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Abstract  

     With the aim of evaluating the performance of double crosses at planting dates that are suitable 

the fall season in the middle region of Iraq, a field experiment was conducted in the fields of the 

College of Agricultural Engineering Sciences - University of Baghdad - Al-Jadriya for the fall season 

2022 using superior double crosses of maize were chosen from fifteen double crosses    . It was 

obtained from the  crossing of ten single crosses resulting from the  crossing of five inbred lines 

(1=ZM43WIZE , 2=ZM60 , 3= ZM49W3E , 4=ZM19 ,5=CDCN5) by the half- dialle crossing 

method . Hybrids (3×5)(1×4),(3×5)(1×2),(2×4)(1×5),  (4×5)(1×2),  and (2×3)(1×4)  , compared it 

with the synthetic cultivar IPPA 5012 and tested it under three planting dates:1
st
 July, 15

th
 July  and  

1
st
 August. The Randomized Complete Block Design (RCBD) was used with four replicates in split 

plots arrangement. The main plots included the three planting dates and the secondary plots were 

double crosses with the comparison cultivar IPPA5012. The following traits were studied: number of 

days from planting to 50% tassling and   silking, plant height, ear height, number and area of leaves. 

The results showed that the hybrid (3×5) (1×2) reached the tassling-and silking-earlier, taking 50.83 

and 54.33 days, respectively. The same hybrid also outperformed by giving it the highest  plant 

height , ear height , number of leaves and leaves area, as they reached (195.4 cm, 114.3 cm, 14.30 

leaves, and 6588 cm 
2
) respectively. The plants of the   date of 1

st
 August were early with tassling 

and  silking, as they need 50.75 and 53.50 days, and the date  1
st
 July  did not differ significantly 

from 15  July in these two trait. The date 1
st
 August  was also superior in plant height, ear height, and 

leaf area, reaching 193.2 cm, 106.1, and 6375 cm
2
. And there were no significant differences 

between the three dates in number of leaves. The interaction was significant between the two studied  

factors  for the traits of tassling and silking  , plant height and number of leaves, but it was not 

significant for   ear height and leaf area. 
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Introduction  

  Maize (Zea may L.)  is one of the most 

important crops belonging to  family. It 

occupies the second place globally after wheat 

in terms of cultivated area and the first place 

in terms of production (13). It is triple-purpose 

as it is food for humans and for the production 

of nutritional oils as well as its use as green 

fodder for animals or as a concentrated diet 

from its seeds because it contains a high level 

of energy from carbohydrates and protein 

materials.  its results, the production of maize 

hybrids   has become an agricultural 

revolution and the greatest event in the field of 

plant breeding, which led to the creation of 

new high-yielding hybrids around the world, 

which depend mainly on genetic divergence 

between parents (4). It is important for plant 

breeders because it has male and female 

flowers and is monoecious (13,16,18,26). This 

crop is distinguished by its high genetic and 

phenotypic variance  (15,5) and understanding 

the nature of genetic actions that control the 

inheritance of traits helps to  appropriate 

breeding method, as the maize crop is an 

excellent model for studying genetic 

regulation because it has a wide genetic base 

and is available for testing, and then its 

adaptation to environmental conditions 

(22).The global production rate of   maize is 
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estimated at about 5.5 tons ha, with a 

cultivated area of about 184 million hectares 

(14), but the rate of production in Iraq is still 

less than the required limit, as it does not 

exceed  4.054 tons ha  ( 7). (1)found in his 

study of some double crosses that the hybrid 

(3×5) (1×4) took the least time to reach  , 

amounting to 56 days, followed by the double 

crosses (2×4) (1×5) and (4×5) (2×3), which 

reached 57.67 And 57.83 days, respectively. 

As for the  trait  of silking, the mated crosses 

did not differ significantly among themselves 

to reach silking. (3) in a study of the effect of 

planting dates on the yield and its components 

for five genotypes (Ghouta 82, Ghouta 26, 

Salmonella, Buhooth 106 and 5018) indicated 

that there were significant differences between 

the genotypes and for plant height trait . 

