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roots of  bulb grass (Cyperus bulbosus Vab.) 
growing in dry Musi river bed opposite An- 
dhra Pradesh High Court at Hyderabad,  
India. 

Diagnosis: Heterodera raskii n. sp. is a 
member  of  the goettingiana group or group 
of  5 of  Mulvey (2) because of  its elongate 
ovoid, abullate, and ambifenestrate cysts. 
Of  the described species of  this group, it 
is related most closely to H. cyperi Golden, 
Rau, & Cobb, 1962. The  new species dif- 
fers from H. cyperi by its elongate ovoid 
cyst shape, greater fenestral length, width, 
vulval slit, second-stage juvenile length, 
presence of  a weak underbridge, and lack 
of  egg sac. Further, the stylet knob shape 
was posteriorly sloping in female and male 
and round in the second-stage juvenile of  
H. raskii n. sp. (Figs. 1, 4, 7, 9), while it was 

round in female and male and anteriorly 
directed in second-stage juveniles of H. cy- 
peri (1). 

The species name is given in honor of  
Dr. D.J .  Raski, who has spent a great deal 
of his time aiding the development of  
nematology in India. 
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Ecology and Control of Cereal Cyst Nematode 
(Heterodera avenae) in Southern Australia 

R. H. BROWN ~ 

Abstract: The ecology and control of cereal cyst nematode in southern Australia is reviewed. The 
wide distribution of Heterodera avenae in Victoria and South Australia is due largely to movement 
of cysts by wind during dust storms. The fungus Rhizoctonia solani frequently is associated with the 
nematode in a disease complex in wheat, and disease symptoms are most severe on lighter or well 
structured soils. Crop rotations which include periods of fallow, or of nonhost crop reduce population 
levels ofH. avenae and improve yields. Early-sown crops (April-May) are less severely damaged than 
late-sown crops (June-July). The resowing of damaged wheat crops or the application of nitrogenous 
fertilizers rarely improve grain yields. 'Katyil,' the world's first wheat cultivar bred specifically with 
resistance to H. avenae, has been released in Victoria. Chemical control of the nematode in cereals 
is now commercially feasible, and five nematicides are registered for use by growers. 
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The  cereal cyst nematode (Heterodera 
avenae Woll.) is the most important patho- 
gen of wheat and other cereals in the 
southern wheatbelt of  Australia (28). More 
than 2 million hectares of Victoria and 
South Australia are infested, and grain yield 
losses in wheat alone are estimated to be 
worth $AUS 72 million annually (10). 
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The annual rainfall in this region is low, 
ranging from 240 mm in the north to 600 
mm in the south. The heaviest rains occur 
during the winter months (May-Septem- 
ber). Most of the southern wheatbelt was 
cleared of  its native vegetation (predomi- 
nantly Eucalyptus spp.) in the late 1800s. 
The  land was used initially to graze sheep 
for the production of  wool and from the 
1870s for growing cereals. 

Heterodera avenae was first reported in 
Australia in 1930 (17), but  it is thought to 
have been introduced from Germany in 
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the late 1800s (28). Despite the apparent 
ease of  dissemination ofH.  avenae by wind, 
not all wheat-growing regions adjacent to 
diseased areas became infested. Both dis- 
tribution of  the nematode and symptom 
expression are clearly influenced by soil 
type (25,27,28). In Victoria and South 
Australia H. avenae can be detected only 
in sandy soils and clay loams; it is not found 
on heavy, poorly structured soils in other  
wheat-growing regions adjacent and cli- 
matically similar to infested areas. There  
is a consistent association of increased dis- 
ease severity with lighter soils (28,39). 

In the last 15 years there has been a re- 
alization that disease patches in cereal crops 
are caused by a combination of  nematode 
and soil-borne fungi such as Rhizoctonia so- 
lani Kuhn. Experiments have shown that 
in wheat the effects of  these pathogens in 
combination are greater than with either 
pathogen alone (30,31). 

Much research has been conducted in 
Australia on the biology, ecology, and con- 
trol of  H. avenae (10); it is not surprising 
that most of  the effort has been directed 
at achieving practical control measures. 
Various potentially useful methods have 
been evaluated, and the results of  some of  
this research are presented here. 

