South Dakota State University
Open PRAIRIE: Open Public Research Access Institutional

Repository and Information Exchange

Electronic Theses and Dissertations

1957

Etiology and Control of a Seedling Blight of Flax Caused by
Rhizoctonia solani Kiihn

Vernyl D. Pederson

Follow this and additional works at: https://openprairie.sdstate.edu/etd

Recommended Citation

Pederson, Vernyl D., "Etiology and Control of a Seedling Blight of Flax Caused by Rhizoctonia solani Kiihn"
(1957). Electronic Theses and Dissertations. 2400.
https://openprairie.sdstate.edu/etd/2400

This Thesis - Open Access is brought to you for free and open access by Open PRAIRIE: Open Public Research
Access Institutional Repository and Information Exchange. It has been accepted for inclusion in Electronic Theses
and Dissertations by an authorized administrator of Open PRAIRIE: Open Public Research Access Institutional
Repository and Information Exchange. For more information, please contact michael.biondo@sdstate.edu.


https://openprairie.sdstate.edu/
https://openprairie.sdstate.edu/
https://openprairie.sdstate.edu/etd
https://openprairie.sdstate.edu/etd?utm_source=openprairie.sdstate.edu%2Fetd%2F2400&utm_medium=PDF&utm_campaign=PDFCoverPages
https://openprairie.sdstate.edu/etd/2400?utm_source=openprairie.sdstate.edu%2Fetd%2F2400&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:michael.biondo@sdstate.edu







ACKNOWLEDGMENT

The writer wishes to express his appreciation to
Dr. C. M. Nagel, Head of the Plant Pathology Department,
the major advisor in these investigations, for suggest-
ing the problem, and constant encouragement throughout
the course of study and preparation of the nanuscript;
and to Dr. G. Semeniuk, Professor of'%lant Pathology,
who also gave helpful criticism and advice during the

-writing of this paper..

iii



TABLE OF CONTENTS

Page

DRMOOUCTIN « » s s v s s s s s s an s snsnosnensae X
LITERATURE REVIBN . © © o ¢ o ¢« « 2 & « ¢« ¢ o ¢ » &« o s ¢ o @ 2
MATERIALS BID METHODS . ¢ 2 ¢ ¢ s v « o« o s ¢« o 2 a s o s o » 10
EXPERIMENTAL RBEULTS . . « v + ¢ o ¢ « o ¢« % s o o s » ¢+ o o« 13
Symptoms of Flax Seedling Blight . . . . . . « « . . . 13

Fungi Associated with Diseased Flax Seedlings . . . . . 19

Cultural Characteristics, Growth Rates, and
Pathogenicity of Rhizoctonia solani Isolates . . . . 20

mst R‘nge ® * & ® & & e e 3 = s *« o e o .. *« » o e 24

Changes in the Flax Seedling Bligﬁt Potential of a
soil - - - . - . Ll - - - - - - - - Ll - - - - - - - - 26

Pactors Affecting Disease Development . . . + « « » « « 30
Incculum DOBRER . . » «» o o « « s = « o ¢ s« » « 30
Sodl TewPesature , . o « o « o« o = ¢ » » o o ¢« » 32
Depth of PIaBtIBRE . ¢« ¢ « « ¢« ¢« ¢ o ¢ o 4 ¢ o« I
Ko oF PR o 5 o o o 6 & & 5 w @ w6 5w e ow S0
Stand Density and Inoculum Dosage . . . . .« « . 40 .
Control of PFlax Seedling Blight . . . . . « « ¢ ¢ « « « 42
Seed and Soil Treatment . . . . . <« ¢ ¢« ¢ o - « 42
Varietal Resistance . . . ; oo s w8
DISCUSSION AND CONCLUSION . < ¢ ¢ « ¢« o % o « o s « =« o« o« o & 359
SUUIIRY . o ¢« ¢ o o o o8 « 4 5 0 5 o o 5's « o % o n o« &« BB

meCﬂ'BD.......-.-.A;-‘“?..........69

iv



Table

I.

II.

111,

* e

VI,

VII.

VIII,

Xe

LIST OF TABLES
2 Page

Sources of Nine Isolates of R. solani Used in the
Present l“e.tig‘tiQﬂ' A EE T T T

Per Cent Survival of Seedlings of 15 Different Plant
Species When Grown Under Greenhouse Conditions in Steamed
Soil and Steamed Soil Imoculated with R, solani . . . . 26

Per Cent Emergence and Survival of Seedlings of Flax
Grown in Steamed Soil Inmoculated with Suspensions
of 5. .ol‘ni “yceli“ . - - - . . Ll - - K3 . . . L] - ° - 33

Per Cent Seedling Bmergence and Survival from Cracked
and Uncracked Marine Flax Seed Grown in Steamed Soil,
R. solani Inoculated Steamed Soil, and in Field Soil
at Six Different S0il TemperatureS . « « o o o o o o o 34

Pungicides, Active Ingredient, and.Dosage of Chemicals
Used in Treating Flax Seed and Soil for the Control
ofSeedlingBlightofFlax * ¢ 6 6 6008 060 0ee e 43

Yields of Marine Flax Treated with 14 Chemicals Either

as a Seed Treatment or as a Soil Drench, at Three Dates

of Planting at Brookings and One Date of Planting at
"tertm . ) - - L3 - . . . Kl - Ll L3 k3 - . - - L] . E @ L d 45

Per Cent Emergence and Survival of Seedlings from

Cracked and Uncracked Seed in Field Soil, R. _s%%
Inoculated Steamed Soil, and in Steamed Soil,

Three Pungicides and Spores of T. lignorum Were Applied
Blthf tothse‘dottothsoil 00-0000000‘8

Per Cent Emergence and Survival of Flax Seedlings in

Soils Inoculated with R. solani, and with Combinations

of R, solani and T. lignorum, When the Soil was Treated
with Two Soil Pumigant '! !aLt—fvo Dates After Imoculum

'“ md to the soil - L] . . - Ll - K2 - . - L] . - Ll L] & 52

Per Cent Emergence and Survival of *Seedlings of 12
Varieties of Flax Grown in Steamed Soil and Steamed
So0il Inoculated with Suspensions of R, solani . . . . . 55

Per Cent Stands in Steamed and Unsteamed Field Soil
Compared with Percentage of Cracked Seed in Bach of
lsv‘rletle‘OfFI‘xoo.-o.o--coocc.oo56



Table

XI.

LIST OF TABLES (Continued)

Per Cent Emergence and Survival of Seedlings from
Cracked and Uncracked Seed of 24 Varieties of Flax

Grown in Steamed, Inoculated Steamed, and Field Soil
Under Greecnhouse Conditions . . « .+ « ¢« o« o ¢« ¢ o o « o »

Page

58



LIST OF FIGURES
Pigure Page

1, Typical Seedling Blight Symptoms Caused by R, solani
on Marine Flax Seedlings Grown Under Field Conditions . ., . 14

2, Symptoms of Seedling Blight Appearing on Marine Flax
Grown in Steamed Soil Imoculated with R, solani . « . o « + 15

3. Seedling Blight Symptoms Reproduced with 4 Pute'Culture
0f5.w11n11n8t¢md3011................16

4., Thinning of Plax Stands Caused by Rhizoctonia Seedling
Blight . L . . L3 . - Ll - - - - Ll - - - - e - ® - el - L J - 17

5. Typical Field Symptoms of PFlax Seedling Blight Caused by

E. ”mi . - - . . Ld . & - L] - - . - - - . . . & Ld L L] L] » 18

6. Growth of 24 Isolates of R, solani Grown on Potato-
Denfoa Agu L] L] L - - L L ® > i ° » - L] -« - . - * . L . 22

7. Average Growth Rates of Nine Different Isolates of R.
solani Grown at Seven Different Temperatures on Potato-
Dextro“ As‘r . L » * - L] . - Ll L] Ll - . L3 - . L ] . - * - . - 23

8. Per Cent Seedling Stands of Marime Flax Grown in Steamed .
So0il Inoculated with Two Concentrations of Each of Nine
Iml‘te' of 5. .ol‘ni ; - L ] L] - L] * L] Ll -* > - - L J - L] L ] L] L] 25

9. Per Cent Bmergence and Survival of Marine Flax Seedlings
Grown Under Greenhouse Conditions; Planted in Field Soil
Immediately After Collection, in Field Soil Stored Dry
for Three Months at 6° and 25° C., and in Field Soil
Stored Dry for One Month After Supporting the Growth of
Flu?ltﬂtlfox'mmnth' ooooocoo.o.ooooozs

10, Per Cent Stands of Marine Flax Seedlings Grown Under
Greenhouse Conditions; Planted in Pield Soil and R.
solani Inoculated Field Soil Immediately After Collectionm,
and Planted Three Months Later Following Storage at Two
Tm“t“e‘ at Two mlstura Lewmil . « ¢« o s 6 & @« o o 8 o 29

