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ABSTRACT: Two film-forming polymers namely styrene acrylic-
emulsion and emulsion wax were used to contro! stem rust of wheat
caused by Puccinia graminis f.sp. tritici (Eriks) Henn,

All experiments were carried out under greenhouse and field
conditions using the most susceptible wheat cultivar (Giza-160). In
seedling stage, application of styrene acrylic-emulsion polvmer ai
24% concentration 24 h before pathogen inoculation led to comiplete
reduction in number of pustuleslcmz. Adult stage experiments
showed significant decreases in number of developed pustules/cm’,
rust severity and area under disease pregress curve (AUDPC),
compared with control plants. All treatments under investigation
showed an increase in chlorophyll a, b and carotenoids.

Application of film-forming polymers in field experiment
during 2001-2002 and 2002-2003 growing seasons led to an increase
in yield components. Scanning electron microscope (SEM) studies
were carried out to evaluate the mode of action of film-forming
polymers in controlling stem rust of wheat.

Scanning electron micrographs showed complete coverage of
leaf surface with film forming polymers, sticking groups of un-
germinated urediospores, deformation of appressoria as well as un-
succeeded germination of urediospores.
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INTRODUCTION

Wheat in Egypt is liable to
attack by many diseases such as
rust, smut, mildew and some other
minor diseases. Till now wheat
rusts are still the main biotic stress,
that limited the productivity of most
of wheat cultivars, under the
Egyptian environmental conditions.

Stem rust of wheat caused by
Puccinia graminis fsp. tritici
Erikss has been one of the most
serious rust diseases in Egypt
particularly in the late sowings.
However, it causes a considerable
losses in wheat yield under
Egyptian environment (El-Daoudy
et al., 1994 and Nazim ef al., 1983).

Certain  passive  defense
mechanisms against plant pathogens
are related to the morphological
structure of the plant surface (i.c. the
cuticle) providing an effective
barrier against direct penetration by
parasites  (Heath, 1985). The
insoluble polymer compounds of
the cuticle constitute the main

physical obstacle for fungal
penetration (Royle, 1975). Such
barriers, together with other

measures, may be responsible for
limiting the host range of
particular  species of  crop
pathogens (Heath, 1985).
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Various coating polymers
such as oils, waxes, polyterpenes,
alcohols and silicons were used as
artificial barriers over plant surfaces
to reduce water losses (Gale and
Hagan, 1966) or protect plant
organs against invading micro-
organisms and prevent the develop-
ment of certain plant diseases (Gale
and  Poljakoff-Mayber, 1962 as
well as White and Shaffer, 1985).
These coating polymers used as
protective  bamriers were non-
phytotoxic, permeable to gases,
resistant 1o change environ- mental
conditions, penetration of solar
irradiation and biodegradable (Ziv
and Frederiksen, 1983).

The objective of the present
study was to evaluate the effect of
two different film forming
polymers namely styrene acrylic-
emulsion and emulsion wax applied
to wheat plants in both seedling and
adult stages on processes associated
with the development of stem rust
of wheat caused by Puccinia
graminis £.sp. tritici.

MATERIALS AND
METHODS

Greenhouse experiments:
Tested cultivar:

The most susceptible wheat
cultivar namely Giza-160 was used
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in these experiments. Grains of this
cultivar were kindly obtained from
Crops Research Institute, ARC,
Giza, Egypt.

Film forming polymers: .

Two different types of
poiymers ie. styrene acrylic-
emulsion and emulsion wax were
sprayed on Giza-160 wheat
cultivar in all experiments under
investigation.

Seedling stage experiments:

Freshly collected urediospores
of Puccinia graminis fsp. tritici
race 11 kindly provided by Wheat
Dis. Res. Dept., Pl. Pathol. Res.
Inst., ARC (the virulent strain)
were used as inoculum.

Seven days old wheat
seedlings were divided into two
groups. The first group was
sprayed with five concentrations
of the entire polymers (8%, 12%,
16%, 20% and 24%), 24 hours
before inoculation. While, the
second group was sprayed with
the same treatments 24 hours
after inoculation.

The type of infection was
detected using the adopted type scale
of Saari and Wilcoxson (1974). Also,
nurnber of pustules per unit leaf area

cm’ on the upper side of the leaves
was counted as described by
Parlevliet and Kuiper (1977).

