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ABSTRACT

Formation of higher number of tillers is desirafile higher grain yield in both wheat and barleiferts have
delayed physiological development. Studies addrgsie contribution of secondary tillers in finalON
concentration for wheat and barley are limitedsTbject aims to improve our understanding oféietionship
between FHB symptoms and DON concentration by exiagthe contribution of primary spikes and secoynda
tillers as it relates to the final DON concentmatixperiments, established as split-split ploigiesvith five
replications, was be conducted in South Dakota mitkderately resistant and susceptible cultivaesach spring
wheat, winter wheat and barley. Two inoculationetitreatments was applied; at the anthesis of pyis@ikes
(Feekes 10.5) and at anthesis of tillers (Feeke®).1Rrimary spikes (inoculated at Feekes 10.5) tdieds
(inoculated at Feekes 11.2) were harvested selyamtalyzed for visually scabby kernels and deosgjanol
following standard protocols. Levels of DON weratistically higher in main heads of barley andrgprivheat
in each cultivar compared to its tillers. In winteneat, though there was higher DON level in slidran main
heads in each cultivar, it was not statisticallfjedent. Based upon our result, it is suggestetiahiéivars with
high tillers number should be selected in breegimgrams to develop cultivars with high yield aoad/ IDON.
Similarly, planting density of wheat and barley t@nadjusted such that it will result in higher tens of tillers,
increasing tillers proportion that might lower D@bihcentration in final harvest.

Keywords: Fusarium Head Blight (FHB), Vomitoxin, Late Infemti Gibberella Zeae, Fusarium
Graminearum, Fhbl

1. INTRODUCTION (Schwein) PetcHanamorphF. graminearum Schwabe]
) ) (Bai et al., 2001). The protrudence of anthers (Strange and
~ Development of higher numbers of tiller has been smith, 1971) and temporary opening of florets dyrin
linked to positive impact on final grain yield obth  anthesis are strongly linked to susceptibility dieat to

wheat and barley. Nerson (1980) reported a more tha infection byFusarium spp. (Bushnekt al., 2003).
double increase in wheat yield when tiller numbeese Infection occurring at anthesis results in higher

increased from 6 to 16 per plant despite the deeréa  jisease s P :
. . i ymptoms and DON concentration in the final
plant density by about 70%. Dofing and Knight (1592 grain, however, infection byusarium spp. can occur

conducted a path analysis for barley grain yield an
. ; . even up to the hard dough stage of wheat (Pen&t,
reported a negative impact of increased numbepiges 12007). Late infections typically result in lowenés of

per square meter on two yield components: Kerne i . . . . .
weight and kernel per spike. However, the impact onSymptomatic grain than infection which occur during

yield was highly positive, resulting in a net effexf  anthesis. Interestingly, Cowger and Arrellano (01
increased yield. reported high DON concentration in late infectedtes

Fusarium Head Blight (FHB) of wheat and barley in wheat in the presence of high moisture conditidespite
North America is primarily caused bgibberella zeae the presence of a low level of visually scabby &k=rnThe

////4 Science Publications 203 AJABS



Pravin Gautam et al. / American Journal of Agriatdt and Biological Sciences 7 (3) (2012) 293-300

situation of low disease-high DON is pronounced emor 2. MATERIALSAND METHODS
under the situation of delayed or prolonged crop

development. Reasons behind the high DON levetaing
of crops which have undergone delayed crop devedopm

Experiments were conducted at the South Dakota
State University’s Plant Pathology Farm in Brooling
. ; SD in 2011. The experimental design was a split-spl
and/or late infection are .not fully gnderstoqd_ m“fﬁ'e plot design with fiv% replications.gTwo inocuﬁatio?\
that due to later maturation of spikes on tillérart main  reatments (inoculation at anthesis of primary epiér at
Stem, tl||eI’S m|ght create the situation analoghB Ia.te anthesis of lateral ti”ers) were app“ed as maiots)
infection with impact on the observed low FHB-hDON  cultivars were on the sub-plots and the sub-subvsés
condition. The growth and development of spikeiltams G. zeae or mock inoculations. Assignments of treatments
is slightly delayed as compared to the main stetepfer were random. Each experimental unit was a plot®ii
et al., 1998). Differential growth and maturation ofkgsi X 4.5 m. The plots were planted in mid-May. Brorate
within the same plant or even same field extends th (3, 5-dibromo-4-hydroxybenzonitrile, 0.086 L a.afh
window of infection by G. zeae. However, studies Bayer Crop Science, Research Triangle Park, NC) was
addressing the contribution of secondary tillersfiial applied at the 3-4 leaf stage to control bro.adw.aéds
DON concentration are limited. and Di-syston 8® (disulfoton, 0.082 L a.i/ha; Baye

