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ABSTRACT
This study aimed to investigate the effect of different plant spacings (10, 20, 40, 60,

KEY WORDS: and 80 cm) on the growth, yield components, and seed quality of the faba bean (Vicia
Faba bean; Plant spacing;

Greenhouse: SPAD value. Crude faba L.) cultivar ‘Aquadulce’ under greenhouse conditions. The experiment was

conducted using a randomized complete block design (RCBD) with four replicates.

rotein
g The results showed that plant spacing influenced the chlorophyll content, plant
%Zif;’:ﬁ 8‘2‘; 8‘1& gggg height, number of branches, number of leaves, number of pods per plot, seed yield,
Proofrea.ding: 18/04/2026 and quality traits significantly under (P < 0.05). The highest leaf chlorophyll (SPAD)
Accepted: 28/04/2026 content (38.13), plant height (41.75 ¢cm), number of branches (4.78), pod number
Available online: 30/06/2026 (545.5 pods plot™), and total yield per plot (9.62 kg plot™') were observed at 60 cm

spacing. Spacing was 20cm which led to an increase in seed per individual pod (4.38
seeds per pod 1), but at the same time the productivity was decreased due to
overcrowding. A very large spacing (80 cm) provided less competition and less yield

© 2026.This is an open access per area. Also, plant spacing has a large impact on the crude protein content of seed
article under the CC by licenses and soil nitrogen dynamics. Furthermore, moderate spacing (20-60cm) resulted in
http://creativecommons.org/license . . 29 120 . 10-4 I 1 hicher | 1

S/bv/4.0 improved seed protein up to 29.12%, and spacing 10-40cm resulted in higher levels

of soil nitrogen after harvesting (107.33 mg kg-1). Thus, a 60 cm spacing was

determined to be the best to achieve maximum yield and high seed quality in the
B greenhouse.
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INTRODUCTION

Broad bean or faba bean (Vicia faba L.) is a cool season legume crop grown for both
the seeds and the edible green pods which are rich in nutrients. It is rich in protein, dietary
fiber, niacin, folate and minerals, and it is a valuable food for human and animal
consumption (Crepon et al., 2010; Etemadi et al., 2019). The nutritional and therapeutic
value of these phenols, and L-DOPA (L-3.,4-dihydroxyphenylalanine) bioactive
compounds, increases its nutritional and therapeutic interest (Ramirez Moreno et al., 2015).
V. faba is mostly used for dry-seed production, but the use of fresh-pod harvest is
increasing in protected production. In the case of greenhouse cultivation, plant spacing is
a vital part of a crop management system, where space efficiency and resource utilization
are of paramount importance. Greenhouse cultivation has become a part of modern farming
due to its greater control, year round production, better quality crops, including beans
(Singh et al., 2024). Good spacing leads to better light interception, air circulation and root
development which provide better plant strength and yield potential (Agegnehu &
Fessehaie, 2006). On the other hand, suboptimal spacing may result in overcrowding,
greater intra-specific competition for nutrient management and irrigation, and greater
disease incidence. The productivity and quality of faba bean (Vicia faba L.) is highly
affected by both environmental (temperature and soil moisture) and agronomic factors
(planting time, sowing techniques, density, sowing depth, effective use of nutrients and
irrigation) as pointed out by recent research by Deb and Paul (2024). Planting distance is
one of the most important agronomic practices with the optimum distance ensuring good
light interception and root development and less plant to plant competition for nutrients
and yield loss per plant if too close.

Widely spaced plantings have also been observed to improve individual performance
(branching, pod number, etc.) but to reduce yield per area under low plant population (Al
Jubouri, 2024; Dahmardeh et al., 2010). In addition to yield, faba bean's ecological
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advantage is as a nitrogen fixer and this can be modified by spacing due to its influence on
nodulation intensity and root growth (Jensen et al., 2010; Karkanis et al., 2018). Nodulation
and biomass partitioning into root may be constrained as the plant spacing becomes closer,
which could lead to a decrease in the efficiency of nitrogen fixation (Sheikh et al., 2020).
Although there are many documents about field based plant spacing systems, few studies
have investigated the effect of plant spacing on the performance in nitrogen fixation,
vegetative growth and yield characteristics in greenhouse conditions (Cavusoglu and
Azdemir, 2019), especially in Iraq including KRI. The aim of the present work was to
evaluate the behaviour of the faba bean in terms of agronomic performance and N2 fixation
under different sparcings, under greenhouse conditions. The results from the research will
give important information for the design of the planting layout of legume production
systems for sustainable high yield in greenhouses. Furthermore, find an optimum spacing
pattern that maximises fresh-pod yield and nitrogen fixation efficiency.

