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ARY 

1. A method of plant auxin assay based on the 

quantitative relationship of auxin concontration to the 

root growth of rye seedlings has been developed. 

. The effect 9i carbohydrate on the production 

of auxin in excised embryos of (Itkus winter rye has been 

studied by this method. 

3. The distribution of auxin in the coleoptile,  

Coleoptil'hode, leaf and. root of excised embryos of 

differentages has been determined. 

0 
4. LOW temperature (2 C) did not influence the 

production of auxin in embryos, whereas at high temperature 
o 
c) auxin dinap'peared from the embryo. 

Oxygen was essential for both growth and auxin 

production in excised embryos. 

6. Auxin content of the ap x, developing ear and 

extending stem of retkus winter rare in relation to 

vernalisation and day length has been studied. There was 

no appreciable change of auxin content in the apex. eitrer 

before or immediately after floral initiation. irrespective 

of treatment and time from planting, the amount of auxin 

in the plant is approximately the sameiat th0 same stage 

of floral development. 



7. The auxin content of plants transferred (A) from 

long days to short days and (B) from short days to long days 

was studied. short days were.  unfavourable or stem 

elongation in rye, but if the plant could attain a certain 

critical stage of floral development before transfer from 

long days, the further extension of the stem WAS poesible 

under short days. 

8. The auxin content of the nodes and internodes 

of the stem was found to bear a clear relationship to 

extension growth of the internodes. 
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INThODUCTION 

ince the pioneer experiments of jachs (1680 1882) 

which indicated that plants produced organ forming substances a 

mass of information has accumulated concerning substances which 

profoundly influence the growth of plants; these are known 

under the ,5eneral term auxins or growth sutstanees, 

i'aixin was oDsryed in the tip of the coleoptilee 

of Avena  as early as 1910. :olo;isen - Jensen (191u, 1914) 

observed. that the phototropic stimultis which was generated in 

the tip of th; coleoptile can cross a discontinuity and 

sug.,ested that this stimulus was of a "material nature". 

kaal (1219) first obtained a curvature in the coleoptile of 

by replacing its cut tip eccentrically, and suested that 

a oubstance was formed and internally secreted which 

accelerated. extension of the cells. Aent 	wus 

able to transfer this substance by diffusion rrom coleoptile 

tips to agar blocks. The blocks in turn produced curvature in 

decapitated Avena  coleoptiles. This was the basis of his 

standard avena  coleoptile technique. 

(do 



3ince then numerous w oera have demonstrated the presence 

of auxin in various parts of the plant and studied ite 

relative aeount, its activity and its chemical nature. 

Thimann and Acoog (1934), every (1935) have deteeted 

the high concentration of auxin in herbaceous lants e.e„ 

iota, Nicotianft. eimmermann (1e6) has studied hormone 

4 concentration in 	14r loping shoots of acer pseudoplatanus, 

'i-raxinue exoelsior, and several other woody ereates. 

Laibach and eT.eyer (1:135) determined by alcoholic extraction 

the concentration of auxin at difierent periods& in the life 

cycle of Lea aays and Helianthus. euxin h also been 

deonstrated in eeveral other woody stems As in plum and 

aPPle shoots (Hatcher and earner 1948, Hatch r 1946), in the 

seedling axis of several herbaceous dicotyledons Van Overbek 

1933) and in nodes and internodes of grarees (Ven everbak 

1938, 1943, 1944, 1945). 

In general, the erowth of the apex and eloneation 

of the shoot below it are known to be closely connected 

with the eroduction of auxin by the apex (Thimann and ekoog 

1934). The deteils of the relationship are be no nean  wane clear. 

In herbaceous plants the tereinal bud is the main source of 

diffusible auxin and lateral buds which are not developing 

yield practically hone (Thimann and eicooe 194). eielmermann 

1936), every et al (1937), 1atoher (1948), Hatcher and earner 

(1948) have shown that the period during which diffusible 

auxin can be obtained in lerge quantities from apices, 

internodes and noden oi plants is Tette short. 



During spring growth ithin a period of a few weeks the 

auxin yield rises rapidly to a eaxieaum and falls back almost 

to zero. Meamermann (1936) emphasizes a parallel between 

growth intensity and 6rowth hormone concentration in shoots 

an :1 concludeswhere there is aexin there is growth': Avery 

Et a1 (1937), however, have found in eesculus and in .alus  

that during the spring 4roeth concentration of die'iusible 

auxin in the stem tapilly increases to lts peak value about 

3 eeeks prior to any visible swelling of the buds, then with 

the extension growth of the shoot the concentration o auxin 

iradually falls to zero, In the inflorescence bcarin-, shoote, 

however, this dcline is not so marked; as the young i'ruit 

begins to erow, the auxin content of the fruit-i)earing shoots 

is sustained at a higher level than 1.s that of the veeeetative 

shoots. The concentration of auxin in the developing 

inflorescence of Aescelus Hippocastanum is found to increase 

gradually and. attained a hi h level as the fruit start to 

eve lop, 

A serles of studies of native auxin of grasses 

has been done by Van exrerbeek (1938, 1'?43, 1944, 1943). lie 

has elaborated a useful teohnique for extraction of free 

aexin from erase internodes at low temperature .sin ether as 

a solvent. Alere appears to be a considerable elleorence in 

Tree auxin content between nodes and internodes. Nodes of 

erasses contain euch more auxin than internodes; feein under 

the Inf u nce of geotropism the free auxin of nodes increases 

to more than twice its initial amount while auxin level of 
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internodes remains unaltered. 4 a thorough investivition 

(Van i.tverbeek 194() the diffusible auxin oi raa internodes 

has been proved to be a thermostable substance of the type 

of indoleacetIc acid. 

Hatcher (1945) has made-a comprehensive study of 

auxin production in cereal ,rain during the period of 

development and embryo Portion. In both winter and spring 

varieties of rye auxin is rapidly produced and reaches a 

maximum some 7i- . weeks after anthesis. This maximum 

coincides with the stv:e of complete differentiation of the 

embryo and is followed by a rapid rail In auxin level up 

to the complete maturity of the grain. It is sug6ested that 

the apparent disappoftranoe of the auxin is associated with 

desiccation of the erain, 



Auxin in relation to vernalisation and floral initiation. 

There is eome difference of opinion regarding 

the relation of auxin to vernalisation. eholodny (1936, 

1939) put forward the hypothesis that during the prolonged 

contact between the embrye and the endosperm, the eAbryo 

absorbs auxin that is present in the endosperm. This would 

lead to an increase in the concentre.tion of auxin in the 

cells of the eebryo accelerating the progress of the 

meristematic cells of the young plant through the earlier 

phase of development with the result that the liter stages 

are shortened. Gregory and i'urvis (193E, 1938) have shown 

that excised embryos entirely I ee from endosperm tissue 

can. be vernalieed. Thus it is clear that auxin Trom the 

endosperm is not an essential factor in the process. 

A.rcar and eas (19b1) have demonstrated a hieeh ooncentration 

of auxin in vernalIsed rice erain, and this coneentration 

has been shown. to deceease with the erowth of embryo at 

faveable temperature. Low temperature stilelat!ion In rice, 

ewever, does not load to the acceleration of flowering 

but rather to increased vegetative rowth as indicated by 

tillering and. height (eircar and lAriza 1949), therefore, 

no relation of hi 	auxin concentration in the erain to 

the acceleration of flowering is indicated. 



The relation of auxin to the initiation of 

flowering has been stressed by a number of vlerXers. 

Assaying auxin in a variety of species Cailahjan (1947) 

and. cailahjan and 	anova (1938) concluded that plants 

grown under short phetoperiods possess less diffusible 

auxin than plants grown under lon photoperiods regardless 

of the photoperiodic behaviour of the plant. ..alston (1947) 

failed, to find an consistent consistent elf ct of photoperiod on 

the ether-extractable auxin derived from apical buds or 

leaves of soybeans. Hamner and 'ionner (1938) found that 

application of indoleacetic acid in lanolin reduced the 

intensity of the flowering response in :;anthiun. 	alston 

(194) also obtained. similar quantitative reduction in 

flowering response of soybeans growing in short days by 

spraying with auxins (indoleacetio acid and NalJhaleneacetic 

acid). 3onner and Thurlow (1949), also ionner (1949) have 

observed that flo,wer foration of short day plants can be 

suppressed by treating the plants eith auxin or synthetic 

rowth regulating substances and can be induced under non 

inductive conditions by treatment with auxin a.nta6ouists 

(including 2, 4 - dichloranisole 	C 110 and 2, 3, b 
tAxt 

triiodobenzoic acid) or other agents which 	auxins. 

On the other hand. Leopold. and Thinann (1949) have reported. 

that injection of Indoleacetic acid in low concentration 

through leaves of iar1ey increases the number of floral 

prinerdia though there is no evidence that flower 

initiation was accelerated. 

/o 



These observations led them to conclude that low concentrations 

of auxin may promote floeering while hither concentrations 

inhibit flowering. 

Tittle is known of methods of loeering the level 

of natural auxin in the plant. Hitchcock and Zimmermann (1951) 

have examined critically the observations of 4aluton (1947), 

;onner (1949) and of onner and Thurlow (1949) alentioned 

above reeeerding the antiauxin activity ofTIliAas it 

affects floral initiation in scybean and e.anthium. They state 

that regardless of whetherT1BAcausesachange in level 

of extractable substances thet are active in the eivena test, 

thie could not in itself constitute a proof that the said 

active substances would normally play an part in flowering 

of the plant. 

In the present study it appeared important, thorefore, 

to undertake a direct study of the native auxin of the plant 

before and after floral initiation ehich may elucidate the 

actual changes of native auxin in the plant durine, this period. 

it is well knoen that the growth of the cereals takes plaec 

In two phases 	at first a continuous produution or leaves 

and laterals on a compressed main axis, b) and. after the 

initiation of flowers at the stem apex a rapid extension 

growth of 	Liraru development of the reproductive orgaes end 

accessories during ehioh the extension of tiller tuts is 

saepressed. 
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WitttYer (1943) drew attention to the relation between 

reduction division and the rapid .1roduction of auxin after 

fertilization in Zea Tays.  Hatcher (1945) showed in, the 

ease of winter rye that the auxin content in the carpel 

rapidly increased after fertilization and subsequently fell 

during the ripening of the grain. kt shoeld be noted, 

however, fertilization in rye plants takes place after ear 

emergence at which tie stem elongation is nearly completed-

In rye stL1 elongation usually begins after initiation of 

spikelet primordia; it, therefore, becoles a oatter•of 

importance to ',iscover whether any change of auxin content 

of the growing point of the plant occurs either preceededl 

or followthe floral initiation. The tine of initiation 

of winter cereals can be controlled by environlental factcrs 

such as temperature or day length. In. this work the time 

of initiation has been controlled by such means and the 

auxin content of the developing apex and extending internees 

in relation to these treatments has been determined. 

The high auxin content of the endosperm of rye, 

rice e.nd other cereals has led. to the suggestion that auxin 

eu7plied by the endosperm is needed by the growing embryo. 

No previous work has been carried out to prove this fact 

directly. ireliminary observations by ,Arcar and Das (1951) 

showed that the total auxin content in the endosperm of 

rice released by alkalihydrolysis extraction (at pH 9.5) 

fell (luring the course of development of young seedlings. 

/2„) 
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As, however, the embryo remained. in contact with the grain otA,v04-/'tA 

not tested. separately it i8 not known. whether the auxin 

released from the endosperm eventually Accumulated in the 

embryo. In the course of the present work the capacity or 

auxin production of embryos separated from the ;rain has 

been studied in some detail. It has teen shown that 

isolated embryos Are capable of synthesising auxin vAthout 

intervention of the auxin precursor derived. from the endosperm. 

The production of auxin in isolated, embryos has been studied 

in relation to the cArbohydrate d oxygen supply and to the 

temperature. 



Shesical nature of auxin found in plant 

'ecently the chemical nature of auxin in plants 

has received considerable attention (Veldstra 1953), 

especially by chromatographic methods (Bennet-dark et al 

1952, Luokuill 195P, Terpstra 1953,. Audus et al 1953). 

In general two auxin systems have been recognised in 

plants, one which includes the auxin a and b, the other 

is the indeleaoetio acid system. 	letag:en-Snit et al (1942) 

have isolated indoleaoetio acid. from the maize grain and. 

this has been repeated by :Sergor and Avery (1944). The 

formation of indoleacetio acid from the isolated plant 

protein of the leaves of higher plants has been demonstrated 

by .j.ordon and sildman (1943, 1946). Haagen-Slit et al 

(1942) have isolated indoleacetic acid from corn meal and 

indicated that most of the auxin in the h.zrolized meal is 

indoleacetic acid. Van (iverbeek (1945) has identified the 

auxin extracted from grass stems by ether at 1o, temperature 

with indolcacetio acid. sy chrosatographic test erpstra 

(1953) has shown that water snd ether extract of coleopti le 

tips of Avena likely consists of indoleacetic acid only. 

Indoleacetic acid with one other substance have been 

desonstrated in etiolated sunflower seedlings by Sennet-;lark 

et al (1952) with ehromatographic test. It is quite possible 

that indoleacetic acid is widely distributed in hi ther plants 

pr-e4sal,s more sidely than auxin a and b (lbimann 1946). 

jL 



ATRI AL AAi::.1,.;THOI;,  3 

:aterial  

The present work was carried out with retkus 

winter rye (supplied by lure 	Uo., Ltd., Linton). 

A.ants were grown in sand culture with controlled, nutrition 

(see table 2); samples were taken from them at intervals 

for auxin estimation. 	etkus winter rye was also used 

for culture as test riants by means of which auxin was 

assayed. 

lethods of Assay  

The inhibition of root growth in rye seedlings 

was tound to bear quantitative relationship with the 

concentration of auxin presented to them in the medium 

on which they were cultured. This relationship has 

been used for the assay of auxin in this work. The details 

of the test Nethod were as follows:- 'eeds of :2etkus 

winter rye were dusted with coamercial "3pergonl (to 

prevent fungal contaAination) and were soaked in 
0 

sterilized distilled water for 2 hours at 20(C. They were 

then allowed to 6erminate for 20 hours on sterilized 



0 
moist filter paper in Petri dishes in darkness at 20 C. .pct 

this time when the primary roots were 7-73 ;xoll long uniform 

plints ere selected and were transferred to sterilized. %gar 

slopes in test tubes containing auxin extract, one seed in 

each test tube (see figol). They were allowed. to _grow for 

a standard exporiental period of 72 hours in the dark at 
0 

PO C. At the end of this period the length of the longest 

root of each plant was measured to the nearest mm. The 

rye seedling at this stage has 4 to 6 roots. r.ine mean 

length of the lon6est root (priary root) was used as an 

index of root growth since it had Ocen found to bear a 

constant relation to the total root :;:,- rowth (Lane 1936 and 

others), this is shown in table t,(A). The length of 

coleoptile ani other roots also were recorded when possible. 

Computationof the Oesult. 

To calibrate the results, the inhibition o1 root 

length produced by a range of concentrations of indbleacetic 
lz22 

acid was detormined. In table (3),and fig.V) the length 

of inhibited roots expressed as percentage of control 

roots, is related to the logarithm of the concentration 

of indoleacetic acid mg per litre). 	et-een 1.j and 

.).)01. mg per litre of indoleacetic acid the relationship 

with inhibition is approximately linear. No consistent 

acceleration of root growth was noted at any concentration 

of indoleacetio acid which supports the observation of 

Iberg (19b0, 19b1, 1952), and. also of ..6onner and 4oep1li 

(1939), .armor (1937). 



