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ABSTRACT

Screening and distribution as well as disease severity of
powdery mildew incidence in different growing sugar beet
governorates i.e., Kafr El-Sheikh, Gharbia and El-Dakhalia.
was done on district level for the cultivated varieties Disease
severity (%) of powdery mildew ranged between 25.5 to 62.8 %
in Kafr El-Sheikh governorate. While in Gharbia governorate
it ranged between 19.8 to 28.4 %. While at El-Dakahlia
governorate, it was 47.75, which gave the highest average
among all governorates. Different varieties i.e. Sultan, Ras
Poly, and Kawamira recorded the highest incidence of powdery
mildew, while, the lowest incidence as obtained by Glorius, cv.

Greenhouse experiment was carried out at Sakha
Agricultural Research Station, Kafr El-Sheikh, Egypt during
2006/2007 season. Two sugar beet cultivars representing two
extremes of susceptibility to powdery mildew disease were
selected. The two cultivars; Glorius and Sultan were grown in a
split plot design with three replicates.

Artificial inoculation was done by using conidiospores
suspension of Erysiphe polygoni. Each cultivar was grown in a
plot of 2x3 m. Different characters were recorded starting from
90 days from sowing until maturity with 15 days intervals to
study the effect of powdery mildew disease on invertase
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activity, chlorophyll content in leaves, root weight and sugar
vield as well as Na+, K+, a-amino N on leaves, reducing sugars,
recoverable sugar (%) and sugar loss to molasses in roots.

Disease severity % of powdery mildew disease was
increased under infected than non-infected plots. Sultan cv. was
more susceptible than Glorius cv. Root weight, TSS%, sucrose
and purity (%) showed significant differences under inoculated
and non inoculated plant samples. Chlorophyll content
decreased by increasing disease severity (%), invertase enzyme
gradually increased until harvest. Na, a-amino N, while K+
content behave in opposite way either on leaves and/or roots.
Reducing sugars, recoverable sugar as well as sugar loss to
molasses (%) were affected by disease incidence that they
increased in roots by increasing disease severity under infected
and non-infected conditions.

INTRODUCTION

Powdery mildew disease caused by Ersiphe polygoni DC,
is a serious disease in arid climates of the Middle East, the
Sovicet Republics of Central Asia, Europe and South-Western
USA Mukhopadyay,(1987). Severe epiphytotics are infrequent
in Northern USA or Western European countries or in the
temperate zones of USA. Egypt environmental conditions help
the fungus to spread rapidly specially in the late sowings after
September. Weltzien (1963) renamed the fungus E. betae on
the specificity of the fungus to Beta species. Powdery mildew is
probably the next most significant disease of sugar bect, after
virus yellows infections, the disease can reduce sugar vicelds up
to 20%. Asher (1986) reported that, disease severity of the
fungus (E. polygoni) can affect enzymatic activity and some
rclated quality characters. The enzymes of importance for the
processor are those which lead to sugar loss, breakdown of the
beet tissues or color formation. acid invertase is involved in
sugar loss during processing. Koltz (1999) reported that the
major cnzymes involved in sucrose catabolism arc invertase
and sucrose synthitase. The enzymes occur in plants as a
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number of different isoenzymes. lnvertase catalyzes the
hydrolysis of sucrose to glucose and fructose. Most leaf beet
diseases lead to lower sugar content Vukov, (1977), juice purist
from diseased plants will therefore-be lower than from healthy
plants, the non-sugars or another chemical compounds do
change, for example, Oldfield er al. (1977) found a doubling of
amino nitrogen in plants infected with virus yellow compared
with uninfected plants. There is a report of viral and fungal
diseases increasing the content of reducing sugars Vukov,
(1977). Other changes in processing quality are dependent
upon the timing of virus yellows and other fungal diseases
infection Heijbroek, (1988). moreover in recent studies, Asher
and Williams, (1991); Bayford, (1996) and Karaoglanidis and
Karadimos, (2006) they found that under severe attacks of
powdery mildew occur in southern Europe and north America,
reduction in root yield may exceed 22 % and that of root
sucrose may exceed 13 %, Francis et al. (2007), reported also
that, powdery mildew is economically significant for sugar beet
growers worldwide and can cause sugar yield losses of up to
30%. So, this study was undertaken to emphasize on the effect
of powdery mildew incidence on yield loss, quality characters
and the activity of invertase enzyme.

