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Abstract

The use of resistant cultivars is the most economical and effective method to control leaf rust of wheat caused
by Puccinia triticina Eriks. Generally screening of wheat germplasm for resistance to rusts is carried out in the
greenhouse and field conditions using seedling and adult plants. However, these screening trails are influenced
by environmental factors and limit the number of races to be evaluated simultaneously. In the present study, a
detached leaf assay was evaluated for screening of wheat germplasm resistance to leaf rust. As treatments, two
senescence retardant chemicals (benzimidazole and kinetin) at different concentrations and combinations were
added to 5% water-agar. The selected media was further validated in 20 wheat genotypes using three leaf rust races.
The media containing 10 mg/L kinetin and 30 mg/L benzimidazole inoculated using an atomizer was the best in
delaying the senescence and thereby increasing the sporulation. A positive correlation (r=0.9) between the detached
leaf assay and the whole seedling assay infection types was observed. The standard errors for detached leaf and
whole seedling assays were 0.24 and 0.3, respectively. The low standard errors further confirm the consistency of
the disease response rating between the two assays. Generally this study revealed that the infection types were
found to be similar both in detached leaf and whole seedlings assay. Therefore, detached leaf assay can be used to

assess wheat genotypes against leaf rust.
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Introduction

Puccinia triticina Eriks. is a wheat disease of major historical and
economic importance worldwide. It is the most widespread of the three
types of rusts causing significant yield loss over large geographical
areas [1-4]. Yield losses due to leaf rust may be as high as 30 to 50%
in years of severe infections [5]. The use of resistant wheat varieties is
the most economical and effective method to control the disease. In
Ethiopia, several resistant varieties have been released since 1974 but
their resistance has broken down only a few years after release. This
is attributed partly due to a lack of efficient screening techniques that
targets all the pathogens prevailing in the area. Breeding for host
resistance should be pre-emptive or anticipatory in approach so that
cultivars to be developed should have adequate level of resistance
against the prevailing pathotypes [6]. Wheat germplasm typically is
evaluated for resistance to rusts in the greenhouse and the field using
whole seedlings and adult plants [7,8]. However, these screening
trails are often influenced by environmental factors that affect disease
development [9]. In addition, field screening trails are seasonal and are
generally conducted once per year. In both seedling and adult plant
screening trails, infected plants cannot be completely isolated from other
plants, limiting the number of pathogen races that can be evaluated
simultaneously. The presence of multiple races is a constant problem
for both cases especially when infection types (ITs) vary depending on
the pathogen race or when a gene confers complete resistance, masking
the partial effects of other genes In order to mitigate the problems or
constraints of seedling and adult plant screening trails, a detached leaf
assay were developed to evaluate virulence races of powdery mildew on
barley (Blumeria graminis f. sp. hordei) [10]. In wheat, a detached leaf
assay was developed to rapidly evaluate large numbers of accessions for
resistance to Stagonospora nodorum (syn. Septoria nodorum) [11].

The assay was also used to assess crown rust resistance in oats,
Puccinia coronata [12]. Similarly, a detached leaf assay was used to

detect resistance to the fungal disease Phomopsis leaf blight, caused by
Diaporthe toxica, in Lupinus albus [1]. Detached plant part screening
assays are useful because they enable assessments to be made under
highly controlled conditions, serve as rapid screening techniques
that can be adopted by breeding programs and can assist in the
understanding of host pathogen interactions [13-15]. A detached
leaf assay conducted in vitro is only of benefit to the plant breeder if
it correlates well to field responses [16]. Despite the importance of
detached leaf technique for resistance screening of wheat germplasm
against different foliar diseases, it is not well exploited in screening
wheat germplasm against leaf rust. Therefore, the present study was
conducted to identify the most optimum growth media for reduction
of senescence and development of leaf rust disease symptoms and to
further validate the technique by comparing the reactions of wheat
genotypes to different leaf rust races using the detached leaf and whole
seedling assays.

