New Zealand Journal of Crop and Horticultural Science, 2002, Vol9307 9
0014-0671/02/3001-0009 $7.00 © The Royal Society of New Zealand 2002

Effects of sharp eyespot on yield of wheat ( 777zicurm aestivurm)
in New Zealand

M. G. CROMEY INTRODUCTION
R. C. BUTLER Sharp eyespot of whedtr{ticum aestivuh(caused
H. J. BODDINGTON by Rhizoctonia cerealivan der Hoeven) is found

throughout New Zealand and can cause problems in

A. R. MOORHEAD , . . ;
dense crops, especially under intensive cropping

New Zealand Institute for Crop & Food (Anon. 1991). It has, however, been little studied in
Research Limited New Zealand and has been suggested to cause no
Private Bag 4704 observable economic consequences (Blair &
Christchurch, New Zealand Morrison 1949). The disease can cause pre- and post-
email: cromeym@crop.cri.nz emergence damping off and shoot death in seedlings,

but is more frequently observed as lesions on stem
bases of plants. Severe infection of mature tillers
Abstract The incidence, severity, and effects omay result in small, shrivelled grain, lodging and
yield of sharp eyespot (caused Bhizoctonia premature ripening (Clarkson & Cook 1983).
cerealisvan der Hoeven) in New Zealand wheat [nfection byR. cerealisdepends on cool, moist
(Triticum aestivurjcrops were assessed over 4 yeagpnditions. Thereafter, lesion development is
(1996-2000). In 1998/99, 37 crops were examinefdvoured by light and well drained soils (Wiese
and symptoms of sharp eyespot were recorded1i987). Clarkson & Cook (1983) found that in
43% of them. The disease was particularly comm@ngland and Wales slight sharp eyespot infection
in south Canterbury. Laboratory isolations corhad little effect on yield, but moderate infection
firmed thatR. cerealiswas the causal organismreduced yields by an average of 5% and severe
Sharp eyespot was detected in 17 of 19 crops #tfection by 26%.
lected for detailed examination between 1996 and Although formal surveys of sharp eyespot
2000. Incidence in individual crops ranged from @cidence have not been carried out in New Zealand,
to 88% of tillers infected, and differed between yeansie disease has been regularly observed in recent
Mean yield losses as a result of sharp eyespotyigars (Cromey unpubl. data), prompting an
infected crops were estimated at 6, 1, 8, and 14%aluation of its economic effects. In the present
respectively over the 4 years. Yield loss was relatgflidy we determined the incidence and severity of
to disease incidence and was considered to be neigarp eyespot in New Zealand wheat crops in the
ligible when the incidence was <10%. The maximurr@98/99 growing season, and examined the effects
individual yield loss was estimated at 18%. Losses$ the disease on yield over 4 years.
were the result of reductions in both grain number/
ear and grain weight and were greatest in moderately
to severely infected tillers. Although sharp eyespot
is not a major yield-limiting disease of wheat in NeWIETHODS
Zealand, it can reduce yields considerably under
conditions conducive to its establishment. Survey
Forty-three New Zealand wheat crops were
Keywords sharp eyespoRhizoctonia cerealis examined in 1998/99 for symptoms of sharp eyespot.
wheat; incidence; yield loss Most of the crops were in Canterbury because more
wheat is grown in Canterbury than in other regions.
- About 10 plants were collected from each of 10 sites/
H01038 crop between ear emergence and early grain-fill
Received 31 August 2001; accepted 12 November 20f¥bowth stages. Sharp eyespot severity was assessed
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on each tiller according to the following key, basegrain weights, and predicted yields were examined
on that of Clarkson & Cook (1983)—0, Nil infectionwith analysis of variance. Predicted means were
no symptoms of sharp eyespot. 1, Trace infectiocalculated, along with 95% confidence intervals, for
one or more lesions on the leaf sheath, ntitese means. For % tillers infected and grain
penetrating to stem. 2, Slight infection: one or moraumbers, the means and confidence intervals were
lesions girdling in total less than half the stermade on the transformed scale (logit and log
circumference. 3, Moderate infection: one or morespectively), and then back-transformed.
lesions girdling in total at least half the stem Predicted yield losses were estimated for each
circumference. 4, Severe infection: one or mosample. An estimate of yield for each sample was
lesions girdling in total at least half the stemsalculated by summing yields over the five disease
circumferenceand stem weakened at lesions. categories. Similarly, an estimate of the potential
The presence dR. cerealiswas confirmed by vyield for the sample (if no stems had been diseased)
surface sterilising representative lesions in 1%as calculated from the mean ear weight for the
sodium hypochlorite for 1 min, rinsing in sterilehealthy stems. Percent yield loss was calculated from
water, and isolating on potato dextrose agar.  the difference between these two numbers.
All analyses were carried out with Genstat v 4.1
Crop loss assessment (Genstat 5 Committee 1997).
Nineteen wheat crops in areas of Canterbury where
sharp eyespot is common were selected between
1996 and 2000 to assess the effects of sharp eyespot
on yield. No site was sampled in more than orRESULTS
season. Within each crop, c. 50 stems were collected
from each of four areas at the mid-dough growtRU"vey
stage and then left to dry. Each stem was assesSgdptoms of sharp eyespot were recorded in 23
for sharp eyespot on the above scale. From eacH{%8%) of the 43 wheat crops surveyed in the 1998/
the four area samples, subsamples (5, 10, and 10, @8dgrowing season (Table 1). The disease was
all stems in 1996/97, 1997/98, 1998/99, and 19984rticularly common in Canterbury, especially in
2000 respectively) from each severity category weseuth Canterbury. Twelve (28%) of the crops, 11 of
taken to determine the effects of disease incideribem in Canterbury, had over 10% of tillers infected.
and severity on yield, grain size, and grain numbefSrops with over 40% infected tillers were found only
In the few instances when there were less than ihe Canterbury. Most of the crops sampled in
desired numbers in a category, all available stef@snterbury, Otago, and Southland were autumn
were used. Ears were threshed and the grain drisoywn, whereas all the North Island crops were spring
weighed, and counted. Mean values of yield/ear asown. Laboratory isolations from lesions confirmed
yield components (grain number/ear and grathe presence dR. cerealis The analysis of crops
weight) were determined. sampled for yield analysis indicated that there were
Percent tillers infected in each severity categosjgnificant @ < 0.05) differences in disease
were analysed using a multinomial response modetidence and severity between years and between
(McCullagh & Nelder 1989). Numbers of grains/easites within each year (Table 2). There were also
were analysed with a log-linear model for count dathfferences between disease severity categories and
(McCullagh & Nelder 1989). Mean ear weightsthe two yield components measured (Table 2).

