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.............. 325 2.nbsp;Discussion of the Results .............. 326 Literature .............................................. 328 CHAPTER I.Introduction. Â§ 1. Statement of the Problem. Boysen Jensen discovered in 1933 that cut root tips put onagar containing 10% of glucose delivered more auxin than thoseput on plain agar. This statement of Boysen Jensen was chosenas a starting point for the research reported in this paper. Generally speaking one may say that auxin mostly is presentin young organs and not, or in distinctly smaller quantities, inadult tissues. In some cases auxin is regularly spread all overthe organ concerned, e.g. in the hypocotyl of Lupinus (Dijkman,1934) and in the epicotyl of Vicia Faba (Van der Laan, 1934).In other cases a part of the organ is richer in auxin content



??? than the other parts; the auxin diffuses from this â€žauxin-cen-trumquot; towards the other cells of the young organ. The bestknown case of this is the eoleoptile of the Gramineae, whereauxin is continually produced in the tip and is transported fromthe tip to the basal regions. The question may rise, why the auxin content is so muchhigher in the cells of the tip of the eoleoptile than in the othercells. One may explain the lower auxin content in the regionof growth by assuming that the auxin is consumed in the growthprocess (Bonner and Thimann, 1935). This, however, does not holdgood for the cells below this region, which have stopped growing.The fact, that the auxin content of these cells is also lower thanthat of cells of the tip, indicates that their metabolism, in itsbroadest sense, is different. Which metabolic processes do determine the auxin contentof the cell? By which

processes the auxin is produced and â€”apart from transport to elsewhere â€” by which processes doesauxin disappear? This is not only a problem in the eoleoptile of the Gramineae,but it presents itself everywhere auxin occurs. It can only besolved by comparing the metabolism of two cells with differentauxin contents. Of course those cells, which differ only in theirauxin content and as far as possible not in other characters,would be most suitable for such a comparison. In that case theprobability would be greatest that differences eventually statedin the metabolism of these cells really may correlate with adifference in auxin content. This equality in other characters will be realized as good aspossible in that cases, where the auxin content of one and thesame cell is rapidly changed under the influence of an externalfactor. Such cases, however, rarely occur. An example of it is the so

called regeneration of the physio-logical tip, as discovered by Rothert (1896). Dolk (1926) hasinvestigated this phenomenon more thoroughly. He cut off theupper zone of decapitated coleoptiles and determined the amountof auxin, delivered by this small cylinder. He found that theupper cylinder produced no or only little auxin, if the coleoptileswere decapitated shortly before. If, however, the decapitationpreceded a considerable time before, the upper cylinders provedto deliver auxin in appreciable amounts. This really is a case,in which the auxin content of certain cells increases ratherrapidly and that, therefore, is suitable for a research into theproblems mentioned above. This phenomenon thus has been



??? investigated by several authors. Soding (1929) e.g. stated thatthe amount of auxin produced by the regenerated tip was in-dependent from the length of the decapitated end, which variedfrom 1 to 5-6 mm. Tsi Tsung Li (1931) studied the influence oftemperature upon the velocity of the regeneration of the phy-siological tip. Skoog (1937) succeeded in suppressing the re-generation of the physiological tip by removing one day beforethe endosperm from the seedlings. Such â€ždeseededquot; plants wereused as test plants in the following experiment. Cylinders ofnormal coleoptiles were placed with their apical cut surfaceupon agar slides for some time. Blocks of this agar then wereplaced unilaterally upon deseeded coleoptiles. In the begirmingthese plants behaved as if no auxin was present in the agar.This is in full

agreement with Van der Wey's (1932) experiments,who stated that no auxin is tranported in apical direction. There-fore no auxin could diffuse into the agar from an apical cutsurface. Two hours after placing the agar blocks on the deseededcoleoptiles, however, a curvature started, which gradually in-creased. The agar thus proved to contain a substance, whichgradually is transformed into auxin. In this way Skoog showedthat auxin is produced from a â€žprecursorquot;, which is transportedfrom the seed to the apex. These investigations on the regenera-tion of the physiological tip have yielded important data on theorigin of auxin in the coleoptile. Another case in which cells rather quickly change their auxincontent is the effect of glucose upon the auxin content of roottips mentioned above. Research on this subject is still

scanty Boysen Jensen (1933a), discovering this phenomenon, supposedin the beginning that the normal root tip was too poor in plasticmaterial to be able to produce auxin. Stating later on, thatmannite had the same effect as glucose, he gave up this ideasince mannite probably could n?´t be converted by the cells ofthe root tip. He then ascribed the increase of the auxin deliveryto some physical influence, e.g. an improved contact betweenroot tip and agar, if the latter contained some hygroscopic sub-stance like glucose or mannite. Also Thimann (1934) ascribes the influence of glucose on theauxin production to some â€žphysic (osmotic) action.quot; Cholodny (1934) on the other hand, believes that glucose actsas a nutrient, since root tips with glucose continue to deliverauxin for a longer time than without. The

mechanism of the glucose effect on the auxin productionhas only been studied occasionally by these three authors.



??? Although Boysen Jensen's discovery has been of great im-portance for a better understanding of the auxin function inthe root, till now it has not been applied to elucidate the pro-cesses, which determine the auxin content of the cells. That wasthe aim when starting the investigations reported in the presentpaper. Â§ 2. Literature. It seems appropriate to resume briefly what was known aboutauxin in the root before Boysen Jensen's discovery. For a moredetailed survey of the literature must be referred to Gorter(1932) and Boysen Jensen (1935). The literature on growth and tropisms of roots of the last tenyears â€” since 1926 â€” is reigned by discussions on Cholodnys'theory (1924; 1926). According to this theory the positive geo-tropism of the root is explained as follows. In the root tip thesame hormone would be produced as in the tip of the aerialorgans. This hormon accelerating

the growth of the cells in thelatter, would retard the growth in the root. By placing the roothorizontally, the hormon, as in the stem, would shift to thelower side, which consequently would be more retarded ingrowth than the upper side. This would result into a positivecurvature. The presence of auxin in aerial organs and the inequal distri-bution of this substance under the unilateral influence of gravityhas been proved by the work of Went (1928) and Dolk (1930).The proof of their experiments is chiefly based on the methoddevised by Went to test quantitatively the amount of auxin intissues. To this purpose the tissue to be tested is placed for acertain time on a slice of agar, which afterwards is divided upinto small agar blocks, which are placed unilaterally upon adecapitated coleoptile of Avena. This curves negatively underthe influence of the auxin present in the agar. The magnitudeof

the curvature, is, within certain limits, a measure for theamount of auxin in the agar block. By means of this methodthe presence of auxin in any organ can be stated directly. BeforeWent applied this method already theories were formulated,explaining tropistic movements by means of chemical substances(e.g. Boysen Jensen (1911); Pabl (1919). The data endorsingthese theories, however, were obtained only indirectly and weretherefore more liable to criticism than the experiments of Wentand Dolk, who really isolated the auxin from the coleoptile ofAvena.



??? It was obvious to try to judge the correctness of Cholodnys'theory on the action of auxin in the root by means of the samedirect method. This proved, however, to meet with great diffi-culties. Hawker (1932) succeeded in recovering auxin in thisway from root tips. In her experiments geotropieally stimulatedroot tips of Vicia Faha were split and the two halves were puton gelatine for some time. Then the blocks of gelatin were placedunilaterally upon the stumps of decapitated roots. A curvatureresulted in the direction of the gelatin block, the curvature beinglarger with gelatin blocks, on which the lower half of the roottips had been placed, than with those, on which the upper halveshad stood. Contrasting to these experiments are those of Gorter (1932).She tried to isolate auxin from root tips of Pisum and Zea byplacing

pieces of roots on agar or sand. In the latter case thesand was washed with water and ether; this extract was mixedwith agar and its auxin content tested with Avena coleoptiles.Both methods failed to show the presence of auxin in roots. The results of these affords to isolate auxin from roots arecontradictory. The same applies for the data obtained with in-direct methods. Cholodny himself (1924, 1926) based his theory on the followingexperimental results. Decapitated roots of Lupinus did not curvegeotropieally; the ability to curve was restored by placing a tip.of a eoleoptile of corn on the cut surface. Decapitated roots ofcorn grew under water and in humid air markedly quicker thanintact roots. By sticking a eoleoptile tip on the cut surface thegrowth rate was slackened again. A new proof was given in1928: a decapitated

root of corn was placed horizontally. A tipof a eoleoptile of corn was fixed on it by means of gelatin in thenormal (vertical) position. Although the eoleoptile tip was notstimulated geotropieally, the root curved positively geotropieally.This proves in the mean time that the curvature is not to beascribed to specific geotropic stimulating agents. Coleoptiles ofAvena were decapitated and the tips replaced by those of rootsof corn. The phototropic and geotropic responses proved to bemuch larger than without these root tips. Snow (1923) also had discovered already that decapitated rootsof Vicia Faba regained their geotropic sensitivity by replacingtheir tips. Cholodnys' theory was chiefly criticized by biinning and Gorter. biinning (1928) found in a number of plants that after deca-pitation the root shows a retardation of growth or even

a con-



??? traction first, but that the rate of growth afterwards increasesto a higher value than that of the normal root. He ascribes thesephenomena to wound growth reactions and does not believethat the root tip produces growth accelerating or -retardingsubstances. On the other hand he also states that the rate ofgrowth of decapitated roots of Lupinus is decreased by replacingtheir tips on them. The same effect, however, is produced byplacing, in stead of tips, any other section of a root on the cutsurface. Cholodny (1929) repeats BtInning's experiments, but he findsthat tips of roots placed on decapitated roots decrease the growthrate and that cylinders from other sections of the root have noeffect upon the growth rate. BiiNNiNc's results are due by Cho-lodny to deficiency of his material. Gorter (1932) did not find that decapitation affects the rateof growth of roots of Pisum. Further she

stated that the geotropicresponse of roots decapitated at only 1 mm from the root tipequalled that of normal roots. Root tips of Pisum, unilaterallyplaced on decapitated coleoptiles of Avena did not produce acurvature. The geotropic reactivity of decapitated coleoptileswas not increased either by placing root tips on them. Also on this criticism Cholodny replied (1933). He deducedfrom Gorter's growth curves that after decapitation indeed anacceleration of the growth of the roots did occur. Moreover inher experiments the growth rate showed a constant decrease,even in not decapitated roots, a fact, which Cholodny ascribesto lack of humidity in the milieu. Also the fact, that root tipsfailed to produce curvatures in decapitated and horizontallyplaced coleoptiles, is ascribed by Cholodny to too dry experi-mental conditions. It is rather amusing that on the contraryGorter explains the positive

result of Cholodny in the latterexperiment to exsiccation of the decapitated coleoptiles, on whichno root tip was placed, so that they could not curve. From these discussions it will be clear, how difficult it is toprove the presence of auxin in the root by indirect methods.Boysen Jensen's discovery (1933 a), mentioned above, however,took away all uncertainty on this point. He placed root tips ofcorn on agar to which 10% of glucose was added. The tipsdelivered considerable amounts of auxin to this agar. The resultswere still better with agar 10% of glucose 0,1% of Ca(N03)2 0,025% of K2HPO4 0,025% of MgS04 a trace of FeClg.A root tip of corn delivered more auxin to this agar than a tipof a coleoptile of Avena.



