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ABSTRACT

Effect of a new synthetic fungicide vacomil-plus and aqueous
extracts of both onton and jimsonweed plants on a set ¢f 30 maize
hybrids were investigated for suppressing sorghum downy mildew,
caused by Peronosclerospora sorghi. Due to {oliar spraying with
vacomil-plus, controlling of SDM disease on all studied hybrids
was improved. With disease incidence less than 5 %, number of 27
and 26 hybrids became highly resistant during 2004 and 2005
seasons, respectively. So, lowest disease tocidence of 2.21 and 1.87
% during twe successive scasons leading to a greater resistance of
97.96 % were obtained and, accordingly the discase incidence was
suppressed for about 85.55 %. Therefore, vacomil-plus, 1.5 g I}
was recommended in the National Campaign Report of Maize
Yield Improvement, for controlling SDM in Egypt. On the other
hand, resistant degrees of 13 and 15 hybrids were improved during
2004 and 2005 seasons, respectively, due to immersing maize
grains in onion exiract. Due to use of seed treatment techmque,
mean of disease incidence reached 9.39 % using onion extract,
leading to suppress SDM for about 35.86 %. For jimsonweed
extract, poorest anii-mildew effect of 1.23 % only was observed in
this study.
Keywords:P. sorghi, SDM, vacomiil-plus, plant extracts, Zea mays

INTRODUCTION
Peronosclerospora sorghi (Weston & Uppal) C. G. Shaw,
(syns. Sclerospora sorghi W. Weston & Uppal and 8. graminicola
var. andropogenis-sorghi Kulkarm), 1s an oomycete obligate
pathogen caused downy mildew of sorghum and maize (SDM) . As
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diseases. Instead of chemical control, natural extracts have highly
performance to control scveral plant discases. Wilson a1 of. (1997)
reported thal, among 345 plant extracts, species of .illium were the
most effective showing anfifungal activity. Malhotra and Rai
(1990} investigated etfect of Datura meral cxtract in controlling
some fungal pathogens.

This study was aimed to investigate efficiency of a new
synthetic fungicide comparing with safer effective extracts for
controlling sorghum downy mildew on rnaize {(SDM). To create
this purpose, a companson beiween the curative activity of foliar
spraving using vacomil-plus and the seed treatment of onion and
jimsonweed extracts were carried out or different maize hybrids.

MATERIALS AND METHODS
1. Control agents:

For controliing sorghum downy mildew {SDM) on maize (Zea
mays 1., foliar spraying with synthetic fungicide and seed
treatment with some plant extracts were two techniques applied in
this studv. For foliar spraying, vacomil-plus is a new fungicide
selected for this purpose. It censists, chemically, of Cupper
oxychloride 35%, metalaxyl 15%., TENS-BCZ 7%, Sipemate-228
2% and Ca-Carbonate E 41%. The recommended dose of vacomil-
plus was 1.5 g L7 produced by Vabeo Company. For seed
treatment, 25% concentration of two agueous extracts of onion
buibs (4i/lium cepa) and jimsonweed leaves (Darura siramonium)
were used and compared with vacomil-plus for controliing SIIYM.
Preparation of the required concentration of both onion and
Jmsonweed extracts was carried ont according to (EI.-Moghazy
and Shalaby, 2006).
2. Field sxperiments:

Field experiments were conducted in oosporcs disease nursery
of Sakha Agricultural Research Station during 2004 and 2005
seasons. Maize grains were sown in plots of 6.6 m” in area. Each
plot contains two rows with 6 m. long and 80 cm. apart. Three
replicates (plots) were used in these trials. For sced ireatment,
maize grains of 30 hybrids were soaked in both extracts for eight
hours before sowing. Grains soaked in sterilized distilled water
were acted as control. 60 grains were used for each row. For foliar

-
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spraying, other untreated grains of the previous 30 hybrids were
planted in the disease nursery. Using vacomil-plus, maize plants
were sprayed two times after two and three weeks from planting.
3. Disease parameters:

After 35 days from planting, numbers of infected plants were
recorded and, percentage of SDM disease incidence was calculated
according to El-Shafey, er al. (1988):

. o o No. of infected plants
Disease incidence (DI %) = x 100
No. of total planis

Data obiained from disease incidence were reused o calculate
percentages of discase inhibition of cach treatment as follow:

o DI % of control — DI % of treatment
inhibition % = x 100
DI % of contro!
To assess the resistant degree, values were integrated with the

percentages of disease incidence according to this ratio:
Resistant % = 100 — Disease incidence %
A complete randomize design was used in this study. Least
significant differences (LSD) and Duncan’s multiple range tests
were applied for comparing means (Duncan, 1955).

