
974 
Journal of Applied Sciences Research, 9(1): 974-987, 2013 
ISSN 1819-544X 
This is a refereed journal and all articles are professionally screened and reviewed 

 

ORIGINAL ARTICLES 
 

Corresponding Author: El-Tantawy, E.M., Plant Production Dept., Fac. Environ. Agric. Sci., El-Arish, Suez Canal 
University 

  E-mail: sayedtmn@yahoo.com 

Nodulation, Growth, Photosynthetic Pigments and Yield of Broad Bean Plants (Vicia 
faba L.) as Affected By Nitrogen Source, Rhizobium Inoculation and Iron Foliar 
Application 
 
1El-Tantawy, E.M. and 2Dalia A. S. Nawar 

 
1Plant Production Dept., Fac. Environ. Agric. Sci., El-Arish, Suez Canal University 
2Hort. Dept., Fac. Agric., Zagazig University 
 
ABSTRACT 
 
 Two field experiments were carried out at the Experimental Farm of Fac. Environ. Agric. Sci., El-Arish, 
North Sinai, Egypt, Suez Canal University, during 2010/2011 and 2011/2012 seasons to study the effect of 
nitrogen source, Rhizobium inoculation and iron foliar spray on growth, yield and its components as well as 
photosynthetic pigments of broad bean plants (Vicia faba L.)  LUZ DE OTNO Spanish cultivar under sandy 
loam soil using drip irrigation system. Single application of urea or ammonium nitrate and inoculation with 
Rhizobium as well as iron foliar spray were the best treatments for increasing total dry weight/plant and total 
chlorophyll in broad bean leaves compared to control. In addition, all the above mentioned treatments except 
urea recorded the highest average pod weight, number of pods /plant, yield /plant and total yield per feddan in 
the two tested seasons.  Urea X Rhizobium inoculation and urea x Fe foliar application (500 ppm) were the best 
interaction treatments for increasing total dry weight per plant. Whereas, ammonium nitrate x Fe foliar 
application (500 ppm) was the best interaction treatment for increasing total yield/ plant and per feddan 
compared to other interaction treatments. The most favorable triple interaction treatment for enhancing the 
concentration of total chlorophyll and carotenoids contents and yield /plant as well as per feddan was 
application of  ammonium nitrate x  inoculation with Rhizobium X Fe foliar application (at 500 ppm).  
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Introduction 
 
 Legumes are the major direct source of protein for both human and live stock, especially in poor countries, where 
animal protein is expensive (Hubbell and Gerald, 2003). Broad bean is one of these legumes grown as winter 
vegetable crops in the Mediterranean region and has considerable importance as a low cost food rich in protein and 
carbohydrates (Sepetoglu, 2002).  
 Nitrogen fertilizer is required by plants in comparatively larger amounts than other elements ( Marschner, 1995). 
Great attentions were made to minimize the effects of mineral fertilizer and avoid the environmental and its longer 
lasting effects. Application of N fertilizer as urea significantly increased yield and its components of faba bean 
(Bozorgi et al., 2011). 
 Biofertilizers are very important for countries where chemical fertilizers, if available, may not be affordable 
(Mahdi, 1993). Rhizobium  inoculation for broad bean and most of legumes was found to increase shoot and root dry 
weight (Arisha , 1982; El-Sheikh and El-Zidany, 1997) as well as yield components and also, increased 
photosynthetic pigments (Arisha, 1982). Undoubtedly nitrogen fertilizer at different sources with low quantities are 
important for increasing growth and yield of studied legumes (El-Sheikh and El-Zidany, 1997; Abd El-Hady and 
Abbas, 2005; Daur et al., 2008 ; Bozorgi et  al., 2011)   as well as chlorophyll and carotenoids content in leaves 
(Arisha, 1982). 
 Micronutrients are just as important in plant nutrition as macronutrients . Plants grown on macro or micro 
nutrients deficit soil  ( as sandy soil ) or soil problem in supplying plants ( soil  with high CaCo3 content ) can exhibit  
similar reduction in plant growth and yield . Foliar spray of Fe in form of liquid are use into leaves are more beneficial 
than soil application and could be react with crop immediately ( Heidarian et al., 2011). 
 At high bicarbonate level in soil or irrigation water, Fe deficiency on plants and Fe shortage in soil can occur 
(Cakmack, 2002). Since Fe is not soluble in soil , foliar application of this nutrient is necessary (Heidarian et al., 
2011).Foliar application of Fe enhanced plant growth and plant dry weight (El- Mansi et al., 2005a; Kamel, 2005 ; 
Mansour et al., 2012) and increased chlorophyll and carotenoids content in leaves (El-Mansi et al., 2005a and 
Kamel,2005). It also increased yield and yield components (Mansour et al., 2012). 
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 This study was designed to evaluate the effect of various nitrogen sources alone and in combination with 
inoculation of broad bean plants with Rhizobium leguminosarum and foliar spray with Fe in soil suffer from high 
biocarbonate  levels at North Sinai region .The aim of this study was to test the possibility of enhancing growth, 
photosynthetic pigments and yield as well as yield components  under North Sinai region through using of 
combination among moderate application of nitrogen, Rhizobium inoculation and iron foliar application of broad bean 
plant.  
 
Materials and Methods 
 
 Two field experiments were carried out during the winter seasons of 2010/2011 and 2011/2012 at the 
Experimental Farm of Fac. Environ. Agric. Sci., El-Arish, North Sinai, Egypt, to study the effect of nitrogen 
source, biofertilization with nitrogen fixing bacteria (Rhizobium leguminosarum L.) and foliar spray with iron at 
500 ppm on growth, photosynthetic pigments and yield of broad bean plants under drip irrigation system. The 
soil of experimental site is sandy loam in texture, pH 7.7, 7.9 ; EC ( dSm-1) 0.695, 0.595; organic matter 0.05, 
0.07; Ca(CO3)2 9.10 ,10.2%; total N (ppm) 16.22, 16.83; total P (ppm) 45, 48 and total K (ppm) 92, 91 in the 1st 
and 2nd   seasons, respectively. EC and pH of irrigation water are7.54 dSm-1 and 7.5 respectively. This 
experiment included 16 treatments which were the combinations among four nitrogen sources (urea, ammonia 
nitrate, ammonium sulphate and check treatment), Rhizobium inoculation or chick (without Rhizobium 
inoculation) and spraying with 500 ppm Fe or without Fe foliar spray. The treatments were randomly arranged 
in a split split plot design in a randomized complete block design with three replications. Treatments of factor A 
(nitrogen sources) were randomly  arranged in the main plots, treatments of factor B (inoculation with 
Rhizobium) were randomly arranged in the sub – plots and the treatments of factor C( Fe foliar  spray) were 
randomly arranged in the sub-sub plots . 
 The N fixing bacteria (Rhizobium leguminosarum) was added to the soil of inoculated treatments at 10 days 
after sowing a rate of 800 g/feddan. The source of N fixing bacteria was Agriculture Research Center. Plants 
were foliar sprayed with 500 ppm Fe (with 1ml/L spreading agent) three times by 10 days intervals. The 
untreated plants with Fe were sprayed with tap water and spreading agent. The broad bean seeds cv. LUS DE 
OTO (Spanish cultivar) were sown on 30th October and 4th November in the two seasons, respectively. Two 
seeds of broad bean were sown on both sides of dripper lines in hills at 30 cm between each two hills and the 
distance between each two dripper lines was 90 cm. All experimental units received compost at a rate of 4 tons  
feddan.  The source of compost was Al-Arabiah for organic fertilizer factory, Sharkia Governorate. The physical 
and chemical properties of compost as follows: 1.24% total N, 0.58% total P, 1.15 % total K, 36.56% organic 
matter, pH (1:10)= 8 and C/N ratio 1:17 in the first season and 1.50% total N, 0.38% total P, 0.63% total K, 
35.3% organic matter, pH (1:10), 8.4 and C/N ratio 1:14 in the second season.  
 Nitrogen fertilization was added at a rate of 60 kg N  feddan from each nitrogen source. All experimental 
units received phosphorus (one third was added as calcium super phosphate, 15.5% P2O5 and the other two 
thirds were added as phosphoric acid) and potassium (as potassium sulphate,48-52% K2O) at rates of 45 kg P2O5 
and 70 kg K2O feddan, respectively. One third of all used fertilizers were added during soil preparation and the 
other two- thirds were divided into 20 equal portions and added twice weekly through the irrigation water 
beginning 25 days after sowing. Plot area was 14.40m2. It contains two dripper lines (8 m length and 0.9 m 
wide). One dripper line (7.2 m2) was used for growth parameters and photosynthesis pigments and the other line 
was used for yield determination. 
 
