTS 

The data obtained are expressed as,ug auxin per 100 mg dry 

weight of tissue. To illustrate the method of calculation in detail, 

one result is given below 

The equation for the aline of best fit to the calibration 

points was ( 21.9.62 ) 	(Fig. 1) 

y = 	47.40 + 10.669 ( x +002 ) 

where ' y t is the increment of growth in mm and ' x ' is the 

logarithm of the IAA concentration. The control segments elongated 

by 28.40 +0.24, so that increments 'in excess of the upper fiducial 

limit of 29.06 ( using t,0.05 = 2.776 ) indicated the presence of 

an active substance. The coleoptile cylinders included with 

successive pieces of filter paper elongated by , 

27.0, 29.0, 28.0, 27.0, 33.0, 35.0, 30.0, 34.0, 35.0, 29,0, and 28.0 

Evidently active substances were present in the five tubes, for 

which the growth increments are underlined. 

Substituting in the equation for, 

33.0 , x = -2.272 3.728 0.005346 

35.0 , x -2.085 3.915 0.008222 

30.0 , x -2.553 3.447 0.002799 

34.0 	x ,  -2.178 3.822 0.006637 

35.0 , x = -2.085 3.915 0.008222 
0.031226 

For this chromatogram 1 th of the original volume of acetonitrile 
2) 

was applied to a strip of filter paper, hence growth promoting 

substance would have been present at a concentration of .031226 x 20 

= 0,6245 ppm. As this was presented to the coleoptile segments ia 
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0.5 ml of buffer, the actual weight of auxin present was0.6245 x 5 = 

0.31225 )4g. The dry weight of the mesocotyl extracted was 21.8 mg. 

Therefore the auxin content was 

0 .31225 x 100 = 1.432 iug/100 mg 
21.8 
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Growth substances of the wheat coleoptiles used for assaying:- 

In this series of experiments the effects of high and low 

temperature, of illumination, and of sucrose supply are examined in 

order to establish the phenomena under discussion. The auxin status 

of the coleoptiles used for the assay was then investigated using 

23 factorially arLanged experiments combining Heating, Chilling and 

Illumination. 

Details of the treatments are: 

narknessi- To cut 10 mm coleoptile cylinders from wheat 

coleoptiles in complete darkness, a special cutter was devised,(Fig.2) 

It consists of a short length of porspex rod, with a funnel shaped 

hole drilled at one end. The ' stem ' ( 2mm diameter ) was traversed 

by two slots respectively 3 mm and 13 rim from the closed end. The 

funnel shaped mouth facilitated the insertion of a coleoptile in 

darkness. The cutter with two razor blades fixed 10 mm apart 

operated in a vertical plane, so that the blades fit in the grooves 

in the cylinder below. Before using the apparatus, the perspex 

rod was rotated to a position where the blades cut partially through 

the coleoptile, so that after lifting the cutter, tha coleoptile 

could be withdrawn intact.The 3 mm tip portion was then broken off 

and discarded and the 10 mm cylinder was removed and placed in a 

specimen tube containing the test solution. A sufficient number 

of coleoptiles were so dealt with to provide the cylinders requisite 

for a calibration. 



Longitudinal view 

Fig. 2 Coleoptile cutter for use in darkness 
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ii & iii) Heating and Chilling:- Coleoptiles were heated for 40°C 

for 1 hour, and chilled for 2 days at + 1 to + 24.°C in darkness. 

iv) Illumination:- Coleoptiles were detached from the 

endosperm and were exposed to dim orange red light (5 ft. candles) 

for 30 min, 1 hour or 3 hours. 

v) Sucrose-buffer:- 2,T, sucrose; with 0.05 M.KH2PO4. 
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PART II 

The auxin metabolism of etiolated oat plants 

Materials:- Seed of Avena sativa, var. SvalOf 'Victory I' 

supplied by Temperley & Co. Ltd., of Newcastle was used throughout. 

Methods:- The apparatus and methods used were those developed by Mer 

from 1948 onwards. They are described in a number of papers. 

( Vier 1953, 1957, 1959 c ) 

1) Preparation of seed and Planting 

Each seed vas dehuSked by hand, roughly selected for size, and 

shaken with a small quantity of 'spergon' (tetrachloroparabenzoquinone) 

which adhered to the seed coat, and acted as a fungicide and bacteriotat. 

Individual seeds were planted, embryo downwards between two strips of 

filter paper (24' x 	placed in a glass tube having open ends 

62 mm long and 6 mm internal diameter. One bundle of 22 tubes was 

placed in each section of a quadripartite dish, (Fig. 3). Six dishes 

mere placed in each of two light-tight tin boxes. The parts of the 

apparatus were designated in sequence as follows:- 

U & L - upper and lower light-tight tin boxes. 

1 to 6 - the six dish positions within the boxes. 

1 to 4 - the four sections of the quadripartite dish. 

2) Growth of plants:- The appropriate solution was introduced 

into each of the compartments of the quadripartite dishes, the twelve 

dishes were positioned in the two tin boxes, and over each dish was 

placed a cylindrical glass jar ( 13 cm diameter and 15.  cm in height) 

to form a closed growth chamber. (rig. 4) 
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Figure 3 on reverse side 



Fig. 3 	A quadripartite dish with contents displayed 
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Figure 4 on reverse side 
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Figure 4. 	Diagram of a growth chamber. 
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The dish (A) was raised from the perspex base block (D) by three 

studs (E),to leave space for the gas stream, entering at the inlet tube 

(L), to pass into the efflux tube (N). It will be noted that each 

bundle of tubes (B) was enclosed in a cylinder of aluminium foil (C) 

secured by an elastic band. This device was employed because the 

plumules of etiolated plants grow obliquely upwards out of the tubes 

and could easily be decapitated when the cylindrical cover jar (F) 

was removed and replaced during transfer of the plants in total darkness. 

The aluminium foil also served to prevent plumules from becoming entwined 

with those of adjacent bundles. The cover jar was lined with damp 

blotting paper to maintain a humid atmosphere'and clamped down to the 

rubber ring (G) to form an air-tight growth chamber. It was held in 

position by a bar, (K) secured by the nuts (H) fitted to threaded 

rods („7"). The apparatus was so designed that it was possible to 

remove a sample in complete darkness without disconnecting the air-

distributor system. When the cover jar had finally oeen clamped down, 

the two light-tight tins were closed and placed in an incubator provided 

with a fan to circulate air, and so maintain a uniform temperature of 

24°C + 0.2°C. 

London air, drawn from outside the laboratory was purified by 

passage through a glass-wool filter and activated charcoal filter. 

It was then saturated with water vapour in a heated (30°C) water 

column. As the air entered the incubator and cooled to the ambient 

temperature of 24°C, some water vapour condensed and was collected in 

bottles provided for the purpose. The air stream divided to pass 
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through each light-tight tin box by way of a calibrated flowmeter. 

Purified, saturated air thus passed to the distributors, and entered 

each of the growth chambers through the inlet port. It flowed up the 

vertical tube to the top of each growth chamber and descended round 

the growing plants, under the quadripartite dish, and escaped through 

the efflux tube to collectors and on to the outside of the laboratory. 

3) 	Design of the Experiment  

Altogether four experiments were carried out each comprising 

two treatment combinations in a 22  factorial arrangement as follows- 

1) + Carbon dioxide + Light 

2) + Carbon dioxide + Ethanol 

3) + Nitrates 	+ Sucrose 

4) + Heating 	+ Sucrose 

The detail of the experiment is laid out. in Table 1. The four 

compartments in a dish are designated as 1, 2, 3 and 4. The (+) and 

(-) signs indicate the treatment or the absence of treatment, 

respectively. 



DeslEn of the Experiments. 

Table I  

E:cpt. I (March 3rd 1962) 

Tin 	Upper 

Compartment of dish 
	

1 	2 	3 

Carbon dioxide 

Light 	+ - +  

Lower  

1 	2 	3 	14. 

+ - + 

Expt. II (5Lh Ray 1962) 

Dish numbers 

'arbon dioxide 

Ethanol 

1 	2 3 4. 5 6 1 2 3 4 5 6 

   

+ + + 

Expto III (8th September 1962) 

ko-nprtirent of dish . 	. 

citrates + + - 	- + + - 	- 
I 
C:ucrGse + - + 	- + - + 	- 

I 

Expt. IV (1st December 1962) 

Compartment of dish 1 2 3 	4 1 2 3 	4 

Heating + - + 	- + - + 	- 

Sucrose + + - 	- + + - 	- 



4) 	Treatments:- 

The details of the treatments employed were as follows:- 

1) 	Carbon dioxide, C:- The gas, from a cylinder was introduced 

into a stream of purified, saturated air, through a calibrated 

manometer, to give a concentration of 51. The gases passed through a 

2:21  litre mixing bottle before entering the upper light-tight tin only. 

The lower tin received purified saturated air alone which contained 

about 0.03% of Carbon dioxide. Treatment began on the first day and 

was terminated on the third day after planting. 

ii) Light, L:- Plants were removed from the growth chambers in 

complete darkness on the third day after planting and were illuminated 

for five minutes with dim orange-red light. In each quadripartite 

dish, bundles of plants in positions 1 and 3 were illuminated, plants 

in 2 and 4. remaining in darkness. 

iii) Ethanol, Et:- 0.3% until third day after planting, when 

they were transferred to tap water. 

iv) Sucrose, S:- 2170 solution of sucrose in tap water; no attempt 

was made to maintain a uniform concentration during the 8 days of the 

experiment. 

v) Nitrates, N:- 0.4g solution of equal weights of sodium and 

potassium nitrates dissolved in tap water.' The nitrate mixture was 

used in order to diminish the toxicity known to result from the use 

of a single metallic ion. Again the plants remained in the original 

solution which was not replenished during the experiment. 
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vi) 	On the 2nd day after planting, the seedlings 

were removed from the growth chambers in darkness and transferred to 

dishes, containing the appropriate nutrient solutions or tap water, 

which were then placed in an incubator at 40°C. After three hours the 

plants were returned to their previous positions in the growth chambers 

in which the unheated plants he.i remained in darkness at 24°C. The 

air-stream was temporarily discontinued whilst heat treatment was 

proceeding as it was difficult to supply air to the plants in the 

40°C incubator. 

To decrease the incidence of bacterial contamination of the 

solutions, sodium penicillin was added uniformly at the rate of 

200 I.U/ml. 

Growth of oat plants is not seriously affected by this substance. 

(Mer 1959 a). 

5) 	Sampling:- 

Samples were taken at about 11 a.m. from the second day onwards 

for six consecutive days. One dish was withdrawn in complete 

darkness, from the corresponding positions in each light-tight tin. 

The positions randomly chosen for sampling on successive days were:- 

Expt. 1 	(March 3rd 1962); 	3, 4, 6, 2, 1 and 5 

Expt. 2 (May 5th 1962); 	1 and 4, 2 and 5, 3 and 6 

Expt. 3 (September 8th,1962); 1, 5, 6, 4, 2, 3 

Expt. 4 (December 1st, 1962); 4, 5, 3, 1, 6, 2 

Each plant of the sample was withdrawn from the growing tube in 

darkness, the endosperm and the roots were pinched off close to the 
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base of the mesocotyl and the plumule was placed in a petri-dish 

previously provided with a number of small chips of solid CO2  . 