Adult stage experiments:
Artificial inoculation was
carried out in booting stage (70
days old) as mentioned by Large,
(1954). Plants dusted with
urediospores-talcum mixture {1:20)
using a baby cyclone (Tervet and
Cassel, 1951). Giza-160 wheat
cultivar was sprayed with the film

forming polymers under
investigation in booting stage at
two concentrations which

considered to be the most effective
ones during seedling stage
experiments for each particular type
of polymers (12% and 24%). All
experiments were carried out 24
hours before and after inoculation.

Number of pustules/cm’ was
counted wusing the method
described above. Rust severity was
recorded using modified Cobb’s
scale (Peterson ef al., 1948) during
the course of the disease cycle.
Also, area under disease progress
curve (AUDPC) was calculated
using a simple formula adopted by
Pandey et al., (1989).

Field experiments:

Inoculation technique used in
these experiments was achieved as
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mentioned above in adult stage
experiments. Field experiments
were carried out at Farm of Zagazig
(Facuity of Agriculture) in two
successive growing seasons (2001-
2002 and 2002-2003). Area of each
experiment was divided into plots
2 x LS m 1/1200 feddan)
containing 5 rows of 2 m long with
30 cm between rows. Each row was
sown by 5 g wheat seeds (Giza 160
susceptible wheat cultivar).

The two polymers (styrene
acrylic-emulsion and emulsion
wax) were applied at the rate of
12% and 24% for each particular
type of polymers. The tested
polymers were sprayed before
inoculation. Three plots were used
as replicates for each one.
Untreated plants were sown in
three plots and used as infected
control plants (diseased plants).
However, three infected plots
which were treated with Sumi-8
(0.35 ml/1) fungicide were used in
this experiment to serve as control
treatment (healthy plants).

Rust severity and yield
assessment i.e. plant height (cm),
spike height (cm), spike weight
{(g), weight of plot (kg) and weight
of 1000 grains (g) were recorded in
these experiments.

Tohamy, et al.

Determination of photosynthetic
pigment contents:

The photosynthetic pigments
were extracted from fresh flag leaf
of adult infected plants according to
the method described by Wettestein
(1957) at wave length of 662, 664
and 440 nm for chlorophyll a, b and
carotenoids, respectively.

The concentration of the

photosynthetic ~ pigments  were

measured as follows:

Chla=9784 x E 662 -0999 x E
644 =mg/g.

Chlb =21426 x E644 - 4.65xE
662 = mg/g.

Carot. = 4.695 x E 440 — 0.268
{Chl.a + Chl.b) = mg/g.

where Chl. a, b and Carot. =
concentrations of chiorophyll a, b
and carotenoids in mg/g fresh
weight.

Scanning electron microscope
(SEM) studies:

Specimens of infected leaves
were taken at 10 days and treated
with 24% concentration for the
entire polymers, pre- and post-
inoculation. Samples were fixed in
2.5% glutraldehyde for 24 hours at
4°C then fixed in 1% osmium
tetroxide (0OSO,) for one hour, at
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room temperature. The specimens
were then dehydrated with
acetone, critical point dried, and
finally sputter coated with gold
prior to the examination and
photographed in a Jeol T 330A
scanning  electron  microscopy
(Harley and Fergusen, 1990).
Characterization of film-
forming polymers:

The first polymer is composed
of formulation containing acrylic
ester (styrene acrylic emulsion) as a
binder, water base thickener and
coalescing agent. While, the second
polymer is composed of formulation
containing acrylic ester (styrene
acrylic emulsion) as a binder, water
base thickener, enmlsion wax and
coalescing agent.

The entire formulation ingredient
imported from, Egyptian Danish Co.
for building and construction (Lip
Co.).

Statistical analysis procedure:

All data were subjected to
statistical analysis according to the
procedures “ANOVA” reported by
Snedecor and Cochran (1980).
Treatment means were compared by
the Least Significant Difference test
(I..5.D.} at 5% level probability.
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RESULTS AND
DISCUSSION

I- Greenhouse experiments:

A- Application of film forming
polymers before and after
pathogen inoculation in
seedling stage:

Results indicated that, pre-
inoculation treatments of wheat
seedlings using film forming
styrene acrylic-emulsion polymer
yields a significant reduction in
infection type, compared with
control treatments.

Application  of  styrenc
acrylic-emulsion and emulsion
wax polymers at concentrations of
12% and 24% yields significani
differences in infection type,
compared with controi plants.

