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he longevity of freshly collected uwrediniospores of the wheat rust

diseases, ie. stem, leaf, and stripe rusts caused by Puccinia
graminis f.sp. tritici, P. triticina, and P, strifformis fsp. tritici,
respectively, collected from different developed plant stages were
studied. The vareties employed were Little club, Thatcher and
Triticum spelta Saharensis, for stem, leaf and siripe rost, respectively.
Spores were produced on plants st different growth stages, i.e
seedling, booting, and adult plant stages. The coliected wediniospores
were kept at temperatures between 5°C and 30°C at 5°C increments.

The results revealed that 10°C, 5°C and 5°C were most favorable
for short tenn preservation for stem, leaf and stripe rust fimgi,
respectively. The spores remained viable for 26, 46 and 2 weeks for
seedling, booting and adult stages for stem, leaf and stripe rust,
respectively.

It is worth mentioning that no effect due to host age on the
longevity of the spores was observed. Spores kept on dry leaves and
collected from plants of the adult stage remained viable longer at the
abovementioned temperatires than any other temperaiures. Stripe rust
urediniospores were more sensitive than the other two rusts. Stem and
leaf rust urediniospores were the long lasting and can be kept viable
from season to season for greenbouse study.

Key words: Puccinia graminis {.sp. tritici, P. triticina, P. striiformis
f.sp. writici, wrediniospores and wheat rusts.

Wheat plants are liabl: to be attacked by stem, leaf and stripe rust diseases under
Egyptian conditions. Urediniospores are considered the most economically
important in maintaining disease {rom season to season. Collecting rust samples for
the three rusts, is the first step in wheat breeding program for rust resistance. These
samples should be collected from different genotypes and from different locations to
obtain all possible races to be included in rust nurseries. Rust collections are usually
kept from season to another for race identification. In this respect, two main
methods are usuvally followed. The first is a short-termn preservation including dry
leaf and glass tube methods (Leathers, 1961 and Eversmeyer and Burleigh, 1968)
while, the second is a long-term preservation including liquid nitrogen and/or
lyophilization method (Sharp and Smith, 1957; Loegering ef af., 1961 and Loegering
and Harmon, 1962).
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Generally, the longevity of rust urediniospores is affected by many factors.
Temperature is considered the main factor which affects urediniospores longevity
(Hung and Chien, 1961; Eversmeyer and Burleigh, 1968; Osman and Manners,
1983; Dennis, 1987, Eversmeyer and Karmer 1994 and 19935 and Nazim ef al.,
2003),

Spores kept on dry leaves of the susceptible genotypes survived longer than
spores kept in glass tubes (Nazim ef @i, 2003). However, no data were available to
describe the effect of host growth stage on the longevity of rust urediniospores.
Therefore, the main objective of this study was to determine the effect of host age or
host growth stage on spore viability for spores kept on dry leaves, under different
temperatures.

Materials and Methods

This study was concerned with the viability of urediniospores of rust diseases,
i.e. stem Tust (Puccinia graminis f.5p. tritici), leaf rust (P. triticing), and stripe rust
(P. striiformis f.sp. tritici),

The urediniospore viability was studied under the effect of host growth stage by
storing them on dry leaves or in glass tubes under different temperatures Tanging
from 5°C to 30°C with 5°C inlervals.

Plant materials:

The wheat genotypes, ie. Little club, Thatcher and Trificum spelta Saharensis,
were used for stem, leaf and stripe rust, respectively. Seeds of each were sown at
three dates with one month intervals to get three growth stages at the same time.
These stages were seedling, booting, and adult stages.

Rust materials:

Rus! races were obtained from the Wheat Dis. Dept., Plant Pathol. Res. lnstit.,
Agric. Res. Centre, Egypt. Leaf and stem rust races were obtained from the Rust
Laboratory at Giza and the stripe rust race was obtained from the Rust Laboratory at
Sakha Agric. Res. Station, ARC.