Each plant of the sample was dealt in the same way and the petri-

dish was then placed in a large thermos-flask, half full of solid 

CO2 , where it remained until the plants were frozen hard. The 

plumules were then exposed to elim red light so that they could be 

cut at the node into mesocotyls and coleoptiles (with leaves). The 

second day's sample could not be treated in this way because the 

plants were too small to dissect; hence the whole plumule was assayed. 

The frozen plant parts was sorted at random into two groups, 

approximately equal in size and transferred quickly to numbered, 

tared, frozen specimen tubes (diameter 1.7 cm length 5 cm) which 

were then corked and at once placed in a thermos flask containing 

solid CO2 . 

During these manipulations, the tissue was never allowed to 

thaw, and its fresh weight could not be obtained. Hence, auxin 

contents of the samples are expressed as ug auxin per 100 mg of 

dry weight. Furthermore, it will be evident, that this method of 

taking samples, devised to minimise as far as possible any loss of 

auxin during handling, precluded the acquisition of length 

measurements. These were consequently obtained from duplicate 

samples of plants, grown at the same time in the same dishes. 

The tubes containing the frozen material were handled one at a 

time in dim red light while adding 5-10 ml of diethyl ether according 

to the quantity of the material to be extracted. 
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The tissue in ether was kept in darkness at 0,to-2°C until the 

extracts were removed for fractionation with bicarbonate. The 

residual material was then dried and weighed. 

It may finally be noted that the coleoptile tissue always 

included the leaves. When frozen, the material is very pliable and 

because the plants are not very bulky they thaw quite quickly and 

so far no way has been found of stopping the frozen coleoptiles from 

thawing. 
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EXPERDMITAL RESULTS  

PART I  

1) Preliminary experiments  

These preliminary experiments were carried out to confirm previous 

results and so establish the basic data for the subsequent research. 

The inhibitory effect of a small amount of IAA on the growth of 

coleoptile cylinders which had been exposed to dim red light (5 f.c.) was 

first demonstrated. For comparison the necessary number of segments 

were cut from plants which had not been exposed to light at all. The 

results are presented in Table 2 and Fig. 5. 

Table 2t- The effect of Light and Indoleacetic (IAA) acid on the 

growth of 10 mm wheat coleoptile cylinders (Heine VII). 

Cach figure is the mean increment in length (mm),10 replicates) 

Concentration of IAA in ppm 
Treatment 

+ Light 

0 1 0- 3 10-2 10-1  

Occasion I 36.5 31.9 32.7 48.8 

Occasion II 38.0 35.6 37.5 46.0 

- Light 

Occasion I 37.8 44.0 45.0 55.6 

Occasion II 36.9 39.8 43.9 50.0 
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It will be seen that the depressive effect of 10-2  ppm IAA (0.005;ug), 

which occurred when coleoptiles were illuminated, was absent in darkness, 

The exposure to light had little or no effect on elongation of cylinders 

provided only with sucrose buffer. Evidently, the depression of growth 

in a low concentration of IAA, 10-3 and 10-2 ppm (Q0005--and 0.005 Ing in 

0.5 ml respectively) represents an interaction between light and small 

amount of IAA. 

2) 	The effect of heating and chilling :- 

In the assay technique (Methods p.18) the 10 mm segments were cut 

from the detached coleoptiles which had been subjected to heating (40°C) 

and chilling (1 to 4°C) treatments. 

To determine whether 10 mm segments would. behave the same way, when 

cut from coleoptiles not subjected to chilling or heating, an experiment 

was carried out with a) coleoptiles - chilled for 2 days, b) chilled for 

2 days and heated for 1 hr, and c) not heated or chilled. 

The data are shown in Table 3 and Fig. 6. 

In view of the fact that exposure to light caused a depression in 

growth when used in conjunction with 10-2  ppm of IAA, in the segments 

cut from coleoptiles not subjected to heating and chilling treatments, 

light was also included in these experiments. 

The data show that the depression of growth at 10-2  ppm IAA 

concentration did not appear when segments were cut from the coleoptiles, 

either chilled for two days or chilled for two days and heated for one 

hour, when exposed to light for 30 minutes or one hour. 
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Table 3 :-  The effect of Heating (n),Chilling (C), and Light (L), 

on the growth of 10 mm coleoptile cylinders of var. Heine VII. 

(Each entry is the mean increment in length (mm) of 10 replicates.) 

Treatment 
Concentration of IAA in ppm 

0 	10-2 	10-1  10°  

Dark 36.1 43.1 51.5 62.6 

-(7
H  

Light - 30 mins 36.5 32.7 48.8 62.6 

Light - 1 hr. 38.0 37.5 46.0 62.5 

Dark 40.2 42.7 54.4 62.0 
C Light - 30 mins 34.8 42.6 48.9 59.6 

Light - 1 hr. 36.6 39.7 52.0 58.7 

Dark 34.5 40.7 50.8 65.2 

+H 
+C Light - 30 mins 32.4 42.9 57.5 66.9 

Light - 1 hr. 33.4 38.7 50.0 58.9 

As shown previously by Hafeez, the combined treatments depressed the 

growth of the control segments but did not affect the #orement in'10 -2  

ppm and higher concentrations of indoleacetic acid used in this experiment. 

Exposure to light for 30 minutes or one hour reduced growth of control 

segments and those in 10-2  ppm IAA by the same amount without affecting 

the increment at 10-1 and 10°  ppm IAA concentration. 	In this.  way, 

a high differential between 10-2  and 101  ppm was achieved, and within 

limits orange light is an important factor in the calibration technique. 
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3) 	The effect of sucrose in the medium 

In all the experiments described above, the test solution.was made 

up with 2 sucrose and 0.05M KH2PO4. To study the effect of sucrose, 

a two part experiment was carried out with and without sucrose in the 

buffer medium. In view of the effects of heating and chilling previously 

discussed, these treatments were included with light in a 23  factorially 

arranged experiment. 

The data are presented in Table 4 and Fig. 7. 

The results show that in the absence of sucrose in the buffer 

medium, the elongation of the coleoptile segments was reduced in all 

treatment combinations. 

These experiments were in fact carried out on behalf of a fellow 

student, Miss H. Tompsett (1962) who was studying the incorporation of 

lit from a solution of radioactive sucrose into the cellulose laid down 

in the coleoptile during growth. 

She was surprised to find that sucrose had little effect on the 

growth of the coleoptile segments in spite of numerous affirmative 

reports in• the literature. The effect of'sucrose was clearly shown in 

my work. The only known difference in the growing conditions which 

might account for the difference in response, was that my test plants 

were grown in purified air while hers were not. 

4.) 	The response to indoleacetic acid (IAA) of var. Jufy I 

wheat cylinders. 

During the course of the work, the stock of Heine VII became 

exhausted and could not be replenished. A fresh start had to be made 
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Table 4:- 

The effect of Sucrose in the buffer medium on the growth of 10 mm 

coleoptile cylinders var. Heine VII for 21+  hours in conjunction with 

different concentrations of Indoleacetic acid, Heating (H), Chilling 

(0), and Light (L). 

(Each figure is the mean increment in length (mm) of 10 replicates.) 

Treatment 

+S 	
-H -C 

+L 
+H +C 

-H -C +S 
-L 

+H +C 

-S 	
-H -C 

+L 
+H +C 

-S 	-H -C 

• -L 
+H +C 

Concentration of IAA in ppm 

0 	10-2 	10-1  

	

37.4 	37.1 	50.8 

	

30.9 	38.7 	48.3 

	

34-.6 	38.4 	4.5.6 

	

39.4 	41.0 	51.6 

	

28.3 	30.9 	36.6 

	

23.6 	26.6 	35.2 

	

26.0 	29.5 	32.4 

	

27.7 	30.5 	35.8 

100  

57.9 

60.4 

52.7 
63.5 

4.2.8 

45.0 

46.1 
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with an alternative variety Jufy I, which was used in all further 

experiments. 

The response of coleoptile cylinders of this variety to the range of 

IAA concentrations used for calibration purposes, in conjunction with the 

experimental conditions employed, was consequently investigated and the 

results are recorded in Table 5 and Figure 8. In this figure A shows the 

results using segments cut from untreated coleoptiles, while for those in 

B, heated and chilled coleoptile segments were used. 

These coleoptiles were much less sensitive to indoleacetic acid than 

were those of Heine VII, and the depressive effect of a low concentration 

of IAA in the presence of light was less clearly displayed. 

Nevertheless, with untreated cylinders (Fig. 8 A) it was not possible 

to estimate IAA at a concentration of 10-2 ppm. This was possible 

however, with heated and chilled cylinders (Fig. 8 B); all the observa-

tions at 10-2 ppm IAA, quite irrespective of illumination were 

significantly greater than the increments shown by the controls. It 

will be further seen that the response to IAA of heated and chilled 

segments was approximately the same as that shown by cylinders not so 

treated. Consequently, exposure to high and low temperatures did not 

destroy the sensitivity of the cylinders to the externally applied IAA. 

However, the reduced increment due to exposure to light for 3 hours 

(Fig. b B) means that durations as long as this should be avoided. 
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Table 5:- 

The effect of 'Heating', 'Chilling', and 'Light' on the growth of 

10 mm coleoptile cylinders of wheat var. Jufy I. 

(Each entry is the mean increment in length of 5 replicates) 

Treatment 

- Heating 

0 

Concentration of IAA in ppm 

10-2 5x10-2 	10-1  5x10-1  100  

- Chilling 

Control 31.1 35.6 41.9 49.1 52.6 54.1 

i hr.Light 31.2 33.0 40.9 48.9 52.4 54.1 

1 hr.L 31.7 30.8 39.9 47.2 51.3 51.8 

3 hr.L 31.3 31.4 41.5 49.2 51.7 52.1 

+ Heating 

Chilling 

Control 27.4 35.1 40.7 48.4 51.6 54.5 

hr.L 27.4 32.9 39.6 47.4 51.6 53.7 

1 hr.L 28.1 33.5 44.4 48.4 52.8 54.1 

3 hr.L 25.9 32.2 42.8 47.3 47.4 47.4 
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5) 	Calibrations performed 

Having now established the phenomena and demonstrated the technique 

by which the IAA (0.005jug) contained in 0.5 ml of a concentration of 

10-2 ppm may be unequivocally estimated, the calibrations performed are 

quoted at this point to illustrate and substantiate the claims made: 

For each calibration, five replicate tubes of 5 coleoptile cylinders 

were set up to provide a mean value for each of the five concentrations 

of indoleacetic acid used. The growth increments are quoted in Table 6 A, 

while the corresponding equations of the regression lines of best fit 

are inserted in Table 6 B. It will be seen in Table 6 A, that in all 

65 calibrations, the increment in the lowest concentration used is well 

in excess of that for the untreated coleoptile cylinders. 

Section 6 of the results follows on p. 58. 



Table 6 A 

The increment in length in mm of 10 mm segments after 24 hrs in 
-2 	-2 	-1 	-1 

10 , 5x10 , 10 , 5x10 and 10 ppm ±ndoleacetic acid. 

Serial 
No. 