Data recorded: 
 
 Samples of three plants from each experimental unit were randomly taken at 90 days after sowing and the 
following data were recorded: 
1. Number of active and non active nodules / plant 
2. Dry weight of roots, branches, leaves and total dry weight / plant (dry weight of roots+ branches+ leaves)  
3. Photosynthetic pigments 
 Ten discs sample of the fourth upper leaf of plant tip from every experimental unit were randomly taken at 
90 days from sowing to determine chlorophyll a, b and carotenoids according to Wettestein (1957). 
4. Yield and its components 
 Mature green pods from each experimental unit were harvested at proper maturity stage counted and 
weighed and the following data were calculated: Number of pods/ plant, average pod weight (gm), green pod 
weight/plant (gm) and total green pod yield/feddan (kg). 
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Statistical analysis:  
 
 Statistical analysis of the obtained data was carried out according to statistical analysis of variance 
according to Snedecor and Cochran (1980). Duncan's multiple range tests was used for comparison among 
means (Duncan, 1958). 
 
Results and Discussion 
 
1 Nodulation Attributes: 
 
1.1 Effect of nitrogen source: 
 
 Fertilizing broad bean plants with all nitrogen sources (urea ammonium nitrate or ammonium sulphate) 
significantly increased number of active nodules/plant, compared to check (without) treatment. However, the 
non active nodules were significantly increased with application of ammonium nitrate in both seasons without 
significant differences with urea and check treatments in the 1st season (Table 1). In this respect, Abdel Wahab 
et al. (1996) found that addition of high levels of NH4NO3 or urea, either at the time of rhizobial inoculation or 
after nodule development, negatively affected the nodule number and the total fresh mass of V. faba, P. sativum 
and P. vulgaris. 
 
Table 1: Effect of nitrogen source, Rhizobium inoculation and iron foliar spray on nodulation attributes of broad bean plant. 

Treatments First season (2010/2011) Second season 
(2011/2012) 

No. active 
nodules 

No. non-active 
nodules 

No active 
nodules 

No. non-active 
nodules 

 Nitrogen sources 
without 5.70b 2.00ab 6.46b 2.83c 

Urea 11.70a 3.10a 12.13a 6.17b 
Am. Nitrate 10.95a 2.89a 10.83ab 9.67a 

Am. Sulphate 8.20ab 0.50b 9.33ab 3.08bc 
 Inculcation with rhizobium 

With 17.08a 3.27a 18.81a 5.79a 
Without 1.20b 0.98b 0.57b 5.08a 

 Spraying with iron 
With 10.55a 2.67a 10.96a 5.67a 

Without 7.73b 1.58b 8.42b 5.21a 
Values followed by the same letter (s) in a column are not significantly different at P – 0.05 according to Duncan's multiple range test 
 
1.2 Effect of Rhizobium inoculation: 
 
 It is obvious from Table1 that inoculation of broad bean plants with Rhizobium significantly increased 
number of active nodules in both seasons. While number of non-active nodules was increased by Rhizobium 
inoculation in both seasons without significant difference between inoculated and un inoculated in the 2nd 
season. 
 
1.3 Effect of iron foliar spray: 
 
 Foliar spraying of Fe at 500ppm significantly increased number of active and non active nodules/plant in 
both seasons, except number of non active nodules which did not affect by Fe foliar application (Table1). The 
promotive effect of Fe on broad bean nodulation might be attributed to that Fe contributes in very enzymatic 
activities, such as catalase, peroxidase and nitrate reductase. Iron metabolism is of particular importance in 
nodules since this metal is a constituent of key proteins such as nitrogenase and leghemoglobin (Moreau et al., 
1995). Because of this, heme and heme proteins are of special interest because the cytochrome content changes 
both qualitatively and quantitatively during bacterial differentiation into symbiotic bacteroids. In addition, there 
is an important need for heme in the synthesis of leghemoglobin, which makes up to 20% of the plant protein 
mass in the nodule cytosol (Appleby, 1984). 
 In this connection, El-Mansi et al. (2005a) found that application of Fe increased number of nodules/plant. 
Kobrace et al. (2011) reported that growth, nodulation, photosynthesis pigments and dry matter production were 
increased by Fe application and vice versa. 
 
1.4 Effect of interaction: 
 
1.4.1 N source x Rhizobium inoculation: 
 
 Data presented in Table 2 show that the best interaction treatment which recorded the highest values of 
number of active nodules/broad bean plant was application of urea X Rhizobium inoculation in both seasons. 
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Regarding number of non-active nodules/plant, the same Table illustrate that the same previous treatment 
recorded the highest number of non active nodules /plant in the 1st season, while the interaction between 
ammonium nitrate X with or without Rhizobium inoculation as well as the interaction between urea X with 
Rhizobium inoculation recorded the highest number of non-active nodules/plant in the 2nd season. 
 
Table 2: Effect of interaction between nitrogen source and Rhizobium inoculation on nodulation attributes of broad bean plant. 

Treatments First season (2010/2011) Second season 
(2011/2012) 

No. active 
nodules 

No. non-active 
nodules 

No active nodules No. non-active 
nodules 

Nitrogen sources Rh. inoculation     
without With 11.30bc 4.00ab 12.75b 5.67b 

Without 0.10d 0.00d 0.17c 0.00d 
Urea With 21.80a 5.60a 23.83a 3.83cd 

Without 1.60cd 0.60d 0.43c 8.50a 
Am. Nitrate With 19.80ab 2.58bc 20.83ab 8.67a 

Without 2.10cd 3.20b 0.83c 10.67a 
Am. Sulphate With 15.80ab 0.90cd 17.83ab 5.00bc 

Without 1.00cd 0.10d 0.83c 1.17c 
Values followed by the same letter (s) in a column are not significantly different at P – 0.05 according to Duncan's multiple range test 
 
1.4.2 N source x Fe foliar spray: 
 
 It is obvious form Table 3 that the best interactions for increasing number of active nodules in broad bean 
plants were urea or ammonium nitrate X Fe foliar application at 500 ppm without significant differences with 
the other interactions between N sources and Fe foliar application, while check treatment recorded the lowest 
values. Regarding number of non-active nodules /plant, the same Table reveal that urea or ammonium nitrate 
sources X Fe foliar spray in both seasons and ammonium nitrate without Fe foliar spray in 2nd season recorded 
the highest values of non-active nodules/plant.    
 