11, Per Cent Stands of Marine Flax Seedlings Planted in Soil
Collected from the Pield at Pour Different Dates . . . . . 31

vii



LIST CF FIGURES (Continued)
Figure Page

12, Per Cent Seedling Stands of Marine Flax Planted at
Four Different Depths in Steamed Soil, R. solani
Inoculagted Steamed Soil, and in Field Soil . . . . . . 37

13, Number of Marine Flax Seedlings Killed During Three
Intervals of Pive Days Each When R. solani was Added
to the Soil at Time of Planting, and Five and Eighteen
Dayn MMotax PLapling. <« + « v v v =« 2 o s w o2 v« o I

14, Per Cent of Marine Flax Seedlings Killed When Planted
at Four Different Spacings Within Rows with Three
Different Inoculum DOSAZES .« « « « o« « o s o o » o » o 41

15. A Comparison of Germinability and Seedling Stands of
Eight Varieties of Flax Grown Under Pield Conditions
‘t Btoonns' - - - - - . . - - - :l - - - - - - - - . - 54

-

viii



INTRODUCT ION

A seedling disease has been observed throughout the flax-growing
areas of South Dakota for a number of years. The importance of this
disease has probably been overlooked, ho'éve:. because of the sporadic
and unpredictable serious outbreaks; but in recent years the disease
has reached epiphytotic proportions and hundreds of acres have been
destroyed and plowed under, In some fields, stands have been so
severely thinned that weeds have become a serious problem and yields
of flax have been markedly reduced.

The specific cause of these serious outbreaks of seedling blight
in South Dakota was not known. Pmlhim observations, huwever,

suggested that it may have been due to Rﬁimtonia solani l'!;hn, ane of

several pathogens known to cause similar losses in stands of flax,

In the present study, basic information essential to development
of control measures for South Dakota has been sought. This paper deals
with the identification of tl;e causal fungi, study of the symptoms they
induce, conditions which influence the expression of the disease, and

investigation of methods of comtrol.



LITERATURE REVIEW

Although the literature concerning Rhizoctomia solani and the
disease caused by it on various plants from the time Kuhn described the
fungus in 1858 is extensive, literature specifically related to the
disease on the flax plant is relatively scarce. Bremtzel, 1923, (7)
apparently was the first to describe this disease of flax as it appeared
in the field. Since that time, other workers have also contributed
specifically to the study of the seedling disease of flax., Of importanmce
among them are Vanterpool (36, 37), Flor (9), Tervet (32), and Tsiamg (33).

Seedling blight of flax is very similar in some respects to the
disease caused by R. solani on other plants. For this reason, it seems
necessary to give consideration to the ’;tthent literature pertaining
to certain aspects of R. solani on other plants.

Rhizoctonia solani attacks many different plants, both cultivated
and wild., Peltier (24), in 1916, compiled a list of 165 species and
sub-species of plants which h.d been reported as being susceptible to
R, solani in the United States up to that time. The list involves about
50 families of flowering plants, including dicotyledons, momocotyledons,
gymmosperms, and Equisetum, Peltier states, "It is obvious that as
long as investigations om this disease are comtinwed, such a list cannot
be regarded as complete or final,™ A mic- of the more recent literature
indicates that many other plant species could be added to this list. It
would seem, therefore, that most of the horticultural plants, vegetable
and field crops, tree seedlings, and many weeds are susceptible to this
fmv



Numerous strains of R. solani have been acknowledged and several
investigators have studied the parasitism of R. solani on 2 wide host
range, Le Clerg (21) has adequately reviewed the literature on the
physiologic specialization of R. solani prior to 1934, and Kernkamp
et al, (17) have summarized the pertiment work up to 1952, As early
as 1916, Peltier (24), in making a comprehemsive study of a number of
R. solani cultures and their pathogenic effects on a viricty of plants,
concluded that strains of R, solani obtained from a wide range of hosts
of diverse geographical origin can attack the same species of plants
and produce the same characteristic symptoms. His studies showed that
the virulence of the isolates was variable and that no marked specializa~-
tion to any particular host could be netoi! in any of the strains,

Houston (15) categorized R. solani isolates into certain cultural
ch_ttcte!"i.lth: types which could be correlated with pathogenicity levels.
Most workers, however, report that there is as much difference between
cultures from the same host as between cultures from different hosts.
Tsiang (33), in studying the disease on flax, concluded that isolates
from flax varied considerably in pathogenicity levels and certain
isolates from other crops were fully as capable of injuring flax seedlings,
Furthermore, he found that pathogenicity of strains of R. solani to flax
varieties was not specialized, because a strain highly virulent on one
variety of flax was usually highly virulent on all varieties. Boosalis (6)
reached similar conclusions in studying t;e parasitism of R. solani on
soybeans; and Chen (8), in studying parasitism of R. solani isolates

from potatoes, sugar beets, cotton, flax, and sweet clover, found that



they varied widely in their ability to parasitize grasses. Furthermore,
he also found that some isolates had a wider host range than others,

. 80 that one isolate could attack only two or three hosts, while another
could attack all of the hosts,

Heological studies by Winter (41) showed that X. solani could grow
from malt agar inoculum without being influenced by soil properties,
Growth of the mycelium was entirely from the nutrient reserve of inoculum,
as growth in pure sand moistened with tap water was equally successful
as growth in soil, He showed that mycelial growth was related to the
amount of inoculum, and concluded that R. solani could develop as a
saprophyte only from plant tissues which already had been parasitized.
Roth (27), in studying the disease on pime seedlings, observed that R.
solani grew freely from diseased tissue into the soil and continued
saprophytic development, apparently enhanced by the nutrient supply
furnished by the dead seedlings, He also observed that R. solani grew a
foot or two from an original infectiom point and spread both along and
across the rows, killing irregular circular patches. Blair (4), on the
other hand, demonstrated that R. solani was able to grow for relatively
long distances through tubes of unsterilized soil, guite independently
of the inoculum from which the growth was initiated.

The persistance of R. solami in the soil has been studied by many
workers. In genmeral, they agree that under dry conditions, the mycelium
and sclerotia of the organism can persist indefimitely. Peltier (24)
kept dried soil cultures of R, solani for three years and viability was
not impaired. Gratz (13) found that soil-containing R. solani maintained



in an air-dried condition for six months at greemhouse temperatures,
caused as severe killing of cabbage seedlings as before drying.

Flor (9) found that the amount of seedling blight obtaimed in
inoculated steamed and unsteamed field soil was diminished in successive
monthly plantings of flax. This effect was most promounced in unsteamed
field soil where seedling blight had practically vanished in the third
sowing. 4

The effects of temperature on the growth and pathogenicity of
isolates of R. solani on various crops have been studied by several
workers. Richards (25, 26) was probably one of the first to report om
the effect of soil temperature on the incidence and virulence of R.
solgni, He noted that nﬂc.mm»ti—u-pérnm for the
infection of potatees, peas, beans, and cotton, and that this temperature
corresponded closely to the temperature found most favorable for the
optimum growth of potatoes and peas. He considered this relatiomship
coincidental, however, as the temperature requirement for optimmm growth
of beans and cotton was above the range of temperatures at which most
injury of the plants resulted. He concluded that the optimum temperature
range for parasitism of various hosts by R. solani is mot influenced
seriously by the species of hosts attacked and their optimum temperature
requirements for growth, but is a conditiem determined primarily by a
fixed physiological characteristic of tlnxmhal. Leach (20) was
able to demomstrate a probable general uinti«u&ip between temperature
and pre-emergence killing of seedlings. le found that the incidence
of pre-emergence killing at differemt tcmutuu was directly related

to the ratio:



Thus, if the wvelocity of emergence of a8 seediing is increased and other
factors remain constant, discase severity would be reduced.

Other investigators (6, 18, 27, 30, 38) have noted considerably
higher temperatures to be conducive to optimum disease development on
cotton, alfaifa, soybeans, sugar beets, and pine. Vasudeva (38),
working on the disease of cotton in India, studied the effect of tempera-
ture and hunidity on disease development under field comditioms by
covering portions of plots with thatehing, The disesse development was
less severe under the covered sreas where the temperatures were lower
mmwx,m.mnmwm Vanterpool (36)
observed low gverage temperatures to favor the disease om flax, and
Tadang (33), in temperature tank studies, found that temperatures botween
15° gnd 20° C, were optimum for the perasitism of R. solani isolates on
flax. He comcluded that soil temperatures for infection were not
corpelated with the optimm temperatures for growth of the isolates in
cultuge,

Resnkmp et al. (17) have reviewed these temperature studles
and have aptly sumarized their significance: “These results serve to
exphasize the interrelationship of host, strain of the pathogen, and
temparature as they affect virulence or wunm. and point out
that one cannot gemeralize too bLroadly veglivding the influence of temperss
ture om the pathegenicity of a fumpus such as Rhizoctonis solani.”