Table 1 Number of wheatTriticum aestivuncrops in each sharp eyespot
incidence category in different regions of New Zealand in 1998/99.

% tillers infected

Region 0 1-10 11-20 21-40 41-80
North Island 5 3 0 0 0
North/mid Canterbury 8 6 1 1 3
South Canterbury 3 1 0 3 3
South Otago/Southland 4 1 0 1 0
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Effects of sharp eyespot on yield components where the overall incidence of sharp eyespot was

Sharp eyespot was detected in 17 of the 19 Croi)gO% of tillers gffected. Mean yield !osses were 2,
sampled for detailed examination between 1996 an#: 8, and 14% in the 4 years respectively. Data from
2000 (Table 2). Disease incidence in affected croffé0 crops (Hilton A and Geraldine 2) were omitted
ranged from 2 to 88% of tillers infected, with a meaifom the yield loss analysis because disease was
incidence across all crops of 35%. The range @@ncentrated in one of the four samples.

incidence was greatest in the 1996/97 growing Effects of sharp eyespot on grain number/ear
season where crops had from 18 to 88% tillegdffered between years (Table 3). Consistent
infected. Most crops in 1997/98 had a low incidend¢eductions in grain numbers/ear with severe sharp
of disease (0-39% tillers infected), and in 1998/dgyespot infection occurred in 1998/99 and 1999/
most were moderately to heavily infected (12-73%3000, with a mean reduction across years of 26%.
Similarly, estimated crop losses were very low i@n average, grain numbers were also reduced in the
1997/98, but more variable in the 1996/97 and 1998her severity categories, although there was
99. The crop examined in 1999/2000 had a higionsiderable variability between sites. Stems with
incidence (87%) of sharp eyespot, and the thitdace or slight infection had substantially less grains/
highest estimated yield loss. In most cases, fear than healthy stems in some crops, but similar
moderately or severely infected tillers were recordéelels to healthy stems in other crops. Grain numbers

Table 2 Percentage of tillers in each sharp eyespot severity category and estimated yield loss in 19 Canterbury, Ne
Zealand, wheafT{iticum aestivupcrops between 1996 and 2000.

