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Partial Resistance to Heterodera avenae in Wheat Lines 
with the 6M v Chromosome from Aeg#ops ventricosa 

R. RIVOAL, 2 J. JAHIER, 3 AND M .  HULLE 2 

Abstract: Lines of wheat with the 6M v chromosome from Aegilops ventricosa display partial resis- 
tance to both pathotypes H a l 2  and Ha41 ofHeterodera avenae. With either pathotype, the effect of  
this alien chromosome on cyst production, size, and fecundity was expressed in resistance tests. 
Partial resistance of five 6MV(6D) substitution lines varied according to the intrinsic cyst-forming 
capacity of the nematode pathotypes and the recipient germplasms. Such partial resistance can be 
utilized in wheat breeding lines for integrated management  of the cereal cyst nematode. 

Key words: addition line, Aegilops ventricosa, breeding, cereal cyst nematode, gene, Heterodera ave- 
nae, nematode, partial resistance, pathotype, resistance, resistance test, substitution line, Triticum 
aestivum. 

Studies on the resistance of  wheat to the 
cereal cyst nematode (CCN, Heterodera ave- 
nae Wollenweber) have revealed few genes 
for resistance in Triticum aestivum L. (5). 
The sources of  monogenic resistance com- 
monly used are lines Loros or Aus.10894 
(3,14,15). To prevent the resistance break- 
ing that might result from frequent use of  
this gene, the search for other resistance 
sources has been focussed on wild cereal 
species. A large variation in resistant reac- 
tions occurred in the subtribe Triticinae, 
which includes two species totally resistant 
to H. avenae: Aegilops ventricosa Tausch and 
A. variabilis Eig (6). The resistance of  A. 
ventricosa was incompletely transferred to a 
partially resistant wheat addition line (line 
m36) with the added chromosome 6M v 
(2O). 

Four French pathotypes of  H. avenae 
(Hal  1, Hal2 ,  Fr2, and Ha41) differ in vir- 
ulence on oat (cv. Peniarth and cv. Noire 
de Moyencour t ) ,  on barley (resistance 
genes Ha l  and Ha2 in cv. Drost and cv. 
Siri, respectively), but not on cv. Loros and 
Aus.10894 wheat (1,18). Northern Ha l2  
and  s o u t h e r n  Ha41  p a t h o t y p e s  were  
shown to be distinct, with specific temper- 
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ature requirements for breaking diapause 
before juvenile emergence (19). The  Ha 12 
and Ha41 pa tho types  are also distin- 
guished by their intrinsic capacity for fe- 
male development on the same host geno- 
type: 24 or  48 juveniles (]2) of  Ha41 
yielded two or three times more cysts than 
Ha l2  on wheat cv. Hardi and barley cv. 
Aramir, respectively, grown in Petri dishes 
(22). 

Although characterization of  total or al- 
most complete incompatibility of  plants to 
nematodes is relatively easy by qualitative 
estimations (4), assessment of  intermediate 
resistance is more difficult, requiring accu- 
rate tests comparing it with nematode mul- 
tiplication on control hosts. To minimize 
variability in quantitative results obtained 
with potato cyst nematodes, a Pf/Pi ratio 
(final population density/initial population 
density) was calculated in terms of  fecun- 
dity (eggs produced rather than cysts) (9). 
Substantial information is available for 
such resistance tests for Globodera pallida 
(Stone) populations (13,16,17). 

