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??? Het is mij een aangename plicht, op deze plaats mijn hartelijkendank te brengen aan allen, die mij gedurende mijn studietijd metraad en daad hebben bijgestaan. U, Hooggeleerde Sluiter, W ibaut, Sissing h, Du-bois, Pannekoek en Zeergeleerde B??chner, ben ik zeererkentelijk voor alles, wat ik gedurende mijn eerste studiejaren vanU heb mogen leeren. De persoonlijkheid van wijlen Professor Verschaffeitheeft niet nagelaten ook op ons, jongere studenten, een diepenindruk te maken. In dankbare herinnering denken wij allen aanhem terug. Hooggeleerde Weevers, de welwillendheid, die gij mij be-toond hebt in den korten tijd dat ik met U samenwerkte, heb ikzeer gewaardeerd. Hooggeleerde de Meyere, het enthousiasme, dat gij voor Uwvak gevoelt, heeft mij steeds met bewondering vervuld. Ik benU zeer erkentelijk voor de belangstelling, die gij in mijn werk hebtgesteld. Hooggeleerde Stomps, aan U heb ik veel te danken. Uwcolleges boeiden mij in hooge mate en hebben mijn liefde voor debotanie

aangewakkerd. De herinneringen, die ik bewaar aan deonder Uw leiding gemaakte excursies naar Wimereux en Zuid-Limburg behooren tot de prettigste uit mijn studententijd. Hooggeleerde W e s t e r d ij k, hooggeachte promotrix, het ismij niet mogelijk hier uit te spreken, hoeveel ik U verschuldigdben. Het heeft mij nooit berouwd, dat ik de Amsterdamsche Uni-versiteit heb verlaten om in Baarn de Phytopathologie te gaan be-oefenen. Het is voornamelijk aan Uw bezielende leiding te dan-ken, dat het phytopathologische werk mij zooveel bevredigingschenkt. Ik acht het een bijzonder voorrecht, dat ik dit werk nogeenigen tijd in Baarn mag voortzetten. Het bestuur van de stichting Willie Commelin Scholten ben ikzeer erkentelijk voor de gastvrijheid, die ik op het laboratoriumheb genoten. Ook den directeur van Cantonspark, professor P u 11 e, ben ikveel dank verschuldigd voor de ruime mate, waarin ik steeds vandezen hortus gebruik heb mogen maken.



??? Den Heer A. vanLuyk zeg ik dank voor de vele goede raad-gevingen, die ik van hem mocht ontvangen tijdens de bewerkingvan dit proefschrift. In het bijzonder bij het vervaardigen van defoto\'s was zijn hulp onontbeerlijk. Ook met den Heer J. G o o s s e n, hortulanus van Cantons-park, heb ik op zeer aangename wijze samengewerkt. Zeer dankbaar ben ik ook mijn huisgenoote Greta Mes, diede vertaling van dit proefschrift, een lastig en ondankbaar werk,op zich heeft genomen. Ik waardeer het verder zeer, dat Mej. J. W ever zoo vrien-delijk is geweest, het manuscript voor mij te tikken. De welwillendheid, die ik van verschillende kanten ondervondbij het verzamelen van materiaal, heb ik op hoogen prijs gesteld.



??? INTRODUCTION These investigations were originally undertaken with the ideaof adding something to our knowledge of the root rot of peascaused by Phycomycetes. In America several publications haveappeared about it during the last few years, while very little at-tention has up to now been given to it in Europe. It would, forinstance, be of importance to investigate if the dangerous ameri-can root parasite of peas, Aphanomyces euteiches, Drechsler,is also present in diseased pea roots in this country and if it is thecause of rootrot. As it was necessary that I first gained some experience withPhycomycetes, I examined several different diseased plants whichwere given to me as probably being infected by a fungus of thatgroup. I will also discuss some of these diseases which up till nowwere still unknown. This applies in the first instance to the disease of the roots ofthe Calla-lily which causes a considerable loss to the Ca//a-nur-series in this country and has been thought to be due to

Nema-todes. It happened that diseased Chrysanthemum cuttings, whichhad suddenly stopped growing, were also sent to the laboratoryat the time. In the course of time I could examine different rots of cuttings,several of which I described in this publication. While examining the different pea roots it struck me, thatAsterocystis radicis d e W i 1 d e m a n, the wellknown parasiteon flax roots which is taken to be the cause of â€žbrand" = fire inflax, is often found on them. In order to be able to recognize thisChytridiacea and not to mistake it for oogonia of PhycomycetesI also examined roots of diseased flax. In doing so I discovered a



??? Phycomycete which is apparently parasitic on the flax roots, andwhich I have therefore also described here. As most of these plants had to be cultivated in vegetable mould itwas necessary to know something about the Phycomycetes whichinhabit humus. If our soil proved to be strongly infected by them,inoculation experiments in it would be worthless. Some moreobservations about the different Phycomycetes which I isolatedfrom seedlings grown in our vegetable mould will also have to beconsidered. This work was carried out more along phytopathological thanalong morphological lines. I could only make a choice out of allthe isolations which were at my disposition. A thorough treatment of the genera Pythium and Phytophthorawould lead me too far, so I am restricting myself to some conside-rations about the classification of the group to which they belong,and about some related genera.



??? CHAPTER ITAXONOMY Â§ 1. The classification in the Phytophthoreae In the year 1881 deBary(4) already wrote about the classifi-cation of the group Phytophthoreae, in connection with the generaPythium and Phytophthora. He showed that there is far too littledifference between these genera to justify placing them in diffe-rent families as Pringsheim had done (Pythium with theSaprolegniaceae, Phytophth ora with the Pevonospotaceae). DeBary pointed out, that there is really no other difference betweenPythium and Phytophthora than the way in which the zoosporesare formed. In the genus Pythium the protoplasm from the spo-rangium flows into a vesicle in which the zoospores are then for- .med, whereas in the genus Phytophthora the zoospores are formedin the sporangium itself. B u 11 er s monograph (10) about the genus Pythium is the bestsource of data at present. He agrees with de Bary and also seesno other difference between Pythium and Phytophthora. He in-cludes

both genera in the Peronosporaceae. A detailed discussion about this question is found in a chapterfrom â€žGeneric concepts in the Pythiaceae and Blastocladiaceae" byF i t z p a t r i c k ( 14), i. e. The Pythium â€” Phytophthora Problem. This shows, that an absolute separation between Pythium andPhytophthora is theoretically impossible, as it has become evidentthat the traditional characteristic which separates Pythium fromPhytophthora, namely the formation of zoospores in a vesicle, in-



??? stead of in the sporangium, is also found amongst different Phy-tophthora species. â€” But in literature we find other species which belong to the groupof Pythium and Phytophthora. How are they related to Pythiumand Phytophthora? In the first place the genus Pythiacystis. Barrett (2), E.Smith and R. Smith (33) and Leonian(20) pointed out,that a separation between Pythiacystis and Phytophthora cannot becarried through. Smith and Smith even isolated forms, which showeda transition from Pythiacystis to Phytophthora cactorum. Leonianhas now definitely dropped the genus Pythiacystis and uses thename Phytophthora citrophthora. Dufrenoy(13) includes the genus Blepharospora Petri inthe homogenous group of Phytophthora. Pythium and Pythiacystis(which he, like Fitzpatrick(14), separates from the real Pero-nosporaceae with aerial conidia and which are obligate parasites). Fitzpatrick further regards the genus Pythiogeton v.M i n d e n as a representative of this group. According to

my opinion, PythiomorphaPetersen is another genus which belongsto it. The question is, whether there are suffi-cient reasons for letting these genera exist nextto Pythium and Phytophthora. I do not think,that there ought to be any difficulty in let-ting the genus Pythiogeton remain, as it issufficiently characterized by its asymetricalsporangia. â€” It is a different question withBlepharospora and Pythiomorpha however. â€”According to my opinion these genera,each with one representative, Blepharosporacambivora Petri and Pythiomorpha gona-podyides Petersen, should be includedin the genus Phytophthora. The reasons forthis I will give below. I do not think that Petri (27, 28, 29)succeeded in proving definitely that hisBlepharospora is not a Phytophthora.