CROP ROTATION 

Most farmers in the cereal-producing 
areas of  southern Australia derive their in- 
comes from the production of  both wool 
and cereal grains. The  rotations practiced 
need to be compatible with both enter- 
prises as greater emphasis may be placed 
on one commodity or the other, depending 
on their relative net returns. 

Until the 1930s rotations included a pas- 
ture phase based on native grasses, inter- 
spersed with fallows and cereal crops. The  
results of  the first Victorian rotation ex- 
periments (33) showed that a period of  3 
years under  fallow or nonhost crop, such 
as peas or natural pasture, markedly re- 
duced nematode populations. These rota- 
tions were not widely adopted, as long-term 
fallows were impractical and the size of  the 
average farm limited the area that could 
be left uncropped. Peas were not popular 
as an alternative crop, and cropping under 
fallow-wheat, or fal low-wheat-oats  con- 
tinued to be practiced. 

In the early 1950s it was evident that 
increasing numbers of  crops of wheat, oats, 
and, to a lesser extent, barley were being 
severely damaged by H. avenae. The yield 
losses were greatest where heavy cropping 
had resulted in a high level of  nematode 
infestation accompanied by depletion of  soil 
nitrogen. At about the same time, the prac- 
ticability of  growing barrel medic (Medi- 
cago tribuloides Desr.) was demonstrated, 
and this made it possible to vary rotational 
practices by including medic ley pastures. 
Wheat yield following wheat-fallow was in- 
creased after 2 years' natural pasture plus 
fallow, but almost doubled after 2 years' 
barrel medic plus fallow (32). In practice, 
barrel medic can be replaced by any le- 
gume pasture species provided it is climat- 
ically suited to the district. The  value of  
such rotations in reducing nematode num- 
bers is lost, however, if the legume pasture 
contains a high proport ion of gramina- 
ceous weed species (29). 

Nonhosts are effective both in produc- 
ing an economic return to the landholder 
and in reducing nematode numbers. How- 
ever, disease symptoms are most severe and 
yield losses are greatest on farms of  limited 
size (260 ha or less) where a close rotation 
(usually fallow-wheat) has depleted soil 
fertility and allowed the build-up of  a high 
nematode population level. Under  present 
conditions, it is impossible for a grower to 
lengthen his rotation without loss of  in- 
come. In this situation, some growers have 
turned to barley as an alternative crop. 

More recently, rotations have been ex- 
amined in which various cultivars of  oats, 
barley, and wheat were followed by fallow- 
wheat (2). The  initial grain yield varied with 
the cereal cultivar grown, but  the highest 
yields were obtained from barley cultivars 
followed by wheat, with the lowest yields 
from the oat cultivars. Wheat produced the 
greatest number  of  H. avenae cysts, fol- 
lowed by barley, with oats having the low- 
est numbers. In the first residual wheat 
crop, the yield following oats (in particular 
'Avon') was greater than after wheat or 
barley. A similar trend was evident in the 
second residual wheat crop 2 years later. 
Avon produces few cysts (21,29), but its 
growth is reduced because the roots are 
not resistant to larval invasion (27) and its 
grain yield may be low. Additionally, the 
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economic returns for barley and oats are 
generally lower than for wheat, and be- 
cause their markets are limited, they are 
not popular with growers. Individual grow- 
ers may benefit by using Avon in rotation 
with wheat, but the long-term economics 
in a subst i tut ion of  f a l l o w - w h e a t - o a t s  
(Avon), for fallow-wheat, needs investi- 
gation. 

TIME OF SOWING 

Long-term experiments in the Mallee 
and Wimmera districts of  Victoria have 
shown that maximum wheat yields are ob- 
tained when crops are sown in May and 
June, respectively. No account was taken 
of  the presence or absence of  H. avenae 
when considering optimal sowing times. 
Forty years ago it was shown that on nema- 
tode-infested land, early sown crops pro- 
vided better yields than later sown crops 
(33), and this has been confirmed during 
disease surveys of  cereal crops (27). 

