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Effectiveness of fungicides and mineral oils against squash
powdery and downy mildew
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ABSTRACT

The curative efficacy of five commercially fungicides (Narimol,
Penconazole, Pyrazophos, Pyrifenox, and Thiophenate-methyl) and two
mineral oils (kabel, KZ) alone and their combination against powdery and
downy mildew of winter squash under field condition was carried out. The
experiment was conducted in two years 2001 and 2002 winter seasons at the
Agricultural Research experimental station of Faculty of Agriculture,
Alexandria University, Abbis area The data were recorded as percentage of
infected leaves (IL), disease index (DI), relative disease controi (RDQC),
polyphenol content, and squash vieid. The result revealed that use the
mineral oils in the combination with fungicides support the use of
fungicides against powdery and downy mildew. Pyrazophos by half
recommended dose with 1% mineral oil (kabel) gave good curative effort
against powdery mildew of squash plant more than its recommended dose
alone. While against downy mildew pyrifenox by its half recommended
dose with 1% KZ oil was the superior. Polyphenol content of squash plants
was affected in the old leaves than in the young one, and the squash yield
was enhanced by more than 200%.

INTRODUCTION

Cucurbits powdery and downy mildews, caused by Irysiphe
cichoracearum and Pseudoperonospora cubensis, tespectively arc serious
discases on Cucurbits grown worldwide (Bettiol, 1999, Yuan er al, 1999
and Kuepper, 2003). Control methods currently available under commercial
conditions is use of fungicides, e.g. fenarimol (0.1mV/L) and benomyl
(0.1g/L) gave good effect against Zucchini squash powdery mildew (Bettiol,
1999), dimethomorph against downy mildew of cucumbers and melons
(Cohen et al,1995), pyrifenox and flusilazole reduced the severity of
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powdery mildew of Prunus mume (Huang et al., 1995), pyrazophos reduced
the disease severity by 83.04% (Ahmed et al,1995), Tnademefon as
preventive and curative schedule was very good fungicide against powdery
mildew of pumpkin {(McGrath, 1996a), also, combination of fungicides give
the best disease control of squash powdery mildew (RamirezArrendondo,
1995 and McGrath and staniszewska,1996). But the constant use of
fungicides, however, can result in the environmental contamination and
selection of resistant populations of the pathogen (McGrath, 1996b and
McGrath ¢r al | 1996). For these reasons, alternative control measures are
warranted

Several alternatives to conventional fungicides have been evaluated for
cucurbit powdery mildew and downy mildew. Bettiol (1999) venfied that
high concentrations of fresh cow’s milk were effective against Zucchini
squash powdery mildew. JMS stylet oil suppressed the size of area infected
in summer squash (McGrath and Schishkoft, 2000) and winter squash,
muskmelon and pumpkin (McGrath and Schishkoff, 1999). Neem oil 18
labeled as a botanical fungicide for control of downy and powdery mildew
of Cucurbits (Kuepper and Thomas, 2002 and Kuepper, 2003).

Also. minera! oils could be used to support the use of fungicides against
powdery and downy mildew on cucurbitaceae (Cohen ef al., 1996, Collina,
1996 and Grove ef al., 2000). For this reason, the objective of this study was
decrease the dose of five commercial fungicides by mixing them with two
type of mineral oils with two concentrations and evaluation of these
combinations against powdery and downy mildew of winter squash under
field conditions. Since there is a possible relation between the content of
phenolic compounds and disease resistance as mentioned by Doll er al.,
1994, so phenolic compounds were determined in this study. Also, the yield
was determined because it is the main aim of many researches (Ramirez
Arrendondo, 1995 and McGrath and Schishkoff, 1999).

MATERIALS AND METHODS

Field experiments were conducted at the Agncultural Research
Experimental Station of Faculty of Agriculture, Alexandria University at
Abbis area. The soil type was clay loam (clay 41%, silt 22.2% and sand
36.16%).
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Winter squash (Cucurbita pepo) was directed seeded on 21 August 2001
for the first season and 25 August 2002 for the second one. Each treatment
represented by four plots. The experimental plot consisted of three bridges
(21m?). Number of plants/plot was approximately thirty plants. The design
the experiment was randomized complete block design. Insect pests and
weeds managed as needed by supplying insecticide {Cypermethrin (Saprol
10% EC)] and herbicide [Pendimethalin (stomp 50% EC, 1.7L/Fed )]. The
field was felterized and irrigated as needed, when the plants seached to two
weeks old, fungal inoculation was made by spraying spore suspension of
6x10° spores/ml. When the fist colony of the disease was appeared,
treatments were applied. Treatments included: a) Five commercial
fungicides (shown in Table 1) with their recommended and half
recommended doses. b) Two types of mineral oils (kabel and KZ) with two
concentrations for each one (0.5% and 1%). ¢) Combinations of the used
fungicides with their recommended doses and the two mineral oils with the
two concentrations. Leal assessments were made when the disease index
reached to 50% and 25% in the untreated treatments (control) for powdery
and downy mildew, respectively.

