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ABSTRACT: In order to investigate the interaction of irrigation at different levels of nitrogen fertilizer on 
phonological and morphological properties in single cross hybrids 704 of maize, an experiment was 
conducted as comminuted Crete at Agriculture and Natural Resources Research Centre of Ardabil with 
three replications. Factor A that irrigation was at four levels of (7, 9, 11 and 13 days once) and factor B 
was the consumption of nitrogen at four levels of (200, 300, 400 and 500 kg per hectare). During the 
growing season, a number of traits including yield and yield components and phonological traits were 
assessed. Results showed that there was significant difference at 1% and 5% level between different 
levels of irrigation in terms the number of grain per row, depth of grain, cob percentage, moisture 
percentage, plant height, the number of leaf above the corn and also leaf area of the maize. The main 
effect of different levels of nitrogen in terms of yield, number of grain per row, number of leaves above 
the corn and grain row number was significant. There was also significant difference between nitrogen 
and irrigation in terms the number of row per kernels and maize leaf length and area at the 1% level. 
Results of mean comparison showed that the highest yield was related to the levels 400 and 300 kg per 
hectare nitrogen and irrigation every 9 days once in most traits had the highest value. The main and 
interactions effects of studied factors were non-significant in all morphological specifications. 
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INTRODUCTION 
 

 The most important obstacle to increase the cultivation area of corn is the lack of water resources as the 
forage and grain, because Iran is considered regions that moisture needs in the maize plants should be provided 
through irrigation, while in some areas of the country. Critical stages of corn growth with reduced rainfall and 
extreme heat and water loss will be faced through evaporation and transpiration (Ahmad zade, 1997). 70 percent of 
the required water of plants on Earth is supplied through the rainfall and 30% of the irrigation. And about 17% of 
the cultivated area of crops is irrigated in the world (Sepas khah et al, 2006). On a global scale, more than 40% of 
total food production is generated through irrigation and this is where only 17% of the land area to the crop is 
allocated to the irrigated lands in the world (Fereres and Connor, 2004). In Iran, the 30-year average precipitation 
was 252 mm to 2001 that 30% was in the form of snow and 70% the rain and other forms of precipitation. Thus, the 
productions of crops like maize that have a high water requirement prevent the development of cultivation and to 
achieve the desired performance. One of the ways it can be expanded crop cultivation by it, and be saved in the 
irrigation water use is applying deficit irrigation method. Deficit irrigation is a suitable method for the production of 
water shortage, that yield loss per unit area is compensated by increasing the area under cultivation. In other 
words, crop yield is consciously reduced in this method. Deficit irrigation method is common in many parts of 
America, India, Africa and other arid areas in the world (English et al, 1990 and 1992). The main goal of deficit 
irrigation is increase water use efficiency, either by reducing the amount of water and the removal of inefficient 
irrigation during the growing plant. Deficit irrigation as a strategy has been used for centuries by traditional farmers, 
but today, explain and evaluate all aspects of the scientific point of view this approach seems necessary. Deficit 
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irrigation is sometimes called as partial irrigation (English and Raja, 1996). It not only saves water and extends to 
the cultivation but it also increase the revenue and net profit by reducing the working time and labor, increasing 
irrigation speed per area unit and the level of energy and reducing the cost of water is transferred. Nitrogen 
fertilizers are important in plant nutrition. Availability of nitrogen to crops is an important factor limiting agricultural 
production. The importance of proper nutrition and diminish available soil nitrogen reserves due to the nitrogen is 
exposed of loss than other nutrients and its recovery rate is less than half the amount used (About 33%), stimulate 
farmers to excessive use of nitrogenous fertilizers (Ghorbanli et al, 2006). According to estimates about 40 to 60 
percent nitrogen fertilizer added to the soil come out from the soil by cultivated plants and this amount decreases 
with increasing fertilizer applications. Hence, fertilizer residues in the soil increase that in addition to reducing 
nitrogen use efficiency can be easily washed and the pollution of water resources is greater (Foulkes et al, 
1998; Ortiz et al, 1997). Excessive use of nitrogen fertilizers, in addition to contaminating crops has deleterious 
effect on soil texture (Savaghebi Firooz Abadi, 2008). Nitrogen waste caused by chemical interactions enters to 
environment through agriculture, is a major threat to global health and creates challenges in agricultural policy 
(Hartmann et al, 2007). If there is excessive use of nitrogen fertilizer may reduce performance. In this case plants 
can be excessive foot tall and leafy and material from photosynthesis and losses due to harvest and late product 
(Naij Nejad, 2000). The purpose of this study was to investigate the interaction of irrigation at different levels of 
nitrogen fertilizer on phonological and morphological properties in single cross hybrids 704 of maize. 
 