??? Boysen Jensen (1933 b) also with the aid of glucose agar in-vestigated the influence of gravity on the distribution of auxinin horizontally placed root tips. To this purpose a geotropicallystimulated root tip was placed on two separated agar blocks.In one block the auxin from the upper half, in the other thatof the lower half of the root tip was received. He found that thelower half delivered more auxin than the upper half. By these experiments of Boysen Jensen the presence of auxinin the root tip as well as the unequal distribution by geotropicstimulus was proved. Since K??gl, Haagen Smit and Erxleben(1934) had shown that auxin inhibits the growth of roots,Cholodny's theory on the function of auxin in the root wascompletely confirmed. Undecided, however, remained the ques-tion, whether auxin really is produced in the

tip of the root.The literature on this point will be discussed in chapter III. Â§ 3. Methods. a.nbsp;The analysis of agar blocks containing auxin. For the estimation of the auxin content of the agar blocks theâ€žAvenaquot; test was used as described by Went (1928), later onimproved in some details by Van der Wey (1931). For the testthe pure line of oats, â€žSiegeshaferquot; was used from Sval??v, kindlysupplied by Prof. Dr. A. Akerman, ass. director of the Experi-ment Station of the â€žSvensk Uts?¤des F??reningquot;. The coleoptiles were decapitated three times, with intervalsof ly^ hours. Immediately after the third decapitation the agarblocks were placed upon the stumps. These agar blocks wereobtained by deviding up an agar slice of 8 X 6 X 0,9 nam into12 exactly equal parts. In this paper an agar slice means a

layerof agar of the given dimensions, an agar block is 1/12 part of itand therefore has a volume of 3.6 mm'. The test plants were photographed 1 h 50 min after placingthe agar blocks upon the stumps. The curvatures were measuredby means of a protractor. In the tables the auxin quantitiesalways are expressed by the curvatures (in degrees) of the testplants. These figures are the averages of 10-20 plants, the meanerror being calculated from the formula m = KlZzZ n (n-1) b.nbsp;The isolation of auxin from the root tips. The root tips, used in my experiments, were all of Vicia FabaL. The variety used was â€žOrigineele Mansholt's Wierboonenquot;



??? from the firm Dr. R. J. Mansholt at Westpolder (Groningen).. The seeds were soaked in water for 24 hours and than plantedin saw dust. For the experiments the root tips of 5 days oldplants were used. The beans were taken from the saw dust andthoroughly washed under the tap; then the tips were cut at alength of 5 mm. To this purpose the roots were placed over aglass slide and a piece of calibrated (in mm) paper. A razorblade was used to cut off the tips. Two methods were used for the isolation of auxin from theroot tips: 1)nbsp;A number of root tips (mostly 7) were placed for some timeon an agar slice; then the auxin content of the agar was deter-mined. When the influence of glucose on the delivery of auxinwas investigated glucose Ph. Ned. Ed. 5 was used. In order toobtain a certain concentration of glucose, in the beginning theamount of glucose wanted was added when

preparing the agar(3%). Later on the agar slices simply were soaked in solutionsof glucose of the desired concentration. The latter procedure alsowas followed, when the influence of salts on the delivery ofauxin was studied. In this way it is not certain that the totalconcentration in the agar slice is the same as that in the solution,but it is probable that the free fluid, not adsorbed to the col-loidal agar particles, indeed has the same concentration. 2)nbsp;A number of root tips were extracted with ether, accordingto prescriptions by Dolk and Thimann (1932), K??gl, Haagen Smitand Erxleben (1933) and Thimann (1934). Briefly the methodmay be described as follows: the root tips are ground with alittle acid and ether, free from peroxides. When the tips hadbeen suspended in a fluid as was the case in the experimentson respiration, also the fluid was acidified and washed withether. The

ether was decanted and the extraction repeated twicewith new ether. Finally all the ether was evaporated and ther?Šsidu solved in 0,2 cmquot; of a buffer solution. Two agar slicesremained over night in the refrigerator in this solution. On thenext day their auxin content was determined. The ether was freed from peroxide by destilling it shortlybefore the extraction over FeS04 and CaO. For extraction the pulp of the root tips was acidified in orderto liberate the auxin, which eventually was bound to alkali. Inthe experiments of chapter III this was done by adding a fewdrops of hydrochloric acid. Then the extract was placed overnight in the refrigerator over ignited Na2S04. This methodproved to be not entirely reliable; some times the auxin had



??? disappeared from the extract. To eUminate this objection in theother experiments a few drops of 0,5 n sulphuric acid was usedinstead of hydrochloric acid Since this acid is not volatile,it could not be removed from the ether by evaporation. Forthat reason the extract was washed twice with water, acidifiedwith sulphuric acid to the conversion point of congo red.Although in this way most of the sulphuric acid was removedfrom the ether, still the danger remained that a last trace ofthis acid would destroy the auxin after the evaporation of theether. In order to prevent this, the method of evaporation waschanged a little. The extract was not entirely evaporated, butonly so far that the volume was about 5 cm\ This rest was putinto a small tube and 0,2 cmquot; of the buffer solution was added.This tube was kept in a beaker with

warm water and theevaporating ether was blown away by means of an air currentIn this way the auxin was dissolved in the buffer solution withoutevaporation of the extract to dry. In order to remove the waterinsoluble substances as far as possible, the preparation waswashed with petrolether, which afterwards was decanted (ac-cording to K??gl, Haagen Smit and Erxleben (1933), auxin isinsoluble in petrolether). The buffer, in which the auxin was solved, served to eliminatethe eventual last traces of acid. It was a diluted buffer afterMcIlvaine, a solution of 0,04 mol citric acid and 0,02 molNa2HP04; its pH was Â? 5,4. I often succeeded in extracting by means of the describedmethods a substance from root tips, which shows auxin activity.From investigations of recent years it is, however, known, thata number of chemically

widely different substances show apositive result in the Avena test (e.g. Haagen Smit and Went,1935). Therefore it is not quite certain that the growth sub-stance from the root really is identical with auxin. This is,however, made highly probable by the investigations by Heyn(1935), who estimated the molecular weight of the growth sub-stance from the root by means of its diffusion rate through agar.He found as an average for the diffusion coefficient the valueD = 0,391, which corresponds to a molecular weight of i 330. 1)nbsp;Perhaps it would be advisable to add in future in experiments of thiskind diluted acetic acid. 2)nbsp;The blowing off of the ether vapour by means of an air current andthe application of petrolether were suggested by Dr. J. MacPhersonRobertson, to whom I feel much indebted for his valuable advice.



??? The real molecular weight of auxin ab = 310. CHAPTER II.Preliminary Experiments. Â§ 1. The influence of different glucose concentrations on thedelivery of auxin by root tips. Boysen Jensen (1933 a), when discovering that the deliveryof auxin by root tips could be increased by the addition of glu-cose to the agar, applied only one concentration of glucose, i.e.of 10%. He did not mention whether this really is the optimalconcentration. In an earlier paper some results of experiments on this sub-ject have been published (Van Raalte, 1936); fig. 1 represents = 328, that of auxin 15%SffliC0Se



??? these results once more. In these experiments root tips wereplaced on agar slices containing different concentrations of glu-cose. Ten tips stood for two hours on each slice; then the auxincontent of the agar was determined. In the graph the glucosecontent of the agar is plotted on the abcissa, the amount ofauxin on the ordinates (in degrees of the curvature of the testplants). The optimal concentration proves to be 10% of glucose.The fact, that agar with 15% of glucose induces smaller curva-tures in the test plants, does not necessarily indicate that thisagar contains less auxin than that with 10% of glucose. Thissmaller curvature may be caused also by an adverse influenceof the high glucose concentration on the test plants. Such aninfluence was apparent in control tests. Unilateral applicationof agar blocks,

containing 15% of glucose but no auxin, ofteninduced positive curvatures in the test plants. Such curvatureswould partly counterbalance eventual curvatures induced byauxin. Â§ 2. The influence of glucose on the auxin production by Avena-coleoptiles. In order to isolate a well measurable amount of auxin fromthe root tip of Vicia, one must add glucose to the agar. In thisregard the root tip behaves differently from other organs, e.g.from the tip of the coleoptile of the Gramineae; the latter alsodelivers auxin to the agar without addition of glucose. The ques-tion rises what may be the reason of this difference. Possibly the synthesis of auxin in the coleoptile proceeds inquite a different way than in the root, the presence of glucosenot being necessary in the former. Another possibility is, thatglucose (or another reducing sugar) is

required for the synthesisof auxin in the coleoptile as well as in the root tip, the coleoptile,however, containing a sufficient amount of these substances ofitself, the addition of extra quantities being superfluous. A simple Feelings' test already shows the different sugar con-tents of the coleoptile and the root tip. When one crushes sometips of Auena-coleoptiles on a slide, adds a few drops of Feelings'solution and heats, a strongly positive reaction appears. The sameexperiment with root tips of Vicia gives a much weaker reaction;it often is questionable, whether any reaction occurs. Apparentlyroot tips contain considerably less reducing sugars than tips ofcoleoptiles. It still remains open, whether the difference in sugar contentis large enough to eliminate the influence of an extra supply of



??? sugar on the dehvery of auxin by coleoptile tips. The next exper-iment had to discriminate this question. Equal numbers ofcoleoptile tips of Avena stood for four hours on plain agar andon agar, containing 10% of glucose. Then the auxin content ofthe agar was determined (table 1). TABLE 1. (16-l-'34). Amount of auxin delivered by a coleoptile tip ofAvena during 4 hours. On plain agar On agar 10% glucose 14,0Â° Â? 1,6 (average of 11 plants)5,4Â° Â? 0,8 (average of 18 plants) The table shows that no favourable effect of glucose on thedelivery of auxin occurs. The result points to the contrary; ithas, however, not been investigated, why less auxin had beendelivered to the glucose agar. In any case the former experiment shows that in the coleoptiletip the content of reducing sugars is not a limiting factor in theproceeded as follows. Two days after laying out the seeds fortried to

reduce this content to such a degree, that the productionof auxin would decrease. If this could be obtained, the additionof glucose should increase the delivery of auxin. In order to obtain plants with a lower content of nutrients, Iproceeded as follows. Two days after laying out the seeds forgermination the endosperm was removed from the seedling. Thelatter was planted into saw dust. The plants treated in this waygrew well; the coleoptiles, however, being thinner than those ofnormal plants; moreover they often remained a little shorterthan those. At an age of 5 days the coleoptile tips were cut. Partof them were put on plain agar, part on agar in which certainsubstances were solved. After a certain time the tips wereremoved and the auxin content of the agar determined (tables2, 3, 4 and 5). TABLE 2. (30-l-'34). Effect of glucose on the amount of auxin deliveredby tips of deseeded *)

Avena coleoptiles.Amount of auxin delivered by 10 tips to one agar slice during: 1 hour 3 hours 5 hours agar -f 5% glucose 1,6Â° Â? 0,2 1,5Â° Â? 0,5 2,1Â° Â? 0,5 plain agar 0,5Â° Â? 0,3 3,4Â° Â? 0.9 3,4Â° Â? 0,6 *) These â€ždeseedbdquot; plants are not to be confused with the deseededplants of Skoog (1937), as the seed was taken away in a different stageof their development.



??? TABLE 3. (31-l-'34).Effect of glucose and fructose on the amount of auxin delivered by tips of deseeded Avena coleoptiles.Amount of auxin delivered by 15 tips to one agar slice, during 4 hours. plain agar 10,0Â° Â? 2,0 agar 5% glucose 7,2Â° Â?1,2 plain agar 4,2Â° Â?1,5 agar 5% fructose 5,6Â° Â?0,8 TABLE 4. (26-l-'34). Effect of glucose and fructose on the amount of auxindelivered by tips of deseeded Avena coleoptiles.Amount of auxin delivered by 12 tips to one agar slice, during: XYi hours 1 hour plain agar 5,2Â° Â? 0,6 7,2Â° Â? 0,7 agar 5% glucose 7,2Â° Â? 1,0 â€” agar 10% glucose 3,0Â° Â? 0,8 â€” agar 5% fructose 3,3Â° Â? 0,3 4,7Â° Â? 1,2 agar 10% fructose 4,1Â° Â? 0,9 â€” TABLE 5. (5-2-'34). Effect of glucose on the amount of auxin delivered by tips of deseeded Avena coleoptiles.Amount of auxin

delivered by 15 tips to one agar slice during 3 hours. plain agar 3,3Â° Â?0,9 agar 5% glucose 4,4Â° Â?0,8 plain agar 2,7Â° Â?0,7 agar 5% glucose 2,8Â° Â?0,6 plain agar 2,1Â° Â?0,7 agar 5% glucose 3,6Â° Â?0,7 When looking through the tables it is evident, that the amountof auxin, delivered to the plain agar is, as a rule, considerablyless than the amount delivered by normal tips. Under the con-ditions prevailing in these experiments, a eoleoptile tip delivers,as an average, an amount of auxin agreeing with a curvature of10Â° in the test plants. When comparing the delivery of auxin by tips from agar con-taining glucose or fructose with that by tips from plain agar,never a distinct effect of the sugar can be stated. We thereforedid not succeed in getting the sugar content of the tip limitingfactor for the auxin production.