RESULTS AND DISCUSSION

To avoid its expected harmful effect against activity of the
secd embryo, foliar spraying was the selected technique suitable for
vacomil-plus. This selection was supported by Anahosur (1986),
who found lower effectiveness of metalaxyl, considerably the main
active ingredient of vacomil-plus, when used as seed treatment for
controlling SDM caused by Peroncsclerospora sorghi. To offer
cheaper and environmerntally safer alternative instead of the
synthetic fungicide, a technigue of seed treatment with onion and
jimsonweed extracts was applied to suppress SDM. To guarantee
wide and successful applicatien of the selected treatments, thirty
promising maize hybrids were used and their resistance categories
were also evaluated in this study. Therefore, mean percentages of
disease incidence for each hybrid were calculated and grouped
according to the scale adopted by Gowda er al. (1989) during 2004
(Table 1) and during 2005 (Table 2) seasons.
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Table (1): Percentages of SDM discase ncidence on 3¢ maize
hybrids treated with different control agents during 2004 scason.

Untreated Vacomil-plus Onion Jim?‘ﬂ“‘,’?’ﬁ‘f
% |cati % cat | % | cat | % | cat
Gmio0xskso0l 1 12725 | MS | 000 | HR | 1667 | MR : 1607 | MR
GmlObIxSk3001-2 | 4467 | S | 768 | R | 000 | HR J 4762 [ §
Gmi00Tx k50013 1 2977 [ MS | 000 | HR [ 2778 | MS | 2500 | MS
Grmi00IxSKS00I-4 ;3104 1 S | 682 | HR | 1429 | MR | 3750 | §
_OmIO0Tx K313 289 | MR ;000 | HR | 000 | HR I 000 | AR

Hybrids

GmidhTx Sk3001—6 1 3056 | MR | 975 | R | 2500 | M5 | 455 [ HR
GriiG0Ix Sks001-8 ¢ 1135 { MR § 000 | HR § 000 | HR j D00 | HR

GmidGix sxs0ni-0 | 12.04 | MR : 700 | WR 11270 | MR [ 833 | &
“Gm00TxSKS00I-10 | 238 ' MR | 435 | HR | 000 | HR I 750 1 R
GmilCIx SKEGBL-A1 | 1368 | MR | 0.0 ¢ HR 2060 MR [ 922 | R
GmiofIx3kSO0i 12 | 2049 ' MS { 006 | HR } 682 | R | 870 | R
OmInhixSKSH0I-13 | 646 R L 411 | HWR } 000 . HR | 2617 | MS |
COmioDinSks00i-i4 § 182 ] HR |, 167 | HR ¥ 926 | R | 2077 | MS
T Gmi00lxSkS001 33 T 2097 0 MS | 000 [ MR 3125 S | 000 | HR |

| Ska241x Sks0i—i 1843 | MR | 450 | HR | 000 | HR | 000 | HR
T Sk621x SK3061 -2 1600 R 867 R 1500 | HR | "Be8 | MR
SK6241xSkS001-3 f 3568 | S 156 | HR | 1000, R 3867 | §
She24Tx SKa001- 714 | R ] 400 | AR V1EE3 | MR | 2318 | MS
k6741 SkS001-5 1035 L MR § 000 | HR | 1687 | MR | 385 | HR
Sk624 1% Sk30016 1552 ! MR | 000 ; HR | 882 | R ? 1385 | MR

SkG24InSKSOGL 8 1 455 | Mz b 000 | HR | 714 | R ¢ 000 | HR |
Sk6241x Sk3001-9 169 | HR | 000 | HR § 000 | MR § 800 | HR
TEk624Ix SkA00I-10 1 228 | AR { 000 | HR | 080 | HR 1200 ; MR
Ske2dixSksdal-11 {247 HR | 000 | HR } 0.00 | HR | GO0 | HR

| Si6340xShS0Gi-12 1 608 | R 15z | MR i 417 | HR | 760 | R
SK6241xSkSDG1-13 § 152 | HR | 000 | HR § 0.00 | PR | 333 | HR |
Sk624ixSk5061-14 12000 | MR | 333 | HR 13238: 5 | 1534 | MR

SkEIAIxSkS00t-15 | 3214 1 S | 600 | HR : 227 | HR | GO0 | HR
o — %

| 5T 155 20.0C MR 2.38 HR 8.33 R 39.60 S
SC 3082 2.38 HR 0.00 HR 0.00 HR 0600 | HR

Where: S=Susceptible; MS3=Moderately Susceptible; MR=Moderately Resistant;
R = Resistant; HR = Highly Resistant; Cat = Categories.

