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While the parasites reported as causing damping-off are probably 
not as numerous as the los t  species which are subject to it, s con- 
siderable number are known. Two quite different types of damping- 
off parasites may he recognized. I n  the first type n7e have fungi, 
such as P y t h i u m  debmyanurn EIesse and Corticium, ?trl,gum B. and C., 
soil inhabiting and primarily saprophytic, mhich attack a great 
variety of hosts, and are at least better known, if not more destruc- 
tive, as damping-off organisms than as parasites on older plants. 
They are specialized as to the type ancl age of tissues which they at- 
tack rather than as to host. The second type includes fungi less 
common as saprophytes and with a relatively limited, sometimes very 
closely limited, host range. Phoma betae, the systemic parasite of 
sugar beet (37), is an excellent ewmple of the host-specialized para- 
site! transmitted in  the seed and capable of seriously injurizg various 
parts of the older plant st different stages of growth as well as at- 
tacking seedlings. 

Most damping-off parasites are intermediate in habit hetween the 
extremes of thesc two types. Of those vhich use somewhat host 
specialized, the follo~\.ing may be mentioned: 

Phomcqsi~ r.cl:lcn.~, the mus(? of fllat-rot LII eb~plant ,  regorted h.y Sherbakoff 
(128) a s  a frequenr cnuso of ,k~nlping~off of this host ilnd bclieverl to be 
carried on seed. 

G%Obwrllrc salrhinetii (1Lunt.) Sare. (28) and the imperfect fungi mhich kill 
grain sredliilgs a s  n~?ll as  muse diseases of the older plants (SO; 126, 
p. 218). S ~ ~ r c i e s  al' Gloeosl~oriurn nnrl Voiutelin rrirtrle~l hy .\tkirlson (2. 
g. 260; 3 2 )  as  i~b l r  to liill se~~li ings or c.uttir:c.s or pnrtieular host plilnts. 

Glomerellu (Ciil7rtnlvi<:lruni) g o r s ~ i ' i i .  ~lescrihrcl b3- ,%rkinson (I) and Harre 
(4)  :IS iih-cly to carisr ilanliring-off of cotton (112). 

Ft~snrirtnr liiri, t ! ~  Hiix gtrmsite, reported by Ilolley (14) a s  destructire .to 
young seeillings. 

Phoma lingam, thc wnsa of blad~-lrx of caDhagr, a t  least nnilev irioculatlo~r 
contlilions ;rble to kill quickly seedliner of cabhaze anti other crucifers 
(72) .  

Peronosnorr~ pnr.aBiti(.u (PcI's.) De Eary, il do\vily miic!e\v attacking cabbage 
;lnrl various other crucifers, re~iorieil a s  killing thousitntls of \.er)- 90urtg 
cabbage :~)lnnts iri Florida seed licds (41). 

The mtomogitthoraceolls Cornpletoriu eornplflc.v, oil fern ~,roi l~rl l ia  ( 1 ;  87. 
p. 203). 

Ba,.ill?rs rwal.caeeal.c~rn. il p:lrilsilc of  the i ~ n ~ , e s  of cottan illcntr, o.tlich can 
also ciluse dalllping-oh of its favorite host (113) airll the h;ii:trvia i'rom 
discsase<l cui:nrnher xilnnts with whicll IItrlstecl (53) carlsed typical 
dalllpillg-off of C!ICUIII~PI.S. 

Damping-off f~u lg i  xi th nridcr host,ranges include Phytophthwa 
jagi, Aphunov~~~,ycau levis (100): Rheospolan&wm aphaniderrrurtuu 
(38, 39), B o t ~ y t i s .  cir~er.ea: ancl certain Fnsaria. The so-called prop- 
agation fungus, " vermellrongspilz," a sterile clz~mping-off mycelium 
which Sorauer (133, p. %2l) he1ieGed related to Sclerotinii~ and for 
which Ruhland (115) lfits erected a new genus, considerecl by b o d  
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authors the most serious~enemy encountered in growing softwood 
cuttings in Germany, if distinct would be a further addition to these ~ 
generalized parasites. However, it is now believed (34) to be identi- 
cal with Corticium vayum. Common generalized parasites of older 
plants, such as Xcleroti7Ga liberthza, Sclerotiunz voysii (129), and 
1'1L7:elauia bmicola (47), capable of attacking roots or other parts of 
older plants of numerous species, may also be considered among the i 

damping-off fungi when they cause the death of small seedlings, as 
occurs, for example, in  attacks by Scle?"otinia libertiana on lettuce 
(20, p. 28) and celery (103, p. 536) in seed beds. Further study will 
probably result in multiplying almost indefinitely the number of 
more or less impbrtant damping-off parasites, both of the specialized 
and unspecialized groups, although the most important of the latter 
type are probably already lmown. 

Most of the references in literature to damping-off describe its 
occurrence in truck crops and the losses caused in these crops. Ac- 
cording to Halsted (53, p. 342), weed seedlings are also very com- 
monly attacked. Duggar (33) names lettuce, celery, cotton, sugar 
beet, cress, cucumber, and sunflower as especially susceptible to 
injury by the two most important damping-off organisms. Except 
for the plant species in ~ ~ , h i c h  damping-off by seed-carried parasites 
is common, it appears that the economic damage from damping-off 
is serious only with plants whose culture involves the raising of the 
seedlings in crowded seed beds for subsequent transplanting. For  
example, tomatoes do not ordinarily suffer from damping-off in the 
field (70), but the growing of seedlings in flats for subsequent trans- 
planting is sometimes seriously hampered as a result of the preva- 
lence of damping-off. This same principle holds in general for trees. 
Broad-leaved trees, which are usually not as crowded in the seedling 
stage as are the conifers, seldom gire rise to complaint on the score 
of damping-off. The conifers, subjsct to serious losses in nursery 
beds, are not believed to be greatly affected in this country by the 
better known types of damping-off under forest conditions (68) 
except in the less common cases in which seedlings come up in close 
groups from squirrel hoards, artificial seed spots, or similar sources. 

A considerable number of broad-leaved trees have been reported a t  
one time or another as injured by damping-off, though complaints 
of commercially serious losses are not common. The cases which 
have come to the writer's attention are listed below: 

Cause not determined: 
Orange (43, 108). 
Oiive, in greenhouse at the ~ h i v e r s i t y  of California. 
Russian mild olive (Elaeagnus sp.), serious a t  a n  Iowa nursery; oral re- 

I Port by Mr. C. It. Beehtle, formerly of the United States Forest Service ; 
a t  another nursery in the same region this ~ilallt was reported a s  very 
little subject to injury. 

I I 
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Cause not determined-Continued. 
Magnolia (311, troublesome if the pulp is not washed off the seed before 

planting. 
nucaluptus ~PP .  (88, p. 45; 1313, serious under moist conditions. 
Betula spp. Communication by Dr. Perley Spaulding, of the Bureau of 

Plant Industry ; found especially susceptible in a Pennsylvania nursery. 
Carob, a t  United States Plant Introduction Garden, Chico, Calit. Dr. 

Me1 T. Cook states tha t  damping-off is more serious in carob seedlings 
if the seed is removed from the pod tWan if pods and seeds are sown 
together. 

Robhie p8eziUacacia (13). 
.4pple, in greenhouse a t  the Michigan dgricultural College. 

Solerotinia sp. (Europe) : 
Betulu (791, a disease of seed sncl gerlnil~ating seedlings. 

Phgtophtbora. fagi (Europe) : 
H'ams. Hurtig (89) and many other writers; seriously affected, eve" 

in forest. 
Platauns (15). 
Acer (15), A. plntanoides and d. p8eudoplqtantt.s (86, 104). 
Robinia (59, 73). 
Praxinus (73) .  
Acacia (59). 

Cercospora acerine (Europe) : 
Acer platanoides and A. p s e t ~ d o ~ ~ l a t n n ~ ~ s  (58). 

Puthiurn debargmun~: 
I'ilia eriropea and 1'. alurifolin (137). serious. 
Robinia (75, p. 13-14), killing gerluinatiiig seed. 
Catalpa (126) .  

Rhiaoctonia : 
Citrus seed beds (130) ; much loss. 
Catalpa (126). 

Botrgtis ~ h e r e a :  
Catalpa (126). 

Fusarium sp. : 
Citrus seed beds (130) ; lrirrctl loss. 

The sugar beet is apparently the only plant whose damping-off 
diseases have been investigatefl with any degree of completeness 
by modern methods. While there is a greitt mass of literature on 
damping-off, it  is mainly descriptive and on control measures. Most 
of the reports of the causal relation between the different fungi and 
the disease in  the various host plants have been based on demon- 
strations of the presence of the fungus in diseased seedlings. I n  
a great number of these. cases identification has been doubtful. 
Even when a fungus is known to belong to a parasitic species, it  
is by no means certain that  the mycelium found belongs to a pera- 
sitic strain. It has been found, for example, that only part of 
the strains of Oo~t i c i um uugum occurring in sugar beets are able 

-. to attack that host vigorously (38, p. 154); Similar data for pine 
appear in figures 1 and 2. Furthermore, even parasitic strains of 
several of the clamping-off organisms are so widely distributed as 
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saprophytes that one of them might easily get into a killed seedling 
after some other parasite had caused its death. Not only in the 
case of seedlings killed by fnngi like F'eronospora pirrffisitica, but in 

Era. 1.-Diagram showing the relative activity of dinerent strains of Corticivm vogum 
in  inoculations made a t  the  lime of sowing tllo seed. In e rwr iments  Xos. 3G, 45, and 
47 the values are plotted for the  number of seedlings appearing a w e  the  soil. Por the  . 
utllel \~>.r .ru. .n~, 11, .~m>tnl. i. ,i ior , l l inp rut-\iril~:: ar t h ?  c h  .r ,C thy \L ( i . a b ,  

k . n  l am.  Ea~ln~rat i?~m ~ P s r w l r . ! c '  : - $ t ~ $ ~ # l t  la: ,  i r o ~ . ~  .;,r,x. S:..SII!!.;& W.a.,l..n=<~n, 
L. C.. 1:#10, + = i I r ~ i u  20. Rom pro: srrdii!!cs. .\.~..ra.k.x. I!,. ! # :  1 = r . r . ) m  2.13, iron, 

~ ~ . - 
Gloeernus sp., Kansas, 1913; .=drain 230, from the  same lesion as strain 233; 
0=8Lrsin 183, from Bran, Kew York, 1910. 
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E ~ D .  2.-Diagram showinn the relatirc activity o l  different strallrs ol Ca-lioium i-ouun, 
as indicated by tbe number of seedlings surviving in inoculated soil. Explanation of 
symbols: O=Strain 189, from sugar beet, Michigan, 1910 (light-brown mycelium with 
iew selerotia) ; A=strain 211 and *=strain 212, from sugar beet, Coiorado, 1910; 
.=strain 186, ironl irotato, Ollie: 1910; D=sll.ain 187, from potato, Nev York, 1910 ; 
+=strain 206, from Ilouglas Br, Colorado, 1911 ; X=strain 192 and O=strain 200, 
fmnl pine, Nebraska, 1911.. 

cases of true damping-off produced by the rotting type of parasite, 
nluch of the rapid decay of the seedling after death is brought 
tibout by bacteria and fungi other than the one causing death. 
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Inoculation experiments are $herefore probably even more neces- 
sary in damping-off investigations than in  studies of most other clis- 
eases in order to demonstrate etiological rel~tionships. Unfortu- 
nately, most of the inoculation work with damping-off organisms 
prior to 1900 was either crudely done by placing diseased seedlings 
against healthy ones or consisted of experiments in which purity 
of cultures and validity of controls did not receive sufficient con- 
sideration. Recent investigations not primarily directed toward 
damping-off, but which have decidedly increafied our knowledge of 
the relation between Corticium and the disease, are those of Peltier 
(98) and Fred (43). The latter established a strong pr&umption 
that  the difficulty in securing stands of various field crops having 
oily seeds in  soil where green manures had been recently turned 
under is clue to the killing of the sprouting seed by damping-off 
organisms. 

~~ ~ 

I n  tobacco, sugar beet, and pink, whose damping-off has received 
considerable attention, it  has been found that the damping-off proper 
is commonly preceded by the killing of many of the sprouting seeds 
in  the soil ( 3 8 ;  68, p. 522; 81, p. 5 )  and followed, after the plants 
become too large to be killed by the damping-off organisms, by root 
sickness and the death of small roots (38, p. 161; 64; 100). This latter 
has been reported. also as a serious matter in the case of Corticium 
vayu7r~ for. potato (Zl), a host on which damping-off is not important 
because of the lack of commercial propagation from seed. P y t h i u ~ ~  
d e b a r y a m  further has been reported as continuing to work in the 
cortical tissues and leaves of tobacco plants which have been in- 
fected too late to result in death (81). 

The fact that a number of the damping-off fungi are able to attack 
young or soft tissues of so great a variety of plants and are much 
less able to Bill older plants,suggests that resistance to clamping-off 
may be in  part based on purely mechanical factors. Hawkins and 
Harvey (71) recently have extended to Pythiurn debaryanum the 
idea, developed by Blackman and Welsford (12) and Brown (16) for 
Botytis cinema, of the importance of mechanical penetration in the 
fungoiis invasion of plant tissues. While for B. cinerea. mechanical 
pressure was found to be the main factor only in cuticle penetration, 
with P. deharyanum the penetration of the cell walls of all parts of 
the potato tuber mas apparently largely dependent on mechanical 
puncturing by the l l ~ p h ~ ,  only tubers with mechanically ~vealr cell 
\valls--being susceptible to decay by the fungus. The extreme sus- 
ceptibility to P. deba~janurn and Corticium. wayurn of soft, thin- 
walled tissues and the resistance of older stems and root parts would 
fit in well with such a theory as to the method of wall penetration, 
as in  the older tissues the thicker cell walls mould obviollsly be a 
serious bar to the extension of a fungus dependent partly or m- 



tirely on mechanical puncturing for its progress from cell to cell. 
Hartig (61, p. 147-150) shows a fnngls which l ~ e  does not name: but, 
which is evidentIy a species of Fizsari~im, dissolving the young un- 
cuticularized epidexmis of pine seetilings; but he states that it can 
not so dissolve older epidermis. Ti18 increased protective value of 
the cpiderniis of older plants can only in part explain tile i n ~ m i m i t ~  
most of them develop against serions' attack by damping-off organ- 
isms, as lesions already started or which may later develop froin thc 
infection of yoilng roots rtre uilable t o  estend into the older parts 
of tile plants. 

It may be mentioned here that the writer in  a very preliminary 
test found strains of ('or.Liciu976 .oagun and P2c~a.rlu.m n.io?w~lifome 
Sheldon which had been proved able to cause damping-off of pines 
also apparently able to dest,rby filter paper in inorpanic salt solu- 
tion, while Pythil~ni, deTjii"rya??um seemed not so able. Ri~hland 
( l l 6 ) ,  on the other hand, fonnd the strail1 of the " rermehrnngspilz ?' 

(Corticiurj~ vagurn) which he tested to be sery n-ealc in 
' 

destroying ability as compe~.ed with Botq/tis cinercn. 

DAMPING-OFF OF CONIFERS. 

HISTORICAL. 

TVhile the losses from dsinping-ofl in seed Geds of dicotyledonous 
tree species are occasionally serious and in the case of beech in 
Europe have required considerable study, they htrve been so far 
overshadowed in this country by the losses in conife~nus seed beds 
that practically all the attention thus far? both as to etiology and 
measures of prervention, has been devoted to the disease in conifers. 

The literature on the damping-off of conifers is considerable. 
h large part of it, because of the extensive early development of 
plant pathology and forest planting in Gerniany, has been writ- I 

ten by Germans. A large portion of the Gerrnan articles on it 
\\,as either by foresters or by botanists in the day mllen rnost patho- 
logical \TO& was of the reconnaissance type. Therefore, while the 
work of one of the best lmomn of the parasites on coniferoiis seed- 
lings was noticed in Europe as early as the eighteenth century (21, 
P.' 252-253) most of the European data available are observational. 
The only fungi which aere at all definitely connected with the dis- 
ease 011 conifers seen1 to have beell Fusariuin (lf'usoma spp.) and 
PI~?/tophthora fagi (P. innnioora De nary in part) .  The darnying- 
off' Rhizoctonia was described in Germany in 1858 and Pytlthiurn dc- 
6cryanun~ in IR74; the fact that neither of these, important in conif- 
erous seed beds in both the eastern and western United States, bas I 

! 
nrrr been reported from conifers in E:urol)e is l>erliaps the best evi- 
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dence of the relatively small amount of actual inGestigation carried 
on there on this disease in the nurseries. A number of references to 
the damping-off nf conifers in the Englisb horticultural and botani- 
cal literature yield even less definite information as to the causal 
fungi than do the German articles. 
, With the awakening of interest in reforestation in the United 
States between 15 and 20 yeirs' ago and the first efforts to grow 
pines in quantity for forestry purposes, attempts mere made to de- 
termine the cause of the disease in this country and to develop direct- 
control methods. Duggar and Stewart (32) made what appears to 
be the first report of Rhizoctonia in connection n~ i th  the damping-off 
of conifers. Spaulding (136, 137), in \?-orlr begun in 1905, con- 
tributed much to our knomledge of the etiology of the damping-off 
of pine in this country, especially in relation to Fusarium, and origi- 
nated the snlphuric-t~cicl metliocl of control. The writer in 1910 re- 
ported preliminary inoculations on conifers with both Rhizoctonia 
and Pythiwn dehamjanwni. (62). The work of Gifford (46) and 
Hofmann ('77) added to the information on the causal relation of 
Fusarim spp. and P. debaryanurn, respectively. Hartley, Merrill, 
and Rhoads (68) have recently established the parasitism of a num- 
ber of strains of the Corticium vagunh type of Rhizoctonia on pine 
seedlings under inoculation conditions, have confirmed Spaulding's 
conclusions as to the 'parasitism of irusaeurn monGiforme Sheldon, 
and have given preliminary data on other fungi. They consider P. 
ilebaryanum and C.  vagum more important in pine seed beds than any 
single Fusarinm species. Hartley and Hahn (69) have announced 
successful inoculations on pines with P. debamjanurn and Rheospo- 
rungiunz uphanidematus Edson, with less satisfactory evidence of 
the parasitism of Phytophthora sp. and a fungus tentatively referred 
to Pythium artotrogus. Hartley and Pierce (67) report the finding 
of P. debamJanurn in Tsuga me?tensia?u~ and Pseudotsuya taxifolia 
as well as in the pines. In damped-off pine seedlings they find P. 
d e b a r y a m  more commonly than C. uagum, especially in beds which 
have received disinfectant treatments. Other considerations, how- 
ever, keep them from concluding that the former is necessarily the 
more important of the tmo. Both of these latter papers and all of 
the reports of Pythium with the exception of Hofmann's are brieE 
notes, presenting no evidence in snpport of the statements made. 

DESCRIPTION. 

The symptoms of damping-off in conifers have already been de- 
scribed in some detail (68). I n  the paper cited, injury due to exces- 
sive heat of the surface soil and injury caused by high wind, both of 
which may easily be confused with damping-off, are described and 
accompanied by colored illustrations both of different types of damp- 



ing-off and of these nonparasitic troubles. The detailed clescriptions 
will not be repeated here. A brief summary of the different types 
of disease recognized as included in  damping-off follows : 

(1)  Gcrmination loss: The radicles are lrillecl rery soon after the seeds 
sprout and before the seedlings can appear above ground. This is an important 
type, ~ ~ h i c l i  call be caused probably by any of the orgtlnisms commonly capable 
of causing the better Inlown types of trouble (61, 63, 68, 137). 

(2 )  S o r ~ n a l  damping-off (figs. 3, 4, :lnd 5) : The seedlings are  killed by fungi 
invading either the root or hypocotj~l after the seedling has appeared above the 
soil and nhile the stem is still depeudent largely on the turgor of its cortical tis- 
sues for support. In  sandy soils root infection is more colunlorl than llypocotyl 
iafectioa, though the latter is the type most emphasized in the early horticul- 
tural descriptions. Biittner (26) some time ago recogni~ed the frequence of 

PIG. 3.-Normal type of damping-off of Pinus  ponderosm. At the lef t  is a damped-off 
seedling or root sprout of t h e  southwestern ragweed (dmbrosia gsilostachya). (I'hoto- 
graphed by S. C. Brunei*.) 

root infections. Damping-off in  beds out of doors i s  primarily in most cases a 
root rot, either of this type or of the types preceding and following. 

(3)  Late claniping-off illclucles cases of the root-rot type occurring only after 
the seedling stems ha\-e started to become moocly and the cortex has begun to 
shrivel. The damping-ofl' parasites, or a t  least part of them, continue to kill 
seedlings by rotting their roots for some tiine after the steins become too nroocly 
to be decayed. The seedlings affected do not fall over till a conyiderable time 
after death. For convenience, all cases of this sort up  to the purely arbitrary 
age of i~7-o iiionths are  classetl as  damping-off. However, i l l   rather prrnlitting 
of average specd of development the seedliligs arc  u s u a l l ~  able to resist attack 
before they reach this age. Seedlings a t  the lnarginal agp bet~~~ec'n suscepti- 
bility aud nonsusceptibility to Billing infections are fonntl often with the 
younger parts of their roots Billed, but with the older portions ap~aren t ly  able 
to resist invasion by the fungus, recovery taking place by laterals. Dr. 
R. D. Rands and the writrr in 1911 established the ability of seedlings fro111 
43-clay-old beds of Pi.izz&s sij1t.esfrls, P. ba.izl,siu?zc~, P. ?zigrn aus tv~nca,  and P. 
qiigra poiretiana to survive such infections, even when more than half of the 
root s p t e m  has beell destroyed, by transpla~iting such root-sick seedlingi: and 
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otnervinrr their continuer1 erov th (fig. 6 ) .  An article recently Sound (25) shows 
that Biiftnel- had rar,ljei ruarle the same sort of cleu~onstration of recovery of 
root-sick conifers. Observations on olive sc~etlli~~gs in  1916 s h o ~ ~ e d  cases of 
partially rotteil roots ~111ich were rrcorering by sending out lateral root 
branchei. 

(4) Top d:~r~iping : The csot>leilons or upper part of the stem a r e  invacled by 
the parasite, so~lletinies hefor' the seedling breaks through the soil. The inlcc- 
tion rnay or may not be fatal. A special case of this type, probably catlsecl by x 
diffe~erit parasite I'l'orn those most co~rinlonly active, i q  that which in a publica- 
tion a l ) o ~ ~ e  rpferre(1 to W : L ~  ( l e~~r i l>e( l  n~ ld  figllre(1 as  "blac1~-top " (68). 'It is 

1 7 1 ~ .  4.-The Beginning of an epidemic in driil-son~n Pinus ban7csinncl. Blaclr crosses (X) 
indicate disease foci where the grrminating seed were apparently lrillccl and from which 
the disease is now spreading to adjaccnt seedlings. (Photographed by Dl.. J. V. 
Hofmann.) 

clistinguishecl fro111 ordinary top clamping by tlie very clarli color of the invaclecl 
tissues nntl i t i  apparent del~cnilence on some unnsu:~l set of clirnatic factors for 
its progl~rss in the st~eflling after infection. 

The killing of dormant seecl by fungi is a matter of some practical 
interest in seecl beds, ancl possibly still more so in forests, as i t  may 
help to explain the failure of certain conifers to reproduce except on 
mineral or certain other special soil types (68). Wit11 sugar beets 
PytJ~iurn debu~~yanwrn (100) is said to attack dormant seed as mell 
as seeds which have sprouted. I t  is to be presunled that with conifers 
some of the damping-off fungi will be found to attack dormant as 
mell as sprouting seed. This matter is now uncler investigation. 



Something is already known about the seed fungi of herbaceous 
plants (76, 91), broad-leaved trees (79, 92)' and juniper (95). 

RELATIVE IMPORTANCE OF THE DIFFERENT TYPFS. 

Of the types of damping-off clescribed in the foregoing pages the 
first two are ordinarily the most important. Late damping-off is 
rarely as serious as the normal type of damping-off. Top clamping is 
only of importance in cases of excessire and' ~ ~ n u s u n J  atmospheric 
moisture, so f a r  as the writer's experience indicates. I n  the Middle 
?Vest i t  has proved relatively insignificant. The three types which 

FIG. 5.-Nearly complete destruction of the seedlings of P$?L~Ls banRsia7~a a t  a n  o n ~ ~ s u a l l y  
early age, a t  Gdrden City, Kans. (Photographed by Dr. J .  V. Hofmaun.) 

occur after the seedlings appear above the soil surface can, of course. 
be evaluated by frequent counts during the damping-off season. This 
has apparently not yet been clone by anyone. Ho-vrrever, in experi- 
ments on clamping-off control by soil disinfection, data have bee11 
obtained on comparative emergence (number of seedlings appearing 
above the soil surface) in treatecl and untreated plats and on the total 
parasitic losses after the seedlings appear ml~ich permit a certain 
amount of analysis of the losses due to damping-off parasites. The 
data from five nurseries bearing on this point are presented in 
Table I. 
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TABLE I.-Re@tirn inmortance of losses bf/ danlpirbg-off 11efol.c and a f t e r  conifer 
seed2ilrrl.s esaeryc f rom ihr: roi l .  