In contrast, quantitative estimations of  
partial resistance in wheat to H. avenae 
have been undertaken rarely (5). Our  ob- 
jectives were i) to characterize the effect in 
wheat of  the 6M v chromosome of  A. ven- 
tricosa on cyst production, size, and fecun- 
dity in relation to initial densities of  patho- 
types Ha l2  and Ha41; and ii) to assess the 
level of  resistance in 6MV(6D) substitution 
lines. Experiments were made with both 
Ha l2  and Ha41 according to differences 
they express in their biology. 
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MATERIALS AND METHODS 

Resistance tests: Wheat plants were grown 
outdoors in 450-ml polyvinylchloride bot- 
ties supported by a metallic square case. 
The botdes, with plastic corks inserted and 
cut for water drainage, were inverted and 
the bases were cut off. The bottles were 
filled with 400 ml of  heat-disinfested (24 
hours at 80 C) soil mixture (50% loam, 
25% sand, 25% compost; 4% organic mat- 
ter; pH 5.1). Heterodera avenae pathotypes 
Ha l2  from Nuisement sur Coole (Marne) 
and Ha41 from Villasavary (Aude) reared 
dur ing the previous year on wheat cv. 
Hardi were used as inoculum. Cysts were 
contained in 250-1am nylon mesh bags. 

In a first experiment (1985-86), the in- 
oculum was 5, 10, 20, or 30 cysts per bottle. 
The inoculum potential for 10 cysts was 
estimated from four aliquots as 7.8 -+ 0.6 
and 9.2 + 1.1 juveniles/ml soil for patho- 
types Ha41 and Hal2 .  A second experi- 
ment in 1988-89 used 10 cysts per bottle, 
giving an inoculum of  6.3 -+ 0.5 juveniles/ 
ml soil for each pathotype. 

Soil and cysts were placed in the bottles 
in November.  In both experiments, seeds 
were individually sown at the beginning of 
December. Plants were fertilized every two 
weeks with a liquid complete  fertilizer 
(Substral, V.G.S. Distribution, Nanterre, 
France) from tillering to flowering stages. 
Water was supplied in dry periods. The 
experiments were arranged in a random- 
ized complete block design with 8 and 6 
replicates per treatment in 1985-86 and 
1988-89, respectively. 

Plant materials: In 1985-86, cyst produc- 
tion and fecundity were evaluated on the 
susceptible wheat cv. Hardi and a wheat 
line with the added chromosomal pair 6M v 
(= line m36). In 1988-89, cyst production 
was analyzed in the five wheat cvs. Castan, 
Top,  Moisson, Hobbit, and Fidel, and the 
6MV(6D) substitution lines in the five above 
cultivars. These substitution lines were ob- 
tained by crossing the addition line m36 
(2n = 44; 42 chromosomes of  wheat + 
6MV6M ~) to Cappelle monosomic 6D pro- 
vided by A.J .  Worland (AFRC, UK). The 
F 1 plants with 42 chromosomes and double 

monosomic 6MV-6D were selected and 
backcrossed four times to each of  the five 
named cultivars. At each backcross gener- 
ation, double monosomic plants were se- 
lected after analyzing their meiotic behav- 
ior. The substitution lines, in which the 
6M v pair of chromosomes were substituted 
for the 6D pair of  wheat, were selected in 
the selfed progenies of  double monosomic 
6M"-6D plants in the fourth backcross gen- 
eration. Cytogenetical analysis of  their 
selfed progenies revealed that their chro- 
mosomal stability was comparable to that 
of any wheat cultivar (Jahier, unpubl.). 

Nematode counts: In September,  newly 
formed cysts were extracted from soil and 
roots by elutriation and centrifugal flota- 
tion (23). They were collected on a 250-}xm 
mesh sieve, copiously rinsed with tap wa- 
ter, and counted under  a stereoscopic mi- 
croscope. The cyst size (width x length, 
neck excluded) was measured on a sample 
of  99 encysted females taken from all the 
combined cysts from each treatment. The 
analysis for homogeneity of  variance of  
cyst size by the Cochran test (2) did not 
show any significant difference between 
pathotypes (g = 0.14, k = 8, for Ha41; g 
= 0.16, k = 8 for Hal2).  After hydrating 
the cysts for 24 hours and crushing them, 
fecundity was assessed by counting the vi- 
able J2 in a counting cell. Viable and non- 
viable J2 were visually distinguished (11). 

