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Abstract:

Common root rot(CRR), incited by Cochliobolus sativus, is a debilitating soil-borne disease of barley.
While yield losses due to CRR are variable, they are significant due to the annual widespread
occurrence of the disease in barley fields of North America. Control measures have been ineffective in
reducing losses. Therefore, a study was initiated to determine if potassium fertilizers and systemic
fungicides reduce CRR severity and positively influence grain yield and yield components of CRR
diseased barley.

Barley plots were inoculated with Cochliobolus sativus infested oat kernels. Six systemic, ergosterol
inhibiting fungicides were applied to separate 'Washonupana' seed lots. KCl or K2SO4 was added with
seed and inoculum to furrows at planting. Disease ratings were determined for each plot at maturity. At
the soft dough stage, the following yield data were obtained: grain yield per row, total tiller number per
row, harvestable tiller number per row, 1000 kernel weight, and kernel number per spike. The number
of emerged plants per 3.3 m row was determined at the three leaf stage.

Plant emergence was reduced by addition of inoculum to rows. While the potassium fertilizers did not
affect plant emergence, nuarimol and imazalil seed treatment significantly(P<.05) increased emergence
in inoculated rows. Addition of inoculum to rows did not increase disease levels in mature plants.
However, nuarimol seed treatment did significantly(P<.05) reduce disease ratings in inoculated rows as
did addition of KCI. Yield components were not affected by addition of inoculum to rows. While the
seed treatments and the potassium fertilizers differentially affected, among themselves, yield
components, neither resulted in significant P<.05) differences from the yield components of a
population of nontreated inoculated barley plants.

Pathological effects of CRR can be negated by treatment with certain systemic fungicides or KCI
fertilizer. However, disease reduction did not result in increased grain yield and yield components of a
plant population of differentially diseased plants. The disease intensity of a barley plot may apparently
be reduced by use of certain control agents but compensatory effects by the plant may reduce or
eliminate any potential benefits.
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ABSTRACT

Common root rot(CRR), incited by Cochliobolus
sativus, is a debilitating soil-borne disease of barley.
While yield losses due to CRR are variable, they are
significant due to the annual widespread occurrence of
the disease in barley fields of North America. Control
measures have been ineffective in reducing losses.
Therefore, a study was initiated to determine if
potassium fertilizers and systemic fungicides reduce CRR
severity and positively influence grain yield and yield
components of CRR diseased barley.

Barley plots were inoculated with Cochliobolus
sativus infested oat kernels. Six systemic, ergosterol
inhibiting fungicides ' were applied to separate
'Washonupana' seed lots. KCl or X sou was added with
seed and inoculum to furrows at planting. Disease ratings .
were determined for each plot at maturity. At the soft
dough stage, the following yield data were obtained:
grain yield per row, total tiller number per row,
harvestable tiller number per row, 1000 kernel weight,
and kernel number per spike. The number of emerged plants
per ‘3.3 m row was determined at the.three leaf stage.

Plant emergence was reduced by addition of inéculum
to rows. While the potassium fertilizers did not affect
plant emergence, nuarimol and imazalil seed treatment
significantly(P<L.05) increased emergence in inoculated
rows. Addition of inoculum to rows did not increase
disease levels in mature plants. However, nuarimol seed
treatment did significantly(P<.05) reduce disease ratings
in inoculated rows as did addition of KCl. Yield
components were not affected by addition of inoculum to
rows. While the seed treatments and the potassiunm
fertilizers differentially affected, among themselves,
yield components, neither resulted ‘in significant(P<.05)
differences from the yield components of a population of
nontreated inoculated barley plants. .

Pathological effects of CRR can be negated by
treatment with certain systemice fungicides or KCl
fertilizer. However, disease reduction did not result in
increased grain yield and yield components of a plant
population of differentially diseased plants. The disease
intensity of a barley plot may apparently be reduced by
use of certain control agents but compensatory effects by
the plant may reduce or eliminate any potential benefits.




CHAPTER 1

Introduction

Common root rot (CRR) is a debilitating, soil-borne

disease of spring cereals. The anamorph of Cochliobolus
Sativus is the primary -etioloéical agent, inciting
lesions on the subcrown internode and foot,systems.
While yield losses due to CRR are variable, they are
significant due to the annual widespread'occﬁrrence of
the diseése in barley and Qheat fields of North Américaf

Some diseaées are controlled by the use of cultural
practices and/or resistant cultivars. Tolerance to CRR
does occur but Yyield is still reduced. The cultural
practicés of crop rofation, tillage and gesidue
management have been ineffective in reducing CRR severity
because the conidia of QA-§QL113§ have an extreme
longevity.

This thesis deals with determining whether potassium
fertilizghs and systemié fungicides reduce the severity
"of CRR and positively influence yield and yield
compoﬁents of CRR diseased bafley. Control of CRR must
involve minimum expense with definite yield increases

because of the 'low cash value of bérley. A single

application of a fertilizer or systemic fungicide at




planting resulting in protection of the subcroﬁn
intgrnode for the . entire period of Susceptibility‘would
be desirable. |

Fertilizers poténtially affect disease Severity By
altering a plaﬁt's susceptibility or by directly
"affecting the pathogen. The low cost of fertilizers and
ease of application at.seeding favor the use of
fertilizers for disease control. Potassium fer;ilizers'
can increase yield of drylénd barley but -their effect.on
CRR severity, yield, and yield components needs furthur
-investigation. - .

Protectant fungicides provide short term profection
to the plant organ:treated, and subsequently formed plént
organé are seldom protected from péthogen attaék(é.g”
the subcrown internode by the CRR pathogen). Recently,
- fungicides have been developed having the positive
characteristics of systemic translocat;dn, effectiveness
‘in low concentrations, and prolonged efficacy. Since the
subecrown internode is the main plant organ attacked by
CRR and infection.of the subcrown internode may occur at
any time during the growing season, these fungicides
applied to the seed may possibly be viable CRR cpntrol'

agents.




CHAPTER 2

Literature Review

CRR is a generic term describing a disease complex
_ df wheat and bafiey. This disease has also been referred
to as root rot, dryland root rot, foot rot,
. porium disease, and wheﬁt root and foo£'rot.
McKinney (1923b) cites literature suggestiﬁg the disease
is prevalent throughout the.cereél growing areas of the
Jorld. Depending on the geographicai area studied, the
disease is characterized bj bliéhting, stunting and death
of seedlings; s;unting of mature plants'and olive-gréen
.lesions on seminal and crown‘foots, the subcrown
internode, crown and basal stem_tiséues (Sailans, 1965).
White heads and discolored heads may also occur (Sallans

et al., 19&3).‘

Pathogens

CRR is incited by a complex of pathogens. The

anamorph of Cochliobolus sativus (Ito and Kurib) Drechs.

ex Dastur (Bipolaris sorokiniana (Sace.)=

 Helminthosporium sativum P.K.B.) is generally the main

pathogen encountered. Many species of Fusaria have also




been reported to be involved, including Fusarium culmorum

(Sallans, 1965).

Two distinect diseases, both referred to as dryland
root rot, ma? be defined according to the symptoms
occurring. In many cepeal areas the main symptoms are
lesions on the crown and subcrown internode, incited
primarily by C. sativus (Sallans, 1965). In the Pacific

‘North West, the main symptoms are crown and crown root

rot, tiller death and white heads, incited mainiy by'

Fusarium culmorum (W. G. Smith) Sacc. (Cook, 1968). This

review will deal with CRR incited mainly by C. sativus.