Buhooth 106 gave the highest height of 188 

cm at the date  of 10 July, while it gave 

Salmonella, on the date of 30 July, had the 

lowest height of 130 cm, and also indicated 

that there were significant differences between 

the genotypes and the trait of the ear height, as 

the genotype was superior to Buhooth 106 on 

the date of 30  July and reached 128 cm, while 

the Salmonella on the date of 30  July gave the 

lowest height of 63 cm. The results reached by 

(8),(9) showed in their study the effect of 

seven planting dates (from 20 April – 10 June 

) during two seasons (2019,2020) and that 

plant height increased with the delay of 

planting dates in the two seasons in 2019, the 

highest height was in  30 April  and 3 June 

reached (297.1 cm) and the first two dates had 

a similar height of (253.6 cm), the lowest 

height, and in 2020 it was in  dates 18 April 

.27 April, 3 June it reached (276.7 cm), and it 

was much lower in June (283.3 cm).  (1) found 

in his study     that the hybrid (2x4) (3x5) 

excelled in giving it the highest number of 

leaves, reaching 17.08 leaves .    The highest 

leaf area reached 0.612 m 
2
 and did not differ 

significantly from the hybrid (4×5) (2×3) 

whose leaf area reached 0.604 m 
2
, while the 

hybrid (4×5) (1×3) gave the least area of 0.503 

m
.2

. Planting dates play a role no less 

important than selecting good varieties, as 

determining the most appropriate date for 

plant growth is one of the bases on which to 

rely on in the cultivation of maize, especially 

when some farmers resort, under certain 

circumstances, to early and late planting date 

to provide appropriate temperatures for 

emergence,   germination, and even to reach 

the stage of flowering and seed production, 

and that the different planting dates 

significantly affect the grain yield and its 

components. Therefore, the study aimed to 

evaluate the performance of double crosses of 

maize  at different planting dates that suit the 

fall harvest in the middle region of Iraq. 

Materials and methods 

A field experiment was applied in the fields of 

the College of Agricultural Engineering 

Sciences - University of Baghdad in the Field 

Crops Department for the fall season 2022 to 

evaluate five superior double crosses of maize 

that were selected from fifteen double crosses 

of maize obtained from the  crossing of ten 

single crosses resulting from the   crossing of 

five inbred lines (1= ZM43WIZE, 2= ZM60, 

3= ZM49W3E, 4= ZM19, 5= CDCN5). By the 

half-diallel crossing method, which is hybrid 1 

= (3×5)(1×4), hybrid 2 = (3×5)(1×2),hybrid 

3=(2×4)(1×5) ,hybrid 4=(4×5)(1×2), hybrid 

5=(2×3)( 1×4) and compared with synthetic 

cultivar IPPA 5012 and tested under three 

planting dates. It is  1
at
 July, 15

th
 July, and 1 

August. The land was prepared for cultivation 

and the site of the experiment, through 

perpendicular plowing, harrowing, and 

leveling according to the recommendations. 

The land was divided into plots (3×3) m
2
, the 

distance between  rows    was 75 cm, and 

between one plant and another, 25 cm. 

Fertilization was done with triple 

superphosphate fertilizer (46% P2O5) at a rate 

of 200 kg P2O5 ha
-1

 in one batch before 

planting, and nitrogen fertilizer 350 kg N ha
-1

 

in the form of urea (46% N) in three batches, 

the first two weeks after germination, the 

second when the plant height is 30 cm, and the 

third after flowering  The process of weeding 

was carried out manually several times during 

the season and according to the need, as well 

as field irrigation operations were carried out 

as needed. Seeds were sown at a rate of 2-3 

seeds in each hole, and the number of plants 

was thinned to one plant. The experimental 
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land was divided into four replicates according 

to the randomized complete block design 

(RCBD) in the split plots arrangement. The 

main plots included the three planting dates 

and the secondary plots were double crosses 

with the comparison cultivar.Five intermediate 

plants were taken for each experimental unit, 

which were chosen randomly, with the 

exclusion of terminal plants, and the following 

traits were measured: 

1. The number of days to 50% tassling: 

represents the period from planting to 50% of 

the     plants for each experimental unit (11) 

2. The number of days to 50% silking: 

represents the period from planting to 

emergence of 50% of the plants' silks for each 

experimental unit. 

3. Plant height (cm): It was calculated using a 

long wooden ruler graduated  from above the 

soil surface to  the male inflorescence  (10) 

 4. Ear height: it was calculated using a long 

wooden ruler, from the area where the stem 

exits above the soil surface to the internodes 

bearing the main ear. 

