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Abstract 
In order to evaluate yield and some physiological traits of forage corn under nitrogen 
fertilizers (biological, chemical and integrated) in additive intercropping with basil a field 
experiment was carried out in the Experimental Farm of Faculty of Agriculture, Lorestan 
University during 2014-2015 growing seasons. Treatments were arranged in a factorial 
experiment based on randomized complete blocks design with three replications. 
Experimental treatments were 100% chemical fertilizer (N), bio-fertilizer (nitroxin), 
integration of bio-fertilizer + 50% chemical fertilizer and control in different intercropping 
systems consisted of sole cropping corn and the additive intercropping of corn + 25% 
sweet basil, corn + 50% sweet basil, corn + 75% sweet basil and corn + 100% sweet 
basil. The results showed that integration of bio-fertilizer + 50% chemical fertilizer had 
the highest number of green leaves per plant (11.72) and leaf area index (LAI) (3.75) 
and there was no significant difference between this treatment and using 100% chemical 
fertilizer (N) in plant height, stem dry weight, chlorophyll a, chlorophyll b and carotenoids 
contents. Among different intercropping systems the highest plant height (179.25 cm), 
number of green leaves per plant (11.4), leaf dry weight (5.64 ton*ha-1), ear dry weight 
(7.19 ton*ha-1), stem dry weight (6.11 ton*ha-1), total dry weight (19.22 ton*ha-1),
chlorophyll a (0.62 mg*g-1 FW), chlorophyll b (0.42 mg*g-1 FW), and total chlorophyll 
(1.04 mg*g-1 FW) were obtained from sole cropping pattern. However, sole cropping 
pattern in terms of mentioned traits except for number of green leaves per plant, ear dry 
weight and total dry weight had no significant difference with corn + 25% sweet basil and 
corn + 50% sweet basil treatments  The results showed that integration of bio-fertilizer + 
50% chemical fertilizer could be considered as an approach to reduce the consumption 
of chemical fertilizers for sustainable agriculture   
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Introduction 
Maize is an important cereal and forage crop and dedicated the third rank after wheat 
and rice. In developing countries, maize is a major source of income for many farmers 
(Tagne et al., 2008). Maize can be used as food for people, livestock feed, poultry feed 
and also in Industry (Bibi et al., 2010). With the growth population increase, the request 
for food has been increasing while land availability has been declining. Thus, the only 
way to increase production is to increase yield per unit area (Hirpa, 2014). Including 
ways to increase the yield per unit area can be mentioned to appropriate management 
in crops nutrition and intercropping systems plants. 
Increasing nitrogen fertilizer applications has been a major management strategy to 
obtain high yield (Guo et al., 2010). However, nitrogen over plus combined with low 
nitrogen use efficiency have had negative subsequences to the environment such as 
soil acidification, environmental pollution and decreased soil microbial activity (Guo et 
al., 2010; Chen et al., 2014). Thus, the reduction of nitrogen fertilizer inputs and 
improved nitrogen use efficiency are crucial for sustainable production. One alternative 
to decrease the application of nitrogen fertilizer could be the use of free-living N-fixing 
bacteria in agricultural systems (Cocking, 2003), which could improve crop production, 
reduce the overuse of chemical fertilizers, and decrease greenhouse emissions 
(Kennedy et al., 2004). Inoculation of maize with free living N-fixing bacteria has been 
shown to raise crop yields through supplemental nitrogen input to the soil (Dobbelaere 
et al., 2002; Hungria et al., 2010).  Bacteria from Azotobacter and Azospirillum groups 
have the ability to make and leak some biological material such as vitamin B, Nicotinic 
acid, biotin, oxins, gebrelins etc in plant’s root environment which have an effective and 
beneficial role in increment of root’s absorbance (Kader, 2002).  
In conventional agriculture, one of the main procedures to increase livestock production 
is to use diet containing some cereal seeds like barley (Hordeum vulgare L.) and corn, 
or to use silage plants as well as many types of concentrates having food 
complementariness and chemical matters in line with stimulating animal’s growth and 
taking precaution to catch diseases. The imprecise use of these compounds causes to 
break out many metabolic diseases like acidosis and liver abscesses in ruminants and 
ultimately leads to create many problems (Magkoric and Samard, 2005). In recent 
decades, these problems have directed increasingly researchers’ attentions to produce 
organic crops and by-products free of any chemical residuals previously used (Koocheki 
and Khajeh Hosseini, 2008). In many criteria of organic agriculture used by some 
countries, it has been placed an emphasis on availability of some medicinal species like 
caraway (Carum carvi L.) and chicory (Cichorium intybus L.) on the pasture free grazed 
by livestock for meeting naturally their medicinal requirements (Smith and Brimer, 2005). 
In this regard, the new idea so-called “medicinal forage” was introduced. From forage 
value’s standpoint, although some annual or biennial medicinal plants solitarily have not 
attracted attentions to themselves, due to some problems such as forage unpalatability 
or possessing some anti-nourishment compounds (like prussic acid, coumarin, and 
phenolic compounds), intercropping these plants with conventional forage plants gives 
them high credit as medicinal forage through running an efficient and scientific 
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management. Medicinal forage plants ensure many ecological and bioenvironmental 
advantages. Hence, one of the methods employed for producing medicine forage is to 
intercrop useful medicinal plants with predominant forage plants (Safikhani et al., 2014). 
Intercropping is an old and widespread practice used in many areas of the world 
(Lithourgidis et al., 2011) that may provide a balanced diet, reduce labor peaks, 
minimize adverse effects of biotic and abiotic factors, protect soil against erosion, 
improve the use of limited resources, increase stability of yield and provide higher 
outputs (Agegnehu et al., 2008). Girma (2015) reported that biological yield of corn was 
significantly affected by different intercropping systems and compared to sole maize 
decreased biological yield. Little information is available on the suitability of aromatic 
crops especially sweet basil as intercrops in maize in Iran, therefor this study was 
carried out in order to evaluate yield and some physiological traits of forage corn under 
nitrogen fertilizers (biological, chemical and integrated) in additive intercropping with 
basil. 
 