Environmental Effects on CRR of Cereals

Sallans (1948) investigated various environmental
parameters for effeét on yield of CRR diseased cereals.
Data available for partial regression studies included:
- total rainfall per growing season, rainfall per month,
air quality, air temperaturp, insect damage, yield, and
CRR sevefity. Insect damage, air temperature, and air
quality éll affected yield but not CRR—Severity,
according to simple regression statistics. Total rainfall
had the largest impact on yield. Partial regression

statistics indicated significant cqrrélations between




yield and preseasonal moisture, yield and May-June
rainfall, CRR and June-July rainfall, and CRR and yield.
This:suggests that CRR does indeed affect yield.
Howéver, a significant neggtive correlation between CRR
and May-June réinfall suggests that thié perioa of
rainfall was critical to the severity of CRR. This
agrees with several reports that CRR affected plants are
capable of recovering from initial severé disease if
moisture levels are high (Sallans, 1940; Sallans, 1959).
McKinney (1923a) investigated the effects of soil
temperature on CRR of seedlings of barley, spring wheét
and winter wheat in the field and in the éreenhouse.
Infection of ﬁereals in controllea temperature soil
benches in.the greephouse occurred over the so0il
temperature range of 8°c to 35°cC. Héwever, more disease
_cénsistently occurred at..higher temperatures. The
highest percentagés of diseased seedlings occurred for
spring grain at 28°C and for winter wheat at 329¢.

Whether the temperatures were held constant at the above

means or alternated periodically around these ﬁeans had

no effeét on disease. Field experiments showed that

early sown winter wheat was more severely attacked by C.

sativus than late sown winter wheat.

Greaney (1946) studied the effects of soil




temperature on CRR ratings of mature spring wheat plants
in the fieldr Different s0il temperature regimes were
provided by different dates of planting. When soil
temperatures were high at planting, mature plénts sﬁpwed
more disease.

McKinney (1923a) investigated the effects of soil
moisture oﬁ CRR. So0il moisture levels were a1£ered by~
gdding quantities of water to the soil. McKinney found
that as water availabilitf increased the percentage of
diseased plants decreased. Coupled with soil temperature
studieg, McKinney's results suggested that high soil
.temperatures'favoned more. disease at high soil moisture
le#els than at low soil moisture levels, while low soil
temperatures favored more disease at low soill moisture

levels but not at high s0il moisture levels.

Effects of Seeding Depth and Date on CRRE.

Johnson (1976) determined that percent yield loss,
based on percent disease ratings, was not related to
seeding.date of spring barley at Prince Edward Island,
Canada. Duczek et ;l. (1982) studied the effect of
seeding défe on CRR severity Qf spring barley in

Saskatchewan, Canada. Percent disease ratings were not

affected by seeding date.




Greaney (1946) investigated the effect of seeding
dgte of spring wheat on CRR severity in Ottawa, Canada.
Early seeding, 1low soii temperature, low diseése }atihg
and high yield were all significantly corfelated while
late seeding was significantly correlated with high
disease ratings,'lower yield, and warm soil temperatures.

Duczek et al. (1982) studied the effect of seeding

depth and seed size on CRR severity, yield and emergence

of spring barley at several locations. Seed size had no

effect on disease severity, yield or emergence at all

locations studied. -The effect of seeding depth was

variable. In general, disease ratings increased while

yield and emergence decreased with increased depth of

planting; This occurred at two locations in Canada
consistently over several years but inconsistently at a
third location. ‘

Greaney (1946) investigafed the effect of seeding
depth of spring wheat on CRR at Seyenal locations.
Increased depth of seeding:invariably caused greater
disease ratings. However, disease severity varied across
locations and cultivars even though some cultivars were
more resistant to CRR and some areas were not as

cohducive to CRR.




Effepts of Fertilizeré on CRR

Leﬁingham (1970)‘investigatéd'the effecté of
ammonium nitrate on CRR of mature wheat and bafley.
Added nitrogeﬁ tended to significantly ineféase disease '
ratings. Howe%er, yield was not feduceﬁ by increased
disease. Pittman et al. (1972) agreed with Ledingham's
findinés and found aﬁ increase in disease of barley
fertilized with ammoﬁium nitrate. Piening et al. (1969)
found that use of ammonium nitrate resulted in higher
disease ratings in barley while use of urea resulted in
lower disease ratihgs. While Verma et al. (1975b).found
no effect of ammonium nitraté fertilizer on disease
ratings of wheat, ‘a significant reduction'in the
percentage of diseased plants and the number of diseased
plants per unit area early in the growing season were

found. However, the effect on these variables became

non-significant by midseason.

Pienings et al. (1967) observed a lower disease
index for mature spring barley when groﬁn with
monoammonium phosphate. In a subsequent study by
Pienings et al. (1969), phosphate fertilizatibn generally
resulted in lower disease ratings for mature spring
barley. However, Pittman et al. (1972) found no effect of

superphosphate on disease ratings and yields of spring




barley.

Russel and Sallans (1940) obtaineq disease ratings
for mature wheat plants when fertilized with triple
superphosphate, ammonium phosphate or ammoniated
phosphate. The study was conducted over several yeafs at
different locations. Generélly, use of phosphatic
fertilizers caused an increase in disease ratings with no
decrease in yield but inconsistenc£e§‘in regard to
location and time were the rule.

Verma et al. (1975b) investigated the effect of
phosphatic fertiliZers on CRR severity of Manitou wheat.
Disease ratings were determined five times throughout the
growing season. Early and late in the groéinglseason no
differenée in disease ratings were notiéed‘between checks
and ammonium phosphate treated plots. However, phosphate
fertilizer use resulted in a significant reduction in
disease ratings at midseason.

Verma et al. (1975a) inQestigated.the effect of
phosphatic fertilizér on development of subecrown
internode lesions. Coleoptilés were inoculated fifteen
days after emergence By enclosing themAwith colonized
"straw piéces. Lesion length was measured approximately
every five days.: Lesion éxtension rate on a per day

basis was greatest in low phosphate soils. High
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phosphate soilg increased the time requireq for lesions
to reach maximum length.

Verma et al. (1975a) also investigated the effect of
phosphatic fertilizer on severity class progression.
Individual plants, inoculated with colonized straw
pieces, were placed into disease severity classes
throughout the growing season. Probabilities for
p}ogression to more severé classgs were determined. The
probability of piants staying in the dlean; slight or
‘modefate severity classes.was highest for high bhosphate
.8oils while probabilitigs for conversion to a more severe

class was generally higher for low phosphate soils..

Effects of Fungicides on CRR

Clark (1977) investigated the effect of several
nonmercurial, seed treatment fungicideé on bafley
seedling blight and spot blotch, both incited by C.
'gggiggg. Mosf seed treatments were effective in
controlling the diseases but significant increases in
grain yield per row were not seen. A carboxin-thiram
mixture was. the most successfui seed treatment for

reducing disease. Hampton (1978) reported that a

carboxin-thiram mixture, applied as a seed treatment, was
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diséased barley seedlings. Lugz et al. (1980) reported the
efficacy of several systemic, ergosterol inhibiting
fungicideé'in controlling spot blotch of.barléy in
Brazil. Fenapronil and nuarimol seed treatments ﬁere
highly effective in controlling spot blotch initiated
from seed and airborme inoculun.

Several systemic, ergosterol inhibiting séed
treatment fungicides have been investigated for efficacy
in controlling CRR of cereals. Criteria used to evaluate
disease control have included disease ratings of seedling

and mature plants and isolation of C. sativus fron

subcrown internodes. Chinn (1978) reported that of seven

fuhgicides'tested, imazalil was the most effective in
feducing disease ratinés of wheat seedlings énd mature
planté. Disease ratings were reduced to 5 percent anq 16
percent from 32 percent and 51 percent for seedlings and
mature planﬁs, respectively. Percent positive isolations
from gubcrown internodes were reduced from 71 percent for
controls to 8.8 percent for treatments of 0.3 g active
ingredient per kg seed. Verma et.al. (1981) reporced
.that imazalil sigﬁificantly reduced disease ratings of
several Qheat varietiés, in the seedling and ﬁature plant
stages. A dosage response was discernible. Verma (1983)

feported ﬁhat nuarimol, triadimenol and imazalil
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significantly reduced sgedling and mature wheat disease
ratings. A qosage response was discernible and nuarimol
was generaliy highest in.efficacy( Piening et al. (1983)
reportéd that mature barley disease ratings were
significantly reduced by treatment of seed ﬁith nparimol,
triadimenol or fenapanil. Significant cultivar x
treatment x location x time interactioﬁs have been
documented by the research workérs cited above.