Date 

1961 
0 

Concentration of IAA in ppm 

10 
-2 

10 
-2 

5x10 
-1 

10 
-1 

5x10 

1 Oct.18 26.7+0.34 34.8 43.9 47.0 53.3 56.0 

2 Oct.20 27.0+0.32 34.4 44.0 49.2 52.3 54.7 

3 Oct.27 27.4+0.60 34.4 42.8 47.6 51.1 55.0 

4 Nov.2 28.2+0.37 35.1 43.8 49.6 53.2 55.8 

5 Nov.9 28.3+0.37 36.0 43.2 49.4 52.0 56.4 

6 Nov.15 28.1+0.58 35.2 43.1 48.1 54.6 56.4 

7 Nov.23 28.5+0.84 36.2 43.7 47.9 54.2 58.9 

8 Nov.29 28.8+0.58 35.1 42.1 49.2 51.6 54.5 

9 Dec.1 28.0+0.65 34.3 41.5 48.3 51.6 55.6 

10 Dec.6 27.4+0.37 34.7 40.7 48.1 51.8 54.9 

11 Dec.10 28.2+0.20 36.1 43.4 50.8 53.6 57.5 

12 Dec.14 27.4+0.24 33.4 38.5 45.8 49.8 53.1 

13 Dec.22 28.4+0.51 34.8 42.0 47.0 51.1 55.4 

1962 

14 Jan.17 27.2+0.78 34.5 40.1 48.4 52.2 54.4 

15 Jan.25 26.5+0.50 34.2 38.5 49.4 53.9 56.5 
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Table 6 B 

Regression equation relating increment of growth (y) to the , 

logarithm of the concentration of indoleacetic acid (x), calculated 

from the mean of 5 increments for each of 5 conc. of IAA (having logs. 

-2.0, -1.301, -1.0, -0.301, & 0.0 with a mean value x = -0.92.) 

Serial 	Regression Equation 	Correlation coefficient 
No. 

y = y + b (x x) 

1 47.0 + 10.42 (x + 0.92) 0.995 

2 46.9 + 	9.79 (x + 0.92) 0.969 

3 46.2 + 	9.84. (x + 0.92) 0.985 

4 47.5 + 10.13 (x + 0.92) 0.978 

5 47.4 + 	9.65 (x + 0.92) 0.967 

6 47.5 + 10.79 (x + 0.92) 0.994 

7 48.2 + 11.09 (x + 0.92) 0.998 

8 46.5 + 	9.54 (x + 0.92) 0.969 

9 46.3 + 10.15 (x + 0.92) 0.959 

10 46.0 + 10.14. (x + 0.92) 0.980 

11 48.3 + 10.44 (x + 0.92) 0.975 

12 44.1 + 	9.96 (x + 0.92) 0.981 

13 46.1 + 	9.95 (x + 0.92) 0.991 

14 45.92 + 10.22 (x + 0.92) 0.972 

15 46.50 + 11.72 (x + 0.92) 0.962 



Table 6 A (Contd.) 

0 

Concentration of IAA in ppm 

10 

Serial 
No. 

Date 

10
-2  

5x10
2 10

1 1 
5x10 

16 FeD.1 28.1.1.0.40 33.1 40.3 46.8 53.4 55.2 

17 Feb.15 28.5+0.22 35.4 40.3 48.6 52.4 54.2 

18 Feb.28 28.6+0.48 36.1 42.9 49.3 52.7 54.6 

19 Nar.1 28.3+0.44 37.0 41.0 48.2 51.2 52.5 

20 Apr.12 28.2+0.37 36.3 41.4 48.0 52.5 55.8 

21 Apr.13 28.2+0.46 36.7 41.3 47.7 53.9 55.0 

22 Apr.19 28.0+0.27 34.7 41.1 49.0 53.2 54.5 

23 Apr.27 27.9+0.40 35.1 39.9 50.4 52.3 54.5 

24 May.3 27.7+0.54 35.3 41.7 48.1 54.3 55.3 

25 May.4 27.7+0.37 35.9 40.4 51.0 52.9 54.6 

26 May.10 28.3+0.30 35.6 42.5 49.6 54.4 56.3 

27 May.11 28.4+0.51 35.5 41.4 49.5 54.5 56.5 

28 May.17 28.2+0.37 35.1 41.2 48.7 55.8 56.6 

29 May.18 27.8+0.58 33.6 40.7 47.1 51.4 53.7 

30 June 6 28.6+0.51 35.4 40.0 48.0 53.5 54.3 

31 June 8 28.1+0.51 35.6 40.5 47.2 51.3 55.9 

32 June 14 28.2+0.40 35.0 42.3 49.2 52.6 54.7 

33 June 15 29.2+0.58 35.7 42.2 47.3 53.8 55.9 

34 June 21 28.4+0.51 34.9 41.8 48.2 53.0 55.5 

35 June 28 28.4+0.40 35.8 40.8 48.8 52.5 55.4 

36 July 3 26.0-:0.35 34.9 41.4 50.3 55.2 55.9 

37 July 13 28.7+0.37 35.6 41.1 47.9 52.6 55.1 



Table 6 B (Contd.) 

Correlation coefficient Serial 
No. 

Regression Equation 

y 	y + b (x - R ) 

16 45.76 + 11.41 	(x + 0.92) 0.990 

17 46.18 + 	9.78 (x + 0.92) 0.969 

18 47.12 + 	9.29 (x + 0.92) 0.975 

19 45.98 + 	8.11 	(x + 0.92) 0.963 

20 46.80 + 	9.82 (x + 0.92) 0.983 

21 46.92 + 	9.73 (x + 0.92) 0.980 

22 46.50 + 10.21 	(x + 0.92) 0.968 

23 46.40 + 	9.96 (x + 0.92) 0.940 

24 46.94 + 10.45 (x + 0.92) 0.982 

25 46.96 + 	9.71 	(x + 0.92) 0.934 

26 47.68 + 10,54 (x + 0.92) 0.978 

27 47.48 + 10.85 (x + 0.92) 0.975 

28 47.48 + 11.43 (x + 0.92) 0.980 

29 45.30 + 10.07 (x + 0.92) 0.987 

30 46.24 + 10.11 	(x + 0.92) 0.969 

31 46.10 + 10.02 (x + 0.92) 0.981 

32 46.76 + 	9.83 (x + 0.92) 0.970 

33 46.98 + 10.33 (x + 0.92) 0.991 

34 46.68 + 10.36 (x + 0.92) 0.983 

35 46.66 + 	9.95 (x + 0.92) 0.971 

36 47.54 + 11.03 (x + 0.92) 0.964 

37 46.46 + 	9.94 (x + 0.92) 0.981 



Table 6 A (Contd.) 

0 

Concentration of IAA in ppm 

1 	100 

Serial 
No. 

Date 

10-2 	5x10-2 	10-1 	5x10 

38 July 19 28.2+0.37 37.1 41.1 48.6 53.7 54.9 

39 July 26 28.1+0.33 36.0 39.9 47.1 51.8 56.9 

40 Aug.8 28.6+0.36 35.7 42.0 50.0 53.8 57.0 

41 Aug.16 28.2+0.20 36.2 41.1 50.1 55.4 57.0 

42 Aug.22 28.7+0.20 36.7 41.8 49.1 55.4 57.2 

43 Aug.23 28.2+0.20 36.6 41.5 46.9 54.9 57.0 

44 Sept.20 28.9+0.55 36.0 41.6 47.7 53.1 54.0 

45 Sept.21 28.4+0.24 35.6 40.8 50.1 54.5 56.0 

46 Sept.26 27.4+0.40 36.0 40.1 46.2 52.8 54.7 

47 Oct.12 29.7+0.20 37.6 42.4 47.3 54.8 55.7 

48 Oct.18 27.4+0.50 36.0 42.4 47.8 53.0 55.0 

49' Oct.25 28.4+0.30 36.0 39.3 46.9 53.3 56.1 

50 Nov.2 28.4+0.67 35.8 40.7 46.5 50.6 54.1 

51 Nov.8 28.0+0.54 38.4 43.6 49.1 54.3 55.8 

52 Nov.16 28.4+0.20 37.1 41.8 48.5 54.7 57.3 

53 Nov.23 28.9+0.33 37.8 42.3 47.6 53.3 56.1 

54 Nov.29 28.9+0.56 37.1 42.3 47.7 52.7 55.4 

55 Nov.30 28.6+0.24 36.3 41.2 48.5 56.1 57.0 

56 Dec.14 28.7+0.37 35.7 41.8 47.9 55.2 57.4 

57 Dec.21 28.4+0.20 36.8 41.4 49.6 50.8 56.2 

58 Dec.27 28.7+0.20 35.8 40.8 47.4 52.9 54.3 
1963 

59 Jan.1 29.2+0.36 36.8 43.0 49.4 51.6 54.8 
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Table 6 B (Contd.) 

Correlation coefficient Serial 
No. 

Regression Equation 

y = y + b (x - X) 

38 47.08 + 	9.47 (x + 0.92) 0.978 

39 46.34 + 10.427 (x + 0.92) 0.977 

40 47.7 	+ 10,67 (x 	0.92 ) 0.974 

41 47.96 + 10.98 (x + 0.92) 0.969 

42 48.04 + 10.77 (x + 0.92) 0.981 

43 47.38 + 10,73 (x + 0.92) 0.988 

46.48 + 	9.42 (x + 0.92) 0.980 

45 47.40 + 10.67 (x + 0.92) 0.963 

46 45.96 + 	9.87 (x + 0.92) 0.983 

47 47.56 + 	9.66 (x + 0.92) 0.986 

48 46.84 + 	9.64 (x + 0.92) 0.987 

49 46.32 + 10.60 (x + 0.92) 0.976 

50 45.54 + 	9.11 	(x + 0.92) 0.984 

51 48.24 + 	9.00 (x + 0.92) 0.984  

52 47.88 + 10.48 (x + 0.92) 0.981 

53 47.42 + 	9.36 (x + 0.92) 0.988 

54 47.04 + 	9.26 (x + 0.92) 0.988 

55 47.82 + 10.36 (x + 0.92) 0.910 

56 47.60 + 11.25 (x + 0.92) 0.990 

57 46.96 + 	9.29 (x + 0.92) 0.950 

58 46.24 + 	9.70 (x + 0.92) 0.973  

59 47.12 + 	8.75 (x + 0.92) 0.968 



Table 6 A (Contd.) 

Concentration of IAA in ppm Serial Date 
No. 

0 10-2 5x10-2 10-1  5x10-1  10o  
60 Jan.4 29.0+0.31 35.8 41.0 47.5 50.2 54.4 
61 Jan.10 28.7+0.49 37.6 42.7 4.6.0 52.0 55.6 
62 Jan.15 28.2+0.48 38.2 44.4 50.8 54.4 56.7 
63 Jan.17 28.7+0.49 36.1 41.2 50.4 53.9 55.7 
64 Jan.25 28.8+0.20 36.3 41.3 48.6 55.2 56.7 

65 Jan.27 28.6+0.40 36.6 42.0 49.7 55.1 56.5 



Table 6 B (Contd.) 

Correlation coefficient Serial 
No. 

Regression Equation 

y 	5 + b (x - x)  

60 45.78 + 	9.04 (x 0.92) 0.974 

61 46.78 + 	8.94 (x -I- 0.92) 0.993 

62 48.50 + 	9.26 (x 0.92) 0.976 

63 47.46 - 10.15 (x 0.92) 0.958 

64 47.62 + 10.87 (x 0.92) 0.987 

65 47.98 + 10.43 (x 0.92) 0.975 
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6) 	To test the quantitative absorption of indoleacetic acid  

A direct test was performed to find out whether any growth 

promoting activity remained in the indoleacetic acid solutions at the end 

of 24 hours growing period. After removal of the first set of cylinders 

for measurement, five newly prepared segments from heated and chilled 

coleoptiles were introduced into the tubes. 