MATERIALS AND METHODS 
 

 This experiment was conducted as comminuted Crete at Agriculture and Natural Resources Research Centre 
of Ardabil with three replications. Factor A, irrigation was at four levels of (7, 9, 11 and 13 days once) and factor B 
was the consumption of nitrogen in four levels of (200, 300, 400 and 500 kg per hectare). During the growing 
season, a number of traits including yield (t per ha), the number of rows per corn, number of kernels per row, 100-
grain weight, cob percentage, seed depth, the percent of moisture, Hectoliter, corn height, plant height, stem 
diameter, number of leaves above corn, number of leaf below the corn, total leaf number, leaf length, reaching 
physiologic, corn leaf area, date of appear the first paternal pollen, emergence date, date of appear maternal 
forelock, date of appear the second paternal pollen and leaf width were measured. 
 The results showed that there was significant difference at 1% and 5% level between different levels of 
irrigation in terms of the number of kernels per row, depth of grain, cob percentage, moisture percentage, plant 
height, the number of leaf above the corn and also leaf area of the maize. The main effect of different levels of 
nitrogen in terms of yield, number of kernels per row, number of leaves above the corn and kernel row number was 
significant. Before statistical analysis, normal distribution of the data was tested and confirmed, then a simple 
analysis and comparison of genotypes was performed using Duncan test at 5% level. Computer software MSTAT-
C and EXCEL was used for analyzing data and charts. 
 

RESULTS AND DISCUSSION 
 

 The results showed that there was significant difference at 1% and 5% level between different levels of 

irrigation in terms of the number of kernels per row, depth of grain, cob percentage, moisture percentage, plant 

height, the number of leaf above the corn and also leaf area of the maize. The main effect of different levels of 

nitrogen in terms of yield, number of kernels per row, number of leaves above the corn and kernel row number was 

significant (Table 1). The interaction between nitrogen and irrigation was also significant in terms the number of row 

per kernels and maize leaf length and area at the 1% level (Table 1). Results showed that the main effects and an 

interaction related to the factors were not significant in terms of phonological characteristics. Mean comparison in 

different levels of the irrigation by Duncan method at the 5% level showed the number of grains per row and grain 

depth the levels 7 and 9 days, there was no significant difference and the highest values were accounted for them 

(Table 2). The results showed that regarding the percentage cob, the highest percentage accounted for levels 7, 11 

and 13 and were not significantly different. Mean while the lowest percentage was allocated to the level of 9 days 

once. 9 days had the highest percentage of moisture, although the levels of 11 and 13 days were located in class A 

in terms of this property. The maximum height were devoted to 9 days once irrigation. There were no significant 

differences between the other levels of the study in these characteristics. Other tests have shown the height 

reduction of corn plants caused by the water reduction (Traore et al, 2000). Siao (1973) stated that the elongation 
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of stems and leaves of maize is very sensitive to water deficit. Between levels 9 and 11 days, there was no 

significant difference in the number of leaves above the corn and they had the highest value in terms this 

characteristic. It is reported that a high density of vegetation, lack of soil moisture and tension of the nitrogen 

deficiency increase the speed of maize leaves senescence (Wolfe et al 1988). Ney Smith and Ritchie (1992) 

reported that water stress can accelerate the leaf senescence and the leaves are destroyed earlier. Between it was 

not observed significant difference between the levels 9, 11 and 13 days from the corn leaf area and the lowest 

was related to the level 7 days once irrigation (Table 2). Nouri Azhar and Ehsan zadeh (2007) by examining 

changes in growth of five maize hybrids affected by two different irrigation regimes were reported Drought has a 

significant effect on LAI. They stated that LAI has positive and significant correlation with dry matter yield. Results 

mean comparison at different nitrogen levels at the 5% level by Duncan method showed that the amounts of 400 

and 300 kg per ha had the highest value in terms grain yield and there were no significant between these two 

levels of fertilizer in terms their effects on grain yield. Meanwhile, the lowest grain yield was related to the level of 