In a recent experiment to examine the 
effects of time of sowing and nematicide 
application (14), we have shown that with 

the exception of aldicarb, nematicide ap- 
plication combined with early sowing did 
not increase grain yields. However, all ne- 
maticide treatments increased grain yields 
of late-sown crops, but the yields were low- 
er than those obtained from early-sown 
crops without the application of  a nema- 
ticide. A delay of  4 weeks in sowing re- 
sulted in a yield loss of  1 t /ha .  

Under Australian conditions, the peak 
emergence of H. avenae larvae occurs to- 
ward the middle of  July (8,26). In years 
with average rainfall there may be as many 
as 800 larvae/500 g soil by mid-July, but 
in years with above-average rainfall (e.g., 
1968, 1972, 1973) this number can exceed 
1,200 (Fig. 1). In wet years sowing as early 
as possible allows vigorous seedling estab- 
lishment before the peak emergence of  lar- 
vae in July. Early sowing is dependent on 
adequate rainfall in March and April to 
permit the cultivations required for weed 
control and seedbed preparation. Without 
adequate rainfall, soil cultivation is restrict- 
ed, particularly in districts with sandy soils 
that are subject to wind erosion. In years 
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with above average rainfall, soil cultivation 
may commence early thereby permitting 
early sowing. 

RESOWING 

According to a South Australian rec- 
ommendation (1), growers should resow 
severely infested wheat crops with barley, 
but  there is no published evidence to sup- 
port  a claim for bet ter  economic returns 
from this practice. Barley cultivars are, 
however, more tolerant than wheat or oats 
to attack by H.  avenae  (12,27). 

We have examined weed control, resow- 
ing of  the crop, and application of  addi- 
tional amounts of  fertilizer in an at tempt 
to improve the growth and yield of  crops 
infested with H.  avenae  (2). Only a com- 
bination of  chemical weed control and ni- 
trogen fertilizer increased grain yields 
compared with the untreated control; nei- 
ther treatment alone improved yield. In- 
creasing the application rate of  phos- 
phorus fertilizer at seeding also failed to 
increase yields. Resown wheat and barley 
yielded less than the non-resown wheat 
crop. Resown barley outyielded resown 
wheat, but  neither crop responded to ad- 
ditional phosphorus fertilizer applied with 
resown seed. Resowing with barley or wheat 
reduced cyst numbers compared with the 
non-resown wheat crop. There  were fewer 
cysts on barley than on wheat, and this re- 
duction in numbers was independent of  
phosphorus application. Infested wheat 
crops are rarely resown in Victoria. Grain 
yields from resown barley or wheat are 
consistently lower than those from non- 
resown, infested crops. However,  when 
seedling growth is so severely reduced that 
resowing is considered essential, barley 
must be preferred to wheat to maximize 
grain yield and minimize the build-up of  
nematode population levels (18). 

APPLICATION OF 
NITROGENOUS FERTILIZERS 

Nitrogenous fertilizers are not widely 
used on cereals in southern Australia. On 
nematode-free land in the Mallee district 
of  Victoria, the use of  nitrogen fertilizer is 
recommended only in wet years and on 
light sandy soils (22), but  it is sometimes 
used on the heavier soils of  the Wimmera. 

The  most severe nematode damage occurs 
in years with above average rainfall (30), 
when available nitrate nitrogen is leached 
down the soil profile beyond the reach of  
roots stunted by H.  avenae.  

We have examined the effectiveness of  
applied nitrogen in alleviating yield losses 
from H.  avenae  in the Mallee (2). Two 
sources of nitrogen (urea and ammonium 
sulphate) were applied at several rates, 
either at seeding, or at 6 weeks after seed- 
ing. Nitrogen did not have a major influ- 
ence on grain yields, although small in- 
creases were recorded with increasing rates 
of  nitrogen. These increases were inde- 
pendent  of  the nitrogen source and were 
greater when nitrogen was applied at seed- 
ing than when applied 6 weeks after seed- 
ing. 