Past studies have indicated the peaking of DON inCrOp Science, Research Triangle Park, NC), wasatppl

grain sometime before maturation followed by a idecbr to chJntroI aghﬁs an(? othgr |nse?ts. Hand weeding
steady levels thereafter. Sceatt al. (1984) reported a supplemented chemical weed control.

decline in DON levels before harvest in naturafifected 2 1 p|ant M aterials

commercially grown winter wheat in Ontario, Canada.

They observed a decline in the DON levels as tlangr The experiment included three different crops;
matured and the decrease was consistent acrofslasl barley, Hard Red Spring Wheat (HRSW) and Hard Red
evaluated. Miller and Young (1985) also reportedt th Winter Wheat (HRWW). Two each of barley; ‘Robust’
DON peaked six weeks after infection and declined [Susceptible (S) to FHB] and ‘Quest’ [moderately
thereafter until it reached a constant level befaevest.  resistant (MR)]; hard red spring wheat; ‘Brick’ (MR
Others have also reported DON peaking in wheat andand SD3854 (MS) and hard red winter wheat;
declining thereafter (Argyrigt al., 2003; Culleret al., WesleyBC6 (MR) and WesleyBC70 (MS) were used in
2007). A similar decline in DON levels before hatwveas the study. Within each wheat class, the two eniiese
reported in barley. However, high DON levels inafin  closely related genetically and differed by thet fdmt
harvest despite low disease symptoms might bealttet  the MR entry possessed thghbl QTL for Type II
delay in physiological development of secondarersl  resistance and the S entry did not. In all casesptirs

compared to the primary spikes, in turn delaying th \yere similar agronomically, e.g., flowering datejdt.
spiking and decline of DON levels. Similarly, sincalt

barley is not free threshing, late infections @f falea and ~ 2.2. Inoculum Production
lemma could impact DON at harvest.

An understanding of the contribution of differétérs
to the final DON level inFusariumrinfected wheat and
barley heads can be used in disease management. =5) A ; >
example, farmers can manage FHB and DON by choosingUNd bean agar media (MBA) in rET’J'et” dishes (40 ggnu
cultivars with low or high tiller number. Furtherme tiller eans boiled for 23 min in 1000 milof Deionized (DI)
numbers can be manipulated by adjusting plantimgige ~ Water, filtered through two layers of gauze padgjsied to
and knowledge obtained from this study might algo b 1 L with DI water, 15 g of Difco agar [Bectin, Didson
useful to breeders so that they can consider itijer and Company, Sparks, MD 21152] and autoclaved).
characteristics in FHB resistant cultivar breedifgie  ISolates in MBA were allowed to grow for 7 days end
results from this experiment might also be useful t fluorescent and UV lights (12 h: 12 h light: Dagcle) at
chemical companies for fungicide development by room temperature (22-24°C). On the seventh day,
encouraging shorter pre-harvest intervals. Fingllg,result ~ macroconidia were harvested by washing MBA platiéls w
might also help in decision-making process of fasrte ~ ca. 20 mL" of deionized (DI) water per plate using a O
identify the most ideal time for fungicide applicatand to ~ powered backpack sprayer fitted with flat-fan sptay
assess the economics of sequential fungicide atiplis. (TeeJet SS8003; Spraying Systems Co., Wheatomj k)

The objective of this study was to improve our operating pressure of ca. 276 kpa. The spore ssispen
understanding of the relationship between Fusatiead was filtered through one layer of cheesecloth tmoee
Blight (FHB) symptoms and DON concentration by mycelia fragments. The spore concentration wasrdéeted
examining the contribution of primary spike andosetary using a hemacytometer. The inoculum concentratiea w
tillers as it relates to the final DON concentratio adjusted to 18xT0spores m[* and stored at -80°C until

Ten single-spored isolates & zeae, were used and
inoculum was produced following the protocol of Gean
pd Dill-Macky (2012). Briefly, isolates were cuttd on
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used for inoculation. The inoculum was diluted @
spores mL* for inoculation before use.