% tillers

No. tillers Estimated

Year and location examined Nil Trace Slight Moderate  Severe yield loss (%)
1996/97
Geraldine Flat 1 311 62.1 16.1 12.9 8.4 0.6 5
Geraldine Flat 2 294 82.3 9.9 7.8 0.0 0.0 5
Hilton A 275 11.6 5.5 25.1 225 35.3 -
Hilton B 245 51.0 11.4 18.4 7.8 11.4 7

Mean 51.8 10.7 16.0 9.7 11.8 2
1997/98
Arowhenua 256 98.0 0.0 1.6 0.0 0.4 -3
Geraldine 1 407 60.9 15 13.5 11.3 12.8 6
Geraldine 2 206 71.8 0.0 12.1 7.3 8.7 * -
Geraldine 3 306 100.0 0.0 0.0 0.0 0.0 0
Geraldine 4 259 100.0 0.0 0.0 0.0 0.0 0
Hilton 1 393 98.0 0.5 1.0 0.3 0.3 -1
Hilton 2 379 91.3 0.3 6.1 1.3 1.1 1
Waitohi 408 97.5 1.7 0.7 0.0 0.0 0

Mean 89.7 0.5 4.4 25 2.9 -1
1998/99
Irwell 436 53.2 16.7 21.3 6.2 25 1
Geraldine 5 653 33.1 17.8 211 21.6 6.4 7
Geraldine 6 663 88.2 8.7 2.4 0.6 0.0 3
Hilton 3 588 27.4 5.8 22.4 22.6 21.8 18
Hilton 4 603 52.7 7.0 20.1 15.1 5.1 6
Methven 729 35.8 9.6 20.2 29.9 4.5 16

Mean 48.4 10.9 17.9 16.0 6.7 8
1999/2000
Morven 1354 12.7 21.2 10.9 14.8 40.4 14

*Data from these two crops were omitted from yield comparisons because disease was concentrated in one sample



and Horticultural Science, 2002, Vol. 30

9z o] T 6 sdoJo |[e Jo ues|y

€z S T 14 (e ‘ze) €€ (ev‘ov) v (ov'TY) v vy ‘TY) 2¥ (ov ‘T¥) €v USAION
0002/666T

ge 0T 9 6 uesiy
8¢ € €T 9T (62 'T2) G2 (ge‘22) 1¢ (6e'18) S€ (8 '0e) ve (¥ ‘9¢) ov VNI
a4 0T 14 €T (9z'8T) 22 (6 'TE) GE (ev've) 8¢ (8 ‘0g) ve (ev 'se) 6¢ ¥ uoyIH
187 L S € (e 'se) 82 (6% ‘o) &v (05'TY) &t (zs‘zv) Ly (es'ey) 8y € uoNiH
- (1) 91 ST - (e9'ce) ov (sv'ze) 8¢ (ev 've) 8¢ (05 ‘T¥) Sv 9 auipfels
Sty 6 Z Z (6z'ze) sz (sv'9g) o  (8v'6e) ev  (8v'6e) ev  (6v'OV) v G auipfela
O 8 €T 0 % (ov ‘0g) L€ (Tv '0g) s¢ (sv'9g) ov (ev ‘se) 6¢ (¥ '9g) ov 1M
5 66/866T

< L € 8- L uesi\

[

5 - - (01-) o - - (89'ce) Lt (LS 'vE) v¥ (8¥ '68) cv 1yowe
S (1¢) S 8 - (wv'oz) o (09°22) v (6v'¢E) OF - (6v '8€) €¥ 2 uoyiH
5 - - 1)  (82) - - (0s've) se (zv '11) 22 (zv ‘z2) 1€ T uolH
S8t 0 S €= (oe'eT) ve  (9e've) 62  (ve'ce) 8z  (es'.T) 08 (vE'Se) 62 T sulpfesso
< (629) - (te) - (06 ‘'92) 8¥ - (29'9¢) 6V - (ov ‘o) L£ enusymoly
3 86/.66T