To make up, in part, for the depletion of sucrose which might have 

occurred, 0.05 ml of sucrose-buffer was added to each tube, but it was 

unlikely that the original situation in respect of pH and sugar content 

was exactly realised. 

On the second occasion, known amounts of indoleacetic acid were 

introduced into 0.5 ml of sucrose-buffer medium on a square of chromato-

graphic paper. The necessary volume of a standard indoleacetic acid 

solution was applied to a series of such pieces of paper, so that the 

concentrations of indoleacetic acid corresponded with the calibration 

sequence. For example as 0.05 ml of a solution containing 10 ppm of 

IAA represents 0.5 pg IAA, this volume, applied to a piece of filter 

paper and placed in 0.5 ml sucrose buffer, is equivalent to 1 ppm; and 

so on in serial dilution. 

After 24 hours, the square of paper remained in the tube; 0.05 ml 

of sucrose-buffer and five newly prepared segments were then introduced 

and measured after further growth period of 24 hours. (Table 7.) 

Evidently the solutions were exhausted of IAA by the growth of the 

original cylinders, and it now becomes possible to relate the growth 

of the cylinders with the discreet quantity of IAA supplied to them. 
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Table 7:- The increment of coleoptile Cylinders var Jufy I in IAA, 

in successive 21+  hour growth periods. 

(Each figure is the mean increment in length (mm) of 5 replicates.) 

Concentration of IAA in ppm 
Treatment 

0 10-2  10
-1  100  

Occasion I 

Growth in 1st 24 hr. 29.4 36.7 50.4 54.8 
Growth in 2nd 24 hr. 27.6 26.4 27.1 27.3 

Occasion II 

Growth in 1st 24 hr. 27.7 36.4 50.0 54.9 
Growth in 2nd 24 hr. 27.2 28.0 27.2 28.1 

7) 
	

Number of coleoptile segments per tube  

In all experiments so far performed five cylinders were used per 

tube. As it has now been shown in the previous paragraph that the growth 

increment can be related to the quantity of. IAA supplied, it was of 

interest to find out if ten cylinders placed in a tube would give a total 

increment equal to that shown by five cylinders. 

It will be seen in Table 8 that the increments made by ten segments, 

were not exactly equal to those made by five in the different indoleacetic 

acid concentrations. 

A series of calibrations were carried out with 10 segments per tube, 

but the regressions obtained were not nearly as good as those quoted in 

Table 6 and the possibility of using a different number of cylinders per 

tube was not further investigated. 
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Table 8:- The increment of either 5 or 10 coleoptile cylinders in 

different concentrations of IAA. 

(Each figure is the mean total increment (mm) of 5 replicates.) 

Treatment 
Concenttation of IAA in ppm 

0 10-2 5x10-2  10-1  5x10-1  10°  

1) 5 segments 	28.1 35.2 43.1 48.1 54.6 56.4 

in 0.5m1 of 

solution. 

2) 10 segments 33.9 32.1 39.0 54.0 57.4 57.6 

in 0.5m1 of 

solution. 

8) 	The auxin content of wheat coleoptiles ( with leaves  ) 

Coleoptiles were separated from the endosperm and subjected to eight 

treatments of a 23  factorial arrangement employing heating, chilling and 

light. For all treatments, which did not require illumination samples were 

gathered in darkness, while for those which were to be illuminated with 

dim orange-red light, the exposure during sampling was included in the 

total period of illumination which in any event did not exceed 30 minutes. 

For each treatment five replicate samples of five coleoptiles 

(with leaves) were prepared. In Experiment 1, the five samples per 

treatment were gathered at the same time, for the obvious reason that 

it was simpler to arrange for the two day period at low temperature in 

this way. In consequence any differences between assays on the successive 



occasions were inevitably included with the treatment effects. 

In Experiment 2, different treatiLents were dealt with on seven 

occasions, in such numbers that ultimately they made up the necessary 

total of 40 observations. The treatments dealt with in the seven 

groups are shown coded (with the appropriate number in brackets) in the 

data, which are quoted in Table 9 A. 

For each group of determinatiorisa separate calibration was performed 

and the regression equation obtained was used for the computation of the 

auxin contents recorded in Table 9 A. 

The analysis of variance for the two experiments are quoted in 

Table 9 B. 

The data show that auxin content was significantly reduced by 

heating and chilling. 

In Experiment 1, two interactions (H x C and L x C) reached 

significance. As similar results were not obtained for these 

interactions in Experiment 2, it is possible that they result from 

differences between occasions, and so may be disregarded. 

The overall effect of light on auxin content is negligible; 

however in Experiment 1, illumination alone, appeared to increase auxin 

content (compare 0.90 with 0.73), while in Experiment 2, a decrease was 

recorded, (0.48 compared with 0.61). 

The effect of the triple interactions (H x L x C) which is of 

interest in connection with the assay procedure, cannot be properly 

assessed in a 23  experiment; for an adequate evaluation of this 

interaction, a 4th factor is required, in order to ensure that the 
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Table 9 A:- Auxin content of coleoptiles (with leayes) 

as iug/100 mg of dry weight. 

Experiment 1. 

Replicates 
Treatments 

1 	2 	3 	4 	5 	Mean value 

	

Darkness (1) 04677 	0.750 	0.626 	0.739 	0.865 	0.731 

	

Heating (H) 0.410 	0.221 	0.119 	0.110 	0.287 	0.229 

	

Light (L) 0.666 	0.755 	1.405 	0.879 	0.794 	0.899 

	

Chilling (0) 0.316 	0.451 	0.532 	0.235 	0.309 	0.328 

H L 	0.245 	0.347 	0.329 	0.333 	0.383 	0.327 

H C 	0.107 	0.184 	0.180 	0.164 	0.303 	0.187 

L C 	0.310 	0.221 	0.365 	0.371 	0.276 	0.308 

H L C 	0.119 	0.117 	0.097 	0.080 	0.161 	0.115 

Experiment 2. 

(1) 

H 

L 

C 

H C 

L C 

HL C 

0.623(1) 0.591(2) 0.432(4) 0.736(5) 0.667(6) 0.609 

0.099(1) 0.152(3) 0.146(4) 0.344(5) 0.196(7) 0.187 

0.708(1) 0.446(2) 0.404(3) 0.619(5) 0.208(t) 0.477 

0.345(1) 0.461(3) 0.266(5) 0.277(6) 0.415(7) 0.353 

0.089(2) 0.215(3) 0.155(4) 0.225(6) 0.248(7) 0.186 

0.083(2) 0.091(3) 0.220(4) 0.155(5) 0.159(7) 0.142 

0.639(1) 0.505(3) 0.236(4) 0.308(6) 0.115(7) 0.361 

0.114(2) 0.097(3) 0.176(5) 0.181(6) 0.072(7) 0.128 
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Table 9 B:- 	Analysis of variance - Auxin content of wheat coleoptiles. 

Variant 

D F 
Mean Squares 
Expt. 1 Expt. 2 

H 1 1.241 	(-) 0.836 (-) 

L 1 0.019 0.012 

C 1 0.974 (-) 0.143 (-) 

H x L 1 0.009 0.008 

H x C 1 0.342 (+) 0.045 

L x C 1 0.081 	(-) 0.010 

H x L x C 1 0.002 0.015 

Error 32 0.016 0.015 

(-) inhibitory; 	(+) promotive effect. 

For significance at P 0.05, F (1 and 32) requires 4,15 



triple interaction is removed from equivalence to the Error Mean Square 

(E.Y.S.). The mean values themselves would suggest that the combination 

of heating and chilling 	C) reduced the auxin content to a level which 

would preclude excessive elongation of the untreated segments. 

From a practical point of view, however, it is preferable to work 

in dim-red light,rather than in darkness, and the data for growth already 

presented in Fig. 8 suggest that exposure to light, although it appears 

to have little effect on auxin content, does reduce the elongation of the 

exposed segments in the presence of IAA. 

It may be concluded, that the substances extracted in cold ether 

appeared to behave in accordance with the observed growth phenomena, 

segments taken from treated coleoptiles did not elongate as much as 

corresponding segments taken from untreated coleoptiles, and correspondingly 

the former contained less growth substance than the latter. 

9) 	The effect of time on auxin resynthesis:- 

The auxin contents of detached coleoptiles were assayed at intervals 

of 0, 3, 6, and 2i hrs after the termination of treatments; until sampled, 

they remained in darkness at 22°C. 

The data are presented in Table 10. 

Each vertical sequence is in fact a further set of observations, 

comparable with those presented in Table 9 A. And it will be seen, 

that they show similar effects, namely that auxin content was decreased 

by heating and chilling treatment. 

Each horizontal line shows the effect of time on auxin resynthesis, 

which hardly ever occurred althoue occasionally, for instance in 
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Table 10:- 	The auxin content of wheat coleoptiles taken at 

3, 6, and 24 hours after termination of treatments; they remained 

in darkness at 22°C for these periods. 

Treatments 

0 

Time of Sampling in hours 

3 	6 24 

(1) 1.024 2.183 1.411  1.200 

H 0.313 0.4.13 0.399 0.047 

L .0.796 2.267 1.069 0.507 

c 0.454 0.4.35 0.488 0.227 

H L 0.145 0.294 0.377 0.773 

H C 0.209 0,315 0.312 0.124 

L C 0.510 0.710 1.160 0,400 

H L C 0.248 0.246 0.055 0.179 

controls (1) light (L) and light and chilling (L C), there did appear to 

be a rise in content followed by a fall in 24 hrs. In treatment heating 

and light (H L), the final observation 0.773 would appear to be 

suspiciously high, although the values obtained do increase steadily 

with time. 

In general the data show that auxin content of the treated 

coleoptiles never again rose to that present in untreated coleoptiles. 

No experiments have been carried out using intact seedlings and 
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it would be very interesting to know if the absence of resynthesis is a 

consequence of treatment, or a consequence of the lack of either.food 

or the necessary precursor substances. 
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POT II 

Experiment 1 	± Carbon dioxide  (C) ± Light (L)  

The mean lengths of mesocotyl and coleoptile in each treatment from 

the second to the seventh day are shown plotted in Figures 9 and 10. 

Associated with each observation is the content of auxin in 
	100 mg 

dry weight with the decimal point omitted for clarity. 

The data are set out fully in Tables 11 and 12. 

Growth and Auxin content of mesocotyl:- 

Concerning the mesocotyl data, and dealing with the growth phenomena 

first, it will be seen that the successive samples of the untreated plants 

increased with time, so that the observations fell on a straight line. 

From the fourth day onwards, the rate of growth was reduced, and the final 

length was reached by the sixth day. The effect of carbon dioxide was 

scarcely perceptible on the second day, byt mesocotyl length was reduced 

below that of untreated ones on the third day. At this time, a burst 

of very rapid growth occurred, to generate a marked promotion by the 

fifth day, when effectively the final length was attained. 