MATERIALS AND METHODS

Screening for powdery mildew incidence was done for
sugar beet fields at Kafr El-Sheikh, Gharbia and El-Dakahlia
Governorates according to Hills et al. (1980).

Greenhouse cxpceriment was performed at Sakha
Agricultural Research Station, Sakha, Kafr El-Sheikh, Egypt
during 2006/2007 season. Two sugar beet cultivars i.e. Glorius
and Sultan were selected which representing the two extremes
of resistance and susceptibility. The two cultivars were grown
in a split plot design. Cultivars were allocated in the main plots.
Inoculated plants as well as non inoculated plots were devoted
to sub-plots. Three replicates were used in this experiment. The
greenhouse plots were constructed from cement with diameters
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of 2 meter width and 3 meter length. Each cultivar was
cultivated in rows 20 cm between hills and cultivated in rows.

Artificial inoculation was done 60 days after sowing by
using a spore suspension of conidiospores of Erysiphe polygoni
DC. Spore collected by rinsing symptomatic leaves with 0.1%
Tween 20 into a volumetric flask (1 liter), the same method was
adopted by Francis ef al (2007). Inoculum was sprayed at a
rate of 40 x 10° conidiospores. Plastic sheets were put between
plots to prevent movement of spores from inoculated lots to
non-inoculated ones. Seven readings were recorded, and seven
samples were collected, the first sample was taken just before
inoculation to measure all studied traits as follow:

o Disease severity (%) was recorded according to the scale

assessment of powdery mildew incidence of Hills ez al. (1980).

* Root weight (kg/ plant) the two central ridges of each plot
were estimated in Kilograms.

Percentage of sugar was determined according to Carruthers
and Oldfield (1960).

Gross sugar yield was calculated by multiplying root yield
by sugar %.

Percentage of sugar loss to molasses and recoverable sugar
percentagewere determined according to the following
equation adopted by Reinfield er al (1974).

Sugar loss % = 0.343 (K + Na) + 0.024 (a-amino-N) -0.31.
Recoverable sugar % = pol - |.343 (K+Na) +0.094(ct-amin
o-N) + 0.29]

Reducting sugar content was determined as described by
A.0.A.C. (1990).

Invertase - enzyme activity (unit/100 g root/hour) was
determined according to the procedure stated by Vukov
(1962) in leaves and roots.

Impurities in roots and leaves such as sodium (Na+),
potassium (K+) and alpha amino nitrogen (c-amino-N)
(milliequivalents / 100 g beet) were determined according
to the method described by Williams (1984).
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s Total soluble solids percentage (TSS %) were determined in
fresh root for each cultivar using hand refractometer
(McGinnis, 1982).

s Total chlorophyll content of leaves was measured in mg by

using chlorophyll meter (SPAD-502), (Yoshida et al., 1976).

o Percentage of purity was calculated by dividing sucrose (%)
by total soluble solids % according to Carruthers and
Oldfield (1960).

o Loss percentage (sucrose and root yield) =

Protected — infected
rotected — i £ 100

Protected
e The first reading of disease incidence was taken after one
month from inoculation as described by Whitney, (1989),
and the other readings were taken every 15 days until
maturity (last reading).
Data were statically analyzed according to Gomez and Gomez
(1983) PP

RESULTS AND DISCUSSION

Data presented in Table 1, show the distribution and
disease severity (%) of powdery mildew on sugar beet cultivars
grown in Kafr El-Sheikh, Gharbia and El-Dakahlia
governorates. Disease severity (%) of powdery mildew ranged
from 25.5 for Glorius cv to 62.8 % for sultan cv in Kafr El-
Sheikh Governorate, with an average of 37.14. While in
Gharbia Governorate, disease severity was ranged from 19.8
for Glorius to 28.4% for Peta Poly, with an average of 27.3%.
In El-Dakahlia Governorate disease severity was higher
(47.75%) than those of the other two governorates.
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Table (1): Distribution and disease severity (%) of powdery
mildew disease on sugar beet plants grown in different
Governorates during 2006-2007 growing season.