The rust ruces used in this study were race TSK (stem rust}, race KSPBS (lcaf
rust) and race 499 E-95 (stripe rust).

Rust multiplication:

Urediniospores of stem rust race (TSK) were multiplied on seven-day-old
seedlings of the susceptible wheat variety Little club, while leaf and stripe rust races
were increased on the twe varieties, ie. Thatcher and Trificum spelta Saharensis,
respectively. In all cases, the plants were re-inoculated several times and the spores
were collected by shaking the rusted leaves in a glass tube and kept, after drying at
room temperature, in the refrigerator until used.

Rust inoculation;
a) At seedling stage:

Seven day old seedlings of the susceptible genotypes were sprayed with distilled
water and gently iubbed by moistened fingers to scratch the wax layer and
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transferred to a hwmid chamber. The plants were then inoculated with the freshly
collected urediniospores using a baby cyclone (Tervet and Cassel, 1951}).

b) At aduli stage:

Adult plant of 60-70 days old of the susceptible genotypes were sprayed with
distilled water and rubbed with moistened fingers. Plants were then sprayed with
water in incubation chambers (15-20°C and 100% humidity) and then inoculated by
dusting them with a mixture of urediniospores and talcum powder at the ratio of
1:5 (viv).

¢} Incubation:

The inoculated plants were incubated overnight to allow the rust spores to
germinate and cause infection. The inoculated plants were then transferred onto the
benches in the green house under natural conditions.

d) Testing of spore viability:

Plants of different growth stages were inoculated with wrediniospores of the
previously mentioned races. Infecied leaves were cotlected, left overnight at room
lemperature (20-23°C) to reduce the humidity of the sampies and placed in glassine
end opening envelopes about 9 x 17cm before storing.

When the rust pustules were fully developed, the spores were collected by
shaking leaves of infected plants onto a watch glass and were then transferred into
vials. They were stored at different temperatures from 5-30°C.

Urediniospores germinability was the only measure used to test viability. [t was
determined by shaking the infected stored leaves on 2% water agar medium and then
incubating for 24 hr at 18+2°C. About 100 spores of each race in three microscopic
fields were checked to determine the percentage of germination (Chester, 1946). The
germination test was carried out immediately after collection and then at seven days
intervals. When the germination test indicated that the urediniospores were nnable to
germinate, three more germination tests were carried out to ensure the non-viability
of the urediniospores. Re-inoculation of the suscepiible plants was carried out with
the non-viable urediniospores to confirm the non-viability,

Resulis

a) Viability of stem rust urediniospores: _

The results obtained revealed that, the viability of the spores when measured as
percentage of germination, at zero time (imunediately after. urediniospores
collection) was 100% for stem rust spores collected from the three growth stages.

1. Seedling stage:

Fig. 1 shows that urediniospores stored at 5°C retained 100% wviability for
3 weclks and sharply declined up to 8" week, Thereafter, it slightly decreased up to
the 18" weck. After 26 weeks no viable spores were recorded at this temperature.
Also, urediniospores stored at 10°C remained viable (100%) for four weeks and then
viability slightly declined up 1o the 19® week. After this period of storage, the
viability sharply decreased to zero after 26 weeks.

Egypt. J. Phytopathol, Vol. 33, No.1 (2005)
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Fig. 1. Percentage of urediniospore germination of stem rust (Puccinia
graminis £.sp, tritici) stored at different temperatures (5-30°C} on
leaves of cv. Little club at seedling stage.
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On the other hand, the spores remained viable (100%) at 15°C for five weeks and
the viability slightly decreased up to the 12" weeks. After 12 weeks spore viability
was clearly decreased and lost after 19 weeks.

At 20°C, the stored urediniospores retained 100% viability for three weeks and
this then declined slightly up to the 7™ week. Therefore, viability has sharply
decreased and was completely lost after 9 weeks. While at 25°C, the percentage
germmauon was 93.7% in the first week and their viability slightly declined up to
the 3" week. After three weeks, the viability sharply decreased until it was
completely lost after 5 weeks (Fig. 1).