??? His principal arguments in favour of making a new genus are: 1. that Blepharospora does not produce sporangia on thesurface of the infected parts of the plants or on solid cul-ture media, but only in a mineral salt solution. 2. that Blepharospora possesses long, unbranched sporangio-phores ending in one sporangium. It will become obvious below that representatives of the genusPhytophthora also show similar characteristics. Blepharospora is related to P. cactomm, P. fagi and P.synngae,according to Petri, because it possesses paragynous antheridia.Although Pethybridge does no longer consider the posses-sion of paragynous or amphigynous antheridia a reason for sub-dividing the genus Phytophthora, as both kinds of antheridiasometimes occur in one form, Petri still maintains that this sub-division should remain. Fig. 2 Zoosporangia of Phytophthora cinnamomiafter Rands.1 and 2 Â? 237 X. 3 370 X / Fig. 3 Zoosporangia of Phytoph-thora cryptogea afterPethybridge. 340 X A

Phytophthora would then belong to the one or to the othergroup, as it more regularly produces amphigynous or paragynousantheridia. In this case Blepharospora would then belong closeto Phytophthora cactorum. I do not attach very much importanceto this production of antheridia, as Blepharospora forms oogoniaonly in the tissues of the infected chestnut-tree, and it is therefore



??? difficult to determine the position of the antheridium. The charac-teristics show that Blepharospora is more closely related to Phy-tophthora cryptogea and P. cinnamomi. These characteristics are exactly the same as the ones, Petriuses to separate Blepharospora from the genus Phytophthora,namely the difficulty in forming sporangia and the unbranchedsporangiophores. Phytophthora cryptogea and P. cinnamomi also rarely producesporangia and possess little branched conidiophores. Furthermore these two genera also have another characteristic in whichthey correspond with Blepharospora. The sporangiophore growsinto the sporangium after its contents have been discharged. Thesporangia are also rounded off above, without a definite papillabeing formed, exactly as is the case with Blepharospora. Petri separates Blepharospora from the genus Pythium becausethe zoospores are already formed in the sporangium, the samereason for which Phytophthora is separated from Pythium. I

therefore think that it is absolutely unjustified to let the genusBlepharospora exist next to the genus Phytophthora. The same counts for the genus Pythiomorpha established in 1910by Petersen (25). Von Minden (22) already pointed outthat Petersen does not express himself about the reasons which in-duced him to form even a new family, Pythiomorphaceae, but hethinks Petersen is right. Pythiomorpha is again separated fromPythium, because the zoospores are directly formed in the spo-rangium instead of in a vesicle. The occurrence on loose twigsand fruit in water is not a special characteristic of the genusPhytophthora, but this is no reason for excluding Pythiomorphafrom the genus Phytophthora, as it is known (see Dufrenoy) (13)that Phytophthora\'s may lead a saprophytic life. In the detailed description of Pythiomorpha gonapodyides, theonly existing species of the genus Pythiomorpha, by MissKanouse (19) there is no characteristic to be found which shouldseparate Pythiomorpha from

the Phytophthora\'s. Petersen em-phasized the fact that the mycelium is coloured purple by chloro-jodide <of zinc, but when I applied the same method to Blepha-rospora, it gave the same results. Pythiomorpha also shows the sporangiophores which grow into



??? the sporangium after the swarmspores have been set free andsporangia and oogonia are formed with difficulty just as in Blepha-rospora. I think that I have now shown that the genera Blepharosporaand Pythiomorpha should be included in the genus Phytophthora,so that we may speak of Phytophthora cambivora and Phytoph-thora gonapodyides. Then except Pythiogeton, only the generaPythium and Phytophthora remain, as Pythiacystis has alreadybeen included in the genus Phytophthora. According to my opinion it would be of no practical importanceto unite these two genera into one. The name Phytophthora is souniversally used that it would be confusing to drop it in favourof the (older) name Pythium. It is enough to state, as other investigators have already done,that theoretically no sharp line can be drawn between Pythiumand Phytophthora. In practice it is usually possible to determineif the form which is examined belongs to the â€žtype" Phytoph-thora or to the â€žtype"

Pythium. It becomes more difficult when no swarmspores are producedas in the case of Pythium splendens Braun. Braun(8) does notsay if this fungus might perhaps be a Phytophthora. But as theconidia of this form are all round instead of possessing the pear-shaped aspect of most Phytophthora-sporangia, it was only reaso-nable to speak of a Pythium instead of a Phytophthora, althoughthe shape of the spores is not an official difference. The samewill probably happen in other cases where difficulties are metwith in connection with the production of swarmspores. Â§ 2. The classification in the genera Phytophthora and Pythium Few genera have been studied so often as Phytophthora, andyet the classification is far from being settled. At present it is very difficult and sometimes nearly impossible,to identify a Phytophthora. The different species of this genusare so much alike, that it is nearly impossible to determine whichspecies one is dealing with. From the old species of d e Bary,P.

omnivora, the four species P. fagi, P. cactorum, P. syringae andP.faberi have since been separated. Leon i an (20) now states



??? that there is no difference between P. fagi and P. cactorum, andeliminates P. [agi. There are many other difficulties in the same way. It was firsttried to settle these questions along purely morphological lines,afterwards physiological methods were tried for the same purpose. Rosenbaum (32) wrote a very accurate study in which hegives a detailed morphological account of the different species. Hefinally separates them by means of several characteristics, for in-stance the difference in size of the zoosporangia and oogonia asis indicated by curves. But this is a very difficult method to apply in practice. Thispublication of Rosenbaum is however still a very valuable acqui-sition to the Phytophthora literature, especially as the speciesare studied on different culture-media. Leonian\'s research wasmeant to give a solution of the problem along physiological lines.He declares, specially in connection with his investigations aboutthe mutations of Phytophthora parasitica rhei, that the genus maynot be

classified according to the size of the sporangia, the pre-sence or absence of oogonia, other characteristics which appearin culture, and pathogenicity. In practice there are however many objections against hisâ€žphysiological key". Leonian himself also realizes that it is verydifficult to cultivate fungi under exactly the same physiologicalcircumstances in different parts of the world. It therefore becomes nearly impossible to split the genus up intoseveral divisions and to draw a sharp line round each. The matterhas become more complicated by the publications of A s h b y (1)and Gadd (15). They demonstrated, that heterothallism is found in the speciesPhytophthora [aberi. This could also show, that different speciesof Phytophthora may form hybrids in this way, and as transi-tions between the different forms will then of course originate,a sharp separation between them would become absolutely im-possible. According to my opinion, the morphological differences betweenthe species must for the

present first be determined and thenphysiological characteristics may be added, so that we may geta system which will be useful in practice. The more so, as it is



??? easier to identify by means of morphological characteristics, thanby the round about physiological method. In the genus Pythium things are not so complicated as withPhytophthora. Still it is not at all easy to determine if a specialisolation belongs to the otherwise wellknown Pythium de Baryanumor not. Even Drechsler(12) who is writing a monograph about thegenus Pythium speaks of â€žspecies", or â€žforms" of the de Barya-num type. I think that we must now be specially careful not togive too strict definitions of the species, as the Phycomycetes arevery variable forms. Some species of Pythium for instance showa different tendency towards forming oogonia or sporangia. D eBary (4) already noticed this in 1881 with P. megalacanthum.I possess only one isolation of this species which forms onlyoogonia and no sporangia. The same is the case with an undescribed Pythium I isolatedfrom various plants. The one isolation forms sporangia and swarm-spores, although only few, the other

nearly purely oogonia. Nothing further is known about the sexuality of these forms. â€”Perhaps the many forms one meets without oogonia show thatheterothallism exists as in P. faberi, or perhaps we have here astrong tendency towards production of asexual spores. This ap-pears to be the case with P.de Baryanum var, geranii Braun(8)which produced a few oogonia in culture only after 14 monthswhich even then often degenerated. I also came across this form when isolating, but never noticedany oogonia. Some uncertainty therefore also exists where the genus Pythiumis concerned. I never noticed anything of biological races adapted to certainhosts. According to Drechsler however, some forms of Pythiumde Baryanum are more pathogenic than other forms of the samespecies. This again shows the great variability which exists, also inconnection which physiological characteristics. It is therefore ad-visable not to give too strict a. definition of the different species.



