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WO field experiments under sprinkler irrigation using groundnut
(Arachis hypogaea L.) and wheat (Triticum sativa) were carried
out to study the effect of adding the magnetic iron ore combined with
different types of additives on the yield and nutrient availability in
sandy soil. Single and combined levels of iron ore, shale deposits
(bentonite), bio-fertilizer (Phosphorine) and super phosphate forming
10 treatments were applied in a randomized complete block design. At
harvest, the groundnut seed and wheat grain yields (kg fed-1), 100 seed
and grain weights (g) were recorded then analyzed for N, P, K and Fe.
The groundnut oil percent was determined. In addition, the soil
samples were analyzed for the available N, P, K and Fe after
harvesting each crop. The maximum yield compared to the control has
been obtained in case of applying the treatment (super phosphate: 22.5
kg P2O5 fed-1 + magnetic iron ore: 120 kg fed-1 + bentonite: 100 kg
fed-1) for the two crops. An increase of 32.42% and 48.8% for the
groundnut seeds and the wheat grain over the control, respectively
exists with significant difference for wheat only, which was more
affected by the magnetic iron ore. Moreover, applying this treatment
resulted in increasing the groundnut seeds oil, K and Fe percent by
9.65%, 55.74% and 61.3% respectively. Almost the same trend was
observed for the wheat grain K, P and Fe percentage where an increase
of 85.71%, 54.84% and 43.75%, respectively exists. The soil available
P, K and Fe values after harvesting the two crops were mostly
unaffected compared with the initial soil.

T

Keywords: Sandy soil, Super phosphate, Bentonite, Magnetic iron ore,
Bio-fertilizers (Phosphorine), Groundnut; Wheat.