The literature contains many suggestions for control of seediing
blight caused by R. solani. Excellent comtrol has been ascribed to



certain chemicals, but their application is limited to greenhouse
use or for establishing seedling stands for tramsplanting. As a
result of four years of tests, Flor (10) concluded that little bemefit
can be expected from treating flax seed. This was confirmed by Greany
(14) when uncracked seeds were treated, Moore (23), on the other hand,
~ found increases in yield resulting from seed treatmeamt. Tsiang (33)
reported investigations involving five funmgicides in greenhouse tests.
PFew benefits were derived; however, slight improvement of stands using
New Improved Ceresan was noted,

Various chemicals and fungicides have been added to the soil
in an attempt to comtrol seil-borme organisms on several crop plants
(1, 2, 3, 5, 12, 16, 31), but this tme has not been reported
for control of R. solani on flax. Bird et al. (3) reported on the use
of fnaf.cwn mixed with the covering soil at planting time for the
control of R. solani on cotton seedlings. They indicated that this
method of treatment was at least partially successful im improving
stands of cotton in the field, but they found responses to chemicals
were different in different types of soil, Stromg (31) studied 25
fungicides for their value in comtrolling R. solani on pine seedlings
in greenhouse tests and field experiments. When certain fungicides
were mixed with the top five inches of soil, they showed comsiderable
promise. In addition, certain fungicides used as a Sprinkle treatment
in applications at weekly intervals nlt:: seeding, resulted in good
control of the seedling disease.

It has been suggested by many anthers that seil microfiers play



an important part in the development of root rots. Weindling (39)
showed that Trichoderma lignorum imhibits the growth of R. solami

and parasitizes it. Weindling and Fawcett (40) have shown that T.
lignorum possibly could be used for control of damping-off of citrus
seedlings because of its antagonistic action. Tsiang (33), in studying
the effect of soil microflora on the development of seedling blight of
flax, reported signs of antagonism toward R. solani isolates by other
soil organisms. He observed that destruction was net as severe when
isolates of R. solani were added to matural soil as whem they were
added to steamed soil. He also studied the parasgitic actiom of T.
ligorum on B. solani and reported experiments testing T. lignorus as
a control for seedling blight of flax. l“ noted gemeral increases in
flax Itaa@l with this treatment, but responses were different with
different races of R. solami.

Interesting side effects have been moted by various investigators
from the use of soil fumigants for the control of soil-borne pathogens.
Vaartaja (34) moted that tri-nitrotoluene exerts a fungistatic effect
primarily due to the peculiarly encouraged growth of the antagomistic
T. lignorum. Smith (29) observed the domimance of T. lignorum after
partial sterilization of the soil by Chloropicrin.

The fact that soil-borne fungi may De of gréater importamce
than seed-borme fungi in causing poor sungs of flax has been emphasized
recently by Millikan (22). This is particularly true where a high per-
centage of cracked or broken seeds occurs }n the sample (19, 22, 28).

There is general agreement in the literature that the application of



fungicides to cracked seed before sowing will improve stands in soil
infested with seedling blight pathogens. Millikan (22) treated flax

seed with several fungicide dusts and obtained significant improvement

of stands over the untreated checks, apparently due to control of

Pythium spp. in the soil. Schuster (28) found that species of Alternaria |
and Penicillium, which were ordimarily non-pathogenic to flax, could
produce greater reduction in stands from cracked seed, whereas sound

seed was not affected.

A few observations have been made regarding varietal resistance
of flax to R. solani. Vanterpool (37) did mot find a high degree of
varietal resistance to R. solani but, of the varieties tested, Dakota
appeared to be superior and Redwing was iaferior. Tsiang (33), om the
other hand, reported Redwing to have somewhat more resistance than any
of the other commonly growm flax varieties waich e tested.



MATERIALS AND METHODS

A number of field surveys were made during the spring of 1956
to ascertain the prevalence and severity of seedling blight of flax
in northeastern South Dakota. Flax fields were examined at five-mile
intervals in areas where fields were abundant and less frequently where
fields were greater distamces apart. Diseased flax seedlings were
collected and placed in small plastic bags, labelled, amd brought to
the laboratory for isolatiom of the causal organisams,

In the laboratery, sections of root and hﬁ.eotyl were removed
and washed in rumning water for approximately two hours. The segments
were them blotted between paper towels uf small pieces of the tigsues
were plated on a two per cemt potato-dextrose agar in Petri dishes.
The plates were left at room temperature, which ranged between 22° and
25° C. Hypbal tip transfers, made from the fungus origimating from
the diseased tissues, were used to establish pure cultures and to
facilitate idemtificationm.

Greenhouse experiments reported were conducted during the period
of Janmary, 1956, to May, 1957, in automatic tmntmc—cmtmueﬁ
greenhouses. Three and four-inch clay pots were used in these experiments.
Steamed soil was prepared by autoclaving moist field soil at 15 pounds
steam pressure for four hours. Pield soil used in all greenhouse experi-
ments was obtained from ome of the Agronofty Farm land ranges om which
flax stand losses of over 50 per cemt due to seedling blight occurred
in 1956. The soil was collected at randem from the furrow slice after

the land was plowed in the fall. It was stored in cloth sacks at 8° C.
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Marine flax seed was used for all experiments except where
indicated. The germination was 93 per cent. Eighteen per cent of
the seed was cracked. Twenty-five seeds were planted in each pot of
soil. Seedling counts were usually made twice. The first count was
made following emergence when the flax was in the two-leaf stage, and
the second count was made when the plants were in the six to eight-
leaf stage.

When cracked and uncracked seed was required, the seced was
separated under a stereoscopic microscope. Crackeq seed contained
hairline cracks, breaks, or splits in the seed coat. Uncracked seed
had no visible injury on the seed coat. Broken seed was discarded.

Sixteen strains of flax were select?d at random from the world
collection of flax provided by the Cereal Crops Branch of the United
States Deﬁartment of Agriculture. Commercial varieties were obtained
froi the Agronomy Department. These varieties and strains were tested

for their reaction to Rhizoctenia solani.

The inoculum used in steamed soil in greenhouse experiments was
prepared by two methods. In one, cultures were increased on a steri;e
s0il medium containing five per cent cornmeal in 300 milliliter Erlen-
meyer flasks. When the substrate was completely colonized, usually
in about two weeks, the inoculum was removed from the flasks and added
to steamed soil. The inoculum was placed either over the planted
seed or throughout the entire lot of steamZd soil. In the second
method, the pathogen was cultured on a sterilized liquid potato-dextrose

medium in 300 milliliter Erlemmeyer flaskélfor five days and a weighed
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portion of the wet mycelial mat was then removed and macerated in

100 milliliters of distilled water for ome minute in a Waring Blendor.
The suspension was then diluted as tequired_and poured uniformly over
the soil on which flax seeds were to be planted.

In determining the growth rate of various isolates of R. solani
at different temperatures, a uniform scurce of potato-daxtrose ager
was used for the medium. Agar discs, three millimeters in diameter,
of vigorously growing mycelium were transferred from five-day old
cultures to Petri plates containing 20 milliliters of this medium,
Theee replications of each culture were placed at each of seven tempera-
tures, ranging from 6° to 40° C, After 24 bours, the periphery of
growth was outlined on the bottom of each plate with wax pencil. This
line was used as the starting point for measuring the growth rate of

the isolates in terms of millimeters per 24 hours.

'm«mmmmommmhmw
of Plant Pathology. Statistical amalysis of them is in progress, and
will be used in an anticipated publication., The conclusions drawm
here are based on the analyses to the extent already completed.



LXPER IMENTAL RESULTS

Symptoms of Flax Seedling Blight

Rhizoctonia blight of flax is typically a seedling disease,
although plants may be killed at later stages of growth, Although
the most conspicuous phase of the disease is the post-emergence
killing of seedlings, under certain conditions, the number of plants
may be greatly reduced by pre-emergence killing., Usually, the first
observable symptoms on newly emerged seedlings are small reddish-tan
lesions on the hypocotyl just below the soil surface (Figure 1). These
lesions enlarge and spread in both directions so that the cortex of
the entire hypocotyl becomes involved in‘a soft rot (Figures 1 and 2).
The plants thus infected become flaccid, and quickly wither and fall
to the ground (Figure 3). Often the hypocotyl becomes thread-like
foilowing fungus invasion, but the roots usually remain unaffected
except for the presence of occasional sclerotia and small, brown, dis-
colored areas which may form on the surface of the roots (Figure 2).
Severely diseased plants, after falling to the ground, turn buff in
color, are detached readily by wind action at the soil line, and are
blown away. In a few days, scarcely any evidence of the diseased
plants remains to indicate that flax seedlings were once present (Figure
4).

