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Abstract:

Although take-nail disease of wheat (caused by Gacumannomyces graminis var. tritici) is not new to
Montana, there has been no research conducted on the disease in this state. Elsewhere, most of the
research concerning take-all has been conducted with winter wheat. These two factors plus the
potential severity of the disease prompted this research on the disease and its effect on irrigated spring
wheat in Montana.

Four objectives were accomplished. One was the determination of the range of the disease in Montana
via an informal field survey. Samples were collected on field trips to various counties and obtained
from the Plant Disease Clinic at Bozeman, MT. Take-all was identified in 11 counties located
throughout Montana including Sheridan, Gallatin, Lake, Hill and Treasure counties.

The second objective was the development of a selective medium (SM-GGT3) which would facilitate
diagnosis and confirmation of the disease. The active ingredient amounts for SM-GGT3 are 10 mg
dicloran, 10 mg metalaxyl, 25 mg HOE 00703, 100 mg streptomycin sulfate and 500 mg L-DOPA per
liter of autoclaved Potato Dextrose Agar (39 g PDA in 1 L distilled water). There was a 32% increase
in take-all isolations using SM-GGT3 when compared with PDA.

A third objective concerned the development of a quick, easy and accurate method to use for disease
assessment that would correlate well with yield loss observations. This was accomplished using 1000
kernel weight and sub-crown internode disease severity ratings. The 1% values for two field sites were
-0.917 and -0.906 respectively.

Determining the effect of different forms of nitrogen fertilizer and various levels of chloride containing
fertilizer on take-all severity and spring wheat yields was the fourth objective. The only conclusion
which can be safely made based on the results is that the addition of excess phosphorus when adequate
nitrogen is present did allow spring wheat to tolerate the disease and so produce somewhat higher
yields.
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ABSTRACT

Although takerall disease of wheat (caused by
Gaeumannomyces graminis var. tritici) is not new to
Montana, there has been no research conducted on the
disease in this state. Elsewhere, most of the research
concerning take-all. has been conducted with winter wheat.
These two factors plus the potential severity of the
disease prompted this research on the disease and its
effect on irrigated spring wheat in Montana. ‘

Four objectives were accomplished. One was the
determination of the range of the disease in Montana via
an informal field survey. Samples were collected on
field trips to varjous counties.and obtained from the
Plant Disease Clinic at Bozeman, MT. Take-all was
identified in 11 counties located throughout Montana
including Sheridan, Gallatin, Lake, Hill and Treasure
counties. ' .

The second objective was the development of a-
selective medium (SM-GGT3) which would facilitate
diagnosis and confirmation of the disease. The active
ingredient amounts for SM-GGT3 are 10 mg dicloran, 10 mg
metalaxyl, 25 mg HOE 00703, 100 mg streptomycin sulfate
and 500 mg L-DOPA per liter of autoclaved Potato Dextrose
Agar (39 g PDA in 1 L distilled water). There was a 32%

increase in take-all isolations using SM-GGT3 when. -

compared with PDA. ,

A third objective concerned the development .of a
quick, easy and accurate method to use for disease.
assessment that would correlate well with yield loss .
observations. This was accomplished using 1000 kernel
weighg and sub-crown internode disease severity . ratings.
The r< values for two field sites were -0.917 and -0.906
respectively. :

Determining the effect of different forms of
nitrogen fertilizer and various levels of chloride
containing fertilizer on take-—all severity and spring
wheat yields was the fourth objective. . The only
conclusion which can be safely made based on the results
is that the addition of excess phosphorus when adeguate
nitrogen is present did allow spring wheat to tolerate
the disease and so produce somewhat higher yields.




_ Chapter 1
'introduction

Take-all disease is a root and crown disease of
wheat and barley grbwn with moist soil Eonditions
,prodqced by'irrigation or high rainfall. Iﬁ is caused by
the soil-borne fungus Qgggmgﬁggmygég graminis (Sach“ArxA
& Olivier var. tritici (walker) (Qgt). If the élants
have mild inféctions and exhibit no.visible symptoms;.
yield losses often go undetected. However, when éymptoms :
become.obvioﬁs (stunted plants, sterile heads, rotted
roots), yields can be reduced by,more'thah 50%
(Wiese,1977). The disease occhrs worldwide and is
especially important in westerﬁ Australia, Eﬁroée, South
Africa, Jaéaﬁ and areas of North and South Ametica; A
recent monograph provides a complete réport concerning’
the history and current status of research onlthe bioloéy
of the disease and methods f§r its qontrol‘(Asher and
Shipton{198l).

Although take-all disease of wheat is not new to
Mohtana, there has been no research conddcted_on'the
disease in this state. The last published‘occu;rénce of

take-all in Montana was 24 years ago (Sharp,1959). In
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Sharp'; report, it was indicated the disease haancausea
considerable crop damage in certain areas withiﬂ.the
-state.. The lack of recent information on take-all in -
Montana is not due to its dissipation but rather because
it is primarily an irrigated wheat disease. Only é
smallnpercentage of wheat production in Montana is
irrigated. The irrigated wheat hectarage in Montana has
doubled, though, in the past 10 years to 51,760 ha in
1981 (Montana Agricultural Statistics{ 1982).“ Along'with
this increase in-hectarage there has béén.an increased
awareness that irrigated wheat has the potential to yield
up'to 6700 kg/ha when fertility and water resoﬁrges are
pfopérly managed. in the past 2 years,'Ixhave observed
that £he next most important yiela limiting factor fof
irrigated wheat is take-all. 1In 1980 Gg;~w§s isolated
via baiting techniques (Mathre, peréonal communication)
from‘a'well'managed irrigated spring wheat field ﬁhich
sustained severe yield loss due to take-all. ' These were
the first Gat isolatés collected from'Montana.

“An egtensive amount of pesearch has been done on Ggt .
throughout the world incliuding the adjacent states of
Washington, Idého and Oregon (Asher énd-Shiptoﬁ,lQBlr'
Walker,1975). Cook et al. (1968) stated that most of the
yield loss dﬁe to Gggt in the Pacifié Northwest occurs-in

winter wheat fields rather than spring wheat. This is
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dﬁe to the low peréentage of irrigated spring whéat in
those states. For this reason most of the field reéearch’
- conducted with take-all in the.Pacific Northwest has been
with winter wheat. 1In Montana, however, winter wheat
accounts for only 17% of the irrigated wheat. ~This
factor plus the potential_sgverity of thé.disease
prompted me to initiate research on the disease ana its
‘effect on irrigated spring wheat in Montana.

Four objectiveé were outlined. .First'WAS‘to
‘determine the range.of thé disease in Montana ﬁia an
informal field survey. The second was to develop a
. selective medium which would facilitate diagnosis and
confirmation of the disease. A selective medium would
also assist iﬁ a variety of Ggt research problems ranging
from pathogenicity tests to take-all decline experiments.
The third'objective concerned the development of é quiék,
easy and accurate metho& to use for disease assesément
that would correlate well with yield loss.obéervations.
The . fourth objecpiﬁe was té examine the etfect of
different forms of nitrogen fertiiizer and various levels
of chloride fertilizer on take-all severity and sprin§
wheat yields. Research from Idaho (Huber et é141968)'and
Washington (Smiley and Cook.1973) have shown that
ammonium based fertilizers effectively deCréase'take-ail-

severity in winter wheat. Christensen et al. (1981)
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showed that chloride containing fertilizers also produced

" some control of the dlsease in w1nter wheat. I wished to

determlne if the experimental results and recommended

controls which were developed from these experiments

were applicable to Ggt infected irrigated spring wheat in

Montana.




Chapter 2
Survey of Montana for Take-all

INTRODUCTION
Sinceno research.has been conducted on ﬁake—all iﬁ
Montana, it was considered prudent to conduét a field
survey to provide information on Ggt distribution, crops
infected and the cropping history of infected fields;
The latter could be particularly important in determining
if the take-all decline phenomenon occurs in Montana.
Take-all decline is defined "as the spontaneous reduction
in take-all and increase in yield with continuoﬁé
croppihg.of wheat and bariey“ (Rovira and
Wildermuth,1981). Thié specifié antagonism or
suppreésipn develops in the presence of Ggt. 'Croppiﬁg
histories could also provide a method of predicting.which
fields have the potential of being.severely infected with -

Ggt and -sustaining a substantial yieldlldss.

MATERIALS AND METHODS
Field samples were collected in 1981 and 1982 during
field trips to northceﬁtral, nprtheasten Montaha and in
Gallatin County. The majority of samples were collected

from irrigated small grain fields - especially those




6
exhibiting field symptoms of ﬁake-all. A few samples
were obtained frbﬁ dryland fields to detefmine if the
fungus was colonizing prop.roots-gr0wn in thié
environment. Farm samples sent to the Montana State
University Plant Diseasé Clinic in Bozeman, MT. which
were suspected of being infected with Ggt werélgiven to"
me for disease coﬁfirmation. |
When possible the following informationvwasfobtéihed'
for each sample: field location, county, crop, type of
irrigation (if irrigated)‘and field‘croppiné-history.
Information concerning soil’type, fertility,_disease
pattern in the field and yield Was.alsb noted for some
fields. All samples in Table 1 wefe confirmed as-ﬁake%
all by isolatihg Ggt from the tissue-usihg techﬁiqueé

described in Chapter 3.

RESULTS AND DISCUSSION

Table 1 is a summary of information concerning eqéh‘
sample from which Ggt was isolated. The majority of the.
éamples were irrigated spring wheat as was eipected{
Tﬁese fieids did susta;n yield,reductions‘due to the
take~all disease - up to:50% for some fields. GgL.Was
isolated from barley in three irrigated fields ana f;om
winter and'spring wheat in four drylana fields.‘The-grain
yieid in these seven fields was not effected by take-ail.

This indicated'the host range of Ggt -among cereals. grown




7

Table 1. Results of 1981 and 1982 .survey of take-all
disease in Montana by county. host. field
climate and field cropping history. -

g;{rgy & Hoste Field Field gropping History®

Rxdﬁa ' :

| B I lgﬂhiykmdgnﬁn;7&iﬁ;79iw;&Fﬂﬂ
2 w1 1977=Cryland graing 78-8; T9=CF; 80-Gi
3 a0 I 1977-81=90 '

Gallatin
# i I long term irrigation; crops unknown
#2 W I | long tem irriation; crops wknon
n s 1 logtem imrigtioy crops wkom
# v | I long tem irrication; crops unknown
# W I 1977=dryland native grass; 78=FB; 79=91; 80=W
i B I 1977dryland rative grass; 78-8l=07

< oV I 1977=dryland grain; 78-B; 79-80=3; €=B
#4 B I ;Enhiykmdgmﬁn;7&3;79€0€W;Ska
# i I 1975-80=alfalfa
) K0 I 1976-80-=sring grains
) s I 1976-80=sgring grains
# ) I . 1972-Tr=elfalfa; 78-80-B; 8=

5 @ . I . wkom | |
# WA I unknown

Treasure .

#1 W I mknown
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Table 1 - continued

Qunty & Host!  Field Field Cropping Historyd

Field No. i
# W D 1977=CHL; 783W; 79=SFL; 80-WW; 81=SFL
£ w D sumer fallow/grain rotation

" #3 Wi D Ssumer b]J.on/grain rotation
#1 WY D - aontinuous drylard grain
#l W I - 1981=dryland grain

Park , '
#1 W I 1977=dryland native grass; 78-8l=spring grains
# o I 1980=dryland grain; 81=0W
# v I 1980=cryland grain; 8l
# W I 1980=dryland grain; 81=IW
# W I 1980=dryland grain; S1=IW

1 Barley; S/H:prmgvi'mt DA=Gurum wheat ; V\Eﬂhnnbermeat

2 I=irrigated; D=dryland.

3 Barley; SEspring wheat; IW=Gurum vheat; wmm:erv&mt SF-snﬂmers

SH=sumer fallow; FB=fata beans

4 Unless indicated otherwise, t’necmpwas irrigated.
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in Montana. Although barley becomes infected it ﬁsually
sustains minimal yiéld loss due to a lower incidencé and.
‘severity of infection,than'wheat (Shiptdn,l975ﬂ
However, barley may permit better survival of‘th'than
winter and épring wheat as indicated by étudies in
.Australia (Chambers‘and Fléntje,1968)\and Engiand
(Shipton,1981). ' “

Isolation of Ggt from plants grown under dryland
qonditions demonstrates that the pathogén is probably
_ ptesent and survi%ing'in allidryland soils in'Montana
inqluding'native pastures and small graih fields7
MacNish (1973) determined»that a low soil water botentiél
and a low temperature were optimum for sprvival of Ggt.
This waé primarily due'to the inactivation of Qg;
competitors. No lower limit of waﬁer potential"has‘been
found for Gat surviva;. Consequently, a wet soil with a
high water potential favors parasitic.activity‘df thef
fungus and therefore disease inciaence and“severity, but
the épposite soil conditions févpr its-long term’
survival. |