Iron is considered an extremely important element for life in general, and plants
in particular. It is considered a growth-limiting factor due to its low solubility at
neutral and basic pH and its lower toxicity compared to other metals. Iron is
essential for both plant productivity and nutritional quality. It is not clear whether
iron bio-minerals are formed within the internal structures of the higher plants
tissues. Studies on the iron hyper-accumulator plants such as Imperata cylindrica
have indicated that the metabolism of iron in plants is much more complex than
has been reported. Jarosite (KFe3(OH)6(SO4)2) and ferrihydrate-ferritin,
accumulate in the different tissues like roots and rhizomes while in the leaves
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most of the ferric iron is stored in ferritin as the main iron managing structure of
the plant (Amils et al., 2007).
Iron is essential for photosynthesis being required for CO 2 fixation, biomass,
and O2 production, which can react with iron to produce reactive oxygen species
(ROS) deleterious for the cell integrity. Iron may interfere with the complex
redox (oxidation-reduction) reactions involved. The iron uptake in the form of
iron chelates is known as phyto-siderophores. Homeostasis of iron in plants is
achieved through very dynamic processes requiring proteins and small organic
molecules in order to take up the metal from the soil, to traffic it throughout the
plant, to compartmentalize it intra-cellularly, to buffer and to store it in case of
excess. Among the molecules required in these processes, the ferritins that are a
class of ubiquitous iron storage proteins, found in all living kingdoms. The
beneficial effect of iron on seed production appears dependent on the presence of
ferritins (Briat et al., 2010). Studies have reported that iron treatment of Zea mays
induced ferritin protein accumulation in the roots and leaves. The magnetic nanoparticles may be internalized in the vegetal tissue and may have not only a
chemical but also a magnetic influence on the enzymatic structures implied in the
different stages of the photosynthesis reactions (Răcuciu, 2012).
Novel properties of iron oxide magnetic nano-particles (IOMNPs) such as
super Para magnetism were reported to affect the soil microorganisms. They
could stimulate some bacterial growth not the whole soil microbes and influence
the soil bacterial community structure that facilitate C and N cycling in soil (He et
al., 2011). The use of expensive hazardous chemical nematicides that cause
serious environmental pollution may be replaced by environmentally friendly
natural materials like magnetic iron ore (MIO). The addition of the natural MIO
or “ferromagnetic" could improve soil structure, organic matter, water properties,
cation exchange capacity and become more energy and vigour which is known as
"Magneto biology" that helps plant growth, moderation of soil temperature,
improved water – holding capacity and crop nutrition from macro and
microelements. Moreover, the magnetic process separates all chlorine, toxic and
harmful gases from soil, which increased salt movement and solubility of
nutrients (Ismail et al., 2010).
Suitable magnetic treatment had increased the absorption and assimilation of
nutrients. A remarkable increase in the plant roots and stem length as well as the
fresh and dry weight had been reported. It may be due to an improved capacity
for nutrient and water uptake providing greater physical support to the developing
shoot due to better root growth (De Souza et al., 2005). Application of magnetic
iron increased vegetative growth and yield of pepper plant grown under saline
irrigation conditions (Taha et al., 2011) and increased leaf mineral content of
cauliflower (Mansour, 2007). The application of bio-fertilizer plus 750 gm
magnetite treatment was the best combination for achieving the highest total yield
(51.44, 38.22 % over control) during two seasons for Valencia orange trees
(Citrus Sinensis) (Mohamed et al., 2013). It was suggested that using compost
(15 and 20 ton fed-1) and magnetic iron (300 kg fed-1) are considered as suitable
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applications for improving the vegetative growth, yield production of cucumber
plants (Shehata et al., 2012).
The magnetic environment helps to concentrate nutrients in the leaves of the
plant because some of the nutrients in plants such as magnesium, sulfur and iron
are magnetic. They are attracted to the magnetic field and concentrate in the
leaves that are in direct contact of that field (Carrera, 2009). Magnetic fields (MF)
may play an important role in cation uptake capacity of immobile plant nutrients.
Elemental composition of the date palm was significantly affected by MF
treatment. The content of N, K, Ca, Mg, Fe, Mn and Zn were significantly
increased while P was significantly decreased. Increased MF strength had
increased the content of Mn, Fe and Zn in strawberry leaves (Fragaria x
ananassa) as studied by Esitken and Turan (2003), the content of Mg, Fe and
Cu in buckwheat (Fagopyrum esculentum) grain (Gubbels, 1982) and the P, Ca,
K and Zn content of straw. The change in ion content under MF may differ in
organs of the same plant (Dhawi and Al-Khayri, 2009).
Bentonite minerals are naturally occurring clay deposits which have high
cation exchange, adsorption capacity and a high potential for Zn and Fe retention.
Their addition to the sandy soil reduced the velocity of downward water
movement, increased soil moisture retention, and restricted the deep percolation
and leaching out nutrients (Hassan and Abdel Wahab, 2013). There was a positive
effect of bentonite treatment on the plant total nitrogen content. Bentonite could
be a very promising material for the improvement of the physical, chemical, and
biological properties of sandy soils in arid regions and contribute positively to
improved production yields agriculture (Reguieg et al., 2011)
Super phosphate ores such as (Ca[H2PO4]2) is among various sources of inorganic
P fertilizer that can be used to build up the soil P level. Some of them dissolve quickly
in water and thus can produce levels of soil solution P high enough that crops can
compete for P with the soil’s P-fixation capacity (Hue and Silva, 2000).
However, the excess uses of chemical fertilizers in agriculture are costly and
have various adverse effects on soils like depletion of water holding capacity and
soil fertility that may be due to greater soil degradation. In many production
systems, soil pH, Electrical conductivity, and Na of soil were increased after the
addition of chemical fertilizer because of more residual ions left. It was
recommended that “a massive replenishment of soil nutrients for smallholder
farmers on lands with nutrient-depleted soils, through free or subsidized
distribution of chemical fertilizers by no later than the year 2006”. A bio-fertilizer
is a substance containing living microorganisms which, when applied to seed,
plant surface, or soil, colonizes the rhizosphere or the anterior of the plant and
promotes growth by increasing the availability of primary nutrients to the host
plant. The growth, yield, and quality parameters of certain plants significantly
increased with bio-fertilizers. Among commercial Egyptian bio-fertilizers are
nitrobien, rizobacterin, cerealin, Phosphorine …etc. Phosphorine was the
commercial name of phosphate dissolving bacteria (PDB) containing active
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strains of Bacillus megatherium var. phosphaticum which supply the growing
plants by their phosphorous needs during growth (Maksoud et al., 2009, El-Nagdy
et al., 2010 and Youssef & Eissa, 2014). It enhanced the oil content of flax
(Mostafa and Ahmed, 2000, Mohamed, 2003 and Aowad & Mohamed, 2009). It
resulted in higher N, P and K contents of sunflower leaves and higher indole acetic
acid (IAA), Gibberellins (GA3) and Cytokinins of tomato plant (El-Tohamy et al.,
2009). Additionally, it alleviated the adverse effect of water stress on barley yield
and produced the highest grain yield and seed index (Thalooth et al., 2012).
The present study aims to evaluate the effect of adding magnetic iron ore
combined with different types of additives on the yield and nutrient percent of
wheat, groundnut, and the nutrient availability in sandy soil.
Material and Methods
Two field experiments under sprinkler irrigation were carried out using
groundnut (Arachis hypogaea L.) cv. Giza 5 (summer season of 2012) and wheat
(Triticum sativa) cv. Sakha 93 (winter season of 2012/2013), respectively, in the
sandy soil of Ismailia Agric. Res. Station. Some characteristics of the experiment
soil were determined in the upper 30 cm layer according to Page et al. (1982) and
shown in Table 1a.
Single and combined applications of magnetic iron ore, shale deposits
(bentonite), bio-fertilizer (Phosphorine), and super phosphate were applied
according to the studied treatments (Table 2). Magnetic iron ore and bentonite
were obtained in a ground and purified from El-Kossier, Red sea Governorate.
Analysis of bentonite was shown in Table 1b where magnetic iron ore was 99%
pure.
TABLE 1a. Some characteristics of the experiments soils before cultivation .
Groundnut
experiment