The disease characteristically apﬁiars in scattered areas in a

field. It may involve a few plants within a row or all plants in several

linear feet of row (Figure 5). When the disease reaches epiphytotic

121487
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Symptoms of Seedling Blight Appearing on Marine Flax Grown in Steamed
Soil Inoculated with R. solani. (A) Rotted hypocotyl region of the

flax seedling. (B) Representative diseased seedlings arranged from

left to right in increasing order of severity of disease. (C) Sclerotia
of R. solani appearing on the roots of a flax seedling.
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Figure 6,

Growth of 24 Isolates of‘g. so lani Grown on
~ Dextrose Agar.
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PER CENT SEEDLING STAND

31
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Pigure 11, Per Cent Stands of Marine Flax Seedlings Planted in Soil
Collected from the Field at Pour Different Dates. Each
column represents per cent survival based on the mean
of four replications.
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milliliters of each dilution were sprinkled evenly over the soil in
three-inch pots. Seed was planted and covered uniformly with steamed
soil to a depth of one centimeter, The data obtained from this experi-
ment are recorded in Table III. These data are the averages of the
per cent stands from 12 varieties of flax presemted in Table IX. .

The relation between inoculum concentration and emergence re-
duction was curvilinear, with the greatest stand reduction occurring

at the higher concentration of inoculum.

$oil Temperature

The relation of soil temperature to emergence and survival of
flax seedlings grown from cracked and uncracked seed of Marine flax
was investigated., Field soil, steamed aoil,ﬂand steamed so0il inoculated
with R. solani were used in the experiment. Inoculation of steamed
80il was accomplished by thoroughly distributing a soil-cornmeal culture
of R. solani number 534 throughout the soil in the proportion of 1:1000.
Bight-inch glazed crocks were used as containers for the soils which
were placed in six automatically controlled temperature tanks of the
Wisconsin type. The temperature range provided by this series of tanks
was from 10° to 35° C. The average temperatures provided by the
verious tanks were as follows: 12°, 16°, 20°, 23°, 27°, and 32° C.
Fifty seeds of cracked and fifty seeds of uncracked Marine flax were
planted in each crock of soil, replicated twice. The results are pre-

sented in Table IV.
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Table III. Per Cent Emergence and Survival of Seedlingsof Flax
Grown in Steamed Soil Inoculated with Suspensions of
R. solani Mycelium
P — — o—— —

Milligrams of Wet Mycelium Per Pot

0 .28 2.5 25 250 0 25 2.5 25 250
Per cent Emergence Per cent Survival

85 74 69 20 2.8 86 74 65 20 3.8

The emergence and survival of flax seedlings from uncracked
seeds in steamed soil were high at all temperatures. in inoculated
steamed soil, the emergence was nearly the same from 20° to 32° C.,
but less at 12° and 16° C. 1In this soil, all émerged seedlings sur-

 wived at 12° C., about one-half survived at 16° C., and none at 20°
to 32° C. The plants at 23°, 27°, and 32° C., died within two weeks
after emergence, with those at 27° and 32° C. dying mere rapidly tham
those at 23° C. The seedlings at 20° C. died at the rate of a few
each day following emergence. Those at 16° C. appeared healthy for
at least one week after cmergence, but each day thereafter a few
_seedlings wilted and died. It is noteworthy that the temperature at
which most post-emergence killing of seedlings occurred in the imocu-
lated soil closely approximated the optimum temperature for the growth
in pure culture of R. solani iselate 534,

In field soil, seedling emergence was mich less than in the

preceding soils, especially at the temperatures of 20°, 232, and 32° C.

Seedling survivel at the higher temperatures of 200, 23°, and 27° C.
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Table IV. Per Cent Seedling Emergence and Survival from Cracked
and Uncracked Marine Flax Seed Grown in Steamed Soil,
R. solani inoculated Steamed Soil, and in Field Soil
at Six Different Soil Temperatures

Per cent Emergence Per cent Survival
Soil
Temperatures °C. Cracked Uncracked Cracked Uncracked

Steamed so0il

12 73 89 73 89
16 65 92 62 90
20 61 91 64 92
23 89 93 81 . 94
27 64 99 62 94
32 69 87 61 &5

R. solani inoculated steamed soil

12 60 74 : 60 74
16 55 72 19 39
20 67 86 2 9
23 ) 58 85 0 0
27 39 81 0 0
32 58 79 0 0
Field soil
12 7 59 7 65
16 8 40 9 43
20 6 27 6 22
23 7 29 4 16
27 3 43 3 31
32 14 27 10 29
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was better in this soil than in the inoculated soil. After emergence,
approximately one-half of the seedlings died at these temperatures,
whereas none died at 12°, 16°, or at 32° C. The low stands at 32° C.
may have been due to factors other than disease development. This
temperature was observed to be sub-optimum for the proper development
of flax, Although germination was more rapid than at the other tempera-
tures, the plants soon began to appear stunted and yellow,  This effect
was apparent in steamed soil as well as in field soil,

Cracked seeds yielded poorer stands than uncracked seeds. The
difference was greater in field soil where stands weré reduced more
than 90 per cent. The difference in stands in steamed and in inocu~-

lated steamed soil ranged from 14 to 54 per cent over-all for the

various temperatures. It is significant that emergence from cracked

seed was markedly reduced only at 27° C. in inoculated steamed soil.

It appears that cracked seed was at a disadvantage because of
the presence of R. solani, which was able to increase most rapidly at
this temperature.

The most favorable temperatures for optimum development of flax
seedlings appeared to be 20° to 23° ¢. It appears significant that
}he most serious reduction in stand also occurred at these temperatures
in field soil. In field soil, typical post-emergence killing of flax
seedlings was also noted at temperatures of 20°, 23°, and 27° C., but

not at 12°, 16°, or at 32° C.
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Depth of Planting

Because R. solani attacks the hypocotyl just below the soil
surface and also prevents emergence by killing flax seedlings, it
was thought that depth of planting the seed might have some influence
on the expression of the disease. Seeds were planted at depths of
0.5, 1.0, 2.0, and 3.0 centimeters in steamed soil, R. solani inocu-
lated steamed soil, and in field soil. The inoculum consisted of R.
solani isolate 534 increased in a sterile soil-cornmeal medium, The
inoculum was thoroughly incorporated into the steamed soil in the
proportion of 1:100.

The averages of the results from four replications of the experi-
ment, presented graphically in Pigure 12, show {hat stands were markedly
reduced in the ;noculated soil with progressively deeper plantings. In
field scil where R. solani is generally present, the reduction in stands
due to increased increments of planting depth is not as great proportion-
ally as in the inoculated soil. Evidently, other factors modify the

relationship between depth of planting and stands in field soil.

Age f F1

An experiment was performed to determine whether applying inoculum
of R. solani to steamed soil at various stages of flax development would
influence the severity of disease. The soil in each of three flats
was divided at right angles through the center to form four equal
rectangular sections, constituting four replications. Five rows of

ten seeds each were planted in each section. The rows were two inches



PER CENT SEEDLING STAND

37

T

8
|

PLANTING DEPTH IN CM.

o.s NN

jr

]
2.0 UZZ

20— - o -
oL [
STEAMED SOIL INOCULATED FIELD SOIL
STEAMED SOIL
Pigure 12, Per Cent Seedling Stands of Marine Flax Planted at Four

Different Depths in Steamed Soil, R. solani Inoculated
Steamed Soil, and in Field Soil. Each column represents
per cent emergence based on the mean of four replications.



|

38

apart and the seeds were one-half inch apart within rows. Two of
the rows were planted at one end and across the width of each rectangu-
lar section, while the other three rows were planted lengthwise in
the remaining area to within two inches of the two rows. The inoculum
was spread in an even band one inch wide and five inches long between
the two groups of rows. Inoculum consisted of 50 cubic centimeters
of a two-month-old soil-cornmeal culture of R. solani diluted with
steamed soil 1:10. Inoculum was applied to the soil in one flat when
the seed was planted. Soil in the second flat was inoculated when
the seedlings had emerged, and in the third when the flax was three
inches tall. |

The results of this experiment arce illustrated in Pigure 13.
Death of most of the seedlings in the first flat occurred during the
first five-day period after application of the inoculum, due either
to pre-emergence or post-emergence killing. In the other two flats,
more time was required for optimum disease expression to be reached,
as most seedlings died during the second five~day period. There was
a .rapid decline in death of seedlings during and after the third five=-
day'Period. During this period, disease expression was more erratic.
Some plants growing somewhat distant from the point of imoculum place-
ment suddenly wilted and died, while others remained healthy.

More plants were killed in the flat where inoculum was applied
at the time the seeds were planted than in the othe; two flats. How=~
ever, one reason for the lesser amount of disease in the second and

third flats may have been the presence of saprophytic organisms such
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of plants killed based on the total of four replications.
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as Pyromema spp. which reinvaded the soil and possibly were antagonistic

to the growth and parasitism of R. solani.

Stand Density and Inoculum Dosage

An experiment was conducted to determine whether the amount of
inoculum and the demsity of seed planting would have any bearing on
the growth rate or total distance the mycelium of R. solani would
spread in steamed soil. Four flats containing steamed soil were seeded
with Marine flax in rows two inches apart across the width of the flat.
The rows were separated by strips of glass embeddéd in the soil. The
seeds were planted 0.25, 0,5, 1.0, and 2.0 inches apart within rows.
Two rows of similifly spaced seeds were planted in each flat. Agar
cubes cut to 1, 2, aﬁd 3 cubic millimeters in size from a one-week
old culture 534 of R. solani growing on potato-dextrose agar medium
in a Petri dish, served as inoculum. One piece of the inoculum was
placed midway along the length of each row of seed at planting time.
The results of this experiment are presented in Figure 14.