2.3. Inoculation

Inoculums viability was tested by plating 0.5 mL of
stock inoculum on Potato Dextrose Agar (PDA) and
counting germinated spore after 8 h. We intendédonase
inoculum with less than 90% spore germination dnsl t
will reduce the variability arising due to the diffnce in
spore germination. However, in our case all inatuhad
more than 95% spore germination.

Twenty-five primary spikes or tillers were taggasl
appropriate when the plots were at primary spileekEs
10.5) and tiller (~Feekes 11.2) anthesis, respaygtifor
wheat and at full spike emergence for 50% of tleaoy
spikes and tillers, respectively for barley. Thesere
inoculated with a suspension of macroconidia (ed.
spores m[") and polysorbate (2.5 mf). Inoculum was
applied using a C&powered backpack sprayer, operating
at a pressure of ca. 276 kPa and fitted with 8atspray tip,
at a rate of 29.6 mL per square meter area. Coplints
were mock inoculated with water. A mist-irrigatieystem
was run for 10 min immediately following inoculation
order to facilitate infection. This system, mountedrisers
at a height of 1 m, was programmed to run for 10 exery
hour starting at 5 p.m. and ending at 7 a.m. Mistias
applied until 14 days after inoculation (dai).

2.4. Sampling, Disease  Assessment
Mycotoxin Analysis

FHB severity was assessed visually 18 dai by cognti
total and the number of infected spikelets on tdggein
spikes and ftillers. At maturity, tagged spikes from
individual plots were manually harvested, thresledked
and analyzed for Visually Scabby Kernels (VSK) by
enumerating the number scabby kernels in 100 sgeds

and

OPrimary spikes

B Tillers

FHB severity (%)

reps). The rest of the plots were mechanically dsted at
maturity and threshed using a low fan speed inrotole
retain heavily infected grain kernels and dried4atays at
95°C. Dried grain was cleaned using a belt threshertest
weight and yield were estimated. In barley, sincekV
could not be assessed, seeds were passed throedh se
separator delivering wind at 30 mph and separatedour
categories (1 to 4; lightest to heaviest) based ugeed
weight. H/L Ratio was calculated using formula; Hratio
(3+4)/(1+2). Following the assessment of VSK, the
samples were ground and submitted for mycotoxityses

to Veterinary Diagnostic Laboratory, North DakottatS
University. DON and related mycotoxins was analyzed
using gas chromatography-electron capture det¢GGr
ECD, detection limit 0.5 ppm). Test weight was noees
using a standard USDA 1 pint cup and convertedkgphl

! Yield (kg h&') was estimated from the total yield obtained
from individual plot.

2.5. Data Analyses

Arcsine transformed data of barley severity and
HRWW FDK, log transformed barley DON data and
square root transformed HRSW FDK and DON data
were used for analyses. Data on HRSW severity,
HRWW severity and DON; and test weight and yield of
all three crops were analyzed without transfornmatio
Data were analyzed using proc mixed procedure i SA
v. 9.2 (SAS Institute Inc., Cary, NC). Means were
separated using Fisher's LSD.

3.RESULTS

3.1. Disease Severity

FHB severity in mock inoculated plot was relatively
high (up to 50%) for the study. It was significgnitbwer
than the G. Zeae inoculated plots.

