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ABSTRACT 
 

Thirty four white and yellow maize (Zea mays L.) inbred lines and hybrids 
were evaluated to downy mildew disease caused by Peronosclerospora sorghi 

(Weston and Uppal) C.G. Shaw. This study was performed in 2006 -20007 growing 
seasons at Gemmeiza Agricultural Research Station, El-Gharbea Governorate,  
Egypt. Out of the white maize genotypes, only the inbred lines Gm.22 and Gm.21were 
highly resistance( 0 and 0.48% disease infection, respectively) . The other inbred lines 
showed infection types ranged from resistance (Gm.4 and Gm.30), moderate 
resistance (Gm.14, Gm.27 and Sd.7). Both of Gm.2 and Sd.63 showed moderate to 
susceptible infection types. The white hybrids (S.c.11, S.c.12, S.c.13, S.c.14 and 
S.c.26 ) were moderately resistant, while, hybrids S.c.21, S.c.22, S.c.27, T.w.c.321, 
T.w.c.325 and T.w.c326 were moderately susceptible then hybrids S.c.10, S.c.15, 
S.c.25, T.w.c.322 and T.w.c.327 were susceptible. It can be concluded that inbred 
lines Gm.4, Gm.21, Gm.30 and Sd.7 play a role in conferring resistance in their 
hybrids and could be considered as sources of resistance to downy mildew. All the 
tested yellow maize inbred lines and hybrids showed moderately susceptible, and 
susceptible infection types. Losses in grain yield were in a parallel line with disease 
infection. The yellow maize genotypes scored the highest percentage of yield 
reduction compared with the white genotypes . All of the white inbreds and hybrids 
showed losses in grain yield except the inbred line Gm.22. The highest % of grain 
yield losses were detected in the inbred lines Sd.63 and Gm.2 (31.19 and 21.22%, 
respectively) as well as the hybrids S.c.10 (34.48%), S.c.21 (31.61%) and S.c.26 
(31.26%). Concerning with yellow maize genotypes, the highest losses % were 
noticed in the inbred lines 1021 and 1002 (66.11 and 64.85%, respectively) as   well 
as the hybrids T.w.c. 352 (87.47%), S.c.52 (63.79%), S.c.155 (73.77%) then T.w.c351 
(51.93%).  
Keywords: Zea mays L., Peronosclerospora sorghi , Genotypes, Hybrids, Inbred 

lines , Resistance. Single crosses (S.c.), Three way crosses (T.w.c.). 
 

INTRODUCTION 
 

Downy mildew (Peronosclerospora sp.) is considered one of the most 
destructive diseases of maize. In Egypt, Peronosclerospora sorghi is the 
important species causing downy mildew in maize and named as sorghum 
downy mildew. Grain sorghum (Sorghum vulgare L.) causes epidemics of 
downy mildew and severe losses in grain yield up to 80 % depending on the 
growing genotypes ( Krishnappa et al., 1995). In India, a survey performed by 
Krishnappa, et al., 1995 in Karnataka revealed that incidence of downy 
mildew disease ranged from 10-90 % and yield loss from 30 - 40 % same 
results were obtained by Williams, 1984 ; Graig et al., 1989 ; Anahosur & 
Laxman, 1991 ; Sadoma, 2003 and El-Sherbeni et al., 2008. 
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Genetic resistance is the most efficient and has a sound way to 
control the disease (Kamala et al., 2002 and Barbose et al., 2005). 
Accordingly, breeding for resistance and using the resistant inbred lines, 
hybrids and cultivars are needed. Many sources for resistance have been 
identified and successfully used to control that disease (Yeh and Frederiksen, 
1980 ; Frederiksen et al. 1986; Shivana and Anahosur, 1990 ; Olanya and 
Fejemisin, 1992 ; Krishnappa et al., 1995 ; Nazim et al., 1995 ; Narayana et 
al., 1997 ; Adipala et al., 1999; El-Moghazy, 2003 and Barbosa et al., 2005 ). 

