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ABSTRACT 

An experiment was conducted at Al-Hadhara district, located in Al- Diwaniyah city, during the growth season 2018-

2019 by using the pots have each one a 5 kg of soil for cultivating garlic (Allium sativum L.) in order to determine the 

response of garlic to different concentrations of nano-boron and copper, inoculation of Anabaena sp. and magnetized 

water on the yield of garlic. Randomized complete block design (RCBD) was adopted for a factorial experiment 

consisting of three factors (5 × 2 × 3): The first factor consisted of five concentrations of nano-boron (0, 2, 4) g.L-1 

and copper (1, 2) g.L-1. The second factor includes the inoculating soil of Anabaena sp. The third factor consisted of 

three intensities of magnetized water (0, 500, and 1000) gauss with three replicates for each treatment, including the 

total experiment 90 experimental units 45 of them were inoculated of algae. The highest total yield of 29.23 

ton.hectar-1 was obtained with the application of boron 4 g. L-1. Among the boron levels application of 2 g. L-1 gave a 

higher yield of 28.67 ton.hectar-1 than copper levels application of 1, 2 g. L-1 that of (26.91, 27.83) ton.hectar-1 

respectively, while control treatment of 22.78 ton.hectar-1. Inoculation of algae showed a higher effect of (28.44 

ton.hectar-1) than without (25.40 ton.hectar-1). Magnetized water had significant effect under 1000 gauss intensity of 

(28.19 ton.hectar-1) comparison with 500 gauss intensity (26.09 ton.hectar-1) or control treatment (26.09 ton.hectar-1). 

Biological yield affected of these factors significantly. It was high under boron 4 g. L-1 of (49 ton.hectar) while 

control (37.81). Inoculated plants were showed (43.66 ton. hectare) comparison with control (41.91 ton.hectar). 

Magnetized water has an effect on this trait under 1000 gauss (46.58 ton.hectar), while the control (42.58 ton.hectar).  
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Introduction 

Garlic (Allium sativum L.), belongs to the 

Amarylidacera family (Fritsch et al., 2010) like other plants, 

has an exquisite defense system, composed of as many 

different components as the human immune system. In order 

to protect itself from insects and fungi, garlic produces allicin 

by enzymatic reaction when it is injured. Thus, allicin is 

mother-nature’s insecticide. Since ancient times, garlic has 

been used worldwide, not only as a food but also as a 

medicine (Block, 1985). As early as 3000 B.C., in ancient 

civilizations, including Egyptian, Phoenicians, Greek, Indian, 

Roman, Babylonian, Viking, and Chinese, garlic was used 

for the treatment of heart conditions, arthritis, pulmonary 

complaints, abdominal growths (particularly uterine), 

respiratory infections, skin disease, symptoms of aging, 

diarrhea, bulbache, bites, worms, wounds, ulcers, and tumors 

(Freeman and Kodera, 1995; Rivlin, 2001). 

Copper is a redox-active transition element that has 

roles in photosynthesis, respiration, C and N metabolism, and 

protection against oxidative stress. Some studies suggest that 

Cu may play a part in the synthesis or the stability of 

chlorophyll and other plant pigments. Most of the functions 

of Cu are based on enzymatically bound Cu which catalyzes 

redox reaction (Selvaraj, 2002). Boron (B) is a micronutrient 

that plays a pivotal role in cell wall stability, photosynthesis, 

and carbon metabolism in the plant (Wang, 2015). Thus, B 

deficiency inhibits plant growth, hinders leaf expansion, 

causes leaf chlorosis or shoot tip dieback, deforms leaf, 

flower, or fruit, decreases yield and fruit quality, limits root 

elongation (Mishra and Heckathorn, 2016). 