Character

Particle size distribution
(%)

Coarse
sand
Fine sand
Silt
Clay

72.12

73.05

14.32
3.22
10.34
Sandy
0.36
0.23
8.01
25.00
0.30

15.42
2.12
9.41
Sandy
0.53
0.48
8.02
23.57
0.40

N

20.50

23.00

P
K
Fe

2.01
50.13
2.01

1.95
45.35
1.50

Texture class
CaCO3 (%)
OM (%)
pH (1:2.5 soil : water suspension)
SP
EC (dS m-1) (1:5 soil : water extract)
Available
nutrients (mg kg-1)

Wheat
experiment
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TABLE 1b. Analysis of bentonite shale deposit
Character
Texture class
CaCO3 (%)
OM (%)
pH (1:2.5 shale : water suspension)
SP
EC (dS m-1) (1:5 shale : water extract)
Total Fe2O3 (%)
Total K2O (%)
Total P2O5 (%)
Total N
Others (%)
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Bentonite
Clay
2.50
0.28
7.85
70.00
3.85
8.79
0.42
0.02
0.08
—

Notes:
1. Iron deposits contain 2.5 % iron oxide Fe3O4 % equivalent to 25 kg ton-1.
2. These natural materials are free from any radioactive elements or harmful
elements according to the analysis carried out by the source company.
The bio-fertilizer Phosphorine was the commercial name of phosphate
dissolving bacteria containing Bacillus megatherium var. phosphaticum. It was a
commercial product obtained from General Organization for Agricultural
Equalization Fund (GOAEF), Agricultural Research Center, Giza, Egypt and
added at the recommended dose.
Plots (3 × 4 m2) were prepared for cultivation. The studied treatments were
arranged in a randomized complete block design with four replicates.
TABLE 2. Treatments.
Treatment
No fertilization (Control)
Magnetic iron ore
120 kg fed -1
Bentonite shale
100 kg fed -1
Bio-fertilizer (Phosphorine)
750 g fed-1
Super phosphate
22.5 kg P 2O5 fed-1
Super phosphate + iron ore
Super phosphate + Bentonite
Super phosphate + Bio-fertilizer
Super phosphate + iron ore + Bentonite
Super phosphate + iron ore + Bio-fertilizer