??? CHAPTER II EXPERIMENTAL METHODS In making isolations from infected roots of the different hostsI proceeded as follows: The diseased roots were layed out on agarplates without beingdisinfected, as this handling would have killed the delicate myce-lium of the Phycomycetes. At first I always used cherry-agar forthe isolations as it is rather acid and therefore arrests growthof bacteria. Afterwards I found that oatmeal-agar is a more desi-rable medium. Although it is more favourable for bacterial growth,the Phycomycetes grow better on it than on cherry-agar. It is very difficult to keep the cultures absolutely free frombacteria as they adhere to the hyphae and are therefore difficultto remove. The best way is to cultivate the fungi on agarplatesand to transfer them as often as possible. I usually used oatmeal-agar for keeping them in culture. Oncherry-agar they mostly also produce a woolly growth of myceliumbut few oogonia are formed. Pythium de Baryanum however growswell on cherry-

agar while P. megalacanthum does not grow at all. On cornmeal-agar many oogonia are also formed, but thismedium is even more favourable for the growth of bacteria andtherefore not so suitable. Swarmsporangia are, on a whole, seldom produced on agarmedia. In order to obtain them I. adopted the method used byPetri for Blepharospora cambivora. I mostly used the receipt as given by him:



??? 0,400 gr. Ca (N03)2 0,150 gr. KHg PO4 0,150 gr. Mg SO40,060 gr. KCl. 1000 gr. distilled water. I cultivated a tuft of the mycelium from agarcultures for a fewdays in a flask, in which a thin layer of this solution had beenbrought. Hardly any growth of mycelium took place but apparentlythis anorganic solution served as a stimulus for the production ofsporangia. The greatest number of sporangia were however for-med when the bit of mycelium was afterwards transferred fromthe solution to a watchglass with distilled water. Sometimes thezoospores appeared directly; in other cases the water had to berefreshed first, and zoospores only appeared afterwards, for in-stance after one day. This method was successful with severalkinds of Phytophthora-and Pythium-species which had at firsthardly produced any zoospores, or none at all. Even species which had been isolated years ago and had sincethen been kept in culture at the â€žCentraal Bureau voorSchimmelculture s", could be induced

to form zoosporeswhen treated in this way. With Aphanomyces euteiches I alsoobtained the same results. It is a pity that the results are not always so satisfactory:Pythium splendens for instance, cannot be induced to form zoo-spores even by this method. In other cases there are so few that itis impossible to trace their development. For inoculation material I used some strains which I had iso-lated from diseased plants, and some species which were kept inculture at the â€žCentraal Bureau v. Schimmelcul-ture s". I never found any indications that the pathogenicity ofthese species had suffered by remaining in culture for so long.Pythium complectens from B r a u n, Pythium splendens fromLeonian, and P. de Baryanum from Hartley which hadbeen cultivated for some time, were still very virulent. I will enter more fully into the methods of infection when Idescribe the experiments. The main point is that I often usedwatercultures in which the fungus was brought (see chapters onCalla-lily, peas

and flax). As for the cuttings, their lower ends



??? were covered with the inoculation-material and then placed insterilized sand. Whenever I used vegetable mould for growing peas in, I steri-lized it before use, because of the many Phycomycetes occurringin humus. (See chapter on Occurrence of Pythium in vegetablemould).



??? CHAPTER IIIROOT ROT OF THE CALLA-LILY Â§ 1. Occurrence of the disease Large hothouses with Calla-lilies are found on several commer-cial nurseries in our country. It is a very profitable culture as theflowers are very valuable and as each hothouse may yield somethousands of flowers. The plants are treated in the following manner: In spring they are put in the open, so that they may dry outand pass through a period of rest. After this period the cormsare taken out of the pots, cleaned and planted again in freshpots. They are left outside for another little while (not dry thistime) and put in the hothouses at the beginning of winter. Theystart flowering in about December. In the last few years it oftenhappened at several nurseries that the plants started to fade inDecember. The outer leaves then showed a yellow discoloration,which slowly spread over the surface until the whole leaf hadturned yellow. The same happens to the other leaves until thereare only a few left. The flowers are

few and small so that theyield of a hothouse with diseased plants is very small. The diseaseis not very acute as new leaves are still being formed and theplant is not killed, but it remains ailing. A diseased plant is easily withdrawn from the pots as the rootsare easily broken off, and only small rotten pieces still adhere tothe corm. The corm itself is sometimes also full of holes and grooves.If the plant is very carefully taken out of the pot with soil and



??? all, the roots appear to be badly infected. They have a glassyand drooping appearance, especially striking with the thicker roots.A reddish discoloration is also often found. If the plants are treated in the usual way, e. g. if they passthrough a period of rest and are then changed to other pots, thereis at first no evidence of the disease. But, about the floweringseason the symptoms appear again. It stands to reason that thecorms suffer badly from such repeated occurrence of the disease. Â§ 2. Microscopical examination of the roots and isolationof the pathogenic organism One receives the same confused impression when examining theinfected roots of the Calla-lily as when examining other diseasedroots. First one notices the many Nematodes. The disease hadat first been ascribed to them, but as most of them belonged tothe not-parasitical kind Rhabditis brevispina, which lives in allkinds of decaying portions of plants, their presence was still noproof that they are indeed the cause of the

disease. Besides these Nematodes different kinds of soil-fungi are foundin the roots. Thielavia basicola was occasionally found and alsooften oogonia of Phycomycetes. It was tried to find the cause bylaying out small pieces of infected roots on agarplates. As theroots were so delicate, it was of course impossible to sterilize themfirst. This proved to be a great objection as all kinds of fastgrowing soil-fungi and saprophytes, which immediately attackthe decaying roots, now appeared in my cultures. The isolationstherefore only yielded common fungi such as Pythium-species andBotrytis. They are just ordinary inhabitants of vegetable mouldand it was improbable that they would be the cause of the Calla-lily disease, whicTi appeared relatively suddenly. After severalunsuccessful attempts I gave up this method of isolating the patho-genic organism. In the nurseries it had become evident that the disease alsoappears when the corms were dried and planted in absolutely freshsoil. This would show

that the disease is transmitted by the corms. It was therefore necessary to cultivate the corms under suchcircumstances that ordinary soil-fungi would be excluded. If the



??? corms then still became infected, it ought to be easier to isolatethe pathogenic organism. As Calla-lilies under ordinary circum-stances grow in marshes and swamps, it was probable that itwould be possible to cultivate them in culture-solutions. As thebig corms are awkward to work with I used very young ones inmy experiments. I took some young corms of infected plants, brushed half the num-ber with water and the other half with a fairly strong solution offormalin (commercial solution diluted about 20 times). I then tooka glass vesicle which had first been painted black and then white,so that the temperature of the liquid inside would not become toohigh. A lid, through which a few holes had been made, could bescrewed on it. The vesicle was filled with culture solution ofV. d. Crone: 1 L. water1 gr. KNOg0,5 gr. Ca SO40,5 gr. Mg SO40,25 gr. Feg (P04)20,25 gr. Cag (P04)2. The young corms were allowed to hang in the culture solutionand were fastened in the holes in the lid by means of

two piecesof cork, which fitted in each hole. In this way the leaves couldfreely develop into the air while the corms touched the culture-solution. After some time it became evident that the plants whichhad been treated with formalin, had developed excellently. Theroots were strong and healthy. The roots of the plants which hadonly been treated with water, on the other hand, soon showedsigns of infection. This rot could not be the result of an organismpresent in the solution, as the formalin-plants remained healthy. When the infected roots of the plants in the solution wereexamined microscopically, they were found to be covered by alarge number of sporangia, which soon formed swarmspores inwater. Hardly any other fungi were present. When I layed outsmall pieces of these infected roots on agarplates the fungus onlygrew very slowly, although such a number of swarmsporangiawere present.



??? I nevertheless succeeded in isolating it in this way as the usualsoil-fungi were absent. Â§ 3. The pathogenic organism Inoculation experiments, which will be described below, prov-ed, that the fungus with swarmsporangia which was foundon the diseased roots was indeed the cause of the rot. I afterwardsalso found it on a root of a diseased plant which had not beengrown in waterculture but had been taken out of the soil. The way in which the swarmspores are formed could directlybe followed when infected roots were examined in water. It ap-peared that this happens inside the sporangia in the way charac-teristic for Phytophthora. It also became evident that, after the swarmspores have beenset free, the sporangiophore grows into the sporangium in thesame way as is found in the group of Phytophthora cryptogea, asI have already pointed out. Little branched sporangiophores and sporangia without a dis-tinct germinal papilla are also found.



