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ABSTRACT

Formation of higher number of tillers is desirabde higher grain yield in both wheat and barleylets
have delayed physiological development. Studiesesdthg the contribution of secondary tillers inafi
DON concentration for wheat and barley are limif€kis project aims to improve our understandinghef
relationship between FHB symptoms and DON concgatréby examining the contribution of primary
spikes and secondary tillers as it relates to it DON concentration. Experiments, establishedzi-
split plot design with five replications, was bendacted in South Dakota with moderately resistamt a
susceptible cultivars of each spring wheat, wintbeat and barley. Two inoculation time treatmenés w
applied; at the anthesis of primary spikes (Feel®$§) and at anthesis of tillers (Feekes 11.2né&ny
spikes (inoculated at Feekes 10.5) and tillers cfiteted at Feekes 11.2) were harvested separately,
analyzed for visually scabby kernels and deoxymeival following standard protocols. Levels of DONrave
statistically higher in main heads of barley andrepwheat in each cultivar compared to its tillérswinter
wheat, though there was higher DON level in tilldran main heads in each cultivar, it was not stedilly
different. Based upon our result, it is suggesked tultivars with high tillers number should béested in
breeding programs to develop cultivars with higkid/iand low DON. Similarly, planting density of veteand
barley can be adjusted such that it will resulhigher numbers of tillers, increasing tillers prdfmm that
might lower DON concentration in final harvest.

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

1. INTRODUCTION Fusarium Head Blight (FHB) of wheat and barley in
] ) North America is primarily caused b@ibberella zeae

_ Developm_e_nt (_)f higher nu_mbers (_)f t|I_Ier has been (Schwein) PetcfanamorphF. graminearum Schwabe]
linked to positive impact on final grain yield ob#h  (Bajet al., 2001). The protrudence of anthers (Strange and
wheat gnd barle_y. Nerson.(1980) reported a more tha Smith, 1971) and temporary opening of florets dyrin
double increase in wheat yield when tiller numbgese  anihesis are strongly linked to susceptibility dieat to
increased from 6 to 16 per plant despite the deeré@®  jnfection byFusarium spp. (Bushnekt al., 2003).
plant density by about 70%. Dofing and Knight (1992 Infection occurring at anthesis results in higher
conducted a path analysis for barley grain yieldl an disease symptoms and DON concentration in the final
reported a negative impact of increased numbepi&és grain, however, infection byusarium spp. can occur
per square meter on two yield components: Kerneleven up to the hard dough stage of wheat (Pené.,
weight and kernel per spike. However, the impact on2007). Late infections typically result in lowewnéds of
yield was highly positive, resulting in a net effeaf symptomatic grain than infection which occur during
increased yield. anthesis. Interestingly, Cowger and Arrellano (01
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reported high DON concentration in late infecteadhtes examining the contribution of primary spike andos®tary

wheat in the presence of high moisture conditions,tjlers as it relates to the final DON concentratio
despite the presence of a low level of visuallybbga