After the experiments described above, some experiments weredone in which also peptone or asparagine was added to the agar.Tables 6 and 7 give the results. It is clear that also the combination of peptone with glucosedoes not exert a distinct influence upon the delivery of auxinby the tips. The peptone containing agar always was rich inauxin, but also the control blocks proved to exert growth-



??? TABLE 6. (7-2-'34). Effect of glucose peptone and glucose asparagineon the amount of auxin delivered by tips of deseeded Avena coleoptiles.Amount of auxin delivered by 15 tips to one agar slice during 4 hours check agar blocks without auxin plain agar 5,6Â° Â?1,4 agar 5% glucose 6,1Â° Â?1,1 agar 5% glucose -1- 1% asparagine 4,2Â° Â?0,5 2,5Â° Â? 0,9 agar 5% glucose 1% peptone Poulenc 14,1Â° Â?0,9 0,7Â° Â? 0,7 TABLE 7. (9-2-'34). Effect of glucose, glucose peptone and peptone on the amount of auxin delivered by tips of deseeded Avena, coleoptUes.Amount of auxin delivered by 15 tips to one agar slice during 3 hours check agar blocks without auxin plain agar 10,8Â° Â?1,4 â€” agar 5% glucose 1% peptone Poulenc 13,2Â° Â?1,2 agar 5% glucose 1% peptone Poulenc 11,0Â° Â?0,9 2,2Â° Â? 0,1 agar 1% peptone Poulenc 14,5Â° Â?0,6 6,7Â° Â?0,5 agar 1%

peptone Poulenc 12,5Â° Â?1,1 â€” agar 5% glucose 6,5Â° Â?1,1 â€” substance activity. This is not surprising, since experiments byThimann (1935) showed that peptone may contain hetero-auxin,that can originate from oxidative changes of tryptophane. Trypto-phane itself uses to be an impurity in peptone. In order to eliminate many possible impurities, an experimentM^as done with peptone washed in ether and dried afterwards(table 8). TABLE 8. (6-3-'34). Effect of glucose purified peptone on the amount of auxin delivered by tips of deseeded Avena coleoptiles.Amount of auxin delivered by 12 tips to one agar slice during 4 hours check agar block without auxin plain agar 4,9Â° Â?1,1 plain agar 5,9Â° Â? 0,5 agar 5% glucose 3,2Â° Â? 1,0 agar 5% glucose 6,3Â° Â? 1,3 agar 5% glucose 1% peptone 7,9Â° Â? 0,6 agar 5% glucose 1% peptone 4,8Â° Â? 0,8 1,0Â° Â? 0,6 Purified

peptone proved indeed to exert only a weak growthsubstance effect; the agar in controls, on which no root tips had



??? stood, giving a mean curvature of only 1Â°,0 Â? 0Â°,6. The dif-ference in the amounts of auxin delivered to the different agarpreparations, however, has now practically disappeared. Neitherglucose or glucose combined to peptone proved therefore to beable to increase the auxin production in the coleoptile tips. Â§ 3. The influence of glucose on the delivery of auxin by coty-ledons of Raphanus. Another object in which was tried to detect a glucose effectwere the cotyledons of Raphanus. Van Overbeek (1933) foundthat the cotyledons of seedlings of Raphanus, when kept in thedark for some time, delivered less auxin to agar blocks on whichthey were placed than those of seedlings normally grown inthe light. If the â€ždarkquot; plants were brought back into the light,the auxin content of the cotyledons increased again.

Van Over-beek could thus show that auxin is only formed in the cotyledonsin the light. The decrease in auxin content, however, did notoccur in the cotyledons of very young plants, kept in the dark.In these the cotyledons had a reserve stock of auxin, storedalready in the seed. Another case, in which auxin is formedonly in the light has been described by Avery (1935) for tabaccoleaves. Nothing is still known about the way in which light affectsthe synthesis of auxin. It is an obvious hypothesis that auxinwould be formed as an accessory product in photosynthesis. Another possibility, however, is that in the cited cases theformation of auxin is dependent upon the content of reducingsugars as is the case in root tips. In long lasting dark periodsthe carbohydrate content of the green parts decreases, since thereis no

photosynthesis. This decrease in carbohydrate content couldpossibly check the synthesis of auxin. If the latter hypothesisholds true, it should be possible to increase the auxin contentof plants, kept in the dark, by the supply of glucose. In orderto investigate this next experiment was taken. A number of seedlings of Raphanus was kept for two days inthe dark; an equal number remained in the green house. Theseedlings were 9 days old, the age at which, according to VanOverbeek (I.e. p. 576), the cotyledons are free from reserve auxin.At the end of the second day (of darkness) the cotyledons ofboth series were cut and on the cut surface of each cotyledonan agar block was placed in the way described by Van Overbeek(I.e. p. 566). One half of the cotyledons of each series got a blockof plain agar, the other half a block of

agar containing 5% ofglucose. The results are given in table 9.



??? TABLE 9. (2-3-'34). Amount of auxin delivered by cotyledons of Raphanus. plain agar agar 5% glucose cotyledons fromnormal plants 12,8Â° Â? 1,2 (21)15,8Â° Â? 1,0 (21)cotyledons fromplants in the dark room6,0Â° Â? 1,1 (18)8,3Â° Â? 1,1 (18) The figures between brackets indicate the number of test plants. Glucose seems to increase perhaps the delivery of auxin alittle as well in normal as in etiolated cotyledons. The additionof glucose, however, entirely fails to balance the deficiency oflight. Since another experiment yielded the same result, we mayconclude, that the auxin formation in the light is not caused byan increase in concentration of reducing sugars. Â§ 4. The effect of purified glucose. In recent years a continuously increasing number of cases hasbeen reported in literature, in which very small amounts ofcertain organic compounds would affect the growth rate.

Apartfrom auxin and physiologically related substances, the compoundsof the â€žbiosquot;-complex have to be mentioned, which in very smallquantities strongly accelerate the growth of yeast and otherfungi. It could be possible that such a substance with oligodyna-mical activity would occur as an impurity in glucose and wouldaffect the metabolism in the root cells in such a way, that thelatter would produce more auxin. In order to check this possibility, the effect of the usuallyapplied glucose â€žpurissimumquot; was compared with that of care-fully purified glucose. To this purpose glucose was solved inwater, washed with ether and then recrystallized from an alco-holic solution. The experiment was done as follows: an equalnumber of root tips was placed for two hours a) on a slice ofplain agar, b) on a slice of agar containing ordinary glucoseand c) on a slice containing purified

glucose. After removal ofthe tips, the auxin content of the agar was determined (table 10). TABLE 10. (27-9-'35). Effect of purified and ordinary glucose.Amount of auxin delivered by the same number of root tips to one agar slice during 2 hours. agar -f- 5% agar 10% plain agar 2,7Â° Â? 0,8 ordinary glucose 11,7Â° Â?0,8 purified glucose 11,8Â° Â?0,9 agar -1- 10% agar 10% plain agar j 3,3Â° Â? 0,5 ?Žordinary glucose 11,7Â° Â?1,7 purified glucose 13,5Â° Â?1,1



??? The action of purified glucose proves to equal that of ordinary-glucose. This proves that eventual impurities of ordinary glucose,soluble in ether and alcohol, do not affect the auxin delivery byroot tips. Â§ 5. Protection against inactivation in the neighbourhood of thecut surface. Another effect of glucose, which one could suggest, is the pro-tection of the auxin against inactivation by enzjones. When pas-sing from the root tip into the agar, the auxin has to travelthrough the cut surface, where a great number of dead anddying cells occurs. Now, it is a well known fact, that no or onlyvery little auxin can be recovered from tissues, ground in water(Went, 1928; Thimann, 1934). Probably the auxin is destroyedby liberated intracellular enzymes. Recently such auxin destroyingsubstances proceeding from dead or dying tissues

actually havebeen detected. Van Overbeek (1935, 1936) put tips of coleoptiles,of which the auxin production had ceased, and eoleoptile cylin-ders on agar blocks, containing known amounts of auxin. Aftersome time a part of the- auxin proved to have disappeared. Hemade it probable, that this disappearance of auxin is to be dueto a destruction of auxin by oxidative enzymes, diffusing fromthe tips and cylinders into the agar blocks. Larsen (1936) in asimilar way could detect an auxin inactivating substance inwounded stems and ground tissues of Phaseolus. The next ex-periment shows that such auxin inactivating substances alsomay arise in root cells of Vicia Faba. A number of root tips isground to a pulpy mass. In this pulp slices of agar were soaked,they remamed there over night at 4Â° C. Next day 12 tips ofAuena-

coleoptiles were placed for two hours on each slice. Asa blanc the same number of tips was placed on slices of plainagar for two hours. After removing the eoleoptile tips, the auxincontent of the agar slices was determined (table 11). It is evident that the agar slices from the root tip pulp con-tained some auxin inactivating substance. The character of thissubstance has not been investigated further. The substancedetected by Larsen in Phaseolus is thermolabile, the inactivationirreversible and therefore destructive. This points to an actionof destroying enzymes, as was the case in Van Overbeeks' in-vestigations. There is some evidence, that the inactivation, statedhere, is also due to a similar enzymatic action. In cut root tipsthese enzymes chiefly will be liberated in the cut surface andhere partly destroy the passing auxin.



??? TABLE 11. Auxin inactivating substances in ground root tips.Amount of auxin delivered by 12 tips of Avena coleoptiles during 2 hours to a plain agar slice 17,7Â° Â?0,916,9Â° Â? 1,3 Expt. 1 (17-6-'35) Expt. 2 (18-6-'35) 16,7Â° Â? 1,322,3Â° Â? 1,317,3Â° Â? 1,319,1Â° Â? 1,3 to an agar slice containing,substances from groundroot tips 8,5Â° Â? 0,63,9Â° Â? 0,94,4Â° Â? 0,7 10,3Â° Â? 1,211,0Â° Â? 1,315,3Â° Â? 1,111,1Â° Â? 0,9 Now, it might be possible that the glucose effect actuallymeans that the sugar prevents this destruction. If this wouldhold true, this action chiefly would be confined to the neigh-bourhood of the cut surface, i.e. there, where the tip and theagar block are in contact with each other. In that case the glu-cose effect should realize itself as soon as this contact is made,which can be checked in a simple way. To this purpose the roottips have only to stand on

the agar as short a time as is requiredto get a detectable amount of auxin. If the analysis shows thateven then the auxin content of glucose agar is higher, i.e. thatthe glucose effect is realized in such a short time, there wouldbe given evidence, that the glucose acts in the neighbourhoodof the boundary surface. If however, the sugar has to travelalong a certain distance in the root tip in order to exert its in-fluence, a certain lapse of time will be wanted, until the sugarhas covered that distance. In the latter case during a short timeafter placing the root tips on the agar no or only little effectof the glucose will be noticeable. Table 12 gives the results ofan experiment on this subject. In this experiment 10 root tipswere placed on each agar slice. After one hour already thesewere removed and the auxin content of the agar tested. TABLE 12. (13-4-'34). Amovmt of auxin delivered by 10 root tips

to oneagar slice during the first hour after decapitation. Glucose concentration in the agar Amount of auxin given off 0 2,9Â° Â?1,0 1% 2,1Â° Â?0,4 3% 3,5Â° Â?0,6 5% 3,4Â° Â?0,5 10% 4,9Â° Â?0,6 15% 1,6Â° Â?0,4



??? It is clear from table 12 that the glucose has only little effectduring the first hour. This is still endorsed by determining theamount of auxin delivered to the agar during the second hour.In an earlier paper (Van Raalte, 1936, p. 264) the results ofsuch an experiment have been reported; they are reproduced infig. 2. In this graph the glucose concentrations are plotted on the abcissa, the amount of auxin on the ordinates. Comparisonof the curves for the first and the second hour teaches that theeffect of glucose mainly demonstrates itself in the second hour. These results indicate that diffusion should proceed for sometime, before the glucose reacts. One can imagine that first asufficient amount of glucose has to travel upw^ard in the roottip, but also that first a sufficient amount of substances (pre-cursor?) has to diffuse from

the tip into the agar, where theywould have to be transformed into auxin. The latter idea,however, does not agree with the facts, as could be shown inthe following way. A number of root tips of Vicia stood for two hours on a sliceof pure agar. Then they were removed and for another two hoursthe agar slice was covered by a second agar slice, containing10% of glucose. All kinds of substances from the root tip werepresent in the first slice. If these substances could react withthe glucose from the second slice, auxin had to be formed in



??? the agar. The analysis, however, showed that this is not the case.This proves that the glucose effect is not realized in the agar.It seems therefore probable that the glucose has to travel up-ward in the root tip to exert its effect upon the auxin contentof it. This view is endorsed to some degree by the fact that onealso can make diffuse the glucose previously into the root tipand catch the auxin afterwards in a slice of plain agar. Thisexperiment was taken as follows: 12 root tips were soaked fortwo hours in a 10% solution of glucose, then they stood foranother two hours on a slice of plain agar. For comparisonanother set of 12 root tips was placed immediately after cuttingon plain agar, also for two hours, a third set for the same timeon agar containing 10% of glucose (table 13). TABLE 13. (8-12-'33).Amount of auxin delivered to plain agar by root tipsto which glucose had been applied

previously. plain agar 10% glucose agar plain agar no glucose glucose previously applied 1,7Â° Â? 0,5 5,9Â° Â? 1,1 8,2Â° Â? 0,9 Resuming we may conclude that probably the glucose doesnot exert its influence upon the delivery of auxin in the agarand neither in the boundary between agar and root tip. CHAPTER III. The Production of Auxin in the Root Tip. In the preceding chapters the terms â€žproductionquot; and â€ždeli-veryquot; of auxin have been intermingled. In fact this was not cor-rect. If one discusses the fate of auxin in the root tip, it isnecessary to discriminate between the symptoms observed andthe supposed internal processes. Above the delivery of auxin meant the transit of auxin fromroot tips into the agar. The glucose effect showed itself in anincreased delivery: the agar slices with glucose received moreauxin from the root tips than those without glucose. What

can be the cause of this increased delivery? The answerdepends upon the question whether or not auxin can be synthe-tisized in the root tip from other substances. This process, thesynthesis of auxin from other substances, further will be calledauxin production. By auxin production in the tip the auxin concentration would