From the calibration curve thus obtained the 

IAA equivalent of a given plant extract could be determined. 

An example will clarify the method used. 

suppose an extract was made of 13 embryos in 103 cc 

dilution. 

The mean lenc?;th of the loiv;est root 
of 
 15 test 

plants in that extract was 48 mm and corresponding root 

length of control (growing on aqueous agar only) was ,0 ram. 

Therefore, root length of test plant is 80 per cent of that 

of control plants. Inspeation of the calibration curve 

shows 80h root growth was obtained with IAA at 0.0038 mg per 

litre (obtained from the anti logarithm of the direct reading). 

Therefore, extract of 10 embryos in 100 cc contain auxin, 

equivalent to 0.0038 mg/1 IAA, that is, 0.0038 ),(m/co 

Therefore total auxin in 10 embryos 	100 A. 3.JX.56 items 

1 embryo = 0.038 ftgm. 

„fxror  of the ,f.ethod  

It has been noted that at lower concentrations 

of IAA the asreement 'between replicates was better than at 

higher concentrations (table 3); for instance, at j..JJ1 mg/1 

the standard error of six replicate estimations was 

while that for 0.01 mg/1 was 0.31A. In the .al-ort paxt 

this work the dilutions of auxin extracts were so made that 

their corresponding equivalent amount of auxin were generally 

calibrated from the curve between J.01 to 3.301 mg/1 IAA 

where error was minimal. 

7 
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xtraction 	auxin. 

Mkaerous workers including z,oysen enn (1936) 

Yent (1937), Van Uverbeck (1938;1946), Laibach and. eyes' 

(1935), Thimann, Jkoog and aier (1942), du. :,uy (1938), 

Haan-Sit (194P), :,very et al (1939 	1940, 1941 1..r, 

1945), ::.ordon (1946), Hatcher (1946), 	as (1-9t2), 

have tried different methods for extraction of auxin from 

plmts usina di..terent solvents and different typos of 

plant tissues. In ..enern1 it has been shown that the same 

method. cannot be employed in every ease as the nature of 

the tissue in relation: to the auxin yield is specific. 

Water and ether have been proved. to be successful for 

extracting free or diffusible auxin from ereen tissues of 

,rasses (Van Overbeek 1936, 1945),. wopdxstems of apple 

and plum (Hatcher 1948). In the caNf the rass stem, 

heating of plant material prior or during the extraction ,:as 

shown to be undesirable tecaue it caused the release of 

substances antagonistic to auxin, therefore interfering with 

Avena test; furthernore heat is said, to destroy an enzy'zi.0 

sistem responsible i or the liberation or activation of 

auxin (Thimann and .Acooe 1940, Van Uverbeek 1945.). 

Some plant auxin is found in association with 

protein. molecules and is readily released by alkali (Na0.11 at 

pH 9.5) (Gordon and Aldman 1943, ;,.very et al 1946, 6ordon 

1946) by proteolytic enzymes (coo g arid '.i,nimann 194), ilaa6en. 

Jmit et al 1942, Al&man and ',:ordon 1942) and by acids 

(Avery et al 1946, kIrdon 1,46). 

.Zo 



Laibach and ever (193L) extracted .uxin with 

hot acidulated alcohol from Zea and Helianthus scedlint'43 

and pointed out that precautions should be taken against 

the destruction o auxin by oxidative enzymes of the 

plant during and after extraction. Juch enzymatic 

inactivation of auxin also has been demonstrated b Talk: 

and 3onner (1945) and others. 

In the present study SenabitorViiiff (ran tii@T)w?sittlterdet* 

IWAImmAPWW C;d0cA;R:404A544fU* auxin has been extracted 

either by water or by ether at low temperature (0 q) over a 

long period. 	he dettls of the extraction process is us 

follows:- Alc plant material in question e.g., embryos, 

stems, apices and ears was dissected out, it len6th meaTured 

and wei6ted accurately to nearest me. the material as then 

cut into pieces (approx. 2 :am cubes) and put into about 3 

times its own volwle of water or ether. After store io  

48 hours t a temporaturo of 0 it the extract was filtered of 

and more water was added to niaterial followed again by 

filtration. In the case of ether extract the ether was 

evaporated off first by placing the tubes in a bath of armn 

water and afterwards water was added. the filtrate WRS 

neutralized, if necessary with N/200 NAOH and diluted with 

phosphate buffer at ca pkL.9, (1 Zia APO 	9 KA PO total 
4 	4 

concentration was 6.7 m) which w s also used for control 
(In experiment 4 no buffer was 

seedlings and for 

used). 



The filtrate was then diluted to either 50 cc or tJ0 o of 

water ceording to the amount of plant material and an equal 

volume of 1.6 solution of azar added divine 8.3 the final 

Cilution either ICO2) cc or 1OJJ cc. The J.8/,  Agar - extract 

was then poured into t x 5/8' test tubes each receiving 6.25 00 
0 

of liquid, the tubes were pluged and autoclaved ?•tt 12
0 

 

for lb minutes and were slanted at an angle about ft . Ihe 

tubes for control seedlinds containing aqueous l,gar or 
vv(, 

different concentrations of indoleaoetic acid,also similarly 

sterilized by autoclaving at 120 	for 15 minutes. 

or each determination duplicate extracts were 

made; fcr each extract the tissue in question was dissected 

froll a sample of IJ plants (in case of plant apices 	or 4)) 

and its auxin content deterined by its root inhibiting.  

e“ect on 10 - 15 test plants. 

Light CondttlonsojOuAdoc,e,4cr,,A,, s. 

our difierent daylenith were employed. 

1. Continuous 116ht, 

2. Constant 17 hours long day. 
% 	Normal mummer day (long day)(june to :epteliber 1952). 

4. 8 hours day length (short day). 

Continuous light was provided by sapplement 

day length with artilicial light from six 60 watt 

tungsten filallent laps, 	ving2t to 4) foot candles at 

pot level. 
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Gonstant 17 hours day length was provided by supplementary 	a, 

natural day length with. 60 watt tungsten filament bulbs. 

The intensity at pot level wes 20 - 30 foot candles with 

the 7  hours dark period centred at midnight. 

ormal summer day length was 14e hours at the 

tiee of planting out, rising to 16 hors at the end of 

June, and falling to 13 hours by the end. of the experiment. 

ileort Jay conditions (short de.::s) were provided 

by covering each group of 9 pots with a duralimin cubical 

box with 3 sides. The open ed,ees at eround level were 

made light-tight by covering eith sand. 

Temperature. 

Temperature records were kept ae far as possible. 

In dark room where excised embryos and. test plants were 

cultured, %e ce± I was maintained. 'Ale fluctuation of 
0 	0 

temperature was overwide range (10 - 25 0) 	outside 

here the outdoor experimental plants were grown. Luring 

summer days specially within a 1ew days of planting, the 
0 

temperature was carefully kept below 20 	by spraying the 

pots with water to avoid devernalisation at high temperature. 

.luring cooler nights at the end of summer the greenhoese 
tee/30  

temperature maintained at approx. lb ev. 



ernwlicatio 	bnialVa.  

The Russian technique with liaited moisture v,as 
ueed for vernal's:int the train. The method used in the 
?recent work is, esentially the came as that described 

by.  l'urvis and Gretory (1Y32) taid Friend (AI.L. Thfes L.U. 
193). The air-dry train of -ietK.us wiWer rye was dlAsted 
with ';iperton'(Tetrachloro para-benzoquinono) to prevent 
fin-a1 contamination and soaked in sterilized distilled 
vAAer for 6-7 hours; then they were placed in weijied 
vernalication dishes (described by Purvis and Gregory i92)  
and sprouted for 24 hr s at 20°C, Luring the subsequent 
tr(Aatment the dishes werw kept in the refrigerator at 
1-2°C and were periodically weighed eo that water content 

(5(Y of the oven dry wei6ht of the train) could be maintain-
ed by the ad6ition of sterilized water to replace tLat lost 
by evadoration. 

j.11111.1„re  of  kulsed embrlos 

themice staled 	bryos were 
cultured in all experiments on sterilized nutrient aLar 
slopes containint 27! sucrose and adequate mineral nutrients 
by the faetOd dveloed end ex. tensively used ty Greor:i and 
Purvis (1938,1St4). 

a_ct 



The composition of the medium was as follows- 

TALE 1  

Aedium for Culture excised embryos. 

olution A  

g O4 	 1.48 gm. 

KCl 	 1.30 gm. 

0 PO4 	 0.24 gm. 

ater 	 1000 cc. 

volution  

Ca (NO ) 
3 n 	anhydrous 	1.9 gm. 

NO 

	

3 	• . • 	1.62 gm. 

water 	 1000 cc. 

olution C  

Fe 	• • • 	0.24 gm. 

water 	 100 00. 

or 100 cc medium:- 

	

cc 	A 

n cc 	3 

0.4 cc C 

sucrose 

0.8 gm Ag T 

90 cc 	water. 

Sand. Culture Technique  

The plants were grown in sand culture in umdazed 

earthenware 10 inch pots, the sand being watered ,A_th the 

nutrients used by Turvis and -..;rezory. The nutrient solution 



was applied weekly to each pot until signs of shooting 

appeared, when f eding was discontinued. The composition 

of the nutrient is as follows:- 

M ,,  

culture nutrient or each rot. 

1. ¶aor _lenent. 	Ipa. per week (-Ipprox.). 

Na HPO 
	

0.32 
2 4 

30 	.16 
4 

K 30 	0.23 
2 4 

Na NO 
	

1.14 
3 

2. Anor A.ements. 	511. per 2 weeks. 

z4 

ie Cl 
	

0.25 
3 

30 
	

0.002 
4 

H BO 
	

0.003 
3 4 

Cu So SR 0 
	

0.0003 
4, Pa 

Zn SO 7R0 
	

0.0003 
4, 20 

Calcluia wasAitted because of the high amount in London 

t+vwater, tth :lich the ots %ere vatored daily. 



',lean 	le':,. :th 
of 	1on - e-.1 
root. 	tn. 

",',osn 	length 
of longest 
root in 
control mm. 

20.3 
14.0 
13.5 
13.7 
10.9 
14.3 

±3.1 
2.5 
1.6 
1.7 
1.7 
2.7 

+
is 

ti 
58.2 

2,2 

1.7 

2.4 

E5.4 
28.9 
25.6 
25.1 
P9.4 
7N- .1 

±---, 
1.9 
2.4 
n.6 
1.6 
7.1 

5.6 

!A8.2 

1.7 

37.6 
38.2 
38.9 
40.5 

4 . 

+ 3.0 
1.6 
2.5 
1.6 

-.5 

53.5 t 
Si  

55.6 
Si 

58.2 

1.7 

7.4. 

0.3 t_ 7.3 
1.7 	1.5 

Z.5 t 2.2 

51.1 3.6 55.6 1.7 
52.5 
54.3 1.0 be.r P.4 
53.3 1.1 

53.1 t 	2. 
54.9 1.7 t5.6 1.7 
56.7 1.8 58.2 f7.4 
56.0 2.7 

- 	3.1 63.5 

53.2 1.4 

?Regan 1eivth 7en 3tan- c,tan- 
of longest 	dsrd 	,9ard 
root ms 	error dtviation 
of control.  

37.91/ 
27.66 
21.28 
24.64 
18.72 
24.57 

r6.3 r6  • 

47.47 
54.03 
46.04 
tt.14 
t10.51 
44.84 

70.28 
71.40 
69.96 77.1 
7.84 
72.16 
76.11 

94.01 
91.02 
91.90 r7" 

9,1.42 
93.29 
91.58 

98.56 
97.42 97.9 :z.69 1.4 
96.21 

q9 (5k) 

99.43 

it 

to 

ti 

it 

.5 

57.5 2.2 

TABU 3  

Plation of elontion of lonzest root(priry root) 

of the seedling of ;et)cus tp,inter rye to the concentrallon 

of Indoleacetic acid. 

27 



TABLE A 

Relation of .7.1.on;..tion of roots an coleoptile of the seedlinl:  
of Potkus winior rye to the concentration of Indoleacetic acid. 

2g 

fAc 
Jamplo 	mg/1 

ean length 
AM 

IL am 

:,,ean 	Lenth 
of control 

fcan 
/, 	of 
1: 

henth as 
control 
13: 

Total of all 1 46.9 et.I.':4 178.7 26.2 n4.6 
Roots 

1st 	Longest 
Root r, 20.3 11..6 53.5 37.9 27.7 

2ftd 	" 	4 il  11.4 11.9 46.7 24.4, 25.5 
3rd " 	I " 6.2 9.1 38.6 21.2 23.6 
4th 	" 	,f " 5.6 7.J 29.8 18.8 23.5 

oleoptile " 16.7 15.7 31.5 53.0 49.8 
Total of all -1 

Roots 	10 79.9 '19.0 178.7 44.7 55.4 
1st Lon-est 

Root 4  2,5.4 28.9 53.5 47.5 54.0 
2nd " 	" r, 20.2 27.0 46.7 43.3 57.8 
3rd 	" 	tI If  15.6 22.5 38.6 40.4 58.3 
4th 12.7 17.1 29.8 42.6 57.4 

Coloptile r, 23.2 25.6 .61.5 7..7 31.3 
Total of all -2 

Roots 	10 121.9 122.6 178.7 68.2 68.6 
lstfArtistRo,..A" 37.6 38.2 53.5, 70.3 71.4 
2nd 28.3 28.2 46.7 60.6 60.4 
3rd " 24.9 24.6 38.6 64.5 63.7 
4th " ^13 20.6 29.8 71.t 69.1 

Coleoptile 29.4 25.3 31.5 97.3 80.3 

Total of all 
Roots 	10 156.5 165.1 178.7 87.6 97.4 

1st Longest 
Root 	it 50.3 48.7 53.5 94.3 91.0 

2nd 44.3 46.3 46.7 92.7 99.1 
3rd 37.3 35.6 38.6 96.6 92.2 

11 	 et 4th 29.0 29.1 29.8 97.3 97.7 

Coleoptile 79.3 32.2 31.5 89.8 102.2  

I , II 	wplicate one and two each determined 1y 1,..) 



1. 	Auxin content of excised nryo of  

di:crercnt 	es 1.:n  relation to the concentration of sucrose  

in the medium 

The concentration of sugar is one of the 

critical factors in the culture of excised. embryos ir 

vUro (7.u.rvis. 1944, 1947). Without sugar the growth 

and vernklisation response of excised embryos is 

limited and increases with the. concentration of scar 

up to n percent.. A,gh concentration of sugar also 

diminish the growth rate3but the vernklisktion response 

does not, seem to change it the decreased growth rate 

(Triend. 19b3. Ph.D. thesis L,U). These investigations 

show that the part played by sugar in vernalistion 

and in growth kre quite indepenlent. T,111s derendenee 

of .growth on the concentration of sugar indicmtes the 

need for a study of the auxin - ntent of excised embryos 

in relation to the ecncentrAtiou of sugar in the medium. 

Culture media were prepared (Table 1) pith 

concentration of sucrose ranging from 0 to 10 percent. 

:Lmbryos of Pettus winter rye .tere excised (:,;-reory and
0 

 

2urvls 193$) and cultured. for 	4 or 8 :Ave at a() @ in 

the dark. 



Auxin was extracted by water as describod on  

this paper. 10 embryos were used for each 13J cc extraet. 

In table (7) the data or duplicate series of excised 

embryos grown on various concentrations of sucrose are Fiven. 