Verma (1983) reported that seed treatment with

nuarimol or triadimenol significantly reduced plant

"emergence one year out of two while imazalil at 0.2 g

active ingredient per kg of seed did not reduce plant
emergence. Verma et al. (1981) reported that plant

émergenee was significantly reduced by imazalil at 0.3 g

active ingredient per kg of seed but not at 0.2 g active

ingredient per kg of seed. Hulless barley was more
susceptible to phytotoxic effects from imazalil than
huiled barley. Piening et al. (1983) reported that
plant emergence was significantly reduced by
ectaconazole, triadimenbl, nﬁarimol and fenapanil. Chinn
et al. (1980) and Chinn (1978) reported that percent
piants with coleoptile node tillering (ent), and firm ent
increased with increasing dosage of imazalil and that

subcrown internode thickness was increased and subcrown

e e g S
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internode length was decreased with imazalil treatment.
Overall, most researchers have repbrfed variability in
phytotoxiecity in regard to’locations, cultivars and time
with use of these systemic see& treatments.

Grain yield -per harvested row has not been increased
by reduced disease ratings resulting from seed tréatments
with systemic fungicides. Verma et al. (1981) reported
a significant decreasg in grain yield per row with
imazalil treatéd seed and Verma (1983) reported no
éignificant increases or decreases in grain yield per row

with plots planted with seed treated with nuarimol,

triadimenol or imazalil. Peining et al. (1983)‘have-

.reported significant yield decreases with plots treated
with systemic fungicides as seed treatments. In ail cases
reviewed above, the degpee of yield reduction resulting
from seed treatments was variable in regard to location,

time and cultivar.

Histopathology of CRR

Root excavation studies conducted by Simmonds et.al.
(1935) provided information on which root system of wheat
is primarily attacked by C. sativus. All underground
parts of the plant contained lesions. However, lesions

were most severe on the suberown internode and seminal
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roots. although basal parts of the culm developed a
modefate number of lééions. There were few lesiohs on
rootlets. .

Fitt et al. (1978) investigated physiological
effeéts of various root infecting fungi on cereals. One
parameter investigated was extent §f‘coloniza§ion and
disfuption of roots. By week one, seminai'roops'of'wheat
had been penetrated and the cortices were éolonized by C.
sativus. By week five the root steles of crown and
seminal roots of wheat had been colonized. However, no
disruption of cdrtices and steles were noted, even though
shoot 'water content, carbon-14 root assimilation, and
shoot mine;al content had been affected. |

Huang et al. (1976) investigated the infection
ﬁrocess and extent of colonization of éubcrown internodes
of greenhouse and field grown wheat and barley. Subcrown
internodes were infécted by C. sativus through
specialized cells of the epidermis, such as stomatal and

hair cells. An infection cushion formed over the site of

penetration with a concomitant formation of a lignituber

beneath the site of penetration. Penetration appeared to -

be physical and enzymatic. The cortex and endodermis

were colonized readily; The stele was colonized and xylem -
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and phloem tissues were sometimes océluded by dark-
staining objects. Disruption of the cortex often occurred
after colonization of the stele.

Huang et al. (1976) used cultivars of wheat and
barley that differed in resistance to CRR aé éssessed by
disease ratings; However, hp differences were observed
in the ﬁenetration and colonization of cultivars that
differed extensively in resistance.

The development of individual lesions incited by C.

sativus on subcrown inteérnodes, of various wheat and

barley cultivars has been ihvestigated. Verma et al.
(1975a) inoculated Manitou wheat by placing colonized
straw pieces around coleoptiles. Lesion length and width
were rgcorded every five days. Lesions extended
verticaily before latérally. Significant lateral 1lesion
extension did not occur until vertical extensidn was
maximum. Verma (1982) conducted a_similaf study on wheat
and barley varieties differing in resistance to the
disease. Vertical extension was generally maximal beforé
lateral extension qf lesions occurred. Barley required
fewer days for lesions to reaéh maximum vertical length
than wheat, indicating that barley is more susceptible to
CRR. Mean daily ratgs of extension were highest in ﬁheat

and barley cultivars deemed less tolerant when assessed

SN e,




by disease ratings of mature plants.

Effect of CRR on Plant Physiology

Investigations of C, sativus infected cefeals have
centered on the effects on plant yield, grain or biomass.
Studies of physiological proéesses that may be affected
by €. sativus infection, with resultant effect on yields,
- 'have been limited. Sallans (1940) followed the total
leaf areas of inoculated and uninoculatgd'wheat plants
from seedling to mature plant stages in the greenhquse.
Regardless of soil moisture available for growth, C.-
sativus infection reduced total leaf area per plant from
early growth stages to stem elongation. At.stem
elongétion, the leaf areas of inoculated plants surpassed
the leaf areas of uninoculated controls when water
availability for growth was high. Apparently, inoculated
plants are able to recover from initial stunflng and leaf
area reductién..

Sallans (1940) investigated the effect of C, sativus
infection on individual leaves Af wheat. Leaf areas and
width énq length measurements were determined‘for
individual leaves in order of appearance. Individual
leaf areaé of uninoculated plants surﬁassed leaf areas of

inoculated plants, up to the appearance of the seventh
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leaf. From the seventh leaf through the last measured
tenth leaf, areas of individual leaves weré greatest for
inoculated plants. Leaf lengths were reduced by
inoculation while leaf widths were not greatly affected.
The sevénth through tenth leaves were much larger than
control leaves. However, width of leaves on inoculate&
plants never surpassed control plant leaf widths.

Sallans (1959) described the recovery of field grown
wheat plants from CRR. The areas‘of individual leaves
were. determined on leaves one through eight. As reported
by Sallans (1940) leaves from uninoculated blants
surpassed leaves from inoculated plants in area, up to
leaf five. Leaves six through eight from inoculated
plants were greatest ‘in area. The same results were
found for F. culmorum infected plants and for plants
infected with both C. sativum and F. culmorum.

"Fitt et al. (1978) investigated the effect of
various pathogenic, Boil-borne fungi on ‘wheat
physiologiéal processes. Parameters investigated
included: shoot qater content, distribution of carbon-1l4
in roots, mineral composition of shoots, and plant dry
'weight. C. sativus decreased plant dry weight but not'as
dramatically as F. gg;gg;gg throughoﬁt all five weeks. of

measurements. Carbon~1l4 assimilation in seminal roots was
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not affected. by C. sativus. However, (. sativus infection

increased assimilation of carbon-14 in crown roots as did

F, culmorum. F, culmorum reduced assimilation of carbon

-14 in seminal roots at all stages of measurements. At
week one shoot K% content- was less in plants infected by
C. sativus and F. culmorum. C. sativus infected plants

recovered by week five while F. culmorum infected plants

contained much less K* than controls at week five. A

recent report by Fitt et al. (1982) supports the

contention that C. sativus diseased plants do not have-

reduced shoot K* content after week one. C. sativus and-

F. culmorum both décreased shdot water content at week
one. While F. culmorum .continued to reduce shoot water

content throughout the measurement perloas,-C. sativus
did not.