??? increase. In that case probably there would be also one or moreprocesses, which make the auxin concentration decrease. Pro-cesses of this kind will be indicated as auxin inactivation. Itwill, however, not be tried to discriminate whether 1) auxin isreally inactivated or destructed, or 2) it is consumed in somegrowth process, or 3) the reaction precursor auxin is accom-panied by an opposite reaction: auxin precursor. Now, the glucose effect can be due to different possible causes.These possibilities are surveyed below: I. Auxin production does neveroccur in the root tip. II. Auxin production can occurin the root tip. The glucose effect may be caused by: 1.nbsp;translocation of auxin fromthe tip to the glucose agar, 2.nbsp;a decrease of auxin inacti-vation under the influenceof glucose, 3.nbsp;an increase of auxin pro-

duction imder the influenceof glucose, 4.nbsp;a cooperation of the factors2 and 3. This survey shows, that it is of evident importance to know,whether the root tip can produce auxin or not. In the latter casethe factors II 3 and II 4 can be excluded and only the factors1 and 2 remain open to further research. The possibility of auxin production in the root tip for yearshas been a much discussed problem. A priori there is no reasonto exclude this possibility. Since the root tip, however, doesgive off very little, if any auxin to plain agar, it was impossibleto demonstrate auxin in the root directly, until Boysen Jensen(1933 a) showed, that the auxin delivery is increased by glucose.The indirect methods, earlier applied, yielded contradictory-results. Two theories were given on the topographic origin of auxin,eventually present in the root

tip. The older one by Cholodny(1926), who stated that a decapitated root grows faster than anormal one. This increase in growth rate was stopped by placinga tip of a coleoptile of com on the cut surface. Cholodny con-cluded, that the root tip produces auxin in the same way as thetip of the coleoptile does. This hormone, causing an increase of 1.nbsp;translocation of auxin fromthe tip to the glucose agar, 2.nbsp;a decrease of auxin inacti-vation under the influenceof glucose.



??? the growth in the coleoptile, would, however, decrease the growthrate in the root. In a root, declining from the vertical position,the lower half would show a higher auxin concentration thanthe upper half. The growth in the lower half would be retardedmore than in the upper half, which would result into a down-ward curvature of the root tip. Cholodny thus assumes auxinproduction in the root tip. Went (1932), however, gives quite a different theory on theorigin of auxin in the root. He concluded from the literatureand from own experiments, that there would exist in the plantan electric potential difference between the tip of the stem andthe tip of the roots, the potential of the root tip being positive,that of the stem tip negative. Under the influence of this P.D.positive and negative ions would travel cataphoretically in op-posite directions. The kations would move towards the regionof growth

in the stem, the anions towards that of the roots.Auxin bearing an acid character, Went assumes, that the (nega-tive) auxin ions move continuously from the upper parts of thestem to the zone of growth in the root. According to this con-ception no auxin is formed in the root tip and, if once presentthere, the auxin cannot move away. This theory seemed to be endorsed by investigations of Thi-mann (1934). This author extracted root tips by means of chloro-form. The quantities of auxin, obtained in this way, were com-pared with those delivered by the same number of root tips toglucose agar. The quantities delivered to the agar never exceededthose obtained by extraction with chloroform. From this Thimannconcluded, that auxin is not produced in the root tip, but thatit diffuses from the seed and accumulates in the tip. The glucoseeffect was explained by the osmotic force of the glucose,

whichwould â€” as has been mentioned above â€” extract the auxinfrom the root tip against the original polar direction of itstransport. Thimann suggests still another possible explanation of his ex-periments. One can imagine, that auxin is formed in the roottip, but that the stock of â€žprecursorquot; is so small, that it is con-sumed quickly after cutting off the tip. So Thimann actuallyconsiders the possibility of auxin production in the root tip. Hestresses, however, his first hypothesis so much, that this oneis often cited in literature as the conception of Thimann. Meanwhile the polarity theory of Went met readily with op-position. Cholodny in 1934 critisized it thoroughly. The following ex-



??? p?Šriment is the most conclusive one: roots of corn are detippedand then a cylinder of 8 mm long is cut from the apical end.These cylinders are placed horizontally. A tip of a corn coleoptileis placed either on the apical or on the basal cut surface, anagar block on the opposite surface. After some time the agarblocks on the basal surface do contain auxin, those on the apicalsurface do not. This proves that in the root of corn auxin isonly transported from the tip to the base, that means: the pola-rity is just opposite to that postulated by Went's theory. Noauxin can reach the root tip from without; it can only be syn-thetisized from other substances on the spot. Boysen Jensen (1936) repeats Thimann's experiments on Avenaroots with roots of Vicia. He states, that the quantity of auxindelivered by a root tip during 20 hours is

21 times as large asthat, obtained by extraction with chloroform. Also in this caseauxin must be produced in the root tip. Nagao (1935) isolated from roots of Vicia small cylinders, 2â€”6mm from the tip. Those cylinders are placed on glucose agar,either with the basal or with the apical cut surface. Much moreauxin diffuses from the basal surface than from the apical one.Also in Vicia the polarity of auxin transport runs from the tipto the base of the root. Nagao also repeats Thimann's experiments with Avena roots.His results with Avena are quite different from those of Thimann.He states that the quantity of auxin, delivered by the root tipin one hour, is twice as large as that extracted with chloroform.Moreover a tip on agar continued for at least 6 hours to deliverauxin to the agar. Being obtained with the same object, thisresult

directly contradicts Thimanns'. Cholodnys' theory is opposed by a recent paper of Fiedler(1936), who cultivated excised roots in pure culture. The rootsdeveloped very well, they also showed a geotropic response, butthe extraction of auxin by means of Thimanns' chloroform methodfailed. It was proved that in corn and pea the auxin disappearedfrom the roots within 24 hours after their excision. Fiedler ex-plains this disappearance by a diffusion of the auxin to the cutsurface, where it is destructed by oxydases. The fact, that noauxin is regenerated, proves, according to Fiedler, that the roottip has no ability to produce auxin. It is clear, that the data in the literature on the problem ofauxin production in the root tip are not conclusive. Thereforeall possibilities, mentioned on p. 299, must be considered foran explanation of the

glucose effect. For that reason the first



??? possibility was investigated: is the glucose effect caused by atranslocation of auxin from the tip to the agar, without anychange in the total amount of auxin? (i.e. Thimanns' prevailingexplanation of the glucose effect; see p. 300). This being true, root tip and agar slice may be compared withcommunicating vessels: an increase of the auxin content of theslice can only coincide with a decrease in the tip. Since moreauxin is delivered to glucose agar than to plain agar, the auxincontent of root tips from glucose agar should be smaller thanthat of root tips from plain agar. It has been investigated, in the following experiments whetherthis holds true or not. Different numbers of root tips wereplaced during a certain time on slices of plain agar or of agarcontaining 10% of glucose. Afterwards thfe tips were ground andextracted with ether and the obtained quantity of auxin tested.Table 14

gives a survey of the data obtained. TABLE 14. Amount of auxin present in root tips from glucose containingagar and from plain agar. Experiment tips from number of tipsextracted curvatureof test plants ratio 1. (21-ll-'35) glucose aga- 10 5,7Â° Â? 0,8 4,1 plain agar 50 6,9Â° Â? 0,8 2. (10-12-'3.5) glucose agar 15 6,4Â° :t 0,6 plain agar 25 3,5Â° 0,6 3,0 3. (9-12-'35) ! glucose agar 30 10,8Â° Â? 0,7 plain agar 50 8,0Â° Â? 0,7 2,3 4. (2-12-'35) glucose agar 30 4,0Â° It 0,4 plain agar 75 2,7Â° 0,4 3,7 5. (3-12-'35) glucose agar 15 3,2Â° Â?0,6 plain agar 75 8,1Â° Â? 0,9 2,0 6. (19-12-'35) glucose agar 15 2,7Â° Â? 0,5 plain agar 50 1,9Â° Â? 0,4 4,5 The last column of table 14 gives the ratios of the mean auxincontent of one root tip from glucose agar to that of one tip fromplain agar (the tips stood on the agar during the same time).Not always the same numbers of tips were extracted.

This isdue to the fact, that only limited concentrations of auxin can bedetermined quantatively in the Avena test. The curvature of thetest plants, caused by this concentration, was called by Went These results have already been published in an earlier paper: vanRaalte 1936.



??? the â€žHmit-anglequot; (â€žGrenzwinkelquot;). The size of this angle variesfrom day to day and cannot be predicted. By extracting differentnumbers of root tips almost always a cj^uantity of auxin couldbe obtained, which yielded a smaller curvature than the limitangle. For this reason it was not always feasible to compareequal numbers of tips from glucose agar and from plain agar. Column 5 of table 14 shows, that root tips from glucose agarcontain 2â€”4,5 times as much auxin as those from plain agar.The glucose effect therefore is not restricted to a higher deliveryof auxin to the glucose agar, but it also increases the auxinconcentration in the tips themselves. It cannot be a mere trans-location of auxin from the tip to the agar. In the preceding experiment, however, the higher auxin con-tent of tips from glucose agar

was only relative, in comparisonwith that of tips from plain agar. It remains open, whether thismust be ascribed to a real increase of the quantity of auxinon glucose agar, or to an inactivation of auxin on plain agar,which would be prevented by glucose. In order to investigatethis question, next experiment was made. 60 root tips were ex-tracted with ether immediately after cutting. Another set of 60tips first remained during two hours on agar, containing 10%glucose, and then were extracted with ether, together with theagar on which they had stood. (Table 15). TABLE 15. (12-5-'36). Increase of total amount of auxin in root tips on glucose agar. Amount of auxin in 60 root tipsimmediately after cutting 6,6Â° Â? 0,6 Amount of auxin in 60 root tipsand the agar on which theyhad stood 11,0Â° Â? 0,6 From this experiment can be

concluded, that the glucose effectconsists in an increase of the quantity of auxin in the root tip.This increase of the quantity of auxin in a root tip, isolated fromthe plant, can only be explained by the assumption, that in theroot tip production of auxin, i.e. synthesis from other substances,has taken place. This result completely agrees with the experiments of Cho-lodny, Boysen Jensen and Nagao. It is hard to explain Thimann'sdifferent results. Du Buy and Nuernbergk (1935, p. 347) suppose,that Thimann did not change the agar slices, on which the rootswere standing, frequently enough. This could have caused sucha high auxin concentration in the agar, that the auxin production



??? was hampered, the equihbrium precursor ^ auxin being shiftedto the left. With greater evidence Nagao suggested, that theauxin would be consumed or inactivated during the transportin the root tips, which, in Thimanns' case, were 10 mm long. Infact, this author did not succeed either in isolating auxin bydiffusion into agar from root tips of 10 mm length, but it wasreadily isolated from 2 mm tips. Thimann's results being probably to be ascribed to his method,this does not hold for Fiedler's conception. He also believes thatno auxin can be produced in the root tip and says literally:â€žDurch die dargelegten Versuche ist wohl bewiesen, dass dieWurzelspitze als ein st?¤ndig Wuchsstoff produzierendes Organnicht in Frage kommen kannquot;. (I.e. p. 426). I do not believe thatthis conclusion from Fiedler's experiments is justified. As allother organs, which do not contain chlorophyll (the

coleoptileof the Gramineae included), the root depends for the productionof its organic material upon the substances supplied by the seedor by the green parts. After an interruption of this supply atsome time the stock of these substances in the root must becomeexhausted and the normal production of organic material will bechecked. This holds as well for auxin as for other substances,e.g. cellulose. The statement â€ždass der Wurzel nicht als einst?¤ndig Zellulose produzierendes Organ in Frage kommtquot; canbe considered as superfluous. The problem is not, whether theroot is able to produce auxin, cellulose etc. without the aid ofthe green organs or the seed. The question in consideration is,whether these substances are delivered as such to the root, orsynthetisized in the root from other substances, supplied by dif-ferent parts of the plant to the root. In the latter case it wouldbe

allowed to say, that auxin, cellulose etc. are produced in theroot. In Fiedler's experiments, the only organic substance suppliedto the root is glucose. In his case no auxin could be recoveredfrom roots 24 hours after their excision. That only means thatthe root with glucose as its only carbon source failed to produceauxin so quickly, that the production surpassed the consumptionor inactivation. It seems improbable that only glucose would betransported from the seed or from the green parts to the roots;the transport of a large number of substances is probable. Thepossibility that the synthesis of auxin proceeds quicker fromone of the other substances than from glucose is great; accor-ding to Thimann this substance can be indicated as the â€žpre-cursorquot;.