At 30°C, the percentage of gernunatlon was 78.2% in the first week and their
viability slightly declined up to 2™ week. After two weeks, the viability sharply
decreased until it was completely lost after 4 weeks (Fig. 1).

2. Booting stage.

Data shown in Fig, {2) indicate that the percentage of germination was 100% for
three weeks for urediniospores stored at 3°C. Viability then decreased sharply up to
the 5™ week. After 5 weeks, viability has gradually declined until it was lost after
18 weeks, while, spores stored at 10° C showed 100% germination for five weeks.
Viability then decreased gradually up to 19 week. Thereafier, viability has sharply
decreased until spores lost their viability after 26 weeks (Fig, 2).

Urediniogpores stored at 15°C retained 100% viability for five weeks then
gradually decreased wuntil it was losi afier 18 weeks. On thc other hand,
urediniospores kept at 20°C refained 100% viability for three weeks then decreased
gradually up fo 7 weeks untif it was lost after 9 weeks (Fig. 2).

At 25°C, the percentage of germination was 94.1% for only one week then
gradually decreased to zero percent after 6 weeks, but at 30°C the percentage
germination was 90.9% in the first week. The spores then lost their viability after
7 weeks.

3. Adult stage:

Data shown in Fig.3 indicate that the vrediniospores stored at 5° C retained
100% viability for three weeks then sharply decreased up to the 4* week. After
21 weeks, no germination was observed, while, urediniospores stored at 10°C
showed 100% viability for 8 weeks and then declined up to the 19™ week, After
19 weeks the viability has sharply decreased as spores lost their viability after
27 weeks.

Urediniospores stored at 15°C remained 100% viable spores for 7 wecks and
viability then declined up to the 12% week. After 12 weeks the vxabﬂﬂy sharply
decreascd until it was lost after 19 weeks.

Urediniospores stored at 20°C retained 100% viable for three wccks then
decrcased slightly up to the 7 week. Therefore, the viability has sharply decreased
and no viable spores were recorded after 10 weeks of storage.

At 23°C the spores retained 100% viability for only one week. Viability has then
declined up to the 4™ week and was zero after 7 weeks.

Egypt. J. Phytopathol,, Vol. 33, No.1 (2003)
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Fig. 2. Percentage of urediniospore germination of stem rust (Puccinia
Sraminis) stored at different temperatures (5-30°C) on leaves of
cv. Little club at booting stage. ‘
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Fig. 3. Percentage of urediniospore germination of stem rust (Puccinia
graminis £.sp. tritici) stored at different temperatures (5-30°C) on
feaves of cv. Little club at adult stage.
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At 30°C spores germination was 96.7% in the first week. Viability was lost
entirely after four weeks.

Data presented in Table 1 show that spores kept at 10°C remained viable for
26 weeks at the seedling and booting stages and for 27 weeks for the adult stage.
Longevity of the spores decreased when the temperature was varied by more than
10°C. No effect of the host age on the longevity of spores was observed. Spore
viability decreased by increasing temperature.

Table 1. Effect of growth stage of wheat plants on stem rust urediniospore
viability stored at different temperatures on dry leaves of cv. Little

club
Storage temperature / longevity (week)
Host age $C 1 10°C | 15°C | 20°C | 25°C | 30°C
Seedling 26 26 i9 9 5 4
Booting 18 26 18 9 6 4 '
Adult 21 27 19 9 1+ 6 4 i

Generally, spores kept on dry leaves and collected from plants of the adult stage
remained viable longer at 10°C than at any other lemperature under the study, In
addition, percentage of spore germination was higher at 10°C than for the other
treatments (Figs. 1, 2 and 3).

b. Viability of leqf rust urediniospores:
1. Seedling stage:

Resuits in Fig. (4) show that the urediniospores at 5°C retained 100% viabie for
7 weeks. Thereafter, viability decreased slightly up to the 19" week, then decreased
and completely lost afler 46 wecks. Whereas, urediniospores stored at 10°C
remained 100% viable for 8 weeks and thereafter, the viability decreased slowly
until 19® week, then the viability has sharply decreased umntil it was lost after
29 weeks.