ICast Tawes (Michigan): ......... .............. Pinus Ion.. .I Iiormnl<eh?de ; 1 1 2 . 9  / 45.3 2 1 ..I3 
/{I014 ............ b u l p h u n e a ~ ~ d ,  i 9 . 2  18.0 76.2 3.25 

..... 

Rcsrv (Nebraska sand ltilisj: ' P.U. P.c~. P.U. / ......... Pinus bsnksians. ./ Average 01 9. Suiphiirio acid ! (a) (8,) 37.8 Ir27. 2 

' 

66. 0 r 1.39 ... .......... .......... Average of 2... ..... do S ZS. 1 27.3 55. 4 1.03 
Average o f 3  ........ do .......... 1 7 

29.4 64.1 a . 5 1  .54 

1 Nm. 701 and ~ormeildehydo~ 
1'0r1 Bayard (New Xexicoj: I .......... 

8 12. 6 36.1 48.7 .35 

l'i""~ ~rnderrna and su1phuriea.d ! 
8Q2. 1 0 l 4 5 I I I  1 8  

....... 

Kansas): 
............ .Pillus aietriaoa 

Pinus banksiana ............... 
l'inusponderosa ........ 

cass Lake (northern Mblnr. 
sota): 

.............. piausrcsinosn 

- -  -- ~ -.L - 1 ... .?--L ...... !-l__L 
~ A m o o u ~ ~ t e d  122iqu~refe~I.  b Areacounted, 78squarofeot. 
CIn Pinzls badaiana?rlhc Bessey 1Cnisery, tho loss after emer ence i s  slr htly low and the ratloslightly 

high, becauseof theolwog of count son slew or thnsories haore i a i p i i g - d  ivasentircly over. 

The procedure mas to average the number of seedlings which 
emerged in the control plats in each series and subtract this number 
from the average number emerging (that is, appearing above the 
soil surface) in the treated plats in the same series. The treated 
plats chosen were the ones which allowed the averaging of the 
greatest number of plats treated with the same disinfectant. Only 
those plats were taken in which there was no evidence of injury to 
the seed or seedlings by the disinfectant and in which the mount  
of lrormsl damping-off during the first few days after emergence 
mas so slight as to indicate satisfactory initial control of the parasites 
by the treatment. I n  such plats it was assumed that the germination 
loss was unimportant, and tlre average number of seedlings appear- 
ing on them uvas taken as representing the number of viable seeds per 
plat. The difference between this emergence figure and the average 
emergence in the controls mas taken as indicatin- the extent of para- 

9 
sitic loss before the seedlings appeared, including any destruction 
of dormant seed by parasites which may have occurred as me11 as 
t,he killing of germinating seed. Both this figure and the number 

..... ......... .- 

Arernge o f2  ... 
.......... do 

Average o f7  ... 

........ ............. No. 1061 

........ 
No. 1052 
No. 1053 
No. 1054 ............. 
xm. I057 auil 

1061. 

BBS~S. 
- 

-- 
110s~ ill control ~>la ts .  

col,per sul. 
phat0. . 

Zineehlond ... 
Copper sul- 

phate. 

....-.... 
Formaldehyde 

... do 
Zineehlurid 

(lo ......... 
Heat .......... 

-\'"FSWS 8lld S P C ~ ~ C I .  Series. 

Disinfectanl. 

I 
. ~ 

4 1 3 
8s.o 

80.7 
15.3 

3.8 
25.7 

3 
17 

6 
6 

2 
29 
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12.0 
30.9 

37.2 
36.2 

4 
4 
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26.2 
43.6 
109 
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so. 5 / s 52 

92 7 1 482 

41.0 
01.9 
31.9 
5. 1 

218  

6.- 
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. l o  

.?I 

.22 . 18 
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of seecllings ~vhich succumbed to damping-off after emergence were 
reduced to a percentage based on the indicated number of viable seecls, 
and they are directly compared in  columns G ancl 7 of Table I. At 
three of the nurseries the clata of the same species of pine ancl with 
the same treatment were averaged. 

The clata in Table I do not indicate any regularity either in  the 
extent of loss before emergence, the loss aftcr emergence, or in the 
ratio bet~ireen these 
two values. Fo r  ob- 
vious reasons, no reg- 
ularity is to be ex- 
pected in  any of these 
items. The table is 
of s o m e  i n t e r e s t ,  
however, in confirm- 
ing the evidence of 
the inoculation ex- 
periments, of obser- 
vation of sprouting 
seed dug up in  the 
beds, ancl of the par- 
tial or  complete fail- 
ure of emergence at  
the centers of large 
d a m p i n g - o f f  foci 
(figs. 4,7, and 8) that 
the work of parasites 
before the seecllings 
appear may in some 
cases be of considel*- 
able importance. I t  
is obviously impos- 
sible to make any 
general quantitative 
statement of the se- 
riousness of sncll loss, FIG. 6.-Root sickness in Pinus nigra poiretiana. The two 
in  view of the varia- seedlings a t  the right are  healthy. The three a t  the left 

tion in its extent at have had their taproots decayed to within 1 8  inches 
of the soil surface. All arc  putting out lateral roots from 

different times and the lowcrlllost sound'point. Similarly injured seedlings 

places and of the in- when transplanted lived ancl made satisfactory growth. 

accuracy of any, computations based on the relative emergence 
of hosts as irregular in their germination as tlze conifers are 
lrnown to be. The case is complicated in addition by the fact 
that, despite careful avoidance of treated plats knolvn to have 
suffered chen~ical injury, it is probable that a few seecllings were 
killed before emergence by the disinfectants usecl in  some of the 
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cases. It  may furthermore be that in  other cases the disinfectant had 
a skimulating effect, resulting in  better germination in  the treated 
plats, entirely aside from that  resulting from parasite control. The 
number of disinfectant methocls which concurred i n  giving apparent 
increases in germination, however, makes i t  seem reasonably cer- 
tain that no great part of the increase mas clne to this stimnlation. 

I n  addition to the different disinfectants show11 in the table, mer- 
curic chlorid, heat, hydrochloric acid, nitric acicl, and ammonia all 
apparently resnlted in approximately the same increases of germina- 
tion in tests at  the Bessey Nursery as the sulphuric acid which was 
used as the stanclarcl for comparison in most of the series. Relative 
emergence in treated and untreated plats, as well as clamping-off 

FIG. $-A clean-kllled area In s bcd of Ptftzbs ponderosa, caused by Cortioilrm vagzcm. 
Inside a 12-inch circle a t  the ceiltcr of this "patch " no seedlings appeared. It mill 
be notrd tha t  the meeds as wcll as the pines have been killed mith the exception of 
Sr~lsoTn trcrq~rn. 

loss i ~ f t e ~ .  the seedlings appeared, n-as determined at  two nurseries 
in a~lclition to those given in  the table. The results a t  these nurseries 
in general confirrnecl tliose a t  the five nurseries coverecl by the 
twl2lr in  showir~g lower emergence in the controls. Although i t  is 
impossi1)le to  draw positive conclusions, some idea of the seriousness 
of losses before the appearance of the seedlings above ground can be 
obtained by studying the data in Table I. The fact that such losses 
appear considerable, sometimes esceecling the losses from the damp- 
ing-off that occurs after emergence, is believed to explain the com- 
mon failure to secure satisfactory results from control mea, pures 
taken after the seedlings have come up  and the disease has become 
noticeable. Tt is somewhat intercsting to noCe that the data in the 
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table tend to confirm fielcl obserrations that, as coml~ared \vitl~ other 
species. P i n u s  resinosn is nlore susceptible to the later forills of 
clamping-off than to germination loss. 

Further inclication that the killing at! germinating seed before 
emergence may be importaxit enough to help explain cases of poor 
germination is ohtainecl by an entirely cliEcreut method, as fol lo\~~s : 
At the lJTincl River Experimelit Station of the United States Forest 
Service counts of the seedlings emerging and of those \vhicli later 
died mere macle on a number of untreated plats by forest officers, 
mho kindly permitted the vri ter  to use the data obtained. The 
counts \Irere made separiltely on 10 plats each of noble fir (LlDies 
i~obi l i s )  and silver fir ( A b i e s  c o ~ ~ c o l o r ) .  The plats o f  each species 
hacl been s o m  wit11 cqunl quantities of seed. It appearecl on in- 
spection of the figures that the plats which si lo~~ecl  the poorest erner- 

F ~ ~ .  5.-The area s h o v ~ ~  in figure 7 after t he  ued had been wecaecl drld damping-off had 
practiccllly ceased. (Photographed by S. C Brunrs.) 

gence were also the ones which sufferetl rlle most snl~seclr~eat loss. The 
coefficient of correlation between the nunlbrr of seetllings emerging 
and the percentage of s~tbsequent loss in the same plats was found 
to be -0.4920.16 for the noble fir, ant1 - O.,Snrt_O,lG for the silver 
fir: an average of --0.49iO.12 for the two species, cnnfivn~irig the 
conchrsion clrawn from inspection of the figures. I n  ot1.1er 11-ords, 
poor einergence and heavy subsequent loss were it? general as~ociat~ed. 
The si~nl~lest  expianation of this associ;ttion apl)ears to he to  snppose 
that both poor emergence and snb<eqnent loss were Inrge.ly clue to 
the same cause, namely, the damping-off' 13arttsltes. Ltnoiher possiblr 
explanation of the c2orrelation \vo~llcl be to neglect parilsites RS j ~ n  

portant causes of the poor emergence in certain plats and to snppose 
that the higher subsequent loss in such plats was clue to heat injury, 
the less clcnsr stancls affording less shade to the bases of the seecllings 
conlposillg it. As clampmg-oft' is in gc~iieral so muc.h rrlore irnportanl 
than heat injury as a Cause of cieatli after ernergerlce an11 the dlf 
ference in the degrees ol' sllade between the plats with the denser 



and the plats with the thinner stands must have been very slight, this 
latter explanation has not much to support it. The data are believed 
to constitute further evidence of the importance of parasites in de- 
creasing the percentage of emergence in coniferous seed beds. That 
the effect of parasites on emergence should have been large enough 
in this case to make itself apparent on the face of the figures, despite 
the variations due to other sources, is especially interesting in view 
of the fact that the losses after emergence in these plats were not 
high. 

ECONOMIC IMPORTANCE OF DAMPING-OFF. 

The importaxe of damping-off in coniferous nurseries in Europe 
i s  indicated by frequent reference to the disease in the literature. 
Buttner (25, 26) states that whole beds are frequently destroyed by 
it. Baudisch (9) speaks of the death of entire stands in many 
nurseries as the result of damping-off. I n  the United States Spauld- 
ing (137) considers damping-off a serious obstacle in forestation 
operations. Clinton (28, p. 348-349) reports serious damage to 
conifers in Yew England nurseries. The writer has found the dis- 
ease especially prevalent in nurseries in Kebraska and Iiansas, a some- 
what unexpected situation in view of the relatively dry conditions 
prevailing there. A correspondent has reported heavy loss in seed 
beds in Texas. 

The economic importance of the disease in conifers is due in part 
to the rather heavy average losses experienced at many nurseries 
and in part to the irregular character of the losses. I n  one season 
losses may be negligible, while the next season the beds of certain 
species may be practically wiped out. Even without this element of 
uncertainty the losses experienced are expensive, because of the high 
cost of coniferous seed. The seed of some species costs from $3 to 
$5 a pound and seldom shows a germination of more than 60 per 
cent under nursery conditions. A loss of half of this 60 per cent from 
parasites, both before and after the seedlings break through the soil, 
is therefore a matter which deserves attention. The figures in 
column 8 of Table I, obtained by adding together those in coluinns 
6 and 7, show that the loss is frequently higher than this. A t  
the nurseries a t  which control experiments have been conducted, the 
percentage of the seedlings in untreated beds which have been found 
by actual count damped-off after emergence is frequently more than 
50 per cent, in addition to the considerable but less accurately de- 
terminable loss indicated by the foregoing data as being caused by 
the parasites before the seedlings appear. 

It has been suggested by foresters and others that the net economic 
damage from damping-off is not as great as is indicated by the loss 
of seed and seedlings which i t  may cause. The argument is ad- 
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vanced that  damping-off may be a valuable selective agent in nursery- 
grown stock for forest planting, eliminating the weaker individuals 
and thus insuring the vigor of the trees which go into the forest 
plantation. This is a possibility which must be considered. It is by 
no means certain: however, that  escape from damping-off is correlated 
~ i t h  permanently ..superior vigor. It is belielrecl that temperature, 
moistnre, and other environmental factors, which as yet are very im- 
perfectly analyzed, together wit11 the age of the seedlings and the 
presence or absence of virulent strains of the parasites, are much 
more important factors than inherent differences in individual re- 
sistance in determining whether or not seedlings are destroyed. Evi- 
dence from inocnlation experiments and from field observation, sup- 
ported by clata of the sort presented i n  Table I, inclicate that damp- 
ing-off ordinarily does a considerable part of its damage by killing 
the sprouting seed before emergence from the soil, while the graphs 
in figure 9 show thatof the loss which occurs after emergence in un- 
treated beds a large part occurs very early in the life of the seedlings. 
Observiition of the clean sweeps mhich the disease commonly rnakcs 
in the immediate neighborhoocl of infection foci (figs. 3, 4, and 5) 
indicates that  either before o r  jnst after the seedlings break through 
the soil none of them hnve any consiclerable resistance to the really 
virulent strains of the parasites, vhich are believed to  be the ones 
responsible for the major share of the damping-off. 

Even if there sl~onlcl be f o ~ ~ n d  to be an appreciable selective value 
in damping-off, this would not be a valid argument against control 
by seed-bed disinfection for the following reason: The graphs show- 
ing  the course of clamping-off in treated plats in figure 9, together 
with the clecicled differ~nces i n  germination between treated and un- 
treated plats, indicate t l ~ a t  the very early clamping-off is more com- 
pletely controlled by disinfectants than the later clamping-off. This 
early clamping-off which the '  treatments so largely prevent is the 
part of the loss which has the least possibility of selective value. 
The later clamping-off is rarely controlled at all thoroughly by clisin- 
fectants. As s h o ~ ~ n  by the p a p h s ,  i t  is often even heavier on the 
treated th i~n on the untreated soil. I t  is the part of the loss mhich 
is most likely to have selective effect. B t  this stage beds are' not 
taken clean, as ei~rlier; only seedlings ~vhich are belon* normal re- 
sistance succumb. The damping-off in disinfected beds seems there- 
fore a t  least as likely to have true selective value as that which 
occurs in untreated beds. 

The only way in which the effed of damping-off as a selective 
agent can be positively determined will be to compare through sev- 
eral subsequent years the growth rate, or survival after transplant- 
ing, of trees from beds which suffer seriously from damping-off 
w i th the  growth of trees from the same lot of seed in seed beds in 
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which the disease is either accidentally absent or is artifically con- 
trolled. Such an experiment is within the silvical rather than the 
pathological investigatiae field. I f  i t  be found that there.is some 
selective value in the action of the disease and that it is greater in 
untreated than in treated beds, it ~vould still seem that a much more 
desirable and dependable selection could be obtained by discarding 
weak plants at the time of transplanting than by letting damping- 
off run uncontrolled in the seed beds. Damping-off is so~netimes 
negligible and sometimes destroys practically all the seedlings in a 
given areaj in neither of which cases can it have ally material selective 
value. 

RELATIVE SUSCEPTIBILITY OF DIFFERENT CONIFERS. 

Biittner ( 2 5 )  writing of European conditions, states that exotic 
conifers are especially subject to damping-off. He includes fir, 
spruce, pines, larches, and cypress in this statement. He mentions 
the same subject in a later paper (26). Neger and Buttner (94) give 
a long list of different species of conifers from various parts of the 
world with statements as to their susceptibility to damping-off. 
Beissner (11, p. 65&657), Neger (93), Clinton (28) ,  Bates and 
Pierce (7), Boerker (13), and Tillotson (139, p. 69) have all given 
information on the susceptibility of different conifers. The data re- ! 

ported by Tillotson are drawn from reports by various officers of the 
United States Forest Service which he has compiled. While it is 
probable that the nurserymen who are responsible for most of his 

! 
records have not observed the disease as closely as Neger and Biittner, I 
the fact that their observations are mostly based on repcated seasons' 
work with large-scale seed beds of the species they report on makes 
their observations in some respects more reliable than the other pub- 
lished data. Neger and Buttner presumably worked in  most cases 
with small beds of the various conifers on which they report, and the 
variations which they attribute to differences in specific resistance 
might easily in such case be largely due to accidental variation. The 
error which nurserymen are most likely to make in their notes on 
susceptibility is to underestimate the loss, especially for the small- 
seeded species. The seedlings of small-seeded conifers decay and 
shrivel so quickly after they fall that in taking notes a t  any one time 
only a small proportion of the total loss is visible. 3-requent counts 
of dead seedlings are the only way by \vhich the loss after germina- 
tion in such species can be properly appreciated. 

The data given by the authors mentioned in the foregoing para- 
graph, together with unpublished data obtained by personal observa- 
tion or from commercial and other nurserymen in the United States, 
are summarized in Table I?, the source of each report being sl1ow11 
by letters signifying the authority. The unpublished data on two 
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nurseries in  Illinois and Minnesota were obtained from the nursery- 
men by  Mr. R. G. Pierce and are indicated by the initial " P." In- 
formation obtained directly from the nurserymen by the writer is in- 
dicated by " N." For  nurseries where the statements are based on 
the writer's personal observation rather than on the authority of the 
nurserymen, his own initial (" H ") is giren. Most of the writer's 
own estimates of relative susceptibility are based on a comparison 
of cleti~iled counts of the dampecl-off seedlings in  a large number of 
untreated plats a t  different times, as well as on observation. The 
nurseries on which Tillotson reported mere all west of the iYlissonri 
River, most of them being in the mountain region. The reports in- 
clicatecl by '' H " and " S " were mostly from nurseries east of the 
Rocky &Iountains. I n  cases in rrhich the data permit it, the species 
are classified as most susceptible, intermediate, least susceptible, or 
immune. I n  a n ~ ~ n i b e r  of cascs, however, it is only possible to classify 
them as "more " or "less" si~sceptible. 

TABLE 11.-Itelnfi'ce azraceptiOility fo dontpiny-off of dif fevnt t  conifer sl,ecies. 
IFiiuresin p~renthesos in this t.~blc indicate the number of nurseries from w h ~ h  tho susceptibility noted 

has bccnreportod by thoabscri'er to whom the preeodingluttnr refers.] 

Host species.~ 

Bu Nb. ~ d .  

Nb. 

Nb. 

Nb. 

Pmarr&Z (.Lbiotoideuc): i 
Abies spp .................................... ' ' I ) .  ................... I 
Abios balsamoa .................................. 
Abies ccph~l~nic?.. .................................. 
Abies eoncolor.. .......................................................... 
Abim nobiiia ............................................ 
Abies norrimmia.m. ............................................... 
Abirs picon (A .  pe~tinnta) ........................................... 

.. .............. Abiessaeehalinonsls(?) 1 
Abies ribiiiea .................................. 
Abies reitchit.. ......................... - 1 . .  
Cedrusdcodaru .......................... .,. 
Larir e u r o p a ~ .  ...................................................... 
Larix loptolopis.. ........................................................... 
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......................................... Pieeasjonensis S o  S b  , ... ....... , 
............... . Pieea earadensis. ............................ Nb P.. N 

Picea engclmnmi.. .................................... T (2). ........... 

............ 
........I... ......... 

......... Nb.. .... 
..'... ......... 

................ 1 ............ I ........... y::: :. 
.... Nb I:::::::::::: 

................................... 
.................. -1.. 

.............. .'. ........... 
.... ...... Nb Y (2) 1. :. ......... ' 

.............. 1 T ......... ! 
.... 

Nb . . . . . . . . . .  1 :: 1::. .... 

......,........ 
Nb 

........................ 
............... 
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........... 
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T.. 
....... 



DAlMFING-OFF IN FOREST NURSICRIES. 2 1 

Tnsl.ii 11.-Relative svsceptihility to damning-off o f  diifermrt cril~iie?' 
species--Continue& 

-- ~ ~~ 

I 
I Roporls of rolalivo susceplibilily. 

The fact most evident in Table I1 is the extreme variation hrtmeen 
reports, not only on closely related species but even on the same 
species. While it is, of course, possible that the obvious lack of a 
definite basis and method of comparison in most of the reports is 
responsible for most of this variation, i t  seems to the writer more 
probable that different species do actually vary in their relative sus- 
ceptibility to dampin,rr-off in different localities. 'In the first p l a c ~ ,  

Nost spsoies. 
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Not 
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ZPi. 
U t  I SI1'. 

s,!;m;6. l%Pi. 

Inter. 1 More ~ 1 2 s -  

~ z d i -  ~~~~~~~ 
average. 

Most 
suscep- 
tible. -- 



I 22 BULLETIN 934, U. S. DEPARTMENT OF AGRICULTURE. 

the conditions which' might increase residance of one host might 
very easily decrease its resistance for a host with different environ- 
mental requirements. To illustrate by an extreme example, the 
pirion (Pinus edulis) of the arid or semiarid region might remain 
resistant in soils in  which Picea engelmanmi of the high mountain- 
stream bottoms or Piceu mm'ana  of the northern swamps might be 
low in vigor and easily attacked. I n  the second place, it is to be 
expeded that  species with a certain order of relative susceptibility to 
the parasites which predominate at  one nursery may exhibit a very 
different order of susceptibility to the different combination of para- 
sites which might be prex~alent in another locality. 

The only individual species on which there are a sufficient number 
of reports and a sufficient agreement between the reports are the two 
common western spruces, Piceu pungens and P. engelmanni, which 
(at least as compared with Pieen ezcelst~) seem rather susceptible, 
and Pinus ponderosa, which (as compared with most of the other 
species of the Abietoideze) is to be regarded as generally more re- 
sistant than the average. Within each of the larger genera of this 
group it seems evident that susceptibility is extremely varied and 
that no statement as to the relative susceptibility of the wenera thern- 

a. 
selves ciln therefore be macle. The only group generalization tlvat 
is perhaps permissible is derived from the consideration of the 
Cupressoidez. I n  this group, out of 23 reports, 16 are in  the "not  
susceptible" or "least susceptible" columns and only one indicates 
more than intermediate susceptibility. Of 163 reports pertaining 
to the Abietoideze, only 26 place them in the "not susceptible" or 
"least susceptible" columns and 63 in the classes of more than inter- 
mediate susceptibility. The general feeling among nurserymen 
seems to be that serious damping-off need not be feared among the 
cedars and their relatives. The data at  hand tend to justify this 
confidence. 

CONTROL OF DAMPING-OFF. 

Early efforts to prevent damping-off were chiefly directed to the 
avoidance of excessive moisture in either the air or soil. h means 
to this end, which has been observed more or less by nurserymen for 
many years, both in the United States and elsewhere, is the applica- 
tion of small quantities of dry sand to the seed beds after thc disease 
becomes noticeable (18, p. 188; 83). This is sometimes applied hot 
(101, p. 4 3 4 4 ;  145), though even this procedure does not result in 
very great advantage. Surfacing wlth hot sand can not always be 
counted on to give any measurable advantage over untreated beds (67, 
p. 3) .  The use of sand ( 2 5 )  or sterile subsoil (101) instead of ordi- 
nary soil in covering seed at  the time of sowing has been advisecl. 
Johnson (82) did not secure satisfactory results with sand in tobacco 
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beds. Malting the upper part of the bed to a depth of several inclies of 
recently dug subsoil appeared eff'ectire in a single test hy Spaulding 
(137) and at four 11nrseries.hy cool>erators of the writer in later 
tests, the results of which will be published elsewhere. The procedure 
is unfortunately rather expensive in large-scale work and under some 
conditions at least undesirable because of the poor s~ibsequent growtli 
on such soil. Excessive vegetable matter (45), imperfectly rotted 
manure (67), or green manures recently plowed under ( 4 3 )  have all 
been advised against as likely to favor the disease.' The experience 
reported with conifers (67, 139) indicates that damping-off can he 
to a certain extent decreased by broadcast sowing as compared with 
sowing in drills. The usual recommendation of thin sowing to avoid 
the seed-bed disease of other plants has also been made for conifers 
(67). Transplanting healthy seedlings from infected beds into new 
soil is recommended as a means of saving them from attack (11, 145). 
The writer's tests of transplanting at a Nebraska nursery gave no 
promise of economic value as a control method, although he is  in- 
formed that i t  mas successfully employed in a nursery in New Mex- 
ico. The time of sowing appears to have a relation to the amount of 
disease at some nurseries, hut conditions in this regard evidently 
differ in &fierent localities, so that the best time to sow from the 
standpoint of avoiding damping-off must be determined separately 
by repeated tests at each nursery. For example, observations both 
by the nurserymen and 'the writer during several seasons t ~ t  the 
Bessey Nursery, in Nebraska, indicate that-fall sowing is an ex- 
cellent means of decreasing loss from damping-off in  a t  least one 
pine species, and Retan (110) reports the same thing for a nursery in 
Pennsylvania, while a t  two liansas nurseries and a t  nurseries mm- 
tioned by Tillotson (139) fall-sown beds suffer more than those 
sown in the spring. I 

Treatment of the seed with mercuric chlorid (25) or with copper 
sulphate (122) has been recommended. While it has been demon- I 

strated (38) that a proper heat treatment of the seed will greatly 
decrease the damping-off in sugar-beet seedlings, this is explained 
by the fact that one of the most important parasites of the sugar 
beet is systemic and often present in the seed. There is no reason 
to believe that seed-carried infection is of any importance in  conif- 
erous seed beds. The only advantage that could reasonably be 
expected from a seed treatment of conifers would be that which 
would come from the prevention of seed decay in  the soil before 
germination starts, and this protection could be expected t o  be ef- 
fective only if a relatively insoluble disinfectant, snch as Bordeaux 
mixture, was used. 