??? According to this view, the production of auxin in the rootis not fundamentally different from that of other organic sub-stances. This also holds if glucose is a more suitable precursorof many other materials than of auxin. Also the fact, that ap-parently the stock of the precursor of auxin is quickly ex-hausted, cannot be an objection to the term â€žauxin productionquot;in the root tip. Also excised tips of Avena coleoptiles rathersoonly stop to deliver auxin (Van Overbeek, 1935). The next experiment shows, that the delivery of auxin by theroot tips is continued indeed for several hours after cutting:two sets of 8 root tips were placed on an agar slice, containing5% of glucose. From time to time the agar slice was replaced bya fresh one, the former being kept in the refrigerator. At theend of the experiment the agar slices were

tested on their auxincontent (table 16). TABLE 16. (8-ll-'34). Auxin delivery by two sets of 8 root tips on agar 5% glucose. set 1 set 2 delivery from 10 h. 10â€”11 h. 10 6,1 Â? 1,2 4,0 Â? 0,5 â€ž 11 h. 10â€”12 h. 10 9,7 Â? 1,2 7,6 Â? 1,3 â€ž 12 h. 10â€”13 h. 10 10,6 Â? 1,1 13,7 Â? 0,9 â€ž 13 h. 10-15 h. 40 10,2 Â? 0,8 10,0 Â? 0,8 â€ž 15 h. 40â€”17 h. 10 5,2 Â? 0,8 9,1 Â? 1,5 Table 16 shows, that the maximum of the delivery of auxinis reached in the third hour; later on it decreases, but it con-tinues during 7 hours after cutting the tips. Resuming we may conclude: 1)nbsp;the glucose effect is not only due to a translocation ofauxin from the tip to the agar, 2)nbsp;the root tip has the capacity to produce auxin. CHAPTER rV. The Relation Between Glucose Content, Respiration and AuxinProduction of the Root Tip. In the

preceding chapter has been shown, that auxin is pro-duced in the tip of the roots of Vicia Faha and that the auxincontent increases under the influence of glucose. Consideringthe possibilities, resumed on p. 299, it is clear that this influenceof glucose may be caused by 1) an increased production of



??? auxin, 2) a decreased inactivation of auxin or 3) a combinationof 2) and 3). It is very probable that both of these two processes dependupon other metabolic processes in the root tip. It thereforeseemed reasonable to investigate, whether also some other meta-bolic process is influenced by adding glucose. For this purpose the respiration has been chosen, being thebest known and most accessible process. In the experiments,referred in this chapter, the following questions have been in-vestigated: 1)nbsp;whether the addition of glucose affects the respirationof the root tip, 2)nbsp;whether the same effect on the respiration could be pro-duced by some other agent than glucose, 3)nbsp;whether in the latter case the auxin content of the tip alsois changed. Â§ 1. Method. The respiration of root tips was estimated by means of themanometrical method after Warburg (1928 b). Open

manometers were used, one of them acting as a blanc control fortemperature and barometer alterations. Brodie's fluid was used for themanometer readings. The volxmies of the vessels, determined by wheighingtheir mercury capacity, varied from 16,89 to 22,18 cmÂ?. During the experiments the vessels were placed in a waterbath of con-stant temperature, the fluctuations in temperature as a rule not exceeding0,03Â° C. Most of the experiments were made at 23Â° C. The manometers were shaken at a high rate (200 times per minute),the amplitude of the oscillation, however, being small. For the determination of the oxygen consumption 0,2 cm' of a 20% KOHsolution was put in a small central well in the vessel for the absorptionof the carbon dioxide developed. The carbon dioxide was estimated by expelling it by means of sulphuricacid. Three vessels containing equal numbers of

root tips were treated asfollows. Two of the vessels contained 0,2 cm^ 0,5 n sulphuric acid in theirside bulb, the third one KOH in its central well. Immediately after thefirst manometer reading the amount of carbon dioxide, present in the firstvessel at the start of the experiment was determined in the usual way.At the end of the experiment the carbon dioxide in the second vessel wasestimated. The consumed quantity of oxygen is known from the alterationin pressure in the third vessel. The manometer readings were estimated to an accuracy of 0,1 mm. Theerror in the readings cannot exceed 0,3 mm, that means an error in theestimation of the volumes of 0,6 mm^ at most. Equal numbers of root tips were used in each experiment;they were suspended in 2 cmÂŽ of fluid. This fluid was eitherdestilled water (destilled from glass over glass) or a solution ofthe substance, the influence on

the respiration of which was



??? tested. Buffer solutions soonly proved to affect the auxin pro-duction; for that reason the root tips could not be suspendedin such a solution. In order to determine the auxin content of the tips, they weretaken from the vessels at the end of the experiment, groundand extracted with ether. The fluid from the vessels was alsowashed with ether. The respiration figures were not calculated upon units offresh or dry weight. In the tables the total respiration is givenin mmÂŽ per hour of the total mass of root tips, present in eachvessel. The root tips were cut as accurately as possible over milli-meter paper at a length of 5 mm from the tips. Since it wasimpossible to apply in each experiment root tips in exactly thesame stage of development, the intensities of respiration of thedifferent sets of experiments cannot be compared with

each other. It was still questionable, whether a number of root tips of thesame age and from the same culture shows the same respiration.This depends on the question, whether the number of root tipsis large enough to eliminate the influence of individual variabi-lity. In order to estimate the influence of this variability someexperiments were done, in which the respiration of equal num-bers of root tips was compared (tables 17, 18 and 19). TABLE 17. Oxygen consumption of 5 lots of 30 tips. Liquid medium 2 cc. phosphate buffer, concentration ^ N, p.H. 6,8. lot no.: 1 2 3 4 5 mm' oxygen during first 30 minutes 85,2 83,3 84,6 88.3 84,9 â€ž â€ž â€ž second 30 min. 82,5 84,2 81,8 89,6 84,2 â€ž â€ž â€ž third 30 minutes 74,7 74,0 75,9 80,7 76,4 total respiration in ly^ hours 242, 241,5 242,3 258,6 245,4 largest difference: 258,6

â€” 241,5 = 17,1 mm' = Â? 7%. TABLE 18. Oxygen consumption of 5 lots of 20 tips. Liquid medium 2 cc. phosphate buffer, concentration p.H. 6,8. lot no.: 1 2 3 4 5 mm' oxygen during first 30 minutes 53,5 52,6 57,9 58,0 52,3 â€ž â€ž â€ž second 30 min. 55,7 55.7 56,0 65,0 57,0 â€ž â€ž â€ž third 30 minutes 54,1 53,2 55,7 56,0 50,5 â€ž â€ž â€ž fourth 30 min. 48,0 48.5 50.9 59,5 52,8 total respiration in 2 hours 211,3 210,0 220,5 238,5 212,6 = 28,5 mmÂŽ = Â? 14%.



??? TABLE 19. Oxygen consumption of 5 lots of 10 tips. Liquid medium2 cc. phosphate buffer, concentration N, p.H. 6,8. 1nbsp;2nbsp;3nbsp;4nbsp;^ total respiration in 2^ hours, mm^ 177,3 176,0 186,6 197,8 186,5largest difference: 197,8 â€” 176,0 = 21,8 = 12,5%. The tables show that the values obtained for vessels, containingequal numbers of root tips, differ rather much from each other.For that reason always, if possible, 30 tips per vessel were used.With this number the error due to variability can be estimatedon 10%. If only the oxygen consumption and not the carbondioxide production had to be determined, the determination.scould run in two or three parallel readings, the average figuresthus obtained having a greater probability and a smaller errorthan 10%. A serious impediment in these experiments is the relativelylarge diameter of the

root tips (Â? 2 mm at the base), by whichthe gaseous exchange in the central cells is seriously hampered.Warburg (1928 b, p. 105) especially emphasized the objectionsagainst experiments on respiration with objects of considerablediameter. The centrally located cells are subjected to oxygendeficiency and respire in a different way from the cells in theperiphery. If in such a case changes in the respiration are statedone cannot discriminate, whether the respiration of all cells hasbeen changed or whether the number of normally respiringcells has been changed. This objection could be eliminated byslicing the root tips into thin slices. In our case, however, thiswould be inadequate, since probably the auxin productionseriously would be affected by the large number of deterioratingcells. The objection of a hampered diffusion could therefore inour case

not be eliminated. This will be taken into consideration,when discussing the results of the experiments. Another possible source of error was the influence of bacteria.The seeds were not desinfected and also the saw dust, in whichthe roots grew, was not sterile. The possibility of the develop-ment of a considerable quantity of bacteria in the vessels duringthe experiment is not to be excluded, so that their metabolismcould interfere with the respiration of the root tips. In order toinvestigate this possible influence, 20 root tips were put in eachvessel with 2 cm' of water or of a 7% glucose solution. Duringtwo hours the respiration of the tips was measured in the ther-mostat, then the tips were removed and the vessels with theresidual fluid were placed again in the thermostat. It then was



??? controlled whether still oxygen consumption or carbon dioxideproduction occurred, which had to be ascribed to bacteria,developed in the fluid. The result was negative. Since most ofthe experiments did not last for a longer time than 2]/^ hours,one may conclude that no disturbing effect of bacteria occurred. Â§ 2. The influence of glucose on respiration and auxin produc-tion of the root tips. It has already been shown (p. 294), that the glucose effect isnot due to impurities present in the glucose. Still the glucosepowder, used in the experiments described in this chapter, wastreated with alcohol and ether to get it free from adheringimpurities. Table 20 represents the results of three experiments, in whichthe effect of different glucose concentrations on the oxygenconsumption of root tips was determined. They show that glucosegives a depression of the respiration.

^ABLE ^^he effect of glucose on the oxygen consumption of root tips. Expt. 1. (17-4-'36) Expt. 2. (20-4-'36) Expt. 3. (22-4-'36) mmÂ? oxygen 5% 10% 1 7% hours no glucose glucose no glucose glucose no glucose glucose of 30 tips: 161,7 150,9 134,9 94,6 131,1 90,7 (100%) (93,3%) (100%) (70,1%) (100%) (72,2%) It is clear that the root tips, during the estimation of theirrespiration, are conditioned quite differently from those on agarduring the delivery of auxin. In the latter case the tips arealmost all-round surrounded by the air, but during the experi-ments on respiration they float in a fluid. By shaking the ap-paratus the fluid may be kept air saturated, but it remains pos-sible that the auxin production proceeds in a way, differentfrom that of root tips on agar. Therefore it was necessary todetermine also the auxin content of the same tips of which therespiration had

been estimated. The experiment on respirationbeing finished, the root tips with the surrounding liquid wereremoved from the vessels and extracted with ether. The resultsof these experiments are given in table 21. As in the former experiments table 21 shows the depressingeffect of glucose on the respiration of root tips. The last columnshows that glucose increases the auxin content of root tips, alsounder these totally different conditions. Both phenomena, how-



??? TABLE 21. Effect of glucose on the oxygen consumption and the auxinproduction of root tips. oxygen Experiment tips in number of consumption amount of of tips mmÂ?hours auxin 1. (ll-5-'36) water10%of glucose 60 310,0 (100%) 7,1Â° (100%) 60 192,5 (62%) 12,3Â° (173%) 2. a3-5-'36) water10%j of glucose ! 60 343,2 (100%) 7,5Â° (100%) 3. (i4-5-'36) j 60 191,8 (73%) 28,8Â°* (384%) 1 water10%of glucose 60 292,5 (100%) 3,4Â° (100%) 60 195,9 (67%) Â?7,4Â° * (512%) 4. (15-5-'36) water! 10%of glucose i 60 311,6 (100%) 5,1Â° (100%) 60 222,6 (71%) 10,2Â° (200%) The figures marked by an * have been determined with a diluted solution;the curvatures which where really obtained remained within the limit angle. ever, do apparently not correlate in a simple quantitative way.The depression of the respiration in all four experiments

oftable 21 being of the same order of magnitude, the increase inauxin content is widely different (from 100 to 400%). In the preceding experiments the respiration was estimated asoxygen consumption. The question rises whether the carbondioxide production is shifted in the same way by glucose, i.e.whether the respiratory quotient remains unchanged. Table 22gives the results of some experiments on this subject. The second column shows that, in agreement with the resultsof the former experiments, the oxygen consumption of root tipsis lower in glucose than in water. Column 3, however, showsthat the carbon dioxide production decreases much less than theoxygen consumption; as an average the production of carbondioxide remains about the same. Consequently the respiratoryquotient increases. In the literature only a few cases are

mentioned, in which therespiration was reduced by higher concentrations of the sub-strate. In most cases the respiration is increased by the additionof glucose. A good survey of the literature is given by Geigerâ€”