The fungus was able to grow to the edge of the flats as rapidly
from small pieces as from large pieces of inoculum, and seedlings
equidistant from both small and large pieces of inoculum were killed
at about the same time. However, the number of seed;ings that died
in these rows was greater from the larger than from the smaller pieces
of inoculum. Higher percentages of seedlings died in rows where
plants were spaced more closely together than where the plants were

farther apart.
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at Pour Different Spacings Within Rows with Three
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per cent dead plants based on the mean of two replica-

tions.
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Control of Flax Seedling Blight

Seed and Soil Treatment

One field and two greenhouse experiments were conducted to
determine whether seed and soil treatments would control flax seedling
blight. Chemical fungicides, chemical soil fumigants, and mycelium

and spores of Trichoderma lignorum were used in these experiments.

The field experiment was conducted in 1955 at three locations
in eastern South Dakota as follows: a farmer's flax field eight miles
east of Sisseton, the northeast sub-station twelve miles north of
Watertown, and the Plant Pathology research plots at Brookings.
!gngfeeﬁ seed treatment; and six -:cheuicals used as scil drenches were
used at the rates indicated in Table V. The chemicals used as soil
drenches were suspended in water and were applied with a watering can
to the soil in a band six inches wide immediately after planting.

The various plantings consisted of randomized blocks replicated four
times, with four row plots, one rod long. They were planted on the
following cates: Sisseton, May 4; Watertown, April 28; and Brookings,
April 19, May 3, and May 17. Stand counts were taken in two linear

feet of the two central rows of each four-row plot when the flax was
four to eight inches tall. The counts varied markedly and were
inconsistent; therefore, they wexs not incorporated into this manu~
script. The two middle rows of each plot were later harvested for yield.

Typical symptoms of seedling blight caused by R. solani appeared

in the Watertown and Sisseton plantings. On May 23, numerous gaps in



Table V. Fungicides, Active Ingredient, and Dosage of Chemicals
Used in Treating Flax Seed and Soil for the Control of
Seedling Blight of Flax
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Pungicides Active Ingredient Oz, per Gm. per
Bushel sq. ft.
Agrox phenylmercuriurea 19
Arasan bis(dimethylthiocarbamoyl) 3.0 2.0
disulfide
cC&C mercury zinc chromate 1.5
Experimental (0*4Hg0*32n0 +C10 3)
Pungicide 224
c&C copper zinc chromate 3.0
Bxperimental (4Cu0~2n0-Cr03°XH20)
Pungicide 640 +
Ceresan D ethyimercury=-2, 3~dihydroxy= %.3
propyl mercaptide;
ethylmercury acetate
Ceresan M N=(ethylmercuri)=p=- 1.5 1.0
toluenesulfonanilide
Gallotox phenylmercury acetate 1.5
Orthocide 75 N-(trichloromethylthio)- 2.0
4-cyclohexene~
1,2-dicarboximide
Panogcen cyano(methylmercuri) suanidine 1.5
Phygon XL 2,3=dichloro~1, 4=-naphthoguinone 4.0
Puraseed N-phenylmercuriformamide; 1.5 1.0
anilinocadmnium lactate
Terrachlor pentachloronitrobenzene 2.0 1.3
Yellow cuprous cxide 3.0 2,0
Cuprocide
(coded) 2.5

18438
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the rows from six to twelve inches in length were present in which

all of the seedlings were dead or in a severely wilted condition,
Records made of the length of the gaps in the row did not show secondary
spread of the disease following the original outbreak. Furthermore,

no typical seedling blight damage could be observed at any later date
during the growth ancd maturity of flax in those plots.

Typical seedling blight was not observed in any of the experi-
mental plots on the Plant Pathology research grounds at the first two
plantings, A few scattered wilted or dead'plants were observed but
isolations from diseased tissuc resulted only in Pythium and Pusarium
cultures, Typical disease synptaqs were evident in only a few instances
in the third planting.

Phytotoxic effects were observed from Ceresan M used as a soil
drench. These effects could be noted when the flax was in bloom and
setting seed. Some plants died, while others remained alive after
falling to the ground; however, normal maturity was impaired avd yield
was reduced. This condition was not observed in the plots at Sissetop
or in the first planting at Brookings. Phytotoxicity was evident in
the third planting at Brookings, but the damage was light.

The yield data from the planting at Sisseton are not available
since the flax was inadvertently plowed by the farmer before it could
be harvested. Yields of flax obt¥ined from the other field plots in
the fungicide treatment experiments are recorded in Table VI. The data
indicate that there was no significant increase in yield from seed or

soil treatments.
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Table VI. Yields of Marine Flax Treated with 14 Chemicals Either
as a Seed Treatment or as a Soil Drench, at Three Dates
of Planting at Brookings and One Date of Planting at
Watertown.

——— ——— e e e — e e
Flax Yields in Bushels Per Acre

April 19 May 3 May 17 April 28
Pungicide Brookings Brookings  Brookings Watertown
Check 9,2 15.1 14.4 18.3
Agrox 10.6 14,1 13.9 i9.2
Arasan 10.9 13.8 14,9 20.0
Arasan drench 11.% 14,8 14,9 19.6
C & C 224 31.3 13.2 - 14.6 18.9
C & C 640 11.8 15.4 14,4 17.6
Ceresan D 11.5 14,5 14.7 20.0
Ceresan M 8.6 14.6 14.5 19.1
Ceresan M drench 9.3 17 13.4 7.1
Gallotox 10.4 14,8 15.5 18.9
Crthocide 753 3.7 13.3 15.0 18.2
Panogen 9.7 14,7 13.8 20.5
Phygon XL 9.1 17.0 15.1 19.0
Puraseed 9.6 13.1 15.5 19.4
Puraseed drench 9.4 13.3 14,1 16.0
Terrachlor §.0 14,7 14,7 19.1
Terrachlor drench 9.5 12.9 12.9 17.6
Yellow cuprocide 10.9 12.3 15.1 18.7
Yellow cuprocide 12.1 13.3 14.7 16.9
drench
1843B 11.0 13.9 14.0 18.6

Because the field experiment did not provide the control sought,
further work on control was conducted in the greenhouse where environ-
mental and soil factors could be better controlled., Accordingly, the
first greenhouse experiment was dé;igned to determine the efficacy of
certain seed and soil treatments in improving the stands from cracked
and uncracked Marine flax seed in steamed, R. solani inoculated steamed,

and field soil. Cracked and uncracked seeds were used because, as noted
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earlier, cracked seeds are less able to produce good stands of seedlings
in field soil than are uncracked seeds. Steamed soil was inoculated
by mixing into it a soil-cornmeal cuiture of the pathogen in the pro-
portion of 1:1000. The seed and soii treatment fungicides tested

were Panogen, Terrachlor, and Orthocide. In addition, dry spores of
T. lignorum were applied to the seed and soil. ' This fungus is known

to parasitize R. solani and to inhibit the growth of certain other
fungi, The spores were prepared by culturing the fungus on sterilized
moist oats in a 4000 milliliter wide mouth‘Brlenaeye: flask. After
three weeks, the medium on which the fungus had sporulated profusely
was removed and dried. The spores were then separated by shaking the
medium on a 100 mesh screen. Thxeé milligrams of the liquid chemical
Panogen were mixed thoroughly with the seed in a test tube. The seed
was removed, dried quickly, and placed in a small glass vial which

was corked for 24 hours before the seeds were removed for planting.

The fungicides, Terrachlor and Orthocide, and the spores of T. lignorum
were applied to the seeds in excess. The excess was removed by shaking
the seed on a 60 mesh screen after treatment. As soil treatﬁents.

one gram each of the dry fungicides and T. lignorum spores were mixed
thoroughly into five kilograms of soil, Panogen was applied as Pano-
drench, a product which contains .6 per cent active ingredient cyano-
(methylmercuri) guanidine. This application was made according to the
manufacturer's recommendation. One teaspoonful of the liquid chemical
in three gallons of water was applied to the soil as a drench before

planting seed and again when the seedlings emerged. The averagesof the
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results from four replications used in this experiment are presented
in Table VII.

Without treatment, Letter stands were obtained from uncracked
seed than from cracked seed in each of the soils tested. The greatest
difference occurred in field soil where stands from uncracked seed were
42 per cent greater than stands from cracked seed. In inocmlated soil,
the difference was 28 per cent, whereas in steamed soil the difference
was only 8 per cent. Although the viability of cracked and uncracked
seed was about equal, the ability of these seeds to produce stands
was different in infested soils. Im addition, seed-coat soundn.ss or
unsoundness did not alter the amount of post-emergence killing of
seedlings. Apparently, secdlings';e:e equally susceptible once they
emerged, whether they grew from cracked or uncracked seed.