Soil treatment is the most direct and probably the most profitable 
method of attack on tho disease. It is especiall~ easy, for tobacco 
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seedlings (82) as well as for pines, to prevent by .soil clisinfection 
losses before the seedlings appear above the ground. Heat disinfec- 
tion of seed beds has been freyuently mentioned. Burning wood 
or litter on the surface of the beds before solving, said by Gilbert (47, 
p. 36) to be a common procedure in preparing tobacco seed beds both 
in Italy and in parts of this country, has been recommended for 
coniferous seed beds by Biittner (25). The disadvantageous results 
sometimes noticed following the application of mood ashes to pine 
seed beds may prove an objection to this type of treatment in some 
of the nurseries. A t  a Nebraska nursery (67) moist heat proved only 
partly satisfactory, unavoidable reinfection having serious results. 
Steam disinfection, using the inverted-pan method commonly advo- 
cated for tobacco seedlings (10, 47, 81), has been reported by Scott 
(123) as successful at a nursery in Kansas. Gifford (46) found 
steaming with the inverted pan only partly satisfactory. I t  is not 
believed that it  is likely to pay to install the necessary apparatus for 
steam disinfection at  nurseries in nonagricultural districts lvhere 
steam tractors are not available for temporary use. The hot-water 
soil treatment as used by Byars and Gilbert (27) is probably worth 
a trial at any nursery where damping-off is serious and fuel cbeap. 
It may be that in some localities  here steam or hot-water treatment 
of the soil is not sufficiently effective, its.efficiency can be increased 
by reinoculating the soil immediately after treatment with sapro- 
phytic molds and bacteria to provide maximum competition for 
parasites which come in from the outside. Tests of this procedure 
will be described later in the present bulletin. The value of char- 
coal has been emphasized by Retan (109, 110). 

Chemical disinfection of the soil has also been employed. Sulphur 
bas long been in  w e  as a soil treatment against the damping-off of 
various plants (45, 111) in addition to its use in combating potato 
scab and onion smut. It mas tested on conifers by Spaulding (136, 
137) in the form of light surface applications to the beds after ger- 
mination, but without decisive result. I n  later cooperative tests pow- 
derecl sulphur raked into the soil before the sowing of the seed failed 
to  indicate any large measure of value. Very finely divided forms 
of sulphur in various amounts and times of application are prob- 
ably worth some further test. 

M6ller (90) and Sherhaltoff (128) have reported the successful us2 
of copper sulphate in combating attacks of Corticium on dicotyle- 
dons. I n  Johnson's experiments on tobacco seedlings (82, t,able 
3) copper salts and Bordeaux mixture nere the only chemicals for 
which any value mas indicated. Sherbakoff apparently used copper 
sulphate and other strong disinfectants chiefly to stop the extension 
of vigoronsly spreading clamping-off foci by local treatment rather 
than :IS a general treatment for use over the beds. Snch treatment 
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would presumably kill a11 seedlings on the area treated, but \\rould, 
of course, be of mnsiderable value in stopping at the outset such 
mycelia as those which cansed the damped-off area in figure 7. The 
procedure \vould be of practical value only in cases in which damp- 
ing-off was chiefly limited to.a few large patches of this sort, a rather 
rare condition in conifers. 

Copper sulphate solutions have been used on pine seed beds a t  the 
time of sowing with considerable success at some nurseries (65, 67). 
Except in a nursery in which the soil contained carbonates, it has 
proved rather difficult to prevent' i n j u q  to the pines. The trial of 
some such combination of copper sulphate and lime as was used 
by Spaulding (136) on the surface of pine beds before sowing, which 
apparently prevented the damping-off of lettuce in some unpub- 
lished pot experiments of Mr. J. F. Breazeale, is considered desir- 
able. Treating seed beds with ordinary Bordeaux mixture has also 
been recommended. Horne (78) secured especially good results 
against Cortieiunz ougum in tobacco seed beds by heavy applications 
of Bordeaux mixture, and Schramm (122) a,nd Clinton (28) have 
obtained indications of its value as 's  spray in preventing the damp- 
ing-off of conifers. It is probably worth further tests in various 
amounts of application. I n  tests conducted by the writer in 1912 
and still unpublished, some advantage was indicated for Bordeaux 
mixture as a surface treatment after soil disinfection with acid. 
Zinc chlorid as a soil disinfectant has also been found valuable in a 
number of cases (65,67), but it is more expensive and apparently less 
dependable than copper sulphate. 

Formaldehyde and sulpburic acid have been tested more fre- 
quently than other disinfectants. The use of sulphuric acid on 
coniferous seed beds was originated by Spaulding (136). The first 
intensive experiments with this acid were reported by the writer (63). 
The first experiments with formaldehyde on conifers seem to have 
been in the early greenhouse tests of Spaulding (137), repeated in 
forkst nurseries in 1907 by Jones (83) and Spaulding (136). Most 
of the experiments with these two substances have already been sum- 
marized (67). A report not mentioned in this summary is that of 
Schaaf (119, p. 88), who obtained favorable results mith the acid. 
The great trouble with formaldehyde is its tendency to kill dormant 
seed. The length of time which must be allowed to elapse between 
treatment and sowing in order to avoid this killing varies with con- 
ditions. Formaldehyde is more expensive than acid and seems on 
the ~vhole to hare been less effective in disease control. Acid, on the 
other hand (applied just after the seed is sown, which is foundto be 
thobest time), on a few soils has caused injury to radicles, which it was 
s t  first thought could be prevented only by very frequent watering 
during the germination period; while in a few mses, when cold - 
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weather resulted in a long germination period, it  has killed or in- 
hibited the germination of some of the clormant seed. 911 injury 
can be prevented by treatment a few days before sowing, folloived 
by the addition of lime just before sowing, but lime used in this 
way has apparently destroyed a considerable par t  of the value of the 
acid treatment against the disease. Further consideration of the 
data on which earlier papers (63, 67) were based indicates that the 
apparent need for frequent watering during the germination period, 
which was required a t  a few of the nurseries where the first tests of 
acid treatment mere made, as well as practically all of the germina- 
tion reduction, mas due to the use of unnecessarily large applications 
of acid and that the trouble can be eliminated by determining by 
test the minimum quantity of acid which will be reasonably effective 
in each locality. I f  this can be done it  should establish the acid 
treatment as the most profitable for general use of any of the 
methods of damping-off control which have so f a r  been extensively 
tested. 

In  view of the various parasites which may cause damping-off at 
different times and places ancl which vary greatly both in their 
means of dissemination and in their physiological qualities, it is not 
believed that any single disinfecLant mill be f o ~ ~ n d  entirely satisfac- 
tory a t  all nurseries. It is also unfortunately true that no one 
strength of treatment can be recommended for all nurseries. The 
quantity of acid to be used at  any specified nursery will have to be 
determined by test at  that nursery. A single test, no matter how 
well conducted, is not sufficient to serve as a basis for conclusions. 
However, a number of small-scale tests, made at  different times and 
in different parts of the seed-bed area, should determine the best 
treatment for any particular nursery with a reasonable degree of 
certainty and with very little work. If the plats are equal in size 
and receive equal quantities of seed, all the nurseryman needs to do 
to determine the value of the treatments is to count the number of 
living seedlings on the different plats at  the end of the season. The 
decrease in the number of as a result of the use of acid is 
itself sufficient at a number of nurseries to pay the entire cost of the 
treatment. Detailed methods of application have already been pub- 
lished (67). The differing proportions of acid between which the 
best treatment \rill ordinarily he found to lie are 2 and 7 c. c. (one- 
sixteenth and one-fourth of a fluid ounce) of the concentrated com- 
mercial acid-per square foot of seed bed; applied jusk after the seed is 
sown and covered. I t  should be clissolved in 500 to  1,000 c. c. (1 to 2 
pints) of water per square foot of bed before applying. The drier 
the soil before treatment, the more water should be used in dissolving 
the acid. 

S o  treatment applied after germination hegins can have the maxi- 
mum valne in controlling the disease, because the damping-off para- 
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sites frequently, i f  not usually, do part of t l~e i r  work before tlie seed- 
lii~gs appea,r above the soil. I~urthermore, any treatment at all effect- 
ive against the disease is almost certain to hurt the seedlings if applied 
after the seed starts to sprout. 

Both the acid and c~pper~sulphate treatments which have been 
found useful in pine seed beds are of very doubtful value for most. 
hosts other than conifers, as the anwiosperms on which observations 

? 
have so far been made are.too easllg injured by the disinfectants. 
The weeds in the nurseries have been injured or entirely kept from 
appearing by treatments which caused no injury to the pines. 

CAUSAL FUNGI. 

CORTlCiUM VAGUM. 

Occurrence and parasitisn~.-In a recent publication (68) Corti- 
c k m  magum B. and C. (C. uagu7n sola7t.i Burt, nypochnus solani 
Pril. et Del., the common damping-off Rhizoctonia) has been reported 
on a number of conifers. Inoculation, reisolation, and reinocnlation 
dn pine have established its parisitism on this host beyond a, reason- 
able doubt, tllough in these inoculations, as in most, if not all, the 
work which has been done with the fungus on angiospermous hosts, 
the cultures employed have been from plantings of diseased tissue 
instead of from single spores. T11e inoculation experiments have 
confirmed the field observations indicating that this fungus is fully 
as able to cause loss by destroying germinating seed below the soil 
surface as to cause damping-off of the better known type after the 
seedlings appear above the soil surface. 

An extensive list of angiosperms on which the fungus has been 
reported is given by Peltier (98). Cross-inoculations between the 
pines (68), on the one hand, and potato (40) and sugar beet (38) 
have shown the same strains to be parasitic on both conifers and 
angiosperms and established the physiological as well as the morpho- 
logical identity of the fungus attacking pines with the common 
Corticium uagzvm. Now that Duggar (34) has offered strong, 
thougll not yet entirely conclusir~e, evidence of the identity of C. 
vagum with the European "vermehrungspilz" (the Mo'oniliopsis 

! acJer?~oldii of Ruhland; 115) it is to be presumed that it is 
a cause of damping-off of conifers in Europe as well as i n  Amer- 
ica, though 'no reports of it on conifers have been so far  en- 
countered in European literature. The Rhizoctonia reported by 
Somerville (132) on Pinus sylvestris and the Rhiaoctonia strobi de- 
scribed b ~ ,  Scholz (121) as killing young Pinus stro7ius were both 
on trees more than 4 years old, so that they had no relation to damp- 
ing-off. Furthermore, the first of these was apparently the old 

I I21~i~octomin violmea, non. kn'own as R. crocoiugn (R. o,iedacnginiq), 

I a fungus entirely distinct from Corticium vagun~., probably belong- 
I 
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ing to an altogether different group of fungi and not known to cause 
damping-off of any host. Rhiaoctoniu strobi is not' sufficiently de- 
scribed to allow determination of its identity. 
Variations in vir"u2ence.-In the inbculations earlier reported on 

conifers, different strains of Co~ticium vagwm were said to vary 
greatly in virulence (68). Further examination of the data on 
which this statement was based yields confirmatory evidence. Par t  
of this evidence is shown graphically in figures 1, 2, and 10. The 
experiments on which these graphs mere based involved at the time of 
seecl. sowing the addition to the soil of apparently pure cultures of 
C. vagzum. Throughout each experiment the different units receivd 

Frc. 10.-Diagram showing the relative aetiuity of different strains of Corticiun vagum, 
as iniiicnted by the number of seedlinss appearing in inoculated pots. Explanation uf 
symbols : 0 =Strain 147, from spruce seedlings, Washington, D. C., 1910 ; iJ =strain 
213, from sugar beet seedlings, Washington, D. C., 1911 ; .=strain 230, from Elaeagnus 
Sp., I~B~SBS, 1913; O =strain 233, from the same lesion 8s  strain 230. Strains re- 
isolated from these, tho results of which appear in experiments Nos. 7 1  and 72, aro 
indicated by the same signs as the origlnal strains used in the inoeuintionr from which 
they were taken. The original strains in experiments Sos. 71 and 72  are indicated 
by arhlws. 

equal quantities of seed, and the culture substratum used in inoculat- 
ing was the same for all strains. Experiments 36, 48,47, 49, and 51 
mere conducted on plats in out-of-door drill-sown beds, experiment 
36 on an alkaline soil, all of which had been heated in a moist con- 
dition a t  a temperature of not less than 80' C. for not less than 10 
minutes,2 and experiments 45, 47, 49, and 51 on a sand which had 

T h i s  tempemture is  probably high enem to eliminnte damping;off o r~an i sms .  Tcsts 
by Jk. Theorlore C. Merrili indicate tha t  the t h r ~ e  most virulent parasites so far 
worked with are killed by nlaeing asar tube cultures for 10-minute periods in water a t  
the following temperatures: Putirit~m dehariianum, 06- C.: Coriioilcm oagum, 50' C .  for 
mycelium and  60" C. for  selerolia; 3'usorilim monilifomc, 70" C .  Both the mthlurn 
and Busarium mltures  contained snores. m e  Dossim1it.v of the survival of nosnnres ~ ~ .~~~ 
which would no t  be capable of germination for several months was apparently eliminated 
by the writer, who retained Dr. &Ierrill's h a t e d  Pythium tubes and made final transfers 
from them 7: months after h e a t i n ,  still without securing growth. Plenty of typical 
oolpo~.e-es were present in the part of the  heated culttire from rvhieh transfers were 
made. 
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been treated with sulphuric acid follo\i~ed later by lime. The other 
experiments included in  the graphs mere on autoclaved sandy loams 
in pots in the greenhouse. In these graphs are included all of the 
results in which the same groups of strains were used repeatedly in 
different esperiments. I n  figure 1: the values plotted for experi- 
ments 36,49, and 51 are for  the number of seedlings which appeared 
above ground, the heavy inoculations and favorable conditions for 
damping-off in these experiments being such that even rreali strains 
caused heavy losses and the survivals therefore do not give differ- 
ential results. Comparison of the survival data in the other experi- 
ments in figure 1 with the emergence data for the same stsains.in 
that figure and in figure 10 indicates that  the strains best able to 
reduce survival are also the ones best able to reduce emergence. 

While tlie data presented i'n the graphs are not entirely consistent, 
it  is very evident from them that strains 147, 213, and in a lesser 
degree.206 \Tere regnlarly more virulent than   no st of the strains in 
tests conducted several years apart on different species of Pinus. 
I t  is also evident that certain strains of 186 and 189 which appear 
in figure 2 are quite regularly of low or doubtful virulence. Strains 50, 
183, 192,211, 212,230, and 238,  hose virulence is apparently inter- 
mediate, show a greater variability. In experiments 36, 45, 47, 49, 
and 5l> in 1i41ich conditions especially favor parasitism, they may 
cause practically as serious .loss a s  the regularly virnlent strains, the 
best differential results being shown in experiments in which the 
disease is less favored. The apparent variation in the relative viru- 
lence of such strains in  different experiments may, of course, mean tha t  
their virulence is differently affected by different conditions. It 
seems rather more probable that the variation in relative activity is 
to be classed as accidental variation, necessarily great with small 
units which are subject to numerous uncontrollable variables. It 
seems entirelypossible, holvever, that part of tlie observed differences 
in relative activity may be due to differences, not in virulence, but in 
the ability of the different strains to maintain themselves saprophyt- 
ically in different soils during the period betmeen inoculation and 
the commencement of germination. For example, strains 230 and 
233 came from a nursery in southwestern Kansas in which the soil- 
acidity exponent, as determined by Dr. L. J. Gillespie, of the United 
States Bureau of Plant Industry, is 8.4. It seems entirely possible 
that these strains, rather strongly parasitic in some of the experi- 
ments, including an esperiment on the soil from which they were 
taken, might prove less able than strains from some other habitats 
to maintain themselves on some of the eastern soils nsed in the green- 

i liouse tests. The source of strains 230 and 233 was f i~rthnr~nore a 

I locality where high soil temperatures are to be expected. The f a d  
I 
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that experiments 71 and 72, i~ lwhich  they showecl the least virulence, 
mere conducted in a colder greenhouse than any of the other tests 
iriay have had something to do with the lower activity indicated for 
these stmins. Variation in the temperature requirements of different 
strains in accordance with the temperature of the source locality has 
already been demonstrated by Edgerton (35) for one of the anthrac- 
noses. It is hoped later to determine the temperature ancl acidity 
preferences of these two strains as compared with the others used. 
It should be noted that the consistently veak strain No. 189 (fig. 2), 
was abnormal in habit, lighter brown, and produced fewer sclerotia 
than typical strains. The other strains appearing in the graphs 
showed no conspicuous morphological or cultural differences that 
were identical. The only other strain which mas noticeably abnormal 
in culture mas one from pine seedli,ngs.in Kansas, intermediate in 
habit and color between No. 189 and the typical strains and inclicat- 
ing little more virulence than No. 189 in the fern experiments in 
which it was nsed. It does not appear in figures 1 and 2, bnt mas 
included in the experiments reported in the following paragraph. 
Peltier .(99) believes low sclerotircm-formino capacity to be a sign P 
of degeneration and low vinllence.; the writer's experience agrees 
with his as to virulence, but these two strains shoved no other evi- 
dence of lack of vigor. 

As a further checlr on the reality of the apparent differences in 
vinllence between different strains, all of the original strains avail- 
able at  the time, ix total of 29, were used in the practically duplicate 
experiments 71 and 72 and the relative sur~rivals of the same strains 
in  the two series mathenlatically and graphically compared (fig. 11). 
The very decided correlation between the two experiments indicated 
by the graph has a coefficient of 0.813*0.042, nineteen times its 

3The correlation eorflieient, a w r y  useful thing for many kinds of biolofieal work, 
whieh unfortunately has reeeivtd littlr attention from plant pathologists, is explained 
I,? secrist (124, p. 43 e t  scq.) itnd the process of eomp~~tat ion described (124, p. 453467) .  
A shorter mrthod of eorrputation i s  given i,y 1:. 1)avenport (30. p. 463-467) ; the  
example h r  gives i s  of n series with a large number of varieties, in whieh the correlation 
table is employed. 1)a~enport ' s  methcd is. howeicr, just as useful in  such a ease as 
this, in whieh the llnmber of varieties i s  too small to make the formal tnille advantageonk. 
In such n caw the  eompotution should be arranged as by Seerist (124, p. 46&461), but 
t h e  pessnl ra ther  than  tho true mPhn nsed m d  Daumport's formula omglo?rll. If the, 
~oemeicnt  is ti, thn r o l ~ e l a t i o l ~  i s  perfcct; if i t  ia 0 there is no eorrclntion, and i f  
-1, perfect negativc correlation. The signilicenee of a eoeffieirnt less than 1 is judged 
from i t s  relation t o  its probable error. Killg (X4), in iirl i.xeclicnt diseursion of c o r ~  
relation, give's lvlcs  for jodging the degree of sipifiennce of tho coefficient. Tho 
correlation coefficient has i t s  greatest potential usefulness in examining apparent causal 
~clations. I t  i s  SOUP& in eonneetion with the relation betwerm thehydrogm-ion csponcnt 
and damping-off in considering figuic 12 of thc present bulletin. Interexperimental, 
or, as E a r i s  calls them, " intaannrrai"  eorrelation coefficients of the sort used for  
these Cortieium strains  have heen usrd by Korton (96, P. 51) inmeasuring the constancy 
of rust resistance of aspamstis stmins, hy IIarrir (.%I in demonstrating the eoastaney 
of differences in various eh;u.aeters b e t w ~ e n  strains or individuals, and the7 appear t o  
be useful for this purpose in t h e  present ease. 



DAMPING-OFF IE ~CIRLW NUIISEBIES. 31 

probable error. Peltier's results permit similar correlations for the 
18 strains common to his experiments 1 and 1A on carnation cuttings 
and for the 22 strains common to experiment 1 on cuttings and ex- 
periment 2 on seedlings. The coefficients found are decidedly lower 
than those obtained from the experiments on pine, 0.51&0.117 for 
the experiments on cuttings and 0.36&0.124 for the comparison 
of the results on cuttings with the results on seedlings: but neverthe- 
less indicate some interexperimental correlation for the same strains 
and therefore inherent differences in parasitic ability between the dif- 
ferent strains. 

PIG. 11.-Diagram showing tho eollipaintive virulence of 29 strains of Cortlcitmb saucmt 
in two successive inoculation experiments on Pimus rcsiliosa. The results in experiment 
So. 71 are Shown by the solid line, the strains being arranged fro>" left to r ight  in  thc 
order of descending virulence indicated bg the  number of seedlings surviving in th i s  
experiment. The results from the  use of tho same 8trainr;in experiment No. 72 are 
shown by the broken line. The o b ~ i o u s  correlation between tho two eurres (coefficient 
0.81i0.04) indicates a real difference in virulence between the different strains. The 
strains indicated by the underscored numbers arc original straius and those no t  under- 
scored reisolations from the original strains in oarlier inoculation experiments on pine 
seedlings. 

I n  the work on pine seedlings, with the 'possible exception of 
strains 230 and 233, there was no evidence of attenuation in arti- 
ficial culture. Strains 147 and 213, isolated in '1910 and 1911, re- 
spectively, seemed as strongly parasitic in experiments 71 and 72 
(1917 and 1918) as any of the five strains isolated in l O l G  or  the six 
strains isolated in 1015. 

Of the 20 strains above mentioned, three pairs mere isolated under 
such conditions and showed such later agreement in perfo~mance as to 
indicate their individual identity. For the purposes of considera- 
tionin the following paragraph, the one of these prol,ably duplicate 
strains which happens to have the higher number was eliminated from 
each pair. The survival figures in pots inoculated vith the 17 strains 



remaining, giving the mean of the results in experiments 71 and 72, 
are shown graphically in  figure 13, together with the results of some 
of Peltier's experinlei~ts i11 which other strains were used. Per-  
centages of seedlings damped-off after germination are not included 
in these and most of the other data on pines because the most viru- 
lent strains often entirely prevent germination, and no value for sub- 
sequent loss is obtainable. The groupin,: of most of the writer's 
strains at the least virulent end of the regster ( t h 2  is, the one with 
the highest number of living seedlings) is of some interest. The 
distributions based on the two experiments considered separately 
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FIG. 12.-Diagranl showing the  relation between damping-off of conifers (broken line) 
and soil acidity (solid line).  The acidity of soil samples from the different nurseries, 
determined b~ Dr. L. J.  Giliespie, i s  reported as Pu7, indicating approximate neutrality 
while P,6 indicates ten. and I',.S one hundred times as great a hydrogen-ion eaoeentra- 
tion as  Pa?; thereforc t h c  lower the hgdrogcn~ion exponent line, the greater the acidity. 
The seriousness of damping-off a t  each nursery i s  on an  arbitrary scale in whieh nurseries 
with negligible loss :Ire rated as 1, and the nursery which suffered most is rated as 10. 
These values arc estimates, though for some of t he  nurseries extensire counts mere 
n7silable on whieh the  estimates were based. 

agreed rery m l l  in this grouping. The minor group at the end of 
extreme virulence is not taken to indicate an actual grouping but, 
rather, an artificial one, clue to the fact that both the strongest 
strains and some lcss strong were thrown into the same group by 
the lack of additional seedlings for the stronger strains to kill. This 
lack of additional seedlings constituted a limiting factor. In  other 
words, conditions favored damping-off even in these two experiments 
too much to permit completely differential results for the more viru- 
lent strains. Despite this artificial limit preventing the full vari- 
ability becoming evident, the coefficient of variability of the survivals 



hah the high value of (i3k9.7 per cent. The graph indicates also :L 
decided, t.hoi~gh less extreme, degree of variability for Peltier's 
strains on carnations; the survivals for the 18 strains which he used 
in both of his experiments on cuttings have a variability coeEcient 
of 29k3.5 per cent and tlso 23 strains in experiment 2 .on seedlings 
55k6.0 per cent. 

PELT/ER'S STRU/NS OAfCRRNAT/ONSEEDL/ffGS 

B l i  
D 0 0 0  o n  

o n  0 0 0 0 0 0 0  O O O B  
I I I I I I 

0 20 40 60 80 100 
PLHNTS SUR./P/NQ PER/OQ/N cONT??OLS 

PLC. 13.-Diagmm showirr~ thc rcrulls o r  inoculations with 1 7  strains of Cortioiwm. aGgum 
and 35 strains of Pgtiiirlr dcbarZ/a?rara, arranb.cn in deereaslng order of virulence from 
left to right, as indicated by the surr i rals  in pols of pine seedlings artideially inoculated 
with them. The Pythium results represent the mean survivnls in 6 pots inoculated with 
caeh strain in each of experiments Nos. 68, 67, and 68. Each ~ o i n t  located is  thereforc 
based on the cesults in 15 pots, 10 of Prnu halzl;aiem and 5 of P. resinose. The 
Cordeium results on pine represent 6 or 0 pots each, in two experiments (Sos. 71 and  72) 
on P. rcsinos~. The outline eire1i.s reprerrnt P. IlcTmtyoizuln strains  from East Tawas, 
hlich. ; the solid cirelcs represent strains from other localities. The second row oC 
R ( I U ~ ~ C S  shows the sum of thc results in Peltier's experiments Nos. 1 and l a  (99, his 
tablc 3). The lowest mw of siluares shows his results in experiment No. 2 (his 
tallle 4). 