Statistical analysis: Counts of  cysts and vi- 
able larvae were log(x)- t ransformed to 
normalize the distributions and a three- 
factor analysis of  variance was performed 
with the program STAT-ITCF (8). Means 
were classified according to the Newman- 
Keuls test, at P < 0.05. 

RESULTS 

Cyst numbers, 1985-1986: There were no 
significant interactions be tween patho- 
types, cultivars, and inoculation levels. 
Pathotype Ha41 gave a significantly higher 
number  of  cysts than Hal2 ,  and Hardi  
supported significantly greater reproduc- 
tion than line m36 (Table 1). Cyst produc- 
tion increased significantly with increasing 
inoculation density; the differences be- 
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TABLE 1. Effects  o f  pa tho type ,  cultivar,  a n d  in- 
o c u l u m  dens i ty  on  r ep roduc t i on  (cysts pe r  plant)  and  
fecund i ty  (second s tage  juveni les  pe r  cyst) o f  Hetero- 
dera avenae o n  Triticum aestivum. 

Viable juveniles 
Factors Cysts per plant (J2) per cyst 

Pa tho type  
Ha41 394 -+ 118 a 183 -+ 99 a 
H a l 2  1 7 1 ± 9 1  b 190-+ 1 0 3 a  

Cult ivar  
Ha rd i  376 -4- 106 a 207 +- 107 a 
m36  190 - 105 b 165 ± 95 b 

I n o c u l u m t  
5 119- - -67  a 1 8 7 + 9 5  ab 

10 224 +- 102 b 199 + 102 a 
20 348 ± 120 c 179 - 105 b 
30 440 -+ 125 d 180 -+ 102 b 

Means and standard deviations followed by the same letter 
are not significantly different (P < 0.05) by the Newman- 
Keuls test. 

~" Cysts per plant. 

tween pathotypes and between host geno- 
types were seen at all inoculum levels (Fig. 
1A). 

Cyst fecundity, 1 9 8 5 - 1 9 8 6 :  Because there 
was a close relationship (r = 0.80; n = 
1584) between the fecundity and the size 
of  cysts, only the results on fecundity are 
presented (Table 1). There were signifi- 
cant interactions between pathotypes and 
inocu lum (P = 0.0001) and be tween  
pathotypes ,  lines, and inoculum (P = 
0.002) (Fig. 1B). These interactions were 
probably caused by aberrant results, prin- 
cipally with line m36 at 10- and 30-cyst in- 
oculum levels. The  only statistically signif- 
icant effect was a lower fecundity of  both 
pathotypes on line m36 (P < 0.05). 

Reproduction on substitution lines, 1 9 8 8 -  
89: Again, Ha41 produced more cysts than 
Ha l2  (Table 2). The  five germplasms var- 
ied somewhat in susceptibility to H. avenae. 
Compared with the recipient germplasms, 
the substitution lines supported nematode 
reproduction poorly ( -66%) .  The  substi- 
tution effect differed according to the re- 
cipient, being least effective in Fidel for 
both pathotypes (Table 3). 

D I S C U S S I O N  

H. avenae pathotypes Ha l2  and Ha41 
differed in their cyst-forming ability on 
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Fro. l. Reproduction and fecundity of Heterodera 
avenae pathotypes Hal2 (O) and Ha41 (0) on Triti- 
cure aestivum cv. Hardi (solid lines) or m36 lines (dot- 
ted lines) at various inoculum levels. Means followed 
by the same letter are not significantly different (P < 
0.05) by the Newman-Keuls test. 

susceptible hosts, although their fecundity 
(juveniles per cyst) did not differ apprecia- 
bly. This result confirmed previous obser- 
vations from in vitro experiments (22). Re- 
productive differences among pathotypes 
may result from interactions of  genotypes 
with environment, as in G. paUida (12,17). 
The  effective inoculum had not been mea- 
sured throughout  the experiment, but  it is 
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TABLE 2. Effects of pathotype, cultivar, and 6M v 
chromosome substitution on reproduction of Hetero- 
dera avenae on Triticum aestivum. 

