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ABSTRACT RESUMEN

The experiment was conducted during the 2018 season at the 
research station of the College of Agriculture and Forestry 
(University of Mosul, Iraq) to investigate the effect of volcanic 
rock dust (VRD) (0, 125, 250 g m-2) and the fertilizer chelated 
iron Fe-EDTA (0, 100, 200 mg L-1) on the bacteria Rhizobium 
fabae, and the growth and yield of two broad bean (Vicia faba 
L.) varieties, Histal and Aquadulce. A randomized complete 
block design was used with three replicates and least significant 
difference (LSD) to compare means at a significance level of 
0.05. Results showed that VRD 250 g m-2 obtained the highest 
significant mean for the following traits: leaf area index (LAI), 
number of branches per plant, leaf contents of chlorophyll and 
total iron, number of effective bacteria nodules per plant, 100-
seed weight, plant yield, and percentage of protein in the seeds. 
On the other hand, 200 mg L-1 Fe-EDTA obtained the highest 
significant mean of all the traits for both varieties, except for 
LAI and number of branches per plant. The application of Fe-
EDTA per plant had no significant effect on the leaf content of 
chlorophyll for both varieties and the percentage of protein in 
the seeds for variety Aquadulce. The interaction of VRD 250 g 
m-2 with 200 mg L-1 Fe-EDTA achieved the highest significant 
average for all the traits, except for plant height.

El experimento se llevó a cabo durante la temporada 2018 
en la estación de investigación del College of Agriculture 
and Forestry (Universidad de Mosul, Irak), para investigar 
el efecto del polvo de rocas volcánicas (PRV) (0, 125, 250 g 
m-2) y el fertilizante hierro quelado Fe-EDTA (0, 100, 200 
mg L-1) sobre la bacteria Rhizobium fabae y el crecimiento y 
rendimiento de dos variedades de haba (Vicia faba L.), Histal 
y Aquadulce. Se utilizó un diseño en bloques completos al 
azar con tres repeticiones y la diferencia mínima significativa 
(DMS) para hacer una comparación entre las medias a un 
nivel de significancia de 0.05. Los resultados mostraron que 
PRV 250 g m-2 obtuvo la media significativa más alta para las 
siguientes características: índice de área foliar (IAF), número 
de ramas por planta, contenidos foliares de clorofila y hierro, 
número de nódulos bacterianos efectivos por planta, peso de 
100 semillas, rendimiento de la planta, y porcentaje de proteína 
en las semillas. Por otra parte, 200 mg L-1 Fe-EDTA obtuvo la 
media significativa más alta de todas las características para 
ambas variedades, excepto para el IAF y el número de ramas por 
planta. La aplicación de Fe-EDTA por planta no tuvo un efecto 
significativo sobre el contenido foliar de clorofila para ambas 
variedades ni sobre el porcentaje de proteína en las semillas para 
la variedad Aquadulce. La interacción del PRV 250 g m-2 con 
200 mg L-1 Fe-EDTA logró la media significativa más alta para 
todas las características, a excepción de la altura de la planta.

Key words: Vicia faba L., iron fertilizers, chelated Fe. Palabras clave: Vicia faba L., fertilizantes de hierro, hierro 
quelatado. 
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Introduction

The broad bean is one of the old-world crops; it was one 
of the first plants cultivated in the Mediterranean basin 
(Albala, 2007) and was an important part of the nutrition 
system of the countries located to the east of the Mediter-
ranean 6000 years B.C. (Smartt, 1990). It is a winter crop 
that belongs to the Fabaceae family (Stuessy, 2009). The 
seeds of broad beans contain about 11% water, 50-58% 
carbohydrates, 25-50% protein, 2% lipids and mineral 