Materials and methods 
Location and plant materials 
This study was conducted in the Experimental Farm Department of Agronomy, Faculty 
of Agriculture, Lorestan University, Iran (33°29′N, 48°22′E, and altitude 1,125 m), during 
2014-2015 growing seasons, Physical soil analysis and chemical characteristics in soil 
depth 0-40 cm have been shown in Table 1. Different intercropping systems were 
including: corn sole cropping (10 plants m-2) and the additive intercropping of sweet basil 
+ corn (20 + 10, 50 + 10, 75 + 10 and 100 + 10 plants m-2). Seed of crops were planted 
in plots with an area of 5 m2 included five rows with 2 meters long and 50 cm apart, at 
the same day on early May, 2014 and 2015. The intra-row plant spacing for maize (Zea 
mays L. cv. S.C. 704) was 20 cm and for different ratio of sweet basil were 2.5, 3.3, 5 
and10 cm, respectively  All plots were irrigated immediately after sowing. Subsequent 
irrigations were carried out every 5 days. Hand weeding of the experimental area was 
performed as required. 
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Table 1. Physical and chemical analysis of soil before the experiment 

 
Soil 

texture 
Clay 
(%) 

Silt 
(%) 

Sand 
(%) pH 

EC 
(dS*m-1) 

Total 
N 

(%) 

P 
(ppm) 

K 
(ppm) 

Year 1 Clay 
loam 32.16 42 25.84 7.17 0.459 0.302 8 390 

Year 2 Clay 
loam 31.52 41.5 26.98 7.36 0.536 0.285 6 356 

 
Fertilizer and microbial inocula 
Before cultivation, all the P and K fertilizers added to plots according to soil test. 
Nitrogen (as urea) in 100% chemical fertilizer treatments was applied on bases of 375 
Kg*ha-1. Half the amount of nitrogen in the tests added to 100% chemical fertilizer and 
integrated of biofertilizer + 50% chemical fertilizer plots with last plowing before planting. 
The rest of the nitrogen in two phases was distributed: an eight-leaf stage of corn and 
remain of that before the start of crown flower as head in the plots. Urea was used as 
source of inorganic (N) fertilizer. Corn seeds were inoculated with biofertilizer and kept 
for half an hour in shade. The biofertilizers were Azospirillum and Azotobacter. The both 
of Azospirillum and Azotobacter consist of 108 CFU*ml-1 (colony forming units*ml-1) 
inoculant. The inocula of the two rhizobacteria species, Azotobacter sp. Azospirillum sp, 
were purchased from Mehr Asia Biotechnology Company, Tehran, Iran. 
 