Sallans (1946) followed the transpirational
histories of wheat plants in the greenhouse as affected
by CRR. Water use was measured gravimetrlcallj for
inoculated and uninoculated planté. Iﬁoculation reduced
transpiration initially and up to day thirty. From day
thifty-to maturity, inoculated plants surpassed controls
in transpiration but this only occurred if large

quantities of water were supplied. When low quantities of

water were supplied, inoculated plants never surpased
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uninoculated plants in degree of transpiration’ This
suggests that water uptake of L. sativus affected plants
'is reduced but is not serious unless plants are not able

to recover, due to drought.

Disease Assessment

" Researchers have evaluated CRR occurrence és the
isolation percentage of the pathogen from subérowd
internode tissue (Tinline, 197%; Scardaci et al., 1981;
Diehl, 1979; Harding, 1973; Scardaci et al., 1982):
However, since clean plapts as determined visually mai
&ield the pathogen, isolation percentage is of limited
valug in éssessing disease (Harding, 1973).

Broadfoot (1934) based disease assessment on the
color of the crowns and secondary roots using a scale of
zero for normal color to.ten for black, diseaéed tissuef
Andrew et al. (1960)'and Greaney (1946) rated the basal
portion of plants on a scale of zero to five or ten,
respectively. Zero equaled no lesions while five or ten
equaled a dead plant. Diehl (1979) rated the entire root
systém for disease. Four classes of clean, slighﬁ,
moderaté, and severe were déveloped representing the area
of the system lesioned. Verma et al. (1975a) have

reported the percentage of diseased plants in a sample
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and the number of diseased plants pér unit area.
Diseased plants were piénts showing lesions 6n the
subcrown internode. Fof rapid assays Gréy et al. (1984)
havé suggested that disease may be expressed merely as
the perdentage plants rated severe.

Researchers have developed a disease rating system
in which four disease severity classes are desbribed,
based on the percentage of subcrown internodg tisSué
lesioned (Tinline et al., 1973).’ Ratings of clean,
slight;,moderate and severe represent no lesions, 1
percent to 25 percent lesioned, 25 percent to 50 pefceﬁt
lesioned, and greater than 50 percent lesioned or
circumvention of the subcrown internode, respectively.
MeKihney (1923) used five classes while Sallans (f968)
combined the moderate and sévere classes, and the slight
and clean classes, into fwo clésses. Sallans et ai.-
(1943) developed four classes based on lesidons of the
subcrown internode aﬂd the dégree of crown discoloration.
Slight, moderate, severe and clean ratings of the
~subcrown internode as described aboYe were used as were
- 11 classes of crown discoloration.

Percent disease rating integrates the nuﬁber of
diseased plants in a severity class with alcategory

factor for that severity class (Tinline et al., 1973).
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ihg category factor is a relative number based on the
Yield reduction, as compared to clean plants, of plants
in that severit& class. The sum of the products of the
category factor and the number of plants in that class is
q1vided by thé product of the number of planﬁs rated and
the maximum category value. The number obtained, the
péreen@ disease rating, is actually the predicted
percentage yield reduction. -
McKinney (1923a) used five severity classes and
reported_oategory values of 0, 0.75, 1.00, 2.00 and 3.00
for both wheat and barley. Sallans et al. (1942) reported
values of 0{ 3, 3 and 4 for the four classes derived from
subcrown internode lesioning and crown discolorations.
Verma et al. (1974) reported the Canadian standard
category values of 1, 2 and 4 for wheat and 2, 5 and 50
fof.barley, for slight, moderate, and severe classes,
respectively. Sallans‘(f973) obtained a percent diseaéé
rating for wheat or barley from the percentage .of plants
in the.class‘éncﬁmpassing moderate and severe subcrown

internodes.

Yield Loss Due to CRR

Yield loss due to CRR for areas and years has been

. based on poténtial yield originally developed from a
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formula by Machacek (1943). Percent loss in yield eéuals
100“(W divided by (W, times N) times 100) where ¥ equals
total weight of grain from an area, Wy equals the average
weight of grain from individﬁal heélthy plants, and N
equals the total number of plants in the collecfion. W
divided by (W1 times N) is essehtialiy the potential
yieid,-based on the yield obtained froﬁ clean plants.

From a three year survey of many wheat fields in
Manitoba, Machacek (1943) estimated yield loss to CRR at
12.1 percent. From the results of a comprehensive sﬁrvey
of wheat (Ledingham et al., 1973) gnd barley (Piening et
al., 1976) fields throughout the prairie-pravinces of
Canada, the Canadians estimated yield losses &ue to CRR.
For wheat, the average annual Yield losses approximated
5.7 percent equalling 30 million bushels total for the
three years. For barley, an.average annual yiéld loés of
10.3 percent was.estimated, totaling 54 million bushels
f&r thé three years.

Yield of érain from infected plants is
significéntly reduced by lesions on the subcrown
internode. For wheat, Verma et al. (1976b) found a
consistent reduction in the number of tillers, the
number and weight of grains per head, and 1000 kernel

weight with increasing disease severity. Differences
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between slight and moderate classes were generally
non-significant. Piening (1973) observed that reaction
of barley cultivars to CRR was not consistent in

reduction of yield and yield components. A reduction in

the number of heads per rated plant and weight of grain

ber rated plant was not seen fér all severely rated

.plants of all cultivars.

. Verma et al. (1976a) investigated the effects of CRR

on wheat grain yield and biomass production throughout

“the growing season, Parameters were collected for

individual plants in each severity class. In general the
biomass per rated plant qecreased with increasing
sqverity,class, over time. Grain yield per plant
decreased with increasing seﬁerity claés. Significant
differences between all severity classes, except slight
and moderate, were seen for biomass per plant and grain
yield'per plant.

For a population bf wheat or barle& plants
containing differing'amounts of clean, slight, moderate

and severe rated plants, differences in grain yield are

generally not seen., Grey et al. (198%Y4) found no

significant decrease in yield of inoculated barley plbts
compared to uninoculated barley plots although disease

ratings were significantly higher for inbculated plots.




Even though the number of harvestable tillers per m of
row was significantlx reduced by increased disease, later
formed yield components (i.e., kernels per head énd seed
size) apparently compensated for initial 1loss. Verma
(1983), Verma et al. (1981), and Chinn (1978) have found
that a significant décrease in the disease rating of
fpngiéide treated plots of wheat and barley did not
result in an increase in yield per row.

'Comparisons between disease ratings, calculated
vyield loss,'and measured yield have been made. Piening
(1973) reporteﬁ that a low potential yield loaé was no£
nécéssarily indicated by a 1low disease rating for
bariey. .Tinline et al. (1979) reported a high
correlation between disease ratings and caléulated yield
loss for wheat but a more variable relation for barley.
Significant correlations between measured yield per unit
areé and percent disease ratings were seldom seen.

The question of_coﬁpetition between healthy and
disedsed Plants in. a population has been raised by
researchers (Vernma, 1982; Machacek, 19#3; Grey et al.,
1984; Tinline et al., 1973).

"It is possible that the healthy plants profited

somewhat in their competition with diseased plants

for food and moisture and that their yield per plant

was higher than it would have been if all plants had
been healthy." (Machacek, 1943)
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Nonsignificant correlations between disease ratings
and yield per row suggest‘that combetitive effects are

occurring in a population of differentially diseased

plants.
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Chapter 3

Introduction

" In the summer of 1981 an experimental fiela plot was
established to determine if: vérigﬁs systemic fqngicides
and/or potassium fertilizers reduce percent disease
ratings of CRR diseased barley and affect yielg data on a
whole plot scale. Also to be determined was the question

of whether the chloride anion or the potassium catidn is

the effective agent against CRR.