nutrients including manganese, phosphorus, magnesium, 
and iron (Tull, 1997; Lewis et al., 2005; Duke, 2012). It is 
a rich source of nutrition for millions of people around 
the world (Nadal et al., 2005), particularly low-income 
societies. Broad bean plants enhance soil fertility as their 
roots are infected with nitrogen-fixing bacteria (Avila et 
al., 2005). The bacteria contain a leghemoglobin pigment 
(de Bruijn, 2015) that provides beans with effective iron, 
which is scarce in alkaline soils (Havlin et al., 2005). 
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Volcanic rocks can be exploited as an alternative for soil 
fertilization and a more sustainable agriculture (Plata et 
al., 2021). The primary oxides detected by X-ray fluores-
cence in the samples of volcanic rock dust were calcium 
oxide, silicon dioxide, aluminum oxide, iron oxide, and 
potassium oxide, with phosphorus oxide found at lower 
concentrations. The use of volcanic rocks solves an environ-
mental issue associated with rock exploitation, providing 
an alternative for soil fertilization and a more sustainable 
agriculture (Ramos et al., 2017). Ramos et al. (2020) found 
that the addition of 3625 and 7251 kg ha-1 of volcanic rock 
dust significantly increased the dry weight of corn leaves 
and incremented the absorption of phosphorus, potassium, 
calcium, and magnesium. Fadhil and Jader (2020) showed 
that chelated iron sprayed on the vegetative parts of peas 
at concentrations of 150 mg L-1 generated a significant 
increase in the plant height (cm), number of branches per 
plant, total number of leaves, number of pods per plant, 
length of the pods (cm), weight of the pod (g), number of 
seeds per pod, 100-seed weight (g), and total seed yield for 
the broad bean. This research aimed to study the effect of 
volcanic rock dust (VRD) on the growth and yield of broad 
bean to compare it with the most common method of iron 
fertilizer (chelated iron Fe-EDTA). 

Materials and methods 

The experiment was conducted at the research station of 
the College of Agriculture and Forestry, at the University of 
Mosul (Iraq) in December 2018. This experiment consisted 
in adding 0, 125, and 250 g m-2 of VRD in broadcast applica-
tion to rows in the soil one month after planting. The VRD 
was obtained from Plan “B” Organics (Medford, OR, USA). 
The chelated iron Fe-EDTA fertilizer was added by spraying 
the plants until they were completely wet with concentra-
tions of 0, 100, and 200 mg L-1 one month after planting. 
These treatments were applied to two varieties of broad 
beans, Histal and Aquadulce. The area of the experimental 
unit was 6 m2. Cultivation was carried out on 4 rows at a 
spacing of 75 cm between rows and 20 cm between plants. 
Information about the physical and chemical properties 
of the soil used for cultivation and the rainfall rate and 
temperature during the growing season is shown in Table 
1. The following variables were studied: plant height, leaf 
area index (LAI), number of branches per plant, contents 
of total chlorophyll and total iron (measured following the 
methodology of AOAC (1980)) in the leaves (at the begin-
ning of the flowering stage), number of effective bacteria 
(Rhizobium fabae) nodules per plant, 100-seed weight, 
plant yield, and percentage of protein in seeds (measured 
at maturity).

TABLE 1. Physical and chemical properties of soil, rainfall rate, and tem-
perature during the growing season.

UnitVariable

7.65Soil reaction degree

dS m-12.4Electrical conductivity

°Celsius per d24Average temperature

mm per month118Rainfall rate

mg kg-112.1Available Nitrogen

mg kg-138.6Available Phosphorous

mg kg-114.1Available Potassium

g kg-10.473Organic matter

Volume distribution of soil particles

15.2%Clay

61.75%Loam

23.05%Sand

Silty clay loamSoil texture

Data analysis
The statistical analysis was conducted using a randomized 
complete block design with three replicates. The signifi-
cant differences between the means of the treatments were 
tested using the least significant difference (LSD) with a 
probability level of 0.05.

