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ABSTRACT

The potency of five selected fungicides as chemotherapeutic agents against
squash downy mildew was studied as well as their effect on biochemical changes of
the host plant as chlorophyll, B-carotene and sugar contents, in addition to polyphenol
oxidase activity. The fungicides testecd were propamocarb hydrochloride (Previcur-N),
mikal, mancozeb (Diathane M-45), Ridomil-Plus (metalaxyl-plus) and tolclofos-methyl
(Rizolex). The results revealed that: 1) Propamocarb hydrochloride and mikal
(systemic fungicides) were highly effective in reducing Pseudoperonospora cubensis
infection indicated by low disease index and high recovery of infected squash leaves.
In contrast, non-systematic fungicides as tolclofos-methyl and mancozeb were lowest
affective in this respect. 2) P. cubensis infection caused significant decrease in
chlorophyll content, B-carotene content and polyphenol oxidase activity of squash
leaves. Sugar content was insensitive toward downy mildew causal pathogen
infection. 3) Fungicide treatments alone showed a feeble effect against chlorophyil
content, B-carotene contents and polyphenol oxidase activity of squash leaves, while
sugar content was increased significantly especially due to mikal treatments. 4)
Combinations of downy mildew infection and fungicide treatments was in favor of
producing healthy plants and increasing some biochemical components related to the
resistance phenomenon as sugar content and polypenol oxidase activity of squash
leaves. The pigment contents represented as chlorophyll and B-carotene contents,
were increased slightly due to therapeutic effect of fungicides, however, the increasing
value was not able to restore the values of non-infected plants especially with -

carotene content.
INTRODUCTION

caused by Pseudoperonospoa cubensis (Berkely & Curits) Clinton is
one of the most serious diseases of cucurbitace crops grown in either
greenhouse or in outdoor in Egypt (Shama et al., 1998; Mahrous et al., 1985
and Fadi et al, 1996). Use of fungicides as has always been the most
practical and economic method in preventing and controlling downy mildew
plant diseases (Rondomanski and Woaniak, 1989 ; Chaban et al., 1990;
Apaydin, 1994, Gupta and Shyam, 1996 and Asif, 1999).

The present study was performed to evaluate the efficacy of some
systemic and non-systemic fungicides in reducing the cucurbitace disease
incidence of squash downy mildew caused by P. cubensis. In addition, the
biochemical impact of tested fungizcides alone and in combination with the
- pathogen infection in relation to squash plant host that associated with the
resistance of the host plant as chlorophyll, B-carotene content and sugar
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content as well as polyphenol oxidase activity were also investigated.

MATERIALS AND METHODS

I. Fungicides Used:
1.Propamocarb hydrochloride (Previcur-N)72.2% S.L(systemicfungicide)

Propyl [3-(dimethylamine) propyl] carbamate monohydrochloride.

2. Mikal (50% fosetyl-AL + 25% folpet) 75% W.P (systemic fungicide)

Fosetyl-AL: tris-O-ethyl phosphonate.

Folpet: N-(trichloromethyi thio) phtalimide.
3. Mancozeb (Diathane M-45) 80% W.P (contact fungicide)

Contains 16% manganese, 2% zinc and 62% ethylene-bis-
dithiocarbamate ion / manganese ethylene -bis dithiocarbamate plus zinc ion.
4. Ridomil plus (15% metalaxyl + 35% copper oxychloride) 50% W.P
(mixture of systemic and non-systemic fungicides)

Metalaxyl: N-(2-6-dimethylphenyl)-N-(methoxyacetyl)-alanine methyl
ester.

5. Tolclofos-methyl (Rizolex) 50% W.P (contact fungicide)
0O,0-dimethyl-O-(2,6-dichloro-4-methylphenyl)-phosphorothioate.
Il. Pathogen:

Pseudoperonospora cubensis, the causal pathogen of downy mildew
of squash plant, was obtained from the naturally infected squash.
lll. Assay of Eradicate Activity of the Fungicides:

Plant seedlings of squash were sprayed with the fungicide solution
after 6 days of inoculation that caused about 20% infection of the host plant.
Four replicates for each treatment and control were made. The fungicide
concentrations 0.25, 0.5, 0.75 and 2 fold of the field application rates were
used.