??? TABLE 22. The effect of glucose on the oxygen consumption, carbon dioxyde mm'Os mm'COa P.Q (lt;a) 1,091,87 Expt. 1. (16-ll-'36)water 7% of glucose hours 168,8 (100%)131,4 (77,8%) hours 183,3246,2 Expt. 2. (17-ll-'36)water 7% of glucose 166,0 (100%)115,3 (69,5%) 150,3144,7 0,911,26 Expt. 3. (23-ll-'36)water 10% of glucose 169,5 (100%)85,6 (50,6%) 173,1167,0 1,021,97 Expt. 4. (24-ll-'36)water 10% of glucose 185,7 (100%)98,4 (53,0%) 217,1184,7 1,171,88 Huber (1935). Palladin and Komleff (1902) determined thecarbon dioxide delivery by pieces of leaves of Vicia Faba, floatingon sugar solutions of different concentrations. The respirationproved to be at its maximum at a concentration of 5%; at higherconcentrations (up to 50%) the respiration was lower. Hopkins (1924) studied the influence of low temperatures uponthe delivery of carbon dioxide

by potatoes. He found, that at0Â° C the respiration increased, then being greater than at 4,5Â° C.This increase continued till a maximum was reached, from thispoint the respiration decreased again. Hopkins ascribes thisdecrease to the sugar concentration, which increases continuallyunder the influence of the low quot;temperature. This suggestion ofHopkins, however, is opposed to by Barker (1933). Barker be-lieves, that the curve, representing for the potatoe the relationbetween sugar concentration and respiration, has the shape ofa rectangular hyperbola: the respiration first would rapidlyincrease at increasing concentrations of sugar, at higher concen-trations, however, further increase in sugar concentrations wouldnot affect the respiration any more. Barker, however, finds alower respiration than could be expected from the relation sup-posed by himself. He

explains this by accepting a factor, thatwould accumulate within the cells and inhibit respiration. Thisfactor would exert its influence mainly at higher temperatures. Maige and Nicolas (1910) found an increase in the respiration



??? of seedlings of Vicia and embryos of Phaseolus at increasingsugar concentrations till an optimum was reached. At higherconcentrations a decrease set in. Meyerhof (1925) stated that the respiration rate of yeast wasgreater in solutions of 0.3 and 0.5% of glucose than in 10 Xhigher concentrations. This was confirmed by Geigerâ€”Huber(1935), who also found a lower respiration at higher sugar con-centrations (3%). The reason of this inhibiting effect of higher sugar concen-trations upon respiration is not known. It seems obvious toascribe this phenomenon to the dehydratation by concentratedsolutions. In the literature also data are found on the decreaseof the respiration under the influence of high salt concentrations.Kosinsky (1902) found that the respiration of Aspergillus nigerwas decreased for 13%, if the fungus was cultivated in a

nutrientsolution with 8% of NaCl. Inman (1921) stated that the respirationof Laminaria Agardhii was reduced in concentrations higher aswell as lower than that of sea water. These data, however, aretoo scanty to be conclusive; the reason of the glucose effect onthe respiration must be left undefined. The decrease in respiration in the experiments of table 22 wasaccompanied by an increase of the R.Q. That means that theroot tips produce a quantity of carbon dioxide in excess to thatdue to respiration. It is already known from the investigationsby Pasteur (1872) and Pfeffer (1878, 1885) that, like in yeast,also in higher plants in certain cases the fermentation increasesproportionately if the respiration decreases. In the absoluteabsence of oxygen this aerobic fermentation changes into ananaerobic one. Reversely the aerobic fermentation

decreasesagain if the respiration increases. The inhibition of fermentation was called â€žpasteur-reactionquot;by Warburg (1926). Also in our case the increase of the R.Q.should be ascribed to an increase of the aerobic fermentation. We therefore may conclude upon two effects of the additionof glucose to root tips: 1) the auxin content is increased, 2) therespiration is reduced while the aerobic fermentation is increased.The next question to be investigated is whether these two pheno-mena depend upon each other. If a correlation can be found, this may be either: 1) the higherauxin content causes a lower respiration or 2) â€” reversely â€”the decrease in respiration causes a higher auxin content. Thefirst possibility is not very probable. Investigations by van Huls-sen (1936) and Bonner (1936) have shown that auxin has no



??? effect upon the respiration of coleoptiles of Avena. There is noreason to postulate such an effect in the root tips of Vicia. There are two procedures to investigate the second possibility.One can try to induce the same effect on respiration by an agentother than glucose and see afterwards, whether also in that casethe auxin content is increased. It is also possible to proceed inthe reverse way: by inducing an increase in the respiration theauxin content should be decreased. A few experiments on thissubject are described in the next paragraphs. Â§ 3. The effect of KCN on respiration and auxin content ofroot tips. Especially Warburg's work has focussed the attention uponthe specific inhibition of the respiration by HCN. By this agentrespiration is inhibited and fermentation is brought about. Therelation between HCN concentration and inhibition of respirationrecently

has been thoroughly investigated by Hoogerheide (1935).Working with yeast, he found that at increasing concentrationsof cyanic acid the fermentation is increased up to an HCN concentration of ^^ ^^^^ (= 51 X lOquot;ÂŽ mol/1). At this concen-tration the respiration was decreased to about 22% of theoriginal value. At still higher concentrations of HCN the respi-ration sank to an extreme low value, but also the fermentation was decreased. Up to concentrations of :^7^the HCN effect 3U 000 was absolutely specific. The effect of HCN on the respiration of green plants has e.g.been investigated for Chlorella. Warburg (1919) found that HCNhas only little influence upon the respiration of this alga. Emerson(1927), however, stated that this holds only partially: the respi-ration of autotrophically living Chlorella not being affected byHCN. When cultivated in a medium

containing 1% of glucose,however, the respiration of the algae was much higher. If in thelatter case HCN was added, the respiration was decreased andbrought on the same level as that of Chlorella without theaddition of glucose. G?ŠN?Švois (1928) found the same for etiolatedseedlings of Lathyrus. Also in this case the respiration wasincreased by the addition of glucose and the increase could besuppressed by means of HCN. Always a residual respirationremained, however, which could not be checked by HCN. Thedecrease of the respiration by HCN in seedlings of Lathyrus was



??? accompanied likewise by an increase in fermentation. Also inthis object the pasteur-reaction is present. It is, however, remark-able that the pasteur-reaction is inhibited by HCN in the expe-riments of G?ŠN?Švois. At certain HCN concentrations the fermen-tation was already increased, whilst the respiration was not yetaffected. Experiments. The cyanic acid was supplied by adding KCN tothe twice destilled water in which the root tips were suspended.Table 23 shows the effect of the KCN on the respiration: TABLE 23. The effect of KCN on the respiration of root tips. concentration number ÂŽ quot; ' CO, of KCN of tips hours hours R.Q. Expl. 1. (20-7-'36) 0 20 102,8 (100%) â€” â€” 77 X 10-6 niol 20 89,2 (86,7%) â€” â€” 31x10-5 mol 20 64,4 (62,1%) â€” â€” 154 X 10-5 mol 20 40,6 (39,4%) â€” â€” Expl. 2. C5-10-'36gt; 0 30 158,6 (100%) 261,2

1,65 51 X 10-5 niol 30 91,6 (57,8%) 326,4 3,56 Expt. 3. (6-10-'36) 0 20 187,9 (100%) 206,6 1,10 51 X 10-5 mol 1 20 134,3 (65,1%) 354,8 2,64 From table 23 it is clear that the respiration is decreased byKCN and the fermentation increased. The inhibition of the res-piration by KCN being of the same order of magnitude as thatcaused by glucose (see table 22), the R.Q. is remarkably higherin KCN than in glucose. This points to a stronger increase ofthe aerobic fermentation in KCN at an equal inhibition of therespiration. One may explain this by the assumption that HCNinhibits the pasteur-reaction in Vicia as G?ŠN?Švois found inLathyrus. For the determination of the effect of HCN on the auxincontent the root tips were ground after the end of the experimentand extracted with ether. The liquid from the Warburg vessekwas washed with ether. Table 24

gives the result of the experi-ments. For each experiment is indicated in the table how long the roottips have been in the respiration vessels, that means how longthey have been exposed to the action of the KCN. The results



??? TABLE 24. The effect of KCN on the respirationof root tips. and the auxin content concentrationof KCN numberof tips time mrespirationvessel m m ' Qhours i auxincontent Expt. 1. (21-7-'36) 0 20 X 10-5 mol 6060 2 hours2 â€ž 249,8 (100%)181,7 (72,8%) 7,0Â° i 0,77,9Â° Â? 0,6 Expt. 2. (23-7-'36) 0 30 X 10-5 mol 6060 2 hours2 â€ž 300,4 (100%)182,2 (60,0%) 4,8Â° Â? 0,45,5Â° Â? 0,2 Expt. 3. (24-7-'36) 0 25 X 10-5 mo] 6060 2gt;i hours 2m â€ž 315,1 (100%)224,1 (71,0%) 6,5 ' Â? 0,49,9Â° Â? 0,6 Expt. 4. (30-7-'36) 0 25 X 10-50 51 X 10-5 molmol 30303030 y^ hours^ â€ž â€ž 2^4 â€ž 168,6 (100%)92,0 (55,0%)153,8 (91,2%)89,2 (53,0%) 1,1Â° Â? 0,43,0Â° Â? 0,71,4Â° Â? 0,66,6Â° Â? 0,9 Expt. 5. (3-8-'36) 0 25 X 10-551 X 10-5102 X 10- 5205 X 10-5 molmolmolmol 3030303030 254 hours2% â€ž2j4 â€ž2^ â€ž2j4 â€ž 133,0 (100%)95,7 (72.0%)83,2

(62,5%)83,6 (62,8%)66,4 (50,0%) 1,1Â° Â? 0,32,4Â° Â? 0,54,0Â° Â? 0,64,6Â° Â? 0,53,3Â° Â? 0,7 Expt. 6. (4-8-'36) 0 51 X 10-551 X 10-5 molmol 606030 234' hoursâ€ž 2m â€ž 291,6 (100%)154,4 (53,0%)76,4 (52,4%) 3.3Â° Â?0,38,1Â° Â? 0,83,3Â° Â? 0,5 of the experiments are rather irregular; they all agree in onepoint: the auxin content was never decreased by KCN. In thetwo experiments at the top of the table 24 there was no influenceof KCN on the auxin content; the small differences being withinthe experimental error. In the other experiments, however, theauxin content of the tips in KCN was distinctly higher than thatof normal tips. From this we may conclude that the auxin contentof root tips can be increased under the influence of KCN. Â§ 4. The influence of increased oxygen concentrations on therespiration and the auxin content of root tips. The

results of the experiments of the preceding paragraphpoint to an increase of the auxin content when the oxygen con-sumption is reduced. It was now to be investigated, whether anincrease in respiration was also accompanied by a decrease inauxin content. The increase in respiration was obtained by replacing the airin the Warburg vessels by pure oxygen. In small organisms therespiration seems to be independent from the oxygen tensionwithin wide limits, (e.g. Kubowitz und Warburg 1929; Shoup,



??? 1930). In higher plants the relation between oxygen tension andrespiration has also been investigated, as a rule however therespiration was estimated, only as carbon dioxide production.In this case this method is not applicable, since the carbon dioxideis produced partly by respiration, partly by aerobic fermentation.Since the latter increases if respiration decreases, the productionof carbon dioxide is an inadequate measure. This method oftenyields complications. Mack (1930) for instance found in seedlings of wheat a mini-miim in the production of carbon dioxide between 9,8% and 20%of oxygen, dependent upon the temperature. Also Thomas andFidler (1933) found in young apples a minimum in carbondioxide production between 3% and 5% of oxygen. At the sametime they determined the alcohol formed in these apples. At lowoxygen

tensions the alcohol formation was rather high; itdecreased when the oxygen tension increased. In young applesthe alcohol formation in 3% of oxygen equalled that in air. Inmature apples fermentation was higher and even in plain oxygenit did not quite disappear. Especially these experiments clearly prove that the carbondioxide production depends upon the intensities of respirationand fermentation both; this production is therefore inapplicablefor the estimation of the respiration if the latter is subjected to considerable alterations. Since normal root tips do contain only small amounts of auxm,it would become hard to estimate the latter, if the auxin contentreally decreased. For that reason tips were used, which weresuspended in a 7% glucose solution; these tips have a higher-auxin content than those in water. Table 21 shows that theoxygen

consumption of root tips in 7% of glucose is about 30%lower than that of tips in water. It was not a matter of course that the respiration of root tipsin 7% of glucose could be increased by increasing the oxygentension. Fortunately, however, this proved to be the case. The increased oxygen tension was obtained by conducting forseveral minutes practically pure oxygen (99,5%) from a bombthrough the vessels. Immediately after filling them with oxygenthe manometers were placed in the thermostat and the estimationof the respiration started. Table 25 gives the results. Firstly table 25 shows that respiration in pure oxygen hasalmost an intensity 2]/^ times as great as in air. From table 22we may conclude that the oxygen consumption in water is about143% of that in 7% of glucose. In pure oxygen an increase is