The growth data include shoot and root length end fresh 

weight of the embryos; the auxin data are preeented in 

terms of total auxin As eeutvalent i&A in 	,kgm per gmbryo, 

and the concentration of auxin as 	Ik-gm per gm., of fresh 

weilht. The data are given in _.raphicaViorm in fizures 

Vataigadak- ame (4L C). 

The effect of sucrose cone ntrationa 

on the .:-rohith of the aoleoptile, leaf And root %re given 

in figure (;3A. - 	 .The measurements were made daily 

during :roth using inactive red light. It is evident 

that growth incretes with the sucrose concentration up 

to two percent sucrose. In ten percent sucrose however 

the growth of the excised embryo decreases. The form of  

all the curves for embryo growth in all series is similar. 

Maximal growth rate of eoleoptile oceure at about 3 days 

from 4ermination and in t-6 days it reaches its final 

7y.z.th. At this point the first foliage leaf continuing 

its growth, breaks through the tip of the eoleoptile. It 

will be noted that the growth of the fo1ia6e leaves is also 
o- 

increased by rasing the sucrose coneentr,vtion. 

3 to 
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l'43.1.,; 5- 

ect of preliminar 	okin on auxin content of 9xciscd  

embryos of Petkus winter rye immediately after excision. 

:,uxin was extracted fron duplicate - samples each of 10  

excised emblips in 100 cc of water. 

bryo:eresh Iioot length Intal uxin :.u.xin cone 
mbryos 
	

length 4. 	test plant IAA 4c. 
mm gm in of 

	AAgv.per P-e;wper 
control embryo gm. wt. 

::,mbryos 
rom 	rath 0.025 94.o • 

soaked for 
2 hours P.8 0.020 97.7 1. 

...mbryos 
from ,Irain 0.025 95.5 J.J04 1.6 

soaked for 

[3.0 

54- hours .240.0 J.030 96.7 J.JJ7 



3 3 

TABLE 6 

rowth and auxin content of embryos of  etkus winter  re 

7own at 2.)°1e  1.11 (4.ark -without excision. 	toxin was 

ex+r1cted iro duplicate sviples each of 1, excised  

embryos in 100 cc of water. 

..:,rowth o 	.-Abryos 	 i.uxiri content 

..f,hoot 	,Loot 
Days old 	length length 

mm 	mm 

i'resh 
wt. 

fl  

:ioot length 
test plant 
in of 
control 

uxi n 
otal ,,uxin 	conc. 

"q. 
AguAper  

ogibryo 

2 
	

b.4 	9.8 
	U.10 	86.0 	0.020 

	2.00 
TV 
	

5.8 	10.3 
	

0.08 
	88.2 	0.016 

	2.00 

30.9 52.4 0.48 76.1 0.058 1.20 
P8.0 50.6 0.64 78.7 0.044 o.69 

$8.4 98.6 1.02 73.0 0.079 0.77 
86.2 97.1 1.30 72.0 0.088 0.68 



77.ith r&ar to auxin prOductIon by.  excised 

embryos, the following facts are apparent. In the absence 

of endospervaibryo on a sucrose. atedium can produce 

auxin in a concaWration equal that found in ealbryos 
(c.4107 

still attached to the endospor4 	e 4ota1 %mount of 

auxin. proucod by excised embryos is however lessAhan 

t of unexclned embryos. Jwar was found necessary 

for the production of auxin in the excised embryo; in 

absence of sucrose the auxin content did not increase 
pwdt 

in q days. The
A 
 rate of auxin accumulation in the embryo 

progresively increased with the ooncentration of sucrose 

and was found to bear a approximately linear relationship 
ePt4-1-44-4̂ - 

with theorowth rate uT1 to 4 days 	4), after 

4 lays auxin production cuAeed tu leap pace with 6rowth. 

Thin vas especially notable iv e:nbryos on suboptimal 

sucrose concentrations. 

In all series except that without swar auxin 
AZ 

acoumulated (Aost rpid1y rapidlybotweenocoond and fturth day. 

Thin aocumulation or auxin in excised embryos was greatest 

on 2'; sucrose. TAwer concentrations (O.C8 and nil), 

greatly reduced the !'roduction of auxin. 1.'„);* sucrose 

concentration also did not increase the production of 

auxin over that of 	hence 2 sucrose concentration 

which w 	optilal for ,i.rowth also proved to be optimal 

for preuion of Auxin. 

3 Li  
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dswe. 

36- 

4 	b 	8 

DAYS 



0.007 

90.0. 	0.014 
- 0.013 

3C, 
nBLE 7  

ffect of concentration of sugar in.  the medium on  .Lro:cth  and.  

auxin content of excised embryos of Eetkus winter rye. .Luxin  

Vvas extracted  from  duplicate samples each of 10 excised embryos  

in 100 cc of water. 

Growth of Embryos 	 Auxin 0outent 

Root length Total Auxin Auxin conc. 
Jugar Days Shoot 	Root }- rosh test plant IA 	IAA q. 

old length length wt. in p.c of mgwper 	)per 
mm 	mm 	control 	embryo 	gm.wt. 

10 4 

8 

2.8 
4.7 

10.5 
14.4 

66.0 
43.2 

3.8 
7.0 

17.5 
22.5 

45.5 
44.7 

0.08 
0.10 

0.25 
0.26 

0.68 
0.61 

6.0 10.2 
6.8 9.7 0.13 

4 29.3 30.3 0.32 
2 27.7 26.7 0.36 

8 38.2 43.3 0.62 
96.9 58.9 0.68 

!'!) 6.
6. 

11.3 
8.3 

0.13 
0.09 

0.4 4 '5.9 17.9 0.29 
20.4 10.8 0.18 

8 64.4 30.4 0.35 
11 61.9 35.4 0.38 

2 5.1 z.2 J.08 

4 17.1 8.5 0.14 
9.1 2.4 0.10 

0.08 8 25.9 9.4 0.21 
24.7 15.6 0.20 
24.3 11.9 0.'2 
3a 2.3 0.07 
3.2 1.9 0.08 

6.4 140 0.07 
4.9 le!..3 0.07 

8 7.4 '4.1 0.11 
5.9 3. 0.10 

93.2 J.,j09 1.12 
92.5 0.011 1.10 
80.3 0.037 1.48 
86.3 0.020 1.76 

80.7 0.036 0.52 
81.3 0.034 0.55 
i.1 0.,14 

89.0 0.015 1.15 

79.2 0.042 1.31 
80.9 0.035 0.97 

78.0 0.047 0.75 
79.0 0.043 u.63 
92.7 0.010 
92,7 0.010 1.11 

83.2 0.028 0.96 
85.7 0.021 1.16 

87.2 0.018 0.51 
81.9 0.032 0.84 

92.6 0.010 1.2 
84.7 0.023 1.64 
85.0 0.023 '.30 

88.5 0.016 0.76 
82.1 0.031 1.55 
85.0 0.023 1.04 

0.007 1.00 
92.9 0.010 1.°5 

1.00 
1.00 

1.27 
1.30 



j,ince the a74ount of auxin increase paralleled. 

the ..rowth of the embryos during the first four days, 

there was little change in its concentration, but 

between 4 to 8 days the concentration of auxin in all 

series was approximately halved. It is only in embryos 

with attached endosper4 that total auxin increased after 
Cro-14 	pessiGre- 

4 aaysx, apart from necnall increase in those on 2 

sucrose. 

In suboptimal sugar concentrations, the lack 

of increase of auxin from 4 to 8 days acompanied by 
tdt-c6-- 

6t4crowth rate of the(embryo i( requires consideration. 

Accordinly, a detail study of the relation of auxin 

to the .,'7rowth of different parts of the embryo (e.g. 

coleoptile, coleoptile node, leaf, root :7,rown on two 

different concentrations of sucrose for 3, 4 , 6 or 

8 days was carried out. The results are expressed in 

tables (8 to 11) and figures (5 to 8), cinch show that 

in early stages of growth (3-day old embryos) irrespective 

of treatments most of the auxin of the embryo was in the 

coleoptils and coleoptile node (Figure 6), and increases 

in quantity in coleoptile during the next 24 hours with 

the growth of coleoptile (igure 6). At the af!:e of 

5-6 days the tip of the coleoptile was broken followed 

by complete termination of coleoptile growth and auxin 

accumulation in it. 8 day old colooptiles in some oases 

showed less total auxin than vas found at four days. 



TAB 8  

iffect of concentration of sugar in the medium on growth and  
auxin content of coleo.tiles of Petku 	tnter rye. Auxin was  
extracted from duplica - e samples each of 10 coleopti lee in 100 cc  
water. 

:rrowth ot .oIeoDttree 	 ".',uxin Content  
Las tenth 'Fresh II. 	Total Auxin Auxin Conc. 

Treatment 	old 	mm. 	wt. 	A 
	IAA 1..1. 	IAA "„,,n. 

gm. 
	Att.m per 

	
Pm per 

eoleoptile 	gm. wt. 

	

14.3 0.100 9.1 0.011 	1.10 

	

1.6 0.090 91.2 0.012 	1.33 

	

rnbryo with- 4 	36.0 	0.260 	65.0 	0.023 	0.88 

	

out excision " 	33.4 	0.290 	86.9 	0.019 	0.66 

	

6 	63.7 0.400 87.1 0.019 	0.48 

	

66.6 0.410 83.7 0.026 	0.63 

	

j6.5 0.395 87.9 0.017 	0.43 

	

66.1 0.390 89.6 0.015 	0.38 

 

10.1 0fr.090 92.3 0.011 
9.3 0.050 93.0 0.010 

 

 

2.00 

,xcised 	4 25.0 0.120 38.5 0.016  
embryo in 	i 	25.1 	0.120 

	
89.8 
	

0.014 	1.16 
2 Jugar 

6 	43.9 0.190 92.6 0.010 	0.52 
p, 	48.3 0.200 87.2 0.018 	0.90 

8 	45.6 0.220 90.0 0.014 	0.63 
1 	

44.0 	0.120 	1.1.110101,114 

	

M o.O4o tlo.6 0.01 	3.25 

	

8.6 0.035 97.9 0.002 	0.57 

	

-xc1sed 4 23.7 0.110 88.8 0.015 	1.36 
cobryo in 	23.2 	0.100 	91.7 	0.012 	1.20 
0.4/,  ,urlar 

6 
	

34.4 0.140 95.8 0.003 
	

0.21 

	

36.5 0.140 93.7 0.008 
	

0.51 

	

36.2 0.140 93.5 0.009 
	

0.64 

	

35.7 0.130 98.1 0.001 
	

0.08 

i.T.P, 	obt length of test plants in percentage of control. 
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TA81.4:.i; 10  

ffect of concentration of suear in the modium on growth and auxin 
content of leaves of Pcikus winter rye. Auxin was extracted from 
duplicate arnp1e each of 740 .'leaves in 10 cc of water. 

rowth of e'vv-e9 
ys ength iresh 

Treatment old 11,71 	wt. 
gm. 

Auxin content  
itT-r. Total Auxin Auxin conc. 

IAA Eq. 	IAA 
lagm. per 	p(m, per 

Leaves 

Fmbryo with-4 
out exciaion" 

6 
tAr 

F! 

10.8 
10.3 

P9.8 
28.9 

65.3 
65.3 

89.2 
86.9 

0.030 
0.025 

0.10.5 
0.110 

0.290 
0.300 

0.485 
0.395 

99.1 
99.4 

91.4 
96.7 

81.1 
85.5 

76.3 
63.1 

0 
0 

0.012 
0.003 

0.034 
0.072. 

0.056 
0.028 

0 

1.14 
0.27 

1.17 
0.73 

1.15 
0.71 

4.6 0.010 96.0 0 0 
3.5 0.010 99.3 0 0 

Excised 4 13.2 0,025 99.2 0 0 embryo in 13.6 0.030 99.5 0 0 PA Aigar 
53.4 0.1/5 97.4 0.011 0.63 
53.7 0.160 93.0 0.010 0.63 

8 
...t 

76.2 
.75.8 

0.290 
0.270 

83.7 
. 	87.8 

0.027 
0.017 

0.93 
J.63 

0.010 101.9 0 
3.1 0.008 99.6 0 

1.Acised 
embryo in 

4 11.7 
17.3 

0.030 
0.025 

96.2 
O. Wit 411111. 

0.003 
.0.4111.1. 

1.00 
010mirs 

0.4A 8ugar 
44.3 0.100 93.5 0.009 3.90 
41.0 0.100 9".5 0.010 1.00 

58.3 0.120 88.5 0.016 1.33 
45.7 0.110 9-.9 0.010 0.91 

R.T.P. Root 	 h of test plant in percentage of control, 



TABLE 11  
II;ffect of concentration of sugar in the medium on 2:rowth and  
auxin content oP roots of Petkus 'inter rye. Auxin vas extracted 
from roots of duplicate samples each of 10 embryos in 100 cc of  
water. 

rowth o' lloots 	 auxin Content  
bftys Length 	:fresh IT.T.f. 'Total Auxin Auxin conc. 

Treatment 	old 	mm 	wt. 	A 
,.ca. 	

IAA ,:,(1 , IAA 
Ay,m. per 	

:ci. 
1,A.gm. per 

embryo 	ffm. wt.  

27.2 0.200 97.9 0.002 	0.10 
P6.8. 	0.135 99.1 	0 • 	0 

Embryo with- 4 
	

58.2 	0.31 	84.6 	0.023 	0.74. 
out excision 	57.0 	0.35 	9n.7 	0.010 	0.29 

 

	

6 81.4. 0.41 87.2 0.018 	0.45 

	

83.8 0.45 96.3 0.020 	0.49 

	

8 93.1 0.43 83.7 0.026 	0.60 

	

94.0. 0.46 82.4 0.030 	0.63 

  

16.3 	0.050 1)4,9 o.060 	Loo 
11.1 	0.045, 97.4.. 0.002 	0.44 

 

   

embryo in 
2ib '3ugar 

4 	28.5 0.100. 93.6 0.008. 	0.80 
29.5 	0.105. 96.3. 0.003 	0.29 

 

 

61.9 0.140 93.9 0.007 	0.50 
54.1, 	0,140. 91.3. 0,012 	0,86 

 

 

8 	62.4 0.200 87.9 0.017 	0.85 
60.1, 	0.205. 66.5, 0.019 	0.93 

 

8.b 	0.010 100.7 	0 
9.1 	0.015 102.9 	0 
	

0 

,xeleed 	4 	24.0 
embryo in 	,f 	23.9 
0.47. agar 

32.4 
31.2  

0.050 94.6 
0.040 98.3 

0.060 95.4 
0.065 94.2  

0.005 	1.00 
0.002 	0.50 

0.004, 	0.67 
0.006 	1.09 

9 	31.3 0.050 95.8 0.003 	0.60 

	

30.4 0.045 98.1 0.001 	0.22 

R.T.F. 	.(oot length of test plant n percentage of control. 
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on the other hand, the concentration of auxin in the 

coleoptile dscreosed with .,.rowth in all the treatments 

(Figure 7). The highest concentration of auxin. among 

different parts. of the embryo wa found in. the coleoptile 

node and remained almost unchanged during the period. of 

eight days culture. 

Auxin in leaves and roots inerased -aoidly with 

their 7rowth, with the result that the pereentaKe 

distribialon of total auxin in relation to the whole of 

the embryo tnoreased in leaf and root with ;•.rovith (1..Are 8). 