??? 5 Fig. 5 Zoosporangia of Phytophthora Richardiae in culture-solution.Â? 366 X



??? Many oogonia with amphigynous antheridia were present incuhures on oatmeal-agar, but sporangia never appeared. Thesewere only produced when I applied the method described by Petri. The Phytophthora of the Calla-lily is closely related to P. cryp-togea, P. cambivora, P. gonapodyides and P. cinnamomi. It differs from P. cinnamomi in the absence of chlamydospores.From the others it differs in the size of the oogonia. The oogoniaof the Phytophthora of the Calla-lily generally measure Â? 3438 fi, while the average of those of P. cryptogea is givenas 30 fi. For the oospore of P. cambivora Petri gives measurements of20â€”27 fi and for the oogonia of P. gonapodyides measurementsof 22â€”36 fi are given by Miss Kanouse. Besides, while the Calla-Phytophthora forms oogonia abun-dantly, P. gonapodyides and P. cambivora produce no oogonia inculture and P. cryptogea only a few on oatmeal-agar. Oogonia are no longer produced by an old culture of P. cryp-togea present in the

collection of the Centraal Bureau voor Schim-melcultures. It was therefore impossible for me to compare the



??? oogonia of the Calla-Phytophthora with those of the three lastmentioned Phytophthora\'s. Nevertheless I think, that the colourof the wall of the oogonium and oospore also differs from thosedescribed by Pethybridge for P. cryptogea. In this way there are various characteristics in which the Phy-tophthora of the Calla differs from the forms closely related to it. Also the special occurrence in the rootsof the Calla-lily and the virulent actionon them, made me decide to form a newspecies Phytophthora Richardiae. The description of this species is asfollows: The mycelium is the same as thatof other Phycomycetes. Sporangia varyin size as is apparent in the drawings.They are produced by the method ofPetri, or by cultivating plants in water-cultures and infecting the roots withthe fungus. Zoospores reniform, bici-liate, Â? 10 in size, produced invarying numbers in one sporangium.Oogonia produced in oatmeal-agar and in tissues of infectedroots, obovate, growing through antheridium, diameter of

distalend 34â€”38 Oogonial wall yellow. Oospores 29 ft indiameter, wall 2â€”Z\'/g fi. in diameter and greenish purple in colour. Antheridia with protuberances, amphigynous, occurring on otherhyphae than the oogonia. Very virulent parasite of the roots of the Calla-lily causingthem to decay. May also penetrate into the corms with thesame effect. Â§ 4. Inoculation experiments It now had to be proved by inoculation experiments, that thePhytophthora is indeed the cause of the above mentioned disease.I first used small corms for these experiments because they areeasier to work with. The first inoculations were carried out on some of the young



??? corms treated with formahn. They were quite healthy and grewvigorously in the culture solution, although they had been takenfrom diseased plants. Small pieces of agar with Phytophthoramycelium were smeared on the roots. After a few days the rootsbegan to show signs of decay, they became flabby and took on aglassy appearance. This spread further and further until after some time all theroots were badly infected. In order to be absolutely sure, I then inoculated corms of healthyplants which had also been brushed with formalin. These inocula-tions gave the same results as the previous ones. The outer leafof an infected corm soon shows the same symptoms as appear infullgrown diseased plants. Finally I also infected large corms before planting them in pots,by rubbing a culture of Phytophthora on them. Corms treated inthis way formed very few roots and on a whole showed the samesymptoms of disease. As the corms are sometimes only partly rotten, I wanted to findout if this was

also due to infection by Phytophthora. I thereforelaid slices of the corms in petridishes on wet filterpaper and in-oculated them with the Phytophthora. A very peculiar rot, dif-fering from the slimy bacterial rot, appeared. The cells seemed tobecome detached from each other and a fairly dry mass was formed. \' Â§ 5. Control It was now necessary to find a method of controlling the disease.As I had been successful in treating the corms with formalin itwas probable that a solution to the problem could be found inthis direction. Originally I had immersed the corms before plan-ting them in a 2 o/q solution of formalin and then brushed themwith it. As it appeared that this treatment was not sufficient, I thinkit better to leave them in a weaker solution for some time. Therotten places should be cut out. Investigations of Bewley (5,6) already showed that thecorms do not suffer by this treatment with formalin. Bewley repor-ted an epidemic in Calla-lily nurseries, which seems to be very



??? Plate 1 Two young corms of Calla after having grown for soma time inV. d. Crone-cuUure-solution. They originated from a diseased plant,but were brushed with formalin before being placed in the culture-solution.



??? Plate 2 The two plants at the right originated from a diseased Calla andwere handled in the same way as the plants in plate 1. They were inoculated with Phytophthora Richardiae after the roots were well developed. The young corm at the left originated from a healthy Calla and wasalso inoculated with Phytophthora Richardiae. The roots have disintegrated into a glassy, afterwards slimy mass.



??? similar to the above described disease. He takes Bacillus aroideaeT o w n s e n d to be the cause, but does not describe any inocula-tion experiments with this organism. Townsend (36) says aboutthe symptoms of his disease: â€žThe writer found the Calla\'s rottingoff usually at or just below the surface of the ground, the diseasesometimes extending down into the corm, sometimes upward intothe leaves, and frequently in both directions. Occasionally thedisease seemed to start in the edge of the leafstalk, in the flowerstalk or in some underground part of the corm, though as a ruleit started at the top of the corm just above, but near the surfaceof the ground". These symptoms differ in many respects from the ones I noticedin the Calla-nurseries in Holland. Although there seems to be a great similarity between the symp-toms described by Bewley, and those of the disease in Holland, Iam not able to say if the two diseases are identical, as I never hadthe chance of examining Bewley\'s

specimens. Bewley used a solution of formalin diluted from 1 to 49 forcontrol measures. He leaves the corms in this solution for an hour,without any damage being done to them. This proved to be a verygood way for controlling the English disease. In the meanwhile, the formalin treatment has been applied atone of the Calla-lily nurseries in Holland, and it was found, thatthe disease was far less universal than before. It is hoped, that onapplying the method a second time, the disease will be entirelygot rid of.



??? CHAPTER IVROT OF CUTTINGS Â§ 1. General discussion Especially in the last few years many cases are reported ofcuttings which became infected by different species of Pythium.In 1910 Peters (24) described the â€žSchwarzbeinigkeit" (Black-leg) of geranium caused by P. de Baryanum. In 1922 van P o e-teren (30) also reports the presence of P. de Baryanum ongeranium cuttings. A publication on Blackleg of Pelargonium by W. B u d d i nand E. Wakefield (9) appeared in 1923, in which P. deBaryanum and Botrytis cinerea are named as the cause of thedisease. In 1924, H. Pape (23) reported P. de Baryanum as a parasiteon carnation cuttings. A detailed description of Pythium species occurring on geranium,was published by Braun (8) in 1925. He describes two newspecies, Pythium splendens and P. complectens. In May 1925 some chrysanthemum cuttings, which had suddenlystopped growing, were sent to me to be examined. It became

evi-dent, that the roots were suffering from a rot. I soon succeededin isolating a phycomycete from these decaying roots. This fungusgrew well on oatmeal-agar; it produced no oogonia however, buta large number of conidia or swarmsporangia were formed in agar-cultures. In order to be able to identify it, it was necessary to findout in which way the zoospores were formed. I therefore placed



??? a tuft of the mycehum from agar-cultures in a watchglass withwater. It appeared, that this is not the right method for obtainingzoospores. It was possible however to identify this fungus withoutseeing swarmspores, when it is placed in water. If, for instance, the mycelium in the watchglass was allowedto stand for about twelve hours without the water being refreshed,numerous sporangia were formed in chains. The first formedspecimen of such a chain often has a somewhat obovate shape, theothers are round. This corresponds with the description of Py-thium intermedium given by de Bary (4). He also mentionsthe absence of oogonia and antheridia. The chains of sporangiaare so characteristic, that it is nearly impossible to mistake it forother Phycomycetes. De Bary found Pythium intermedium togetherwith Pythium de Baryanum in dead seedlings of Lepidium andAmaranthus. Inoculation experiments however proved that it isimpossible for P. intermedium to penetrate into these

seedlingswhile they are living. But, according to de Bary it easily penetratesinto the tissues of healthy prothallia (Equisetum, Todea, Cera-topteris). P. intermedium is also mentioned at length by Butlerin his publication on Pythium. He states: â€žIt is curious, that this species, which is common as asoil saprophyte, should have been so rarely observed. Ihave so regularly obtained it from water, in which weresuspended fresh roots of Abutilon, that I at one time suspec-ted parasitism on this plant. I however, failed to induce itto attack living roots. De Bary equally failed to infectLepidium sativum and Amaranthus with it. He, however, observed its parasitism on prothalli. At-kinson found, that it was responsible for a disease of fernprothaUi in the United States. The affected plants were soft,limp and darker jn colour than healthy ones. A high tem-perature, moist soil and air, and insufficient light and ven-tilation, are the chief predisposing factors to damping-off.When the soil is infected, it should be

replaced by fresh sterilized earth". I also came across this species several times. From Louise Sol-berg (Oslo) I received a strain of the same fungus, which she



??? had isolated from diseased tubercles of a lupin. It is thereforeprobable, that P. intermedium often occurs in vegetable mould. It iseasily distinguished from the other Phycomycete-types with roundsporangia and without oogonia, which are so often found on de-caying roots or in the soil, by the often long chains of sporangia,which are formed when the mycelium is placed in water. The solution of Petri is again successful in obtaining zoospores. If the mycelium is left for a few days in this solution and then transferred to a watch- glass with pure water, swarmspores appear after a few hours or sometimes after a day. If the mycelium is straightaway transferred from agar-cultures to water most of the ou . f\'^\' ^ sporangia germinate as conidia. Chains or sporangia or , , . conidia of Pythium in- Inoculation experiments now had to prove,termedium. 366 X P* intermedium is indeed able to infect chrysanthemum-plants and cause a retarda-tion in growth. When I

examined the infected plants two months afterwardsto study the course of the disease, it appeared that it was not ofa very serious nature. All plants, also those which had been mostbadly infected, had outgrown the disease. This was probably alsodue to more favourable conditions of temperature and humidity. Up to now the presence of Pythium intermedium on chrysan-themum or other cuttings has not been reported. I also wantedto inoculate geranium cuttings with it, as they are apparentlyeasily attacked by different Pythium species. It is naturally thought,that the fleshy, juicy stems of geraniums are more easily attackedby Phycomycetes than the woody stems of chrysanthemums. Â§ 2. Inoculation experiments For comparison I also carried out some inoculation experimentswith Pythium de Baryanum isolated from peas, Pythium com-plectens and P. splendens obtained respectively from Braun andfrom Leonian and with a Phycomycete corresponding

with P. deBaryanum var. geranii Braun.