kernels. The situation of low disease-high DON is
pronounced more under the situation of delayed or 2.MATERIALSAND METHODS
prolonged crop development. Reasons behind the high  Experiments were conducted at the South Dakota
DON level in grain of crops which have undergone State University's Plant Pathology Farm in Brooling
delayed crop development and/or late infectionrae  SD in 2011. The experimental design was a split-spl
fully understood. We assume that due to later ratibm plot design with five replications. Two inoculation
of spikes on tillers than main stem, tillers mightate  treatments (inoculation at anthesis of primary spitr at
the situation analog to the late infection with @opon the  anthesis of lateral tillers) were applied as malotsp
observed low FHB-high DON condition. The growth and cultivars were on the sub-plots and the sub-subwés
development of spikes on tillers is slightly deldyas G. zeae or mock inoculations. Assignments of treatments
compared to the main stem (Klepper al., 1998).  were random. Each experimental unit was a plot®id
Differential growth and maturation of spikes withtime x 4.5 m. The plots were planted in mid-May. Brofate
same plant or even same field extends the window of(3, 5-dibromo-4-hydroxybenzonitrile, 0.086 L a.afh
infection by G. zeae. However, studies addressing the Bayer Crop Science, Research Triangle Park, NC) was
contribution of secondary tillers in final DON applied at the 3-4 leaf stage to control broadiga¢ds
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), wasezppl
grain sometime before maturation followed by aideabr ~ to control aphids and other insects. Hand weeding
steady levels thereafter. Scait al. (1984) reported a supplemented chemical weed control.
decline in DON levels b_efore harves_t in natur_aﬂﬁected 2 1. Plant Materials
commercially grown winter wheat in Ontario, Canada.
They observed a decline in the DON levels as tlaéngr The experiment included three different crops;
matured and the decrease was consistent acrofssidsl 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 befaerest.  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 hateas  the study. Within each wheat class, the two entriese
reported in barley. However, high DON levels inafin  closely related genetically and differed by thet femat
harvest despite low disease symptoms might bealtiet  the MR entry possessed thighbl QTL for Type I
delay in physiological development of secondarlersl resistance and the S entry did not. In all casesp#irs
compared to the primary spikes, in turn delaying th were similar agronomically, e.g., flowering dateight.
spiking_ and decline of I_DON Ievgals. S_imilarly, sing®lt 22 Inoculum Production
barley is not free threshing, late infections @& ffalea and
lemma could impact DON at harvest. Ten single-spored isolates Gf zeae, were used and
An understanding of the contribution of different inoculum was produced following the protocol of
tillers to the final DON level ifFusariumvinfected wheat ~ Gautam and Dill-Macky (2012). Briefly, isolates wer
and barley heads can be used in disease managemest/ltured on mung bean agar media (MBA) in petrhess
For example, farmers can manage FHB and DON by(40 g mung beans boiled for 23 min in 1000 Mbf
choosing cultivars with low or high tiller number. Deionized (DI) water, filtered through two layers o
Furthermore, tiller numbers can be manipulated bydauze pads, adjusted to 1 L with DI water, 15 @iééo
adjusting planting density and knowledge obtaimeanf ~ @gar [Bectin, Dickinson and Company, Sparks, MD
this study might also be useful to breeders so they 21152] and autoclaved). Isolates in MBA were alldwe
can consider tillering characteristics in FHB remis (0 grow for 7 days under fluorescent and UV ligit&
cultivar breeding. The results from this experimaight - 12 h light: Dark cycle) at room temperature 22:C).
also be useful to chemical companies for fungicide On the seventh day, _macroconlr?f were harvested by
development by encouraging shorter pre-harvest@shing MBlA plates with ca. 20 dot]: deklomzked (D1)
intervals. Finally, the result might also help iection- m?éﬁrvsﬁrr] %:ttﬁaﬂsgn%aa %Q?'\Il'veeéget SagB%%%_ ;ph;ayer
making process of farmers to identify the most lidieae Systems Co Wheaptony “3 at an operating bresegtjre
for fungt|IC||dfe app_l:jcatlonlgn(tj_ o assess the ecoosmi ca. 276 kpa. The spore suspension was filteredugifiro
sequential lungicide apphications. . one layer of cheesecloth to remove mycelia fragment
The objective of this study was to improve our The gpore concentration was determined using a
understanding of the relationship between Fusafigad hemacytometer. The inoculum concentration was
Blight (FHB) symptoms and DON concentration by adjusted to 18x0spores mL* and stored at -80°C until
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used for inoculation. The inoculum was diluted 16 harvested at maturity and threshed using a lowsfeed

spores mL* for inoculation before use. in order to retain heavily infected grain kernatsl @ried
. for 4 days at 95°C. Dried grain was cleaned usibgla
2.3. Inoculation thresher and test weight and yield were estimaked.

Inoculums viability was tested by plating 0.5 mL of Parley, since VSK could not be assessed, seeds were
stock inoculum on Potato Dextrose Agar (PDA) and Passed through seed separator delivering wind atg#0
counting germinated spore after 8 h. We intendédonose ~ @nd separated into four categories (1 to 4; lightes
inoculum with less than 90% spore germination dnsl t heaviest) based upon seed weight. H/L Ratio was
will reduce the variability arising due to the difénce in  calculated using formula; H/L Ratio = (3+4)/(1+2).
spore germination. However, in our case all inatuhad ~ Following the assessment of VSK, the samples were
more than 95% spore germination. ground and submitted for mycotoxin analyses to

Twenty-five primary spikes or tillers were taggesi Veterinary Diagnostic Laboratory, North Dakota Stat
appropriate when the plots were at primary spileekes University. DON and related mycotoxins was analyzed
10.5) and tiller (~Feekes 11.2) anthesis, respelgtifor ~ USing gas chromatography-electron capture det€Gtor
wheat and at full spike emergence for 50% of the ECD, detection limit 0.5 ppm). Test weight was nueed
primary spikes and tillers, respectively for barl@pese ~ USING a standard USDA 1 pint cup and convertedkg
were inoculated with a suspension of macroconidéa ( DL - Yield (kg ha) was estimated from the total yield
9x10" spores mr}) and polysorbate (2.5 mt).  ©obtained from individual plot.