%I ter terAination of coleoptile ,rowth I-lost of the auxin of 

the embryo (about 70A) was found to be distributed in ?;rowing 

loaves and roots. The growth and total amount of auxin 

in the coleoptile, leaf and. root of excised embryos on. 

sucrose were higher than that of embryos on 0.4A sucrose 

(Figure 1, 6) but lees than that of embryos growing attached 

to the endosperm (control). it has also been noted 

that irrespective of treatments the concentration of auxin 

in. the embryo 1.d. not differ greatly. 

The stuffy of the auxin content of the excised 



embryo on 	sucrose revealed that alter 4 days from 

germination no auxin was accumulated either in coleoptile 
(R ;r() 

or roottl  no that despite a small auxin increase in the 

leal)the auxin. level of the whole embryo remained 

practically 1;nchanged between 4th and 8th day. 

Auxin content 	lxcised embryos or  

fferent ages in relation to the teml.erature. 

.;.refgory and urvis (1)38) have shown that the 

excig d embryos of rye can be cultured without the aid 

.of the endosperm, in an agar medium containing sugar and 

can he vernalised by exposure to low ternrerature. These 

investigations indicate that althauh a considerable 

amount of auxin is present in the endosperm as 9hown by 

Hatcher (1945) in rye, 3ircar and Das (1951) in rice, 
4a/t 

Avery et al (19-6) in maize and wheat, the vernalisation 

procw3s of the plant is Independent of the auxin present 

in the endosperm. The locus of the vernalisation of low 

temperature and devernalisation at high temperature (riend, 

1953. Ph.D. thesis. L.U.) seems to be in the tissues of 

the embryo itself. 

1/7  



These facts necessitate tile study of the cries in 

auxin content of the excised embryos growing at different 

temperatures, including the vernalising, neutral and. 

devernalising temperature. 

In this experiment embryos of winter rye were 

excised under sterile conditions ant . cultured on a 

oterile agar medium containing 2 ucrose for period
0 

 

of 2, 	and 6 days at the following temperatures, 2, 
0 	0 	0 	0 	0 

10 , 15 , 20 , Pt 1, and 3 	centigrade. These temperatures 

were maintained. t a religerator and a series of 

incubators. At the end of the determined period the 

auxin was extracted from duplicate samples, each of 10 

embryos in 100 ea of water and determined by the method 

described on pager5-17 of this paper. . '4 to '71, to, v.owth 

in length of the coleoptile, loaf and root of the embryo 

and also the fresh weight increased with the temperature; 

above Pt e, the growth rate fell rapidly (i.ure 30 - 

The relation of temperature to th4 auxin eontent of the 

excised embryo is given in table (121 and figure (4a). 

Immediately after dissection from the gnMn th e.ibryo 
(Tokk S la 32— 

contained. about 0.005 Fcgm of auxi9K. ..he rate of ncrease 

of this auxin in the embryo varied with the temperiure. 
0 

At P c (a temperature at which vernaltention occurs), auxin 

did not accumulate in the embryos throughout the 8 days of 

the experiment. 

(fg 



Abi„4„ 19. 

ect 
	

tem 	u 	o 	n content 	excised, 

embryos of fetiws winter rye grown on nutrient agar for different 

periods. Auxin was extracted from duplicate samples each of 10 

excised embryos in 100 cc a water. 

„frowth of Embryos ontent 
tys 	Shoot 	T:oot 

0. 	old 	length 	length 
mm 	mm 

resh 
wt. 

Root lallth 	Total 
test plant 	Auxin 
in 	of 	IAA 
control 	let&wper 

embryo 

.,uxin cone. 
13'..A 	k;q.  
AgA,Per 

gm.wt. 

0.2 0,03 04.5,  J.006 • 
2.4 0.4 0.04 92.4 0.010 2.5'0 

4 ft 2.6 
2.7 

0.5 
0.9 

0.04 
0.05 

95.3 
92.8 

0.005 
0.010 

1.25 
2.00 

2.9 1.6 0.05 94.9 0.006 1.20 
10 3.3 2.1 0.05 93.3 0.010 2.00 

2.7 1.9 .06 5.1 0.006 1.00 
11 2.8 1.6 0.08 9 	1.0 0.012 1.53 

10 4 5.7 8.4 0.12 83.0 0.028 .35 
6.5 8.1 0.10 85.4 0.022 .P4 

8 24.9 20.3 0.29 81.6 0.033 1.14 
18.0 16.0,  0.21 82.6 0.030 
4.2 7.1 0.09 89.7 0.014 1.15 

t 4.2 5.7 0.08 91.1 0.012 1., J 

15 4 14.8 18.6 0.20 82.2 0.030 1,ba 

8 32.9 22.5 0.38 82.1 0.031 0.61 
40.5 49.9 0.60 81.8 0.032 0.53 

6.0 10.2 13 90.1 0.014 1.01 
6.8 9.7 o.13 89.0 0.018 1.15 

20 4 29 . 3 30.3 0.32 79.2 0.042 1.31 
27.7 26.7 0.36 80.9 0.035 3.97 
98.2 43.3 2.62 78.0 ' 4?0.  0.75 
96.9 68.9 J.68 '79.0 0.043 0.63 

2 7.4 10.6 3.19 87.0 0.019 1.00 
9.9 15.7 0.16 90.0 0.014 

25 4 29.6 37,6 0.46 76.4 0.046 1.0J 
35.9 37.4 0.41 01.4 0.334 62 

8 92.7! 57.5 0.72 77.5 0.350 ,J.69 
106.1 55.8 0.93 80.6 0.036 . Z58 

3.3 3.10 )1.8 .012 1.20 
Vt 2.0 0.8 0.05 67.9 3.017 6.43 

35 4 tt 3.8 
3.2 

6.2 
2.6 

0.11 
0.10 

91.5 
94.9 

0.012 
0.006 

1.09 
0.50 

10.7 6.8 0.16 98.1 0 
ft 5.9 3.4 0.17 103.4 0 3 

ariv raVo 0.10 1)1.1 



0 
At 10 	auxin accumulated throughout the period, increasine7 

rapidly between the second and fourth days, a further 

small increase followed between the 4th and the day. The 
0 
	

0 
rate of increase was still greater at lb. c PO c_and 2 Q. 

0 
At 3b Q, auxin accumulation cased alter 2 days and fell 

rapidly to zero. In the first four days the rate of 

accumulation of auxin at different temperatures was found 

to bear a linear relationship with growth rate (.A.gure 4C); 

after four days this relationship did not exist for growth 

continues while the rate of accumulation of auxin greatly 

decreased. 	Ilese results agree with those of the first 

exrert;entt&vatin'o-44-9  n (4, eAre s-o- 	tre-f-tf9o-c-0 $ 

It IR of interest that at high temperture the 

auxin disappeared from the embryos; no extractable auxin 

was found in th embryos at the end of eight days culture 
0 

at 	0. (Table 12). 	coordingly a number of transfer 

experiments were carried out, which preoont a conclusive 
0 

proof of the disappearance of auxin at 3 c. irom table 

(13) and figure (9) it can be neon that 4-day old embryos 

cultured at 20 t when transferred to 3b c,gradually lose 

their auxin content; in the period of 8 days culture at 
0 

35 e  about 80 percent of the auxin found, at 4 days -wArsd 
c-c-c 4/c-13) 

disappenede  The remainder (0.007 ,ttgm) as about equal 

to the initial amount found in the 1re".hly dissected. 

embryo. A small amount of zrowth also was noted in the 
0 

first 4 days at 3 Q,after transfer from. 20 cd; but no 

growth was apparent in the ensuing 4 days. Other embryos 

so 



20°@, for 
4 days 
350 s for 
6 days 

11 

35°c, for 
4 el ayr! 
200 e, for 
4 days 

TABLf;  

Growth and auxin content of  cowl ed embryos transferred 

( A) from 20°g, to 3560„or () from 35°0 .,to PO°c, after 

different periods. ,,L'oaxin was extracted from duplicate  

sq:ziples each of 10 excised (-,nbryos 	 o V,  titer. 

Embryo 	resh 
Treatment length 

nm 	43171  

   

Hoot len,;;;t 
test plant 
in t. of 
control 

Total 1.tl 'in 

Agmper 
embryo 

cono 
I6Aq. 

µgriper 
gm.wt. 

201  e for 
2 days 
356 Q, for 
2 days 

41.2 0.29 9b.9 0.003 0.10 

26.5 0.24 96.4 0.003 0.13 

0.47 87.1 0.019 0.40 

97. 0.49 86.9 0.019 0.39 

60.5 J • 29 94.9 ,J.J05 0.17 

80.3 93.3 j„ J09 0.26 

77.9 G.41) 84.9 

70.7 0.41 90.4 0.0 

11 

noc_ for 
4 days 

for 
4 days 
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0 
were cultured from 0 to 4 days at 35 c then were 

transferred to 20 0 for 4 days. .i+bout 0.010,e-gm of 

auxin waF, found to accumulate in embryos between the 

4th and 8th day. This result shows that at high 

temperature the mechanism of auxin production ls not 

completely destroyed. 

3. Auxin content of excised embryos of  

different ages in relation to the oxy?;en supTh_ .  

It has been known for a long time that the 

growth of the embryo reeuires oxygen. Bonner (1933) 

found that cyanide acting as a respiratory inhibitor 

also inhibited growth. Qommoner and. Thimann ( 1941) 

found that iodoacetlte at a concentration of 	x 10 1 

inhibits growth completely afeer a few hours delay 

while the rate of respiraqon is reduced only about 10. 

JAmilarly lonner and AAdman (1946) found that fluoride 

at a low concentration which inhibits growth does not 

appreciably reduce the oxygen uptake. Commoner and 

Thimann, however, found, that though coleoptile sections 

in water show no increased respiration ' .her indoleacetic 

acid is added, 44,0, if the sections have been kept a 

few hours in sugar solution a definite rise in respiration 

follows almost immediately the addition of indoleacstic 

eid. They concluded that a respiratory enzymic reaction 

is an integral part of the growth process and that 

<57J 
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auxin in in some way Accelerates or acts as a Coenzyme 

for this reaction. 4,ain Anker (19E3) hae .round that 

the degree of stimulation of respiration by &roWth 

substances in non-growing sections of cOleoptile (cut 

from very long coleoptile4 is not less than that in 

growing sections. The increase in oxygen uptake, illerefore, 

is not the result of increased .Erowth of the sections. 

In fact the part played by auxin in respiration has not 

been definitely established nor has the relation of 

oxygen, wr,take to the synthesis and accumulation, of 

auxin in the plant been studied. The following experiment 

was carried out under conditions of controlled  

xcieed embryos of winter rye on 	sucrose medium were 

cultured for 2, 4 and 8 days in a desiccator through 

which different combinations by volume of oxygen and. nitrogen were 

passed (iAgure 10); at the end of the scheduled, period the 

native auxin content of embryos was determined by the method 

described on pagets--17 of this paper. The experlment was 
0 

carried out at 20 C. in the dark. The results of this 

experiment are given in tables (14, 1E) and figure (11). 

Auxin content of embryos in anaerobic culture. 

Thegrowth and accumulation of auxin in embryos was almost 

completely inhibited in 100 nitrogen. .111bryos, however, 

remained viablesfter 8 days anaerobic culture; not only 

could such embryos resume their growth but they could 

synthesize auxin after their transference from. anaerobic 



SC, 
TABLE 14  

.:;rowth and auxin oontent of exoised embryos  of  I-ctkus winter  

rye in. relation to the concentration of oxysep. Auxin was 

extraoted fro ui1ic te annIe each of 10 excised  embryos  

in 1Jj cc. 01: water. 

rowth ciJrnbr,y011.4 	Au'xin content 

rbryo 
Treatnent 	1ZTs 	,o nth 

old 	mrn 

1-resh 
wt. 
gm. 

oot length 	Auxin clon. 
test plant Total 

" in A of 	Auxin 	;g4;r. 
gm.wt. control 	IAA "41. 

)A per 

2.9 
2.8 

0.03 
0.03 

100 A 
Nitrogen 4 0.03 

2.8 0.03 

9 3.0 0.03 
4.5 0.06 

embryo 

92.1 0.J1i 
94.1 0.007 

91.2 0.012 
91.4 0.012 

0.006 
92.4 0.011 

4.00 
4.00 

2.00 
1.83 

.66 .33  

915A 
2 12.J D.10 

Nitrogen 4 14.3 0.12 
5A Oxygen 1.6 0.14 

8 27.9 0.20 
26.0 .no 

90;,J 
20.3 0.13 

Nitrogen 4 64.3 0.32 1O 	Oxygen 

145.5 0.57 
134.9 0.52 

100, 
2 22.2 0.15 

Oxygen 4 46. 0.22 
38.1 0.21 

8 122.4 0.57 
it  106.4 0.50 

J.1 0.014 

86.5 0.020 
83.8 0.026 

87.7 0.017 
87.6 0.018 

90.0 0.014 

78.9 0.044 

82.9 0.029 
81.4 0.034 

93.3 0.009 

89.8 0.014 
84.5 J.024 

81.4 0.oui 
83.8 0.026 

1.4J 

1.67 
1.86 

0.85 
0.90 

1.08 

1.38 

0.51 
3.65 

0.60 

0.64 
1.14 

U.68 
0.52 
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TiyilL- IS 

:prov,th and auxin content o1 excisA eabryos of i'etkus wi C. 

rye transferred ( 	ram air to anaerobic condition and  

from anaerobic to aerobic condition. _,ux1n was extracted from 

duplicate_samples each-of 10 embryos in 100 cc. 	water. 

  

At in 
r.o a AUX 
IAA q. 

P(d per 
embryo 

ozitent 
Auxin con 

,Kg per 
I. wt. 

!nbryo 
Treatment 1enth 

gm 

sh Aoo . 
test plan 
in A of 
control 

2 days in 
air then 
days in 
'Nitrogen 

27.2 	J*P0 
	89.P 

23.5 0.21 88.5 

.015 

0.016 

0.75 

0.76 

4 days in 
air then 4 	76.6 	.53 
days in 
itrogen 

	

71.0 	0.52 	79.5 	J.041 	.J.79 

4 days in 
itrogen 	35.3 

then 4 days 
in air  

0.24 	9/.1  0.01P 

0.041 27.2 0.20 79..b 

j.50 

P ."IfS in 	"'.P 	J.14 	92.5 
air 

20.6 	).1P 	91.3 

4 days in 
air 	56.8 0.36 81.8 

59.6 0.38  

0.011 	3.79 

0.012 
	

1.00 

0.032 

0.035 

0.89 

0.92 

8 days in 	146.9 	0.78 	77.9 	0.049 	0.63 
air 
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condition to air; though the growth rate and production 

of auxin were greatly reduced by.  this treatment. Anaerobic 

culture, unlike high temperature, does not lead to the 

disappearance of auxin. '4hen embryos were transferred from 

air to anaerobic conditions, whether after P days or 4 days, 

the level of auxin present at transfer was maintained. 

The sharp rise in auxin normally occurring between the 1.41. 

and 4th days in air was inhibited by lack of oxygon, but 

auxin already present was not reduced. Oxygen, therefore, 

appearo to be necessary for the oroduotion of auxin in 

embryos. embryos respiring anaerobloally do not accumulate 

auxin nor exhibit any sign of growth. 

It appears also that though embryos have accumulated 

auxin during 4 days growth tn Air, no further rovth is 

possible without owen indleattng that the af4-ect -af auxin 

oh, g44a1h oaa-e-nds-  at-s, 04e—s t-tke o aia2,--oo 	re AO t1-41 

thus in the absence of oxygen no matter how much auxin, is 

present it is without effoct on growth. 

ilAbrIcm in . OxTgen  

in the atmosphere containing ba oxygen and 95 

.nitrogen some growth and auxin accumulation takes place. 

in the first two days the growth amounts to some 5 	of 

that in air, but the acceleration of growth is less so that 

the 	growth in 8 days is only 20'a of that in air. 

tho first four days some auxin accumulated, amounting 

to 7t# of that in air, but after fourth day.  there was no 

iu ther auxin increase noted. 



