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??? RESPIRATION OF PHYCOMYCES PROEFSCHRIFT TER VERKRIJGING VAN DEN GRAAD VANDOCTOR IN DE WIS- EN NATUURKUNDEAAN DE RIJKS-UNIVERSITEIT TE UTRECHT.OP GEZAG VAN DEN RECTOR MAGNIFICUS.Dr. B. J. H. OVINK. HOOGLEERAAR IN DEFACULTEIT DER LETTEREN EN WIJSBE-GEERTE. VOLGENS BESLUIT VAN DENSENAAT DER UNIVERSITEIT TE VERDE-DIGEN TEGEN DE BEDENKINGEN VAN DEFACULTEIT DER WIS- EN NATUURKUNDE.OP MAANDAG 21 NOVEMBER 1927,DES NAMIDDAGS TE VIER UUR DOOR SIEBE RIEKELE DE BOER. GEBOREN TE DRACHTEN AMSTERDAM T MCMXXVII ). n. DU bUobY BIBLIOTHEEK DERRIJKSUNIVERSITEITUTRECHT.
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??? Nu ik gekomen ben aan het einde van mijn academischestudie, past mij een woord van dank aan LI allen, hoog-leeraren der philosophische faculteit, voor Uw onderricht,vooral U, hooggeleerde Van Romburgh, Nierstrasz,Jordan, Pulle, Kruyt, We st er dijk en Went. Drie Uwer hebben in het bijzonder tot mijn vormingbijgedragen. Gij, hooggeleerde Kruyt, zijt het geweest die dendoorslag hebt gegeven tot de richting die ik in mijnstudie zou volgen. Voelde ik aanvankelijk meer voor demorphologische vakken in de biologie, Gij hebt mij geleerdwelke bekoring er uit gaat van het experiment. Uwcolleges waren voor mij een openbaring. Hoewel ik delaatste jaren minder met de kollo??dchemie in aanrakingkwam, denk ik nog steeds met zeer veel genoegen terugaan den tijd toen ik op Uw laboratorium werkte. Hooggeleerde West er dijk. Mogen sommigen de toe-gepaste botanie niet tot de exacte wetenschappen willenrekenen, de wijze waarop men in Uw laboratorium devraagstukken der phytopathologie leert bestudeeren bewijstde onjuistheid dezer opvatting en

moet bij ieder belang-stelling voor die wetenschap wekken, ook bij hen. die inhet begin â€žim Herz abgewandt" zijn. Ik ben U zeer erkentelijk voor de wijze waarop Gijmij met de problemen der praktijk in aanraking hebtgebracht, zoowel door Uw persoonlijke omgang, hetwerken in Baarn, als door Uw excursies, waarvan ikvooral die naar Denemarken wil noemen.



??? Hooggeleerde Went, hooggeachte promotor. Ik benin mijn studietijd wel buitengewoon bevoorrecht geweest,doordat ik reeds vroeg Uw assistent werd en zoodoendejaren lang voortdurend met U in aanraking was, nietalleen in het laboratorium maar ook in Uw huis. Degastvrijheid van U en Mevrouw Went zal steeds in mijnherinnering blijven. Het is moeilijk onder woorden te brengen wat ik Uverschuldigd ben. Ik dank U zeer voor de hulp, die Gijmij steeds hebt verleend, de wijze waarop Gij mij alsbotanicus hebt gevormd door Uw leiding en critiek en degelegenheid die Gij steeds hebt geboden om kennis temaken met geleerden uit binnen- en buitenland. Bij de bewerking van mijn dissertatie heb ik verder veelhulp mogen ondervinden in andere laboratoria, waarvoorik U hooggeleerde Kolthoff, Schoorl en Ornsteinveel dank zeg. Van U, waarde Greta Mes, waarde Mulder enhooggeleerde Baas Becking, heb ik veel bijstand mogenondervinden bij de vertaling van dit proefschrift. Aan U, P. A. de Bout er, zij dank gebracht voor dehulp bij het toestel en U. A.

de Bouter, voor hetvervaardigen der teekeningen, terwijl verder de heerLobel mij steeds zeer behulpzaam was bij het makender voedingsbodems.



??? {Extrait du Recueil des Travaux botaniques n?Šerlandais, Vol. XXV, 1928). RESPIRATION OF PHYCOMYCES by S. R. DE BOER. INTRODUCTION. METHODS AND APPARATUS. In the following pages a description is given of experimentson the respiration of Phycomyces Blakesleeanus Burgeff.This fungus is wellknown under the name of Phycomycesnitens Kunze, but two years ago, Burgeff (16) showedthat the latter name really belonged to another Phycomyces,so he called the former Phycomyces Blakesleeanus. In all the experiments transfers were used from a onespore culture of a 4- strain, obtained from the â€žCentraal-bureau voor Schimmelcultures" at Baarn, Holland. Two kinds of respiration apparatus were used, one ofthe air current type and the other of the closed space orRegnault type. Respiration, consisting in evolving carbon dioxide andabsorbing oxygen, is generally measured.1ÂŽ by determining the CO.^ given off2Â° â€ž â€ž â€ž O2 taken in 3Â° â€ž using both methods simultaneously.The first

method has already been worked out byPettenkofer (69); later on Pfeffer (70, 95) introducedit into plant-physiology. This socalled Pettenkofer-Pfeffermethod consists in forcing or sucking a current of air depriv-ed of carbondioxide through the respiration vessel. Inleaving it the air has to pass a solution of bariumhydroxidein long horizontal glass tubes, called Pettenkofer-tubes.The quantity of COo given off by the plant can be deter-



??? mined from its absorption by the barytawater and sub-sequent titration. The air current can be led alternatelyinto different tubes. Another absorber with barytawaterbehind the Pettenkofer-tubes will tell that all the COghas been absorbed in the tube, if the solution in the absorberremains clear. This method is a very simple and handy one and canalways be used when the only thing to be settled is theamount of the COg, given off by the plant. It was in suchcases that I made use of it, the air being sucked throughthe system by an aspirator of the kind described byFernandes (31). Attached to it was an open mano-meter with mercury which enabled me to check the suckingforce of the aspirator. The respiration chamber was placed in a glass basinfilled with water, kept at a constant temperature by elec-trical heating. Inside the glass basin there was also a metalspiral tube through which the air had to pass before enteringthe respiration vessel in order to take on the same tem-perature. Before entering the vessel the air was

purified in differentwashing-bottles filled with solutions of sodium hydroxide,strong sulphuric acid, silver nitrate and potassium per-manganate. In leaving the respiration vessel the air passeda small absorbing flask with sulphuric acid. Without thisprecaution, the air, rich in watervapour given off by therespiring plant, would render the bariumhydroxidesolutionless concentrated. The sulphuric acid should not be takentoo strong, for in this case an absolutely dry air enters thePettenkofer-tube and a humid one leaves it, also chan-ging the strength of the barytawater. Half a century ago Ad. Mayer (61, 96) determinedthe Og- absorption by measuring the decrease in a volumeof air, which was shut off from the atmosphere by means



??? of mercury, a strong alkaline solution absorbing all theCO2 evolved by the plant. By measuring the COg absorbed by the alkaline solution,Godlewsky (35) determined the Og taken in and theCO2 given off by the plant at the same time.Bonnier and Mangin (11) examined the O2 absorbedand the COg given off by the plants by analysing samplesof air. It is obvious that in both methods a lack of oxygenmay effect the respiration. Moreover, in the last method,a lot of CO2 may be formed in the experimental vessel,which may injure the plants. Besides this, the more thereis of CO2, the more will be absorbed by the water and theplants, so the amount of COo found will be too small. In zoo-physiology an apparatus is used without thesedrawbacks, the prototype of which was published byRegnault and Re is et (76). It has subsequently beenmodified and improved by Benedict (7) and byFredericia (33). In these apparatus a supply of oxygenhas to compensate the decrease in the oxygen pressureinside, so as to keep it as nearly as

possible to the originalpressure. Various devices are in use. Connected with thechamber a volume recorder is often arranged, which willat a certain point close an electric circuit and admit oxygenfrom a cylinder and reduction valve. In 1923 Fernandes (30 and 31) introduced intoplant-physiology an ingenious respiration apparatus on theRegnault-Reiset principle. The oxygen is obtained by anew\'method, i.e. by hydrolyzing a sodium hydroxidesol-ution. As much O2 as is taken up by the plant is formedand led to the respiration vessel. So the amount of oxygenin the closed space always remains the same. The hydrogenformed at the other electrode is collected in an eudiometer.It is equal to twice the amount of oxygen absorbed by theplant. A pump circulates the constant volume of air throughthe system. By means of tubes filled with barytawater the



??? COa can be absorbed. As both Og and COg are determinedthe respiratory quotient is known. Fe man des did not pay much attention to the respir-atory quotients. I made the determination of the respir-atory quotients an important part of my investigations.I soon discovered that in order to be able to determine thequotients accurately, certain alterations had to be made. For a detailed description of the original apparatus I begto refer the reader to Fernandes\' publication. HereI am only going to give a schematic description of the appa-ratus and its improvements as shown in fig. 1. The closedspace with the constant volume of air is formed by thesystem A, B, etc... H. By means of H the air is pumpedin the direction indicated by the arrows. A is the respirationchamber, the air entering at the top and leaving the vesselat the bottom. Then the air has to pass the washing-bottleB filled with a solution of sulphuric acid of which the samemay be said as on p.ll8. D and E are Pettenkofer tubes, long35 c.m., diameter 2.1 c.m., each

filled with 80 ccm. barium-hydroxide solution, absorbing the COo given off by the plant.G is the control barytatube. The level in the right leg ofthe manometer L would rise if oxygen was not formed mthe electrolyzing vessel M. The electrolyzing current canbe regulated by means of a resistance. In the circuit I placedamilliamperemeterwhich was a great convenience as will be proved afterwards. It appears from the diagram that the mostimprovement made is the compensating vessel K. In star-ting an experiment the vessels A and K are shut off fromthe atmosphere by closing the taps I and J. Changes inbarometric pressure can have no influence then. It standsto reason that the electrolyzing vessel M must be shut offtoo. The glass tube at the left in which the hydrogen is formedand conducted to the eudiometer N is in connection withthe atmosphere. O is a levelling device consisting of a glass



??? H TZJ to o kJ



??? tube with water in connection with the lower end of theeudiometer N. During or at the end of each experimentO has to be raised or lowered till the pressure at the point* is the same as at the beginning of the experiment, whichcan be seen from the level in M being the same in the elec-trolyzing vessel and both its tubes. With the suction velocity employed, one Pettenkofer tubeis not sufficient. Two are necessary though the upper tubehas to absorb only a small amount of COo. The use of2 Pettenkofer tubes instead of 3 vertical absorptiontubeshas many advantages. The difference in pressure is nowonly 3 c.m. water, whereas Fernandes had a differenceof 35 c.m. This lessens the chance of leakage. The twotubes are attached to a frame. There is room enough fortwo of such sets of tubes. By means of the three-way-taps C and F these sets of tubes can be changed atany time so that any new experiment can go on withoutinterruption. As far as possible the connections are of glass, the restconsisting of heavy vacuum-tube.

As rubber will absorbCO2 the section between A and D is kept as short as possibleBehind E (e.g. in the pump H) COÂ? cannot be lost bydiffusion, because there is no more COâ„? present. When the apparatus is ventilated, purified air entersat F, passes the vessel A and leaves the system at C. I ven-tilated for instance when taking long experiments wheremeasurements cannot continually be carried out. Except for O and N the whole apparatus is fixed in aglass basin with water, which is kept at a constant tempera-ture (it 0.03Â° C.) by electrical heating. The humidity in the respiration vessel during the experim-ents was always very high and nearly saturated for tworeasons, 1Â° because the entering air was sucked throughwater and 2Â° because the respiring plant gives off water.It was checked by means of a hygrometer.



??? During my experiments I also investigated the influenceof pure oxygen on respiration. The oxygen entered at tapF, passed absorber G, the respiration vessel and absorberB, and left the system at tap C. In this way the liquid in thesystem, for instance that in B and G, was saturated withoxygen. It stands to reason that, when starting an experiment,the barytawater in the Pettenkofer tubes also had to betotally saturated with oxygen before connecting them tothe taps C and F. Otherwise oxygen would be absorbed,because oxygen is more soluble in water than air. In 160 ccm.of solution at 25Â° C., 2.8 ccm. air and 4.6 ccm. oxygen areabsorbed at a pressure of 1 atm. It was necessary to lead anoxygen current of the same temperature as that of thebasin through each new set of tubes for 10 minutes beforeusing it in a new experiment. Otherwise oxygen woulddissolve and one might get the impression that there wasa higher respiration than was actually the case. An analogical difficulty was encountered when usingdifferent

temperatures. In 160 ccm. of solution, air is dissolvedto an amount of 3.7 ccm. at 10Â°; 3.05 ccm. at 20Â°; 2.65 ccm.at 30Â° and 2.25 ccm. at 40Â°. Suppose the temperature in theroom is 15Â°. Then the temperature of the solution in thePettenkofer tubes before putting them in the waterbasinwill be the same. When experiments are carried out at37Â°5 about 1 ccm. of air will be given off. A mistake of1 ccm is a very large one, as may be seen afterwards. Sowhenever there was a difference between the temperaturein the room and the temperature of the water an air currentwas pumped through each set of tubes for 10 minutes beforestarting the new experiment, because in this way the equil-ibrium was much more quickly attained than when theliquid remained undisturbed. This air first passed througha metal spiral in order to assume the temperature in question. The rectangular respiration vessel in the circulatingapparatus had a width of 3.5 c.m., a length of 8.5 c.m, and



??? a depth of 10.5 c.m. These were the inside dimensions.With the washing-bottle B its contents were 325 to 350 ccm.The lid and the bottom were double. The inner walls wereperforated at different places, except near the openingsof the tubes. This aids the distribution of the air current.The sides of 10.5 X 8.5 c.m. were of glass. The glass wasprovided with horizontal lines at a distance of % c.m. sothat the growth of the sporangiophores could be observed.Two slides, impenetrable to light, were usually coveringthe glass walls, preventing the phototropic curving of thesporangiophores. Many blank experiments were carried out in order totest the apparatus. The decrease in the strength of thebarytawater in the Pettenkofer tubes, probably owing toa condensation of water vapour, on an average did not exceedan amount corresponding to 0.1 ccm per hour. I neglectedit, the more readily as the decrease in the constant volumeof air in the apparatus was on an average 0 15 ccm per hour.These two facts compensated each other.

It seems thatthe metal of the vessel was oxydized to a slight degree. Inpure oxygen the decrease in volume was much larger,namely 0.6 ccm per hour, whereas the change in the bary-tawater had remained the same as in air. With the experi-ments in pure oxygen the error of 0.6 â€” 0.15 = 0.45 ccmper hour was taken into account. In the air current apparatus I sometimes used anothervessel measuring 13 X 12 X 5 c.m. inside, the contentsbeing about 800 ccm. By means of different blocks of metalexactly fitting in the vessel I could reduce the volume toany required degree. It takes some time for the COo given off by the plantto reach the Pettenkofer tubes. This will take longer, asthe experimental chamber is bigger and the suction-velocitysmaller. Therefore the relation between the suction velocityand the volume of the respiration vessel is of the utmost



??? importance in studying the influence of some externalfactor on respiration. I studied this relation by liberatingin the vessels of 325 and 800 ccm one milligrammoleculeof COg (22.4 ccm). At a certain moment I emptied a tubewith 3 ccm of n. hydrochloric acid in a small glass basin,containing one milligrammolecule of sodiumcarbonate (106mgm). Air was sucked through the vessel at different velo-cities. The tubes were very often changed. The results areto be found in table 1 and 2. In my experiments I mostly used the respiration vesselof 325 ccm at a suction-velocity of 3 or 3^4 per hour. TABLE 1. Vessel of 325 ccm. cubic contents. la. Suction velocity 1.81. per hour. After 5 min. 7.4 ccm. COj. â€ž 10 â€ž 13.1 ,, 20 f, 18.7 ,, ir â€ž 30 â€ž 21.1 ft 60 tt 22.8 Â?Â? ft Half the amount has disappearedafter 8 min. Ic. Suction velocity 3 1. per hour. After 5 min. 11.55 ccm. COa. 10 â€ž 17.3 â€ž Â? 20 â€ž 20.8 â€ž Â?r 30 21.7 ff ft n 70 â€ž 22.15 â€ž Half the amount has disappearedafter about 4^/i min. Ife. Suction velocity 2}4 1.

perhour. After 5 min. 9.15 ccm. COj.â€ž 10 â€ž 14.9 â€žâ€ž 20 â€ž 19.4 â€ž30 â€ž 21.1 60 ft 22.1 It tt Half the amount has disappearedafter nparly 7 min. Id. Suction velocity 3\'^ 1. perhour. After 5 min. 12.75 ccm. COj. â€ž 10 â€ž 17.95 â€ž â€ž 20 â€ž 20.75 â€ž â€ž 30 â€ž 21.65 â€ž70 â€ž 22.1 Half the amount has disappearedafter about 4 min.



??? 2c. Suction velocity 3 1. per hour. After 10 min. 12.3 ccm. COj.â€ž 20 â€ž 17.4 â€žâ€ž 30 â€ž 19.7 â€ž Â?â€ž 50 â€ž 21.7â€ž 95 â€ž 22.35 Half the amount has disappearedafter 8% min. TABLE 2. Vessel of 800 ccm. cubic contents. 2a. Suction velocity 1.81. per hour. 2b. Suction velocity 2.71. per hour. After 10 min. 5.45 ccm. CO,. After 10 min. 10.4 ccm. CO^. â€ž 20 â€ž 10.0 â€ž tt â€ž 20 â€ž 16.0 â€ž â€ž 30 13.25 â€ž tt â€ž 30 â€ž 18.8 â€ž â€ž 50 â€ž 17.5 â€ž tt â€ž 50 â€ž 21.35 â€ž â€ž 70 â€ž 19.85 â€ž f, â€ž 90 â€ž 22.95 â€ž â€ž 130 â€ž 22.5 tt Half the amount has disappeared Half the amount has disappeared after 11 min. after 24 min. 2d. Suction velocity 3>/2 1. perhour. After 10 min. 13.4 ccm. CO,.â€ž 20 â€ž 18.6â€ž 30 â€ž 20.7â€ž 50 â€ž 22.2 â€žâ€ž 90 â€ž 22.9 Half the amount has disappearedafter 7% min. It follows from table 1 that in this case the COÂ? on anaverage reaches the barytawater after fully 4 minutes. As regards former investigators .K u y p e r (52) used acylindrical vessel,

height 16 c.m., diameter 10 c.m., someasuring about 1250 ccm. The air was sucked through atthe rate of 3 1. per hour. The relation was about the sameas in table 2a. So in Kuyper\'s experiments COÂ? newlyformed needed on an average 25 minutes to reach the Petten-kofer tubes. Usually I employed a solution of about 0.05 n. of barium-hydroxide, equal to about 7.9 grm. per 1., the molecular



??? weight of Ba(0H)2 8 aq. being 315.6. As the commercialbariumhydroxide is impure I had to dissolve about 9 grm.per 1.1 dissolved the hydroxide in hot water in flasks of about8 1. and allowed the insoluble carbonates to settle. Theclear solution was then siphoned. A little more than 1 grm.BaClo per 1. was added in order to repel the solubility-product of the BaCOg. The titer of the barytawater before and after an experimentwas determined by means of 0.05 n. HCl. The latter wasmade to correspond to a 0.05 n. NaOH solution, in itsturn corresponding to a 0.05 n. solution of oxalic acid.



??? CHAPTER L THE RESPIRATION OF PHYCOMYCES ON DIFFERENT MEDIA. Â§ 1. Introduction. At first my purpose was to carry out respiration experi-ments with cultures of Phycomyces on a culture mediumof a definite well-known composition. It is possible tocultivate Phycomyces on sugar media. Lindner (56) forinstance found that the strain grew very well on maltose,raffinose and dextrinesolutions, the â€” strains moreover alsoon glucose, fructose and saccharose. Grete Orban (65)on the contrary thought that the -f strains were less par-ticular and consumed more different kinds of sugar thanthe â€” ones. More contradictions are to be found in literatureas to which kind of sugar is the best medium. The reasonmay be the existence of a considerable number of raceswith different physiological properties, as Satina andBlakeslee (e.g. 84) have shown, so that the investiga-tors probably have worked with different races. The raceI investigated for instance grew better on saccharose thanon maltose, but probably this fact

does not hold goodfor all races. The more sugar has been dissolved in the liquid, thebetter the fungus will grow. Of course there are limits,because at higher concentrations the osmotic pressureprevents the growth. The same is to be seen on agar media.Neither can the growth be continually increased by takingthicker layers, as the aerophilous mycelium remains in theuppermost part of the agar. Schmidt (86) has investig-ated the same subject in detail. The growth was thereforenever strong enough to work with when the fungus wascultivated on sugars.



??? On starchagar the growth of the fungus can be increasedby enlarging the amount of starch, as the harmful influenceof higher osmotic pressure does not exist in this case. Onstarchagar media however, oxygen cannot enter sufficiently.With fatty media we see the same thing. F1 i e g (32)found that Phycomyces did not grow very well on fat;probably there was also a lack of oxygen in this case. Withthe above media sufficient respiration can of course be ob-tained by taking a great quantity of them in thin layers.But in doing this a large respiration vessel is necessary,the drawback of which has been shown on p. 126. Secondlythe larger the amount of culture medium the more CO2will remain dissolved in it. In my experiments I therefore used such solid culturemedia as always contain a sufficient amount of food andallow the air to enter freely. For a starch-medium I usedbread, for an oil-medium ground linseed, both soaked inwater. Some of the culture media were analysed in thepharmaceutical laboratory of Prof. Schoorl, to

whomI am very much indebted for his kind assistance. In the carbohydrate medium there are proteins and somefats, in the oil-medium we also find carbohydrates andproteins. With the apparatus described in the introductionI was able to measure the respiratory quotients very accurat-ely. My purpose next was to determine by means of thesequotients what kind of food Phycomyces would take fromsuch a heterogeneous culture medium. When carbohydratesarc consumed the respiratory quotient will ordinarily beabout 1.00, when fats or proteins are combusted it willbe smaller as more oxygen has to be absorbed in comparisonwith the carbohydrates. During the growth of the fungus the pÂ? of the culturemedium is changing. As the principal subject of my investi-gations was respiration I only examined the change in theacidity of the medium qualitatively by means of Ph measure-



??? merits. If examining the whole metabolism of Phycomyces,I should also have had to determine the quality and quantityof the acids formed, as pÂ? is not a measure for the quantityof acids in a culture medium. For instance it depends on its buffer-capacity. I determined Ph by means of the quinhydroneelectrode.I am very thankful to Dr. K o 1 t h o f f for helping mewith this part of my investigations. Media with a smallbuffer capacity cannot be measured, except when verypure quinhydrone is used (46). My culture media, however,had a large buffer capacity so that these precautions couldbe omitted. The fungus was cultivated in two ways. Firstly in smallearthenware troughs, containing about 13 ccm, area 6sqcm, depth about 2 c.m. The dry weight of the bread init was about 6 grm. and of the ground linseed, etc. about41/2 grm. Secondly the food was given to the fungus in athin layer on rough linen, which was stretched over a smallglass frame of 7 X 2Y> c.m., in such fashion that the mediumwas in contact with the air both

above and below. I alwaysused two of such frames fitted above each other in therespiration vessel. For the sake of brevity they will bespoken of in the tables as "two layers". All experiments in this chapter were carried out at 25Â° C. Â§ 2. Respiration on Carbohydrate Medium. The analysis of the bread\') used per dry weight was asfollows: carbohydrates 77 %, proteins about 10 % andfat nearly 1 %. Of the carbohydrates about 10 % are soluble, such as maltose. On bread first a generation of thin sporangiophores appears,followed by a generation of thick ones. In course of time In Holland the bakers sometimes mix the flour with water. Ialways used this "waterbread". If milk is used the percentage offat is higher (see p. 139.)