Materials and Methods

Growth of seedlings and preparation of detached leaf
segments

Five seeds of the susceptible wheat cultivar Morocco were sown in
10 cm diameter clay pots and grown in a greenhouse under day light
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condition at a temperature of 25°C and 80% relative humidity. The
pots were filled with soil that contains a mixture of soil: sand: compost
at the ratio of 2:1:1. When the primary leaves of the seedlings were
fully developed (seven days old), leaves were gently rubbed with clean
moistened finger to remove waxy layer from the surface. Leaves were
detached using scissors and surface-disinfected with a solution of 2%
sodium hypochlorite. The leaves were subsequently rinsed in distilled
water and dissected into segments. The distal portions of harvested
leaves were removed while the middle segments of approximately 5 cm
from each leaf was mounted adaxial side up on the surface of the water-
agar which contained the different treatments [17].

Preparation of solution

Solutions for each treatment were prepared in 1 litre of sterilized
distilled water. For this, the given amounts of senescence retardant
chemicals in Table 1 were measured using a sensitive balance and
diluted in 1 litre of sterilized distilled water. To thoroughly dissolve
the chemicals, this solution was placed on a hot plate, adding magnetic
stirrer, at 30°C for 2 hr. Since, the senescence retardant chemicals
are light sensitive, the flask was plugged properly and covered with
aluminum foil to protect from light and placed in refrigerator at 4°C.

Senescence retardant chemicals and preparation of solution

Two senescence retardant chemical in different concentration and
combinations were evaluated in the detached leaf assay (Table 1). 5%
water-agar media was prepared and autoclaved at 120°C for 30 min
at 15 Ib pressure. The media was cooled to 60°C in a water bath and
streptomycin sulphate (5 mg/It) was added. The water-agar was prepared
in 900 ml of distilled water. This was adjusted to 1 litre by pouring 100
ml from each the solution of the plant senescence retardants which was
previously prepared in 1 litre (Table 1). Approximately 30 ml of media
was dispensed into each petri-dish (60x15 mm). Three replications
(individual petri-dishes) were used and all replications were placed on
the same shelf of the growth chamber to avoid temperature variation
between shelves. Inoculated petri-dishes were covered, but left unsealed
so that air exchange could occur, and placed in a dark growth chamber.

Inoculation of detached leaves

Spore suspensions of the leaf rust race PKKT were prepared by
mixing 100 mg of spores in 150 ml of sterilized distilled water. Sterilized
distilled water on its own was used as the control check (Table 1). The test
was carried out in three replicates in a Complete Randomized Design
(CRD). The susceptible cultivar, Morocco was used for this test. Two
methods of inoculation namely spraying and brushing were used. Using
an atomizer sprayer, 2-3 ml of the suspension was sprayed to fully cover
all the leaves in a Petri-dish. Using a paint brush leaves in Petri-dishes
were inoculated by dipping the sterilized brush into 2-3 ml of the spore
suspension. For incubation, inoculated leaves in the Petri-dish were
placed into a dark growth chamber at 15°C for 24 hr. After inoculation,
plants were incubated in a dew chamber at a relatively 100% relative
humidity and 15°C for 24 hr and then the temperature was increased
to 25°C and a 16 hr photoperiod for the next 15 days. Evaluation of leaf
rust development was carried out based on appearance of the disease
symptoms and the rate of pustule development [18].

Rust inoculation in cultivars and differentials wheat by
detached leaf assay

The better optimum media for sporulation of PKKT race in the
Morocco cultivar (Table 1) was selected to evaluate the rust reaction
in three cultivars and 16 differential wheat (Table 2). Additionally to
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Treatments Brush ‘ Spray
Race PKKT
Senescence = IT | Senescence | IT
(%) (%)
Benzimidazole 30mg 40 3 30 3"
Benzimidazole 60 mg 30 3 25 3
Benzimidazole 100 mg 20 3 20 3
Kinetin 10 mg 40 3 30 3
Kinetin10 mg+Benzimidazole 30 mg 20 3* 15 4
Kinetin10 mg+Benzimidazole 60 mg 20 3 15 3
Kinetin10 mg+Benzimidazole 100 mg 10 3 5 2
Water agar 100 2 100 2
*Standard errors for detached leaf and whole seedling assays were 0.24 and 0.3,

respectively. Infection type was recorded using 0-4 scale [18]

Table 1: Effect of senescence retardant chemicals in the percentage of leaf
senescence and appearance of rust pustule (race PKKT of Puccinia triticina) by
detached leaf assay using two inoculation methods in Morocco cultivar wheat.