??? This last fungus is one of those forms without oogonia whichappeared when diseased roots were layed out on agarplates. Itis characterized by fairly large, dark, round conidia and manychlamydospores of different sizes. I did not succeed in obtainingswarmspores or oogonia from it. The best results with inoculation-experiments were obtainedwhen the lower ends of the cuttings were rubbed with the myce-lium from agar-cultures and then placed in pots with coarse steri-lized sand. In order to get as much moisture as possible, the potswere placed in socalled â€žsun-catchers", small glass houses builtby means of thick iron wires. After a few days, the first symptoms of the disease appear.The base of the cutting becomes black and the colour slowlyspreads towards the top. This phenomenon was also discussedby Braun. The infection by Pythium splendens spreads throughthe whole cutting, while that of P. complectens stops a few c.M.from the base of the slip. I think that the typical dark

black dis-coloration of the tissues of geranium is characteristic for infec-tion by Phycomycetes, while with Botrytis-infection a more browndiscoloration is typical. It appears, that on a whole geranium-cuttings are more easily infected than chrysanthemum cuttings. It only seldom happens that a chrysanthemum cutting is so badlyinfected that it is killed at once. It is probable however, that thesomewhat diseased plants may show a temporary retardation ingrowth. As I always used fairly young slips I have not been able todetermine if the rot may also attack the roots, as one would suspectwhen examining the originally diseased plants, which were mucholder than the cuttings used by me. In any case, very special con-ditions of temperature and humidity must appear, before such adisease will be the result. Inoculation experiments proved that Pythium intermedium isstrongly pathogenous for geranium cuttings, having the sameeffect on them as P. splendens. Chrysanthemum cuttings on theother

hand, are only slightly attacked by it. Pythium de Baryanum var. geranii, like P. de Baryanum provedto be pathogenic for chrysanthemum cuttings, while P. splendens.also attacked chrysanthemum slips.



??? Some results of the inoculation experiments are given below: 1. Result of inoculation experiment in a hothouse with meantemperature about 20Â°, on 11th. February \'26. 6 geraniums and 1 chrysanthemum inoculated with P.splendens. On 16th. February: 5 geraniums and 1 chrysanthemumobviously infected, 1 geranium attacked at the base (thisone died afterwards). 6 geraniums and 2 chrysanthemums inoculated with P.complectens. These inoculations gave no result. 6 geraniums and 11 chrysanthemums inoculated with P.intermedium. On 18th. February: 1 chrysanthemum and 4 geraniums ob-viously infected; 1 geranium black at the base, the othershealthy. 2. Result of inoculation experiment carried out in the samehothouse on 23rd. April \'26. 12 cuttings of chrysanthemum and 6 cuttings of geraniuminoculated with P. intermedium. On 26th. April: 1 chrysanthemum beginning to show blackdiscoloration. On 29th. April: 4 geraniums turning black,

1 beginning toshow discoloration.The other plants remain healthy. 3. Result of inoculation experiment carried out in the open insterilized sand on 17th. and 18th. June 1926. (See table p.27). As Pythium intermedium often occurs in vegetablemould, I presume, that blackleg of geranium is not only cau-sed by Pythium de Baryanum, but also by P. intermedium. Itis however necessary to isolate the fungus from the disea-sed geraniums in order to be able to say to what speciesthe blackleg is due.



??? Number of ino-culated plants Heavilyaffected The infectionstops on somedistance fromthe base Healthy P- splendens 6 ger.; 6 chrys. 6 ger.; 1 chrys. 2 chrys. 3 chrys. P- complectens 3 ger.; 3 chrys. 3 ger. 3 chrys. P. intermedium 6 ger.; 6 chrys. 6 ger. 2 chrys. 4 chrys. P. de Baryanum 6 ger.; 6 chrys. 4 ger. 2 ger.; 2 chrys. 4 chrys. P. de B. var. geranii 6 ger.; 6 chrys. 5 ger. 1 ger.; 2 chrys. 4 chrys. Control 5 ger.; 5 chrys. 5 ger.; 5 chrys.



??? CHAPTER VROOT ROT OF PEAS Â§ 1. General discussion In the last few years a great deal has been done in Americatowards investigating the root rot of peas caused by Phycomy-cetes. â€” Especially Fred. R. Jones did much in solving thisproblem. In 1923 (16) he drew attention to the fact, that a funguswhich seemed to be a Phycomycete, is often found in the tissuesoutside the endodermis of the roots of Legumes and some otherplants. He did not succeed in cultivating this organism outsidethe roots. When it was present in large quantities it seemed tocause a disease in the roots of Lathyrus, but under ordinary cir-cumstances it did not appear to do much harm. Jones thereforeregards it as a kind of mycorrhizal fungus. Perhaps it is a Phycomycete, but nothing further has becomeknown about it. F. R. Jones and his assistants however, after-wards investigated other Phycomycetes which occur specially onpearoots. A publication by Drechsler,

Root rot of Peas in themiddle Atlantic States in 1924. appeared in 1925. (11)The Phycomycetes which he isolated from pearoots are: 1. 6â€”8 species of Pythium of which 3 are usually included inPythium de Baryanum, 2. 2â€”3 species of Artotrogus (with thorny oogonia), 3. Aphanomyces euteiches. This last appeared to be the most pathogenic and is veryfully described by F. R. Jones and Drechsler (17). The



??? disease especially appears on fields on which peas have beenplanted a few years in succession. Drechsler further remarks about Pythium and Aphanomyces: â€žAlthough some isolations were made from discoloured rootletsnot showing evidence of being attacked by any other fungus themost prolific source for cultures of species of Pythium was foundin the cortical tissues of the stem and larger roots bearing theoogonia and oospores of Aphanomyces euteiches. In fields in whichthe latter fungus was common, the genus Pythium appeared to befound occurring more abundantly in secondary relationships thanin directly parasitic ones. This condition is apparently not dueto any lack of potential virulence, since nearly all of the smoothforms tried out so far, as well as one spiny form, which was deri-ved from material collected at Hamburg, N. Y. attack cucumberfruits with great readiness, generally a fair index of a moderatedegree of pathogenicity. ,,The widespread occurrence of even the

most aggressively para-sitic species of Pythium in dead organic matter has long beenrecognized, and it is evident that the tissues killed by Aphano-myces euteiches provide a more congenial substratum than theliving parts". F. R. Jones and L i n f o r d published an account called:Peadisease survey in Wisconsin, (18) in which the damage due tospecies of Pythium is treated in one chapter. In this chapter he states: â€žWhen pea plants suffering from root rot are examined in thelaboratory, the species of Pythium long known as a destructiveseedling parasite will often be found present in the diseased tis-sue of many or all of the plants. Inoculation with some of thecultures of Pythium obtained in this way has shown, that thefungus is capable of preventing germination of pea seed or ofdestroying many of the seedlings before they emerge from theground, and occasionally some degree of stem and root rot isproduced. ,,The study of the relation of Pythium to root and stem rot hasbeen greatly

retarded by the fact, that the cultures obtained frompeas in the field have been found to belong to several species diffe-ring somewhat in pathogenicity and frequency of occurrence and