MATERIALS AND METHODS

Study Site Description

The greenhouse experimental facility was set in the Directorate of Agriculture and
Training Center in Erbil, Iraq, which is under the influence of semi-arid region in Kurdistan
Region of Iraq (KRI). The experimental site is at 390 m asl, 36°0829” N latitude and
44°15'00" E longitude (Figure 1).
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Figure 1. The map describes the study area.

Land Preparation and Planting
Research was carried out in a controlled greenhouse from the end of November
2024 to June 2025 with an environment that promoted maximum faba bean (Vicia faba L.)
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growth. The soil was power tilled before seed sowing to ensure the soil aeration and
structure. The seeds were hand sown on 28 November 2024 at a depth of about 4 cm. Seeds
of a faba bean (Vicia faba L.) cultivar ‘Aquadulce' produced by Biotek Seed Ltd. Co.,
Konya, Turkey were received from Erbil, Iraq. The seed purity was 99.7% with at least
85% of germination. Treatments consisted of five intra-row spacing: 10 cm (T1), 20 cm
(T2), 40 cm (T3), 60 cm (T4), and 80 cm (T5). Inter-row spacing was not changed, and
was always 30 cm. 20 plants were planted in each plot. The experimental area was set up
in a design of plots of 1.0 m width with two rows of plants in each plot with 0.5 m spacing.
For each row 10 faba seeds were planted with intra-row spacing depending on the
treatments (10cm, 20cm, 40cm, 60cm and 80cm). Thus, the effective plot length varied
with treatment levels, resulting in plot areas of approximately 1.0 X 0.9 m (10 cm spacing),
1.0 x 1.8 m (20 cm spacing), 1.0 x 3.6 m (40 cm spacing), 1.0 x 5.4 m (60 cm spacing),
and 1.0 x 7.2 m (80 cm spacing). A recommended dose of 50:60:50 kg ka! of NPK was
applied (Lanzes et al., 2022). The study was arranged in a randomized complete block
design with four replications. During the growing season, drip irrigation was used to
maintain soil moisture at field capacity. Standard agronomic practices, including manual
weeding, pest monitoring, and disease control, were carried out as needed, while no
chemical pesticides were applied.

Soil Sampling and Analysis

Soil samples were collected at a depth of 0—30 cm before sowing and analyzed in
the Soil Laboratory of Erbil Research Center. The soil pH was 7.73 and an electrical
conductivity (EC) of 0.6 dS m™', were measured in a 1:2.50 soil-water suspension as
reported by (Tariq et al., 2021 and Rasheed, 2023). The organic matter content was low
(1.33%), available nitrogen was 55.0 mg kg'!, available phosphorus (P-0s) was 24.5 mg
kg™, and exchangeable potassium (K20) was 280 mg kg'. Particle size distribution
(16.01% clay, 27.10% sand, and 56.80% silt) was determined by the hydrometer method
as described by Bouyoucus (1962) and classified as silty loam.

Data Collection

Data were collected from the vegetative stage until final harvest. Plant height (cm)
was measured with a meter ruler from the soil surface to the tip of the main stem at 50%
flowering and at the fruiting stage. The number of leaves per plant was recorded by
counting all fully expanded leaves on both the main and lateral stems. The chlorophyll
content was estimated during flowering with SPAD meter and expressed as SPAD units.
Reproductive characteristics included the number of pods per plant, number of seeds per
pod and total number of seeds per plant. The yield components measured were 100 seed
weight (g), plant seed yield (g) and total yield (kg plot-1) following the procedure outlined
by Duaja et al. (2019). Harvesting was initiated after the pods attained the marketable stage
of maturity (10-20cm long), the first harvesting was done on 29th April 2025, second
harvesting was done on 6th May 2025, third harvesting was done on 13th May 2025, while
fourth harvesting was done on 20th May 2025. At each harvest, pod length (cm pod™), pod
width (cm pod™), pod weight (g pod ™), and number of seeds per pod were determined from
a sample of marketable pods. Yield data were calculated as total fresh fruit weight per plot.
Seed samples collected at harvest were analyzed for quality traits. Total nitrogen content
was determined by the Kjeldahl method (Ryan et al., 2001), and crude protein content was
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calculated by multiplying nitrogen concentration by a factor of 6.25. To estimate nitrogen
fixation, the difference between pre-planting and post-harvest total soil nitrogen was
calculated for each treatment using the Kjeldahl method as reported by (Garcia-Servin et
al., 2022).