.Materials and Methods

Inoculum Preparation

One liter canning jars were eaéh filled with 140 g
of oat kernels and 90 ml of distilled water. A 7 em -
diameter disk of #4 Whatman filter paper was placéd on‘
top of é canning jar metal lid which had a 2 ecm diameter
hole in the center. The assembly was subsequently held
in place with the sérew toﬁ lid of the jar. This
arrangeﬁent allowed gas exchange with tﬁe outside
environment while limiting outside contamination. The
Jjars and contents were sterilized at 121° C for 60 min in

an autoclave.
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obtained from a severely diseased subcrown internode of
spring wheat in a f;ela near Dutton, MT, was used. it'was
grown for 10 days in petri plates containing 'acidified
(pH 5) Difco potato dextrose agar. Two, 8 mm diameter
plugs, containing a mass of.spoyes and mycélium, were
used to inoculate each Jjar of sterilized oat kenpels
(Mathre et al., 1975).

Colonization of the oat kernel medium proceéded.foﬁ
L0 days at room temperature. Infested oats, containing
myceliﬁm and spores, weré then air dried for 7 days and
subsequently sieved through a 1 cm square mesh screen.
The sieved inocﬁlum was packaged, by volume, into
aliquots of approximately 20 g each. Fdr controls, a
quantity of these packages were autoclaved for 60 min at

121%c.

Fertiiizer Types

Two potassium ferti;izers were used: potassium
chloride (KCl1) and pofassium sulfate (Kzsou). .?dtassium
chléride was 100% KCl while the Kzsou formulation was U43%
KoS0y and 57% inert materials.‘ The rate of application
was 22.4 kg of potassium per hectaré which amounted to

4.4 g of KC1 per 3.3 m seeded row and 11.9 g of K,50y




28

formulation per 3.3 m seeded row. The fertilizer was

added simultaneously to the furrow with the seed.

Fungicides and Application Procedures

Six experimental fungicides were applied as seed
treatments (Tablé 1). Five hundred g of seed were treated
With'a fungicide'at one time. Seed was treated using a
Gustafson bench top séed treater. A 17,800 1 metal drum,
containing inner fins to ai§ the separation and exposufe
of sged, was used to tumble the seed during fungicide
application. Fungicides applied as a liquia were brought
to a 5 ml total volume with distilled water and aspirgted
onto tumbling seed. Powder fungicides were sbrinxled.onto
tumbling seed. Ten per cent additionél fungicide was
applied to segd to offset adherence of the fungicide to
‘equipment. Control seed lots were treated with distilled
water, Treated seed tumbled at 20 drum revolutions per

min for 30 min.

Field Plot

'Washonupana', a two row, hulless, waxy, Smyrna type
barley was obtained from R.'F. Eslick, barley breeder,
Montana State'University, Bozeman, Montana. Seed
remaining on a 0.22 cm by 1.9 cm mesh screen after

passage through a 0.26 cm by 1.9 cm mesh screen was used




Table 1. Chemical name, formulation, active ingredient, and application rate

of systemic fungicide seed treatments.

g?:g;cal Product Formulat ion |ngﬁgé¥2nt (uﬁ?gélifftgﬂg
Triazole CGA 64251 13.5$ A. 1. ;L. 1 Etaconazole2 0.015 ml
Baytan 150FS 14.0% A.l. ;FL. Triadimenol 0.15 ml
Gus 215 Sco AL ;L. Furmecyclox 0.9« ml
Imidazole Fungaflor 5.0 A.Il. ;FL. Imazalil 0.1 ml
BTZ 40502 40.0% A. L. ;L. Prochloraz 0.2 ml
Pyrimidine EL 228 og © A.l. ;P. Nuarimol 0.3 g
1 A L. = Active Ingredient; L. = Liquid, FL. = Flowable, P. = Powder
2 Etaconazole:l-{(2{2 .,4-dichlorophenyl}-4-ethyi-1,3-dioxolan-2-4)metnyi}-1H-
+f%ééiﬁggg?ZQ%%TA-(4-chIorophenyl)—ALPHA—(l,1,dimetnyietnyi)—1H—I,2,4-€riazole—
1-ethanol

Imaza |I:I—{2—(2,4—dichlorophenyl)—2—(2—propenyloxy§etnyl}—IH imidazole
Prochloraz:N-propyl-N{2-(2, 4 ,6-trichlorophenoxy)ethyl}imidazole-1-carboxamide
Nuarimol :ALPHA-(2-chlorophenyl)-ALPHA-(4-Tluoropnenyl)-5-pyrimidine-metnauol
Furmecyclox:2,5-dimethyl-N-cyclohexyl-N-methoxy-B-furan-carboxamide
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for planting. One hundred and fifty seeds or 7 g of seed
(approximately 150 seeds) were planted in each 3.3 m row.

The experimental plot was planted on May 22, 1981,
on the Arthur H. Post Research Farm, approximately five
mileé west of.Bozeman.‘ Seed, fertilizer and inoculum
were drilled together, approximately 4 cm deep, in 3.3 m
long rows spaced on 30 cm centers, with a four row cone
seeder. Autoclaved inoculum was added to noninoculated
rows.-No additional material was applied to unfertilized
rows. |

The soil type of the plot was an Amsterdam silty
clay loam (fine-silty, mixed typic Cryoboroll). Growing
conditions, soil and seasonal moisture and temperature
were éonsidered normal for the season and area. The plot
was sprayed with Bronate 35 aays after planting to
control broadfleaf weeds. Weeds and volunteer plants

were also pulled by hand throughout the growing season.

Field Plot Design.

Twent§ four treatment.combinations from two factérs
were arranged in a randomized complete Bloek design.
Factor one contained three fertilizer treatmencs (no
fertilizer,‘KCl fertilizer, and K580y fertilizer). Factor

two contained eight'fungicide-inoculﬁm treatments
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(untreated plus autoclaved inoculum, untreated plus
inoculum, and treatment with six fungicides, all
inoculated). Each block represented one replication. The

field plot was arranged in a two block by two block

square with each block containing four ranges of six,

four row plots. The center two rows of each four row plot
were planted with counted seed while the outer two rows

were planted with 7 g of packaged seed.

Data -Collection

Data were collected from only three blocks due fo
rodent destruction of block fgur.

At the three leaf stage, Feekes' scale 1, (Large,
-195%) emérged plants in the center:two rows of each foﬁr
row plot were counted. Yield data were obtained for
each row of the middle two rows of each plot and
included: total number of tillers per row, number of
harvestable tilleré per row, number of kernels per spike,
total grain yield per row, and 1000 kernei weight. Total
.number of tillers per row and number of harvestable
tillers per row were counted during the soft dough stage
(Feekes' scaie 11.2). Harvestable tillers were

considered to be those tillers with spikes in the upper

one~third pf the plant canopy. During‘the hard dough
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stage (Feekes' scale 11.3), 20 harvestable heads were
collected at random from each row to determine number of

kernels per spike. The remaining plants of each row were

"ecut for grain apd threshed with a Vogel plot thresher.

Grain harvested, plus kernels obtainedbfrom the kernels
per spike determinations, éonstituted total grain‘yield
per row. A 250 kernel sample was counted and weighed.
The weight was multiplied by a factor of four to obtain
1000 kernel weight..

Due to unknown factors the majority of plants in
yield rows did not have discernible suberown internodes.
Therefore, subcrown internodes obtained from all'four
rows of each plot were used to determine percentage
disease ratings after harvest. A minimum of 50 subecrown
internodes from three replications were rated for each
treatment.