Results and discussion

Plant height 
The highest significant mean for plant height was achieved 
without adding VRD 0 g m-2 with values of 82.7 and 87.5 
cm (Tab. 2) for varieties Histal and Aquadulce, respectively. 
Adding 125 and 250 g m-1 of VRD resulted in a signifi-
cant decrease in plant height for both varieties, with no 
significant difference between them. When no Fe-EDTA 
was added, the highest significant average was achieved 
with values of 82.1 and 86.3 cm for varieties Histal and 
Aquadulce, respectively. Adding 100 or 200 mg L-1 Fe-
EDTA led to a significant decrease in plant height, with no 
significant difference between these doses. This fact might 
be due to the effects of VRD and Fe-EDTA that stimulate 
an increase in the number of branches per plant (Tab. 4) 
and, consequently, lead to a decrease in the main branch 
length (Ali et al., 2020). The interaction of VRD 0 g m-2 
and 0 mg L-1 Fe-EDTA obtained the highest significant 
mean with values of 84.2 and 89.3 cm for varieties Histal 
and Aquadulce, respectively. The interaction of VRD 250 g 
m-2 and 200 mg L-1 Fe-EDTA provided the least significant 
mean with values of 80.5 and 83.9 cm for varieties Histal 
and Aquadulce, respectively. 
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Leaf area index (LAI) 
The highest significant mean for LAI was 4.2 and 4.8 for 
varieties Histal and Aquadulce, respectively, which was 
obtained by the interaction with VRD 250 g m-2. There was 
no significant difference from VRD 125 g m-2, while the 
treatment with VRD 0 g m-2 obtained the lowest significant 
mean with values of 3.3 and 4.4 for varieties Histal and 
Aquadulce, respectively. These results obtained when VRD 
was not applied are because it increases the leaf area (Tab. 
3). Chelated iron Fe-EDTA application had no significant 
effect on the LAI for varieties Histal and Aquadulce. The 
highest mean was achieved by the interaction between VRD 
250 g m-2 and 200 mg L-1 Fe-EDTA with values of 4.3 and 
4.8 for varieties Histal and Aquadulce, respectively. The 

findings showed that the interactions between VRD 250 g 
m-2 and all Fe-EDTA levels were not significant; VRD 0 g 
m-2 with 0 mg L-1 Fe-EDTA showed the lowest significant 
interaction with values of 3.1 and 4.3 mg L-1 for varieties 
Histal and Aquadulce, respectively. The increase in the leaf 
area index may be due to the higher number of branches, 
as evidenced by Ali et al. (2020).

Number of branches per plant
VRD 250 g m-2 provided the highest significant means for 
number of branches with values of 5.1 and 5.6 for varieties 
Histal and Aquadulce, respectively, but it was not signifi-
cantly different from VRD 125 g m-2 with values of 4.7 and 
5.3 for varieties Histal and Aquadulce, respectively. The 

TABLE 2. Effect of volcanic rock dust (VRD) and Fe-EDTA and their interaction on the mean plant height (cm) of broad beans.

Fe-EDTA 
0 mg L-1

Fe-EDTA 
100 mg L-1

Fe-EDTA 
200 mg L-1 VRD

Variety Histal

VRD 0 g m-2 84.2 82.1 81.8 82.7

VRD 125 g m-2 81 80.25 80.21 80.5

VRD 250 g m-2 81.1 80.37 80.5 80.7

Fe-EDTA 82.1 80.9 80.8

LSD0.05 VRD = 1.9 Fe-EDTA = 1.2 VRD*Fe-EDTA = 1.0

Variety Aquadulce  

VRD 0 g m-2 89.3 86.7 86.5 87.5

VRD 125 g m-2 85.3 84.4 84.5 84.7

VRD 250 g m-2 84.2 84.2 83.9 84.1

Fe-EDTA 86.3 85.1 85.0

LSD0.05    VRD = 2.5 Fe-EDTA = 1.0 VRD*Fe-EDTA = 0.8

LSD - least significant difference test.

TABLE 3. Effect of volcanic rock dust (VRD) and Fe-EDTA and their interaction on mean leaf area index (LAI) in broad beans.

