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EFFECT OF NON-HYPERSENSITIVE RESISTANT WHEAT GENOTYPES ON
EARLY ABORTION AND COLONY SIZE OF LEAF RUST

PUCCINIA TRITICINA
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Effect of non-hypersensitive resistant wheat genotypes on early ab•..rtlon and size of colonies of leaf rust (Puccinia
triticina) and cultivar x isolate interaction was studied on twenty-six spring wheat cultivars/lines and two P. triticina
isolates. All the cultivars/lines displayed compatible infection types. No significant interaction was observed
between host genotypes and pathogen isolates for percentage of early aborted infection units without plant cell
necrosis while cultivar x isolate interaction was significant for colony diameter of infection units. However, the
interaction for colony diameter was inconsistent and was not reproducible. Host genotypes varied for all the
parameters studied. In hypersensitive resistant genotypes the fungus showed a long latency period, an increase
In percentage of early aborted infection units without plant cell necrosis and reduced colony diameter than on
highly susceptible genotypes.
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INTRODUCTION

Non-hypersensitve resistance in wheat Triticum
aestivum L. to wheat leaf rust (Puccinia recondita f.
sp. tritici , syn. Puccinia triicinei retards disease
progresses in the field despite a high, susceptible
infection type indicating a compatible host-pathogen
interaction (Parlevliet and Van Ommeren, 1975).
Histologically, Non-hypersensitve resistance in wheat
to wheat leaf rust is characterised by a reduced rate of
fungal growth, resulting in smaller colonies that
sporulate later and less compared to those in highly
susceptible cultivars (Jacobs, 1989). On the basis of
histological studies, this type of resistance' can be
divided into two phases. The first phase is pre-
haustorial, results in a reduction in the number of
colon ising infection units by early abortion. In the
second phase, a post-haustorial retardation of fungal
growth rate occurs (Jacobs, 1989). This results in
smaller size of colonies of infection units. The pre-
haustorial resistance is associated with formation of a
papilla at the site of attempted cell wall penetration
after formation of haustorial mother cells (Niks and
Dekens, 1991) while the mechanism of retardation of
fungal growth is not yet known. However, the post-
haustorium retardation of fungal development was
considered to be more important in partially resistant
genotypes (Jacobs, 1989).
This research was initiated to study the effect of
hyperse.nsitive resistant spring wheat genotypes on
early aborted infection units without plant cell necrosis
(EA-N) and size of colonies of leaf rust. In addition
cultivar x isolate interaction for EA-N% and colony size
was also studied.

MATERIALS AND METHODS

Three experiments were conducted in 2001 at
Laboratory of Plant B:eeding, Lniversity of
Wageningen, The Netrerlands. Non-hypersensitive
resistant cultivars BH1146, Pavon and Akabozu,
susceptible cultivars Skalavatis Bearded, Skalavatis
Unbearded, Thatcher, Lalbahadur and Morocco, twelve
lines obtained from CIMMYT, three cultivars from the
list of recommended cultivars in the Netherlands
(Baldus, Anemos and Minaret) and four near isogenic
lines Lalbahadur Lr 34, Lalbahadur Lr46 and Thatcher
Lr34 were studied to determine levels of non-
hypersensitive resistance. Two isolates of P. triticina
narne.y, INRA, Czech and Ventas were used in the
experiments.
The experiment was conducted in completely
ra'idornised design with two isolates and six seedlings
of each cultivar/line. In all experiments the plants were
ra'sed in wooden boxes of about 30 x 30 cm. The plant
of one genotype occupied part of the wooden box, the
locatio;' was chosen at random.
The seedlings were inoculated ten days after sowing.
Primary leaves were flattened in horizontal position
with adaxial side upward. Inoculation was done in a
settling tower usinq 4 mg of urediospore per box mixed
with lycopodium spores (1: 10), vol./vol.), giving an
average inoculation density of about 231/cm2

. After
inoculation, the plants were kept overnight (19 hours)
in a high humioity chamber at 100% relative humidity
ar.d .n complete darkness, and then transferred to a
graen house. Four seedlings per cultivar/line were not
harvested to estimate latency period (LP) (Parlevliet,
1~75' and infection t) pe (IT) on a scale of 0 to 9
(rvlcNeal et ;:-(.,1971 LP was determined only for
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experiment 3 (repeated experiment) where as IT was
assessed on genotypes of all three experiments.