??? TABLE 25. Effect of increased oxygen tension on respiration and auxin content of root tips in 7% glucose solution. time inrespirationvessel numberof tips gasmedium mm'hours m m ^hours auxmcontent R.Q. CO, O, 101,0 (100%) 245.7nbsp;(243%) 156,3 (100%)359,3 (230%)389,3 (249%) 109,9 (100%) 268.8nbsp;(245%) Expt. 1. (ll-8-'36; Expt. 2. (13-8-'36) l]/i hoursXYj hours hourshours2J/2 hours 2}^ hours2}/2, hours 3030 404040 3030 airoxygen airoxygenoxygen air oxygen 6,5Â° Â? 0,43,4Â° Â? 0,4 1,2Â° Â? 0,99,0Â° Â? 0,92,4Â° Â? 0,4 12,9Â° Â? 0,76,8Â° Â? 0,5 215,9 0,88 Expt. 3.(14-8-'36) TABLE 26. Effect of low oxygen tension on respiration and auxin content of root tips. time mrespirationvessel liquidmedium numberof tips gasmedium mm'hours m mhours auxincontent O, R.Q. CO, 2% glucose2% glucose vifaterwater waterwater

waterwaterwaterwater waterwater 3% glucose3% glucose Expt. 1.(30-ll-'36) Expt. 2.(17-8-'36) Expt. 3. (24-8-'36) Expt. 4. (25-8-'36) 134 hoursIK hours l}/2 hoursl]/2 hours 40 minutes40 minutes 45 minutes45 minutes2 hours2 hours IM hoursV/2 hours hoursl]/2 hours 3030 3030 3030 40404040 2020 2828 airnitrogen airnitrogen airnitrogen airnitrogen airnitrogen airnitrogen airnitrogen 194,521,9 122,75,8 170,44,2 283,1311,3 1,4614,22 3,0quot;3,9' 3,5'2,6= 5,0Â°5,3Â°6,0Â°5,1Â° 3,9Â°2,5Â° 5,6Â°2,0Â° Â?0,5Â?0,6 Â?0,6Â?0,4 Â?0,6Â?0,9Â?1,0Â?0,8 Â?0,6Â?0,5 Â?0,6Â?0,5 Expt. 5. (28-8-'36) Expt. 6. (27-8-'36) 89,46,1 124,510,1 133,1211,7 21,8129,60



??? found up to 240%; that means that not only the inhibition ofthe respiration by glucose is balanced but even that the respira-tion is much higher than in normal conditions. The last column of table 25 shows that the increased respirationis accompanied by a lower auxin content. Also this result indicatesthat the intensity of respiration affects the auxin content of theroot tips. Â§ 5. The influence of low oxygen concentrations on the respira-tion and the auxin content of root tips. From the preceding paragraphs we know that the auxincontent of the root tips decreases, when oxygen consumptionincreases and reversely, that the auxin content increases, whenthe oxygen consumption decreases. The decrease of the respira-tion was obtained by adding glucose or KCN. The inhibitionobtained was at most Â? 50%. The question rises, whether theauxin

content will still increase if the respiration is still moreinhibited. The substances used to inhibit the respiration, glucoseand KCN, cannot be applied in higher concentrations, since theseprobably would interfere with other processes. Hoogerheide (1935)showed that HCN inhibits at high concentrations as well theaerobic as the anaerobic fermentation. For that reason it wastried to obtain a greater decrease of the respiration by reducingthe oxygen tension in the vessels, by replacing the air bynitrogen. The nitrogen applied did not contain more than 0,1% ofoxygen, according to the analysis by the factory. Since strictlyanaerobic conditions were not strived at, these traces of oxygenwere not absorbed; also the liquid in which the root tips weresuspended was not freed from oxygen, so that the root tips stillshowed traces of respiration. Table 26 shows the

results of theseexperiments. Since the oxygen consumption is extremely low the â€žapparentrespiratory quotientquot; is very high. The figures of the last columnrepresent the auxin contents of the roots tips. These prove atthese extremely low oxygen tensions to be about equal to thosein air. In one case (exp. 6) the auxin content is even lower inlow oxygen tension than in air. It seems, therefore, that theincrease in auxin content does not occur if the respiration isreduced too much.Â§ 6. Discussion of the results. On p. 308 we discussed the drawback of the large diameterof the root tips. The question rises, how much this factor has



??? influenced the results obtained in the experiments described inthis chapter. The oxygen diffuses to the oxygen consuming cells throughthe surrounding tissue of the root. The track of the diffusionto the greater part of the cells proves to be so long, that thediffusion caimot keep pace with the want of oxygen of thesecells. This follows from the increase of the respiration at increa-sing oxygen tensions. Only the cells in the most external layersof the root tip will receive more oxygen than wanted. Onemay therefore distinguish between two zones in the root tip:an internal one, where the oxygen tension acts as limiting factoron the respiration, and an external one, where this process islimited by other factors. These two zones may behave differently,when the respiration is changed. An increase of the oxygen tension will only have an influencein the internal area, where

the oxygen is limiting factor. Herethe respiration of the cells will increase. KCN will exert its action mostly and soonestly upon the cellsof the periphery. By Warburg's investigations (1928 a) has beenshown, that the inhibition of the respiration by HCN exists ina blocking up of the haemin ferment, which activates the oxygen.At increasing HCN concentrations a continually increasing portionof haemin ferment will be blocked. Consequently at a certainHCN concentration the haemin ferment will become limitingfactor for the respiration. This will happen firstly in those celli^where the intensity of the respiration is highest, that meansin cells of the periphery. A much higher HCN concentration willbe wanted to reduce the respiration in the central area, whereit is limited by oxygen deficiency. When the oxygen consumption of the root tip has beendepressed by means of KCN to

50%, still oxygen and not thequantity of haemin ferment is limiting factor in the centraltissue. This view is endorsed by the following experiment. Roottips were put into a 51 X 10-= mol KCN solution. In this solutionthe respiration sank to 50% of that of root tips in water. Theair in the vessels was replaced by pure oxygen and consequentlythe respiration increased with 44% again. Thus we may conclude that the increase of the respiration atincreasing oxygen tensions and the decrease after addition ofKCN are partly located in different areas of the root tips. Al-though perhaps in these cases the reaction is located in cellsof different tissues, the type of the responses indicates that thereactions have identical physiological characters: increase in



??? respiration results into a lower R.Q., decrease into a higher R.Q.On p. 312 it was already discussed that these changes of the R.Q. r , T J.-nbsp;respiration are caused by a shifting of the relation: ^^robic fermentation. By the investigations by Kluyver and Hoogerheide (1934, 1936)and Hoogerheide (1935) a relation between metabolism and redo.-cpotential of the cell has been made probable. They found e.g.in Saccharomyces cerevisiae during the anaerobic fermentationalways an Eh of aboutâ€”43 millivolts. With increasing respirationalso the redox potential rises in a definite way, so that a definite . ,nbsp;.nbsp;respiration Eh belongs to each value of the quotient: â€”fermentation. Endorsed by these experiments we may assume that the altera-tions in respiration stated in the cells of the root tip are accom-panied by changes in the redox

potential. We learned that theauxin content decreased with increasing respiration and increasedwith decreasing respiration. This may be also formulated: theauxin content increases with sinking redox potential, it decreaseswith rising redox potential. The suggestion, that the auxin content of a tissue woulddepend upon the redox potential has already been made byvan Overbeek (1935). This investigator found that in the coleoptilesof the corn variety nana more auxinj was inactivated than incoleoptiles of normal corn. Moreover the nana-coleoptiles furtherproved to be richer in catalase. If the catalase content of normalcoleoptiles was increased artificially, the auxin inactivation in-creased also in these coleoptiles. This made van Overbeek con-clude that the difference in auxin inactivation in normal andnana coleoptiles is to be due to a difference in

â€žoxidation level(rH?)quot;. A photochemical oxidation of auxin was stated by Skoog (1935).He found that auxin solutions were inactivated by X-rays.Ordinary light proved to have the same effect, if a small quantityof eosin was added to the auxin solution. Since the presence ofoxygen was wanted for the inactivation of auxin, it should bea photo-oxidation. In our case we thus can explain the decrease of the auxincontent at higher oxygen tensions by a rise of the redox potentialin a number of cells, by which the oxidation of auxin is accele-rated. The increase of the auxin content in the presence of KCNshould, reversely, be ascribed to a sinking redox potential ??) It is remarkable that Bonner and Thimann (1935) in Avena. coleoptilesdid not find any influence of HCN on the auxin content of the cells.



??? The mechanism of the changes in auxin content leaves roomfor different possibilities: 1.nbsp;The oxidation of auxin can be thought to be a reversibleprocess. In that case the oxidation product should be reduced toauxin at a sinking redox potential. No data are available in theliterature on the reversibility of the auxin oxidation. Thereforethis hypothesis is lacking any ground. 2.nbsp;The production of auxin is greater at a low redox potential.This possibility is disproved by the resutls of the experiments of paragraph 5. Here the quotient-respiratioji-^^^ there- aerobic fermentationfore also the redox potential at low oxygen pressure must havebeen much lower than in the experiments with KCN. It was,however, found that the auxin content did not markedly shiftin comparison with that of root tips in air. That means a declinein comparison with the auxin content of tips in

KCN, whichcannot be ascribed to oxidation of the auxin. It seems probablethat the process, by which auxin is produced, is checked if theredox potential becomes too low. 3.nbsp;Finally the most probable and simpliest way to explainthe increase in auxin content with decreasing respiration is theassumption that the oxidation of auxin is slackened at a reducedredox potential. The aim of the experiments reported in this chapter was toelucidate the glucose effect. The result can be resumed as fol-lows: a high glucose concentration reduced the respiration of theroot tips. In the mean time the R.Q. increases. It seems justifiedto exegete this as a decrease of the redox potential. This reducesthe oxidative inactivation of auxin, so that the auxin contentof the root tip is increased. CHAPTER V. The influence of phosphate buffer solutions on the respirationand the production

of auxin in the root tips. Â§ 1. The influence of pH on the curvature of the test plants. Auxin is an acid. According to Dolk and Thimann (1931) saltsof auxin do not cause curvatures in the Averti test. Thereforethe pH of the agar blocks applied in this test never shouldexceed pH 7. Bonner (1934) showed that the auxin in the Avenacoleoptile partly occurs as inactive salt. By soaking cylinders ofcoleoptiles in acid buffer solutions the auxin could be liberated



??? from its salt, by which liberation the growth was accelerated. These facts are important in connection with the experimentsdescribed in the preceding chapter. It was stated that the auxincontent of root tips increased, if the respiration decreased infavour of the fermentation. It is possible that in this shifting ofthe metabolism organic acids accumulate. In the applied methodof extraction these acids perhaps might be extracted too andfinally reach the agar blocks. In that case these agar blocks couldobtain an extremely low pH by which the auxin could beliberated from its salt unilaterally in the coleoptile. The testplants then would show much stronger curvatures than wouldagree with the auxin content of the agar blocks applied. It was investigated whether this possible source of erroractually comes into the play. To this purpose root tips, whichhad

stood on glucose agar, were extracted with ether. Afterevaporation of the ether the r?Šsidu was not solved in 0,2 cmÂ?of McIlvaine's buffer solution, but in the same quantity ofdestilled water. The pH of this solution was determined colori-metrically. This experiment was repeated for a number of times;the pH of the extract always proved to be higher than pH 4. This shows, that if any organic acids may come into the agarblock, their quantity must be extremely small. Moreover, theextract was not solved in water but in a buffer solution pHÂ? 5,4. There is, therefore, no reason to be afraid for aninfluence of organic acids on the magnitude of the curvaturesof the test plants. Â§ 2. The influence of phosphate buffer solutions on the produc-tion of auxin and on the respiration of the root tips. Originally I intended to suspend the root tips in all experimentson

respiration in buffer solutions. This proved, however, not tobe applicable, since the phosphate buffer solutions used provedto affect the production of auxin in the root tips. This influencewill be described below. The method in measuring the respiration and the auxin wascompletely the same as in the experiments described above. Thebuffer solutions were prepared after Kolthoff (1923) from solu-tions of mol Na2HP04 and KH2PO4. In experiments with glucose the latter was solved in the buffer solution. The pH wasdetermined either colorimetrically with a Hellige comparator?Ž) In the case that the concentration of the acid would be so high, thatit would overbalance the buffer capacity of the McIlvaine solution (seep. 287).