After exposure to dim red light on the third day, elongation 

occurred at a reduced rate, so that a considerable growth depression was 

ultimately recorded. The mesocotyls of plants exposed to carbon dioxide 

and light retained some capacity to grow although the rate of elongation 

was reduced and a final length midway between the untreated plants and 

those exposed to light, was ultimately reached. 

It is necessary to recall that the plants, sampled on the second 

day, were too small to dissect into mesocotyls and coleoptiles. 
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mesocotyl growth, with auxin content quoted 

for each treatment on successive days. 



EXPT 	±CARBON DIOXIDE iLIGHT 

/20 

/00 

Coleoptiles 

0- — -0 CL 
L 

0- — -0 C 
(l) 

80 

20 

33 

32 
26 	22 

27 , f 27  
Ar / 

31 	' / 27, 

42/ /  /'-2 / 
/ 32 / 

20 
/ 

/ 	JJ 
22 ,. / 

6 	IS 
5 	 16 

/6 

Le
n
g

th
 in

  m
in

  

60 

40 

0 

2 3 4 5 6 7 

Time in days 

Figure 10. The effect of Carbon dioxide and Light on 

coleoptile growth, with auxin content quoted 

for each treatment on successive days. 



-70-- 

Table 11 A :- 	Experiment 1 ± CO` L 

The mean length of Mesocotyls and Coleoptiles on successive 

days in mm. 

Treatment 

Mesocotyls 

2 

Days 

3 

after 	planting 

4 	5 6 

C + L 42.6 61.1 65.2 64,1 

C 2.3 22.3 62.8 94.2 99.o 98.4 

L 45.9 48.7 54.2 52.9 

(1) 4.2 33.6 63.1 66.9 76.5 76.3 

Coleoptiles 

C + L 19.6 34.9 50.3 61.8 

c 3.3 8.3 12.4 24.8 42.8 64.1 

L 25.6 44.1 56.7 66.4 

(1) 4.3 10.6 20.4 41.6 58.7 69.9 
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Table 11 B:- 	Experiment 1 11CO2 L 

The auxin content of Mesocotyls and Coleoptiles on successive. 

days expressed as Fe100 mg dry wt. 

Treatment 

Mesocotyls 

2 

Days after 

3 

planting 

4 5 6 7 

C + L 0.391 0.611 0.281 0.426 

0 0.051 0.134 0.312 0.31+9 0.297 0.304 

L 0.310 0.199 0.33; 0.179 

(1) 0.061 0.155 0.206 0.441 0.300 0.205 

Coleoptiles 

C + L 0.218 0.325 0.274 0.268 

C 0.051 o.156 0.159 0.332 0.214 0.324 

L 0.203 0.312 0.272 0.219 

(1) 0.061 0.145 0.224 0.415 0.264 0.327 
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Table 12:- 

Analyses of Variance of Auxin Contents. 

Data of Experiment 1, Table 11 B. 

A. Pesocotyls 

Treatments 

Day C + L C L (1) 

4 0.391 0.312 0.310 0.206 

5 0.661 0.349 0.199 0.441 

6 0.281 0.297 0.331 0.300 

7 0.426 0.304 0.179 0.205 

Variant D.F Mean Square 

c 1 45156 (+) 3.29 

L 1 8281 	(-) 0.60 

C x L 1 24-806 (4.) 1.81 

Time 3 14326 1.04 

( 12 13857 
Error 

( 9 13701 

Table 12. Analyses of Variance (contd.) 
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Table 12:- 	Analyses of Variance 

B. 	Coleoptiles 

(contd.) 

Treatments 

Day C + L C 	L (1) 

4 0.218 0.159 	0.203 0.224 

5 0.325 0.332 	0.312 0.4.15 

6 0.274 0.214. 	0.272 0.264 

7 0.268 0.321+ 	0.219 0.327 

Variant D.F Nean Square 

C 1 930 	(-) 0.701 

L 1 1764 (-) 1.33 

C x L 1 4900 (+) 3.71 

Time 3 14_572 11.04. 

Error ( 12 4633 

( 9 1320 

(-) inhibitory; (+) promotive effect. 

For significance at P 0.05, F (1 and 9) requires 5.12. 

In the calculation of the Analyses of Variance the decimal point has been 

disregarded to avoid the inclusion of a series of zerosd 
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The entire plants were consequently assayed for growth substance and 

quite arbitrarily half the total content has been assigned to each. 

It will be seen that the content of growth substances in the 

untreated mesocotyls increased with time from 0.06, to 0.16 and 

0.21 pg/100 mg dry wt. by the fourth day and then varied considerably 

although growth had virtually ceased. It may at once be said, that the 

rate of growth between second and fourth day, which was constant cannot 

be correlated with the increasing quantities of growth substance found 

to be present. Further, in view of the high content of growth substance 

present in mesocotyls which had stopped growing, elongation must be 

determined by some other factor. 

The mesocotyls treated* with carbon dioxide contained on the second 

day, a content of growth substance effectively equal to that present in 

the untreated mesocotyls. On the third day, although less growth had 

been made, 0.16 }ig/100 mg was present in the untreated mesocotyls while 

0.13 pg/100 mg content was found in mesocotyls treated with carbon dioxide; 

again effectively equal. 

At this time, rapid growth began, and on the fourth day, although the 

length of the mesocotyl was equal to that of untreated plants, they 

contained 50% more auxin (0.31 jug compared with 0.21)4/100 mg) and the 

high content was retained even after the mesocotyls had stopped growing. 

After illumination, although less growth was made, the auxin content 

was equal (0.31 iue100 mg) to that of carbon dioxide-treated mesocotyls; 

indeed on the basis of auxin content alone, there is no reason why 

these mesocotyls should not have been equal in length to the untreated 
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mesocotyls and those exposed to carbon dioxide. The remaining samples, 

although no longer extending contained large amounts of auxin. Similar 

considerations apply to the mecocotyls of seedlings receiving both 

treatments (carbon dioxide + light) and on the basis of auxin content 

alone, the fifth day sample having a content of 0.61 dig/100 mg, might 

have been expected to display maximum growth. 

The data for this experiment have been submitted to an analysis of 

variance, but this was only possible on the observations taken on fourth 

to seventh days which formed a 22  factorial designs. As only single 

observations were made the higher order interactions have to be used to 

provide an error mean square. This has been done in two ways; first by 

including time and its interactions in error, which then has 12 degrees 

of freedom, and secondly by abstracting the sum of squares for time 

leaving error with 9 degrees of freedom. As shown in Table 12, the 

error mean square for the mesocotyl data is scarcely changed, while that 

for the coleoptiles is considerably reduced by the abstraction of 

variability with time. 

The mesocotyl data then show that carbon dioxide induced an increase 

in auxin content which did not reach significance. In agreement with 

previous observations (Table 9 A and B) light had no effect on auxin 

content. 

Growth and Auxin content of coleoptile:- 

The growth data and auxin contents for the coleoptiles are displayed 

in Figure 10. The depressive effect of carbon dioxide on growth was 

clearly evident and after illumination,, a transient growth promotion 
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was observed; it was more pronounced in the presence of carbon dioxide 

than in its absence. The auxin contents of the control coleoptiles 

fluctuated with time, showing a rise to 0.42,11g/100 mg on the fifth day, 

subsequently decreasing to 0.33 /lig/100 mg; a high rate of elongation was 

maintained while the auxin content was rising and falling. In general, 

the growth depression due to treatment with carbon dioxide was associated 

with a corresponding decrease in auxin content, but the transient growth 

promotion caused by illumination was not accompanied by a corresponding 

increase in auxin content. 

These points are further brought out in the analysis of variance. 

Both light and carbon dioxide induced negligible depressive effects on 

auxin content, but the interaction was of some magnitude; however, it 

did not reach significance. Variation with time was highly significant. 
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Experiment 2 	±  Carbon dioxide (C) ± Ethanol (E)  

In this experiment, growth data were obtained and the samples taken 

for determinations of auxin contents were divided into two parts so that 

duplicate observations could be made. For the mesocotyls this was 

possible from fourth to seventh day samples, but for the coleoptiles 

sufficient material was available only on sixth and seventh days. On 

the graphs the mean values of the two observations have been quoted. 

The growth observations and auxin content are displayed in Figures 11 

and 12 and Table 13 (A and B). In Figure 11, it will be seen that the 

growth of the mesocotyls of untreated plants and those given carbon 

dioxide were very similar to the data of Experiment 1. 

Growth and auxin content of mesocotyl: - 

Treatment with ethanol sharply depressed the growth of the mesocotyl 

up to the third day when the plants were transferred to tap water, 

"1Preafter rapid growth occurred so that ultimately those treated with 

ethanol somewhat exceeded the untreated mesocotyls in length, while those 

exposed to the dual treatment (carbon dioxide + ethanol) were the 

longest of all. Again, the linear rate of increase of the untreated 

mesocotyls between second and fourth day was accompanied by a rising 

content of auxin (0.08, 0.15 and 0.60 pg/100 mg) and the highest content 

recorded here occurred on the sixth day when elongation had ceased. 

A high auxin content therefore was again associated with the absence 

of further growth. 

The final content here was more than that found in the corresponding 
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Table 13 A: - 	Experimen-L2 	...±co2._±. Et 

Mean length of mesocotyasand coleoptiles on successive 

-days in mm. 

Days after planting 

Treatment 	2 

Mesocotyls 

3 4 5 6 

C + E 1.0 4.6. 32.3 80.0 107.3 108.2 

E 1.0 8.1 43.5 68.7 80.8.: 84.9 

C 1.9 23.1 63.4 88.9 52.7 96.3 

(1) 3.7 31.6 64.3 75.5 76.3 77.7 

Coleoptiles 

C + E 1.4 4.4 6.5 13.9 24.8 48.3 

E 1.6 4.9 9.4 15.6 31.3 54.2 

C 3.8 7.6 ...15.3 30.0 47.6 64.6 

(1 ) 3.6 10.4 20.4 37.4 57.6 78.2 
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Table 13 B:- The auxin content of mesocotyls and coleoptiles on 

successive days expressed as 	100 mg of dry weight. 

Days after planting 

Treatment 	2 

Mesocotyls 

3 4 5 6 7 

1.381 1.050 0.602 0.337 
C 	E 0.291 0.374- 

1.162 0.843 0.439 0.313 

1.021 0.433 0.526 0.597 
C 0.109 0.293 

0.695 0.393 0.433 0.633 

0.837 0.871 0.528 0.412 
E 0.341 0.279 

1.040 0.602 0.801 0.730 

0.688 0.701 0.788 0.560 

( 1 ) 0.084 0.145 
0.509 0.500 0.509 0.728 

Coleoptiles 
0.594 0.382 

C 	E 0.291 0.416 0.715 0.470 
0.524 0.348 

0.675 0.505 
C 0.109 0.264 0.297 0.494 

0.497 0.331 

0.552 0.613 
E 0.341 0.345 0.308 0.384 

0.427 0.449 

0.410 0.506 

(1) 0.084 0.452 0.392 0.290 
0.259 0.431 



-82-,  

Table 14:- 

Analyses of Variance of Auxin Contents. 

Data of Experiment 2, Table 13 B. 