Algae are microscopic organisms that are a normal and 

important part of ponds, streams, rivers, lakes, oceans, and 

other aquatic habitats. They form the base of the aquatic food 

web, providing food for invertebrates and fish (Paudel et al., 

2012). They get their energy through photosynthesis, much 

like plants, and in the process produce a significant amount 

of the oxygen we breathe every day. Cyanobacteria (CB), 

known as blue-green algae (BGA), are a group of gram-

negative photosynthetic bacteria that have colonized the earth 

surface for nearly 3.5billion years and are considered as the 

predecessors of modern-day chloroplast (Grzesik et al., 

2017). 

Magnetic water is obtained by passing water through 

permanent magnets or through the electromagnets installed in 

or on a feed pipeline (Ali et al., 2014). The permanent 

ceramic magnets or electromagnets are installed around the 

incoming water pipe. According to Ampere’s law, when 

electricity passes through a wire, a magnetized field will be 

created around it. Up to now, different devices have been 

produced to magnetize water. In spite of a variety of 
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structures and shapes for these devices, the performing 

mechanism is almost the same. When a fluid passes through 

the magnetized field, its structure and some physical 

characteristic such as density, salt solution capacity, and 

deposition ratio of solid particles will be changed (Ali et al., 

2014). 

Materials and Methods 

Location of the study: Al-Hadhara district, located in Al-

Diwaniyah city, was chosen as the site for the study during 

the 2018-2019 growth season using;5 kg potting soil for 

cultivating garlic (Allium sativum L.) in order to determine 

the response of garlic plant to different concentrations of 

nano-boron, copper and magnetized water. 

Preparation of experimental units: 

• Plastic pots (5 kg soil) were used for planting. They were 

filled with 4kg of sandy loam soil (Table 1) detected 

according to (Page et al., 1982) 

• The cloves garlic were used (horizontal diameter = 1 cm) 

from common variety for implantation. 

• Nano-boron and copper processed from Iranian Sepeher 

Parmis company was used preparation = direct 

dissolution in distilled water according to the 

instructions on the sheet.  

• Magnetize water by using two systems one of them gives 

500 gause another 1000 related with intensities were 

used in study. 

• Inoculation of soil with Anabaena algae (100g.kg
-1

) to 

half pots, mean 45 treatment units. 

Experimental design and implementation: Randomized 

complete block design (RCBD) was adopted for a factorial 

experiment consisting of three factors (5×2 × 3): The first 

factor consisted of five concentrations of nano-boron and 

copper separately; nano boron 2, 4 g.L
-1

 while nano copper 1, 

2 g.L
-1

 and zero to control. The second factor includes 

inoculating soil of Anabaena sp. for half of the pots, with 

three replicates for each treatment, including the total 

experiment 90 experimental units, 45 of them were 

inoculated another without. The third factor consisted of 

three intensities of Magnetize water (0, 500, and 1000 gauss), 

Pre-prepared potted soils were planted with three cloves of 

garlic per pot on 20/9/2018 and after 10 days 100% full 

germination was obtained for all cultivated cloves. In 

addition, the service of plants from irrigation and potted 

follow-up in anticipation of fungal or insect infestation 

continuously is pending measurements of the indicators 

under study. The concentrations of substances were adding 

according to the aforementioned concentrations dissolved in 

irrigation water were arranged in the order of foliar spray 

method in the early morning with pre-irrigation of plants to 

avoid closure of stomata due to dehydration as well as 

increased absorption efficiency of the sprinkler (Gruda, 

2005) taking into account consider all precautions and 

measures necessary to prevent the interaction of the process 

of application between one treatment to another, as the 

treatment took place on 25/12/2018 and in order to the study 

factors. 

Studied total and biological yield measurements were taken 

when all plants became maturated within the same treatment 

at all replicates. The mean was calculated by dividing the 

characteristic of the number of plants within the same 

treatment. The total yield was measured depending on the 

weight and number bulbs in the area of the pot then 

transformed to ton per hectare. While the biological yield 

was measured depending on all parts of the plant before 

harvest, including roots, leaves, and bulbs. 