The strains represented in figure 13, as used on pine, include 1 
from bean, 2 from potato, 1 from sugar beet, 1 from Elaeagnus, 2 
from Pieea engelnzunni, and 10 from Pinus resinosa, P. po&rosa, 
and P. ba~L7csiana. Two were from TVashinyton, D. C., 2 from New 
York, 1 from Ohio, 4 from Michigan, 4 from Minnesota, 1 from Ne- 
bmska, 2 from Kansas, and 1 from California. The sources of these 
strains are widely distributed both as to host and locality; they are 

19651"-Bull. 934-21-3 
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rather more representative of the country as a whole geographically 
than the strains in the larger of Peltier's experiments, though less 
representative as to host sources. The number is too small to justify 
conclusions as to the proportion of Corticiurn vagurn strains which 
can be expected to prove strongly virulent on pine. The data are 
offered merely as a beginning, to which it  is hoped experimenters 
with other strains of C. vagum will make additions. 

I n  addition to the strains used in these two experiments, several 
others which had been lost or for other reasons could not he included 
in both the final experiments had been previously tested on pines in 
earlier experiments. Of these, 6 strains, 1 each from alfalfa, sugar 
beet, Pseudotsuya tasifolia, Pinus banksiem,  P. resinosa, and P. 
strohus, gave indications of low virulence on the pines; 3 strains, 1 
each from sugar beet, Pinus s?jlvest&, and P. ponclerosa, gave indi- 
cations of rather high virulence; while another strain from P. ponde- 
rosa indicated an. intermediate ability to attack pine. Combining 
these strains with those represented in figure 13, there are data on 27 
original strains, of which 8 are roughly classed as strongly virulent 
on pine seedlings, 14 as weak, and 5 as intermediate. 

Edson and Shapovalov (40).have conducted inoculation experi- 
ments on potato stems v i th  6 of  the Corticium strains which had 
been used on pine, including the 5 strains mentioned by them on page 
218 and their strains R. XV (the writer's strain 192 of fig. 2) on page 
215. Strains 147 and 724, which had proved the most destructive 
in the inoculations on pine, appeared also rather strongly virulent on 
potato. Strilin KO. 186, originally from potato, which bad given no 
definite evidence of parasitism on pine, also proved unable to cause 
lesions on the potato stems. The remaining 3 strains, all of inter- 
mediate virulence on pine, gave results on potato which were less in- 
dicative of agreement with the order of virulence on pine. The data 
suggest that strains strongly parasitic on potato are likely to be 
strongly parasitic on pine, and vice versa, but the agreement between 
their results and the writer's is not sufficiently complete to establish 
the point. 

FUSARIUM SPP. 

E'usarium is often found on or in damped-off seedlings (24, 46, 60, 
04,120,137, 141,142). The early inoculation experiments, conducted 
in the main with strains not sufficiently described to allow their iden- 
tification, have been recently summarized (68, p. 537), together with 
descriptions of inoculation experiments on pine seedlings with four 
commonly recognized species of Fusarium. These, though not fol- 
lowecl by reisolation, gave rather definite evidence that Fusarium 
moniliforme Sheldon was decidedly parasitic and F .  solani less 
strongly so. 27tcsarium uentricosum Appel and Wollenw. mas indi- 
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cated as more strongly parasitic than F. solark, hilt in a single test 
only and with a culture of doubtful purity. Pu'usaviun~ wunzinatunz 
II:. and E. gave no evidence of parasitism. These results agreed with 
those of Spaulding (137) in indicating that the ability to attack 
seedling conifers is not limited to a single species of Fusarium and 
that F. monilifomne is one of the more virulent. The statement by 
I-Iartig (61, p. 147-150) that a Fusariumlilre fungus  as able to cor- 
rode the young epidermis of pine seedlings has already been men- 
tioned. 

PYTWIUX DEBARYANUM. 

Pythiurn debaryanum Hesse (drtotrogus debaryam.im At'lcinson, 
Lucidium pythioides Lohde) has been known since 1874 (74,  86)  as 
a common cause of damping-off of \;arioas angiosperms. The first 
known observation was made by De Bary about 1864 (74). Despite 
the large number of hosts on which it has been listed, its parasitism 
has been definitely established on few. Peters (100)  has successfully 
inoculated sugar beets with pure cultures; a t  least part  of his strains, 
including presumably part or all of those he used in inoculation tests, 
were obtained from single spores. Edson ( 3 8 )  working with the 
same host, reisolated the fungus from inoculated seedlings, and made 
reinoculations with it. Both find it able to cause root sickness of 
plants not attacked early enough to be killed outright. Johnson 
(82) and Icnechtel (85) have caused damping-off of tobacco seed- 
lings with it, and the former reportcd it also able to persist in the 
cortex and kill the lower leaves of tobacco plants which survived 
attack. The fungus has long been reputed parasitic on potato tubers 
and has now been found by Hawkins (70)  to be the chief cause of 
the rot known as " lealr" in California. Peters ( 9 9 )  made success- 
ful inoculations with pure cultures on cuttings of Pelargonium. 
Most of the reports of parasitism, however, have been based on 
microscopic examination or more or less crude inoculation experi- 
ments. Noteworthy among the latter are those reported by Hesse 
,( 'i4) on Carnelina satiea in the original description of the fungus. 
These were made before pure-culture technique had come into use 
with fungi, but were so thoroughly checked by microscopic obser- 
vations at every step in the process that they must be admitted as 
very good evidence of the parasitism of the fungus. A number of 
reported angiospermous hosts are listed by Butler (23), Voglino 
(143) ,  and Johnson ' (82 ,p .  34, footnote, and p. 35) .  Reinking (107) 
recently reported Canica papaya as attacked. A host which the 
writer has not found in the literature is rice, found by Dr. Haven 
Metcalf seriously attacked in the seedling stage in a field in South 
Carolina. A second apparently ne\\. host for the fungus is fenu- 
greek (Trigonella foenum-graecurn). The writer found oospores 
typical of P ~ t h i u r n  debaryanum in the tissues of damped-off seed- 
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parasitic on pines in preliminary inoculation experiments (62). I n  
1910 Spnulding (137) found it on spruce in New 170rk, and ITof- 
mann (76) later made successful inoculations on both pine and spruce 
seedlings, using P. debaryanum culturw Loth from aerial trap plates 
and from recently damped-off seedlings of cabbage, radish, and 
Russian thistle ( S a k o l a  tragus).  Hofmann's work, detailed notes of 
which the writer has been permitted to examine, was done mith cul- i 
tures which were contaminated by molds, but was checked up by 
microscopic examination of the lesions resulting, which showed the 
affected tissues filled with nonseptate hyphz. His results are taken as 
a rather strong indication that P. debaryanwm attacks spruce as well 
as pine and that the fungus attacking conifers is physiologically as 
well as morphologically identical with that causing the damping-off 
of angiosperms. 

There thus appears from the literature to be reason to believe that 
Pytl~izcm deb+.ryanum is parasitic on representatives of two groups 
of the Pteridophjta and on gymnosperms, as well as on vi~rious ! 
monocotyledons and dicotyledons, n range of hosts not only remark- 
able but perhaps unequaled in our present knomledge of plant i 

! 

parasites. Final published proof of parasitism seems to be available 
for three or four species of dicotyledons only. Additional inocula- ; 
tions on conifers with strains isolated from various other hosts are ! 
reported in the present bulletin. Sonie of the detailed evidence neces- 
sary for complete proof of the parasitism of the Pythium on conifers, 
lacking in experiments previously reported because of the doubtful 
purity of tbe cultures used and failure to reisolate and reinoculate 
with the organism, is also given here, together with evidence of the 
ability of the parasite to cause root sickness of pines too old to suffer . ! 
from damping-off. 

Descriptive data of interest on Pyth ium deharyanzcm have been 
supplied by Hesse ( 7 4 ) ,  De Bary ( 5 ) ,  mTard (144) ,  Miyake (89), 
Butler (23), and Butler and ICulkarni (24). An important contri- 
bution to the physiology of the fungus and the fact,ors controlling its 
passage through the tissues of one of its hostshas recently been made 
in the previously mentioned paper of Hawkins and Harvey (71). 

IDENTITY AND ISOLATIOK. 

The fungus in the writer's cultures referred to PytJ~ium,  d e b a y -  
anum Hesse has been so .called for the following reasons: 

(1) The morphological characters agree with those described and G~gured for 
Pythiu3n debaryanum by other workers and with those of strains abtainrd from 
Dr. IT. A. Edson under this name. 

(2) The absence of zoospores in the writer's cultures agrees with the experi- 
ence of others with PytMuln debaryanum (2, 5, 23, 24, 38, loo), all workers 
with pare cultures having obtained %oospores infrequently, i f  at all. The 
earliest work by Hesse (74) in which zoospores were apparently produced 
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readily at certain times of the year was done before the development of pure- 
clllture methods. Water cultures kept i n  the dark and in the light, at constant 
and at rarsing temperatures. with nutrient substrata consisting of steamed 
or outoclaved fragments of potato, carrot, sweet potato, turnip, sugar beet, corn 
meal or rice, nutrient agar, sugar-heet seedlings, and insects have all produced 
only sexual fruiting bodies and chlamgdospores (the so-called conidia). 

(3) The successful crossinoculations, those which Edson (38) used on sugar- 
beet strains and the writer had found parasitic on pineand had used on pine. 
strains which Hamkin? had found parasitic on potato tubers and Edson on 
sugar heets, confirm the work of Hofmann (77) in indicating that the Pythium 
which causes the -damping-off pine is a parasite on entirely unrelated species 
of ilost plants, a commonly recognized characteristic of Pgthiunz debaryanum. 

The organism is easily isolated from recently damped-off conifer- 
ous seedlings or from soil direct by placing the seedlings or a lump 
of soil at the edge of a Petri dishof solidifiedprune agar andtransfer- 
ring to tubes mycelium from the advancing edge of the resulting 
growth. It has been found in or obtained from damped-off conifers in 
California,Kan~as,Nebraska,~nnesota,and the District of Columbia, 
as well as in cultures made by Mr. Glenn G. Hahn in Michigan. Picea 
engelmami, P. sitehen&, Tsuga mertensiana, Pinus nigra austriaca, 
ana Pseudotsuya tazifolin are the coniferous hosts from mhich cnl- 
tures of Pythium debnrjanum have been obtained. I t  has been iso- 
lated directly from soil not only in  coniferous seed beds but from 
open grassland in California not adjacent to any seed bed or culti, 
vated crop. Unless Mucor is abnnclant, Pythinm is commonly ob- 
tained in apparently pure conclition on the first transfer from the 
plate, as prune agar appears unfavorable for most bacterial growth 
while allowing rapid spread of the Pythium. On media made from 
prunes which taste sweet ancl with a total gross weight of not more 
than 40 or 50 grams per liter of medium, the Pythium will make a 
rapicl growth, often extending radially 1 mm. per hour at  tempera- 
tures in the neighborhood of 22" C. and produce both chlamydospores 
ancl oospores. A less valuable medium for isolation work, but more 
convenient for subcultures than any other mhich has been tested, is 
antoclaved corn-meal agar. The growth is not luxuriant, but spores 
are always formed and the cultures seem to be as long lived as those 
on any other medium, retransfer being rarely necessary more often 
than twice a year. Much stronger growth and more abundant fruit- 
ing is obtained on such media as sugar-beet or rice-stem agar, but 
the leathery surface of the culture on such media makes transferring 
difficult. On rice grains, corn-meal mush, beef agar, and on corn- 
meal agar plus 2 per cent dextose or sucrose no spores are formed 
and the cultures are short lived, though growth is heavy and on 
the last-named medium extremely rapid. On agar containing the 
juice from sour prunes or on corn-meal agar prepared without sub- 
jecting it  to the high temperature of the autoclave, both growth and 
fruiting have been very poor o r  even lacking. 
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I n  both artificial cultures and in the tissues of coniferous and 
dicotyledonous hosts the nnmerolls strains observed showed no con- 
spicuous differences in the size or other characters of the spores pro- 
duced, though noticeable and constant abnormality was found in one 
strain in the readiness with which spores were produced and in two 
strains in the ratio between chlamydospores and oospores in agar 
cultures. I n  the first-mentioned strain, obtained from pine in 
Kansas, and in cultures reisolated from seedlings inoculated with it; 
both chlamydospores and oospores are produced tardily and so 
scantily that it is often difficult to find them. In most strains, on 
the other hand, almost the entire contents of the mycelium are 
promptly emptied into the spores as soon as the limits of rapid vege- 
tative growth are reached. I n  another abnormal strain from pine 
from the same locality, and in still another furnished by Hawlrins 
from a California potato, chlamydospores are produced in large 
numbers, but oospores are few. I n  many other strains, including 
several from California, the opposite condition obtains, oospores in 
plate cultures being decidedly more numerous than chlamydospores. 
These peculiarities of particular strains seem to be fairly constant 
characters, the first abnormal strain mentioned having been under 
observation for more than three years without ally change in its tend- 
ency to scanty fruiting, and the low ratio of oospores t o  chlamydo- 
spores having been constaxlt during the shorter periods over which 
the observation of the other strains extended. I n  view of the small 
variation between different strains in the matter of speed of growth, 
a purely vegetative character, this variation in reproductive habit  
is somewhat surprising. The strain which produced spores infre- 
quently was unquestionably parasitic, though it killed fewer seed- 
lings than the average Pythiuium debaryanum strains. The strains 
with the high ratio of chlamydospores were both of a t  least average 
virulence on pine. 

Oospores in the strains the writer has had in culture, whether ex- 
amined in agar, in water cultures, or in root tissues, have ordinarily 
been some~vhat larger than the diameter of 14 or 15 to 18 y given in 
a number of the descriptions. The maximum range has been 12.8 
to 20.6 y, the same strain sometimes being we11 down within the usual 
size range and sometimes ranging from 17 to 20 p. The largest 
oogones observed mere 26 p in diameter. Various stages of fertili- 
zation are shown in Plate I, figures 2 to 4. Chlamydospores attain 
a maximum dianieter in the case of the limoniform intercalary forms 
of 32 y, and spherical chlamydospores sometimes reach a diameter 
of 28 y. There is no lower limit for these bodies, as under unfavor- 
able conditions-e. g., in sour-prune agar-they are sometimes all less 
than 15 p in diameter, and the smaller ones are little larger than the 
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hyphae which bear them. Both oogones and chlamydospores map be 
either terminal or intercalary. 

The normal hyphre are large, varying from 3 to?  p and sometimes 
more in diameter. Typical hyphre, showing the false septa developed 
a t  the boundary of the protoplasm and the portions of the hyphae 
which have been evacuated in the extension of the younger parts, are 
shown in Plate I, figure 1. At points a t  which the ends of hypha come 
in contact with the glass of the culture dish, peculiar contact swell- 
ings are produced (Pl. I, figs. 5 to 7), much the shape and size of 
antheridia, but not walled off from the adjacent hyphre and having 
no apparent significance in the life history of the fungus. These are 
not always terminal (Pl. I, fig. 8). It is noteworthy that Hesse de- 
scribed contact swellings at the tips of the hyphre just before pene- 
trating the epidermis of Cumelina sutiua. 

The asexual nonsporangial fruiting bodies of Pythium debayanum 
are referred to as chlamyclospores rather than as conidia, though in 
most of the previous literature the latter term has been used for 
them. Hesse called the terminal bodies conidia and the intercalary, 
gemmre (74). It is believed that the best terminology and the one 
which should be followed for all fungi, as it now is for most, is that 
which limits the term conidium to a spore which is adapted primarily 
for aerial distribution or which is at least readily separated as soon 
as it is mature from the parent hypha frorn'which it arises. The 
most typical conidium, in fact, is a spore which is abstricted by the 
parent hypha at maturity. The asexual spores of this Pythium re- 
main attached to the parent hyphre indefinitely even after the hyphre 

'are dead and empty. It is a common thing to find numbers of these 
bodies in water cultures, still attached to hyphz which are so com- 
pletely empty that it is only with favorable lighting that their thin 
colorless walls can be seen. So firm is the attachment that vigorous 
shaking is  required to release any considerable proportion of the 
spores. I t  seems probable that in nature the spores are released 
chiefly as a result of the clestruction of the hyphw walls by bacteria. 
While there is reason to think that Pythium dehu~junum is some- 
times disseminated by wind, it is by no means certain that it is 
through the medium of these spores. It is true that these bodies have 
thinner malls than are commonly found in chlmydospores of some 
other fungi, but they have somewhat thickened walls as compared 
mith the vegetative hyphw, and they are commonly intercalary. 
These facts, and the indications that they are better able to with- 
stand unfavorable conditions than are the hyphz, all tend to entitle 
them to rank as chlamydospores. De Bary (5) speaks of them as 
" dauerconidia." Their ability to stand drying is not entirely demon- 
strated, but is indicated by the relative longevity of the fungus on 
different media. On beef agar and on rice, on which no spores are 
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formed, a few tests indicate that the fungus is very short lived, 
sonietimos dying in a month. On media on \\ilrich spores are pro- 
duced, transfers any time before the sixth month: and often ws late 
as the tenth month, start immediate growth on fresh media. This 
is true even for strains which produce few or no oospores. The im- 
mediate commencement of growth from cultures 3 or 4 months old 
is taken as an indication that the new growth results from the 
asexual spores, as oospores are com~nonly believed to require a rest- 
ing period of five or more months before they are able to ger- 
minate (5,38). 

INOCULATlUN ON STBBII.IZED SOII,. 

Pythiurn &baryanurn has been used in inoculation in pots of 
recently autoclaved soil in 16 different series of tests. I n  10 of these, 
fragments of agar cultures , m r e  scattered over about one-fourth 
of the area at the side of each pot when seed was sown ; in 2 of these 
10 and also in 2 other tests some pots were inoculated' over their 
entire surface. In every one of these 12 heavily inoculated series 
positive results were indicated by sn~aller emergence and where any 
considerable number of sprouting seeds escaped the fungus by heavier 
damping-off loss in the inoculated pots than in the controls. I n  
some cases the fungus killed all or practically all of the seed or 
seedlings in the inoculated pots before they emerged from the soil. 

I n  a total of 7 series, part or all of the pots received lighter in- 
oculations, consisting of one or two small fragments of an agar 
culture placed just below the surface of the soil a t  the edge of each 
pot. I n  5 of these success was indicated. I n  the sixth and seventh 
also of these lightly inoculated sets, there was more damping-off in 
the inoculated.pots than in the controls, but the difference was neg- 
ligible. The damping-off caused by light inoculations was in general 
distinctly less than thati-esulting from broadcast inncula.tions. To 
sum up the evidence:. Sixteen separate experiments were conducted 
with Pythiurn debaryanum on pine seedlings in autoclaved soil, and 
in every one fewer seedlings surr,ir~ed in the inoculated pots than in 
the checks; the difference in most of the experiments was large. 

Of the snccessful inoculation experimentM1al is: those in which 
the difference between the inoculated pots and the checks seemed 
significank9 series included jack pine (Pinw barnksiana), 7 series 
western yellow pine (P. ponderofin, Colorado and New Mexico seed), 
and 3 series red pine (P. resinosa). I n  addition to the pines, Doug- 
las fir (Pseudotsuga tuxifolia, Colorado seed) was grown in two large 
plats in one of the earlier series, one being inoculated over its entire 
surface with Pythium debaryanumz. Bec.ause of the poor quality 
of the seed in the test on Douglas fir, too few seedlings were obtained 

' 

to furnish a decisive test, bnt the difference in the emergence in the 
inoculated plat and the control affords preliminary evidence that 
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Pythium can cause the L'germination-loss" type of damping-off in 
Donglas fir as well as in species of Pinus. Of the seeds sown in the 
control plat 43 produced seedlings which appeared above the soil, 
while only two seedlings appeared from an equal number of seeds 
sown in  the inoculated plat. 

Altogether, 38 strains, excluding reisolations, have been tested on 
one or more of the 3 pine species. Strains from both the Pacific 
coast and the eastern United States and from a number of hosts 
other than pines were among those used. With the exception of two 
or three strains from a pine nursery in Michigan, the use of which 
was followed by so little damping-off as to leave their parasitism 
uncertain, all of the strains proved parasitic under favorable condi- 
tions, though some were more virulent than others. The positive re- 
sults in the 14 successful experiments are based on the comparison 
of a total of approximately 1,160 inoculated pots with 195 control 
pots. 

TABLE 111.-Imon'lation rzper'imentr IL-i t i~ Pythiurn debar!iant'm in pots  of steri- 
lized soil. 
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it proved difficult to keep the control pots entirely free from damp- 
ing-off. Cultures from seedlings wh'ich damped-off spontaneously 
in control pots indicated that Pythium as well as Fusarium may be 
introduced by accident, even when inseds, birds, and rodents are ex- 
cluded. This agrees with the evidence of Hofmann (77) that 
Pythitcm deha~janurn is sometimes disseminated by wind, despite 
its apparent lack of adaptation to  wind distribution. It is also in- 
dicated, however, that unheated tap water increases damping-off 
when used on control pots and probably carries this semiaquatic 
fungus. Notwithstanding infections in the controls of a number oi  
the experiments, it is believed that the large number of pots whose 
results have been considered in drawing conclusions, the fact that the 
Pythium pots lost more heavily than the controls in every one of the 
16 experiments, and the magnitude of the differences between both the 
emergence and subsequent damping-off f ipres for the inoculated pots 
and the controls in most of the experiments establish the parasitism 
of the fungus in inoculation on autoclaved soil without it being neces- 
sary to present all the evidence in detail. The pot series which in- 
volved reisolation and reinoculatton (Table I I I ) ,  together with the 
results given for other purposes in Tables V and VI, seem sufficient 
by themselves to establish a pi~rasitic relationsh'ip. 

REISOLATION AND REIXOCULATION. 

I n  a number of the experiments dead seedlings in the inoculated 
pots mere examined and typical Pythium hyphre and spores were 
found. I n  three of the experiments in which the controls remained 
entirely free from disease up to the time the experiment was closed, 
reisolations and reinoculations were made in accordance with the 
usual rules of proof. The results are given in Table 111. 

From Table 111 it will be seen that five strains reisolated from 
Pinus banksiana and one strain reisolated from P. ponderosa gave 
positive results in pots of P. hanlcsiana and P. resiwsa. I n  addition 
to the reinoclilations shown in the table, the strain reisolated from 
Pinus prmderosa (No. 338) mas again reisolated in duplicate from 
P. 6anksiana in experiment 62, and both these secondary reisolations 
gave cultures which were parasitic on P. banks& and P. resinosa 
in  subsequent inoculations. 

That the organislfls reisolated were actually the same as those'used 
in  the initial inoculation is indicated not only by the absence of dis- 
ease in the control pots of experiments 58 and 62, but by the distinc- 
tive characters of some of the strains. In general, cultures reisolated 
from strongly, parasitic initial strains were themselves strongly 
parasitic and vice versa. This is shown by comparing the figures for 
the initial and reisolated stmins, as shown in Table IV.  Each figure 
represents the average results in 10 pots of jack pine and 5 of red 



pine in experiments 66, 67, and 68 combined. The figures are ].el- 
ative, the mean survival of 47 different strains used in all three ex- 
periments being taken as 10. A survival figure above 10 therefore 
means that the strain was less destructive than the arerage Pythium; 
and a figure below 10 indicates more than average vinllence. As 
strain 218 was not used in these three experiments, strain 345 can not 
be compared. 

T~nl.lr ITT.-Conzparalice viruzence o f  original nlltures and rei&olate,l .stl-ainu of 
l'f/th<uni deho,+rJmu.sr in e.zpertnronls 6G, 67, ond 6'8. 

These figures are not i~bsolutely consistent, but are to be viewed 
as contributing to the evidence furnished by the absence of damping- 
off in the control of experiments 58 and 62 that the cultures reiso- 
lated in those experiments were actually identical with the original 
strains. A further proof of this identity is in the fruiting tendencies 

, of the strains. Both Nos. 414 and 415, the strains reisolated from 
original strain 258, exhibited the peculiarly sparse spore production 
which has been characteristic of strain 258 for the entire period dur- 
ing which it has been in culture. The other reisolated strains, taken 
from pots inoculated with normally fruiting strains, all showed 
normal spore production. 

PURITY OF CUIITURES. 

Pythiumslrain. 

.......... No. 2j8 
No. 414 .......... 
No. 415 ............... 
NO. 295 .......... 
No. 338 .......... 
NO. 408.. ........ 

' d slight deficiency in the evidence as to the yarnsitism of Pythiwm 
debayanm both in the writer's work and apparently in all previous 
investigations except those of Peters (100) and possibly Ihechte16 
is the lack of single-spore cultures. The large number of strains 
which have remained apparently pure through numerous subcultures 
and have retained their individual characteristics as to virulence and 
fruiting tendencies (one strain having been carried on artificial 
media continuously for eight years without material change) give 
very strong justification for believing that the cultures used were 
pure. I n  three early inoculation tests the cultures used were after- 
wards found to have been contaminated by bacteria carried by mites; 
the positive results obtained in tliese three were the ~b:isis of the ear- 

n Icncchtcl's nlork in Rumanlnn has heen rrvailnble to the writer only in  the German 
abstract, which makes an amNguous statement on this yuinl. 
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liest report of pathogenicity (62), but have not been used as evidence 
in the present bulletin, though the contaminating bacteria in one of 
them, when tested independently, showed no evidence of parasitism. 
I n  ill1 the experiments mentioned in the foregoing as giving positive 
results with Pythium the cultures used were apparently pure. 

