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ABSTRACT

Five isolates ofUromyces betae Tul Kick. were isolated from five governorates
(Domyat, Kafr El-sheikh, Dakahliy, Gharbiya and Bih). Vitality of urediospores, stored at
2-5°C, was decreased gradually by increasing stanagl approximately loss completely after
210 days. The loss in vitality was clearly variedvieen the five tested rust isolates. Younger
sugar beet plants of Raspoly cultivar (30 and 6@sdald) were resistant and susceptibility
increased to rust infection at 90 and 120 daydhad at 180-days old.

Concerning disease control, rust infection compjeteppressed on plants sprayed with
optimum concentration of fungicide Sumi-eight wietl24 hours before or after inoculation.
Sumi-8 followed by 0.3% garlic extracts and 300nppf IAA weather 48 hours before or after
inoculation and came to the second and third rardspectively after Sumi-8. Sugar beet
cultivars tested showed different susceptible reastagainst artificial inoculation and could be
categorized as less susceptible (LS), moderatestiste (MS) and high susceptible (HS).

Rusted leaves of all tested sugar beet cultivansagwed lower photosynthetic pigments,
sugars and total amino acids and higher phenolevedls as higher activities of oxidative
enzymes in comparison with their healthy leaveke ihfected leaves of Lola and Raspoly (HS
cvs.) showed the highest increase in activitieexidative enzymes in comparison with Farida
and Golria (LS cvs.) while the opposite trend watedted concerning photosynthetic pigment,
reducing sugars and phenols contents.
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INTRODUCTION

Sugar beetReta vulgaris L.) is one of the important sugar crops in the @ofhe beet
rust caused byromyces betae was first observed in Canada in 1935 when it oeclion sugar
beet plots at two stations in British Columbiand 1935, this rust has been present yearly in
the Saanichton district, where it attains greatesgvin early spring and late autuniNewton
and Peturson, (1943) Since that time, the disease occurred widely avidered as one of
the most problems affecting sugar beet productiEinHelaly, et al., 1966; Ali, et al., 1972
andMehiar et al., 1977 O'Sullivan, 1996andSiucra, 2004)

The sugar beet rust( betae) caused reduction in root size and sucrose comith
and Martin, 1978andLamey, 1997) Many investigators extensively studied chemiceitiol
of rust disease using fungicid@dueller et al., 2005) plant extract§El-Kazzaz et al., 2003
and Mahmoud, et al., 2004)and plant growth regulato(Fayzaet al., 2004and Zalat et al.,
2004). Great attention has been paid to use an integ@isEhse management approach for
controlling sugar beet rust disease through utibra of resistant cultivars, minimizing
fungicides application and looking for an altermatioptions to decrease the human health
hazardg§Ramadan and Nassar, 2005)

The present studies aimed to evaluate some sugarchéivars, systemic fungicides,
plant extracts and growth substances for theicefia rust disease incidence under greenhouse
conditions. Effects of storage on vitality of uresfbores, plant age and some of biochemical
changes associated with rust infection were algesitigated.




MATERIALS AND METHODS
The following laboratory and greenhouse experimergse carried out at Plant Pathology
Department, Sugar Crops Research Institute, Agui@ll Research Center, Giza whereas, field
experiments were conducted at Sakha AgriculturaeReh Station, Kafr El-Sheildovernorate,

Egypt.

1- Effect of storage on vitality ofUromyces betae-urediniospores:

Five collections (isolates) of rust urediospordsofnyces betae) were trapped, using a
battery powered spore colleci@etersonet al., 1957),from heavily rusted leaves of sugar beet
plants grown at Kafrsaad (Domyat), El-Hamol (K&frsheikh), Belkas (Dakahliy), Bassioun
(Gharbiya) and EI-Rehmania (Beheira). Spores farhemolate were dried separately in
desiccators for at least 18 hours and stored &C2aScording t&ackston(1960) After storing
spores of a known isolate for 0, 60, 90, 120, 118D 210 days, spore suspension‘¢pdres/ml)
was made from each storage treatment then spraytd 100-days old plants of the highly
susceptible sugar beet cv. Raspoly grown in 50@méier pots under greenhouse conditions at
20 £ 2°C and 95 -100 % relative humiditgdjusted by a digital hygrometer (Legrand
037Micro). Five replicates were used for each paldr treatment. The disease assessment was
carried out in term of number of uredia pustules/lounted 12-14 days after inoculation then
spore vitality (SV) was determined according tofthiwing formula.