> S€ L 8 Z1 uesiy

(0]

Z 6 T- T S (6 ‘82) €€ (v ‘ce) L€ (zv'ze) 9¢ (zv ‘62) S¢ (ev'1e) L€ g uoyiH
- - vT LT - - (Lv'ee) ov (v ‘eg) 8¢ (es'ov) ov Z 1eld aulpjelen
(19) vT 6 vT (8e'6) 6T Ly '9g) 1¥ (05°28) ¢ (8¥ ‘sg) v (55 'TY) 8v T Jeld aulpfeles
/6/966T
alonas  alelapoN  ybIs aoel| EIEVEIS 91eJapoN wois aoel | IIN uoneod0| pue JeaA

[IN 01 paredwod uononpal %

(1D %S6) Jes/laquinu urels

(*sueaw Ul papnjoul are 1N ‘sSWals G> WO} paAllap ale sasayuasred

ul sainfyyResuuprs Holedw oo Jaquinu Ul UodNPal 9, pue ‘sallohared A1ianas 10dsaka dieys jualayip ul SWals Joy Jea/siaquinu urelb ues|N € ajqel

12



13

T 8 T Z sdouo |e Jo ues|\
6 Z 0 T (vy ‘2v) ev (8Y ‘sv) Lt (67'9%) 8v 8y ‘9v) ¥ (67 ‘9v) Lt USAION
0002/666T
TT €T € S uesiy
6 8 14 0T (ov ‘28) zv (¥ ‘g8¢e) zv 8y'1y) vy (v ‘88) TV (67 ‘sv) ov EWNEIN
%4 - T- 4 (P¥ 'vE) 68 (v¥ '88) Tv (Pv'8e) TP (ev ‘sg) 6¢ (v 28) TV ¥ UolIH
T2 L TT 9 (9g ‘'g2) 2¢ (Tv ‘sg) 8¢ (6E'vE) 9¢ (¥ ‘sg) 8¢ (¥ ‘88) Tv € UoIH
- (29) l L - (ez'9) vt (9g'92) 1€ (e ‘22) 0g (9t ‘0g) €€ 9 aulp[essD
for4 9 - Z (ge'92) 1€ (ov 'vg) L¢ (ev'Le) ov (zv '9¢) 62 (v '28) ov G aulp[essn
- - - 14 (¥ ‘18) 8¢ (zv'eg) 8¢ (ov've) Lg (6€ ‘eg) 9¢ (ov 've) L& (18]
66/866T
s ¢ € o 6— uesiy
Qo
>
s - - (¢) z- - - (e'18) ev  (8v've) v (vv'8E) ¥ IyoIeM
2@ T 4 - (v '12) 2¢  (ev'oe) 1€ (OV'82) ¥E - (8€ ‘'1€) S Z UoliH
s - - (e-) () - - (Tr'oe) 1€ (L¥'0T) 6C (6€ ‘T2) 0¢ T UOHIH
g G- G- 82— (8¢ ‘se) z¢ (Tv'0g) g€ (ezv'62) 9¢ (65 '82) v¥ (8e'0e) ve T auipfelss
2 (8) - (s) - (59'0¢) L¥ - (rs'2€) oy - (0s'8¢) vv enuaymoly
3 86/.66T
o L T % € ueap
WA 0 S % (Le'82) z¢€ (v 've) 6€ (tv'eg) L€ (ev 'ze) L€ (ev ‘ve) 6E g uoyIH
o- - L L - - (Lv're) zv (ot ‘L€) 2¥ (6% ‘1) S¥ Z ¥eld suipelss
H62) Z T Z (6v'6) 62  (Ww'9e) ov  (vv'9g) ov  (vv'se) oy  (GV'L€) T¥ T Jeld aulpfe1s
iz 16/966T
M_m>mm aresspolN  ybIS aoel] alonss o1elapoN wbis aoel| IIN uoned0| pue JesA
[&]
e IN 01 pasedwod uonoNpal 9% (10 %56) (Bw) ybram urei
L
_