Table 3: Effect of interaction between nitrogen source and iron foliar spray on nodulation attributes of broad bean plant. 

Treatments First season (2010/2011) Second season 
(2011/2012) 

No. active 
nodules 

No. non-active 
nodules 

No. active 
nodules 

No. non-active 
nodules 

Nitrogen sources Spraying with iron     
without With 6.40ab 1.00c 7.92ab 1.50c 

Without 5.00b 3.00ab 5.00b 4.17b 
Urea With 13.40a 4.60a 13.10a 9.33a 

Without 10.00ab 1.60bc 11.17ab 3.00bc 
Am. Nitrate With 13.00ab 4.08a 12.00ab 9.00a 

Without 8.90ab 1.70bc 9.67ab 10.33a 
Am. Sulphate With 9.40ab 1.00c 10.83ab 2.83bc 

Without 7.00ab 0.00c 7.83ab 3.33b 
Values followed by the same letter (s) in a column are not significantly different at P – 0.05 according to Duncan's multiple range test 
 
1.4.3 Rhizobium inoculation X Fe foliar spray: 
 
 Inoculation of broad bean plants with Rh. X with or without Fe foliar spray at 500 ppm reflected significant 
interaction effects on number of active nodules /plant. Number of non-active nodules/plant recorded the same 
trend of active nodules in the 1st season ,but it fluctuated among the interaction treatments in the 2nd one  (Table 
4). 
 
Table 4: Effect of interaction between Rhizobium inoculation and iron foliar spray on nodulation attributes of broad bean plant. 

Treatments First season (2010/2011) Second season 
(2011/2012) 

No. active 
nodules 

No. non-active 
nodules 

No active 
nodules 

No. non-active 
nodules 

Rh. inoculation Spraying with iron     
With With 18.80a 3.99a 20.79a 3.33b 

Without 15.35a 2.55ab 16.83a 8.25a 
Without With 2.30b 1.35bc 1.13b 8.00a 

Without 0.10b 0.60c 0.00b 2.17b 
Values followed by the same letter (s) in a column are not significantly different at P – 0.05 according to Duncan's multiple range test 
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1.4.4 N source X Rhizobium inoculation X Fe foliar spray: 
 
 Application of N as urea or ammonium nitrate X Rh. inoculation x Fe foliar application at 500ppm or 
without recorded the highest number of active nodules /plant in both seasons. While, unfertilized X uninoculated 
X unsprayed plants with iron was the triple interaction treatment which recorded the lowest number of active 
and non active nodules/plant (Table 5)..   
 
Table 5: Effect of interaction among nitrogen source, Rhizobium inoculation and iron foliar spray on nodulation attributes of broad bean 

plant 
Treatments First season (2010/2011) Second season 

(2011/2012) 
No active 
nodules 

No non-
active 

nodules 

No active 
nodules 

No non-active 
nodules 

Nit. sources Rh. inoculation Spraying with iron     
without 

 
With With 12.60bc 2.00def 15.50bc 3.00def 

Without 10.00cd 6.00b 10.00c 8.33b 
Without With 0.20e 0.00g 0.33d 0.00g 

Without 0.00e 0.00g 0.00d 0.00g 
Urea 

 
With With 23.60a 8.00a 25.33a 3.00def 

Without 20.00ab 3.20cd 22.33ab 4.67cd 
Without With 3.20de 1.20efg 0.87d 15.67a 

Without 0.00e 0.00g 0.00d 1.33fg 
Am. Nitrate 

 
With With 22.20a 4.16c 22.33ab 4.00de 

Without 17.40abc 1.00efg 19.33ab 13.33a 
Without With 3.80de 4.00c 1.67d 14.00a 

Without 0.40e 2.40cde 0.00d 7.33b 
Am. Sulphate With With 16.80abc 1.80d-g 20.00ab 3.33def 

Without 14.00bc 0.00g 15.67bc 6.67bc 
Without With 2.00e 2.00fg 1.67d 2.33ef 

Without 0.00e 0.00g 0.00d 0.00g 
Values followed by the same letter (s) in a column are not significantly different at P – 0.05 according to Duncan's multiple range test 
 
2 Dry Weight: 
 
2.1 Effect of nitrogen source: 
 
 It is obvious from data presented in Table 6 that application of all nitrogen sources significantly increased 
the dry weight components of broad bean plant expressed as dry weight of leaves, stem, and roots. In this 
respect, nitrogen as urea and ammonium nitrate significantly recorded the highest values of dry weight for 
different plant organs as well as total dry weight per plant. 
 
Table 6: Effect of nitrogen source,  Rhizobium inoculation and iron foliar spray on dry weight of broad bean  plants. 

Treatments Dry weight (g) 
Leaves Stem Roots Total Leaves Stem Roots Total 

Nitrogen source First season (2010/2011) Second season (2011/2012) 
without 7.85b 9.45c 4.98c 22.27b 9.25c 9.18b 5.08a 23.51b 

Urea 12.72a 14.44a 7.59a 34.73a 16.83a 14.16a 6.78a 37.76a 
Ammonium Nitrate 11.91a 13.31ab 6.36b 31.57a 15.08ab 12.81ab 6.98a 34.86a 

Ammonium Sulphate 10.92ab 12.12b 6.15bc 29.18ab 12.86b 12.75ab 5.79a 31.40ab 
Rhizobium. Inoculation         

With 11.58a 12.99a 6.66a 31.23a 13.88a 12.99a 6.40a 33.26a 
Without 10.11b 11.67b 5.87b 27.65b 13.14a 11.46a 5.92a 30.51a 

Fe foliar spray         
With 11.81a 13.12a 6.85a 31.78a 14.54a 13.47a 6.62a 34.63a 

Without 9.89b 11.53b 5.68b 27.10b 12.47b 10.98b 5.70b 29.14b 
Values followed by the same letter (s) in a column are not significantly different at P – 0.05 according to Duncan's multiple range test 
 
 The increment in dry weight of broad bean plant fertilized with N as ammonium nitrate or urea might be 
attributed to its effects on leaf structure. Ammonium nitrate enhanced leaf midvin vascular bundle width and 
thickness of phloem layer, xylem layer, blade, plaside tissue and spongy tissue (El-Tantawy and Eisa , 2009) 
this led to increase photosynthetic pigments assimilates which increase dry weight of plant (McLaren and 
Cameron, 1996; MacLeod, 1998). The highest N uptake rates were observed when both N forms; NH4

+-N and 
NO3

--N, were presented in soil solution resulted in greater growth rate and consequently increased plant dry 
weight (Reddy and Reddi, 2002).The promoting effect of ammonium sulphate may be attributed to its acidity 
which reduce the alkalinity of soil (Gulser, 2005) and consequently increased the availability of nutrients as well 
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as dry matter   accumulation. These results are in a good line with the findings of Abd El-Hady and Abbas (2005) 
on faba bean. 
 
