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ABSTRACT 
Two field experiments were carried out in a private farm located at Bangar El Sokar region - Borg Al-Arab - 

Alexandria, Egypt, during winter growing season of 2014/2015 to study the effects of three spacing (10, 20 and 30 cm), 
three Humic acid (HA) rates (control, 1000 and 2000 mg l-1) and three boric acid rates (control, 2.5 and 5 mg l-1) on the 
vegetative growth, seed yield and its quality of broad bean plants. 

The results indicated that increasing spacing between broad bean plants lead to an increase in the numbers of 
branchesplant-1 and poor seeds percentage. While, plant height, seed yield fed-1 (ton) and good seeds percentage characters 
were decreased by increasing spacing. 

Treated broad bean plants with humic acid increased plant height and the numbers of branches. However, using 
humic acid at rate 2000 mg l-1gave the highest mean value of fresh mass plant-1. While, increasing humic acid rate was 
lead to decrease the nods setting percentage. In addition to, application of 1000 mg l-1 of humic acid gave the highest 
mean value of the seed yield fed-1and good seed percentage, as well as the lowest percentage of poor seeds.  

The results showed that the highest mean values of plant height (cm) were obtained from treated plants with               
2.5 mg l-1 boric acid. Also, increasing boric acid rates up to 5 mg l-1 decreased the fresh mass of plant-1. Whereas, the 
highest mean value of the earliness and nods setting percentage achieved by application 5 mg l-1 of boric acid. Increasing 
the boric acid rates up to 5 mg l-1 was associated with increments in the average seed yield fed-1 and the good seed 
percentage. In general, the highest dry seed yield fed-1, under conditions of Bangar El Sokar region - Borg Al-Arab – 
Alexandria, were achieved when sowing broad bean plants at 10 cm with the application of humic acid at rate 1000 mg l-1 
and foliar application of boric acid at rate 5 mg l-1. 
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INTRODUCTION 
Broad bean (Viciafaba var. major. L) is 

considered as one of the most important leguminous 
crops (winter season) in the world. It is not only a 
cheap source of protein, but also it improves the soil 
by fixing N and increasing soil fertility. In Egypt, 
broad bean grown in different types of soils. Its 
green seeds are eaten either raw or cooked, where its 
cultivated area reached about 6737 and 89708 fed., 
with an average production of 5.97 and 1.47 ton fed-

1 from green pods and dry seeds, respectively, in 
2013/2014.  

Spacing (plant density) is one of the most 
agricultural practices that affect growth and yield of 
broad bean and it is well known that the number of 
any crop plants/unit area is one of the most 
important factors determining productivity(Nawaret 
al. 2010). Such plant density depends on 
components of planting method; such as hill 
spacing. The optimum plant density is a factor, 
which achieves the highest possible crop yield, as 
recommended by the (Ministry of Agriculture & 
Land Reclamation, 2004).Divergent studies on the 
effect of plant density on faba bean traits were 
conducted by various researchers(Ibrahim (2009), 
Shamsi (2009), Bakry et al. (2011), Mehasen and 
Ahmed (2012), Yucel (2013), Abd El-Azeem et al. 
(2014), and Mekkei (2014). 

Humic acid (HA) is very large and complex 
molecules. It is rich in both organic and mineral 
substances which are essential to plant growth and 
consequently increase yield quality and quantity 
(Gad El-Hak et al. 2012). HA is also a source of 
plant nutrients essential for the plant growth 
(Yildirim, 2007). The uptake of HA in plant tissue 
results in various biochemical effects through an 
increase in nutrient uptake, preserving vitamins and 
amino acids level in plant tissues, thus stimulate the 
growth of roots and whole plant (Nardi et al., 1996). 
Many investigators showed several beneficial 
effects of HA such as increasing cell membrane 
permeability (Sialet al., 2007), oxygen uptake and 
photosynthesis (Chen et al., 1994), phosphorus 
uptake and root elongation (Cimrin and Yilmaz, 
2005).Addition, HA has a role in decreased the 
damage of chocolate spot, damping-off and rust 
diseases of faba bean (El-Ghamry et al.,2009 and 
Abdel-Monaim et al., 2011). 