??? furthermore it is not at all certain, that present methods used inmaking isolations from plants secure cultures of all species present.Thus a vast deal of work will be required before the relation ofPythium species to stem and root injury of mature plants will befully known. It may be stated, however, that inoculations madeunder controlled conditions have shown very slight ability in anyspecies studied thus far to produce either stem or root rot underusual field conditions. â€žDuring the summer, isolations were frequently made to securecultures of any species of Pythium, that might be present. Sinceprevious experience had shown, that some species are almost asfrequently found in association with roots apparently healthy aswith those diseased cultures were made from both. In makingcultures no sterilizing agents were applied to the surface of de-caying tissue because they penetrate rapidly and destroy all Phy-comycetous mycelium quickly. Thus

mycelium adhering to theoutside of roots may give fise to a culture, a difficulty which canhardly be avoided. The results of 76 isolations are summarized in a table: No culture of 1 species of 2 species of Pythium obtained Pythium obtained Pythium obtained Healthy pea roots 10 22 H Decaying pea roots and stems 6 16 8 â€žThis table corroborates previous experience that cultures ofPythium are obtained with approximately the same frequencyfrom healthy as from diseased plants. It also shows that inabout one-third of the isolations two species were obtained, thoughin such cases no two species seem to be found more frequentlyassociated than others. ,,From the observations made thus far it appears that some ofthese species of Pythium occurring abundantly in the soil may attimes be responsible for the death of root ends and for some rootletinjury, but only rarely for root and stemrot as it is usually known.It is possible that almost universal invasion of

the root cortex of



??? peas and clover by a mycorrhizal fungus renders this tissue espe-cially accessible to these species and that it is from this super-ficial invasion that the fungus is most frequently obtained in cul-ture". â€” In Europe, Pythium Sadebeckianum is reported occurring onpeas. Butler (10), however, omits this species. He remarks aboutit: ,,This species occurred as a parasite on peas in Pomerania andlupines in Hamburg, doing a considerable amount of damage in1891. The diseased peas were examined by Wittmack, who pu-blished a brief account of the pathological conditions without, ho-wever, any diagnosis of the fungus further than the measurementsof bodies which resembled the oospores of a Pythium. Sadebeck,who saw the specimens considered it to be a new Pythium, alliedto P. de Baryanum and P. Equiseti. The oogonia measured 32H in diameter. Whether it is the same as the species generally in-cluded under P. de Baryanum, which has been reported attackingpeas in the United

States, England and elsewhere is uncertain". These are the most important publications which have appearedabout the rootrot of peas caused by Phycomycetes. In order to determine whether Aphanomyces euteiches is alsofound in this country, I examined several fields on which peaswere cultivated. It was done in the first part of May as the plantsare often attacked early in the season. Although a lot of rain fellin the spring of 1926 and conditions were therefore favourablefor the development of the disease, I only found a few plantsshowing signs of disease. Only on one field a few rows of plantswere apparendy affected. The affected plants first became yellow or mottled and thendried out. If the plants were taken out of the soil it could be ob-served that the roots showed signs of decay. I collected diseasedplants from different parts and examined them microscopically.In the roots I found hyphae and sometimes oogonia belonging tosome kind of Phycomycete, but I never met the peculiar

hyphaeof the mycorrhizal fungus described by Jones. In isolating the fungus from diseased roots I of course had tocope with the same difficulties as Jones. As the soil is full of Phycomycetes and the roots cannot be



??? sterilized, one never knows if an isolated species is actually thesame one as that of which oogonia appear in the roots. Onlyinoculation experiments could prove if a certain isolated specieswould be pathogenic or not. From most of the isolations a species was obtained with oogoniaoften possessing protuberances. I had met this fungus before in ayoung lupin which had shown the typical symptoms of damping-off. When a colleague tried to isolate Cladosporium cucumerinumfrom cucumber seeds which failed to germinate the same speciesappeared in the isolations. Apparently it is a common soil fungus.Except this fungus with irregular oogonia, which I usually ob-tained from diseased roots, other forms appeared without oogoniaand which were therefore hard to identify. I have however chieflyconfined myself to the fungus with irregular oogonia which I shallafterwards describe as Pythium irregul?¤re n. sp. Besides I carried out some inoculation

experiments on peas withone of the fungi without oogonia, which corresponds with P. deBaryanum var. geranii Braun. Although this fungus had not beenisolated from peas it had appeared to be very virulent duringexperiments on cuttings. For comparison I also carried out someinoculation experiments with Pythium de Baryanum and Aphano-myces euteiches. The former I had isolated from diseased pea roots, the latterwas obtained as a pure culture from the United States (Drechsler). Â§ 2. Inoculation experiments For my first inoculation experiments I used humus, throughwhich I mixed agarcultures of the fungi before sowing the peasin it. At the time I had not yet isolated Pythium irregul?¤re frompea roots, so that I mainly used Pythium de Baryanum and P. deBaryanum var. geranii. It soon became evident that this methodis not very satisfactory. The little radical was immediately at-tacked by the fungus and the peas did not come up. If they did,they

either were very small and miserable or they outgrew thedisease, but in neither case did they show the typical symptomsof root rot. Another drawback was that I had to use peas with ahigh percentage of germination, as it would otherwise be impos-



??? sible to carry out control experiments. â€žWonder van Amerika",the variety I used, had a very high germinative power, but on theother hand it is more resistant to disease than other varieties ofgreen peas (doperwten). When working with less virulent para-sites there would therefore be more chance of the inoculation suc-ceeding with less resistant varieties of green peas, than with theWonder van Amerika. I arranged the inoculation experiments inthe following way: the peas were sown in pots containing steri-lized vegetable mould mixed with oatmeal-agar cultures of thedifferent fungi in question. The results of one of these experiments were: Number of seeds Number of plantsliving after 11 days Inoculated with: Pythium de Baryanum(isolated from pea-roots) 15 0 Pythium de Baryanum(strain from Hardey) 15 1 Pythium de Baryanum(Strain from diseased cormof Gloxinia) 6 1 poorspecimen Pythium de Baryanumvar. geranii 15 3 (one of whichvery small) Control 5 5 It therefore appeared

that this method is not the right one. These difficulties could be removed by using watercultures. Onethen also has a better survey of the progress of the rot. Othersoil fungi which in pot experiments always follow on the Phyco-mycetes were eliminated in this way. The roots which have grownin watercultures are clean and therefore very suitable for micros-copical examination. The seeds were allowed to germinate and the best seedlingswere then sorted out and used for the waterculture-experiments. For these experiments I used a green pea called Prins Albert.



??? It possesses long, thin roots, while seedlings of Wonder vanAmerika have a short firm root system. I proceeded as follows: The seeds were first sterilized withalcohol-sublimate (1 alcohol 96 % : 1 sublimate 0,1 % to preventinfection in the germinating dishes as far as possible. They were then laid in dishes on wet filterpaper and when theroots were a few c.M. long they were used for the watercultures. The watercultures were arranged as follows: In the lid of a jampot three holes were made and in these holestwo pieces of cork, somewhat hollowed out in the middle, werefitted. The roots of the seedlings were pushed through the roundhole, which was formed between the two pieces of cork, whilethe cotyledons rested on the top of them. The jampots were filled with the culture solution of v. d. Crone. After the roots had grown in the solution for a little while, I pla-ced a tuft of the mycelium from the fungus with which I wanted toinoculate, against them. It

may of course be objected against thismethod that the fungus has an advantage over the plant in thisway. A pea is not a waterplant and is therefore not cultivatedunder normal circumstances, when growing in watercultures. Phycomycetes on the other hand are water-fungi and easily pro-duce swarmspores in mineral solutions, so that in waterculturesthe circumstances are very favourable for infection. The pea seed-lings, however, grow so well in v. d. Crone\'s culture solution, andproduce such a healthy root system, that according to my opinion,they may well be compared with plants grown under normal cir-cumstances. At the utmost one may get an exaggerated idea ofthe pathogenicity of the parasite, when one relies on the damagedone by it to the root system of pea seedlings in watercultures. But then the damage done to the green parts of the plant isusually less striking in watercultures than on the fields. On thefields the root rot is characterized by

the drying out of the in-fected plants and this of course does not soon happen in water-cultures: as long as a few roots remain intact the plant will not soondry out. Although the whole aspect of the disease is thereforesomewhat different in watercultures than in the pots, one maystill draw conclusions about the pathogenicity of a special Phy-comycete for the roots of peas. Aphanomyces euteiches appeared



??? to be the most virulent of the four Phycomycetes (Aphanomyceseuteiches, Pythium de Baryanum, P. de Baryanum var. geraniiand Pythium irregul?¤re), with which inoculation experiments weredone. A little while after the pea roots had been inoculated with Apha-nomyces euteiches the whole root system became limp. They did not become as glassy and transparent as with Pythiuminoculations but remained white. The infection is very acute. Evenin watercultures the plants may shrivel up and die. When inoculated with Pythium irregul?¤re the roots were in manycases also soon badly infected. On the upper part of the plants no-thing could be seen however. The growth was normal and the leaveswere dark green. The roots were glassy, transparent and brownin colour, while there were only a few small side roots at theends. These side roots may, when they are also infected, showa reddish brown ring at the place where they are attached to themain roots. When roots infected by