2.2 Effect of Rhizobium inoculation: 
 
 Data in Table 6 show that the dry weight of all plant organs, viz., leaves, stems and roots as well as total dry 
weight of bread bean plant were significantly increased by inoculation with Rhizobium compared to untreated 
control in the first seasons. There was no any significant effect on dry weight in the second one. 
 The increase in dry weight of broad bean plant might be due to that the inoculation with Rhizobium has 
been demonstrated to affect symbiotic nitrogen fixation by enhancing root nodules number or mass (Yahalom et 
al., 1987; Halverson and Handlesman, 1991) and by increasing nitrogenase activity (Iruthayathas et al., 1983). 
These processes may be enhance plant growth and nitrogen accumulation (Omar and Abd-Alla, 1994) and 
consequently increased dry weight of the plant. 
 These results are in agreement with those of Bethlenfalvay et al. (1978); Arisha (1982). They reported that 
total dry weight of pea plant significantly increased by Rhizobium leguminosarum inoculation compared to 
uninoculated one. 
 
2.3 Effect of iron foliar spray: 
 
 Spraying broad bean plants with iron at 500ppm significantly increased dry weight of root, leaves, stems 
and total dry weight per plant compared to control treatment (Table 6). These results are true in both studied 
seasons. 
 The increase in dry weight by Fe foliar spray might be due to the vital role of Fe on enzymes activity, since 
Fe is an essential component of all enzymes system and electron carriers in which a heam prosthetic group is 
present. Iron present in heam containing enzymes and also in non heam compounds; i.e., peroxidase, catalase, 
cytochrome oxidase, ferodoxin and nitrate reductase  (Srivastava and Gupta, 1996). 
 Application of Fe increased number of nodules/plant (El-Mansi et al. 2005a), high Fe concentration of lentil 
nodules was found to be associated with maximum nitrogenase activity (Rao et al., 1984) and this consequently 
enhanced N2 fixation , which led to increase in plant dry matter accumulation and total plant dry weight.  
 Obtained results are in a good line with the findings of Ibrahim (1989), El-Sayed (1991); Taha et al. (1995), 
Mahmoud  (1998), El-Mansi et al. (2005a) and Kamel (2005) all working on legume crops, they concluded that 
spraying plants with Fe significantly increased dry weight of different plant parts. 
 
2.4 Effect of interactions: 
 
2.4.1 N source x Rhizobium inoculation: 
 
 Results in Table 7 clearly show that the interaction between nitrogen source and Rhizobium inoculation had 
significant affect on dry weight of different organs as well as total dry weight /plant in the two studied seasons, 
except root dry weight in the second season which did not reach the 0.05 level of significance. It is obvious that the 
most favorable interaction treatments for increasing plant dry weight were application of urea x inoculation with 
Rhizobium followed by urea x without inoculation then ammonium nitrate x Rhizobium inoculation. These results 
may be owe to the synergistic effect of nitrogen fertilization as urea or ammonium nitrate on nodulation which 
increased number of active nodules /plant (Table 2) leading to high nitrogen assimilation and consequently 
increasing in plant growth reflected in dry weight of different plant organs.  
 
2.4.2 N source X Fe foliar spray: 
 
 It is clear from data in Table 8 that dry weight of leaves, stem, roots and total plant dry weight were 
significantly affected by the interaction between N sources x iron foliar spray. The interaction between urea x iron 
foliar spray and ammonium nitrate x iron foliar spray at 500ppm recorded the highest values of dry weight of 
different plant organs and total dry weight per plant with no significant difference between these two interaction 
treatments, except stem and roots dry weights in the first season. 
 
2.4.3 Rhizobium inoculation X Fe foliar spray: 
 
 The data in Table 9 show that inoculation with Rhizobium x Fe foliar spray at 500ppm and without Rhizobium 
inoculation x Fe foliar spray were the best two interaction treatments for enhancing dry weight of leaves, stem, 
roots and total plant dry weight with no significant differences between them in the two seasons, except leaves dry 
weight in the first season. 
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Table 7: Effect of interaction between nitrogen source and Rhizobium inoculation on dry weight of broad bean  plants. 
Treatments Dry weight (g) 

Leaves Stem Roots Total Leaves Stem Roots Total 

Nitrogen source Rhizobium 
Inoculation 

First season (2010/2011) Second season (2011/2012) 

without With 7.78d 9.87e 5.23de 22.87cd 9.83cd 9.78bc 5.33a 24.94de 
Without 7.92cd 9.03e 4.73e 21.67d 8.67d 8.59c 4.83a 22.09e 

Urea With 13.81a 15.32a 8.00a 37.12a 17.17a 14.98a 6.83a 38.98a 
Without 11.62ab 13.56bc 7.18b 32.34ab 16.50ab 13.33a 6.72a 36.55ab 

Ammonium Nitrate With 13.07ab 14.10b 7.11b 34.28ab 14.67ab 13.72a 7.33a 35.72bc 
Without 10.74bc 12.50cd 5.61cd 28.85bc 15.50ab 11.89abc 6.62a 34.00bc 

Ammonium Sulphate With 11.67ab 12.66cd 6.32bc 30.65bc 13.83b 13.48a 6.08a 33.39bc 
Without 10.17bcd 11.59d 5.97cd 27.72bc 11.89bc 12.02abc 5.50a 29.40cd 

Values followed by the same letter (s) in a column are not significantly different at P – 0.05 according to Duncan's multiple range test 
 
  Table 8: Effect of interaction between nitrogen source and iron foliar spray on dry weight of broad bean  plants. 

Treatments Dry weight (g) 
Leaves Stem Roots Total Leaves Stem Roots Total 

Nitrogen source Fe foliar spray First season (2010/2011) Second season (2011/2012) 
Without With 8.41de 9.99e 5.48c 23.88cd 10.83bc 10.53ab 5.50ab 26.87d 

Without 7.29e 8.91e 4.48d 20.67d 7.67c 7.83b 4.67b 20.17e 
Urea With 14.35a 15.88a 8.41a 38.64a 18.00a 16.17a 7.56a 41.72a 

Without 11.08bc 13.00bc 6.76b 30.84b 15.67ab 12.15ab 6.00ab 33.81bc 
Ammonium Nitrate With 12.64ab 13.98b 6.67b 33.29ab 16.67a 13.56ab 7.33a 37.56ab 

Without 11.18bc 12.63cd 6.05bc 29.85bc 13.50ab 12.06ab 6.62ab 32.18c 
Ammonium Sulphate 

 
With 11.83bc 12.64cd 6.86b 31.32b 12.67abc 13.63ab 6.08ab 32.38c 

Without 10.01cd 11.60d 5.44c 27.05bcd 13.06abc 11.87ab 5.50ab 30.42cd 
  Values followed by the same letter (s) in a column are not significantly different at P – 0.05 according to Duncan's multiple range test 
 
Table 9: Effect of interaction between Rhizobium inoculation and iron foliar  spray on dry weight of broad bean  plants. 