500 kg per ha of the nitrogen fertilizer (Table 3). Rafiee et al (2005) also stated that with increasing the plant 

availability to nitrogen and more transfer of nitrogen to grains, grain weight will be increased. Also, the plants that 

receive less nitrogen, nitrogen deficiency reduce the transport of food grains and seeds can result in osteoporosis 

and seeds weight is also reduced. Bashir Zadeh (2011) stated that nitrogen fertilizer had a significant effect on the 

changes process of filling grain during the growing season. Nitrogen application during the growing season, 

especially during grain filling keep up the upper leaf chlorophyll and leaf senescence and delay in the leaf 

senescence and this increases the amount photosynthetic materials and the speed of photosynthetic organs and 

grain yield is increased (Murchie, et al, 2002). There were no significant differences between the levels of 200, 300 

and 400, in terms of the number rows per corn and number of kernels per row. And the minimum number of rows in 

the grain was related to the level of 500 kg N ha (Table 3). In terms of the number of leaves above the corn and the 

highest number was related to the level 400 kg per hectare of nitrogen.  Although, there was no significant 

difference between the levels of 300, 400 and 500 and the minimum number of leaves above the corn was related 

to the fertilizer level of 200 kg per ha of nitrogen (Table 3). Mean comparison showed that the effect of irrigation 

and nitrogen in terms of the number rows per corn, treatment combinations 7 days with 200 and 400 kg per ha and 

9 days of irrigation with 400 kg ha, the highest number were allocated to nitrogen fertilizer. However, other 

treatment combinations were also located in this class. The highest value  in terms of leaf length was related to the 

treatment combination of 11 days once irrigation with 300 kg nitrogen and 13 days irrigation with 200 kg nitrogen. 

The maximum value in terms of the corn leaf was related to the level of 7 days once irrigation with 500 kg ha 

nitrogen fertilizer. However, along with, treatment combinations were in the second rank (Table 4). 

 

Table 1. Analysis of variance, morphological and phonological characteristics of maize 704 

(MS) 

df 
 

CV 
Stem 

diameter 

Corn 

height 

Plant 

height 
Hectoliter Moisture 

Percentage 

of the cob 

Grain 

depth 

Weight 

of 100 

seeds 

The 

number 

of grain 

per 

rows 

The 

number of 

rows per 

grain 

Yield(t 

per 

ha) 

0.03 81.48 64.53 71.10 2.79 16.59 0.01 1.04 45.5 2.92 1.91 2 Repeat 

0.03 12.19 252.1
**
 93.56

*
 5.02

*
 14.97

*
 0.04

**
 3.27 90.1

**
 1.90 0.51 3 

Factor A 

Irrigation 

0.02 114.46 20.85 15.26 0.60 3.50 0.01 2.64 4.30 0.75 0.17 6 Error (1) 

0.04 37.73 116.69 25.26 0.81 4.44 0.004 0.68 24.48 6.25
*
 1.48**

 
3 

Factor  

(B) Nitrogen 

0.01 43.87 67.08 39.01 0.94 0.99 0.005 4.69 4.33 0.86 0.09 6 Error (2) 

0.04 81.22 88.12 51.22 1.41 6.48 0.003 2.67 11.08 1.50
**
 0.15 9 

interaction 

AB 

0.03 44.49 44.03 59.97 2.45 3.06 0.005 2.33 5.71 0.62 0.15 18 Error (3) 

8.77 6.83 3.85 9.51 7.85 10.40 7.65 5.51 9.13 4.95 11.39 CV% 

** And *, show significantly at the 1% and 5% level 
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Table 1 continued 