??? new generations of sporangiophores follow. Fig. 2 (table 3)shows the whole grand period of the respiration of Phyco-myces on a small trough with bread. Both the amount ofCOo given off and of Oo taken in increase very rapidly, Xibc3O rB m in n c oÂ§ â€?aÂ? .aK <N ?”iZ



??? the more the mycelium penetrates through the culturemedium. About 31/2 days after transferring, i.e. 2 daysafter the surface has been covered by mycelium, the respi-ration reaches a maximum. The sporangiophores of thefirst generation are now very thin and have nearly stoppedgrowing, the thick ones are about 21/2 c.m. long. From thismoment respiration decreases gradually: to half the amount after 3 or 4 days. As for the respiratory quotient, at the moment of themost intensive respiration it.is higher than 1.00. As respir-ation decreases the quotient drops from about 1.15 toabout 1.00. I wondered whether in the long run the quotientwould continue decreasing or remain at 1.00. I thereforecarried out an experiment with an old culture, which hadremained at room-temperature for about 2 or 3 weeks.From table 4 it appears that old cultures also show a quotientof about 1.00 on these starch media. Why is the quotient higher than 1.00 when respirationis at its full strength? The thought occurred to me, thatthe cause might be

that the air could not enter sufficientlyinto the culture troughs, which are relatively deep. ThusCOo might have been formed anaerobically. If so, thequo\'tient would be smaller if the air could enter better.I now used for the first time the frames with the thin layersof culture medium, mentioned above. The result of theexperiment with 2 X P/t grm. bread is shown in fig. 3(table 5). Contrary to .expectation the quotient is raisedand fully 1.20. I therefore carried out many experimentson this point and the quotient always turned out to lie between 1.20 and 1.25. Also from fig. 3 it follows that in the end the quotientapproaches the value 1.00. As here the amount of culturemedium is smaller, the grand period of the respiration isless extended than in fig. 2, whereas the sporangiophoresare yet smaller during the maximum respiration.



??? Phycomyces does not behave like the Mucoraceae of theMucor group, which are able to ferment sugars, asBrefeld (15) already showed. Kostytschew (48) grewMucoraceae on bread without finding 5hy fermentation;on sugar being added to the bread fermentation appeared.In case the high respiratory quotient of Phycomyceswere due to a fermentative process, the quotient shouldrise if the bread were soaked in a sugar solution insteadof in water. This is not so, however, no such rise beingfound for instance with bread soaked in a 5 % solution of saccharose. Respiration as such however is more intensein this case. As the high respiratory quotient on bread is a normalcharacteristic of the fungus, substances are apparentlymanufactured containing less oxygen than carbohydrates.The presence of alcohol etc. cannot be demonstrated, soI suppose that the value of the respiratory quotient is prob-ably at first higher than 1.00 because carbohydrates arechanged into fats. In the mycelium fats can be demonstrated.Also the

facts mentioned in chapter III render the suppo-sition probable. The more respiration decreases the lower sinks therespiratory quotient. In the troughs the respiration in the



??? upper part of the culture medium will be in the descendingpart of the grand period, whereas below the respirationis at its maximum. So the average respiratory quotientnever reaches tlie value measured on the thin layers ofculture media. In examining different external influencesafterwards, I therefore always used the last culture method,as processes are simpler here. As for the acidity of the medium, Schmidt (86)found that Phycomyces turned the medium acid. Thisholds good for the above carbohydrate medium. The pnof bread is about 5.85 and is made smaller by the fungus,for instance after 2 weeks it is 5.3, after 3 weeks 4.5. Â§ 3. Respiration on Media with a varying Amount of Fat. As has already been stated I used ground linseed as anoily medium. Here the fat and also the other food proteinsand carbohydrates are distributed through the medium, sothat the air can enter better than on pure fat. The compos-ition of linseed per dry weight is as follows: fat 35 % andproteins 25 %. According to the text-books (e.g.

99)carbohydrates occur as much as 9 % sometimes, the greaterpart however consists of pectin-mucilage, the smaller partof sugars. Phycomyces thrives exceedingly well on fattymedia. Fat is well-known to have a high combustion energy(H o e b e r 40). F 1 i e g (32) cultivated Aspergillus nigeron fatty media. On sugar media however respiration wasmore intensive. Phycomyces on the contrary is a true fatconsumer as will be shown presently. Respiration is inten-sive on fatty media. The fungus prefers fat out of a mixedculture medium. The sporangiophores also grow better.As a rule a thin generation is not to be observed on groundlinseed. One generation of very thick sporangiophoresappears, growing faster than the ones on bread. The spo-rangiophores are very numerous and arise as it were all



??? at the same time, leaving no space for following generations,for in contradistinction to the starch-media new generationshardly follow. In fig. 4 (table 6) the grand period"of respiration is shown â€”y 25/6 â– 09â– 08 Â? â– 0.7 ^ 11?" 26/6 Fig. 4. Grand Period of Respiration on a Small Earthenware Trough withGround Linseed (oil 35 per cent.). Sec table 6. on a small trough with ground linseed. Respiration increases .very rapidly and about 3)4 days after transferring, i.e.nearly 2 days after the surface was covered with mycelium,it reaches its maximum. The sporangiophores then havea length of from 4 to 5 c.m. Then respiration decreases



??? gradually as on the starch-media. In consequence of fat-combustion the respiratory quotient is low. It drops toabout 0.66 and remains there during the maximum respira-tion. When respiration decreases the respiratory quotientrises in a few days to about 0.75. From the composition of linseed-oil (93) it appears thatin consuming only the oil, the quotient should be about0.72. As will be proved hereafter carbohydrates are alsoconsumed in some measure. Therefore the quotient shouldbe found still higher, whereas it is lower. Phycomyces onoil-media apparently takes up more oxygen than is neces-sary for the combustion of fats. Oxygen is apparently fixedby changing fats into carbohydrates. This fact has been mentioned in earlier literature forseedlings. Sachs (82) found microchemically that, ingerminating fatty seeds, fat was changed into carbohydrates.G o d 1 e w s k i (35) determined the respiration of fatty seedsand found the respiratory quotient falling from 1.00 toabout 0.60. So carbohydrates were manufactured.

Lateron the quotient again approached 1.00, so the carbohy-drates formed were consumed. Fungi, growing on fattysubstances, show this phenomenon very often in a verystrong degree as Flieg (32) records. I also examined the respiration on linseed-meal, con-taining 14^4 % oil. Fig. 5 (table 7) shows the respirationon a small earthenware trough. The course of the grandperiod resembles that on ground linseed. Respiration in-creases less rapidly at first and remains a little lower. Themaximum of respiration again takes place when the spo-rangiophores are about 4 c.m. long. As there are less fattysubstances, the influence of the carbohydrates is moreobvious, as the respiratory quotient is much higher. It fallsduring the most intensive respiration only to 0.76 andrises during the following days to about 0.85.



??? UJ



??? In order to get a medium as the above with still lessoil, I kept linseed-meal for a considerable time in a bottlewith petrol ether. Now and then I renewed the ether. Afterit had been removed quantitatively, the medium contained about % fat. I grew Phycomyces on this medium.The respiration now was completely changed as may be shownin fig. 6 (table 8). Fat with the best nutritive value has



??? nearly disappeared so that the respiration is much lower,though the remaining 21/0 still have great influence!as the respiratory quotient is about 0.95 and the respirationmuch higher than in the next case without fat. On this medium appear always more generations with fewer and thinner sporangiophores, and not one numerous gene-ration with thick sporangiophores as in the former two cases. I totally deprived a little of the above named mediumof fat by extracting it for 4 days in a Soxhiet with petrolether. The respiratory quotient is now about 1.00. Fig. 7(table 9). A kind of carbohydrate-respiration takes place.It seems that the abundance of proteins has no influence.The respiration is smaller than on the medium with 2i/. %oil, which proves that Phycomyces uses oil by preferencewhen it is there. This also appears from the following experiment. Onceby mistake instead of waterbread, the so-called "milkbread"was used, which contained about 2^2 % fat. This factlowers the respiratory quotient very much as may be seenfrom

table 10. Afterwards, whenever I studied the influence of externalfoctors on the respiration of Phycomyces on media richin oil, I did so on the method of thin layers on a set of frames.In fig. 8 (table 11) the grand period of respiration is givenfor such a culture on 2 X 1 \'/, grm. of ground linseed. Therespiratory quotient is again about 0.65. In consequenceof the smaller quantity of culture medium and the largersurface of it as compared with fig. 4, the mycelium relat-ively spreads more quickly and reaches the maximumrespiration sooner, namely about 2 days after transferring.At this moment the sporangiophores are not yet visible.When they appear the respiration is already decreasing.The curve descends more rapidly than the one in fig. 4.The whole curve is sharper and shorter.



??? Â§ 4. Consumption of Proteins. Butkewitsch (17) showed that fungi only consume pro-teins when no carbohydrates or fats are present. In thiscase Aspergillus niger liberates a lot of ammonia. P?Šnicilliumand fungi like Mucor especially amino-acids.Kostytschew (48) carried out respiration experiments with fungi on proteins as a culture medium and found therespiratory quotient to be about 0.50. Klotz (44) did notfind an ammonia production with fungi until the carbohy-drates had entirely been consumed. As has already been remarked it follows from fig. 7 thatPhycomyces does not consume proteins either if carbohy-



??? drates are to be had, as the respiratory quotient wouldotherwise be much smaller. I investigated this question inanother way by baking bread containing respectively 10 %and 20 % peptone. Moreover, it was just possible that in 10.0 5.0 the presence of simple proteins the whole respiration would beraised. Fig. 9 (table 12) shows the respiration on two layersof bread plus 10 % peptone. The curve looks like fig. 3,



??? where bread without peptone was used. Neither the res-pirationvelocity, nor the respiratory quotient has changed.The same is to be seen in fig. 10, giving the respirationon a small trough with bread plus 20 % peptone. Thecurve corresponds on the whole to fig. 2. At last the res-piratory quotient seems to be lower than on bread. So proteins take no essential part in the respiration ofPhycomyces. They are probably taken in a small measure,as follows also from the change in the acidity of the medium.Whereas on bread the Ph decreases, as stated above, onbread plus peptone the pÂ? rather increases, especially onbread with 20 % peptone. The Ph of linseed meal is about5.5, after one week of growth the Ph has risen to about6.0, after 234 weeks to 6.8 and later on to 8.0, so that thePh cannot be measured well by means of the quinhydrone-electrode. When a culture of Phycomyces on linseed medium iskept sterile for several weeks, ammonia is at last produced,as indicated by its strong odor. Â§ 5. Discussion. In the

above experiments, by measuring very accuratelythe respiratory quotients, I determined the substancesconsumed by Phycomyces in its respiration when cultivatedon heterogeneous culture media. Fat has a high nutritivevalue, carbohydrates also are good culture media. Secondlythe grand period of the respiration was determined on foodsubstances of different quantities and qualities. The curvesascend rapidly to a maximum of respiration, then descendmore or less slowly. What may be the cause of this dropping of the curve?Is it the decrease in food or the formation of harmful sub-stances, products of metabolism? The same phenomenonwas already observed half a century ago with the respirationof seedlings. R i s c h a w i (78) found that with Vicia Faba



??? seedlings, which have big cotyledons and therefore a lot offood, respiration remained constant for a long time. Sowant of food might be the cause of the decrease in therespiration of other objects of investigation. Lately it wasFernandes (31) who said that, when respiration decreas-es with seedlings of Pisum sativum, there is no questionabout want of food. The fall is probably the result of theabnormal conditions of the seedlings in the respiration vessel.Krzemieniewski (51) managed to raise the respirationby adding minerals to the plants. In our case abnormal conditions cannot be responsible.One gets the impression that the decrease in the respirationresults from the food being more difficult to obtain at themoment. When the mycelium starts to grow over the surfaceof the culture medium, respiration increases very stronglytill the maximum has been attained. By that time the myc-elium has penetrated the whole culture medium, if themethod of the two thin layers is used (fig. 8). A small partof the food has indeed been

consumed, but the hyphaecannot spread in an untouched medium, so that the hyphaeapproach each other and have to grow in every holeand corner. When a small trough with medium is usedthis process is more gradual, because the mycelium cangrow downwards for a long time. The curve in fig. 4 istherefore less sharp than in fig. 8 and the maximum ofrespiration is later. It seems therefore probable that the shape of the curvesis governed by the available food supply, though specialinvestigations would be necessary to prove that no harmfulmetabolic substances play a part. In examining in the following chapters the influence ofexternal factors such as temperature, air of different com-position, etc. on respiration, it should be borne in mindthat I always used cultures at the maximum of the grand



??? period. The experiments as a rule take about 12 hours,during which time the respiration is nearly constant. Some-times I employed the small earthenware troughs, wherethe maximum appears about 3^4 days after inoculation at25Â°. For the greater part I proceeded on the method of thethin layers of culture medium on a set of two frames, andmostly with 2x1^/4 grm. medium. In this case the maximumof respiration begins about 21/2 days after the transfer onthe linseed medium. The medium is penetrated by themycelium, the thick sporangiophores already mentionedbeing however not yet visible. Fully 12 hours later, whenthe experiment is generally finished, they are about 1 c.m.long. On bread, where the respiration is less intensive anddoes not rise so rapidly as on oil-media, the cultures haveto be half a day older before an experiment can be begun.The sporangiophores are then about 1 c.m. in length. As stated above the length of the sporangiophores is anindex of their stage of development corresponding to aspecific

point in the grand period. After some training thiscan be seen at a glance. When fungi are grown on liquid solutions the dry weightof the fungous mat can be determined and so the respirationcan be compared per dry weight, although this method isnot at all an exact one, as dead cells etc. do not respire andare included in the dry weight. As Phycomyces was cul-tivated on solid media, dry weights could not be determined.Notwithstanding this the different experiments can verywell be compared as, by cultivating on the described lines,all cultures respired almost with equal strength. In my cultures two factors affect the rate of respiration,first the method of transferring and secondly the amountof water in the culture medium. The influence of the former is especially visible on thestarch-media. Ordinarily the thick generation of sporangio-



??? phores is preceded by one with very thin sporangiophoresas has been described above. When the medium is ino-culated with very few spores, for instance by means of astrongly diluted spore suspension, on bread only thicksporangiophores arise. On the other hand when the wholesurface has been inoculated with a great number of spores,a great number of sporangiophores appears, which are allvery thin. No thick ones appear. In this case the respirationis also lower. All my cultures were therefore inoculatedin the same way: each frame was just touched in two spotswith the platinum needle, covered with spores. The second influence is still of more importance. As statedabove the bread and the oil-media are mixed with water,as no growth takes place on dry media. But when too muchwater is used, the respiration is also too low, as may be seenin table 13, where the respiration does not reach 75 % ofthe amount of table 5 (fig. 3). The difference sometimesis still larger. Therefore always the same amount of waterhas to

be mixed through the medium, namely about 2 grm.of water per 11/^ grm. of ground linseed and fully 1 grm.per gr^i- bread. After some time it is easy to tell how much the respirationof a culture will be, from the humidity of the culture medium,as also the amount of water necessary for an intensiverespiration. On an average a culture on 2 X 1 ^^ grm. ofbread takes in during the maximum of respiration 5.75 ccm.0Â? and gives off 7.0 ccm COÂ?, a culture on ground linseedabsorbs 15 ccm O., and evolves 10 ccm COj. (50 seedlingsof Pisum sativum, dry weight about 8 grm., evolve about12.5 ccm CO, at 25Â°). In former investigations on respiration with seedlingsetc. as a rule no allowance was made for the fact that bacteriamight accompany the objects of investigation; Fernandes(31) proved that this may very often be the case. As I



??? worked with a pure culture of a fungus this did not occurin my experiments. I always took as many precautions aspossible. Before starting an experiment the respiration vesselwas sterilized by means of a 1 "/oo corrosive sublimateso-lution. Whenever the apparatus was ventilated the air wassucked through a Pettenkofer tube with strong sulphuricacid keeping back to some extent spores of the atmos-phere. After finishing an experiment I always examined thecultures for the possibility of an infection by fungi orbacteria. I inoculated on malt media and broth, the latterbeing an excellent medium for all kinds of bacteria. Onlyonce in all my experiments did an infection take place, butnever again when I transferred from below the surface.When I transferred from the surface only in a few casesbacteria appeared in the broth after some days, Phycomyces-mycelium having already been formed. Apparently bacteriahad fallen on the culture but had not developed. Considerable mistakes may be made by neglecting theamount of COo

dissolved in the culture medium (especiallyin certain respiration apparatus, see p. 119). It seems tome that this was the case with Puriewitsch (74) whocarried out determinations of the respiratory quotientswith Aspergillus, by analysing air-samples. I tried to make sure whether a great amount of COÂ?was absorbed by the solid medium I used. To begin with, COÂ? may be bound chemically to sub-stances in the medium. By adding acid the COo will beliberated as the compounds are decomposed. This can bedone in a Barcroft-apparatus (5). The increase in volumeindicates the COg evolution. I found that CO., was onlychemically bound in old cultures on linseed medium andon bread plus 20 % peptone, where the medium finallybecomes alkaline as stated on p. 142. I never used theseold cultures in my experiments however.



??? Secondly an amount of COo will be dissolved in thewater of the culture medium. I determined it as follows.The culture was placed in a glass flask with a wide neck.First I measured respiration for some hours. Then COo-freewater was poured into the flask. The water was boiled,which took about 5 minutes. The COo dissolved in themedium was driven out and absorbed in the Pettenkofertube. In a trough with bread at the utmost 4^ ccm COgappeared to be dissolved, with linseed somewhat more.With the 2Yy grm. media on the set of frames the amountof CO2 dissolved was probably about half the amount. At all events the amount of COo absorbed by the culturemedia cannot have had any influence on the figures found.



??? CHAPTER IL THE INFLUENCE OF LIGHT ON RESPIRATION. I Started my investigations by studying the influence oflight on respiration. Opinions are still divided on this point,although the question was already studied half a centuryago. I chose Phycomyces because it possesses stronglydeveloped sporangiophores, and in consequence of theirrapid growth an energetic metabolism should take placein them. Also a part of the aerophilous mycelium remainsabove the culture medium, so that in contrast with otherfungi a large part of the whole will receive light, namelysporangiophores and mycelium above the surface of the culture medium. I was only acquainted with the publications ofBonnier and Mangin (11) on the influence of light onthe respiration of Phycomyces. They found a decrease inrespiration in light. If I had known about Shorawski\'spublication (87) I should certainly have chosen a differentfungus. As regards the other publications I will not discuss thoseby Drude (26), Pauchon (67) and Pringsheim (72)because

they are not accurate enough for the present time.Wolkoff and Mayer (96) studied the influence of lighton the consumption of oxygen by seedlings. Whereas a smallincrease in the respiration was discovered, a decrease wasnever determined. Wilson (95) found no influence oflight on the respiration of seedlings or mushrooms. The experiments of Bonnier and Mangin (11, 12)were detailed and apparently very accurate. With all theirobjects of observation (mushrooms, fungi, rhizomes, roots,flowers, etc.) they found a strong decrease in respiration



??? in light. It amounted to 10 %, 20 % or more, and becamestronger as the intensity of the light increased. Puriewitz(73) confirmed these results for mushrooms. With rootsand rhizomes the decrease was not always noticeable. Withflowers and etiolated plants there was rather an increasein respiration. Elfving (29) found no influence on the respirationof older cultures of fungi such as P?Šnicillium. The dryweight of cultures grown- in light was however far less thanthe dry weight of cultures grown in the dark. Thereforethe light seemed to have influenced the respiration of thefungi when they were still growing. AccordinglyElfving analysed the gas from the closed flasks in whichthe spores of the fungus had germinated and grown. Itnow appeared that not only the dry weight remained smallerbut also that the respiration was lower in light.Elfving therefore agreed with Bonnier and Mangin,whose objects, according to him, all indicated growth. It is questionable in Elfving\'s experiments whether, ifthe respiration had been calculated per

dry weight, it wouldthen also have been smaller in the light. Aereboe (1, see also Detmer, 24) could not discoverthe slightest influence of light on respiration. As for mush-rooms he did not state his opinion on the influence of lightbecause his material was unfavourable. He often used thepetals of flowers. There is room for doubt whether in hisexperiments the petals were not too closely packed togetherso that only part of them received light. I had a translation made of a paper by Shorawski(87), the original of which appeared in Russian. For youngheads of Agaricus campestris he found a decrease in respir-ation of about 20 % in light, with Mucor, cultivated onbread, there was an increase of about 20 %. With Phy-comyces the respiration was independent of the light.Bonnier and Mangin may have found a decrease



??? through making no allowance for the grand period of therespiration. Finally Kolkwitz (45) found an increase in the respi-ration in light of about 10 % for P?Šnicillium, Mucor andothers. For Aspergillus and Mucor, Maximow (60)failed to discover any influence on young cultures wherethere was sufficient food, while there was an increase in res-piration of the older cultures in light, especially at first. According to Lowschin (57)* the increase of respira-tion in light, found by Kolkwitz and Maximow, isdue to a rise in temperature. Summarizing it therefore looks as if light has a retardinginfluence on the respiration of mushrooms. For the lowerfungi there may be an accelerating influence on the respir-ation under special circumstances. It is possible that theinvestigators did not allow for the fact that there may becertain substances in the culture media which develop COgunder the influence of light, as for instance oxalic acid.This substance is indeed often formed by fungi such asAspergillus, with which the experiments are often carried

out. Like Shorawski, I have not been able to find any in-fluence of light on the respiration of Phycomyces. I triedthe effect of daylight at different times of the day and theyear and also of strong and weak electric light. As the lampswere placed at a distance of only 20 c.m. from the basin,a large glass cuvette, 10 c.m. thick, was filled with waterand placed between the lamp and the basin to absorb theheat. The light intensities used, were measured photo-metrically and were about 800 and 6000 M. C. The differentintensities of the daylight were not measured as the influencewas negative. All the experiments in this chapter werecarried out at 20Â° C. The tables 14, 15 and 16 illustrate some of the manyexperiments with Phycomyces. It follows from the tables



??? that the results are negative, but we also see that Phycomycesis a poor object for studying the influence of light on respi-ration, because contrary to expectation the respiration ofthe sporangiophores and the mycelium that receive lightforms only a small part of the total respiration. In table 15 and 16 the sporangiophores were namelyremoved at 20.20 and 19.00 respectively. We see that after-wards respiration has diminished very little. The supposition might be made that for some time afterthe removal of the sporangiophores, respiration is foundtoo high in consequence of the woundstimulus. But it seemsto me that this is not the case, because if so, respiration wouldbe sure to decrease in the long run. Separate experimentsshowed however that it does not. Table 15 shows that the removal of the culture for a fewminutes (from 18.00 to 18.03) out of the respiration vesselas such has no influence. These experiments are not of great consequence foranswering the question as to the influence of illuminationon respiration. In

the experiments described in this chapterI therefore mainly used the higher fungi namely mushrooms,where a decrease in respiration has often been stated.Besides the mushrooms found in nature, I used pure culturesof mycelium. It has to be remembered however that innature the fructifications are exposed to the light, whereasthis is not the case with the ordinary mycelium. I am giving some tables of the respiration of Polyporusdestructor on fiat pieces of carrot on which it grows well.These pieces are easily illuminated on both sides. Of the experiments with mushrooms I only give thosecarried out with little ones. The respiration of the largerones, such as Boletus species and others is more intensive,but with the little ones the surface illuminated is larger inproportion to the weight.