Statistical analysis: Results data were analyzed statistically 

by using the analysis of variance for a factorial experiment 

consisting of three factors according to RCBD, The process 

was implemented in the SPSS program and the means of 

treatments were compared when the differences were 

significant using the least significant difference (LSD) test at 

P ≤ 0.05 (Steel and Torrie, 1980). 

Table1: Physical and chemical characteristics of soil 

experiment before implantation Characteristic Value 

Measure 

Characteristic Value Measure unit 

E.C. 2.61 µS/cm 

pH 7.5 - 

Organic matte 7.4 % 

Nitrogen 0.37 % 

Phosphorus 0.01 % 

Potassium 3.9 % 

Sand 38.5 % 

Silt 44.7 % 

Clay 16.8 % 

Soil texure Sandy loam 
 

Results 
Total yield 

The results of table (2) show the significant effect of the 

concentrations of the different nanomaterials used in the 

study, inoculation of algae, the magnetization of irrigation 

water and their significant interference on the total yield of 

garlic plants, as it reached a maximum of (29.23ton.he
-1

) 

when using nanoscale boron. 4g L
-1

 compared to the 

comparison treatment of (22.78 tons. he
-1

), followed by the 

treatment of boron at a concentration of 2 g. L
-1

, when the 

total plant yield reached (28.67 ton. he
-1

), and copper at a 

concentration of 2 g. L
-1

 showed a significant effect. (27.83 

ton. he
-1

) and (26.91 ton. he
-1

) for copper at a concentration 

of 1 g. liter
-1

 meaning that the total plant yield increased with 

all the concentrations of nanomaterials used. The table also 

shows the significant effect of Anabaenainoculated, as the 

total yield with moss inoculated was (28.44 tons. he
-1

) 

compared with the comparison treatment that amounted to 

(25.40 tons. he
-1

). It was also noted from the table the 

significant effect of the magnetization intensity of irrigation 

water, as it reached the maximum average of the studied 

characteristic (28.19 tons. he
-1

) at the magnetization intensity 

of 1000 gauss, followed by the magnetization intensity of 

500 gauss which amounted to (26.92 tons. he
-1

) compared 

with the comparison treatment that amounted to (26.09 tons. 

ha
-1

). The double interaction between the concentrations of 

nanomaterials and inoculation with algae showed that the 

maximum yield of the plant was (30.61 tons. he
-1

) when 

interfering with boron at a concentration of 4 g. Liter
-1

 and 

inoculated with moss compared with the comparison 

treatment (20.09 tons. he
-1

). 

The double interaction between the concentrations of 

nanomaterials and the magnetization of the irrigation water 

showed that the maximum yield was (29.97 tons. he
-1

) when 

the two combinations interfered (boron at a concentration of 

4 g.L
-1

), followed by the interaction (boron at a concentration 

Effect of different concentrations of nano boron, copper, inoculation of anabaena sp. and magnetizing  

water on yield of garlic (Allium sativum L.) 
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of 2 g. Liter
-1

 and highly magnetized water. (1000 gauss), as 

it reached (29.48 tons. he
-1

) compared to its counterparts 

within this interaction, including the comparison treatment, 

which amounted to (21.19 tons. he
-1

). 

As for the two-way interaction between magnetization 

intensity of irrigation water and inoculated with moss, it was 

noticed that the highest yield was when the interaction 

between inoculated with moss and magnetization intensity of 

irrigation water was 1000 gauss, reaching (29.67 tons. he
-1

), 

followed by an interaction of intensity 500 gauss for 

inoculated plants, which amounted to 28.70 tons. he
-1

) 

compared to the comparison treatment of (24.25 tons. he
-1

). 

The triple interaction of study factors showed the 

combination (boron concentration 4 g. Liter
-1

 and the 

magnetization intensity of 1000 gauss water with inoculation 

with algae) gave the highest average for the studied trait of 

(31.48 tons. he
-1

) compared to the comparison treatment that 

amounted to (17.22 tons. he
-1

), as it was observed. From the 

same interaction, there was no significant difference in the 

mean total yield between the boron concentrations 2 and 4 g. 

l
-1

 for plants inoculated with moss when using strongly 

magnetized water of 500 gauss. 