Compared with the nil nitrogen treat- 
ment, cyst numbers were not affected by 
low (25 kg N/ha)  rates of  fertilizer, but  the 
numbers were increased by high (100 kg 
N/ha)  rates of  ammonium sulphate, es- 
pecially when applied at seeding. Cyst 
numbers were not affected by urea at either 
time of  application. The  reason for the 
lower numbers of  cysts with urea com- 
pared with equivalent rates of  ammonium 
sulphate is unclear, but  if nitrogen is to be 
applied, urea should be the preferred 
source of  nitrogen. The  results of  our ex- 
periments show that the recommendation 
not to use nitrogen fertilizers on land free 
of  H.  avenae  is equally applicable to infest- 
ed areas. Our  results also support the con- 
clusion that in years of  nitrogen response, 
application at seeding is more effective than 
application at some later time (23). 

RESISTANT CULTIVARS 

The  possibility of  using resistant culti- 
vars to control H.  avenae  was first consid- 
ered in Australia in the mid-1930s (33). 
Sources of  resistance were reported in oats 
but not in wheat or barley. Thir ty years 
later additional sources of  resistance were 
confirmed in oats and resistance was dis- 
covered in barley, but  all the wheats tested 
were susceptible (12). Concomitantly, Aus- 
tralian studies on the occurrence and dis- 
tribution of  pathotypes of  H.  avenae  were 
commenced (5,9). A pathotype first re- 
corded in Victoria and subsequently de- 
tected elsewhere in Australia (11 ) was found 



220 Journal  o f  Nematology, Volume 16, No. 3, July  1984 

to be different from the many other path- 
otypes of  H. avenae recognized interna- 
tionally (35). Regrettably, most of  the oat 
and barley cultivars used in European re- 
sistance breeding programs are susceptible 
to the Australian pathotype of  H. avenae. 

The first source of resistance in wheat, 
the cultivar Loros, was reported in Den- 
mark in 1966 (34). Since then Australian 
researchers have confirmed the resistance 
of Loros and identified five additional re- 
sistant wheats (3,4,24,36-38). Three  of 
them are cultivars of  Triticum durum Desf., 
a species of  little value in Australian wheat 
breeding programs. Spring wheat (T. aes- 
tivum L., AUS 10894--from the Austra- 
lian Wheat Collection), used as a parent in 
a backcross program, has resulted in Ka- 
tyil, the world's first wheat cultivar specif- 
ically bred with resistance to H. avenae (16). 
In South Australia a resistant barley cul- 
tivar, Galleon, was released in 1981 (11), 
and other resistant cultivars of wheat, oats, 
and barley are being evaluated. 

CHEMICAL CONTROL 

Chemical control of H. avenae in cereals 
has been enthusiastically adopted by Aus- 
tralian growers. The  possibility of using 
nematicides was first considered in Victo- 
ria in the mid-1960s (13). Initial experi- 
ments with fumigants (ethylene dibromide 
and dibromochloropropane) and nonvol- 
atile (aldicarb and methomyl) nematicides 
resulted in grain yield increases of 200% 
or more in some situations. Despite these 
results, suggestions that chemical control 
of  H. avenae  over  large areas was econom- 
ically feasible were greeted with skepti- 
cism. 

In other experiments the effectiveness 
of a range of  nonvolatile nematicides and 
their possible methods of  application were 
evaluated (6,7,20). The  results showed that 
placement of  small amounts of nematicide 
in granule form with the seed in the drill 
row controlled H. avenae. It was important, 
however, that the nematicide be applied at 
seeding to provide the early protection 
necessary for the successful establishment 
of young wheat seedlings (6). It was im- 
practical to apply the nematicide as a pre- 
plant treatment. Further experiments us- 
mg soil sterilants (mixtures of  methyl 
bromide and chloropicrin) demonstrated 
for the first time in Australia the yield po- 

tential of wheat in the absence of soil-borne 
pathogens (30). Grain yield increases of 2-  
3 t / h a  were obtained. 