Inoculum was applied using a GPowered backpack

sprayer, operating at a pressure of ca. 276 kPdited 2.5. Data Analyses

with flat-fan spray tip, at a rate of 29.6 mL peuare Arcsine transformed data of barley severity and
meter area. Control plots were mock inoculated with yr\ww FDK, log transformed barley DON data and
water. A mist-irrigation system was run for 10 min square root transformed HRSW FDK and DON data

immediately following inoculation in order to faitdte were used for analvses. Data on HRSW severit
infection. This system, mounted on risers at a Hitedd yS€S. Y

1 m, was programmed to run for 10 min every hour HRWW severity and DON; and test weight and yield of
starting at 5 p.m. and ending at 7 a.m. Misting wasall three crops were analyzed without transfornmatio

applied until 14 days after inoculation (dai). Data were analyzed using proc mixed procedure i SA
v. 9.2 (SAS Institute Inc., Cary, NC). Means were

2.4. Sampling, Disease  Assessment and separated using Fisher's LSD.

Mycotoxin Analysis

FHB severity was assessed visually 18 dai by 3.RESULTS
counting total and the number of infected spikelmts ) )
tagged main spikes and tillers. At maturity, taggpikes ~ 3.1. Disease Severity
from individual plots were manually harvested, tred,
bulked and analyzed for Visually Scabby KernelsKYS
by enumerating the number scabby kernels in 108ssee

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

(3 reps). The rest of the plots were mechanically than the G Zeae inoculated plots.
45 -
OPrimary spikes
40 A
H Tillers
35
30 A
;; 25 A
:fa 20 A
£ 15 A
10 -
o |
Brick SD3854 Wesley BC6 Wesley BC70 Robust
HRSW HRWW Barley

Fig. 1. FHB severity (%) observed in primary spikes ani@rsl of HRSW [Brick (MR) and SD3854 (MS)], HRWW [WesIBL6
(MR) and Wesley BC70 (MS)] and barley [Quest (MR) amtbést (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" 170.95%*  1.66" 1.00" 1.1 5.64* 34.92% 1217 16.40%  28.23* 4.658°  0.63 12.76** 059
Cultivar (Cult.)  0.42S 27.23* 18.11* 260 253 97.92% 071 0.0 2227  67.26%  1.29° 1.09' 037 0.04 2.20'
ST*Cult. 5.99% 1708 10.87%* 012 176 1.23' 15.55%  6.29* 7.63* 1.48° 6.10% 113 009 223 0.0
25 4
OPrimary spikes
M Tillers
= 20 A
2
=
=
= 15 A
E
5
-
2
< 10 A
2
w
i
2
SRR
0
Brick SD3854 Wesley BC6 Wesley BC70

HRSW HRWW

Fig. 2. Visually scabby kernels (VSK, %) observed in priynapikes and tillers of HRSW [Brick (MR) and SD38@4S)] and
HRWW [Wesley BC6 (MR) and Wesley BC70 (MS).]
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Fig. 3. Deoxynivalenol (DON, ppm) observed in primary spgilkand 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 cultivar effect was significant with SD3854 (34.3%)
between primary spikes and tillers or between vans having significantly higher FHB severity than Brick
(Table 1); however, the interaction of cultivars with spike (7.9%). In HRWW, the main effect of spike types was
types was significant. Robust had significantly heig  significant, however, it was dependent on cultiffaable
FHB severity than Quest in primary spikdsg( 1). In 1). WesleyBC6 had significantly higher FHB severiity
HRSW, there was no statistical difference betweklB F  primary spikes than tillers, there was no diffeeemgthin
severity in primary spikes and tillersdble 1). However, Wesley BC70 Kig. 1).

////A Science Publications 296 AJABS



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

90

OPrimary spikes ~ B Tillers

30 A
70 A
60 A
50 A

40

Test weight (kg/hl)

Brick SD3854

HRSW

Weslev 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) amtbst (S)].
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Fig. 5. Yield (kg/ha) observed in primary spikes and tdlef HRSW [Brick (MR) and SD3854 (MS)], HRWW [WesIBL6 (MR)
and Wesley BC70 (MS)] and barley [Quest (MR) and Ro{si§

3.2. H/L Ratio and Visually Scabby Kernel (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 sigraht
for VSK. Mean VSK in HRWW was 11.07%.

3.3. Deoxynivalenol

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

////A Science Publications 297

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 HRIY@QN
levels were significantly higher in primary spikésan
tillers in each cultivar; however, cultivars wereot n
statistically different for DON levels. In HRWW, dhgh
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
compared to that of its tillers and primary spilesl
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tillers of Brick (Fig. 4). Brick had significantly higher test
weight only in primary spikes compared to that BB854.
In HRWW, only the spike types effect was significarest
Weight was significantly higlher in primary spiké&s$ 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. Mgaaid
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 gttol

despite delayed physiological development of 8lidran
primary spikes, primary spikes tend to accumuléybédr
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. Ansaet al. (2010) also reported
an increase in total yield despite a decreasedivittual
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

evaluate the contribution of primary spikes and Obtained from fillers. Since they did not compaireld/

secondary tillers to DON levels in harvest graiftheee
different crops with varying degree of resistarec&HB.