This helps to explain why take-all can becoﬁe SO
severe in newlj irrigated Whgat fields which were
previously.dryland grain fields or'dryiand native sod or
pastures. The funéal organism is present under dryland

conditions, as shown by this survey, and does parasitize
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cereal dgrains and/o; grass wéeds. However, few symptoms
develop and there is no evident yield loss. When these
same fields are put under irrigation, the prganism's'
parasitic activity is stimﬁlated, especially in the
presence of a susceptible host, rgsultihg.in increased
disease severity. As can be notea in Table 1, a large
percentage of the fields were prev1ously dryland fields..
Some of these fields which had been in 1rrlgated spring
wheat for 3 years or longer were determlned to be
suffering 50% yield loss. Take-all symptomatic'ﬁlants
were easily identified even in fields‘which had been:
irrigated spring wheat for only one of two seasons. |

Two fields in Cascade County (#1 and #2) ﬂave'
Quffered yield losses of 30% to 50%. This is not unusual
for fields plowed from dryland native grass and cropped
to irrigated small grains for 2 or 3.years. .Studies from
Washington, Oregon and Idaha (Cook et ‘al.,1968; éhipton
ef al.,1973) have reported observations of the same
phenomenon. ﬁowever, Shipton et al. (1973) noted that‘
fields in eastern Washington and in the Columbia Basin
with a history of dryland grain production converted to
.irrigated grain production developed llttle or no take—
all, This was dﬁe to a glologlcal factor antagonlstlc to

Ggt. Based Qn my survey this is not true for Montana{
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Severe take-all with up to 50% yield-loss developed in
fields with the history Shipton et al. (1973) described.
Whether this bio—control.factor exists in Montana
fields of long term irrigated wheat is not known. I have
not located a prbduper who has-knowledge of a given
field's cropping history for the past 10 to 15 years.
Where long term irrigation does'occur in Montana, for
example Teton County, alfalfa is often incorporated into
the crop rotation.- It has been shown. that alfalfa can
cause a take-all suppressive soil to become také—all
conducive (Cook,198la). Cook et al. (1968) in their
survey of Washington, Oregon and Idaho, noted the "common
occurrence of take-all in wheat.immediately folloWing
alfalfa™. Because alfalfa is regularly'grown‘in long
term ifrigated rotations, take—all shppressive soils will

be rare in these fields of Montana.
Walker (1975) defined the six conditions under which
the different forms of take-all suppression may develop. .
It now seems possible to distinquish at least six
conditions of disease suppression, some or all of which
may turn out to be related, or grouped together with
similar underlying causes. The distinction is made here
only to try to clarify the literature on the phenomena
and does not imply-a real distinction between them,
although it may exist in some cases. The conditions are:
(i) 'suppression developed within a few seasons in
' the presence of the severely diseased host
(both pathogen and diseased host present) -

this is take-all decline (TAD) as studied by
Shipton (1972a) and other British workers..
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(ii) -suppression developed over a long period in the
presence of the diseased host (both pathogen
and diseased host present) - this is the long
term decline of take-all in older agricultural
areas discussed by Zogg (1969).

(iii) suppresion developed in the presence of the
healthy host, apparently without severe
disease having occurred  (healthy host present,
pathogen detectable in soil but causing no
obvious disease) - this 1is the antagonism
studied in the suppressive wheat soils of
eastern Washington by Shipton et al. (1973).

(iv) suppression developed in the presence of non-
hosts - this is the antagonism reported by
Zogg (1969:;1972), and well known -from the
practical use of crop rotation as - a means of
minimising take-all in the first following
cereal crop.

(v) antagonism to the parasite developed in the
absence of the host, but the presence of a
virulent isolate of the pathogen (host absent,
pathogen present) - this is the phenomenon
reported by Gerlagh (1968) and Shlpton (1969,
quoted in Shipton, 1972a).

(vi) the general non-specific antagonism shown by
many soils (Gerlagh,1968) and which seems
quite distinct from TAD. '

With this survey,a.number of questioas are raised
concerning take-all in Montana. TheAmost important
question is why does the biological factor antagonistic
to Ggt not seem to exist in Montana séils as has been
documented elsewhere in the world (Rovira and Wildermuth(
1981). As will be further discussed in Chapter 5,
éerhaps the take-all problem in Montana is quite unique
from the other areas where Ggt has been extensively
studied - Europe, Australia and the Pacific-Nerthwest.

There‘were‘other common denominators coneerning

take-all of wheat in Montana other than the .cropping




13
histories. Take-all ushally first appeared in the field
as small circular patches. These areas were located on |
poor soil - both st;uctural;y and nutritiénally. The
soils were coarse textured compared to the rest~6f the
field being either sandy or rocky. This is a common
obsérvation world wide and “ié probably related to the
deficiency of nutrients and the‘lower water holdihg
capacity of these soils"™ (Huber,1981b). I alsa obsered
that if a nitrogen fertilizer skip occurred, often timesl'
take-all appeared in that location first or waé more
severe there. These fake—éli patches virtually doubled
in size each year covering large portions_of é fieid and

accounting for the severely reduced yields.
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Chapter 3
A Selective Medium for Gaeumannomyces graminis var. tritici

INTRODUCTION

Observable field disease symptoms whiéh ére
characteristic of take-all include blackened roots,
stunte@ plants with fewer than normal tillers and’
prematureiy ripened heads. These symptéms are also
characteristic'of other small grain diseases such as
dryland root rot caused by Cochliobolus sativus Ito &
Rurib. and/or Fusarium culmorum (Smith) Sacc. and F.
draminearum Schwabe. The one symptom of take-all which
is normally not-confﬁsed with other diseases is the black
piate mycelium which occurs on the basal stem area of
moderately to severely infectgd plants. Even. this field
symptom is not considered adequate for confirmation of
the presence of Gaeumannomyces gzémini§ var. tritici
(Ggt) as the infectious organism. It is necessary to
isolate the fungus to confirm the field diagnosis;

Isélation"methods which have been used previously
generally invoiVé surface sterilizationiof the infected
tissue followed bj plating . of the tissue on potato

" dextrose agar, with or without antibiotics (Davies,1935;
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Garrett,1942; Nilsson,1969; Asher,1978; Huber,198la).
Since Gaeumannomyces does not normally produce asexual or
sexual spores in culture, isolation and confirmation of
take-all is difficult, if nop.impossible, if 6ne is not
familiar with-the typical colony characteristics. Also,
Gaeumannomyces is a slow growing fungus-and is eésily
overgrdwn by other éommon soil and'plant.tissue
organisms. Asher (1980),.in examining winter wheat root
systems for Ggt, stated that "failure to isolate the
pathogen was associated, in general, either with
bacterial contamination . or, Gery occasionally, the
presence of fast-growing fungi (e.g. Fusarium spp.) in
culture". This makes it‘difficult to acquire a'éure
culture of the fungus for positive identification and/or
to conduct further studies with thé organism. Sﬁudies
concerning nutritional, physical_and chemical facﬁors
affecting growth of Gaeumannomyces on agar‘media are
described elsewhere (Sivasithamparam and Parker,1981).
In general these studies were conducted to determine the
growth behavior of the fungus in response to these
factors rather than to enhance:isolatioh procedures or td
develop a selective medium. |

One objective'df‘my work was to deveiop a medium
which would éllow'one to easily.isolate, differentiate

and identify Ggt from infected plant tiésue. This,~of

!
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course, would‘mean inhibiting many of the saprophytic and
pathogenic fungi which are'also associated with diseased
small grain tissue. Another related objective was to
1dent1fy a basic medium which could be further developed
for use in a s011.assay system, antagonism studies,
inoculum'level surveys and other investigations
concerning the fungus in its soil and plant'environment.
At present there is no such medium. |

P. H. Tsao (1970) states that the development. of a
seleotive medium "is generally based on the prinoiple of
selective exclusion of undesirable microorganisms, thus
permitting the preferential establishment of the desired
fungi on the isolation medium® Three methods which can
be used singly or in any comhination to achieve the.
desired medium are selective inhibition, selective
enhancement and selective differentiation by pigmentation
(Tsao0,1970). Other criteria a selective medium should
meet include a long shelf 1life, an adegquate
recoverability rate and the use of compounds which are
relatively inexpensive and readily available. These
criteria plus selective inhibition and selective
differentiation by pigmention were used as the foundation

for the development of a selective medium for

Gaeumannomyces guc__minis var. tritici.
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MATERIALS AND METHODS

Compoﬁnds Testgd |

Test compounds were classifiéd into four categories
as carbon sources, anti—fungal compounds, anti—bacterial
compounds and general organic compounds. These afe
listed. as such, along with selected results, in Tables
18-23 of the Appendix. Carbon sources were primarily 
ihcorporated at 100 and/or 1000 ug/ml into a minimal
medium containing 1.0 g KHyPOy, 1.0 g MgSOy, 3.0 g
NaNO3 1.0 mg biotin,{l.o mg thiamine and 20.0 g pifco
agar or purified oxoid agar in 1 liter of distilled
water. Anti-bacterial compounds were incorporated into
potato bréth agaf (PBA) for testing. The general organic
compounds-were scféehed via incorporation'into potato
dext;osé agar (PDA5. The majority of the anti-fungal
.cdmpounds were tested at 1, io and 100 ug/ml in one or
more of the following basic media - PBA, PDA or the
minimal medium described above. After teéting each of
the compounds individuaily for their effect én‘growth of
Gat, various Eombinations were ‘tested via incorporation
into PDA for their combined effect on g;owth response of

Ggt and various test fungi.
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Organisms Tested .

'Pathogenic isolates of Qgt utilized in this study
- are listedinTébie 2. Gaeumanpnomyces g;gminig_(Sach
Afx & Olivier var. graminis and var. ayenae (E.M. ‘Turner)
Dennis (Ggg and Gga respectively), Ehig;géhgga
gmminigglg (Deacon) Walker and a Ehigl_gphg;r_g sp. (lobed
hyphopodia) were obtained from P.T.W. deg. Tﬁese
organisms wefe tested to determine if their growth
responses would be similar to that of Ggt. Other fungi
which were tested on the media'apd a?e hereafter referred
to as test fungi are listed in Table 3. Thesé fungi were
utiliZed.because they are éssociated with soil as.cpmmon
saprophytes or are éommon‘soil—borne pathogens of small
' .gfaihs in the Pacific Northwest. All of these oréanisﬁé'
were mainfained on PDA and inoculated onto ﬁesf medium
plates by placing¢14 or 7 mm diameter agar mycelial plug
on the medium with a mihimum of three replicate tést
plates per organism. Geneﬁally, inoculated plates were
maintained at room témperature and light for 5 days
before final fesults were recorded. Résults were
determined by measuring the linear aﬁount of fungal
mycelial growth from the edée.of.the inocﬁlum plug.
Growth comparisons were madé with replicated . check

plates.
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Table 2. GS£iiinacnQinyE£s gx”~minis var. tritici isolates
tested in the development of the selective
medium SM-GGTS3.

Isolate No. Source Location
M 1-4 D. E. Mathre Montana
Mt 5-21 M.L. Juhnke Montana
Pa 42a R.J. Cook Washington
Pa 371 R.J. Cook Washington
Os | R.L. Powelson Oregon
Pu 53/1 D.M. Huber Indiana
Pu 53/4 D.M. Huber Indiana
Ar | J.P. Jones Arkansas
Ar 2 J.P. Jones Arkansas
Ks 2 W.W. Bockus Kansas
Ks 12 w.w. Bockus Kansas
Co 2 P.T.W Wong Colorado
Id | J.H. Riesselman Idaho

Table 3. Test fungi wused in the development of the
selective medium SM-GGTS3.

Fungus Isolate Source
Pfiniciiiiiim spp. S R.V. Miller
Chaetomium sp. - R.V. Miller
AfiBfixgillnn sp. - R.V. Miller
Ixichedfixma sp. - R.V. Miller
Altexnaxia sp. - R.V. Miller
Pnfiaxinm sp. - R.V. Miller
BhififiBilfi sp. A straw sample
BhififiBns sp. B straw sample
BhififiBns sp. C soil sample
Cfifihlifihfilns Sfihivns — W Grey
Pnsaxinm finlmfixnm 398 W, Grey
Pnsaxinm gxaminsaxnm 424 W Grey
Rhizoctonia sfilani - AG2 302 D.E. Mathre
Rhizoctonia solani - A 304 D.E. Mathre
Rhizoctonia sp. (from wheat) 404 D.E. Mathre
Rhizoctonia sp. (from wheat) - D. Yount
Pythium sp. (from safflower) 310 D.E. Mathre
PhyhfiBhhhfixa sinnamfini 377 D.E. Mathre

PsenhfifiexfififiBfiXfilla
hexBQhxifihfiides PH 81-2 T. Murray
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Media Preparation
Two media were developed and tested. These were SM-
GGTlin 1981 and SM-GGT3 in 1982. The recipes for these
media are as follows. The amounts 1istedAfor‘the'

chemicals are amounts of active ingredient.