Cultures from single chlamydospores should be reasonably easy 
to secure, part of the chlamydospores in water cultures being separa- 
ble from the mycelium by vigorous shaking, and further inoculation 
tests with cultures so obtained are probably desirable. The experi- 
ments so far conducted are believed to be sufficiently conclusive, how- 
ever, for all practical purposes. For isolation of absolutely pure 
lines of this or any other coenocytic fungus, it is evident, as pointed 
out by Dr. W. H. 'Areston (146), that isolations should be made from 
the uninucleate swarm spores. For the determination of the bare 
fact of pathogenicity such a refinement would be superfluous. 

CROSS-INOCULATIONS 

The physiological identity of the P j h i u m  attacking coniferous 
seedlings with the one which attacks dicotyledons is indicated by 
the results of several inoculation experiments. The last two experi- 
ments, one with jack pine and one with red pine for the host, are 
the most comprehensive and give results sufficiently decisive so that 
quotation of the corroborative evidence from earlier experiments 
is consiclered unnecessary. The results appear in Table V. Each 
unit consisted of five 3-inch pots except in the controls, in mhich 
23 pots were used in the jack-pine experiment and 18 in that with 
red pine. I n  the second experiment, separate records were kept of 
the survival in each pot, and the probable error calculated from the 
controls was less than two seedlings per pot for a single pot, less 
than 0.9 for a mean of 5 pots, and less than 0.5 for the mean of the 
18 control pots. While the number of controls was, of course, in- 
sufficient to furnish an exact basis for such a calculation, the small 
value found tends to confirm the impression gained from inspection 
of the table that considerable confidence can be placed in the results. 

The difference appearing in Table V between jack pine and red 
pine in point of susceptibility to germination loss from Pythium 
agrees with field observations in Nebraska, the red pine at the Ressey 
Nursery, though on the whole more snsceptible than jack pine to 
damping-off losses, having given indication of more resistance to the 
disease for the first week or two. Inoculations in other experiments 
on western yellow pine indicate thst the strains ~ ~ h i c h  attack it are 
identical with those attacking jack pine and red pine. 

The conclusion reached from the cross-inoculation results is that 
the Pythium ceusinp damping-off of the three species of pine men- 
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tioned is identical wlth Pytl~ium de6aryanum, cadsing leak of potato 
tubers and the damping-off of seedlings of two dicot3.ledonous 
families. 

Tnnr,~  V.-Resft,Zls of G~oouZations 091, juck pine olrd vad gino w i t l ~  Prlthiunb 
dcbaTf,enuf,?, frolls ca t - ious  hosts. 

Inoeoiat$oll reallts. 
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(perkpot '"F-'lf viva] 

"?,lt). JS), $5. 
-- . - - - - - 
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............... . eek seedlingsd ./ 
DO .............................. 1 E l  E l  :?I 
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Onsinsliy potato strain 131 but 
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from sitgar-beet seedlings by Ed- 
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VARIATIOBS I N  VIRULENCE OF PYTHIUM STEAINS ON PIBE. 

Son.. ............................... 
8 11 1 6 8 6.6 

Sugar-beet seedlings .................. 19 32 13 68 58 5.8 --- 
Average,sugarbkt.. ......... 47 7 . 4  

F a u n  I: ~ 28 15.0 
108 22 16.8 

........ 

Conifers: 
NO. 258 Western yellow-pinesbdlings ....... 

I n  Pythiun~ debaryumun~ strains, as in the case of Corticium 
vagum, thereappeared to be a considerable difference in the parasitic 
activity of different strains used in the same experiment. Figures 
14, 15, and 16 show graphically the results from inoculations with 
different strains of P. de6aryanun~ in all the experiments in  which 
it was possible to compare directly the activity of different strains. 
A11 the inoculations involved at the time of sowing the addition to 
the soil of cultures on nutrient media in recently autoclaved 3-inch 
pots. I n  experiment 31C the inoculum fragments were scattered over 
the whole pot, in 31D at only one point in each pot, and in the others 
xere distributed over about one-fourth of the pot's area. As noted 
elsexvhere, the rariations observed in the results may have been due 
in part to differences in the ability of the different strains to main- 

No. 550 
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n Furnished by Mrs. C. R. Ti1iotson;hasbeenused P Furuished by Dr. L. A. Hawkins: oause olleak. 
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tain themselves saprophytically In the soil usedorather than ent,irely 
due to difference in virulence. 

The data shown in figures 15 and 16 indicate in the first place 
rather more accidental variations in the rbults with Pythium than 
with Corticium (see figs. 1, 2, 10, and 11). The agreement between 
original and reisolated strains from the same original source is de- 
cidedly less good than in the case of Corticium (see experiments 71 
and 72, figs. 10 and 11). I n  general, there are only two strains of 

FIG. 14.,Diagram showing variations in virulence as indicated by the l i v i n ~  seedlings 

. . - 
was S* heavy in the inoculated pots tha t  the survivals did not give differential resdlts 
for the different strains, and the germinations arc therefore shown. The reports are 
based for experiments Nos. 71 and 72 on 2 or 3 pots tor eaeh strain in eaeh experinlent, 
and for the other experiments on not  less than 5 pots for eaeh strain. In experiments 
Nos. 66, 67, and 68 the number of pots in  eaeh experiment for the strains whose 
rei~oliltions were also used varied from 10 t o  40 for each strain, the results of the 
separate 5-pot units being shown in d a r e  15. The strains indicated by the diferent  
symbols are as follows : Fvom potato: O--strain 131, isolated in 1909, California. 
Furnished by Mrs. C. R. Tiliotson. Fvom sugar 8 e e t :  O=Stmio 295 and its reisola- 
tions from pine. No. 296 was furnished by Dr. H. A. Edson as a reisolation of strain 
131. after having been passed by him through two generations of sugar-ket seedlings. 
A =Strain 294, isolated in 1912. Furnished by Dr. Edson. O=Strain 296, isolated 
in 1912, Wiseonsin. Furnished by Dr. Edson. X=Strain 297, originally from pine, 
Nebraska, 1911. Passed through two generations of sugar-beet seedlings by Dr. Edson. 
E'vom pine seedlings: +=Strain 255, Kansas, 1913. Chlamydospores numerous ; oospores 
rare. .=Strain 258 and its reiaolations, ICansas, 1D13. A sparsely fruiting stmin. 
D =Strain 218 and its reisolation, Kansas, 1912. O=$train 397 ana its reisolation, 
Washington, D. C., 1915. @=Strain 318 and i t s  reisolation, Vashington, D. C., 
1915. A=Strain 349, Washington, D. C., 1915. O=Strain 354, >Iinnesota, 1915. 

Pythium which can be said to have definitely shown difference in 
activity continuing through several years and on different species of 
pine. These are strains 295 and 258. As No. 258, the weak strain, 
has also been found abnormal in its fruiting tendencies, the evidence 
in these graphs does not indicate a decided difference in virulence 
between different typical strains of Pythiwm debamjunu?n. The 
other strain, which seems rather uniformly weaker than No. 295, is 
No. 131, which according to Dr. Edsoni records was originally the 



same strain, No. 1 3 1  having been twice used in his inocnlation ex- 
periments on sugar beets and strain 295 recovered from the second 
experiment. The apparent difference between this original strain 
and its supposed reisolation may possibly be due to the treatment 
given strain 131. Before it was used in any of the experiments 
s h o ~ n  but after it had been used by Dr. Edson, it mas allowed to 
get very drjr and was revived with great difficulty, growth being 
rery slow. While it apparently recovered all of its normal growth 
qualities after one or two transfers, it is thought that  this may 
possibly explain tho 
apparently decreased 
virulence in the later 
experiments. 

The failure to se- 
cure as definite indi- 
cations of constant 
virulence differences 
as were obtained for 
several of the Cor- 
ticium strains is be- 
lieved to be in part 
d u e  t o  a s m a l l e r  
actual difference be- 
tween the different ~ ~ 

pythium strains ap- "10. 1"-Diagram showing the results of inoculations with 
strains of Pythium de3eruenum. This fimre supglerncnts 

pearingin the graphs 6sure 14, giving the results for original and reisolated 

a n d  in p a r t  to a strains independently. Each point plotted is bused on 
the results in live pots. The object of this diaaarn is to 

larger accidental va- give an idea of the degree of variability i n  iho sueeess of 
between re- inoculations. An explanation of the symbols used will 

be found in the ierend 01 figure 14. 
~~ 

~ 

sults in pots inocu- 
lated with the same strain. The growth of Pythium on agar media is 
much more affected by variations in the substratum than is the growth 
of Corticium, and it is rather natural to expect greater variations when 
the two fungi are added to autoclavpd soil. I n  experiments 66,67, and 
68 a number of strains not used in the earlier experiments were tested, 
in addition to the strains previously used. The survival results for 
all the different strains, both original and reisolated, 47 in all, are 
shown graphically in figure 16. The results in experiments 66 and 
67, both on Pinw aanksiana, are averaged and talren as the subject, 
while the results with the same strains in experiment 68 are made 
relative ahd shown by the broken line. The correlation between the 
performance of the same strains on the in70 species of pine is by 
no rrieans :IS clear in the graph as it mas in the case of the Cor- 
ticium strains (fig. 11). The areas bounded by the broken line and 

19651"-RuII. 9 3 4 - - 2 1 4  



the horizontal line showing the location of the mean for experiment 
68 are much larger below the means than above it in the left-hand 
portion of the graph, while the reverse is true in the right-hand 
portion. To this extent the relative activity of the strains in this 
experiment agrees with the performance of the same strains in the 
two jack-pine experiments, as shown by the solid line. It can not 
be decided from an inspection of the graph whether there is a real 
agreement, in view of the large accidental variation present. How- 
ever, the correlation coefficient, 0.44650.079, five and one-half times 
i ts  probable error, indicates a considerable correlation, not as good 
as was found for the Corticium strains, but sufficient to establish a 
strong presumption that observed differences in activity of the dif- 

FIG. 16.-Diagram showing the eolnparativr virulence of 47 s t ra ins  of Pytibium &Deruanum 
in sueeessi7'e inoculation experiments on species of Pinus. The results in experiments 
Ros. 66 a n d  67 (on Pinzls bambdaiane) are shown by t h e  solid line, t h e  strains being 
arranged from left to right in the order of descending virulence indicated by the number 
or seedlings surviving in those experiments. The results from t h e  use of the same 
s t ra ins  in  e rpe~ iment  No. 68 (on Pilvus resinma) are shown by the broken l ine  Such 
correlation r s  there is between the two curves (coefficient 0.45+0.08) g.oes to indicate 
a real difference in virulence between the different strains. The strains indicated by 
t h e  underscored numbers are original strains, and those not underscored are reisolations 
from the original strains in earlier inoculation experiments on pine seedlings. 

ferent strains in these inoculation experiments were in part actually 
due to differences in the capacity of the strains. 

It has been suggested in the foregoing that the difficulty in demon- 
strating constancy in the difference in virulence between the various 
strains of Pythium debamjanm is due in part to the lack of such 
extreme differences as were observed between the various Corticium 
strains. Figure 13 shoms the distribution of the different original 
Pythiurn strains according to the virulence indicated in the three 
inoculation experiments of figure 16 (application to autoclaved soil 
a t  the time of soming). Each value plotted is based on the average 
results in 15 pots. Of the strains used, 21 mere from species of pine, 
1 from spruce, 2 from potato tubers, 2 from fenugreek, 3 from sugar 
beet, and 6 from soil direct. Despite the considerable number of 
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strains, they are not much more representative than the smaller num- 
ber of Corticium strains experimented with. All of the strains from 
soil direct and 11 of the strains from pine were taken at approxi- 
mately the same time from the same nursery in Michigan by Mr. 
Glenn G. Hahn; despite the fact that these were the most recently 
isolated of the strains used, nearly all of them proved weak in  the 
inoculations. Of the 17 strains which proved the weakest (out of 
35), all but 3 were from this Michigan nursery. The 18 strains from 
other sources (5 from California, 2 from Minnesota, 2 from Kansas, 
1 from Wisconsin, 2 froin an unknown locality, and 6 from Washing- 
ton, D. C., representing two coniferous and three dicotyledonous host, 
genera), as shown by solid circles in figure 13, for the most part were 
rather closely grouped within the more virulent portion of the range. 
The coefficient of variability in the survivals allowed by the 35 
Pythium debaryanum strains is 39i3 .6  per cent, while for the 
smaller number of original strains of Corticizon v a g w  in experi- 
ments 71 and 72 it is 6 3 ~ 9 . 7  per cent. It is evident from figure 13 
that if there had not been a disproportionately larger pumber of 
strains from the Michigan nursery the variability of the P. de- 

1 baryanwm strains would have been much less than 39 per cent. 
I The number of strains was, of course, altogether insufficient for either 
1 fungus to represent adequately a population as immense as the total 

number of strains of either of these omnipresent species. The above 
data, however, contain the only available information of which the 
writer is aware on variation in the virulence of different strains of 
P. de6aryanurn. 

The evidence as a whole, both from the results shown in figure 13 
and the experience with 6 other strains which were not used in  the 
experiments on which figure 13 was based, lead the writer to believe 
that most strains of Pythium debaqammn taken from lesions in 
plants are ordinarily likely to prove rather virulent parasites on pine 
seedlings. It further appears that the variation in virulence between 
the different strains of P. debaryammn on pine seedlings is less than 
the variation in strains of Corticium vagurm. 

I'YTHIUM INOCULATIONS OX UNHEXl'EI) SOIL. 

Inoculations with Pythiun~ debar.yu?~uv~ were n~ade in \~.estern 
Kansas on a fine sand containing little humus after treating the soil 
with acid followedby lime. Commercial sulphuric acid was applied a t  
the rate of 14.8 c. c. per square foot of bed, followed two days later 
by 25.5 grams of air-slaked lime raked into the soil (0.16 liter of 
acid and 0.274 kg. of lime per square meter). The acid was diluted 
before applying with 25G volumes of water. The seeds were sown 
in drills, and inoculum was placed in the drills at the time of sowing. . . Each lurxt involved approsimate!y 11 linear inches of drill, and a11 
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received equal quantities of seed. Three strongly parasitic strains 
of Pythium were used, and a total of 12 units of jack pine and an 
equal number of western yellow pine was inoculated with 12 inter- 
spersed units of each species as controls. The mean results are as 
follows : 

Pinus banksiana.-Inoculated plats: Emerged, 64.2k4.9; died during the next 
17 days. 25 per cent. Control plats: Emerged, 85.533.6; died during 
the next 17 days, 13 per cent. 

Pinus pondwosa.-Inoculated plntq: Emerged, 34.6f 1.8; died during tile next 
9 days, 39 per cent. Control plats: Emerged, 45.4f1.3; died during the 
next 9 days, 25 per cent. 

The difference in emergence apparently due to the inoculation is 
for the first species three and one-half and for the second nearly five 
times its probable error. While, of course, 12-unit means are in- 
sufficient t o  allow the calculation of entirely reliable probable errors, 
they give some idea of the amount of variability of the results and 
the confidence which can be given them. It is impossible to give any 
such expression applying directly to the damping-off percentages and 
their differences, for the reason that averawes for this item have 

? 
been made in  the writer's work not by averaging the percentages for 
the individual units but by totaling all the seecllings and the dead 
seedlings on the plats to he averaged and recalculating the percent- 
age from these figures. This seems the only safe method, as other- 
wise units in which germination is low by accident or by the action 
of parasites will be given an influence on the resultant mean entirely 
disproportionate to the number of seedlings which they contain. 
Average values for  damping-off obtained by this method and by the 
method of averaging the percentages of the individual plats or pots' 
are often very different; it not 'uncommonly happens that the units 
in which germination is lower than the average also have especially 
high damping-off percentages, both phenomena being caused by an  
unusual activity of parasites. I n  such case to average the percentages 
themselves usually gives a higher damping-off figure than to total 
the seedlings for the different units and redetermine the percentage, 
and the latter practice is considered the better. I n  the present case 
the differences in the damping-off percentages obtained by the two 
methods are not great. The figures obtained by averaging the per- 
centages of the ultimate units are as follows: 

Pinus banksiana.-Inoculated. lass 30.9e5.0 per cent; controls, loss 13.2t2.8 
per ca t .  

P1Z16s p0nUem~a.-Inoculated, loss 40.0t5.1 per cent; controls, loss 24.1t3.3 
per cent. 

The differences between the inoculated and control plats in damp- 
ing-off percentage yere for the first species a little over and for the 
second a little under three times their indicated probable errors. 
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The results in general make it appear that the Pythium was able to 
kill some pines both before and aftcr their appearance aljove the soil 
surface on the soil treated \aith the acid and lime. The  control in 
this experiment did not  receive the nutrient substratum added with 
the Pythium inoculum, but an experiment run under t he  same con- 
ditions at nearly the same time, in which seven strains of hyphomy- 
cetes with the same substrata entirely failed to decrease survival, 
indicates that the rice suhtratum mas not in itself the cause of the 
observed result. The rather weak action of the Pythium in  these 
experiments stands out i n  sharp contrast to the results with Corticiurn 
uagum in the same experiments, practically all emergence being pre- 
vented by most of the Corticium strains used, some of which had 
proved less active than Pythium in tests on autoclaved soil. 

I n  a soil in Nebraska, somen~hat similar but with more humus, 5.5 
c. c. (three-sixteenths fluid ounce) of sulphuric acid per square foot 
applied in solution a t  the time of sowing had been found greatly t o  
decrease damping-off. I n  different parts of beds treated with acid 
from. 10 to 17 days earlier, 96 plats, each 3 inches square, were laid 
out, and each plat mas inoculated at the center. Interspersed with 
these were 96 plats set apart a s  controls. Emergence h a d  already 
begun at the time of inoculation. Jaclr pine, red pine, and  Corsican 
pine were the hosts, and three Pythium strains of known parasitism, 
growing in pieces of p r u n e  agar  the size of peas, constituted the 
inokulum. The damping-off after emergence was less. than  1 per 
cent higher for the inoculated plats than for the controls. Even such 
a light inoculation would probably have given some results in auto- 
claved soil, so the experiment indicates, as would be expected, that  
this acid-treated soil was less favorable for Pythiurn dehayanm 
than steamed soil. 

On pots containing entirely untreated soil the following series of 
inoculations were made a t  the time of sowing the seed: . 

Ilioculation at one point in each pot: 
Dxperiment 25. Jack and western yellow pine, 1 pot of each inoculated; 

survival 13 days after emergence slightly greater in both tlrall in the 
sis controls. 

Experiment 27. Jack pine, 73 pots, 27 controls; average emergence, 59 
in inoculated pots and 56 in controls; damping-off, 39 per cent in 
inoculated pots and 37 per cent in controls. 

Experiment 29. Jack, Corsican, and western yellow pine, 112 plats in- 
oculated just as emergelice commenced instead of at seed sowing, 
as in other cases, and 112 controls alternating with them: damping- 
off was less in the inoculated plats than in the controls. 

Experiment 31. Jack pine, 8 pots inoculated, 8 controls; inoculated, 
emergence 33 per cent, damping-off 13 per cent, survival 198; con- 
trols, emergence 38 per cent, damping-off 26 per cent, survival 196. 

Experiment 588. Jack pine, 5 pots inoculated, 5 controls; inoculated, 
emergence 59 Per cent, d:lmping-off 32 per cent, survival 40 ;  controls, 
emergence 51 per cent, damping-off 12 per cent, survival 45. 
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Inoculations a t  two points in each pot: 
Experiment 26A. Jack pine, 3 pots inoculated, 4 controls; inoculated, 

emergence 29 ller cent, a s  eon~pare<l with 39 per pent in  the corltrois: 
subsequent damping-off the same in both. 

Inoculations a t  four points in  each got: 
Experiment 58B. Jack pine, 5 pots inoculated, 5 controls; inoculateil, 

emergence 51 per eent, damping.aff 10 per cent, survival 46; controls, 
emergence 43 per cent, damping-off 22 per cent, survival 54. 

Experiment 59A. Jock pine, 5 pots inoculated, 3 controls; inoculatecl 
emergence 55 per cent, dampingoff 2 per cent, survival 54: controls, 
emergence 50 per ceut, damping-off 8 per cent, survivnl 46. 

Of these experiments, No. 29 was in the original fine sandy soil 
of a nursery in Nebraski in which Pythium is commonly found 
h t i v e  and damping-off losses are usually heavy. Experiments 588 
and 59 were conducted on soil from the same source which had been 
kept dry in the laboratory for five years; experiments 25, 27, 31, 
and 58A were on greenhouse mixtures of sand and soil. I n  experi- 
ments 31,58A, 58B, and 59 parallel inoculations were made on auto- 
claved portions of the same soil., with definitely positive results in 
three of the four cases. I n  the heated soil the results were positive, 
not only because of smaller losses in the controls but beca~~se the losses 
in the inoculated pots were actually heavier in the sterilized soil than 
in that untreated. 

Inoculations broadcast : 
Rxperiment 31. Jack pine, 8 pots inoculated, 8 controls; inoculated, 

emergence 31 per cent, rlarnping-off 39 per cent, survival 129; con- 
trols, emergence 38 per cent, dnmping-off 26 per ceut, survival 196. 

Experiment 59. Jack pine, 5 pots inoculated, 5 controls; inoculated, 
emergence 58 per cent, damping-off 22 per cent, survival 45; controls, 
emergence 44 per cent, damping-off 2 per cent, snmival 43. 

Even with these broadcast inoculations the results on untreated 
soil were too indefinite to allow the drawing of positive conclusions. 
In  both experiments much heavier losses than these resulted from 
inoculations on steamed soil. It is evident that experiments on steril- 
ized soil do not always show what can be expected on ordinary soil. 
The same thing is indicated by the results of Edgerton with tomato 
milt (36). 

CONCLUSIONS AS TO THE PAWSITISM OF PYTHIUM DEBARYAAUM. 

Pythium debaryamom has been found in low-altitude nurseries in 
all the species of conifers from which a serious effort has been made 
to  obtain it, and its parasitism has been indicated in autoclaved soil 
on all of the conifers on which inoculation has been attempted. 
Therefore, although the work reported has been limited to a relatively 
small number of hosts, it  seems likely that it will be found able to 
cause damping-off in most of the species of the Abietoidere which 
suffer seriously from the disease. Just how active as a parasite it is 
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under ordinary nursery conditions is yet to be proved. The results 
in inoculations on disinfected soil, together with the frequency with 
which the fungus has been isolated from seedlings in the nurseries, 
lead the writer to believe that it is an important cause of disease in  
the seed beds. Further experiments on unheated soil, however, are 
considered desirable. 

RAEOSPORANGIUM APAANIDERMATUS. 

CUIXUIDIL STBAINS. 

A culture of a parasite on radishes and sugar beets, described by 
Edson (39) under the above name, was obtained from him, and an- 
other strain, shown by Edson's records to be a subculture from the 
same original strain, was furnished by the department of plant pathol- 
ogy of the University of Wisconsin. I n  parallel cultures on solid 
media this fungus proved in many ways remarkably like Pythium. 
debaymun~,  reacting in practically the same way to the different 
media on which it was grown both in relative growth rate and in 
spore production. Mycelium, chlamydospores, oogones, antheridia, 
and oospores are not recognizably different from those of Pythiunn 
deharyanm. The oospores have seemed on the whole slightly larger 
and the mycelium a little more inclined to aerial vrovvth than most ? 
of the Pythiu?iz debaryanunz strains, but neither d~fference was suffi- 
cient to have diagnostic value. Swellings of the hyphse occurred at 
points in contact with glass, just as with P y t h i m  debayanwn (Pl. I, 
figs. 5 to 7). 

I n  liquid cultures the Rheosporangium was readily distinguished 
from Pythium by the formation of the presporangia described by 
Edson. Autoclaved cylinders of turnip, 15 to 20 mm. long, cut with 
a 5-mm. cork borer, proved convenient bases for growth of both 
Rheosporangium and Pythium in water culture and quite as satis- 
factory as sterilized beet seedlings. Presporangia were also pro- 
duced in autoclaved soil, and in a single lot of corn-meal agar they 
were formed abundantly in the agar in Petri dish cultures. I n  none 
of the writer's cultures, either with flies, sugar-beet seedlings, or 
turnip cylinders as nutrient bases, mere mature escaped sporangia 
or swarm spores commonly produced. 

The Rheosporangium was not obtained in any of the numerous 
cultures made from coniferous seedlings or from seed-bed soil. 

INOCGLATION EXPERIMENTS. 

The Rheosporangium cultures above referred to, strain 229 fur- 
nished by Dr. Edson and strain 351 received from the University of 
Wisconsin, were tested on pine and red-beet seedlings, with parallel 
inoculations with Pythizvm de6u~rvam.  The results appear in 
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TABLE V1.-Results o f  parallel inoculation zcith Rheosporawium ophanillermalua 
and Pythiti~r~ deDaYUnnur1~ on pine seefllings bb atltoclaved soil. 

Expriment number, host, md inoeulhting 1ungm.o 

NO. 66, Jnck pine: 
~heosparanginm{ stmin 229.. . .......... .......... . . .  

strain 361 .. . . . .  ....... . . .  ... . . .  ... 