A. Mesocotyls 

Treatments 

Day C + E C E (1) 

3 0.374 0.293 0.279 0.144 

4 1.270 0.857 0.938 0.598 

5 0.946 0.03 0.736 0.600 

6 0.520 0.480 0.664 0.648 

7 0.325 0.615 0.571 0.644 

Variant D.F. Mean Square 

C 1 3672 (+) 0.11 

E 1 88578 (+) 2.63 

C x E 1 2486 (+) 0.07 

Time 4 216538 6.0 

Error ( 16 79338 
( 

12 33604 

Table 14. Analyses of Variance (contd.) 
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Table 14:- 	Analyses of Variance (contd.) 

B. Coleoptiles 

Treatments 

Day C + E C 	E (1) 

3 0.416 0.264 	0.345 0.452 

4 0.715 0.297 	0.308 0.392 

5 0.470 0.4.94 	0.384 0.290 

6 0.559 0.586 	0.489 0.334 

7 0.365 0.418 	0.531 0.468 

Variant D.F Mean Square F 

C 1 17464 (+) 1.20 

E 1 17228 (+) 1.18 

C x E 1 5951 	(+) 0.41 

Time 4 8192 0.56 

( 16 12718 
Error ( 

12 14530 

( -) inhibitory; 	(+) 	promotive effect. 

For significance at F 0.05, F (1 and 12) requires 4.75. 

In the calculation of the Analyses of Variance the decimal point has 

been disregarded to avoid including a series of zeros. 



samples of Experiment 1, and it may be contended that this represents 

poor replication. Enough has already been said about the lack of 

relationship between growth and auxin content to permit the suggestion 

that the contents were different and there is no need whatsoever to 

expect uniformity. A similar comment applies to the data of the 

mesocotyls of carbon dioxide treated plants. The effect of ethanol on 

auxin content further confuses the auxin-growth relationship. The high 

content (0.34 pg/100 mg on second day) generated a lower rate of growth 

than that displayed by the controls with an initial content of 0.08 A/1001T. 

On the third day, a content of 0.28?g/100 mg was measured, but the 

elongation attained was less than half of that shown by the mesocotyls 

of carbon dioxide treated plants, with an eoual content. Again, on the 

fourth day, less growth was attained with the content of 0.94 ?g/100 mg 

than was attained with lesser contents 0.60 fug and 0.861ug/100 mg. 

Subsequently, although growth continued the auxin content fell somewhat. 

Similar comments apertain to the mesocotyls of the plants which were 

given both treatments. The content on the second day 0.29 pg gave rise 

to the lowest rate of growth to the third day, and on the third and 

fourth days, the least growth made was associated with the highest auxin 

contents, 0.37 pg and 1.27 jug/100 mg respectively. Also the rate of 

growth of these mesocotyls on the fourth day with a content of 1.27)4g/ 

100 mg was approximately equal to the rate of growth of the untreated 

mesocotyls with a content of 0.15)1g/100 mg on the third day; the 

disparity between auxin content and rate of growth could not be more 

obvious. Further, a fall in auxin content was shown between the sixth 

and seventh days (0.52 to 0.33 pg/100 mg) although no further growth 
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took place. Finally, like the data of Experiment 1, all samples showed 

a high auxin content, although growth had ceased. 

The analysis of variance of the auxin content in the mesocotyls was 

calculated from mean values, recorded in Table 14. No significant effects 

on auxin content due to carbon dioxide or ethanol were detected and as 

in Experiment 1, the variation in growth due to factors investigated 

cannot be attributed to the changes in auxin content recorded. 

Growth and auxin content of coleoptile:- 

The depressive effect of carbon dioxide on coleoptile growth was 

again observed, and treatment with ethanol depressed growth even more 

strongly. Again the auxin content, bore very little if any relationship 

with growth. For instance, the sixth day's observations showed most 

growth for the untreated coleoptiles with the least auxin content. 

With carbon dioxide plus ethanol, least growth was shown although the 

auxin content 0.56 iug/100 mg was equal to that present in coleoptiles of 

plants treated with carbon dioxide alone, (0.59)ig/100 mg) but were 

almost twice as long. With ethanol alone, a content of 0.49;pg/100 mg 

generated a growth in between these two treatments. The analysis of 

variance of the auxin content of the coleoptiles, recorded in Table 14, 

again shows that treatments were without effects. 
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Experiment 3 	±  Nitrates  (N) ± Sucrose  (S)  

These two treatments were utilised in these experiments, because 

their effects on growth had been analysed in previous experiments. 

Ner,1959apier, Dixon, Diamond and Drake,1963) 

Briefly with the seed currently in use, both nitrates and sucrose 

supply promoted the growth of the mesocotyl, while nitrates alone promoted 

coleoptile growth; sucrose strongly depressed the growth of the coleoptile. 

These effects are clearly shown by the growth data of the present 

experiment, recorded graphically in Figs; 13 and 14 and are displayed 

in Table 15 A and B, in the ultimate stages of growth. It may howe7er 

be noted in passing that on the third day, a depression in growth was 

shown which persisted until the fourth day for sucrose, and the dual 

treatment nitrates. plus sucrose. 

Growth and auxin content of mesocotyl:- 

The only unusual feature about the auxin contents of the untreated 

plants was the spectacular rise from 0.12 (on the 2nd day) to 1 .03 pg 

(on the 3rd day). This merely serves to emphasize that a uniform growth 

pattern can be accompanied by widely divergent hormone contents. On the 

third day, least growth was made by the mesocotyls of seedlings given 

nitrates and sucrose, which had by far the highest hormone content of 

2.04).1g/100 mg. On the fifth day, a length of approximately 86 mm was 

reached by the mesocotyls of plants, given three different treatments, 

nitrates, sucrose and nitrates plus sucrose; the corresponding hormone 

contents were respectively 1.11, 0.68 and 1 .08iug/100 mg. It is clear 
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Table 15 A:- 	Experiment 3 	± Nitrates ± Sucrose 

The mean length of Mesocotyls and Coleoptiles on 

successive days in mm. 

Days after planting 

Treatment 	2 

Mesocotyls 

3 4 5 6 7 

N + S 1.5 16.7 60.2 85.9 106.1 105.6 

N 2.7,  29.8 68.4 86.3 92.5 89.0 

S 2.4 24.3 60.8 87.0 101.1 106.7 

(1 ) 3.6 33.1 64.6 75.9 77.6 78.5 

Coleoptiles 

N + S 2.3 5.5 11.1 25.7 42.6 75.5 

N 3.1 7.8 20.0 37.7 67.1 96.9 

S 2.9 6.2 11.1 22.9 33.6 52.9 

(1) 3.3 8.3 17.8 38.4 59.0 72.2 
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Table 15 B:-Experiment 3 	± Nitrates 

Auxin contents in 	100 mg 

Days after planting 

± Sucrose 

Treatments 2 3 4- 5 6 7 

Mbsocotyls 

0.916 0.922 1.308 0.892 
N + S 0.791 2.047 

0.741 1.246 1.146 1.302 

0.478 1.282 0.547 1.432 
N 0.092 0.830 

0.705 0.938 0.566 1.127 

0.598 0.469 0.496 0.658 
0.530 0.650 

1.053 0.891 0.576 1.017 

0.560 0.741 0.855 0.663 

( 1 ) 0.121 1.033 
0.359 1.0Eo 1.128 1.027 

Coleoptiles 

0.786 0.989 0.875 0.641 
N + S 0.791 0.982 

1.106 1.446 0.785 0.938 

0.802 1.405 1.171 0.912 
N 0.092 1.283 

1.095 1.109 0.884 1.017 

1.154 0.845 0.553 0.818 
S 0.530 1.639 

1.012 1.093 0.556 0.864 

0.677 0.808 0.524 0.663 

(1) 0.121 0.591 
0.964 0.773 0.935 0.697 
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Table 16:- 

Analyses of Variance of Auxin Contents. 

Data of Experiment 3, Table 15 B. 

A. 	/fesocotyls 

Treatments 

Day 	N + S 	N 	S 	(1) 

3 2.047 0.830 0.650 1.033 

4 0.828 0.592 0.825 0.459 

5 1.084 1.110 0.680 0.900 

6 1.227 0.556 0.536 0.992 

7 1.097 1.279 0.840 0.845 

Variant D.F Mean Square F 

N 1 417605 (+) 0.48 

S 1 74176 (+) 0.08 

N x S 1 341649 (+) 0.39 

Time 4 126069 0.15 

( 16 962932 
Error ( 

12 863678 

Table 16. Analyses of Variance (contd.) 
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Table 16:- 	Analyses of Variance (contd.) 

B. Coleoptiles 

Treatments 

N S ( 1 ) Day N + S 

3 0.982 1.283 1.639 0.591 

4 0.946 0.948 1.083 0.820 

5 1.217 1.257 0.969 0.790 

6 0.830 1.027 0.554 0.730 

7 0.789 0.964 0.841 0.680 

Ifririant D.F Mean Square F 

N 1 119505 (+) 2.63 

S 1 28880 (+) 0.64 

N x S 1 239804 (-) 5.29 

Time 4 86297 1.90 

( 16 55606 
Error ( 

12 45375 

(-' inhibitory; (+) promotive effect. 

For significance at F 0.05, F (1 and 12) requires 4.75. 

In the calculation of the Analyses of Variance the decimal point has 

been disregarded as in Expt. 1 and 2 to avoid the inclusion of a 

series of zeros. 
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from the subsequent behaviour of the mesocotyls that these contents gave 

no indication of the future growth to be made. With nitrates, the auxin 

content increased from 1.11 to 1.28 ,ug/100 mg with little further 

increment in length but with a temporary fall in auxin content to 

0.56 WOO mg; with sucrose some further growth was made to 105 mm 

with a rise in auxin content from 0.68 to 0.84)1_1000 mg, while with the 

dual treatment, a similar rise was associated with an identical hormone 

content (1.08 and 1 .09/ug/100 mg). The final point about these data is 

the rise in hormone content shown by the nitrate treated mesocotyls from 

0.56 iug on the sixth day to 1.28)ug on the seventh day accompanied by a 

decrease in length. 

As previously, an analysis of variance was carried out using mean 

values, (Table 16) and again no significant effects were detected. 

Growth and auxin content of coleoptile:- 

The depressive effect of sucrose on the growth of the coleoptile can 

be clearly seen in the data presented (Fig. 14). The effect of nitrates 

in promoting growth was not apparent until the sixth and seventh days. 

In the presence of sucrose the effect of nitrate appear somewhat earlier, 

and it is interesting to note, that the rate of growth shown by the 

coleoptiles in this treatment between the sixth and the seventh days was 

virtually identical, with that in the presence of nitrates alone. These 

data, consequently support the contention, elaborated in detail in 

• 	Mer et al 1963 that the grov,th depression brought about by supplying 

sucrose is really due to a lack of nitrogen. 
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The auxin measurements showed on the second and third days, that 

the approximately uniform elongation was associated with widely divergent 

hormone contents (from 0.09 to 1.64)4g/100 mg). 

It is clear that treatment with nitrates enhanced the synthesis of 

hormones, because apart from the second day's observation all the 

coleoptiles so treated contained greater amounts of growth substance 

than did the coleoptiles of untreated plants, nevertheless up to the 

fifth day the lengths were identical. It is, therefore, doubtful 

whether the growth promotion can legitimately be ascribed to the higher 

auxin content. Again in these data examples can be seen of less 

elongation with a higher content, for instance on the fourth and fifth 

days. 