(MS) df cv 

Achieve 

physiologic 

Date of  

emerge the 

paternal 

pollen 

second  

Date of 

emerge 

maternal  

forelock 

Date of  

emerge 

the 

paternal 

pollen 

Date of 

emergence 

Corn 

leaf area 

Leaf 

width 

Leaf 

length 

Total 

number 

of 

leaves  

Number 

of leaves 

below 

the corn 

Number 

of leaves 

above 

the corn 

33.6 10.60 31.7 32.15 0.00 5067.5 0.79 14.30 0.07 0.25 0.15 2 Repeat 

0.83 0.22 0.53 10.08 0.00 3680.1
**
 1.11 32.30 0.32 0.10 0.26

**
 3 

Factor A 

Irrigation 

1.42 0.28 3.34 4.28 0.00 758.6 0.27 8.74 0.27 0.27 0.01 6 Error 1 

0.61 0.17 3.42 1.14 0.00 1135.6 0.22 16.17 0.42 0.08 0.26
*
 3 

Factor B 

Nitrogen 

0.70 0.15 2.23 0.10 0.00 1400.8 0.25 4.60 0.12 0.06 0.05 6 Error2  

2.11 0.09 2.23 3.21 0.00 1566.1
**
 0.11 25.65

**
 0.18 0.09 0.22 9 interaction AB 

1.53 0.13 2.52 1.72 0.00 412.9 0.09 3.45 0.38 0.26 0.09 18 Error 3 

1.10 0.48 2.26 1.91 0.00 4.49 3.49 2.66 4.49 6.17  CV% 

** And *, show significantly at the 1% and 5% level 
 

Table 2. Average comparison of different levels of irrigation in terms of evaluated properties 

Irrigation 

(days once) 

Number of 

seeds per row 

Seed depth 

cm 

Percentage of 

the cob 

% 

Moisture 

% 

Plant height 

cm 

Number of 

leaves 

above the 

corn  

Corn leaf area 

Cm2 

7 a 27.57 a 0.98 a 17.61 b 19.17 b 170.0 b 5.37 b 434.7 

9 a 29.33 a 0.98 b 15.28 a 20.48 a 176.9 a 5.52 ab 448.9 

11 b 24.24 b 0.87 ab 16.73 ab 19.66 b 168.0 a 5.55 ab 457.5 

13 b 23.52 ab 0.89 a 17.67 a 20.48 b 166.6 c 5.23 a 475.2 

Treatments with similar letters are not significantly different 

 

Table 3. Average comparison of different levels of nitrogen fertilizer in terms of evaluated properties 

Nitrogen 

(kg/ha) 

Grain yield Number of row per corn Number of seed per row Number of leaves above the 

corn  

200 b 3.31 a 16.15 a 26.50 b 5.32 

300 ab 3.61 a 16.13 a 27.29 ab 5.37 

400 a 3.71 a 16.63 a 26.75 a 5.63 

500 c 2.93 b 14.93 b 24.07 ab 5.35 

Treatments with similar letters are not significantly different. 

 

Table 4. The mean comparison of interaction between irrigation and different levels of nitrogen in terms of the evaluated properties 

Irrigation 

(days once) 

Nitrogen 

 (kg/ha) 

Number of row per corn Leaf length 

 cm 

Corn leaf area  

cm2 

 

 

7 

200 a 17.07 bc 70.67 b  432.7 

300 a 17.07 ef 66.07 ab 448.9 

400 a-c 16.40 ac 71.53 ab 453.5 

500 c-d 14.80 ab 72.47 a  475.2 

 

 

9 

200 a-c 16.47 b-d 70.20 d 270.9 

300 a-c 16.40 ef 66.27 ab 440.3 

400 a 17.00 c-e 68.80 ab 456.1 

500 de 14.67 f 64.80 ab 450.6 

 

 

11 

200 b-c 15.33 b-d 70.13 d 210.8 

300 c-e 15.07 a 74.73 c 386.3 

400 ab 16.93 d-f 67.00 ab 448.4 

500 a-d 16.00 c-e 68.60 ab 459.8 

 

 

13 

200 a-e 15.73 a 74.80 ab 468.6 

300 a-e 15.60 b-d 70.53 b 429.2 

400 a-d 16.13 bc 71.27 ab 450.4 

500 e 14.23 b-e 68.60 ab 447.4 

Treatments with similar letters are not significantly different 
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