Biological yield 

Table (3) shows the significant effect of the used 

nanomaterials, inoculation with anabaena, and magnetization 

of irrigation water on the biological yield of the garlic plant, 

where it showed superiority in the treatment of nanoscale 

boron at a concentration of 4g.l
1-

 compared to its 

counterparts, including the comparison treatment, which 

amounted to (49.00 tons. he
-1

), while the comparison 

treatment amounted to (37.81 tons. he
-1

), followed by the 

treatment of boron at a concentration of 2 g. Liter
-1

 when it 

reached 46.20 tons. he
-1

). Copper concentrations showed a 

significant effect on the mean of the studied characteristic, 

when the copper concentration was 2 gm. Liter
-1

 was (44.88 

tons. he
-1

), as for copper, at a concentration of 1 g. Liter
-1

 it 

was (43.54 tons. he
-1

) compared to the comparison. The table 

itself shows. The significant effect of inoculated with moss 

reached (43.66 tons. he
-1

) for inoculated plants compared to 

non-inoculated plants, which amounted to (41.91 tons. he
-1

). 

The table also showed the significant effect of the intensity of 

magnetization of the irrigation water, as the intensity 

exceeded 1000 gauss over its counterparts, including the 

comparison treatment, reaching (46.58 tons. he
-1

), while the 

comparison treatment reached (42.29 tons.he
-1

). Also, the 

intensity of 500 gauss showed a significant effect of (43.99 

tons. he
-1

). 

The bilateral interaction between inoculation with algae 

and the concentration of nanomaterials showed that the 

combination (inoculation with a boron concentration of 4 gm. 

L
-1

) gave the highest average for the studied trait of (51.80 

tons. he
-1

) compared to the comparison treatment, which 

amounted to (33.45 tons. he
-1

). The same interaction shows 

that there is a significant difference between the 

concentration of boron 4 and 2 g. liter
-1

 for the moss 

inoculated plants, while there is no significant difference 

between the copper concentrations (1 and 2 g.l
-1

) with 

inoculated and non-inoculated plants. The double interaction 

between the concentrations of the used nanomaterials and the 

magnetization of the irrigation water indicates the superiority 

of the combination of two factors (boron at a concentration of 

4 g. L
-1

 and the magnetization intensity of 1000 gauss water) 

as the biological yield reached (53.66 tons. he
-1

) compared to 

the comparison treatment that amounted to (35.18 tons. ha
-1

) 

followed by the combination between (boron 2 g. Liters
-1

 and 

the magnetization intensity of 1000 gauss water), reaching 

(48.93 tons. he
-1

).  

The interaction also indicates that there is a significant 

difference between the concentration of copper and boron at 

the same concentration at the intensity of 500 gauss. The 

bilateral significant interaction between inoculated with moss 

and magnetization of irrigation water showed that the 

maximum average biological yield at the combination 

(inoculated with moss with magnetization intensity of 1000 

gauss) reached (49.04 tons. he
-1

), followed by the 

combination (intensity 500 gauss of magnetized water with 

inoculated with moss). It amounted to (46.02 tons. he
-1

) 

compared to the comparison treatment, which amounted to 

(39.66 tons. he
-1

).The triple interaction of study factors 

showed the combination (boron at a concentration of 4 gm. 

L
-1

 and the magnetization of water with an intensity of 1000 

gauss and inoculated with algae) gave the highest yield of 

(58.35 tons. he
-1

) compared to the comparison treatment of 

(28.77 tons. he 
-1

). Also, the same interaction showed the 

absence of Significant difference between the two 

combinations (boron 2 gm.L
-1

 and copper 2 gm.L
-1

) under the 

magnetization intensity of 1000 and 500 gauss and 

inoculation with algae, as well as the absence of a significant 

difference between the concentrations of copper 1 gm.  