Statistical Analysis

All collected data were subjected to analysis of variance (ANOV A) using SPSS version
26. Mean comparisons were performed using Tukey’s HDS test at the 5% level of
significance (P <0.05) .

RESULTS AND DISCUSSIONS

Figure 2 shows the average leaf chlorophyll index (SPAD) values of faba bean
plants grown at different planting distances under greenhouse conditions. The results
showed that the chlorophyll (SPAD) values increased with wider spacing, peaking at 60
cm (38.13) and slightly declining at 80 cm (37.24). The lowest value was recorded at 10
cm spacing (32.47 SPAD units). This increase at wider spacings could be attributed to the
positive effect of wider spacing between plants, which reduces competition among plants
for soil nutrients, including nutrients essential for chlorophyll synthesis, thereby enhancing
the biosynthesis (Sadiq and Mohammed, 2022). However, the slight decline at 80 cm may
indicate diminishing returns beyond the optimal spacing due to reduced canopy density.
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Figure 2. The leaf chlorophyll index (SPAD) was determined as an average (Mean of 4 replicates +£SE)

In addition, the results for plant height are presented in Figure 3. Plant spacing had
significant (P < 0.05) effect on plant height, with the tallest plants (41.75 cm) grown when
they were spaced 60 cm apart, followed by 40 cm and 10 cm plant spacings. Lowest plant
height was at spacing of 20 cm (34.15 cm). The increased plant spacing probably resulted
in less competition for light between plants, which allowed plants to grow upward. Similar
results were reported by Cavusoglu and Azdemir (2019), who found that the wider the
spacing of faba beans was in the greenhouse, the greater the plant height would be because
of the availability of light and nutrients. ElI-Gedwy et al. (2020) also reported that too many
plants per container cause less light interception and less air circulation leading to lower
plant heightt.
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Figure 3. Average faba bean (Mean of 4 replicates £SE) plant height (cm).

Results from the faba bean plant growth test with varying planting distances are
shown in Table 1. Both parameters showed significant difference (P < 0.05) between the
spacing treatments. The number of branches significantly (P < 0.05) increased with
spacing; the largest number of branches was obtained at 60 cm spacing (4.78) and 40 cm
spacing (4.58) while the lowest was observed at 20 cm spacing (3.53). Pod production and
leaf area of legumes are highly correlated with their light interception potential and
assimilate accumulation needed for reproductive development (Kulaz and Ciftci, 2012).
Our findings agree with this because the more plants were spaced the less they competed
with each other, and thus the plants were able to grow a larger plant canopy. Gezahegn et
al. (2016) found that optimal spacing resulted in higher shoot biomass and photosynthetic
surface area, thus improving yield performance. It is interesting to note that the spacing of
80 cm gave fewer leaves, than the spacing of 40 and 60 cm although resources were
adequate. This reduction could be explained by a reduction in plant density per unit area
which would result in suboptimal canopy cover and in turn reduce the collective
photosynthetic efficiency (El-Gedwy et al., 2020).

Table 1. Number of branches and number of leaves per plant (Mean of 4 replicates £SE)

Distance (cm) Number of branches/plants Number of leaves/plants
D10 428+ 0.10 66.83¢+ 0.42
D20 3.53°+£0.06 62.209+0.29
D40 458 +0.11 82.90% + 0.54
D60 4.78* £ 0.06 82.502+0.29
D80 4.28°+0.13 70.48° + 0.24

Different letters indicate significant differences (P < 0.05) between values in the same row.

The average number of pods per plot and seeds per pod are shown in Figures 4, 5,
and 6, respectively. The results indicated that both parameters were significantly affected
by planting distance (P < 0.05), showing notable differences among the treatments. The
number of pods per plot peaked at 60 cm (545.5), followed by 40 cm (445.25), and 80 cm
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(440.5), while the lowest value was recorded at 10 cm spacing (266). The high number of
pods observed at 60 cm spacing reflects the advantage of a balanced plant population and
reduced competition. Similar findings were reported by Cavusoglu and Azdemir (2019),
who observed that optimal plant spacing between 40 and 60 cm promoted higher pod
initiation due to improved light interception and reduced resource competition.
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Figure 4. Average number of pods per plot (Mean of 4 replicates +SE).