??? It follows from the tables 17, 18, 19, 20 and 21 that hghtdoes not influence the respiration of mushrooms, eitherof the naturally-occurring fructifications, or of the purecultures, in contrast with the findings of Bonnier andMangin, Puriewitsch and Shorawski. Our results arein agreement with those of Wilson. Moreover some time ago a paper of Rise hards (77)appeared, who also failed to discover any influence. It therefore seems to me that there is no direct influenceof light on respiration, except of course under accessorycircumstances. Spoehr (89) for instance found a higherrespiratory activity caused by ionizated air due to the ultra-violet rays of the sunlight. So in my experiments this factorwas eliminated, the light always being deprived of ultra-violet rays. The influence of light on the respiration of green plantsis quite a different question. Borodin (14) alreadyshowed that the respiration is the more intensive the morecarbohydrates are present. As carbohydrates are formedin light, the light will indirectly increase the

respirationof green plants.



??? CHAPTER in. THE INFLUENCE OF GASMIXTURES CONTAINING DIFFERENTPERCENTAGES OF OXYGEN ON THE RESPIRATIONOF PHYCOMYCES. It may be concluded from the behaviour of Phycomycesas described in chapter I that the fungus will grow betterthe more it is exposed to the air. It was therefore importantto determine how Phycomyces will behave in pure oxygen,in gas with different percentages of oxygen and in the totalabsence of it. Â§ 1. Literature. Many researches about respiration under the aboveconditions were carried out with other objects, also withsome fungi. The respiration in the total absence of oxygen,especially in connection with the intramolecular respiration,has repeatedly been made a matter of investigation. In theabsence of oxygen the evolution of COo does not as a rulecease directly, but goes on for some time owing to the split-ting of carbohydrates in the culture medium. This wasalready noticed by Le char tier and Bellamy (54 cf. also58) with fruits, by Deh^rain and Moissan

(23) withleaves and by Borodin (13) with seedlings. The quotient, giving the proportion between the amountof COo given off anaerobically and the amount given offin air, varies in different plants. It is 1.0 for seedlings ofVicia Faba (97) but mostly smaller, e.g. i/i ^or Lupinus(70, 95). Moeller (64) found this quotient to be indep-endent of the reserve food in the seeds. It may be the samefor fatty seeds as for those containing starch. Chudia-kow (18) also found that fatty seeds give off much COjanaerobically. On the other hand Diakonow (25) showed



??? that the amount of COg given off anaerobically is largerwith seeds containing starch than with fatty ones.Godlewski and Polszenius (36) explained these con-tradictions: Chudiakow first soaked the seeds in water,allowing the air to enter freely, by which fats changed intocarbohydrates. As far as fungi are concerned, Mucor species give off agood deal of COo in the absence of oxygen (Brefeld, 15),P?Šnicillium and Aspergillus one fourth of the amountgiven off in air (Diakonow, 25). This holds for cultureson sugar. On chinic acid and tartaric acid they die. Saccha-romyces is also unable to give off intramolecular COg withoutsugar (Chudiakow 19). Tissues, poor in carbohydrates, give off a lot of COoanaerobically on sugar solutions (etiolated leaves: Palladin66; seeds rich in proteins: Godlewski 37, 38). Thesmaller the number of carbohydrates, the sooner there-fore, the fungi and the tissues of higher plants will die inthe absence of oxygen. If CO2 is given off anaerobically on media without carbo-hydrates, it generally is

supposed that these have beenmanufactured by the fungus itself. Kostytschew (49)demonstrated sugars in cultures of Aspergillus niger onchinic acid and tartaric acid (cultures on peptone appearto behave otherwise). F lie g (32) cultivated Aspergillusniger on pure oil-media and found that young culturesdied very soon in the absence of oxygen, older ones couldstand it better, carbohydrates having alreadyb een manuf-actured from the fat. As for high oxygentensions, the older investigators likeBert (8) and Boe h m (10) expected from them an increasein growth and respiration but neither of the two happened.On the contrary in the long run they found a decrease.Deh?Šrain and Moissan (23) discovered no influence of



??? oxygen on respiration. Proceeding on Pettenkofer\'s method,at different temperatures. Rise ha wi (78) sent air andoxygen through his experimental vessel in turns, withoutfinding the slightest influence on the respiration of seed-lings. Godlewski (35) found, at least with seeds con-taining oil, that in pure oxygen the respiration increased alittle in the beginning and afterwards went down.Johannsen (42) worked with different oxygentensions upto a few atmospheres. At first the amount of COÂ? givenoff became greater. If the pressure continued the respi-ration became weaker and weaker until death occurred.The higher the pressure the sooner death was broughtabout. During the experiments rapid changes appeared inthe tension and this may also have affected the plants. Kolkwitz (45) found that in pure oxygen the respira-tion of fungi such as Aspergillus is at the least double itsusual amount. Flieg (32) investigated the influence of pure oxygenon fungi cultivated on fat. In this case the respiration wasdoubled and decreased

very gradually in course of time.On sugar where ordinarily the respiration is much higher,the increase in oxygen was small. Moreover oxygen is heremore harmful than on fat, as within few days the respirationwas reduced to a minimum. Th. de Saussure (85) discovered no difference in res-piration when the oxygentension was reduced to half itsamount. Wolkoff and Mayer (96) afterwards also statedthat in a gasmixture with 10 % oxygen the amount of oxygentaken in did not vary. Borodin (14) did not agree withthem. Wilson (95) found no change in the COÂ? evolvedin 4 % oxygen with Helianthus, where the quantity of COÂ?given off anaerobically equals only one fourth of that givenoff in air. The decrease was considerable in 1 % oxygen. At low oxygentensions CO. will probably be given off



??? intramolecularly. Stich (91) found that with differentseedhngs the respiratory quotient sometimes begins toincrease when the amount of oxygen is 3 to 4 %.Puriewitsch (75) affirmed that in a 4 to 5 % oxygen-mixture the intramolecular respiration has not yet begun. The influence of different oxygentensions on the growthof the sporangiophores of Phycomyces has been the subjectof two examinations. Jentys (41) found that they growas well in pure oxygen as they did in air. Wieler (94)said that the growth ceases at 0.2 % oxygen. This fact doesnot say anything about the respiration, because in theabsence of oxygen an intensive intramolecular respirationcan take place, without any noticeable growth. The influence of different oxygentensions on the respi-ration of Phycomyces has never been studied. Other Muco-raceae may give off a large amount of COo in the absenceof oxygen (48) but this does not say anything for Phycomyces,as the latter also behaves quite differently as regards theculture conditions (see chapter I). It

is not possible to saybeforehand how Phycomyces will behave in different gas-mixtures. I will therefore proceed to the description of myown experiments. Â§ 2. The Influence of pure Oxygen. Commercial "oxygen" taken from a bomb, containingmore than 96 % oxygen, was purified by means of washing-bottles with solutions of permanganic soda, strong sul-phuric acid and strong alkaline solutions. A. Starch-medium. Table 22 shows the effect of along exposure to the action of pure oxygen of a culture onbread. After the maximum in the grand period, the respir-ation continues to decrease in the same way as in the air.Apparently oxygen neither raises the evolution of COonor lowers it, no matter how long the exposure.



??? Fig. 11 (table 23) gives the in-fluence on the respiratory quotient.Compared with the COg given off,the Og absorbed is a little morethan in the air. The quotient there-fore has diminished. Table 24 showsthe same for an older culture. B. Oil-medium. The grandperiod of the respiration on groundlinseed also takes about the samecourse in pure oxygen as in theair, as is shown in table 25. oxygen o.o Oj \'o.CO2 \'O -0-0--coj 5.0- OOl- 1 009-00-0.7 .COzOj Fig. 12 (table 26) gives the influence on the respiratoryquotient. Table 27 shows another experiment. As on starch,the quotient is a little lower in pure oxygen, as some moreoxygen is absorbed. Â§ 3. The Influence of Gasmixtures containing noOxygen or less Oxygen than Air docs. I used commercial bombs of "nitrogen" containing agas consisting of nearly 98 % nitrogen and fully 2 % oxygen.



??? By mixing different amounts of this gas with air, I obtainedmixtures of different compositions. The percentage of oxygenwas determined by means of the Jordan pipet (43). The nitrogen from the bomb was purified in washing-bottles containing strong sulphuric acid and a strong solutionof sodium hydroxide. Some of the experiments were carried out with the smallearthenware troughs. Others with the medium on a set offrames. The quantity mostly used in this case was aboutgrm. A. Starch-medium. The result of the experiments onthe effect of different percentages of oxygen on bread-cultures of Phycomyces is summarized in the followingtable. TABLE 28. The influence of different percentages of oxygen on culturesof Phycomyces on bread. 12 % oxygen 9?Ž4% Â? 8\'/2% â€ž 6^2 % â€ž 3 % , o//o 2 1%% no influence. I influence? ; 94 % of the COj-evolution in air.R\'i o/ /O tt It It It II II ; 64 % â€ž â€ž ,, ,, ,, ,,so o/ /O II II It It II â–  It % â€ž ,, ,, ,, â€ž ,, Table 36. â€ž 29. â€ž 37. M 38. â€ž 30. M 31. Â? 32. Fig. 17. â€ž 18.

â€ž 13. Â? 14. M 15. It follows from fig. 13 that in a 2 % oxygenmixturewhere the respiration has been reduced to half the normalamount, it will remain nearly constant. In young cultureswhere in the air there is a rapid increase, the respirationalso becomes constant in 2 % oxygen (fig. 14).



??? 5.0 2% oxygen / / / / / // _ / / -1-- 1 12?* Fig. 14. lOO 3.0 qo r- oxygen y ^ / / t 1 o â€” / p\' / 1 ! 1.. 12" Fig. 15. 100 50 trace of oxygen / P / CO2 _ \\ V* 0 â€” t \\\\ 0 â€” \\ COj 1 1 1 1 QOO ,2?o Fig. 16. â€?2*Â? o\'Â?>3\'\'\'" CO,,ef 100 co, U1VO 5.0 00^ 0 0- W 0.0 12?" Fig. 13. Influence of Low Oxygen Tensions on the Respiration on Starch-media, see Text and Table 30, 31, 32 and 33.



??? Fig. 15 shows the respiration of such a young culture in 1 Vz % oxygen. From the values given in table 28, it appears that theCOg-evolution gradually decreases to about 3 %, where thefall becomes faster so that probably at a very low oxygentension respiration will stop. By forcing the gas containing 2 % of oxygen throughtwo Pettenkofer tubes, filled with a strongly alkaline pyro-gallic solution, I obtained nitrogen with only a trace of oxygen. Fig. 17 and 18. Influence of an Atmosphere containing 81/2 and3 per cent, of Oxygen on the Respiratory Quotient on Starch-media. (Sec table 36 and 37). It follows from fig. 16 (table 33) that in this case respirationindeed soon falls to a minimum. Tables 34 and 35 show the transition from air to a mixturecontaining no oxygen at all. I used hydrogen, liberated ina Kipp-apparatus by means of pure zinc and 5-normalsulphuric acid. The hydrogen was passed through a washing-bottle with potassium permanganate and Pettenkofer tubeswith alkaline pyrogallic solutions. In the total absence

ofoxygen Phycomyces practically gives off no COÂ? but dies



??? in a few hours. It does not recover,for after remaining in air for 24 hoursno CO2 has yet been given off. On bread, contrary to expectation,the respiratory quotient does notchange in smaller percentages ofoxygen. Fig. 17 (table 36) gives thefacts for a mixture containing %of oxygen, fig. 18 (table 37) for amixture containing 3 % of oxygen. Oj Kco, co> 100 \'o oxygen â€?oOo, cOj 100 50 so 18?" 12 -0.00?”â€?07-06 ?‡O1 Ot 00 ,^00 Fig. 19. Influence of an Atmosphere containing 21/3 per cent, of Oxygen on the Respiration on Oil-medium, sec Table 40.Fig. 20. Influence of an Atmosphere containing 3 per cent, ofOxygen on the Respiratory Quotient on Oil-medium, see Table 42,



??? These experiments will be discussed after the description,of the behaviour of the cultures on ground linseed. B. Oil-medium. 8 % of oxygen has not yet theslightest influence on the respiration of cultures on groundlinseed. At reduction to about 6 % of oxygen, the CO2evolution goes down to about 92 % (table 39) of the nor-mal amount. At 2% % of oxygen to about 74 % (fig. 19table 40). On oil-media, apparently, Phycomyces can standlow oxygen tensions better than on starch-media, at leastas far as the evolution of CO2 is concerned. In contradistinction to the starch-medium, the respiratoryquotient changes on oil-media, as has been ascertainedfor 41/4 (table 41) and 3% oxygenmixtures (table 42, fig. 20;table 43). The COo-evolution diminished in these casesto 85 % and 81 % respectively, the Oo-consumption to77 % and 71 % respectively. The respiratory quotienttherefore has increased. At very low oxygentensions respiration stops, as was thecase on bread. In 1 % oxygen the COo-evolution has droppedto about 30

% (table 44), in hydrogen Phycomyces dies(table 45). Â§ 4. Discussion. The experiments reveal many peculiarities about therespiration of Phycomyces. It cannot give off COÂ? anaero-bically, neither on oil-media nor on carbohydrates. In respectto the latter fact Phycomyces differs from what has beenfound for fungi and higher plants. The greater part of thebread indeed consists of starch. But it is probable thatPhycomyces consumes this starch by changing it first intosugars. Moreover, bread contains already some sugars. Phycomyces evidently behaves altogether differentlyfrom Mucor species, which ferment sugars in a hydrogenatmosphere, and consequentely the less oxygen the atmos-phere contains, the larger their respiratory quotient will be.



??? The respiratory quotient of Phycomyces remains unchangedon carbohydrates at lower oxygentensions, because Phyco-myces cannot give off CO2 intramolecularly formed. Ifthe fact that it is a little higher than 1.00 in air was not theresult of fat manufacture but of sugar fermentation, itwould rise at lower oxygentensions. It is true that in pureoxygen the quotient is lowered, but probably certain sub-stances in the medium are oxidized, independently of theplant, the consumption of oxygen on ground linseed beingalso raised. The quotient on oil-media increases at low oxygentensions.At first sight it might be supposed that in this case a carbo-hydrate respiration partly takes the place of the oil respir-ation, in consequence of the latter requiring more oxygen.But then respiration on starch-media ought to be higher,whereas it is higher on oil-media at low oxygentensions. As facts in literature would rather lead one to expect thereverse, it is very curious that on oil-media respiration isthe least affected by small quantities of oxygen.

There isnothing similar to be found in literature. By many investigators, in accordance with Pfeffer\'sviews, respiration is considered as consisting of two pro-cesses, at first a splitting of sugars into alcohol and CO^,secondly an oxidation of the alcohol to CO2 and HoO.The CO2 formed anaerobically is due to the first process,which is of course less sensitive to a lack of oxygen thanthe second one. On fat, anaerobic C02-cvolution only takesplace when the fungus itself has manufactured carbohydratesfrom the fat (Flieg). The phenomena found for Phycomyces, both on starch-and oil-media do not fit in this scheme. Apart from the mutual differences both on oil-and starch-media, a decrease in oxygen will affect Phycomyces muchsooner than is ordinarily the case with other plants, as may



??? be seen from Â§ 1. In chapter I it has often been remarkedthat Phycomyces appeared to be very aerophilous. For allthat the mycelium will grow well so long as the oxygenpercentage does not drop below 8 or 9 %. I described the small respiration on liquid media on p. 128.Is it due to the water as such, or to a small diffusion ofoxygen? In the latter case respiration will increase whenthe fungus is brought into an oxygen atmosphere. An exper-iment was carried out (table 46) showing that on mediamixed with much water respiration remains low in pureoxygen. The fact, therefore, that Phycomyces grows badly in aliquid culture medium is for the greater part due to theliquid as such and is probably only to a slight degree theresult of a small oxygen diffusion.



??? CHAPTER IV. THE RESPIRATION VELOCITY AND THE MAGNITUDE OF THERESPIRATORY QUOTIENT OF PHYCOMYCES AS AFUNCTION OF THE TEMPERATURE. The influence of temperature on respiration has oftenbeen studied. The disciission of the literature on the subject,however, will show that there are still various problemswhich have not been solved. This was the reason why Idecided to investigate the question more in detail, espe-cially as it gave me an experimental object with which Iwas well acquainted. Â§ 1. Discussion of the Literature. Sachs in 1860(83), in investigating the influence ofthe temperature on the growth of seedlings, introducedthe concept of the three cardinal points: minimum, optim-um and maximum; these three points were in later years-also determined for other processes for instance the photo-synthesis. As regards respiration, it struck the older investigatorsthat the optimum, if there is one, is always much higherthan with other processes (cf. e.g. Ad. Mayer, 62). Aquestion of

much discussion was how respiration reachedthis high optimum. According to Wolkoff and Mayer(96), Ad. Mayer (62) and Bonnier and Mangin (11)the intensity of respiration was nearly a linear function ofthe temperature. Rischawi (79), instead of a straightline, found a curve convex towards the temperature axis,the curve given byDeh?Šrain and M o i s s a n (23) and alsothe one of Pedersen (68) was even convex to a higherdegree. Both ascend rapidly. The contradictions may be the consequence of a difference



??? in objects or in methods, but generally the respiration curvewas found more or less convex towards the temperatureaxis. The curve was much steeper than those for otherprocesses, such as photosynthesis (Kreusler 50): theoptimum was found near the lethal temperature. Contrary to this opinion Clausen (20) and Z i e g e n-b e i n (98) found that optimum and lethal temperature do notlie close together. At higher temperatures above the optimumthe respiration may be lower than at the optimum, andfor all that constant. If in these experiments the temperature was lowered,the respiration appeared to be smaller than it was beforeat the same temperature. Pfeffer (71) remarks that ap-parently part of the plants had died. Pfeffer thereforeholds the view that an optimum never can be spoken ofwith respiration, because in this case the curve would bendat a temperature not yet noxious to the plant, as happensaccording to him with photosynthesis and the growth ofplants. Another explanation of the optimum is suggested

byTammann (92) and Duel aux (27) for enzymes. Accor-ding to them, it is the result of the enzymes being des-troyed at higher temperatures, and the higher the tempera-ture, the more of them there are destroyed. The optimumtherefore is the result of the noxious effect of the highertemperatures. The process itself would not be impededby a rise in temperature. Without this harmful effect theenzyme action would increase with the temperature in acontinuously ascending curve (Duclaux). It has been the great merit of F. F. Blackman (9)that he proposed a similar theory, independent ofTammann and Duclaux for all physiological processes,in connection with a research by one of his pupils MissMatthaei. Miss Matthaei (59) studied the COo assimi-lation of the leaves of Prunus Laurocerasus. When care is



??? taken that there is always sufficient COo and light, nooptimumcurve is found, but the rate of assimilation increasesrapidly with the temperature, according to a curve, convextowards the temperature axis. The reaction velocities atthese high temperatures are however not constant. A leafcannot keep up this maximal assimilation, and the higherthe temperature, the more rapidly it decreases. The tempe-rature curves of assimilation values will therefore vary inproportion to the time the plant is kept at the high inju-rious temperatures. From the data obtained by Miss Matthaei, F. F.Black man claims that: lo. Physiological reactions are influenced by temperaturein a similar way as chemical reactions, if only the orga-nism is not injured. According to Van \'t Hoff\'s law(or rather according to the interpretation the biologistsof that time gave of Van \'t Hoff\'s law) the reactionvelocity is doubled or trebled for a rise of ten degreesin temperature (also expressed by the formula: tem-perature coefficient Qio = 2 or Q,o = 3).2o. The optimum

curve is the result of the time factor.The shorter the time of observation, the less the injuryand the higher the optimum. If it were possible toobserve after a "time o" a "Van\'t Hoff\'s curve" wouldbe found. 3o. This "Van\'t Hoff\'s curve" can therefore be constructedin two ways by-extrapolation. After the first methodthe Qio is used, determined at lower temperatures whereno injury takes place. By means of this Q^^ the curveis constructed for higher temperatures. After the secondmethod the values of the theoretical curve at highertemperatures are extrapolated from the values obtainedafter 1, 2, 3 etc. hours of observation. It is now obvious that Ziegenbein (98) would havefound the optimum at another temperature if he had observed



??? either sooner or later. The experiments of Chudiakow(19) who found the optimum of fermentation of yeast at40Â°, 35Â°, 30Â° or 25Â°, according to the time elapsed, fit in with the above theory. Kuyper (52) was the first who tried to apply B 1 a c k-man\'s theory to respiration. He experimented withgreen peas and other seeds on the Pettenkofer-PfefferLthod. According to him the "Van\'t Hoff\'s" rule holdsgood up to 20Â°. Qio = Â? 2.8. By means of this coefficientit was possible to construct by extrapolation the exponentialcurve for higher temperatures. The values of this theore-tical curve are much higher than those, which would befound by means of the second extrapolation method ofBlackman. Kuyper however still believes that Black-man\'s theory in its general lines is correct. In my opinion the different result with the two methods ofextrapolation may have been caused by the following facts. When Kuyper moves his plants from a low to ahigher, thought not injurious, temperature, the objectstake on the new

temperature after about 10 minutes. Hehas, however, to wait an hour before starting his experi-ments. Otherwise he will get too low an amount of COoat the beginning. According to Kuyper the respirationapparently does not adapt itself directly to the new tempe-rature. The same thing must happen on the objects beingbrought to a higher injurious temperature. Here there aretwo tendencies, an increase in the COo-evolution owing tothe adaptation to the new higher temperature and a decreaseowing to injury. Kuyper now experimentally determinesthe time at which the first measurement must be taken.Before as well as after this time the amount is lower. In my opinion the reason for this so-called adaptation tothe new temperature, is that during the first half hour afterthe temperature has been raised, gas is collected which wasstill formed at the lower temperature (see p. 126).