Subcrowﬁ internodeg were rated for disease séverity
on a two class scale developed by Sallans (Sallans et al,
1968). Subcrown internodes rated as moderate or severe
were placed in the diseased é;ass while subecrown
intérnodes rated as cléan or slight were placed iﬁ the
healthy class. The percentage of diseased planté was

congidered the percent disease rating.
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Data Analysis

Yield data obtained from each of the two middle rows
'were.averaged to optain one Qalue per plot; Percent
disease ratings, 1000 kernel weight, kernel number per
"spike, and émergencé data were analyzed statistically
using an analysis of variance of multiple facfors
(Snedecor and Cochran, 1980). An analysis of covariance
"was conducted, with grain yield per row, total number of
tiliers per row, and numbeerf'harvestable tillers per’
_row all as dependent covariables and plant emergence as
the independent covariable. When the covariance was
significanf at the 59 ;evel, the adjusted‘treatmenc means
were apalyzed for sigpificant differences at that 5%
level using Newman-Keuls (Sequential Studentized Range)
multiple comparison méthod. bifferences between means
within a factor were tested for significant differences
at the 5% 1level u?ing Newman-Keuls (Sequential
Studentized Range) multipie comparison method. Treatment
combination means were analyzed for significant
differeﬁﬁes at the 5% level when a significént
interaction-was indicated between the factors. All three
fertilizer treatments with inoculum or autoclaved
inoculum were anélyzed for Qiéinificant differences at

the 5% level.‘
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RESULTS

Reaults of Systemic Fungicide Treatments

Significant (P<.05) interactions were not detected
between the fertilizer factor and the fungicide-~-inocculum
factor for all parameters. Covariance analysis was
significant (P<.05) only for the fungicide factor and not
for the fertilizer factor or the six fertilizer means.

The number of emerged plants was significantly
(P<.05) reduced by inoculation with C. sativus (Table 2). .
However, seed treatment with imazalil or - nuarimol
. significantly (P<.05) inéreased the plant emergence of
inoculated rows. The degree of protection was sufficient
to cause’ untreated, uninoculated rows and treated!
inoculated rows to have a similar emergence per row.
'Furmecyclox was apparently pﬁytotoxic at the rate wused
since  inoculated rows treated with furmecyclox ﬁad a
sign;fieantly (P<.05) reduced emergence compared‘tb that
;f uﬁtreateﬁ,'inoculated rows.

Addition of inoculum to rows did not cause more
disease in mature piants than addifion of autoclaved
inoculuﬁ to rows. (Table 2). However, treatment of
inoculated rows with nuarimol did significantly (P<.05)

reduce disease ratings compared to those of nontreated,
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inoculated rows. Rows treated with 1i1mazalil or
triadimenol tended to have reduced disease ratings,
although not significantly (P<.05) reduced compared to
that of i1noculated, nontreated rows. Rows treated with
furmecyclox had the highest disease ratings observed
although not significantly (P<.05) greater than ratings
of i1noculated or uninoculated, nontreated rows.

Table 2. Effect of systemic fungicide seed treatments on

plant emergence and percent disease ratings of
CRR diseased "Washonupana®™ barley.

Inoculation Fungicide Eme rgence Disease gating

Treatment Treatment (# pits/row)l @®
Inoc . Furmecyclox 35.4 64.3 C
Inoc. Etaconazole 37.6 AB 44 _1 AB
Inoc. Prochloraz 43.6 AB 47.2 AB
Inoc. Nuarimol 55.8 DE 36.0 A
Inoc. Triadimenol 53.7 CcD 49.4 ABC
Inoc. Imazalil 62.6 DE 45.4 AB
Inoc. No Fung. 45.5 BC 53.3 BC
Uninoc. No Fung. 64.9 E 56.8 BC

~ The number of plants from the center two rows were
averaged and analyzed across the three fertilizer
treatments.

2 The percentage of diseased plants from a four row plot
constituted the disease rating and was analyzed across
the three fTertilizer treatments.

3 Column means Tfollowed by common Iletters are not
significantly different (P<.05) according to Newman-
Keuls multiple comparison method.
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The number of kernels per spike and 1000 kernel
weight were not affected by inoculation with £. sativus
(Table 3). Rows treated with Tfurmecyclox had a
significantly (P<.05) greater kernel number per spike
than rows treated with prochlorz, and rows treated with
triadimenol had a significantly (P<.05) greater 1000
kernel weight than rows treated with prochloraz or
nuarimol. However, no rows treated with a fungicide had
values that differed significantly (P<.05) from rows,
inoculated or uninoculated, not treated with a fungicide.
Table 3. Effect of systemic fungicide seed treatments

on 1000 kernel weight and kernel number per
spike of CRR diseased rWashonupana®™ barley.

Inoculation Fungicide Kernels 1000 kernel
Treatment Treatment Per Spiked Weight23
@) @
Inoc. Furmecyclox 20.5 39.6 AB
Inoc. Etaconazole 19.6 AB 39.4 AB
Inoc. Prochloraz 19.2 A 39.1 A
Inoc. Nuarimol 19.7 AB 39.2 A
Inoc. Triadimenol 19.4 AB 40.7 B
Inoc. Imazalil 19.8 AB 39.8 AB
Inoc. No Fung. 20.0 AB 39-2 AB
Uninoc. No Fung. 19.5 AB 39.5 AB

" The number of kernels per spike (obtained from twenty
spikes per center two rows) was averaged and analyzed
across the three fTertilizer treatments.

2 The weight of 250 kernels from the center two rows was
averaged, multiplied by a factor of four, and
analyzed across the three fertilizer treatments.

3 Column means Tfollowed by common letters are not
significantly different (PC.05) according to Newman-
Keuls multiple comparison method.
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Inoculation with C. sativus did not reduce graiﬁ
yieid per row and none of the seed'treatments affected
grain yield per row (Table 4). The total tiller and
harvestable tilier number per was not reduced by
inoculation with C. sativus. Rows treated with
furmecyclox had a significantly (P<.05) less total tiller
pumber per row than inoculated rows or rows treated with
nuarimol or imazalil. Rows treated with nuarimol ha& a
significantly (P<.05)Igréater harvestable tiller number
per row than all otﬁer rows, including inoculated or:
-uninoculated rows, except rows treatéd withlimazalil.
Potassium Fertilizers

When only KCL and inoculum were added: -to rows,
emérgence was significantly (P<.05) reduced compared‘to
that of rows having no additions a£ all (Tﬁble~5L
However, potassium fertilizers did not affect plant
emergénce’when'added to inoculated, fungicide tpeéted,

rows.
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Table 4. Effects of systemic fTungicide seed treatments
on grain yield per row, total tiller number per
row, and harvest able tiller number per row of
CRR diseased “Washonupana® barley.

Inoculation Fungicide Grain Tiller Number Per Row

Treatment Treatment Yield

per rowl Total?2 Harvestable”

@ @ @

Inoc. Furmecyclox 208.3 A" 357.2 A 193.9 A
Inoc. Etaconazole 210.4 A 386 .1 AB 192.5 A
Inoc . Prochloraz 198.1 A 411.4 AB 189.0 A
Inoc. Nuarimol 219.2 A 441.0 B 235.7 B
Inoc . Triadimenol 196.0 A 413-3 AB 187.7 A
Inoc. Imazalil 202.5 A 4445 B 207.2 AB
Inoc . No Fung.- 212.0 A 441.0 B 188.9 A
Uninoc. No Fung. 188.3 A 412.4 AB 177.9 A

N Grain weight from the two center rows was averaged
and analyzed across the three fertilizer treatments,
after adjusted for plant population per row.

2 The number of tillers from the center two rows was
averaged and analyzed across the three fTertilizer
treatments, after adjusted for plant population per
row.

~ The number of harvestable tillers from the center two
rows was averaged and analyzed across the three
fertilizer treatments, after adjustment TfTor plant
population per row.

* Column means fTollowed by common Qletters are not
significantly different (P<.05) according to Newman-
Keuls multiple comparison method.