In addition, as shown in Figure 5, the highest number of seeds per pod was observed
at 20 cm (4.38), slightly higher than the values recorded at 80 cm (4.33) and 60 cm (4.30),
whereas the lowest value was observed at 40 cm spacing (4.03). While wider spacing
generally favored pod numbers, closer spacing, such as 20 cm, may have induced a
compensatory increase in seed number per pod due to fewer pods formed. This inverse
relationship between pod number and seed number per pod suggests a compensatory
mechanism in resource allocation, where reduced pod formation at closer spacing allows
plants to allocate more photosynthetic assimilates per pod. Comparable physiological
trade-offs between pod count and seed size were reported by Kulaz and Ciftci (2012).
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Figure 5. Average number of seeds per pod (Mean of 4 replicates =SE).
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Furthermore, the length of the pods was significantly affected (P <0.05) by planting
distance as illustrated in Figure 6. The longest pods were obtained at 20 cm spacing (18.55
cm) followed closely by 60 cm spacing (18.53 cm) and the shortest at 10 cm spacing (16.98
cm). This trend suggests that medium spacing can yield longer pods due to a better supply
of carbohydrates and appropriate source-sink relationships. Gezahegn et al. (2016) also
found that optimum spacing improves pod length by enhancing the translocation of
assimilates into reproductive organs.
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Figure 6. Average pod length (cm) (Mean of 4 replicates =SE).

The total faba bean yield (kg plot™!) and 100-seed weight (g) are listed in Table 2.
In general, the total seed yield and 100-seed weight were significantly affected by plant
spacing, as there were significant differences between the treatments (P < 0.05). Seed
yield/plot was highest at 60 cm spacing (9.62) kg plot™!, which was closely followed by 40
cm spacing (7.27) kg plot™!, suggesting higher yield potential with wider spacing. The
minimum yield was observed at 10 cm spacing (3.91) kg plot-1, due to severe competition
among the plants for the productivity of the plant stand. These results agree with the
observations of Ouda et al. (2022), who found that a high planting density in faba beans
would intensify intraspecific competition for light, nutrients, and water and is detrimental
to crop yield. n the same way, Abd El-Rahman (2014) showed that increased plant spacing
promoted the growth of the canopy, root spreading, biomass accumulation, pod and seed
formation. Interestingly, 100 seed weight did not agree with the total yield. The heaviest
seeds were obtained at 10 cm spacing (237.23 g), 40 cm spacing (236.95 g), and 60 cm
spacing (226.91 g). Even at the highest plant density (10cm) the weight of seed did not
decline. This meant that intermediate spacing (40 to 60 cm) rendered the optimum balance
between the number of plants per stand and productivity of the individual plants. Al-
Jubouri (2020) and Sheikh et al. (2020) reported similar findings stating that wider spacing
allowed for root growth, canopy development and nutrient absorption, which ultimately
improved yield performance.
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Table 2. Total Weight per Plot (kg) and 100-Seed Weight (g) (Mean of 4 replicates £SE)

Distance (cm) Weight ( kg plot) Weight of 100 seeds (g)
10 3.91°+0.02 237.24*+0.75
20 5.539£0.02 225.71°+ 1.36
40 7.27° £ 0.06 236.95%+ 1.38
60 9.62% +0.06 226.91°+0.95
80 6.80° + 0.02 233.51°+0.48

Different letters indicate significant differences (P < 0.05) between values in the same row.

The spacing treatments also had statistically significant differences in the number
of pods per plot, number of seeds per pod, and pod length (cm) (Figures 2-6). Wider plant
spacing also resulted in more pods, with the maximum at 60 and 40 cm, which might be
due to a resource compensation effect, with fewer pods providing more assimilate per seed.
Kulaz and Ciftci (2012) reported that greater seed weight at higher plant densities does not
necessarily lead to greater yields because they reported that the total number of pods was
reduced. Narrow spacing however reduced branching and pod setting as resources were
not plentiful and they were blocking each other. Likewise, the distance at which planting
was done significantly affected the number of seeds per pod. Higher seed numbers/pod
were related with wider spacing (40—60 cm) which might have resulted from providing
more nutrients and water/plant. Additionally, the length of the pods was positively
correlated to the increase in spacing (Figure 6) which further corroborates the idea that
plant vigor and assimilate distribution are enhanced under less crowded conditions. The
integrated results show that optimal spacing (40-60 cm) not only leads to higher total yield
per plot but also to better yield components such as number of pods per plot, number of
seeds per pod and length of pods. However, extremely close spacing, while producing
heavier seeds, restricts overall productivity due to competition pressure.