SV % = Numberof pustulesiafin particularstoragqoeriodX100
Numberof pustulesiafformedby freshspores

2-Effect of plant age:

Seeds of sugar beet (Raspoly cv.) were sown moiitilpots) along 6 months to get
plants of 30, 60, 90, 120, 150 and 180 days oldl.pkints, at different ages, were sprayed
simultaneously by fresh urediniospores “(1Qrediniospores /ml) collected from the
abovementioned locations. Disease assessment e@sled after 12-14 days from inoculation
as mean number of pustules/leaf.

3- Disease control under greenhouse conditions:

3-a- Effect of fungicides:

This experiment was conducted to determine ther@gbtfungicide having the ability to
control rust infection under greenhouse conditidtants of sugar beet cv. Raspoly (100 days
old) were sprayed with one of the following fungies (at its recommended dose) i.e. Eminent
(12.0mli/1), Caramba (1.0ml/l), Plantvax (1.0ml/lmpact (1.0mli/l), Saprol (1.0ml/l), Anvil
(0.25ml/l) and Sumi-8 (0.35ml/l). Spraying with fyinide was made 24 hours before or after
spraying (inoculation) plants with spore suspensiontaining fresh urediospores 0f betae
isolate-A (10spores/ml). The control plants were sprayed withtewalnoculation and
incubation procedures were carried out as prewougntioned. Data were recorded in terms of
number of pustules per leaf 14 days after inocuati

3-b - Effect of plant extracts:

This experiment was conducted to evaluate effeclifférent plant extracts on infection
of sugar beet cv. Raspoly with the sugar beetdisgiase caused ly. betae. Leaves of thyme
(Thymus wulgaris) eucalyptus Eucalyptus sp.), Black nightshadeSglanum nigrum) and
Christmas berry treeS¢hinus terebenthifolius), cloves of garlic Allium sativa), and flowers of
toothpick weed Ammi visnaga) were extracted according fdanagamma and Srevamulu
(1991) A series of concentrations of each plant ext(@ct%, 0.2% and 0.3%) were prepared
from the crude extract and sprayed, using handyspranto sugar beet plants 48 hours before
or after inoculation with fresh urediniospores WOf betae (10'spores/ml). Inoculation and
incubation were performed as mentioned before. E@etment had three replications. Disease
severity was estimated as a number of pustulesfeaf 14 days from inoculation.

3-c- Effect of plant growth regulators:
In this experiment, 70 days old sugar beet plaRasfoly cv.) were sprayed until
complete coverage with certain concentrations (200,and 300 ppm) of the growth regulator




substances indole acetic acid (IAA), naphthalermgi@acid (NAA) and gibberellic acid (GA3).
Spraying with growth substances was performed 4B8shbefore or after inoculation with fresh
urediniospores ofU. betae isolate-A (10spores/ml). Plantsprayed with water served as
control. Disease severity as affected by testedrtrents was estimated as a number of pustules
per leaf after 14 days from artificial inoculation.

3-d- Evaluation of sugar beet varietal resistance:

In this study seeds of the sugar beet cultivarsehar®loria, Toro, Top, Raspoly,
Kawmeia, Gazail, Nagma, Lola, Farida, and Plenoewssrwn in sterilized potted soil (pots
50cm @) at rate of 5 seeds/pot. Three replicates werd €&meeach cultivar. Pots were kept
under greenhouse conditions and irrigated regul&idyr weeks later, seedlings were thinned to
2 plants/pot. After 100 days from sowing, the pamtere sprayed with spore suspension
containing fresh urediospores {lirediospores/ml) of). betae isolate-A (isolated from Kafr-
Saad, Domiate). The inoculated plants were kep28nours in completely dark moist chamber
with a water-saturated atmosphere then transfeiwedormal greenhouse conditions, under
continuous high-output fluorescent lamps. Sugat pksats left without inoculation were used
as control. Plants were visually inspected 15 gea inoculation, looking for the presence of
opened pustules. Assessment of disease severitiea@sled as number of pustules/leaf.