 Boron(B) is vital to plant growth and 
development and necessary for the sexual 
reproduction stages (increases flower production, 
pollen germination and its tube elongation, and 
development of the seed and fruit). Its deficiency 
causes different effects on many processes in 
vascular plants such as root elongation, indole acetic 
acid (IAA) oxidase activity, sugar translocation, 
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carbohydrate metabolism and nucleic acid synthesis 
(PilbeamaandKirkbya1983 and Camacho-Cristobal 
et. al. 2008). A small amount of B is beneficial to 
vegetable plants, but higher concentration can be 
toxic to living organisms including plants. It reduces 
growth, particularly of shoots, and causes chlorosis 
of leaf tip and margins of mature leaves (Gupta 
et.al. 1985).  

The broad bean is a multi-purpose crop that 
plays an important role in the socio-economic life of 
various communities in Egypt. Therefore, it is 
important to get a maximized yield of broad bean. In 
this respect, the present investigation aimed to study 
the effects of plant spacing, humic acid and boron 
concentrations on vegetative growth, seed yield and 
quality of broad bean. 

MATERIALS AND METHODS 
Two field experiments were carried outin a 

private farm located at Bangar El Sokar region - 
Borg Al-Arab - Alexandria, during the winter 
growing seasons of 2014/2015, to study the effects 
of spacing, humic acid (HA) and boron (B) on 
vegetative growth, seed yield and its quality of 
broad bean plants. Prior to the initiation of the 
experiments, soil samples were collected at depth 30 
cm, and analyzed for some physical and chemical 
properties. The results of the soil analyses are 
shown in Table (1). 

Broad bean cultivar Loz de otono was used in 
this investigation, where it is well adapted for 
Egyptian environmental conditions,sowing seeds 
were done at three spacing 10, 20 and 30 cm on the 
one ridge side and one seed per hill, on 25th October, 
2014, in twoexperiments. Humic acidwas used as 
potassium humate at three levels, i.e.0 (control, 
sprayed with distilled water), 1000 and 2000 mg l-1, 
which were added as a soil and foliar applications. 
The soil application was done after 30 days from 
planting (about 100 ml plant-1), while, the foliar 
application was twice, the first was after 45 days 
from planting and the second time was after two 
weeks from the first one. 

 Boric acid (H3Bo3)17% boron was used as a 
source of boron at three levels, i.e.0 (control, 
sprayed with distilled water), 2.5 and 5 mg l-1 
applied as a foliar application, through the flowering 
stage, just one time after 40 days from planting. 
Through the growing season, the other cultural 
practices were conducted whenever they were 
needed and as recommended in the commercial 
production of broad bean plants under conditions of 
the Bangar El Sokar region - Borg Al-Arab – 
Alexandria. 
Experimental Design:  

Split-split plot system in a Randomized 
Complete Block Design with four replications was 
used, in the experiments. Spacing treatments were 
allocated in the main plots; while the sub-plots were 
devoted to the application of HA concentrations and 

the sub-sub-plots were devoted to the application of 
B levels. Each sub-sub-plot consisted of two ridges 
(7 m long × 65 cm wide). The experimental unit (the 
sub-sub-plot) area was 9.1 m2. 

Collection of Experimental Data: a sample 
consisting of 4 plants was selected at random from 
each sub- sub plot for recording the various 
vegetative growth parameters, i.e. plant height (cm), 
branches number plant-1 and fresh mass plant-1(g) 
were recorded after 90 days from sowing. At the 
beginning of the flowering stage, flowering 
characters of broad bean plants were determined as 
follows: Earliness: It was expressed as the number 
of nodes up to first flower cluster.Nods setting 
percentage: It was recorded as number of settings 
nods: number of flowering nods, at the end 
flowering stage.Dry Seed Yield fed-1(Kg) and Crude 
protein in Seeds (g/100g) were recorded at botanical 
maturity stage after harvested, sun-dried and 
separating seeds. Seed grading was done on sample 
about 500g dry seeds, randomly chosen from sub-
sub-plot, where the dry seeds were divided into 
large and medium size as (good seeds) meanwhile 
small seeds (poor seeds), then calculated the ratio 
for each one, based on weight. 

Statistical analysis: All obtained data of the 
present study were analyzed according to the design 
used by the CO-Stat computer software program. 
The comparisons among means of the different 
treatments were carried out by using the revised 
L.S.D. test at 0.05 level. 