Urediniospores kept at 15°C showed 100% germination for seven weeks, and
then germination percentage gradually decreased up to the 18" week. No germinated
spores were found after 19 week.

At 20°C the spores retained 100% viability for only two weeks, and then
gradually decreased up to the 7* weck. Viability dropped suddenly in the 8™ week,
and was lost entirely in the 9" week.

At 25°C, the percentage of germination was 85.6% in the first week and
vigbility then decreascd sharply unti} it was completely lost after 6 weeks.

At 30°C, the percentage germination was 58.3% in the first week and fell to zero
after three weeks.

Egypt. J. Phytopathol., Yol. 33, No.1 (2005)
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F‘igf 4. Percentage of urediniospore germination of leaf rust (Puccinia triticina)
stored at different temperatnres (5-30°C) on leaves of cv. Thatcher at

seedling stage.
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2. Booting stage:

Results in Fig. {(5) show that the urediniospores retained 100% viability for seven
weeks and thereafter viability decreased slightly up to the 19 week. After 19 weeks
viability sharply decreased until it was lost completely after 46 weeks.

The stored urediniospores retained 100% viability for eight weeks. Almost haif
of the spores were still viable until the 19" week. After 19 wecks the viability
sharply decreased untit it was completely lo_st after 32 weeks.

The uredintospores stored at 15°C retained 100% viability for three weeks and
viability then decreased slightly up to the 17" week. After 17 weeks the viability
decreased sharply and was zero afier 18 wecks.

The stored uredintospores at 20°C showed 100% germination for three weeks
and this then sharply decreased. It was completely lost after 9 weeks. At 25°C the
percentage of germination was 77.2% in the first week and the spores lost their
viability entirely after 3 weeks.

At 30°C the percentage of germination was 67.0% in the first week and viabitity
was completely lost after 3 weeks.

3. Adult stage:

Data illustrated by Fig. (6) show that the urediniospores retained 100% viability
for 7 weeks and then decreased slightly up to the 23% week. After 23 weeks the
viability has sharply decreased and lost afier 46 weeks,

At 10°C, the spores remained 100% viable for 9 weeks. Viability then decreased
slowly to zero afier 37 weeks.

At 15°C, the spores retained 100% viability for 5 weeks and thereafter, viability
decreased gradually up to the 17" week. After 17 weeks viability decreased sharply
and was compietely lost afier 19 weeks.

At 20°C, the spores retained 100% viability for 3 weeks and viability then
declined gradually up to the 7" week. After 7 weeks the viability decreased sharply
and was lost comnpletely after 9 weeks.

At 25°C, the viability was 96.2% in the first week and then dropped from 46.0%
t0 12.0% after 3 weeks followed by a stight decline up to the 7" week.

At 30°C, the viability was 95.2% in the 1 week and viability then sharply
decreased from 71.1% to 20.0% after 2 weeks until the spores lost their viability
after 3 weceks, :

Data presented in Table (2} indicate that the best temperature for urediniospores
preservation was 5°C. In all cases the longevity of the spores decieased gradually by
increasing the slorage temperatures from 46 weeks at 5°C to 2-3 weeks at 30°C,

Generally, spores developed on booting and adult planis and kept at 10°C
remained viable longer with 3 weeks than those developed on seedlings.