Data represented in Table (1) show that, the chosen maize
hybrids included 9 highly resistant, 4 resistant, 9 wmoderate
resistant, 4 moderate susceptible and 4 susceptible hybrids. Due to
foliar spraying by vacomil-plus, resistance level of all maize
hybrids was improved to suppress SDM. Out of them, 27 hybrids
became highly resistant, with percentages of disease incidence less
than § %. Three hybrids of Gmi001x8k5001-2, 6 and
Sk6241xSk3001-2 were resistant with disease cidence of 7.69,
9.75 and 6.67 %, respectively. These results are in agreement with
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the findings of Anaso, ef al. (1989), who repotted that metalaxyl
has strengly effect in controlling P. sorghi causing SDM.

Due to seed treatment using onion extract, Gm1001xSk35001-
2.5, 8, 10, 13, Sk6241xSk5001-1, 2, 9, 10, 11, 12, 13, 15 and
SC3080 became highly resistant hybrids. Moreover, resistant
categories of Gm1001xSk5001-12, 14, Sk6241xSk5001-3, 6, 8 and
SC155 were improved to resistant levels. On the otber hand,
discase incidence of six hybrids was increased as a result of onion
treatment, leading to lower resisiance categories. However, plant
protection of most hybrids against the oospores infection in the soil
using onion extract was done (Odvody and Frederiksen, 1984a).

As well as, resistance cases of 10 hybrids were improved by
jimsonweed extract. To highly resistant, 6 hybrids of
Gm1001xSk5001-6, 8, 15, Sk6241xSk3001-1, S and 15 were
transformed, Three hybrids of Gm1001x8k5001-9, 11 and 12
became resistant and only one of Gml001xSkS5001-1 became
modcrate resistant. Moreover, resistance levels of thirteen hybrids
stayed constant. In contrast, disease incidence of seven hybrids of
Gm1001xSk5001-10, 13, 14, Sk6241xSk5001-2, 4, 10 and SC135
were increased and their resistance to SDM was reduced.

During 2005, results in Table (2) show further improvement in
the resistant levels of 22 hybrids by using vacomil-plus, but
efficiency of 8 hybrids stayed constant. On the other hand, no
hvbrids became less resistant after treatment with vacomil-plus,
indicating high efficiency for controlling SDM. These results are in
agreement with the findings of Odvody and Frederiksen (1984b).
who reported that sporulation of Peronosclerospora sorghi was
inhibited strongly by spraying of metalaxyi on sorghum and corn
leaves. Therefore, anti-sporulant activity was done, but via
inhibition of either spore germination or spere preduction. So,
further study is necessary.

Due to onion exiract, resistance levels of 15 hybrids were
changed to better. Out of them, five hybrids of Gm1001xSk5001-2,
5. 10, 14 and Sk6241x8k5001-1 were improved to highly resistant.
Six hybrids of Gm1001x8k5001-3, 11, 15, Sk6241xSk5001-2, 5
and 6 became resistant, in addition to two moderate resistant and
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two moderate susceptible. As well as, resistance categories of 12
Livbrids stayed coanstant. On the olher hand, disease incidence of
three hybrids of Gm10G1xSk3001-1, 6 and Sko241xSk5001-8 were
increased and their resistance 10 SDM was reduced in this season.

Foz‘jimsonweed extract, 7 hybrids were transformed into more
resistant fevel, 13 hybrids stayed constant and 10 hybrids became
less resistant fc SDM. It indicates that, f{ewer efficiency of

jimsonweed extract against SDM on the tested maize hybrids, in

comparison with gnion, was observed.

Table {2): Percentages of SDDM disease incidence on 30 maize
hybrids ireated with different control agents during 20035 season.