RESULTS AND DISCUSSION 
Vegetative Growth Characters 
Effects of Spacing 

The results presented in Tables (2) indicated 
that sowing broad bean plants at wide spacing (30 
cm) recorded the significantly higher number of 
branches plant-1and fresh mass plant-1(in both 
experiments), and nods setting percentage (in the 
first experiment only), while, at 10 cm spacing 
achieved significantly the highest plant height and 
earliness compared with the wider spacing (30 cm) 
in both experiments. Such results might be expected 
on the assumption that competition among the 
growing plants for nutrition and light intensity 
would be more in the case of narrow spacing (high 
plant densities). Accordingly, under high plant 
density, the low light intensity seemed to encourage 
somewhat the stem elongation of broad bean plants. 
In addition, the less available nutrients under the 
conditions of high plant density would not allow for 
excessive rates of photosynthesis and accumulation 
of stored food in the leaves of broad bean plants. 
These results agreed to a great extent with those 
reported by AL-Rifaee et al., 2004, Ibrahim (2009), 
Shamsi (2009), Bakry et al. (2011), Yucel (2013), 
Dahmardeh et al (2010), Nawar et al (2010) and 
Mekkei (2014).  
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On the other hand, Mehasen and Ahmed (2012) and 
Alazaki and Al-Shebani (2012) they indicated that 
hill spacing of 8 cm between hills (highest density) 
produced tallest plants, maximum number of leaves 
and branches plant-1.  
Effects of Humic acid  

The results in Tables (2) showed that treating 
broad bean plants with HA at rates 1000 and 2000 
mg l-1 resulted in a significant increase in plant 
height, number of branches, (in the first experiment) 
and fresh mass of plant-1 (g), in both experiments. 
Increasing applied rate of HA up to 2000 mg l-1 was 
significantly decreased the nods setting percentage, 
in the first experiment only. On the other hand, 
humic acid had not significant effect on other 
flowering characters. This result can be explained 
on the basis of some plant hormone-like substances 
seem to be present in the HA acids, thus exerting a 
possible stimulating effect on the growth and 
development of chlorophyll (Liu et al., 1998).  Also, 
caused the enlarged root system (deeper and greater 
mass) and increased stimulation of plant-growth due 
to hormones (Hopkins and Stark, 2003).  A positive 
response of HA acid was previously obtained by  
El-Ghamry et al. (2009), who reported that all 
morphological characters of faba bean plants (plant 
height, number of branches and leaves plant-1) were 
significantly increased by the application with HA 
acid at 2000 ppm. These results are in accordance 
with the findings of El-Bassiony et al. (2010),               
El-Hefny (2010),  Azarpour et al (2011), Haghighi 
et  al (2011), EL-Baz et al (2012), Gad El-Hak et al 
(2012), Shafeeket al (2013). 
Effects of Boron  
       The obtained results in Tables (2) clarified that 
application of boric acid at rate 2.5 mg-1 led to a 
significant increase in plant height (in the first 
experiment only), in addition increasing boric acid 
rates up to 5 mg l-1 was associated with 
corresponding successive reductions in the fresh 
mass of plant-1 (in the second experiment) and 
earliness (in the first experiment). While, boric acid 
had no significant effect on the number of branches 
in the first experiment. This positive effect of boron 
on plant growth may be due to the main functions of 
boron relate to cell wall strength and development, 
cell division, fruit and seed development, sugar 
transport and hormone development (Waqar et al., 
2009) and the imperative role of B in maintaining of 
cell integrity, enhancing respiration rate, increasing 
uptake of certain nutrients and metabolic activities 
such as IAA, which increases the fruit set (Shnain  
et al., 2014). These results are in agreement with 
Sharaf et al. (2009), Abou EL-Yazied and Mady 
(2012), Abd El-Azeem et al. (2014) and Moghazy       
et al., (2014). 
Interaction Effects  

The second-degree interaction effects among 
the three main studied factors in Table (3)indicated 

that the highest values of plant height, in both 
experiments, produced from the treatment 
combinations of 10 cm spacing with treated broad 
bean plants by 1000 mg l-1 of HA acid and 5 mg l-