*Disease severity

Governorate District o
(]

Sidi-Salem
El-Hamoul
El-Read
Desouk
Kafr El- Beiala
Sheikh Fowa
Kafr El-Sheikh
Metobis

Glorius 25.5
Kawamira 37.5
Top 40.7
Pleno 339
Ras Poly 35.9
Ras Poly 312
Sultan 62.8
Glorius 28.3
Ras Poly 38.6

Sakha Research
Farm
- - 37.14**

Kotour Peta Poly 284
El-Mahlla Glorius 19.8
Tanta Pleno 24.1
- 27.3%*
Dekernes Ras Poly 35.8
Belkas Top 59.7
- - 47.75**

* According to Hills ez al. (1980).
** Average of disease severity (%)

El-Dakahlia

Data in Table 2, show the effect of powdery mildew
disease severity % on certain traits i.e. root weight, TSS%,
sucrose % and purity %, of two sugar beet cultivars; Glorious
and Sultan grown in a greenhouse. From the data obtained in
Table 1, severity % of powdery mildew disease under artificial
inoculation showed that there was significant difference among
the 7 readings for the two sugar beet cultivars. It is clear from
the obtained data that disease severity % of Sultan cv. was
higher than those obtained in Glorious cv. throughout the age
of plants. However, the inoculated plants were higher in their
disease severity % than those of the non-inoculated plants
Table (2). Also, it is obvious that disease severity percentages



Table (2): Effect of disease severity (%) of powdery mildew incidence on different traits under artificial
inoculation of two sugar beet cultivars during 2007/2008 season.

*%kTV: . . -
Dlseaie severity | Root weight TSS (%) Su?)rose : Purity (%) Losses (%) N
*Scoring (") __(kg) (%) ’ %
Cultivar . - = - - —_ - N . - = ] 8
(reading) = = 5 5 ) 5 S| B ) = < wn :
V) - B2 |.% .82 .8.22_.8_82_8.32:=%2 § =
(R) e e ec g € 228/ 8¢ pegiecpeSlag b-:go.'ag ~ )
5 5 7 T 57 | 87 5| 57 s 57 %2 S ¢
Y 5 s " Y Y & ® Y " - & :ﬁ
0 0 0 0. 350 0 4.61 0 | 3.39 0 73.54 0 0 ;’
0.6 0 0.400 | 0.510{ 7.29 | 6.32 | 4.50 | 5.02 |61.73|79.43| 19.60 10.36 =
1.9 0.1 0.573({0.756! 9.30 | 9.64 | 6.21 | 7.60 | 66.77 | 78.84 | 23.60 18.29 Q
Glorius 3.5 0.4 0.588{0.740 | 10. 58 | 10.82 | 7.30 | 8.95 | 69.00 | 82.72 | 24.50 18.44 %
7.3 0.8 0.6150.835|13.6015.95| 9.85|13.25|72.43 | 83.07 | 26.34 25.66 =
18.9 2.5 1.050 ( 1.550 | 13. 41 | 19.87 3 9.69 | 15.68 ) 72.26 | 78.91 | 32.25 38.20 S
25.7 4.6 1.1421.730 ] 12.20 | 21.90 | 7.71 | 16.89 | 63.20 | 77.12 | 33.98 54.35 by
43.5 11.7 1.180 | 1.830 | 11. 60 | 24.40 | 6.64 [ 18.62 | 57.24 | 76.31 | 35.51 64.34 -
0 0 0 {0.300i 0 |[440) 0 {289 | 0 [6568| 0 0 by
23 0.1 0.41070.542 | 4.68 | 5.84 (4.00 | 4.72 | 64.53 | 80.82 | 24.35 15.04 NS
6.5 0.3 0.545(0.785 | 7.09 | 8.46 ;4.88 | 6.87 | 68.83|81.20 | 30.50 28.96 S
Sultan 14.3 0.9 0.48810.860| 7.71 | 10.03 | 5.42 ! 831 | 70.30 | 82.85 | 42.36 34.78 S
25.10 1.6 0.510/0.992 ) 11.92| 13.66 | 9.40 | 11.36 | 78.77 | 83.16 | 48.23 17.34
48.9 5.8 0.650(1.410)11.21|14.57{7.77 | 10.95]| 69.31 | 75.15 | 53.90 29.04
62.5 12.9 0.678|1.681| 9.87 | 14.27 | 4.09 9.88 | 41.44|69.23 | 59.66 58.60 |&
80.8 213 0.312[1.680| 850 |12.49|2.62| 8.20 | 18.71 | 65.65 | 80.36 75.36