??? Further, it has lately become evident that there are manyobjections against the materials used in Kuyper\'s expe-riments. Stalfelt (90) namely has shown that the seedcoat offers an obstacle to the diffusion of gas. From theexperiments of Sierp (88) it also appears that peas are,physiologically, very complex structures (See also therecent publication of Frietinger, 34). Van Amstel and Van Iterson (2, 3) object againstKuyper that in the course of long periods of observa-tion, say of several hours, adaptation and growth processesmay appear. The authors used yeast and so always workedwith cells which are small and will therefore quickly assumethe new temperature. They used a definite quantity of theyeast, of which the velocity of fermentation, respiration etc.at the lower uninjurious temperatures is known. The velocitywas determined after 5, 10, 15 and 20 min. pre-heating.After the measurement had been taken the temperaturewas at once changed to a harmless one and the fermentationvelocity determined. This

fermentation velocity is only apart of the velocity the yeast would have at the same tempera-ture if it had not been injured at the high temperature.This proportion supplies a certain value with which thevelocity at the high temperature has to be multiplied, toget the velocity at high temperatures if nothing had beeninjured. For all the examined functions the theoretical "zero-hour" curve does not show Blackman\'s exponentialcurve, but an optimum curve, so that according toVan Amstel and Van Iterson the theory of Duclaux-B lack man must be rejected for these processes. Thisalso follows from the behaviour at harmless temperatures.Up to 45Â° namely, the reaction velocity is independentof the preliminary heating, but yet the Qio already decreases. Rutgers (80, 81) determined the influence of tempe-rature on the geotropic presentation time. He concludes



??? from his experiments that the "zero-hour" curve never canbe extrapolated from the values found after 1, 2, 3 hoursetc., because the reaction-velocities only adapt themselvesgradiially to a new temperature. The greatest support forthis theory Rutgers finds in Kuyper\'s publication. Ihave shown that in this case the adaptation is probably dueto experimental errors. I therefore do not agree withRutgers when he suggests that this gradual adaptationhas influenced the results of Van Amstel and VanIter son, who moreover have refuted (2, 4) this andother criticisms from Rutgers (80, 81) and Kuyper(53). It was already mentioned by Rutgers (81) that withchemical reactions Qjo may diminish at higher temperatures.Cohen Stuart (21) studied this subject more in detailand pointed out that Van \'t Hoff\'s law is often wronglyinterpreted by biologists. Especially in physiological proc-esses when there is a heterogeneous system, Q^ as a rulewill decrease at higher temperatures. The "zero-hour" linetherefore need not be an exponential

curve, asBlackman supposed, and cannot be constructed bymeans of the Qio found at low harmless temperatures. In the following pages the results are stated of investig-ations as to whether or not respiration will directly adaptitself to a new temperature. As this proved to be the caseit was tried to construct the "zero-hour" line according tothe second method of Blackman, namely by an exactextrapolation from the points on the "injury"-curves. The present writer also investigated the influence of COÂ? temperature on the respiratory quotient q of Phycomyces growing on fat-and starch-media. Very little has been done about studying the influenceof temperature on respiratory quotients. The older inves-



??? tigators were divided in their views. Bonnier andMangin (11, 12) found that the respiratory quotient isindependent of the temperature. According to Deh?Šrainand Moissan (23), Moissan (63) and Deh?Šrain andMaquenne (22) it increases with the temperature.Puriewitsch (75) confirmed their experiments. Theyounger the objects, the greater is the increase of the quo-tient at a higher temperature. He found something similarfor fungi. The influence of temperature here is namelysmaller, in proportion as the lack of food is greater. Â§ 2. The Respiration of Phycomyces on Oil-mediaat different Temperatures. A. Experiments. The experiments described in the preceding chapterswere mostly carried out at 25Â° C. In this chapter theexperiments are given at different temperatures. In the figures of Â§ 2 A and Â§ 3 A the ordinate-axis repre-sents the rate of respiration in ccm. per hour, the abscissa-axis has been taken as the time-axis, graduated into hours.The solid lines are again the "Oo-lines", the broken onesthe "COa-lines". In

the same figures the respiratory quotientsare indicated by a solid line. Here the ordinales representthe magnitude of the respiratory quotients. The hatched part represents the time required ,by thewater in the basin to take on the new temperature. Thevertical line in front of it indicates the time at which theexperiments at the initial temperature were finished, thevertical line behind indicates the time at which the experi-ments started at the new temperature. The "Oo-andCOo-curves" are extended as far as the hatched part (cf.page 197). At higher injurious temperatures, where respirationdecreases, no delay is allowed in starting the new experiment



??? in order to get as much as possible of the first part of the"injury-curve". It does not do to start the new experiment before everything has assumed the new temperature. Blank experiments were carried out in order totest this. Nearly the wholeapparatus very rapidly takeson the temperature of the waterin the basin. Only in the culturemedium (see Â§ 2 B) and in thealkaline solution in the glass-vessel M (fig. 1) the lag of thetemperature is greater. Theexperiments were therefore usu-ally started 22^ minutes after â– 25\' 10\' 100 co, 50 Oz CO, -^gW 13 Â?i-10" 21\' Qoa l^oo 25" 0908070605 COt Fig. 21. The Transition from 25Â° to 10Â° C. on Oil-media (see table 47). the water in the basin had taken on the new temperature.In the meantime some manipulations have to be carriedout, such as the sucking of air of the required temperaturethrough the Pettenkofer tubes (see p. 123).



??? At the average temperatures the measurements aretaken every hour, at the lower temperatures where respirationis smaller even after longer periods. At higher temperatures,however, the initial measurements are taken every half hour,because respiration decreases rapidly and its exact progresshas to be found; the oxygen consumption is even deter-mined every quarter of an hour. In the last case thevalues obtained are indicated in the figures by means of asmall circle instead of a dark dot. Shorter periods of obser-vation are not desirable as errors will then become relativelytoo large. All experiments were carried out with two thin layers ofculture medium of 1 Yi grm. each on a set of frames. Therespiration was always measured in the "constant" part ofthe grand period. In fig. 21 (table 47) the respiration is given at 25Â° andat 10Â° C. The respiration is less at the lower temperature.As regards the evolution of COo nothing is seen of a gradualadaptation to the new temperature. It immediately becomesabout 28.5 % of what

it was at 25Â° C. and remains so duringthe following hours. The amount of 0Â? taken in, however, becomes constantonly after some hours. At first it only decreases to 38.5 %and then gradually drops to 28.5 %, which with the COo-evolution is immediately the case. As mentioned above, blank experiments showed thatthe air in the respiration vessel in every case assumed thenew temperature within 20 min. A contraction of the aircan therefore not be the cause of the higher initial oxygenconsumption. At a transition from a higher to a lower temperature theamount of oxygen absorbed is at first apparently too highas compared with the COÂ? given off. Consequently therespiratory quotient is lower at first and reaches its originalvalue only when the respiration becomes constant.



???



??? The same thing happens when the transition is to 15Â°and 20Â° C. The values of the respiration at new temperatureswill not be given separately for each temperature but aresummarized in table 59 (p. 185). Fig. 22 (table 48) showsthe effect of the transition from 25Â° to 15Â°, fig. 23 (table 49)shows it from 25Â° to 20Â°. The deviation of the initial oxygenrespiration becomes smaller the less the difference is intemperature; the same may be said about the initial respi-ratory quotients. I also determined the respiration velocities at 10Â°, 15Â°20Â° and 25Â° C. by starting the experiments at 15Â°. Fig. 24(table 50) gives the situation at the transition from 15Â° to10Â°. The oxygenconsumption is again a little higher atfirst and the respiratory quotient smaller. In the following experiments we for the first time see thetransitions from a lower to a higher temperature. At thechange from 15Â° to 20Â°, as is shown by fig. 25 (table 51),



??? both the COg-evolution and the Og-absorption are constantalmost immediately. The respiratory quotient is not smallerat first but perhaps even larger. This is more obvious in thenext fig. 26 (table 52), giving the situation at the transitionfrom 15Â° to 25Â°. The respiratory quotient again only reas-sumes its original value after some time, but this timebecause it is higher at first. In contrast with the formerexperiments, the initial Og-consumption is namely too lowwhen the culture is brought to a higher temperature. From the fact that the COg-production is constant atonce it follows that a temperature of 25Â° is not yet injuriousto the fungus. As soon however as the higher temperaturehas a harmful effect, there will be a decrease in the intensityof respiration. But if also in this case the amount of Ooabsorbed at first becomes smaller as compared with the



??? COa given off, the "Oo-curve" will start too low and des-cend less rapidly than the "COo-curve". This is indeed the case at higher temperatures. At 27Â°5the injurious effect has begun. It is obvious from the COo-evolution; for the first time we see an initial decrease: fig. 27(table 53). The Oo-consumption however is constant. Theincrease of it, which might be expected in view of its beha-viour at a transition to a higher temperature from fig. 26,



??? is apparently compensated by the decrease which wouldappear as in the case of the COo-evolution. At 30Â° (fig. 28, table 54) the decrease is stronger, as therespiration starts at a higher level. The "Og-curve" alsodescends, but in a slighter degree than the "COg-curve", y coj 15.0 ^7.5\' 10.0 co,- COi 50 15?* Fig. 27 and 28. The Transitions from 25Â° to 27Â°5 and 30Â° C. on Oil-media (see table 53 and 54). as the Og-consumption again does not attain its value atonce. In consequence of these facts, in fig. 27 and 28 therespiratory\'quotients are too high at first jtist as was thecase in fig. 26. When the downward movement ceases and



??? the respiration again becomes constant, the respiratoryquotient reassumes its original value. At 32Â°5 the respiration becomes constant no more: fig.29 (table 55). The noxious influence of the temperature continues. The "Oo-curve" and the "COo-curve" startcloser together and also remain so more or less. The respi-ratory quotient at first already approaches the value of1.00 and never again reassumes its original value of about0.67.



??? The fact that the values of the Og taken in and the CO2evolved tend to approach each other, becomes more apparentat higher temperatures. At 35Â°, fig. 30 (table 56), the respiration decreases rapidlyand the fungus dies in the long run. The COg-productionand the Og-consumption run about parallel and closetogether. The respiratory quotient starts at 1.00 and remainsabove or about 0.90. The transition from 25Â° to 37Â°5 is represented in fig. 31(table 57). The decrease in respiration is still more rapid.The "Oa-curve" and the "COg-curve" nearly coincide, therespiratory quotient is about 1,00 (The smaller the values,the less exactly the quotients can of course be determined). At 40Â° the fungus is dead within about two hours (table58). As the decrease in respiration is too rapid to determineexactly the "zero-hour" point, the curve has not beenplotted. B. Respiration on Oil-media as a Function ofTemperature. It follows from Â§ 2 A that the more injurious the tem-perature becomes, the more the respiratory quotient

ofPhycomyces on a linseed medium approaches the value 1.00.This suggests that at higher temperatures the fungusconsumes carbohydrates instead of fats. (It should beremembered that in a linseed medium carbohydrates occur).Perhaps the fungus is able to stand higher temperaturesbetter on starch-media than on oil ones. In Â§ 3 thereforethe influence of the temperature on starch-media cultureswill be investigated. The change in the respiratory quotient gives a peculiarshape to the "zero-hour"-line. In extrapolating the pointsof the "zero-hour"-line from the values found it is neces-sary to trace back the different "injury"-curves to thezero time i.e. the time at which the culture medium reached



??? 03 â–  18?Â?



??? the new temperature. This extrapolation is difficult at highinjurious temperatures, as a slight deviation in the extra-polated line will cause a great mistake in the position of the"zero-hour" point. As many experiments as possible weretherefore carried out. The time passing between the zero time and the beginningof the first experiment must be known exactly. The experiments were all carried out with a suctionvelocity of 3 to 1. per hour and in the respiration vesselof 325 to 350 ccm cubic contents. From table 1 it followsthat in this case the COg given off at a certain momentby the plant needs minutes on an average to arrive atthe Pettenkofer tube. In the curves the values measuredare therefore indicated 4% minutes before the averagetime of observation. â€? I was unable to measure the temperature of the mycelium,I think however that the fungus and the culture mediummay be supposed to assume temperatures at the same time.How much time will elapse between the moment that thewater of the basin in which the

apparatus is fixed attainsthe new temperature, and the moment at which the culturemedium assumes it? As mentioned on page 172 the tempera-ture lag in the culture medium is rather large. In the PhysicalLaboratory I determined it thermoelectrically When thewater in the basin is brought to a higher temperature thetemperature of the culture medium increases very rapidlyat first and then very gradually till the desired temperatureis reached. Now it would be wrong to choose as the zero-time thetime at which the culture medium finally reached the newtemperature, as at higher temperatures the noxious actionhas already begun. I therefore took one half of the timenecessary for the medium to assume the new temperature. I have to thank Prof. Ornstein for his kindness in assisting me.



??? In this case the zero time at 37Â°5 is to 10 min., at 35Â°about 7^ min., at 32Â°5 5 to 7% min. and at 30Â° about5 min. after the basin reached the new temperature.In table 59 the respiration-velocities are given for the 20\' 30" 40" Fig. 32. Respiration on Oil-media (Linseed) atDifferent Temperatures. The ordinate-axis represents the rate of respiration in ccm. perhour, the absdssa-axis the temperature in Centigrade degreÂ?.The broad lines represent the course of the "zero-hour" line. Theconstant values of the Oj absorbed below 25\', attained after sometime (as explained in the text) are indicated by a tlu\'n line. Forfurther explanation see text. harmless temperatures 10Â°, 15Â°, 20Â° and ^\'25Â° C., calcul-ated by means of the figures 21, 22 and 23. They are givenin percentages of the amount at 25Â° and also in ccm, when



??? the COa-production at 25Â° is assumed to be 10 ccm. perhour and the Og-consumption 15 ccm. per hour. (See table 59). In table 60 the respiration velocities are given for tem-peratures above 25Â° C. Fig. 32 represents the "zero-hour"-line. (See table 60). The temperaturequotients apparently decrease rapidly.As there is a small temperature interval I give the Q5. ISO 495 20ÂŽ 6.58 to K-V. = 15Â? = 43 = 250 9.0 = â€” = 1.41 (fig. 23).^20Â° 6.35 ^ ^ The "Og-curve" is even an optimum curve because athigher temperatures the Oo values approach the COo valuesand therefore decrease. Fig. 33 gives the respiration-velocities at different tem-peratures after different periods. Besides, the thin lines atthe top give the "zero-hour"-line when the time at whichthe basin assumed the new temperature is taken as thezero time. Â§ 3. The Respiration of Phycomyces onStarch-media at different Temperatures. A. Experiments. If on linseed-media the change in the respiratory quot-ients, as found in Â§ 2, is really the result of a more

or lessintensive consumption of carbohydrates, on bread-media,where the consumption of carbohydrates will always be thechief feature, these changes in the respiratory quotientswill not occur at the transitions to other temperatures. Fig. 34 (table 61) renders the transition from 25ÂŽ to 10ÂŽ.The respiration-velocity is much smaller on bread than onlinseed, the values, moreover, are small in consequence ofthe low temperature. A relatively larger error is therefore



??? TABLE 59. COj-production. Initial Oj-consumption. 02-consumption, become constant. 10= X 100 = 28.5 % = 2.85 can. X 100 = 38.5 % = 5.8 ccm.\'14.0 1 ! 1 Â? 4.0 X 100 = 28.5 % = 4.3 ccm. 14.0 I 15Â° ^ X 100 = 48 %= 4.8 ccm.8.3 X 100 = 59.5 % = 8.9 ccm. Â?5.85 20\' 6.35 â€” X 100 = 71 % = 7.1 ccm. -^x 100= 80%= 12.0 ccm.13.6 9.6 r- X 100 = 70 % = 10.6 ccm.13.6 25Â° 100 % = 10.0 ccm. 100%= 15.0 ccm. 100 % = 15.0 ccm.



??? r\' ?¨hour hour \',1 hour \'2 hour \\ 1\\ â€? V y CO a\\ V\\ 30" 20ÂŽ 10^ 3 hour 40" Fig. 33. Velocities of Respiration on Oil-media (Linseed) at Different Temperatures after DifferentPeriods. A. The Consumption of Oxygen. B. The Production of Carbondioxide.



??? 187TABLE 60. CO^-production. Oz-consumption. 25Â°2T5 100 % = 10.0 ccm. 100 %= 15.0 ccm. g-^ X 100 = 125 % = 12.5 ccm. 14.15 ?•21S ^ ^^^ Fig. 27. 30Â° ^^ X 100 = 138 % = 13.8 ccm. 15.5 X 100-118%-17.7 ccm. Fig. 28. 32Â°5 X 100= 148 %= 14.8 ccm. 100= 114%= 17.1 ccm. Fig. 29. 35Â° 15.05 _ X 100 = 152 % = 15.2 ccm. 14 5 ^ Fig. 30. 37Â°5 ^^X 100= 159 %= 15.9 ccm. 13.55 iTT ^ ^^^^ Fig. 31. made in determining the respiratory quotient. But at firstthe quotient apparently is a little higher. The Oo-consump-tion immediately becomes constant at the new temperature.It seems that the COo-production starts a little too high.The same is to be seen from the transitions from 25Â° to 15Â°or 20Â°, represented in fig. 35 (table 62) and 36 (table 63). From the transition from a lower to a higher harmlesstemperature e.g. from 15Â° to 25Â° (fig. 37, table 64) it isagain evident that in contradistinction to the respirationon oil-media, the Oo absorbed directly becomes constantand that the respiratory quotient remains

constant. At 27Â°5 and 30Â° the respiration also immediately becomesconstant, fig. 38 (table 65) and fig. 39 (table 66). The COo-evolution is at best a bit higher at first. The respiratoryquotient remains nearly the same. At 32Â°5 the noxious action of the temperature has begun,fig. 40 (table 67). The respiration still becomes constantin the long run.



??? At 32Â°5 the respiratory quotient, at last approaches thevalue of LOO, which is still better seen at the other highinjurious temperatures. 15\' 10.0 50- CPa illlOÂ? 00 1800 2100 Fig. 35. The Transition from 25Â° to 15Â° C. on Starch-media (see table 62).



??? 10.0 15\' 25\' cojOi . CO, ....... 30 I 131.21.1 1.0 ...... p.. - CO, 12.0 18?\' 2100 co,0, tsoo Fig. 37. The Transition from 15Â° to 25Â° C. on Starch-media (sec table 64).



??? l^oo Fig.<39. The Transition from 25Â° to 30Â° C.on Starch-media (see table 66).



???



??? At 35Â° the curve does not become horizontal, fig. 41(table 68); at 37Â°5 it descends rapidly, fig. 42 (table 69).At 40Â° the decrease is very rapid (table 70). B. The Respiration on Starch-media as aFunction of Temperature. If the "zero-hour"-line is constructed by extrapolationin the same way as was done in Â§ 2 the values given in table71 are obtained. The respiration velocity is expressed inpercentages of the value at 25Â° C. and also in ccm, perhour if the evolution of COg at 25Â° is 7.0 ccm. per hourand the absorption of O2 is 5.75 ccm. per hour. (See table 71).



??? 193TABLE 71. CO^-production. j O^-consumption. 10Â° 1.95 g -- X 100= 30.5 %_ 2.15 ccm, 1.45 . 5 2 ^ 28% =1.6 ccm. Fig. 34. 15Â° 3.95 â€” X 100 = 56%= 3.9 ccm. 3.055.85 ^ Fig. 35. 20Â° 6.4 X 100= 80.5 %= 5.65 ccm. 5.0 g 5 x 100 - 77 % =4.45 ccm. Fig. 36. 25Â° 100%= 7.0 ccm. 100%= 5.75 ccm. 27Â°5 9 2 ^ ^ X 100- 116 %= 8.1 ccm. ^ ^ X 100- 111 %= 6.4 ccm. Fig. 38. 30Â° 8.6 ^^ X 100 = 126 % = 8.8 ccm. 6.8 5.6 ^ 122 7.0 ccm. Fig. 39. 32Â°5 10.0 â€” X 100= 143 %= 10.0 ccm. 7.55 5 g X 100- 135 %= 7.75 ccm. Fig. 40. 35Â° 10.6 ^x 100= 138 %= 9.65 ccm. 8.35 g X 100- 136 %= 7.8 ccm. Fig. 41. 37Â°5 9.0 6.65 ^ 9.5 ccm. 7.4 g g X 100- 134 %= 7.7 ccm.: Fig. 42. Fig. 43 shows the "zero-hour"-line. The curve revealsthe remarkable fact that the intensity of respiration, asmeasured by gas-exchange, is an almost linear function ofthe temperature. As the COo-production in nearly allfigures was at first a little too high, the "COo-line" isnot quite straight. Fig. 43 seems to suggest that the "zero-hour"-line

deviatesfrom this straight line at higher temperatures. The temperature-quotients decrease even more than onthe oil-media. ^ 15Â° 5.2 20Â° 7.7



??? 1,22. (fig. 43). \'25Â° 100 ^ & ^ 20Â° 77; nn I As in fig. 33 for the oil-media, the respiration-velocitieson starch-media are given in fig. 44 for different tempera-tures after different periods. SrO 40\' lOÂ? Â§ 4. Discussion. . It follows from the experiments in this chapter that therange in temperature between which Phycomyces canlive is smaller than is usually the case with other plants.At 40Â° Phycomyces already dies in a few hours.Bartetzko (6) and Lindner (55) moreover found thatit will be frozen to death at a relatively high temperature. All the experiments were repeated several times, especi-ally as the greater part of the results were contrary to expec-



??? tation. The results were exactly the same, only sometimesthe O2-consumption at 30Â° on a linseed medium remainedhigher for a longer period, so that the respiratory quotientsdid not reassume their original value until after 4 or 5 hours,instead of 2 or 3 hours. Though the differences are not large, the respiration-velocity in different experiments on the same culturemedium is not always the same. This is chiefly due to theamount of water in the cuhure medium (p. 145). It maybe asked whether this fact has no influence on the ratioof the respiration-velocities at different temperatures.This is not the case. Several experiments were carried outwith very wet bread or linseed e.g. at the transition from15Â° to 25Â° and the temperaturequotients were always foundto be the same as with those cultures, where the quantityof water was normal. In Â§ 2 it was suggested that on linseed media the con-sumption of oil changed into a consumption of carbohy-drates at high temperatures. An examination of the figuresin Â§ 2 might lead

one to think that the initial values of theOa-absorption were caused by some obstacle to the diffusionof oxygen. From chapter III, however, it may be seen thatthe oxygentension can be reduced to less than half theamount without affecting the respiration. It is thereforevery improbable that the decrease in the oxygenconsump-tion on linseed at higher temperatures should be the resultof a lack of oxygen. In Â§ 3 A it was moreover found that the Oa-absorptionhad directly adapted itself to the new temperature. If inÂ§ 2 the diffusion of oxygen had been limiting the respiration,this would also have been the case in Â§ 3. The supposition that Phycomyces is able to withstandhigh temperatures better on starch-media than on oil isalso supported by the facts found in Â§ 3 A. The respirationat equal temperatures does indeed decrease more rapidly



??? on oil-media than on starch-media, (compare fig. 31 and42 for 37Â°5; fig. 30 and 41 for 35Â°). Further, in the longrun respiration at 32Â°5 again becomes constant on starch-media, whereas on oil-media the decrease continues. On 10.0 Ohourâ€?yi hour I:; \\1hour \\ \\\'X hour\\ â€? V V 5.0 \\ 3hour



??? bread the respiration is almost immediately constant at 30Â°,and hence, in contrast with the linseed media, a harmfulinfluence cannot yet be spoken of. It might be argued that as the respiration on linseedpassed into a consumption of carbohydrates at highertemperatures, there would be no further reason for therespiration to decrease more rapidly than on the othercarbohydrate medium bread. It must be borne in mindhowever, that at the initial temperature 25Â°, the respirationon linseed originally was more intensive than it can everbe on the same quantity of bread. Besides, in linseed thereis a very small amount of carbohydrates. In fig. 40, 41 and 42 the respiratory quotient approachesthe value 1.00. At high temperatures where the funguscannot consume fats, it is probably also unable to manu-facture fat from carbohydrates. In Â§ 3 it has been mentioned that, in the case of the carbo-hydrate consumption, the "zero-hour"-line found by meansof extrapolation seems to deviate at high temperaturesfrom the straight line

found for lower temperatures. Thequestion might be asked whether this is not due to themethod of extrapolation. I do not think it is. If the respi-ration proceeded along a straight line also at higher tempe-ratures, the "zero-hour" values of COo-production andOo- consumption would be higher. In fig. 41 and fig. 42these calculated values are represented on the line indicatingthe zero-time i.e. the time at which the culture medium onan average assumed the new temperature (p. 183). For theOo-absorption this value in fig. 41 at 35Â° is at the point Q.Of course it is possible that in the 10 minutes between thezero time and the beginning of the new experiments the curvemay descend very rapidly. As far as the COo-productionis concerned this cannot be denied. For the "Oo-curve"however, it seems to me impossible because in this case



??? twice the number of observations were carried out. From thevery beginning of the experiment, moreover, the consumptionof oxygen may be gathered from the rate of electrolyzation(galvanometer, fig. 1). So in fig. 41 the "Oa-curve" reallyruns to point P as has been plotted. It seems improbablethat the curve should continue along the liiie P Q, as inthis case there would be a sharp bend in the curve. Apart from the behaviour at harmful temperatures, theunexpected fact is revealed that the intensity of respirationon starch-media (as measured by gas-exchange) at harmlesstemperatures is an almost linear function of the temperature. Hille Ris Lambers (39) found the same functionfor the influence of temperature on protoplasmic streaming.Here the explanation is obvious as this process is chieflya matter of viscosity of the protoplasm, a physical process,the velocity of which is a linear function of the temperature. In the case of respiration various complicated processestake place, ending in a process of combustion. As the inten-

sities of chemical processes are ordinarily exponentialfunctions of the temperature, a curve convex to the tempe-rature-axis was to be expected, at least for the lower tem-peratures, where probably diffusion processes not yet canbe limiting factors. An explanation of the straight line is therefore difficult. On the other hand it has been proved that the respirationadapts itself at once to new temperatures, and in my casenot gradually as Kuyper and Rutgers supposed. When-ever the adaptation seems to be gradual (the absorptionof O2 on linseed media) there is a definite reason for thisbehaviour. And finally oscillations in the respiration velocity, such asKuyper (52) and Fernandes (31) described for seeds,did not occur in my experiments. It is difficult to saywhether this is the result of the simpler objects used, orthe consequence of more minute measurements.