Plot experiment 
This experimental design was a factorial experiment based on Randomized Complete 
Blocks Design (RCBD) with three replications. Experimental treatments included; F1: 
(control); F2: 100% chemical fertilizer (N); F3: bio-fertilizer (nitroxin); F4: (integration of 
bio-fertilizer (nitroxin) + 50% chemical fertilizer) and different intercropping systems 
consisted of sole cropping corn (I1) and the additive intercropping of corn + 25% sweet 
basil (I2), corn + 50% sweet basil (I3), corn + 75% sweet basil (I4) and corn + 100% 
sweet basil (I5). 
 
Traits measurement 
The traits in this study included plant height , number of  green leaves per plant, leaf dry 
weight, ear dry weight, stem dry weight, total dry weight, Chlorophyll a, chlorophyll b, 
total chlorophyll, carotenoids and LAI. Five plants from each plot were selected at 
random and traits including: plant height, number of green leaves per plant and LAI were 
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measured and average was calculated from those five measured values. Maize 
harvested as forage on milking stage of grain. The samples were divided to stem, leaves 
and ear, then, the fresh weight was measured. The samples were oven dried at 75 ˚C 
for 72 h and weighed. 
 
Measurement of chlorophyll A, chlorophyll B and carotenoids 
Chlorophyll a, chlorophyll b and carotenoids were extracted with pure acetone from 
fresh leaf samples (0.1 g). Absorbance was measured at 663 nm, 645 nm and 470 nm 
for chlorophyll a, chlorophyll b and carotenoids, respectively, using a UV 
spectrophotometer (UNICO, Model SUV–S2100, USA). The mentioned traits were 
calculated according to the procedure described by Lichtenthaler (1987).  
 
Chlorophyll a = 11.24 * A 662 - 2.04 * A 645 
Chlorophyll b = 20.13 * A 645 - 4.19 * A 662  
Total chlorophyll = 7.05 * A 662 + 18.09 * A 645 
Carotenoids = (1000 * A 470 – 1.90 chlorophyll a – 63.14 chlorophyll b) /214 
 
Data analysis 
SAS (version 9.1) and MSTATC programs were used to conduct an analysis of variance 
(ANOVA) and means comparison, respectively. Treatment mean differences were 
separated by Duncan test at the 5% level of probability  

 
Results and discussion 
Physiological traits of maize 
The result of mean comparisons showed that the highest chlorophyll b, total chlorophyll, 
and carotenoids were achieved in second year (Table 2). The effects of different 
intercropping systems were significant on chlorophyll a, chlorophyll b, total chlorophyll 
and LAI. The data presented in Table 2 revealed that among the different intercropping 
systems the lowest chlorophyll a, chlorophyll b, Total chlorophyll and LAI were obtained 
from corn + 100% sweet basil pattern. Sole cropping pattern in terms of mentioned traits 
had no significant difference with corn + 25% sweet basil, corn + 50% sweet basil and 
corn + 75% sweet basil treatments.  
Increases in density of sweet basil plants from 60 to 80 in intercropping with corn was 
caused a significant decrease in  chlorophyll a, chlorophyll b, total chlorophyll and LAI of 
maize. The significant reduction in this traits in corn + 100% sweet basil pattern could be 
associated with higher competition for soil resources or allelopathic effect as basil 
population increased in intercrop with maize (Olowe and Adeyemo, 2009). Shobeiri et al. 
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(2015) reported that the amount of chlorophyll a and b in grass pea (Lathyrus sativus L.) 
intercropped with barely was significantly lower than that of in its monoculture. Similarly, 
the reductions of maize LAI under intercropping systems have been also reported by 
other researchers (Zegada-Lizarazu et al., 2006; Thobatsi, 2009). It seems that the main 
reason of decline in LAI in corn + 100% sweet basil pattern compared to other 
intercropping systems is associated with the interspecies competition mechanism by 
which the extent of leaf expansion and duration will be restricted. 
 