Rows treated only with KCI had reduced disease
levels, whether i1noculum or autoclaved inoculum was added
(Table 5). This reduction was not significant (P<.05).
However, disease ratings were significantly (P<.05
reduced by application of KCI to inoculated, Tfungicide

treated rows.
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Table 5. Effect of potassium fTertilizers on plant
emergence and percent disease ratings of CRR
diseased “Washonupana®™ barley.

Emergence Disease Rating
(t plants/row)l ™2
I. Fertilizer Treatment
KCI 47.9 A3 36.9 A
KpSOh 49-5 A 57.2 B
No Fert. 52.2 A 54.6 B

:.Fertilizer Inoculation
Treatment Treatment

No Fert. 1Inoc. 47.2 AB 59-7 A
No Fert. Uninoc. 69.8 B 57.4 A
KCI Inoc. 42.3 A 39.9 A
KCI Uninoc. 65.3 AB 47 .1 A
K2S01], Inoc. 47.2 AB 60.2 A
K2501, Uninoc. 59.5 AB 66.0 A

The number of plants from the center two rows were
averaged, and analyzed across the fungicide- inoculum
factor for 1 but not 11.

2 The percentage of diseased plants from a four row plot
constituted the disease rating, and was analyzed
across the fungicide-inoculum factor for 1 but not II.

3 Column means Tfollowed by a common Iletter are not
significantly different (P<.05) according to Newman-
Keuls multiple comparison method.

Addition of only potassium fTertilizers to inoculated
or uninoculated rows did not affect grain yield or the
number of harvestable tillers of those rows but did
affect the total number of tillers per row (Table 6).
When only KCI and inoculum were added to rows, the total
number of tillers per row was significantly (P<.05)
reduced compared to that of rows having only KCI

addition. However, potassium Tfertilizers did not affect
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grain yield per row, and the number of harvestable or

total tillers per row when added to inoculated, fungicide

treated rows.

Table 6. Effect of potassium fertilizers on grain yield
per row, total tiller number per row, and har-
vestable tiller number per row of CRR diseased
*Washonupana * barley.

Grain Tiller Number Per Row

Yield
per row”™ Total” Harvestable”
@ U) @
1. Fertilizer Treatment
KCI 199.7 A* 401.3 A 198.1 A
KpSOy 207.3 A 409.0 A 192.0 A
No Fert. 206 .1 A 422 .2 A 199.6 A
Il.Fertilizer Inoculation
Treatment Treatment
No Fert. Inoc. 207 =1 A 439-3 AB 177.2 A
No Fert. Uninoc . 217.9 A 464.7 AB 227.7 A
KCI Inoc. 170.6 A 352.3 A 162.7 A
KCI Uninoc. 228.2 A 503.2 B 225.5 A
Inoc. 232.9 A 425.7 AB 191.0 A
KgSOy Uninoc. 206.0 A 424.3 AB 203.0 A

" Grain weight from the two center rows was averaged,
and analyzed across the fungicide-inoculum factor for |1

but not Il and was not adjusted for plant population
per row.

N The number of tillers from the center two rows was
averaged, and analyzed across the fungicide-inoculum
factor for | but not Il and was not adjusted for plant

population per row.

3 The number of harvestable tillers from the center two
rows was averaged, and analyzed across the
fungicide-inoculum factor for 1 but not Il and was not
adjusted for plant population per row.

AN Column means followed by common Iletters are not
significantly different (P<.05) according to Newman-
Keuls multiple comparison method.
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Addition of only potassium fertilizers to inoculated

or uninoculated rows did not affect 1000 kefnel weight or

the number of kernels per spike
KZSOH and KCl did differentially
when added to fungicide treated

significantly (P<.05) increased

(Table 7). However,
affect these parameters
rows. K,50, addition

"the kernel number per

spike from that of KCl treated rows while KC1l addition

significantly (P<.05) increased

from that of nonfertilized rows.

the 1000 kernel weight
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Table 7. Effect of potassium fertilizers on 1000 kernel
weight and the number of kernels per spike of
CRR diseased “Washonupana * barley.

Kernels 1000 kernel
Per Spikel Weight2
@) U
Fertilizer Treatment
KCI 19-4 A3 40.3 B
KpSOh 19.9 B 39.6 AB
No Fert. 19.8 AB 38.8 A
.Fertilizer Inoculation
Treatment Treatment
No Fert . Inoc. 20.5 A3 37.8 A
No Fert . Uninoc. 19.3 A 39.3 A
KCI Inoc. 19-3 A 38.9 A
KCI Uninoc . 19.3 A 39.7 A
KpS Inoc. 20.3 A 40.8 A
K2S04 Uninoc. 20.3 A 39.3 A

The number of kernels per spike (obtained from twenty
spikes per center two rows) was averaged, and analyzed
across the fungicide-inoculum factor for 1 but not II.
The weight of 250 kernels from the center two rows was
averaged, multiplied by a factor of four, and
analyzed across the fungicide-inoculum factor for 1 but
not 1II.

~ Column means followed by common Jletters are not
significantly different (P<.05) according to
Newman-Keuls multiple comparison method.

Discussion
Treatment with most of the systemic, ergosterol
inhibiting fungicides resulted iIn a tendency for the
percent disease ratings to be reduced below ratings

obtained from plots, inoculated or uninoculated, not

treated with a Tfungicide. However, only nuarimol
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significantly (P<.05) reduced percent disease ratings.
Only one fungicide, "furmecyclox, did not reduce percent
disease ratings. A

Three of the systemic fungicides used-gn this study
(nuarimol, triadimenol, and imazalil) have been reported

to be effective in reducing disease ratings of CRR

diseased mature spring wheat and barley (Verma, 1983;

Piening et al., 1983; Verma et al., 1981). My results
also suggest that these fungicides do tend to reduce

percent disease ratings but only nuarimol ‘had a

" statistically significant (P<.05) effect. Reports from

Canada, however, showed consistently variable results
(Verma, 1983; Piening et al., 1983; Verma et al., 1981).
Location, cultivar, time, dosage, and formulation all
apparently affect efficacy of the funéicides.

~There have been reports that the systemic fungicide
seed ' treatments used in this research exhibit
phytotoxicity (Vérma, 1981; Verma, 1983; .Piening et al.,
1983); Apparently, piant emergence may be reduced and
reportedly (Verma et al., 1981) hulless barley types may
be -affected more than hulled barley types. In these
tests, however, treatment witn imazalil or nuarimol did
not reduce plant emergence below the emergence occurriﬁg

in inoculated or uninoculated, nonfungicide treated rows.

P I R | R S}
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In. fact, addition of these fungicides resulted in a
significant (P<.05) increase in the plant emergence of
inoculated rows above the emergence observed ' in
nonfunéicide treated, inoculated rows. Apparently,
hulless cultivars'are sensitive to addition of inbcﬁlum
but are protected by seed treatment'.with imazalil or
nuarimol. Whether these fungicides would ha&e increased

plant. emergence of uninoculated rows (only natural

inoculum present) above the eﬁergenee of wuninoculated,

nonfungic;de treated rows, cannot be answered by this
stqdy. Regardless, these fuhgicides did not act 'in a
bhytotoxic manner at the rates used in tﬁis study but
rather acted in a protective mode.

Several recent reports (Verma et .al., 1981} Piening
et al., 1983; Verﬁa, 1983) suggest that even though
percent disease ratings of a plot containing a mixture of
healfhy and diseased plants may be altered by' use of
systemic fungicide seed treatmenté, grain yield of the
plot is mot subsequently increased and may, in fact, be
decreased. Results ,of this study support that
contention. Reduction in disease ratings did not result
in 1increased grain yield. Even ;hen the plant stand was
accounted for by covariance statistics, an increase in

grain yield of .a plot containing a " mixture of
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differentially diseased plants was not detected even
though disease had been reduced.