SM=GGT1 - SM-GGT3

1 mg_dicloran 10 mg dicloran
10 mg guintozene ' 10 mg metalaxyl
30 mg fenaminosulf 25 mg HOE 00703
100 mg streptomycin 100 mg streptomycin

sulfate o sulfate

500. mg L-DOPA 500 mg L-DOPA
39 g Difco PDA 4 39 g Difcd PDA

1 L distilled watgr | 1 L distilled water

The experimental fungicide HOE 00703 was obtained from
the American Hbechét Coép., Somerville, NJ.; dicloran
from Aldrich Chemical Co., Milwaukee, WI.; metalaxyl from
Ciba-Geigy Corp., greensboro, NC.; qﬁintbzene from
Cargill, Inc., Minnetonka, MN.; and fenaminosulf from
‘Mobay Chemical Coré., Kansas City, MO. The remaining
compounds were obtained from Sigma Chémiéal Co., St.;
Louis, MO. A sample ofjHOE 00703 may be obfained from
the laboratory of Dr. D. E: Mathre,‘MphtanaﬂState

University, Bozeman, MT.
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To prepare either medium, dehydrated PDA is added.to
distilled water, autoclaved at 121 C for 20 minutes. and
cooled to '50 C. Liquid compoﬁnds,are added first. ‘The
remaining. compounds are dissolved in 10 ml sterile
distilled water in a sterile 15 ml tube beforé being
incorporated into the molten PDA. The medium is then
agitated by hand ﬁo'evenly suspend any undissolved
compounds and poured into sterile glass or plastié petri.
plafes. Plates are stored upside dbwn in plastic bags or
metal tins placed in the dark at 4 C. 'Another_mediﬁm,
SM-GGT2, was also tested. It contains the séﬁé compounds
as SM-GGT3 but the amount of HOE 00703 Qas_lowered to 10
mg active ingredient.” SM-GGTl, SM-GGT2 and SMrGéT3 were
compared‘with each other and with PDA utilizing naturally
infected tissuée and in the éombat'tests and soil assay

tests described below. .

Plant Material Tested

Matufe plants exhibiting'charadteristic field
sympﬁoms of take-all were collected‘during 1981 and 1982
from irrigated small grain fields in Montana - primarily
spring wheat; Dufing 1982 mature plants were-also
collected from'dryland small grain fields. All planté
were stored dry in paper bags at room‘temperéturé; When
used for testing, the basal stem aréa or sub-crown

‘intérnode (SCI) was removed, rinsed thoroughly with.watef
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and cut into 1 cm lengths. These pieces were then
sterilized for 30 seconds in a 1% silver nitrate
solution, rinsed 30 seconds in sterile.distilled water
and blotted dry on.filter paper before being placed on-
one of the final media. If there was enough material, at.
least three plates per location were inoculated.
Inoculated plates were maintained at room temperatue -and
room light for a minimum of 5 days and a maximum of 9
days. Results were tabulated by détermining the
percentage of tissue pieces which fostered Ggt gfowth,
. with and without pigment production. When’possiﬁle the
number and identity of any contaminating drganiéms were
also determined'using the proper media and the

microscope.

Combat Tests

To determine the effectiveness of SM-GGTl1l and SM-
GGT3 in detecting Ggt and eliminatinglé common fungus
such as Fusarium culmorum, combat tests were conducted.
Combat tests compare the ability of two organisms to grow
on specific media. The sub-crown internode and basal
culm tissue naturally infected with Ggt was thotroughly
washed and cut into 1 or 2'cm pieces.. Half of the‘
pieces were soaked in sterile distilled water for 1 hoﬁr.
The remaining pieces were soaked'inaadense.ﬂlgg;mg;gm

spore suspension for 1 hour. The pieces were then -
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blotted dry andzinéubated for 2 days in sterile petri
plateé. Upon completion of incubation, all pieces were
suiface sterilized with a 1% silver nitrate solution for
30 seconds,rrinsed in sterile distilled water'for 36
seconds, blotted dry on filter paper and pléted on SM-

GGT1 or SM-GGT3 and PDA.

Soil Assays

Although SM-GGT3 was primarily de#elpped as.a medium
for isolating Ggt from tissue, preliminary experiments
were conducted to determine its value ‘as a soil assay
medium for Gg;.> SM~-GGT3 was compared to SM-GGT2 and PDA.
Two soil assay methods were tested - oﬁe utilizing soil -
suspensions and the second utilizing soil organic matter
consisting mainly of plant resiaue. Two.different soiis
wére used for both methods; One soil was coilected from
a field at the A.H. Post Agricpltural»Research Station,
Bozeman, MT. and had been stored iﬁ the 1a50ratory for 6
months in a loosely sealed container. The second soil
was collected at Ulm, MT. from a field known to be
infested with Ggt. This soil had been supplemeﬁted with
Ggt infected oat kernels and utilized in a nuﬁber of
take-all experiments in the greenhouse for the previous
10 months. To both soils was added ground Ggt infected

oat kernel inoculum at a rate of 1 g of inoculum per 100
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g of soil (dry weight basis). The inoculum and soil were
tumbled for 5 minutes utilizing a rotating seed tréater.

For the soil suspension assay method, 1 g of the
soil/inoculum mixture was suspended in 100 ml of sterile
distilled water to obtain a 10”2 dilution.  Other
dilutions which were made were 1073, 10~4, 10~5, 10-6.
Approximately 0.1 ml of each dilution was pipetted onto
each plate and spread over the plate with a éterile bent
glass rod. Four plates of each médium were used for each
dilution.

With the sieved soil technique, approximately 150 g
of soil/inoculum mixture was dry sieved through a set of
four sieves with openings of 2.36 mm, 1.70 mh, 0.85 mm
and 0.25 mm. Twelve pieces of organic matter, primarily
straw residue, were seleqted from each set of sieved
material, including the material that péssed through the
0.25 mm sieve, and placed directly on the test plates.
Again, four plates of each mediufn were used for each size
of sieved material. There was some difficulty in
selecting pieces of organic matter ieSs than 0.25 mm in
size. If this occurred, soil particles picked up with
the organic matter were also used for'inocdlating these

plates.
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.« RESULTS

Compounds Tested |

None of the carbon sources tested enhanced the
growth of Ggt exclusively nor inhibited the growth-of the
test fungi. Based on thesé results and the fact that PDA
is inexpensive and readily available, PDA-was selected as
the basal medium in which the other compoundé of the
selective medium would be incorporated. The effect of
each compound bn Gat érowth is'reported in Tables 18-23
of the Appendix. L;3—3,4—dihydr6xthenylalanine (L—bOEA)
was selected aS'thg compound which was noninhibitory to
'growth of Ggt and caused the production of a dark melanin
pigménf. Based on streptomycin sulfate's wide
antibacteriallspectrum (Franklin and Snow,1981), cést and
availability, it was choéen as the.anti—bacterial
compound to be utilized in the selective medium. . |

Selection of the anti;fuﬁgél pompounds.was based on
two criteria. The compound must ndt‘significantly
inhibit Ggt growth but at the same time should éeverély-
iﬁhibit the growth of one or more of the test fungi.
Dicloran was selected as an .inhibitor of Bniggpgg
(Hehson,1981). It should be ﬁoted howeQer that dicloran
was not a very effec¢tive inhibitor of the isolates of
Rhizopus used in this study. It was utilized athay‘due

to the lack 6f any other substance which would control .
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.Rhizopus without inhibiting Ggt. Fenamihoshlf; which
inhibits Oomycetes stéh as Phytophthora and Pythium

(Kreutzer,1963), was later replaced with metaléxyl as
fénaminosulf is unstable in 1ightl(Hills and Leach,1962).
Metalaxyl is an effective systemic fungicide for the
control of the Oomycetes at low concentrations‘(Fisher
and Hayes,1982). At 10 ug/ml, Oomycetes were inhibited
100%. Quintozene was initially selected as the third
fungicide for use in'tﬁe selecfive medium. However,

after comparing HOE 00703 with quintozene at various
rates, HOE 00703 was easily shown to be the more
effective compound (Table 4). HOE 00703 has the
chemical . -name of l—(3,5-dichlorophenyl)—34methokyhethy1--
pyrrplidin—2,4-dibn. Chemically, it belongs to the
carboximides.

Table 4. A comparison of qguintozene and'HOE 00703 in

" their ability to inhibit common pathogenic
soil-borne fungi.

___-__-_....__.__—-——_._._.__-_——...._._._._-__.—.———-——_—————————————_—.———_—_

HOE00703 Quintozehe
(ug/ml) (ug/ml)
Fungus 10 25 50 25 50

Gaeumannomyces graminis

var. tritici (Mt 1) 75 75 75 50 50
Fusarium culmorum 17 0 0 83 67
Fusarium graminearum 23 0 0 50 - 50
Cochliobolus sativus. : 0 0 0 33 20
Rhizoctonia solani (302) 0 0 0 50 67
Rhizoctonia sp.(404) 17 0 0 67 67
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One of the major problems encountered was ‘the
identification of a compound or compounds fhat would
effectively inhibit F. culmorum, .F. gzéminggzum, C.

sativus and Rhizoctonia solani Kuhn without inhibiting

”QgL. HOE 00703 was the only compound tesfed ﬁhich gave.

‘at least 90% to 100% inhibition of these fungi and only
25% inhibition of Ggt at the same rate. it should be
noted that a number of fungicides inhibited Ggt by
greater than 50% at 10 ug/ml or less, . including thiram,

triphenyltin hydroxide, prochloraz, CGA-64251,
thiophanate-methyl, thiabendazole, carboxin, captan,

methfuroxanm and imazilil (Appendix Table 18).

Selective Mediﬁm SM~GGT1

To 'determine the practical use of SM-GGT1,1l6
irrigated wheat plant samples from 13 different fields in
Montana were proCured in 1981. Samples‘were collectéd
based on characte:iétic field-symptéms of the take-all
disease. Usiﬁg silver nitrate as a surface sterilant and
SM?GGTl as the isolation medium, 73% of the pieces tésted

allowed Ggt growth, ~ with 96% of that growth producing a

black pigment (Table 5). All 16 samples were confirmed

as take-all disease. There was never a problém‘in
delineating Ggt from contaminants on the plate aé Ggt was
distinguishable by colony morphology and:pigment

formation. Fusarium species and C. gggiygs, although
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Table 5. Results of isolations from 1981 irrigated wheat
tissue suspected of being infected with

Gafitimannemysfis graminis var. tritici (Ggt)
utilizing the selective medium SMGGTI.

No. Tissue Piece Isolations Yielding

Tissue Pieces

Sample  per Sample Gt Fus-t Cs23  Other™®  Noned
I 12 8 0 0 0 4
3 16 14 0 I 0 2
6 16 15 0 0 I 0
7 12 9 0 0 2 I
8 16 11 3 0 0 2
9 16 13 I 0 2 0

10 12 8 2 0 0 2
11 12 9 2 I 0 0
12 16 14 I 0 I 0
20 16 11 0 0 0 5
21 12 3 0 0 6 3
22 16 13 4 0 0 0
23 17 12 I I 2 2
24 16 13 I 0 2 0
26 12 10 2 0 0 I
29 16 8 3 2 0 4
Total 233 171 20 5 16 26
% - 73 9 2 7 11

1 Fusarium species - primarily of the fl roseurn group.

2 Cochliobolus sativus.

3 This group consisted of sterile mycelia - septate and
non-septate hyphae.

4 No growth of any organism.
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! .
present on some plates, did not usually interfere with
obtaining a pure culture of Ggt. |

Since.the F. roseum group was the moét common non-
Ggt group isolated using SM-GGT1l, a combat test
experiment was conducted to.determine,the éfficiency of
SM-GGT1 in detecting Ggt and F. culmoxrum using the .
technique described in the Materials and Methods. Thbsé-
pieces of naturally infected Ggt plant tissue soaked only
in sterile distilled water yielded 72% Ggt with
éigment and 5% F. culmorum whereas the naturally infeqtéd
tissue soaked in F. gg;ﬁgggm spores yielded 54% Ggt wiﬁh_
pigment and 46% F. culmorum. Fusarium isolation did
increase with the F. culmorxum inoculated sampies but
after 5 days incubation Ggt was still easily
distingﬁished from E, gg;mg;gm via pigment production and
gross morphology. Even with this heavy contamination of
Eggggigm, Ggt could be transferred to obtain a puié

culture,

Selective ﬁedium SM-GGT3 ’

.Purther testing of SM-GGT1 using pure culture
inoculations of E. culmorum, E. graminearum, C. sativus
" and R. solani illustrated that if the Ggt infected.
material was also heavily colonized by these fungi it was
quite probable that these fuhgi-Would érevent isolation

of Ggt from the infected material. Continued work with
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SM-GGT1 culminated in 1982 in a new medium aesignated as
SM-GGT3. Three different tests were conducted to compare
PDA or PDA containing 100 ug/ml streptomycin sulfate with
SM-GGT2 and SM-GGT3. They were_combat tests, soil assay
tests and plant tissue isélation tests. SM-GGT3 was
-.selected over SM-GGT2 because the 25 ug/ml‘of HOE 00703.
in SM-GGT3 was more effective in inhibiting non-Ggt
fungal growth without significantly decreasing Ggt
growfh.

Thirty-four small grain plant samples were collected
in 1982 (Table 6). The itrigated small grain samples
were collected based on characteristic symptéms of tﬁe
take-all disease from fields locafed.throughout Montana.
The dryland gamples:were randomiy coliected from fields
in northcentral Montana; With all samples, if the sub-
crown ihtérnode or basalvsfem area appeared darkened, _

that plant tissue was used for isolation purposes.

Table 6. Small grain plant samples collected in 1982.

e S B Bt Bt e B B Bt i B S Gt B B By B B e S G S Gt e ey Pt G P n P e S S S B £9 Sam S S G G e G e S St e Gt e e P

Field Source No. Fields Sampled
Irrigated Barley . - 4
Dryland Barley ; 4
Irrigated Spring Wheat : 15
Dryland Spring Wheat . _ 7
‘Irrigated Winter Wheat 1
Dryland Winter Wheat 3
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The results are given in Table 7.‘Figure 1

‘illustrates the differences between PDA and SM-GGT3.