The analyses of variance of the mean values of hormone content 

(Table 16) again show no significant main effects. The interaction 

N x S in the coleoptile data, is of considerable magnitude, but negative 

in sense, i.e, less auxin was present than would have been expected. 
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Experiment 4 ± Sucrose  (S) ± Heating (H)  
The growth data for this experiment (Figs. 15 and 16) provide a 

further example of the linear growth of the mesocotyls with time between 

the second and the fourth days and a further example of the effect of 

sucrose on their growth similar to that already dealt with,(Expt. 3). 

The growth and auxin data are set out fully in Table 17 A and B. 

Growth and auxin content of mesocotyl:- 

The effect of heating the plants was shown at once by the change 

in the rate of growth, as compared with the untreated mesocotyls and 

by the very large difference in final lengths. The mesocotyls of 

heated plants when additionally supplied with sucrose displayed a 

persistent growth promotion. It is scarcely necessary to comment 

upon the auxin contents of the untreated and sucrose treated mesocotyls 

for these were very similar to the ones already discussed. The 

outstanding observation in this experiment is the very high content of 

hormone in the mesocotyls whose growth vas inhibited by heating. 

Growth and auxin content of coleoptile: - 

The effect of sucrose on the growth of the coleoptile duplicates 

that already presented (Fig. 14) and provides a further example of a 

situation in which less growth was associated with a high auxin content. 

Heating like light (Fig. 9 in Expt. 1) temporarily promoted growth 

irrespective of the presence of sucrose, and the successive observations 

showed less or more auxin to be present than was in the corresponding 
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controls. Clearly the growth promotion and the ultimate depression 

cannot unequivocally be attributed to the hormone present. 

The analysis of variance of the auxin content of the mesocotyls, 

confirms the impression given by the observations; heating significantly 

promoted auxin content, although inhibiting growth. The analysis of the 

coleoptile data show no significant effects and corroborates the view 

already expressed that the variation in growth cannot be accounted for in 

terms of auxin content. (Table 18). 
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Table 17 A:- 	Experiment 4 	± H ± S 

The mean length in mm of meocotyls and coleoptiles 

on successive days. 

Days after planting 

Treatment 

Mesocotyls 

2 3 4 5 6 7 

SH 3.7 15.6 34.9 44.6 40.4 39.1 

S 2.9 24.7 54.5 78.6 95.3 92.2 

H 3.9 17.4 29.5 34.7 33.5 30.9 

(1) 4.3 30.6 59.1 73.8 80.1 75.8 

Coleoptiles 

S H 3.8 7.4 18.3 33.7 47.4 54.2 

S 2.8 4.7 6.6 11.6 22.6 45.6 

H 3.3 10.7 28.2 45.8 62.o 61.2 

(1 ) 3.8 6.9 13.3 28.6 50.6 69.4 
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Table 17 B:- 	Experiment 4 	± Sucrose 

3 4 5 6 7 

1.253 1.552 2.390 1.575 1.743 

0.728 2.006 2.610 1.496 1.106 

1.776 1.277 0.928 1.253 0.553 

1.517 1.353 1.126 0.891 0.808 

2.225 1.631 2.550 1.642 0.983 

2.515 1.598 1.734 1.472 1.212 

1.134 0.878 0.613 0.699 0.888 

0.884 1.016 0.632 0.694 1.085 

1.721 1.560 1.543 0.707 
1.140 

1.472 1.203 1.033 0.777 

1.673 1.862 0.701 0.813 
0.888 

1.817 1.906 0.990 1.079 

1.321 0.702 1.771 0.638 
0.462 

1.372 0.848 1.680 0.666 

1.118 1.107 1.216 1.033 
1.277 

1.043 1.159 1.261 0,726 

The auxin content in,  g/100 mg of dry weight of 

mesocotyls and coleoptiles 

Days after planting 

Treatment 	2 

Mesocotyls 

SH 

0.233 
S 

0.184 

H 

0.230 
(i) 

0.184 

Coleoptiles 

S H 

0.233 
S 

0.184 

H 

0.230 
(1) 
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Table 18:- 

Analyses of Variance of Auxin Contents. 

Data of Experiment 4, Table 17 B. 

A. 	Mesocotyls 

Day S 	H 

Treatments 

S H (1) 

3 0.991 1.646 2.370 1.009 

4 1.779 1.315 1.614 0.947 

5 2.500 1.027 2.142 0.622 

6 1.535 1.072 1.557 0.696 

7 1.424 0.651 1.097 1.085 

Variant D.F Mean Square 

S 1 34528 (+) 0.18 

H 1 2386714 (+) 12.76 

S x H 1 2608066 (-) 13.95 

Time 4 172896 0.92 

( 16 183456 
Error 

12 186977 

Table 18. Analyses of Variance (contd) 



Day S + H 

3 1.140 

4 1.596 

5 1.381 

6 1.288 

7 0.742 

Treatments 

S H 

0.888 0.462 

1.745 1.346 

1.884 0.775 

0.850 1.725 

0.946 0.652 

(1) 

1.277 

1.080 

1.133 

1.238 

0.879 

D.F Mean Square F 

1 179172 (+) 1.43 

1 33048 (-) 0.26 

1 11562 (+) 0.09 

4 283881 2.26 

16 165038 

12 125424 

( -) inhibitory; (+) 	promotive effect. 

Variant 

S 

H 

S x H 

Time 

Error 
	

(
( 
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Table 18:- 	Analyses of Variance (contd.) 

B. 	Coleoptiles  

For significance at P 0.05, F (1 and 12) requires 4.75. 

In the calculation of the Analyses of Variance the decimal point has 

been disregarded to avoid the inclusion of a series of zeros. 
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DISCUSSION 

The first question put will doubtless be " What is the identity of 

the substance extracted and identified as auxin ? " Most probably it is 

indoleacetic acid. The final acetonitrile solution turned pink when tested 

with the Salkowski reagent and a pink colour also appeared when this reagent 

was applied to the chromatographic paper. Nevertheless, the warning given 

by Burton (1956) that identical behaviour chromatographically, and by 

colour reactions is not a final proof of similarity of two substances, 

one known and one unknown, needs to be borne in mind. There is one small 

discrepancy between the behaviour of the extracted substance and IAA. At 

a concentration of 1 ppm, as amply shown in Table 6, IAA promoted growth. 

For the assay of the hormone content of an extract the volume of 

acetonitrile solution applied to the chromatogram, contained an amount of 

growth substance near to the minimal which could be detected. When the 

volume was increased so as to contain about 1 ppm the growth increment 

of the coleoptile cylinders was very much less than that given by IAA. 

As it seems doubtful that an inhibitory contaminant was present, the 

effect as yet cannot be explained. The final identification of the 

substance in question must await an extraction in quantity and a chemical 

analysis. 

The calibration data presented in extenso by Hafeez (1960)and 

summarised briefly in Mer et al (1963) and those detailed in Table 6 

of this thesis leave no doubt whatsoever that 0.005;pg of IAA can be 



detected with certainty: Quantitatively therefore this assay can compare 

with the mesocotyl test (Kitsch 1955) and also with the original Avena 

"Curvature test" . It must be admitted, however, that the individual 

coleoptiles in the curvature test react to very small amounts of IAA 

indeed, but taking into account the number of coleoptiles required for a 

definitive estimate the total amount of hormone needed in the two assays 

would not be very different, as a simple calculation will show. 

The mid point of the linear part of the calibration in the curvature 

test is about 0.1 mg/1 (Fig.19, Went and Thimann, 1937). If the volume 

of the agar block be taken as 10 cub mm and for simplicity say 10 coleop-

tiles are employed for an estimation, the total amount of IAA needed is 

0.01 jig. For the present assay the 5 tubes per concentration contain 

0.025 fig; 22 times as much. In fact, for a definitive estimation by the 

curvature method more than 10 replicates would be needed. In uniformity 

between occasions the present assay technique is far superior to the 

curvature method. The increments recorded for the untreated segments in 

Table 6 are remarkably uniform, as also are the equations for the 

calculated regression lines of best fit to the calibration observations. 

The detection of 0.005 }'g  of IAA has been accomplished by using 

cylinders cut from coleoptiles after they have been subjected to a 

high- and low-temperature regime. The net effect is that the cylinders 

not supplied with IAA grow much less than similar cylinders taken from 

normal coleoptiles. The important and wholly unexpected feature in the 

response of the segments is that they did not lose their sensitivity 

to the externally supplied growth substance. This can be seen in 
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Fig. 8(A and B);the increments in the successive concentrations of IAA 

were approximately the same and so were independent of temperature. One 

might, perhaps, hope for such an effect but could not forecast it. The 

reason for the reduced growth of these cylinders would seem to be the 

lowered content of growth substance (Tables 9 and 10); and heating and 

chilling are by far the most effedtive factors; dim red light, taken 

overall, as in the analysis of variance (Table 8) did not affect auxin 

content and it is consequently possible to work in a room having this 

sort of illumination rather than in darkness, providing the duration of 

exposure to light does not exceed 30 minutes. 

The presentation of the data as.pg auxin/100 mg dry weight of tissue 

involves the assumption that the coleoptile cylinders absorb and utilise 

all the auxin or IAA present in the 0.5 ml of sucrose-buffer solution. 

Consequently the growth increment can be regarded as a measure of the 

quantity of active substance, as well as of its concentration. 

Statements of contents in this way are not unusual in the literature and 

if computed from a concentration, involve a measure, or an estimate, of 

volume. The precaution is usually taken of adding "in IAA equivalents" a 

procedure not adopted here, preference being given to "auxin" or "growth 

substance" which in fact it is. To demonstrate that total absorption did 

occur, experiments in which a second set of cylinders were placed in the 

0.5 ml of sucrose-buffer after growth of the original set had been 

completed were carried out (Table 7), and the results show that the 

supposition is correct; Indoleacetic acid (IAA) was completely absorbed 

when supplied either directly in the solution or indirectly on a segment of 
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filter paper. It now becomes possible to associate a particular incre- 

ment with a discreet quantity of IAA and so the relationship between 

growth and growth-substance can be broached. For convenience the 

growth of the segments in darkness will be discussed. In the absence 

of indoleacetic acid (IAA), temperature-treatment reduced the elongation 

of the cylinders from 311 mm to 27.1+ mm (See Fig. 8; Black circles on 

A and B respectively). Assuming that these increments resulted from the 

presence of definite quantities of growth substance, values can be assigned 

to them. For this purpose one of the relevant calibrations obtained 

(Table 6, No. 11+)  has been recalculat4d using the logarithms of the 

weights ( x 10-9  g ) of IAA. The observations then read: 

Increment 34.5 40.1 48.4 52.2 54.4 

Log. Wt. IAA 0.6990 1.3979 1.6990 2.3979 2.6990 

and the equation becomes 

Y = 45.92 	10.22 (x - 1.7785) 

The two increments 31.1 and 27.1+ could occur in the presence of 

2.37 and 1.06 g ( x 10-9  ) of hormone respectively. These are approx-

imately in the ratio of 2 : 1. From the data quoted in Table 9, it can 

be seen that chilling and heating reduced auxin content from 0.73 to 

0.19 (Expt. 1) and from 0.61 to 0.14 (Expt. 2). These values are in 

the ratio of 3.8 : 1 and 4.3 : 1. The cylinders subjected to high and 

low temperatures thus appear to elongate somewhat more than would be 

expected on the basis of auxin contents. Had the observed ratio of 

about 4 : 1 obtained then the increments would have been 31.1 mm and 

25.0 mm; this difference of 2:4 mm (between 27.4 and 25.0) would have 
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been detected with ease, by the method employed. 