Treatments Dry weight (g) 
Leaves Stem Roots Total Leaves Stem Roots Total 

Rhizobium inoculation Fe foliar spray First season (2010/2011) Second season (2011/2012) 
with With 13.08a 13.98a 7.25a 34.29a 15.42a 14.48a 7.13a 37.02a 

Without 10.09b 12.00ab 6.08b 28.16b 12.33b 11.50b 5.67a 29.49b 
without With 10.54b 12.27ab 6.46ab 29.27ab 13.67ab 12.46ab 6.11a 32.24ab 

Without 9.69b 11.07b 5.28c 26.034b 12.61b 10.45b 5.73a 28.71b 
Values followed by the same letter (s) in a column are not significantly different at P – 0.05 according to Duncan's multiple range test 
 
2.4.4 N source X Rhizobium inoculation X Fe foliar spray: 
 
 It is clear from data presented in Table 10 that the interaction among N source X Rhizobium inoculation X Fe 
foliar spray at 500ppm reflected significant effect on dry weight of different plant organs of broad bean as well as 
total plant dry weight. The best triple interaction treatment recorded the highest total plant dry weight of different 
plant organs were fertilizing with urea  x inoculation  with Rhizobium x Fe foliar spray, followed by fertilizing with 
ammonium nitrate x Rhizobium inoculation x Fe foliar spray, then application of urea x without Rhizobium 
inoculation x Fe foliar spray. These results hold true in both seasons. 
 
3 Photosynthetic Pigments: 
 
3.1 Effect of nitrogen source: 
 
 Data illustrated in Table 11 reveal that chlorophyll a chlorophyll b and carotenoids content (mg/g DW) 
were significantly affected by different added nitrogen sources compared to control treatment. It is interest to 
note that fertilizing broad bean plants with urea recorded the highest values of carotenoids content (4.36 and 
4.34) in the two seasons, respectively. While, application of N as urea or ammonium nitrate recorded the highest 
values of chlorophyll a in leaves with no significant difference between them. In addition, the highest values of 
chlorophyll b in leaves were recorded when broad bean plants were fertilized with urea or ammonium nitrate in 
the second season only. In this connection, El-Tantawy and Eisa, (2009) found that fertilizing table beet plants 
with nitrogen as ammonium nitrate enhanced leaf midvin, vascular bundle width and thickness of phloem layer, 
xylem layer, blade, plaside tissue and spongy tissue which led to increase photosynthetic pigments assimilates.  
 
 3.2 Effect of Rhizobium inoculation: 
 
 With respect to photosynthetic pigments in broad bean leaves, data in Table 11 show that Rhizobium 
inoculation did not significantly affect photosynthetic pigments; i.e., chlorophyll a, chlorophyll b and 
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carotenoids content in leaves, except chlorophyll b in the first season which significantly affected by Rhizobium 
inoculation. Bethlenfalvay et al. (1978) and Arisha (1982) came to similar results regarding photosynthetic 
pigments. 
 
Table 10: Effect of interaction among nitrogen source, Rhizobium inoculation and iron foliar spray on dry weight of broad bean plants. 

Treatments Dry weight (g) 
Leaves Stem Roots Total Leaves Stem Roots Total 

Nitrogen source Rhizobium 
inoculation 

Fe foliar spray First season (2010/2011) Second season (2011/2012) 

Without 
 

With With 8.45fgh 10.51ij 5.83fgh 24.79fgh 11.67b-e 10.89abc 5.67bcd 28.221de 
Without 7.11h 9.23k 4.62ij 20.96hij 8.00e 8.67bc 5.00cd 21.667fg 

Without With 8.38gh 9.47jk 5.13hij 22.98ghi 10.00de 10.18bc 5.33cd 25.516ef 
Without 7.47h 8.58k 4.33j 20.38hij 7.33e 7.00c 4.33d 18.666g 

Urea With With 16.28a 16.97a 8.50a 41.75a 18.67a 17.33a 8.00ab 44.0a 
Without 11.34cde 13.67cd 7.49bc 32.50cde 15.67a-d 12.63abc 5.67bcd 33.961bc 

Without With 12.42bcd 14.78bc 8.32a 35.52bc 17.33ab 15.00ab 7.11abc 39.443a 
Without 10.81c-f 12.33e-h 6.03efg 29.17def 15.67a-d 11.67abc 6.33a-d 33.667bc 

Ammonium 
Nitrate 

 

With With 14.44ab 14.99b 7.69ab 37.12b 18.33a 15.00ab 8.33a 41.666a 
Without 11.71cde 13.22def 6.52def 31.45cde 11.00cde 12.44abc 6.33a-d 29.776cde 

Without With 10.84c-f 12.98d-g 5.65fgh 29.47def 15.00a-d 12.11abc 6.33a-d 33.443bc 
Without 10.65d-g 12.03fgh 5.57gh 28.25ef 16.00abc 11.67abc 6.91abc 34.574b 

Ammonium 
Sulphate 

 

With With 13.13bc 13.44de 6.96bcd 33.53cd 13.00a-e 14.70ab 6.50a-d 34.2bc 
Without 10.21d-g 11.88gh 5.68fgh 27.77ef 14.67a-d 12.26abc 5.67bcd 32.591bcd 

Without With 10.52d-g 11.84gh 6.75cde 29.11def 12.33b-e 12.55abc 5.67bcd 30.553bcd 
Without 9.82efg 11.33hi 5.19ghi 26.34fg 11.44cde 11.48abc 5.33cd 28.253de 

Values followed by the same letter (s) in a column are not significantly different at P – 0.05 according to Duncan's multiple range test 
 
Table 11: Effect of nitrogen source, Rhizobium inoculation and Fe foliar  spray on Photosynthetic pigments in leaves( mg/g DW) of broad 

bean plants. 
Treatments Chl. a Chl. b Carotenoids Chl. a Chl. b Carotenoids 

Nitrogen source First season ( 2010/2011) Second season (2011/2012) 
Without 2.69b 1.51c 2.90d 2.86b 1.38d 2.78c 

Urea 4.25a 2.14ab 4.36a 5.05a 2.31a 4.34a 
Ammonium Nitrate 3.92a 2.32a 3.94c 4.75a 2.11b 3.97b 

Ammonium Sulphate 3.52ab 2.11b 4.17b 4.67a 2.04c 3.99b 
Rhizobium Inoculation       

with 3.39a 2.17a 3.97a 4.49a 2.08a 3.94a 
without 3.40a 1.86b 3.71a 4.18a 1.84a 3.59a 

Fe  foliar spray       
with 3.85a 2.17a 4.13a 4.82a 2.16a 3.98a 

without 3.34b 1.86b 3.55a 3.85b 1.77b 3.56b 
Values followed by the same letter (s) in a column are not significantly different at P – 0.05 according to Duncan's multiple range test 
 
3.3 Effect of iron foliar spray: 
 
 Foliar spray of broad bean plants with Fe at 500 ppm significantly increased chlorophyll a , b and 
carotenoids content (mg/g DW) in leaves of broad bean plant  compared to unsprayed plants,  except 
carotenoids content in leaves in first season which did not reach the 0.05 level of significance (Table 11). 
 Iron metabolism is of particular importance in nodules since this metal is a constituent of key proteins such 
as nitrogenase and leghemoglobin (Moreau et al., 1995). Because of this, heme and heme proteins are of special 
interest because the cytochrome content changes both qualitatively and quantitatively during bacterial 
differentiation into symbiotic bacteroids. In addition, there is an important need for heme in the synthesis of 
leghemoglobin, which makes up to 20% of the plant protein mass in the nodule cytosol (Appleby, 1984). 
 These results coincided with Mohammed and Helal (1999); El-Mansi et al. (2005a) and Kamel (2005). 
These authors indicated that the Fe foliar sprayed legumes recorded the highest values of leaves photosynthetic 
pigments, i.e. chlorophyll a and b as well as carotenoids compared with the chick treatment. 
 