Table 2. The effect of different source of nitrogen on some physiological traits of forage 
corn under different intercropping systems during 2014-2015 growing seasons 

 

 
Treatment 

Chlorophyll 
a 

(mg*g-1 
FW) 

Chlorophyll 
b 

(mg*g-1 FW) 

Total 
chlorophyll 

(mg*g-1 FW) 

Carotenoids 
(mg*g-1 FW) 

Leaf area 
index (LAI) 

Year 1 0.61a 0.4b 1.01b 0.11b 3.22a 

Year 2 0.61a 0.42a 1.04a 0.15a 3.31a 

I1 0.62a 0.42a 1.04a 0.12a 3.33a 

I2 0.62a 0.42a 1.04a 0.13a 3.33a 

I3 0.61a 0.42a 1.03a 0.13a 3.32a 

I4 0.61a 0.41a 1.03a 0.13a 3.22ab 

I5 0.6b 0.38b 0.98b 0.13a 3.12b 

F1 0.57b 0.29c 0.86c 0.13a 2.69c 

F2 0.63a 0.47a 1.1a 0.13a 3.68a 

F3 0.62a 0.44b 1.06b 0.13a 2.94b 

F4 0.63a 0.45ab 1.08b 0.13a 3.75a 

I1, I2, I3, I4 and I5:  sole cropping corn, the additive intercropping of corn + 25% sweet basil, corn + 50% 
sweet basil, corn + 75% sweet basil and corn + 100% sweet basil, respectively. F1: (control), F2: 100% 
chemical fertilizer (N), F3: bio-fertilizer (nitroxin), F4: integration of bio-fertilizer (nitroxin) + 50% chemical 
fertilizer. The means in each column having the same letter are not significantly different at 5% Level of 
probability based on Duncan test. 
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The effects of different fertilizer treatments were significant on chlorophyll a, chlorophyll 
b, total chlorophyll and LAI. The data presented in Table 2 showed that among the 
different fertilizer treatments the highest chlorophyll a, chlorophyll b and LAI values 
shown by treatments F2 and F4 treatments and there was no significant difference 
between integration of bio-fertilizer + 50% chemical treatment and 100% chemical 
fertilizer, that indicating the effective role of nitrogen-fixing bacteria on meeting the 
plants nutrient demands in term of nitrogen, and so nitroxin biofertilizer treatment had 
better effect on the majority of traits compared to control group. 
Application of nitroxin biofertilizers (F3) resulted in 9, 51, 23 and 9% extra chlorophyll a, 
chlorophyll b, total chlorophyll and LAI of maize, respectively, over their corresponding 
traits in the control (F1). High nitrogen fertilization can increase photosynthesis and plant 
growth on several crops (Evans, 1989; Cechin and Fumis, 2004). Up to 75% of leaf N 
found in chloroplasts and most of it is part of ribulose bisphosphate carboxylase 
(Rubisco) alone. Under low nitrogen level the lower photosynthesis is often attributed to 
the reduction in chlorophyll content and Rubisco activity (Evans and Terashima, 1987; 
Fredeen et al., 1991). 
Christos et al. (2007) reported that chlorophyll content was affected by the nitrogen 
treatments and it was higher at both nitrogen levels compared with the control. Useful 
effects of bacteria inoculation on increased chlorophyll content are due to higher 
availability of nitrogen to the growing tissue and organs supplied by free living N-fixing 
bacteria (Chandrasekhar et al., 2005). Rahi (2013) showed that bio-fertilizer (nitroxin) 
increased chlorophylls a, b, total Carotenoids and anthocyanin content of the plants 
linearly. No significant different for carotenoid was observed between the control and 
other fertilizer treatments  Smolen and Sady (2009) showed that Nitrogen fertilization did 
not cause any significant changes in carotenoid compounds in carrot. The interaction 
effect of year and fertilizer on the amount of carotenoids was significant. The highest 
amount of carotenoids was obtained from second year and F4 treatment (Figure 1). 
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Figure 1. The effects of different fertilizer treatments on carotenoids during two growing 
seasons. F1: (control); F2: 100% chemical fertilizer (N); F3: bio-fertilizer (nitroxin); F4: 

(integration of bio-fertilizer (nitroxin) + 50% chemical fertilizer) 