A discrepancy of this sort might occur if regeneration took place 

differentially while the cylinders were elongating in sucrose-buffer 

after the conclusion of the temperature treatments. To test this 

possibility observations of auxin content were made at intervals 

following termination of treatment. The data (Table 10) show some 

variation with time but it is quite clear that after chilling and 

heating in darkness (C H) the auxin content remained low and did not 

approach that present in untreated coleoptiles. The discrepancy 

therefore cannot be explained on this basis. 

Further in connection with the relationship between auxin content 

and growth, the remaining data in darkness recorded in Fig. 8 can be 

considered. The increasing growth increments shown with increasing 

concentration of IAA are about the same irrespective of high and low 

temperature treatment, although, because of the destruction of native 

auxin, the total amount of growth substance available for each of the 

sets of coleoptile cylinders, must have been quite different. 

Similar considerations apply to the cylinders which were exposed to 

light (disregarding the very low growth made with the higher IAA 

concentrations when exposed to light for 3 hours). The conclusion 

must therefore be arrived at that it is not possible to account 

precisely for the elongation of these isolated cylinders under the 

variety of treatments employed solely in terms of the amount of 

growth substance available. 

A possible criticism of this procedure can be raised on account 
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of the data quoted in Table 8; that, with the same amount of IAA, the 

total elongation of 10 segments was not the same as for 5 cylinders; hence 

a given quantity of growth substance cannot Stimulate a uniform increment 

of growth. Further experiments were carried out on this point using 10 

cylinders with 1 ml of IAA solution. The increments were very erratic 

indeed and have not been recorded here. The reason is either that the 

cylinders were submerged too long in the extra volume of sucrose-buffer, 

or that an additional factor was introduced with the use of 10 segments; 

namely the accumulation of respiratory carbon dioxide, as recently shown 

by Cockshull and Heath (1963). Until the question of the number of 

cylinders per tubes has been further investigated, the foregoing analysis 

may stand. It is regarded as more satisfactory than that put forward by 

Thimann and Bonner (1933), who used the "Avena test" to estimate the 

amount of growth substance required to cause a measured curvature. In 

this test the concentration of IAA in the block of agar is known but 

the proportion entering the plant is not known. At the end of one test 

the agar blocks were transferred to a second set of test coleoptiles and 

so engendered a second, smaller, curvature. Hence the concentration at 

the beginning and the end of the first test was determined. In view of 

the inaccuracy of the test method the estimate of an amount of IAA in 

the way described, can only be regarded as barely quantitative, although 

until now there has been no other device by which such a problem might 

be attacked. 

As the majority of the auxin in the coleoptile is located in the 

3 ram tip segment which in any event, is discarded, it might be contended 
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that the temperature treated cylinders used in the assay would have 

almost the same auxin content as untreated cylinders. The hormone 

content in samples of 10 mm cylinders was measured: Controls 0.23 

)1000 mg; C L H 0.16).1000 mg. Certainly the ratio is smaller 

than that shown by the data in Table 9 ; and further observations on 

this detail would be of value. 

When the original statements are examined about the relationship 

between growth and auxin content in whole plants, the situation which 

emerges is confused and contradictory. 

These statements are taken from the resume by Went and Thimann 

(1937). 

" The conclusion is that " Ohne Wuchsstoff, kein Wachstum ", 

without auxin, no growth. It is perhaps necessary to mention 

that the reverse of this statement, namely " where there is 

no growth, there is no auxin " or even " where auxin, there 

growth " (Fitting, 1936), is by no means necessarily true. It 

(P. 74). 

Again: 

" It is thus satisfactorily proven that cell elongation is 

dependent upon, and controlled by, the presence of auxin. " 

(p. 75). 

These two quite general statements appear to be inconsistent for in 

the first, some caution is shown by the emphasis that the inverse 

statement is untrue. Consequently we may have a plant with some auxin 
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and no growth occurring. This contradicts the second quotation. 

More quantitatively; referring to the work of Zimmerman (1936), Went and 

Thimann write: 

" In general he found a strict correlation between the rate of 

growth of a shoot and the amount of auxin produced in its 

terminal bud..." (p. 61). 

and again: 

In the leaves of Ipomoea, Koning (1933) found the largest 

auxin production to coincide with the period of most rapid 

growth, and the same is true for the developing buds of 

Aesculus and Malus (Avery, Burkholder and Creighton, 1937) " (p. 62) 

These comments taken in conjunction with the explicit statement by 

Van Overbeek quoted in the introduction (p. 1k) that more auxin means more 

growth, and less auxin means less growth, are also discordant with the 

disclaimer by Went and Thimann of the inverse of "Ohne Wuchsstoff, kein 

Wachstum." An alternative view point is summarily discarded by Went and 

Thimann 

'I Laibach and Meyer (1935) have published data on the total auxin 

content of Zea Mays and Helianthus plants during their whole life 

cycle. The results, which were obtained by alcohol extraction, 

are open to objection on account of the probable loss of auxin 

by enzymatic inactivation. They seem to show that auxin is 

absent from Zea Mays and almost absent from Helianthus,  during 

the period of most rapid development " (p. 62) 

These few quotations are sufficient to evoke the general view of 
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the relationship between auxin and growth; either growth is directly 

related to the quantity of auxin or the rate of growth is so related. 

The four sets of hormone and growth data of the mesocotyls of 

untreated plants (Figs. 9, 11, 13, 15) display a linear increase in length 

with time up to the fourth day; the rates are 1.23, 1.26, 1.27 and 1.14 

mm/hr. The auxin contents in these daily samples differ from experiment 

to experiment and bear a relationship neither with the length attained 

nor with the rate of growth, nor with the final length attainable. A 

high content may be found when no further growth can occur, (between 

fifth and seventh days) and a low content may be found to generate a 

high rate of growth (second day samples). Examples can be found in which 

least growth was attained with the highest auxin content and the same 

length with widely different contents. 

The effect of the brief exposure to red light on the growth of the 

mesocotyl and coleoptile clearly cannot be accounted for by corresponding 

changes in auxin content, for none was detected. In this respect the data 

presented are consistent throughout, and they agree with those of Briggs 

Tocher and Wilson (1957). Although heating modifies the growth of the 

plants as does illumination auxin content was increased considerably in 

the mesocotyls, but not affected in the coleoptiles. In a brief digression 

from the main growth-auxin theme, it may be noted that these observations 

do not agree with those in Table 9; heating reduced auxin content. 

However, the coleoptiles used in the assay were detached from the 

endosperm. No further food supplies or auxin precursors were available 

and synthesis must therefore have been minimal. The oat seedlings used 
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in Expt. 4 were intact, and the change in content can be accounted for by 

supposing that growth ceased but the capacity for synthesis was not 

destroyed. It will be possible to test this hypothesis in further work 

by studying the effect of heat on the auxin content of both intact wheat 

seedlings and the plumules of oat plants detached from the endosperm. 

The auxin-growth situation presented by these data may be summarised 

by saying that, if a particular auxin content were to be quoted it would 

be quite impossible to say whether growth was proceeding rapidly, slowly, 

or not at all. The thesis made in the quotations from Went and Thimann 

(1937) of a relationship between auxin and growth may therefore be set 

aside, and a new analysis attempted. 

Suppose that auxin is synthesised during growth; and all the data 

presented (Figs. 9-16) show an increase of auxin with time during the 

early stages of growth, then it is true to say that what is utilised in 

growth is irrecoverable and cannot be estimated; what is left over is 

extracted and measured. Growth should then be correlated with what has 

been consumed and cannot be determined and not, as has hitherto been 

done, with what can be extracted* If the auxin status of a plant is 

regarded as a balance between synthesis, consumption, and residual these 

four primary situations may be set down and related to growth. 

Synthesis Consumption Residual 

Case 1 low low x )1.g 

Case 2 high high x jug 

. Case 3 high low say,10x jag 

Case 4 tigia low high 0 
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In the first case, the low rate of auxin synthesis, and the low rate of 

consumption will generate a low rate of growth and leave xyig over for 

extraction; in the second, the high synthesis and consumption will give 

rise to a high rate of growth and there might be again x,pg superfluous; 

of course there might be more or less auxin left over in this second case, 

but it could be the same. These two conditions can be exemplified from 

the data by quoting instances at which different rates of growth occur 

under different environmental treatments when the same or nearly the same 

length has been attained. The observations; the "cross points" have been 

redrawn together for convenience, in Figure 17; 

A; thelengths of the mesocotyls were the same, but the growth rates 

and auxin contents were different, as also were the final lengths 

reached. 

B; the lengths of the mesocotyls were almost the same, as were the 

auxin contents but the growth rates and ultimate lengths were 

different. 

C; similar lengths and auxin contents; different growth rates and 

final lengths. 

D; as for A. 

E; observations N and N + S, have similar lengths and auxin contents 

but different growth rates and final lengths. The comparison 

N S and S, displays similar lengths, growth rates and final 

lengths, but different auxin contents. 

F; the same length and rate of growth is associated with different 

auxin contents. 

G; similar lengths and auxin contents; different rates of growth and 

ultimate lengths. 
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In the four experiments performed there are therefore three examples of 

the situation postulated; C, E and G. 

In the third case with high synthesis and low consumption there will 

be a low rate of growth and auxin will accumulate leaving a supposed 

amount of 10xpg for extraction; it is possible now to understand the 

instances when much auxin is found with little growth made and a low growth 

rate. Here a high auxin content does not induce much growth; it means that 

some other factor essential for growth is lacking and the auxin cannot be 

utilised. This situation corresponds with that elucidated by Gregory and 

Goodall (1947) in connection with mineral nutrition. A high content of 

say potassium or phosphorUs per mg. dry wt. of plant material did not 

mean that the plants were living under "luxury conditions" as far as these 

nutrients were concerned. The plants were undersized; some other essential 

nutrient was lacking. When it was present growth occurred and the content 

of K or P per mg dry wt. fell as they moved into the newly formed tissues.  

In these experiments feeble coleoptile growth usually means lack of 

nitrogen (Mer et al 1963) shown by the alleviation of the restricting 

effect of sucrose on growth (Fig. 14) and the parallelism of the ensuing 

rates of growth (N and N + S). 

There is no example of case 4_ in these data; with low synthesis and 

a high rate of consumption all the auxin produced will be utilised and 

there will be none extractable. Growth rate will be determined by the 

rate of synthesis. The observations of Laibach and Meyer (p. 110) are 

now comprehensible and Went and Thimann's dismissal of the observations 

is suspect. One further example occurs in the literature. Fiedler (1936) 
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investigated the growth and auxin content of excised Zea Mays roots and 

found that the amount of extractable auxin declined to zero in either 

2 or 3 days after excision. The roots continued to grow and exhibited 

geotropic sensitivity during a further period of 15-18 days, but no 

auxin was found. Although cited se.7eral times in Went and Thimann (1937), 

this aspect of Fiedler/n work was scarcely alluded to. 

This analysis broadens the view to be taken of growth-hormone 

content relationship, Auxin is a factor for growth like many other 

factors. Each in its turn may be limiting or not, depending on the 

complex of physiological circumstances obtaining at the particular time. 
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