Silver nitrate was used as the surface sterilant. Using
SM-GGT3 as the isolation medium, 31% of all the pieces

tested produced Ggt growth and pigmentation, 16% produced

. other fungal growth and 53% produced no gfowth of any

organism. Ggt was isolated from four of the dfylanal
wheat samples. 8Six of the irrigated small gréin samples
were not confirmed as being infected with.gé; - three
barley and three wheat samples; Separating the irfigated
samples from the total sample group (Table 8), 51%‘of the
tissue pieces yielded Ggt and pigment, 7% produced other
fungal growth and 43% produced no-growth of any organism.
Tables 9 and 10 show.the'gesults obtained on SM-GGT3 and
PDA using the same isolation techniques. It is apparent
that SM-GGT3 would be the supérior medium in isolating
Ggt from plant tissue. Seven of the 16 samfles collected
in 1981 and tested on SM—GGT were also ﬁested.on SM-GGT3
using the same isolation techniques. Ggt was iSolated_
from all seven samples. ' |

Not all Ggt colonies isolated with SM-GGT3 produced
a dark melanin pigment WithinIQ da&s. 'However, after 1
or 2 additional days or transfer to a fresh plate of SM-
GGTB, pigmentation occurred with all isolates. There

were two'reasons for not obtaining pigmentation within 9
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Table 7. Results of isolations from 1982 irrigated and
dryland wheat and barley tissue suspected of
being infected with GafllinanilS>IQycEE£ graminis var.
tlitici (Ggt) utilizing the selective medium SMGGT3

No. Tissue Piece Isolations Yielding

Field Tissue Pieces
Sample Sourcel2 per Sample Ggt Fus® Cs34  Other* None5

I IB 10 0 0 0 S) )
2 ISW 10 4 0 0 I 5
3 ISW 10 9 0 0 0 I
4 ISW 10 9 0 0 0 I
5 B 10 0 S 0 I 4
6 ISW 10 9 I 0 0 0
7 MWV 10 0 0 0 0 10
8 IB 10 0 0 0 0 10
9 B 10 0 0 0 4 6
10 Daw 8 0 0 0 0 8
11 ISW 10 9 0 0 0 I
12 B 10 0 0 0 0 10
13 B 10 0 0 0 6 4
14 ISW 10 0 0 0 0 10
15 ISW 10 0 0 0 0 10
16 ISW 10 7 0 0 2 I
17 ISW 10 9 0 0 0 I
18 ISW 10 7 0 0 0 3
19 ISW 10 8 0 0 0 2
20 ISW 10 5 0 0 0 S
21 oaw 10 2 0 0 2 6
22 Daw 10 0 0 0 3 7
23 oaw 10 0 I 0 2 7
24 Daw 10 0 7 0 0 3
25 bW 10 I 0 0 | 8
26 DAW 10 0 0 0 I 9
27 IB 10 7 0 0 0 3
28 Y 10 0 0 0 2 8
29 DAW 10 I 0 0 0 9
30 ISW 10 5 0 0 0 )
31 ISW 7 2 0 0 0 S
32 IB 4 0 3 0 0 |
33 ISW 4 4 0 0 I 0
34 DV 4 I 3 0 0 0
TOTAL 317 99 20 0 31 168
% 31 6 0 10 53

1 Iﬁirrigated; Indryland; B=barley; SWespring wheat; WW=Winter
wheat.

2 Fusarium species - primarily of the roseum group.

3 Cochliobolus sativus. ) ) )

4 This group consisted of sterile mycelia and a few bacteria.

5 No growth of any organism.
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A comparison between potato dextrose agar
(PDA) and the take-all selective medium (SM-
GGT3) in the efficiency of isolating
GafitinianDfimysss gsaminis var. Ssitisi (Gsi)
from naturally infected wheat tissue.

PDA SM-GGT3

PDA:  (upper left) Ggt
(upper right) Fusarium roseum: Got

(lower

left) sterile septate hyphae

(lower right) bacteria

SM-GGT3:

(upper center) Ggt
(lower left) no growth
(lower right) Ggt
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Table 8. Results of isolations from 1982 irrigated wheat and
barley tissue suspected of being infected
with Gaeumannemyc&s graminis var. tritici
(GSt) utilizing the selective medium SM-GGT3.
No. Tissue Pieces Yielding

Tissue Pieces

Sample No. per Sample Ggt Fusl Cs2 Other3  None4
13 10 0 0 0 5 5
2 10 4 0 0 | 5
3 10 9 0 0 0 |
4 10 9 0 0 0 |
6 10 9 | 0 0 0

10 0 0 0 0 10
85 10 0 0 0 0 10
11 10 9 0 0 0 |
14 10 0 0 0 0 10
15 10 0 0 0 0 10
16 10 7 0 0 2 |
17 10 9 0 0 0 |
18 10 8 0 0 0 3
19 10 8 0 0 0 2
XL 10 5 0 0 0 5
275 10 7 0 0 0 3
30 10 5 0 0 0 5

7 2 0 0 0 5
325 4 0 3 0 0 |
33 4 4 0 0 | 0

TOTAL 185 94 4 0 9 79
% - 51 2 0 5 43

1 Fusarium species - primarily of the L roseum group.

2 Cochliobolus sativus.

3 This group consisted of sterile mycelia and a few bacteria.
4 No growth of any organism.

5 Barley tissue.
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Table 9. Comparison between the selective medium (SM-GGT3) and -
potato dextrose (PDA) tissue isolation results using °
1982 irrigated and dryland wheat and barley tissue
suspected of being infected with - Gaeumannomyces
graminis var. tritici (Ggt). :
% Total Tissue Pieces Yielding

Medium ' Gat - Fus! Ccs? other3 . None?

PDA 12 22 12 . 29 25

SM-GGT3 31 6. 0 10 53

- 1 Fusarium species — primarily of the F. roseum group.

2 Cochliobolus sativus.

. 3 This group consisted of sterile mycella (septate and non-
septate) and bacteria.

4 No growth of any organism.

Comparison between the selective medium (SM—GGE'j) and

" Table 10.

- potato dextrose agar (PDA) tissue isolation results
using 1982 irrigated wheat. and barley tissue
suspected of being infected with Gaeumannomyces
graminis var. tritici (Gat).

% of Total Tissue Pieces Yielding
Medium =~ - Ggt Fust cs2  Otherd - None4.
PDA 19 2 6 29 25
SM-GGT3 . 51 5 2 0° 5 43 -
1 Fusarium species - primarily of the F, roseum group.

2 Cochliobolus sativus.

3 This group consisted of sterile mycelia (septate and non-
_ septate hyphae) and bacteria.
4 No growth of any organism.
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.days. First was the.slownand minute amouht,of growth
which was.proéuced in 9 days from some tissue pieces.
Once these colonies began to enlarge ﬁoré rapidly,
pigmentation occurred Second, some colonies of Qgg were
1nh1b1ted from plgmentatlon productlon, but not crowth,
by bacterial contaminants immediately around the tissue
piece. Once the Ggt colony grew further from'the
bacterial contaminant or was transferred to a fresh SM-
GGT3 plate, pigment production occurred. All colonies of
Ggt isolated thus far have produced a melanin picment'
when ccltured on. SM-GGT3. It should be noted thatv
Rhizoctonia species may. also produce a melanln .pigment on:
SM—GGT3 but they are usually severely~inhibited by the
selective mediunm. If Rhizo ia should grow, it can
easily be differentiated from Ggt based on-macroécopic.
"and microscopic characteriscics.

.Comparisons were made of the.amount of fungai‘growth
‘on PDA and SM-GGT3 originating from plant tissue. QQ;
growth was_inhibited‘Slightly, if at all, on SMQGGT3. C.
' gg;ijgg did not grow on SM-GGT3 even though‘the average
colony size on PDA was 24 mm in diameter. The.EL rogggm
group produced colonies of 60 mm:in diameter'on'PDA'but
were reduced by 85% to 90% on SM-GGT3, providing Fa
roseum colonies grew at all. Bhizggﬁgnig species were

isolated only once on PDA and were never isoléted on
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SM-GGT3. 'Although unidentified steriie mycélia giew on
SM-GGT3, the growth was restricted.to less than 15 mm in‘
diameter. Rhizopus COntgminated 1l plate of PDA and 1'
plate of SM-GGT3. Bacterial growth was uéually
compietély:inhibited on SM-GGT3. If bacteria were
present; they weré restricted to a small area immediately
surrounding the tissue piéce and did not spread}'

"As with Sﬁ—GGTl, a combat test experiment was-
conducted to determine tﬁe efficiency of SM-GGT3 in
detecting Ggt and F. culmorum. The naturaily infected
take-all plant.tissue soakéd only in sterile distilled'
water yielded 67% Ggt with pigmeht and 0% E. culmorum. :
The naturally infected tissue sgakea in E&.gglmgggm.
spores yielded 17% Ggt and 17% F. culmorum on SM-GGT3
versus 1005;;'51_.L gg;mé;gm and'O% gg;-on PDA. fhe E&
culmorum colonieé on SM-GGT3 were severely inhibifed in
growth to less than 10 mm in diameter‘versus éo mm in .
diametei on PDA. |

Preliminary tests were conducted to determine the -
lfeasibilitf of SM;GG&3 for use in a soii assay system.
Using the soil suspension assay method, Ggt was not
isolateé'from either soil with either PDA cohtaihing
streptomycin sulfate (PDA+), SM-GGT2 orJSM4GGT3;
Rhizopus and.bacterial colonies. were the only organisms

growing on PDA+. using the soil/inoculum mixture from Ulm,
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MT. Only Rhizopus grew on SM~GGT3. With the Bozeman,
’MT. éoil/inoculum mixturé, a greater'variéty'of 6rganisms
grew on PDA+ but only a gterile‘fungus with non—septate.“
hyphae and a bacterial species gfew on SM-GGT3. Both of
these organisms were few in number and small in size.'“

With the sieved soil technique,.ggg was iSoléted-
from the Bozeman mixture using all three media and all ’
five sieve sizes., Wifh PDA+,'Bhingg§, Fusarium specieé,'
Penicillium species and a sterile fungus with non-septate
hyphae wefe " also isolated while only . Rhizopus, a
sterile fungus with non-septate hyphae and, a bacterium
were isolated on SM-GGT3. Qg; was not isolated from the
Ulm, MT. soil/inoculum mixture aé all plétes,were»

covered 100% by Rhizopus.
DISCUSSION

Two of Tsao's suggestions (1970) were uéed.to
deQélop Sﬁ—GGTB - selective inhibition and selééfive
differentiation by pigmentation. Gaeumannomyces utilizes
ﬁ—DOPA to produce a melanin pigment which‘éasily
differentiates it from most other soil brgapisms.
Selective inhibition was accomplished with the compounds
dicloran, metalaxyl, HOE 00703 ana streptomycin sulfafe.
Streptomycin'sulfate is an inhibitorfof gram positivé

and gram negative bacteria which makes it the single most
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useful anti—bacteriai compound te add to a selective
medium. | _

SM-GGT3 selectively inhibited Oomyeetes due to its:
use of metalaxyl It was necessary to inhibit Oomycetes
such as Pythium species when isolating from root t1ssuej
or soil as theg can be parasitic on plants ‘and are
usually common soil inhabitants. '

Diclofan was incorporated in the hedium becaese‘of
its reported ability to inhibit Rhizopus, a fungal genus
commonly encountered in soil. Rhizopus was never:
isolated from any of the plant tiséue cultured but was a
contaminant once on SM-GGT3 and on PDA. However, growth
from pure culture inoculations of Rhizopus on the
selectiVe.medium were nof extenéively inhibitéd nor were
colonies of Rhizopus which originated from soil dilutions’
or soil particles. One reason for this disc:epancy could
be the use of a 1% eilver nitrate solution as a surface
sterilant when isolatiﬁg from plant tissue. The addition
of 10 ug/ml silver nitrate to PDA inhibited Bhigépgg by
25% to 30% versus-no.ihhibition with 75 ug/ml dicloran.
This would suggest it was the silver nitrate surface
ste;ilant which'inhibited growth of Rhizopus on SM-GGT3
and not neccessarily the anti-fungal compohnds. | |

At 25 ug/ml, HOE 00703 completely inhibitedfpufe

cultures of F. culmorum, F. graminearum and C, sativus.
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' with only minor inhibition of Ggt. This showed the

selective inhibition of the fungicide as all'four_fungi

'are'Ascomycetes It also completely inhibited R, §_;§n;

which is a BaSldlomYCete. F, culmorum, F. grem,meer_um,
C. sativusg and'BL solani are common root ana basal culm
pathogens of small érains,-and in general, these and
other species qf.these fungi are common soil inhabitaﬁts.
The probability of one of these ordanisms being'present
with Ggt can be high. Also, plant tissue iselatione
studies with SM-GGTl1 indicated thet E. roseum:and C,
§g§iyg§ accounted for the largest bercentage of nbn—gg;
isolations. This necessitated COmp;ete inhibition of
Fusarium ae.it grows at a significantly faster:rate‘than
gg;.'Asher(1980) stated that fasr—growing fuhgi, éueh
as Fusarium species, were a.leading cause in failihg to
isolate Ggg from 1nfected plant tlssue. Cunnlngham_
(1981) also noted that when 1solat1ng from stored cereal
roots, only a few hyphae would emerge and great care was'
taken to transfer the gg; hyphae "from the midst of more

rapidly growing colonies® Without the addition of HOE

‘00703, the value of SM-GGT3 as a selective medium would

. be greatly diminished.