Fe-EDTA 
0 mg L-1

Fe-EDTA 
100 mg L-1

Fe-EDTA 
200 mg L-1 VRD

Variety Histal

VRD 0 g m-2 3.1 3.4 3.5 3.3

VRD 125 g m-2 3.8 3.8 4.0 3.9

VRD 250 g m-2 4.1 4.3 4.3 4.2

Fe-EDTA 3.7 3.8 3.9

LSD0.05 VRD = 0.5 Fe-EDTA = N.S. VRD*Fe-EDTA = 0.3

Variety Aquadulce  

VRD 0 g m-2 4.3 4.4 4.4 4.4

VRD 125 g m-2 4.6 4.7 4.8 4.7

VRD 250 g m-2 4.8 4.8 4.8 4.8

Fe-EDTA 4.6 4.6 4.7

LSD0.05 VRD = 0.3 Fe-EDTA = N.S. VRD*Fe-EDTA = 0.2

LSD - least significant difference test; N.S. - Not significant.
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least significant means were obtained when no Fe-EDTA 
was added with values of 4.4 and 4.9 for varieties Histal 
and Aquadulce, respectively. This was due to the significant 
impact of VRD on LAI (Tab. 3), leaf chlorophyll and iron 
content (Tabs. 4 and 5), and the number of active bacteria 
nodules (Tab. 6). As for the application of Fe-EDTA, there 
were no significant difference levels in terms of the number 
of branches formed by the plant. The reason behind this 
may be that the quantity of iron used by the plant is lower 
compared to VRD (Tab. 6). Also, the interaction between 
VRD 250 g m-2 and 200 mg L-1 Fe-EDTA provided the 
highest means, 5.2 and 5.6, for Histal and Aquadulce, 
respectively. There was no significant difference for the 
interaction between VRD 0 g m-2 and all Fe-EDTA levels, 

and the lowest significant interaction for varieties Histal 
and Aquadulce showed values of 4.3 and 4.7, respectively. 
An increasing number of active bacterial nodules and 
nitrogen content in plants may lead to a higher number of 
branches, as nitrogen enters the formation of auxins (de 
Bruijn, 2015). 

Leaf chlorophyll content
The addition of VRD 250 g m-2 resulted in a significant 
increase of the chlorophyll content in the leaves, with mean 
values of 33.5 and 34.5 μg cm-2 for varieties Histal and 
Aquadulce, respectively (Tab. 5). There were no significant 
differences with VRD 125 g m-2, with values of 33.2 and 34.1 
μg cm-2. When VRD was not added, the least significant 

TABLE 4. Effect of volcanic volcanic rock dust (VRD) and Fe-EDTA and their interaction on the mean number of branches per plant in broad bean.

Fe-EDTA 
0 mg L-1

Fe-EDTA 
100 mg L-1

Fe-EDTA 
200 mg L-1 VRD

Variety Histal

VRD 0 g m-2 4.3 4.3 4.5 4.4

VRD 125 g m-2 4.6 4.6 4.8 4.7

VRD 250 g m-2 5.0 5.0 5.2 5.1

Fe-EDTA 4.6 4.6 4.8

LSD0.05                                                          VRD = 0.5 Fe-EDTA = N.S. VRD*Fe-EDTA = 0.3

Variety Aquadulce  

VRD 0 g m-2 4.7 4.9 5.0 4.9

VRD 125 g m-2 5.3 5.3 5.4 5.3

VRD 250 g m-2 5.6 5.6 5.6 5.6

Fe-EDTA 5.2 5.3 5.3

LSD0.05                                                          VRD = 0.6 Fe-EDTA = N.S. VRD*Fe-EDTA = 0.4

LSD - least significant difference test; N.S. Not significant.

TABLE 5. Effect of volcanic rock dust (VRD) and Fe-EDTA and their interaction on the leaf chlorophyll content (μg cm-2).