LSD ()(H b l46 lll6 lll lSl 159 139
*  Started at 90 days from sowing until harvest with 15-days intervals
** caused by Erysiphe polygoni DC
a 2 varicties at each of treatments
b 2 Treatments at eachof VxR

$r6
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increased gradually by increasing the age of the plants. Root
weight in kg/plant for inoculated and non-inoculated plots
increased gradually and then declined before harvest for the
two tested cultivars inoculated with the fungus. These data
agree with the other reports of Frate ef al. (1979) and Hills et al.
(1980).

Total soluble solids percentages and purity (%) were
highly affected by disease severity percentages of powdery
mildew incidence under both inoculated and non-inoculated
plots. TSS% and purity (%) recorded higher values for Glorius
than Sultan cultivar. Moreover, the trend of the data increased
up to the fifth reading (after 135 days from sowing) and then
declined again because of high disease incidence. The obtained
data were in closely agreement with those obtained by Hills
(1983).

As a result of infection by powdery mildew of sugar
beet, sucrose percentages were affected too much for the two
sugar beet cultivars in inoculated plots. Sultan cultivar was
highly affected than Glorius cv. Sucrose % sharply decreased
after inoculated compared to the non-inoculated plots. These
results agree with the other reports and results which obtained
by Frate et al. (1979), who reported that the yield losses of 20-
30% in gross sucrose can occur when sugar beet powdery
mildew is not controlled. The other reports also agreed that the
yield loss and severity of disease were strongly correlated Hills
et al. (1980) and Hills (1983).

Data in Table(3) show that invertase activity, it is of a
great importance for sugar transformation and plays a rule in
sugar losses, moreover, impurities are increasing due to disease
incidence Vukov, (1977).

Moreover, Vukov and Hangyal (1985) pointed out that
pathological processes, such as mechanical damage, wilting,
freezing and microbiological damage, greatly add to invert
sugar accumulation via enzymatic reactions, as shown from the
data in Table 3, it is clear that values of the enzyme activity
were higher under inoculated rather than non-inoculated
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plants. The enzyme activity for Glorius is less than that of
Sultan cultivar because of the degree of susceptibility by
powdery mildew disease. However, Leight er al (1979)
mentioned that high sucrose was associated with low activity of
acid-invertase in the vacuoles of beet tissue.

The equimolar mixture of glucose and fructose, referred
to as “invert sugar”, is obtained from sucrose by acid or
enzyme (invertase) hydrolysis:-

Sucrose + water Acid or enzyme  _ glucose + fructose
342¢ 18¢g 180g 180¢g

As reported by many investigators glucose and fructose
are not principal reducing sugar in sugar beet but the reducing
sugar galactose is also present. Whilst sucrose is quit stable
under normal processing conditions, glucose, fructose and
galactose having reactive free carbonyl groups, are not. For
that, reducing sugar is an undesirable quality parameter
because:-

1- At the basal level in beet it breaks down in carbonatation to
yield acids and some colour .

2- At higher level, it represents sugar lost and greater acid and
colour production.

From this point of view , determination of reducing
sugar in sugar beet roots represents an important factor for
acceptance or rejection. Sucrose will be inverted to glucose and
fructose sugars by the aid of acid enzyme Burba and Nitzschke,
(1973). There are also reports of substantial increase in
inverted sugar caused by downy mildew Vukov, (1977) and
particularly noticeable increase in other impurities Pollach,
(1984a) and Bertuzzia and Zavanella, (1988). All reports agreed
with the obtained results under this study.

Data also show that sodium concentration (Na’) was
affected by disease severity (%) of powdery mildew and
behaved in the same trend of disease severity (%) since it
increased by increasing disease severity (%) as shown in Table
(3)- Under inoculated conditions Na” increased sharply than



Table (3):Effect of disease severity (%) of powdery mildew disease incidence on enzyme activity Na+, K+ and c—x-
amino-N and some other quality characters in root of two sugar beet cultivars under artifici ==l
inoculation during 2007/2008 season.