Symbol
A
B
C
D
E
E+B
E+C
E+D
E+B+C
E+B+D

The applied materials were mixed with the soil surface before cultivation and
then covered with a thin layer of soil. All treatments received a constant level of
nitrogen (i.e. 40 kg N fed-1 for groundnut, 100 kg N fed-1 for wheat, while 50 kg
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fed-1 of K2SO4 (48% K2O) for both groundnut and wheat was applied in two equal
doses after sowing as recommended.
At harvest, plants of each plot were collected and air dried. The groundnut
seed and wheat grain yields (kg fed-1), 100 seed, and grain weights (g) were
recorded. Oven dried groundnut seeds and wheat grain samples were digested
then analyzed for N, P, K and Fe as described by Jackson (1967) and Black
(1965). Groundnut oil percent was determined according to AOAC (1990). Soil
samples were analyzed for available N, P, K and Fe after harvesting of each crop.
Analysis of variance had been done according to Gomez and Gomez (1984)
using the Co-State computer program.
Results and Discussion
The data indicate that an obvious difference in the values of yield, yield
components, and the nutrient percent of both the groundnut and wheat exists as a
result of applying the different treatments compared with control. The obtained
data are discussed as follows:
Yield and yield components
Table 3 shows that in case of groundnut, the seed yield values of all
treatments increased as compared to the control; however, these increases were
insignificant. The yield increase was higher in case of the combined treatments
than the single ones. For instance, the treatment of super phosphate + magnetic
iron ore + bentonite (E + B + C) followed by the super phosphate + magnetic iron
ore (E + B) gave the highest yield values for the groundnut seeds with an increase
of 32.42% and 28.73%, respectively, compared to the control. Moreover, no
significant differences were found between the values of the 100 seed weight or
shelling percent.
On the other hand, wheat grain yield was significantly affected by the
application of different treatments compared to the control. The obtained grain
yield could be grouped using the L.S.D value (100.7 kg fed -1) in four ascending
groups as follows: group I (control), group II (B, E), group III (C, E+D, D, E+B)
and group IV (E+C, E+B+D, E+B+C). The highest grain yield values were
recorded in case of the super phosphate + magnetic iron ore + bentonite (E + B +
C) and the super phosphate + magnetic iron ore + Phosphorine (E + B + D)
treatments where an increase of 48.8% and 44.15%, respectively was recorded
compared to the control. Similar results had been obtained previously (Aowad &
Mohamed, 2009 and Mohamed et al., 2013). The increase in the wheat grain
yield due to single treatments was less than the combined ones but significantly
higher than the control, where the increase ranged between 15.12% and 29.57%.
Again, no significant differences were found for the 100-grain weight for either
the single or the combined treatments.
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The wheat grain yield obtained in case of (E+C) and (E+D) treatments was
significantly increased by including the magnetic iron ore in such treatments,
where an increase of 9.68% and 12.13% exists in case of (E+B+C), (E+B+D)
treatments, respectively. This may indicate that wheat is more sensitive towards
the applied magnetic iron ore than groundnut. Moreover, the application of the
magnetic iron ore combined with both the super phosphate and bentonite was
more effective than the same combination using the bio-fertilizer Phosphorine
instead of the bentonite for the studied crops (De Souza et al., 2005).
Nutrient percent of seeds and grains
Data shown in Table 4 indicate that the studied treatments increased the N, P,
K, Fe and oil percents of the groundnut seeds compared to the control where the
combined treatments were more effective than the single ones. The treatments of
(E+B+C and E+B+D) were more effective than their corresponding non-magnetic
treatments (E+C and E+D) in improving the groundnut seeds characteristics.
Moreover, the treatment E + B + C has exhibited the maximum percent of the
groundnut seeds oil, K and Fe where an increase of 9.65%, 55.74%, and 61.3%,
respectively over the control exists. The same trend was observed for the wheat
grain percent of K, P and Fe where an increase of 85.71%, 54.84% and 43.75%,
respectively compared to the control was recorded. Similar results had been
obtained by Dhawi and Al-Khayri (2009) and Shehata et al. (2012).
Applying Phosphorine treatments (D and E+D) resulted in higher values of
the different estimated crops characteristics compared to the control and lower
values compared to the magnetic iron ore treatments according to Table 4.
The Phosphorine combined with both the super phosphate and the magnetic
iron ore (E + B + D) gave the highest values of N percent for both the groundnut
and wheat, respectively. However, the Phosphorine treatment (D) showed lower P
percent than the super phosphate ones for both crops (Mohamed, 2003 and Dhawi
& Al-Khayri, 2009). The combination with the magnetic iron ore alone (E + B) or
with both the magnetic iron ore and the bentonite (E + B + C) gave the highest
total P percent which was increased by 90% and 85.71% for the groundnut seeds
and wheat grains, respectively. The super phosphate was more effective than the
bio- one (Phosphorine), i.e. (E) > (D). The combination between both was better
in improving the P percent (E + B + D) = (E + B) >(E)>(D)>(A) (Shehata et al.,
2012).
Soil available nutrients
Table 5 shows that the nutrients percent in soils after harvesting the groundnut
and wheat is different than before planting. The applied treatments affected the
soil available N, P, K and Fe compared to the control which may be due to the
residual effect of applied materials. Additionally, the legumes crops like
groundnut increased the N availability in soil more than wheat due to the effect of
root nodules. The combined applications of super phosphate gave higher
available P than the single ones for the studied crops. Moreover, the treatment E
+ B + C has exhibited relatively higher soil available P, K and Fe, whereas,
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higher iron availability was observed by combining the magnetic iron ore with
other additives such as super phosphate and bentonite or phosphorine. Similar
results were defined by El-Sedfy et al. (2008) and Mohamed et al. (2013).
TABLE 3. Yield and yield components.
Groundnut
100
Shelling
Seed wt
(%)
(g)
70.17
64.19