Liters
-1

 and 4 gm. Liter
-1

 at the same water strengths and the 

same inoculated conditions. 
 

Table 2: The effect of different concentrations of nano (copper and boron), inoculation with Anabaenalgae and magnetization 

of water on average total yield (ton.hec
.-1

) of garlic. 

concentrations of nano materials(g.L
-1

) 

Control Copper Boron magnetized water 
magnetized 

water 
0 1 2 2 4 

interaction = magnetized 

water× Inoculation 

algae 

0 17.22 24.88 25.74 26.34 27.06 24.25 

500 18.37 25.39 26.48 27.47 28.05 25.15 
Without inocul. 

 
1000 24.69 25.94 26.96 27.99 28.46 26.81 

0 25.16 27.52 28.21 29.09 29.67 27.93 

500 25.24 28.04 29.39 30.17 30.68 28.70 Inoculated 

1000 26.00 29.69 30.20 30.96 31.48 29.67 

average concentrations 

of nano materials 
 22.78 26.91 27.83 28.67 29.23  

concentrations of nano materials =0.23 =0.25 ) 2 factors( interaction 
L.S.D (p≤ 0.05) 

( 3 factors)interaction=0.57 

 )nana materials×magnetized water (interaction 

Sanaa H. Yassir
 
and Abdulameer A.Yassen 
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g.L
-1 

)      (concentrations of nano materials 

Control Copper Boron 

magnetized wate 

(gaus) 

0 1 2 2 4 

Average to magnetized wate 

 

0 21.19 26.20 26.98 27.72 28.37 26.09 

500 21.77 26.72 27.94 28.82 29.37 26.92 

1000 25.35 27.82 28.34 29.48 29.97 28.19 

L.S.D(p≤ 0.05) 
Interaction ( nana materials × magnetized wate) 

=0.33 
magnetized wate=0.18 

interaction (nana materials× Inoculation algae) 

concentrations of nano materials 

Control Copper Boron 
Inoculation 

Algae 
0 1 2 2 4 

Average to Inoculation 

Algae 

Without inocul. 20.09 25.40 26.39 27.26 27.86 25.40 

Inoculated 25.47 28.42 29.27 30. 07 30.61 28.44 

L.S.D(p≤ 0.05) 
( 2 factors) interaction nano materials× 

Inoculationalgae =0.40 

Inoculation algae 

 =0.14 

 

Table (3): The effect of different concentrations of nano (copper and boron), inoculation with Anabaenalgae, and 

magnetization of water on average biological yield (ton.hec
.-1

) of garlic. 

concentrations of nano  

materials (g.L
-1

) 

Control Copper Boron 
magnetized water 

magnetized 

water 

0 1 2 2 4 

interaction = magnetized 

water × Inoculation 

algae 

0 28.77 40.81 41.39 43.24 44.11 39.66 

500 35.15 41.80 43.61 43.76 45.51 41.97 
Without inocul. 

 
1000 36.44 42.39 44.92 47.83 48.98 44.11 

0 41.59 44.72 45.20 45.38 47.66 44.91 

500 42.30 45.45 46.02 46.96 49.37 46.02 Inoculated 

1000 42.61 46.06 48.14 50.03 58.35 49.04 

average concentrations of 

nano materials 
 37.81 43.54 44.88 46.20 49.00  

concentrations of nano materials = 1.18 =1.30 ) 2 factors( interaction 
L.S.D(p≤ 0.05) 

(3 factors) (interaction=2.90 

 )nana materials×magnetized water (interaction 

g.L
-1 

)      (concentrations of nano materials 

Control Copper Boron 
magnetized water 

(gaus) 
0 1 2 2 4 

Average to magnetized water 

 