3.4 Effect of interactions: 
 
3.4.1 N source X Rhizobium inoculation: 
 
 Data in Table 12 show that the interaction between fertilizing broad bean plants with urea x Rhizobium 
inoculation was the best treatment for increasing chlorophyll a and chlorophyll b content. While, the best 
interaction treatment for increasing carotenoids content was ammonium sulphate x Rhizobium inoculation. 
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Table 12: Effect of interaction between nitrogen sources and rhizobium inoculation on photosynthetic pigments of faba bean plants. 
Treatments  cho.a cho.b Carotenoids cho.a cho.b Carotenoids 
Nitrogen 
sources 

Rhizobium 
Inoculation 

First season( 2010/2011) Second season( 2011/2012) 

without with 2.99cd 1.55c 2.80cd 2.90d 1.46d 2.90e 
without 2.38d 1.46c 2.99c 2.81d 1.30d 2.66e 

Urea with 4.49a 2.37a 2.54d 5.26ab 2.42a 4.51a 
without 4.00ab 1.90b 4.17ab 4.84bc 2.19ab 4.16bc 

Ammonium 
Nitrate 

with 4.06ab 2.44a 4.06b 4.85abc 2.23ab 4.11bc 
without 3.77b 2.19ab 3.82b 5.27a 1.99bc 3.83cd 

Ammonium 
Sulphate 

with 3.60bc 2.32a 4.48a 4.64c 2.20ab 4.25ab 
without 3.44b 1.98b 3.86b 4.41c 1.88c 3.71d 

Values followed by the same letter (s) in a column are not significantly different at P – 0.05 according to Duncan's multiple range test 
 
3.4.2 N source X Fe foliar spray: 
 
 Data presented in Table 13 indicate that photosynthetic pigments (chlorophyll a, b and carotenoids) 
contents mg/g DW were significantly affected by the interaction between N source x Fe foliar spray at 500ppm 
in the two seasons. The highest values of the photosynthetic pigments were obtained in leaves of plants 
fertilized with urea x Fe foliar spray in the two tested seasons, except chlorophyll b in the first one. 
 
Table 13: Effect of interaction between nitrogen source, and Fe foliar spray on Photosynthetic pigments in leaves( mg /g DW) of broad bean 

plants. 
Treatments Chl. a Chl. b Carotenoids Chl. a Chl. b Carotenoids 

Nitrogen sources Fe foliar spray First season ( 2010/2011) Second season (2011/2012) 
Without With 2.89cd 1.62g 3.25g 3.39bc 1.55g 2.78h 

Without 2.49d 1.40h 2.54h 2.33c 1.22h 2.79g 
Urea With 4.72a 2.29b 4.71a 5.50a 2.67a 4.61a 

Without 3.78abc 1.98f 4.00d 4.60ab 1.95e 4.07d 
Ammonium Nitrate With 4.01ab 2.58a 4.17c 5.22a 2.26b 4.09c 

Without 3.83abc 2.06d 3.71f 4.28ab 1.96d 3.85e 
Ammonium Sulphate With 3.77abc 2.21c 4.40b 5.15a 2.15c 4.44b 

Without 3.2bcd 2.01e 3.95e 4.19ab 1.94f 3.53f 
Values followed by the same letter (s) in a column are not significantly different at P – 0.05 according to Duncan's multiple range test 
 
3.4.3 Rhizobium inoculation x Fe foliar spray: 
 
 Foliar spray with iron at 500ppm x Rhizobium inoculation was the best interaction treatment for increasing 
chlorophyll a, b and carotenoids content in leaves of broad bean plants compared to other interaction treatments 
(Table 14). These results hold true in both seasons of study. The obtained results may be owe to the synergistic 
effect of Rh. inoculation and iron application. Rh. inoculation increased active nodules formation, and increased 
nitrogen assimilation wherein it is a constituent of chlorophyll and photosynthesis (Reddy and Reddi, 2002). In 
addition, Iron plays important roles in many physiological processes of plants. It is an essential component of 
several enzymes as well as cytochromes and in chloroplast contain prophyrin ring and is required for 2 
production of NADPH for CO2 fixation in photosynthesis (Srivastava and Gupta, 1996).   
 
3.4.3 N source X Rhizobium inoculation X Fe foliar spray: 
 
 It is obvious from the data presented in Table 15 that the interaction among urea X Rhizobium inoculation x 
Fe foliar spray at 500 ppm was the best triple interaction treatment for enhancing the contents of chlorophyll a, b 
and carotenoids in leaves of broad bean plants in both seasons, except chlorophyll b in the first one. In addition, 
ammonium nitrate X Rhizobium inoculation x Fe foliar spray recorded the highest value of leaves chlorophyll b 
content.  
 
4 Yield and its components: 
 
4.1 Effect of N source: 
 Fertilizing broad been plants with ammonium nitrate significantly increased average pod weight, number of 
pods / plant and yield per plant as well as per feddan compared to the other used N sources in the two seasons, 
except number of pods /plant in the second one (Table 16). The increment in total yield per feddan due to 
fertilizing broad bean plants with ammonium nitrate were (11.4%and6.8%)in the first and second seasons over 
urea treatment, respectively. The increments in yield and its components due to application of N as ammonium 
nitrate or urea may be owe to their positive effects on number of nodules, photo assimilation pigments, plant 
growth expressed in plant dry weight and consequently their superiority in yield and its components(Tables 16, 
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11). On the other hand, Reddy and Reddi (2002) reported that when urea was added to the soil it hydrolysis to 
ammonium carbonate and rapidly decomposed to ammonium and carbon dioxide; ammonium nitrate contains 
nitrogen in the forms of nitrate and ammonium. Nitrate and ammonical fertilizers reduce the alkalinity and they 
are acidic effect on the soils and it readily available to plants for rapid growth (Reddy and Reddi, 2002) and 
consequently increasing in yield and its components.  In this respect El-Sheikh and El-Zidany (1997) reported 
that application of 40 and 80 Kg N as urea to faba bean plants increased seed yield by 17 and 20.4%, 
respectively compared to unfertilized plants. In addition Abd El-Hady and Abbas (2005) came to similar results 
regarding faba bean yield. 
 
Table 14: Effect of interaction between Rhizobium inoculation and Fe foliar spray on Photosynthetic pigments in leaves( mg/g DW) of 

broad bean plants. 
Treatments Chl. a Chl. b Carotenoids Chl. a Chl. b Carotenoids 

Rhizobium Inoculation Fe spray First season ( 2010/2011) Second season( 2011/2012) 
with with 3.97a 2.37a 4.29a 5.02a 2.27a 4.15a 

without 3.61ab 1.97c 3.66c 3.95ab 1.89c 3.74c 
without with 3.72a 1.98b 3.98b 4.61a 2.04b 3.81b 

without 3.08b 1.75d 3.44d 3.75b 1.65d 3.38d 
Values followed by the same letter (s) in a column are not significantly different at P – 0.05 according to Duncan's multiple range test 
 
Table 15: Effect of interaction among  nitrogen source, Rhizobium inoculation and Fe foliar  spray on Photosynthetic pigments in leaves  
                (mg/g DW) of broad  bean plants. 