The second of Tsao's suggestions used in SM~ GGT3 was |
selectlve dlfferentlatlon by pigmentation. Noting that

Ggt infection of wheat is associated with dark runner
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hyphae called macrdhyphae (Walker,1975; Niléon;1§69) and
that melanin has been extracted from Gat hyphae (Teschudi.
and Kern,1979), an attempt was made to enhahce_this
nafural hyphal pigmeﬁfation. L-tyrosine, an amino acid'
precursor of.melaninh aid induce ggt to p:oduce-a?brown .
pigment in the mediﬁm. This'allows for éelecfive.'
differentiation of Ggt via pigméntation as is‘aone with
the selective medium for Streptomyces gggbigg (Menzies
and bade,1959). Of the four tyrosine'anélogues tested,
L-B~3,4~-dihydroxyphenylalanine (L—DO?A) was shown t§ be
the best compound to induce the darkest pigﬁehﬁ formatiqn '
without inhibiting Ggt. .

- All isolates of Ggt listed.in Table 2 ﬁroducedva
melanin‘pigméht when cuituréd on SM-GGT3. Gga, Ggg and
P, graminicola also .produced a melanin pigment ‘and with
the same intensity as Ggt, as did the lobed hyphopodial
Phialophora spgciés. This was not surprising{ however,
considering the close taxonomic relationship of thesé
fungi (Walker;1981). Some R. solani isolates also
'produééd a melanin pigment but SM-GGT3 completely
inhibited Rhizoctonia species. ' If Rhizoctonia growth
occurred, macroscopic and microscdpic examinationsiéasily
distiﬁguisheé Bhiggg;gnig fromvﬁég. | |

To distinguiéh between Ggt, Ggg, ﬁgg'and P.

graminicola will be more difficult and will probably




42

require the production bf perithecia in cultufé.
However, Ggt is considered to be the main cause of. take-
all of wheat. Gga is the'major'caQSe of . oat take-ail and
take-all patch diseasé of turf grass although it also
attacks wheat and barley. GQQ is,oniy .s8lightly
pathogenic causing little root damage to infected gréss
hosts (Walker,1981), P. g;gminigg;g has been idehtified
only once in thg United States (personal cbmﬁunication,
P.T.W. Wong) and is considergd a saprophyte in Eﬁrope
(Wélker,1981). Thus, it WOuld'logicaliy be assumed that
when working with take-all of wheat, the pathogenic
organism which would -be iSolaﬁed would belég;;'- |

Anothér possible'w;y to distinguisﬁ between .
varieties of Qgggmggggmyggg g;gmigigzwould be with
chemical additives to SM—GGf3; The sulfur containing
amino acids cysteine and cystine reportedly inhibit Gga
gr<>wiﬁh while stijnh].ﬁti.ng Gat | growth
(Turner,1957,1959,1961). Preliminary resuits ﬁtilizing
the cultures of Gg obtained from P.T.W. Wong and.thé.
defined medium described by Turner (1957}1959) did not
follow 'this'pattern. B-escin (aescin) ié a
triterpeneglycoside similar to.avenacin, the factor-in
oa£ roots causing reéistance to Ggg and Ggt but not Gga
(Turner,1960,1961; Oisen,l971).‘ When B—eéqin 'waé

incorporated'into PDA at 1 and 10 ug/ml, Ggg, -Ggt and:EL
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draminicola grthh was inhibited more than Gga growth.
Another compound which was not inhibitory to ggé but was
to the other .related fungi was salicin (2-
[hydroxymethyl]phenyl—B—d—gulcopyranoside) at 100 ug/ml.
Arbutin.(hydroxyquinone—B—D—glucopyranoside) at 100‘ug/ml
was not inhibitory towards any of these'related'fungi.
From these results it appears that SM-GGT3 could be made
selective for Gga. ' I

A few 1nterest1ng points should be .noted concernlng
the melanin pigment phenomenon. Melanln is formed via the
oxidation of_tyr051ne (Figure 2) with- DOPA being the
.first compound produced. Tyros1nase, a copper contalnlng
protein (Dressler and Dawson, 1960a 1960b? Bright et
al.,1963), is the necessary enzyme for th1s step and for
the next step in the formatlon of dopa quinone.
‘Thereafter, the reactions requi;e no enzymes or_occur'
spontaneously. Melanin.is a polymer or group of polymers
of random structure (White et al.,1973). |

Since the ptoduction'of melanin is an'oxidative
process, two ‘experiments were conducted_to determine if
.the production of the dark pigment py ggt.cehld be_
inhibited when tyros1ne was present in the PDA medium.
Ethoxyquln (1 2-dihydro-6- ethoxy 2,2,4- thlmethquulno—
line), an antioxidant obtained from Monsanto Agrlculture.

Products Co., St. Louis, Mo., was added to PDA containing
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Figure 2. Melanin formation from tyrosine. (Mahler and
Cordes,1966; White et al.,1973)

Tyrosine

3,4-6-Dihydroxyphenylalanine
(DOPA)

|
Phenylalanine-3,4-quinone
(Dopa quinone)

2-Carboxy-2,3-dihydro-5,6-dihydroxyindole
(Leuko compound)

2-Carboxy-2,3-dihydroindole-5,6-quinone
(Hallachrome)

5,6-Dihydroxyindole

X

Indole-5,6-quinoine

X

Melanin
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500 ug/ml tyrosine.' At the rate of 10 ug/ml, ethoxyquin
did not inhibit the growth of Qg;,but‘did completely
inhibit pigment production. In a second experiment,
plates of éDA containing.SOO ug/m; tyrosine were
inoculatéd with Qg;! They were then placed in a Brewer's
jar and purged witﬁ nitrogen. The result was no
"inhibition of Ggt growth but 100% inhibition of‘
pigment . production. After 5 days tﬁese pléﬁes:Were
removed from the low oxygen environment and placed in the
room afmosphere. Within '2 days pigment produétion
occurred and the hyphae turned a dark célor also.v The
results. from these_expefiments,.plus the "utilization of
'L-DOPA to initiate pigment production by Qg;, would
définitely sugggst it is a melanin pigment being prodﬁééd
by Ggt which diffuses into thg medium. |

TYrosj.ne is not only a prec'u'rs_of of meiahin but also
of p-coumaric acid and hbrdenihe which -in turn are .
distant intermediates 1in tﬁe pathways leading to lignin
formation (Frank and Marion,1956; Saiisburf and
- Ross,1969; Friend,1976; Barz and Hoesel,1979). Hordénine'
is a compound foulnd only in barley roots during the first
30 days of growth (Manri and Mudd,1963) juét as graminé 'is
the mainh alkaloid found in the leaves of germinating
barley. However, gramine is derived from trytophan

(Grower and Léete,1963). Various compounds within'these
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pathways plus other‘phenols and quinqnes-wefe teétéd
(Appendix Table 23) with the rationalization that perhaps
one would not be inhibitory towards Ggt but would be
inhibitory towarqs’any or all of the test fungi -
specifically F. culmorum, F. graminearum, C. sativus and
R. solaniji. Many phenols and quinones canAbe potent
fungistatic compounds'such'as chioroéenié acid (Saliébury
and Rosé,1969). Fungal pigments may‘be final metabolic
broducts such as toxic wastes or may play an active role-
in the'metabolic ativity of the'fungué (Rubiﬁ and
Artsikhorskaya,1964). Rubin and Artsikhorskaya (1964)
also stated that gquinone forms of pigméhts are
accompanied by corresponding phenols in various fungi and
speculated that perhaps pigments possess antibiotic
properties. If this was correct, then perhaps one of the
general organic compounds tested would induce Ggt to
produce a pigment which would inhibit other fungi but not
Ggt. While compounds other than the tyrosine analogues
induced pigment production, namely dopamine, chlorogeniq
acid, catechin and gallic acid; none seriously inhibited
the test fungi or Ggt. |

The advantages of SM-GGT3 over PDA and PDA
containing antibiotics are substantial. SM-GGT3 is
selective against bacteria, Oomycetes apd many common

soil and plant 'parasitic and saprophytic Ascomycetes and
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éasidiomycetes - particularly those causing small grain
root and stem diseases. This medium allows ggt_to
readily out~compete other fungiu'It is then easy to
differentiate it via formation of a melanln plgment Ggt
growth and colony characterlstlcs do not appear to be
altered by the selectlve.medlum. Also, when conducting
Ggt pathogenicity tests, results using SM—GGT3 agar discs
inocu;ated with Ggt isolates as inoculum were exactly
the same as those using PDA discs - i.e. the.seedlings
were. infected Thus, one could qulckly fulfill Koch's

postulates using SM~-GGT3 as the 1solatlon medlum. To
improve ‘upon this method, it would be best to mark the
Ggt isolate. One nuclear marker which has been used is a
specific requirement for p—aminobenzoic acic (Blanch et
al.,1981). The compounds for SM—GGT3 are'inexpensive and

relatively easy to obtain plus it is not d1ff1cu1t to

' produce. The shelf life of the medlum is at least 3

months.

The only dlsadvantage of SM-GGT3 may perhaps be its -
1nab111ty to’ completely 1nh1b1t Rhizopus. Bh;zgpu_ was:
never a problem in 1solat1ng from plant tissue using this
medium and silver nitrate as a'surface sterilant.
However, in soil assays for Ggt, B,h;_gopus was and will be
a problem until a suitable 1nh1b1tory compound is

identified. Papavizas and Lusmsden (1982) were able to
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sighificantly'improve a selective ﬁedium for isolation of
Trichoderma from soils infested with_Bhizgpgg by the
addition of the surfactant Triton—x—loo; | In their
.trials; dicloran and metalaxyl did nét'inhibi£ Rhizopus
even at 200 ug/ml éétive ingrédient. Quintozene reducéd
Rhizopus but even at 25 ug/ml active ingredient it also
inhibited Trichoderma. These results are similar to 
those obtained in my -study where'Tritqn—X—lOd was

inhibitory towards Gat. |
It:is believed that future work cbncerning Gat
isolation, either from plant tissue or from soils, should
be based on SM-GGT3. A selective medium would also help
td quantify the amount of Ggt inocﬁlum in the'soil and
thus give a basis for 16ng—term forecasting of take-all
disease. Currently Ggt is commonly detected in soils
indirectly via the use of pathogenicity bioassays. Thié
technique therefore does not allow fbr the detectiSn 6f
avirulent Ggt isolates (Shipton,1981). Use of SM-GGT3
should accomplish this goal. Pasf experimenfs by Asher
(1980) have shown an absence of ahy correlation between 
virulence aﬁd natural pigmentation. If this holdé true
fo; chemically induced pigmentation in a selective mediﬁm
(SM-GGT3), virulent and ayirulent isolates cquld bé-

easily detected and isolated for use in pathogenicity

studies. An ~experiment which should be conducted then
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is to obtain known avirulent isolates and determine
their growth and pigmentation patterns on SM-GGT3.
Anothér interesting experiment would use two isolates (a
virulent aﬁa:an avirulent) which producé'a melanin
pigment on SM-GGT3. Mutate them such that both isolates
grow on SM-GGT3 but do not produce a pigment. Next,
determine if their pathogenic'Eharapteristics have been
altered. Tﬁis would help to establish a relationship

between pathogenicity and pigmentation.
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Chapter 4

Relationship between Sub-crown Internode
Ratings and 1000 Kernel Weight:
INTRODUCTION

Methods of estimating yield losses ~caused by take—
all in the field are numerous but have the common
objective of correlating disease severity assessments
with yield loss observations. While yield 1loss
measurements are- objective and the teqhniques
establisﬁed, disease severity assessments are subjective
and techniques variable. The most wideiy used také-ali
severity assessment method entails the visual estimation
of the percentage of bléckened roots on a plant (Clarkson
and Polley,1981). However, as Clarksonland Polley (1981)-
point out, this method poses a number of problems. The
primary one is the inability to obtain the entire root
system when digging_orfpulling hp plants. This résults in;
' variatioﬁ betwéen plahts, replicafes.and even experihents
in terms of the.amount of foot system assessed for
disease. This is ;iso impractical in the field and/or

with a large numbers of samples.
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There is élso some doubt aé to whether the extent of
vascular discoloration is directly related to infection
intensity. Deacén and Henry (1978) advocated an
assessment method which rated plants on their ability fo,
transport eosin dye past infection sites. This would be
impractical for a field survey utilizing mature plénfs.
Therefore; the best method at present is to rate
discoloration of the root syétem. In this study, T
attempt was made to identify afquick,xeasy ana accurate
method to use for disease assessment that would correlate
well with yield loss observations without having to rate

the entire root system.

