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ABSTRACT 
Nitrogen is a basic plant component, and playing important role in maize production. 
Research results have shown that various maize hybrids differ markedly in grain yield 
response to nitrogen fertilization. To determine the ability of different hybrids response to 
nitrogen management, the experiment was laid out in the north of Khuzestan in Iran during 
summer 2013-2014. The experimental design was split plot in randomized completely 
block (RCBD) design with four replications. Main factor was integrated of chemical and 
biological fertilizers in four levels that included 100, 75, 50, 25 percent quantities of 
nitrogen and phosphorus chemical fertilizers and with zero and 100 percent of biological 
fertilizers. Sub factor was three types of maize hybrids included Single cross 704, Single 
cross 701(SLD45/1/2-1× MO17), Single cross mobin(SLD 45/1/2-1× SLH 2/29/14/2-
4/1).The results showed that the highest and minimum yield of hybrids related to by 
ranged 13.61, 13.59, 10.81 ton/ha treatments of single cross 701+ 50% chemical +100% 
biological fertilizers, single cross 704+ 25% chemical +100% biological fertilizers and 
single cross mobin+ 25% chemical +100% biological fertilizers respectively. And also there 
were difference between treatments in yield and morphological traits; the grain and 
biological yield in the level of probability 1% significant and other treatments were no 
significant. 
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INTRODUCTION 

 

 Nitrogen is the most critical element of plant growth and plays a key role in many metabolic and 

physiological functions (Balasubramaniyan and Palaniappan, 2001). The response of maize plant to application 

of nitrogen and phosphorus fertilizers varies from variety to variety, location to location and also depends on the 

availability of the nutrients. Research results have shown that various maize cultivars differ markedly in grain 

yield response to nitrogen (N) fertilization (Bundy and Carter, 1988). As far as the nitrogen use efficiency is 

concerned, crops are not efficient in the uptake of nutrients especially N. In addition, only 50% applied N is 

taken by the crop (maize and wheat) and rest amount of N is lost (Kronzucker et al., 1998). Deficiency of N is 

usually the most limiting factor in maize production for early growth and grain filling (El-Douby et al., 2001; 

Zeidan et al., 2006). It is obvious maize demand nutrients in quantity through an efficient source. Among the 

fertilizers, chemical fertilizer is an important, as it immediately supplies the nutrients after the application. Also 

heavy wastage of N through leaching, vitalization and runoff is seemed in chemical fertilizers and these are 

expensive as well (Mlot, 1997). On the other hand, organic manures are the cheap and could substitute the 

chemical fertilizers (Delate and Camberdella, 2004). Biological fertilizers are obviously an important part of a 

sustainable agricultural system; they have an important role in crop production by maintaining soil fertility 

(Chen, 2006). Combined application of organic fertilizer and urea fertilizer or the combination of urea fertilizer 

and polyamines significantly increases yield, vegetative growth and evaluations on the chlorophyll index (Zeid, 

2008). Organic agriculture is one way to produce high quality crops. In order to the aim of the present study was 

to evaluate the effect of different rates of nitrogen fertilizer in combination with biological fertilizers on 

phonological traits and yield in maize (Zea mays L.) Hybrids in Iran. 
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MATERIALS AND METHODS 

 

 The field experiment was conducted in Turkalaki in the north of Khuzestan in Iran during summer 2013-

2014. The experimental site had mean soil pH of 8.46 with 24, 42 and 34% clay, silt and sand, respectively and 

Physical and chemical properties of the soil was conducted in Table (1). The experimental design was split plot 

in randomized completely block (RCBD) design with four replications. Maize hybrids (Single cross 704, Single 

cross 701, Single cross Mobin) were used in the study. Soils were fertilized according to recommendation based 

on soil tests and the treatments level. The field were plowed, fertilized, and leveled before the field maize was 

planted. The size of each treatment was 6×5 m². There were 12 treatments in per blocks. The experiment with 

row to row distance of 75 cm, each treatment having six rows. Distance of seeds inter row was 18 cm. 

Experimental field was irrigated as and when needed. Main factor was integrated of biological and chemical 

fertilizers in four levels and sub factor was types of maize hybrids in three levels. Hybrids included Single cross 

704, Single cross 701(SLD45/1/2-1× MO17), Single cross mobin(SLD 45/1/2-1× SLH 2/29/14/2-4/1). Chemical 

fertilizers  included Urea (46%), Triple superphosphate(46%) and Potassium sulphate( 50%) and biological 

fertilizers included Nitroxin(including Azospirillum sp., Pseudomonas sp., Azotobacter sp)and bio 

superphosphate microbial biofertiliser including (Baccilus caogulans) that this  was applied in the form of seed 

inoculation and fertigation. Biological fertilizer was applied together with the irrigation water at the eight leaf 

stage. 