According to the results presented in Figure 7, plant spacing was found to have a
significant influence (P < 0.05) on the crude protein content of faba bean seeds, with the
highest protein content recorded at D40 (29.12%), followed by D60 (29.11%), D20
(28.95%), and D10 (28.43%). Nevertheless, the lowest protein content was 26.25%, which
was recorded under the widest spacing (D80) samples. This indicates that moderate levels
of spacing (20-60 cm) stimulated increased protein concentration, but an excessively wide
spacing decreased protein concentration, which might be explained by the fact that poor
canopy closure and sub-optimal nitrogen assimilation. Indicatively, in research on the
effects of row-spacing and plant density by El-Karamity et al. (2021), the researchers
established that the density of plants had a significant effect on seed and protein production
in faba bean. In addition, faba bean is a powerful nitrogen-fixing legume, and the efficiency
of Nz fixation is closely associated with the plant spacing. Prusinski (2022) showed that
the nodulation process and the fixation of nitrogen are greatly influenced by the density of
the plants; high or very low densities decrease the ability to fix nitrogen due to the changes
in the microclimate created by the canopy and the dynamics of the interactions between
roots. The decline of crude protein at D80 may be physiologically attributed to lower
chlorophyll (Figure 2) and canopy nitrogen assimilation because the reduced plant
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population per unit area decreases cumulative nitrogen uptake despite the biomass increase,
which occurs on a per-plant basis.
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Figure 7. Crude Protein Content in Faba Bean Seeds (Mean of 3 replicates =SE).

Table 3 shows the average soil nitrogen (N) levels measured before sowing (initial)
and after harvest at different sampling distances. The initial available nitrogen content was
the same at all sampling points (55.00 mg kg™!). Following harvest, soil available nitrogen
increased at the sampling distances with the highest concentration (107.33 mg kg ') at the
10 cm and 40 cm sampling distances, which was an increase of 95% over the pre-sowing
levels. Moderate increases were observed at 20 cm (87%) and 80 cm (67%), while the
smallest increase occurred at 60 cm (53%).

Table 3. Summary of laboratory results for soil nitrogen content determination (Mean of
3 replicates)

Distance (cm) Before Sowing After Harvesting Difference Increasing

(mg/kg) (mg/kg) (mg/kg) (%)
10 55.00 107.33 52.33 95
20 55.00 102.67 47.67 87
40 55.00 107.33 52.33 95
60 55.00 84.00 29.00 53
80 55.00 92.00 37.00 67

In general, if N concentrations in the soil increase after the crop has grown, deposition and
mineralization of N in the soil profile have taken place during the growing season. This
enrichment can also come from the microbial activity, root exudation, and crop residue that
are triggered by the addition of organic matter (Drinkwater and Snapp, 2007; Geisseler and
Scow, 2014). The mineralization of the organic matter by enhanced microbial activity
releases ammonia and nitrate ions and results in higher amounts of measurable nitrogen in
post harvest soil samples (Kuzyakov et al. 2013). It was also revealed that there were
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differences in the nitrogen fixation rate for various distances of the plants. This can be seen
in the patterns of root activity and nutrient uptake. Previous research has shown that there
can be considerable short horizontal distance variation in N concentrations due to
rhizosphere processes and root distribution (Fierer et al., 2009; Cameron et al., 2013). The
lower N increment measured at 60 cm is consistent with Schuster et al. (2023) who reported
distance dependent nutrient depletion due to water movement and plant uptake, which
suggests greater plant uptake or leaching losses in the 60 cm zone. In general, the post-
harvest N increase indicates that the system has been nitrogen positive, possibly due to
efficient nutrient cycling in the system. Although soil fertility is affected by soil moisture,
soil temperature, and management (Liu et al., 2013), repeated sampling over several
growing seasons is necessary to validate long-term changes in soil fertility.