:allsi91.211122L-2AL1211 

In the atmosphere of .1 	oxyeen and 90),  nit 
	

n growth 

of the embryo was Accelerated and total auxin 91so 

found to incr;ase with growth in first four days. 

Afterofourth day no auxin has been found to accumulate 

in the embryo, thou,h growth of the embryo still continued. 

These findings are comparably with that of embryos in 

suboptimal temperature or sucrose concentration. 

Aibryos in 130r Oxygen 

in 10(V oxyi:;:en shoot grmth of excised embryos 

was inhibited. about 2t:2  but root 3rowth was almost 

uninhibited. Nn. appreciable decrease of total amount 

of auxin in comparison with that of embryos growing 

in air was also noted. The cause of reduced shoot 

growth. and. auxin aocumulation n 1O oxygen is not 

very clear. Albaum et %I (1942) suggested. that 100 

prevents nitrogen assimilation. 

6o 



4. Aux.n content of the apex, 7,.rowinL.  stem 

and Ivotoptng ear of :etkus winter rye in relation to 

vernalisation and day length.  

In this experiment plants were grown under 

five dif,Lerent treatments. (1) Plants from six weeks 

vt,rnalised seed grown under continuous light (6V. CL..) 

and (2) under 8 hours day length (6V. $1).). (3) ilants 

from unvernalised seed grown under continuous light  

(OV.. 	(4) under 8 hours day length (07..) and 

M 17 hours normal summer day ( 4. )11). The auxin 

content of their apices, elongating stems and rieveloping 

ears ,,as estimatedj and co'aparisons between the treatments 

were made when the plants attained sinilar stages of 

flower development (i.e., "scores' Table 16). 

Auxin content 	apicos before and aStr 

flower initiation. 

The apices of plants treated in these ways 

were dasected at the eze of 15 1.6 days, when the apices 

were still undifferentiated. The auxin was extracted.. 

by ether, 1° - PO apices were used for each 100 cc of 

extract and determtn-ed by the method described on 

page IS 17 of this paper. 

GI 



riABL  16 

,,re.gory an 	urvia 19Z3, modified by Mott 1950) 

Condition of Apex- 	 core. 

-::ouble ridges just perceptible 

established 

to bass of spike 

Spielet rldes swelling 

2]. 

22 

r3 

24 - rt 

branching 26 2? 

Flower initials appear 28 - 29 

Stamen initials appear 30 - 31 

lobed 32 - 33 

Awns begin growth 34 

Awns growing barbed, ear still stiff 3b 

Awns long, oar li,ap 36 

Flag leaf emerged, ear limp 37 

ear stiff, green 

arly earing 1, (tip of awns just 
visible above flag leaf) 

38 

39 

(awns eerging) 4„) 

rly caring 2, (awns completely emerged) 41 

',.aring 1, 	(less than 	of car oAerged) 42 

..aring 2, 	(more than i of ear emerged) 43 

late oaring 1, (peduncle just visible) 44 

2 to 	(peduncle e:aer6ing to 
full length) 4!) - 	48 

Anthesis 49 



64"  

5 " 

  

    

0 — 

5 — 

• I 

• \ 

— 

120  iliotagraoh of usuittfteronliated r1coAl lf 
e%swinAar nes(tclre WI** M•* 

2. 3 	4 s 6 7 
	

10 11 

11, Vhltocrapb. of avlovit of :PvAkAo 

,z.urine 	irt4tlal1ot4 	1$ 04084901x#11.#  
Initotion hak jimist .,30-04,te4covIrc4t 	!, 

riX4at wootlint.  at Ito tip favIre 24 25)-  20  flowar 

Lattalx taint; 	(*tort 'n...--07V), 11 	4:1„amtrl. tni.7,41110 
blrizt for44d 



2_ 	a 

ritallr* 14* Vb04106r*P11  of: dovoIlov4416 esr* of ?etk4ot 

wittor 

 

rye, Pttlz711tl 	cten 	Ioted 

4, r. 	44,42* am*,  ,Pin to 4row (ttre 14)0 

1, tLe 04:447113 . p"...;:ria.41 of elon6Ation of vs? Lae telArUtt 

(.4,i,ctv. 35)0 



17tvau 	 104.64re 5# 	Fteare T. 

licure 1, 10 Vhotoisreh *f dlorel; 4Anti.ce 0f .tuiA-4* 

rro4  At tLe eat of 	i4eVild or .10464014114 
vorAutelo 4uot toktatins extenrIon 4oart 

Ptr 	LIkEe..44.rov,4*.0 Let* 	toer. 7q-,41r4 richt 

avIre 443, 

More 174 Antblc 	ter (ofzre 49)0 

6s- 



The concentration of auxin in these undifferentiated 

apices was found to be high (Table 17, 19, 19) and 

fiure (18). The concentration of auxin in apices 

was on the whole higher under short days than under 

continuous light, but this difference was not consistent. 

The total quantity of auxin of these small undifferentiated 

apices varied from 0.032 /egm to 0.006 /03,11 according 

to treatment and was the lowest content found. 

7etkus winter rye being a facultative long 

day plant the differentiation of double ridges (score 

21-!73) Aas attained at very different ages according to 

treatment, e.g., in 6V. CL., the plants reached this 

stage at the age of nn days, in DV. CL., in 36 days and. 

in 67.. n., in 84 days. The auxin content of these 
eyedv..-6-4_yty4 

apices Immediately after differentiatiorwls e7tivlted 

colvpared. Although their ats;es %ere ,i4ely different 

the auxin content of these apices was approximately the 

same. No consistent change in auxin content accompanied 

the first stage of flower differentiation (double ridges) 

These concentrations appeared to be very hih and differed. 

greatly from those obtained when the differentiated. apices 

started to elongate and underwent further development. 



Itresh R.T.P. 
wt. 	A 
gm. 

Days Length 
6V. CL, 3core old 	cm 

Below 21 

21-23 

20  
Ample 
ridges 

Double 
ridges 

34-35 
IT 

36-37 

jT..,:la 10  
Young 
stem 

:ilag leaf 
emerged 

10  
stamen 
develop-
ing 

3u -33 

36-37 

39-40 

49 

Ylag leaf 
emerged 

e.arly 
caring 

Anthesis 

loot length of eat lint in pereent,Age of control. 0 ; 0 1 . 

4/ 
TABLii 17  

Auxin content of apices., developing.  ears and extendindtems of 
Petkun winter rye, vernAlised for six weeks and ;grown under con-
tinuous light. ..:Aher extraction. ..Alution wa 10.) cc from "scores" 
bolow 36, and. 1.00  cc for higsner'scores"(36 to 49). 

Total .;1.uxin Auxin oonc 
6,4 . 

At gm per 	per 
Apex / tem ey,  ukr gm. wt.  

15 

22 
23 

0.03 

0.16 
3.18 

0.0012 
0.0014 

0.0017 
0.0017 

96.0 
94.8 

90.7 
93.0 

0.0016 
0.0025 

0.0063 
0.0050 

26.66 
35.71 

74.11 
58.82 

66 4.1 1.43 58.3 0.36 2.52 
3.9 1.40 59.4 0.31 2.21 

39 22.3 7.93 69.2 1.18 1.49 
24.2 8.13 72.9 0.81 0.99 

42 35.0 10.12 72.0 0.87 0.86 
43 35.6 11.96 73.9 0.72 0.60 

58 76.0 22.40 74.9 0.66 0.29 
TI 76.7 23.25 74.2 J.69 0.30 

CIO 0.4 0.015 91.8 0.01 6.67 
3a 0.5 0.014 90.0 0.01 7.14 

36 2.0 0.11 85.3 0.02 1.82 

1.8 1.12 86.1 0.02 1.67 

39 4.9 1.52 92.4 0.11 0.72 
5.0 1.60 92.0 0.11 0.69 

42 5.0 2.51 67.5 1.38 5.49 
43 5.3 2.64 72.0 0.87 3.29 

58 7.5 6.23 64.3 1.95 3.13 
7.6 6.54 66.6 1.6? c'.40 

Early 	39-4C1 
earing 

Antheeis 	49 

Rapid 	34-35 
growth 
of ear 



Score old 
sh 	U. T. 	 ota 	 Auxi.r1 cone 

. C tfl 

4. le  

uxin content of 	ioe 	develoet 	ears  anc extending stems  
of uivrn1ted 	e grown under continuous light. 
LTher extraction. idlution was J0cø rofrom necores' oelo,A 36, 
fiX4,1  1000  000r hi,heror s" (36 to 49). 

gri A gm per 
Apex, Jtem..u,.( 

pLzia per 
MLON.111.11ii 

2,  
below 21 

21-23 

15 

s6 
<37 

0.02 

0,19 

0.0010 
3.0015 

0.0012 
0.0018 

92.0 
94.8 

90.9 
92.5 

0.0056 
0 .0(./25 

0.0063 
0.0053 

112.00 
33.33 

105.00 
58.88 

Simple 
ridges 

Double 
ridged 

10 	L:71., 
34-.! 53 4.0 1.88 58.3 0.36 Young 

stem 4.1 1.84 63.1: 0.'1 1.14 

Flag leaf 36-37 72 23.0 12.20 72.8 0.91 0.66 
emerged 22.1 11.78 69.5 1.1c, 0.95 

39-40 103 66.0 28.23 73.8 u.72 0.26. 
earing 64.0 26.52 3.83 0.31 

Anthesis 49 120 104.0 32.12 76.8 0.54 0.17 
" 99.0 34.44 75.8 0.59 0.17 

10 
;tamen 30-33 46 0.5 0.016 90.8 )„ 6.25 
d eveloping IY 47 0.5 0.015 92.5 6.66 

Rapid 
tf5rowth 
of ear 

34-35 
,, 

63 

- 
1.7 

1.6 

0.12 

0.13 

64.0 

86.0 

0.33 

0.02 

2.50 

1.54 

...lag 	leaf 36-3? 72 6.7 1.2o 67.6 .;.17 1.42 
enerc-o0 ,I 6.9 1.42 89.0 J.15 1.06 

ar1y 39-40 103 8.1 9.14 68.3 1.29 1.58 
caring " , 7.6 7.52 69.0 1.20 1.60 

Amthesis 49 120 8.8 8.24 64.3 1.95 2.37 
9.0 9.32 60.3 2.95 3.17 

R.T.P. 	oot length of test plant 	:rcentage or control. 



TABLE 19  

Auxin content of ap1o.011 Wore and after floral initiation in 

i?cticu winter rye; (1) unvernallsed seeds ;ron  under short day  

(Ohr. 	);(1 6 	vernlised 3' 	under short da 

(ehr. day3); 	) unverna1tse teeas 	antler normal summer 

days. Ether  extraction.. Dilution L co, 

•••••••••••••5 

,co old 
Lox- 't11 
in 

rresh 
wt. 

44.

no  
lotAl 

" 
p.er apex 

(1) 
e'ow 

1;5 ,.17  0.0009 91.8 J.,J06 133.3 
0.0010 95.7 0.302 30.0 

20•pices 
a. TD. fJ-P3 140 1.5 0.3015 93.8 0.:J03 46.6 

..)010 98.4 0 

(2, 
20 apices elow 
6V .3D. Pa 15 '5,, 	• 94.2 ,00"Z,  85.7 

If ' 	t O . 91.7 3.006 137.5 

20 Apices 
6V. 	jD. 21-3 84 1.2 0.0012 93.0 0.005 63.3 

).0010 123.0 

(3) 
20 apices 
L. 	ND. 

U 
21 17 0.26 0.0015 

0.41.1 
93.t 
91.8 0,-04 

.3 
36.6 

20 Apices 21 96 1.0 0.3018 94.7 0.04 44.4 
OV. ND. 

U I* It 0.0017 90.0 0.007 82.3 

10 -ars 
DV. 	L, 34-3 139 5.0 0.14 ).01i 3.9 

10 Stems 
O.N.D. 34-& 139 112 5.8 53. 1.1 

90 5.0 L. 

cf.  test plants In..percente 



TOTAL AUXIN 

OF STEM 

AUXIN CONCENTRATION 

SCORE SCORE 
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content of stele durine 

exteneton growth  

In the developing stem the concentration of 

auxin varies only with the score. The stem started 

to elongate when the score was 30-32. In all treatments 

the concentration of auxin in the stem eas found. to 

decrease very rapidly with increasing core. The 

elecreese in concentretion was approximately inversely 

proportional to the stem elongation and, therefore, 

showed approxinete liner relationehip (lure 19) with 

extension growth right up to the etee7e of antheste. In 

the 6V. CL. series as the "score" rose from 34-49 the 

conoentration of auxin decreae44 from 2.4 eeen to 
ex(eUe 

0.30 	gm per n.wt. of Elton, when stem length had. 

inoreased from 4.1 am to 77.3 cm and the corresponding 

weight increment was found to be from e.14 gm to 2.3 gm, 

per stem. 3inilerly in the OV. GL. treatment the 

concentratton of auxin deereseed from l.:3/4 m to 0.17/m 
eve,e-Je_ 

• • per gm wt of the stem When the stem attained. the size 

from 4.0 are to-1,e - em. 

The level of the total quantity of auxin in 

the stem, on the other hend, iew increased eith the score 

up to the stage of ear emergence (score 39-43); after 

that stage although stem length lege; oonttnued to Increase 

the total uentity of auxin maintained a steely level. 

At higher *mores the total auxin was sometimes less than 

Aux n 
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that of plants at score 39-4n. 

Auxin content in developing ears  

In the developing ears. the concentration 

of auxin again depends on the "score" and not on the 

"treatment". The total quantity of auxin in the 

treatment OV. CL., was slightly higher than that of 

6V. CL., this, however, was probably related to the 

geeater growth of the ear in OV. CL. 

The concentration of auxin in all the 

treatments was at first found to decrease steadily 

with score as it did in the stern. As the score rose 

from '71 3 to 36-37 the average auxin concentration in 

ear fell from its peak value of about 73.0rgm to 

0.96tgm. :JAL ing this puase tale ear completed most 

of its growth in length from 0.05 cm to 7 cm. At the 

score of 39-40, when the ear had just emerged and turned 

green and was approaching its maxial length a rise in 

the concentration of auxin was found %gain in the ear. 

Auxin content per gm. et. of the ear was found to increase 

with score up to anthesis. 	This period of increasing 

concentration coincided with the formation of pollen 

rains and ovules. (Figure lt, 16, 17). 

73 



Although the concentration of auxin shows a 

fall and later a rise, the total quantity of auxin in the 

ear steadil increased after differentiation of the 

apices up to antnesle, (Iigure18). 

Auxin content of: the apext  extending stem  

and the developinii ear of •tkus winter rye transferred 

(A) from long days to she 	days an () 1:rom short  

days to ions days. 

The significant facts that have been gathered from 

the foregoing experiment are that irresreetive of different 

treatments, the amount of auxin was approximately the 

same in all plants at the same stage of floral development 

("Score"), and the auxin balance of a plant was quite 

independent of its age on a time scale. 'thus it appears 

that the auxin balance of a plant is controlled by photoperiod 

and temperature in the same ay as growth and development. 

4 h a view to investigate these facts more 

croally a series of transfer experiment as carried out. 