5. Number of leaves: The number of active 

(green) leaves per plant was calculated in 50% 

tassling  

6. leaf area (cm
2
): It was measured according 

to the equation: the square of the leaf length 

(cm) under the main ear × 0.75 (11) 

 

Statistical analysis of each of the traits was 

done according to analysis of variance 

ANOVA with split-plots arrangement, and 

significance was tested by F-test at a 

significant level of 0.05, and the _  means 

were compared using LSD (least significant 

difference) at a significant level of 0.05 for all 

averages according to  (25) using Genestat 

2022 program. 

Results and discussion 

Days Number - to 50% tassling  

The results of   Table (1) indicate that there are 

significant differences between the planting 

dates and the double crosses and the 

interaction between them, as the plants of the 

date of August 1
at
 were earlier in tassling   and 

took 50.75 days, while the plants of the two 

dates were late July 15 and July 1, which did 

not differ significantly between them and took 

54.33, 54.54 days , respectively,   This is due 

to the length of the photoperiod, which leads 

to the rapid growth of plants, as the high 

temperature and the different photoperiod 

affect the plants’ access to the  flowering  

stage and thus lead to an increase in enzymatic 

activity and thus the speed of growth and 

development of plant organs  . This is 

consistent with the results of both. (2), (17), 

(20),(21). The data of Table (1) indicated that 

there were significant differences between the 

double hybrids and the comparison  IPPA 

5012, as the  double cross (5×3) (2×1) was 

earlier in reaching tassling and took 50.83 

days, while the other  crosses were delayed in 

reaching by 52.33, 53.17, 54.42 53.17 days , 

while it took IPPA 5012 (comparison) the 

longest period to reach the    tassling 55.33 

days, and the difference in the date  of the 

mated crosses is attributed to the difference in 

the  genotype   resulting from the crossing of 

two single crosses resulting from pure and 

genetically divergent inbred lines, and these 

results came close to the results of  (27), (1) 

,(24). The results of the same table showed 

that there were significant differences of the 

interaction between the ،planting dates and the  

double crosses in this trait, and  the interaction 

was towards a decrease in the number of days 

to reach the   tassling by delaying the ،planting 

dates until the date of  1August, except for the 

hybrid (2×3) (1×4), as the number of days 

increased to reach the  tassling   by the 

،planting date of 15 July With a difference of 

3.5 days from the date of 1July, the best 

response was for the hybrid (3 × 5) (1×2) in 

the last date, as it took 47.50 days and did not 

differ significantly from (2×3) (1×4), which 

took 48.00, and this confirms the results of (1), 

(20), ( 17). 
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Table 1. The effect of planting dates on the number of days from planting to 50%  tassling  for 

double crosses of    maize in the fall season 2022. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Days to 50% silking  

 

The results   in Table (2) indicated that there 

were significant differences between the 

،planting dates and double crosses, and the  

interaction  between them. The data in Table 

(2) showed that there were significant 

differences between the paired crosses in the 

characteristic of female flowering, as the 

hybrid (3x5) (1x2) was earlier in flowering 

and took 54.33 days and did not differ 

significantly from the hybrid (3x5) (1x4) 

which took 55.17 days and which differed 

from The others were 56.83, 57.75, 56.75 

days, respectively, while IPPA 5012 

(comparison) was delayed by needing a longer 

period to reach female flowering, which 

amounted to 58.42 days. The results also 

showed in Table (2) that there were significant 

differences between the two factors in this 

trait, and the interaction was towards a 

decrease in the number of days until the 

silking, by delaying the planting dates until the 

1
st
 of August, with the exception of the two 

hybrids (4x5) (1x2) and (2x3) (1x4), since The 

number of days to reach flowering at the 

sowing date  15 July increased by 3.75 and 

1.77 from the first date 1 July, and the best 

response was for the double cross  

(3x5) (1x2), as it took 50.50 by the   of 1 

August. 

 

 

 

 

 

Genotypes  Planting dates  Means 

 
 

      July   
st
 1   July    

th
 15     August  

st
1 

(5×3 ()4×1) 52.50 53.50 55.00 52.33 

(5×3()2×1) 53.00 52.00 47.50 50.83 

 (4×2( )5×1) 55.50 53.50 50.50 53.17 

(5×4()2×1) 55.50 55.75 52.00 54.42 

(3×2()4×1) 54.00 57.50 48.00 53.17 

5112IPPA 55.50 55.00 55.50 55.33 

L.S.D 0.05 2.038 1.176 

Means  54.33 54.54 50.75  

L.S.D 0.05 0.967 
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Table 2. The effect of planting dates on the number of days from planting to 50%   silking   for 

double crosses of maize in the fall season 2022. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plant height (cm) 