Table (1): Trade, Common, Chemical names, Formulations, and The rate of
application of tested fungicides

Trade Common Chemiczl name Formulation Rate /
name name feddan
Trimidal Nanmot a-(2-Chlorophenyl) a-(4- EC (9%) 20ml
flurophenyl)-5-
pyrimidinemethanol.

Topaze Penconazole 1-[2«2,4dichlorophenyl)n-  EC (10%) 25ml
pentyl]-1H-1,2 4-tnazole

Afugan Pyrazophos 0,0-diethyl-0-(5-methyl-6-  EC (30%) 100m}
ethoxy-carbonyl-pyrazole-
[1-5- Tpyrmid-2-y1)-
thionophosphate.

Dorado Pyrifenox 2 A-dichloro-2-(3- EC (20%) 1Oml
pyridyl)acetophenone-c-
methyloxione

Topsin-M  Thiophenate-  Dimethyl{(1,2-phenylene) WP (70%) 60gm

- methyl bis(iminocarbono- thioyl)]

bis carbamate.
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Curative efficacy of the treatments was determined by measuring the
disease incidence [Percentage of infected leaves (IL), Disease index (D),
and Relative Discase Control (RDC)] according to James (1971) and Wenzl
{(1948). Phenolic compounds of young and old leaves were extracted and
measured spectrophotometrically at 660 nm according to McGrath er al,
(1982) and Sabra (1993) with standard curve of tannic acid. Fruits were
harvested and weighed every 2 days and calculate the yield as ton/feddan.

Statistical analysis of data collected were carried-out according to Cohort
Software Inc. (1986).

RESULTS AND DISCUSSION

1- Effects of Fungicides alone:
1-1-Effect of fungicides with their field rates

The effect of five systemic fungicides from different organic groups were
evaluated by their recommended doses against powdery and downy mildew,
polyphenols content, and yield of squash plants under field conditions, and

the data were recorded in Tables 2 and 3.

1-1.a Curative effect against powdery mildew

Percentage of infected leaves (IL) and disease index (DI) were reduced
by the use of all the tested fungicides by the same trend in the first and
increasement in the values of relative disease control (RDC) in both
seasons. Pyrazophos was the most effective fungicide in this respect with a
value of 78.7% RDC (The mean of both seasons) and the lowest one was
thiophenate-methyl with 69.0% RDC. These results are similar to the
finding of Huang ef al. (1995), Ahmed er al.(1995) and Bettiol (1999).

1-1.b. Curative effect against downy mildew

The curative of these fungicides were significantly recorded in both
seasons, but the percentages of RDC were less than the curative effect
against powdery mildew. The superior in this respect was pyrazophos,
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followed by pyrifenox and the lowest curative effect was recorded with
nanmol. These results are confirmed by Cohen er al. (1995).

1-1.¢. Effect on polyphenols content of squash leaves

The polyphenol content of squash leaves was high in young leaves than
in old one (the average values of both seasons were 30.2 and 21.9 pg/g dry
wt., respectively in untreated plants), For this reason, the old leaves are
more susceptible to the infection by the pathogens (Doll ef af., 1994). All
the tested fungicides significantly decreased the phenol concentration and
pyrazofos and pyrifenox gave good effect in this trend especially in old
leaves.

Table (2). Curative effect of tested fungicides on powdery and downy
mildew of Winter squash plants, polyphenols leaves content (pug/g dry wi)
and squash yield (ton/feddan) (1%Season,2001).

Powderv mildew Downy mildew Polyphenols Yicld
Fungicides %I DI RDC %I DI RDC YL oL

Controt 69.52 559 000 3506 2497 000 2825 2235 187
Narimol 36T 967  BLT2 3054 1464 4138 2266 1605  2.65
Penconazole 4798 2007 64.13 2436 1475 4092 3012 1547 332
Pyrazophos 2987 9.8 8246 1921 B13 6745 2836 1721 450
Pyrifenox 3787 1298 7680 2484 1138 5443 2818 1868 2957
Thiophenate-  40.19 998  82.17 1591 1053 5781 2477 13.03 457
methyl

LSD g4s 6.84 5.59 7.67 9.75 6.25 24.34 1.57 1.65 0.3%
%IL: Percentape of infected leaves  DI: Disease index RDC: Relative discasc control
YL: Young leaves OL: Old leaves

Table (3): Curative effect of tested fungicides on powdery and downy
mildew of Winter squash plants, polyphenols leaves content (ug/g dry wt)
and squash yield (ton/feddan) (2"Season,2002).