CONCLUSIONS AND RECOMMENDATIONS

The faba bean (Vicia faba L.) is a valuable legume crop with nutritional and soil-
augmenting potentials. Agronomic practice improvement, including distance between
plants, is key to maximize productivity in local conditions, especially in the Kurdistan
Region of Iraq (KRI). The objective of this experiment was to assess the effect of the
various planting distances on growth, yield and seed quality of faba bean in a greenhouse.
The obtained results showed that the planting distance significantly affected all the
measured parameters such as chlorophyll content, plant height, number of branches, pod
development, seed development and total yield. The treatments 60 cm spacing resulted in
the highest seed yield per plot and produced better vegetative growth, whereas 40 cm
spacing also showed good performance, especially in terms of number of leaves and
number of pods. Conversely, greater spacings led to decreased production and reduced
vegetative growth, probably as a result of intraspecific competition for light, nutrients and
water. Moderate plant spacing (20—60 cm) resulted in higher soil nitrogen levels and higher
protein in the seeds suggesting improved nitrogen fixation, while wider spacing reduced
the N recovery and protein concentration. Thus, plant spacing of 40-60 cm is suggested in
the controlled greenhouse environment of this study to achieve the best growth, yield,
protein and nitrogen fixation. This optimum spacing can increase the efficiency of the use
of resources and sustainable production of faba bean in the KRI.

Supplementary Materials:
No Supplementary Materials

Author Contributions:
In this study, all authors contributed practically.

Funding:

All financial support from the beginning to the publishing of this research was
funded by the JICA.

252



Sadiq et al., TJAS Vol. 26, No.2: pp. 242-256

Institutional Review Board Statement:
The study was conducted following the protocol authorized by the JICA and
MoAWR.
Informed Consent Statement:
No Informed Consent Statement.
Data Availability Statement:
The study was based on primary data collected from respondents.

Conflicts of Interest:
The authors declare that they have no conflict of interest.

Acknowledgments:

The authors gratefully acknowledge the financial support provided by JICA
through the Sabat Project (“Capacity Development Project for Agriculture Research and
Extension” in KRI). We also thank the Directorate of Agriculture Training Center in Erbil,
Iraq, for providing access to the greenhouse facilities. The authors sincerely appreciate the
valuable comments and suggestions provided by anonymous reviewers.

Disclaimer/Journal’s Note:

The statements, opinions, and data in all publications are solely those of the
individual author(s) and contributor(s), not AJAS and/or the editor(s). AJAS and/or the
editor(s) disclaim responsibility for any injury to people or property resulting from ideas,
methods, instructions, or products mentioned in the content.

REFERENCES

Abd El-Rahman, R. A. (2014). Effect of plant population and distribution on yield and
yield components of five faba bean genotypes. Journal of Plant Production, 5(11),
1965-1972. 10.21608/jpp. 2014.64749

Agegnehu, G., & Fessehaie, R. (2006). Response of faba bean to phosphate fertilizer and
weed control on nitisols of Ethiopian highlands. ltalian Journal of Agronomy, 1(2),
281-290. https://doi.org/10.4081/1ja.2006.281

Al-Jubouri, A. A. H. (2024). Role of Plant Density on Vegetative Growth and Yield of
Four Faba Bean Cultivars. Journal La Lifesci, 5(3), 218-224.
https://doi.org/10.37899/journallalifesci.v5i3.1263

Bouyoucus, G. J. 1962. The hydrometer method has been improved for making particle
size analysis of soils. Agronomy Journal 54:464-65.
https://doi.org/10.2134/agronj1962.00021962005400050028x

Cameron, K. C., D1, H. J., & Moir, J. L. (2013). Nitrogen losses from the soil/plant system:
a review. Annals of  applied biology, 162(2), 145-173.
https://doi.org/10.1111/aab.12014

Cavusoglu, A. and Azdemir, F. (2019). Growth and Yield Responses of Vicia faba L.
Grown at Different Planting Densities under Greenhouse Conditions for Vegetable
Purposes. Biological Forum-An International Journal, 11(2): 130-135.

253


https://doi.org/10.21608/jpp.2014.64749
https://doi.org/10.4081/ija.2006.281
https://doi.org/10.37899/journallalifesci.v5i3.1263
https://doi.org/10.2134/agronj1962.00021962005400050028x
https://doi.org/10.1111/aab.12014

Sadiq et al., TJAS Vol. 26, No.2: pp. 242-256

Crepon, K., Marget, P., Peyronnet, C., Carrouée, B., Arese, P., & Duc, G. (2010).
Nutritional value of faba bean (Vicia faba L.) seeds for feed and food. Field crops
research, 115(3), 329-339. https://doi.org/10.1016/1.fcr.2009.09.016

Dahmardeh, M., Ramroodi, M., & Valizadeh, J. (2010). Effect of plant density and
cultivars on growth, yield and yield components of faba bean (Vicia faba L.).
African journal of Biotechnology, 9(50), 8643-8647. 10.5897/AJB10.1355.