 
Yield and morphological traits of maize 
The result of mean comparisons revealed that the highest plant height, number of green 
leaves per plant, ear dry weight, stem dry weight and total dry weight were achieved in 
second year (Table 3). The effect of two growing seasons on these traits was not the 
same and the difference between the growing seasons was significantly observed, and it 
is apparently contributed to the appropriateness of climate conditions especially in the 
early of seasonal growth in the second year. This condition, through providing suitable 
seedlings establishment, suitable photosynthesis, and identical growth, paved the way 
for having useful field with high yield. 
The effects of different intercropping systems were significant on plant height, number of 
green leaves per plant, leaf dry weight, ear dry weight, stem dry weight and total dry 
weight. The data presented in Table 3 showed that among the different intercropping 
systems the highest plant height, number of green leaf per plant, leaf dry weight, ear dry 
weight, stem dry weight and total dry weight were obtained from sole cropping pattern. 
Among the different intercropping systems, sole cropping pattern in terms of plant height 
had no significant difference with corn + 25% sweet basil and corn + 50% sweet basil 
treatments. Due to high density of sweet basil intercropped with corn and its competition 
with corn over water and nutrient uptake, the height of corn in corn + 100% sweet basil 
pattern was apparently decreased as compared to corn’s monoculture. Javanmard et al. 
(2013) reported that the height of corn intercropped with some legumes like hairy vetch 
(Vicia villosa) and bitter vetch (Vicia ervilia L.) was significantly decreased. 
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The reason for decreasing the number of green leaves in the treatment of corn + 100% 
sweet basil pattern is related to their increasing competition for receiving nutrient 
materials especially nitrogen. Under nitrogen deficit, during the remobilization 
mechanism it is transferred from aged leaves located on the lower parts of a plant into 
young ones, and this factor causes to intensify the ageing and dryness of aged leaves 
located on the lower parts of a plant. The results of this research showed that corn’s leaf 
dry weight (LDW) was only affected while intercropped with highest density of sweet 
basil, and LDW, as compared to other traits, had the least sensitivity to this condition. 
Considering the importance of corn leaves comparing to its stem, the more leaves are 
produced, the more the silage and forage palatability are increased. This trait is usually 
directed the farmers attentions to itself. Also, there was no significant difference 
between corn sole cropping and corn + 25% sweet basil treatment in terms of the ear 
dry weight (EDW) trait, but it was decreased in other intercropping treatments whenever 
the density of sweet basil was increased. It seems that whenever the density of sweet 
basil goes up, the rate of interspecific competition over nutrient uptake also elevates. 
This factor culminates in reduction of nutrient resources and followed by lessening leaf 
area and other effective parameters influencing on photosynthesis. Finally, it causes to 
diminish the amount of plant’s assimilation and yield. Pilbem et al. (1994) found that the 
rate of corn’s grain yield under monoculture condition was higher than that of in 
intercropping with legume. In this regard, in intercropping corn with cucumber (Cucumis 
sativus L.) whenever the density of cucumber goes up simultaneously led to reduce the 
corn’s harvesting index (HI) (Ghanbari et al., 2006).  
Among corn’s traits investigated, stem dry weight (SDW) followed by LDW had the least 
sensitivity to high density of sweet basil. Concerning SDW trait, the difference between 
sole cropping, corn + 25% sweet basil, and corn + 50% sweet basil treatments was not 
significantly observed whereas a significant reduction between corn + 75% sweet basil 
and corn + 100% sweet basil was obtained compared to other treatments (Table 3). As 
comparing to monoculture condition, a significant reduction in the dry matter 
accumulation of wheat intercropped with corn has also been reported (Nasirimahlati et 
al., 2011). 
The highest total dry weight was obtained from sole cropping pattern and corn + 25% 
sweet basil pattern (Table 3). Best utilization of nutrients, moisture, space and solar 
energy can be derived through sole cropping system (Aiyer, 1963). Bagheri et al. (2014) 
reported that fresh and dry weight of leaves, stem, and ear in sole culture of maize were 
more than intercrops. Increasing the proportions of sweet basil and/or borage decreased 
the weight of leaves, stem, and ear of maize. Higher yield of sole culture compared to 
intercrop may be due to minimal disruption of the plants habitat (Banik et al., 2006). 
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Table 3. The effect of different source of nitrogen on yield, yield components and some 
morphological traits of forage corn under different intercropping systems during 2014-