**Diseam Reducing |Recoverable Sugar loss to
severity (%) [(unit/100 g/hour) Nat K+ a-amino N Sugar % sugar (% molasses (%)
Culti *Scoring -
‘ultivar S = 5
) (reading) 2| 2z 5 5z s |8z| 5 |82zl 5|82 5 |§2| 5 |F=z =
W =21 ES |5 | E5 |B|BF|B |2E|F |25 B |2%|F 2% 3
5| &
—
1- - 0 24 2.1 0.100.10{ 795 | 5.85|1.15({1.15]| 0.10 {0.100| O | 095 | 3.18 1.84
2- 0.7 0 2.5 2.2 1.1810.13 | 7.26 | 5.28 1 2.60 1 1.32 {0.131 [ 0.119 | 1.08 } 2.76 2.82 1.66
3- 1.9 0.1 2.8 24 1.26 | 0.24 | 6.86 14.95|2.69  1.54 (0.172|0.130|2.89 | 5.38 2.712 1.62
Glorius 4- 3.5 0.4 3.3 2.8 1.31[ 041 6.18 | 3.65]2.78 | 1.81 10.261 ]0.138 | 4.18 | 7.10 2.52 1.25
) S- 7.3 08 3.9 2.8 1.43 | 0.60 | 5.94 | 2.83 | 2.93 | 2.32 | 0.416 { 0.145 | 6.76 | 11.56 | 2.49 1.09
6- 18.9 2.5 5.8 2.9 1.59 | 0.78 | 5.61 | 1.91 | 3.17 | 2.41 [ 0.640 | 0.180 | 6.63 | 14.24 | 2.46 0.84
7- 257 4.6 7.2 3.1 1701 0.96 | 3.32 | 1.12 | 3.30 | 2.50 | 0.710 | 0.235 | 5.39 | 15.65| 1.72 0.64
8- 43.5 11.7 8.4 3.8 1.93|1.10 [ 0.87 | 0.87 | 3.48 | 2.64 | 0.851 {0.274 [ 5.06 | 17.41 | 0.98 0.61
1- 0 - 2.3 2.2 0.3610.36 | 9.39 | 7.31 | 1.38 | 1.38 | 0.10 |0.109| 0 0 3.16 245
2- 35 0.1 28 23 1.28 (043 | 8.83 | 6.24 | 2.70 | 1.59 | 0.140 1 0.125| 0 | 199 | 341 2.13
3- 6.5 0.3 3.3 24 1.30 | 0.61 | 8.24 [ 5.97 |2.85(1.7510.179 | 0.134 | 1.05 | 4.16 | 3.23 2.11
Sultan 4- 14.3 0.9 4.2 2.7 1.47 | 0.87 | 7.95 | 5.38 | 2.96 | 1.92 | 0.280 | 0.155[ 2.19 | 570 | 3.20 2.01
© 5- 25.10 1.6 6.8 3.1 1.9510.98 | 7.61 1 4.01 |3.15]2.41 | 0.442 | 0.182 | 5.51] 9.13 | 3.27 1.63
6- 48.9 5.8 9.9 38 2.14 (1,10 | 6.81 | 3.83 [ 3.49 | 2.53 | 0.685 | 0.226 | 4.08 | 8.73 | 3.09 1.62
7- 62.5 12.9 1.9 4.6 2.65) 1,35 3.62 {2.05)3.65)2.69 ) 0.987)0.271 | 1.31 ] 8.12 2.18 1.16
8- | 80.8 | 21.3 12.8 4.9 2.89 | 1,56 1.12 | 1.12 [ 3.81[(2.90 (1.468|0.340| 0 | 6.72 1.42 0.88
L.S.D.0.0S b 1.46 0.99 0.59 0.81 0.33 0.119 0.31

*  Started at 90 days from sowing until harvest with 15-days intervals

** caused by Erysiphe polygoni DC
a 2 varieties at each of treatments
b 2 Treatments at each of VxR

PEOVW-IT noqy "W°g P 0YYOL-]T 'V Diuns 846
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those under non inoculated ones for the two cultivars Glorius
and Sultan.

The opposite trend was obtained with K’ content in
roots as shown in Table (3). This means that K’ content in root
decreased by increasing the disease severity for both cultivars.
Similar results were obtained by Pollach (1984) and Bertuzi
and Zavanella (1988).