MATERIALS AND METﬁ ODs

In 1981 two spring wheatvfields_ih which QQL had
been confirmed were selected as sampling sites. Site 1
was'locafed_five miles east of Faiffield, MT. Thié site
has'nearly level soils with loam to clay loam surfaée
textures and calcareous surface and éubsoil horizons.
The cropping history of this ldnglterm irrigated field
was: 198l=Wampum épring wheat; 1980=barley; 1979=barley;
1978=barley; 1977=alfalfa. Site 2 was located four miles
east'of~Ulm, MT, The soils at this site were cbarse
textured loamy fine sands or sandy loam surfaces

underlain by loamy maferials between 50-100 cm. The
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cropping'history,was: 1981=Néwana spring wheat;
1980=spring wheat; 1979=spring wheat; 1978=faba beans;
1977=dryland nativé grass. Both fields in 1981 were under
sprinkler irrigation with adequate fertility‘and crop.
‘management according to current recommendations. The‘two
fields were opposites in terms of soils, cropping histofyl
and field incidence and severity of take-all. Site 1 had:
only small, infréquent patcheS' of‘take—all whereas at
site 2, 30%-50% of the field had sterile heads‘indicating
a severe take-all probiem.

The single plant sampling technique wés utilized in
which large numbérs of plants in thé infebted fiélds were
sampled at-matu;ity (Nilsson,1969; Polley and
Clarkson,1980); In each field, apppoximately 100 piants
were téken from areasrof apparently healthy plants and
100 plants from the take-all patches. This;insured
having all diseése assessment categoriés adequately
represented. Plants were pulled from'the soii and placed
in pépér bags to dry. Mature plants can'be air dried and
stored indefinitely (Clarkson and Polley,1981);

‘After two months, the root sjstemiwaS'qut from the
plant two inchéé'above the crdwn and the remaininé hgédél
of the plant threshed. The root system and threshed

grain were placed in thé same envelobe. Latér'eaqh piant

was rated for disease severity. Heads per plant, Kernels
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per head and 1000 kefnél weight were aiso recorded for
each plant._ The sub-crown internode (SCI) for each plant
was rated after the-method outlined for ‘common dryland

root rot (Ledingham et al.,;1973):

'SCI Rating . ~ SCI Symiptoms

1 (Clean)‘ SCI pérfectly clean.

2 (Slight) SCI with minor isolated lesions or .
with an overall slight discoloration.

3 (Moderate) SCI with coalescing lesions.

4

(Severe) SCI with at least 75% totally blackened.

Correlation and regression'statistics.wefe run on SCI
" ratings and mean 1000 kernel weights for each individual

field.

RESULTS

The results are summarized in Tables 11 and 12. The
mean 1000 kernel weight for each SCI disease severity
category was used rather than the individual plant 1000
kernel weight and 'SCI ratihg. ft was necessary to
measure the correlation between the two variables within
a plant‘population'réther than between individugl'planté.
With an individual plant, many other factors besides
disease effect yield. These factors are'hot.wéighted
equally for each plant. Therefore ‘a ldw”correlation-
would be expected between any two variables fof a single

plant including SCI rating and 1000 kernel weight. The r
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Table 11. The number of . Wampum spring wheat plants
rated and the mean 1000 kernel weight (TKW)
for each sub-crown internode (SCI) take-all
disease severity category at field site 1
located near Fairfield, MT in 1981.

SCI Rating No. Plants Mean TKWA(g)
1 (Clean) : 51 ° ~ 36.0

2 (Slight) 28 . : 33.9 -

3 (Moderate) 20 32.7

4 (Severe) ' 48 L 27.8

Table 12. The number of Newana spring wheat plants
rated and the mean 1000 kernel weight (TKW)
for each sub-crown internode - (SCI) take-all
disease severity category at field site 2
located near Ulm, MT in 198l. ‘

SCI Rating No. Plants Mean TKW -(g)
1 (Clean) .24 . - 42.3
2 (Slight) 20 . . - 40.8
3 (Moderate) » 19 28.5
4 (Severe) , : 55 ' . 25.4
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value for single plént assessmenﬁs for site 1 was -.52
(p=.001) and for site 2 it waé —-.62 (p=.001).

For a plant population which is randomly sampled,
however, these factors do have an 'equal chance of
affecting the total yield. ’This is the primary reason
for using mean 1000 kernel weights_for determing the
value. For site 1, the r value for plant'populétipn
assessments was -0.96 (p=.05). This denotes‘a Qery'closé
;élationship between the SCI rating and the 1600'kerne1
weight. The b value was ~2.603 indicating there was a
2.6 g loss in 1000 kernel weight for each ihcéease in SCI
rating severity. The r2 value was -0,917 (p=.b5f which
specifies.that 91.7% of the change in 1000 kernel weight
was due to the severity of the Ggt disease fating of thé‘
SCI. The regression equation and confidence intervals
are illustratéd in Figqure 3. For site 2, the f value was
~0.95 (p=.05), b equaled -6.314 and r2 was 0.906 (p=.05). |
The regression equation and confidencé intervals are

illustrated in Figure 4.

DISCUSSION
A very close relationéhip existed between the»SCI
take-all severity rating and 1000 kernel weight,'whiCB‘is
a yield component. Althoﬁgh the plants in this study
were pulled for réting‘during late dough development.

and/or ripening, it would be best to rate.plqnﬁs during




Figure 3.

1000 Kernel Weight (grams)

56

Regression equation and confidence
intervals for the relationship
between take all sub—rown internode (SCI)
severity rating and 1000 kernel weight for
Wampum spring wheat in a field located near
Fairfield, MIT. in 1981. (X=SCIl Disease
Rating; Y=IOOO Kernel Weight)

Y=39.09+(-2.603)X

SCI Disease Rating
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Regression equation (.n=mmm and confidence
intervals (iimmim) for the relationship
between take-all sub-crown inter node (SCI)
severity rating and 1000 kernel weight for
Newana spring wheat in a field located near
Ulm, MT. in 1981. (X=SCl Disease Rating;
Y=1000 Kernel Weight)

Y=50.04+(-6.314)X

SC | Disease Rating
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anthesis or milk'development for tvo'reasons. _Late Ggt
infectioﬁs.probably have a small effect on-the:host.
Plants rated prior to or at hatvest, -may have other
lesions besldes those caused by Ggt due to the ageing of
roots or secondary fungal invasion (Clarkson and
Polley,1981). '

There are a namber of reasons why one mlght advocate
the disease assessment method developed in thlS study..
Rating a SCI_on a four point scale would be much easier
than rating the percentage of blackened rootsloa alplant
and is probably less subjective. Different‘workers coﬁld
then adequately compare their results. Thefedwas only a
1% dlfference in the r2 value for both field sites ia my
study. Considering the extreme ,differences between.the
- two fields,'these similar t2 values aid'in supportiﬁg the
usefulness of the éCI disease rating system. .

Most workers assess take;all root damagejby.
examining the roots"aéainst a white background as the
roots float in the water - sometimes.with the_aid of
magnification (Clarkson and Polley,19§1). 'To rate the
SCI, it was only necessary to wash.the region andtobs'_e.rve'
the extent of lesion development;_ Although‘éci 1edgth
varied from plaht to plant, SCI were quite durable and
stood up to much physical handliag. Entire plant root

systems would be difficult.to obtain and would be easily
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damaged by transport or handling. This would allow for a
considerable amount of variafioﬂ.of assessea rooté
between plants. To reduce variation with the SCI ra£ing
system, it.would bé'best to'specify that a SCI‘to be
rated must be at least 2.cm in length. Aiso, field
trials for further evaiuation should be plantéd at a
.uniform depth of at least 2.5 cm ﬁith a reliable planter.
It should also be noted tﬁat attack by Ggt on
cereals stimulates the production of crown roots (Manners
ahd Myers,1981). The numbe; of additional crown roots
varies according to the severity of the attack. The more
severe the atfack,-the more cfown roots which develop.
Thus, rating the eﬁtire root systém.miéht'not be an
accurate'asse?sment of disease severity - especially with

young plants; o | ,
| Other effects Ggt has on the plant are depeﬁdent on
the severify of the infection. With severe infections,
yiela,'tillering, 1000 kernel wgight and the number of
kernels per head are all significantly reduced
(Cunningham et al,1968} Polley and Cla;kson51980;'Manners
and Myers,1981). Ggt hyphae are known to invade and
disrupt the phloemf This causes‘a.reduction and -
eventually the ceésation.of phloem translocation to the
root apical meristems '‘and to the-shoqts° Roots no longer

elongate and lesions develop in response to invasion of

»
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the tissue. Damage seems to be ﬁe;ated to.the rate and
frequency af which the lesions develép'(Clarkson et
'él,l975). ‘Extensive ﬁlugging.bf xyiem vessels does ndt
occur before ion uptake and translocation ceaseslﬁo the
shoot. Take-all also causes restricfioh of the water
supply to the shoot, especially in sevéreiinfections. :
These physiological effects on a plant iﬁfected with Ggt |

account for the symptoms observed in the field.
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. Chapter 5
Control of Take-all with Fertilizers

INTRODUCTION

Studies cdncerning téke—ali iﬁ Idaho (Huber et
al.,1968; Huber,1972), Washington (Smiley and Cook,1973)
and Oregon (Chrisfensen'et al.,1981) have resulted in.
takeééll coht:ol recommendafions utilizing nitrogen
and/or chloride fertilizers. According to their résearch
with nitrogen fertilizers} it is the formVOf nitrogen
(ammonium versuS‘nitréte) which affects the diséase
severity. Ammonium based fertilizers, such as ammonium
sulfate and'amhonium phosphate, lower the'rhizbsphere pH
(pHr) (Smiley and Cook,1973). fhis has.at.least three
effects on the disease. | ’

One effect may be the diregt_ihhibition of the
fungus at a.pHr of less than 5.0 (Smiley énd Cook,1973).
Secondly, a lowered PH, may influence ‘the root
rhizosphere”microflora'such that Ggt is subjected’té
incréased antagonism (Smiley,1978a;1§78b;1979L A third
effect may be the inFluence of pH on plant nutrients

(Cook,1981b). Certain plant nutrients are 1ess~available




62
in élkaline than‘in acid soils. 1In geﬁeral, phosphorus
in the soil is-m&st available at a pH of 6.5;A‘Nutrient
deficiences of phosphorus, zinc or copper do inqréaée thé
severity of. take-all (Reis .et al.,1982). . Amﬁonium
fertilizers are also not effected by denitrification or
leaching as are nitréfe fertilizers. These two processes
are. most common under high moisture conditions( the
result of which can be a crop with a nitrogen deficiency
which makes it mbre susceptiblerto take-all
(Huber;1981b). ‘ ; | |

 With chloride containing fertilizers, it is the
‘chloride ion aﬁd not“the.associated'catiOn’which is
associated with suppreésion of take-all. Suppression is
pfoposed to occur via three possible mechanisms. One is -
the lowering of thé_cheﬁical potential of water in the -
roots which in turn reduces fhe.colonization:of the roots
by Ggt of reduces the host susceptibility (Christensen et
al,,1981). This could be accomplishéd.by changing the‘
quantity or nature of root ekudates.‘ | ;.
This change in root exud;teé may also account for

the second méchanisﬁ of suppression - increaséd:
antagonism toward Ggt by the roof micréfiora;' Halsey and
Powelson (1981) ;ndicafed that the number of fluorescent

pseudomonads increased in soil treated with ammonium

chloride'and'potassium chloride. The third proposed
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ﬁechanism of disease,subpression_by the{chléride ion
involves inhibition of nifrate ﬁptake by éontrolliné thel
form of nitroggn absorbed by the piant (Hﬁbér,198lb).

A purpose of my research conéerning take~all disease
suppression with nitrogen and chl&ride fertilizers wés fo
determine if the results observed in Waéhingtén, Oregon
and Idaho could be duplicated in Mongana'uﬁder natural
field conditions with spring wheat. Only one.field study
in the USA has been completed with spring wheat
(Huber,19725 and it oply-compared spfing versus féii
application of ammonium sulfate fertilizer;‘ The other
field work has all been done with winter wheat,'aithqugh
the greenhouse work conducted"by Shiley anﬁ Cook (1973)
utilized spring Wheaf. Work has been done in Europe
(Shipton,1972b; Hornby -and Brown,1977) aﬁd‘Aﬁst;alia_
(MacNish,1980) boncerning control of take-all in spring -
wheat with nitrogen fertilizers but I felt:é better -
comparison of resu1ts could be conducted using the

studies of the Pacific Northwest.

MATERIALS AND METHODS
An ekperiment was established in 1951 at a'site
under cehtér'pivbt irrigation located three miies west of
‘Valier,Mr. (SEi-/4S33 and SW1/4S34, TL9N, R2E). Sunburst .
clay and pendroy clay soils are éommon‘in the immediate

area. The sunburst soil is classified in the fine,
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montmorillonitic (calcareous), frigid family of Uétic
Torriorthents. The pendroy soil is classified ih the

~ very fine.montmofillonitic (calcareous), frigid family of
Ustertic Torriorthents (Soil Survey of Glacier County
Area and Part of Pondgra County'Montana).' The field
cropping history was: 1980=spring wheat; 1979=spring
wheat; 1978=bar1éy;'1977=dryland grain/fallow-rbtation,

Soil samples were taken before planting of the 0.6
ha experimental area using a King tube. Soil .depth
increments sampled were 0-15 cﬁ,'0—30 cm, 30-60 cm and
60-120 cm. Soil analysis was conducted by the Montana
State University Soil Testing Laboratory, Boiemén, MT.
(Kresge,l980); The PH was 7.4 aﬂd'the organic matier_was
2.1%. There were 253 kg/ha of nitrate nitrogen present in
the top . 122 c¢cm of soi;. In the top 15 cm there were 8.
ppm phosphorus (Olsen method) and 315 ppm potassium.