??? (table 27), or potentiometrically with the hydrogen electrode(tables 28 and 29). TABLE 27. Effect of Mol. phosphate buffer on the respiration of root tips. Expt. 1. (20-5-'36)20 tips per vessel. Expt. 2. (26-5-'36)20 tips per vessel. liquid medium m m â€ž -- U2 hours liquid medium m m ' â€ž z- hours water buffer pH 5,5 buffer pH 5,5 7% glucosebuffer pH 7,8 buffer pH 7.8 7% glucose 107,096,775,498,772,9 waterwater buffer pH 5,5buffer pH 5,5 buffer pH 5,5 7% glucose 81,884,090,087,465,8 Expt. 3. (27-5-'36)20 tips per vessel. liquid medium m m ' ^ ;- hours water 85.0 water 104,6 buffer pH 5,5 101,6 buffer pH 5,5 103,9 buffer pH 5,5 7% glucose 72,6 In table 27 the influence of a buffer solution of pH 5,5 on therespiration of root tips is represented. The respiration in waterequals that in buffer solution. Glucose affects the respiration inthe same way in buffer

solution and in water; the consumptionof oxygen is decreased by it. Also the next table 28 shows that the influence of glucose onthe respiration of root tips is not shifted by the presence ofphosphate. TABLE 28. Respiration and auxin content of root tips in phosphate buffer tips in numberof tips pH m m Qhours auxmcontent R.Q. Expt. 1. (15-6-'36) bufferbuffer 7%of glucose 6060 5,425,42 321,4247,8 10,0Â° Â? 0,513,5Â° Â? 0,9 1,05 Expt. 2. (8-6-'36) bufferbuffer 7%of glucose 6060 5,505,50 255,9185,5 8,4Â° Â? 0,67,6Â° Â? 0,8



??? When considering the figures in the fifth column of table 28,however, one states that the auxin content of root tips in glucose buffer solution does not differ from that of tips in buffersolutions alone. Here no effect of glucose on the auxin contentcan be stated! In fact the auxin content of the root tips in table 28 is muchhigher than it uses to be of root tips in water. This indicatesthat the phosphate solution causes an increase of the auxincontent of the same order of magnitude as glucose does. For that reason the auxin contents of root tips in water andin phosphate solutions were compared; the results are given intable 29. TABLE 29 Respiration and airxin content of root tips in water, phosphatebuffer and 7% glucose. tips in numberof tips pH m m ÂŽ ^hours auxincontent Expt. 1. (18-6-'36) waterbuffer 6060 5,62 314,0315,4 2,5Â° Â? 0,48,1Â° Â? 0,7

Expt. 2. a-9-'36) waterbufferbufferbuffer7% glucose 3030303030 7,916,875,63 136.7 135.8154,0142,8114,2 1,9Â° Â? 0,48,0Â° Â? 0,77,5Â° Â?1,15,9Â° Â? 0,86,4quot;; Â? 0,6 The auxin content of tips in phosphate solution proves indeedto be much higher than that of tips in water. The difference isof the same order of magnitude as that caused by glucose. The described influence of a phosphate solution on the auxincontent of the root tip is still completely obscure. It is possiblethat the buffer solution changes the pH in the root tips and thatthis change affects the auxin content. It is possible as well, thatthe influence of the phosphate solution has nothing to do withits buffering capacity. Perhaps these facts correlate with theinfluence of salts, reported earlier (van Raalte, 1936). It wasstated that the amount of auxin, delivered by root tips to agarwas

considerably larger, if the agar contained KCl or BaClg.According to Thimann (1934) I used the term â€žosmotic actionquot;.This author namely supposed that the effect of glucose on theauxin production consisted in an â€žosmotic actionquot;: the auxinwould be extracted from the tip into the agar by osmotic force.In a verbal discussion Prof. C. E. B. Bremekamp critisized this



??? explanation of the salt effect. He remarked that such an osmoticattraction was hard to visualize. I believe indeed, that for thisphenomenon the term â€žosmoticquot; should preferably not be used,until more experimental evidence has been given to such aneffect. CHAPTER VI. Summary and discussion of the results. Â§ 1. Summary of the results. 1.nbsp;The influence of different concentrations of glucose on thedelivery of auxin by root tips has been determined (Chapter II,Â§ 1 p. 288). 2.nbsp;Glucose has no increasing effect on the delivery of auxinby the tip of the Avena coleoptile (Chapter II, Â§ 2 p. 289). 3.nbsp;Glucose has no increasing effect on the delivery of auxinby the cotyledons of Raphanus (Chapter II, Â§ 3 p. 293). 4.nbsp;The presence of auxin inactivating substances in groundroot tips was proved (Chapter II, Â§ 5 p. 295). 5.nbsp;The effect of

glucose on the delivery of auxin by the roottip is not due to reactions in the agar or in the boundarybetween agar and root tip (Chapter II, Â§ 5 p. 296). 6.nbsp;The effect of glucose on the delivery of auxin consists inan increase of the total amount of auxin, present in the root tip.In the root tip, therefore, auxin can be synthetisized from othersubstances (Chapter III, p. 303). 7.nbsp;The oxygen consumption of root tips is smaller in 7% or10% solutions of glucose than in water; the respiratory quotientand the auxin content is higher (Chapter IV, Â§ 2 p. 309). 8.nbsp;The decrease of the oxygen consumption of root tips bymeans of KCN is associated by an increase of the respiratory-quotient and of the auxin content (Chapter IV, Â§ 3 p. 313). 9.nbsp;The oxygen consumption of root tips is increased, the auxincontent decreased, by a high oxygen tension of the

milieu(Chapter IV, Â§ 4 p. 315). 10.nbsp;If the oxygen tension is reduced very strongly (to 3â€”10%of that of normal air) the respiratory quotient strongly increases,the auxin content, however, remains about on the same levelas in normal air (Chapter IV, Â§ 5 p. 318). 11.nbsp;In 1/15 mol phosphate solutions the oxygen consumptionof root tips is the same as in water; the auxin content, however,is higher (Chapter V, Â§ 2 p. 322).



??? Â§ 2. Discussion of the results. The most important features of the results, summarized above,are: 1.nbsp;The proof, that auxin can be synthetisized in the root tipof Vicia from other substances. The importance of this fact forour knowledge of the growth of the root and the literature onthis subject have already been discussed in Chapter III (p. 299)to which may be referred here. 2.nbsp;The proof of a correlation between the auxin content ofthe cells and their respiratory metabolism. What is the impor-tance of the latter correlation for our knowledge of the growth process in the root? In Chapter IV the higher auxin content, resulting from areduced redox potential was explained as a consequence of areduced oxidation of auxin. For this phenomenon, however, alsoa more indirect explanation can be found. One can suppose thatthe auxin content of

the cells is determined by the rate of auxinproduction and by the rate of auxin consumption during thegrowth at the other hand (the inactivation of auxin is left outof consideration). When the rate of growth is reduced by someexternal factor and the production of auxin is not affected, orat least to a much smaller degree, the auxin content of the cellsconsequently will increase. In our experiments the rate of growthpossibly may be reduced as a consequence of a reduced oxygenconsumption or of a high salt (phosphate) concentration of themilieu. In these cases also the auxin content of the root tipsincreases. An exception must be made for the experiments innitrogen. This can be explained by assuming that a too stronglyreduced redox potential stops not only the auxin consumption,but also its production, so that the auxin of the cells does notshift any

more. The reduction of the auxin content of root tipsin pure oxygen can, according to this explanation, be ascribedto an increased rate of growth, by which the auxin consumptionwould increase. All results, reported in Chapter IV and V, can be explainedin this way. The whole explanation, however, is based on thehypothesis, that auxin is actually consumed in the growth processof the root cells. Our knowledge of the function of auxin in theroot is still too scanty to assume such an hypothesis. Only duringthe last year data have been published, which point into thedirection of an auxin consumption by the root. It may perhapsbe useful to survey briefly the literature on this point. K??gl, Haagen Smit and Erxleben (1934) found that the growth



??? of roots of Avena was inhibited by pure auxin. Nielsen (1930)Boyen Jensen (1933) and others found an inhibiting effect ofhetero-auxm on the growth of roots. According to these results,the ceHs of roots and cells of stems react in an opposite way oiithese hormones. CzAJA (1935) tried to explain this opposite reaction. Hethought that his experiments allowed the conclusion that thegrowth of a cell is inhibited by a bipolar supply of auxin, accele-rated by an unipolar supply. He tried to prove that in the roottwo opposite flows of auxin occur: one from the aerial partstraveling downwards and another from the root tip travelingupwards. These flows would meet in the growing region andmhibit the growth rate in this zone. In a decapitated root thelatter flow would be suppressed, the cells would receive auxinonly from one side and so the growth rate would be

increased.As a proof for this conception Czaja placed decapitated rootshorizontal: they curved positively geotropically. This theory of Czaja, however, met with serious criticism Thiscriticism partly attacked his experiments in which inhibition ofgrowth by opposite flows of auxin had to be proven (Jost andReisz, 1936; Lane, 1936). At the other hand the results of Czaja'sexperiments with decapitated roots could not be reproduced andproved to be inconclusive (Faber, 1936; Thimann, 1936). Much more evidence than Czaja's theory has the conception,that the effect of auxin is dependent on its concentration. Asearly as 1925 Jost had ah-eady suggested this possibility toexplain the opposite behaviour of stem and root. In the literatureissued during the last year a number of data has been reportedindeed, which indicate that low concentrations of (hetero-) auxin nooif

^iÂŽnbsp;growth in roots. Faber (1936) and Thimann Uy^b) derive from their experiments that hetero-auxin suppliedto roots, which contain only little auxin, accelerates the growthwhile the same external concentration would inhibit the growthof roots containing much auxin of their own. Also the experi-ments by Jost and Reisz (1936) weakly point to a growthaccelerating effect in roots of low hetero-auxin concentrationsAmlong (1936) supplied hetero-auxin unilaterally to roots ofVicia. A concentration of 10-Â? mol caused a negative curvaturehigher concentrations positive ones. The concentration of 10-'mol therefore would accelerate the growth. Geigerâ€”Huber and Burlet (1936) cultivated under sterileconditions isolated excised roots and studied the effect of hetero-auxm on the growth. They stated that concentrations of 2 86 lO-i^



??? _2.86.10â€”quot;' accelerate the growth, with the maximum accelera-tion at a concentration of 2.86.10-quot;. Hetero-auxin concentrationsof 2.86.10â€”'â€”2.86.10-5 inhibit the growth. The authors concludefrom their experiments, that auxin is indispensable for the growthof the root. They further stated that the hetero-auxin is inactiv-ated by the root, also in concentrations, which inhibit the growth. From the cited literature we perhaps may conclude that auxinis indispensable for the growth of the root. The fact, that theconcentration has to be extremely low for an acceleration ofthe growth rate, indicates that the quantity of auxin consumedby the growth process is very small. If this holds true, no con-siderable increase in the auxin content can be expected if thegrowth is checked. For this reason it seems more probable thatthe increase of the auxin

content, reported in Chapter IV and V,should be ascribed to a decreased inactivation rather than toa decreased consumption, due to an inhibition of the growth.To discriminate between these two possibilities, however, stillmore should be revealed on the function of auxin in the growthprocess of the root. This work has been carried out in the Botanical Institute ofthe State-University, Utrecht; it was started under the directionof the late Prof. Dr. F. A. F. C. Went and continued under thedirection of Prof. Dr. V. J. Koningsberger. LITERATURE. Amlong, H. U. 1936. Zur Frage der Wuchsstoffwirkung auf das Wurzel-wachstum. Jahrb. f. wiss. Botanik, 83, p. 773. Avery Jr., G. S. 1935. Differential distribution of a phytohormone in thedeveloping leaf of Nicotiana, and its relation to polarized growth. Bull.Torrey Botan. Club, 62, p. 313. Barker, J. 1933. Analytic
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??? STELLINGEN. 1. Bij de hogere plant kan iedere cel, onder geschikte uitwen-dige omstandigheden, tot auxinevorming overgaan. 2. De methode, waarmee Amlong meent een invloed van auxineop de rekbaarheid van de celwand bij wortels te kunnen aan-tonen, is hiervoor niet geschikt. Amlong, Ber. deutsch. bot. Ges., 54, 1936, p. 271. 3. De hoge affiniteit voor zuurstof van foetale haemoglobine invergelijking met die van het volwassen zoogdier, staat niet inverband met de ontwikkeling in de uterus. 4. Bozler bewijst niet, dat de kontraktiele elementen in de gladdespier viskeuze eigenschappen hebben. 5. Het verdient aanbeveling, naast de Gymnospermae enAngiospermae een derde hoofdafdeling â€žChlamydospermaequot; teonderscheiden, welke de geslachten Ephedra, Gnetum, en Wel-witschia omvat. 6. Uit de frequentie van het pollen

van Carpinus in pollen-diagrammen, kunnen geen kwantitatieve konklusies worden ge-trokken omtrent het aandeel van deze boom in de samenstellingvan de bossen gedurende het postglaciaal. Oberdorfer, Ztschr. f. Bot., 30, 1937, p. 552.



??? De verminderde virulentie van tabaksmozaiek virus na toe-voegen van trypsine, berust op een inwerking van deze stof ophet virus zelf; niet op een inwerking op de plant. Caldwell, Proc. Roy. Soc. London, B, 119, 1936, p. 493. Ten onrechte konkludeert Beale, dat de door haar in mozaiek-zieke cellen waargenomen kristallen zouden kunnen overgaanin het kristallijne tabaksvirus proteine. Beale, Contr. Boyce Thompson Inst., 8, 1937, p. 413. 9. De opvatting van Waksman over de oorzaak van de ontgin-ningsziekte is niet juist. Waksman, Humus, London 1936, p. 352.
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