No. 67, Jack pine: 

Table VI shows that in experiments 30 and 67 the loss was less in 
the Rheosporangium pots than in the controls and that in experiment 
68 the results were entirely negative, while in the remaining se>en 
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experiments the losses were heavier in  the Rheosporangium pots. 
Esl>ecially in experiments 61 and 62A tlie evidence indicates very 
strongly that both germination loss and subsequent damping-off of 
the seedlings which come up can be ci~used by inoculation with Rheo- 
sporangium on jack pine under favorable inoculation conditions. It 
is, however, obvious that in all of the  experiments the parallel in- 
oculations 6 t h  Pythium deharyanum. gave much more positire re- 
sults. The Pythium mas active under conditions in which the.Rheo- 
sporangium gave no evidence whatever of parasitic capacity. It 
furthermore appears that the two strains of Rheosporangium, though 
lsrobably identical originally, differed in virulence a t  tl,e time of 
their comparison in these experiments. The greater virulence of 
strain 351 was quite distinct in most of the comparative tests on beets 
as well as on pines. The possibility that  the original culture mas 
really a composite of two or more strains, of which different ones 
survived in the subcultures kept a t  Washington and Madison, re- 
spectively, seems worth considering. Such an accident might also 
have been responsible for the divergence of Pythium strains 131 and 
295 referred to in another section. 

Further evidence of the parasitism of Rheosporangium mas ob- 
tained in inoculations wit11 cultures reisolated from seedlings killed 
by the original strains in experiment 62. Typical Rheosporangium, 
identified by presporangium formation, was easily recovered from 
the damped-off seedlings in pots of pines only, those of beets only, 
and the pots in which both hosts mere sown. The recovery of a 
virulent Pythium strain from a single one of the pots inoculated with 
the weaker Rheosporangium shows that  despite the absence of dis- 
ease in the controls a slight amount of contamination did occur. 
However, the coml>arative ease with vhich  the Rheosporangium was 
isolated from seedlings in other pots inoculated with it and the fact 
that it has never been obtained in  the numerous cultures made from 
controls and from pots inoculated with other organisms leave little 
room for doubt that the strains isolated were really recoveries of the 
Rheosporangium used in the original inoculations. The results of 
reinoculation with these strains are shown in Table VII .  

From Table V I I  and by comparison with Table V I  it appears- 
(1) That iil one experiment eicli on jack Pine and red pine tlle reisolated 

Rheosporangium strains gave positive results. In  n second experiment on jack 
pine (No. 67) the diflerence between the Rheosporangium pots and the con- 
trols was not significant. 

(2)  That, as in Table 71, the Pythium strains used proved on the whole 
decidedly move parasitic than the Rheosporangium strains. In  experiment 66 
this is not shown by the percentage of seedlings damped-off, but is sufficiently 
evident x~hen the germillation loss as g ell as  tlie subsequent damping-off per- 
centage is considered, the survivai being here, as in most other cases in which 
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either of the groups of pots compnred is seriously affected by parasites, the 
lnost. convenient index of the comparative activity of the fungi used. In such 
a comparison a s  that between the KheosDorangium pots and thc controls in  
experiment 68 (Table VII) ,  accidental variations in  emergence, of course, over- 
shadow the slight effect of tire fungus, and the definitely determinable per- 
centage of loss af ter  emergence is the only value which can serve as a basis for 
any definite conclusion. 

TABIE VI1.-Result8 of immlationa on Pine seedlings with initial and reisolated 
str.uAna of Rheoaporangium nphnni~i~r,nnfus co?npn?rd zcifh parnilel irrooz~la- 
tion* w i r i ~  P l , t h l ~ b ~  ~leharuan~wn. 
-- 

1 i I Results. 

Experiment number, host, nnd 
inoouiating fungus. 

73 43 44 
83 43 38 

- - - - 
25 ........ 75 15 84 

235 47 43 33 29 
:=---- 

No.68 Pinusrrrinosa: 

h frequency graph based on the survivals of the 50 individual pots 
inoculated with Rheosporangium in experiment 68 yields a rather 
interesting asymmetrical curve (fig. 17). The shape of the curve 
is taken as indicating that in a large number of the pots the inocula- 
tion produced no effect, while in the smaller number of pots in which 
the inoculation apparently "took," the loss was rather heavy. This 
is a rather common phenomenon in inoculations which are only 
partly successful, part of the pots being free or practically free from 
loss, while others are nearly cleaned out. It  will be seen again in 
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figure 18. This suggests, further, that part of the lack of activity 
was due to the failure of the fungus to maintain itself vigorously 
in the soil till the pines reached a stage of sprouting in which they 
could be readily attacked. Direct inoculations after the seed starts 
to sprout are therefore desirable to supplement the experiments 
reported. The survivals in the controls did not show any such 
asymmetrical distribution. 

\\'l1ile the Rheosporangium has given rather definite evidence of 
parasitism on Pinus hanksiana under favorable conditions, the 
activity of the strains available has been much less than thatSof the 
Pytl~iurn debayanurn strains. I n  view of the fact that the fungus 
has not so far  been isolated from pine i t  can be concluded to have no 
g e n e r a l  importance 
in pine seed beds. Its I /? I - ,,. i, 
very rapid growth on 
prune agar makes it $uo 

h 
very when easy present. to isolate iA' '. 1 
PHYTOPHTHORA SPP. im ,. 

\ 

', 
Phytophtho~a fagi 10 I a' ,' R. Hartig has been 

commonly' reported 
,/' 

ID ,., ,G , 22 *5 ea 9, .w as the cause of death SEEDLIM~S ~URYIY,~VDPER POT 

of seedlings of Ta- BIG. 17.-Diagram showing the results or inoculation of 
plants in Eu- Pims~ resinoae seedlings with Rheos~ormgizrm eghmider- 

nratvs, as indicated by the number of seedlings surviving 
rope, including con- in inoculated pots (solid line) and control pots (broken 
iferS and herbaceous line). Tae shape of the curve eor the inoculated pots is  

taken as indicating that n large proportion of them P l a n t s  as  as  were entirely unaffected by inoculation, while those which 
beech (5, 8, 15, 55, were a t  all affected suffereli considerably. This is a 

frequent result in inoculations wilh weak par~sitrs  added 
56, 57, 59, T3, lo4.) at  the time ot sowing the sera. 

It has been grouped 
wit11 the rather indefinite PhytopJdhor~~ omivora and with P. 
c&rurn, the enemy of cactus, ginseng, and other plants. Wil- 
son (147, p. 54) considered i t  distinct, but Rosenbaum (114): 
in his biometric comparison of Phytophthora cactorum, and a 
single strain of P. fagi, failed to find significant morphological 
differences. If P. fagi is even physiologically different from 
the American strainfi of P. cactorum, its introduction into the 
United States is to be guarded against. There is certainly no 
fungus in the United States causing the damage to coniferous 
seedlings which European reports have attributed to P. fagi there. 
As P. fagi attacks roots, it presumably can be carried in soil as well 
as on plant parts. 
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A test made on jack pine with a culture of Phytophthora cactomm, 
furnished by the department of plant pzthology of Cornell Univer- 
sity, resulted negatively. At the time of sowing the seed three pots 
were inoculated with cultures on nutrient agar inserted at several 
points in each pot. After emergence additional fragments of prune- 
agar cultures were placed in contact with the seedlings, and they were 

a0 - I POTS W/TX 
PYTN/UM 

20 - 

POTS W/THOUT 
PMH/UM 

0-14 /5-2+ m-99 es-63 60-79 75+e so-/w 
SELOL/NGS S(RY/Y/NGPERMT 

FIG. 18.-Frequency u f  pots with ditiereut uuwliers of surviving seedlin8 of Pinus 
DonBsiena, inoculation experiment No. 31. The solid line3 represent pots to whieh 
cultures of saprophytic or,qlnisms were added. T h e  broken lines are based on pots to  
whieh no saprophytes had been added. The solid lines are based on 78 pots in  the 
upper graph and 80 w t s  in  the  lower one; the broken lines on 33 pots in  the upper 
and 25 pots in t h e  lower gmph. PytMum debewasum was addedjust  after sowing the 
seed nt a single point in  each pot represented by the two upper lines. Cultures of 
saprophytes were applied broadcast two days before the Pythium inoeulationa were made. 

sprayed with a spore suspension. The pots were covered with glass 
to increase atmospheric moisture, and the seedlings were occasionally 
sprayed with an atomizer. The soil was an autoclaved mixture in 
which simultaneous inoculations in a different room with Pythium 
and Corticium proved successful. The failure of the Phytophthora 
may possibly have been due to the lower temperature at which the 
pots incculated with it were kept (15' to 20' C.). 
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A species of Phytophtborl~ was isolated by Mr. R. G. Pierce from 
damped-off Pinus resinosa in Minnesota and used in four inocula- 
tion experiments, the results of which appear in Table VIII. I n  the 
first of these experiments unhoiled xrater was used on the pots, and 
mice obtained access to the pots of the second test. Probably as a 
rewlt of these things infection occurred in the dontrols in both cases, 
and the results were' inconclusive; in the later experiments these 
two 'sources of infection were eliminated, and in experiments 68 and 
72B the controls vere free from disease. Parasitic activity was in- 
dicated rather strongly in experiments 68 and 72 (on P. resinose and 
P. banksiana) and to a certain extent in experiment 66. I n  experi- 
ment 67 it mas erident that the Phytophthora was nearly or entirely 
inactive. Comparison of the results in experimcnts 66 and 68 with 
the results from inoculations with Rheosporangium aphanidermatus 
in the same experiments (Table VI I )  suggests that the Phytoph- 
thora may be better able to attack the pine from which i t  was isolated 

- than the Rheosporangium, while the latter fungus caused consider- 
ably mpre destruction to Pinus bmlcsiana than the Phytophthora. 
Comparison of the results in the pots inoculated with Phgtophtl~ora 
and those inoculated with Pythium debaryanum in all the experi- 
ments indicates that the Phytophthora strains used were less virulent 
than most of the strains of P. debaryanum and very certainly less 
destructive than the most active strains of either P. deEiaryanum or 
Corticiunz vqunz. This species of Phytophthora has been reisolated 
from damped-off Pinus ponderosa in experiment 72. 

Direct inoculations of the stems of seedlings of Pinus resinosa soon 
after they emerge from the soil have so far  confirmed the lack of 
parasitism of Phytophthora c a c t o m  and of the cultures of Phy- 
tophthora sp. grown by the writer. The identity of this species has 
not yet been determined. It is able to grow only about one-fourth as 
rapidly as Pythiumz debaryamm on the medium \vl~ich has been 
used for isolation and may therefore be more common in the seed 
beds than the small number of isolations by the planted-plate method 
would indicate. However, its oospores, larger and darker than those 
of Pyth.ivm de6arya~zu?1z (usually over 20 pin diameter), should have 
been recognized in the routine microscopic examination of planted- 
plate cultures had this species been frequently present, even if it 
had not grown fast enough to get out ahead of the other organis~n 
and allow isolation. It is not believed that it is common enough in 
pine seed beds to be of importance, even if other strains should be 
found more virulent than those which have been avaiIable. 

MISCELLANEOUS PHYCOMYCETES. 
A fungus, apparently referable to the somewl~at indefinite PytI~iunz 

artotrogus (Mont.) De Bary, was isolated by Mr. Glenn G. Hahn 
from Pinus resinosa in Michigan and from damped-off Pinus Eianh- 
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aiana in pots of autoclaved soil which had received tap water at  
Washington, D. C. It agreed both in the appearance and measure- 
ments of its spiny oogones and smooth oospores with Pythium arto- 
trogus (P. hydnospomcs) as described and figured by Butler (23). 
I n  addition to the spores which Butler describes, there appeared in 
apparently pure prune-agar cultures of different strains bodies with 
smooth malls, of somewhat irregular ovoid outline, and mostly larger 
than either oospores or oogones. They are very much less abundant 
than the sexual spore forms. Their greatest diameter varied from 
11 y to over 40 y. The germination of these bodies was not observed. 
Efforts to induce the fungus to produce smarm spores by growing 
them in liquid nutrient media and transferring them to pure water 
were unsuccessful. This failure to produce zoospores is further in- 
dication of the ident,ity of the fungus v i th  that clescribed by Butler, 
who says that asexual reprocluction is unknown. 

The strain from Michigan was a rather weak growing organism, 
difficult to maintain in tube cultures without rather frequent trans- 
fers. Its parasitic activity in the experiments reported in Table V I I I  
is nil or negligible. Because of the poor seed and small number of 
seedlings involved in experiment 12B, the percentage of damping- 
off there given means only a single seedling dead. The Washington 
strains, on tho other hand, though evidently not strong parasites, did 
apparently cause the death of a number of seedlings. The best evi- 
dence of this is in experiment 68, in which there mas damping-off 
in each of the five 5-pot units containing the Washington strains and 
none in any of the 18 control pots. The available strains nrere less 
active not only than Pythium dehaqanum, but less than the Rheo- 
sporangium and Phytophthora strains used. The fungus is be- 
lieved to be a potential parasite on pine seedlings, but not one of any 
general importance. What is probably the same fungus had ap- 
peared in the writer's cultures from western nurseries in conjunc- 
tion with P. deharyanwm, but not commonly, and it  had not been 
isolated. While its growth rate is only abont half that of E. debay- 
anum on prune agar, it  is nevertheless so much faster than that of 
many fungi that i t  should have been more often obtained in culture 
were it at all common in damped-off seedlings. 

Anotber fungus, presumably an oomycete but producing only 
chlamydospores in the writer's cultures, mas obtained from clamped- 
off olive seedlings furnished by Prof. W. T. Horne and from soil 
direct, both at  Berkeley, Calif. The fungus is apparently the same 
as one which has been occasionally seen in cultnres from pine seed- 
l i n g  in the Middle West, but had not before been isolated. The 
hyphz are ordinarily nonseptate, and the growth on corn-meal agar 
is superficially much like that of Pythiuw~ deha,rl/cin.um, but with 
greater tendency tomard local zonation and aerial growth and less 



DAMPING-OFF IN FOREST NURSERIES. 63 

than half as rapid. Cl~lamydospores are mostly intercalary, a t  first 
subspherical, soon becoming polygonal, and after a few days they 
shrivel and exhibit thick, angular walls. I n  size the unshrunken 
spores usually lie bet,ween 8 and 12 p in diameter, but bodies as 
large as 20 p occasionally occur. Antheridia have not been observed, 
and the shriveled bodies are not believed to be oospbres, though the 
observations made have not been sufficient to exclude such a possi- 
bility. No other spore form was obtained in water culture, using 
various nutrient substrata. I n  inoculation the strain from olive (the 
"undetermined Phycomycete" included in Table V I I I )  has given 
negative or nearly negative results in three inoculation tests in which 
other fungi gave positive results. In a test not included in the table, 
in vhich P k s  ponderosa was the trial host, damping-off was slightly 
higher in the inoculated pots than in the controls, but the difference 
was apparently due to accidental infection with Botrytis and 
Pythium de6ayanum. As all the seedlings in pots inoculated with 
P. deba~yanum in this additional experiment were killed, the rela- 
tive unimportance of this strain of the small-spored fungus was 
further indicated. An additional test of both the olive strain and 
the strain from soil was made by inoculating seedlings of Pinus 
hadcsiana and P. ponderosa growing on filter paper in Petri dishes. 
Some of these were kept wet with water, some with an inorganic 
culture solution, and some with the inorganic solution plus peptone 
and dextrose. Agar cultures were applied directly to the seedlings. 
The seedlings inoculated with the small-spored fungus remained 
alive as long as the control seedlings, while parallel inoculations with 
Pythium de6aryafium resulted in the early decay of the seedlings. 

TABLE VI1I.-Re8~ltv of ilzoculalio%Y u;ith n~iseellaneou,s wmycetev 0% pines h 
autoclaced soil at the t h e  or sowi%g. 

all the expeiiments inoludcd i? this table the inooulum oonsistod of fragments of amr oultures 
matributed mh theseod at one skde ofeach iot o r w  about one-fourth of the pot ares. The controls 

received sterile agar in the  same way.] 

No. 66 PI 
P ~ S ,  

61 
Sl 
e, 

Experiment number, host, aod ~noculating fungus teE; 
pots. 

Results. 
- 

Emerged I zzPt:1 Snruival. 
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TABLE VII1.-Re8uZts of  irLoCUl(~ti~r~ 'with llLiS~ell~l~eOu~ om,&2/cetes ou p i l z e ~  in 
autoclawed soil at tho time o f  sowing-Continuetl. 

Results. 
Enpcrimmt numbor, hmt, and inmulating fi~ngus. bor of 

erged.1 E;$;l Somivai. 

NO. 68 Pinus resinma: 
~iytophthora sp.- 

St1niD 358 ............................................... 
Strain 372- ................................................. 
Strain 375. ................................................ 

Pythiumartotiqgus (?! Hiehbnst ra in . .  ..................... 
~ythiumartotiogus wasnineon, D. c.- 

Strain 821. ................................................. 
Strain 821. ................................................. 
strain 831. ................................................. 
Strain 832. ................................................. 
Strain 813.. ................................................ 

Cndatermimd Phyoornyrctc.. ............................. 
C O ~ ~ T O I S  ........................................................ 

NO. 72.1, Pinus rosinma: 
Phytophthora sp.- 

Stmin 372- ................................................. 
Pythiurnartotrogus (?! Vichiganstmin.. ..................... 
Pythium artotrogti~ (?!: ivashwton, D. C.- 

Strain 821. ........................................... 
Strain 811. ................................................ 
StrainW. ................................................. 

Controls.. ............... ., ..................................... 
NO. 72B, Pinus pondcrwa: 

Phytophthorri sp.. ............................................ 
Pythiumartotroeus (11, hlichiganstrain.. ..................... 
Pythiumnrtotrqus (?). Washington, D. C.- 

Strain 821. ................................................. 
Strain 811. ................................................. 
Strain ma. ................................................. 

Contrds ........................................................ 

OTHER FUNGI 

Data on the possible relation between various other fungi and the 
damping-off of conifers have been already summarized by Hartley, 
Merrill, and Rhoads (68, p. 546-550). Pestaloazia. funerea on the 
basis of the experiments of Spauldin- (136), Rotmjtis cinerea on the 

? 
basis of observation and very prelim~nary inoculations, and Tricho- 
d e m a  leoningi on cultural evidence only are all believed to be po- 
tential causes of damping-off, though not ordinarily important. Al- 
t e r n a k  sp. is under a certain amount of suspicion on account of its 
frequent association with the damping-off of conifers, but it  has 
never been used in experiments. Rhiaopus niyricans (incorrectly re- 

' ported asMucor), Trichothecium roseurn, Rosellinia sp. from nursery 
soil, C h a e t h u r n  sp. from maple roots, strains of Penicillium and 
Aspergillus, Phoma hetae, and Phomr6 spp. are all reported to have 
been used in inoculations with negative results. 

Since the publication of the a b o ~ e  summary a preliminary sucress- 
ful  inoculation experiment with Botrytis c ine~eu on recently emerged 
Pseudotsuga taxifolia has been found briefly mentioned in an areicle 
by Tubeuf (140) on another disease. Further experiments with va- 
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rions strains of Botrytis, both from conifers and from other hosts i 
(the latter supislied by thedepartments of plant pathology of the, 
California and New York (Cornell) Agricultural Experiment Sta- 
tions), have already yielded confirmatory evidence of the parasitism 1 
of B. cinerea. 

While a considerable number of fungi have been considered in  the 
foregoing, i t  is entirely possible that there are still parasites which 1 
have received no consideration and that some of them may perhaps 
be important. The moist-chamber method of culturing parasites I 

fo r  isolation yields only those which produce spores readily; the ,.I  
planted-plate method is not well adapted to the isolation of slow- i ~ 
growing fungi or bacteria. It is suggested that in further culture 
work with damped-off conifers an attempt be made to secure slow- 
growing organisms by dilution plates of teased-up fragments of i 
recent lesions. I 

RELATIVE IMPORTANCE OF THE DAMPING-OFF FUNGI ON ~ 
CONIFERS. ! 

The relative importance of the different damping-off parasites is 
something that has not been thoroughly investigated for any host. 

! The most information on this point is that given by Busse, Peters, 
and Ulrich (22) for sugar beet. I n  this case they find the special- I .  
ized Phoma betm distinctly the most important, with P y t h i m  de:. 1 baryu,iunb second and dp7un*,myecs Lewis third. 

Peters (100) apparently considered Rhizoctonia unimportant as 
a cause of beet damping-off. The opposite was indicated by a. small 
number of cultures by Edson (38).from beet seedlings on Kansas 
and Colorado soil. These yielded more Corticizvm vagum than any 
other parasite and no Pythium at all.  Johnson (81) states that 
most of the damping-off of tobacco seedlings is due to Pythiuiin 
deFar?~am~n and Corticium v a g m .  Atkinson ( I ) ,  speaking for 
cotton in Alabama, and Sherbakoff (127, p. xcv; 128; 129), speak- . , 

ing for truck crops in Florida, make Co~ticium vugum the impor- 
tant damping-off parasite, Gith P. debarya+~m negligible. Horne ' 
(oral communication) found the same situation in tobacco seed 
beds in Cuba. Atldnson (3) ,  in an article on trees, held that many 
of the cases of damping-off attributed to P. d e b a ~ a n u m  are in real- 
ity due to C. vagum. Peltier (98, pp. 336-337) has reported Ehi- 
zoctonia solani as the cause of damping-off of a large number of 
plants, recording his observation of the damping-off of seedlings of 
nearly 50 species of miscellaneous genera and cuttings of 13 different 
species, all of which he attributes to the Rhizoctonia. H e  does not 
state whether in this case he used diagnostic methods lilmly to de- 
tect Pythium deharymunz if it had been present. 

19651'-R~ll. 934-21-5 

i I 
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For the conifers, no very reliable data on relative importance have 
been published. Numerous European reports emphasize the damage 
due to F u s a r i m  spp., while a smaller number attribute loss to 
Phytophthora fagi or to both. There seems to have been little effort 
to deterniine the presence or absence of Corticium or Pythium, so 
these reports can not be given great weight. Spaulding's evident 
belief (136) in the importance of Fusarium has more weight, as he 
mas on the lookout for the other fungi; the moist-chamber diagnostic 
method employed in most of this work was, however, not well 
adapted to the detection of either one. The same is true of the work 
of Rathbun (106), in which dilution plates of seed-bed soil were 
employed. Rankin (105) attributes to F u s a r i m  spp. the greatest 
importance in tree seed beds in this country, with Pythium debay- 
anum and Rhizoctonie spp. important in certain cases. Gifford (46) 
emphasizes the importance of Fusarium, while Clinton (28) appar- 
ently found Rhizoctonia (Corticiwnz u a g m )  especially prevalent 
in the examinations he made. 

On the basis of the data presented or summarized in this bulletin, 
it is believed that of the various organisms which have been con- 
nected with damping-off in coniferous seed beds P y t h h  de6amj- 
anncm, Corticium uagum, and Fusarium spp. include all of impor- 
tance. The others, either because of low indicated virulence or 
infrequent occurrence, and in most cases both, do not seem to merit 
extensive consideration. 

In order to form an idea of the relative frequency of the parasites 
named above as important, there have been brought together in 
Table IX the results of the examinatidn of 438 damping-off foci in 
untreated beds and 304 foci which have appeared in beds which had 
received various disinfectant treatments. The data are presented 
by foci rather than by individual seedlings, as was done in the census 
reported by Busse and his comorlrers. Most of the diagnoses were 
made by planting recently diseased seedlings in plates of solidified 
prune agar, all the seedlings taken from the same focus, or "patch," 
of damped-off seedlings being put into the same Petri dish. The 
resulting growth was in some cases transferred to a tube for later 
examination, but was usually esamined directly in the plate. I n  a 
smaller number of foci the seedlings were macerated and examined 
directly without recourse to culture methods. As Pythium debary- 
a n m  does not commonly fruit in diseased seedlings of pine or of 
tobacco (81) and its hyphz are both difficult to find and not in 
themselves considered a sufficient diagnostic character, this latter 
method of examination is not so satisfactory for the determination of 
Pythium as it is for Corticium, which is easily recognized by its 
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thick-walled truneate-tipped hyphze and characteristic branching. A 
further difficulty in the direct-examination method, unless the seed- I 

i 
lingsare sectioned, is in distinguishing between Corticium hyphae 
1~11ich are in the tissues and those outside. The well-known habit 
of the Corticium of sending hyphze superficially over the surface of 
plants which it is not appreciably injuring makes it evident that only 

i 
hyphw actually found in the tissues have diagnostic value. Direct 

i 
I 

microscopic exa~nination is, furthermore, very likely to fail t o  detect 
I'usarium. The planted-plate method therefore appears the Better of 
the two, and the results of the culture diagnoses appearing in  the I 
'lowest bmo ll'nes of Table IX  deserve probably more attention than 
the total occurring a few lines above, in which the results of direct 

I 
examination of the seedlings are also included. The high liroportion 
of Corticium reported from the Michigan and Minnesota nurseries ~ 
is probably due in part to the fact that most of the examinations ! 
made there were of the direct microscopic type. 

i 
TABLE IX.-Results o f  the czan~i1uation o f  damfling-off foci  in. SoniferolLs seed 

Deds for 1'fJtlriunb dobaryanum, Covtioium vagwn, a i ~ d  fi'usariunz spp. 