Brick SD3854 Weslev BC6

HRSW

HRWW

Weslev BC70 Quest Robust

Barley

Fig. 1. FHB severity (%) observed in primary spikes anigrsl of HRSW [Brick (MR) and SD3854 (MS)], HRWW [WesIBL6
(MR) and Wesley BC70 (MS)] and barley [Quest (MR) amthist (MS)]
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Table1l. Analysis of variance of Fusarium Head Blight (FHigVerity, H/L Ratio, Visually Scabby Kernels (VS&)d Deoxynivalenol (DON), of
head samples harvested at maturity of barley, R&dl Spring Wheat (HRSW) and Hard Red Winter Whd&\W/W)

Barley Hard Red Spring Wheat (HRSW) Hard Rédter Wheat (HRWW)
Effects Severity H/L Ratio  DON Testwt.  Yield Seirgr  VSK DON Testwt.  Yield Severity VSK DON Testw Yield
Spike types (ST) 0.32 0.99'S 170.95* 1.66°  1.00" 1.12%% 5.64* 34,92 1217 16.40**  28.23* 469 063 1276~ 0.59°
Cultivar (Cult)  0.49° 27.23* 18.11**  2.60S 253 97.92= 071  o0.01% 2227  67.26*  1.29 1.09 037 0.04'  2.20°
ST*Cult. 5.99% 1.70° 10.87%* 012 176 1.23' 15.55%  6.29* 7.63* 1.48° 6.10% 1135 009 223 0.0
25 4
OPrimary spikes
M Tillers
= 20 A
-
N
-
= 15 A
S
5
2
Z
< 10 Ao
2
S5 A
4]
Brick SD3854 Wesley BC6 Wesley BC70

HRSW

HRWW

Fig. 2. Visually scabby kernels (VSK, %) observed in priynapikes and tillers of HRSW [Brick (MR) and SD3884S)] and
HRWW [Wesley BC6 (MR) and Wesley BC70 (MS).]

Deoxynivalenol (DON, ppm)

>

n

OPrimary spikes

B Tillers

HRSW

Weslev BC6

Wesley BC70 Robust

HRWW Barley

Fig. 3. Deoxynivalenol (DON, ppm) observed in primary spgiland tillers of HRSW [Brick (MR) and SD3854 (MS)], HRW
[Wesley BC6 (MR) and Wesley BC70 (MS)] and barley [Q®HR) and Robust (S)].

In barley, FHB severity was not statistically diffat
between primary spikes and tillers or between vans
(Table 1); however, the interaction of cultivars with spike
types was significant. Robust had significantly Heig
FHB severity than Quest in primary spikdsg 1). In
HRSW, there was no statistical difference betwekiB F
severity in primary spikes and tillersgble 1). However,

////A Science Publications

cultivar effect was significant with SD3854 (34.3%)
having significantly higher FHB severity than Brick
(7.9%). In HRWW, the main effect of spike types was
significant, however, it was dependent on cultifgable

1). WesleyBC6 had significantly higher FHB severitly
primary spikes than tillers, there was no diffeeemgthin
Wesley BC70FKig. 1).
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Test weight (kg/hL)

Brick SD3854

HRSW

Wesley BC6

HRWW

Wesley BC70 Quest Robust

Barley

Fig. 4. Test weight (kg/hL) observed in primary spikes &hers of HRSW [Brick (MR) and SD3854 (MS)], HRWW [Wley BC6
(MR) and Wesley BC70 (MS)] and barley [Quest (MR) amdbst (S)].

2000 ~
1800 - OPrimaryspikes MTillers
1600 A
1400 4
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Yield (kg/ha)y

800 A
600 A

400 A
] ’_.
Q

~ill

Brick SD3854

HRSW

Wesley BC6

HRWW

Wesley BC70

Quest ‘ Robust

Barley

Fig. 5. Yield (kg/ha) observed in primary spikes and tdlef HRSW [Brick (MR) and SD3854 (MS)], HRWW [WesIBZ6 (MR)
and Wesley BC70 (MS)] and barley [Quest (MR) and Rb{si§

3.2. H/L Ratio and Visually Scabby Kerne (VSK)

Only the cultivar main effect was significant foflH
ratio (Table 1) in barley. H/L ratio was significantly
higher in Quest (0.86) compared to that of RobDigt7).
The effect of spike types was significant for VSK i
HRSW; however, it was dependent on cultivarable 1).
VSK was significantly higher in primary spikes of
SD3854 compared to its tillers and the primary epiind
tillers of Brick (Fig. 2). In Brick there was no statistical
difference between VSK observed in primary spiked a
tillers. In HRWW, none of the variables were sigrht
for VSK. Mean VSK in HRWW was 11.07%.