By the mid-1970s little commercial in- 
terest had been shown in chemical control 
of H. avenae, and it was evident that non- 
volatile nematicides were unlikely to be 
registered for use on cereals in Australia 
in the near future. Our efforts were re- 
directed toward fumigant nematicides and 
their possible application at low rates in the 
drill row at seeding (15). The  results ob- 
tained from applying dibromochloropro- 
pane (DBCP) were good, and equipment 
was developed to apply it through tubes 
attached behind the tines on the seeder. In 
1977 when we were ready to recommend 
its use to growers, it was withdrawn from 
the market because of its adverse effects in 
humans. 

In early experiments ethylene dibro- 
mide (EDB) was applied as a preplant treat- 
ment, but its use in the drill row at seeding 
was not attempted because of its possible 
phytotoxicity to wheat. However, when 
EDB was eventually applied in the drill row 
at seeding there were no signs of phyto- 
toxicity, excellent control ofH.  avenae was 
obtained, and grain yields were improved 
(14,15). A precision applicator to dispense 
EDB was developed and is now marketed 
(19). In 1979 EDB (at the rate of  3.7 l i ters/  
ha) became the first nematicide registered 
for use on cereals in Australia. Following 
the registration of  EDB there was intense 
activity culminating in the registration of 
four nonvolatile nematicides (terbufos, ox- 
amyl, aldicarb, and carbofuran) for use on 
wheat. A variety of formulations permits 
growers a wide selection of  application 
methods, including seed treatment (oxa- 
myl, carbofuran), application through a 
granule applicator or small seeds box (al- 
dicarb, terbufos, carbofuran), application 
as a mixture with fertilizer (terbufos), and 
application as a liquid in the drill row (EDB, 
carbofuran flowable). In the 5 years since 
chemical control  became commercially 
available, the area treated with nemati- 
cides has grown to 100,000 hectares, and 
it is likely that in 1984 this area will in- 
crease to 250,000 hectares or more. The 
development in 1980 of a simple bioassay 
(40) has assisted growers in their decision 
as to whether chemical control ofH. avenae 
is warranted on their properties. 
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CONCLUSIONS 

T h e  e c o n o m i c  losses  c a u s e d  by  H.  avenae  
a r e  c l e a r l y  r e c o g n i z e d ,  a n d  m e t h o d s  o f  
c o n t r o l  a r e  b e i n g  d e v e l o p e d .  

C r o p  r o t a t i o n  is a u se fu l  m e a n s  o f  r e -  
d u c i n g  n e m a t o d e  n u m b e r s ,  b u t  it  has  l im-  
i t e d  a p p l i c a t i o n ,  p a r t i c u l a r l y  o n  f a r m s  o f  
l i m i t e d  size. I n  any  case ,  g r o w e r s  w a n t  to  
i n t ens i fy  p r o d u c t i o n  o f  ce rea l s ,  a n d  r o t a -  
t ions  w h i c h  i n c l u d e  p e r i o d s  o f  p a s t u r e  h a v e  
los t  p o p u l a r i t y .  E a r l y  s o w i n g  has  d i s t i n c t  
a d v a n t a g e s ,  b u t  i t  c a n  b e  a d o p t e d  on ly  in  
t h o s e  y e a r s  w h e n  s e a s o n a l  c o n d i t i o n s  a l l ow 
e a r l y  p r e p a r a t i o n  o f  t h e  s e e d b e d .  I n  g e n -  
e r a l ,  c u r r e n t  a g r o n o m i c  p r a c t i c e s  c a n n o t  
b e  m a n i p u l a t e d  eas i ly  to  p r o v i d e  t h e  de -  
s i r e d  leve l  o f  c o n t r o l  o f  H.  avenae. T h e r e  
is a m o v e  b y  s o m e  g r o w e r s  t o w a r d  p r a c t i c e s  
such  as m i n i m a l  t i l l age  a n d  d i r e c t  s e e d i n g ,  
b u t  l i t t l e  is k n o w n  o f  t h e i r  e f fec t s  o n  n e m a -  
t o d e  p o p u l a t i o n  levels  a n d  w h e a t  y ie lds .  