Wheat

Ser.
No.

Treatments

1

A

Seed
yield
(kg fed -1)
559.72

2

B

562.14

72.37

65.88

1719.80

4.70

3

C

606.85

73.03

63.71

1863.73

4.65

4

D

691.55

70.77

64.88

1911.63

4.82

5

E

667.65

71.64

65.36

1789.54

4.77

6

E+B

720.52

73.53

65.78

1935.61

4.88

7

E+C

676.85

72.38

65.62

2007.53

4.61

8

E+D

645.93

70.29

66.32

1891.99

4.41

9

E+B+C

741.18

72.40

66.14

2222.85

4.68

10

E+B+D

642.44

72.48

64.45

2153.40

4.85

NS

NS

100.7

NS

L.S.D 0.05

Grain
yield
(kg fed -1)
1493.90

100
Grain
wt (g)
4.40

TABLE 4. Effect of treatments on the nutritional percent of seeds and grains .
Ser.
Treatments
No.

Groundnut

Wheat

N
P
K Fe (mg
(%) (%) (%) kg-1)

Oil
(%)

N
P
(%) (%)

K
(%)

Fe (mg
kg-1)

1

A

1.75 0.20 0.61

310

38.12

3.20 0.21

0.31

320

2

B

1.90 0.23 0.65

430

38.80

2.81 0.22

0.35

410

3

C

2.01 0.24 0.68

450

38.50

3.11 0.25

0.37

400

4

D

1.90 0.23 0.66

430

38.30

3.63 0.30

0.40

380

5

E

2.05 0.36 0.70

420

40.01

3.00 0.35

0.36

370

6

E+B

2.19 0.38 0.68

475

40.25

3.21 0.36

0.37

430

7

E+C

2.20 0.31 0.70

459

41.00

3.09 0.38

0.42

405

8

E+D

2.15 0.37 0.69

445

41.06

3.73 0.36

0.39

400

9

E + B + C 2.30 0.36 0.95

500

41.80

3.56 0.39

0.48

460

10

E + B + D 2.50 0.37 0.79

490

41.50

3.85 0.36

0.43

440
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TABLE 5. Available nutrients in soil after harvest (mg kg-1) .
Ser.
No.
1
2
3
4
5
6
7
8
9
10