 

MATERIALS AND METHODS 
 

This study was carried out in the disease nursery field of downy 
mildew at Gemmeiza Agricultural Research Station during 2006 and 2007 
growing seasons. 
Sources of  maize materials: 

Thirty four white and yellow maize (Zea mays L.) inbred lines and 
hybrids were obtained from the National Maize Programe, Field Crops Res. 
Instit. for evaluation against downy mildew disease ( Table 1). 
Preparing the field nursery: 

The field layout was prepared as follows: the highly susceptible 
variety of Sudan grass [ Sordan79 (Sorghum sudanens)]  was sown in every 
third row throughout the field at least three weeks prior to planting. Also , the 
field was surrounded by a border of three rows planted with the same Sudan 
grass as spreader of the asexual spores (conidia) to obtain equal distribution 
of the disease inoculums throughout the field. After establishment of the 
disease and the appearance of the abundant conidia on leaf surfaces (3-4 
weeks), the rows in-between the spreader rows were planted with maize 
genotypes. Plants of sudan grass were cut monthly about 20-25 cm above 
soil level for increasing the spore production needed for infection ( El-
Mersawy, 2000). 
Experimental design : 

 Maize genotypes were divided into two groups , the first was planted 
in the field disease nursery of downy mildew. While the second group was 
planted out of the field infection after treated the seeds by Metalaxyl {N-(2,6-
dimethylpheny)-N-(methoxyacetyl)-DL-alanine methyl ester} at the rate of 3 
gm/Kg seeds. Maize genotypes were planted in a Completely Randomized 
Block Design with three replicates. 
Disease assessment : 

Infection of downy mildew disease was carried out after 45 days of 
sowing as disease percentage. Downy mildew disease was estimated as 
percentage of infected plants. Disease infection was classified according to 
the scale adopted by Nazim et al.(1995), as follow: highly resistant (0 –5 %) , 
resistant (5.1 – 10 %), moderately resistant ( 10.1 – 20 %), moderately 
susceptible ( 20.1 – 30 %), susceptible ( 30.1 – 50 %) and highly susceptible 
( More than 50 % ). Percentage of downy mildew infection ( D.M.I. %) was 
calculated using the equation:  
                                              No. of infected plants 
               ( D.M.I.) %  =    ــــــــــــــــــــــــــــــــــــــــــــــــــــــ  X  100 
                                               No. of total plants 
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Yield losses assessment : 
Losses of yield grain was calculated according to Calpouzos et al., 

1976. 
 

                                       Yh  -  Yd 
         Losses % =        ــــــــــــــــــــــــــــ  X 100 
                                           Yh 
Where  : 
                Yh  = Yield of healthy plants. 
                Yd   = Yield of disease plants. 
 

Table (1): List of  thirty four maize genotypes tested against downy 
mildew disease  during 2006 – 2007 growing seasons.   

                                White                                                     Yellow 
Maize genotypes               Pedigree            Maize genotypes         Pedigree 
Inbred lines 

                                                Parent                                                          Parent 
  Gm.2                                        "                               1001                            " 
  Gm.4                                        "                               1002                            " 
  Gm.14                                      "                               1004                            " 
  Gm.21                                      "                               1021                            " 
  Gm.2                                        " 
  Gm.27                                      " 
  Gm.30                                      " 
  Sd. 7                                        " 
  Sd.63                                       " 
   Hybrids 

Single crosses (S.c.) 
  S.c.10                                   Sd.7 X Sd. 63                S.c.51                    1001 X 
1004 
  S.c.11                                  Sd.7 X Gm. 4                 S.c.52                    1002 X 1004 
  S.c.12                                  Sd.7 X Gm.21                S.c.155                  1002 X 1021 
  S.c.13                                  Gm.4XGm.30 
  S.c.14                                  Sd. 7 XGm.30 
  S.c.15                                  Sd.63XGm.30 
  S.c.21                                  Gm.2 X Sd.63 
  S.c.22                                  Gm.21X Sd.63 
  S.c.25                                  Gm.14X Sd.63 
  S.c.26                                  Gm.22X Sd.63 
  S.c.27                                  Gm.27X Sd.63 
Three way crosses (T.w.c.) 
 T.w.c.321                              S.c.21 X Sd.7              T.w.c.351               S.c.51 X 1021 
 T.w.c.322                              S.c.22 X Sd.7              T.w.c.352               S.c.52 X 1021 
 T.w.c.325                              S.c.25 X Sd.7 
 T.w.c.326                              S.c.26 X Sd.7 
 T.w.c.327                              S.c.27 X Sd.7 
 