Data presented in Table (I}
revealed that, application of film
forming compounds namely styrene
acrylic-emulsion and ermulsion wax
reduced the number of pustiles/cm’
in both pre- and post-inoculation
freatments, compared to control
treatments. This might be due to the
fact that the film forming polymers
may exclude the fungus by
preventing physical contact between
the invading pathogen and the host
tissue leading to reduction of
pustules/em? (Judith and Eyal, 1991).
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Table (1): Effect of styrene acrylicemulsion and emulsion wax

polymers application, before and after

pﬂhosen

inoculation, on infection type, number of pustules/cm” and

% reduction, in seedling stage.
Infection type No. of Reduction %
Polymer pustules/cm’
tested Pre-  Post- Pre-  Post- Pre- Post-
inoe.  imoc. Mean imoc.  imec, Mean inoc. imoc. Mean
Control 367 40 383a 8466 6391 74292 00 00 00f
8% 30 20 266c 170 450 30de 7992 29.57 SAMax
12% 1.0 30 20d 0667 460 2333f 992 2799 636a
16 % 3.0 20 285c 383 4666 2S84 9547 2697 61.22sb
20% 3.0 20 15c 817 5733 32.75¢d 9036 10.26 S32bcd
4% 0.0 20 10e 00 4933 2467Ef 1000 22.78 61.39sb
Mean 2.0 22 593 4886 9299 2351
Emubio» wax
8% 3.0 30 30b 350 524 437b 5843 17.09 317%e
12% 3.0 20 28c 310 340 325cd 63.04 48.11 85.62ab
16 % 3.0 30 306 410 360 385bc 5149 33.75 42.62de
20% 3.0 30  30b 350 435 23958b 57.54 3091 Mcde
4% 20 30 285c 310 2017 2558¢f 630 6672 64.86a
Mean 28 28 M6 3131 55.72  39.32
Pol. Mean 2.4 25 2027 434 7536 3142
Totalmean 252 267 2618 4494 68.96 2856
t
A= 0.14 2.95 491
B= 0.323 6.808 11.33
AxB 0457 9.63 16.02
A = between pre- and post-inoculation
B = Treatments
Also, data in Table (1) These findings may be related to the

concluded that styrene acrylic-
emulsion polymer at concentration
of 24% completely neduoed the
number of pustules’om’ at pre-
inoculation infection type followed
by 12% concentration where the
obtained percentage of reduction
were 100% and 99.2%, respectively.

thickness of the uniformity of the
coat which increased by increasing

polymer concentration and -
consequently Increase the
impermeability of the coated surface

(Judith and Eyal, 1991). However,
application of film forming
emulsion wax polymer leads to
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lower percentage of reduction than
styrene  acrylicemulsion  polymer
where the highest reduction percentage
were obtained at concentrations of
12% (63.14%) and 24% (63.0%).

It was reported by Yirgou
and Caldwell (1968), Lewis and
Day (1972) and Kamp (1985) that
the outer layer of plant tissue
provides physical and/or chemical
barriers against the establishment
of plant pathogens. Film coating
polymers have been reported to
provide additional protection
against various foliar pathogens.

B-Application of fim forming
polymers pre- and post- pathogen
inoculation in adull stage:

Data given in Table (2) show
the effect of pre- and post
application of film forming styrene
acrylic-emulsion and emulsion
wax polymers for controlling stem
rust of wheat in adult stage. it can
be concluded that, application of
styrene  acrylic-ernulsion  and
emulsion wax polymers at 12%
concentration in  pre-inoculation
with stem rust urediospores reduced
the number of pustules/cm? rust
severity and area under disease
progress curve (AUDPC), compared
with control treatment. This may be
attributed 1o the protective effect of
sprayed polymeric materials, which

provide  additional  protection
against foliar pathogens (Ziv and
Frederiksen,  1987)  through
increasing the  impermeability
character of leaf surface. However,
in post-inoculation treatments the
application of styrene acrylic-
emulsion polymer at concentration
of 24% was the most effective one
for reducing the rust severity and
AUDPC. Also, application of
emulsion wax  polymer a
concentration of 12% reduced the
rust severity and AUDPC, compared
with control ones. Differences in the
obtained results in different stages of
plant tested (seedling, adult and field
experiments) might be due to

11- Field experiments:
Disease severity and yield
components:

Data given in Table (3)
represent the effect of applying
protective film forming polymers
i.e. styrene acrylic-emulsion and
emulsion wax on rust severity and
yield components including spike
length (cm), spike weight (g),
number of grains/spike, weight of plot
(kg) as well as weight of 10 grains (g)
at 20012002 and 2002-2003 growing
seasons, compared with untreated and
fimgicidal treated wheat plants.
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Table (2): Effect of film forming styrene acrylic-emulsion and

emulsion wax polymers application, before and after
pathogen inoculation, or rust severity, number of