The results of Table (3) indicate that there are 

significant effects in the plant height trait of   

IPPA 5012 cultivar and double crosses, and 

the interaction between them. Where the 

plants of the third date, 1
at
 August, gave the 

highest plant height, reaching 193.2 cm, and it 

did not differ significantly from the second 

date, 15
th

 July, which gave 185.0, while the 

first date, 1
st
 July, decreased from the two 

dates 15
th

 July and 1
 st

 August, by 14.80% and 

11.02%, respectively. The reason may be 

attributed to the decrease in photoperiod and 

the moderation of degrees The temperature 

and relative humidity increased in the month 

of 1
st
 August , so the duration of the carbon 

metabolism processes increased, which led to 

an increase in the metabolites, and then the 

plant height increased. This confirms the 

results of (6), (2),(20),(17). The results of 

Table (3) showed the superiority of the  

 double hybrid (3×5) (1×2) by giving it the 

highest plant height of 195.4 cm, with an 

increase of 6.48%, 8.85%, 11.92%, 11.15%, 

and 7.16% over the hybrid (3×5) (1×4) and 

(2×4)(1×5), (4×5)(1×2), (2×3)( 1×4), and 

comparison IPPA 5012, respectively. The 

difference between the double crosses is 

attributed to the genes included in each hybrid, 

which resulted from the   crossing of four 

inbred lines, and then the variation in the 

physiological processes that take place within 

the hybrid, such as the difference in the 

proportion of auxins, gibberellins, and 

cytokines, which are known to control plant 

height and the different duration of vegetative 

growth leading to flowering. How much is 

attributed to the superiority of the ability The 

distinguished hybrid exploits the available 

growth factors more efficiently than the   of 

the others hybrids and the synthetic variety 

(comparison). These results are consistent 

with what was obtained by  (28),(1),(20),(17). 

The response of the plant height   differed 

significantly according to the difference of the 

double hybrids and the planting dates Table 

(3). The date was 15
th

 July and 1
 st

 August, and 

the same hybrid achieved the highest plant 

height of 215.2 cm for the date 1 August, 

while the hybrid (4x5) (1x2) gave the lowest 

height of 153.8 cm in the date 1
 st

 July. 

 

Genotypes   Planting dates  Means  

      July   
st

1    July     
th

15     August  
st

1 

(5×3 ()4×1) 56.50 56.00 53.00 55.17 

(5×3()2×1) 57.50 55.00 50.50 54.33 

 (4×2( )5×1) 60.25 56.25 54.00 56.83 

(5×4()2×1) 57.00 60.75 55.50 57.75 

(3×2()4×1) 58.75 60.50 51.00 56.75 

5105IPPA 58.75 59.50 57.00 58.42 

L.S.D 0.05 2.322 1.341 

Means  58.12 58.00 53.50  

L.S.D 0.05 0.643 



Euphrates Journal of Agriculture Science-15 (1): 243-251 , (2023)                  Brto & Hadi 

243 
 

 

Table 3. Effect of planting dates on plant height (cm) of double crosses of    maize in the fall 

season 2022. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ear height (cm) 
 Table (4) shows that there was a significant 

effect of planting dates on the genotypes, as 

the third date,1
 st

 August , had a higher rate of 

106.1 cm, while the second date, 15
th

July  , 

gave the lowest rate of 94.3 cm. It did not 

differ significantly from the first date,1
 st

 July  

, which had a height of 94.6 cm. The ear 

height is caused by a difference in the 

height of the plant, which is a result of the 

difference in temperature and photoperiod 

during the successive stages of growth, which 

caused an increase in the vegetative growth of 

the plant, which in turn led to an increase in 

the materials represented and then an increase 

in the height of the ear. This result is 

consistent with  (2), (20), (17). The same table 

also showed that there were significant 

differences between the double crosses in the 

trait of ear height, as the hybrid (3x5) (1x2) 

was taller, giving it the highest ear height of 

114.3 cm, with an increase of 15.33%, 

17.59%, 25.74%, 28.13%, and 15.10% over 

the hybrid (3x5) (1x4), (2x4)( 1x5), (4x5)( 

1x2), (2x3)( 1x4), and comparison   IPPA 

5012, respectively. This result is consistent 

with what was obtained by (1), (29), (17) who 

found that the double hybrids that gave the 

highest mean plant height also gave the 

highest ear height. Table (4) showed that there 

were no significant differences between the 

sowing dates and mating crosses due to ear 

height. 