An air seeder was:used to apply 33 kg/ha‘Kzo and 67
kg/ha P, 05 at a depth of 10-15 cm. Wampum‘spring wheat
was planted 23 April 1981 at a seeding rafe of lzz-kg/ha
with a row spacing of 15 cm at a depth of 6 cm. A
Haybusfer no-till double disc drill was used for seeding.
The seed was treated with 125 g A‘gs"co DB Green (50% maneb
and 18.75% lindane) per 1 kg of Qheét seed. The
phosphorus and potassium fertilizer épplicétions and

the seeding were done by the farm site cooperator.




_ 65

The nitrogen and chloride.fertiliéerSAWere hand
. broadcast 26 April 1981 using a split plot experimental
des1gn (f1ve replications) with n1trogen treatments as
main plots (7.3 m by 12.2 m) and chloride treatments as
subplots (3rllm.by 12.2 m). The nitrogen fertilizer
treatments are listed in Table 13. A no nitrogen chect.
was included also. All'nitrogen treatments were applied
at 111 kg/ha nitrogen, The ammonium'chloride was.not
applied until May 13 due to its unavailability on 26
April. However, the delayed application had minimal
effect on the experiment as.- the weather previous to-this
had been‘cool and moist At the time of the ammonium
chloride application, the crop had not emerged The
chloride fertilizer treatments were hand broadcast at’
three different rates (56, 139 and 222 kg/ha-chloride)7'
nsing potassium chloride (47%‘ohloride). Within two days,
the plots were sprinkler irrigated With 2 cm water to
incorporate the fertilizers. |

Table 13. Nitrogen fertilizers used in 1981 for the
control of take-all,
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Nitrogen Fertilizer ‘Chemical Formula $ N
Ammonium chloride : 28
Ammonium sulfate L Nﬁ4)2SO4 21
Monoammonium phosphate . ‘ NH4H2PO4 : 11
Ammonium nitrate . 34
Urea ' : %Nﬂz)z : - 45

Calcium nitrate Ca(N03)2 _ _ 15
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-A urea and ammonium nitrate liquid fertiiizer
migture was applied twice throngh the irrigation system
to the entire experiment at”growth‘staées 23 and 43
(Zadoks et al.,1974) to add an. add1t10nal 69 kg/ha of
nltrogen. The total morsture (stored s01l m01sturei
growing season precipitation pius irrigation)lfor the
‘crop season was 54 cm. Hoelon wild oat herbicide was
unfortunately applled twice to the plot. Once at the
recommended rate by the farm site cooperator on 28 May
1981 using a plckup truck sprayer. No herb1c1de damage
was opserved after this'first aplication. Within the
week, the plots ‘were again. sprayed with Hoelon at the
recommended rate by an aerial - appllcator. This occurred
because ‘the rest of the field was too wet to spray via a
' grouhd vehlcle due to a rain and snow storm which took
place shortly after the first application of Hoelon;
Although the growth present 1mmed1ately after the second
spraying was d1scolored and prostrate, the new growth did
not show any il1 effects. Bromoxynll herbicide was
applied for the control of broadleaf weeds on 25.Jnne
1981. | o

The_rhizosphere}pH (pﬁg) soil samples'were coilected
20 June (growth stage 41) and 2 September to 9_September
‘(harvest). Samples were collected from the first four

'replications by pulling approximately 20 plants from the
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outside rows per pioF and shakiné off excésé bulk §oil;
Rhizosphere soii,.soil adhereing to the roots, ' was
brushed from the roots into SOil-bags.which were Kept
cool until frozen within‘4 hours. These soils were later
‘dried, ground, bulked and analyzed for pH, nitrate
content and ammonium content.. ‘The PH was determined by
electrode using tﬁe”saturated paste method. Nitrate and
ammonium cdntent were analyzed by thé'MSU Soil'Teéting
Laboratory usiﬁg the chromdtroéic acid method (Sims and
Jackson,1971) and the Berthelot reaction (U.S. Dept.
Interior,1969) respectively. '

To dgterminé disease,severitf, sub-crown. internode
(SCI) ratings were determined for all five replicétions
using the procedure outlined in Chapfer_é._ Approximately.
20 plants per plot werg_pulled_ffom the outéiaé fows and
rated 8 July (growth stage 50) and 2 Septeﬁber to 9
Septembef (harvest). The planﬁs were stored dry .in paper
bags until rated. An areé of i,S‘m bY'G!? m was
harvested 2 September at érowth stage 91 with a.Hege.plot
combine. Yield, test weight'and'looo Kernel -weight wefe

determined for each plot.

RESULTS
The results for the chloride rate treatments,
averaged over the nitrogen treatments, are'given in Table

14. There were nd observable differences or
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statisticaily significant differences between the
chioride -rates for any .of the measured variables. There
were also no significant differences for interactions
between nitrogen and chloride treatments for any of the
variables measured.
Table 14. Effect of different rates of -chloride
' on Wampum spring wheat grain yield,
test weight, 1000 kernel weight (TKW) and
sub-crown internode (8CI) mean . disease

rating (MDR) of take-all measured on two
different dates in 1981. :

___._.__-—-——___..-——-—-—__-.-———.—__.._..__———._-———__.————_———-———___——-

Ratel Yield  Test Wgt. TKW SCI MDR2
kg/ha g/ha kg/1 g July September
0 29.6 a3 . 0.70 a  33.7 a 2.0 a 2.3 a
56 29.6 a 0.70 a 33.8 a 2.1 a 2.5 a
139 :29.9 .a 0.70 a 33.6 a 2.2 a 2.5 a
222 28.7 a 0.70 a 32.6 a 2.1 a 2.4 a
LSD 2.7 0.01 1.2 0.2 0.2

T i e @t e @ ey e e Gt T B T e Bk S Wt Gt S G S P e e S G e G Tt W G s S S — G S S e e . T T e S G P e S e P —

1 Rates are for chloride applied. as potassium chloride.

2 Rating scale: 1=clean; 2=slight; 3=moderate; 4=severe.

3 Those vdlues followed by the same letter. are not
significantly different at p=.05 utilizing the Duncan's
Multiple Range Test and the LS8D value indicated.

With the nitrogen fertilizer treatmente, differences
were observed both visually and statistically (Table iS).
Plots tteated with ammonium phosbhate-could be "easily
dlscerned as the plants were taller and darker green
through the entire experlment Ammonium phosphate proved

to provide the most consistent responses; It produced
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. the highest yield and 1000 kerhel weight and the‘second
highest-test weight. The émmonium sulfate, ammonium
nitrate, urea and qaléium hitfate treatments were all

about equal in terms of all of the responses measured.

Table 15. Effect of different forms of nitrogen
fertilizer and no nitrogen on Wampum
spring wheat grain yield, test weight,
1000 kernel weight (TRW) and sub-crown
internode (SCI) mean -disease rating (MDR)
of take-all measured on two different
dates in 1981. \

___._—__-_..—__———_...—-..—__-__._-..__-..——-—_____—..___—_———____——-—_

N Forml  vield  Test wWgt. TEW SCI MDR2
g/ha kg/1 g July September

(NH;) S04 30.3 ab3 0.71 a 34.2.ab  2.3b  2.4.a
NH,H,P0, " 35.1 a 0.70 a 34.6 a 2.0 ab 2.3 a
NH4Cf 7 24.6 b 0.70 a -33.3 ab 1.9 a 2.3 a.
NH, NO5 29.2 ab 0.70 a 33.9 ab 2.1 ab 2.4 a
Urea - 31.2 ab 0.70 a .33.7 ab 2.0 ab 2.6 a
CaNO, 31.3 ab 0.71 a 33.1'b 2.2 ab 2.5 a
No N 24.4 b 0.68 ¢ 31.1 ¢ 2.0 ab 2.3 a
LSD 6.5 0.02 1.3 0.3 0.3

e e e o e e e e e e e o e ot et ot i i i ot e et ot it Bt e B fie e ot e e e e T e e e e Bt e B s P et o e S e e

1l Nitrogen was applied at the rate of 111 kg/ha.

2 Rating scale: 1l=clean; 2=slight; 3=moderate; 4=severe.

3 Those values followed by the same letter are not
significantly different at p=.05 utilizing the Duncan's
multiple range test and the LSD value indicated. ‘

‘As anticipated, the check treafment with no nitrogen
fertilizér'addea had the lowest yield, test weight énd.
1000 kernel weight.- Ihteréstingly, though,‘the'July and
" September SCI'ratings ére not significantly'différént

(p=.05) from the SCI ratings of the 6ther treatments.
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The SCI disease ratlngs are the most perplexlng
response of the results obtalned The average harvest
disease rating was 2.4 placing it mldway between the
slight and moderate severity category, but, the ylelds'
and 1000 kernel weights reflect a severe SCI rating'ofj3
or 4. In this same field in 1980, most spring wheat
plants were rated in the severe categrory and had ‘low
yield_and 1000 kernel weight responses. This was also.
observed in 1981 in a spring wheat field adjacent.to the
field location of the experimental plots. It would seem.
that the SCI ratings correlate with 1000 kernel weight'
values in. field populations but not in small plot .
'populations._ |

The rhizosphere soil pH, nitrate content and
ammonium content results from the nitroéen fertiliser B
treatments are summarlzed in Table 16. There are no’
apparent differences between n1trogen treatments for pH,.
In general, the pHr had decreased sllghtly by the end of
_the growing season. The ammonium phosphate treatment was
.the only treatment'which raised the pH, slightly.
Although there were dlfferences in n1trate and ammonlum
content for the different nitrogen treatments, the
nitrate to ammonium ratios for each date were quite

similar.
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Table 16. Effect of different forms of nitrogen
fertilizer and no nitrogen on spring wheat
rhizosphere soil pH, nitrate content and

-ammonium content on two different dates in

‘1981.
N Form pH Nitrate:  (ppm) Ammonium (ppm)
June Sept. June Sept. June Sept.
(NHy) 80, 7.8 7.6 16.5 8.0 8.0 3.1
NH,H, POy 7.6 7.8 17.8 10.2 10.2 5.8
NH4C% 7.8 7.6 29.0 9.8 12.4 4.7
NH, NO4 7.8 7.6 19.5 9.5 6.8 3.7
Urea - 7.8 7.5 22.0 8.2 9.1 4.5
- CaNOg 7.9 7.8 16.0 8.2 6.9 3.5
No N 7.8 7.8 13.3 6.8 8.7 2.8
Average = 7.8 7.7 19.2 8.7 8.9 4.0
DISCUSSION

Neither the grain.yield parameters nor -the SCI
disease ratings were statistically:altered by the
additipn of chloride to the‘soil.' Based on the'reséarch
~and récommendations of Jackson et al. (1980), the most
plausible explanation is the fact that the chloride was
broadcast over the soil and not bandéd with the seed at
planting. 1In their report they indicated-tha£:4'years of
'field.experiments showed a reduction in take-all when.
chloride wés?banded with the seed. | |

In an attempt to repeat théir'résults, a field trial
was . planted at the A.H. Post Agricultural Research
Station near Bozeman, MT. in May 1982. spring wheat

plus oat kernel inoculum of Ggt was planted. _Potassium'
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chioride.at the four: chloride rates used in 1981 was
banded one inch above the seed. The Ggt inoculum level
w;s so'high, however,‘that the Plants ceaséd'té grow
apro%imately 30 days after emergence. Visual differences
‘could be observed, though, during the first'tw6 or three
weeks. Plants in those.plots with cﬁloride banded with
the seed were a darkeflgreen than planté in the ghéck
without chloride. The plots with 252 kg/ha chloride had
' plants with the best appearance. . o

It shoula be nbtéd, however;, that.Chfistensén-et al.
(1981) ﬁere able to obtain a significaﬁt incréase'in
yield and kernel wéight by‘topdreSSing plots with iOl
kg/ha chloride in the spring. Their experiment and those
~conducted by Jackson et al. (1980) were done on winter
wheat ih the Willamette Valley of western Oregon Where
the soil pH averages below 6.0, These tﬁo'facfprs,-sqil
pH.and‘crop type, could also account for the deviation'of:.
my results frém theirs. Additionallexperiments should‘be
conducted to determine if chloridefwill fedqce take}all
in Montana. The experiments éhould be designed to
compare banding a;oné to broadcasting alone at various
rates and to compare rate c§ﬁbinatiohs of‘bandipg and
broadcaéting together. . ' | . |

The primary suggestion gieéned'from:the.nitrogeh

fertilizer treatment results was that additional
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phosphbrus, in excess of the recommended amoﬁnt,
increased the yield parameters. The extra phosphorus was
6btained_by the use of ammonium phosphate. Appréximaﬁely}

- 212 kg/ha extra-phosphqrus was added fo these plots when
111 kg/ha niﬁrogén was added és monoammonium.phosphate.
The respoﬁses observed here do agree with those in the
literature. PhoSéhorus,fertilizer is most beneficiai
when adequate nitrogen is present (Stumbo et a1”1§42;
Syme,1966; Huber,1981b)., This situation enhances root
growth and fhus iﬁcreaées the wheaf plant's ability to
escape the disease. The plant does not bgéome more
resistant to fungal invasion but rather it is, in
essence, producing more roots at a faster rate than the
fungus can infect them (Huber,1981b).