The plants were maintained under the glass house condition till the
real three-four leaves stage. Four pots for each treatment were made as well
as the control disease incidence was assessed as follows:

1 percentage of colonized leaves/plant (even when one colony
appeared on the leaf).
2 Disease development was expressed as a percentage of

infection using the assessment key (disease index) proposed by
James (1971) and applying Wenzl equation (Wenzl, 1948):
Disease index = [ (nr/4N) x 100 ]
where;
n: number of leaves in each category of the key (5 categories).
r: numerical values given to tested sample.
N: total number of examined leaves.
4: degree of freedom.
IV. The Effects on Squash Plant:
A) Determination of photosynthetic pigments:
1 Chlorophyll content: was measured spectrophotometrically at
645 and 663 nm wavelength, according to Grodzinsky and Grodzinsky
(1973) with slight modification (Sabra, 1988).
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2 p-Carotene content: Extraction and purification of carotenes
from squash leaves were carried out and measured according to the
procedures of Canal Villanueva et al. (1985) and Sabra (1993).

3. Sugar content: Total sugar content was determined using picric
acid method according to Thomas and Dutcher (1924).

B) Determination of polyphenol oxidase activity:

For determination of polyphenol oxidase activity, the method
described by Broesch (1954) was used. Enzyme activity was measured as
optical density (absorbance) after one hour incubation in a shaking water
bath at 45°C.

RESULTS AND DISCUSSION

1. Effect of tested fungicides on disease incidence:

The therapeutic efficiency of selected fungicides against squash
downy mildew disease after well established Pseudoperonospora cubensis
infection indicated the ability of systemic fungicides propamocarb
hydrochloride (Previcur-N) and mikal to reduce the infection of pathogen
indicated by lowering both parameters of disease index and infected
leaves/plant. Tolclofos-methyl (Rizolex) was the weakest fungicide used
against squash downy mildew infection that caused lowest recovery (disease
index) and least chemotherapeutic ability against P. cubensis infection (Table
1). Contrary, mikal (systemic fungicide) caused the highest chemotherapeutic
activity revealing lowest infected leavers/plant and disease index values (31.6
and 21.3, respectively) at the field application rate. The protective contact
fungicide mancozeb (Dithane M-45) caused moderate effect against squash
downy mildew infection, however, the disease index was decreased by about
45% only at field application rate when applied after established infection.
These phenomena of the high efficiency of systemic fungicides as therapeutic
agents come in complete agreement with the mode of action of the five
selected fungicides (Apaydin, 1994 and Asif, 1999).

Table (1): In vivo effect of tested fungicides against squash downy
mildew infected plants after 6 days of Pseudoperonospora
cubensis infection.

Fungicides

Treatments

0.0 | 0.25F | 0.50F [ 0.75F [ 1.00F | 200F
Propamocarb hydrochloride
Infected leaves/plant (%) 1.7 +6.1 /69.3+2.1 [35.6 +5.1 [50.4 + 3.1 45.6 + 5.1 25+4.1
Disease index Eﬁ.d +3.1/516+51[398+4.1328+7.1 256+5.1 P24+21
Mikal
Infected leaves/plant (%) E.ﬂ +6.165.6+84 E3.4 +21503+21 316
6.4

+5
Disease index +3.1/523+21[354+31301+29 21.3+2.1 [184+3.1
Mancozeb

Infected leaves/plant (%) 1.7 +6.1 I;s.:i +21 ES.S +4.1 513 +21 E0.2 o P EA.B +4.1
Disease index 6.4 +31/59.3+21[504+31423+21365+4.1302+1.1

Ridomil-Plus
Infected leaves/plant (%) E1 J#+6.1 EQ.Q +81[547+61 51.4+3.1 46.3+2.1 346
Disease index 6.4 +3.1623+2.1159.3+1.1 423+2.1 323 +3.1 254
Tolclofos-methyl

Iinfected leaves/plant (%) 1.7+6.1 [TT.8%7.1 Eg.g +8.1 El.z +5957.2+6.1 43.2+45
lDisease index 6.4 +3.1(59.3+2150.4+31443+2.1403+3.3 39.8+4.1
Values are means * S.E (n = 4). F = Field rate.
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2. Effect of tested fungicides alone and in combination with
pathogen on the squash biochemical parameters:
a) Chlorophyll content:

Four fungicides (propamocarb hydrochloride, Mikal, Mancozeb and
Ridomil-Plus) that proved to possesses highest effectiveness against
Pseudoperonospora cubensis infection, shown as low values of infected
leaves/plants as well as disease index, were tested alone and in combination
with P. cubensis infection on some biochemical changes of squash host plant
that related to the resistance phenomenon as chlorophyll, p-carotene, sugar
contents and polyphenol oxidase activity.