Sodium and potassium ions play an important role on
physiological equilibrium condition in cellular solution for
sugar contents of sugar beet yield.

Regarding to a-amino nitrogen, the obtained data show

that it increases with the increase of disease severity under non
inoculated conditions. Also there were significant differences
between the 7 readings for the two cultivars; Glorius and
Sultan. Also, sodium, potassium and a-amine nitrogen are
quantitatively and qualitatively important because they are the
major non-sugar components in sugar beet roots quality.
The nitrogenous compounds in sugar beet roots especially those
containing a-amino nitrogen have a highly deleterious effect on
juice purification and sucrose crystallization Jensen et al.,
(1983); Dutton and Tumer, (1984); Armstrong and Milford,
(1985 )and Marcussen, (1985).

Reducing sugars increased gradually under infected plots
for Glorius cultivar and ranged from 0.131 to 0.851 %, while it
ranged between 0.140 to 1.468 % for Sultan sugar beet cultivar.
High values of reducing sugars under non inoculated plots
(0.100 and 0.109 for Glorius and Sultan, respectively especially
60 days from sowing because at this stage plants still at
vegetative stage and the sugar concentration is high at this
stage then start to decline.

How ever clear cut trend showed under non-inoculated
plots for both cultivars.

Recoverable sugar (%), increased by increasing disease
severity (%) of powdery mildew under inoculated and non

949
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inoculated plots for the two tested sugar beet cultivars,
obtained throughout the 7 readings from inoculation up to
harvest.

Sugar loss to molasses (%) under inoculated plots
increased by increasing disease severity (%) for the two tested
sugar beet cultivars as shown in Table (3). Besides reducing
root yield, the disease also seriously affected the potential
recovery of extractable sugar. This effect resulted from both
the reduced sucrose concentration and the increased NH;-N
and NA concentrations of roots of the affected plants. The
combined effects of these root-quality factors reduced juice
purity, which is the ratio of sucrose concentration to total
soluble solids Skoyen et al. (1975).

As shown in Table (4), Glorius and Sultan cvs.,
chlorophyll content of leaves reached its maximum levels at 75
days plant age, then declined after words in both inoculated
lots, chlorophyll content was highly affected because powdery
niildew infection decreased photosynthetic activity, than on
leaves under inoculated or non-inoculated conditions increased
by increasing disease severity (%) of powdery mildew,
however, Sultan cv. has a higher values than Glorius cv, under
both conditions.

Data in Table (4) also show that Na* content of leaves
was affected by disease severity (%) of powdery mildew and
correlated with the increasing of disease severity (%). Na'
content of leaves increased sharply in inoculated than those
under nen inoculated conditions, for the two cvs. Glorius and
Sultan.

K" it content showed different trend than Na’ content.
K" level decreased by increasing disease severity under both
inoculated and non-inoculated conditions.

Invertase activity increased gradually by icreasing
discase severity of powdery mildew incidence Table (4) under
inoculated and non-inoculated conditions for both sugar beet
¢ o+ Gleortus and Sultan. As mentioned before by Leight er al.



Table (4):Effect of disease severity (%) of powdery mildew disease incidence on chlorophyll content, enzyme
activity, Na+, K+ and a-amino-N in leaves of two sugar beet cultivars under artificial inoculation
during 2007-2008 season.

**Disease Enzyme activity
severity Chlorophyll content (unit/100 a-amino N

g/hour)

*Scoring
Cultivar(V) (reading)
(R)

pajejndouj
pajenaout
paje[noouj
pajg[ndout
-uoN
pajendou]
pajgjndouy
pajenaouy
pajenoouy
paje[ndou]
paje[ndou
paje(nyouy
paje[nyoui

Glorius

Sultan

[N - NV R G JVRE N Ry I RS - N R S JYRN

L.S.D.0.05 a “ 1.51 0.49 0.47 | 039
L.S.D.0.0S b 1.32 0.98 0.40 0.37 0.28
* Started at 90 days from sowing until harvest with 15-days intervals
** caused by Erysiplie polygoni DC

a 2 varieties at each of treatments
b 2 Treatments at eachof VxR

8007 (#) p€ “a1up) yy12ys-jq 12/vy Sy L8y r
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(1979) high increase was associated with low activity of acid-
invertase in the vacuoles of beet tissues.
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