Treatments Chl. a Chl. b carotenoids Chl. a Chl. b Carotenoids 
Nitrogen source Rhizobium 

inoculation 
Fe foliar spray First season( 2010/2011) Second season( 2011/2012) 

Without With With 3.11def 1.66l 3.27j 3.42de 1.63m 2.67o 
Without 2.88efg 1.44n 2.33m 2.38e 1.29o 3.13m 

Without With 2.66fg 1.58m 3.23k 3.36de 1.46n 2.88n 
Without 2.10g 1.35o 2.75l 2.27e 1.15p 2.45p 

Urea With With 4.77a 2.52b 4.75a 5.91a 2.78a 4.84a 
Without 4.22abc 2.22e 4.33d 4.61a-d 2.07g 4.18e 

Without With 4.67ab 2.06g 4.67b 5.09abc 2.56b 4.37c 
Without 3.33c-f 1.74k 3.67i 4.59a-d 1.83k 3.96g 

Ammonium Nitrate With With 4.14a-d 2.82a 4.37c 5.32abc 2.41c 4.33d 
Without 3.99a-d 2.06g 3.75h 4.39bcd 2.05h 3.89h 

Without With 3.88a-e 2.33d 3.97g 5.11abc 2.11f 3.85i 
Without 3.67b-f 2.05h 3.67i 4.17bcd 1.87j 3.81j 

Ammonium Sulphate With With 3.87a-e 2.48c 4.75a 5.44ab 2.26d 4.74b 
Without 3.33c-f 2.16f 4.22e 4.42bcd 2.15e 3.77k 

Without With 3.66b-f 1.94i 4.05f 4.86abc 2.03i 4.14f 
Without 3.22c-f 1.85j 3.67i 3.96cd 1.73l 3.29l 

  Values followed by the same letter (s) in a column are not significantly different at P – 0.05 according to Duncan's multiple range test 
 
  Table 16: Effect of nitrogen source, Rhizobium  inoculation and Fe foliar spray on yield and its components of broad bean plants. 

Treatments Pod weight 
(g) 

No. pods/ 
plant 

Yield/plant 
(g) 

Yield/fed. 
(kg) 

Pod 
weight 

(g) 

No. 
pods/ 
plant 

Yield/ 
plant 
(g) 

Yield/fed. 
(kg) 

Nitrogen source First season( 2010/2011) Second season (2011/2012) 
without 13.48c 8.02c 108.7c 2708.0c 15.57b 7.42b 115.60c 2902.0c 

Urea 16.15a 11.24b 182.1b 4586.1b 19.14a 12.31a 236.90ab 5873.0b 
Ammonium nitrate 16.24a 12.51ab 204.0a 5107.2a 20.73a 12.16a 253.60a 6270.0a 

Ammonium Sulphate 14.60b 12.92a 188.0b 4643.1b 18.89a 11.83a 224.30b 5500.0b 
Rhizobium inoculation  

with 16.15a 11.56a 189.29a 4707.0a 19.72a 11.67a 234.54a 5757.0a 
without 14.08b 10.79b 152.12b 3814.5b 17.45a 10.19a 180.63a 4515.0a 

Fe foliar spray  
with 15.75a 11.23a 178.67a 4470.1a 19.01a 11.21a 217.06a 5377.0a 

without 14.48b 11.12b 162.74b 4051.5b 18.16a 10.65b 198.10b 4894.0b 
Values followed by the same letter (s) in a column are not significantly different at P – 0.05 according to Duncan's multiple range test 
 
4.2 Effect of Rhizobium inoculation: 
 
 Data in Table 16 show that yield and yield component; i.e., average pod weight, number of pods/plant and 
yield/plant as well as /feddan were significantly affected by Rhizobium inoculation in the first season. While, in 
the second one it did not reflect any significant effect on the aforementioned yield and its component parameters 
in spite of the increments in yield of plant, and per feddan as well as both number of pods/plant and pod weight 
due to Rhizobium inoculation. The increments in total yield / feedan due to Rhizobium inoculation were (23.4%) 
and (27.5%) in the first and second seasons, respectively in comparison with control treatment. The superiority 
in yield due to Rhizobium inoculation may be owe to the increments in number of active nodules (Table1) and 
the increase in plant dry weight (Table 6).  
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 Obtained results are in a good line with those of Ram and Sanoria (1979); Arisha (1982); and Kamel 
(2005). They found that yield of tested legume plants was high with Rhizobium inoculation compared to 
uninoculated plants. 
 
4.3 Effect of iron foliar spray: 
 
 Foliar spray of broad bean plants with iron at 500ppm had significant effect on all studied yield traits in the 
two studied seasons, except average pod weight in the second season which did not reach the 0.05 level of 
significance (Table 16). Broad bean plants sprayed with Fe scored significantly the highest total yield kg  per 
feddan (4470.1 and 5377.0) compared to control which recorded (4051.5 and 4894.0) in the first and second 
season, respectively. The increments in yield and its components may be owe to the increment in active nodules 
formation (Table 1), increasing in photosynthetic pigments (Table 11), dry weight of plant and therefore 
increasing in yield.  
 In this respect, Singh et al. (1995), Mohammed and Helal (1999), El-Mansi et al. (2005b) and Kamel 
(2005) came to similar results. They reported that Fe foliar application caused a significant increase in total 
green pods yield and average pod weight. 
 
4.4 Effect of interactions: 
 
4.4.1 N source X Rhizobium inoculation: 
 
 Data in Table 17 showed significant interaction between nitrogen source and Rhizobium inoculation 
regarding average pod weight, yield/plant and /feddan in the two seasons, but did not reach the level of 
significance, regarding average pod weight in the second season. It is obvious from the same data that average 
pod weight and pod yield per plant as well as per feddan were at their maximum values when broad bean plants 
were fertilized with ammonium nitrate and inoculated with Rhizobium. In addition, number of pods per plant did 
not reflect clear trend due to the interaction between N sources x Rhizobium inoculation in the two studied 
seasons. In this regard , El-Sheikh and El-Zidany (1997) reported that Rhizobium inoculation with 40 and 80 Kg 
N/ha treatments increased yield by 17.0% and 20.4%, respectively compared to uninoculated control (with no 
fertilizer), this mean that inoculation was effective in increasing yield at low rates 40Kg N/ha.  
 
Table 17: Effect of interaction between nitrogen source, Rhizobium  inoculation on yield and its components of broad bean plants. 