??? No direct influence of light on respiration could bedetected. Experiments were further carried out on theinfluence of other external factors on the respiration ofPhycomyces Blakesleeanus. By means of an exact determination of the respiratoryquotients it was possible to find what kind of food the fungusused from a heterogeneous culture medium. The grand period of respiration was determined at 25Â°C. on different quantities and different kinds of culturemedium. The length of the sporangiophores is an indexof their stage of development, corresponding to a specificpoint in the grand period. As a medium rich in oil I used ground linseed, as a starch-medium bread. The respiratory quotient varies in differentparts of the grand period of respiration. On linseed it risesfrom about 0.65 to about 0.75. On bread it becomes 1.00 inthe long run but at the maximum of respiration it is about1.20. It was made probable that this is due to the manufac-ture of fat from carbohydrates. Phycomyces by preference takes fat when this is to behad;

on fatty media the respiration is more intense thanon starch-media. Proteins do not essentially participate inthe respiration. The fungus cannot live anaerobically, neither on oil-medianor on carbohydrates. A decrease in oxygen tension affectsPhycomyces very soon. On starch-media some effect becomesnoticeable in about 9 per cent, of oxygen, in 2 per cent, ofoxygen the respiration is reduced to half the normal amount.Phycomyces can stand low oxygen tensions on oil-mediabetter than on carbohydrate media, at least in so far as theCOa-evoIution is concerned. On oil-media there is a visible



??? influence in about 7 per cent, of oxygen, in 2 per cent, ofoxygen the COg-evolution is reduced to about 70 per cent,of the normal amount. On bread the respiratory quotient does not change insmaller percentages of oxygen, it increases on linseed media. Pure oxygen has no influence on the COg-respiration,the.Og-consumption only increases by a small amount. It was proved that respiration adapts itself at once tonew temperatures and that a gradual adaptation to newtemperatures as found by former investigators may becaused by experimental errors. At all temperatures the respiration can be representedby flowing lines, oscillations in the respiration did not occur. At harmful temperatures the consumption of fat changesinto a consumption of carbohydrates. On linseed the"zero-hour"-line has therefore a peculiar course. Both the"Og-curve" and the "COg-curve" are slightly convex towardsthe temperature axis, at high harmful temperatures, the "Oo-curve" becomes an optimum curve because the Og valuesapproach the

COg values and therefore decrease. The respiration on carbohydrate media is an almostlinear function of the temperature. The "zero-hour" linedeviates from the straight line at high temperatures. The foregoing investigations were carried out in theBotanical Laboratory of the University of Utrecht. This is the place to express my appreciation to Prof.Dr. F. A. F. C. Went for his kindly help, interest andcriticism.



??? TABLES. TABLE 3. (Fig. 2). Small earthenware trough with bread.Date: 29-4-\'26; Time 23.00; Temp, in the vessel 25Â° C. Remarks. Date. Time. i- oil â€?a .X) e fS CO,02 1 81is ^ a 30-4-\'26 9.30-12.30 3 14.1 j 1 12.4 ! \' 1.14 i \' 4.7 4.15 12.30-15.30 3 17.5 15.3 1.14 i 5.8 5.1 15.30-18.30 3 21.15 18.4 1.15 s 7.05 6.1 %-l/5-\'26 18.30-21.30 3 24.45 21.2 1.15 : 8.15 7.1 21.30- 9.30 12 â€” â€” â€” j l-5-\'26 9.30-11.30 2 22.55 19.8 1.14 i 11.3 9.9 1 11.30-13.30 2 21.8 19.2 1.14 10.9 9.6 1 13.30-15.30 2 21.9 19.2 1.14 10.95 9.6 1 15.30-17.30 2 21.7 19.0 1.14 10.85 9.5 j 17.30-19.30 2 21.5 j 18.25 1.18 10.8 9.1 1 19.30-21.30 2 21.5 1 18.45 1.17 10.8 9.2 1 l/2-5-\'26 21.30-11.30 14 â€” â€” â€” â€” 1 2-5-\'26 11.30-13.30 2 18.5 16.75 1.10 9.25 8.4 13.30-18.30 5 â€” â€” â€” _ _ 18.30-20.30 2 16.6 15.0 1.11 8.3 7.5 2/3.5-\'26 20.30- 9.30 13 â€” â€” â€” _ _ 3-5-\'26 9.30-12.30 3 20.15 18.75 1.07 6.7 ! 6.25 12.30-15.30 3 18.8 18\'.05 1.04 6.3 6.0 15.30-18.00 2J 15.6 14.5 1.08 6.2 ! 5.8 18.00-21.00 3 17.2 16.5 1.04 5.7 5.5

3/4-5-\'26 21.00- 9.30 12i â€” 1 â€” â€” â€” â€” 4-5-\'26 9.30-11.30\' 2 11.0 10.65 1.04 5.5 5.3 11.30-14.30 3 16.0 â€” 1 5.3 _ 14.30-17.30 3 15.5 15.5 1.00 5.2 5.2 17.30-21.30 4 19.75 19.4 1.02 \' 4.9 4.85 4/5-5-\'26 21.30- 9.30 12 â€” â€” â€” 1 â€” j _ 5-5-\'26 9.30-13.30 4 18.4 18.35 i 1.00 i 4.6 i 4.6 9.00 thin sp. ph. 1J cm. 21.00 thin sp. ph. 3 to 3i cm. thick sp. ph. 1 cm.9.00 few thin sp. ph. 4 cm.many thick sp. ph. 1 i to 2 cm. 22.00 some new thick sp. ph. 11.00 thick sp. ph. of differentlength.



??? Old culture on bread.Placed in the respiration vessel in the evening of 11-5-\'26. Date. Time. "O ?  dr>i"I.S COj or o5 P ^H w8 ^ fi Remarks. 12-5-\'26 9.00-15.00 6 12.4 12.2 1.02 2.1 2.0 15.00-21.00 6 16.35 16.25 1.01 2.7 2.7 12/13-5-\'26 21.00-10.00 37 â€” â€” â€” â€” â€” 13-5-\'26 10.00-16.30 6i 13.35 13.15 1.02 2.05 2.0 TABLE 5 (Fig. 3). 2% grm. bread in two thin layers.Placed in the respiration vessel in the evening of 17-5-\'26. Date. Time. Ji Z\'S â– o c <5|| o-l! â€?s-s CO,Oj Â§1 C5| Remarks. 18-5-\'26 14.30-16.00 n 8.7 73 1.20 5.8 4.85 10.00 sp. ph. 1 cm. 16.00-17.30 H 9.1 7.5 1.21 6.05 5.0 17.30-21.00 3J â€” â€” â€” â€” â€” 21.00-22.30 H 9.55 7.95 1.20 635 53 22.30-24.00 H 93 7.7 1.21 6.2 5.15 18/19-5-\'26 24.00- 9.30 n â€” â€” â€” â€” â€” 19-5-\'26 9.30-11.00 H 7.95 7.0 1.15 53 4.65 10.00 sp. ph. 3 cm. 11.00-12.30 u 7.7 6.75 1.14 5.15 45 12.30-16.00 â€” â€” â€” â€” â€” 16.00-17.30 u 6.85 63 1.10 4.55 4.15 17.30-19.00 H 6.7 6.05 1.10 4.45 4.0 19/20-5-\'26 19.00- 9.30 14i â€”; â€” 1 â€” â€” 20-5-\'26

9.30-12.00 8.9 8.4 1 1.06 3.55 3.35 10.00 sp. ph. 4 to 5 cm. 12.00-1430 2i 8.45 8.0 1.06 3.4 3.2 14.30-21.00 6Jt â€” â€” â€” â€” â€” 21.00-23.30 2i 1 7.1 6.8 1.04 2.85 2.7 20/21-5-\'26 23.30- 930 10 â€” â€” i â€” â€” 21-5-\'26 9.30-12.00 2i 6.0 1 6.05 1 0.99 2.4 2.4



??? Small earthenware trough with ground linseed.Placed in the respiration vessel in the morning of 24-6-\'26. Date. Time. h e d|i â€?a .% COj o, U.O R Â?-I 821 & *-* Remarks. 24-6-\'26 20.00-22.45 2?Ž 8.05 10.1 0.80 2.9 3.7 20.00 mycelium developed. 24/25-6-\'26 22.45-10.00 Hi â€” â€” â€” â€” â€” 25-6-\'26 10.00-11.45 H 14.6 22.25 0.66 8.35 12.7 10.00 sp. ph. 1 cm. 11.45-13.30 n 15.4 23.45 0.65 8.8 13.4 13.30-15.00 n 14.0 21.5 0.65 93 14.3 15.00-16.30 n 14.75 22.1 0.66 9.8 14.75 1630-22.00 5i â€” â€” â€” â€” â€” 17.00 sp. ph. IJ cm. 25/26-6-\'26 22.00-23.30 H 15.6 23.8 0.66 10.4 15.85 20.30 sp. ph. about 2 cm. 23.30-10.00 lOi â€” â€” â€” â€” â€” 26-6-\'26 10.00-11.20 u 14.6 22.1 0.66 10.95 16.6 10.00 many thick sp. ph. of 11.20-12.40 u 14.0 21.5 0.65 10.5 16.0 about 31 cm. 12.40-15.40 3 â€” â€” â€” â€” â€” 15.40-17.00 u 13.8 20.4 0.67 10.35 153 17.00-18.20 li 13.6 19.7 ! 0.69 10.2 14.8 18.20-21.00 2?Ž â€” â€” â€” i â€” â€” 18.30 sp. ph. 5 cm. 26/27-6-\'26 21.00-22.20 u â€” 19.35 â€” i â€” 14.5

22.20-18.00 19!| â€” â€” â€” i â€” â€” 27-6-\'26 18.00-19.30 u 11.2 15.7 0.71 1 7.45 10.5 27/28-6-\'26 19.30-21.00 li 10.8 15.05 0.72 : 7.2 10.0 21.00-14.30 17i â€” â€” â€” â–  â€” â€” 28-6-\'26 14.30-16.00 11 8.75 11.75 0.74 5.8 7.8 16.00-17.30 u 1 9.1 11.5 0.79 6.05 7.65 1730-21.00 3?¨ â€” â€” â€” â€” â€” 21.00-22.30 11 8.8 ! 11.5 0.76 5.85 7.65 28/29-6-\'26 22.30-24.00 11 8.8 jll.5 0.76 5.85 7.65 24.00-10.15 m â€” â€” â€” â€” â€” 29-6-\'26 10.15-12.15 2 ! 11.35 14.75 0.77 5.65 7.4 12.15-14.15 2 11.55 I 14.85 0.78 5.8 7.45 â€?



??? Small earthenware trough with linseed meal.Placed in the respiration vessel at 14.00, 9-6-\'26. Date. Time. Z-o â– o H o>Â§ â€?o . .-si â€???.S COaOi dS "â€?S fi w S & tl u s" 0. Remarks. 9-6-\'26 19.30-21.30 1 2 12.65 14.7 0.86 i 1 6.3 i 7.35 14.00 sp. ph. i cm. 21.30-23.30 2 13.15 16.05 0.82 6.55 : 8.0 23.00 many thick sp. ph 9/10-6-\'26 23.30- 9.45 lOi â€” â€” â€” â€” â€” . 9.30 sp. ph. 2 cm. 10-6-\'26 9.45-11.35 15.8 20.1 0.79 8.6 11.0 11.35-13.25 IVe 15.9 20.6 0.77 8.65 11.2 13.25-15.15 I\'U 16.2 21.0 1 0.77 8.8 11.45 15.15-16.00 ?Ž â€” â€” â€” â€” 16.00-17.30 u 14.3 18.9 0.76 9.6 12.6 17.30-19.00 H 14.9 19.25 0.77 9.9 12.8 20.00 sp. ph. 3.1 cm. 10/ll-6-\'26 19.00-10.15 I5i â€” â€” â€” 1 â€” 1 ll-6-\'26 10.15-11.45 l?¨ 16.0 20.75 0.77 i 10.7 13.8 lO.OOsp. ph. 5 cm. 11.45-13.15 U 15.5 20.55 0.76 ! 10.3 13.7 13.15-15.30 2i â€” â€” â€” 1 â€” â€” 15.30-17.00 11 15.5 20.1 0.77 10.3 ! 13.4 17.00-18.30 IJ 15.4 20.0 0.77 10.3 13.3 ll/12-6-\'26 18.30- 9.30 15 â€” â€” â€” 1 _ â€” 12-6-\'26 9.30-11.00 l?¨ 12.7 15.9 0.80 8.5

10.6 j 11.00-12.30 H 12.2 15.1 0.80 ! 8.1 10.1 1 j 12.30-16.45 41 â€” â€” â€” â€” 1 16.45-18.15 U 11.8 14.15 0.83 7.9 9.4 18.15-19.45 l?¨ 11.35 13.75 0.83 7.6 9.2 1 12/14-6-\'26 19.45-11.30 391 â€” â€” â€” i â€” 1 14-6-\'26 11.30-14JO 3 13.1 15.4 0.85 1 4.4 5.1 114.30-17.30 3 12.65 15.1 1 0.84 i 4,2 i 5.0 i 1 117.30-20.30 3 12.2 14.75 ! 0.82 ! 4.1 1 4.9 i 14/15-6-\'26 20.30-10.15 13?Ž â€” â€” ! â€” 1 1 â€” 15-6-\'26l 10.15-13.15 3 i 11.0 13.3 i 0.83 3.65 i 4.4 i 13.15-16.30 1 3i ! 11.8 13.85 0.85 3.6 ; 4.3 i



??? TABLE 8 (Fig. 6).Small earthenware trough with linseed-meal containing about 2^ % fat.Placed in the respiration vessel at 11.00, 5-7-\'26. â€? Date. Time. II c diiu.S â– o .?Ž COi02 OS OS ^ y 0, IH Remarks. 5-7-\'26 21.00-22.30 n 8.35 9.1 0.92 5.6 6.1 22.30- 0.00 H 8.8 9.4 0.94 5.8 1 6.25 21.00 sp. ph. 1 cm. 5/6-7-\'26 0.00-10.00 â€” â€” â€” â€” 1 _ 6-7-\'26 10.00-11.30 l?¨ 10.8 11.1 0.97 7.2 7.4 11.30-13.00 n 11.2 11.4 0.98 7.45 7.6 9.30 sp. ph. rather thin 3 cm. 13.00-14.00 1 â€” â€” â€” â€” â€” 14.00-15.30 u 11.2 11.4 0.98 7.45 7.6 15.30-17.00 n 10.8 11.35 0.95 7.2 7.55 6/7-7-\'26 17.00-10.30; 17,1 â€” â€” â€” â€” â€” 21.00 sp. ph. 5 cm. rather thin. 7-7-\'26 10.30-12.30 2 9.5 10.45 0.91 4.75 5.25 12.30-14.30 2 8.95 9.75 0.92 4.5 4.9 14.30-16.30 2 8.5 9.2 0.92 4.25 4.6 TABLE 9 (Fig. 7).Small earthenware trough with linseed-meal totally deprived of fat.Placed in the respiration vessel at 9.00, 12-7-\'26. 81h V c u Z o _COi_O. Date. Time. Remarks ug .3 12-7-\'26 13.30-16.0016.00-18.30 18.30-21.00 21.00-

9.459.45-11.4511.45-14.4514.45-16.4516.45-10.4510.45-14.4514.45-18.4518.45-22.4522.45- 9.459.45-13-45 2h21 2?¨ 12?Ž2 32 18 444 114 11.111.8 11.7 11.1511.25 11.4 1.001.05 1.03 4.54.5 4.55 4.454.7 4.7 12/13-7- 13-7- 13/14-7- 14-7- 14/15-7- 15-7. \'26\'26 9.012.357.9 9.358.558.25 7.5 9.1512.758.0 9.68.88.4 7.7 0.990.970.99 0.970.970.98 0.97 4.54.1 4.0 2.35 2.12.05 1.9 4.64.25 4.0 2.42.2 2.1 1.9 \'26\'26 \'26\'26 10.00 sp. ph. I cm. 14.00 sp. ph. about 1 cm. thinnerones longer. 21.00 thick sp. ph. nearly 2 cm.,thin sp. ph. 3 cm. 9.00 thick sp. ph. about 3 cm.,thin sp. ph. 5 cm.



??? TABLE 10. Small earthenware trough with "milkbread".Placed in the respiration vessel at 11.00, 5-8-\'26. Date. Time. Is Z-o T3 ? ?´|i"I.E T3 . ?´?Žlâ€?a-s COjOj og?š iin ** ^ a Remarks. 5-8-\'26 14.45-19.45 5 10.8 10.5 1.03 2.2 2.1 19.45-23.15 3i 11.7 11.15 1.05 3.35 3.2 5/6-8-\'26 23.15- 9.45 m â€” â€” â€” â€” â€” 9.30 thin sp. ph. 2i cm. 6-8-\'26 9.45-12.15 2i 18.8 17.1 1.10 7.5 6.8 12.15-14.45i 2i 19.5 \' 18.0 1.08 7.8 7.2 thick sp. ph. l cm.? 14.45-19.00: 4i â€” 1 â€” â€” â€” 19.00 thin sp. ph. 3 to 3i cm. 19.00-21.00 \'1 2 18.0 ,16.5 1.09 9.0 8.3 21.00-23.00 1 ij 2 18.3 16.85 1.09 9.1 8.4 thick sp. ph. 1 to H cm. 6/7-8-\'26 23.00-12.00 I\'i 13 â€” â€” â€” â€” â€” 11.30 thick sp. ph. about 2J cm. 7-8-\'26 12.00-14.00 i! 2 18.8 17.5 1.07 1 9.4 8.8 14.00-16.00 2 18.65 17.5 1.06 9.3 8.8 116.00-20.30 4i â€” â€” â€” â€” â€” 120.30-22.30 2 18.55 i 17.8 1.05 9.3 8.9 7/8-8-\'26 22.30-18.30 20 â€” â€” â€” 7.3 â€” 8-8-\'26 i 18.30-20.30! 2 14.5 i 14.7 0.99 7.4 20.30-22.30i 2 14.5 1 14.7 0.99 7.3 7.4



??? 2^4 grm. ground linseed in two thin layers.Placed in the respiration vessel at 9.00, 13-12-\'26. Date. Time. Sx "O c d^iU 9 4?Ž CO,Oj dS S u R ^ Remarks. l"S l-s " o, 13-12-\'26 12.00-14.00 2 13.25 17.2 0.77 6.6 8.6 12.00 mycelium grown over the 14.00-16.00 2 14.65 19.75 0.74 73 9.9 whole surface; no sp. ph. 16.00-17.30 H 12.0 16.4 0.73 8.0 10.9 17.30-20.30 3 â€” â€” â€” â€” â€” 20.30-22.00 H 13.95 20.15 0.69 93 13.4 20.00 no sp. ph.; (only at the 4 22.00-2330 n 13.8 203 0.68 9.2 13.5 inoculated places thin 23.30- 9.00 n â€” â€” â€” â€” â€” ones.) 14-12-\'26 9.00-1030 n 12.8 19.25 0.67 8.5 12.8 9.00 thick sp. ph. | cm.? 10.30-12.00 H 12.5 183 0.68 83 12.3 12.00-13.30 H â€” 17.9 â€” â€” 11.9 13.00 sp. ph. about IJ cm. 1330-16.30 3 â€” â€” â€” â€” â€” 16.30-18.00 u 11.55 17.2 0.67 7.7 11.5 18.00-19.30 u 10.8 16.05 0.67 7.2 10.7 19.30-2330 4 â€” â€” â€” â€” â€” 19.30 sp. ph. about 2 cm. 2330- 1.00 u 9.1 13.9 0.66 6.1 9.3 1.00- 9.30 8i â€” â€” â€” â€” â€” 1.00 sp. ph. 2h to 3 cm. 15-12-\'26 9.30-11.30 2 9.65

14.65 0.66 4.8 73 9.00 sp. ph. nearly 4 cm. 11.30-14.00 2?¨ 11.75 17.9 0.66 4.7 7.15 14.00-15.30 U â€” â€” â€” â€” â€” 15.30-18.00 2J 10.4 15.75 0.66 4.15 63 18.00-20.00 2 8.05 11.65 0.69 4.0 5.8 20.00-22.00 i 2 7.7 10.6 0.72 3.85 53 22.00-10.00 i 12 â€” â€” â€” 1 â€” 16-12-\'26.10.00-12.00 1 2 7.4 10.1 0.73 3.7 5.05



??? TABLE 12 (Fig. 9).2% grm. bread plus 10 % peptone in two layers.In the respiration vessel at 10.00, 31-5-\'26. 8|is .â– 2 s O^S Z 3Z o Time. Date. Remarks. or E ^ as. 15.30-20.0020.00-23.0023.00-10.0010.00-12.3012.30-15.0015.00-17.4517.45-20.30l/2-6-\'26 20.30-10.30: 14 2-6-\'26 10.30-14.30; 414.30-18.00! 318.00-22.00, 4 2/3-6-\'26 22.00-10.00l 12 3-6-\'26\'l0.00-14.00\' 414.00-18.00 ; 418.00-22.15 4 18.115.4 15.9 15.25 15.9 14.3 16.213.25 13.4 15.75 13.0 13.112.4513.1512.05 15.212.812.9 31-5-\'26 4i-31121212f2| 31/5-l/6-\'26l-6-\'26 13.05 12.612.0 13.0 12.111.6 4.05 3.83.8 i 3.73.35 i 3.2 4.0 5.1 3.54.3 1.151.19 1.221.221.211.19 1.071.041.04 1.00 3.25 ; 3.251.04 3.15 : 3.01.03 \' 2.8 1 2.7 ll.OOsp. ph. visible?23.00 sp. ph. 1 cm., thick. 6.35: 5.2 6.1 I 5.05.8 ; 4.8 5.2 : 4.4 20.30 sp. ph. 2 to 2i cm. 9.00 sp. ph. If cm. 10.00 sp. ph. fully 3 cm. TABLE 13. 21/2 grm. bread, mixed with much water, in two thin layers.In the respiration vessel at 9.00, 2-5-21. Date Time.Â? V 2 u Z o oil ^l! COiOi 81 Hi Remarks. 2-5-\'27