4- Biochemical changes associated with infection tivisugar beet rust disease:

After disease assessment in the above study, thrthfeaf from the top of plant) were
detached from control plants (healthy) as wellresihoculated plants of Farida and Gloria (as
LS cvs.) and Kawmeia, Lola and Raspoly (as HS c®bojne healthy and rusted leaves from
each cultivar were immediately used to determimepghotosynthetic pigments (Chlorophyll a,
Chlorophyll a, b and carotenoids) accordingWettestien (1957) The rest of leaf samples
(healthy and infected) were used to determine higgnol contentéBray and Thrope, 1954)
sugars contenShaffer and Hartmann, 1921andA.O.A.C., 1985) total amino acid¢§Rosen,
1957)and the oxidative enzymes i.e. peroxidéskam and Hollis, 1972) catalaséMaxwell
and Bateman, 1967and polyphenoloxidase “PP@Vatta and Diamond, 1963)

RESULTS and DISCUSSION

1- Effect of storage period on vitality ofUromyces betae-urediniospores:

Data inTable (1) reveal that the vitality of rust spores of thefeliént tested spore rust
collections (isolates) was decreased to differextergs as storing period of these spore
collections increased from 60 to 210 days compawiitly the fresh spores in control treatments.
The highest reduction in spore vitality after stgrispores for 180 days was associated with
isolate-A (22.8%) followed by isolate-E (30.0%)olme-D (40.2%), isolate-C (48.1%) and
isolate-B (56.3%), respectively. After storage 2d0 days, isolate-E shows the highest vitality
(6.0%) followed by isolates D, C, B and A (1.3%@spectively. Thus, the negative effect of
storage on vitality of urediniospores was incrdaas storage period increased. Degree of
vitality losses was based on source of spore d@leqrust isolate). This reduction in spore
vitality might be due to continuing respiration hg storage and this will be lead to exhaustion
of the energy substances necessary to spore géionin@onsequently vitality of stored
urediospores well be gradually decreased

2-Effect of plant age on development of rust diseas

Data inTable (2) indicate that no rust infection due to any testest isolate was
observed on the 30 and 60 days old sugar beetspldoivever, the rust infection was clearly
appeared on the 90-days old plants and increasegtgasively till plants aged 150 days then
decline with increasing age to 180 days. The desemssessment in term of number of
pustules/leaf was significantly affected by plage.arust isolate as well as the interaction in
between. The 90 and 120 days old plants seems toobe susceptible to rust infection more
than those of 180-days old. At all susceptible péges, the rust isolate A was the most virulent
followed by isolates B, C, D and E, respectivelyhaétatistical differences between any two
isolates at any plant age. These results couldostgap byShaik (1985)who found that, the




successful inoculation and infection correlatechwfite age of the leaf at the time of inoculation.
Ata, (2005)found also that, artificial inoculation revealedtliplants of 90 to 150-day old were

suitable for the course of infection. One hundaed five-day old plants showed the highest
infection which gradually decreased by aging. Ygptants (30-60 old) were not susceptible.

Table (1): Percentage of urediniospores vitality for fide betae suspension isolates stored at
different periods on Raspoly sugar beet cultivarnd aneasured as number of
pustules/leaf.

Storing period Percentage vitality Mean
(Days) Isolate (A)| Isolate (B)| Isolate (C)| Isolate (D)| Isolate (E)

od 100.0 100.0 100.( 100.0 1000 100.0

60d 91.8 92.4 92.9 91.8 92/1 92.2

90d 72.9 78.0 77.1 76.9 76,6 77.6

120 d 55.8 74.4 71.9 68.8 6914 72.4
150d 38.1 69.3 70.9 71.p 696 69.8

180 d 22.8 56.3 48.1 40.p 30J0 47.5

210d 1.3 2.8 3.4 4.3 6.0 4.5
Mean 47.1 62.2 60.7 58.9 57]3 60.7

different isolates ob). betae.

Table (2) Relationship between age of sugar beet plants Raspoly) and infection with

& Number of pustules/leaf caused by different reslates
Plant age (day Isolate (A)| Isolate (B)| Isolate (C)| Isolate (D)| Isolate (E) Mean

30 0.0 0.0 0.0 0.0 0.0 0.0
60 0.0 0.0 0.0 0.0 0.0 0.0
90 124.7 121.0 117.7 115.7 114.0 118.6
120 167.3 158.7 144.3 134.0 122.3 145.3
150 169.0 155.0 144.0 134.7 125.7 145.6
180 122.3 102.3 87.7 75.3 69.3 914
Mean 97.2 89.5 82.3 76.6 71.8
LSD. at 5%