Deb, B. R., & Paul, S. K. (2024). Agronomic Management of Faba Bean (Vicia faba L.):
A Review. Turkish Journal of Agriculture-Food Science and Technology, 12(s1),
2166-2179. https://orcid.org/0009-0000-1208-9514

Drinkwater, L. E., & Snapp, S. (2007). Nutrients in agroecosystems: rethinking the

management  paradigm.  Advances in  agronomy, 92, 163-186.
https://doi.org/10.1016/S0065-2113(04)92003-2

Duaja, M. D., Kartika, E., & Buhaira, B. (2019, December). Response of soybean (Glycine
max) to the reduction of inorganic fertilizer with palm oil factory waste decanter
cake. In IOP Conference Series: Earth and Environmental Science (Vol. 391, No.
1, p. 012015). IOP Publishing. 10.1088/1755-1315/391/1/012015

El-Gedwy, E. S. M. (2020). Effect of planting distances and weed control treatments on
faba bean yield and associated Weeds. Annals of Agricultural Science, Moshtohor,
58(1), 1-14.

El-Karamity, A. E., Abdullah, S. S., & El-Ridwany, A. R. (2017). Effect of plant
distribution and density on yield and yield components of some faba bean (Vicia
faba L.) cultivars. Minia Journal of Agricultural Research and Development, 37(2),
211-230.

Etemadi, F., Hashemi, M., Barker, A. V., Zandvakili, O. R., & Liu, X. (2019). Agronomy,
nutritional value, and medicinal application of faba bean (Vicia faba
L.). Horticultural Plant Journal, 5(4), 170-182.
https://doi.org/10.1016/1.hp;.2019.04.004

Fierer, N., Strickland, M. S., Liptzin, D., Bradford, M. A., & Cleveland, C. C. (2009).
Global patterns in belowground communities. Ecology letters, 12(11), 1238-1249.
https://doi.org/10.1111/j.1461-0248.2009.01360.x

Garcia-Servin, M., Contreras-Medina, L. M., Torres-Pacheco, 1., & Guevara-Gonzalez, R.
G. (2022). Estimation of nitrogen status in plants. In Nitrate Handbook (pp. 163-
181). CRC Press.DOI: 10.1201/9780429326806-10

Geisseler, D., & Scow, K. M. (2014). Long-term effects of mineral fertilizers on soil
microorganisms—A review. Soil Biology and Biochemistry, 75, 54-63.
https://doi.org/10.1016/].s0i1bi0.2014.03.023

Gezahegn, A. M., Tesfaye, K., Sharma, J. J., & Belel, M. D. (2016). Determination of
optimum plant density for faba bean (Vicia faba L.) on vertisols at Haramaya,
Eastern  Ethiopia. Cogent Food &  Agriculture, 2(1), 1224485.
https://doi.org/10.1080/23311932.2016.1224485

254


https://doi.org/10.1016/j.fcr.2009.09.016
https://orcid.org/0009-0000-1208-9514
https://doi.org/10.1016/S0065-2113(04)92003-2
https://doi.org/10.1016/j.hpj.2019.04.004
https://doi.org/10.1111/j.1461-0248.2009.01360.x
https://doi.org/10.1201/9780429326806-10?urlappend=%3Futm_source%3Dresearchgate.net%26utm_medium%3Darticle
https://doi.org/10.1016/j.soilbio.2014.03.023
https://doi.org/10.1080/23311932.2016.1224485

Sadiq et al., TJAS Vol. 26, No.2: pp. 242-256

Jensen, E. S., Peoples, M. B., & Hauggaard-Nielsen, H. (2010). Faba bean in cropping
systems. Field Crops Research,115(3), 203-216.
https://doi.org/10.1016/].fcr.2009.10.008

Karkanis, A., Ntatsi, G., Lepse, L., Fernandez, J. A., Vagen, I. M., Rewald, B., ... & Savvas,
D. (2018). Faba bean cultivation—revealing novel managing practices for more

sustainable and competitive European cropping systems. Frontiers in plant science,
9, 375969. https://doi.org/10.3389/fpls.2018.01115

Kulaz, H., & Ciftci, V. (2012). Relationships among yield components and selection
criteria for seed yield improvement in bush bean (Phaseolus vulgaris L.). Journal
of Agricultural Sciences, 18(4), 257-262. https://izlik.org/JA46CU75NN

Kuzyakov, Y., & Xu, X. (2013). Competition between roots and microorganisms for
nitrogen: mechanisms and ecological relevance. New Phytologist, 198(3), 656-669.
https://doi.org/10.1111/nph.12235Digital Object Identifier (DOI)

