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Table 1. Meteorological Data from flowering to harvesting maize seed stages in different planting 

dates and three locations in two years 

Location Planting date Average 

temperature after 

flowering (ºC) 

Average relative 

humidity after 

flowering (%) 

Average 

sunshine after 

flowering 

(hours) 

Average rainfall 

after flowering 

(mm) 

  2012 2013 2012 2013 2012 2013 2012 2013 

 First 25.1 34.6 42 38.6 10.6 10.5 0.4 4.1 

Karaj Second 24.1 20.7 38.8 39.6 10.2 9.3 3.4 15.5 

 Third 23.2 18.4 41.5 44.2 9.9 8.1 7.6 37.8 

 First 23.5 23.3 19.6 14 9.4 10.1 0 0 

Kermanshah Second 23.2 22.9 21.6 19.8 9.5 10 5.6 0 

 Third 22.8 22.7 24.1 21 9.5 9.9 5.6 0 

 First 26.1 24.4 62.5 65 7.5 8 5.6 16.5 

Moghan Second 24.7 23.8 65.5 66 6.4 7.1 14 45 

 Third 24 23.6 66.7 66 6.1 7.2 50 60 

                       Average 24.07 22.71 42.47 41.57 8.78 8.91 92.2 179 

  

 &#�B2 - J���: ������ ��
�� ���# "34 ����� ��� �$��� &�1 #
 �
 �<-)� �1 �
 ���1391  #1392  

Table 2. Sowing dates of female parent of hybrid maize in three locations in 2012 and 2013 

Third planting date Second planting date First planting date Year Location 

28 May 13 May 1 May 2012 
Karaj 

11 June 20 May 21 April 2013 

     

17 May 11 May 4 May 2012 
Kermanshah 

19 May 13 May 3 May 2013 

     

8 June 24 May 9 May 2012 
Moghan 

14 June 30 May 14 May 2013 
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Table 3. Combined analysis of variance of fungal infection in maize seed produced in three planting 

dates and five densities in Karaj, Kermanshah and Moghan in each year 

 

Mean Squares (After data transformation) 
Df S.O.V Traits 

2013 2012 
**0.01 **0.015 2 Location 

Fusarium ear 

infection (%) 

0.00001 ns 0.0001ns 9  Block(location) 
0.00004 ns  *

0.0005 2  Planting date 

0.00005
 ns

 **
0.0007 4  Location× Planting date 

0.00004
 ns

 0.00008
 ns  18  Block× Planting date (Ea) 

0.0005
 ns

 **
0.0008  4  Density 

**
0.0004 

*
0.0001 8  Planting date×density 

**0.0006 **0.0008 8  Location × density 

**
0.0002 

**
0.0001 16  Location×Planting 

date×density 
0.00003  0.00007  108 Eb 

60  61.4   Mean (%) 
**

0.0075 
**

0.011 2 Location 

Penicillium 

infection (%) 

0.0001 ns 0.00004 ns  9  Block(location) 
0.00007 ns **

0.0001  2  Planting date 
**0.003 **0.003 4  Location× Planting date 

**
0.0001 0.00006ns 18  Block× Planting date (Ea) 

**
0.0005 

**
0.008 4  Density 

**
0.001 

**
0.0011 8  Planting date×density 

**
0.001 

**
0.0016 8  Location × density 

**0.0007 **0.0006 16  Location×Planting 

date×density 
0.00009  0.00008  108 Eb 

42.8 24.8   Mean (%) 
**0.0129 **0.19 2 Location 

Aspergillus flavus 

infection (%) 

0.00008 ns 0.00002 ns  9  Block(location) 
**

0.002 
**

0.0009 2  Planting date 
**0.0009 **0.0018 4  Location× Planting date 

0.0001
 ns

 0.0001
 ns

 18  Block× Planting date (Ea) 
**

0.0005 
**

0.007 4  Density 
**

0.0008 
**

0.001 8  Planting date×density 
**

0.0003 
**

0.002 8  Location × density 

**
0.0024 

**
0.001 16  Location×Planting 

date×density 
0.0001  0.00007  108 Eb 
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Mean Squares(After data transformation) 
Df S.O.V Traits 

2013 2012 
12.3  8.7   Mean (%)  

**
0.006 

**
0.013 2 Location 

Aspergillus niger 

infection (%) 

0.00007
 ns

 0.00006
 ns

 9  Block(location) 
**0.0005 **0.003 2  Planting date 
**

0.0009 
**

0.001 4  Location× Planting date 

0.00006
 ns

 0.0001
 ns

 18  Block× Planting date (Ea) 
**

0.0013 
**

0.0006 4  Density 
**

0.00096 
**

0.0007 8  Planting date×density 
**

0.002 
**

0.0015 8  Location × density 

**0.002 **0.00057 16  Location×Planting 

date×density 
0.0001  0.00009  108 Eb 

13.5  10.4    Mean (%) 
*, ** 

and 
ns superscript shows significant at 5%, 1% level and non-significant 
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Table 4. Comparison of simple effect of location on maize seed fungal infection in three planting 

dates and five density in Karaj, Kermanshah and Moghan in two years 

Traits Location 
(%)Mean 

2012 2013 

Fusarium ear infection (%) 