In one sct of experimental plants fro41 six weeks vernallsed 

seeds were.7.,rown. under constant 17 hoor day length (normal 

days supplemented by artificial light) for six weeks then 

were transferred to 8 hours day length (6.V.LD.- 



.30me plants were kept in 11 hours day length throughout 

the period of experiment as control (EV. Lb.). 	In other 

set of experiment, plants iron similarly treated seeds 

were grown under 8 hours day length for six weeks and were 

then transferred to days oi constant 17 hours length (6Y. 

LD.). 6omesplants were kept in 8 hours day length 

throughout as conirol (6V'. 

Tlants were dissected out at the sge of 17 and 

19 days; under both day length the apices were at this time 

below the score of Pl. The quantity and concentration of 

auxin was found. a little higher in apices of plants in 

short days ihan that of plants in long days (Table  

3imilar result was obtained in previous experiment where 

apices of plants in short days oontained more auxin ,Ind at 

a higher concentration tae those in continuous light. 

The plants under long-day treatment reached the stage of 

double ridges in just under 	weeks. On the day of 

transference the plants in long days reached the score 

PS-31, a few of them were 33-34 with visible external sign 

o ,stem extension; in these stages they were transferred 

to short days. The "score plants which wire transferred 

from short days to long days (6V. $i,- Lie.), 1104.8 still 

below 21. 

7S— 
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6 V. IX. 34-35 	47 

if 

6V .LD 

if 

49 	64 

V. 

I TV 

6V. SD.+LD. 49 
FT 

Length 
cm 

Fresh 
wt. 
gm 

R.T.P. Total Auxin 
IAA £,q. 

rtgm per 
stem 

Auxin cone . 
IAA Eq, 

Agm per 
gm. wt. 

4.8 
5.0 

5.5 
6.5 

4.7 
.4.5 

1.62 
1.82 

1.40 
2.00 

1.80 
1.70 

83.4 
81.4 

89.7 
87.3 

83.3 
82.6 

0.28 
0.34 

0.14 
0.18 

0 .28 
0.30 

1.73 
1.87 

1.00 
0.90 

1.56 
1.76 

13.3 5.02 79.6 0.41 0.82 
12.6 6.00 73.3 0.78 1.30 

19.0 3.00 94.6 0.06 0.20 

13.3 4.38 77.1 0.53 1.21 

43.1 13.56 71.5 0.93 0.69 
42.0 11.00 78.7 0.44 0.40 

16.4 4.16 8:.6 0.27 0.65 

39.2 11.44 73.4 0.78 0.68 
40.0 12.00 74.6 0.68 0.57 

66.0 13.36 77.4 0.51 0.38 
70.0 16.2 74.5 0.68 0.42 

31.5 7 	.30 82.3 0.30 0.41 
At tt 82.5 0.30 0.41 

71.2 16.6 71.4 0.96 0.58 
69.5 135 80.2 0.37 0.27 

Days 
Treatment Score old 

IT It 

6V.LD.+JD. 34-35 

6V.a.l.L.D. 34-35 
et 

6V. LD. 
if 

36-37 

6V.LD.+3D. 36-37 

6V.SD.+LD. 36-37 

6V. 	LD. 40-41 

6V.I.D.+3D. 40-41 

6V.SD.+LD. 40-41 

6V. LD. 49 

At 

53 

60 
ft 

49 

58 

64  

53 

60 

78 

62 

TABLE 21  

Auxin content of extending stems of Petkus winter rye vernalised 
for six weeks. Mite were transferred (A) long days to short  
(6V. LD.+SD) or from (B) short days to long days (6V. SD.+LD). 
Auxin was extracted from each sample of 10 stems. ether  
extraction. lAnal dilution  boo 

77 

R.T.P. Root length of test plant in percentage of control. 



ngth 	.renh R. .. Total Auxin 
om 	tion 	wt. 	0 	IAA XpQ 

1 	iii per 
ar 

Auxin conc. 
IAA Eq. 

mgm per 
. wt. 

oi 

7S 
TIBM 22 

vernal 	ge.. or six wee s. 	ants iere rsferrei rem 
(A) long days to short days (6V. Li). 	31).)  or :tron  
7T717r t drys to long days (6V. ID. -s• LIT. Auxin las  
Ttr 	. actel fr m a 	:Sample of 16 . 	-ther extrAction. 

	

?J'1-1 41 0.4 0.1 0.007 94.1 0.0068 
	

9.71 
• 0.3 
	

0.006 94.6 0.0055 
	

9.17 

	

30,31 41. 0.3 0.1. 0.010 94.7 0.0050 
	

154.00 
0 .7; fl 	0.009 92.5 	0.0105 

6V. ISI.„11,1). 	48 	0.3 	0.1 
	0.038 93.3 	0.0091 	11.37 

0.4 	 " 
	0.010 91.8 	0.0115 	11.50. 

0.9 	).1 

0.7 	'.1 

0.8 0.1 

4.3 1.0 
5.0 	" 

36-37 58 3.8 1.0 
• 3.5 

6V.31,LD. 36-37 ikg. 5.0 1.0 

6V. LD. 	40-41 53 6.6 	1.0 
6.9 

6V.I.D.92D. 40-41 60 4.1 1.0 

6v..m.1.1.D. 40-41 79 7.2 1,0 
6V. L. 	49- 	te 	1.0 tt 	• 	6.0 	4 

6V.LD. D. 49 64 5.0 1.0  

0.055 87.5 0.0178 

0.050 91.4 0.0120 

0.050 88.5 0.0159 

1.20 91.4 0.120 
1.50 87.8 0.174 

0.63 95.4 0.042 
0.68 94.0 0.068 

1.50 89.9 0,.141  

5.58 73.6 0.76 
5.80 69.1 1.20 

2.00 88.1 0.17 

6.56 65.7 1.66 
6./2 	6J.0 	3. 1,,5  
5.00 64.3 1.00 

2.50 91.2 0.12 
79.3 0.4P 

6V. DD. 

6V.1.1),31). 

6V.SD4LD. 

611. In, 

34-35 

34-35 

34-35 

36-37 f, 

47 

53 

58  
49 

 

 

2.40 

3.18 

1.01 
1.16 

0.67 
1.00 
1.19 

1..36 
2.0/ 

0.85 
2.53 
4.49 
2-00 

0.48 
1.68 

 

49 81 6.5 1.0 5.60 60.2 2.95 
,8 2.29 

4.24 
3,56  

     
     

R.T.P. COt lh of t plants in.pereentage of control. 
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Auxin content of p1nts t .na 

long daxs to short days (6V.  

roi the table (7',1, 2?), and figure (204 

it can be soon thAt neither the auxin accumulation nor 

the flttA e1.7eleation of plants stopped abruptly when 

they were transferred 4:rom long dnys to short daye, 

though the rate of auxin acoumulatio and stem 

elongation WIA found to decrease in comparison with 

their 17 hours long day control. 	he plants under 

6V. LL. - U., reaened the oore 54 - 55 at the ago of 

53 days e 6 Ivo 1,-ter than their control.',..bout that 

stage approximately 60®,  or plants etoped their further 

stem extension and ear development but 40/4  of them 

naleed the score 56-37 and 40-41 under short day condition 

with reduce& mize of ear and sten height. :ome of 

these pl.nts were able to reach the stage of anthesis 

about the name time with eame leaf number as Old the 

controls in 17 houra long daye. ':,he extension growth 

of the sten and development of the ear were ,reatly 
^r- 
inhth-iteed under short day condition, only a few of the 

carpels and anthers became fertile at the stage of 

anthesis and the rent of them remained intleterile 
6tAA-icer 

condition and peduncle waa so much reduced in he+ent 

that the er lid not fully emerge from the last 



The length of stem and ear being shorter the total 

quantity of auxin, was much les,% than in the controls 

(17  hour day), but the concentration of auxin in 

stem did not differ from the control. The lower 

concentration of auxin in the ear may be, however, due 

to the leak of normal development of the earl- el and 

anther under short day condition leading to a 	ier  

state during the tiii of anthells. 

A similar result was also obtained by 

Gott (Ph.D. thesis L.U. 1950). 	he transferred 

unvernalised winter rye from continuous light to short 

C_ys, Lefere transfer plants 44;ereceived. n, 3, v, 7, 
(771/LZ 

or 9 weeks of continuous light. IPlants given 2, 3, C, 

or 7 weeks of continuous light none o th*m Were all° 
ct,cog 

to reach the stage of anthesis nor the extension 

of etem occurred under short days. Alt plants whioh 
",„reAA.-cA 

reoeived 9 weeks continuous light -;el 25 to CO)A eS 

'4-oh showed the visible externalAagn of stem extension. 

(score 3-34) before transfer, 30; 	;04;' t4gem CI reaeh 

the anthesis un r short daysk with reduced size of ear 

and stem height. It is, therefore, eugested that the 

high concentration of auxin ifl the stern of rye az4OCA;oh--;2" 

ac-au.sul-te4i at the score 33-Z43 which in rye preceeds the 

grand period. of ,,ar and stem growth, marks a critical 

stage in dovelopment)beyond which the ability to complete 

ear formation and stem extension is established. 

(8 I 

growth 



Auxin content of ,,plants t,ransferred from  

short Anys to long days (6V. 3B. 	]Z)  

The auxin content in stem and ear of plants 

transferred from short days to long days closely 

folle4ed the course of long day control, though they 

' . widely aTiart from each other reearding their age. 

At the age of six weeks they were transferred from 

short days to long days; apices were still undifferentiated 

at that time)but within a week the formed double ridgeS. 

The total auxin content of the stem increased during 

growth !;Ind ear development, up to ear emergence. Auxin 

formation, however, did not keep pace with sten. growth, 

and the concentration fell rapidly throughout the period 

of extension up to =thesis. 

In the developing ear the concentration of auxin 

was at first found to decrease steadily with "score", 

during this phase the car completed most of its 6.rowth in 

length; when the ear had emerged and turned green, a rise 

in the concentration of auxin 	found again in the ear 

this phase coincided v-ith the formaion of ovuls and pollen 

çraI o. ,:)rt the other hand. the total ouantity of auxin 

in th ear steadily increased after differentiation of the 

apices up to =thesis. The amount of auxin found atdieferent 

stages of development of stem and. oars was approximately the 

same as that found at corresponding stages of the long day 

control. 



Thee" results are, therefore, agr elmog4ith the f 
	

gs 
1(e- 

of nrevioue oxneriment. 
h 

6. euxin content of nodes and intemodes  

of Petkus vetnter rye in relation to the extensien erowth. 

The extension eroeth of the stem of rye starts 

st ebout the time stamen initials are being  formed. and 

continues until shortly after antk,esis. In most cases 

extension begins in the 4th intercode from the top; 

hieher irternodee extend in seeleence towards toe apex 

(seropets1 succeseion), etc hi successive internode reseling 

a ereater final lenth. The figure (21) ehows the order 

of extension and degree of elongation of internodes et 

different stsgee of floral development (denoted by ecores). 

The peduncle starts to extend before ear emergence and. 

during the stage of nthesis it attains a greater length 

than any other internode. After six weeks vernalisation, 

rye forms 10-il leaves before flowering indlesting the 

peeeence of 9-10 internodos in the body of the crown but 

only Vie upper 4 or 5 of them extend and the older ones 

renain comeressed. In the account which follows the 

internodes are numbered from the apex downwards. 

Durtn#- the grand eoriod of .erowth in the 

developing ear (score 36-37), extension growth of an 



the intern:odes of the stem was in progress. Auxin content 

of each internode was determined separately; during 
0)F 

direection internedes were separated 4;t-ellethe middle of 

nodes, so that efteh internode possessed a portion of nodal 

tissue at either end, an the sum of the auxin content 

of these internedes will give the total auxin content of 

the stem. 	he amount of auxin, was determined fellowing 

the usual method as described on page kg-17 of this paper. 

The results have been summarised in tables (23, 24, 2t 

and fizure (n1). The following facts are apparent: 

the upper internodee which are beginning to extend contain 

a such higher concentration of auxin,)  though less in total 

quantity )than lower internodee which have already been 

extended. This relation was *ell found at score 37 and 

41 but at score 49 (during anthesis)) when the *hole etem 

RPProsohed maximal extension the auxin was found, to be 

distributed almost uniformly throughout the stem. 

As regards the total quantity of auxin there 

was indioation of meoumulation of auxin in the ftret and 

second. internode during extension growth, and on the 

cessation of xtension growth the total quantity of 

auxin also decreased in some cases, for example 4th and 

tth internode at the time of anthesis. 



g5- 
TA3'LE3  

Auxin content or internodes of l'etkus winter rye before ear  

emersence (9e ore 37 aae I7 days).  6 weeks vernalised seeds 

were  ,,irown under 17 hours constant day lon6th. 

Intermodes 	Length '-resh -xtract on R.i.;6 4-1.uxin in cone 
score 37 	em t. 1C10 	c 

Agwper ))per 
internode gm.wt. 

1st Internode 
from top 	0.3 0.009 water 93.1 0.10 11.11 

0.4 0.007 92.7 0.1J 14.28 

0.3 0.012 JAher 91.6 0.12 12.oJ 
0.3 0.012 90.9 0.13 10.83 

2nd Internode 
from top 	0.5 0.010 water 93.0 0.10 10.00 

0.7 0.017 91.7 0.12 7.00 

0.6 0.020 thir 93.1 0.10 5.00 
0.7 0.015 93.0 0.10 6.66 

3rd Internode 
from top 	4.3 0.090 tor 33.0 0.28 3.11 

5.6 
tf• 

0.080 

0.075 ,Aher 

85.9 

87.6 

0.21 

L.18 

• 2.63 

2.40 
H 6.4 0.145 80.0 .38 2.62 

4th Internode 
1ro.A 	top 	5.0 0.098 water 80.7 0.36 3.67 

4.3 0.115 80.1 0.38 5,3o 

4.7  ther 81.5 0.33 2.70 
5.0 0.100 80.1 0.38 .00 

5th Internode 
from top 	1.0 0.130.  ;:.ther 84.0 0.25 1.92 

1.0 0.135 83.6 0.30 2 

R.T.P. Root length 01 test plant n percente of control, 



6.5 
6.3 

Peduncle 

19 

Fir 
IV 

7.6 

7.6 
7.3 

5.0 
6.3 

3rd Interned 
iro top 

ft 

ff 
4.9 
5.0 

'I 3.5 

tt 1.4 

uxin content of internodes of ketkuo i,Inter rye after ear 

emerence (score 41, .16e 45 days). 6 weeks vernaliscd seeds 

yere ;row under 17 hours constant day lorligth. 

internodes Length 
score 41 	cm 

7.1 

1st Internode 
from top 	4.8 

1.6 

1.7 
2.? 

2nd internode 
from top 	7.5 

4th Internode 
from top 	4.0 

5th internode 
iroJI top 	1.2 

1.0 

1.5 

fresh .3r.traction ,L. 	. ;:otal. 	l'iuxin Auxin 0(310. 
wt. 1-0 cc P IAA 404. IAA 
gm. ,t4.3*per ,LAP 01' 

lntornode gm. wt. 
MIIIPMPOINIMPIMMOMIX•01.111011.6. 