Cromey et al

uusasBg)esy yum paredwod Jaquinu

(*sueaw ul papnjoul ale INg ‘SWals G> WOJ) PAALIBP are sasayiualed
Ul uononpal 9, pue ‘sauobared Allanas jodsaka dieys jJualayip ul swals ul ybiem urelb ues\ ¢ 9|qel



gal Science, 2002, Vol. 30

4 qT Z 0T sdoud ||e Jo uea|\

€ 9 0 € GTvT) T (0zZ81T 6T (26T Tz (T26T)0C (zz'oa 1z UaAIo
E 000Z/666T

4 22 6 vT uesiy
B 0e GT e (eTgoor (ETTTET BTeD 9T OTTDVT (0z'91) 8T VENWETY
Loy 6 0 LT (TT9080 ©OTZT¥T (@TYT) 9T (STTT)ET 8TYT) 9T Z uoyiH
s 7T GT 6 (TT'2700 60 (6T'ST LT  (6T'ST) 2T (0291)8T (22'81T)0¢ T UOYIH
©- (29) T2 22 - (eT'00)90 (51T'80) 2T (FT'6°0)CT (zT'e1) 9T Z auipelss
8s GT T 14 (0r'g0)g0 (TemsT (6791 LT (6TST2LT  (02ST 8T T auip[esso
&L T - 9 @ToD YT (OTTDET TeT ST OTTDYT  (LTETST (19|
- 66/866T

m 9- 9 GT— z- ueapy
m - - (e1-) G- - - (L2'zt) 0 (e2'e1)8T 6'T'ST) LT Iyoemn
o (5¢) 9T 6 - (9T'c0) 0T  (02's0) €T (8T'60) €T - (L1181 Z uoyiH
- - (81-) 1€ - - (L1T'%0) TT (ST'0090 #'T'v'0) 60 T UO)IH
¥ G- 0 ze- (TTvo)8o0 WrT2z00T (€190 0T (22¥0ET (zT'20 0T T dup[esao
msi - (e~ - (9e'01) €°C - (6291 22 - (02'cT) 9T enuaymoly
3 86//66T

W_ L€ - A L uesiy
e - 9 6 FTeoTT QTTDYT  (QTTD €T (OT0onET  (LTTD VT g uo)iH
- - 02 4 - - (ozeT) 2T (BTET)OT rz'sT)1e Z Jeld auipfelss
(z2) GT ot GT (T'00050 ((GBTYTOT ((O2ZvT) 2T (BTETOT (zz'9T1) 6T T Jeld auipelas
16/966T
alonas  arelapoN wybis aoel ] 2lanas aleIapoN wbis aoel| I'N uoned0| pue JeaA

[IN 01 paredwod uononpal % (1D %56) (B) tea/pldIA

(*sueaw ul papnjoul aJe INg ‘SWalS G> WOJ) PaALIBP aIe sisayualed
ul sausbig)esyaqm paredwod pIalA ul uononpal 9, pue ‘salobared Alllanas 1odsaks dieys Jualayip ul SwWals o) Jeg/plalk urelb ues|y G ajqel