The effect of.systemic fungicides on yield
components of CRR diseased barley has not been reported.
My results suggest that certain yield components of. a
row containing a mixture of differentially diseased
plants copld‘be inecreased by seed treatment. ﬁoﬁever,

when yield components were adjusted for plant population,

significant (P<.05) differences in fungicide and

nonfungicide treated rows were not detected except
when triadimenol was used. The number of harveétable
tillers per row was significanply (P<.05) increased when
triadimemél was used and plant stand was accounted for.
However, triadimenol did not significantly (P<.05)

reduce percent disease ratings and a cause and effect

relationship, as determined by correlation statistics,

could not be shown to exist between inqreaéed yield

components and decreased disease, when disregarding plant

stand. Therefore, increased yield components were

probably nqt induced by a reduction in disease.

Use of KC1l fertilizer resulted in significantly
(P<.05) reduced percent disease ratings only when
analyzed over the inoculum-fungicide factor, when

analyzed‘over only the inoculated and uninoculated
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treatments‘(no.addition of fungicide), treatment with KC1
did not result in. percent disease'ratingé'significantly
(P%.OS) Below percent disease ratings resulting from
treatment with K,80y or no fertilizer. For reasons
unknown, the peﬁcent disease rating of uninoculéted rows
.was not lowered by treatment with KCl, whereas treatment
of inoculated rows with KC1 did result in lower percent
disease ratings, although not significantly (P<.05)
lower.. Thus, when the fertilizZer treatments were analyzed
over only the inoculatéd fungicide treatments, addition
of KCl to rows ‘resulted in significantly (P<.05) reduced
percent disease ratings while use of Kzsou or no
fertilizer did not affect percent disease ?atings. These
_results suggest fhat the chloride anion,'not‘the
potassium cation, isrthe effective agent against CRR.
Even though KCl reduced percent diéeaselratings,
subsequept increases in yield of yield components were
. not detected. Addition of KC1l did signifieantly §P<;05)
_increase 1000 kernel weight but significant (Pé.OS)
differences between inoculated and uninoculated rows were
not detecfed. This suggests that the response to KCl was
a fertilizer response énd not a response to disease
control. Apparently, KCl addition reduceS'the proportion

of diseased subecrown internodes in a plot but does not
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affect yield and yield.components through this reduction
in disease.

.Becguse 'Washonupana; did not form discernable
subcrown internodes at a consistent level in any plot,
percent disease ratings -could 6n1y be aetermined b#
examining less than a total of 100 suberown internodes
for three replications. Most researchers of CRR examine
a minimum of 50 subcrown internodes per replicafion when
determiﬁing percent disease ratings. Nonetheless,
results of this stud& suggest that percent disease
ratings can be reduced>by treatment with KCl1 or certain
systemic fungicides.‘ A greater proportion ﬁf the
subcrown internodeé were of the healthy class when
tfeated with KCl or nuarimol than those not treated with
these_agents. '

Fertilization with KC1 6r seed treatmen£ with
nuarimol reduced percent disease ratings. However,
significant.- (P<.05) interactions were not defeéted
betwéen the two treatments. Plots treated with KCl and
nuarimol showed no less disease than plots treated ‘only
with KCl or nuariﬁol.'In my study, disease intenéity'wasA
based on subcrown internode discoloration. Both KC1 and
ngarimbl reduced this disease’symptém but did not act

sYnergisticaily in furthur redncing this disease'symptom
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when used together, suggesting that the two agents réduce
Ssubcrown internode discolqration through different
"mechanisms.
Since sympton expression(i.e” subecrown internoae
.discoloration) was rgduced with KCl use, protection of
the subcrown internode was probably occurring, suggesting
an effect on the plant by the chloride anion or, perhaps,
translobatién of an effective fungitoxic agent to the
subcrown internode. Protection of the suberown internode
may be due to optimum plant nutrition as reports suggest
that chloride anion aﬁailability reduces nitrate uptake
(Younts et al., 1958). Canadian reseapchers‘have
determined that the form of nitrogen used in the
ferfilizatiqn of cereals Qay affect CRR intensity
(Ledingham, 1970; Piening et al., 1969). Appareﬁtly,
urea fertilizer either does not affect CRR intensity or
results in.décreased CRR intensity whi;e nitrate usage
results in increased CRR inteﬁsity. The possibilty
exists that the chloride anion reduced CRR intensify by
reducing the amount of niérate taken up by a plant.

Use of chloride fertilizers results in moré negative
leaf osmotic and water potentials than normal
(Christensen et al., 19&1). Increased chloride anion

concentrations in leaf tissue were measured and shown to
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be a potential cause of the lowered potentials. Use of
chloridé fértilizefs also reduéed take~all. Other
reseachers have reported that fertilization with chloride
reduces natufal root necrosis of corn and stalk rot'of
corn (Martens et alﬂ, 1967; Younts et al., 1958). The
. distinet possibility exists that in my study KCl reduced
subcrown internode discoloration by inhibiting C. sativus

growth through more negative osmotic potentials in the
subcrown internodeﬂ' ’

Use of the systemic fungicide, nuarimol, did result
in reduced percent disease ratiﬁgs. Presumedly being
translocatively ambimobile, nuanihol, or its by-product,
would be present in the symplast and apoplast of the

subcrown internode. - Therefore, fungal growth within the

subcrown internode would be stoppéd or reduced. However,

reports suggest that these new generatlon, ergosterol

1hhibiting fungicides may also ha&e hormonal effects,
resulting in shorter and wider subcrown internodes than
normal (Chinn, 1978; Chinn et al., 1980). If this were
the case, then reduced discoloration of the subcrown
internode would occur, apparently fthrough an escape
mechanism. In this gtudy the subcrown internodes were
short but any reduc£ion in lengfh was‘probably_due more

to cultivar effécts than to fungicide effects as all

)
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subcrown internodes, regardless of treatment, were'short
-or nonexistent. The supposition that the fungicide, or
its by-product, is translocated to the subcrown internode
and that the fungicide or ifs by-product is fﬁngicida14in
vitro (Lilly Research Laborafories, 1976), suggests that
the fﬁngicide is reducing disease by restricting growth
of the CRR pathogen within the subcrown internode tissue,
not by some prophylactic mechanism.

The question of competifive effects on yield is
raised by the results of this study; The disease
intehsity in a popdlétion of plants could be iowered by
addition of control agents but yield of that population
of plants was not subsequently increased. Even when
yield and yield . components were adjusted for élant
population, increases 1in yield.and yield components were
not detected even though d;sease was reduced. Roﬁs
containing a large proportion of. diseased plants did not
yield less than rows containing a's;gnifieantly_lower
proportion of diseased plénts. The disease does affect
the yield and yield components of individual plants but
reports (Grey et al., 1984; Verma, 1983; Verma et al.,
1981) have suggested that the yield and yield components
of a group of differentially diseased plants are not

reduced even though the disease is present and is
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intense. For this to occur, some plants in a group of
differentially diseaséd plants mpst be growing better and
yie;ding more than nérmally; The likelihood exists that
clean plants, adjacent to diseased plants, benefit as
increased amounts of water and nutrients ére likely
available, due to reduced use by neighbofing diseased

plants.
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Chapter B

Conclusions

.Pathological effects, due to inoculation pf barley
with the CRR pathogen, were negated by use of certain
systemié fuﬁgicides and KCl fertilizer. Emergence of
inoculated rows was increased when planted with seed
treated ﬁith nuérimol, imazalil, or triadimenol.‘Percent
‘disease ratings were reﬁuced by treatment with nuaraimol
or KCl. However, increases in grain yield per row and
yield components did not result from reduction in disease
_inténsity, even when adjusted for plant stand per row.
The disease intensity of a barley plot may apparently be
reduced by use of certain control agents but compensatory

effects may reduce or eliminate any potential benefits.

¢
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