3.3. Deoxynivalenol
All variables and their interactions were signifitéor
DON in barley Table 1). Levels of DON were statistically

////A Science Publications
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higher in primary spikes of barley in each cultigampared
to its tillers Fig. 3). Robust had significantly higher DON
levels than Quest only in primary spikes. In HRSYQN
levels were significantly higher in primary spikésan
tillers in each cultivar; however, cultivars wereot n
statistically different for DON levels. In HRWW, dbgh
there was higher DON level in tillers than primapjkes in
each cultivar, it was not statistically different.

3.4. Test Weight

None of the variables had significant effect ort tes
weight in barley Table 1). Mean test weight in barley,
combined over cultivars and inoculation, was 54kg4
hL™. All of the variables and their interactions were
significant for test weight in HRSW. Test weight sva
significantly lower in primary spikes of SD3854

AJABS
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compared to that of its tillers and primary spilesd
tillers of Brick (Fig. 4). Brick had significantly higher test
weight only in primary spikes compared to that DB854.
In HRWW, only the spike types effect was significarest
weight was significantly higher in primary spik€&6 86 kg
hL™) than tillers (63.6 kg hL%).

3.5.Yied

None of the variables had significant effect on
barley and HRWW yield Table 1). Mean yield were
735 and 1488.1 kg Ra for barley and HRWW,
respectively Fig. 5). For HRSW, only the main effects
of spike types and cultivars were significant. Mgaid
was significantly higher in tillers (294.2 kg Hathan
main heads (199.2 kg faand significantly higher in
Brick (342.9 kg h&) than SD3854 (150.5 kg Ha

4. DISCUSSION

To the best of our knowledge, this is a first gttml
evaluate the contribution of primary spikes and
secondary tillers to DON levels in harvest graihtheee
different crops with varying degree of resistare&HB.

inoculum and splashed inoculum. This might resnlt i
infection and higher DON levels compared to that of
primary spikes. However, our result suggests that,
despite delayed physiological development of Slldran
primary spikes, primary spikes tend to accumuléybér
proportion of DON. The reason behind high DON in
primary spikes might be due to the fact that prynar
spikes reach anthesis earlier than tiller, thugyfisnget
longer period to grow and invade wheat tissue,iteath
higher DON concentration.

Contribution of different spike types for yield sva
evaluated by Maset al. (1996) and reported that under
non-saline condition, main spikes contributed 29%635
and tillers contributed 62-83% of the total graielg in
wheat. Similarly several other reports (Nerson, (198
Dofing and Knight, 1992) have indicated positivepant
of tillers in total yield. Ansaget al. (2010) also reported
an increase in total yield despite a decreasedivigtual
grain weight and number of grains per spike whiggrsi
were increased from 30 per’ro 600 per rh These
increases in yield might be due to the additioralirg
obtained from tillers. Since they did not compareldy
from primary spikes verses tiller, our results anbe

compared directly with theirs. In our study, no

Since no specific studies have been done in thé passignificant difference was observed in yield ob¢ain

looking at the effect of tillerper se on FHB or any other
disease, the result from this study cannot be comipa
directly with others. However, several studies hbgen
conducted looking at wheat planting density aneate.
In a study by Fincklet al. (1999), a negative correlation
was found with powdery mildew and planting density
barley. Pfleeger and Mundt (1998) found little evide for
an effect of density on wheat leaf rust in wheat arid
oats mixtures and suggested this may have beendmoé
compensatory tillering at low densities. In a tvaay study,
Garrett and Mundt (2000) reported an increasevieritg of
stripe rust caused byuccinia griiformis in one year and
decrease in next year with an increase in plaamgity.

It is a general assumption that higher number of

tillers creates condition similar to high plantidgnsity
in that latter promotes disease, especially foliar
pathogens, due to a changed canopy microclimatsarAn
et al. (2010) reported an increase in Septoria leafchlot
severity in wheat with an increase in tiller numfrem
30 tillers per rito 600 tillers per f They attributed the
increase in disease development at higher dengéyta
a more favorable microclimate produced within thafl
canopy. SinceG.zeae is soil borne pathogen and its
inoculum reach primarily due to rain splash frone th
ground level, it was our assumption that tillerginiact

from primary spikes with tillers except in HRSW, evh
estimated yield was significantly high in tillefBhough
grains in primary spikes are generally larger aedvier
than in tillers, in our case it was not evidentribg the
2011 growing season and especially at the period of
flowering and grainfill, the temperatures were
unseasonably warm in the region, resulting intontetdi
plants and very small heads with abrupt anthedns T
might have resulted in smaller spikes and grainth wi
lower test weight. It may also have influenced the
resistance response of the host.