The results in (Table 2) indicated the significant decrease of
chlorophyll content due to P. cubensis infection with about 18%. Fungicide
treatments alone caused a very weak effect on the chlorophyll content,
except propamocarb hydrochloride at high doses of application. The
chlorophyll content was 0.83 and 0.67 mglg fresh weight for control and 2
field rate of propamocarb hydrochloride treatment, respectively. Fungicide
treatments in the presence of downy mildew pathogen increased the amount
of chlorophyll content by increasing fungicides concentration, this
phenomenon was observed for all four tested fungicides. This might be due
to some degree of recovery by fungicide treatment. Although infection with P.
cubensis pathogen alone decreased chlorophyll content as found by (Yarina
et al.1993), it was noticed that fungicide treatments enhanced the activity of
squash leaves to maintain a reasonable photosynthetic activity and these
fungicide treatments had reduced the inhibitory effect of P. cubensis against
leaves chlorophyil content (El-Sherief and Salem, 1998).

Table (2): In vivo effect of tested fungicides on chiorophyll content
before and after 6 days of Pseudoperonospora cubensis
infection, expressed as mglg fresh weight of squash leaves.

;g Treatments
ko 90 | 025F | 050F | 075F | 1.00F | 200F
Before infection
Propamocarb 0.84 + 0.1600.71 + 0.13/0.87 + 0.16/0.80 * 0.14/0.67 +0.10
hydrochlecrice 0.82 + 0.150.79 + 0.11)0.81 + 0.130.78 + 0.130.22+0.15
Mikal o 19P 752 0.14/0.79 * 0.14[0.82 + 0.12/0.85 + 0.15[0.87 + 0.16
ancozeb -8310.199 79 + 0.15/0.80 + 0.150.85 + 0.150.89 0.160.91+0.17
Ridomil-Plus
Post infection (after 6 days of Pseudoperonospora cubensis
infection) .
Propamocarb 64 +0.13)0.67 +0.090.70 + 0.130.78 + 0.150.81 +0.15
hydrochloride 69 +0.120.71 £0.120.73 + 0.140.75 * 0.1400.76 +0.13
ikal 0.68 +0.16/0.59 + 0.110.67 * 0.09/0.69 + 0.11/0.85 + 0.160.93 + 0.16
ancozeb .61 +0.12)0.63 * 0.10P.69 +0.100.77 + 0,15r3.833_ 0.17
idomil —Plus
Values are means + S.E (n=4). F = Field rate.

b) p-carotene content:
B-carotene content was decreased by 32% of the control value due to
pathogen infection, it was from 29.3 and 19.9 ug/gm fresh weight for non-
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infected and infected leaves, respectively. The inhibition of pigment
contents due to P. cubensis infection comes in agreement with Yurina et al.
(1993). Mancozeb and Ridomil-Plus treatments decreased the PB-carotene
content, especially at high rate of application by about 30% of the control
value, while both propamocarb hydrochloride and mikal showed insignificant
decrease of the pigment content. Combination of the pathogen and
fungicides did not decrease the plant pigment content. However, insignificant
increase of B-carotene content was noticed especially at higher rate of mikal
concentrations (Table 3). Treatments with fungicides alone or in combination
caused a noticeable increase of chlorophyll and B-carotene content. These
results agreed with those reported by Ahmed (1993) and Marei (2002), who
found that fungicide treatments either alone or in combination with pathogen
had caused a noticeable increase of chlorophyll and -carotene contents.

Table (3): In vivo effect of tested fungicides on B-carotene content before
and after 6 days of Pseudoperonospora cubensis infection,
expressed as ng/g fresh weight of squash leaves.

. Treatments
bungichios 00 [ 025F | 050F | 0.75F | 1.00F | 2.00F
Before infection

Propamocarb 25.1 + 2.826.3 + 2.724.6 + 2.727.4 + 2.528.9 + 3.1
hydrochloride 29.6 + 3.123.2 + 3.124.9 + 3.3[26.8 + 2.727.6 + 2.5

ikal 9.3 + 2 125.3:2.923.6 +2920.4 + 1.9{16.7 + 29213 +2.9

ancozeb = =S23.5 £ 1.921.7 +2.520.9 + 2.920.2 + 3.1[19.2 + 1.8
Ridomil -Plus

Post infection (after 6 days of Pseudoperonospora
cubensis infection)

Propamocarb 21.5+27186 +2.4/17.3 +2.1159 +2.120.1 +1.9
hydrochloride 18.8 + 3.421.1 + 2.1/154 + 1.920.8 + 3.422.3 +3.5
Mikal 19.9 +1.7/19.2 + 2620.3 + 1.9{19.7 + 1.3(18.6 + 1.5117.6 + 1.1
Mancozeb 190.4 + 1.9/18.8 + 2.720.5 + 1.820.8 + 1.9[18.8 + 2.1
Ridomil -Plus
Values are means + S.E (n =4). F = Field rate.