0 35.18 42.77 43.38 44.22 45.89 42.29 

500 38.72 43.63 45.29 44.89 47.44 43.99 

1000 39.53 44.23 46.53 48.93 53.66 46.58 

L.S.D (p≤ 0.05) 
Interaction ( nana materials × magnetized wate) 

=2.05 
magnetized water=0.91 

interaction (nana materials× Inoculation algae) 

concentrations of nano materials 

Control Copper Boron 
Inoculation 

Algae 
0 1 2 2 4 

Average to Inoculation 

Algae 

Without inocul. 33.45 41.67 43.31 44.94 46.20 41.91 

Inoculated 42.17 45.41 46.45 47.46 51.80 43.66 

L.S.D (p≤ 0.05) (2factors)interaction × nana materials =1.67 
Inoculation algae 

=0.75 

 

 

Discussion 

The nano-boron and copper have a remarkable role in 

accelerating biological reactions due to the large surface area 

of their particles, which in turn leads to the production of 

growth materials that are reflected in the vegetative 

indicators of the plant and reflected on yield either total or 

biological (Agrawal and Rathore, 2014; Chanchan et al., 

2013). With regard to the significant effect of study factors 

on the studied characteristics or indicators of the outcome, 

such as total yield included (size, diameter, weight, and 

number of bulb cloves, weight, and diameter of the cloves) 

and biological yield included (weight of root and leaves 

added to bulbs) as shown in tables (2-3), the height of these 

indicators was a clear positive reflection of the high 

vegetative growth of the plant due to the use of materials 

nanoparticles with suitable concentrations by the method of 

foliar spray and this matches the study of (Abdul-Hafeez et 

al., 2015; Nasreen et al., 2009). 

The increase in most of the growth indicators was due 

to inoculation with Anabaena sp. And the role of these algae 

Effect of different concentrations of nano boron, copper, inoculation of anabaena sp. and magnetizing  

water on yield of garlic (Allium sativum L.) 
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in the biological fixation of nitrogen, as nitrogen is one of the 

necessary elements to build the amino acid Tryptophan, 

which forms the basis for building the growth hormone Indol 

acetic acid (IAA) responsible for the elongation of plant cells 

(Mahmoud et al., 2019). Inoculation with Anabaena 

stimulates the production of auxins, which encourages cell 

division and cell elongation (Prasad and Prasad, 2003). Also, 

the increase in the characteristics of vegetative growth may 

be attributed to the role of nitrogen that promotes growth and 

cell divisions (Massignam et al., 2009), and then the increase 

in cell breadth, and this is what was found by (Rai, 2006; 

Swamalakshmi et al., 2013) about the relationship of 

nitrogen in the increase of vegetative growth, as it may be 

due to the effect of nitrogen on impeding leaf aging and 

yellowing due to ability to build proteins and RNA as well as 

slow their breakdown (Rashad et al., 2019). On the other 

hand, the increase in the activity of photosynthesis and other 

processes led to an optimal vegetative growth that required 

the absorption of nutrients and access to the state of 

nutritional balance as a result of increased growth and 

increased leaf area, which contributed to improving the 

physiological plant processes and giving better growth 

(Hussain and Hasnain, 2011). 

The use of magnetized water led to an increase in the 

content of the leaves of chlorophyll, directly with the severity 

of magnetization, because the use of magnetized irrigation 

water leads to a lot of modification to the characteristics of 

the water such as density, surface tension and viscosity and 

raising the ability of water to dissolve minerals, vitamins, and 

salts (Morejon et al., 2007). This is consistent with the study 

by (Suhail and Mahdi, 2013; Abdel Nabi et al., 2019). The 

superiority of water magnetization coefficients in their effect 

on vegetative growth compared to irrigation with regular 

water may be due to the fact that magnetization of irrigation 

water increases the levels of enzymes and the maintenance of 

hormonal balance, which leads to an increase in growth, 

expansion and cell division and extension. It may facilitate 

the absorption process by the root cells, which affects the 

transfer of nutrients, as well as increases the readiness of 

nutrients in the soil, leading to an increase in the growth of 

the plant (Takachenko, 1997). As well as, the use of 

magnetized water in irrigation improves plant growth. 