13.30-18.00 ; 4i / 15 i 7.15 i 1.05 i ! 1.65 ! 1.6 18.00-21.00 3 1A5 6.95 1.07 2.5 2.3 21.00-23.00 2 6.0 5.4 1.10 3.0 2.7 23.00- 0.30 11 : 5.1 ! 4.55 1.12 ! 3.4 3.0 0.00 sp. ph. 1 cm., thin. 2/3-5-\'27 0.30- 9.00 81 â–  â€” â€” â€” â€” â€” 3-5-\'27 9.00-11.00 2 9.0 ! 7.65 1.18 4.5 3.8 9.00 thick sp. ph. 1 cm. 11.00-13.00 2 8.9 7.65 1.17 4.45 : 3.8 13.00-15.00 2 8.75 7.5 1.17 4.35 ^ 3.75 15.00-19.00 4 â€” â€” â€” â€” â€” 16.00 thick sp. ph. 1 cm. 19.00-21.00 2 8.05 7.05 1.14 4.0 3.5 21.00-23.00 2 7.7 6.8 1.14 3.85 3.4 3/4-5-\'27 23.00- 9.00 10 â€” â€” â€” â€” â€” 23.00 sp. ph. nearly 2 cm. 4-5-\'27 9.00-11.30 21 8.05 7.35 1.10 3.2 2.95 11.30-14.00 21 7.75 7.25 1.07 3.1 2.9 14.00-19.00 5 . â€” â€” â€” â€” â€” 19.00-21.30 21 7.0 6.75 1.04 2.8 2.7



??? Culture of Phycomyces on a small trough with bread.Sporangiophores about 6 c.m. Respiration vessel 325 ccm. Suction velocity 2 1. per hour. 12.0013.0014.0015.00 16.00 â€”>- 6.8 17.00->â–  6.4 From 10.00 to 11.00 6.26.56.56.56.8 ccm. CO, 11.0012.0013.0014.0015.0016.0017.0018.0019.0020.0021.0022.00 18.00 â€”y 6.8 6.76.46.46.46.4 19.0020.0021.0022.0023.00 daylight. light of 800 M.C. 800800 TABLE 15. Culture of Phycomyces on a small trough with bread.The second generation of sporangiophores has stopped growing. Respiration vessel 325 ccm. Suction velocity 2 1. per hour. light of 6000 M.C. From 13.00 to 14.00 â€”y 4.9 ccm. COj .. 14.00 â€ž 15.00-5.1 â€ž â€ž 15.00 â€ž 16.00-y 5.1 â€ž â€ž 16.00 â€ž 17.00 â€”5.1 â€ž â€ž 17.00 â€ž 18.00-y 5.1 â€ž 18.20 â€ž 19.20 â€”y 5.0 â€ž â€ž 19.20 â€ž 20.20 â€”> 5.2 â€ž Sp. ph. removed. 20.40 â€ž 21.40 â€”y 4.6 â€ž21.40 â€ž 22.40 â€”y 4.5 â€ž



??? Culture of Phycomyces on a small trough with bread. Sporangiophores of different lengths.Respiration vessel 325 ccm. Suction velocity 2 1. per hour.From 11.00 to 12.00 â€”> 4.8 ccm. CO3 light of 800 M.C.it tf 800 ft*> ff 800 ft 4.64.44.6 13.0014.0015.00 12.0013.0014.0015.0016.0017.0018.00 19.2020.2021.2022.20 16.00 â€”> 4.8 4.74.6 4.8 3.93.93.93.8 17.0018.0019.00 20.2021.2022.2023.20 <â€”<â€” Sp. ph. removed. TABLE 17. 6 pieces of carrot, lenght 5 ccm., overgrown with mycelium of Polyporus destructor.Respiration vessel 600 ccm. Suction velocity 5 1. per hour. ccm. CO2 -<- daylight. 8.88.88.4 From 12.00 to 14.00 16.0018.00 14.0016.0018.0020.00 20.00 â€”y 8.622.00 -> 8.4 light of 800 M.C. TABLE 18. 6 pieces of carrot, length 5 c.m., overgrown with mycelium of Polyporus destructor.Respiration vessel 600 ccm. Suction velocity S^/g per hour.From 9.00 to 11.00 â€”> 7.7 ccm. CO, 13.0015.00 17.00 â€”> 7.8 19.00-y 8.0 21.00 â€”> 7.8 23.00 ->- 8.1light of 800 M.C... .. 800 8.08.2

11.0013.0015.0017.0019.0021.00



??? 6 pieces of carrot, length 5 c.m., overgrown with mycelium of Polyporus destructor.Respiration vessel 600 ccm. Suction velocity 4^1. per hour. From 8.00 to 10.00 â€”>- 8.6 ccm. COg â€ž 10.00 â€ž 12.00 â€”^ 9.0 â€ž â€ž 12.00 â€ž 14.00-y 9.1 â€ž â€ž -iâ€” daylight. â€ž 14.00 â€ž 16.00-8.6 â€ž â€ž 16.00 â€ž 18.00 ->- 8.6 â€ž â€ž 18.00 â€ž 20.00 â€”> 8.4 â€ž â€ž â€” light of6000M.C. â€ž 20.00 â€ž 22.00 â€”8.5 â€ž â€ž -<- â€ž â€ž 6000 â€ž TABLE 20. 6 small specimens of Lactarius rufus.Respiration vessel 325 ccm. Suction velocity 2^1. per hour. From 10.00 to 12.00 â€”> 7.6 ccm. CO^ â€ž 12.00 â€ž 14.00 â€”> 7.5 â€ž â€ž 14.00 â€ž 16.00->-7.4 â€ž â€ž Aâ€”light of 6000 M.C. â€ž 16.00 â€ž 18.00 â€”> 7.2 â€ž â€ž 18.00 â€ž 20.00 â€”>- 6.8 Â? â€ž 20.00 â€ž 22.00 -> 6.85 â€ž â€ž -<- â€ž â€ž 800 â€ž â€ž 22.00 â€ž 0.00 â€”> 6.85 â€ž TABLE 21. 20 very small specimens of Laccaria amethysta.Respiration vessel 325 ccm. Suction velodty 3 1. per hour. From 10.00 to 12.00 â€”> 4.5 ccm. CO,â€ž

12.00 â€ž 14.00->- 435 â€ž â€ž 14.00 â€ž 16.00->-4.35 â€ž â€ž - light of 800 M.C. â€ž 16.00 â€ž 18.00-y 4.35 .. 18.00 â€ž 20.00 -h 4.5 â€ž tt ^ ff 6000 â€ž 20.00 â€ž 22.00 â€”V 4.35 â€ž



??? Small trough with bread.22-10-\'26 at 10.00 in the respiration vessel.Thick sp. ph. then 1^4 c.m. Number ccm. CO2 ccm. CO2 Date. Time, of given given off hours off per hour 22â€”10â€”\'26 17,00â€”20.00 3 24.9 8.3 20.00â€”23.00 3 : 26.8 8.9 22/23â€”10-\'26 23.00â€” 9.30 10^2 1 â€” â€” U, 23â€”10â€”\'26 9,30â€”11,30 2 ! 21.1 10.55 11.30â€”13.30 2 i 19.1 9.55 13,30â€”15,30 2 i 18.5 9.25 15,30â€”16,00 â€” _ 16.00â€”18.00 2 16.4 8.2 18.00â€”20.00 2 15.1 7,55 c 20.00â€”22.00 2 i 14.0 7.0 bo>. 23/24â€”10â€”\'26 22.00â€”12.00 14 1 â€” â€” 0 24â€”10â€”\'26 12.00â€”14.30 21/2 11.0 4.4 14.30â€”17.30 3 12.7 4.2 TABLE 23 (Fig. 11).Bread in two thin layers.l-10-\'26 at 16.00 in the respiration vessel. SI S e C.C 1*3 OtjO 5! Date. Time. Remarks. h 02 l-10-\'26l/2-10-\'262-10-\'26 20.00-23.0023.00- 9.309.30-11.4511.45-14.0014.00-16.1516.15-16.3516.35-18.5018.50-21.0521.05-23.208.35 3 lOi 2i2ii2i212\\ 9.2 11.010.410.0 9.28.68.1 9.0 1.22 4.98.6 1.21 4.6 8.1 1.23 4.4Filled with oxygen. 8.25 1.12 4.1 7.75 1.11 3.8

7.2 ; 1.13 3.6 1.10 3.1 2.8 4.03.8 3.6 3.73.43.2 9.30 thick sp. ph. i cm. (thi"sp, ph. 2 cm.)



??? TABLE 24 Bread in two thin layers. Sp. ph. grown out. Time. Numberofhours ccm. CO2evolved ccm. 0>absorbed COoO2 ccm. COoper hour ccm. Ooper hour 10.00â€”13.0013.00â€”16.0016.00â€”16.2016.20â€”19.2019.20â€”22.20 33 33 7.256.8 6.055.2 6.356.0Filled5.75.1 1.141.13 with oxyj1.04 I1.02 ! 2.42.3 ;en. 2.01.75 2.12.0 1.91.7 TABLE 25.Small trough with ground linseed.Thick sp. oh. 2 to 2V.y c.m. Date. Time Number ccm. COo ccm. COo [ of totally evolved hours evolved fper hour 2â€”11â€”\'26 13.45â€”15.30 16.1 9.2 .H 15.30â€”17.15 1% 20.0 10.0 17.15â€”17.45 \'A _ , 17.45â€”19.30 19.6 11.2 19.30â€”21.15 20.8 11.9 21.15â€”23.00 m 21.5 12.3 2/3â€”11â€”\'26 23.00â€”13.30 141/0 â€” _ 3â€”11â€”\'26 13.30â€”15.30 2 22.8 11.4 15.30â€”17.30 2 22.5 11.25 17.30â€”19.30 2 21.9 10.95 19.30â€”21.30 2 21.35 10.7 a 3/4â€”11â€”\'26 21.30â€”11.30 14 â€” 4â€”11â€”\'26 11.30â€”13.30 2 18.2 9.1 3 13.30â€”15.30 2 17.8 8.9 15.30â€”17.30 2 17.3 8.65 17.30-^19.30 2 17.0 8.5 19.30â€”21.30 2 16.65 8.3

4/5â€”11_\'26 21.30â€”13.30 16 _ _ 5â€”11â€”\'26 13.30â€”15.30 2 14.0 7.0 15.30â€”17.30 2 13.6 6.8 17.30â€”19.30 2 13.0 6.5



??? TABLE 26 (Fig. 12).Ground linseed in two layers.No. sp. ph. Time. Numberof hours ccm. CO2evolved ccm. O2absorbed CO,Oo ccm. CO2per hour ! ccm. Ooper hour 10.00â€”11.50 IVe 11.5 ! 17.25 0.67 6.3 i 9.4 11.50â€”13.40 IVe 11.1 17.0 0.63 6.05 9.25 13.40â€”14.25 % Filled with oxygen. 14.25â€”16.15 1V6 11.0 17.2 0.64 6.0 1 9.4 16.15â€”18.05 IVs 11.0 16.55 0.66 6.0 1 9.0 TABLE 27.2^ grm. ground linseed in two layers.No. sp. ph. Time. Numberofhours ccm. CO2per hour ccm. O2per hour COoOo 10.00â€”11.00 1 8.55 13.1 0.65 11.00â€”12.00 1 8.25 12.9 0.64 12.00â€”12.40 % Filled with oxygen. 12.40â€”13.40 1 8.15 13.15 i 0.62 13.40â€”14.40 1 7.95 12.85 ; 0.62 14.40â€”15.20 % Filled with air. 15.20â€”16.20 1 7.55 11.9 i 0.64 16.20â€”17.20 1 1 i 7.45 11.9 0.63 TABLE 29.2Y2, grm. bread in two layers.Sp. ph. about lYo c.m. Time. Numberofhours ccm. COoevolvedper hour 10.00â€”11.0011.00â€”12.00 1 J 1 8.48.4 12.00â€”12.3012.30â€”13.3013.30-14.30 1 \'Yz......\' 1 6.957.15 0"" Â?

14.30â€”15.0015.00â€”16.0016.00â€”17.00 1/ 8.58.4 u !



??? TABLE 30 (Fig. 13). Date. Time. Numberofhours ccm. COatotallyevolved ccm. COoevolvedper hour 9 11 \'26 10.45â€”12.4512.45â€”14.4514.45â€”16.45 222 20.521.522.0 10.2510.7511.0 .a n 9/10â€”11â€”2610â€”11â€”\'26 16.45â€”17.2517.25â€”19.2519.25â€”21.2521.25â€”23.2523.25â€” 9.259.25â€”11.2511.25â€”13.5513.55â€”16.25 % 222102 2 >42M. 10.310.310.8 12.615.915.9 5.155.155.4 6.3 6.46.4 r:\\ o OO cs TABLE 31 (Fig. 14). Number ccm. COi ccm. COi Time. of totally evolved hours evolved per hour ! 11.15â€”13.15 2 73 3.65 13.15â€”15.30 9.6 4.3 â€?i 1530â€”17.30 2 9.9 4.95 17.30â€”17.45 y^ â€” â€” Â? 17.45â€”19.45 2 6.7 335 o 19.45â€”21.45 2 7.0 3.5 21.45â€”23.45 2 7.0 3.5 CNJ Small trough with bread.Thick sp. ph. 2 to 2^ c.m Small trough with bread. Young culture.Thick sp. ph. ^ c.m.



??? TABLE 32. (Fig. 15).Small trough with bread. Young culture.Thick sp. ph. 1 c.m. Number ccm. COo ccm. COÂ? Time. of totally evolved hours evolved per hour 10.30â€”12.30 2 11.4 5.7 12.30â€”14.30 2 12.75 6.375 â€?ij 14.30â€”16.30 2 14.5 7.25 TO 16.30â€”17.00 â€” â€” 17.00â€”19.00 2 7.25 3.6 ^ cÂ? ^ o 19.00â€”21.00 2 7.1 3.55 1 TABLE 33 (Fig. 16). Small trough with bread. Thick sp. ph . 2 to 21/^ c.m. Number ccm. CO, ccm. COa Time. of totally evolved hours evolved per hour 9.00â€”11.00 2 21.2 10.6 11.00â€”13.00 2 22.25 11.1 13.00â€”15.00 2 23.3 11.65 15.00â€”15.30 â€” â€” (4-1 â€? 15.30â€”17.30 2 6.95 3.5 O nw 17.30â€”19.30 2 5.0 2.5 ft) bo 19.30â€”22.00 2M> 3.4 1.35 S O TABLE 34.Small trough with bread.Sp. ph. 3 c.m. Time. Numberofhours ccm. COototallyevolved ccm. COoevolvedper hour 13.30â€”15.30 2 21.7 10.85 15.30â€”17.30 2 22.1 11.05 17.30â€”19.00 "\'VA â€” â€” 1 G â€? 19.00â€”21.00 2 0.75 0.4 C "O 4J 21.00â€”23.00 2 0.05 0.025 >Â? bfiJ! The next day no COj was given off.



??? Small trough with bread.Sp. ph. 2^ c.m. Time. Numberofhours ccm. COototallyevolved ccm. CO2evolvedper hour 10.00â€”12.0012.00â€”14.00 22 17.817.8 8.98.9 "n 14.00â€”14.3014.30â€”16.3016.30â€”18.30 22 1.850.25 0.90.1 iÂ?^ a J3 TABLE 36 (Fig. 17).Bread in 2 thin layers Time. lei! US! U 4> CO,Oi 81 oi11 Remarks. 10.00â€”12.00 2 8.6 7.15 1.20 4.3 3.6 12.00â€”12.40 ! Filled with gas containing 8.5 % oxygen. 12.40â€”14.40 2 8.4 : i 7.05 1.19 4.2 3.5 i 14.40â€”16.40 2 8.85 : \'7.5 1.18 4.4 3.75 16.40â€”17.10 i Filled with air. 17.10â€”19.10 2 9.8 8.4 1.17 4.9 4.2 1 19.00 thick sp. ph. J to 1 cm. TABLE 37 (Fig. 18).Bread in 2 thin layers. Time. 3 Z\'Z 12.00â€”14.00 2 14.00â€”15.15 H 15.15â€”17.15 2 17.15â€”19.15 2 19.15â€”20.15 1 20.15â€”22.15 2 o-oU S 8.9 6.06.25 10.05 4.85 ! 1.23 3.0 5.0 I 1.25 3.1 Filled with air. 8.25 I 1.21 I 5.0 <SI w j co, o, 7.5 1.19 4.5 3.8 Filled with gas containing 3 % oxygen. 2.4 2.5 I 4.1 ]20.30 thick sp. ph. 1 cm. Remarks.



??? TABLE 38.Bread in 2 thin layers. Time. u y> d,us: u il CO.,Oj 1 8|b a o|P u a ! Remarks. j 10.00â€”12.00 2 8.8 6.9 1.26 4.4 3.45 12.00â€”14.00 2 9.3 7.25 1.28 4.7 3.6 14.00â€”14.45 1 Filled with gas containing 3 % oxygen. 14.45â€”16.45 2 6.65 5.2 \' 1.28 3.3 2.6 I 16.45â€”18.45 2 7.4 5.9 1.26 3.7 , 2.95 i 18.45â€”19.15 i Filled with air. 19.15â€”21.00 If 9.2 1 7.4 1 1.24 j 5.25 1 4.25 |21.00 thick sp. ph. 1 cm. TABLE 39.2^ grm. ground linseed in 2 layers.No. sp. ph. Time. Numberofhours ccm. CO2per hour 10.00â€”11.0011.00â€”12.00 1 1 t 12.813.0 \'rt 12.00â€”12.3012.30â€”13.3013.30â€”14.30 12.012.0 C 14.30â€”15.0015.00â€”16.0016.00â€”17.00 l\' 12.8\' 13.0 u\'rs TABLE 40 (Fig. 19).2^2 grni. ground linseed in 2 layers.No. sp. ph. Time. Numberofhours ccm. CO2evolved ccm. COoper hour 10.00â€”11.3011.30â€”13.0013.00â€”14.30 V/,IV21^2 16.416.816.7 11.011.211.1 14.30-15.0015.00â€”16.3016.30â€”18.0018.00â€”19.30 IVzlYiI\'A 12.312.312.0 8.28.28.0 ^ C0 w ?j 8



??? 2^ grm. ground linseed in 2 layers.No. sp. ph. ^T) 5 eâ€?o 3 I- Z o CO;O2 Time. Remarks. 10.00â€”11.0011.00â€”12.0012.00â€”12.4512.45â€”14.3014.30-15.3015.30â€”16.0016.00â€”17.0017.00â€”18.009.39.05 0.700.69 13.2513.1 Filled with gas containing 4J % oxygen. 13.4 j 17.3 9.910.25 13.0512.8 0.660.65 0.77 I 7.650.75 I 7.7Filled with air. 8.658.3 TABLE 42 (Fig. 20). 2Y, grm. ground linseed in 2 layers.No. sp. ph. ccm. CO Jper hour Numberof hours COjOj ccm. O^per hour Time. Remarks. 10.00â€”11.0011.00â€”12.0012.00â€”12.4012.40â€”13.4013.40â€”14.4014.40â€”15.4015.40â€”16.2016.20â€”17.2017.20â€”18.2010.210.05 I 14.7514.7 0.690.68 Filled with gas containing 3 % oxygen. 8.058.158.05 10.4510.5510.65 0.770.770.76 0.660.65 9.559.45 Filled with air. 14.614.55



??? TABLE 43.254 grm- ground linseed in 2 layers.No sp. ph. Time. Numberofhours ccm. CO2per hour ccm. O3per hour COoO2 Remarks. 10.00â€”11.00 1 9.25 13.8 0.67 11.00â€”12.00 1 9.0 13.5 0.67 12.00â€”12.30 â– h Filled with gas containing 3 % oxygen. 12.30â€”13.30 1 7.3 I 0.75 13.30â€”14.30 1 7,1 9.6 0,74 14.30â€”15.00 h Filled with air. 15.00â€”16.00 1 8.2 12.55 0,65 16.00â€”17,00 1 8.05 12.3 0,65 TABLE 44.Small trough with ground linseed.Sp. ph. 2 c.m. Time. Numberofhours ccm. COievolved ccm. CO:per hour 10,30â€”12,3012.30â€”14.3014.30â€”16.30 222 14.1516.016.9 7.1 8.08.45 .13rt 16.30â€”17.0017.00â€”19.0019.00â€”21.0021.00â€”23.00 222 5.9 4.75 4.15 2.952.352.05 0 ^ Â?t-i bo ir ra TABLE 45.Small trough with ground linseed.Sp. ph. 31/2 c.m. Time. Numberofhours ccm. COj\'evolved ccm, CO3per hour 15.00â€”16.1516.15â€”17.3017.30â€”18.0018.00â€”20.0020.00â€”22.00 I\'/iIVi \' V222 14.515.0 2.50.3 11.612.0 1.250.15 u â€?a S d Si, .fl



??? 2^ gr. bread, mixed with much water, in2 layers. Sp. ph. 2 c.m. Time. Numberofhours ccm. COjevolved ccm. COaper hour 10.00â€”12.0012.00â€”14.00 1 22 8.98.75 4.454.35 . \'3 14.00â€”14.3014.30â€”16.0016.00â€”17.30 l\'/2l\'/2 6.155.6 4.13.75 c&> 00o TABLE 47 (Fig. 21).From 25Â° to 10Â° C. Linseed medium. Time. ^ JS| diu _ CO, o, Â§1C ^ \'J Remarks. Zo G 9.15â€”10.15 1 0.66 9.3 14.2 10.15â€”11.15 1 â€” - 0.67 9.4 14.1 11.15â€”12.15 1 â€” - 0.66 9.2 13.9 12.15â€”13.15 1 â€” - 0.66 9.3 14.0 13.15â€”13.18 3\' â€” - â€” â€” â€” ventilated at 25Â° C. 13.1Â?â€”13.40 22\' from 25Â° to 10Â° C. 13.40â€”14.30 50\' â€” - â€” â€” â€” ventilated at 10Â° C. 14.30â€”16.30 2 5.3 9.6 0.55 2.65 4.8 16.30â€”18.30 2 5.4 8.65 0.63 2.7 4.3 18.30â€”20.30 2 5.5 8.2 0.67 2.75 4.1 20.30â€”22.30 2 5.3 8.1 0.66 2.65 4.05 22.30â€” 0.30 2 5.6 8.4 0.67 2.8 4.2 0.30 sp. ph. i cm?