Isolates (I) 0.359

Plant age (P) 0.898

IxP 1.796

3-Effect of certain systemic fungicides:

Data inTable (3) reveal that spraying sugar beet plants with fudgi 24 hours before
rust inoculation was significantly better for dexsmg number of rust pustules comparing with
spraying them 24 hours after rust inoculation. Beight fungicide was the best of all as it
completely prevent rust infection weather used @dré before or after inoculation. However,
the fungicides Caramba, Plantvax and Eminenatd @2l hours before rust inoculation and
Anvil used 24 hours after rust inoculation comgietprevented rust infection also. These
findings indicate that the fungicide Sumi-eight denused at its recommended dose whether 24
hr before or after inoculation.

In fact, most fungicides were used as protectants aihers as chemotheraputic agents.
Several investigators recorded that the singleyspiith certain systemic fungicides at the first
appearance of the rust disease symptoms on thelsegfeplants reduced the disease incidence by
70 % or greatewhen compared with unsprayed contr(#PPO, 1994; O'Sullivan, 1996)
Sorensen and Marcussen (1996) Denmark obtained best control of beet r(idtomyces
betae) using Lyric (flusilazole) and Score (difenconazol€orbel (fenpropimorph) has also
shown good controSiucra (2004)stated that sugar beet in Ireland is susceptibleeaust(U.
betae). The disease is a major serious foliage diseasedn be effectively controlled with a
single chemical spray regime. In Egyiite sugar beet rust appeared at the end of thersbas




at low severity. Ata (2005) in Egypt, evaluated Caramba, Sumi-8, Score, OpdsEminent
fungicides to control the sugar beet rust diseaskeufield natural infection at the recommend
field dose when the disease first appears. Diseaserity was markedly decreased as
compared to the untreated control. Regarding fiidgiefficacy, Eminent ranked first followed
by Opus, both Score and Sumi-8 and Cramba.

Table (3): Effect of spraying sugar beet plants with differgygtemic fungicides before and after
inoculation on average number of pustules on cspB&i.

Used fungicide and con¢.24 hr before inoculation 24 hr after inoculation
Anvil (0.25 mi/l) 3.33 0.00
Caramba (1.0ml/1) 0.00 2.33
Eminenat (1.0mli/) 0.00 2.38
Impect (1.0mi/l) 1.33 4.33
Plantvax (1.0ml/l) 0.00 3.33
Saprol (1.0ml/l) 2.33 5.33
Sumieight (0.35 mi/l) 0.00 0.00
Mean 1.00 1.33

LSD at 5%

Time of spraying 0.040

Fungicides 0.115

Interaction 0.461

3-b. Effect of plant extracts:

Data inTable (4) reveal that pre-spraying (24 hr before rust inatah) with any of the
tested plant extracts was more effective for cdimigprust infection on sugar beet plants (cv.
Raspoly) than the post-spraying (24 hr after rastulation). Among tested extracts, Garlic
(Allium sativa) and thyme Tymus wulgaris) extracts, respectively were the most effective fo
minimizing numbers of rust pustules/Igadrticularly when used at the highest concentration
(0.3%). The toothpick weedA(nmi visnaga) extract was the least effective at both times of
inoculation. Some of the tested plant extracts wepsrted as resistance inducer or inhibitors
for spore germinationSarvamangalaet al., 1993andHammouda et al., 1999) El-Kazzaz, et
al. (2003)reportecthatdifferent extractsviz. Ammi visnaga andCumin cyminus reducedhe
root rot of sugar beet as well as disease severitiie field and increased vyield per plot.
Mahmoud et al. (2004)stated that activities of peroxidase, catalasepmutinase in faba bean
plants infected wittBotrytis fabae were markedly reduced in healthy plants and clémgdely
under different biocontrol treatment&ucalyptus citriodora, Ipomoea carnea, Cuminum
cyminum, Allium sativum andHyoscyamus muticus leaf extracts).

3-c. Effect of growth regulator substances:

Data inTable (5) reveal that number of pustules/leaf was signifigattwer on sugar
beet plants sprayed with growth substances 48 forddhan 48 hr after rust inoculation.
Reduction in number of pustules/leaf decreaseasentration of a tested growth substance
increased. The growth substance IAA was the mdsttefe for decreasing number of pustules
particularly when used at conc. of 200ppm or 300fy&fore rust inoculation or 300ppm after
rust inoculation comparing with any other treatmdite growth substances, in general, might
affect the hormonal balance in the treated pladtthis well be reflect on their reaction against
infection with plant pathogen&aftner and Wyse (1980pbserved that sucrose transportation
across the tonoplast on the sink cells apparetittyutated by the hormones IAA and ABA.
Also they stated that Gfand IAA affected sucrose uptake by sugar beettresite.