Powdery mildew Downy mildew Polyphenols Yield
Fungicides % IL DI RDC % L. DI RDC YL OL
Control 6434 5210 000 3351 2487 000 3213 2140 105
Narimol 5059 2093 5983 2463 1457 4139 2131 16.54 233

Penconazole 3208 1110 7869 1602 1109 5542 2960 1569 343
Pyrazophos 4369 13.02 7501 2308 914 6083 2761 17.34 34l
Pyrifenox 4605 1922 63111 1784 8.51 65.79 2752 1868 2.53
Thiophenate- 4802 2299 5587 1564 9.44 6202 24322 1309 217
methyl

LSD g0, 1683 7.29 11.18 807 513 2061 279 1.45 0.46
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1-1.d. Effect on squash yield

As the results of the previous data, squash yield as ton / feddan increased
in both seasons 2001 and 2002, These results approved by Ramirez
Arrendondo (1995) and McGrath and Schishkoff (1999). The increasing
percentage ranged from 106.7 to 200%. The highest yield was recorded with
pyrazofos in both scasons, thiophenate-methyl in the first season and
penconazole in the second one.

1-2-Effect of fungicides with their half field rates
The curative effectiveness of fungicides with their half field rate against
powdery and downy mildew were recorded in Tables 4, 5, 6 and 7.

1-2.a. Curative effect against powdery mildew

All tested fungicides decreased the percentage of infected leaves and
decreased disease index, and increased RDC with significant values in the
two seasons 2001, and 2002. The superior one was pyrazofos, the second
order in the efficacy were pyrifenox and narimol, and the third one were
penconazole and thiophenate-methyl, but the values of RDC were less than
the values recorded with recommended doses of fungicides.

1-2.b. Curative effect against downy mildew

All tested fungicides with half recommended doses did not gave
significant effect on the percentage of infected leaves, except thiophenate-
methyl in two seasons. But most of these fungicides significant increased
RDC and the highest one in this effect was thiophenate-methyl with values
of 50 92% and 55.34% RDC for 1* and 2™ season, respectively.
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1-2.c. Effect on polyphenols content of squash leaves

All the tested fungicides decreased the polyphenol content especially in
old leaves which decreased with significant values and the less effective one
in this respect was thiophenate-methyl for the two seasons (Tables 8 and 9).

Table (8): Effect of mixture of half recomended doses of fungicides with
mineral oils on squash leaves polyphenols (ug/g dry wt) (1" Season 2001).

yphenots Young leaves Ol leaves
.. Cariraol Kahel K7 Caonmtrol Kahed | v
Fungicider 0.5% 1% 0.5% 1% 0.4% 1% 05, 1,

Control 2825 2715 2512 26 46 I8 B0 2235 18.77 1584 1926 1% 44
Narimal 1681 2886 2636 29.83 36.33 15.47 20.24 1396 2437 14 43
Panconazeole 27.09 2636 1983 2230 3298 20.64 2018 2574 16 .69 1911
Pyrazophos 2704 K63 3218 1856 3155 1378 10.21 1877 1584 1336
Pyrilenox 2821 30.54 26 G5 25.1% 27.33 14.849 19.45 14.49 19.3% 10.82

Thiophenate- 2441 2697 3010 26.07 35.62 1694 11.80 15.65 12.75 15.35
mahy]

LSD g For {lungicide x oif nteraction) 2.66 Fuor { funpicide x oil mluradion) 1.78

Table (9): Effect of mixture of half recomended doses of fungicides with
mineral oils on squash leaves polyphenols (ng/g dry wt) (2™ Season 2002).

olvphenels Yeoung ieaves Ol leaves

b Control Kahe] KZ Comtrol Kahel KZ
Fungicider 0.5% 1% 0.5% 1% 0.5% 1% 0% 1%
Control 21 3079 2S5 25 2844 2140 1798 1520 1737 1844
Nemol 2581 3030 3336 2562 3660 1547  186® 1596 2113 1410
Pmonazole 2840 2764 2834 3607 3602 1969 1905 2510 1639 1828
Pyrazophos 2183 2889 3262 3003 3666 1510 9% 1798 1556 136
Pyrifenox 908 3073 2706 2740 3262 1434 1945 1382 1893 1082
Dricphenate- 2097 2498 2T 2657 3428 1749 1125 1565 1275 1535
methyl
LSD g0y For { funpicide x o5l interadtion) 4.13 For { fungicide x 0il Mlaaction) 1.17

1-2.d. Effect on squash vield

the squash yield was increased significantly specially in the second
season, the values were less than which in the recommended doses (Tables
10& 11).
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Table {10). Effect of mixture of balf recomended doses of fungicides with
mineral oils on squash vieid (ton/feddan) (1 Season, 2001).

it Controi Kabei XZ

Fungicides~._ D.5% % 05% %
{Controi i 87 219 2706 31389 170
fanmoi 215 3.00 3es 204 384
Penconazoie 1.26 540 343 333 1.64
Pyrazophos 2.43 560 220 303 355
Pyrifenox 2.3 362 38 212 22
Thiophenate- 357 234 217 104 2.94
meihyi
1.5D gos For { furgicide x oil interaction) 0.48

Table (11) Effect of mixture of half recomended doses of fungicides with
minerai oiis on squash vieid (ton/feddan} (2 Season, 2002).