RESULTS AND DISSCUSION 
 

Data in Table (2) reveal the response of 25 white genotypes to 
downy mildew disease. The genotypes showed different responses range 
between resistant to susceptible reactions. Out of the nine inbred lines , Sd-
63  showed susceptible infection type (S) with mean disease severity 
32.61%, while, the inbred line Gm.2 was moderately susceptible (22.08%).                     

The remained lines  showed reactions ranged between infection 
types, HR( Gm.22 and Gm.21) ; R ( Gm.4 and Gm.30); then MR (Gm.27 and 
Gm.14) . 
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Table (2) :Response of commercial white maize inbred lines and their 
hybrids to downy mildew disease during 2006 / 2007 
growing seasons . 

No Genotype Pedigree 
Downy mildew infection % Infection 

type 2006 2007 Mean 
        Inbred line 
1 Gm. 2 parents 

" 
" 
" 
" 
" 
" 
" 
" 

22.41 21.75 22.08 M s 
2 Gm. 4 7.55 6.15 6.85 R 
3 Gm. 14 17.07 17.18 17.13 M r 
4 Gm. 21 0.96 0.00 0.48 H r 
5 Gm. 22 0.00 0.00 0.00 H r 
6 Gm. 27 12.47 16.37 14.42 M r 
7 Gm.  30 9.31 7.87 8.59 R 
8 Sd.  7 11.40 11.96 11.68 M r 
9 Sd.  63 32.79 32.43 32.61 S 

Hybrids 
10 S.c. 10 Sd.7 X Sd.63 36.63 34.47 35.55 S 
11 S.c. 11 Sd.7 X Gm.4 12.78 16.49 14.63 M r 
12 S.c. 12 Sd.7 X Gm.21 16.60 19.68 18.14 M r 
13 S.c. 13 Gm.4XGm.30 13.63 11.66 12.64 M r 
14 S.c. 14 Sd.7 X Gm.30 16.39 19.21 17.80 M r 
15 S.c. 15 Sd.63XGm.30 30.42 31.52 30.97 S 
16 S.c. 21 Gm.2 X Sd.63 29.08 28.78 28.93 M s 
17 S.c. 22 Gm.21X Sd.63 25.08 24.82 24.95 M s 
18 S.c. 25 Gm.14X Sd.63 30.82 31.79 31.31 S 
19 S.c. 26 Gm.22X Sd.63 19.43 19.64 19.53 M r 
20 S.c. 27 Gm.27X Sd.63 25.69 24.28 24.99 M s 
21 T.w.c. 321 S.c. 21 X Sd.7 30.11 29.64 29.87 M s 
22 T.w.c. 322 S.c. 22 X Sd.7 30.91 29.73 30.32 S 
23 T.w.c. 325 S.c. 25 X Sd.7 29.11 27.78 28.45 M s 
24 T.w.c. 326 S.c. 26 X Sd.7 23.60 24.48 24.04 M s 
25 T.w.c. 327 S.c. 27 X Sd.7 32.34 32.64 32.49 S 
L.S.D. at 0.05 3.11 3.27 3.15  

S.c.     = Single crosses .                                          T.w.c. = Three way crosses. 
 

Concerning with the white hybrids, it exhibited reactions ranged 
between MR to S infection types. Single crosses no,s 11, 12,13,14, 26 
showed moderate resistant reaction (14.63, 18.14, 12.64, 17.80 and 19.53% 
disease severity, respectively). Single crosses no,s 21, 22, 27 and Twc. no,s , 
321,325, and 326 were moderate susceptible (28.93, 24.95, 24.93, 29.87, 
28.87, 28.45 and 24.04 % disease severity, respectively). However, the 
hybrids,Sc.10, Sc.15, Sc.25, Twc.322 and Twc.327 were susceptible. 