2015 growing seasons 

 
Treatment 

Plant 
height 
(cm) 

Number of 
 green leaf 
per plant 

Leaf dry  
weight  

(ton*ha-1) 

Ear dry 
weight 

(ton*ha-1) 

Stem dry 
weight  

(ton*ha-1) 

Total dry 
weight  

(ton*ha-1) 

Year 1 175.67b 10.05b 5.29a 6.58b 5.66b 17.76b 

Year 2 177.31a 11.86a 5.61a 7.18a 6.08a 19.15a 

I1 179.25a 11.4a 5.64a 7.19a 6.11a 19.22a 

I2 178.38a 10.89bc 5.63a 7.03ab 6.08a 19ab 

I3 177.96a 11.08b 5.49a 7b 5.95a 18.69b 

I4 174.37b 10.84c 5.39a 6.76c 5.77b 18.17c 

I5 172.49c 10.56d 5.1b 6.43d 5.45c 17.19d 

F1 162.37c 9.93d 4.62d 6.19c 5.06c 16.1d 

F2 185.53a 11.5b 6.22a 7.26a 6.43a 20.17a 

F3 173.46b 10.67c 4.99c 6.99b 5.71b 17.96c 

F4 184.60a 11.72a 5.98b 7.08b 6.28a 19.59b 

I1, I2, I3, I4 and I5:  sole cropping corn, the additive intercropping of corn + 25% sweet basil, corn + 50% 
sweet basil, corn + 75% sweet basil and corn + 100% sweet basil, respectively. F1: (control), F2: 100% 
chemical fertilizer (N), F3: bio-fertilizer (nitroxin), F4: integration of bio-fertilizer (nitroxin) + 50% chemical 
fertilizer. The means in each column having the same letter are not significantly different at 5% Level of 
probability based on Duncan test. 
 
The effects of different fertilizer treatment were significant on plant height, number of 
green leaves per plant, leaf dry weight, ear dry weight, stem dry weight and total dry 
weight. The lowest plant height was achieved from F1 (control) treatment (Table 3). As 
the nutrient deficit plays a major role in the height of plants, it seems that, due to the 
deficit of nutritional matters, the control plants grew less than those were nourished 
properly through chemical and integrated fertilizers. 
The highest number of green leaves per plant was achieved from F4 treatment. It seems 
that the reason for supremacy of F4 treatment over other fertilizer treatments in terms of 
the number of green leaves per plant is contributed to the proved effects of nitrogen-
fixing bacteria, by which the premature ageing of leaves, through enhancing the 
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nutritional uptake and nitrogen content of tissues, will be inhibited and consequently the 
number of dried leaves is significantly reduced (Bashan et al., 2004). By two-year 
planting two types of corn seeds in the field (i.e. the inoculated seeds with free living N-
fixing bacteria and non-inoculated seeds as control group) under different treatments of 
consumption and non-consumption of nitrogen, Rohitashav et al. (1993) found that the 
yield of dry matter of forage and the ratio of green leaves per plant were higher due to 
inoculation benefits. 
The comparison of the mean values of the leaf dry weight showed that among the 
different fertilizer treatments the highest and lowest leaf dry weight value shown by 
treatments F2 and F1 treatment, respectively (Table 3). This factor may be ascribed to 
the effect of nitrogen on the expanding of leaf area and continuance (Smiciklas and 
Below, 1990) and consequently improving photosynthesis resources and corn yield 
(Pandey et al., 2000). In this respect, Hernandez et al. (1995) also reported that 
inoculating seeds with nitrogen-fixing bacteria enhanced the fresh weight of aerial parts 
of plant and the number of leaves per plant. 
Among the different fertilizer treatments the highest and lowest ear dry weight was 
obtained by treatments F2 and F1 treatment, respectively (Table 3). An increase in 
nitrogen leads to increase the leaf area, leaf area index and duration of leaf area, and 
this increase is stemmed from higher rate of assimilation and yield (Malakouti, 1998). 
Regarding the role of nitrogen deficit in increasing time span between releasing pollen 
and the emergence of corn silk, this agent is one of the main reasons of causing a sever 
reduction in ear weight and grain yield of control group (without applying fertilizers) 
owing to sterilized ears of corn. 
In control group, stem dry weight (SDW) was significantly decreased in comparing to 
other fertilizer treatments apparently due to reduction in cell division and cell length and 
followed by reduction in internode length and stem height under nitrogen deficit 
condition. Molla Hoseini et al. (2006) reported that using 30% nitrogen more than that of 
recommended based on soil test increased the rate of total dry yield, stem, ear, and leaf. 
The comparison of the mean values of the total dry weight showed that the highest and
lowest total dry weight value shown by treatments F2 and F1 treatment, respectively 
(Table 3). Application of nitroxin biofertilizer (F3) resulted in 12% extra total dry weight of 
maize, over their corresponding trait in the control (F1). It seems that application 
nitrogen fertilizer plays a significant role in increasing plant’s vegetative growth and 
consequently paves the way for increasing the yield of forage corn. An increase in the 
rate of applied nitrogen and also its effect on physiological processes resulted in more 
photosynthesis, assimilation, dry matter and yield. In other words, due to nitrogen-fixing 
and the effects of nitrogen-fixing bacteria on secreting growth regulator as well as 
stimulating plant’s growth, the forage corn’s yield was increased through application 
nitroxin biofertilizer as compared to control group. It was also proved the positive role of 
nitrogen on qualitative and quantitative traits of corn such as dry weight (Cox et al., 
1993). In this respect, Nanda et al. (1995) also showed that inoculating corn’s seeds 
with nitrogen-fixing bacteria under field conditions caused to increase complete soiling 
yield through treating plants with different levels of nitrogen fertilizer. The interaction 
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effect of year and fertilizer on the amount of number of green leaves per plant was 
significant. The highest number of green leaves per plant was achieved from second 
year and F2 treatment (Figure 2). Also, the interaction between intercropping and 
fertilizer on plant height was significant. The sole cropping had the highest amount of 
plant height with F2 treatment application (Figure 3). 
 