Karaj 18.5 18 

Kermanshah 69 55 

Moghan 41 50 

LSD (0.05) 3.3 2.2 

Penicillium infection (%) 

Karaj 25.5 55 

Kermanshah 12.5 27 

Moghan 40.4 47 

LSD (0.05) 2.2 3 

Aspergillus flavus infection (%) 

Karaj 25.5 20 

Kermanshah 2.4 9.1 

Moghan 4.9 6.3 

LSD (0.05) 1.4 1.8 

Aspergillus niger infection (%) 

Karaj 21 20 

Kermanshah 3 6.5 

Moghan 11 14.7 

LSD (0.05) 1.6 1.8 
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Table 5. Comparison of simple effect of planting date on maize seed fungal infection in three 

locations (Karaj, Kermanshah and Moghan) 

 

Traits Location 
                Average of infection (%) 

2012 2013 

Fusarium ear infection (%) 

Karaj 45 40.2 

Kermanshah 40 38.5 

Moghan 37 42 

LSD(0.05) 3.2 2.24 

Penicillium infection (%) 

Karaj 23 42 

Kermanshah 26.5 43.2 

Moghan 24 42.6 

LSD(0.05) 2.2 30.6 

Aspergillus flavus infection (%) 

Karaj 7.5 13.2 

Kermanshah 7.4 14.5 

Moghan 11.7 7.2 

LSD(0.05) 1.3 1.77 

Aspergillus niger infection (%) 

Karaj 6 11.2 

Kermanshah 10.5 16.3 

Moghan 15.5 13.2 

LSD(0.05) 1.54 1.77 
   

 &#�B6 - ��<�7�f� # (�3*���4 =g�4 �<-)� �1 �
 ��� ��� ��  �:�� ����� �	
�� �;�
 �� �:�� F4��: (
�1 �0� C�N*��� �'  

Table 6. Comparison of plant density simple effect on maize seed fungal infection in three locations 

(Karaj, Kermanshah and Moghan) 

Traits Plant density 
        Average of infection (%) 

2012 2013 

Fusarium ear infection (%) 

35000 51 59 

40000 63 62 
50000 68 67.5 
60000 66.5 60.5 

70000 56 51.2 

 LSD (5%) 3.7 2.24 

Penicillium infection (%) 

35000 27.5 43 

40000 51 48.3 
50000 25.5 35 
60000 9 40 

70000 17 45.4 

 LSD (5%) 2.9 3 

Aspergillus flavus infection 

(%) 

35000 11.7 16.4 

40000 6.8 9.1 
50000 11.7 9.7 
60000 6.8 11.1 

70000 6.7 10.4 

 LSD (5%) 1.34 1.8 

Aspergillus niger infection 

(%) 

35000 11.6 11.1 

40000 8.5 11.1 
50000 10.8 17.1 
60000 7.4 19.7 

70000 14.7 9.1 

 LSD (5%) 1.4 1.7 
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Figure1. Effect of average of air temperature during seed development and maturity on the fungal 

infection percentage in maize seed (A) Fusarium (B) Penicillium (C) A. fluvus (D) A. niger. 
*
 and 

** 
superscript shows significant level at 5%, 1% . 
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Figure 2. Effect of average of air humidity during seed development and maturity on the fungal 

infection percentage in maize seed (A) Fusarium (B) Penicillium (C) A. fluvus (D) A. niger. 
*
 and 

** 
superscript shows significant level at 5%, 1% . 
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Figure 3. Effect of the number of sunny hours during seed development and maturity on the fungal 

infection percentage in maize seed (A)Fusarium (B) Penicillium (C) A. fluvus (D) A. niger. 
*
 and 

** 
superscript shows significant level at 5%, 1% . 
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Figure 4. Effect of the number of sunny hours during seed development and maturity on the fungal 

infection percentage in maize seed (A) Fusarium (B) Penicillium (C) A. fluvus (D) A. niger. 
*
 and 

** 
superscript shows significant level at 5%, 1% . 
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Abstract 

In order to evaluate the effect of environmental conditions in different areas and years on 

seed-borne fungal diseases of hybrid maize seed, a two-year experiment was performed in 

sub-plot design in three main areas of maize seed production areas in Iran. Parental lines of 

704 hybrid were cultivated in three planting dates and five different female densities for 

more diversity of environmental conditions. Assessment of Fusarium ear rot, Penicillium 

and Aspergillus infection was done after harvesting. The results showed that the effect of 

planting areas, planting date and plant density on the percentage of seed fungal infection 

was significant and different. By increasing the plant density, fungal infection significantly 

increased. Simple and binomial regression model between meteorological data and infection 

showed that very high and very low temperatures and relative humidity increased seed 

Fusarium infection. Increasing the relative humidity caused an increment in the rate of 

Penicillium infection. It was found that the percentage of fungal infection was reduced by 

increasing sunny hours or decreasing the degree of cloudiness. All the fungal infections 

were increased by increasing rainfall during the development and maturity of maize seeds. 
Thus, for decreasing the infections, it is more appropriate to produce the maize seeds in the 

regions that have a higher average of sunny hours during development and avoid 

simultaneous the harvest time and a rain fall. 
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