??? TABLE 48 (Fig. 22).From 25Â° to 15Â° C. Linseed medium. Time. II OS d".c CO: o. OS C w> bS. H ^ ^ Q. Remarks. 10.00â€”11.00 1 _ _ 0.67 7.75 11.6 i 11.00â€”12.00 1 â€” â€” 0.67 7.8 ! 11.7 1 12.00â€”13.00 1 â€” â€” 0.68 8.1 ;ii.9 13.00â€”14.00 1 â€” â€” 0.68 8.2 12.1 14.00â€”14.05 5\' 1 ventilated at 25Â° C. 14.05â€”14.15 10\' from 25Â° to 15Â° C. 14.15â€”15.00 45\' â€” â€” â€” â€” â€” ventilated at 15Â° C. 15.00â€”16.00 1 â€” â€” 0.58 4.0 6.9 16.00â€”17.00 1 â€” â€”â–  0.61 4.0 6.55 17.00â€”18.00 1 â€” I â€” 0.67 4.1 6.1 18.00â€”19.30 H 5.9 8.8 0.67 3.9 5.9 19.30â€”21.00 H 5.9 ; 8.85 0.67 3.9 5.9 21.00â€”22.30 H 6.2 : 9.3 0.66 4.1 6.2 23.00 sp. ph. visible? TABLE 49 (Fig. 23).From 25Â° to 20Â° C. Linseed medium. Time. Numberofhours ccm. COjper hour ccm. O2per hour CO?O2 Remarks. 9.30-10.30 1 9.4 14.15 0.66 10.30â€”11.30 1 9.2 14.1 0.65 11.30â€”12.30 1 8.95 13.8 0.65 12.30â€”13.30 1 9.1 13.7 0.66 13.30â€”13.35 5\' â€” â€” â€” ventilated at 25Â° C. 13.35â€”13.40 5\' â€” â€” â€” from

25Â° to 20Â° C. 13.40â€”14.10 30\' â€” â€” â€” ventilated at 20Â° C. 14.10â€”15.10 1 6.2 10.15 0.61 15.10â€”16.10 1 6.0 9.55 0.63 16.10â€”17.10 1 ! 6.1 9.1 0.67 17.10â€”18.10 1 i 5.85 ; 8.75 0.67 18,10â€”19.10 1 5.65 8.7 0.65 19.10â€”20.10 â–  1 1 5.8 8.85 0.65 1 20.30 sp. ph. 1 cm.



??? TABLE 50 (Fig. 24).From 15Â° to 10Â° C. Linseed medium. Time. H P I\'S di".s J O <J.c CO, o, OS C u P O " o, Remarks. 10.30-12.00 li 7.1 10.5 0.68 4.7 7.0 12.00â€”1330 U 7.2 10.55 0.68 4.8 7.0 13.00â€”15.00 U 735 10.75 0.68 4.9 7.2 15.00â€”15.05 5\' â€” â€” â€” â€” â€” ventilated at 25" C. 15.05â€”15.15 10\' from 15Â° to 10Â° C. 15.15â€”16.00 45\' â€” â€” â€” â€” â€” ventilated at 10Â° C. 16.00â€”17.30 U 4.7 7.6 0.60 3.05 5.1 17.30â€”19.00 li 4.55 7.0 0.65 3.0 4.65 19.00â€”20.30 H 4.5 7.0 0.64 3.0 4.7 2030â€”22.00 li 4.55 7.15 0.64 3. 4.75 22.00â€”23.30 H 4.6 7.25 0.64 3.05 4.8 0.00 sp. ph. 1 cm. TABLE 51 (Fig. 25).From 15Â° to 20Â° C. Linseed medium. Time. n v; SI\'S 4 dic CO,Oj 8|R ^ 5 w Remarks. 10.00â€”11.30 li 635 9.65 0.66 4.25 6.4 11.30-13.00 li 6.4 9.7 0.66 43 6.5 13.00â€”14.30 li 6.4 9.75 0.66 43 6.5 14.30-14.35 5\' â€” â€” â€” â€” â€” ventilated at 15Â° C. 14.35â€”14.40 5\' from 15Â° to 20Â° C. 14.40â€”15.10 i ventilated at 20Â° c. [15.10-15.40 i â€” 4.825 â€” â€” 9.65] [15.40-16.10 h

â€” 4.775 â€” â€” 9.55] 15.10â€”16.10 1 â€” â€” 0.68 6.5 9.6 16.10â€”17.10 1 â€” â€” 0.66 6.25 9.5 17.10â€”18.10 1 â€” â€” 0.66 625 9.45 18.10â€”19.40 li 9.05 14.05 0.65 6.05 9.35 19.40â€”21.10 11 8.9 13.8 ; 0.65 5.9 9.2



??? TABLE 52 (Fig. 26).From 15Â° to 25Â° C. Linseed medium. u, wÂ? 3 COi Oi Remarks. Time. I I 11.30â€”13.3013.30â€”15.3015.30â€”17.0017.00â€”18.3018.30â€”18.4618.46â€”18.5018.50-19.1519.15â€”20.1520.15â€”21.1521.15â€”22.1522.15â€”23.15ventilated at 15Â° C.from 15Â° to 25Â° C.ventilated at 25Â° C. 4.454.54.54.45 6.76.75 6.86.8 0.660.660.650.65 13.4513.5510.210.2 8.98.956.76.65 22li 16\'4\'25\' 9.159.059.19.15 12.813.613.8513.9 0.720.670.660.66 TABLE 53 (Fig. 27). From 25Â° to 27Â°5 C. Linseed m edium. Time. s eif 2 o 1 ".s dic co,o, 8| iIR i Remarks. 9.30 â€”10.30 1 1 i _ _ 0.68 9.0 13.3 10.30â€”11.30 1 i â€” â€” 0.68 8.95 13.1 11.30 â€”12.30 1 1 1 â€” 0.68 8.8 12.9 12.30 â€”12.37Â? 7\'5 1 â€” â€” â€” â€” â€” ventilated at 25Â° C. 12.37Â?â€”12.40 2\'5i - 1 from 25Â° to 27Â°5 C. 12.40â€”13.00 20\' 1 i1 ventilated at 27Â°5 C. [13.00â€”13.15 i i â€” 3.525 â€” i 1 14.1] [13.15â€”13.30 i â€” 3.475 â€” 1 1 \' 13.9] 13.00â€”13.30 i 5.35 7.0 0.76 ; 10.7 14.0 [13.30â€”13.45 i j 3.525 â€” â€”

14.1] [13.45 â€”14.00 i 3.55 â€” i â€” 14.2] 13.30â€”14.00 i 5.15 7.075 0.73 i 10.3 ! 14.15 [14.00â€”14.15 i â€” 3.475 â€” 1 \' 13.9] [14.15 â€”14.30 i â€” 3.575 â€” â€” ! 14.3] 14.00 â€”14.30 i 4.95 7.05 0.70 9.9 14.1 11 [14.30 â€”15.00 i 1 6.975 â€” â€” 13.95] [15.00 â€”15.30 h 1 - 7.1 â€” â€” i 14.2] 14.30 â€”15.30 1 1 9.5 14.075 0.68 9.5 ; 14.1 15.30 â€”16.30 1 1 â€” 0.68 1 9.6 14.2 16.30 â€”17.30 1 â€” j â€” 0.67 ; 9.35 13.95 17.30 â€”18.30 1 â€” i â€” 0.66 : 8.9 13.45 1



??? TABLE 54 (Fig. 28).From 25Â° to 30Â° C. Linseed medium. Time, 2B J3 o S J o " c COjO, 8| f!as Remarks. 12.00 â€”13.00 1 _ _ 0.64 8.8 13.8 13.00 â€”14.00 1 â€” â€” 0.64 8.65 13.55 14.00 â€”15.00 1 â€” â€” 0.64 8.5 13.3 15.00â€”15.05 5\' â€” â€” â€” â€” â€” ventilated at 25Â° C. 15.05 â€”15.07Â? 2\'5 from 25Â° to 30Â° C. 15.07"-15.30 22\'5 ventilated at 30Â° C. [15.30 â€”15.45 i â€” 3.775 â€” â€” 15.1] [15.45â€”16.00 i â€” 3.7 â€” â€” 14.8] 15.30â€”16.00 h 5.55 7.475 0.74 11.1 14.95 [16.00â€”16.15 i â€” 3.625 â€” â€” 14.5] [16.15â€”16.30 â€” 3.625 â€” â€” 14.5] 16.00â€”16.30 h 5.25 7.25 0.72 10.5 14.5 [16.30 â€”16.45 I â€” 3.7 â€” â€” 14.8] [16.45 â€”17.00 i â€” 3.575 â€” â€” 14.3] 16.30 â€”17.00 i 4.9 7.275 0.68 9.8 14.55 [17.00 â€”17.30 i â€” 7.2 â€” â€” 14.4] [17.30 â€”18.00 i â€” 7.2 â€” â€” 14.4] 17.00 â€”18.00 1 9.15 14.4 0.64 9.15 14.4 18.00 â€”19.00 1 â€” â€” 0.64 9.1 14.3 19.00 â€”20.00 1 â€” â€” 0.65 9.0 13.9 20.00 â€”21.00 ; 1 â€” â€” 0.64 8.8 13.85



??? TABLE 55 (Fig. 29).From 25Â° to 32Â°5 C. Linseed medium. Time. Z o di".s d"c CO:Oi dsis d|E ^ 0 V u a Remarks. 9.00 â€”10.00 1 _ 0.67 i 8.1 ! 12.1 10.00 â€”11.00 1 \' 1 â€” â€” 0.68 8.25 1 12.1 11.00 â€”12.00 1 1 â€” â€” 0.68 8.25 il2.1 12.00â€”13.00 i 1 â€” 1 â€” 0.68 8.35 12.2 13.00â€”13.03 ! 3\' â€” 1 _ â€” â€” â€” ventilated at 25Â° C. 13.03 â€”13.07Â? i 4-5 â€” â€” â€” â€” â€” from 25Â° to 32Â°5 C. 13.07Â?â€”13.30 1 22\'5 ventilated at .32Â°5 C. [13.00â€”13.45 li â€” 3.325 t â€” 13.3] [13.45 â€”14.00 i â€” 3.2 11 â€” 12.8] 13.30 â€”14.00 h 5.725 6.525 : 0.88 11.45 13.05 [14.00 â€”14.15 i â€” 3.125 â€” 12.5] [14.15â€”14.30 i â€” 3.1 j â€” 12.4] 14.00â€”14.30 i 5.2 6.225 1 0.84 10.4 12.45 [14.30 â€”14.45 i â€” 2.975 1 â€” 11.9] [14.45 â€”15.00 i â€” 3.05 â€” â€” 12.2] 14.30 â€”15.00 i 4.95 6.025 0.82 9.9 12.05 [15.00â€”15.30 h â€” 5.8 â€” â€” 11.6] [15.30â€”16.00 h 5.65 â€” â€” 11.3] 15.00â€”16.00 1 â€” 0.82 9.35 11.45 16.00 â€”17.00 1 â€” â€” 0.77 8.5 11.1 17.00â€”18.00 1 â€” â€” 0.75 8.25 11.0

18.00 â€”19.00 1 â€” 1 0.73 7.65 10.5 19.00 sp. ph. J on.



??? TABLE 56 (Fig. 30).From 25Â° to 35Â° C. Linseed medium. Time. II Z-o dia CO, dS B n ^8 ^ fiH ^ Ss Remarks. 10.00â€”11.00 1 ,, 0.68 10.2 15.0 â–  11.00 â€”12.00 1 â€” â€” 0.68 ! 10.1 14.85 12.00 â€”13.00 1 â€” â€” 0.68 10.0 14.65 13.00 â€”13.05 5\' â€” â€” â€” â€” â€” ventilated at 25" C. 13.05 â€”13.07Â? 2\'5 from 25Â° to 35Â° C. 13.07Â?â€”13.30 i 22\'5 ventilated at 35Â° c. [13.30 â€”13.45 i i â€” 3.6 â€” â€” : 14.4] [13.45 â€”14.00 \\ i â€” 3.325 â€” â€” 13.3] 13.30 â€”14.00 i 6.7 6.925 0.97 13.4 13.85 [14.00 â€”14.15 i â€” 3.15 â€” â€” 12.6] [14.15â€”14.30 i â€” 3.0 â€” â€” 12.0] 14.00â€”14.30 i 5.75 6.15 0.94 11.5 12.3 [14.30 â€”15.00 i â€” 5.6 â€” â€” 11.2] [15.00â€”15.30 * â€” 5.2 â€” â€” 10.4] 1 14.30 â€”15.30 1 10.0 10.8 0.93 10.0 10.8 i 15.30 â€”16.30 1 â€” â€” 0.91 8.4 9.2 16.30â€”17.30 1 â€” â€” 0.91 6.7 7.3 17.30 â€”19.00 li 6.55 7.3 0.90 4.35 4.85 19.00â€”20.30 li 4.25 4.65 0.91 2.7 3.05



??? TABLE 57 (Fig. 31).From 25Â° to 37Â°5 C. Linseed medium. Time. is" S2 3 Z\'o "1 -.5Obc COiOj dS S ^a O, diÂ?â€?c Â?s. Remarks. .O.OOâ€”11.00 1 0.69 9.6 13.85 11.00â€”12.00 1 â€”â–  â€” 0.68 9.35 13.75 12.00^13.00 1 i _ i â€” 0.68 9.15 13.55 13.00â€”13.06 6\' 1 ventilated at 25Â° C. 13.06â€”13.10 4\' from 25Â° to 37Â°5 C. 13.10â€”13.30 20\' â€” â€” _ 1 â€” â€” ventilated at 37Â°5 C. [13.30â€”13.45 i i â€” 3.1 â€” â€” 12.4] [13.45â€”14.00 i â€” 2.8 â€” : â€” 11.2] 13.30â€”14.00 6.05 5.9 1.03 12.1 11.8 [14.00â€”14.15 1 i â€” 2.4 â€” â€” 6.6] [14.15â€”14.30 , i â€” 2.15 â€” â€” 8.6] 14.00â€”14.30 4.4 : 4.55 ^ 0.97 8.8 9.1 - [14.30â€”14.45 i â€” 1.975 ! â€” 7.9] [14.45â€”15.00 i â€” : 1.725 â€” â€” 6.9] 14.30â€”15.00 i 3.5 1 3-7 0.95 7.0 7.4 15.00â€”16.00 1 â€” â€” 0.94 3.5 3.7 16.00â€”18.00 2 2.8 2.75 1.02 1.4 1.4 TABLE 58.From 25Â° to 40Â° C. Linseed medium. Time. II Z o di di.c CO:Oj 8|p ^ d| 6 ^ 821 Remarks. 14.00â€”15.00 1 0.65 9.9 15.25 15.00â€”16.00 1 â€” â€” 0.65 9.45 14.5 16.00â€”17.00 1

â€” â€” 0.65 9.0 13.8 17.00â€”17.02 2\' â€” â€” â€” â€” â€” ventilated at 25Â° C. 17.02â€”17.05 3\' from 25Â° to 40Â° C. 17.05â€”17.30 25\' ventilated at 40Â° c. [17.30â€”17,45 i â€” 3.25 â€” â€” 13.0] [17.45â€”18.00 i â€” 2.65 â€” â€” 10.6] 17.30â€”18.00 i 5.6 5.9 0.95 11.2 11.8 [18.00â€”18.15 i \' â€” 1.8 â€” â€” 7.2] [18.15â€”18.30 i â€” 0.975 \' â€” â€” 3.9] 18.00â€”18.30 i 2.65 2.775 0.96 5.3 5.55 18.30â€”19.00 i 1.00 0.775 , [1.3] 2.0 1.55



??? TABLE 61 (Fig. 34).From. 25Â° to 10Â° C. Starch medium. Time. II 3. Zo oi ".S diâ€?s coao2 ds H i s " G Remarks. 10.20â€”11.50 n 8.85 7.5 1.17 : 5.9 5.0 11.50â€”13.20 H 9.25 7.65 1.20 \' 6.15 5.1 13.20â€”14.50 u 9.45 7.75 1.22 6.3 5.2 14.50â€”15.00 10\' ventilated at 25Â° C. 15.00â€”15.15 15\' from 25Â° to 10Â° c. 15.15â€”15.45 if â€” â€” â€” â€” â€” ventilated at 10Â° c. 15.45â€”18.15 2l 4.75 3.7 1.28 1.9 1.5 18.15â€”20.45 2h 4.7 3.9 1.20 1.9 1.55 20.45â€”23.15 2h 4.8 3.95 1.21 1.9 1.6 TABLE 62 (Fig. 35).From. 25Â° to 15Â° C Starch medium. Time. |lZ-S si <sl â€?s co, 0, <5gh n ^ Remarks. 10.00â€”11.30 U 9.8 8.05 1.22 6.55 5.4 11.30â€”13.00 li 10.2 8.4 1.21 6.8 5.6 13.00â€”14.30 li 10.4 8.6 1.21 6.9 5.75 14.30â€”14.35 5\' â€” â€” â€” â€” â€” ventilated at 25^ C. 14.35â€”14.45 10\' from 25Â° to 15Â° C. 14.45â€”15.10 25\' â€” â€” â€” â€” â€” ventilated at 15Â° C. 15.10â€”17.10 2 7.6 5.9 1.29 3.8 2.95 17.10â€”19.10 2 7.25 5.7 1.27 3.65 2.85 19.10-21.10 2 7.05 5.7 1.24 3.55 2.85 21.10-23.10 2 6.9

5.7 1.22 3.45 2.85



??? TABLE 63 (Fig. 36).From 25Â° to 20Â° C. Starch medium. Time. .O 3 i-s K-S Â§1 cji CO202 8| dg.XC u0 u^ 0. Remarks. 1 11.45â€”13.00 li 9.9 8.1 1.22 7.9 6.5 13.00â€”14.15 u 9.95 8.2 1.21 7.95 6.55 14.15â€”15.30 li 9.95 8.1 1.23 7.95 6.5 15.30â€”15.35 5\' from 25Â° to 20Â° C. 15.35â€”16.00 25\' ventilated at 20= C. 16.00â€”17.30 H 9.2 7.3 1.26 6.15 4.9 17.30â€”19.00 H j 8.65 7.0 1.24 5.8 4.65 19.00â€”20.30 n 8.1 6.8 1.20 5.4 4.55 20.30â€”22.00 li 8.0 6.55 1.21 5.3 1 4.35 TABLE 64 (Fig. 37).From 15Â° to 25Â° C. Starch medium. Time. Z 0 di.d COiO^ 8|n ii881 Remarks. 10.15â€”12.15 2 6.0 5.05 1.19 3.0 2.55 12.15â€”14.15 ^ 2 6.3 5.3 1.19 3.15 2.65 14.15â€”16.15 j 2 6.6 5.55 1.19 3.3 2.8 16.15â€”18.15 i 2 6.85 5.7 1.20 3.45 2.85 18.15â€”18.17Â? 2\'5 ventilated at 15Â° C. 18.17"â€”18.20 ! 2\'5 1 1 from 15Â° to 25Â° C. 18.20â€”18.45 : 25\' 1 ventilated at 25Â° c. 18.45â€”19.45 \' 1 â€” ; â€” 1.19 6.95 \' 5.85 19.45â€”20.45 1 â€” 1 â€” 1.20 7.1 â–  5.9 20.45â€”22.00 i li 9.15 7.6 1.20 7.3 ; 6.1 22.00â€”23.15 ;

li 9.45 7.75 1.22 7.55 \' 6.2



??? TABLE 65 (Fig. 38).From 25Â° to 27Â°5 C. Starch medium. Time. SJ e P Z\'S <si u ".c dS c COj o, ds h ^u o. IR Remarks. 10.30 â€”12.00 H 10.55 8.8 1.20 7.05 5.85 12.00 â€”13.30 li 11.25 9.25 1.22 7.5 6.15 13.30 ^15.00 U 11.6 9.45 1.23 7.75 6.3 15.00 â€”15.10 10\' â€” â€” â€” â€” â€” ventilated at 25Â° C. 15.10â€”15.12Â? 2\'5 from 25Â° to 27Â°5 C. 15.12Â?â€”15.35 22\'5 ventilated at 27Â° C. [15.35 â€”15.50 i â€” 1.775 â€” â€” 7.1] [15.50 â€”16.05 i â€” 1.8 â€” â€” 7.2] 15.35â€”16.05 i 4.5 3.575 1.26 9.0 7.15 [16.05 â€”16.20 i â€” 1.825 â€” â€” 7.3] [16.20â€”16.35 i â€” 1.775 â€” â€” 7.1] 16.05 â€”16.35 i 4.35 3.6 1.21 8.7 7.2 [16.35 â€”17.05 i â€” 3.5 â€” â€” 7.0] [17.05 â€”17.35 i â€” 3.475 â€” â€” 6.95] 16.35 â€”17.35 1 8.3 6.975 1.19 8.3 7.0 17.35â€”19.05 n 12.25 10.1 1.21 8.15 6.75 19.05 â€”20.35 u : 12.1 9.9 1.22 8.05 6.6 TABLE 66 (Fig. 39).From 25Â° to 30Â° C. Starch medium. Time. le ! 1 2"o i di.0 CO,â–  O: 8"! C ^ iJi is Remarks. 10.00â€”11.30 \' n 10.25 8.65 1.19 6.85 5.8 11.30â€”13.15 13

12.1 10.05 1.20 6.9 5.75 13.15â€”14.45 u 10.25 8.4 1.22 6.85 5.6 14.45 â€”14.50 5\' â€” â€” â€” â€” â€” \' ventilated at 25Â° C. 14.50 â€”14.52Â? 2\'5 1 from 25Â° to 30Â° C. 14.52Â?â€”15.15 22\'5 ventilated at 30\' C. [15.15â€”15.30 1 i â€” 1.675 â€” â€” 6.7] [15.30 â€”15.45 i i â€” 1.675 â€” â€” 6.7] 15.15â€”15.45 i 4.15 3.35 1.24 ^ 8.3 6.7 [15.45 â€”16.00 i â€” 1.65 â€” I __ i 6.6] [16.00â€”16.15 i â€” 1.65 â€? â€” 1 â€” 6.6] 15.45â€”16.15 i 4.0 3.3 1.22 8.0 6.6 [16.15â€”16.45 1 J â€” 3.25 â€” i __ 6.5] [16.45 â€”17.15 i â€” 3.25 â€” â–  â€” 6.5] 16.15â€”17.15 1 â€” â€” 1.21 7.85 6.5 17.15â€”18.45 n 11.4 9.25 1.23 \' 7.6 6.2 18.45â€”20.15 ; 10.9 8.9 1.22 7.3 5.95



??? TABLE 67 (Fig. 40).From 25Â° to 32Â°5 C. Starch medium. Time. Is Z\'Z .c COjOj ds u B Remarks. 10.00â€”11.30 H 9.3 7.9 1.18\' 6.2 i 5.3 11.30 â€”13.00 H 9.9 8.2 1.21 6.6 \' 5.4 13.00 â€”14.30 11- 10.2 8.25 1.24 i 6.8 5.5 14.30 â€”14.35 5\' ventilated at 25Â° C. 14.35 â€”14.37ÂŽ 2\'5 from 25Â° to 32Â°5 C, 14.37^â€”15.00 22\'5 i 1 ventilated at 32Â°5 C, [15.00â€”15.15 1 i I 1.8 â€” â–  â€” 7.2] [15.15â€”15.30 \' i â€” 1.75 â€” â€” 7.0] 15.00 â€”15.30 ; i 4.425 3.55 1.25 8.85 7.1 [15.30 â€”15.45 i i â€” 1.65 â€” â€” 6.6] [15.45 â€”16.00 \' i â€” 1.575 â€” â€” 6.3] 15.30 â€”16.00 i 3.85 3.225 : 1.20 7.7 6.45 [16.00 â€”16.30 i i I 3.05 i â€” â–  â€” 6.1] [16.30 â€”17.00 i â€” 2.95 â€” â–  â€” 5.9] â€? 16.00 â€”17.00 1 â€” i â€” \' 1.15 ; 6.9 6.0 17.00 â€”18.00 1 â€” i â€” 1.14 : 6.3 5.5 18.00 â€”19.30 \' u 8.8 \' 8.1 1.09 1 5.9 5.4 19.30â€”21.00 111 8.55 1 8.0 1.07 i 5.7 5.35 TABLE 68 (Fig. 41).From 25Â° to 35Â° C. Starch medium. Time. u Z o si .e di CO, o. n fin ^ 8s Remarks. 10.00â€”11.30 u 11.8 9.4 1.26 7.85 6.25 11.30