Experience has shown that the most efficient control of downy 
mildew on maize is through-out incorporating genetic resistance available 
from desirable downy mildew resistant donors. Therefore, a great attention 
paid the breeders to find out resistant sources to commercial varieties and 
hybrids (Borges, 1987; Shivanna & Anahosur, 1990; Reedy et al., 1992 and 
Sadoma, 2003). The obtained results show  that  the white inbred lines Gm.4, 
Gm.30 and Sd.7 shared in conferring resistance in some hybrids i.e. Sc.11, 
Sc.12, Sc.13 and Sc.14. So, these lines could be considered as important 
sources of resistance to that disease. Similar results were obtained by 
Gowda et al.,1991; Nazim et al.,1995 and Adipala et al.,1999.  
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Screening of local yellow maize genotypes reveal that no one of them 
showed resistance to downy mildew disease .  It could be said that all of 
yellow inbred lines and hybrids maize has not any genes of resistance or 
susceptibility is dominance over resistance in these genotypes. Similar 
results were obtained by Olanya and Fejemisin ( 1992) they stated that 5 
genotypes  of maize recorded mean percentage of infection ranged from 70 –
100 %. 
 

Table (3) : Response of  4 inbred lines and 5 commercial yellow maize 
hybrids to downy mildew disease during 2006 and 2007 
growing seasons . 

M s  = Moderately susceptible ( 20.1 – 30 % infection). 
S      = Susceptible (30.1 – 50 % infection).  
H s  = Highly susceptible ( More than 50 % infection). 
S.c.    = Single crosses . 
T.w.c. = Three way crosses 
 

Data in table (4) clear that, differences between protected and 
infected white maize inbred lines and hybrids for grain yield / plot were due to 
differences in disease severity level which ranged from 0.48 – 32.61% in the 
inbred lines and from 12.64 -35.55 % in the hybrids. All of the white inbred 
and hybrids scored losses in grain yield except the inbred line Gm. 22, which 
was free from disease infection.  

The highest % of losses were detected in The inbred lines Sd.63 and 
Gm.2 (31.19 and 21.22%, respectively) as well as the hybrids S.c.10 (34.48 
%), S.c.21 (31.61 %) and S.c.26 (31.26 %). Whereas, The lowest 
percentages of losses were detected in the line Gm.4 (5.52 %) and the 
hybrids S.c.11 and S.c.12 (15.43 %). Concerning with, yellow maize 
genotypes, the highest losses % were noticed in the inbred lines 1021 and 
1002 (66.11 and 64.85 %, respectively) as well as the hybrids T.w.c 352 
(87.47 %), S.c.52 (63.79 %), S.c.155 (73.77 %) then T.w.c351 (51.93 %). The 
lowest loss % was 40.29 % in S c.51. In general, the loss % in grain yield was 
run in a parallel line with infection % of downy mildew either in white or yellow 
maize genotypes. 

No Genotype Pedigree 
Downy mildew infection % Infection 

type 2006 2007 Mean 

        Inbred line 

1 1001 parents 
" 
" 
" 

42.21 42.89 42.55 S 

2 1002 68.58 59.44 64.01 H s 

3 1004 22.69 21.40 22.05 M s 

4 1021 60.08 63.86 61.97 H s 

       Hybrids 

5 S.c. 51 1001 X 1004 41.42 46.60 44.01 S 

6 S.c. 52 1002 X 1004 65.29 67.16 66.23 H s 

7 S.c. 155 1002 X 1021 77.84 70.10 73.97 H s 

8  T.w.c. 351 S.c. 51X1021 54.02 55.00 54.51 H s 

9  T.w.c. 352 S.c. 52X 1021 82.85 80.93 81.89 H s 

L.S.D. at 0.05 6.79 7.87 7.08  
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Table (4): Combined data of yield losses of 34 white and yellow maize 
genotypes due to the infection with downy mildew disease 
in 2006 and 2007 growing seasons. 