Four days after inoculation, about 3-cm long pieces of
central parts of two leaves per genotype/isolate
combination, chosen at random, were harvested for
microscopy. The leaf segments were boiled in lactop-
henol/ethanol (2: 1) and stained in 0.1 % Uvitex
following the procedure of Rohringer et al. (1977). The
glycerol mounted leaf segments were observed for
percentage of established colonies, percentage of
early aborted young infection units without plant cell
necrosis (EA-N%), percentage of early aborted
infection units with plant cell necrosis (EA+N%) and
mature colony diameter under an auto-fluorescence
microscope at 100x. The colonies from central part of
the leaf segments were observed. All the infection
units, i,e., mycelial structures originating from one
urediospore that had formed at least one haustorium
mother cell, were scored on each leaf segment.
Presence of necrosis indicated by plant cell auto-
florescence at infection sites and the number of
haustorium mother cells were scored. All the infection
units at least with one haustorium mother cell but no
more than six haustorium mother cells were
considered early aborted. Sporelings that had
developed more than six haustorium mother cells were
considered as established colonies. The diameter of
ten established colonies per leaf segment was
measured with an eyepiece micrometer.

Data were subjected to the analysis of variance (Steel
and Torrie, 1981) followed by Duncan's multiple range
test (P < 0.05).

RESULTS AND DISCUSSION

A compatible infection type (IT, 7 or high) is
indispensable to ascertain latency period (LP) of rust
isolates on plant genotypes. In present study, plant
genotypes studied showed a high IT to P. triticina and
low EA+N% (lower than 8%), indicating that there was
no any hypersensitive reaction in this material.
Analysis of variance in the repeated experiment with
selected CIMMYT lines and some cultivars, selected
from the second experiment showed a significant
cultivar x isolate interaction (Fig. 3). The most extreme
example was the interaction between CBRG 19 and
CBRG 20 with both isolates. The main effects of host
genotype and isolate were also highly significant (P =
000). Therefore, the data were analysed separately for
each isolate. Narrow ranged and continuous variation
between cultivars for LP was observed (Fig. 3). The
Longest LP of isolate "INRA" (on CBRG 23) was about
13% longer than the shortest LP (on CBRG 20), while
LP of isolate "Ventas" was the longest (7% longer) on

CBRG 24 and the shortest on reference cultivar
Skalavatis Unbearded.

Analysis of variance showed that there was no
significant cultivar x isolate interaction for EA-N% on
primary leaf in all three experiments. The cultivar x
isolate interaction was significant for diameter of
established colonies in the experiment 1 (Fig. 1) and
experiment 3 (Fig. 2). However, the interaction was
inconsistent and was not reproducible (Fig. 2). This
small but significant interaction between host genotype
and pathogen isolate for colony diameter of rust
isolates detected at primary leaf, suggests that the
resistance is not completely race-non-specific. Broers
(1989) found similar results for non-hypersensitive
resistance in wheat to wheat leaf rust and came to
conclusion that the race specific effect of non-
hypersensitive resistance is fairly and regularly occurs
but inconsistent and hard to repeat.

In experiment 1, EA-N% ranged from 3.5 (CBRG 28) to
15.4% (CBRG 21) but the difference between lines
was statistically not significant (Table 1). Significant
differences were found in colony diameter of
established colonies among CIMMYT lines (Fig. 1).
Colony diameter was the largest on CBRG 20 for both
isolates "INRA" and "Ventas" (0.88mm, 0.80mm
respectively) while it was the smallest on CBRG 27
(0.40mm) for isolate "INRA" and on CBRG 23
(0.38mm) for isolate "Ventas".

Difference among the cultivars for EA-N% was
significant in the experiment 2, conducted with fourteen
spring wheat cultivars/lines (Table 2). The extremes
were Skalavatis Bearded (2.4%) and Thatcher Lr34
(12.8%).
Size of colony diameter was significantly different on
the wheat cultivars/lines studied in experiment 2 (Table
2). Variation between cultivars/lines for colony
diameter of wheat leaf rust was continuous. The
extremes were Skalavatis Bearded (0.81 mm) and
BH1146 (0.54 mm). Average colony diameter was
larger on Lalbahadur and Pavon (Lr34) than
Lalbahadur Lr34 but there was no significant difference
between Lalbahadur Lr46, Pavon and Lalbahadur for
colony diameter, indicating that Lr34 is more effective
than Lr46.
Significant difference between cultivars/lines for EA-
N% was found in the seedling experiment 3 (Table 3).
General level of EA-N% was 6.2 (Skalavatis
Unbearded) to 19.3% (BH1146). Like in seedling
experiment 1 (Table 1), none of CIMMYT lines differed
from each other for EA-N% in this experiment. The
percentage of early aborted infection units without
plant cell necrosis (EA-N%) was not significantly higher
in CIMMYT lines than reference susceptible cultivar
Skalavatis Unbearded.
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Table 2. Mean EA-N, EA+N and colony diameter of two isolates P. triticina on fourteen spring wheat
cultivars at seeding stage (experiment 2).