 

 

 

 

 

 

 

genotypes  Planting dates  Means  

      July   
st

1    July     
th

15     August  
st

1 

(5×3 ()4×1) 164.4 188.5 197.8 183.5 

(5×3()2×1) 169.8 201.2 215.2 195.4 

 (4×2( )5×1) 159.8 174.5 204.2 179.5 

(5×4()2×1) 153.8 174.8 187.8 172.1 

(3×2()4×1) 162.9 179.5 178.2 173.6 

5105IPPA  176.9 191.5 175.8 181.4 

L.S.D 0.05  14.78 8.53 

Means  164.6 185.0 193.2  

L.S.D 0.05  9.70 
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Table 4. Effect of planting dates on ear height (cm) of double crosses of    maize in the fall 

season 2022. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Leaves number  

The results of Table (5) showed that there 

were no significant differences between the 

sowing dates in terms of the number of leaves, 

and this is consistent with what was reached 

by (20) in the study of the effect of dates in the 

Baghdad location, which found that there were 

no significant differences in the number of 

plant leaves for the sowing dates( either)and  

in double crosses The results showed that 

there were significant differences among 

genotypes, as the hybrid (3x5) (1x2) excelled 

by giving it the highest number of leaves 

amounting to 14.30 leaves.   The results of the 

analysis also showed that the number of leaves 

differed significantly according to the different 

planting dates and  double crosses.   The best 

response was for the hybrid (3x5) (1x2), with 

an increase of 13.65% for the second date over 

the third, and there was no significant increase 

between the first and second dates, and the 

same hybrid achieved the  

highest number of 15.40 leaves. On the 1
st
 of 

August, while the hybrid (2x4) (1x5) gave the 

least number of leaves, reaching 11.70 leaves 

on the 15
th

 of July. 

 

 

 

 

 

 

 

Genotypes Planting dates   Means  

      July   
st

1    July     
th

15     August  
 
  1

st
 

(5×3 ()4×1) 95.9 95.4 105.9 99.1 

(5×3()2×1) 105.5 108.2 129.2 114.3 

 (4×2( )5×1) 90.2 90.4 111.0 97.2 

(5×4()2×1) 87.1 90.3 95.2 90.9 

(3×2()4×1) 90.2 84.8 92.8 89.2 

5105IPPA 99.0 96.5 102.5 99.3 

L.S.D 0.05 NS 8.31 

 Means  94.6 94.3 106.1  

L.S.D 0.05 6.63 
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Table 5. Effect of planting dates on leaves number of double crosses of    maize in the fall 

season 2022. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

Leaf area (cm
2
) 

The importance of leaf area  appears in the 

volume of photosynthesis , and leaves have 

developed and provided mechanisms to 

tolerant sever environmental conditions and 

absorb light and carbon dioxide. Increasing the 

leaf area leads to an increase in carbon 

synthesis  by increasing the interception of 

solar radiation and air exchange and investing 

it in the best way in preparing metabolic 

materials to fill outfalls in all  grain Filling 

Stages (23). The results  in Table (6) show that 

there are significant differences in the leaf area 

between the planting dates and between the 

double hybrids, but there are no significant 

effects of the interaction  between them, as the 

third date, 1 August, gave the highest leaf area 

of 6375 cm
2
, with an increase of 14.28% and 

13.28%. 73% for the two dates July 1 and July 

15, while the1 July    gave the least leaf area of 

5578 cm 
2
 and did not differ significantly from 

the second date  15 July. This result agreed 

with (6) ,(2) ,(17)  but did not agree with what 

(19) reached  in their study of some field traits 

of maize with the effect of planting dates,  

 that there was no significant effect   on the 

leaf area of the plant. 

 

 

 

 

 

Genotypes  Planting dates   Means  

      July   
st

1    July     
th

15     August  
st

1
 

(5×3 ()4×0) 12.95 13.50 12.70 13.05 

(5×3()5×0) 13.95 13.55 15.40 14.30 

 (4×5( )5×0) 13.70 11.70 13.85 13.08 

(5×4()5×0) 13.35 14.70 12.80 13.53 

(3×5()4×0) 14.05 13.10 12.60 13.25 

5105IPPA  12.90 13.55 13.25 13.23 

LSD 0.05 1.372 0.792 

Means  13.48 13.31 13.43  

LSD 0.05 Ns                                
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Table 6. Effect of planting dates on leaves area (cm
2
) of double crosses of    maize in the fall 

season 2022. 
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