Hybrds ____I_ri‘re,ﬁcu Vacomil- pl}gr_’ﬁm__ Onion Jimsonwed
PR VYTt o lem | % leatl @ | om
GmlGOIx5kS00i— | 1544 | MR | 638 | R ! 3003 | S 12056 | MS

" Gmi00IxSKSO0L-1 ¢ 1459 | MR | 263 | HR 555 ® 11420 | MR

Cm1001x Sk3001-2 10.64 MR 35 ! HR, 0.00 HR | 12580 | MR |

GmiO01x SkS061—4 | 3645 192 | HR 2955 | MS § 3708 S

=5 i HR | 0.00 | HR

- GmiOUIxSk5001—6 | 870 5 2t

|_& > 9t | ORI ‘
GmI0Ix 5k3001-6 1 1884 MR 200 HR 1500 | MR | 17.93 | MR,

JJIX‘[U)
o
o3 it)
=]
I
P
[=)
=]
S

\Jrf“ﬂuhghﬁﬂﬁ’—'\ ! 577 ] :
C00 | HR | 3583 i 5 2147 | MS
Ganl001x SKS001-8 | 588 : ' I R 14 2% [

n
%]
A
&
[
S
T
)

Gmli0x Sk3001-30 | 18.81 MR 1514 | MR

| GmioRixsksool if ¥ 2267 | MS ¥ 000 | HR | 1000 "R 1823 [ MR

L G 001x Sk3001- 1z 807 R § 818 R 7.50 R 1522 + MR

Gml00Tx Sk506i~ 15 i 1450 MR | 000 | HR | 1456 | MR | 1000 | R

' GmlI00]x SkS001- 1162 ; MR { 192 | HR | 438 | R | 1270 | MR

i Gml001x Sk5601- 1-: 1094 T MR ] 536 | R | 878 | R | 080 | Nn

Tx SKS0G1-1 2508 : MS 0.00 HR 400 | HR | 2477 | MS
Ix Sk3001-2 17.56 MS ¢ .00 HR | &d2 R 34.76 S

,_; I..-.
Sk6241xSkSQ00-3 14380 S | 323 | HR | 2476 | MS | 3015 | S
3

Sk6241x Si5001-4 18.18 MR 000 | HR 1250 + MR § 1907 | MR

Sk6241x Sk5001-5 18.51 MR 0.00 HR 8.33 R 15.26 | MR

Sko241x Sks001-6 13.64 MR 0.00 HR 5.36 [ 1169 | MR

Ske241x SKS0C1X ¢ 378 [ HR ! 008 0 HR | 74 R 3 667 | R 1

Ska24ix SkS01-9 b 337 | MR § 000 | W 1 000 | HR f 3450 | §
Sk6241 Sk3001-10 y 455 | HWR § 00C | HR § 200 | HR ¢t 536 | R

SkéJalx Sksu0i-11 | 383 | AR § 302 ! HR § 000 | HR | 357 | HR |

Sk6241x Sk5001-12 2031 ' MS 000 1 HR 1452 | MR 882 + R

Sk6241x Sk5001-13 3.03 : HR 1.92 HR 0.00 HR Q.00 HR |

Sk6241x SkS00L-14 § 1930 | MR | 217 § HR | 1476 | MR | 3528 | &

Sk6241x Sk5001-15 484 | HR 0.0G HR 405 HR 5.08 R

g 4

SC 155 4592 5 0.00 HR 1548 | MR | 15.18 | MR

{9

SC 3080 476 ; HR | 000 | HR | 000 | HR | 1071 | MR
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To overcome the discrepancy between cfficiency of the
evaluated hybrids for controlling SDM, averages of all data
obtained by each treatment during 2004 and 2005 seasons were
compared in Table (3).

Table (3): Effect of vacomil-pius, onion and jimsonweed exiracts
on disease incidence and inhibition of SDM during twe seasons.

04 i i i At hibi } ¥
Treatment /nzl'())gzase ;Egiggse M;:.. ; Iﬂﬂ.?{l,t on
Untreated (contiol) | 14.22a | 15.06a | 1d64a 00 |
Vacomil-plus _ |" 0221c | 01.87¢ | 0204c | 8555 |
Onion 09.15b | 09.63b | 0639b | 3586
| Jimsonweed 13.00a | 15.92a | l4.46a § 0123
LSDat5 % 1 188 1.88 112 ]
LSDat [ % 2.74 274 1.63