Soil treatment was more effective than seed treatment for con~
trolling R. solani under pure culture conditions, but seed treatment
with certain chemicals was more cffective in improving stands in field
soil. Some of these chemicals proved superior in preventing post-
emergence killing of seedlings when mixed with the soil, but were
generally less successful when applied to the seed.

Inferior stands were obtained from treated cracked seed planted
in steamed soil. This result was presumably due to phytotoxicity which
affected only cracked seed, for the stands from uncracked seed were
as good as from the untreated check. Such reduction in stand did not

occur when untreated seeds were plented in treated steamed soil.
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Table VII. Per Cent Emergence and Survival of Seedlings from Cracked
and Uncracked Seed in Field Soil, R. solani Inoculated
Steamed Soil, and in Steamed Soil, When Three Fungicides
and Spores of T. lignorum were Applied Bither to the Seed
or to the Soil,

e L e T e S N R e SR e S O,

Per cent Emergence Per cent Survival

Cracked Uncracked Cracked Uncracked
Treatment Seed Soil Seed Soil Seed Soil Seed Soil

Field Soil
None 4 4 46 46 8 8 25 25
Panogen 48 3 57 44 50 8 55 48
Terrachlor 6 5 39 41 5 4 26 30
Orthocide 41 39 63 62 25 - 36 45 63
Trichoderma 4 4 37 34 3 5 29 29
spores -
R. solani Inoculated Steamed Soil
None 15 15 43 43 3 3 2 2
Panogen 24 38 56 84 3 & 10 33
Terrachlor 30 82 41 98 6 80 3 96
Qrthocide 43 70 73 82 6 54 22 83
Trichoderma 14 28 40 54 0 2 0 2
spores
Steamed Soil

None 87 87 95 95 88 88 94" 94
Panogen 50 85 92 96 49 78 93 96
Terrachlor 73 87 89 98 71 88 92 98
Orthocide 72 83 87 99 72 80 86 97
Trichoderma €8 90 91 20 66 86 91 90

spores
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The fungicides varied widely in their individual ability to
protect seedlings in infested soils. PFurthermore, they were not
equally effective in the two soils. Panogen as a seed treatment was
most effective of the seed treatments used in improving emergence and’
survival in field soil but, as a soil treatment, it did not prove
effective. In inoculated soil, more improvement was derived from
the use of Panogen as a soil treatment than as a seed treatment, but
the protection was not extended, as post-emergence killing was almost
as severe as in the check. Terrachlor and 0£thocide were about equally
effective in improving emergence of seedlings frqn both cracked and
uncracked seed in inoculated scil. ..As seed treatments, however, these
chemicals did not prevent post-emegéence killing, whereas it was
effectively prevented by soil treatment. There was some protection
evidenced by the use of T. lignorum spores mixed with the soil, but
this protection was limited since post-emergence killing of seedlings
was fully as severe as in the check.

In field soil, Terrachlor was ineffective, either as a soil or
seed treatment. As a seed treatment, Orthocide was about as effective
as Panogen in increasing the emergence of seedlings from cracked and
uncracked seed, and post-emergence killing of seedlings was prevented
as well. Orthocide used as a soil treatment proved equally as effective
as a seed treatment in improving emergence of seedlings from both
cracked and uncracked seed. Purthermore, this protection was extended
since practically no post-emergengeikilling of flax occurred. T.
lignorum spores provided no protection, either as a soil or seed treat-

ment in field soil.
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In the second greenhouse experiment, an attempt was made to
establish whether soil fumigants Shell DD or Chloropicrin had any
preferential fungistatic effect on R. solani or T, lignorum when
these fungi were mixed together as inoculum in steamed soil. The
experiment was divided into two parts. 1In the first of these, 800
grams of moist soil in each of 60 quart-sized mason jars were steam
sterilized in the autoclave. The 60 jars of soil were divided into
five series of 12 jars each. Fifteen grams of one-month-old soil-
cornmeal inoculum were added to the soil iﬁ each of the 12 jars of
one series. Fifteen grams of a similar cuiture of T. lignorum were
added to the soil in another series. In a third series of 12 jars,
15 grams of R. solani and three é;ans of T. lignarum inocula were
added; and to the fourth series, 15 grams of T. lignorum and three
grams of R. solani provided the inoculum. The fifth series was left
uninoculated as a control., All jars were thoroughly agitated to mix
the inoculum thtougho;t the soil, These were allowed to incubate with
the tops slightly loosened at room temperature, which averaged 23° C.
for 16 days. At the end of this period, the soil in four jars of
each series was treated with three drops of Shell DD. The soil in
another four jars was treated with four drops of Chloropicrin, and
the s0il in the remaining four jars was left untreated. The drops of
chemicals were administered to the center of the soil in each jar with
a ome milliliter pipette, after a hole had been probed with a sterile
glass rod. All jars were left tightly capped for 24 hours; then they

were loosened for 48 hours to allow the volatile gases of the treatments
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to dissipate. Part of the soil from each jar was then diluted with
steamed soil in the proportion of 1:10. Soils in the four jars of
similar inoculation and treatment were mixed together and placed in
three-inch pots for planting.

In the second part of the experiment, jars were set up in the
same mamner as described above. However, instead of waiting 16 days
before treatment, the soils were treated with the chemicals immediately
after inoculation with the various orgamisms. The averages of the re-~
sults from the four replications used in th? two parts of this experi-
ment are presented in Table VIII.

The most evident result was that Chloropicrin was more effective
in controlling the fungus than uas‘éhell DD at the concentrations used.
It could not be demonstrated, however, that either Shell DD or
Chloropicrin had preferential fungicidal properties for either R. solani
or T. lignorum. The improvement in stands in both Shell DD and
Chloropicrin treated soils seemed to be due solely to the fungicidal
effect on R. solani. The antagonistic activity of T. lignorum was
apparent where it was used in combination with R. solani for inoculating
steamed soil. T. lignorum did not, however, after 19 days incubation
with R. solani, provide better stands than those obtained with combina-
tions of T. lignorum and R. solani incubated together for only three
days. On the contrary, stands were reduced in soil inoculated with
three grams R. solani and 15 grams T. lignorum after incubation for
19 days. This indicates that undqgrthe moisture conditions of the soil,

R. solani was evidently able to increase during the period despite the
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Table VIil. Per Cent Emergence and Survivel of Plax Seedlings in
Soils Imoculated with 3. solani, and with Combinations
of 2, solgni and T. lignorum, When the Soil was Treated
with Two Soil Pumigants at Two Dates After Inoculum
was Added to the Soil

Soil Incculum® DG cemt Emergence Per cent Survival.
Pumigant Combinations Undiluted” Diluted® Undiluted® Diluted®

Soil Fumigated Immedimtely After Inoculation

Shell DD R 32 42 22 29
Resl 51 79 46 70
Teil 83 83 76 &0
Q 90 7 83 74
Chloropicrin R 81 9 70 87
Rt &4 91 86 87
T 79 90 84 &9
Q &5 80 - &9 90
MNone R 4 11 2 5
Rl 6 - G4 4 45
Tel 53 &3 45 72
O o0 &9 o1 89

Soil Pumigated 16 Days After Inoculation

Shell DD -4 a0 17 20 7
Rl 232 16 21 i8
Tei - 30 46 36 435
G 88 21 87 91
Chloropicrin R 4¢ 80 58 59
Rl &3 95 9 97
Tel 64 79 G5 - 75
O 72 89 75 83
None R 15 19 6 i8
ReT 23 35 23 30
Twit 30 63 24 59
O 91 - ) 89 o1

8 R = 15 grans R. solani 4noculum added to 800 grams steamed
soil.
ReT « 15 grams R, plus three grams T. ligporum
inoculum added to 800 grams steamed soil,
Tel « 15 grams T, lignorum plus threc grams R. solani
inocuium added to 800 grams steamed soil.
0 - no inoculum added.

b padiluted inoculated soil.
C inoculated soil diluted 1:9 with steanod soil,
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presence of T, lignorum. The data for stands in soil inoculated
with T, lignorum alone are not included in the table as they did

not indicate any differences from the stands obtained in the check.

Varietal Resistance

One field and three greenhouse experiments were conducted to
evaluate flax varietal resistance to seedling blight. 1In the field
experiment, eight varieties were planted on July 1, 1956, on one of
the land ranges at the Agronomy Farm where over 50 per cent of the
flax stands were lost because of seedling blight. One hundred seeds
of each variety were planted in four replications. Stand counts were
determined six weeks after plunti;g. The results of this experiment
atre shown graphically in Figure 15. The best stands were obtained
with Marine, B5128 and C.I. 1478, but Redwood proved inferior. These
differences, however, were related to the initial viability of the
seed and for that reason, they cannot be taken to indicate true varietal
differences resulting from resistance or tolerance to the soil-borne
pathogens of the field soil.

The first greenhouse experiment was performed with 12 varieties
of flax grown in steamed s0il and steamed soil inoculated with four
different concentrations of R. solgni. The methods used for preparation
and application of inoculum have been described on pages 30 and 32.