PKKT, the races PDKT and NCTT were used to further authenticate
the efficacy of the selected optimum media. These races were obtained
from the collection made by Ambo Plant Protection Center, Ambo,
Ethiopia in 2010. A similar method was applied as mentioned above for
the preparation of detached leaves segments, inoculation, incubation
and evaluation. The experiment was set in a Complete Randomized
Design (CRD) with three replications, and each replication representing
a petri-dish with inoculated detached leaves.

Whole seedling assay

The wheat cultivars as well as the leaf rust differentials were
evaluated in the detached leaf test using the selected optimum
growing media which were further tested for their reaction at seedling
stage using the same leaf rust races under greenhouse conditions.
Urediniospores of each race were mixed in sterilized distilled water at
the ratio of 1 mg/1.5 ml and used to inoculate twelve day old seedlings
of the cultivars and the differentials. The inoculation was carried out
using atomizer sprayer. To create dew required for rust development,
before and after inoculation, the inoculated plants were sprayed with
distilled water that contained 0.01% of Tween 80. After inoculation the
seedlings were incubated at 15-18°C for 24 hr and then transferred to
20-25°C, similar conditions as before inoculation for a couple of weeks,
until they developed good symptoms. Disease symptoms were scored
using infection types (IT) 1-4 according to Long and Kolmer [18].
Data from each evaluation method was analyzed using the statistical
procedures of SAS version 15.0 [19].

Results

Rust sporulation by detached leaves assay using different
treatments

Leaf rust sporulation was observed on the detached leaves of
the susceptible cultivar Morocco that were placed on 5% water-
agar containing the different treatments of the senescence retardant
chemicals after two weeks of culturing. There was no any contamination
of the media by fungi that may have interfered with leaf rust growth and
disease development (Figure 1).

The percent area of leaf senescence and the pathogen’s growth
varied with the concentrations and method of inoculations (Table
1). The media that contained 10 mg/litre kinetin exhibited infection
type to tested race, PKKT and per cent of leaf senescence of 3 and
30-40%, respectively. Infection type of 3 or 3 -was observed for the
concentration of benzimidazole that increased from 30 to 100 mg/litre
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Infection type to the tested races
Detach leaf assay Whole seedling assay
Differential line/Cultivars Lr gene PKKT NCTT PDKT PKKT NCTT PDKT
TC*6/Centenatrio (RL6003) Lr1 3 3 3 4 4 4
TC*6/Webster (RL6016) Lr2a 0; 0; 0; 0; 0; 0;
TC*6/Loros (RL6047) Lr2c 3 3 3 4 4 3"
TC*6/Democrat (RL6002) Lr3 3 1 3 3 2 3*
Transfer/6*TC (RL6010) Lr9 0; 0; 0; 0; 0; 0;
TC*6/Exchange (RL6005) Lr16 3* 2" 2 3+ 2 2
TC*6/Agent (RL6064) Lr24 3 0; 3 3 0; 4
TC*6/ST-1-25 (RL6078) Lr26 3 3 2 3 4 1+
TC*6/Aniversario (RL6007) Lr3ka 2 3 2+ 2 3 2*
Kussar (W976) Lr11 3 3 3 4 4 4
Klein Lucero/6* TC (RL6008) Lr17 4 3 3 3 4 3"
TC*6/ Terenz10 (RL6049) Lr30 3 3 3 3 3 3
TC*6//CARINA (RL6051) LB 3* 3 3* 3 4 3"
TC*6/Exchange (RL6004) Lr10 3* 3 3 3* 3+ 4
Selkirk/6* TC (RL6013) Lr14a 3 3 3 3 4 3*
TC*7/Africa 43 (RL6009) Lr18 3 3 3 3" 4 4
Tussie (HAR 704) - 2 2 0; 2 2 1
Foka - 1* 2 2 1* 1 1+
Kilinto - 2* 2* 2 2* 2 2
Morocco No 3* 4 3 3* 4+ 4

Infection type, recorded using 0-4 scale [18]

Table 2: Wheat cultivars and differentials with their resistance gene and infection types to races of Puccinia triticina observed in detached leaf and whole seedling assays.

Figure 1: Infection types (IT) for leaf rust on the susceptible cultivar Morocco
on kinetin 10 mg/litre and benzimidazole 30 mg/litre (a) and water-agar (b) to
leaf rust race PKKT using detached leaf assay.

of water. The percentage of leaf senescence decreases from 30% to 20%
and 40% to 20% for spray and brush, respectively on the concentration
of benzimidazole increased.