Aphanomyces euteiches orPythium irregul?¤re are examined microscopically, large numbersof oogonia are found in them. Pythium de Baryanum and P. de Baryanum var. geranii alsoattack pea roots in watercultures. In their method of infection theyresemble Pythium irregul?¤re and not Aphanomyces euteiches. The plants in the control experiments remained healthy andpossessed a clean white, well branched root system. From these results I think I may conclude that Pythium irregu-l?¤re is the cause of a root rot of peas, and that a large numberof the diseased plants with decaying roots, which I found on thefields, is due to it. Finally it may be pointed out, that it is hardto distinguish Pythium irregul?¤re from Pythium de Baryanum whenthe infected roots are examined microscopically. The protuberances of the oogonia are very hard to find in thetissues of the roots. In culture however they are easily distinguished. Â§ 3. Description of Pythium irregul?¤re nov. spec, in culture Many of the

isolations which I made of this Pythium showeddifferent variations. I specially kept three of them in culture, one



??? from peas, one from lupins, one from cucumber seeds. Macro-scopically these fungi look exactly like other Pythiums. I usuallycultivated them on oatmeal-agar on which they made the usualwhite woolly growth of mycelium. I tried to get swarmspores bythe method of Petri. The strain isolated from cucumber seedsproduces a few swarmspores in this way, but there were too fewto observe the discharge of the swarmspores from the sporangia,or to be able to count the cilia. For the purpose of counting thecilia, I placed a drop of water with swarmspores on a slide with adrop of eosine-sublimate (following the advice of Mr. v. Luyk). The swarmspores were immediately fixated and coloured bythe eosine before they withdrew the cilia. It is obvious that onecan only apply this method when there are a fairly large numberof swarmspores at one\'s disposal. It was impossible for me tocount the cilia, as the strain from cucumber only produced a few,the strain

from lupin only very few single ones, and the strainfrom pea no swarmspores at all. As I could not determine theway in which the swarmsporeswere formed the difficulty was to decide whether the species belonged to Pythium or to Phytoph-thora. I did not hesitate for one moment, however, in placing it with



??? the genus Pythium, owing to the great similarity which existsbetween this fungus and P. de Baryanum. The only difference which really exists between this species andP. de Baryanum is the irregular shape of the oogonia. The oogoniaoften (but not always) carry protuberances, varying in size and shape, and sometimes separated from the oogonium by a trans-verse wall. Thesq protuberances are especially found in cultures



??? a few weeks old. The oogonia are mosdy intercalary and theoospores, sometimes two in number, lie free in the oogonium. Theantheridia are usually of the same type as those of P. de Baryanumbut I never saw hypogynal antheridia. One oogonium is sometimessurrounded by more antheridia. The conidia or swarmsporangiaare globose or somewhat obovate, and differ in size and shape. I think that this fungus is sufficiently distinguished from P. deBaryanum by the protuberances found on the oogonia, to justifyrecording it as a new species for which I propose the name Pythiumirregul?¤re. Pythium irregul?¤re nov. sp.: Oogonia often with protuberancesof different sizes and shapes. Oogonia sometimes globose, sometimes irregular in shape. Whenglobose, often i leâ€”18 ^ in diameter, usually intercalary.Oospore free in the oogonium, ordinarily 14â€”16 ^ in diameter.The wall of the oospore has a thickness of about 1 â€” 1\'/a /x. Antheridia produced

on the same hyphae as the oogonium,sometimes several round one oogonium. Swarmsporangia and coni-dia vary greatly in size, Â? 10â€”20/i, globose or obovate. Swarm-spores seldom produced, 8 /z in diameter when in rest. Iso-lated from pea roots, lupin plant and cucumber seeds. Distinguishedfrom P. de Baryanum by the protuberances found on the oogonia.



??? CHAPTER VI i ROOT ROT OF FLAX Â§ L General discussion When examining pea roots microscopically I sometimes obser-ved Asterocystis radicis d e W i 1 d e m a n (37) in the parenchy-mal cells. This fungus belongs to the Chytridiaceae and Mar-chai (21) described it as being the cause of the Belgian andDutch â€žvlasbrand". a name, which we might translate by â€žflax-fire". It is a typical wilt-disease, not identical however with theFusarium flax wilt of the U. S. In Holland the â€žvlasbrand" occurs principally in the northernprovinces, Groningen and Friesland. When the disease is veryacute large open spaces appear in the fields. The flax plants inthese places are small, the leaflets wilt, they turn yellow andshrivel up. The plants look as if they were scorched by fire. Underfavourable conditions the plants sometimes outgrow the disease,but they never quite recover. The blue flax is much more susceptible than the white variety.In severe epidemics however, as in 1926, the white flax

is alsoattacked. On old heavy clay soils, the â€žbrand" rarely occurs, buton the lighter sandy clay, the disease is very common. It is remar-kable that even in the new â€žpolders", where flax is grown forthe first time, the â€žbrand" may occur. This disease is of a severenature; the yield on those fields is extremely small. D r. Z ij 1 s t r a,chief of the botanical department of the Groningen ExperimentStation, called it â€ža pest for our best flax regions".



??? Marchal found Asterocystis radicis in all the â€žbrand" speci-mens from different parts of Belgium. He proved the parasiticnature of this fungus by carrying out inoculation experiments. Hegrew flax in watercultures and inoculated the nutrient solutionwith Asterocystis; the result was a thorough infection of theroots. By growing the plants in infected soil, he also obtaineddiseased plants. The presence of Asterocystis in the roots is easilyascertained by a simple staining process with potassium-iodide.Marchal then determined that the chlamydospores and swarm-sporangia were stained a deep brown-red. Where the symptomsof the disease were concerned Marchal remarks: â€žThe less waterthe plants have at their disposal, the stronger they react on thelack of water, which becomes evident after infection and the morestriking are the symptoms of the â€žbrand" ". The moisture, which by influencing the dissemination of theswarmspores helps to spread

the disease, on the other hand dimi-nishes its pernicious influence. Marchal\'s investigations are the only ones published about thisdisease. Dr. Zijlstra informed me how to obtain infected plantsin spring. He therefore sent me a sample from â€žbrand" soil,which had been collected two and a half years ago. He advisedme to grow flax in nutrient solutions (van der Crone). The bot-tom of the jar was covered with a thin layer of the soil. This in-fection succeeded beautifully. A large part of the root-cells wasfilled up with the Asterocystis sporangia. The plants of course,having their roots in the liquid, did not shrivel like those in thefield, although they had a sickly appearance. The control plantswere quite healthy. When growing peas in the same solution, I also noticed a slightinfection of the roots. In this case however the plants remainedquite healthy. In the summer of 1926 I visited the flax district of Groningenand collected plants of a â€žbrand" spot in the field.

I was there toldby one of the foremost farmers, that these plants were typicalâ€žbrand" plants. The examination of these specimens however revealed relativelyfew sporangia of Asterocystis, but a great many round spinybodies, which struck me as being oogonia of a Phycomycete. Later



??? in the summer I had the opportunity of examining flax roots fromFriesland, and again I noticed the same phenomenon; the sporesof Asterocystis however were more abundant in the roots here. The question now arose, whether the root rot of flax might becaused by the Phycomycete in question, as well as by Astero-cystis radicis. It would not be surprising if the wilting and shrivel-ing of the plants were caused by different parasites. The â€žvlas-brand" would then be a complex of diseases. It is possible that several kinds of root parasites might nearlyhave the same effect. We know f. i. that Thielavia basicola maycause a rootrot of flax. â€” The Phycomycete proved to be Pythium megalacanthum d eBary (4), which was isolated very easily from the decayingroots. I thus intended to make inoculation experiments on the roots,with the exclusion of Asterocystis. For this purpose the flax seedswere germinated on wet filter-paper. The young plants wereput in the nutrient solution and mycelium

from the pure cultureson oatmeal-agar was smeared on the rootlets. During the first days after the inoculation the roots apparentlydevelop normally. After some days however, the top of the prin-cipal root begins to soften. This â€žrotten" end is separated from the healthy part by a red ring. As the rotting process advances, the ring is slowly replaced.