White maize genotypes Yellow maize genotypes 
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  Inbred line    Inbred line 
Gm. 2 22.08 3.110 2.50 21.22 1001 42.55 4560 2.650 41.89 
Gm. 4 6.85 3.170 2.990 5.52 1002 64.01 4.780 1.680 64.85 
Gm. 14 17.13 3.970 3.270 17.93 1004 22.05 5.520 4.250 23.01 
Gm. 21 0.48 3.480 3.34 4.17 1021 61.97 4.190 1.420 66.11 
Gm. 22 0.00 3.200 3.200 0.00      
Gm. 27 14.42 3.700 3.170 14.46      
Gm.  30 8.59 3.330 3.080 7.80      
Sd.  7 11.68 2.550 2.250 11.77      
Sd.  63 32.61 3.950 2.830 31.19      
  Hybrids    Hybrids 
S.c. 10 35.55 11.580 7.550 4.48 S.c. 51 44.01 12.320 7.300 40.75 
S.c. 11 14.63 10.420 8.790 15.43 S.c. 52 66.23 12.870 4.660 63.79 
S.c. 12 14.63 10.420 8.790 15.43 S.c. 155 74.05 15.530 4.080 73.77 
S.c. 13 18.14 12.420 10.200 17.87 T.w.c. 351 54.51 12.670 6.090 51.93 
S.c. 14 12.64 11.930 10.230 12.99 T.w.c. 352 81.95 12.210 1.530 87.47 
S.c. 15 17.80 13.540 11.50 16.93      
S.c. 21 30.97 13.150 8.830 31.16      
S.c. 22 28.93 12.670 9.000 28.94      
S.c. 25 24.95 11.210 8.480 24.40      
S.c. 26 31.31 13.170 9.020 31.52      
S.c. 27 19.53 11.800 9.480 19.66      
T.w.c. 321 24.99 12.130 9.080 25.07      
T.w.c. 322 29.87 16.040 11.180 28.84      
T.w.c. 325 30.32 15.080 10.580 29.83      
T.w.c. 326 28.45 13.750 9.820 28.45      
T.w.c. 327 24.04 11.150 8.530 23.45      
LSD at 0.05 3.15 0.54 0.42 -  7.08 0.64 0.53 - 

 

Anahosur and Laxman (1991) stated that the greatest loss in grain 
yield was recorded in genotype DMS-652 (78.5%), while the lowest loss was 
in genotype CSV-4 (9.6%). Also, Mendez et al., (1990) found that  the 
genotype FS-25A recorded grain yield 3.51 t./ha. as  a result to high infection 
(16.1%) and was less than the genotype ATx-623 who scored disease 
infection 14.9 % and grain yield 3.84 t./ha. In India, a survey performed by 
Krishnappa et al., (1995) in Karnataka revealed that incidence of  downy 
mildew disease ranged from 10 -90% and yiel loss from 30-40 %. Similar 
results were obtained by (Williams, 1984 ; Graig et al., 1989 ; Anahosur & 
Laxman, 1991 ; Sadoma, 2002 and El-Sherbeni et al., 2008 ) . 
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ااذخسنا ا ين   بعض هجن  اذنة ا اذمنا وة ائبا لنا ذ ن ض اذبوناض اذ  بن  استجابة
            اذ حصال اذناتجة ع  الإصابة

   2اذغنو   أح د  ح د  ح د ا  1 ح د طه صادا ه  ، 1حسام اذدو   ح د يتح  عاض
   ك  اذبحاث اذ  اعوة - علد بحاث أ  اض اذنباتات -اذة ا ااذ حاصول اذسك وة قسم بحاث أ  اض 1
   ك  اذبحاث اذ  اعوة –قسم اذة ا  علد بحاث اذ حاصول اذحقلوة 2
 

ذذ لةمتتل لركتتجذاسابتتة ذاسجرازيتتةذ تت  ذ-أجريتتهذهتتلدذاسةرامتتةذالبحتتةذاسابتتة ذاسجرازيتتةذاتت سجليج 
جتتيمذلتتمذاستتلر ذاساتت ليةذاسايفتت  ذةاس تتبرا ذسلتتر ذاسايتت  ذمتت سةذةهذ43بيتت ذ تتيذ  يتتييذذذم 6002ةذ6002

ذPeronosclerospora sorghi زمذاسبحر اسجغاىذاسل ماب
.ذاسل  اتر ذ ز سيةذاسل  ةلةذسللر ذلمذايمذحرجذاسلر ذاسايف  ذ62ةجليج  66 ك نهذاسم س يمذجليج 