T h e  r e s i s t a n t  w h e a t  c u l t i v a r s  p r o d u c e d  
so f a r  in o u r  b r e e d i n g  p r o g r a m s  h a v e  n o t  
m a t c h e d  t h e  p e r f o r m a n c e  levels  p r e d i c t e d  
f o r  t h e m .  T h e  w h e a t  c u l t i v a r  Ka ty i l ,  wh i l e  
r e s i s t a n t  to  H.  avenae,  has  t h e  d i s a d v a n t a g e  
o f  low y i e l d  p o t e n t i a l .  I n  t h e  a b s e n c e  o f  H. 
avenae  its r e c u r r e n t  p a r e n t  cu l t i va r ,  O l y m -  
p ic ,  ha s  a y i e l d  a d v a n t a g e  o f  6%. U n l e s s  
o u r  f u t u r e  r e s i s t a n t  c u l t i v a r s  h a v e  t h e  p o -  
t e n t i a l  to  o u t y i e l d  c u r r e n t  cu l t i va r s ,  t h e r e  
will  b e  n o  i n c e n t i v e  f o r  g r o w e r s  to  p l a n t  
t h e m .  I t  m a y  b e  m o r e  p r o f i t a b l e  to  g r o w  a 
s u s c e p t i b l e  c u l t i v a r  a n d  sus ta in  t h e  cos t  o f  
a n e m a t i c i d e  a p p l i c a t i o n  t h a n  to  p l a n t  a low 
y i e l d i n g  r e s i s t a n t  cu l t i va r .  

T h e  m o s t  c o n v e n i e n t  m e t h o d  to  c o n t r o l  
H.  avenae  at  p r e s e n t  is to  use  a n e m a t i c i d e .  
I n  a d d i t i o n  to  t h e  f ive a l r e a d y  r e g i s t e r e d  
f o r  use  o n  c e r e a l s  in  A u s t r a l i a ,  s e v e r a l  o t h -  
e r s  a r e  s h o w i n g  p r o m i s e  in f ie ld  t r ia l s .  W i t h  
t h e  v a r i o u s  f o r m u l a t i o n s  ava i l ab l e ,  g r o w -  
e r s  n o w  h a v e  a w i d e  s e l e c t i o n  o f  a p p l i c a t i o n  
m e t h o d s  f r o m  w h i c h  to  c h o o s e .  T h e  p r o s -  
p e c t s  f o r  c o n t r o l  o f  1t. avenae  a r e  by  n o  
m e a n s  g r i m ,  a n d  i t  s e e m s  l ike ly  t h a t  t h e  
f u t u r e  m e t h o d  o f  c o n t r o l  will  b e  o n e  in 
w h i c h  c r o p  r o t a t i o n ,  r e s i s t a n t  cu l t ivars ,  a n d  
n e m a t i c i d e s  will  b e  i n t e g r a t e d .  S u c h  an  ap-  
p r o a c h  will  a l l o w  use  o f  t h e  b e s t  f e a t u r e s  
o f  e a c h  m e t h o d .  

LITERATURE CITED 

1. Banyer, R.J .  1966. Cereal root diseases and 
their control, part 1. Journal of the Department of 
Agriculture, South Australia 69:310-315. 

2. Barry, E. R., R. H. Brown, and B. R. Elliott, 
1974. Cereal cyst nematode (Heterodera avenae) in 
Victoria: Influence of cultural practices on grain yields 
and nematode populations. Australian Journal of Ex- 
perimental Agriculture and Animal Husbandry 14: 
566-571. 

3. Brown, J. A. M. 1974. Test tube reproduction 
ofHeterodera avenae on resistant and susceptible wheats. 
Nematologica 20:192-203. 

4. Brown,J. A. M., and S. E. Ellis. 1976. Breeding 
for resistance to cereal cyst nematode in wheat. Eu- 
phytica 25:73-82. 

5. Brown, R. H. 1969. The occurrence ofbiotypes 
of the cereal cyst nematode (Heterodera avenae Woll.) 
in Victoria. Australian Journal of Experimental Ag- 
riculture and Animal Husbandry 9:453-456. 

6. Brown, R. H. 1972. Chemical control of the 
cereal cyst nematode (Heterodera avenae) in Victoria. 
A comparison of systemic and contact nematicides. 
Australian Journal of Experimental Agriculture and 
Animal Husbandry 12:662-667. 