I 

Grouping. ~ I 
i 
i 
! 

I 
I ~ 
I 
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TABLE ~X. -RBSUZ~S of t h e  e s a m i n a t i o n  o f  dan~ping-o f i  foci in. coniferous seed 
beds for Puthiurn debaryamurn, Cwticizwn oegwrn, end Ft~sariunz spp.-Con. 

Orwing .  

Number 

- - - - - - - - - - - - - - - - 
............................................................... 5 5 0 2 

................................................................ 

... 
o * s 

Total: 
Number .............. 
Percentage .......... 

showing- showing- showing- showing- 

? 'i 
Number 

B diagnosticmothods: 
L o t  exarmnation- 

 umber ................ 
Psreentage .............. 

Planted-plate oulturot- . Number ................ 
Percentage .............. 

Number 

The data on the different nurseries do not allow any generalizing 
on the basis of locality except to say that all of the fungi seem quite 
generally distributed in  the Lake States and Great Plains region. 
'In general, it appears that the Fusaria as a group are more common 
than either of the other fungi; as they grow more slowly than either 
the Pythium or the Corticium, they were probabIy rather more 
common relatively than even the plate-culture method indicated. 
I t  also appears that the Pythium occurred in more foci than the 
Corticium in the beds examined. Further culture work, perhaps 
by the method of dilution plates of fragments of lesions, seems de- 
sirable, especially in the East and the Northwest, regions in which 
there are large coniferous nurseries and in which nothing like a 
parasite census has been attempted. Observations on the type of 
focus occurring in most of the nurseries in the Rocky Mountains 
leads the writer to believe that Corticium will be found especially 
important there. 

While the data on the fungi in foci in disinfected beds are insuffi- 
cient to serve as a basis for much in the way of conclusions for any 
individual treatment, they in general agree with the assumption, 
which knowledge of the fungi would favor, that Corticium is the 
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most easily controlled by soil disinfection (see the bottom line in 
the last four columns of Table I X ) .  I t s  poor adaptation for aerial 
dissemination would lead .one to expect to find it seldom in beds 
treated with efficient disinfectants. The entire absence of Corticium 
in heated soil therefore seems somewhat significant. The rather 1 
high Corticium yield in the formaldehyde plats is of some interest i 
in view of the reported inefficiency of formaldehyde in destroying 
Oorticium vagwm on potato tubers (48, 50). As will be noted from 
the data given, more than one suspected parasite was often found in i 
Trhat appeared to be a single focus. This was probably in some 
cases due to independent foci being nearly concentric; it also in 
some' cases undoubtedly means that one of the organisms found was 
only secondary. In the beet-seedling cultures by Busse and his 
associates, individual seedlings yielded two or more potential para- 
sites in 100 of their nearly 1,300 examinations. I t  not infrequently 
happened in the work on pine seedlings that no fungus recognized 
as a likely parasite could be isolated. This was especially true 
in plate cultures when Rhizopus or Trichoderma happened to be 
abundant, as both are very fast growing and often suppress para- 
sites. This is an additional reason for the development of some 
method as a dilution plate of lesion fragments for diagnosing damp- 
ing-off. 

Even an accurate and complete census of the organisms present in 
the different foci could not be directly interpreted in terms of rela- 
tive importance. None of the' parasites so far  used in inoculation 
have been vigorously parasitic under all conditions. Of both Corti- 
cium eagum. and Pythiun~ de6aryanuna some strains, microscopically 
indistinguishable from the others, are very weal< as parasites. Only - ! 

part of the Fusarium species +re parasitic on pine, and data showing i 
mbich are and which are not parasitic are known for only a very 
few. There is therefore no fungus which can be said positively to 
be the cause of any particular damping-off "patch " simply because 
it was found in some of the dead seedlings in the patch. I n  an occa- 

, sional exceptional case, such as the large Corticium patch in figures 
7 and 8, there is such a vigo.~ous growth of the fungus that its pGeL 
dominance is undoubted, but such cases are rather rare. A census . 
throws light on the importance of the different fungi, but can be 
interpreted only in the light of inoculation results. 

For Pythium and Corticium the inoculation data do not permit 
any simple comparison between the two,for the reason that neither 
is uniform. Each has strains of high virulence and strains having 
pGctically no effect on pines. I n  the inoculations in autoclaved soil a t  
sowing time the strongest strains of Co~ticium uaguri have on the I 1 
whole caused more damage than any of the Pythium strains, but, cn  
the other hand, there has seemed to be a higher proportion of very 

! 
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weak strains of C. vagum than in the case of Pythium. I n  inocula- 
tions on Pims banksiana and P. ponderosa in Kansas sand treated 
with acid followed by lime, the average Corticium was very much 
more destructive than even the strongest Pythium strains, allowing 
practically no germination in most cases. On the other hand, in ex- 
periments in which the inoculum was applied directly to Pinus 
resinosa and P. ponderosa seedlings, either immediately after germ- 
ination or after the older parts had become resistant, the Pythium 
has been the more effective. The inoculation evidence so far  avail- 
able justifies so nearly equal emphasis on the two that it can prac- 
tically be eliminated from the calculations. I t  is the writer's opinion 
that the Corticium strains are probably rather less virulent on the 
average than the Pythium strains, but perhaps better able to main- 
tain themselves and spread from one seedling to another in most 
soils. The evidence of Table IX that the Corticium seemed less fre- 
quent in the damping-off foci is more or less counterbalanced by the 
apparent larger size of many of the disease patches which it seems 
to cause in the seed beds. Nearly all the large clean areas such as 
are shown in figures 7 and 8 have been found to contain abundant 
Corticium hyphae. The evidence on the whole seems to indicate a 
very nearly equal importance for the two fungi. The Pythium is . 
probably somemhat the more important for the stations at; which 
most of the cultures in Table IX  were made, but the Corticium has 
received more emphasis from other observers in this country and is 
indicated by the writer's observat~ons to be more important in the 
western mounta~ns than any other damping-off fungus. 

The inoculation evidence for Fusahurn spp., though less complete 
than for Corticium and Pythium, is nevertheless rather helpful in 
indicating their importance rating. None of those so f a r  tested in 
inoculations at sowing have shown the destructiveness of the aver- 
age strains of Pythium or of the stronger strains of Corticium; while 
this is only in part a test of virulence and in part a test of the 
ability of the fungus to grow saprophytically in the soils used, the 
indication is that no one Fusarium species is the equal in destructive 
capacity of either Corticium aagum or Pythium debaryanwm. How- 
ever, when all of the Fusarium species which occur in the seed beds 
are considered, the group as s whole may proye quite as important 
or even more important than either of the other two fungi. The data 
already at hand rather definitely inclicnte considerable importance for 
all three. 

I 
DAMPING-OFF FUNGI AS CAUSES OF ROOT-ROT AND LATE 

DAMPING-OFF. 

As hasbeen already stated, root-rot, often with frequent recovery, ' 
has been commonly observed in seedlings several weeks old. It has 
been especially common in the vicinity of old clamping-off foci in 
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which Corticium uagum appeared to be the active parasite, but 
beyond this indication of the causal relation of C. vagum it was not 
known which of the damping-off fungi were able to attack the roots 
of seedlings too old to be killed by damping-off. To throw light on 
this point, seedlings of Pinus po.nde~osa and P. resilzosa grown in 
autoclaved soil in the greenhouse and approximately 19 months old 
were inoculated with different fungi. There had been a certain 
degree of early damping-off in these pots, but it had apparently 
'ceased before the ;noculations mere made. The inoculum used con- 
sisted of cultures on rice introduced through the drainage holes at 
Iha bottoms of the pots. The strains of Pythium de6aryanm and 
Corticium uagum used were the ones which had given maximum 
results in earlierinoculation experiments a t  the time of sowing. The 
strain of %sariurn ventricosum was the only one available, and the 
Fwarium mowiZifornac. strains were all of approxim3tely equal viru- 
lence, the three used having given as much evidence of parasitism 
as any of the strains of this species in the earlier damping-off experi- 
ments. Three pots of each pine uyere inoculated with each strain. ' 
Two %pot units of each pine were set aside as controls and inoculated 
with sterile rice. I n  addition, three pots of each pine mere kept in 
the same bench without the addition of any inoculum, for comparison 
Tvitii the controls with rice. The results of this experiment, taken 
a month after the inoculations were made, with the seedlings averag- 
ing 29 months old, appear in Table X. The roots of the riving seed- 
lings were washed out carefully with water to permit examination. 

The results in so far  as they indicate root-rot of the oldest seediings 
are best shown by the figures in columns 4 and 5. These seedlings 
were so far  a,dvaaced that the fungi had not been able to kill .them, 
and nearly all would have recovered if they had not been 
dug up. It mill be noted from column 4 of Table X that a consider- 
able portion of the Pinw ponderosa, seedlings with root-rot had al- 
ready made their recovery apparent by pushing out adventitious 
roots above the decayed portion a t  the time they were examined. 

For Pusarium uentricosum there was only the merest indication of 
ability to attack pine roots a t  this stage. For P. n~ol~ilifomne the  
evidence is somewhat better, more pots being included and the dif- 
ference in healthy-topped seedlings with injured roots between the  
inoculated pots and the controls being approximately twice its indi- 
cated probable error for each species. The percentage of root-injured 
seedlings in the Pythium debaryanum pots exceeded that in the con- 
trols in each species by between three and four times the probable 
error of the difference, while the difference in percentage between 
the C'orticizcm uagum pots and the controls is approximately four 
times its probable error in the case of Pinus ponderosa and five and 
one-half times its probable error in the Pinus resinosa pots. The 
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weak point in the results is, of course, the insufficiency of the 6-pot 
and 9-pot groups as bases for probable-error determination. The 
indicated relative ability of these cliffereilt fungi to cause root-rot 
is about the same as their relative ability to cause the damping-off of 
sprouting seed and young seedlings, as indicated by the results of the 
earlier experiments in which inoculations were made at the time of 
sowing. The fact that only the very strongest available strains were 
used and that the pots mere rather heavily inoculated is to be kept 
in mind in considering these results. As in the Seedlings examined 
in the nursery beds, when a root system was partly rotted i t  mas 
only the younger portions of the roots that were affected. The evi- 
dence obtained from this experiment needs to be amplified by experi- 
ments with other coniferous hosts, other strains of the fungi, ancl 
under other conditions. The experiment just described furnishes 
the only evidence available on the relation of the important fungi 
Pythium debarnjanum and Corticium uagum to the root-rot of conifers 
and is therefore presented as a preliminary eontr~bntion. 

FABLE X.-Re.v$rlts o f  root  inoculations of older pins seedlings with damping-of 
fungi. 

N,zmber of- Seallingswhihioh developed root-rot / I (petcent). 

' _  
 forr relative virolence olthese strains on younger seedlings as compared with other strains of the same 

species note their position m fipur?s 1! %d 14. 
a ~~(perforrnaoce of these strams m ~r~ocillstions at time of smiog, see an earlier publication (68, .. tablag). 

Pinus pondcros~: 
Pythinm debnrynnllm, strains 295, 5 

1 
71 

and 810.0 
Cortidum vsgum, strains 147, 213, 9 56 

747.0, 
Filsarium moniliformo, strains 249, 

I 
9 64 and260.h ................ Fn~&rltlm i.entri~08um 3 18 

Controls.. ............................ 6 41 
3 18 

9 140 
9 146 
8 128 
3 39 
6 115 
3 ' 5 1  

The figures in column 7 give information as to the percentage of 
late demping-off resulting from the inoculations. A certain per- 
centage of the early type of damping-off appeared in some of the 
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pots, as there were still present a number of soft-stemmed seedlings 
from seeds which were slow in germinating. These younger seed- 
lings were excluded in counting the dead, the rule being to include 
only plants which had developed. a sufficiently rigid stem to remain 
upright after death. Comparison of the percentage of killed with 
the total percentage attacked for the two pines is rather interesting 
As has already been pointed out, while Pinus resinosa suffers very 
heavy damping-off 1osses.at a number of nurseries it seems to be 
less susceptible than some other species to parasiticinjury during 
the sprouting period, before the seedlings appear above the soil sur- 
face. Observation of beds of this species during different seasons 
has indicated that it has not a greater susceptibility, but rather the 
fact that its susceptibility lasts longer, which.causes it to suffer as 
seriously as i t  does a t  certain nurseries. It is indicated in Table X 
that the succulent root tips of Pinus ponderosa are just as easily 
attacked by damping-off parasites as those of P. resinosa-in fact, 
considerably more easily attacked, as indicated by the figures in  col- 
umn 8. With the P. ponderosa seedlings, however, the older'parts 
of the roots had become resistant at this age in nearly all cases, while 
of the affected P. resinosa seedlillgs more than. one-third were still 
unable to limit the lesions, and death resulted. 

I n  general, this experiment indicates that Corticium uagum and 
Pyth im debaryanum are able to cause the death of some pine seed- 
lings which have developed rigid stems and that- both are also able, 
as has been found by other workers in the case of sugar beets, to 
cause "root sickness," the rot of the younger portions of the root 
systems, in seedlings which have developed too much resistance to 
be killed. The evidence for the parasitism of the two Fusarium 
species on these older root systems is not so good; as in the experi- 
ments on younger seedlings, their ability~to attack the pines is prob- 
ably less than that of the other two fungi. Further inoculation ex- 
periments are desirable both with these fungi and with others on the 
roots of seedlings too old to succumb to the more ordinary types of 
damping-off. 

RELATION OF ENVIRONMENTAL FACTORS TO DAMPING-OFF. 

I n  the earlier section dealing with disease control, mention mas 
made of the general belief on the part of men who have had experi- 
ence with seedling diseases that damping-off is favored by thiclr seed- 
ing, by much organic matter, especially by poorly rotted manure in 
the soil, and by excessive moisture in the air and soil. It is also 
commonly stated that high temperature favors the disease; on this 
point there is perhaps a less general agreement. Practically all the 
evidence on these points is observational. 
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DENSITY OF SOWING. ' 

The relation between the disease and thick sowing was strikingly 
indicated for tobacco seedlings. in a s~ngle experiment by Johnson 
(82). For pines the only available information is from four experi- 
ments on Pilzus banksiana. The results of the first two appear in 
figure 19. I n  both experiments there is an indication of an increase 
in the percentage of diseased plants as the seed density is increased. 
There is, however, no such markecl relation as in Johnson's worlr. 
As the pines were sown in drills, they mere so close together eyen in 
the less dense plats that no very great increase in the ease of spread 

IW 
- of the disease was to 

1 he expected from in- 
,grorE5 creasing the density. 

G r e a t e r  differences 
shou ld  be expected 

2 s  
in broadcast b e d s .  

3 $70 ' $ 6  /-- That have drill-sovn been heavier beds found losses than in 

in those sown broad- 
cast (69, 139) is pre- 
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I 
I by the fact that with 
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FIG. 19.-Magram showing the extent of damping-off in 

drill-sown ~z?vus honlrsione in D I Z ~ S  ~ i t i ,  different seed of seed bed the sead- 
densities. The remlar seed density a t  this nursery was lings are much closer 
600 seeds per square foot. 

toxe ther  in drills 
than in broadcast beds, and thus the spread of themycelium of para- 
sites from one seedling to another is facilitated. 

Two tests of different seed densities were also made in 3-inch pots 
of autoclaved soil in the greenhouse. Each regular pot mas sown 
with 28 seeds (equi~~alent to 600 per square foot). The pots were 
inoculated by adding to each a single small fra-pent of an agar 
culture of Pythium debaryanum. Uninoculated pots showecl an emer- 
gence of approximately 50 per cent of the seed and mere entirely fre* 
from subsequent damping-off in both experiments. The results ap- 
pear in Table XI. 

I n  this case not only the clamping-off after emergence but the loss 
before the seedlings appeared bore an apparent relation to sowing 
density. I n  the field experiments there was no evidence that the loss 
before the seedlings appeared was affected by seed density. . 
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MOISTURE AND TEMPERATURE FACTORS. 

The relation of damping-off to moisture and temperature are sub- 
jects less easily studied. I n  1007 and 1908 Mr. W. H. Mast, then 
supervisor of the Nebraska National Forest, conducted daily counts 
of the number of seedlings damped-off and compared these records 
with temperature and rainfall records. The writer in 1909 repeated 
his work, maintaining parallel records of damping-off, air and soil 
temperatures, soil moisture, atmospheric humidity, wina movements, 
and evaporation. The 1909 records of damping-off, temperature, 
soil moisture, and evaporation appear in fignre 20. The damped-off 
seedlings were counted and removed in the morning and evening, the 
day period thus being in  most cases 10 to 11 hours and the night 
period 13 to 14 hours. Because the period was not always the same 
length, the data are reduced to a per hour basis. Air temperature 
was recorded by a sheltered the~mograph 3 feet above the soil sur- 
face. The evaporation graph represents the mean loss 'per hour 
from two porous cup atometers of the writer's own design, in which 
the rather long and slender Chamberlain filter bougie was used and 
supported in a horizontal position just above the soil surface so as 
to be under as nearly as possible the same atmospheric conditions as 
the seedlings. The two bougies were placed at right angles to each 
other in order to eliminate as far as possible the effect of change of 
wind direction on their mean loss. While the rain-correction mount- 
ing had not a t  that time come into use, the error due to rain absorp- 
tion appeared negligible; atometers filled sl~ortly before rainfall 
mere read immediately after without any gaih being found in the 
water in the reservoir. The psychro~aph  and wind-movement rec- 
ords are not presented, as the evaporst~on values are more easily inter- 
preted. Soil moisture was periodically determined in the soil of the . 
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plats on which the seedling counts were conducted, each determina- 
tion repesenting two, and in some cases four, points The deter- 
minations for the upper one-fourth inch of soil, made more frequently 
than for lower levels, are connected in figure 20 by a dotted line, 
which gives some idea of the amount of moisture in the surface soil 
during the periods between determinations. The determinations were 
too infrequent to permit anyth~ng more than an estimate of the 
moisture conditions between determinations, but the writer, having 
before him the records of the times and amounts of rainfall and 
artificial watering as well as tth evaporation and soil-moisture de- 
terminations, is in a better position to make such an estimate than 
the reader. The dotted line which gives this estimate should not be 
depended on to show what the percentage of moisture mas at  any one 
time, but is believed reasonably reliable as showing whether in gen- 
eral the soil was wet or dry. In interpreting the soil-moisture rec- 
ords, it should be kept in mind that the soil was very sandy, the 
wilting coefficient of composite samples from various parts of the 
nursery, as determined by the indirect method of Briggs and Shantz 
in the Laboratory of Biophysical Investigations of the Bureau of 
Plant Industry, being only 3.4 per cent. The hygroscopic moisture 
in dry air for the soil of the plats actually under consideration was 
indicated by repeated determinations for the surface soil on dry days 
to be in the neighborhood of or slightly below 2 per cent. The 
nursery is located in a region of large temperature fluctuations, where 
the air during the day is generally dry, and consequently the dew 
is heavy at night. 

The first result of interest is the difference between the damping- 
off for the day and the night periods. In  the records of every 
day but two, more seedlings went down during the day period than 
during the night, the differences in most cases being large. As the 
evaporation and temperature showed similar day and night fluctua- 
tions, it is difficult to say whether temperature or moisture condi- 
tions were responsible. The other interesting result brought out by 
the graphs is the sudden drop in the general level of the damping- 
off graph following the rains of June 15, June 19-20, and July 3. 
In each of these three cases the damping-off came up again only 
after the soil moisture came down. 

The fact that in the daily fluctuations the damping-off varied 
directly with the evaporation rather than inversely is an apparent 
contradiction of the generally accepted doctrine that moisture favors 
the disease. This contradiction is, however, only apparent. Dur- 
ing the first part of the .damping-off period, when the seedlings are 
still soft, the recognition of damping-off depends on the decay of 
that part of the stem just above the soil surface which allows the 
seedling to fall over. This usually takes place at this nursery as 



a result of the. extension upward of lesions which have started on 
the parts a little below the soil surface. It is supposed that such 
decay takes place most rapidly a t  high temperatures 'and that it is 
the temperature rather than the evaporation graph which the damp- 
ing-off is following in these early day and night fluctuations. Dur- 
ing the latter part of the damping-off period a dying seedling shows 
its first signs of distress in the drying up of its leaves, the stem being 
too stiff to go down until after the infection has gone far enough 
in the roots to cut off most of the water supply. I t  is, of course, 
under dry conditions that such a sign of distress will be most in 
evidence. During the latter part of the damping-off peri'od i t  is 
therefore altogether likely that the day and night fluctuations are 
caused, at least in part, by the higher evaporation rate which ob- 
tains during the day. This is a relation not to the rate of progress 
of the disease, but rather to the  rate at  which the symptom of dis- 
erne appear in plants already seriously affected. 

The drop in damping-off following the increased soil moisture of 
June 15, 19-20, and July 3 also apparently contradicts established 
doctrine. While it is ordinarily true that a wet soil is a cold soil 
and that in the rainy weather which causes wet soil the evaporation 
is usually low, it does not seem possible on inspection of the graphs 
for these items to attribute entirely the reduction of damping-off 
during these periods of wet soil either to low temperature or to low 
evaporating power of the air. Lowered soil temperature probably 
had something to do with the reduced loss following the rains. It 
is also suggested that a sudden change in moisture content may tem- 
porarily hinder a soil fungus by decreasing its air supply. I n  this 
sandy soil the fungi can work a t  very considerable depths during 
dry periods. Initial lesions have been found as much as 12 inches 
below the surface. If this soil is as completely changed in its aera- 
tion qualities by wetting as the sandy soil wit,h which Buckingham 
(19) worked, a rain might result in a rather sudden change in the level 
at which the fungus is able to operate. 

On the whole, the graphs tend to confirm the common statement 
that high temperature favors damping-off. It must, however, be 
borne in mind that in uncontrollecl field plats several factors vary 
simultaneously, and it is impossible to definitely attribute any ob- 
served phenomenon to any one of them. Furthermore, it is not 
possible to say for the seedlings at different ages just how long it will 
take a factor to exert an effect on the damping-off curve. An addi- 
tional consideration is that a method of investigation which gives 
enbirely reliable information on the speed..rvith which the disease 
develops does not necessarily throw light on the conditions under 
which the greatest total amount of disease can be expected before 
the seedlings become old enough to resist attack. High temperatures, 
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within reasonable limits, are expected to increase the speed with 
which the disease worlrs, but these should also hasten the develop- 
ment of the host to a pomt at which infections are unable to cause 
death. It is the total amount of damage in the beds rather than the 
damage per unit of time x~hich is of practical importance. For  a 
number of reasons, then, the method followed in obtaiulng the data 
for these graphs can not give information of maximum value. While 
data of the sort mentioned are of undoubted interest and would be 
of still more value if the records had been connnenced when the first 
seedlings appeared instead of a few days later, the relation of any 
specific factor to the total extent of the disease can be better deter- 
mined by comparing plats in series in which the factors are as far  
as possible controlled and varied one at a time. To vary soil moisture 
and soil temperature independently will prove somewhat difficult, 
but it can be done with the proper facilities. Some work with en- 
vironmental factors should be done under conditions of artificial in- 
oculation in the greenhouse, in whlch the different damping-off 
parasites can be experimented with separately, as it i's obvious that 
the factors which favor the activity of one may not be favorable for 
another. 

CHEMICAL FACTORS. 

Chemical factors are presumably also important, as the soil is 
in most cases the culture medium for both the parasite and the host. 
The much greater activity of P y t h i m  dehayanum in autoclaved 
soil than in untreated soil may be due to the larger quantity of 
soluble organic matter commonly present in autoclaved soil. Pythium 
deharyanum has been found more sensitive to unfavorable substrata 
in artificial culture than Corticiwm wagum and is apparently more 
dependent on soil organic matter in the nurseries than is 0. uagum. 
For example, in the normal humus-containing surface sand in the 
beds at Cass Lake, Ifinn., both Pythium and Corticium occurred 
frequently in  the damped-off seedlings, while in  beds a few feet 
distant, from which enough of the surface soil had been removed to 
leave no humus, nearly all the damping-off foci contained abundant 
Corticium, and no Pythium could be found. With both fungi and, 
in addition, with two species of Fusarium (68) heavy inoculation has 
been more successful in experiments at the time of sowing than 
light inoculation. T h ~ s  has been thought possibly due in part to the 
larger amount of nutr~ent substratum added in the heavy inocula- 
tions, allowing better saprophytic development of the fungus in the 
soil. I n  each of the two experiments with Pythium reported in 
Table XI ,  a 5-pot unit was tkeated with corn-meal infusion and 
another with prune infusion at the time of inoculation. I n  both 
experiments germination was lower, damping-off after germination 
h~gher, and the survival less than half as great in the pots with 
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infusion as in the inoculated pots not so treated. I n  the first experi- 
ment 5-pot units of unheated soil were also inoculated in the same 
way. I n  these also both the units which received infusions showed 
less germination and more loss after germination than the unit which 
received no infusion, though the differences mere smaller than in the 
autoclaved soil. I n  the second experiment the light inoculation used 
failed to cause material loss in the unheated soil units, even though 
two of 'them were treated with the infusion as in the previous test 
and two others received triple portions of the infusion. 