T~ Qils Control Kabel KZ
Fungicites.._ 95% 1% 05% 1%
Controi 1.05 2.50 234 267 2.47
WNanmol 225 3.70 420 254 2.49
Penconazoie 2.65 1.97 294 395 215
Pyrazophos 250 235 355 385 231
Pyrnifenox 2.40 3.94 314 1.89 3.70
Thiophenate- 203 3.33 235 296 1.85

methyl
LSD 405 For ( fungicide x oi interaction) 0.42

i- Effects of mineral oils aione

The effectiveness of two mineral oils (Kabel & KZ) by two
concentrations {0.5 &1%) were recorded against powdery and downy
inildew as shown in Tables 4, 5, 6, and 7; Tables 8, 9 for polyphencls
content and Tables10, 11 for squash wield.
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2-1- Curative effect against powdery mildew

The two mineral oils with their concentrations were significantly
increased the RDC values of powdery mildew of squash plants. The highest
concentration {1%) in the 1ypes of oils was more effective than the lowest
concentration {0.5%). Kabel was more significantly effective in both
scasons. The effectiveness values for mineral oils were approximately 50%
from the values of the half recommended doses of fungicides. These results
are confirmed by McGrath and Schishkofl 1999 and McGrath and
Schishkofl 2000

2-2- Curative effect against downy mildew
The values of RDC of downy mildew of squash plants followed the same
trend which observed in the powdery mildew.

2-3- Effect on polyphenols content of squash lcaves

Polyphenols content of squash young leaves did not significantly affected
with two types of mineral oils in the two scasons, except with kabel 1%
which significantly reduced it. Concerning to the content in old Icaves, ail
the treatments of the oils alone significantly reduced it. The treatment with

e +
H

kabel at 1% was less effect in this respect.

2-4- Effect on squash yield

Squash yield was increased by these treatments, specially with kabe! at
1% for the first season and KZ oil at 1% for the second season.

3- Combination effects of half field rates of fungicides and mineral oils
3-1- Curative effect against powdery mildew

Tables 4, 5 showed that, all the treatments of the combinations decreased
the percentage of infected leaves with powdery mildew and also decreased
the disease index with a significant effect, as a result of this eflect the values
of relative disease control (RDC) were significantly increased either of the
i season or for the second one. The most eflective treatment for the first
season was thiophenate-methyl + KZ (1%) with a value of 77.42% RDC,
and pyrazophos + Kabel (1%) with 90.27% RDC for the second season (this
value is more than the value which recorded in the recommended dose in the
two seasons, 82.46% and 75.01%). These results agrees with the finding of
Cohen et al., 1996, Collina, 1996 and Grove et ai., 2000.
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3-2- Curative effect against downy mildew

Concerning 1o the effects on downy mildew of squash plants, all the
values of RDC (which are shown in Tables 6, 7) were increased but less
than the values of powdery mildew. The most effective fungicide was
pyrifenox in both seasons but in the 1% one it mixed with KZ 1% (64.38%
RDC) and in 2™ season it mixed with 0.5% KZ (75.59% RDC).

3-3- Effect on polyphenols content of squash leaves

Tables 8, 9 showed that polyphenol content of young leaves did not
affect in most treatments of the combinations, while in old leaves the
content of polyphenols was significantly decreased with all the treatments
except with penconazole + Kabel 1% (1% and 2" seasons) and narimo! +
KZ 0.5% ( 1° scason), it was significantly increased.

3-4- Effect on squash yield

Squash yield was increased with all the treatments of the combinations of
tested fungicides and oils esspecially in the second season. The most
effective treatments were pyrazophos + Kabel 0.5%; penconazole + Kabel
0.5% in the first season, and pyrifenox + Kabel 0 5%, penconazole + KZ
0. 5% in the second season._ (Tables 10 and 11).

In General mineral oils in the combination with the tested fungicides
support the use of fungicides against powdery and downy mildew.
Pyrazophos by half recommended dose with 1% mineral oil (kabel) gave
good curative effort against powdery mildew of squash plant more than its
recommended dose alone. While against downy mildew pyrifenox by its
half recommended dose with 1% KZ oil was the superior. Polyphenol
content of squash plants was affected in the old leaves than in the young
one. and the squash yield was enhanced by more than 200%.
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