7. Brown, R. H. 1973. Chemical control of the 
cereal cyst nematode (Heterodera avenae). A compar- 
ison of methods and rates of application of two sys- 
temic nematicides. Australian Journal of Experimen- 
tal Agriculture and Animal Husbandry 13:587-592. 

8. Brown, R. H. 1973. Studies on the cereal cyst 
nematode (Heterodera avenae Woll.) in Victoria. M. 
Agr. Sc. thesis, University of Melbourne. 

9. Brown, R. H. 1974. Further studies on the Vic- 
torian biotype of the cereal cyst nematode (Heterodera 
avenae). Australian Journal of Experimental Agricul- 
ture and Animal Husbandry 14:394-398. 

10. Brown, R. H. 1981. Nematode diseases. In 
Economic importance and biology of cereal root dis- 
eases in Australia. Report to Plant Pathology Sub- 
committee of Standing Committee on Agriculture. 

11. Brown, R. H. 1982. Studies on the Australian 
race ofHeterodera avenae. EPPO Bulletin 12:413-416. 

12. Brown, R. H., andJ. W. Meagher. 1970. Re- 
sistance in cereals to the cyst nematode (Heterodera 
avenae) in Victoria. Australian Journal of Experimen- 
tal Agriculture and Animal Husbandry 10:360-365. 

13. Brown, R. H., J. w. Meagher, and N. K. 
McSwain. 1970. Chemical control of the cereal cyst 
nematode (Heterodera avenae Woll.) in the Victorian 
Mallee. Australian Journal of Experimental Agricul- 
ture and Animal Husbandry 10:172-173. 

14. Brown, R. H.,and D. L. Pye. 1981. The effect 
of nematicide application and time of sowing on ce- 
real cyst nematode, Heterodera avenae, and the sub- 
sequent yield of wheat. Australasian Plant Pathology 
10:17-18. 

15. Brown, R. H., D. L. Pye, and G. T. Stratford. 
1982. A comparison of low volume, in-row applica- 
tions of nematicides at seeding for control of the ce- 
real cyst nematode (Heterodera avenae) in wheat. Ne- 
matologie Mediterranea 10:9-19. 

16. Brown, R. H., and R. M. Young. 1982. Katyil, 
a new wheat resistant to cereal cyst nematode. Agnote 
Department of Agriculture, Victoria. Agdex 112/38. 

17. Davidson, J. 1930. Eelworms (Heterodera 
schachtii Schm.) affecting cereals in South Australia. 
Journal of the Department of Agriculture, South Aus- 
tralia 34:578-385. 

18. Gair, R., P. L. Mathias, and P. N. Harvey. 1968. 
Studies of cereal nematode populations and cereal 



2 2 2  J o u r n a l  o f  Nematology,  Volume 16, No. 3, J u l y  1984  

yields under continuous intensive culture. Annals of 
Applied Biology 63:503-512. 

19. Gurner, P. S., A. J. Dube, and J. M. Fisher. 
1980. Chemical control of cereal cyst nematode (Het- 
erodera avenae) on wheat by a new low volume appli- 
cator. Nematologica 26:448-454. 

20. King, P. M., A. D. Rovira, P. G. Brisbane, A. 
Simon, and R. H. Brown. 1982. Estimates of  levels 
of cereal cyst nematode and responses of wheat to 
granular nematicides. Australian Journal of Experi- 
mental Agriculture and Animal Husbandry 22:209- 
220. 

21. Mathison, M.J .  1966. Field resistance of  oat 
cultivars to cereal root eelworm (Heterodera avenae). 
Australian Journal of  Experimental Agriculture and 
Animal Husbandry 6:179-182. 

22. McCann, J. McC. 1968. Nitrogen fertiliser 
doesn't pay its way on most wheat farms. Journal of 
the Department of  Agriculture, Victoria 66:131-133. 

23. McClelland, V. F., and J. B. Griffiths. 1972. 
Types and times of  application of nitrogen for wheat. 
Journal of Australian Institute of Agricultural Sci- 
ence 38:219-221. 