??? Except the main root, the lateral roots are also attacked. All theseinfected roots become glassy and limp. Fig. 12 shows a piece of flax root from such an artificially in-fected waterculture. The spiny oogonia appear in large numbersin the roots. It therefore appears that it is possible to cause a rot of theflax roots by Pythium megalacanthum, even when Asterocystisradicis is absent. As Marchal already noticed with his experiments with Astero-cystis, the plants in watercultures do not suffer very much fromwilting. This also counts for Pythium megalacanthum. The aerialparts of the plants do not shrivel up. I should have done experiments in pots, but I could not findthe opportunity. It was only my intention to focus the interest on the fact thatâ€žvlasbrand" is not such a simple disease, as one would like toimagine. Other fungi may also be responsible for this root rot. Before methods of control may be found, it.will be necessaryto analyse the different factors of

this complex-phenomenon. Â§ 2. Pythium megalacanthum de Bary The large spiny oogonia of the Phycomycete which I foundin flax roots, naturally reminded me of the illustrations of theoogonia of Pythium megalacanthum given by d e B a r y. De Baryfound Pythium megalacanthum in seedlings of garden-cress whichhad already been attacked by Pythium de Baryanum. He triedto infect the seedlings by inoculating them with Pythium megala-canthum but did not succeed. He then inoculated prothallia ofthe fern Todea africana with it and some of them were attacked.He always used zoospores for his inoculations. According to Butlerthis fungus has never been described again except on one occa-sion when Schr??ter states, that he believed he found it in thestems of Veronica hederaefolia. The Phycomycete which I isolated from flax seemed to corres-pond very well with the description given by de Bary for P. mega-lacanthum.* The oogonia were often

larger in size than the



??? measurements given by de Bary, but they vary so much thatthis is of no importance. De Bary already pointed out that thespores of P. megalacanthum vary more in size than those of P.intermedium. The drawing of the infected flax root (fig. 12)shows the variations in size of the oogonia, which range fromÂ? 30 to 70 At. I did not succeed in getting zoosporangia. Amongsthis different cultures on seedlings of garden-cress, de Bary alsohad one form which possessed numerous oogonia and only fewswarmsporangia. Unfortunately I only possess one isolation andperhaps that is the reason for the absence of the swarmsporangia.Even the method of Petri gave no results. P. megalacanthumgrows on oatmeal- and on cornmeal-agar but not on cherry-agar. The cultures have a granular appearance owing to the manylarge oogonia. Many oogonia are quite empty and the contentshave degenerated. This was also noticed by de Bary who takes them for unfertilized oogonia. Sometimes a few

antheridia are present round one oogonium.



??? CHAPTER VIIMYCOLOGICAL ANALYSIS OF THE VEGETABLE MOULD In connection with the inoculation experiments, it was neces-sary to know whether many Phycomycetes appear in vegetablemould in which the various diseased plants, which I had examined,grew. If many Phycomycetes occurred, the experiments with un-sterilized soil would be worthless. With my first experiment inwhich the peas were sown in unsterilized soil, I already noticedthat an infection by Pythium de Baryanum appeared in the con-trol experiment. Unsterilized soil could therefore not be used. When a decaying root is laid in a petridish on cherry- or onoatmeal-agar several Pythiums often start growing out of it. Inthe chapter about the root rot of peas I already pointed out thataccording to Drechsler (11) this may happen even if therot is caused by a different parasite (in that case by Aphanomyceseuteiches). F. R. Jones and Lin ford (18) even isolatedseveral Pythiums

from healthy pea roots. One may gain an impression of the great number of Phycomy-cetes occurring in vegetable mould by laying out roots of differentplants. The many types which appear, make a research about Phyco-mycetes rather difficult at first. One comes across several forms without oogonia or withoutswarmsporangia. With such isolations one often meets Pythiumde Baryanum and the form called P. de Baryanum var. geraniiby Braun. These forms were also often isolated from variousseedlings. One of my colleagues tried to isolate Cladosporium cucumer-



??? inum from cucumber seeds which failed to germinate in vegetablemould, but on one occasion he obtained different Pythiums in-stead. He handed them over to me and it appeared that Pythiumintermedium and Pythium irregul?¤re were present. From theseseeds I also isolated a form with dark, somewhat spiny oogonia.I afterwards never came across this form again. Although theseeds were put to germinate in a hothouse, the temperature couldhardly be the cause of the occurrence of this form, as many ofmy own seedlings were also cultivated at about the same tem-perature. From decaying roots of pansies which had been grown m ano-ther soil-sample at a lower temperature, I isolated an Aphano-myces which looked very similar to Aphanomyces euteiches, butwhich, in my infection experiments, did not attack pea roots. Un-luckily I did not have time to carry out inoculation experimentswith it on pansies, and I have therefore not been able to ascertainwhether this Aphanomyces is the

cause of the acute root rot ofpansies appearing in our experimental garden. From Calla-hly-roots I isolated, besides Phytophthora Richardiae, a few otherforms,probably also Pythiums. I never obtained Phytophthora species in the same way and ap-parently they do not lead the same saprophytic life in the soil asthe different species of Pythium. The question of the temperature,which may be of importance here, was not investigated however. â€” It is evident that vegetable mould is full of different Phycomy-cetes and that inoculation experiments with unsterilized humus would not be trustworthy. It would lead me too far to discuss the different forms in this publication. , ... , . , I also made some isolations from clay-soil. The difficulty with these isolations was that the dishes were often overgrown by aMucor. But here again other forms than those which I had isola-ted from vegetable mould appeared.



??? SUMMARY 1. It has become evident that there are no sound reasons forregarding Pythiomorpha Petersen and BlepharosporaPetri as constituting new genera. There is no objectionagainst including them in the genus Phytophthora. In practice it is not desirable that the genera Pythium andPhytophthora should be placed in one genus, although previ-ous investigators have shown that theoretically there is nodifference between them. 2. Inoculation experiments proved that a serious root rot of Cal-la-lilies, which causes a considerable damage in the nurseries,is caused by a Phytophthora species. As this species is notidentical with any of the ones previously described, the namePhytophthora Richardiae n. sp. is proposed. A treatment of the Calla corms with formalin, which hasalready yielded good results in practice, is given as a controlmeasure. 3. It appeared that Pythium intermedium d e Bary, isolatedfrom chrysanthemum cuttings, which had

stopped growing,is strongly pathogenic for geranium cuttings and may alsoattack chrysanthemum cuttings. Inoculation experiments werealso undertaken with geranium cuttings, as a publication byBraun about the rot of these slips appeared in the UnitedStates. For comparison I also inoculated with the species P. splen-dens and P. complectens named by Braun. These species,which had been kept in culture at the Centraal Bureau voorSchimmelcultures for some time, were still very virulent.P. splendens also attacked chrysanthemum cuttings. Inocula-



??? tion experiments with the strains of P. de Baryanum andP. de Baryanum var. geranii which I isolated, gave positiveresults with geranium and chrysanthemum cuttings. 4. A Pythium with irregular oogonia sometimes with protube-rances, was isolated from the roots of a large number of thepea plants I found suffering from root rot. As far as I know this species has not been described beforeand I therefore give the description and propose the name Pythium irregul?¤re n. sp. Inoculation experiments in watercultures proved that itattacks the roots of peas and is the cause of a root rot. Inever came acrose Aphanomyces euteiches in peas, but in-oculation experiments showed that it is more virulent than Pythium irregul?¤re. 5. Typical â€žvlasbrand" has been ascribed to Asterocystis radi-cis de Wildeman. The symptoms of â€žvlasbrand" of course occur whenever something is the matter with the roots. When examining thediseased plants I often found Pythium megalacanthum deBary present

in the roots. Inoculation experiments showedthat this species attacks the roots of flax. As I found thisspecies in the roots of diseased plants from different districtsI think I may conclude that like Asterocystis radicis it maybe one of the causes of the disease. A thorough re-investi-gation of vlasbrand is however necessary. 6. Inoculation experiments with Phycomycetes on roots arevery much simplified by using watercultures. 7 It appeared that various Phycomycetes may be isolated fromdecaying parts of plants grown in vegetable mould. Theseforms are often very hard to identify owing to absence ofoogonia or sporangia.
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??? STELLINGEN I. De genera Blepharospora Petri en Pythiomorpha Petersen moeten bij het geslacht Phytophthora de Bary worden gevoegd. II. De meerdere of mindere resistentie van vlasrassen tegen infectiedoor Fusarium lini berust op het voorkomen bij die rassen vaneen grootere of kleinere hoeveelheid glucoside. III. De halophyten van het Noord- en Oostzeestrand zijn nietxerophytisch aangepast. IV. De pseudo-vacuole der blauwwieren. die voornamelijk optreedtbij soorten, welke waterbloei veroorzaken, heeft een protoplasma-tischen inhoud. V. De verdeeling der water-organismen in saprophielen, saprotole-ranten en obligaat katharoben verdient de voorkeur boven die insaproben en katharoben. VI. Het chlorophyl is in de levende cel aanwezig opgelost in een lipoid. VII. De Laboulbeniaceae zijn op te vatten als kleurlooze Florideae. VIII. De droogmaking van de Zuiderzee zal ten gevolge hebben.dat Noord-Holland ten Noorden van het Noordzee-kanaal weer bevolktwordt met

typische zoetwater-organismen, die er thans niet voor- komen.
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