Fe-EDTA 
0 mgL-1

Fe-EDTA 
100 mg L-1

Fe-EDTA 
200 mg L-1 VRD

Variety Histal

VRD 0 g m-2 32.6 32.6 32.8 32.7

VRD 125 g m-2 33.1 33.2 33.2 33.2

VRD 250 g m-2 33.4 33.5 33.5 33.5

Fe-EDTA 33.0 33.1 33.2

LSD0.05                                                          VRD = 0.5 Fe-EDTA = N.S. VRD*Fe-EDTA = 0.3

Variety Aquadulce  

VRD 0 g m-2 33.6 33.7 33.8 33.7

VRD 125 g m-2 33.9 34.1 34.3 34.1

VRD 250 g m-2 34.5 34.6 34.5 34.5

Fe-EDTA 34.0 34.1 34.2

LSD0.05                                                          VRD = 0.6 Fe-EDTA = N.S. VRD*Fe-EDTA = 0.3

LSD - least significant difference test; N.S. -  Not significant.
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means were 32.7 and 33.7 μg cm-2 for varieties Histal and 
Aquadulce, respectively. This might be because VRD con-
tains magnesium, which is a component of chlorophyll. 
The addition of Fe-EDTA had no significant effect on the 
chlorophyll content in the leaf as it does not contain mag-
nesium. The highest significant averages were obtained by 
the interaction of VRD 250 g m-2 and 200 mg L-1 Fe-EDTA 
with a value of 33.5 μg cm-2 for both varieties. There was 
no significant difference for the interaction between VRD 
250 g m-2 and 100 mg L-1 Fe-EDTA with a value of 33.5 
for variety Histal, while the interaction of VRD 250 g m-2 
with 100 mg L-1 Fe-EDTA obtained the highest significant 
mean with a value of 34.6 μg cm-2 for variety Aquadulce. 
No significant differences were observed for the interac-
tion between VRD 250 g m-2 and all the Fe-EDTA levels for 
both varieties. The least significant mean for the interaction 
between VRD 0 g m-2 and 0 mg L-1 Fe-EDTA was 32.6 and 
33.6 μg cm-2 for varieties Histal and Aquadulce, respectively. 
The higher content of chlorophyll in leaves may be due to 
the increment in nitrogen produced by the root nodes, as 
nitrogen increases the formation of chlorophyll (Havlin 
et al., 2005). 

Total leaf iron content 
The highest means of leaf total iron content were obtained 
with VRD 250 g m-2 with values of 2.103 and 2.642 g kg-1 
for varieties Histal and Aquadulce, respectively; the treat-
ment without Fe-EDTA obtained the lowest mean values 
of 0.382 and 0.493 g kg-1 when VRD 0 g m-2 was added to 
the varieties. Also, the highest significant mean values of 
1.312 and 1.707 g kg-1 were obtained by using Fe-EDTA 
200 mg L-1 for varieties Histal and Aquadulce, respectively, 
and it was not significantly different from Fe-EDTA 100 

mg L-1 that obtained a mean value of 1.256 g kg-1. The least 
significant means of 1.142 and 1.503 g kg-1 were obtained 
when Fe-EDTA 0 mg L-1 was added. The increase in the 
iron content in the leaf was due to the VRD and Fe-EDTA 
content (Tab. 6). The interaction between VRD 250 g m-2 

and Fe-EDTA 200 mg L-1 obtained the highest significant 
means of 2.166 and 2.711 g kg-1 for varieties Histal and 
Aquadulce, respectively. There were no significant differ-
ences for the interaction between VRD 250 g m-2 and all the 
Fe-EDTA levels for both varieties. The lowest means were 
0.238 and 0.301 g kg-1 and resulted from the interaction 
between VRD 0 g m-2 and Fe-EDTA 0 mg L-1 for Histal and 
Aquadulce, respectively. The significant effect of VRD on 
the leaf content of total iron may be due to the reduction 
in the degree of soil reaction due to its acidic effect in the 
soil (Ramos et al., 2020) increasing iron availability in the 
alkaline soil (Jensen, 2010). 