The experience in the nurseries, in which heavy applications of 
manure, and especially poorly rotted manure, in a number of cases 
have apparently resultecl in increased disease, ancl the finding of 
Fred (43) that green manures recently plowed under favorecl the 
work of Corticium have already been mentioned. The addition of ' 

dried blood at two nurseries in Kansas was in both cases followed 
by very much heavier loss than in the controlled plats. The only 
instances lmown to the writer in which the addition of organic 
matter to the &il has shoivn any indication of materially decreasing 
damping-off (with the exception, of course, of the organic disin- 
fectants) are the result reported by Gifford (46) with tankage, a 
single case in tlie writer's experience with bone meal, and the cases 
in which cane sugar has seemed to decrease losses somewhat (67). 
I t  is of some interest to note that the experience available also indi- 
cates increased disease as a result of the addition of inorganic nitrog- 
enous substances. Sodium nitrate and sodium nitrite have both 
given some indication of increasing damping-off. Ammonium sul- 
phate in six separate series has in every case resulted in decreased 
stands, though unfortunately in experiments in which the damped- 
off seedlings mere not counted. Ammonium. hyclroxid, though ap- 
parently having some initial value as a disinfectant, as indicated by 
early damping-off losses, in a number of cases has been followed by 
very heavy total losses. This experience is of some interest in view 
of the apparently rather general belief that plants on a soil rich 
in nitrogen are especially susceptible to disease. 

The chemical factor for which there is perhaps the most evidence 
of a relation to clamping-off of conifers is acidity. The fact that 
sulphuric-acid soil treatment has been found to be one of the most 
effective means of controlling the disease, that its value is mainly 
lost if lime is later added to the soil, that soil treatment with sulphur 
in a number of cases has seemed to decrease the disease, ancl that 
lime alone and n-ood aslies have had either no effect or have appar-' 
eatly increased the damping-off mhehever they have been tried, all 
suggest that soil acidity is not favorable to the disease. Additional 
indication of this appears in figure 12. The acidity determinations 
serving as the basis for the graph were made by Dr. L. J. Gillespie, 
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of the Bureau of Plant Industry. The estimates of the relative se- 
riousness of damping-off are very approximite, based in  part on 
observation only. The stations at which damping-off is rated as 1 
are places at which it has been reported by nurserymen o r  foresters 
as negligible or absent. The estimates for stations 10, 11, 14, and 15 
are based entirely on the reports of others, and for station 5 on the 
basis of counts of damped-off seedlings made by Mr. R. G. Pierce 
and Mr. Glenn G. Hahn. The writer personally has made the esti- 
mates or checlred the estimates of the nurserymen at  the  other sta- 
tions. A considerable degree of correlation between the hydrogen- 
ion exponent and the amount of damping-off appears on the face 
of the graphs, the coefficient being 0.75%0.07. I f  the correlation is 
calculated with the 13' concentration itself instead of its negative 
exponent, the coefficient, in this case itself neuative, is not so high 

? 
(-0.881-0.11). All of the above data on acldlty relation have been 
piclred up incidentally in connection with other work and are merely 

' 

suggestive. The suggestion, however, seems sufficiently strong to 
warrant further experimental worlr directed specifically a t  the rela- 
tion between soil acidity and the dlsease. - 

The indication in khe graph that damping-off is not serious in 
soils in which the hydrogen-ion exponent (P,)O is less than 6 is of 
particular interest, in view of the experience of Hawlcins and Har- 
vey (71) with cultures of Pythjzmn debaryammt on potato juice. 
They obtained good growth through a range of acidity from P, 3.4 
to 5.8, with no growth or practically none a t  3.06 o r  8.4. I f  this 
represents the acid tolerance of the fungus in the soil solution, it is 
evident that ordinarily acid soils can not be expected to remain free 
from damping-off because of inhibition of this particular fungus. 
This suggests that the apparently salutary influence of soil acidity 
in decreasing the damping-off of some of the conifers may be ex- 
erted in the direction of increasing the resistance of the host rather 
than of inhibiting the parasites. In any case, it must be kept in 
rnind that as the numerous conifer hosts commonly grown in nurseries 
have many different habitat preferences and many very different 
parasites of potential importance, it is not to be expected that therc 
will be found any such constant relation between any factor and the 
amount of disease as would be expected in a disease in which only a 
single parasite and a single host are involved. 

aP. 6 is equivalent to a hydrogen-ion concentration, expressed in mols per liter, of 
IxlIP oc 0.000001. The higher the exponent, t l rc smaller the hgdroga-ion connntra- 
tion. An exponent of 7 means approximate neutrality. In dealing with this exponen- 
tial form of expression, it should be kept in, mind that P,,G mems ten times and Pn:, 
one hundred times the hydrogen-iron concentration indicated by PET. Conversely, the 
canecntration of hydmsyl-ions st I'd i s  onc LlUlldrMi times as great as; a t  lb8. 

19651"-Bull. 934-21----4 
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BIOLOGIC FACTORS. 

Mention has already been made of'two strictly biologic factors 
which may influence the amount of damping-off. Taylor (138) and 
Rathbnn (106) have found Fi~sariiim not only at considerable depths 
in the soil of pine seed beds, but viable Fusariuin spores without 
hyphw in the alimentary canals of earthworms ancl insect larva in 
the soil, and they attribute to the migrations of these and to the 
tunnels which various animal forms make in the soil a possible im- 
portance in the distribution of damping-off Fusaria. A likely rela- 
tion between Corticium vagum epidemics in pine seed beds and the 
character of the weed flora has also been considered (66). 

The relation between the damping-off parasites and other micro- 
organisms in the soil is also a matter of some interest. The effect of 
the microfauna of the soil on the microflora in general has been 
considered by Russell and others in a number of papers. The effect 
of soil disinfection by heat in favoring the work of artificially intro- 
dnced soil-inhabiting fungous parasites, apparently a rather frequent 
phenomenon and quite evident in the inoculation experiments with 
Pythium cleba,mjanum reported in the present bulletin, has been in 
other cases attributed to the removal of bacteria and other fiingi 
which miglit compete with the parasites (36, 80). Heating soil is 
known to produce physical changes and also very considerable chemi- 
cal changes both in organic and inorganic substances. These must not 
be ignored in considering the effect of previous soil heating on para- 

,site activity. With a view to determining whether all the difference 
noted in the behavior of P. debayanum in heated soil is due to the 
direct effects of the heating or in part to the eliminiltion of com- 
peting microorganisms, an experiment was conducted in 3-inch pots 
of autoclaved soil in which 111 of them were inoculated with agar 
cultures of the Pythium at one point in each pot shortly after seed 
sowing. The seeds sown in each pot approximated 136, considerably 
more than are used on equal areas of nursery seed bed. Of these, 
fifteen 5-pot units and one %pot unit had been inoculated broadcast 
with rice or nutrient agar cultures of various organisms supposed to 
be saprophytic on pines. These included Phoma betae, Phoma sp., 
Chaetomium sp. (from a maple root), Rhkopus nigricans, Tricho- 
thecium roseum, Trichodemna iconingi, Aspergillus spp. (including 
one with black and one with bright-colored spore heads), Rosellin&z 
sp. (from soil), Penicilliuln sp., an undetermined bacteriiim, and three 
undetermined higher fungi. The whole 78 pots inoculated with P. 
debar?janum and saproph~kes, the percentages being based on the 
total nnmber of seeds in the case of emergence ancl survival and on 
the number of seedlings which appeared above ground for damping- 
off loss, as compared \nth those which had received the parasite only, 
gave results as follows : 
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Pots with saprophytes: Emergence, 47.410.86 per cent; daml~ing-off, 9.1 per 
cent ; survival, 41.021.23 per cent 

Pots without saprophytes: Emergence, 35.7 per cent; damping-off, 14.3 per 
cent ; survival, 29.2 per cent. I 

I t  has been noted in the attempts to diagnose damping-off by ! 

planted-plate cultures that when Ehizol~us appears Pythium, debary- 
I 

anum is not frequently obtained. It is therefore of some interest to 
note that in this case, in the t~vo  5-pot units which received Ilhizopus 
in addition, the parasite killed only 1.2 per cent and 3.3 per cent, 
respectively, of the seedlings which appeared above the soil. 

At the same time pots not inoculated with parasite's were sown, 16 
other 5-pot units were inoculated with the same saprophytes as those 
used in the Pythium inoculated pots, while 25 pots were left entirely 
nrithout inoculation. A certain amount of damping-off occurred in 
these pots also as a result of accidental infection. The results were 
as follows: 

Pots tvith saprophytes: Emergence, 47.8'0.8 per cent; damping-oE, 3.9 per 
cent; survival, 43.7-CO.95 per cent. 

Pots without ,saprophytes: Emergence, 43.0 per cent; damping-olT, 5.2 per 
cent ; survival, 38.4 per cent. 

It is of some interest to note that in these pots also the &pot units 
inoculated with Rhizopus suffered less from damping-off than the 
average of the saprophyte-inoculated pots. 

The probable-error values given above are based on the variability 
of the emergence and survival figures of the different 5-pot units. . , 
No individual figures are available to serve as a basis for the deter- 
mination of the variability of the pots. without saprophytes. The 
16 units which support the error determinations are, of course, not a 
sufficient number to give an entirely reliable index of variability, 
though these 16 units are respectively derived from the combination 
of a total of 78 and 80 ultimate units. The distribution of the data , 
appears to be such as to justify the use of probability methods. Of 
the 64 items which went into the germination and survival calcula- 
tions, 34 showed a deviation equal to E,' (probable error of a single 
unit), 9 to a deviation equal to 2E,, -and only one a deviation equal 
to 3E,. 

All of the above figures are based on the results a t  the end of 10 
days after average emergence in the .pots. The pots were kept on the 
benches till practically all damping-off had ceased, 36 days after 
emergence. As additional accidental infection with saprophytes 
certainly, and probably with parasites, occurred during this period, 
the results a t  the end of the tenth day are considered to give a better 
indication of the effect of the original inoculations.. It is of some 
interest, however, to note that during the period from the tenth to 
the thirty-sixth day the difference bekeen the pots to which sdpro- 
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phytes had been added and those which received no saprophytes 
showed a slight increase, proportionally as well as in the absolute 
figures. At the end of the 36 days the survivals on all the pots were 
counted separately. The average number of seedlings per pot were 
as follows : 

Without Pythium: 
Without saprophytes, 42.St2.3; with saprophytes, 52.1Fl.l 

With Pythium: 
Without saprophytes, 30.lt 2.4; with saprophytes, 48.1t1.4. 

The difference in the survivals in favor of the pots with sapro- 
phytes in the first case is 9.3i2.5, three and two-thirds times its 
probable error. I n  the second case it is 18.0&2.8, more than six times 
its probable error. 

I n  general, it appears that in this experiment the inoculation of ster- 
ilized soil with saprophytes gave the seecllings some protection both 
against damping-off due to accidental infection with unidentified 
parasites and from the additional loss caused by light inoculation 
with Pythium de6aryunum. The indication is, as mould be expected, 
that only part of the favoring influence of heat sterilization of soil 
on introduced P. deba~yanum is immediately due to the elimination 
of competition with other fungi. If a mixture of different bacteria 
and fungi had been added to each of the pots instead of but one or 
two organisuls to each 5-pot unit, the effect might have been more 
marked. 

It will be noted that for all the groups (fig. 18), whether with or 
without Pythium inoculation and with or without added parasites, 
the frquenc,y polygon is asymmetrical, indicating by its shape, as 
did the frequency polygon of survivals in pots inoculatecl with Rheo- 
sporangium (fig. IT), that with infections which do not kill all of 
the seedlings the selection tends to be by pots rather than by seed- 
lings. I n  other worcls, in pots in which the parasites succeed in Bill- 
ing any of the seedlings, they usually kill a considerable number. 
The tendency is illustrated not only by inspection of the graphs, but 
by the variability of the different groups. The greater variability 
in survivals between different pots was in both cases in the groups in 
which both the damping-off after emergence and the survival per- 
centages indicated the largest loss. The percentages of seedlings 
damped-off during the entire 36 days following emergence and the 
coefficients of variability of the survivals of the individual pots at 
the  end of that time are as follows: 

Without Pythium : 
Without saprophytes, 15.5 per cent damped-off; coefficient of variability, 
391-4.2 per cent. 

With saprophytes, 11.1 per cent damp&-off; coefficient of variability; 
28e1.6 per cent. 
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With Pythium : 
Without: sapropwtes, 27.5 per cent damped-ofi; coefficient of variability, 
6757.8 per cent. 

With saprophytes, 16.9 per cent damped-off; coemcient of variability, 
39k2.4 per cent. 

This tendency has b&n frequently observed in experiments in 
.which inoculum is applied to the soil at the time of sowing. Even 
in experiments in which a relatively small proportion of the seed- 
lings are killed, some of the pots are nearly or entirely cleaned out. 
I t  is taken as an indication that failure of inoculation to give results 
is often due to the inability of the fungus .to maintain itself in a 
vigorous. condition till the germinating seed is far  enough along t o  
allow easy infection. I t  may also be in part. due to lack of uni- 
formity of the soil in differentpots affecting virulence of parasites. 
or resistance of hosts. 

I n  addition to this experiment on autoclaved soil, a somewhat 
similar experiment was conducted in a nursery in the Kansas sand 
hills on soil which had been treated with sulphuric acid, followed . 1 

i 
by lime raked into the soil. Saprophytes, for the most part the 
same strains that had been used in the experiment in the greenhouse, I 
were added to 24 plats, each of one-half square foot, of Pinus bank- I 

siana and'24 of P. poderosa, with 16 interspersed plats of each 
i 
j 

species serving as controls. The saprophytes mere growing on rice, ! 
I 

part of which mas added to the plat with the inoculum in  addition 
to the fungous mycelium. Damping-off was rather heavy in this soil 
from accidental infection or from parasites which survived the  I 
initial acid treatment, no parasites having been aarificially intro- 
duced. The loss mas probably due to Corticium .vagwm or P u s a h m  

i 
i 

spp. rather than to Pytkium dehaqjanwm. in this case.. In both pines, I 

emergence was slightly better in the control plats than in  those to I 

which the saprophytes had been added, the difference for Pinzls hank- 
siana being less than half its probable error and for P. ponderosa 
slightly more than its probable error. Damping-off for the first few 
days after emergence mas somewhat less in  the controls in  one species, 
but higher in the saprophyte-inoculated pots in the other. The 
saprophytes therefore gave no evidence of effective competition with 
the parasites on this acid-lime treated sand. 

While the competition for water which seems to be the form of 
competition most common among green vascular plants is not likely 
to be of significancebetween fungi such as thosemhich cause damping- 
off, a very little observation of the growtl~ of mixed- cultures of the 
parasites and other organisms in Petri dishes is sufficient to make 
one realize that thelatter may very considerably decrease the activity 
of certain of the parasites. I n  nutrient agar most of the fungi and 
bacteria introduced from the soil in attempting parasite isolations, 



I 86 
BULLETIN 934, 31,. S. DEPARTMENT OF AGRICULTURE. 

as well as to a less extent the paramecia, nematodes, and amcebae 
which develop in such plates, exert a very considerable limiting in- 
fluence on the growth of most of the damping-off fungi. That they 
should also limit the growth of parasites in soil, whether by the 
production of toxic compounds, the exhaustion of food materials, or 
in other ways, seems entirely reasonable. The results in the writer's 
experiments on heated soil warrant the suggestion that further trials 
should be made of the introduction of vigorously growing bacteria 
or molds, preferably mixed cultures containing a number of different 
organisms, on seed beds which have been disinfected by some such 
method as steam or hot water, which leaves the soil in a favorable 
condition for the development of accidentally reintroduced parasites. 
If such treatment should be successful in improving the rather dis- 
appointing results with so11 heating a t  some nurseries, it might 
easily become of practical value, as the cultivation of certain of the 
more easily grown saprophytes on a scale large enough to yield con- 
siderable quantities of bacterial or spore suspensions should be fairly 
easy and entirely practicable in an operation as intensive as that of 
raising coniferous seedlings. 
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1 SUMMARY. 

(1) Damping-off in nurseries 1s caused mainly by seeclhng para- 
sites which are not specialized as to host; Pythiwn debaryanum and 
Oorticim v a g u m  are probably the most important of these. Damp- 
ing-off of various herbaceous hosts, including ferns, is often caused 
by specialized parasites v h ~ c h  are limited to a particular host or 
group of hosts. Phoma hetae is a rather extreme example of such 
specialization. For the conifers all the damping-off appears to be 
clue to parasites of the generalized type. 

( 2 )  Damping-off of trees, as of herbaceous plants (with the ex- 
ception of the cases caused by specialized seed-carried parasites), is 
ordinarily serious only in seed beds or cutting beds in which large 
numbers of plants are crowded together in a small space. I n  most of 
the forest nurseries it is s much more serious matter in conifers than 
in dicotyledonous seedlings. . 
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(3) The most serious losses in  conifers are ordinarily from tho 
root-rot type of damping-off, occurring soon after the seedlings 
appear above ground and while the hypocotyls are still soft. Losses 
due to the killing of dormant or sprouting seed by parasit- before 
the seedlings appear above the soil are also frequently serious, some- 
times necessarily more so than the later types, as in extreme cases 
more than half of the seed or young seedlings are destroyed in this 
may. Damping-off due to infections of pa rk  aebove the soil surface 
is serious only under extremely moist atmospheric conditions. The 
late type of damping-off, in which the roots are rotted after the 
stem becomes too rigid to be easily decayed, is ordinarily less im- 
portant than the early types. Seedlings more than 2 months old are 
ordinarily able to recover from infections by the damping-off fungi. 
Even after the first month, seedlings with part of their root system 
lrilled often recover. 

(4) It is possible that damping-off has a certain value as a selec- 
tive agent by eliminating weak individuals in the seed-bed stage and 
allowing only the best trees to go into forest plantations. This 
value, however, is believed to be slight. Disinfectant treatments of 
seed heds, even &en controlling early parasitic losses very well, 
allow a considerable percentage of disease during the last part of 
the damping-off period,. often as much as occurs at the same stage of 
development in untreated beds. As it is only this la$e damping-off 
in which differences in individual resistance of the seedlings seem to 
be of importance in determining whether or not they succumb, it is 
believed that whatever selective value the disease may have will 
appear in a larger proportion of the damping-off in the treated than 
in the untreated heds. 

(5) Of the different conifers, reports are available as to the s u e  
ceptibiIity of 63 species. Species which are especially susceptible 
at some nurseries' may prove more resistant than the average at 
,others. Pinus rdsinosa, which is especially subject to loss a t  some 
nurseries, is believed to be so because its growth at these nurseries is 
slow and its period of susceptibility is therefore especially long. 
I n  its early stages it does not seem especially susceptible. Repre- 
sentatives of all the commonly grown genera of the Abietoideae have 
been reported by one observer ,or another as decidedly susceptible. 
The reports on junipers and other members of the Cupressoidez, on 
the other hand, hate indicated a considerable amount of group re- 
sistance to damping-off. 

(6) The best control method appears to be the disinfectant treat- 
ment of the seed-bed soil before or immediately after seed is sown. 
Sulphuric acid has been found very useful for conifers, as they are 
apparently especially tolerant of acid treatment. No method has yet 
been worked out to a point a t  which all of its details are entirely 
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satisfactory, though the acid treatment has now been in succmsful 
use for several years a t  some nurseries. At most nurseries, if the 
minimum effective quantity of acid is used, there is no need of any 
special precautions to prevent injury to the seedlings. It is not 
expected that .any single treatment can be found that can be uni- 
versally applied without change in details irrespective of differences 
in soil characters and in fungous flora. 

( 7 )  Cortieium v a g u m  and F u s a r i m  spp. have been previously 
shown to be parasitic on pine seedlings. Different strains of C. 
vagum are found to vary considerably in their ability to cause damp- 
ing-off, certain strains being consistently destructive and others 
much less active in tests conducted on different species of pine and 
several years apart. The differences in activity between strains 
mere greater, and apparently rather more constant from one ex- 
periment to the next, than with Peltier's strains in his carnation ex- 
periments. Comparison of the results on pine with those of Edson 
and Shapovalov on potato gives some indication that strains vigor- 
ously parasitic on one of these hosts are likely to be parasitic on the 
other also. 

( 8 )  P y t h i u m  debaq/anurn, reported on many hosts and proved to 
be parasitic on few, is shown by repeated inoculation, reisolation, 
and reinoculation to be capable of causing the damping-off of seed- 
lings of pine s,pecies The identity of the fungus causing the damp- 
ing-off of conifers with that attacking dicotyledons has been estab- 
lished by cross-inoculations as well as by morphological comparison. 
Inoculations on unheated soil are much less destructive than on 
heated soil. P y t h i u m  d e b a ~ a n u m  has been obtained in culture from 
Picea engelmanni, P. sitehemis, Tsuga m r t e n s i a m ,  Pinus bunksiana, 
P .  nigra awt&a, P .  ponderosu, P. resinosa, and Pseudotsuga tmi- 
f o l k .  I n  addition, fenugreek (Trzgmella foenm-yraecurn),  cowpea 
(V igna  sp.), and rice (O./.yza satha)  are reported as apparently new 
hosts among the dicotyledons. In inoculations the fungus has been 
successfully used on Pinus hanksiana, P. ponderosa, P. resinosa, and 
in a preliminary experiment on Psedotsuga  taxifolia. It had 
already been successfully used in preliminary inoculations on Picea 
canadensis by Hofmann (77) .  

Differences in parasitic activity on pine are found between differ- 
ent strains of P y t h i u m  debaryanum. These differences are not as 
large and partly for this reason their constancy is not quite as con- 
clusively clemonstrated as in the case of the strains of C o r t i n ' m  
uagum. 

( 9 )  Rheosporanyium aphanide?matus Edson, a parasite of radish 
and sugar beet, in many ways closely resembling Pyth ium debary- 
anum, has killed seedlings of Pinus bonksiana and P.  resiwsa in 
certain experiments, and reisolations and reinoculations have been 
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made. The strain available is much less destructive to the pines 
than most of the P. deLaryn~um strains used, and as the fungus has 
never been isolated from coniferous seed beds i t  is not believed to 
be of any great importance in forest nurseries. 

(10) Phytophthora sp. from Pinus resinosn seedlings has been suc- 
cessfully used in inoculation on Pinus resinosa and in a preliminary 
test on P. ponderosa. The strains available have been less destruc- 
tive to the pin- than Pythiurn debaryanum and the stronger strains 
of Cortieium uagum. It is not common. Its  relation to Phytoph- 
thora fagi, the European damping-off parasite of both conifers and 
dicotyledons, which has not been reported in this country, is being 
investigated. 

(11) A fungus referred to Pythiurn artotrogu&, also obtained from 
damped-off Pinus resinosa, has indicated a very low degree of par- 
asitisin on this host, even less than that shown by the Rhcospor- 
angium and Phytophthora strains. An addition is made to the 
statements in a previous paper concerning the ability of Botrytis 
cinepea to cause damping-off in conifers. 

(12) The results of the cultural or direct examination of 742 dis- 
ease foci in seed beds of various conifers are reported. Pythiwn 
deharyamum in the plate-culture examination method, considered 
more reliable than direct examination, appeared in 51 per cent of 
the foci from untreated beds, while Corticium vagum was found in 
19 per cent. I n  foci in beds treated with various disinfectants, P. 
dehayanum was identified in 38 per cent of the foci and 0. vagum 
in only 4 per cent. When direct microscopic examination was sub- 
stituted for isolation, C. vagum, was found on a larger proportion 
of the seedlings. It was not found at all in soil which had been 
heated. The relative ease with which it appears to be controlled by 
soil disinfection is in agreement with its poor adaptation for aerial 
distribution. It was found more commonly in cases in which the 
seedlings were directly examined than when cultures mere made. 
In  view of the fact that at least some of the Corticium foci extend 
rapidly and include very large numbers of seedlings, it seems that 
the Corticium may be as important as P. debaryanm in  causing the 
damping-off of pines. 

(13) Fusarium spp. have occurred more commonly in  plate cul- 
tures than either of the above-mentioned fungi. Because little is 
known as to the parasitism of different species of this group on 
conifers, i t  is not possible to make any statement regarding the im- 
portance of the individual species. The evidence as a whole indi- 
cates so much importance for Pythiurn debaryanzvm, Co~6ieizLrn 
uagurn, and for the Fusarium spp. considered as a group that no one 
of the three can be safely said to be more important than the others. 
None of the other fungi considered appear to be of real economic 
rank in the United States. 
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(14) I n  an inoculation experiment on the roots of pines 13 months 
old, Corticiwn uagum and P y t h i m  debaryanun~ were found able 
to cause the death of seedlings which had already developed rigid 
stems and to destroy the younger parts of the roots of seedlings which 
they were unable to kill. Indications were also obta~ned of similar 
but less vigorous action by Fusarium mnilifomne and 8'. uen- 
tricosum, 

(15) Data are given confirming the general belief that thick sow- 
ing favors the disease and indicating that soil acidity is, in general, 
unfavorable. Preliminary data on the relation of temperature and 
moisture to the &ease are also presented. The parasitic activity of 
Pythium &6amjanum in steamed soil vvas in one extensive test con- 
siderably decreased, following the inoculation of the soil with various 
saprophytes; this indicates both that competition of different funoi 9 
is a factor to be considered and that the inoculation of treated sol1 
with saprophytes may sometimes prove of value in increasing the 
efficiency of heat disinfection. It is pointed out that with such a com- 
plex of parasites capable of producing identical symptoms on a num- 
ber of different hosts, no relationship between environmental factors 
and the disease can be expected to hold in all cases. 
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