Factors Cysts per plant 

Pathotype 
Ha41 272 - 98 a 
Hal2 88 --+ 37 b 

Cultivar 
Castan 236 --- 90 a 
Top 222 - 109 a 
Moisson 177 -+ 41 ab 
Hobbit 155 -+ 60 b 
Fidel 111+-52 b 

6M v substitution 
Cultivars 269 + 89 a 
Substitution lines 92 + 55 b 

Interaction 
Pathotype x Cultivars 

x Substitution lines 
Ha41/Cultivar 395 - 116 a 
Ha41/Substitution lines 150 + 77 b 
Ha12/Cultivar 143 -+ 50 b 
Hal2/Substitution lines 33 + 18 c 

Means and standard deviations of data followed by the 
same letter are not significantly different (P < 0.05) by the 
Newman-Keuls test. 

u n l i k e l y  t h a t  t h e  d i f f e r e n c e s  in  r e p r o d u c -  
t i on  b e t w e e n  H a l 2  a n d  Ha41  p a t h o t y p e s  
r e s u l t e d  f r o m  d i f f e r e n c e s  in e m e r g e n c e  o f  
j u v e n i l e s  c o n f r o n t e d  wi th  t h e  g r o w t h  o f  
t h e  p l a n t  r o o t  sys tems .  P r e v i o u s  e x p e r i -  
m e n t s  wi th  o a t  d i d  n o t  d e m o n s t r a t e  sub-  
s t an t i a l  e f f ec t s  o f  g r o w t h  p e r i o d  o n  cyst  
p r o d u c t i o n  o f  H a l 2  (22). I n  H. avenae, t he  
r e p r o d u c i b i l i t y  o f  t h e  r e p r o d u c t i o n  d i f f e r -  
e n t i a l  (i .e. ,  cysts  p e r  p l an t )  b e t w e e n  t h e  
H a l 2  a n d  H a 4 1  p a t h o t y p e s  c o u l d  r e s u l t  
f r o m  g e n e t i c  d i f f e r e n c e s .  B e c a u s e  t h e  
s o u t h e r n  H a 4 1  e c o t y p e  ( l oca t ed  in  a M e d -  
i t e r r a n e a n  c l ima te )  is e x p o s e d  to  a h a r s h e r  
e n v i r o n m e n t  t h a n  t h e  n o r t h e r n  H a l 2  

e c o t y p e  ( l o c a t e d  in a n  o c e a n i c  c l i m a t e ) ,  
H a 4 1  m a y  b e  m o r e  p ro l i f i c .  

T h e  e s t i m a t i o n  o f  p a r t i a l  r e s i s t a n c e  
b a s e d  o n  cyst  c o u n t s  is g e n e r a l l y  d i f f i cu l t  
b e c a u s e  o f  t he  v a r i a t i o n  in n e m a t o d e  re -  
p r o d u c t i o n .  I n  o u r  e x p e r i m e n t s ,  t h e  d i f -  
f e r e n c e s  in  m e a n  n u m b e r s  o f  cysts  b e -  
t w e e n  s u s c e p t i b l e  a n d  p a r t i a l l y  r e s i s t a n t  
p l a n t s  w e r e  50% (1986) a n d  66% (1989).  
B e c a u s e  o f  t echn ica l  c o n s t r a i n t ,  we  u s e d  
f e w e r  r e p l i c a t e s  t h a n  s ta t i s t ica l ly  r e q u i r e d  
(7). N e v e r t h e l e s s ,  t he  a s s e s s m e n t  o f  i n t e r -  
m e d i a t e  r e s i s t ance  o r i g i n a t i n g  f r o m  6M v 
was u n a f f e c t e d .  I n  a d d i t i o n ,  we r a r e l y  ob -  
s e r v e d  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  
b locks ,  i n d i c a t i n g  t h a t  t h e  e x p e r i m e n t a l  
c o n d i t i o n s  w e r e  s t a n d a r d i z e d .  