Number of effective bacteria nodules per plant
The highest significant means of the number of effective 
bacteria nodules per plant were 16.7 and 16.0 for varieties 
Histal and Aquadulce, respectively (Tab. 7), when VRD 250 
g m-2 was added. This treatment was not significantly dif-
ferent from VRD 125 g m-2, which obtained a mean value of 
15.1 mg L-1 for the variety Aquadulce. When VRD was not 
added, the least significant means with values of 7.3 and 9.6 
were obtained for varieties Histal and Aquadulce, respec-
tively. The concentration of 200 mg L-1 Fe-EDTA obtained 
the highest significant means for the effective bacteria with 
values of 13.8 and 14.1 for varieties Histal and Aquadulce, 
respectively. There was no significant difference from 100 
mg L-1 Fe-EDTA, which obtained an average value of 13.8 

TABLE 6. Effect of volcanic rock dust (VRD) and Fe-EDTA and their interaction on the total leaf iron content (g kg-1).

Fe-EDTA 
0 mg L-1

Fe-EDTA 
100 mg L-1

Fe-EDTA 
200 mg L-1

VRD

Variety Histal

VRD 0 g m-2 0.238 0.420 0.487 0.382

VRD 125 g m-2 1.147 1.244 1.284 1.225

VRD 250 g m-2 2.041 2.103 2.166 2.103

Fe-EDTA 1.142 1.256 1.312

LSD0.05                                                          VRD = 0.811 Fe-EDTA = 0.291 VRD*Fe-EDTA = 0.159

Variety Aquadulce  

VRD 0 g m-2 0.301 0.570 0.607 0.493

VRD 125 g m-2 1.702 1.790 1.804 1.765

VRD 250 g m-2 2.505 2.710 2.711 2.642

Fe-EDTA 1.503 1.690 1.707

LSD0.05 VRD = 0.713 Fe-EDTA = 0.201 VRD*Fe-EDTA = 0.110

LSD - least significant difference test.
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mg L-1 for variety Aquadulce compared to the treatment 
without addition of Fe-EDTA, which gave the lowest mean 
values of 11.5 and 12.8 for varieties Histal and Aquadulce, 
respectively. The reason is that VRD and Fe-EDTA contain 
iron that is a constituent of leghemoglobin that exists in 
bacteria nodules (Johnston, 2004). The use of VRD 250 g 
m-2 with 200 mg L-1 Fe-EDTA showed the highest signifi-
cant means of effective bacteria nodules, 17.1 and 16.3, for 
varieties Histal and Aquadulce, respectively. There was 
no significant difference for the interaction between VRD 
250 g m-2 and all Fe-EDTA levels or for the interaction be-
tween VRD 125 g m-2 and 200 mg L-1 Fe-EDTA. The least 
significant means were 6.1 and 8.2 for varieties Histal and 
Aquadulce, respectively, which resulted from the interac-
tion between VRD 0 g m-2 and 0 mg L-1 Fe-EDTA. 

Weight of 100 seeds 
Significant differences were observed in the weight of 100 
seeds; VRD 250 g m-2 obtained the highest means of 35.4 
and 34.5 g for varieties Histal and Aquadulce, respectively 
(Tab. 8). The treatment without addition of VRD obtained 
the least significant means of 33.0 and 31.2 g respectively. 
This is due to the positive impact of VRD on LAI and chlo-
rophyll and iron contents in the leaf, and on the number of 
effective bacteria nodes (Tabs. 3, 5, 6 and 7). The applica-
tion of 200 mg L-1 Fe-EDTA showed the highest significant 
means of 34.7 and 33.1 g for varieties Histal and Aquadulce, 
respectively. There was no significant difference with 100 
mg L-1 Fe-EDTA, which obtained values of 34.4 and 33.0 
g compared to the treatment without the addition of Fe-
EDTA, which showed the lowest means of 33.8 and 32.7 g 

TABLE 7. Effect of volcanic rock dust (VRD) and Fe-EDTA and their interaction on the number of effective bacteria nodules per plant.