A = between pre- and post-inoculation

B = Treatments

pustules/om’ and area under disease progress curve
(AUDPC), in adult stage.
Rust severi No. of pustules/em® AUDPC
Polymer i P
Pre-  Post- Pre-  Post- Pre- Post-
tested . . Mean . Mean Mean
inoc. imoc. imoc. inoc. inoc.  inoe.
Control 3.0 0.0 30.0a 185 185 185a 49176 491.76 491.76a
rene m
12% 3.0 100 6%5b 1.0 333 216c 4733 1750 11L17b
24% 35 50 4250 20 3.33 2467¢ 66.5 8133 73920
Mean 328 15 15 33 .92 12817
Emuision wax
12 % 6.67 13.0 1wob 733 1033 88%5b 9333 25083 17L1b
24 % 12.33 80 1033b 833 6.0 717dc 19417 1330 163580
Mean 928 10.5 188 817 14375 19192
Pol. mean 638 90 4.66 575 10033 16604
Total mean 1425 195 11.58 12.13 29605 3289
LSD.2t005
A= n.s. n.s. n.s.
B= 5177 6.957 137.7
AxB n.s. n.s, n.s.



Table (3): Effect of applying protective film forming styrene acrylic-emulsion and emulsion wax
polymers on rust severity and yield components at 2001-2002 and 2002-2003 growing

sSeasons.
T Rast severity w)_mm Ne. gralm/opike detdpm_m mugmnm_
restments 2001 2002 M 2002 M 101
P Mean n o Mans g M Ma 2 Noan 'l ﬁ [ m Man

Coatrol 3667 2166 162 963 960 944 158 162 199 4456 4666 #5410 D41 053 O462c 17.66 2466 26 c
Fungicide 1333 666 999 917 1020 949 16T 159 163 4167 5000 453b 0491 0.5%5 .5280bc 20,33 2923 288 b
Styrene scrylic-emulsion

2% 1660 3.67 10135 1158 10,10 1084 279 197 138 6453 5200 %i6a 0525 0.96 0.531bc 25.16 3096 M a

4% 1250 333 791b 967 1090 AY8 255 247 186 4147 5453 MM0D 0663 0.02 0.667a 26.57 040 248 a
Mean K3 35 e 1S 1T 54 227 0394 M 15357 N8
Emuision wax

12% 2250 466 13580 946 1010 KIB 125 228 L78 4303 5030 4460 0478 0.42 6.545hc 2029 3089 259b

U% 200 467 11336 945 990 53 197 188 192 4506 5120 413k 0535 0.47 8.611ab 2296 3059 167Tab
Mesa 128 4§ 931 108 14 1N 4485 T8 0507 068 214 N4
Polmeay 179 409 497 1028 3 118 #53 5281 0551 7 2378 A
Total meas 2027 743 929 10.10 1% 197 %72 N7 8518 % 2225 D46
L.S.D. st 5%

A= .29 ns. IS, 187 0052 1361

B= 5292 ns. ns. 5.99 0 2428

AxB= n.s. ns. ns. 8279 ns. n.s.
A = Betweea seasons

B = Treatments

S00Z (1) ‘oN 75 “10A “say ouy [ S1w8vz

€8
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Results indicate that applying
protective polymers on rust
severity during the two growing
seasons were significant. Rust
severity in 2001-2002 growing
season was 12.50¢ while in 2002-
2003 growing season was 3.33,
compared with control (36.67 and
21.66, respectively). These might
be due to that the coated surface
created a low water potential at
infection sites because of its
hydrophobicity (Gale and Hagan,
1966). Also, untreated plants were
susceptible to infection by the
pathogen resulting higher rust
" severity than protective ones.

Also, data in Table (3) reveal
that spike length and spike weight
(g) were significantly affected in
growing  seasons.
Accordingly, spike length was
higher at 2002-2003 growing
season than 2001-2002. Number of
grains/spike and weight of 10°
grains were also affected by the
two pgrowing seasons. The
aforementioned criteria increased
at 2002-2003 growing season than
2001-2002 one. This might be due
to the fact that changing in the
environmental conditions might
. affect  rust  severity and
consequently yield components.

It is worthy to mention that,
applying film forming styrene
acrylic-emulsion and emulsion
wax polymers at concentrations of
12% and 24% caused an increase
in number of grains/spike, weight
of plot (kg) and weight of 10°
grains (g), compared with either
untreated control and even
protected wheat plants. (n this
respect, film-coating polymers
suppressed the stem rust pustules
formation through increasing the
resistance in wheat cells to
enzymatic degradation by the
pathogen (Judith and Eyal, 1991).