Phosphorus may have another effect on take-all
severity. Graham .and Menge (1982)lstated that the
decrease in disease-severity associated with phbsphorus
was not due to an increase in root growth but rather to
improved root phoséhorus status:apd decreased rbot
exudation. This reduced pathogen activity. It has been
demonstrated that Ggt hyphae hévé a posifije'growth:
responée to wheat roots or their exudates (Pope and
Jéckson,1973). PhOspﬁorus has also been shown to reduce:

disease severity of dryland common root rot by inhibiting
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the rate of lesion development on the SCI'(verma et
al.,1975). Perhaps this is also true for take-all.

The results from my nitrogen fertility treatments do
not ‘indicate that either ammonium or nitrate based~
fertilizer would' decrease take -all severity in Montana.
Smiley and Cook (1973) and Smiley (1974) found -a high
correlation existed between pPH,. and take—all disease
severity in greenhouse studies and field stndies for a
variety.of soils with pH values ranging from 5.5 toiLO.
The pH, was significantly influenced‘by the form of
nitrogen. 1In the field experiment conducted by SmileY-
and Cook (1973), ammonium sulfate with N-Serve 24 (a
nitrification inhibitor) decreased the pr when compared
with the check, whereas calcium nitrate caused pH, to
renain the same. They gave no yield results for,this

field experiment so it -can only be assumed the reduced

disease severity due to the ammonium sulfate.would

increase the yield over the no nitrogen and calc1um

nitrate treatments. Their field experiment was conducted

. with winter wheat. The .pH, difference between ammonium

sulfate with N-Serve 24 and calcium nitrate treated soils
shortly after planting'was 1‘2'but in April the
difference was only 0.5 (Smiley and Cook,1973). This
suggests why the nitrogen form may influence disease

severity in a field of winter wheat but not necessarily
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of spring wheat. The ammonium form nill"remain preValent
'in'soils which are cocl and treated with N-Serve 24,
Thus for a 4 to 5 month‘period, the ammonium will be the
.dominant form in the ammonium sulfate treated blots but
not in.the calciumfnitrate treated plots. This will
decrease the pH, and w111 inhibit Ggt 1nfect10n in the
_ ammonlum sulfate plots. However, the practlcal aspects
were never determined since no yield parameters  were
given and it is not known how well their disease severity

ratings would correlate with the.yield

The experlment conducted by Huber et al. (1968) is .

equally as 1nterest1ng when it is examined closely. They -

also used winter wheat but did not'broadcast the two
fertilizers, ammonium sulfate and ammonium. nitrate, until
late March. fhis WOuldAeliminate the problem_observed
with Smiley and Cook (1973). A nortion of their results
are shown in.Table 17. bifferences between-the two
fertilizer forms were first observed at the rates of 120
and 180 lbs/ac nitrdgenf' It should be.nqted that at the
higher rates of - nitrogen (i.e. >240 1bs/ac of:nitrogenj
there were no differences between disease severlty
ratlngs of the two n1trogen treatments and 1t is stated
in the text that the yield d1fferences were. not

significant. This hlgh rate (>240 ;bs/ac_nltrogen) would
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be comparable to the amount of nitrogen . which was
available to plants in my plots.
Table 17. Effects of take-all on irrigated Gaines winter

wheat with increasing rates of two sources of
nitrogen applled 23 March 1967 (Huber et.

al.,1968).
Nitrogen Rate % Whlteheads Test Wgt. (lbs/bu)
lbs. N/acre (NH4)2SO4 NH4NO3 (NH4)2504 NH4NO3
0 . 45 gl 45 4 —— ——

60 30 ¢ 37 ¢ 59.3 d 59.3 d

120 11 ab 37 ¢ 59.3 d 59.3 d
180 8 ab 322 ¢ . ' 58.0 ¢ 59.0 d
240 7 ab 4 a 56.3 b 60.3 e
300 3 a 8 ab 54.6 a 60.0 e
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1l Means not followed by the same letter differ
significantly at the 5% level ‘of probablllty.

This suggests another reason why my results may.
différ from the previou$ experiments mentioned. Due to
the extremely poor wheat'qrop the prévious year, there
were 253 kg/ha of nitrate nitrogen present at planting in
the first 122 cm éf soil. If the form of n1trogen'
'effects.pHr, as indicated by Smiley and Cook (1973), the
PH, would probably not be effected by the meager 111
kg/ha of.varipus ammonium nitrogen forms added Eé the
soil. This was indicated by the average 2:1 nitrate-to
ammonium ratio for all treatments on both dates. This

would account for the lack of differences in pHi values
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and disease severity ratings bétwegn the nitrogen
treaFments; At beétkfhe only éohclusioﬁ which can be
safely made based on my results-is that the addifion of
excess phosphorus when adequate nitroéen is present does

éllow spring wheat to tolerate the disease and SO_produce

_higher yieids.' These.yields obtained with excess

phosphorus, however, will noE be equa1>to those obtained’
before take-all became a severe diéeése p;oﬁiem. Without
take-all, it is possible for properly managed spring
wheat to yield 6700 kg/ha. The. grain yield of the
diseased plant can not be improved époﬁgh to justify the
cost of extra phosphorus. At present, a rqtation
utilizing barléy will probably be the'most economical

control for take-all.
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Chapter'ﬁ

Summary

g

Although take4ali disease Qf‘whéét was not new to
Monﬁana, there had been no research conducted on the
disease in this state. Most of the researéh.éoncerning
ﬁake-;ll in the Pacific Northwest had been conducted with
winter wheat, These two factors plus ﬁhg'potential
seﬁerity of the diséase.prompted my reseé:ch'on the
disease and'its gffgct Qn_irrigated spriﬁé wheat in
Montana. |

It was determined via an informai survey that take-
'ail was present throughout the state and was identified
in 11 counties. This indicated the rénge of the disease
within the staté. Although Ggt was_isqlatéd from
.irrigéted and dryland wheat and barley, ﬁhe disease was
determined. to be yield limiting only to irrigatéd‘spring
and winter wheat. | | | | |

.Isolations ﬁere accdmplished by uéihg the selective.
medium (SM~-GGT3) which was developed. A selective ﬁedium
for ggt was needed to improve tﬁe isolation,
differentiation and identification oﬁ the fﬁngus from

infected planﬁ tissue. 'Previously, PDA with or without
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antibiotics was used for isolation purposes and failure
to isolate Ggt was usuélly due to,badteria’an& fast
growing fungi. SM-GGT3 increased take-all isolation$‘32%

and yirtually-eliminated dontaminants when compared with

PDA. Future work concerning Ggt isolation, either from

plant tissue or from soils, should be based on SM-GGT3.

High correlations were observed between 1000 kernel-
weight and sub-crown internode disease seéverity ratings
for field populations of wheat.” The disease severity

rating developed. was also used in the fertility

experiment. "Different rates of chloride fertiliier did
not influence yields or the disease and neither did the

different forms of nifrogen. The only'conclusion which

‘can be made based on the results is that the‘addition of

excess phosphorus when adequate nitrogen is présent does
allow spring wheat to tolerate the disease and so produce
somewhat higher yields. However, the phosphorus rate

necessary to increase wheat yields is not economical.
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Table 18. The effects of the addition of anti-fungal
compounds on Gaeumannomyces graminis var.
tritici mycelial growth.

Compound

Piomycin
Picmycin
Polyoxin D
Polyoxin D
Validomycin D
Validomycin D
Blasticin S
Kasugamycin
Cycloheximide
Dicloran
Dicloran

Thiram
Triphenyltin Hydroxide
Benomyl

Bencmyl

Rose Bengal
Rose Bengal
Maneb

Maneb

Maneb (as Granox)
Triadimefon
Triadimefon
Triadimefon
Prochloraz
Captan

Captan

Captan

CEA-62451
Ethircmil
Quintozene
Quintozene
Quintozene
Thiophenate-methyl
Thiophenate-methyl
TCMB

TQVIIB

Check Medium

% Check Growth
Rate (ug/ml)1l

100

105
@)
10
NT
@)
NT
115
105

2030338 8030%0335330303%0003%50

10

105,
NT4
75
42
80
22

105
95

0
73
68

0

0

0
NT
57

0
91
39

119

0

11



Table 18. continued

Compound

Thiabendazole
Thiabendazole
Carboxin
Carboxin
Amphotericin B
Amphotericin B
Nystatin
Nystatin

Ox Gall Powder
Pimaricin
Pimaricin
Chloramphenicol
Imazilil
Methfuroxam
Metalaxyl
Iprodione
CGA-64250

HOE 00703

Hexachlorobenzene

Silver Nitrate

91

Check Medium

SR 0900sssBERE0ESESE

100

50%g30§50£5$535050

102

2

% Check Growtha&

Rate (ug/ml)l

10

0
0
0
21
94

1 These were the most frequent rates tested.

2 Potato Broth Agar.
3 Minimal Medium (page 17) with Bacto Agar.

4 Not tested at this rate.
5 Potato Dextrose Agar.

a855R5
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TaxLe 19. GafjjmanneBIYEES graniinls var. tritici mycelial
growth effects due to the addition of 100 ug/ml
of various carbon sources to a base medium.

% of Base Medium Growth

Carbon Source FBAL rmm PMVIVB
Asparagine %4 152 ot
Cysteine 119 no NT
Cystine 94 eV NT
Methionine 106 NT NT
Sodium Carboxymethylcellulose NT HO NT
Corn Starch NT 142 NT
Gelatin NT 140 NT
Xylan NT 91 NT
Dextrin NT 93 NT
Cellobiose NT 08 NT
Galactomannon Polysaccharide NT 102 NT
Agarose (Indubiose - A37) NT % NT
Urea NT NT 94

1 Potato Broth Agar.

2 Minimal Medium (page 17) with Bacto Agar.
3 Minimal Medium with Oxoid Purified Agar.
4 Not tested with this basal medium.
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Table 20. Gaeumannomyces araminis var. tritici mycelial growth

effects due to the addition of 1000 ug/ml of various
carbon sources to a base medium.

%of Base Medium Growth

Carbon Source PBAL M2 PM\VB
Asparagine 88 133 144
Cysteine 0 113 34
Cystine 119 25 123
Methionine 81 NT4 NT

Sodium Carboxymethylcellulose NT 132 52
Corn Starch NT 142 81
Gelatin NT 132 134
Glucose NT 147 NT
Xylan NT a3 121
Galactomannon Polysaccharide NT 105 121
Cellobiose NT 105 142
Dextrin NT 91 %%
Agarose (Indubiose - A37) NT 91 119
Sorbose NT 46 NT

1 Potato Broth Agar.

2 Minimal Medium (page 17) with Bacto Agar.
3 Minimal Medium with Oxoid Purified Agar.
4 Not tested with this basal medium.
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Table 21. - The effects of various basal medla on G_@egmgm_m@_
graminig var. tritici mycelial growth

Basal Medium . - % of ppAl Check Growth

1/5 Potato Dextrose Agar : 100
Potato Sucrose Agar ' - 100
Potato Broth Agar 100
Acidic Potato Broth Agar? _ - ' 0
Crystal Violet Pectin Agar3 1004

Czapek Solution Agar - 25

1 Potato Dextrose Agar.

2 Acidified to 1 5.5 with 25% lactlc acid.

3 Cuppels, D., and Kelman, A. 1974. Phytopathology.
64:468-475. , - : '

4 Utilization of pectin occurred.

Table 22. The effects of the addition of anti-bacterial

compounds on Gge_umgnn_my_e_g graminis var. tritici
mycelial growth.

$ of PRAL Check Growth

Rate (ug/ml)

Compound : 500 100 20 10

2

Streptomycin Sulfate 100 . 100 N2 95  NT
‘Rifampicin , 95 100 - NI 95 NT
- Oxytetracycline o NT NT NT 100 89
Bacitracin S i NT 114 NT NT
" Neomycin Sulfate NT - NT 114 NT NT

1 Potato Broth Agar.
2 Compound not tested at this rate,
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Table 23. The effects of the addition of various levels of
organic compounds on Gaeumannomyces graminis var.

tritici mycelial growth.

% of PD&1 Check Growth
Rate (ug/ml)

Compound 1000 500 100 10
Tyrosine 952 SI2 91 91
L-DOPA 752 1002 75 100
D-DOPA 552 1002 85 75
L-Methoxytyrosine 111 111 100 100
p-Cresol 0] 0 50 85
Arbutin 100 NT 100 100
Salicin NT NT 10 100
B-Escin NT NT NT 00
Dopamine NT 862 832 832
Tyramine 100 NT 90 90
Gramine 0 NT 73 87
Scopoletin NT NT NT 70
Caffeic Acid NT NT 1000 100
Chlorogenic Acid NT NT 1002 100
Catechin NT 852 1002 1002
p-Coumaric acid NT NT 83 100
Gallic Acid NT 752 NT NT
iyrogallol NT 0 NT NT

1 Potato Dextrose Agar.
2 Pigment observed in medium.
3 Compound not tested at this rate.

235323 -

oT
100
oT
oT

5

73
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