0.345 ilater 93.3 0.09 2.00 
0.055 95.8 0.04 0.73 

0.035 91.7 0.12 3.43 
0.060 89.9 0.14 2.33 

0.050 ater 61.6 0.33 6.60 
0.055 6.4 0.20 3.64 

0.055 - her 0.16 2.31 
0.080 85.1 0.22 3.67 

J.105 water 82.3 0.30. 2.86 
0.205 76.2 0.56 0 	r1 ,1 c, • 

0.260 Ether 82.8 0.29 1.12 
0.240 81.2 0.34 1.42 

0.14o 'ater 85.5 0.22 1.57 
0.130 80.8 0.36 r,.77 

0.240 ther 88.2 u.16 0.66 
0.205 80.9 .0.36 1.76 

i.135 ,Aher 88.6 Jab 1.11 
0. .145 92.9 J.10 0.69 

0.045 38.1 0.16 ;6.55 
0.070 92.2 0.10 1.43 
0.085 i,ther 93.0 0.10 1.17 
0.0S0 95.8 0.04 0.50 
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Auxin content of internodes of Petkus winter re during  

anthesis (score 49, a6e 6J days). 6 seeks vernalised seeds 

were ,-;rown under 17 hours constant th.y 1.(4igth. 

	

Internodes 	Length 

	

score 49 	cm 
cresh 
wt. 

;Attraction 
10 cc 

A.1.. iotal Aux-. n 
11A 	1.q. 

AgoNper 
Internode 

,uxin cone 
IAA 	q. 
11",tir 
gm.wt. 

Peduncle 	1.5 
20.0 

1S.0 
19.0 

0.25 
0.24. 

0.22 
0.23 

ater 

1Aher 

85.6 
84.6 

86.8 
86.3 

0.21 
0.24 

0.19 
Q.20 

0.84 
1.JJ 

0.86 
0.87 

let Inter 	le 
from top 	16.4 

t ib.n 
1,1 15.0 

14.0 

0.46 
0.44 

0.39 
0.37 

ester 

ther 

80.0 
83.7 

64.2 
84.8 

3.38 
0.26 

0.25 
0.23 

0.83 
0.59 

J. CA 
J.62 

2nd Internode 
from top 	12.8 

12.5 

11 11.0 
12.2 

0.50 
U.50 

0.43 
0.45 

tiater 

ther 

74.7 
78.8 

82.2 
80.8 

0.66 
u.44 

0.30 
0.36 

1.32 
0.68 

U.70 
0.80 

3rd Internode 
from top 	11.3 

12.0 

9.8 
10.2 

0.35 
0.35 

0.36 
0.34 

ter 
ft 

.ther 
ft 

88.7 
84.1 

85.7 
83.5 

0.16 
0.25 

0.22 
0.27 

3.46 
0.71 
0.61 
J.79 

4th Internode 
from top 	3.8 

4.3 

6.4 t. 	6.0 

0.20 
0.20 

0.27 
0.26 

4ater 

JAher 

88.1 
87.6 

Sb.2 
69.8 

.17 

.17 

0.23 
0.14 

0.85 
0.85 

0.85 
0.54 

5th :nterno,le 
from top 	1.9 J.J9 

0.06 

.,ther 

..ater 

99.0 
98.3 

95.76 

0 
0 

u.037  

0 

U.61 
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The concentration of auxin in all cases was 

found to decrease rapidly with flower developlient at the 

nrex and with zrowth of. internodes. From r'Ocore " 37 to 

49 the concentration of auxin decreased, in the first 

internole from MO /Agm to 0,64 	per gm. wt of 

tissue '41-en length had inereaed froni 3:;§ cm to 14.b cm. 

A further series of estimatione was made in 

order to obtain the relation of auxin content between 

nodes and internode. 	qua1veights of nodal and 

internodal tissue from both young (score 31) and mature 

(score 47) stem were taken and. assayed for auxin activity. 

It was found. that young nodes contained, the highest 

concentration of auxin which wao approximately 2.5 times 

higher than that of corresponding internodes. As the 

stem approached its maximal oxtention not only.  the 

absolute concentration but also the difference between 

the concentrations of auxin in node and internode ctereased. 

44%ture nodes (soore 47) contained approximately one quarter 

tof the auxin presenttn the same node at younger stages. 

These facts lend support to the assumption that the 

meristem of the node of the cereal stem is the seat of 

formation of auxin; hence it may well be that its 

relatively hither concentvetion is responsible for the 

phototropic and. 07;cotropic curvatures which are alliways 

found to occur at the nodal points as described by an 

Overbeek (194t), Shafer (1939). 

Wrl 



TABLE  2,6 7 0  

   

Auxin content of nodes and interno(9es of TetThis  

rye. 	6 	 j•; 	.-c):/n Tinder 17 hours  

constant day length. Water extraction. Dilution 100 cc. 

Frc,sh 
	

R.T.P. Tot711 Auxl.n 	colm. 
rEg. 	TA' E1. 

:111 	VA. 

Toung -node 37 0.O8 75.3 0.63 7,9 

74.1 0.69 8 6 

Young irterriode 37 0.06 83, 

1'

3.4  

82.8 0.2,8 3.6. 

Wfa,ture node 47 0-08 91.7 0.12 1,5 

Sa. 4 0.16 

Mature internoae 47 0.08 %13.3 0.16 Z.0 

ri Ii 90.0 0.14 1.8 



DISCUSSION  

lt has been known for a long time that 

auxin Inhibits root elongation. The growth inhibition 

of intaot roots of seedlings h been demenstrated by 

many workers,for example, Thimann (1936). Lane (1936), 

74armer (1937), i3onner and Koefli (1939), Thomsom (1946). 
0 

tudus (1949 b), goovus (1952) and Aberg (1950, 1951, 1952) 

and others. .ome of the earlier workers of 1936 reported 

that a very low concentration of indoloacetto acid slightly 

aoceleratea t 	:rowth of intact roots. 	armer (1937), 

Lane (1936), Bonner and Koefli (1939) failed to get any 

consistent stimulation of root elongation In IAA. 

'.4ecently Aber g (1950, 1952) in repeated experiments, with 

Linum obtained no consistent stimulation of root 
-3 

elongation in coneentr!Aions of IAA ranging from 10 	to 
-1P 

10 	1; butoewus (1952) reported a slight acceleration. 
-9 	-11 

in Lepldium roots ocourring in the raive of 13 	to 10 

1 of IAA. In, this present investigation there was no 

consistent acceleration of root growth in rye seedlings 
-6 	-13 

in either IAA between 10 	to 13 	V in any plant extract 

studied. 

9, ? 



The mechanism of the inhibiting action of auxin 

or roots is by no means clear. It has been suggested 

that the normal auxin concentration in intact roots 
0 

is slightly supra-optimal (Thimann 1946, Aberg1952), 

therefore, the application of more auxin. from out- 
() 

side CAUPPR growth inhibition. Aber g (1953) has 

put forward a hypothesis that (1) the auxin (x) exerts 

its action when loosely combined 'pith r23.00 specific 

portion, of the cytoplasm (12). (2) The amount of 

the active complex (Px) in the normal root is supra 

optimal for longitudinal growth, and. lurther applictions 

of-  auxin causes inhibition of increasin8 intensity. 

The inhibitions of the longitudinal s.roith 

as he su&,:ests is probably not caused by any slowing 

down of metabolic processes but rather by a direct 
0 

influence upon the growth processes. .urstror;) (19U) 

studied the mode of action of auxin on roots. 

has specified four different actions that externally 

added auxin and related_ compounds may exert on root 

growth (a) a phase of positive action on the first 

part of the cell elongation process; (b) an Inhibiting 

action on the second part of the same 'phase, which 

coprises the 	in part of eloaation; 



(a) an antiauxin action exerted by certain compounds; 

and (d) an unspecific toxic action exerted by both 

auxins and anti-auxins involving a reduction of the 

rates of both cell multiplication and. cell elong,ation. 

The first two 0.ctions do not effect cell. multiplication 

and are antagonised by antlauxins. 

The luantitative reltion,Thlp of auxin with 

the root growth of seedlings has been adopted as a 

assay method in this work. from table (3, 1) and 

(?) it will be seen that the relation of root 

inhibition is approximately proportional to the 

logarithm of concentration of IAA. The measurable 

inhibition of root 2;rowth can be obtained at a con-

centr,Aion as low Al 0.O01 mg litre of I.A. 

In the course of the present work Oseat-

auxin has been extracted from the plant tissues either 
0 

by water or ether at 0 &and has been expressed in 

terms of IAA equivalent. Although Terpstra (19) 

has shown by chromatographic' methods that the extract 

from coleoptile tips probably only contains IAA, and 

Van Overbeek (1945) has identified the auxin extracted. 
0 

from grans stems t c,with IAA; yet it should be 

born in mind that data, in the tables which follow could 
cqfcc_i 	,c7  
be, "other substanoes", e.g., :rowth inhibitors which 

be present in the extract and. miht have an effect 

on root .:;rowth. 

93 



The nature of action of native growth 

inhibitors or nntiauxins of plant on root growth is 

obscure. Aberg (19&0, 1?t,1) has studied, the action o1 

various synthetic antiauxins on root elonation of flax 

seedlings. 	showed clearly that root oloneTation was 

stimulated reularly by antiauxins at low concentrations. 

Tie obtained about 20 increase of root elongation over 

control by eight different 	(*(naphthylmothyl-sulphide-lovr,d--d, 
-6 

-alkyl-carboxylic Witte at 10 I concentration; while 

no suoh consistent increase of root clonation was fond 

at flny concentration of IAA. A.000rding to him the 

consistent increase of root elmfation by anti auxins at 

low concentrations is due to an antaF,.oristic notion upon 

the native auxin of the roots. 	hen ntiauxins are applied. 

together with auxin, K marked restorative effect upon, 

the root elorwation wns noted which sugests that anti auxins 

are antaFonistic towards the action of auxin on root .,:rowth. 



Auxin content of the excised embr- o. 

The auxin content of the embryo of rye has 

been studied in name detail; the results obtained in 

foregoing experiments and summarised in. tables (6-11) 

and. figures (4-3) show that in the absence of the 

endosperm the embryo on produce its own auxin, and the 

concentration of auxin (auxin per gin. fresh weight) of 

the excised embryo is eegal to that ef the embryo attached 

to the endosperm. The excised embryo, hoeever, grows 

more slowly ,and in conseeuence the total amount of auxin 

produced Is less than that of in the unexcised embryo. 

The slower growth of the excised embryo *ley be due to 

the following causes: (a) mechanical damage during 

excision, (h) lack of erowth factors other than. anxin 

supplied by the aleurone layer and the endosperm of the 

srain: and c) limited auxin supply. 

(a) 	:eohanical damae is likely to be small 

if sufficient/dare is taken; although there is no reason 

to suppose that considerable damage occurs during excision, 

it is impossible to prove that damage due to excision has 

had no effect. During the cArly tages of germination 

(2 lay mid embryos) there is no difference in growth 

between excised and unexcfsed embryos so that if there is 

any damage its effect appears only in later ot 8.es of 

germination (4-8 day-old embryos). 

c15— 



(b) 	tinder this heading may be considered 

(1) Nutritive factors, including acoessory growth faotore, 

(r) water supply. 	chander (1934) ha Clown that the 

interruption of theconnection between the aleurone layer 

are the embryo reduoos the rowth of the embryo, and 

unpublished work of Ropp shows that the separation of the 

aleurone layer from endosperm leads to reduction of the 

embryo .crowth. 	(D44) has shown that addition of 

the i.round endosperm to the medium of eloised embryo iocs 

not influence the growth of the exc1sed embryo. The 

nutrient supply of the medium on which excised embryos 

are grown is limited to sucrose toptimal concentration 

and inorganic nitrogen with other nutrient salts (Table 1), 

and it may well be that certain acceseory nutritive factors 

are reeuired for maximal growth. 



3o far water surely is concerned,the excised embryo ls 

more favourably situated than the attached embryo, As the 

latter has to withdraw water aga .net  the force of 

irebibation of the endoeperm. In the early st(Ae of 

6ermination, however, there is no marked difference in 

growth between excised and attached embryos; it is only 

at a later stage (after 3 to 4 days) that the marked 

superiority in growth of the attaehed embryo is shown. 

Differences In growth are shown by eoleoptiles and roots; 

but while the overall length of theaumules are about 

the same, in the excised embryo the internode 
c4u,,,dA 
eee-a-e in 6-8 lays old rye embryos in the dark et room 

temperature) is lonor and the primary leaf is shorter 

than in attached embryos , :Ovidence appears 

to favour the view that accessory rowth factors trans-

ported from endosperm to the embryo are reouired for 

optimal growth of the embryo in the later stages of 

rmination. 

(c) 	AoAxin is known to he present in endoerorm 

in laree Quantities as shown by ivery et al (1940, 1947 b) 

in wheat, oat, - ,maize; Eatcher (194b) in rye, matzo; 
V-08  

	,r iwkol 1J511 (19t1-) in rice, wheat, oat, Taize, ovid nce 

for movement of a precursor of auxin from base to the tip 

of coleoptile has been presented by'Zkoog (1937); and a 

gradual disappearance of auxin from the grain during 

germination accompanying the .,rowth of the embryo has been 
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shown by troar an I 	(1951). Hatcher (1945) has 

shown that during the formation of the grain in rye the 

amount of auxin of the erain extractable by ater and 

alkali hydrolyeis rapidly inereaees and reachee a 

maximum eome 7i weeks efter antheels, the high level of 

auxin is however not maintained and uring the final 

ripening both fractions are reduced; in coneeeuence 

the toetel auxin is much smaller in the rnrture rye grain. 

The ultimate fate of the euxin in the grain is unkneen; 

it is however possible that the unaceountable auxin has 

been converted into a precursor ehich does not yield free 

auxin by hydrolysis, Whether a true precursor is present 

in the endoeeerm end. is transported to the embryo or 

not, this cannot be the eain eoerce of auxin o the 

embryo)ee total auxin of the excieed mbryo in the fret 

four days Is scarcely leee than that of the attached 

eebryo, and more-bver the concentration of euxin (auxin 

per gm fresh eti )ht) remains approximately the same in 
ceU 

both exceeed end unexcised embryos throughoutAstages of 

eermination. ehatever Tay be the mtseing fector in the 

exceeed elbryo leading to its reduced growth it does not 

prevent the synthesis or auxin in the embryo. en the 

other hand it has been shown in this paper that the 

production of auxin in the excised. embryo is directly 

related to the coneentration of sucrose in the medium 



which suge.ests that sucrose either acts as a substrate 

for synthesis of auxin or i.e necessary to 'provide 
0 

energy for auxin eynthesis. Low temperature (P c) 

entirely prevents any auxin. production in the exelsed 

embryo. The temperature coefficient of auxin production 
0 

between P to 10 c (40 e 3 approx.) is higher than 

that between lO to PO 0,(Q10 - i. approx. 	). 

The optimal amount of synthesis of uxin takes place 
0 

between Oto 5 c. A temperature of 5t leads to 

the disappearance of auxin from the embryo. 	kten 2-day 

or 4-day (316 embryos were transferred from room temperature 

(PO e) to high temperature (35 g) their auxin content 

was found to disappear; but transfer experiment shows 
0 

that exposure to 3 	 for a time does not prevent the 

resumption of auxin synthesis if the temperature is 

lowered again. The cause of the disappearance of auxin 

at high temperature is not very clear. Three ossible 

explanations are suggested, (a) auxin already present in 

the embryo is used up_by growth processes and is not 
0 

replaced, an its rroduotion is inhibited at 3L CA  (b) It 

is destroyed by enzymes operating optimally at high 
ee, 	CA,A, roof 7-yr"i CivrtAAA ky-CA.at.a. 

tempereture. (0) its actjvIty 1,er-inhibited by jroeth 
pro ceeeteeee ee-A 	itee4teezeheeoe . 

inhibiting eubstances 	Moro is no evidence, however, that 

such substances are developed at high temperature, for the 

temperature relations of their production are AS yet 

unknown. 
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Furthermore, evidence of growth during and iter 

temperature treatsent is not consistent with this 

assumption. 