Treatments Pod 
weight 

(g) 

No. 
pods/ 
plant 

Yield/plant 
(g) 

Yield/fed. 
(kg) 

Pod 
weight 

(g) 

No. 
pods/ 
plant 

Yield/plant 
(g) 

Yield/fed. 
(kg) 

Nitrogen source Rhizobium inoculation First season( 2010/2011) Second season (2011/2012) 
Without With 14.30e 8.43g 122.4g 3042.0g 16.23a 8.05f 130.9g 3238.0g 

Without 12.65f 7.62h 95.0h 2374.0h 14.90a 6.79g 100.4h 2567.0h 
Urea With 16.76b 12.27d 205.6b 5238.0b 20.17a 13.43a 271.0b 6697.0b 

Without 15.52d 10.21f 158.6f 3934.0f 18.12a 11.18e 202.8e 5049.0e 
Ammonium nitrate With 17.16a 13.03b 224.0a 5565.0a 22.22a 12.93b 287.5a 7024.0a 

Without 15.32d 12.00e 183.9d 4649.0d 19.25a 11.40d 219.6d 5516.0d 
Ammonium Sulphate With 16.37c 12.51c 205.2c 4984.0c 20.27a 12.26c 248.8c 6070.0c 

Without 12.82f 13.33a 170.9e 4302.0e 17.52a 11.40d 199.7f 4930.0f 
Values followed by the same letter (s) in a column are not significantly different at P – 0.05 according to Duncan's multiple range test 
 
4.4.2 N source X Fe foliar spray: 
 
 In the present study, interaction between N sources X iron foliar spray at 500ppm (Table 18) reveal 
significant differences for all yield and its components parameters in the two years. In first year, fertilizing 
broad bean plants with ammonium nitrate x Fe foliar spray was the best interaction treatment for increasing pod 
weight, number of pods/ plant and yield/ plant as well as per feddan. While, in the second season, both 
ammonium nitrate X Fe foliar spray and urea X Fe foliar spray recorded the highest values of all studied yield 
parameters with no significant differences between them. 
 
4.4.3 Rhizobium inoculation X Fe foliar spray: 
 
 Data in Table 19 show that all studied yield parameters as well as total yield /feddan recorded the highest 
values due to the interaction between Rhizobium inoculation X Fe foliar spray at 500ppm in the two seasons 
compared to the other interaction treatments. 
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Table 18: Effect of interaction between nitrogen source, and Fe foliar  spray  on yield and its components of broad bean plants. 
Treatments Pod 

weight(g) 
No. 

pods/plant 
Yield/plant 

(g) 
Yield/fed. 

(kg) 
Pod 

weight 
(g) 

No.pods/plant Yield/plant 
(g) 

Yield/fed. 
(kg) 

Nitrogen source Fe foliar spray First season (2010/2011) Second season( 2011/2012) 
without with 14.70de 7.92d 118.2c 2928.0d 16.68ab 7.40d 123.6d 3092.0d 

without 12.25f 8.13d 99.2c 2488.0d 14.45b 7.44d 107.7d 2713.0d 
Urea with 16.58a 11.20c 186.3b 4795.0bcd 19.62ab 12.77a 251.5ab 6254.0ab 

without 15.71ab 11.28c 177.9b 4378.0c 18.67ab 11.84b 222.2c 5492.0c 
Ammonium nitrate with 16.55a 12.79a 212.8a 5314.0a 21.13a 12.86a 273.4a 6744.0a 

without 15.94ab 12.24b 195.2ab 4900.0ab 20.33a 11.46c 233.7bc 5796.0bc 
Ammonium Sulphate with 15.16cd 13.03a 197.4ab 4844.0abc 18.60ab 11.79b 219.7c 5420.0c 

without 14.02e 12.81a 178.7b 4442.0bc 19.18ab 11.88b 228.8c 5580.0c 
Values followed by the same letter (s) in a column are not significantly different at P – 0.05 according to Duncan's multiple range test 
 
Table 19: Effect of interaction between Rhizobium  inoculation and Fe foliar  spray on yield and its components of broad  bean plants. 

Treatments Pod weight 
(g) 

No. 
pods/plant 

Yield/plant 
(g) 

Yield/fed. 
(kg) 

Pod weight 
(g) 

No. 
pods/plant 

Yield/plant 
(g) 

Yield/fed. 
(kg) 

Rhizobium Inoculation Fe foliar spray First season (2010/2011) Second season( 2011/2012) 
With with 16.72a 11.92a 201.7a 5006.0a 19.86a 12.10a 244.7a 6028.0a 

without 15.57b 11.20b 176.9b 4408.0b 19.58a 11.23b 224.4b 5486.0b 
Without with 14.77c 10.55d 155.6c 3934.0c 18.16a 10.31c 189.5c 4727.0c 

without 13.39d 11.03c 148.6d 3695.0d 16.73a 10.07d 171.8d 4304.0d 
Values followed by the same letter (s) in a column are not significantly different at P – 0.05 according to Duncan's multiple range test 
 
4.4.4 N source X Rhizobium inoculation X Fe foliar spray: 
 
 Data presented in Table 20 indicate that the interaction among the three tested factors reflected significant 
effect on all yield and its components traits. Fertilizing broad bean with ammonium nitrate X Rhizobium 
inoculation x Fe foliar spray at 500 ppm was the best triple interaction treatment for increasing yield and its 
components, i.e. average pod weight, number of pods/plant and yield per plant as well as per feddan in the two 
seasons of study. The obtained results may be owe to the positive effect of nitrogen as ammonium nitrate, Rh. 
inoculation and Fe foliar spray on nodulation attributes, photosynthetic pigments and plant growth expressed in 
dry weight of different broad bean plant organs wherein increased the yield and its components. 
 
Table 20: Effect of interaction among nitrogen source, Rhizobium  inoculation, and Fe foliar spray  on yield and its components of broad 

bean plants. 
Treatments Pod weight 

(g) 
No. pods/ 

plant 
Yield/plant 

(g) 
Yield/fed. 

(kg) 
Pod weight 

(g) 
No.pods/ 

plant 
Yield/plant 

(g) 
Yield/fed. 

(kg) 
N source Rhizobium 

inoculation 
Fe foliar 

spray 
First season( 2010/2011) Second season( 2011/2012) 

Without With With 15.10f 9.07k 139.60m 3447.00l 16.90a-d 8.39m 141.80m 3501.0m 
Without 13.50h 7.78m 105.10n 2636.0m 15.57cd 7.71n 120.0n 2975.0n 

Without With 14.30g 6.76n 96.80o 2409.0n 16.47bcd 6.41p 105.3o 2683.0o 
Without 11.00j 8.47l 93.26b 2339.0o 13.33d 7.16o 95.5p 2450.0p 

Urea With With 17.33ab 11.96g 207.30c 5442.0b 20.57abc 13.95b 286.7b 7193.0b 
Without 16.20d 12.58e 203.90e 5034.0e 19.77abc 12.91c 255.2e 6201.0e 

Without With 15.83de 10.44i 165.40j 4147.0j 18.67a-d 11.59h 216.3h 5314.0h 
Without 15.22f 9.98j 151.90l 3721.0k 17.57a-d 10.78l 189.3l 4783.0l 

Ammonium Nitrate With With 17.55a 13.82a 242.60a 5897.0a 22.53a 13.96a 314.6a 7648.0a 
Without 16.77c 12.24f 205.40d 5232.0d 21.90ab 11.89f 260.4d 6399.0c 

Without With 15.55ef 11.76h 182.90h 4730.0f 19.73abc 11.77g 232.2j 5840.0f 
Without 15.10f 12.24f 185.00g 4567.0g 18.77a-d 11.03k 207.0i 5192.0i 

Ammonium Sulphate With With 16.91bc 12.84d 217.30b 5238.0c 19.43abc 12.11a 235.5f 5769.0j 
Without 15.83de 12.19f 193.10f 4730.0f 21.10abc 12.42d 262.0c 6370.0d 

Without With 13.42h 13.22c 177.40i 44.50h 17.77a-d 11.47i 203.9j 5070.0j 
Without 12.22i 13.44b 164.30k 4153.0i 17.27a-d 11.33j 195.5k 4789.0k 

Values followed by the same letter (s) in a column are not significantly different at P – 0.05 according to Duncan's multiple range test 
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