The combined effect of the two chemicals (kinetin and
benzimidazole) was effective in retarding leaf senescence as well as
maintaining the growth of the fungus as compared to the effect of the
chemicals individually. The infection types were found in the range of
3 to 4 which was grouped under high infection type in both methods
of inoculation. Per cent leaf senescence varied from 15 to 5% for the
concentration of benzimidazole that varied between 30-100 mg/litre and
combined with 10 mg/litre kinetin. The control that contained water-
agar without any senescent retardants showed distinctive difference
either with individual or the combination of the two chemicals regarding
leaf color. The detached leaves placed in water-agar medium completely
lost their green color and turned yellow. Although there was decreased
leaf senescence with increasing concentration of benzimidazole, it also
inhibited leaf rust development on the susceptible cultivar. The best
media for disease development proved to be the combination of 10

mg/litre kinetin and 30 mg/litre benzimidazole inoculated by spraying
using atomizer. In this treatment, the leaf retained 85% of its color and
infection types of 4, were recorded (Table 1).

Rust sporulation in cultivars and differential wheat by
detached leaves and whole seedling assays

Table 2 shows the whole seedling diseases response of wheat
differentials and cultivars after inoculating with the three different races
of wheat leaf rust. The correlation between infection types of detached
leaf assay and whole seedling assay was positive (r=0.9). Standard
errors for detached leaf and whole seedling assays were 0.24 and 0.3,
respectively.

Discussion

For development of a leaf rust resistant variety, a screening
technique which is not influenced by factors that affect disease
development and shows the true genetic resistance of the materials
to be evaluated is paramount. Since wheat leaf rust is an obligate
parasite, culturing in artificial growth media is difficult. In this study,
two senescence retardant chemicals (benzimidazole and kinetin) at
different concentrations and combinations were added in 5% water-
agar. Detached leaf assay resulted in successful infection of leaf
segments by races of P. Triticina and the segments remained green for at
least two weeks after inoculation. The detached leaves placed in water-
agar medium completely lost their green color and turned yellow. The
exhibited infection type was 2/2°, which may suggest that decreasing
leaf senescence increases sporulation by maintaining the nutrition
required for the pathogen.

Thebest mediafor disease development proved to be the combination
of 10 mg/It kinetin and 30 mg/It benzimidazole. In this treatment the
leaf retained 85% of its color and an infection type of 4 was recorded.
Though the detached leaf assays were used extensively for other wheat
diseases, there were different reports in the type and concentration of
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the senescence retardant chemicals. Loladze [20] reported that water-
agar that contains 10 mg/litre kinetin proved to be the fittest media for
wheat stripe rust growth and development. Similarly Brown and Cook
used 10 mg/It kinetin as a senescence retardant for evaluation of pre-
screening resistance to Fusarium head blight in wheat [17]. In other
study 100 mg/litre benzimidazole to evaluate the resistance to Septoria
tritici in wheat were used [21]. In a separate study, Felsenstein et al. [22]
reported that, 35 mg/litre benzimidazole used as detached leaf assay
media for wheat leaf rust.

Disease ratings from the detached leaf assay and whole seedling
assay were found to be similar confirming the effectiveness of the
detached leaf assay applied here for assessing the diseases response of
wheat differentials and cultivars to leaf rust. The correlation between
infection types of detached leaf assay and whole seedling assay was
positive (r=0.9). Standard errors for detached leaf and whole seedling
assays were 0.24 and 0.3, respectively. Low standard errors for each
evaluation method further confirm the consistency of the disease
response ratings between the detached leaf and the whole seedling
assays. Differences between the infection types of the detached leaf
assay and the intact seedling assays were small, and it was due to the
senescence of the detached leaves, which was observed as chlorotic
and necrotic spots [20]. Since the pathogen is an obligate parasite, it
cannot develop successfully on necrotic cells of detached leaves. Due to
this phenomenon, it cannot produce large quantities of uredia and this
condition leads to lower infection types [20]. Susceptible and resistant
disease reactions were clearly visible on detached leaves in which a
large amount of uredia and chlorosis were experienced in susceptible
reactions however distinct flakes with no or little uredia was observed in
resistant reactions. Generally, the results obtained from the experiment
showed that detached leaf assay can be applied efficiently for resistance
screening to wheat leaf rust.
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