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 obéain

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 hagen
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 tvamystudy,
Garrett and Mundt (2000) reported an increasevieritg of
stripe rust caused bjuccinia griiformis in one year and
decrease in next year with an increase in plaxkmgity.

It is a general assumption that higher number of

tillers creates condition similar to high plantidgnsity

from primary spikes with tillers except in HRSW, evh
estimated yield was significantly high in tillefBhough
grains in primary spikes are generally larger aeavier
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 ffattl QTL
can significantly reduce FHB developmeRtmphreyet
al. (2007) reported an average reduction of 23% in
disease severity and 27% for grain infection in Nea

in that latter promotes disease, especially foliar|gogenic Lines (NILs) of wheat with tHehbl resistant

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 A They attributed the
increase in disease development at higher denséyta
a more favorable microclimate produced within taafl
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 tillergniact

as a barrier. Fewer spores would potentially reach

primary spikes leading to higher infection and DON
accumulation in tillers. Similarly, due to delayed
physiological maturity of tillers; it was our assption
that tillers get infected with late arriving air rpe
inoculum and splashed inoculum. This might resnlt i

allele. Similarly reductions of kernel infectiontbxeen
37 and 41% due to the effectfibl have been reported
in different populations (Blaugt al., 2010). However,
there were no significant differences in FHB setyediue

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 dn
without Fhbl. However in HRSW, there was 32%
reduction in kernel infection or VSK when combined
over primary spikes and tillers due Fbbl. Inconsistent
result obtained in our study are most likely duethe
erratic environmental condition during the growing
period. For example, the barley and HRSW planted pa
the optimal timeframe due to high soil moisture
conditions on the farm, there were several heatewat
around anthesis stage, which is the key stage for

infection and higher DON levels compared to that of infection by G. zeae. The unfavorable environmental
primary spikes. However, our result suggests that,condition also impacted yield and test weight. tief
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Brick in non-inoculated plot (444.28 kg flawas almost ~ Blaut, A., A. Clark, G. Brown-Guedira, E. Souza dnd

86.8% less than the yield reported in cultivar sergtion Van Sanford, 2010. Validation of Fhbl and
by Gloveret al. (2010). QFhs.nateDL in several SRW wheat breeding
populations. Proceedings of the National Fusarium

5. CONCLUSION Head Blight Forum, Dec 7-9, University of

) Kentucky, Milwaukee, WI. Lexington, KY.
Our results suggests that FHB severity tends to beBushnell, W.R., B.E. Hazen and C. Pritsch, 2003.
higher in primary spikes than tiller in wheat when Histology and Physiology of Fusarium Head Blight.

infection occurs under environment conditions caink In: Fusarium Head Blight of Wheat and Barley,
for infection. Similarly, primary spikes have large Leonard, K.J. and W.R. Bushnell, (Eds.). APS Press,
contribution towards total DON levels at harvesarth ISBN-10 :089054302X, pp: 44-83.

tillers. In periods of sub-optimal conditions, suehwhat  Cowger, C. and C. Arrellano, 2010. Plump kernelthwi
was experienced by the HRSW and barley, it isileat high deoxynivalenol linked to late Gibberella zeae
the contributions of the different spikes becomeremo infection and marginal disease conditions in winter
complicated. There was no difference in estimatietty wheat. Phytopathology, 100: 719-728. PMID:
between primary spikes and tiller (HRWW, barleyhigh 20528190

yield in tillers than primary spikes (HRSW). Thuased ~ Culler, M.D., J.E. Miller-Garvin and R. Dill-Macky.
upon our results, it is suggested that cultivarth vaigh 2007. Effect of extended irrigation and host
tillers number should be selected in breeding progrto resistance on deoxynivalenol accumulation in
develop cultivars with high yield and low DON. Sianiy, ggﬁ”%”fggg}g%lvéhgeftl f_ Ifzé 4D'S" 91: 1464-1472.
plant!ng _den3|ty O.f wheat and barley can be at_i;hstc_e:h Ponte, E.M.D., J.M.C. Fernandes and G.C. Bergstrom,
that it will result in higher numbers of tillersacreasing

) ; . " 2007. Influence of growth stage on fusarium head
tillers proportion that might lower DON concentoatiin blight and deoxynivgalenol pro?juction in wheat. J.

final harvest. Phytopathol., 155: 577-58DOI: 10.1111/j.1439-
0434.2007.01281 .x
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