Photosynthetic pigment contents:

Results in Table (4) reveal
that all tested concentrations of
film forming styrene acrylic-
emulsion polymer were better than
those of emulsion wax polymer for
contents (mg/g fresh weight),
compared with un-treated control
plants. Pre-inoculation application
of 12% concentration of styrene
acrylic-emulsion polymer led to
increase chlatb content (8.49
mg/g), compared with control
plants (6.21 mg/g). This effect
might be due to that the tested
polymeric materials can be
considered as solar energy
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adsorbent and consequently favour
the photosynthesis i.e. increasing
photosynthetic pigment contents
(Goodman et al., 1986). However,
post-inoculation application of the
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tested polymer led to an increase in
chlorophyll a, b and carotenoid
contents comparing with the
control rather than those of pre-
inoculation one.

Table (4): Application effect of film forming styrene acrylic-emulsion
and emulsion wax polymers in pre- and post-pathogen
inoculation on photosynthetic pigment content as mg/g
fresh weight of susceptible Giza-160 wheat variety.

Treatments Pre-inoculation Post-inoculation
Chl.a Chl.b a+b Carot. ChLa Chl.b a+b Carot
Control 427 184 621 131 427 194 621 181
Styrene scrylic-emuision
12% 564 285 849 188 592 349 941 195
24% 550 229 779 187 626 318 944 210
Mean 1,14 257 814 188 609 334 943 203
12% 358 130 488 10 625 639 1264 015
24% 340 194 570 050 387 438 825 026
Mean 349 162 529 075 506 539 1045 021
Pol. mean 732 209 672 132 558 436 994 112
Totalmesn  S79 2402 646 157 493 315 807 146
l]I-Scann‘mg.ichm Microscope mfmﬁoaioawpﬁ;;ﬁz
examination (SEM):

SEM micrographs gave an
overview on the effect of spraying
wheat seedlings leaves with film
- forming polymers to control
infection with P. graminis f.sp.
tritici. The treatments had affected
urediospores germination, germ
tube and appressoria formation.

Scanning electron micrographs
of wheat leaves treated before and

materials (Fig. 1). These results
are in harmony with those
obtained by Sallam, Minaas
(2001) who used some plant
extracts such as halfa barr and
chamomile as well as some
bioagents from Trichoderma spp.
to control wheat leaf rust disease.

Scanning electron micrographs
24 br before inoculation show that,
both of orientation of the germinating
urediospores towards the stomata and
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the formation of appressoria were
affected (Fig. 2-B). It is thought that
the leaf surface provides certain
physical stimuli that orient the
leaf stomata (Dickinson, 1979 and
Lewis and Day, 1972). The stimulus
can be associated in part with
chemical factors originating in the

stomata (Edwards and Bowling,

1986). It is suggested that the
distribution of appressoria over the
coated leaf surface are associated
with distribution of the mechanism(s)
coupled with orientation of the
geminating urediospores towards the
stomata and formation of -
appressoria. Also, shrinkage of germ
tube and deformation of appressoria
were also observed (Fig. 2-C).

Fig. (1): Scanning electron micrographs showing the leaf surface of
ten days old wheat seedlings: A) post-inoculation with

application of emulsion wax polymer [notice:

sticking

groups of un-germinated urediospores (us) with polymer
material] and B) spraying of emulsion wax polymer [notice:
complete coverage of leaf surface].
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Fig. (2): Scanning electron micrograph showing the germination of
urediospores (us) of P. graminis f. sp. tritici, 24 h after
treatment of wheat leaves with film forming Styrene
acrylic emulsion polymer: A) untreated control planis
[notice: the normal leaf surface coverage; typical germ
tube (gt) and typical appressorium (ap)], B) deformation
and disorientation of appressorium (ap) present on the
stomata (st) C) shrinkage of germ tube (gt) and
deformation of appressoria (ap), and D) un-succeeded
germination of urediospores (us).
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Fig. (2-D) shows the countries and Yemen. Fifth
unidentified  germination  of Arab Cong. Plant Protec,,

urediospores where there are no
appressoria observed due to the
pre-inoculation  application of
styrene acrylic emulsion polymer.
This may be attributed to the fact
that, the film forming polymers
may exclude the fungus by
. preventing  physical  contact
between the invading pathogen and
the host tissue, which apparently
can stimulate the formation of
infection structures in unidentified
ways (Judith and Eyal, 1991).
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