(ذةل ةمتتحةذذ40جليتتج ذةذ3ذج اسمتت  هذرةةةذأالتت  ذ  تتراةيذلتت ذاتتيمذاسل  ةلتتةذ ذجليتتذاتت   هتتلاذة تتةذأ  تترهذ
ذ24ذسمتةذاينلت ذك نتهذاسمت سة(ذ6ذ(ذةل ةمحةذالإ  اةذ جليتج ذ2ذذةسمذةذ62ذذجليج ،ذ23ذاسل  ةلةذ جليج 

لثتت ذ اسل  ةلتةذةأالت  ذةهتىذل ةمتتح ث ثتتةذرةةةذاسايفت  ذاسبرةيتتة.ذذأ  ترهذاس جتمذبم متةذسص ت اةذاتت سلر ذ
ذ ذةذاس جتمذاسث ثيتة(ذذ62ةذ66،ذ62 اينل ذك نهذاس جتمذاسبرةيتةذذذ )62ةذذ23ذ،ذ24،ذ26ذ،22ذ) اس جمذاسبرةية

ةذذ466(ذةذاسث ثيتتتةذ ذذ63ةذذ23ذ،ذ20.ذةك نتتتهذاس جتتمذاسبرةيتتتةذ ذذالإ تتت اة(ذل ةمتتحةذذ462ةذذ463ذ،ذ462
ذ،ذذ3ب تت ذزلي تت ذةةرذكتت ذلتتمذاسمتت  هذجليتتج  ةي فتتمذلتتمذاسن تت   ذاسلذ.بم متتةذسص تت اةذاتت سلر ذ(ذذ462
اس ت ذذل جتمسذلتر ذاسايت  ذاسجغاتىا ذاسلمت هلةذات ذل  ةلتةذذ2مةسذةذذ40جليج ،ذذ66ذجليج ذ،ذ62ذجليج 

يلكتمذاز ا رهت ذل ت ةرذسل  ةلتةذهتلاذاسلتر .ذهتلاذة تةذأ  ترهذجليت ذبيت ذذن جهذزتمذ  جتيمذ لتلذاسمت  ه
ة تتةذ.ص تت اةذسذبم متتةذلتتمذاسل ةمتتحةذإستتىذل  لبتتةذ راةبتتهذذإ تت اةذمتت  هذةهجتتمذاستتلر ذاس تتبرا ذحتترج

امتتةذأمذاس متت ر ذاتت ذلب تتة ذاسباتتةبذك نتتهذلةاجيتتةذساتتة ذالإ تت اةذاتت سلر .ذهتتلاذةمتتجلهذأةفتتبهذاسةر
اسمت  هذةاس جتمذاس تتبرا ذ مت ر ذأزلتىذلتتمذلثيل  ت ذاسايفت  .ذةس تتةذمتجلهذجليت ذاسمتت  هذةاس جتمذاسايفتت  ذ

ات ذذات ذاسلب تة ةك نهذأزلتىذ مت ر ذسللر .ذذذاسل  ةلةذز سيةذ66ذاسلب ة ذزةاذاسم سةذجليج ذا  م ر ذ
ذ(ذ%ذ43.34 ذ 20ذاسبترة ذمي(ذةكتلسلذات ذاس جتذ%ذ62.66ذةذ42.21 ذذذذ6ذةجليتج ذ24سذذذةاسمت  هذمت

اتتت ذذاينلتت ذك نتتتهذأزلتتىذ متت ر ذ.ذ(ذ%ذ42.36ذ(62ذاسبتترة ذمياس جتتتذ(ذةذ%ذ42.22 ذ62ذاسبتترة ذمياس جتتذ،
يمذاسث ثت ذجت(ذةكتلسلذاس %ذ23.43ةذذ22.22 ذ2006ةذذ2062اسمت س يمذذا ذاسمت  هذاس تبرا ذاسلب ة 

ذ(.%32.14 ذ432ذجيمذاسث ث اس ذ(ذذثيذ%ذ24.21 ذ36ذذاسبرة ذمياس جذةذ(%ذ42.32 ذ436