Noticeably due to the facilitation of the absorption of major 

elements from the soil and its reflection on the growth of the 

vegetative plant Ali et al., 2014). 

Conclusion 

One of the most important findings of the present study 

is the superior significant effect by treatment with 4 g. L
-1

 of 

nano -boron by foliar spray as well as treatment with 

inoculation of Anabaena sp. Algae and use magnetized water 

irrigation on most growth indicators of the garlic plant. 

References 

Abdel Nabi, H.M.E.; El-Shal, Z.S.A.; Doklega, S.M.A. and 

Abdel, R. (2019). Effect of Magnetic Water and 

Fertilization Requirements on Garlic Yield and 

Storability. J. Plant Production, Mansoura 

Univ.,10(2):73-79. 

Abdul-Hafeez, A.R.; Tariq, M.; Hafiz, M.J. (2015). Potential 

of Copper Nanoparticales to Increase Growth and Yield 

of Wheat. Journal of Nanoscience with Advanced 

Technology. 1 (1). 

Agrawal, S. and Rathore, P. (2014). Nanotechnology Pros 

and Cons to Agriculture: A Review. Int. J. Curr. 

Microbiol. App. Sci., 3(3): 43-55. 

Ali, Yadollahpour; Samaneh, R. and Kavakebian (2014). 

Applications of Magnetic Water Technologyin Farming 

and Agriculture Development: A Review of Recent 

Advance. Current World Environment, 9(3): 695-703. 

Block, E. (1985). The Chemistry of Garlic and Onions. Sci. 

Am., 252: 114–119. 

Chanchan, M.; Hore, J.K. and Ghanti, S. (2013). Response of 

garlic to foliar application of some micronutrients. 

Journal of Crop and Weed, 9(2): 138-141. 

Freeman, F.; Kodera, Y. (1995). Garlic Chemistry: Stability 

of S-(2-Propenyl) 2-Propene-1-Sulfinothioate (Allicin) 

in Blood, Solvents, and Simulated Physiological Fluids. 

Journal of Agricultural Food Chemistry, 43: 2332–

2338.  

Fritsch, R.M.; Blattner, F.R. and Gurushidze, M. (2010) new 

classification of Allium L. subg. Melanocrommyum 

(Webb & Berthel.) Rouy (Alliaceae) based on 

molecular and morphological characters. Phyton, 49: 

145–220.  

Gruda, N. (2005). Impact of environmental factors on 

product quality of greenhouse vegetables for fresh 

consumption. Critical Reviews in Plant Sciences, 24(3): 

227-247. 

Grzesik, M.; Romanowska-Duda, Z. and Kalaji, H. (2017). 

Effectiveness of cyanobacteria and green algae in 

enhancing the photosynthetic performance and growth 

of willow (Salix viminalis L.) plants under limited 

synthetic fertilizers application. Photosynthetica; 55(3): 

510–521. 

Hussain, A. and Hasnain, S. (2011) Phytostimulation and 

biofertilization in wheat by cyanobacteria. J Ind. 

Microbiol Biotech., 38: 85. 

Kronenberg, K. (1993). Magnetized: what makes water with 

magnets so alluving? Aqua Magazine, 20-23. 

Mahmoud, S.A.; Abd El-Aty, Azza, M.; Kandil, H. and 

Siam, H.S. (2019). Influence of Different Algal Species 

Application on Growth of Spinach Plant (Spinacia 

oleracea L.) and Their Role inPhytoremediation of 

Heavy Metals from Polluted Soil. Plant Archives. 

19(2): 2275-2281. 

Massignam, A.M.; Chapman, S.C.; Hammer, G.L. and Fukai, 

S. (2009). Physiological determinants of maize and 

sunflower achene yield as affected by nitrogen supply. 