â€”13.00 11 11.6 9.3 1.25 7.75 6.2 13.00 â€”14.30 11 11.7 9.3 1.26 7.8 6.2 14.30 â€”14.35 5\' 1 ventilated at 25Â° C. 14.35 â€”14.37Â? 2\'5 j from 25Â° to 35Â° C. 14.37Â?â€”15.00 22\'5 1 ventilated at 35Â° C. [15.00 â€”15.15 ; i â€” 1.925 â€” â€” 1 7.7] [15.15â€”15.30 1 ^ â€” 1.85 â€” â€” 7.4] 15.00 â€”15.30 4.6 3.775 1.22 9.2 7.55 [15.30 â€”15.45 : i â€” 1.75 â€” â€” 7.0] [15.45 â€”16.00 : i< â€” ! 1.675 â€” â€” , 6.7] 15.30â€”16.00 1 4.025 1 3.425 1 1.18 8.05 6.85 [16.00 â€”16.30 1 â€” 3.25 1 â€” â€” : 6.5] [16.30 â€”17.00 1 â€” 3.1 1 â€” â€” i 6.2] 16.00 â€”17.00 1 â€” 1 i 1.11 7.05 6.35 17.00 â€”18.30 11 9.4 1 8.85 i 1.07 6.25 1 5.9 18.30â€”20.00 11 8.4 1 8.0 1 1.05 5.6 5.35



??? TABLE 69 (Fig. 42).From 25Â° to 37Â°5 C. Starch medium. Time. li ifZ o 9.15- -10.30 u 10.30 - -11.45 H 11.45- -13.00 U 13.00- -13.02Â? 2\'5 13.02ÂŽâ€”13.07Â? 5\' 13.07Â?- -13.30 ; 22\'5 1 [13.30- -13.45 } [13.45 â€? -14.00 i 13.30 â€? â€”14.00 i [14.00- â€”14.15 i [14.15\' -14.30 i 14.00 â€”14.30 4 [14.30 â€”15.00 i [15.00 â€”15.30 A 14.30 â€”15.30 1 15.30 â€”17.00 1 11 17.00 â€”19.00 i 2 8.758.458.45 3.652.9 4.6754.6252.2 Oj 1.211.21 1.22 6.75 5.55 1.21 7.3 5.8 1.14 1.10 I 4.7 1.01[0.94] 3.11.1 6.4]5.7]6.055.3]4.9]5.1 4.5]4.0]4.253.051.175 Q-Su 3 7.0 5.86.75 i 5.6 Remarks. ventilated at 25Â° C.from 25Â° to 37Â°5 C.ventilated at 37Â°5 C. oi O 3c 7.25 7.0 6.9 1.61.4253.0251.3251.2252.552.252.04.254.5752.35 TABLE 70.From 25Â° to 40Â° C. Starch medium. Time. Z o 15.00â€”16.30 . U16.30â€”18.00 \' 1118.00â€”19.30 \' li19.30â€”19.36 ! 6\'19.36â€”19.40 I 4\'19.40â€”20.05 i 25\'20.05â€”20.35 I20.35â€”21.35 \' 121.35â€”23.35 ; 2 â– 9 I . 1 d" i CO, 0, C ^ â€?S ! h 8.0 , 1.17; 6.2 5.35 8.55 1.18 6.75 5.7 j

8.95 1.19 7.1 1 5.95 i ventilated at 25Â° C.from 25Â° to 40^ C.i ventilated at 40Â° C. Remarks. 10.6 3.775 3.55 1.06 7.55 7.13.95 4.075 0.98 3.95 4.11.75 1.85 [0.94] 0.85 0.95



??? LITERATURE. 1) Aereboe, F., Untersuchungen ??ber den direkten und indirek-ten Einflusz des Lichtes auf die Athmung der Gew?¤chse. Forsch,auf dem Gebiete der Agrikulturphysik 16, 1893, p. 429. 2) Amstel, J. E. van. De temperatuursinvloed op physiologischeProcessen der alcoholgist. Diss. Delft. Amsterdam 1912. 3) - and Iter son, G. van, The temperature-optimum of physiological processes I, Proc. Royal Acad. Amsterdam 13,June 1910, p. 227. 4) - and - The temperature-optimum of physiological processes II, Proc. Royal Acad. Amsterdam 13, Dec. 1910, p. 598. 5) Barcroft, J., The respiratory function of the blood. Cam-bridge 1914. 6) Bartetzko, H., Untersuchungen ??ber das Erfrieren von Schim-melpilzen. Jahrb. f. wiss. Bot. 47, 1910, p. 57. 7) Benedict, F. G., A respiration apparatus for small animals.Journ. of Biol. Chem., 20, 1915, p. 301. 8) Bert, P., Recherches sur l\'influence que les changements dansla pression barom?Štrique exercent sur les ph?Šnom?¨nes de la vie.Compt. rend. 76, 1873, p. 1496.

9) Blackman, F. F., Optima and limiting Factors. Ann. of Bo-tany 19, 1905, p. 281. 10) B??hm, J., Ueber das Keimen von Samen in reinem Sauer-stoffgase. Sitz, ber d. k. Wiener Akad., Math, nat Classe, 68,1873, p. 132. 11) Bonnier, G., et Man gin, L., Recherches sur la respiration etla transpiration des Champignons. Ann. d. Se. nat., 6e s?Šr. 17,1884, p. 210. 12) - et - Recherches sur la respiration des tissus sans chlorophylle. Ann. d. Se. nat., 6e s?Šr., 18, 1884, p. 293. 13) Borodin, J., Sur la respiration des plantes pendant leur germi-nation. Ref.: Just\'s Bot. Jahresber. 3, 1875, p. 881. 14) - Untersuchungen ??ber die Planzenathmung. Ref.: Just\'s Bot. Jahresber. 4, 1876, p. 919. 15) Brefeld, O., Ueber G?¤hrung III, Landw. Jahrb. 5, 1876,p. 281. 16) Burgeff, H., ?œber Arten und Artkreuzung m der Gattung Phyco-myces Kunze. Flora N. F. 18/19, 1925, Goebel-Festschrift, p. 40.



??? 17) Butkewitsch, W., Umwandlung der Eiweiszstoffe durch dieniederen Pilze im Zusammenhange mit einigen Bedingungenihrer Entwicklung. Jahrb. f. wiss. Bot. 38, 1902, p. 147. 18) Chudiakow, N. von, Beitr?¤ge zur Kenntnis der intramoleku-laren Atmung. Landw. Jahrb. 23, 1894, p. 332. 19) - Untersuchungen ??ber die alkoholische G?¤hrung. Landw. Jahrb. 23, 1894, p. 391. 20) Clausen, H., Beitr?¤ge zur Kenntnis der Athmung der Ge-w?¤chse und des pflanzlichen Stoffwechsels. Landw. Jahrb. 19,1890, p. 893. 21) Cohen Stuart, C. P., A study of temperature-coefficients andVan\'t Hoff\'s rule. Proc. Royal Acad. Amsterdam, 14,1912, p. 1159. 22) De h?Š rain, P. et Maquenne, L., Recherches sur la respira-tion des feuilles ?  l\'obscurit?Š. Ann. agronomiques 12, 1886, p. 145. 23) - et Moissan, H., Recherches sur l\'absorption d\'oxy-g?¨ne et l\'?Šmission d\'acide carbonique par les plantes maintenuesdans l\'obscurit?Š. Ann. d. se. nat., 5e s?Šr., 19, 1874, p. 333. 24) Detmer, W., Der directe und indirecte Einflusz des

Lichtesauf die Pflanzenathmung. Ber. d.d. Bot. Ges. 11, 1893, p. 139. 25) Diakonow, N. W., Ueber die sogenannte intramolekulareAthmung der Pflanzen. Ber. d.d. Bot. Ges. 4, 1886, p. 411. 26) Drude, O., Die Biologie von Monotropa, G??ttingen, 1873. 27) Duclaux, E., Trait?Š de Microbiologie. Paris 1899, T. IL 28) Du de, M., ?œber den Einflusz des Sauerstoffentzuges aufpflanzliche Organismen. Flora 92, 1903, p. 205. 29) Elfving, F., Studien ??ber die Einwirkung des Lichtes auf diePilze. Helsingfors 1890. 30) Fernandes, D. S., A method of simultaneously studying theabsorption of 0Â? and the discharge of COÂ? in respiration. Proc.Royal Acad. An??sterdam, 26, 1923, p. 408. 31) - Aerobe und anaerobe Atmung bei Keimlingen von Pisum sativum. Ree. d. trav. bot. n?Šerl. 20, 1923, p. 107. 32) Flieg, O., Fette und Fetts?¤uren als Material f??r Bau- undBetriebsstoffwechsel von Aspergillus niger. Jahrb. f. wiss. bot.61, 1922, p. 24. 33) Fridericia, L. S., Ein Respirationsapparat mit selbstkontrol-lierender Sauerstoffbestimmung,

verwendbar f??r kleine Tiere.Bioeh. Zeitschr. 54, 1913, p. 92. 34) F rie tinger. G., Untersuchungen ??ber die Kohlens?¤ureabgabeund Sauerstoffaufnahme bei keimender Samen. Flora 22, 1927,p. 167.



??? 35) Godlewski, E., Beitr?¤ge zur Kenntnis der Pflanzenatmung.Pringsh. Jahrb. f. wiss. Bot. 13, 1882, p. 491. 36) - und Polzeniusz, F., ?œber die intramolekulare At-mung von in Wasser gebrachten Samen und ??ber die dabeistattfindende Alkoholbildung. Bull. acad. Cracovie 1901, p. 227. 37) - Ein weiterer Beitrag zur Kenntnis der intramolekularen Atmung der Pflanzen. Bull. acad. Cracovie 1904, p. 115. 38) - ?œber anaerobe Eiweiszzersetzung und intramolekulare Atmung in den Pflanzen. Bull. acad. Cracovie 1911, p. 623. 39) Hille Ris Lambers, M., Temperatuur en protoplasmastroo-ming. Diss. Utrecht. Amsterdam 1926. 40) H??ber, R., Lehrbuch der Physiologie des Menschen, 3e Aufl.,Berlin 1922, p. 192. 41) Jentys, S., ?œber den Einflusz hoher Sauerstoffspannungen aufdas Wachstum der Pflanzen. Unt. a/d. bot. Inst. T??bingen 2,1888, p. 419. 42) Johannsen, W., ?œber den Einflusz hoher Sauerstoffspannungauf die Kohlens?¤ureausscheidung einiger Keimpflanzen. Unt.a/d. bot. Inst. T??bingen 1, 1885, p. 686.

43) Jordan, H. und Schwarz, B., Einfache Apparate zur Gas-analyse und Microrespirometrie in bestimmten Gasgemischen,und ??ber die Bedeutung des H?¤moglobins beim Regenwurm.Pfl??gers Archiv. 185, 1920, p. 311. 44) Klotz, L. J., Some Aspects of Nitrogen Metabolism inFungi. Ann. of the Missouri Bot. Gard. 10, 1923, p. 299. 45) Kolkwitz, R., ?œber den Einflusz des Lichtes auf die Ath-mung der niederen Pilze. Jahrb. f. wiss. Bot. 33, 1899, p. 128. 46) Kolthoff, I. M. und Bosch, W., Die Anwendung der Chin-hydronelektrode zur Messung der Wasserstoffionenkonzentra-tion in pufferarmen L??sungen. Bioch. Zeitschr. 183, 1927, p. 434. 47) Kostytschew, S., ?œber die normale und die anaerobe At-mung bei Abwesenheit von Zucker. Jahrb. f. wiss. Bot 40, 1904,p. 563. 48) - Untersuchungen ??ber die Atmung und alkoholische G?¤rung der Mucoraceen. Cbl. Bakt. Abt II, 13, 1904, p. 490. 49) - ?œber Zuckerbildung aus Nichtzuckerstoffen durch Schimmelpilze. Zeitschr. f. physiol. Chem. III, 1920, p. 236. 50) Kreusler, U.,

Beobachtungen ??ber die Kohlens?¤ureaufnahmeund Ausgabe der Pflanzen. Landw. Jahrb. 16, 1887, p. 711. 51) Krzemieniewski, S., Influence des sels min?Šraux sur la res-piration des plantes en voie de germination. Bull. acad. Cracovie1902, p. 1.



??? 52) Kuyper, J., ?œber den Einflusz der Temperatur auf die Atmungder h??heren Pflanzen. Ree. d. trav. bot. n?Šerl. 7,1910, p. 131. 53) - Einige weiteren Versuche ??ber den Einflusz der Tem-peratur auf die Atmung der h??heren Pflanzen. Ann. d. JardinBot. de Buitenzorg 9, 1911, p. 45. 54) Lechartier, G. et Bellamy, F., De la fermentation desfruits. Compt. rend. 79, 1874, p. 1006. 55) Lindner, J., ?œber den Einflusz g??nstiger Temperaturen aufgefrorene Schimmelpilze. Jahrb. f. wiss. Bot. 55, 1915, p. 1. 56) Lindner, P., Eine nochmalige Nachpr??fung des Verhaltenszweier Phycomycesst?¤mme gegen??ber verschiedenen Zuckerartenund ihres Zygosporenbildungsverm??gens. Ber. d. d. Bot. Ges.34, 1916, p. 448. 57) L??wschin, A., Zur Frage ??ber den Einflusz des Lichtes aufdie Atmung der niederen Pilze. Beih. z. Bot. Centr. bl. 23, 1908,p. 54. 58) Matruchot, L., et Mol Hard, M., Sur la fermentation pro-pre. Rev. g?Šn. bot. 15, 1903, p. 193. 59) Matthaei, G., On the effect of temperature on carbon-dioxideassimilation.

Phil, trans. Royal Soc. London B., 197, 1904, p. 47. 60) Maximow, N. A., ?œber den Einflusz des Lichtes auf die At-mung der niederen Pilze. Centr. bl. f??r. Bakt. Abt II, 9, 1902,p. 193. 61) Mayer, Ad., Ueber den Verlauf der Athmung beim keimen-den Weizen. Landw. Versuchsst. 18, 1875, p. 245. 62) - Die Abh?¤ngigkeit der Pflanzenatmung von der Tem-peratur. Landw. Versuchsst. 19, 1876, p. 340. 63) Moissan, H., Sur les volumes d\'oxyg?¨ne absorb?Š et d\'acidecarbonique ?Šmis dans la respiration v?Šg?Štale. Ann. d. Se. nat.,6e s?Šr. 7, 1878, p. 292. 64) M??ller, H., ?œber Pflanzenatmung II; die intramolekulareAthmung. Ber. d. d. Bot. Ges. 2, 1884, p. 306. 65) Or ban, Gr., Untersuchungen ??ber die Sexualit?¤t von Phyco-myces nitens. Beih. z. Bot. Centr. bl. 36, 1919, p. 1. 66) Palladine, W., Sur le r?´le des hydrates de carbone dans lar?Šsistance de l\'asphyxie chez les plantes sup?Šrieures. Rev. g?Šn.de bot. 6, 1894, p. 201. 67) Pauchon, A., Recherches sur le r?´le de la lumi?¨re dans lagermination. Ann. d. se. nat. 6c

s?Šr. 10, 1880, p. 81. 68) Pedersen, R., Recherches sur l\'influence de la temp?Šraturesur la production de l\'acide carbonique par l\'orge germ?Še, dansl\'obscurit?Š. Compt. rend. Carlsberg 1, 1878, p. 44.



??? 69) Pettenkofer, M., ?œber die Respiration. Ann. d. Chem. undPharm. 2 Suppl. 1862. 70) Pfeffer, W., ?œber intramolekulare Atmung. Unt. a/d. bot.Inst. T??bingen 1, 1885, p. 636. 71) - Pflanzenphysiologie, 2e Aufl., Leipzig 1897, I, p. 573. 72) Pringsheim, N., ?œber Lichtwirkung und Chlorophyllfunc-tion in der Pflanze. Jahrb. f. wiss. Bot. 12, 1879â€”81, p. 288. 73) Pu rie witsch, K., ?œber die Wirkung des Lichtes auf denAthmungsprocess bei den Pflanzen. Bot. Centr. bl. 47, 1891,p. 130. 74) - Physiologische Untersuchungen ??ber Pflanzenathmung. Jahrb. f. wiss. Bot. 35, 1900, p. 573. 75) - Influence de la temp?Šrature sur la respiration des plantes. Ann. d. Se. nat., 9e s?Šr. 1, 1905, p. 1. 76) Regnault, V. et Reiset, J., Recherches chimiques sur la res-piration des animaux. Ann. de chim. et de phys. s?Šr. 3, 26,1849, p. 299. 77) Richards, F. J., The Relation between Respiration and Wa-ter Content in Higher Fungi, with a Note on the Effect of Lighton Respiration. The new Phytologist, 26, 1927, p. 187. 78) Rischawi, L.,

Einige Versuche ??ber die Atlimung der Pflan-zen. Landw.. Vers. st. 19, 1876, p. 321. 79) - Zur Frage ??ber die Athmung der Pflanzen. Ref.: Just\'s Bot. Jahresbericht 5, 1877, p. 721. 80) Rutgers, A. A. L., The influence of temperature on the pre-sentation-time in geotropism. Proc. Royal Acad. Amsterdam 13,Oct. 1910, p. 476. 81) - The influence of temperature on the geotropic presen-tation-time. Ree. d. trav. hot. n?Šerl. 9, 1912, p. 1. (Published inDutch language Oct. 1910). 82) Sachs, J., ?œber das Auftreten der St?¤rke bei der Keimung??lhaltiger Samen. Bot. Zeit. 17, 1859, p. 177. 83) - Physiologische Untersuchungen ??ber die Abh?¤ngigkeit der Keimung von der Temperatur. Jahrb. f. wiss. Bot. 2, 1860,p. 338. 84) Satina, Sophia, and Blakeslee, A. F., Studies on Biochemi-cal Differences between (-|-) and (â€”) Sexes in Mucors. Proc.Nat. Acad, of Science 11, 1925, p. 528. 85) Saussure, Th. de, M?Šm. de la soc. d. physique de Gen?¨ve,6, 1833, p. 552. 86) Schmidt, R., Untersuchungen ??ber das Myzelwachstum

derPhycomyceten. Jahrb. f. wiss. Bot. 64, 1925, p. 509.



??? 87) Shorawski, Travaux de la soci?Št?Š des naturalistes de Varso-vie 1894. 88) Sierp, H., Untersuchungen ??ber die Kohlens?¤ureabgabe auskeimenden Erbsensamen. Flora N. F. 18/19, 1925, Goebel-Fest-schrift, p. 476. 89) Spoehr, H. A., Variations in Respiratory Activity in Relationto Sunlight. The Botanical Gazette. 59, 1915, p. 366. 90) S ta If e It, M. G., Die Permeabilit?¤t des Sauerstoffs in ver-wundeten und intakten Keimlingen von Sinapis alba. Biol. Zentr.bl. 46, 1926, p. 11. 91) Stich, C., Die Athmung der Pflanzen bei vermindeter Sauer-stoffspannung und bei Verletzung. Flora 74, 1891, p. 1. 92) Tammann, G., Die Reaktionen der ungeformten Fermente.Zeitschr. physiol. chemie 16, 1892, p. 271. 93) Ubbelohde, L., Goldschmidt, F. und Hartmann. M.,Handbuch der ??le und Fette, Bd. 4 Leipzig, 1926. 94) Wieler, A., Die Beeinflussung des Wachsens durch vermin-derte Parti?¤rpressung des Sauerstoffs. Unt. a/d. Bot. Inst. T??b. 1, 1883, p. 189. 95) Wilson, J. P., ?œber Athmung der Pflanzen. Flora 65, 1882,p. 93.

96) Wolkoff, A. von, und Mayer, Ad., Beitr?¤ge zur Lehre vonder Pflanzenathmung. Landw. Jahrb. 3, 1874, p. 481. 97) Wortmann, J., ?œber die Beziehungen der intramolecularenzur normalen Athmung der Pflanzen. Arb. Bot. Inst. W??rzburg, 2, 1880, p. 500. 98) Ziegenbein, E., Untersuchungen ??ber den Stoffwechsel unddie Athmung keimender Kartoffelknollen sowie anderer Pflanzen. Jahrb. f. wiss. Bot. 25, 1893, p. 563. 99) Zornig, H., Arzneidrogen, Leipzig, 1909.



??? TABLE OF CONTENTS. Introduction: Methods and Apparatus............ .....117 Chapter 1. The Respiration of Phycomyces on diffe-rent Media................................................128 Â§ 1. Introduction.......................................128 6 2. Respiration on Carbohydrate Me-dium................................................130 Â§ 3. Respiration on Media with a vary-ing Amount of Fat......................134 Â§ 4. Consumption of Proteins................140 Â§ 5. Discussion..........................................142 II. The Influence of Light on Respiration... 148 III. The Influence of different Percentages of Oxygen on the Respiration of Phyco-myces ............................. 153 Â§ 1. Literature..................... 153 Â§ 2. The Influence of pure Oxygen .. 156Â§3. The Influence of Gas-mixtures con-taining no Oxygen or less Oxygenthan Air does.. 157Â§4. Discussion..................... 162 IV. The Respiration Velocity and the Magni- tude of the Respiratory Quotient of Phy-comyces as a Function of the Tempe-rature ............................. 165 Â§ 1. Discussion of the Literature..... 165 Â§ 2.

The Respiration of Phycomyces onOil-media at different Tempera-tures ........................ 171 Â§ 3. The Respiration of Phycomyces onStarch-media at different Tem-peratures..................... 184 Â§ 4. Discussion..................... 194 Summary........................................ 199 Tables.......................................... 201 Literature........................................ 234 Table of Contents................................ 240



??? STELLINGEN. I Het is onmogelijk om, zoowel met de methodevan Fitting als met die van Tr??ndle, de per-meabiliteit van het protoplasma te bepalen. II Bij de bestudeering van Chemotaxis bij varensper-matozoiden is onvoldoende rekening gehouden methet feit, dat de drempelwaarde en de gevoeligheidzeer sterk afhankelijk zijn van hun ouderdom envan verschillende uitwendige omstandigheden. III Welwitschia mitahilis is een angiosperme plant. IV De veronderstelling van Oppenheimer, Abder-halden, e.a. dat pepsine slechts een desaggre-geerende werking op eiwitten zou uitoefenen, isdoor de onderzoekingen van Waldschmidtâ€”Leitz weerlegd.



??? Ademhaling door trachee??n is voor Avachnoidenprimitief. VI Bij de gunstige werking die men verkrijgt metpartieele sterilisatie van den grond is het doodender protozo??n niet de voornaamste oorzaak. VII Bij het bestudeeren van den invloed der tempe-ratuur op plantenziektenverwekkende organismen,moet men er rekening mee houden dat deze zichop kunstmatige voedingsbodems anders kunnengedragen dan op den gastheer. VIII Hoewel Kaufler\'s opvatting over de structuurvan het diphenyl onjuist is, zijn toch in sommigeverbindingen de beide ringen niet vrij draaibaarom hun gemeenschappelijke as. IX De veel gebruikte indeeling in reversibele, resp.resolubele en irreversibele, resp. irresolubele kol-loiden (Zsigmondy) is ongewenscht en behoortalgemeen te worden vervangen door lyophile enlyophobe kolloiden (Freundlich).



??? Zoowel in de chemie als in de physiologiewordt het woord viscositeit vaak verkeerd gebruikt. XI Aan het onderzoek van Iwanjtzkaja enProskurnin over kataphorese van kolloidale op-lossingen bij kleine electrolytconcentraties maggeen waarde worden toegekend. XII Het is de plicht der regeering om de internationalewetenschappelijke congressen door Nederlandschedeskundigen te laten bijwonen.
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