c) Sugar conrtent

The effect of selected fungicides, pathogen and their combinations
on sugar content is recorded in Tabie (4). Infection of squash plant with P.
cubensis caused an insignificant decrease of sugar content. The values of
sugar content were 22.4 and 21.3 mg glucose/g fresh weight for uninfected
and infected leaves, respectively. All fungicide treatments alone in the
absence of pathogen caused a remarkable increase of sugar content
especially at higher doses, except propamocarb hydrochioride which caused
an insignificant decrease of the sugar content at all levels of application.
Combination of both P. cubensis and fungicides showed the same trend of
effect. Treatment with mikal either before or after infection with downy mildew
pathogen caused the highest increase of sugar content. These results of
-increasing sugar content due to pathogen infection cr fungicide treatments
come in complete agreement with Ahmed (1997) and Marei (2002). However,
the quantity soluble carbohydrates in plant tissues confirmly related to plant
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susceptibility (Cole, 1966 and Hwang et al., 1983).

Table (4): In vivo effect of tested fungicides on sugar content before and
after 6 days of Pseudoperonospora cubensis infection,
expressed as mg glucose/g fresh weight of squash leaves.

. Treatments
PRI 00 | 025F | 050F | 075F | 100F | 200F
Before infection
Propamocarb hydrochloride 20.1+21 [203+22 [207+23 [209+23 [21.1+22
Mikal 224+29 253+26 (247+24 |268+29 |27.2+31 |[284+3.1
Mancozeb 42148 1232224 [239+26 [246+25 [255+29 |264+29

Ridomil -Plus 224+22 [238+25 241431 |247+27 [253+34
Post infection (after 6 days of Pseudoperonospora cubensis infection)

Propamocarb hydrochloride 216+20 [205+27 [229+21 [234+34 |242+28
Mikal 213+24 253+27 |267+34 |281+29 |295+28 |30.2+35
Mancozeb w=e%1248+31 |263+39 |272+34 |289+21 |205+21
Ridomil —Plus 211+19 [224+24 |227+25 |239+15 [235+23
Values are means + S.E (n = 4). F = Field rate.

d) Polyphenol oxidase activity:

The results in Table (5) indicated the inhibitory effect of pathogen
infection against squash polyphenol oxidase activity. Fungicide treatments
caused inconsistent effect against this enzyme activity. Propamocarb
hydrochloride was the strongest inhibitor against the enzyme activity
especially at high doses. Combinations of both pathogen and fungicides were
not able to restore the enzyme activity up to the control level. However,
fungicide treatments were attenuated the inhibitory effect of pathogen
infection, mancozeb was the highest and Ridomil-plus was the lowest one in
this respect. Either pathogen infection of fungicide treatments have caused
inconsistent effect against plant oxidoreductase enzyme activities. Although
our resu

Its indicated some sort of polyphenol oxidase inhibitor, Yurina et
al.(1990) found that pathogen infection stimulated the activity of these types
of enzymes.

Table (5): In vivo effect of tested fungicides on polyphenol oxidase
activity in squash leaves before and after 6 days of
Pseudoperonospora cubensis infection, expressed as 0.D

values.
o Treatments
FUngickies 00 | 025F | 050F | 0.75F | 1.00F | 2.00F
Before infection
IPropamocarb .70 + 0.03[0.68 + 0.190.59 + 0.17/0.54 + 0.150.51 + 0.10
hydrochloride .60 + 0.020.57 + 0.250.68 + 0.20/0.73 + 0.18/0.69 + 0.12
Mikal 0.69 + 0.03/0.59 + 0.01/0.63 + 0.130.68 + 0.19)0.67 + 0.13/0.65 + 0.11
Mancozeb .52 +0.02/0.53 + 0.11/0.57 + 0.11/0.63 + 0.16)0.69 + 0.09
Ridomil —Plus
Post infection (after 6 days of Pseudoperonospora cubensis
infection)
Propamocarb 0.45 + 0.02/0.44 + 0.03/0.58 + 0.290.57 + 0.56/0.56 + 0.46
hydrochloride 0.40 + 0.170.53 + 0.23)0.56 + 0.08/0.52 + 0.0200.57 + 0.22
Mikal 0.47 +0.11/0.54 + 0.27/0.58 + 0.06[0.63 + 0.04/0.62 + 0.13)0.66 + 0.38
Mancozeb 0.47 + 0.16/0.46 + 0.54)0.49 + 0.2300.49 + 0.180.52 + 0.12
Ridomil —Plus
Values are means + S.E (n = 4). F = Field rate.
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