Egypt. J. Phytopathel, Vol. 33, No. 1 (2003)
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Fig. 5. Percentage of urediniospore germination of leaf rust (Puccinia triticina)

stored at different temperatures (5-30°C) on leaves of ¢v. Thatcher at

booting stage.
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Fig. 6. Percentage of urediniospore germination of leaf rast (Puccinia triticing)
stored at different temperatures (5-30°C) on leaves of cv, Thaicher at
adult stage.
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Table 2. Effect of growth stage of wheat plants on leaf rust urediniospore
viability stored at different temperatures on dry leaves of

cv. Thatcher
Host age Storage temperature / longevity (week)
5°C 10°C 15°C 20°C 25°C 30°C
Seedling 46 29 19 8 ) 2
Booting 46 32 17 9 3 3
Adult 46 32 19 9 4 3

c. Viability of yellow rust urediniospores:
1. Seedling stage:

Data presented in Table (3) show that the urediniospores at 5°C viability was
11.2% for the 1 week and 0.6% for the 2™ week. After 3 weeks the urediniospores
viability was zero. While, at 10°C, the spore viability was 5.7% in the 1* week and
then zero after that At 15°C, the spores viability was 1,6% in the 1% week, then the
spores lost their viability entirely. No germination was observed at 20, 25 and 30°C,

Table 3. Percentage of stripe rust (Puccinia striiformis) urediniospores

germination stored at different temperatures (5-30°C) and developed on
var, Trificum spelfa Saharensis at seedling stage

Storage period Storage temperature / spore germination (%)
(weeks) 55C 10°C 15°C 20°C 25°C 30°C |

0 72.0 72.0 72.0 720 | 720 72.0
1 11.2 57 16 0.0 6.0 0.0
2 0.6 0.0 0.0 0.0
3 0.0 0.0 0.0 0.0
4 0.0 0.0 0.0
5 0.0 -

2. Booting stage:

Data presented in Table (4) show that the urediniospores viability was 12.8% in
the first week and dropped to 0.4% in the 2% week and after 2 weeks was zero.
At 10°C, the spore viability was 6.2% in the first week and zero after 1 week.

At 15°C, the spore viability was 2.0% in the 1* week and zero after 1 week.
At 20°C, the spores viability was 1.9% in the 1" week and zero after 1 week.
No germination was recorded at femperatires of 23 and 30°C.

Egypt. J. Phytopathol, Vol. 33, No.1 (2005)
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TFable 4. Percentage of stripe rust (Puccinia striiformis) urediniospores
germination stored at different temperatures (5-30°C) and
developed on var. Trificum spelta Saharensis at booting stage

Storage period Storage temperatute / spore germination (%)

(weeks) 3°C 16°C 15°C 20°C 25°C 30°C
0 72.0 72.0 72.0 72.0 72.0 72.0
1 12.8 6.2 2.0 1.9 0.0 0.0
2 0.4 0.0 0.0 0.0 0.0 0.0
3 0.0 0.0 0.0 0.0 0.0 0.0
4 0.0 0.0 0.0 0.0 0.0
5 0.0 0.0 0.0 0.0

3. Adult stage:
At 5°C, results shown in Table (3) indicated that urediniospores viability was

22.4% in the first week, dropped to 1.3% in the 2™ week and was zcro after 2 weeks.

At 10°C, the percentage of germination was 5.7% in the first week and  zero
after the 1% week. At 15°C, the spore viability was 5.7% in the 1% week and zero
after 1 week. At 20°C, the spore viability was 1.6% in the 1™ week zero afler
1 week.

No germination was observed at temperatures 25 and 30°C. Generally, results
shown in Tables (3, 4 and 5) indicate that low percentage of germination of
urediniospores of P. striiformis and short period of longevity were recorded for all
growth stages which ranging from 1-2 weeks at 5°C and 10°C. It was one week for
alt cases except at 5°C for spores developed on the adult stage (Table 6).

it was also found that germingtion of stripe rust urediniospores was very low
even when spores were tested after their release (Tables 3, 4 and 5).