14



Cromey et al.—Effects of sharp eyespot on wheat yield 15

Fig. 1 Relationship between 20
sharp eyespot incidence and °
estimated yield loss in 15 wheat
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in infected categories in the 1997/98 crops werelationship between incidence and yield loss
often based on few stems because of the Igw= 0.87). Yield losses did not exceed 5% until at
incidence experienced. least 40% of tillers were infected, and did not exceed
The effect of sharp eyespot infection on meak0% until at least 60% of tillers were infected. There
grain weight also varied between years (Table 4yas a similar relationship € 0.88) between disease
The maximum grain weight reduction occurred imdex (based on proportions of tillers in each severity
the severe category, which averaged 17, 2, 11, aradegory) and yield loss (graph not presented).
9% in 1996/97, 1997/98, 1998/99, and 1999/2000
respectively. Although there was little overall
gffectm _1997/98, Iowlproport|ons of se\{erel ISCUSSION
infected tillers make this result less meaningful.
Grain weights were also reduced in the trace, sligtharp eyespot is common in New Zealand wheat
and moderate severity categories in 1996/97 aobps, although its incidence is often low. Regional
1998/99. differences in incidence were evident in this survey,
Overall, grain yield/ear was affected by shanwith the greatest proportion of heavily infected crops
eyespot in a similar manner to grain number ating located in south Canterbury. Similar regional
weight (Table 5). Yields were usually adverselgifferences have been reported in other countries. In
affected by severe infection. In the 1998/99 growin@ntario, sharp eyespot tends to be more abundant in
season, yields averaged across crops weéhe cooler counties (Hall & Sutton 1998) and its
substantially lower in all severity categorieincidence differs between regions in England and
compared to yield from healthy stems. Howevewales (Polley & Thomas 1991). Early sowing of
there were variations between crops, and two of thénter wheat is common in south Canterbury
six crops showed little effect of trace or sligh(Cromey unpubl. data), which may also contribute
infection levels. Reductions of 7% were recorded to the high disease incidence in this region. Early
the trace and slight category in 1996/97, and 6%s3pwing increased sharp eyespot severity in trials in
the moderate category in 1999/2000. Averagédaance (Colbach et al. 1997) and in crops surveyed
across all trials in all years, grain yield/ear reductioirs England and Wales (Polley & Thomas 1991). A
were 10, 2, 15, and 32% for the trace, slighipnger pre-winter period, during which conditions
moderate, and severe categories respectively. are favourable to infection, may contribute to higher
The relationship between sharp eyespot incidendsease levels (Colbach et al. 1997). The North
and yield loss (Fig. 1) was determined from thisland wheat crops were all spring sown (no winter
infected crops (excluding the two where diseaseops were detected during the survey), which may
was concentrated in one sample). There wasesplain the low sharp eyespot incidence there.
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Variation in disease incidence occurs betwedilering. Yield reductions were because of a
years as well as between regions. The 1997/dgcrease in grain weight rather than grain number.
growing season was marked by unusually warm ah@wever, he estimated maximum yield loss in
dry El Nifio conditions (R. Hanson pers. comm.gommercial crops at 12.5%. Maximum yield loss in
The low disease levels in 1997/98 suggest that the present study was estimated at 18% in a crop
incidence and severity of sharp eyespot can béere 73% of tillers were infected, 44% of them in
affected by environmental variations between yeat§€ moderate or severe categories. Despite the
In England and Wales there was a sustained incretgeorded effects of severe infection on yield, sharp
in sharp eyespot from 1980 onwards (probably neyespot incidence predicted yield loss almost as well
directly related to climate), although season&p a disease index based on proportions of tillers in
differences were observed within this trend (Pollegach severity category. It is also easier to measure.
& Thomas 1991). Cool, moist conditions aré&lowever, although there is a general relationship
reported to encourage initial infection (Wiese 1987)etween sharp eyespot incidence and yield loss,
The effects of soil moisture during later stages there is much variation between individual crops.
disease development are not clearly definedihe relationship is, therefore, more useful for
although stem girdling may restrict water movemeg@stimating overall losses due to the disease than
up the stem, exacerbating the effects of dry sd@sses in specific crops. Clearly, other factors
conditions late in crop development. influence the final effect of sharp eyespot on yield.

Although estimates of the effects of sharp Although sharp eyespot can cause yield losses as
eyespot on yield vary, most studies suggest that oﬁigh as 18%, losses are likely to be negligible where
moderate or severe symptoms substantially redube incidence of the disease is <10%. Yield losses
yield. Clarkson & Cook (1983) suggest that in thef over 5% were likely to occur in up to 20% of
United Kingdom, moderate and severe infectiorigops (mostly from Canterbury) in 1998/99.
cause average yield losses of 5 and 26&éthough sharp eyespotis not a major yield-limiting
respectively. These figures are similar to thoglisease of wheat in New Zealand, considerable crop
calculated in the present study in which, on averadesses are possible in environments conducive to the
moderate and severe infection reduced tiller yielgésease. In the absence of effective fungicide control
by 15 and 32% respectively. Richardson et d/Colbach et al. 1997) or information on cultivar
(1976) recorded an average yield loss of 8% [@sistance (Wiese 1987), improved understanding of
infected tillers, with 75% of the loss because dhe factors affecting sharp eyespot incidence would
reductions in grain number and 25% to reductiof® valuable in developing management practices
in grain weight. In the present study, averagdbat minimise the effects of the disease.
across years, grain numbers were only slightly
reduced in moderately infected tillers; the biggest
effect of disease was evident in reductions in grain
weight. The presence of moderate infection HCKNOWLEDGMENTS
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