Table (4): Effect of spraying sugar beet plants with différeoncentrations of the crude plant
extracts before or after artificial rust inoculation average number of rust pustules/leaf
for sugar beet cv. Raspoly.

48 hr before inoculatioh 48 hr after inoculation

Plant extracts 01% 1702%1 03% 01% 02% 03%

Allium sativa 14.7 12.3 12.7| 20.7 19.3 18.3
Ammi visnaga 33.0| 31.7 30.3] 38.0 373 357
Eucalyptus globbulus 22.0 21.7 19.7] 304 29.3 283
Schinus terebenthifolius | 30.3 28.3 26.7] 374 36.83 353
Solanum nigrum 263 | 247| 24.0] 3394 33.F 327
Tymus vulgaris 20.3 19.7 177, 2474 273 26.0
L.S.D. at 5% Before inoculationAfter inoculation

Extracts “E” 0.218 0.185

Concentrations “C” 0.145 0.123

Interaction 0.873 0.740

Table (5): Number of pustules/leaf on sugar beet cv. Raspolgffected by time of spraying with
some plant growth regulators under greenhouse tiomsli

48 hr before inoculation 48 hr after inoculation
Growth substance 100 ppm| 200 ppm| 300 ppm| 100 ppm| 200 ppm| 300 ppm

GA3 18.0 18.0 16.3 21.3 20.3 19.0
IAA 12.3 11.3 11.0 17.3 18.3 16.7
NAA 15.3 14.3 13.3 20.3 19.3 18.7
Mean 15.20 14.53 13.53 19.63 19.3D 18.13

LSD at 5% for: Before inoculation After inoculation

Substances 0.46 0.41

Concentrations 0.48 0.75

Interaction 1.46 1.28

3-d- Varietal resistance:

Data presented ifiable (6) show that, all sugar beet cultivars tested weseeqtible to
different extents withJ. betae and could be categorized as folloWhe sugar beet cvs. Farida,
Gloria, Top and Toro considered as less suscept{bfe cvs.) as they showed the lowest
average numbers of pustules/leaf, respectively.nMbéde, Negma, Gazail and Pleno classified
as moderate susceptible (MS cvs.) Raspoly, LolaKewdmeia cvs., on the other hand, were
highly susceptible (HS) The difference between vty of these cultivars was significant. The
variations in reaction of tested sugar beet cuitivagainst rust infection could be attributed to
their genetic background and metabolic activithes shown below, the photosynthetic pigments
(chlorophyll a and chlorophyll b and carotene),asugpntents (reducing, non-reducing and total
sugars) and total amino acid contents were highethe less susceptible than the high
susceptible sugar beet cvs. These constituentst ipiigg an important role in reaction of plants
against rust infection.

4- Effect of infected sugar beet plants byJ. betae on some biological and biochemical
activities:
After disease assessment in the above study, samapleealthy and rusted leaves were
detached from plants of Farida and Gloria (as LS)@and Kawmeia, Lola and Raspoly (as HS
cvs.) and subjected to the following studies.

4-a- Photosynthetic pigments:

Data inTable (7-A) indicated that, amounts of the photosynthetic gigts (chlorophyll
a and chlorophyll b and carotene) were lower initifiected leaves than the healthy ones. This
trend was true in all tested sugar beet cvs. Thbkdsit reduction (change) in any photosynthetic
pigment was reported in infected leaves of the HS (Lola, Raspoly and Kawmeia) followed




by the LS cvs. (Farida and Golria), respectivellge occurrence of changes in leafor as a
result of infection by most diseases was provedniany investigations. The chlorophyll
pigment plays an important rule in metabaldivity in the plant extremely affected by disease
incidence. Wood (1967)stated that striking changes in the amount andrildigion of
photosynthetic pigments resulted from the infectigrobligate parasites. He added that loss in
photosynthetic pigments occurred in most diseatesaidy stages of growth. Also, obtained
results are similar to those reportedBaja and Dhillon (1987)andEL-Kholi (1995).