Fe-EDTA 
0 mg L-1

Fe-EDTA 
100 mg L-1

Fe-EDTA 
200 mg L-1 VRD

Variety Histal

VRD 0 g m-2 6.1 7.2 8.6 7.3

VRD 125 g m-2 12.1 15.5 15.7 14.4

VRD 250 g m-2 16.2 16.8 17.1 16.7

Fe-EDTA 11.5 13.2 13.8

LSD0.05                                                          VRD = 1.7 Fe-EDTA = 0.5 VRD*Fe-EDTA = 0.3

Variety Aquadulce  

VRD 0 g m-2 8.2 10.2 10.4 9.6

VRD 125 g m-2 14.6 15.2 15.6 15.1

VRD 250 g m-2 15.5 16.1 16.3 16.0

Fe-EDTA 12.8 13.8 14.1

LSD0.05                                                          VRD = 1.3 Fe-EDTA = 0.7 VRD*Fe-EDTA = 0.4

LSD - least significant difference test.

TABLE 8. Effect of volcanic rock dust (VRD) and Fe-EDTA and their interaction on the weight of 100 seeds (g) of broad beans.

Fe-EDTA 
0 mg L-1

Fe-EDTA 
100 mg L-1

Fe-EDTA 
200 mg L-1 VRD

Variety Histal

VRD 0 g m-2 32.3 33.4 33.4 33.0

VRD 125 g m-2 34.1 34.7 34.9 34.6

VRD 250 g m-2 35.1 35.2 35.8 35.4

Fe-EDTA 33.8 34.4 34.7

LSD0.05                                                          VRD = 0.6 Fe-EDTA = 0.4 VRD*Fe-EDTA = 0.2

Variety Aquadulce  

VRD 0 g m-2 31.0 31.2 31.4 31.2

VRD 125 g m-2 32.8 33.1 33.3 33.1

VRD 250 g m-2 34.4 34.6 34.6 34.5

Fe-EDTA 32.7 33.0 33.1

LSD0.05                                                          VRD = 0.4 Fe-EDTA = 0.4 VRD*Fe-EDTA = 0.3

LSD - least significant difference test.
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at 0 g m-2 Fe-EDTA. This is due to the positive impact of 
Fe-EDTA in terms of the number of active bacteria (Tab. 
7). A positive relationship between the 100-seed weight, 
leaf area, and leaf area index was observed (Ali et al., 2020). 
The interaction between VRD 250 g m-2 and 200 mg L-1 
Fe-EDTA obtained the highest significant means of 35.8 
and 34.6 g for varieties Histal and Aquadulce, respectively. 
There was no significant difference regarding the interac-
tion between VRD 250 g m-2 and all Fe-EDTA levels. The 
lowest significant averages were 32.2 and 31.0 g for variet-
ies Histal and Aquadulce, respectively, for the interaction 
between VRD 0 g m-2 and 0 mg L-1 Fe-EDTA (Ali, 2020), 
showing the variation in the 100-seed weight trait. 

Plant yield 
The highest plant yield values were 33.6 and 33.6 g, which 
resulted from adding VRD 250 g m-2 to varieties Histal and 
Aquadulce, respectively; the lowest significant mean values 
of 28.9 and 30.8 g for both varieties (Tab. 9), resulted from 
not adding VRD. This result is due to the significant effect 
of VRD on LAI, number of branches per plant, number of 
effective bacteria, and 100-seed weight (Tabs. 3, 4, 7, and 
8). VRD interaction with 200 mg L-1 Fe-EDTA obtained 
the highest significant mean with values 32.4 and 32.5 g 
for Histal and Aquadulce, respectively, with no significant 
difference with 100 mg L-1 Fe-EDTA, which showed values 
of 31.8 and 32.0 g. The lowest significant means of 30.8 and 
31.5 g for varieties Histal and Aquadulce, respectively, were 
obtained when no Fe-EDTA was added. This is due to the 
significant effect of Fe-EDTA on the number of effective 
bacteria and 100-seed weight (Tabs. 7 and 8). A positive 
relationship between plant yield, leaf area, leaf area index, 