Table 5. Percemtage of stripe rust (Puccinia striiformis) wurediniospore
germination stored at different temperatures (5-30°C) and devcloped
on var. Triticum spelfa Saharensis at adult stage

Storage period Storage temperature / Spore germination (%)

(weeks) 5°C e C 15°C 20°C 25°C 30°C
0 720 72.0 72.0 7240 72.0 72.0
1 22.4 5.7 5.7 1.6 0.0 0.0
2 1.3 0.0 0.0 0.0 0.0 0.0
3 0.0 0.0 0.0 0.0 0.0 0.0
4 0.0 0.0 0.0
5 0.0
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Table 6. Effect of growth stage of wheat plants on urediniospore viability of
stripe rust stored at different temperatures, on dry leaves of var,

Triticum spelta Saharensis
Storage temperature / longevity (week)
Host age
5°C i0°C 153°C 20°C 25°C 30°C
| Scedling 2 1 1 0 0 0
Booting 2 i 1 L th 0
Adult 2 1 1 1 0 | o

Discussion

Rust diseases of wheat appear wherever wheat plants are grown in Egypt. They
usually appear at flowering and/or the following stages, causing considerable losses
in grain yield. (Nazim ef of., 1983 and El-Daoudi ef /., 1996). The urediniospores, in
particular, comprise the dangerous stage to wheat, although they are short lived in nature
(Buricigh ef af., 1969).

In breeding programs for rust resistance, preservation of viable urediniospores is
a very essential step. This program starts by collecting infected materials from
different locations and from different wheat genotypes for cach rust of wheat
(Stakman and Harrar, 1957). Rust samples can be collected as infecied leaves or as
urediniospores. In both cases viable spores should be preserved for virulence survey
or for testing generations or wheat genotypes in rust nurseries.

Generally, two main methods for spore preservation are  known. The first is a short-term
preservation, including the dry leaf method and the glass tube method, while the second is
a long-term preservation in liquid nitrogen  and by Iyophitization.

Spores can be kept for several years in liquid nitrogen. (Flor, 1954; Loegering
and Harmon, 1962, Bromfield, 1964 and Loegering et al, 1961). Lyophilization is
a process by which spores stored in glass tubes can be held at room temperature for several
months without loss viability, while lyophilized spores remain viable for scveral years
when spores are kept at low temperatures (Sharp and Smith, 1957).

In the course of this study, short-term preservation was undertaken for spores
kept on dry leaves for stem, leaf and stripe rust diseases. Host age, as a factor
affecting spore viability was studied at different temperaiures between 5-30°C with
5°C intervals.

In this stady, the effect of three growth stages, ie. seedling, booting and adult stages on
urediniospores viability was studied The highty susceptible varieties, ie. Litfle club,
Thatcher and Triticum spelta Saharensis were used for stem, leaf and stripe rusts,
respectively.

Viability of spores was {ested by determining their perminability on water agar afler
24 hours cubation. Tests of germination were carried out every 7 days until germination
reached 0%,
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Plants of the different stages were inoculated with the previously mentioned
races. Afler the rust was fully developed, infected leaves and fresh urediniospores
were collected and stored at the different temperatures (5-30°C) as mentioned
before, The percentage of germination was determined every week. The results
obtained revealed that, the percentage of germination of the urediniospores of the
rusts was higher on the dry leaves of the adult stage than booting and/or seedling
stages. This confirms that, keeping spores on dry leaves of the adult plants aliows
longer survival than storing them on the booting and/or seedling stages.

Spores of stem rust survived 27 weeks on lcaves of adult planis at 10°C, whercas
leaf rust spores survived 46 weeks on leaves of adult plants at 5°C.

On the other hand, stripe rust spores survived for a shorter period than the other
two rusts. Stripe rust urediniospores were more sensitive than the other two rust
diseases. Therefore, they cannot be kept for longer than two weeks whalever the
storage temperature is (5-30°C).

However, for short-term preservation spores can be kept on dry leaves  at low
temperature. Choosing the proper stage of plant growth, on which spores are kept, is
very important in this experiment
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