Table (6): Evaluation of ten sugar beet cultivars towardsdtibn withU. betae (isolate-A).

Cultivars Number of pustules/lepDescriptive disease response
Farida 60.3 LS
Gazalil 113.7 MS
Gloria 74.0 LS
Kawmeia 141.0 HS
Lola 162.0 HS
Negma 106.0 MS
Pleno 131.3 MS
Raspoly 175.0 HS
Top 84.0 LS
Toro 89.8 LS
L.S.D. at 5% 1.25

Table (7-A). Effect of infection with sugar beet rust disease the chlorophyll a&b and
carotene contents (mg/g fresh weight) in healthy gkd infected (1) leaves of different
sugar beet cultivars.

Chlorophyll (a) Chlorophyll (b) Carotene
Cultivar *
H I Inco/roease H I *Increase %4 H I * Increase %

Farida | 1.49 1.19 20.13 0.67) 0.64 448 | 0.49] 0.48 2.04
Gloria | 1.35| 1.04 22.96 0.61 0.58 492 | 0.47]0.45 4.26
Kawmeia| 1.30| 0.89 31.54 0.55 0.50 9.09 | 0.35]0.31 11.43
Lola 1.39| 0.75 46.04 0.41 0.32 21.95 | 0.39| 0.23 41.03
Raspoly | 1.13| 0.63 44.25 0.43 0.36 16.28 | 0.31] 0.25 19.35

4-b- Activity of oxidative enzymes:

Data in Table (7-B) indicated that activities of oxidative enzymes r¢péase,
polyphenoloxidase and catalase) were higher irciatethan in healthy leaveSoodmanet al.
(1967) stated that, the disease development was closelglated with a markedly increase in
the major phenol oxidizing enzyme activities ineictied tissues, such as peroxidase and
polyphenoloxidaseRegardless infection, the highest activities of dxélative enzymes were
found in leaves of the LS sugar beet cvs. (Faridd &olaria) followed by the HS cvs.
(Kawmeia, Lola and Raspoly), respectively. The bigjtrate of increase in enzyme activity due
to infection i.e. (Healthy — Infected / Healthy Q) was in the HS cvs., followed by the LS
cvs., respectively. Thus, the highest increase i(V@ctivity of peroxidase (22.4 & 21.7%),
polyphenoloxidase (44.3 & 47.6%) and catalase8(30.32.6%) were detected in the rusted
leaves of the HS cvs Lola and Raspoly, respectivBiynilar findings were recorded by
Johnson and Cunningham (1972) Barakat et al. (1979) indicated that the activity of
oxidative enzymes has increased in sugar beetdeafected withErysi phe betae. The activity
of these enzymes decreased in leaves with 100%tioife The changes in peroxidase activity in
wheat cultivars, expressing different level of laadt resistance, were studied alsdSmytherton
and Dcveral (1990) They found that the increment in peroxidasevigtiwas greater during
resistance expression than in susceptible infdegges.Moustafa Nabila (2000)estimated the
activity of peroxidase and polyphenol oxidase ereyrim plants of barely (cv. Giza 124). A




considerable increaseas found in barely plants due to the artificiaddalation with the causal
pathogen of powdery mildew in comparison with ucirated leaves. Moreover, the activity of
polyphenoloxidase enzyme was lowered than thagaiqidase enzyme.

Table (7-B): Activities of peroxidase, polyphenoloxidase and talese (optical
density/minute/gram fresh weight) in leaves of sugget as affected by rust infection.

Oxidative enzymes

Catalase Polyphenoloxidase Peroxidase
| * * *
Cultivar
H I Increase | H I Increase| H I Increase
% % %

Farida | 0.482 0.561 16.4 0.288| 0.389 35.1 0.694| 0.883 27.2

Gloria | 0.470) 0.553 17.7 0.271} 0.372 37.3 0.681| 0.865 27.0

Kawmeia| 0.439| 0.521 18.7 0.238| 0.336 41.2 0.627| 0.813 29.7

Lola 0.405| 0.493 21.7 0.206| 0.304 47.6 0.574| 0.761 32.6

Raspoly | 0.420| 0.514 224 0.221} 0.319 44.3 0.598| 0.782 30.8

* Increase % _Valuein healthy(.H) - Valuein infected(l)
Valuein healthy(H)

x100

4-c- Phenols content:

Data inTable (7-C) show that the amounts of free, conjugated and pitanols were
higher in infected leaves of all tested cultivanart their healthy leaves. The highest phenol
contents, in general, was detected in healthy afetted leaves of the LS cvs. (Farida and
Golria) followed by the HS cvs. (Kawmeia, Lola aRdspoly), respectively. These results are
parallel to those reported I8aber (1993)who reported that free, conjugated and total prenol
were higher in pea plants inoculated with powdeitgden than in uninoculated ones.