24. McLeod, R. W. 1976. Sources of resistance to 
Heterodera avenae Woll. Proceedings of  the Linnaean 
Society, N.S.W. 100:195-201. 

25. Meagher, J. W. 1968. The  dis t r ibut ionofthe 
cereal cyst nematode (Heterodera avenae) in Victoria 
and its relation to soil type. Australian Journal of 
Experimental Agriculture and Animal Husbandry 8: 
637-640. 

26. Meagher, J. W. 1970. Seasonal fluctuations in 
numbers of  the cereal cyst nematode (Heterodera ave- 
nae) and of  Pratylenchus minyus and Tylenchorhynchus 
brevidens in soil. Nematologica 16:333-347. 

27. Meagher, J. W. 1972. Cereal cyst nematode 
(Heterodera avenae Woll.). Studies on ecology and con- 
trol in Victoria. Department of Agriculture, Victoria. 
Technical Bulletin 24. 

28. Meagher, J. W. 1977. World dissemination of 
the cereal cyst nematode (Heterodera avenae) and its 
potential as a pathogen of wheat. Journal of  Nema- 
tology 9:9-1.5. 

29. Meagher, J. W., and R. H. Brown. 1974. Mi- 
croplot experiments on the effect of  plant hosts on 
populations of the cereal cyst nematode (Heterodera 
avenae) and on the subsequent yield of wheat. Ne- 
matologica 20:337-346. 

30. Meagher, J. W., R. H. Brown, and A. D. Ro- 
vira. 1978. The effects of  cereal cyst nematode (Het- 
erodera avenae) and Rhizoctonia solani on the growth 
and yield of wheat. Australian Journal of  Agricultural 
Research 29:1127-1137. 

31. Meagher, J. W., and S. C. Chambers. 1971. 
Pathogenic effects of Heterodera avenae and Rhizoctonia 
solani and their interaction on wheat. Australian Jour- 
nal of Agricultural Research 22:189-194. 

32. Meagher,J. W.,and D. R. Rooney. 1966. The  
effect of crop rotations in the Victorian Wimmera on 
the cereal cyst nematode (Heterodera avenae), nitrogen 
fertility and wheat yield. Australian Journal of Ex- 
perimental Agriculture and Animal Husbandry 6:425- 
431. 

33. Millikan, C. R. 1938. Eelworm (Heterodera 
schachtii Schmidt) disease of cereals. Journal of the 
Department of  Agriculture, Victoria 36:452-468, 
509-520. 

34. Nielsen, C. H. 1966. Untersuchungen fiber 
die Vererbung der Resistenz gegen den Getreide- 
nematoden (Heterodera avenae) beim Weizen. Ne- 
matologica 12:575-578. 

35. Nielsen, C. H. 1972. The  test assortment for 
cereal cyst nematode (Heterodera avenae). (On behalf 
of the Heterodera avenae group). Pp. 50-51 in Ab- 
stracts. XII International Symposium of Nematology, 
Reading, U.K. 

36. O'Brien, P. C. 1972. Investigations of  resis- 
tance in wheat, barley and oats to Heterodera avenae 
Woll. M. Agr. Sc. thesis, University of  Adelaide. 

37. O'Brien, P. C., andJ.  M. Fisher. 1974. Resis- 
tance within wheat, barley and oat cultivars to Het- 
erodera avenae in South Australia. Australian Journal 
of Experimental Agriculture and Animal Husbandry 
14:399-404. 

38. O'Brien, P. C., and J. M. Fisher. 1979. Re- 
actions of cereals to populations of Heterodera avenae 
in South Australia. Nematologica 25:261-267. 

39. Rovira, A. D. 1982. Management strategies 
for controlling cereal cyst nematode. C.S.I.R.O. Di- 
vision of  Soils Publication. 

40. Simon, A. 1980. A plant assay of  soil to assess 
potential damage to wheat by Heterodera avenae. Plant 
Disease 65:917-919. 


	MAIN MENU
	PREVIOUS MENU
	---------------------------------
	Search CD-ROM
	Search Results
	Print