1of boric acid. While, in the case of the number of 
branches plant-1 character, the best treatment 
combination, which gave the maximum mean values 
was planting broad bean plants at 30 cm spacing 
combined with application of HA acid at rate 2000 
mg l-1 and boric acid at level 2.5 mg l-1, in the two 
experiments. In addition, the two treatment 
combinations of spacing 30 cm with application of 
2000 mg l-1 of humic acid with the use of any of 5 
mg l-1 or 2.5 mg l-1 boric acid gave the highest mean 
value of fresh mass of plant-1, in the first and second 
experiment, respectively. On the contrary, the two 
treatment combinations of spacing 10 cm with 1000 
mg l-1 of humic with the use of any of 5 mg l-1 and 
2.5 mg l-1of boric acid gave the lowest values of it, 
in the first and second experiment, respectively.  
The highest mean values of the earliness were 
achieved from the two treatment combinations of 
narrow spacing (10 cm) with using 2000 mg l-1 
humic and addition of 0.0 mg l-1 boric, as well as of 
narrow spacing (10 cm) with application 0 mg l-1 of 
humic and 2.5 mg l-1 of boric, in the first and second 
experiment, respectively. Moreover, the treatment 
combination of spacing 30 cm with using 0 mg l-1 

humic and application of 5 mg l-1 boric acid gives 
the highest mean value of the nods setting 
percentage, in the first experiment only. 
Seed Yield and its Quality 
Effects of Spacing 
        The results in Table(4) showed that broad bean 
plants that sowed at narrow spacing (10 cm) gave 
significantly the highest average of the total seed 
yield fed-1 and good seeds percentage as well as the 
lowest average of the poor seeds percentage, 
compared with the wider spacing (30 cm) in both 
experiments. On the other hand, the three spacing 
that used did not show significant differences in their 
effects on the seed protein content, in both 
experiments. This is actually expected based on 
decreasing spacing (increasing plant density) means 
increasing the numbers of growing plants per unit 
area. Similar results were reported by AL- Rifaee           
et al. (2004), Abdel Latif (2008), Dahmardeh et al. 
(2010), Bakry et al. (2011), Khamooshi et al. (2012) 
and Abd El-Azeem et al. (2014). In addition, these 
results are not in concordance with the findings of 
Luikham et al. (2009) in broad bean and Mekkei 
(2014) in faba bean for crude protein content. 
Effects of Humic acid  

Concerning the humic effects, the obtained 
results in Table (4) showed clearly that treating 
broad bean plants with HA acid levels at rate 1000 
mg l-1 increased significantly average good seed 
percentage  
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and decreased the percentage of poor seeds in the 
first experiment as well as increased significantly 
average total seed yield fed-1, in the second 
experiment, compared with the lowest level 
(control). It has been reported that application of 
HA increased the growth and yields of various 
vegetable crops (Hayes and Wilson, 1997; 
Zandonadi et al. 2007).These results seemed to be in 
accordance with those reported by Abdel-Monaim  
et al (2011), Azarpour et al (2011), EL-Baz et al. 
(2012), Gad El-Hak et al. (2012). Also, Barakat et 
al (2015) who indicated that number of dry pods 
plant-1, weight of 100 dry seeds and dry seeds yield 
plant-1 and fed-1 of common bean plants were 
positively responded to application of potassium 
humate at rate 100 kg fed-1. 
Effects of Boron  
      Regarding the effects of boric acid, it was 
noticed that increasing the boric acid rates either2.5 
or 5 mg l-1 was associated with increments in the 
average seed yield fed-1, in the first experiment and 
the good seed percentage, in the second experiment 
(Table 4). In the case of poor seed percentage, in the 
second experiment, the medium rate of boric acid 
(2.5 mg l-1) gave significantly lower values 
compared with control treatment. Similar results 
were reported by Harmankaya et al. (2008), Jasim 
and Amir, (2014) and Abd El-Azeem et al. (2014). 
Moreover, Moghazy et al. (2014) who found that 
the foliar application of B at concentration of 50 
ppm was caused a significant increase in the number 
of pea pods, weight of pods plant-1, and weight of 
pod, total green pod yield fed-1and total dry seed 
yield compared to untreated plants. The seed protein 
percentage didn't affect significantly by application 
of boric acid, in the two experiments. Such finding 
was not similar with Hemantaranjan et al. (2000), 