The results indicate that, vacomil-plus was the most effective
fungicide suppressing SDM in comparison with the other agents.
Using vacomil-plus, lowest percentages of SDM disease incidence
of 221 and 1.87% during 2004 and 2005 were obtained,
respectively, leading to higher SDM inhibition reached 85.55%. It
means that, plant protection against infection of the conidiospores
in the plant leaves by the foliar spraying of vacomil-plus was done.
On the other hand, mean of the disease incidence reached to 9.39%
for onton extract when applied as seed treatment in comparison
with 14.04 and 14.46% for untreated and jimsonweed cxtract,
respectively. Fungitoxicity of onion extract, leading to inhibition of
SDM reached 35.36%, may be due io presence of some antibiotics,
in the form of phenolic substances, (Dubey and Dwivedi, 1991).
Wilson er al. (1997 reported thai, among 345 plant extracts,
species of Allium were the most effective showing antifungal
activity. Allium spp. may bave an antifungal compounds play an
important role in controlling several diseases (Kurucheve et al.
1997}, In contrast, lowest disease inhibition reached 1.23% with
Datura  stramonium extract was obtained, indicaling poorest
effectiveness for controlling SDM. It was supported by Malhotra
and Rat (1990), who found low effect of Datura metal extract
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against some fungi. Using 25 % aqueous extract of onion and
iimsonweed, great suppression of late wilt disease on maize caused
by Cephalosporium mavdis was successfully obtained (EL-
Moghazy and Shalaby, 2006).

To summarize these findimgs, mean percentages of SDM
resistant for all treatments were plotied in Fig. {(1}. It demonstrates
that, the new svnthetic fungicide of vacomil-plus was the most
cffective treatment controlling SDM on maize with resistant
percentage of 97.96%, followed by 90.61 and 85.54% for onion
and jimsonweed extracts, respectively.

G e e e ey S S S

27,98

1
|
65 -

2 TE ?

o N .
g 9061 l
i w0 : . 1
7 - i
g o 1
fodd 55 36 o 85,54 i
85 - e {
i
A i
30 -b—- - . - " g _i
untiealed  vacomil-plus anrion pmsonwaed

Fig. (1) Mean percentages of SDM resistant resulting from
spraying with vacomil-pius or soaking the hybrid sceds in onion or
jimsonweed extracts.

Pue to its realized toxicity against conidiospores activity,
vacomil-plus inhibits local infection of SDM strongly 1n this study.
- it exhibited remarkable antisporulant effect even at concentration
of 1.5 ¢ L'I.. Deepak ei al. (2000} stated that inhibition of asexuai
spores of Scierospora graminicola causing Pearl millet downy
niildew by metalaxyl is important, becavse these provide the
greatest opportunity for rapid buiit up in the number of infective
propagates and subsequently, the high potential for infection of
new plants. Metalaxyl also reduced disease severity and sporulation
of Plusmopara viticola causing grapevine downy mildew disease
when used in proteciing mode (Wong and Wilcox. 2001).
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Therefore, foliar spraying using 1.5 g L7 of a new fungicide
vacomil-plus was recommended by the National Campaign Report
of Maize Yield Improvement, for controlling SDM in Egypt. On
the other hand, scaking of maize grains in conion extract can
prevent, or at least reduce germination of cospores in the soil and
ofter envuonmentally safer and cffective technique toward
systemic infection of SDM. Although the screening activity against
an obligate endoparasite is complicated. Deepak er al. (2005)
investigated the antisporulation activity of Sclerospora graminicola
by 40 plant extract and genus Alfium was of them.

To evaluate cfficiency of SDM control techniques obtained in
this study, the presented results were compared with the biological
control data previously cited in literatures. El-Moghasv (2003)
found that Bacillus subtilis was the most effective bio-agen
reducing SDM on maize comparing with 7richoderma viride and T,
hamaium. This s in agreement with El-Mersawy (2000), who
found that Bacillus subtilis suppressed SDM strongly. Due to
synthesis of a specific antibtotic. namely, subtilin or bacillin, most
B. subtilis strains possess high potentizlity 1o inhibit activity ot
diffcrent pathogens in virro and in vive (De. 1982 and Utkhede and
Sholberg, 1986).

Recently, a set of 42 tropical/sub-tropical maize inbred lines
developed in different countries in Asia (India, Thaland and
Philippines) and Mexico were evaluated for resistance o P. sorght
causing SDM (Yen er al. 2004). In conclusion, this study is an
initial attempt for successful evaluation of a set of 30 cross hybrids
of maize cultivars originated in Egypt for resistance to sorghum
downy mildew caused by P. sorghi. A foliar spraying of vacomii-
plus and soaking grains i cnion extract can be suggested for
integrated suppression of SDM in this siudy. Additionally, ideal
SDM control must include resistant hybrids, hiological control and
crop rotation to reduce spore populations over several vears. To
avoid SDM on maize cultivars and to minimize soil infestation with
the pathogen, no-cultivation of susceptible forage sorghum in
maize growing region must be taken into consideration.
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