The averagesof the results from four replications are presented in
Table IX. With the exception of Raja and B5128, there seemed to be

a tendency for those varieties which produced best stands in steamed
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Table IX. Per Cent Emergence and Survival of Seedlings of 12
Varieties of Flax Grown in Steamed Soil and Steamed
Soil Inmoculated with Suspensions of R. solani

e e I S S S N T S N S S S S ST T ST
Milligrams of Wet Mycelium Per Pot

Variety 0 .35 2.5 25 25 0 .25 2.5 25 2350
Per cent Emergence Per cent Survival
Marine 97 87 84 18 1 9% 87 81 16 4
Cascade 92 89 74 21 4 95 83 68 23 4
Concurrent 90 76 76 30 7 93 80 68 33 8
Redwing 90 86 76 21 7 92 79 65 22 9
Nor land 87 87 68 14 1 90 90 72 13 3
Bison 85 73 72 5 2 87 70 62 $ 2
C.1. 1478 85 78 7% 25 0 82 80 74 24 2
C.3. 1332 82 56 79 4;: 2 81 59 58 7 0
Raja 81 65 72 43~ 7 86 68 71 37 10
B 5128 81 70 79 41 2 81 74 74 41 3
Sheyenne 81 58 49 14 1 80 63 48 17  §
Redwood 69 57 39 6 0 66 59 41 6 0

soil to also produce the best stands in the inoculated soil,

It appeared that the initial viability of the seed varieties
influenced the stands in the field; therefore, it was supposed that
the amount of cracked seed in each variety might be related t6 the
variation in germination and stand in field soil. Consequently, a
second experiment was performed in the greemhouse to demomnstrate this
relationship, Thirty-six varieties were planted in field and in
steamed soil and the percentage of “cracked seed was determined for
each of the varieties by microscopic examination of the seed lots.

The averagesof the results from fefir replications used in this experi-

ment are presented in Table X. The varieties are listed in order from
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Table X. Per Cent Stands in Steamed and Unsteamed Field Soil Com-
pared with Percentage of Cracked Seed in Each of 18
Varieties of Flax

Per cent?
Cracked Per cent Survival
Variety Seed ~ Steamed Unsteamed
C.I. 1427 9 81 31
Sheyenne 10 87 4
6916/40 12 68 6
Tammes Type 1 14 91 24
Sel, of Argentina 15 83 6
Buck 3 16 87 11
Marine 18 88 20
Redwing 20 92 8
Norland 20 90 9
Victory Sel. 3254 21 90 38
Bison 21 P 79 6
291 *27xSmokey 21 * 71 1
Golden B41=-2603
C.I. 1478 23 91 24
Redwood 24 89 9
C.I, 608 25 78 4
C.I. 1409 25 76 21
Rio (Long 79) 29 70 3
Kota 29 68 7

2 gach figure represents the average percentage of cracked
seed in three samples of 100 seeds of each variety.
lowest to highest per cent cracked seed. It did not appear that the
amount of cracked seed of each variety influenced in any way the
relative stands of these varieties in cither steamed or unsteamed
field soil. PFurthermore, the stands in steamed soil did not appear
to be as closely associated with stands in field soil as was the case
when germination of eight varieties was compared with stands of flax
grown under field conditions. h

To evaluate more effectively flax varietal resistance to seedling
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blight, a third greenhouse experiment consisted of separating seeds
of 36 varieties into cracked and uncracked lots and planting these
in steamed soil, R. solani inoculated steamed soil, and field soil.
The averages of the results from three replications are presented in
Table XI, The varieties are listed in order from highest to lowest
percent stands from uncracked seed in steamed soil.

For most varieties, stands obtained from cracked seed were
somewhat inferior to stands from uncracked seed in steamed soil.
Difference in stand was not consistent among the varieties, however,
for some varieties such as Smokey Golden, the difference in stand
between cracked and uncracked seed‘ranged from 33 to 88 per cent, whereas
for some other varieties, stands fion cracked seed even exceeded stands
obtained from uncracked seed. The difference in stands obtained from
cracked and uncracked seced was most pronounced in field soil. There
appears to be no association, however, between seed injury and severity
of disease caused by 3} solani in inoculated soil.

Varieties which produced the best stands in steamed soil also
produced somewhat better stands in field soil., There were exceptions,
however, which may indicate that there are real differences in varieties.
Stands of C.I. 1427 were relatively low in steamed soil, but in field
soil, stands were better thamn thosé produced by any other variety.
Cascade seed, on the other hand, had a high percentage of viability;

but stands in field soil were among the lowest.
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Table XI. Per Cent Emergence and Survival of Seedlings from
Cracked and Uncracked Seed of 24 Varieties of PFlax
Grown in Steamed, Inoculated Steamed, and Pield Soil
Under Greenhouse Conditions

Inoculated Field

Per cent Per cent Per cent Per cent
Viability Bmergence Survival Bmergence Survival?

Variety c uw ¢ ©uc c wc ¢ w ¢ uc
Cascade 80 9% 66 84 0 1 5 9 5 9
Marine 890 95 96 82 3 1 17 20 13 14
Redwing 81 93 102 84 6 1 11 20 11 17
¥ota 79 92 85 83 0 0o 11 8 10 8
Tammes Type 1 73 92 94 73 4 3 18 25 16 22
C.I. 608 68 91 110 80 4 0 16 14 16 12
Concurrent 89 89 75 98 0 6 10 9 10 9
Benvenueto 72 89 100 107 4 13 22 19 13 17
Sel. of Argentina 83 88 83 * 90 0 1 20 14 18 10
Buck 3 68 88 90 89 1 1 13 15 10 15
Smokey Golden 33 88 88 86 9 5 9 9 9 9
Raja 64 87 105 75 5 0 14 23 17 22
C.I. 1478 75 85 67 81 0 14 o 19 9 14
Nor land 88 84 91 87 1 4 8 23 8 19
Sheyenne 87 84 89 110 1 14 20 29 17 24
c.I. 1332 56 84 29 56 0 0 7 5 5 4
Victory g1 81 70 109 0 4 20 25 16 21
Redwood 73 81 97 110 7 4 11 35 11 31
Bison 65 79 111 106 6 4 3 19 3 15
B 5128 88 77 65 108 5 12 10 14 10 14
6916/40 €9 73 75 103 6 9 0 33 . 4 29
C.I. 1409 68 64 82 94 0 0o 30 20 16 17
c.1. 1427 67 63 91 133 0 0 30 62 28 44
Rio (Long 79) 53 52 89 125 2 6 9 13 6 8

2 pach figure represents the average of three replications
calculated as a percentage of the stands in the check.

b C = cracked seed UC -~ uncracked seed.



DISCUSSION AND CONCLUSION

Rhizoctonia solani causes a seedling blight of flax and is

potentially ome of the most important pathogens of that crop in South
Dakota. It is aimost universally present in the soil, and diseased
seedlings have been found in almost every flax field inspected through-
out the northeastern part of the state. |

During investigations of seedling blight in South Dakota,
several different organisms were found associated with diseased seed-
lings of flax., Experimental inoculations revealed that some of the
organisms isolated were definitely parasitic on flax; others appeared
to be weakly parasitic, and still o;hers appeared unable to parasitize
flgx.

The specific organisms causing wilting or death of isolated
seedlings were often difficult to identify on the basis of symptoms
alone, but idemntification depended upon isolation studies in the
laboratory. Superficial symptoms caused by several of the root
parasitizing fungi are similar. Therefore, the importance of species
of Pythium and Fusarium along with R. solani, in causing reduction of
flax stands in South Dakota, must not be minimized. Isolation studies
indicated the frequent coexistence of these fungi on discased roots
of flax. Environmental conditions Endonbtedly piay a very important
part in determining which of the organisms are predominantly operative
in causing stand losses in a given field.

Isolates of R. solani from flax varied considerably in culture.

The isolates varied in color, zonation, and number and size of sclerotia
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produced on potato-dextrose agar. About 2" e, appeared to be
optimum for growth of most isolates on potato-dextrose agar, but
some grew best at 25° C. and others at 30° C. Purthermore, the
maximum and minimum temperature tolerance and rate of growth varied
widely., Of the many isolates studied, at least 17 were sufficiently
distinct from one another to be considered separate strains.

Isolates of R. solani from flax and other hosts varied greatly
in their virulence on flax. Isolate number 534, obtained from
diseased flax in the greenhouse, was so destructive that it killed
entire stands of flax in relatively low concentrations of inoculum
in steamed soil, whereas number 5?7 from soybeans was nearly as patho-
genic, and was considerably more ;athogenic than certain other iso=-
lates originating from flax. Host range studies indicated that, in
general, monocotyledons were less susceptible than dicotyledons to
one highly virulent R. solani strain. These studies indicate that
crop rotation should ﬁe considered in the flax seedling blight problem.