Bellaloui et al. (2010) and Abou EL-Yazied and 
Mady (2012) they indicated that the foliar 
application of 50 ppm increased NPK, crude protein 
and total carbohydrate contents in the seeds. 
Interaction Effects  

The results illustrated the presence of some 
significant interaction effects of the second type 
among the three main studied factors on seed yield 
and quality characters (Table 5). The highest values 
of seed yield fed-1, in the first experiment, were 
produced from the two treatment combinations of 
10 cm spacing with control treatment of humic acid 
and 2.5 or 5 mg l-1 of boric acid. While, in the 
second experiment, the treatment combinations of 
the same spacing with 1000 mg l-1 of humic and 5 
mg l-1 of boric acid, was achieved the highest seed 
yield fed-1.On the contrary, the two treatment 
combinations of wide spacing (30 cm) with humic at 
rate 2000 mg l-1 and 0 mg l-1 boric acid and same 
spacing with 1000 mg l-1 and boric acid at rate 5 mg 
l-1 achieved the lowest values seed yield fed-1; in the 
first and second experiment, respectively.  
Additionlly, in the first experiment, the treatment 
combinations of 10 cm spacing with 0 mg l-1 of 
humic and 2.5 mg l-1 of boric acid, as well as of 30 
cm spacing with 1000 mg l-1 of humic acid and 0 
mg l-1 of boric acid were achieved the highest and 
lowest values of good and poor seed percentages, 
respectively. While, in the second experiment, the 
same result was achieved from the treatment 
combinations that involving of 10 cm spacing with 
1000 mg l-1 of humic acid and 2.5 mg l-1 of boric 
acid.However, the highest mean values of seed 
protein percentage were achieved from treatments 
combinations of medium spacing (20 cm) with 
using 1000 mg l-1 of humic and either of 5 or 2.5 mg 
l-1 of boric acid, respectively, in both experiments. 

Table 4: The main effects of dry seed yield and its quality of broad bean plants as affected by spacing,   
humic acid and boric acid in the winter season of 2014/2015. 

First experiment Second experiment 
Seed Grading Seed Grading 

Treatments Seed yield 
ton fed-1 

Good 
seeds 
(%) 

Poor 
seeds 
(%) 

Seed 
protein 

(%) 

Seed yield 
ton fed-1 

Good 
seeds 
(%) 

Poor 
seeds 
(%) 

Seed 
protein 

(%) 

Spacing (cm)       
10 1.851 A* 90.4 A 9.6 C 32.0 A 1.774  A 90.2 A 9.8 B  22.0 A 
20 1.709AB  87.4 B 12.6 B  33.2 A 1.659 AB 88.1 B 12.9 A 22.7 A 
30 1.551 B 86.4 C 14.4 A 31.8 A 1.461 B 85.8 C 14.3 A 21.9 A 

Humic  acid (mg l-1)       
0 1.728 A 88.1 B 11.9 B 32.2 A 1.544 B 88.1 A 11.9 A 22.3 A 

1000 1.693 A 89.2 A 11.5 B 33.1 A 1.701 A 88.0 A 12.1 A 23.0 A 
2000 1.691 A 87.0 C 13.0 A 31.7 A 1.648 AB 87.1 A 13.0 A 21.4 A 

Boric acid (mg l-1)      
0 1.590 B 88.4 A 11.5 A 32.0 A 1.638 A 87.2 B 12.8 A 22.0 A 

2.5 1.770 A 88.1 A 11.9 A 33.0 A 1.606 A 88.1 A 11.9 B  22.6 A 
5 1.751 A 87.8 A 12.2 A 32.0 A 1.650 A 87.8 A 12.2AB 22.2 A 

*Values having the same alphabetical letter in common, within each character, do not significantly differ, using the 
revised L.S.D test at 0.05 level. 
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CONCLUSION 
It is concluded that sowing broad bean plants at 

10 cm with the application of humic acid at rate 
1000 mg l-1 and foliar application of boric acid at 
rate 5 mg l-1 was leading to obtain the highest dry 
seed yield fed-1as average of two experiments, under 
conditions of Bangar El Sokar region - Borg Al-
Arab – Alexandria. 
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