Lanzes, T., Kumar, M., Bhushan, A., Kumar, S., Chopra, S., Kumar, S., & Samnotra, R.
K. (2022). Influence of integrated nutrient management and sowing dates on
growth, yield, and quality of broad bean (Vicia faba L.). Vegetable Science, 49(01),
62-68. 10.61180/vegsci.2022.v49.i1.10

Liu, X., Zhang, Y., Han, W., Tang, A., Shen, J., Cui, Z., ... & Zhang, F. (2013). Enhanced
nitrogen deposition over China. Nature, 494(7438), 459-462. 10.1038/nature1 1917

Ouda, B. A., El-Marsafawy, S. M., & El-Kholy, M. A. (2022). Effect of planting density
on yield and yield components of faba bean under Egyptian conditions. Egyptian
Journal of Agronomy, 44(3), 145—153. https://doi.org/10.3390/plants11141819

Prusinski, J. (2022). Effect of row spacing and plant density on the yield of Faba bean L.
under very differentiated humidity conditions. Journal of Agricultural Science,
14(1), 1-10. https://doi.org/10.5539/jas.vi4nipl

Ramirez-Moreno, J. M., Salguero Bodes, 1., Romaskevych, O., & Duran-Herrera, M. C.

(2015). Consumo de habas (Vicia faba) y enfermedad de Parkinson: una fuente
natural de L-dopa a tener en cuenta. Neurologia (Barc., Ed. impr.), 375-376.
10.1016/].nrl.2013.08.006

Rasheed, M. S. (2023). Solubility of Iron (Fe II) in the Long-Term Vegetable Growing in
Calcareous Soils. Passer Journal of Basic and Applied Sciences, 5(1), 103-109.
10.24271/psr.2023.377828.1204.

Ryan, J., Estefan, G. and Rashid, A. (2001) Soil and Plant Analysis Laboratory Manual.
2nd edition, Syrian Arab Republic ICARDA, Aleppo.

Sadiq, S. M., & Mohammed, A. A. (2022). The effect of distance between plants and
spraying of nano and traditional boron on some growth characters and seed content
of the seeds of faba bean (Vicia faba L.). NeuroQuantology, 20(5), 1233-1240.
10.14704/nq.2022.20.5.NQ22515

Schuster, J., Mittermayer, M., Maidl, F. X., Natscher, L., & Hiilsbergen, K. J. (2023).
Spatial variability of soil properties, nitrogen balance and nitrate leaching using

255


https://doi.org/10.1016/j.fcr.2009.10.008
https://doi.org/10.3389/fpls.2018.01115
https://izlik.org/JA46CU75NN
https://doi.org/10.1111/nph.12235
https://doi.org/10.61180/vegsci.2022.v49.i1.10
https://doi.org/10.1038/nature11917
https://doi.org/10.3390/plants11141819
https://doi.org/10.5539/jas.v14n1p1
https://doi.org/10.1016/j.nrl.2013.08.006
https://neuroquantology.com/media/article_pdfs/1233-1240.pdf

Sadiq et al., TJAS Vol. 26, No.2: pp. 242-256

digital methods on heterogeneous arable fields in southern Germany. Precision
Agriculture, 24(2), 647-676. https://doi.org/10.1007/s11119-022-09967-3

Sheikh, M. A. K., Paul, S. K., & Sarkar, M. A. R. (2020). Journal of Bangladesh
Agricultural University. Journal of the Bangladesh Agricultural University, 18(2),
245-251. https://doi.org/10.5455/JBAU.91870

Singh, K. A. P., Goutam, P. K., Xaxa, S., Nasima, S. P., Panotra, N., & Rajesh, G. (2024).
The role of greenhouse technology in streamlining crop production. Journal of
Experimental Agriculture International, 46(6), 776-798.
https://doi.org/10.9734/jeai/2024/v46162532

Tariq, F. S., Abdulrahman, C. H., & Rasheed, M. S. (2021, May). Kinetics of

phosphorus adsorption in the calcareous soils of Kurdistan region, Iraq. In /OP
Conference Series: Earth and Environmental Science (Vol. 761, No. 1, p. 012016).
IOP Publishing. 10.1088/1755-1315/761/1/012016

256


https://doi.org/10.1007/s11119-022-09967-3
https://doi.org/10.5455/JBAU.91870
https://doi.org/10.9734/jeai/2024/v46i62532