and leaf chlorophyll content was observed (Ali et al., 2020). 
The interaction between VRD 250 g m-2 and 200 mg L-1 
Fe-EDTA showed the highest significant mean for plant 
yield with values of 34.1 and 33.9 g for varieties Histal and 
Aquadulce, respectively, and there was no significant dif-
ference for the interaction between VRD 250 g m-2 and all 
Fe-EDTA levels. The lowest means were 28.2 and 30.4 g for 
varieties Histal and Aquadulce, respectively, resulting from 
the interaction between VRD 0 g m-2 and 0 mg L-1 Fe-EDTA. 

Protein contents in seeds 
VRD 250 g m-2 showed the highest significant mean for 
the percentage of protein in seeds with values of 26.4 and 
27.5% for varieties Histal and Aquadulce, respectively (Tab. 
10) compared to the least significant mean for the applica-
tion of VRD 0 g m-2 with values of 24.8 and 25.4% for both 
varieties. This result is due to the positive impact of VRD 
in terms of the number of effective bacteria (Tab. 7). The 
application of 200 mg L-1 Fe-EDTA obtained the highest 
significant mean of 25.8% and was not significantly differ-
ent from 100 mg L-1 Fe-EDTA. The least significant mean 
(25.4%) resulted from the treatment 0 mg L-1 Fe-EDTA 
to Histal, but variety Aquadulce was not significantly af-
fected by Fe-EDTA application. This may be because the 
increase of carbohydrates was higher than proteins and 
eventually affected the contents of proteins. The interaction 
between VRD 250 g m-2 and 200 mg L-1 Fe-EDTA obtained 
the highest significant mean values of 26.5 and 27.5% for 
varieties Histal and Aquadulce, respectively. There was no 
significant difference for the interaction between VRD 250 
g m-2 and all the levels of Fe-EDTA. The least significant 
means from the interaction between VRD 0 g m-2 and 

TABLE 9. Effect of volcanic rock dust (VRD) and Fe-EDTA and their interaction on plant yield (g).

Fe-EDTA 
0 mg L-1

Fe-EDTA 
100 mg L-1

Fe-EDTA 
200 mg L-1 VRD

Variety Histal

VRD 0 g m-2 28.2 29.1 29.5 28.9

VRD 125 g m-2 31.4 32.4 33.5 32.4

VRD 250 g m-2 32.9 33.8 34.1 33.6

Fe-EDTA 30.8 31.8 32.4

LSD0.05                                                          VRD = 1.1 Fe-EDTA = 0.9 VRD*Fe-EDTA = 0.7

Variety Aquadulce  

VRD 0 g m-2 30.4 30.8 31.1 30.8

VRD 125 g m-2 30.9 31.6 32.6 31.7

VRD 250 g m-2 33.2 33.7 33.9 33.6

Fe-EDTA 31.5 32.0 32.5

LSD0.05                                                          VRD = 1.2 Fe-EDTA = 0.7 VRD*Fe-EDTA = 0.5

LSD - least significant difference test.
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0 mg L-1 Fe-EDTA were 24.3 and 25.1% for Histal and 
Aquadulce, respectively. This significant effect was ob-
served by Ali et al. (2020) in most of the variables studied. 

Conclusions

Volcanic rock dust (VRD) was more effective than chelated 
iron Fe-EDTA in terms of increasing effective bacteria 
nodules, growth (except for the plant height) and yield of 
both varieties of broad beans. The application of chelated 
iron had no significant effect on LAI, number of branches 
per plant, and chlorophyll content for both varieties. 
Additionally, it did not have a significant impact on the 
percentage of protein in the seeds of variety Aquadulce. 
The interaction of Fe-EDTA and VRD showed significant 
effects on all the variables. 
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