The experiment comprised of the following treatments: 

T1- Chemical fertilizer (100%) +non biological fertilizer+ Single cross 704 

T2- Chemical fertilizer (100%) + non biological fertilizer+ Single cross Mobin 

T3- Chemical fertilizer (100%) + non biological fertilizer +Single cross701 

T4- Chemical fertilizer (75%) + biological fertilizer (100%) + Single cross 704 

T5- Chemical fertilizer (75%) + biological fertilizer (100%) + Single cross Mobin 

T 6- Chemical fertilizer (75%) + biological fertilizer (100%) + Single cross 701 

T7- Chemical fertilizer (50%) + biological fertilizer (100%) + Single cross 704 

T8- Chemical fertilizer (50%) + biological fertilizer (100%) + Single cross Mobin 

T9- Chemical fertilizer (50%) + biological fertilizer (100%) + Single cross 701 

T10- Chemical fertilizer (25%) + biological fertilizer (100%) + Single cross 704 

T11- Chemical fertilizer (25%) + biological fertilizer (100%) + Single cross Mobin 

T12- Chemical fertilizer (25%) + biological fertilizer (100%) + Single cross 701 

 For recording the grain yield data, two central rows were harvested in each treatment bundled, sun dried 

and then dried in Oven with a temperature of 70 ° C for 48 hours and weighed. The data recorded were 

statistically analyzed using Minitab 14, MSTAT-C software. The purpose of analysis of variance was to 

determine the significant effect of treatments on maize. Duncan's multiple range tests at 5% probability level 

was applied for mean separation of significant parameters. 

 
Table 1: Physical and chemical properties of the soil. 

Year Depth(cm) EC(ms/cm) PH Organic C 

(%) 

P(ppm) K(ppm) Sand 

(%) 

Silt 

(%) 

Clay 

(%) 

Soil 

texture 

2013 0-30 4.07 8.46 0.507 8 180 34 42 24 Loam 

30-60 2.69 8.50 0.351 7 170 34 42 24 Loam 

2014 0-30 2.32 8.44 0.195 12 132 34 42 24 Loam 

30-60 5.40 8.36 0.273 14 106 34 42 24 Loam 

 

RESULTS AND DISCUSSION 

 

Grain Yield (tha-¹): 

 The result of the effects of biological and chemical fertilizer applications on gian yield was shown in Table 

3. The maximum yield (13.61 ton/ha) was obtained from the biological fertilizer treatment with half the 

recommended amount of chemical fertilizer and Single cross 701. The next maximum yield was obtained from 

F25% +B100+ H (S.c.701) with amounts of 13.59 ton/ha per hectare. The minimum grain yield was obtained 

from the treatment of F25% +B100+ H (S.c. Mobin) (10.81 ton/ha). Yazdani et al. (2009) demonstrated that use 

of growth stimulating bacteria and phosphate solute in combination with chemical fertilizer was able to reduce 

phosphorus fertilizer application by 50% without an occurrence of reduced corn yield. Other reports have 

indicated that seed inoculation of corn with plant promoting bacteria in addition to 30 to 35% reduction of 

nitrogen fertilizer improved plant growth. Increased microbial biomass is directly related to soil health; it 

enhances the balance of nutrient elements and nutrient availability in root rhizosphers that promotes growth and 

ultimately affects a higher yield (Biari et al. 2008, Boddey et al. 1988) 
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Biological Yield (tha-¹): 

 The data presented (Table 3) indicated that maximum biological yield (24.91 tha-¹) was recorded in 

Chemical fertilizers (50%) + biological fertilizers (100%) + Single cross 701. As all vegetative parameters were 

significantly affected by different treatments, the biological yield was also significantly affected. Because leaf 

area, number of leaves plant, plant height and number of grains cob to cause in increasing the biological yield. 

Ullah et al (2008) and Enan (2009) also reported similar results. 

 

Plant height (cm): 

 The data recorded in Table 3 showed that the highest plant height (187.45, 187.02) obtained in F25B100H704 

and F75B100H704treatments, respectively. The minimum plant height was recorded (163.31) in the T2 

(F100B0Hmobin). Yazdani et al. (2009) reported the production of various hormones such as auxin and gibberellins 

as the main cause of stem height in biological fertilizers. The results of ANOVA (Table 3) revealed that only 

among hybrids treatments was difference significantly.Paponov and Engels (2003) also reported that maize 

hybrids respond different to applied nitrogen. 