Cultivar
EA-N%w Colony diameter

INRA Ventas AverageY (mm)Y

Skalavatis Bearded*
Baldus 1.8 4.5 3.1a O.72defgh

Lalbahadur 3.1 3.4 3.3a 0.69cdefg
Skalavatis Unbearded 6.1 1.9 4.0ab 0.74fghi

Minaret 4.7 4.7 4.7ab 0.78gi

Lalbahadur Lr46 4.2 6.0 5.1ab 0.65bcd

Pavon 3.6 6.7 5.1ab 0.67cdef

Thatcher 3.1 7.6 5.3ab 0.76ghi

Lalbahadur Lr34 6.0 8.0 7.0abc 0.58ab

Anemos 8.9 5.4 7.1abc 0.73efgh

Morocco 7.1 7.4 7.3abc 0.67cdef

BH1146 12.9 4.1 8.5abc 0.54a

Akabozu 9.7 9.8 9.7bc 0.66cde

Thatcher Lr34 17.0 8.7 12.8c 0.62bc

Average 6.5 5.7 6.1 0.68
Level of significance for cultivar effect - - 0.03 0.0

* Cultivars have been written in ascending order on the basis of average EA-N%.
W Calculated as percentage of established colonies.
x Numbers within a column followed by same letters are not significantly different (Duncan's multiple range test, P

= 0.05)
Y Average of isolate INRA and Ventas.
_Since cultivar x isolate interaction was not significant, ANOVA for cultivars was not determined separately for

each isolate.

The variation was significant and continuous between
cultivars/lines for colony diameter of fungus isolates in
seedling stage experiment 3 (Fig. 2). The largest
colony diameter was observed on CBRG 19 and the
smallest was on CBGRG 23. The result of CIMMYT
lines in this experiment was less correlated with the
previous experiment than the result of other
cultivars/lines.
Significant host genotype effect was observed for EA-
N% and colony diameter (Table 2, Fig. 1 and F.ig. 2) on
primary leaf in seedling stage. Jacobs (1990) and
Rubiales and Niks (1995) also observed significant
differences among spring wheat genotypes for
percentage of early aborted structure without plant cell
necrosis and colony size. In this study, percentage of
early aborted infection units of isolate "INRA" without
plant cell necrosis was ranged from 1.8 (Skalavatis
Bearded) to 17% (Thatcher Lr34). In barley to barley
leaf rust, Niks (1982) reported that percentage of early
aborted infection units without plant cell necrosis was
ranged from 9 (C-120) to 59% (Vada). It seems that
early abortion of infection units has greater effect on
low infectibility in barley/barley leaf rust than in wheat
to wheat leaf rust. Thatcher Lr34 Akabozu, BH1146
and Lalbahadur Lr34 showed higher percentage of

early aborted infection units without plant cell necrosis
(EA-N%) and reduced colony diameter. These findings
in percentage of early aborted infection units run
parallel with those found for LP in primary leaf (Fig. 3).
These results were confirmed in the repeated seedling
stage experiment 3 (Table 3). There were fewer
changes in ranking between cultivars/lines according to
percentage of early aborted infection units (EA-N%)
and colony diameter in experiment 1 and 2, when
compared those in repeated experiment. These results
suggest that non-hypersensitive resistance leads to
early abortion of infection units, reduction in haustorial
formation, reduced colony size and a long LP. Such
effects were reported for non-hypersensitive resistant
wheat genotypes by Jacobs (1989, 1990), Rubiales
and Niks (1995) and by Lee and Shaner (1984),
although the latter did not find early aborted infection
units.
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Table 3. Mean EA-N% of two P. triticina isolates on twelve spring wheat cultivarsllines (experiment 3) on
primary leaf at seedling stage.

Cultivarlline EA-N%W

INRA Ventas Averaqe"
Skalavatis Unbearded* 7.4 5.0 6.2ax
CBRG 22 9.4 3.6 6.5a
CBRG 20 7.3 9.2 8.2a
CBRG 19 8.2 8.8 8.5ab
CBRG 30 10.6 8.6 9.6ab
Lalbahadur Lr34 11.5 8.1 9.8ab
CBRG21 14.1 5.7 9.9ab
Morocco 13.0 8.5 10.7ab
CBRG 23 10.2 14.2 12.2ab
CBRG 24 11.0 13.4 12.2ab
Akabozu 16.3 15.0 15.6bc
BH1146 14.1 24.6 19.3bcAveraqe 11.1 10.4 10.7
Level of significance for cultivar effect - - 0.01

* Cultivzrs have been written in ascending order on the basis of average EA-N%.
WCalculated as percentage of established colonies.
x Numbers within a column followed by same letters are not significantly different

(Duncan's multiple range test, P = 0.05).
Y Average of INRA and Ventas.
- Since cultivar x isolate interaction was not significant, ANOVA for cultivars was not determined separately for

each isolate.
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