Field Crops Research, 113: 256-267. 

Mishra, S. and Heckathorn, S. (2016). “Boron stress and 

plant carbon and nitrogen relations,” in Progress in 

Botany 77, eds U. Lüttge, F. M. Cánovas, and R. 

Matyssek, (Cham: Springer International Publishing), 

333–355.  

Morejon, L.P.; Palacio, J.C.C.; Abad, L.V.; Abadnan, A.P. 

and Govea, L.V. (2007). Stimulation of Pinustropicalis 

seeds by magnetically treated water. Int Agrophysics. 

21:173-177. 

Nasreen, S.; Yousuf, M.N. and Mamun, A.N. (2009). 

Response of Garlic to Zinc and Boron and Poultry 

Manure Application. Bangladesh J.Agril. Res., 34(2): 

239-245. 

Page, A.L.; Miller, R.H. and Keeney, D.R. (1982). Methods 

of Soil Analysis. Chemical and Microbiological 

Properties. 2nd ed., American Society of Agronomy in 

American, Inc., Madison, Wisconsin, USA.  

Sanaa H. Yassir
 
and Abdulameer A.Yassen 



 

 

396 

Paudel, Y.P.; Pradhan, S.; Pant, P. and Prasad, B.N. (2012). 

Role of blue green algae in rice productivity. 

Agriculture and Biology Journal of North America. 

Prasad, B.N. and Prasad, R.C. (2003). Blue Green Algal 

inoculation for rice productivity and soil fertility in 

Nepal. J. Nepal Biotechnol. Association. Vol. 1.). 

Rai, M.K. (2006). Handbook of Microbial Biofertilizers. 

Haworth Press, New York. Rashad, S.; El-Hassanin, 

A.S.; Mostafa, S.S.M. and El-Chaghaby, G.A. (2019). 

Cyanobacteria cultivation using olive milling 

wastewater for bio-fertilization of celery plant. Global. 

J. Sci. Manage. 5(2): 167-174. 

Rivlin, R.S. (2001). Historical Perspective on the Use of 

Garlic. J. Nutr. 131: 951S–954S. 4.  

Selvaraj, N.S.; Natarajan, V.M.; Selvarajan, S.M. and 

Pabitha, A. (2002). Effect of foliar application of 

micronutrients on the growth and yield of garlic. S. Ind. 

Hort., 50:159-168. 

Steel, R.G.D. and Torrie, J.H. (1980). Principles and 

Procedures of Statistics. A biometrical Approach. 2nd 

ed. New York. 

Suhail, F.M. and Mahdi, I.A. (2013). Test the efficiency of 

mycorrhizal fungi (Glomus fasciculatum) and magnetic 

water to reduce the effect of salinity on plant onion 

(Allium cepa L.) Bulletin UASMV serieAgriculture. 

70(2):325-333. 

Swamalakshmi, K.; Prasanna, R.; Kumar, A.; Pattnaik, S.; 

Chakravarty, K.; Shivay, Y.S.; Singh, R. and Saxena, 

A.K. (2013). Evaluating the influence of novel 

cyanobacterial biofilmed bioferlilizers on soil fertility 

and plant nutrition in wheat. Eur J Soil Biol., 55: 107-

116. 

Takachenko, Y.P. (1997). Hydromagnetic aeroionizer in the 

system of spray, Method of irrigation of agricultural 

crops. Hydromagnetic systems and their role in creating 

micro-climate. Chapter from Prof. Tktchenko,s book, 

Practical magnetic technologies in Agriculture, Dubai. 

Wang, N.; Yang, C.; Pan, Z.; Liu, Y. and Peng, S.A. (2015). 

Boron deficiency in woody plants: various responses 

and tolerance mechanisms. Front. Plant Sci. 6: 916. 

  

 

 

Effect of different concentrations of nano boron, copper, inoculation of anabaena sp. and magnetizing  

water on yield of garlic (Allium sativum L.) 