 

Leaf Area Index (LAI): 

 The data regarding hybrids in the Table 2 indicates that Leaf area index was differed significantly while the 

effects of interaction between hybrids and fertilization were no significant. According to (Table 3) maximum 

LAI was recorded in Single cross 704 in (T7, T1, T4, T10). Chopra and Maheswari (1998) reported there is a 

highly significant linear  relationship between yield and LAI. Difference in LAI of varieties was due to 

differences in leaf number and their arrangements on plant (Elings, 2000). Leaf area was also affected by rates 

of nitrogen application. There was an increase in leaf area with increasing rate of nitrogen. This result is in 

agreement with the previous findings that reported that higher rate of nitrogen promote leaf area during 

vegetative development and also help maintain functional leaf area during the growth period (cox etal, 1993). 

Also Djisbar and Gardner (1989) reported that higher grain yield associate with high leaf area index during grain 

filling. 

 

Stem diameter (cm): 

 The data presented in Table 2 showed the effect of fertilization and hybrids on the stem diameter of maize 

plant differed significantly (P=0.05, 0.01) among the treatments. The highest stem diameter was recorded in T10 

(2.02cm), while the lowest stem diameter was recorded in the T5 (1.63cm). 

 

Cob diameter (cm): 

 The data recorded in Table 3 showed that the highest Cob diameter related to T7 (4.73) while the lowest 

Cob diameter obtained in T10 (4.46). 

 

Cob length (cm): 

 According to (Table 3) maximum and minimum Cob length belong to T10 (22.29) and T2 (18.26), 

respectively. The data regarding hybrids in the Table 3 indicates that Cob length was differed significantly while 

the effects of interaction between hybrids and fertilization and only fertilization were no significant. 

 

Conclusion: 

 Results of study indicated that grain and biological yield and morphological traits affected by treatments. 

Use up biological fertilizers with half the recommended amount of chemical fertilizers is the greatest help 

towards sustainable agriculture. Thus the present varieties/hybrids of maize have good yield potential that the 

best treatment of fertilization that recommending is (FB 25%, 50%)  Single cross 704 and FB 50% in Single 

cross 701 in maize field. Thus acceptability of fertilizer in hybrid (Single cross 704) was more than the rest of 

the hybrids. 

 
Table 2: Results of ANOVA of crop traits and maize yield. 

Source of 

variance 

df Grain yield Biological 

yield 

Plant height Leaf area 

index 

Cob length Cob 

diameter 

 

stem 

diameter 

 

Block 3 0.6259 ns 2.578 ns 186.59 ns 0.07290 ns 0.9608 ns 0.08646 * 0.01658 ns 

Fertilization 3 2.8366** 17.508** 90 ns 0.04806 ns 0.9043 ns 0.04126 ns 0.06145* 

Error 9 0.2950 1.653 65.06 0.07444 0.4520 0.01907 0.01370 

Hybrid 2 6.9972** 21.254** 1204.20** 1.29156** 42.8217** 0.03685 ns 0.08989* 

Fertilization 
× Hybrid 

6 2.4933* 3.855ns 24.47ns 0.02220 ns 0.6504 ns 0.00156 ns 0.01962 ns 

Error 24 0.7272 1.847 29.04 0.02851 0.7435 0.01745 0.01604 

C.V - 7.11 6.25 3.04 4.31 4.11 2.88 6.52 

ns= Non significant, ** = p < 0.01 and * = p < 0.05 
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Table 3: Results of mean comparisons between treatments. 

Cob length 

(cm) 

 

Cob 

diameter 

(cm) 

stem 

diameter 

(cm) 

Leaf area 

index 

Plant 

height(cm) 

Biological 

yield (tha-¹) 

Grain yield 

(tha-¹) 

Treatments 

21.65a 4.6abc 1.86ab 4.12a 182.79abc 21.52c 12.6ab 1 

18.26b 4.57abc 1.76bc 3.51b 163.31g 18.73d 11.1c 2 

21.35a 4.49bc 1.71bc 3.59b 172.58def 22.23bc 12.04bc 3 

21.16a 4.6abc 1.88ab 4.01a 187.02a 21.36c 11.43bc 4 

19.18b 4.61abc 1.63c 3.62b 168.56efg 20.57cd 11.31bc 5 

21.68a 4.54abc 1.88ab 3.65b 177.13bcde 21.04c 11.71bc 6 

21.97a 4.73a 1.92ab 4.13a 184.45ab 24.27ab 12.55ab 7 

18.79b 4.7ab 1.85ab 3.47b 166.31fg 21.21c 11.8bc 8 

21.87a 4.63abc 1.91ab 3.59b 179.82abcd 24.91a 13.61a 9 

22.29a 4.46c 2.02a 3.9a 187.45a 22.58bc 13.59a 10 

18.82b 4.56abc 1.83abc 3.5b 174.14cdef 21.08c 10.81c 11 

21.27a 4.54abc 1.92ab 3.46b 176.57bcde 21.21c 11.33bc 12 

Means with similar letter(s) in each trait is not significantly different at 5% probability level according to Duncan,s Multiple Range Test. 
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