P r e v i o u s  e x p e r i m e n t s  o n  s u s c e p t i b l e  a n d  
p a r t i a l l y  r e s i s t a n t  p o t a t o  l ines  h a v e  s h o w n  
t h a t  i n o c u l u m  d e n s i t y  has  a pos i t i ve  e f f ec t  
o n  cyst  p r o d u c t i o n  a n d  a n e g a t i v e  e f f ec t  o n  
f e c u n d i t y  o f  G. rostochiensis a n d  G. paUida 
(10,16,25) .  T h e  r e p r o d u c t i o n  o f  H a l 2  a n d  
H a 4 1  p a t h o t y p e s  o n  H a r d i  a g r e e d  w i th  
th is  f i n d i n g .  I n  c o n t r a s t ,  r e su l t s  wi th  t h e  
p a r t i a l l y  r e s i s t an t  m 3 6  l ine  w e r e  o b s c u r e .  

I n t e r m e d i a t e  r e s i s t ance  d u e  to t h e  6 M  v 
c h r o m o s o m e  was e v i d e n t  in  t he  f ive subst i -  
t u t i o n  l ines  a n d  d i f f e r e d  a c c o r d i n g  to  t h e  
r e c i p i e n t  g e r m p l a s m .  T h e  r e d u c t i o n  o f  
n u m b e r s  o f  cysts a p p e a r e d  g r e a t e r  in  m o r e  
s u s c e p t i b l e  b a c k g r o u n d s .  T h e  l ines  c a r r y -  
i n g  t h e  6M v c h r o m o s o m e  a r e  n o t  u s e d  a t  
p r e s e n t  by  w h e a t  b r e e d e r s  b e c a u s e  6 M  v 
c a r r i e s  a g r o n o m i c a l l y  u n d e s i r a b l e  g e n e s  
a n d  does  n o t  n o r m a l l y  r e c o m b i n e  at  me i -  
osis wi th  its w h e a t  h o m o e o l o g u e s .  

T o  o v e r c o m e  t h e  l a t t e r  p r o b l e m ,  h o -  
m o e o l o g o u s  r e c o m b i n a t i o n  w a s  i n t r o -  
d u c e d  in  d o u b l e  m o n o s o m i c  6 M ~ - 6 D  

TABLE 3. Effect of the 6M v (6D) substitution in five wheat germplasms on the reproduction (cysts per 
plant) of pathotypes Hal2 and Ha41 of Heterodera avenae. 

Hal2 Ha41 

Recipient Subs t i tu t ion  Difference Recipient Subs t i tu t ion  Difference 
cultivar line (%) cultivar line (%) 

Castan 105 - 37 36 +-- 17 - 6 6  525 +- 118 276 --- 147 - 4 7  
Top 193 - 71 32 + 18 - 8 3  486 +- 200 179 - 96 - 6 3  
Moisson 150 -+ 57 28 + 13 -81  429 +- 51 102 -+ 39 - 7 6  
Hobbit 201 + 67 30 - 14 - 8 5  340 -+ 104 50 + 30 - 8 5  
Fidel 67 +- 19 39 - 29 - 4 2  194 -+ 103 144 -+ 23 - 2 6  
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plants homozygous for the ph 1 mutation 
(24). Cereal cyst nematode resistant re- 
combinants selected from the selfed prog- 
enies of  these plants could be used in 
wheat breeding. Varieties with partial re- 
sistance such as the 6MV(6D) substitution 
lines could be useful for integrated man- 
agement of H. avenae. In a rotation pro- 
gram, they could be used alternately with 
totally resistant cultivars derived, for ex- 
ample, from Loros (21). They could allow 
limited reproduction of  the nematode and 
thus remove the high pressure for break- 
ing of  monogenic resistance. 
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