 
Figure 2. The effects of different fertilizer treatments on number of green leaves per 
plant during two growing seasons. F1: (control); F2: 100% chemical fertilizer (N); F3: 

bio-fertilizer (nitroxin); F4: (integration of bio-fertilizer (nitroxin) + 50% chemical fertilizer) 
 

 
Figure 3. The effects of different fertilizer treatments on plant height under different 

intercropping systems 

 

0 

2 

4 

6 

8 

10 

12 

14 

F1 F2 F3 F4 

N
um

be
r o

f g
re

en
 le

af
 p

er
 p

la
nt

 

Year 1 

Year 2 

488

Kordi et al.: Evaluation Of Yield And Some Physiological Traits Of Forage Corn Affected B...

488

Kordi et al.: Evaluation Of Yield And Some Physiological Traits Of Forage Corn Affected B...

http://jcea.agr.hr
http://jcea.agr.hr/volumes.php?search=Article%3A1921


Conclusions 

Integration of bio-fertilizer + 50% chemical fertilizer can be served as a procedure in 
order to reduce the consumption of chemical fertilizers in line with sustainable 
agriculture. Results of this research clearly demonstrated the useful effect of nitroxin 
biofertilizer to increase yield of forage maize and the integrated use of chemical 
fertilizers and biofertilizer provided encouraging results in increasing yield and improving 
growth parameters of forage maize under Khorramabad environmental condition. Also, 
the results of this research revealed that on the majority of traits in this research there 
was no significant difference between monoculture of corn and its intercropping with 
sweet basil at different proportions including corn + 25% sweet basil pattern and corn + 
50% sweet basil pattern. Some advantages such as difference between their height, 
separate ecological nests for using resources, and lower nutrient competition are of the 
favorable features for intercropping corn with sweet basil which may lead to an 
acceptable biological yield.  As a rule, one of the main criteria for evaluating the rate of 
success in plant production is its ultimate yield (biological or economical yield depending 
on the purpose). The higher yield gained by applying a treatment of integration of bio-
fertilizer + 50% chemical fertilizer and intercropping treatments of forage corn + 25% 
sweet basil and forage corn + 50% sweet basil are considered to be a good indicator 
and criterion for assessing the success of this approach and practically using it by 
farmers in order to reduce the consumption of chemical fertilizers generating pollution 
and also serving as an efficient tool for access to the sustainable agriculture. 
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