It was found that R. solani inoculum survived for at least
three months when mixed with field soil and stored in a dry condition
at 20°-25° C. Purthermore, field soil in which about 30 per cent
stands were obtained did not change in disease potential over a period
of three months when stored in a éty condition. It is noteworthy
that R. solani inoculum was reducgd in virulence when it was stored
in the dry state at 8° C. Stands were improved, however, in soil
which was stored in a moist cond?tion for three months., Microflora

of s0il in the field tested at intervals of three months over a nine
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month period did not change appreciably, judging by the stands ob-
tained,

These studies indicate that there may be a rather delicate
balance among the constituents of a natural soil microfiora, determined
by such factors as cropping history, temperature, moisture, and mineral
and organic content, Mthcmehw'byacha'ehmor
more of these factors, the level of imvading pathogens may rise or fall,
thus altering the disease potential of a soil, The presence of
Trichoderma lignorum and other antagonistic organisms in matural soil
will further serve to alter the disease potential of field soil in
response to changes in envirommental «Mltlens;

Among the various factors u:i'f.cting disesse expressiom are depth
and rate of planting seeds, soil temperature, awount of incculum, and
age of seedlings,

Experiments indicated that discase severity was positively
related with depth of \plmung. Differences were most pronounced
in R. solani inoculated svil, These differences were due either to
the increase in inoculum during the time reguired for emergence of
seed planted at greater depths, or the greater susceptibility of
individual seedlings because of the necessity for increased elongation
of the hypocotyl. It is probable that both of these factors contri-
buted to the results obtained. These results serve to emphasize the
current recommendation of shallow planting of flax in the field teo
avoid poor stands due to pre-emergence killimg of seedlings,
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It appeared from these studies that temperatures favorable
for saprophytic crowth of R. solani were most favorable for great-
est disease expression represented by the rapidity of post-emergence
killing of seedlings. Pre-emergencebhilling was also most severe at
27° €., in inoculated steamed soil, but in field soil pre-emergence
killing was prevalent over a wide range of temperatures. Nevertheless,
the temperature range at which most post-emergence killing of seedlings
in field soil occurred remained at 23° to 27° C., which lies within
the optimum range of temperatures for growth of most R. solani
isolates. Under field conditions, the direct effect of temperature
on the growth of the fungus in the soil from plant to plant may exer-
cise an important influence under e;iyhytotic conditions.

It was observed that severity of disease was increased when
the amount of R. solani inoculum was increased. It was further demon-
strated that R. solani in increasing quantities in the proximity of
the seed caused increaséd pre-emergence killing of flax, while R.
solani inoculum distributed throughout steamed soil could increase
saprophytically and cause post-emergence killing of seedlings several
days after emergence.

It was observed in several experiments that there appeared to
be a limit to the total amount of damage caused by a certain amount
of R. solani inoculum in steamed soil. Seedlings apparently became
"resistant” after they reached a certain stage of development. Other
experiments proved that flax seedlings were killed rapidly at comsider-
ably later stages in their growth, }t is the writer's opinion that

part of the rcason for the cessation of damage is due either to the
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accumulation of staling products of R. solani itself which inhibit
further saprophytic progress of mycelium in the soil, or to am increase
of organisms antagonistic to the goowth of R. solani.

Bxperiments showed that spacing of plants and amount of inoculum
inf luenced the amount of disease. Apparently, the tissues of diseased
seedlings acted as further sources of nutrient and the {ungus grew
saprophytically from these points and spread to other seedlings. The
initial source of inoculum, however, appeared to be of primary import-
ance in the spread and dissemination of the fungus, because this
determined to a large extent the total number ofvseedlings killed in

a given time.

-

Under field conditions, progress of the disease may quickly
assume epiphytotic proportions, depending upon the denseness of the
seedling population within a row. However, regardless of the dense=-
ness of seedlings, the rate of growth of R. solani in the soil under
ideal conditions is very rapid. As a result, almost 100 per cent
seedling mortality may be caused by R. solani originating from rela~
tively few centers of inoculum in the soil.

The three general methods of control of seedling blight studied
were the use of chemical fungicides for seed and soil treatments,
the uge of the antagonistic T. ligégtnn. and the use of resistant
varieties. s

Neither seed nor s0il treatments improved flax yield im field
tests, but certain fungicides vq;pfeffective in improving stands in

infested soil in greenhouse tests. Of the fungicides tested, Orthocide
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appeared to be nodetately effective in both field soil end inoculated
field soil when used as a soil treatment. Terrachlor, on the other
hand, was very effective as a spil treatment in inoculated soil.
Panogen was more effective as a seed treatment in field soil, lut was -
comparatively less effective in inoculated soil, These results serve
to emphasize the influence which the complex microflora of the soil
have on expression of disease and response to various treatments. It
is apparent that there is need for exercising extreme caution in basing
conclusions on results obtained from experiments involving steamed soil
inoculated only with the pathogenic organisms.

There appeared fo be little real difference in resistance or
tolerance among 36 varieties of fla; to R. solani or other pathogens
in field soil. However, the vigor of seed lots of individual varieties
appeared to be a factor affecting the stands. Cracks in the seed
coat evidently predisposed the seed to invasion and injury by soil-
borne pathogens, for eu;rgence from crecked seed was markedly reduced
in infested soils. This effect was most marked in field soil, but it
was also evident in R. solani inoculated soil., However, the amount of
seed injury was in no way related to the severity of post-emergence
killing, It was thought, therefore, that stands in infested soil may
have been related to the percent.gc'Bf cracked seed in the sampleg
but this relationship could not be demonstirated experimentally.

It can be concluded from these studies that R. solani can attack
flax plants independently of variety or seed condition. Purthermore,

other werkers (6, 24, 33) have comcluded that R. selani is not
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specifically pathogenic to certiin varieties of plants. Thus, if a
strain i1s virulent on one variety, it is virulent on all varieties.
If this principle be true, it seems that there may be some hope of
improving resistance by selection among varicties grown in infested

soil.

MNa
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SUMMARY

One of the most important diseases of flax in South Dakota is
seedling blight, which under severe conditions may almost
eliminate stands,

Certain of the associated fungi isolated from diseased seedlings
were non-pathogenic in inoculation tests; some were weakly or
only occasionally pathogenic; some were definitely pathogenic,

especially Rhizoctonia solani, Pusarium spp., and Pythium spp.

Symptoms of R. solani parasitism on flax seedlings under field
conditions were similar to those obtained in steamed soil inoculated
with isolates of the fungus. Ot_g';er fungi, such as species of

Fusarium and Pythium, were recognized as possible complicating

'factora under natural conditions.

A number of different isolates of R. solani from flax and from
other hosts were compared culturally, and also compared with
respect to their parasitism omn Marine flax.

Isolates of R. solani from flax and other hosts differed in coler,
zonation, amounts and size of sclerotia formed, and ability- to
parasitize Marine flax,

All isolates grew best on potato-dextrose agar at 25° to 30° C.,
but their rate of growth and tolerance to maximum and minimum
temperatures varied widely.

Temperatures of 25° to 30° C. appeared most favorable for growth
and parasitism of a patticular"f. solani isolate in steamed soil.

The optimum temperature for post-emergemce killing of flax
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seedlings appeared to be closely correlated with the optimum

temperature for the growth of the fungus in pure culture.

Pre-cmergence killing of seedlings was extensive over a wide
temperature range in field soil, but post-emergence killing
appeared to be correlated with the optimum temperature range for
the growth of R. solani in culture,

Under pure culture conditions in steamed soil, there was some
indication that Trichoderma lignorum inhibited the growth of

R, solani. |

The disease potential of a field soil was not reduced by dry stor-

age for three months, but it was reduced when soil was stored in
a moist condition. Additionnlqé, solani inoculum added to field
soil apparently was inactivated when stored moist at both high and
low temperatures and dry at 8° C., but was not inactivated when
stored dry at 25° C.

The severity of stand reduction caused by R. solani was shown to
be increased both by closer spacing of plants within a row and
application of greater amounts of inoculum.

Flax plants appeared to be most susceptible to R. solani during
and soon after seed germination, but declined in susceptibility
as the seedlings developed. :

Flax planted five-tenths centimeters deep in infested soil escaped
disease more successfully than flax planted at greater depths.

Fungicides used as seed and soil treatments did not improve yields

of flax in field tests, but stands of flax were improved with
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certain seed and soil treatments in greenhouse tests when flax
was planted in field soil and in steamed soil inoculated with

R. solani.

Poorer stands generally were obtained from cracked seed than from
sound seed. The mortality occurred primarily as pre-emergence
killing of seedlings which was most marked in field soil, followed
by R. solani inoculated soil, and steamed soil.

Both Chloropicrin and Shcll DD were fungicidal, but preferential
fungicidal activity in mixtures of R. solani and T. lignorum
inoculated soil could not be demomstrated.

It is doubtful that any of thc‘?é varieties of flax tested in the
greenhouse had appreciable resi;tance to the virulent R. solani
isolate 534, Differences were noted among varieties when they
were planted in the field and in the greenhouse in field soil,
but these differences were attributed to initial viability of the
individual seed 1045. However, this initial viability apparently

was not related to the amount of seed injury.
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