Table (7-C): Effect of infection with sugar beet rust diseasephenol contents (mg/g fresh
weight) in leaves of sugar beet plants.

Free phenols Conjugated phenpls Total phenols
Healthy | infected| Healthy | infected| Healthy infected
Farida 56.0 68.6 157.1] 166.4 213j1 234.8

Cultivar

Gloria 51.4 61.9 149.7 153.1 201.p 215.0
Kawmeia| 45.8 53.1 139.4 147.7 185.2 200.9
Lola 34.9 43.2 138.2 136.4 1731 179.5

Raspoly | 39.1 48.1 134.5 1411 173.% 189.2

4-d- Sugars content:

Data inTable (7-D) indicated that the reducing, non-reducing andl tesigar contents
were obviously lower in rust infected leaves thae healthy one. This reduction could attributed
to the increment of respiration that occurred mitifected tissue. This trend was true in all tbste
cultivars. However, both healthy and infected lsawé the the LS cvs. (Farida and Gloria)
contained higher sugars content than the correspgreaves of the HS cvs. (Kawmeia, Lola
and Raspoly). The infected leaves of the HS cvalsiiowed the highest reduction in the
reducing sugars in comparison with infected leafesther tested cultivars. These results could
supported by several investigatoBndhan et al. (1996) studied the biochemical changes in
leaf extracts of resistant and susceptible culiwdrwheat and triticale, following inoculation of
seed with teliospores dfirocystis agropyri. Both total and reducing sugars were higher in
healthy leaves of resistant varieties than theepigile ones. The concentrations of both sugars
were reduced in infected leaves of all the testadeties. Husseinrmamdouha (1999)
concluded that total, reducing and non-reducingassigvere higher in healthy leaves of barely




than in mildewed ones.

Table (7-D): Effect of infection with sugar beet rust diseasgeducing, non-reducing and total
sugar contents in healthy and rust infected leaf/d#fferent sugar beet cultivars.

Sugar contents
Cultivar Reducing Non-reducing Total sugars
Healthy | Infected| Healthy Infected Healthy Infected
Farida 12.5 11.9 18.0 171 30.5 28.9
Gloria 13.2 12.6 15.6 15.5 29.9 28.1
Kawmeia 12.0 10.5 155 13.9 27.5 254
Lola 11.6 2.3 14.5 12.2 25.1 14.5
Raspoly 10.5 8.0 17.0 14.0 25.4 23.9

4.e. Amino acids content:
Data in Table (7-E) demonstrated that, the total amino acids contest higher in

healthy and infected leaves of the HS cvs. than dbmesponding leaves of the LS cvs.
However, the infected leaves of the LS cvs., paldity cv. Farida showed the highest increase
in the total amino acids content (86.5%) comparétth the healthy leaves of the same cv.
Similar trend was observed Bmith and Martin (1978) who indicated that infection with
Cercospora beticola increased amino nitrogen and total nitrogen amdedsed total sucrose yield
and purity of sugar beet juic@mar et al. (1987)found that the younger plants of faba bean
contained higher amounts of amino acids. Infectitth B. fabea increased aminacid contents

at early stages of plant growithall varieties testedMahmoud (1992)showed that the total free
amino acids content was higher in diseased th&eaifthy leavesf faba bean. Alsdyicia faba,

Ibe susceptible cultivar contained higher levelstattl free amino acids than the moderate

susceptible.

Table (7-E). Effect of infection with sugar beet rust diseaseiotal amino acids contents (mg/g
fresh weight) in leaves of sugar beet plants.

Cultivar Total amino acids (mg/g fresh weight) * Increase %
Healthy leaves Infected leaves
Farida 3.19 5.95 86.5
Gloria 4.59 7.26 58.2
Kawmeia 5.15 7.99 55.1
Lola 5.75 8.75 52.2
Raspoly 5.52 8.56 55.1

Valuein healthy(H) - Valuein infected(l)

* Increase % = _ x100
Valuein healthy(H)
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