Treatme
nts
A
B
C
D
E
E+B
E+C
E+D
E+B+
C
E+B+
D

N
28
29
30
35
31
33
35
38

Groundnut
P
K
2.0
75
2.0
77
2.6
80
2.8
80
3.05
79
3.06
80
3.80
85
3.19
80

Fe
1.61
3.01
3.05
2.70
2.80
3.50
3.65
3.35

N
20
21
22
24
23
23
22
26

Wheat
P
K
1.05
77
1.50
78
1.66
83
1.80
82
1.90
81
1.85
79
2.00
82
2.20
79

Fe
1.90
2.85
2.70
2.30
2.25
3.00
3.15
2.75

36

3.90

88

4.50

24

2.03

88

3.30

39

3.5

84

4.00

28

2.28

77

3.10

Conclusion
The results indicate that the applied additives have enhanced the yield and
nutrient percent of groundnut seeds and wheat grains compared to the control.
This may be due to the dual effect of additives as soil conditioners and nutritive
sources. Differences in yield were insignificant for groundnut but significant for
wheat, moreover, the yield of the combined treatments was better than the single
ones compared to the control. Increase in different values followed an ascending
order starts from single applications followed by the double combination,
whereas the highest values were recorded in the case of the triple combination for
both crops. Magnetic treatments were more efficient than the corresponding nonmagnetic indicating an important nutritional role of magnetic iron especially for
wheat while groundnut was less affected. Magnetism may be promising on the
soil conditioning and plant nutrition scales.
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تأثير أكسيد الحديد المغناطيسى المضاف مع بعض األسمدة على
إنتاجية الفول السودانى والقمح وتيسر العناصر فى التربة الرملية
صبرى محمود البسيونى  ،حسين مصطفى حسن و رامـا طلعت رشاد
قسم بحوث األراضى الرملية والجيرية – معهد بحوث األراضى والمياه والبيئة –
مركز البحوث الزراعية – الجيزة – مصـر.
أجريت تجربتان حقليتان فى المزرعة البحثية باإلسماعيلية على الفول السودانى
والقمح بنظام الرى بالرش لدراسة تأثير أنواع مختلفة من اإلضافات على إنتاجية
وتيسر العناصر فى التربة الرملية .إستخدمت معامالت فردية ومختلطة من خام
الحديد ورواسب الطفلة (البنتونيت) والسماد الحيوى (الفوسفورين) وسوبر فوسفات
الكالسيوم فى تصميم قطاعات كاملة العشوائية بأربعة مكررات.
بعد الحصاد تم حساب إنتاجية كل من الفول السودانى والقمح (كجم/ف) ووزن
 ٠١١حبة وكذلك تم تقدير المحتوى الكلى لبذور الفول السودانى وحبوب القمح من
عناصر ن  ،فو  ،بو  ،ح وكذلك الميسر من هذه العناصر فى التربة ونسبة الزيت
فى بذور الفول السودانى .
أظهرت النتائج أن أعلى إنتاجية للفول السودانى والقمح مقارنة بالكونترول
سجلت للمعاملة المكونة من سوبر الفوسفات ( ٫٫٢٢فو٫أ / ٢ف)  +خام الحديد
( ٠٫١كجم  /ف)  +البنتونيت ( ٠١١كجم  /ف) حيث زادت اإلنتاجية بنسبة
 ٪ ٢٫٢٢٫و  ٪٢٤٢٤لكال المحصولين على الترتيب  ،كذلك سجلت أعلى نسب
للمحتوى الكلى لبذور الفول السودانى من الزيت والبوتاسيوم و الحديد بمقدار
 ٪٥٢٫٢و  ٪٢٢٢٥٢و  ٪٫٠٢٢على الترتيب  .بينما إختلفت النسبة الميسرة فى
التربة من عناصر الفوسفور والبوتاسيوم والحديد وظهر نفس السلوك لمحصول
القمح أيضا.
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