It has been shown that oxygen is required for 

synthesis of auxin; therefore, it is probable that 

aerobic respiration is esential. The effect of 

respiratory poisone on auxin synthesis has not yet 

been investigated therefore, no conclusion can be 

reached on this point. Auxin appears to be stable under 

anaerobic condition; auxin of 4-day old embryos did 

not disappear when they were tranaferr d from air to 

anaerobic condition. Under anaerobic condition, however, 

no further auxin was preduced nor lid growth take place. 

One ilportant obasrvation should be made in this 

connection that although embryos have accumulated 

appreciable amount of auxin during the first 4 days grosth 

tn sir, no further srowth is possible without oxygen. 

t44-eaSsi-ng t--at th 	ect- of  ausAspssA-s2gtos4rhesils srt 

some-aiswe on- %m cexisilsOS.-ess sastions Bonner (1933) 

found that coleoptile seglents immersed in a solution 

of growth-promo-ting substance elongated only slightly 

in the absence of oxygen. Va.n Ameizden (1917) showed 

that neither treoOtropic nor phototropie stimuli were 

perceived under snasrobie conditions. It would therefore 

appear that the auxin system in rendered inoperative 

in the absence of oxyden. Thus in anaerobic conditions 
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no matter how much auxin is present, it is without 

effect on erowth. 

Clearly more work will be needed in 

analysing the factors concerned for synthesis of auxin 

in the plant, but this inveetidtion was carried far 

enough to prove that the excised cebryo is an ideal tissue 

for study of auxin synthesis. 

The relation of auxin to .growth of the  

embryo  

The relation of auxin to growth of the embryo 

and of itm different parts (e.g., coleoptile, leaf, root, 

coleoptile node) has been studied. Carbohydrate 

supply, oxygen an e optima temperature have been proved 

to be neceseary for the production of auxin in the 
for 

embryo; levels of these factors optleal'grewth aleo 

proved. to be optimal for production of ae.xin. The total 

auxin content of the embryo increases with age. eerene,, 

the first four days both the aexin content of embryos 

and. their eroeth rate inoreases eith rieing tempereeture 

or eugar or oxyzen supply 'In a eimilar way; the hieheet 
a-A 

rate of increase of auxinorowth during the first eiett 

days is between the nnd atV 4th day. 
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jlcoog (1937) first estimated the diffusible 

amount of Hiuxin in the leaf of Avena by the "deseeded" 

Avena test and he found that the auxin obtained. by 

diffusion into agar blocks from the 4-day old Avena 

leaf nao About 5 percent of the amount obtainable from 

the coleoptile tip. In the present study the auxin 

extracted from the 4-day old rye leaf was about 1! 

percent of the amount obtainable from the whole embryo, 

and, though these two findings are not strictly comparable, 

yet both show that auxin is present in the leaf as ;ell 

as c leoptile. Mimann (1934i estimated auxin in roots 

of Avena seedlings and he detected much higher 

concentraJion of auxin in root-tips than in upper 

sesments. necently 'filet ()951) has studied the native 

auxin content of roots of lentil at different 

developmental stages, determined by a carefully 

calibrated. Avena test. This shows that the auxin 

content of roots inc Teases with increasing lennth. In 

this present study the total quantity of auxin in roots 

and leaves has been shown to increase rapidly, pitted 

ain3t time the values tor 	zooth curveskihich 

parallel the curves for growtri (iigure 5, 6), nn the 

other hand the concentration of auxin found in roots 

and leaves remained almost constant during the period 

of eight days, while the concentration of auxin in the 

colcoptile ,radually decreased during the termination 

of ite 
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The whole picture of the .uxin relations 

of the growiner enbryo suggests that auxin is closely 

associated with erowth. Theeaximal rate of production 

of auxin h been found to occur in embryee during 

the period of maximal groth rate; the rate of auxin 

produetion follows a course parallel to the growth 

rate according as the latter is changed by 

temperature or by sucroee concentration. 

The eueotion arises whether ,;rowth is 

determined by auxin concentration or whether the 

auxin concentration is a result of zroeth. It is true 

that there IA a general relationship between the 

'production of total auxin 'end groeth rate when 

different treatments .3,re compared. but concentration of 

auxin (auxin. per gm. fresh weleeht) is almost 

independent of treatment. The sigmoid form of the 

growth curve of the embryo shows that the maximal 

growth rate occurs between 3 to 4 days from germination 

while the concentration of auxin in the tissue remains 

alp 	th same. Data in table (7) show that mean 

eorcentation of auxin of 2-day old embryo at 2e,  sucrose 

le 1.11 ,ekeem., while et that ok 4-day old embryo is 

1.14 /0egm.. an that of 8-day old embryo is 3.69 

1b3 



The increase of :orowth rate of the embryo up to 

4 days, therefore, takes ploe without any change of 

auxin coneentration; where-sas later ft fall in, 

concentration of auxin aecompantes a etesay growth rate. 

Considering the oftee of the coleoptilo alone, the 

auxin concentration J:rom 3rd day oneards steadily falls 

until growth ceases (Figure 7) while in other organs 

(0.4., leaf and root) the concentration remains more or 

less constant. The estimation of auxin in the coleoptile 

has not been made earlier than 3 days fromEirioination, 

so that it is not known. whether tne cencentro,tion of 

auxin is higher from the bezinnine..; on the other hand 

as has alreaay been stated, no change of auxin 

concentration is found in the embryo between the 2nd 

and 4th day and if over this period of germination the 

concentration of auxin of other parts of the enbryo 

also remains constant as it does later, it nay be, therefore, 

inferred hat the conoentration of 1:uxin of the coleoptile 

must be high as soon as growth begins; if this should 

be the case the picture presented by the auxin 

concentration obtained by extraction is very different 

from that of the diffusible auxin obtainable from the 

coleoptile tip. As Van Overbeek (19384 has shown that 

diffusible auxin of the coleoptile tip of ea rises and 

falls during the grand period of growth in, a way resembling 

that of growth rate. 
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If in rye the diffusible auxin is similar to that of 

zea as studied by Van Overbeek it must hwc been 

inferred, that in the early.  stages of growth auxin must 

accumulate in the tissue of coleoptile and not be 

transported from coleoptile tip to agar block. 

It :may be possible that, auxin can only accumulate in 

the cell to a maximum level and above this level is 

transported. away. This possibility weul 	o far to 

exl,lain the fact that thee growth rate of the ebryo is 

independent of the concentration of auxin while cloRely 

related to the total amount extractable. 
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	n of auxin to vernalisation. 

The locus of vernalLeation at low 

te perature and or devernalisation at high temperature 

(Jrregory and Purvis 1938, - riend 141.1„, thesis L.U. 19b3) 

eeems to be in the tissue of the embryo itself, 	rorn 

the study of the auxin content of the excised. embryo 

at vernalisation teaperature (2 ,$) it has been shown that 

the total quantity as well as concentration of auxin 

remain almost unchanged at that temperature. This result 

is not in agreement with Choiodny's hypothesis (1936, 

19.39) which suggests the vernalised condition la the 

embryo is induced by prolonged contact with the auxin-

rioh endosperm, resulting In a high concentration of auxin 

in the embryo, The data presented in table (1') show 

that embryos e%ich are known to be vernalised 4lay 

contain a very low level of auxin. 

Bonner and Thurlow (1949), also Bonn 	(1949) 

have observed that flower -::ormstion in Xanthium can 

be suppressed by treating the plant with. auxin or 

ynthetic! growth substances and can. be induced by 

application with auxin antagonists or aFents which 

destroy the auxin. 

/0(e 



Leopold. and 'Ililinann (1949) injected auxin at various 

concentrations through leaves of young Jarley plants 

and concluded that low concentrations of auxin may 

increase flowering while higher concentrations inhibit. 

Therefore, it nay be suggested that a condition for 

maintaining a low auxin conf,ent in the embryo (so far 

as temperature is (:oncerned) may accelerate flower 

initiation. Out facts derived fro other experiments 

do not agree with this assumption, as for ewiple, 
0 

et 13 a. auxin content of the embryo does not maintain 

a constant low level, instead it increases with the.  

growth of the embryo but the vornalisation response 

still occurs to a signpcant deg 	1946). 

Again the constant low auxin content in the embryo 

could. be maintained in absence al' oxygen or of sugar 

but no response to vernalisation could be obtained 

in such conditions (Purvis and Gregory 1930, 1944). 
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uxin, content of the developi 

A,nter rya is a facultative long day cereal, 

susceptible to be vernalised during germination or 

when ;T•owi.,ng as a young green plant. In this study 

1,uxin has been estimated at different stages of both 

vernalined and unvernalised plants rowing under 

continuous light, long days and short days. The process 

of the vegetative ,,:rowth in rye and other cereals falls 

into two phases: (a) during tillorine a continuous 

production of leaves and laterals (b) and after floral 

initiation a rapid, exension of the stem. It is well 

known. that tillering falls off at the tie of 

differentiation of the ear. 	Taxlmum extension #427(with 

of the stem is also oompleted before anthesis. 

Ti the foregoing experiments a close relation 

of the auxin content of the plant to the extension 

growth of the stem and development o the ear han been 

revealed. Irres7ective of treatments little difference 

in auxin content has teen noted in the .rowing stem or 

undifferentimtod apices or developing ear ':hen compared 

at the same stage or floral development ("scores"); 

tous the Auxin bmlan e of a riant 1$ independent of its 

age on a tile scale; 

/vs 
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and depends only on the particular stage of development 

reached. This suggests that the level of auxin in the 

plan<aleo controlled by the environeental factors 

e.g., photoperiod and temperature in the same way as 

Froeth and development. 

Auxin conl:ent of apices before and after  

floral initiation  

The total quantity of auxin in undifferentiated. 

apices (each eel5hin 	pprox, 0,06 mg. fresh weight) is 

naturally extremely small but its concentration (auxin 

per gm. we.) 1 very hJegh. The. auxin content of apices 

of plants erowing in short days is higher than that of 

plant apices un&er long rays or continuous light. The 

eltht increase in auxin content of apices e'elch occurs 

at the beginning of initiation (score 21-F3) t net 

consintent; laterethe total AUXit in apicee graduelly.  

increales wnen they form atanen inttiels and undergo 

further development, The extremely high coneentration 

of auxin in undifferentiated apices and the leek of 

evidence for its rapid decrease during initiation is 

contrary to the assumption :of Leopold And Thleann (1949) 

that auxin increaees flowering at a loe coneentretion. 



Auxin content of the sto:a. 

After floral initiation of the plant a 1,117e 

amount of auxin .Tpears in the young stem (score 34-35) 

In which rapid extension iA Nat beginning. 

iiefore reaching the score 34-3 neither the 

crown of the plant nor the first extnding internode 

of the stem of scores 13-30. (which is rather dif,ficult 

to 4iffe7entiate from the crown) contains as much 

auxin AZ iloes t! stem of plants "scoring" 34-35 

approaching the grand period of ro'.th. (';able 25). 

The aceumulation of auxin in the Item continues 

until the flag leaf is out. After ear emerseence total 

auxin does not increase in the stem, ::)n the other hand 

its conentration decreases rapidly until nthesis; this 

decline of Auxin concentration in 'item shows an 

apoxin'.te1.y linear relationship Aith the extension 

growth of the stem ( inure 19). 

AAtwer (1943) found that an aprreciable 

amount of auxin accumulated in the carpel of Zea after 

anthesis and he emphasised the phenomenon of reduction 

division as A oause of such accumulation. 
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rown of the plant 
before flors1 
initiation, 3core 
Below Pl. 

un.: stem of 

cAtu ',inter, rye. ,ther extraction. Lllution 100 cc. 

  

1 

Toung stem with a 
portion of crown nt 
the base, !Jeore 28-30. 

Crown of the plant 
at the en' of stem 
extension. ';7core 
Past 49. 

Tressh 	,:oot ltInth 	Total Auxin Auxin cone. 
wt. 	of test plant IAA EQ. I 
gm. 	RS A of control,Pgm. per 	)% 	':'%;1; 

tem or 	i  gm, wt.  
crown 

0.38 7t.7  1.55 

.0.18 82.2 0.030 1.70 
84.7 0.0E4 1.60 

0.45 99.0 0 0 
0.56 97.8 0 



In this study it has been shown that the main bulk 

of the auxin appears in the stem after floral 

initiation. concentration of which gradually decreases 

with extension growth. Apparently this phenomenon 

of appearance of auxin in the stem bears no relationship 

with the reduction division of the carpel, on the 

other handit shows a relation to the onset of the 

grand eeriod of growth of the stem. 

Avery (1937) found. in Aesculus  and 1:alus 

that about a fortnight before startlng of spring growth 

a large amount of auxin accumulated behind the dormant 

bud and when the bud expanded and the etea started to 

extend the concentration of auxin An the stem decreased 

rapidly. In the present work the decline of auxin 

concentration with extension erowth has been 

demonstrated more clearly in the study of internodes. 

Internodes of cereals extend in acropetal succession. 

The auxin concentration is higher in the young 

unextended Anternedes near the ear than in the lower 

internodes h1 oh ave extended; the concentration 

E:radually ecreases eith extension growth (iigure 21). 

The total nuantity of auxin after reaching a peak value 

also decreases; as some of the basal internodes show 

little or no auxin at the time of,: anthesis when they are 

fully extended. 
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The nodes eontein much more auxin than do the internodes, 

but the amount decreases as the nodes attain maturity. 

These facts may lend support to the aseumption that the 

seat of the production of auxin of the cereal stem is 

the meristem of the node. The main bulk of the auxin 

tray come from nodes which in turn directly accelerate 

the extension growth of the neighbouring internodes. 

The limitation of the meristematic activity ol the node 

with the age also terminates the production of auxin 

and stops extension. 

Auxin content, of the car 

In the developing ear itself a t all in 
eTand 

auxin concentration hes been noted during thelperiod of 

elonemtion (scores 31 to 37). Atter ear emergence a 

rise in concentration of auxin in the ear parallels the 

maturing of anther and carpel up to the stage of anthesis. 

The total quantity of the auxin in the ear, on the other 

hand, has been found to increase rapidly and significantly 

throughout the period of the dee lopment of the ear. 
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The results so tar discusoed here suggest that 

auxin is more closely aseociated with extension growth of 

the stem and development of the ear than with the process of 

flower initiation, a there is no evidence of a significant 

chnnge in the auxin balance of plant iemedieetely before and 

after floral initiation. The auxin of the vernalieed and 

unvernaliscd plants does not differ much when they are 

eomearedrat the enee time: staee of development, and it has been 

sown that the auxin level aepends entirely on the stage 

reached scores) inependently of the time taken to reech that 

stage. In short day conditions when the floral development is 

reterded and extension r,rowtla is inhibited the accumulation 

of auxin. also inhibited. (Table ni, n). 

Transfer experiment. 

An Important result is deduced from a series of 

transfer experiment that though short day condition inhibits 

stem extension of rye (4ott. 190. r'h.D. Thesis L.U.) yet if 

tee plant can attain a certain stage of development and 

accumulate a certein level of auxin in the eten the further 

extension growth of the stene is possible in short days, though 

the degree of extension will be reduced to a significant level. 
eieeeeezefe_06  

Thus the high accumulation of auxin et the score 33-34, which 

in rye preceeds the grand period of ear end, stem erowth, marks 

a critical stage in development, beyond which the ability to 

complete ear formation. and extension eroveth of .tem is 

established. 
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