Several studies in the past reported fiattl QTL
can significantly reduce FHB developmeRtmphreyet
al. (2007) reported an average reduction of 23% in
disease severity and 27% for grain infection in MNea
Isogenic Lines (NILs) of wheat with tHehbl resistant
allele. Similarly reductions of kernel infectiontieen
37 and 41% due to the effectkfibl have been reported
in different populations (Blaugt al., 2010). However,
there were no significant differences in FHB selyediue
to Fhbl in HRSW and HRWW, except in the tillers of
HRWW (~35% reduction). Similarly, kernel infectiam
VSK was not statistically different in HRWW with @n
without Fhbl. However in HRSW, there was 32%

as a barrier. Fewer spores would potentially reachreduction in kernel infection or VSK when combined

primary spikes leading to higher infection and DON over primary spi_kes and tillers dueﬁbbl._lnconsistent
accumulation in tillers. Similarly, due to delayed result obtained in our study are most likely duettte

physiological maturity of tillers; it was our asspiion
that tillers get infected with late arriving air rpe
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erratic environmental condition during the growing
period. For example, the barley and HRSW planted pa
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the optimal timeframe due to high soil moisture Argyris, J., D.V. Sanford and D. TeKrony, 2003.

conditions on the farm, there were several heatewat Fusarium graminearum Infection during Wheat
around anthesis stage, which is the key stage for geeq Development and Its Effect on Seed Quality.
infection by G. zeae. The unfavorable environmental Crop Sai. 43 1782-1788. DOI:

condition also impacted yield and test weight. Yief
Brick in non-inoculated plot (444.28 kg fipwas almost
86.8% less than the yield reported in cultivar segtion

10.2135/cropsci2003.1782
Bai, G.H., R. Plattner, A. Desjardin, F. Kolb andAR

by Gloveret al. (2010). Mclintosh. 2001. Resistance to fusarium head blight
and deoxynivalenol accumulation in wheat. Plant
5. CONCLUSION Breed., 120: 1-6. DOl 10.1046/].1439-

0523.2001.00562.x
Our results suggests that FHB severity tends to beBlaut, A., A. Clark, G. Brown-Guedira, E. Souza dhd
higher in primary spikes than tiller in wheat when Van Sanford, 2010. Validation of Fhbl and

infection occurs under environment conditions caik QFhs.nat2DL in several SRW wheat breeding
for infection. Similarly, primary spikes have large populations. Proceedings of the National Fusarium
contribution towards total DON levels at harvestrth Head Blight Forum, Dec 7-9, University of
tillers. In periods of sub-optimal conditions, suzh what Kentucky, Milwaukee, WI. Lexington, KY.

was experienced by the HRSW and barley, it isikisat Bushnell, W.R., B.E. Hazen and C. Pritsch, 2003.
the contributions of the different spikes becomeremo Histology and Physiology of Fusarium Head Blight.
complicated. There was no difference in estimatiedt y In: Fusarium Head Blight of Wheat and Barley,
between primary spikes and tiller (HRWW, barleyhah Leonard, K.J. and W.R. Bushnell, (Eds.). APS Press,
yield in tillers than primary spikes (HRSW). Thuaskd ISBN-10 :089054302X, pp: 44-83.

upon our results, it is suggested that cultivaiwigh  cowger, C. and C. Arrellano, 2010. Plump kernelgwi
tilers number should be selected in breeding jprogr to high deoxynivalenol linked to late Gibberella zeae
develop cultivars with high yield and low DON. Stariy, infection and marginal disease conditions in winter
planting density of wheat and barley can be adjusteh wheat. Phytopathology, 100: 719-728. PMID:
that it will result in higher numbers of tillersacreasing 20528190 '

tillers proportion that might lower DON concentoattiin

. Culler, M.D., J.E. Miller-Garvin and R. Dill-Macky.
final harvest.
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