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Abstract: The aim of this work was to study the effect of different Natural Elements Compound (NEC) and
cobalt levels on yield, fruit quality and leaf mineral content of Navel orange trees. This study was carried out
through two successive seasons (2012 and 2013) in a private orange orchard in Qalubia Governorate Egypt on
40 years old Navel orange trees budded on sour orange rootstock on clay loam soil (Typic Torriorthents).
Planting distance was 5 x 5 meters apart and surface irrigation was used by River Nile water. The experiment
included three levels of Natural Elements Compound (NEC) (NE = 0, NE = 2.5 and NE =5.0 Kg/ tree/ year as soil1 2 3

application) and four levels of cobalt (B =zero, B =10, B =20 and B =30 ppm Co as foliar application). Thus the1 2 3 4

experiment  was  laid  out  in  factorial experiment in a randomized complete block design. Results showed that,
NE  (2.5 kg/tree/year) was sufficient for gave the high values of yield, fruit physical and chemical properties.2

On the other hand, yield, TSS and TSS/acid ratio were gradually increased by increasing cobalt level up to 10
ppm and/or 20 ppm. The combination between (NEC) and cobalt levels, the highest values of yield were
obtained by treatment (NE x B ) and (NE x B ). Regarding leaf nutrient content, results pointed out that (NEC)2 4 3 3

levels affected nutrient content considerably. In most cases, level NE  (2.5 kg/tree/year) gave more or less2

similar values as those of level NE  (5.0 kg/tree/year) for N, P, K, Fe, Zn, Mn and Co content. On the other hand,3

the third level of cobalt B  (20 ppm Co) gave the highest values than those of other levels especially for P, K,3

Zn and Mn. Regarding the interaction between (NEC) and cobalt levels, it could be concluded that, combining
(NEC) with cobalt creates slightly more appreciable effect on macro- and micronutrients content of Navel orange
trees than untreated trees (NE x B ). Meanwhile, high values were obtained almost when combining the second1 1

and third  levels  of  (NEC)  with  the  (B ,  B  and B  levels). The highest values were obtained by treatments2 3 4

(NE x B ) and (NE x B ) for K, Fe, Zn and Mn. Therefore, using treatment (NE x B ) may be recommended as2 3 3 3 3 3

good treatment for enhancing Navel orange yield, fruit quality and leaf mineral content especially under old
citrus orchards.

Key words: Cobalt  Fruit quality  Leaf mineral content  Natural elements compound  Navel orange

INTRODUCTION is use Natural Elements Compound (NEC) which

Citrus is a relatively high nutrient demanding crop (NEC)  were  done  although provides useful information,
and highly responsive to applied nutrients in the form of so it cannot be recommended or practiced without trial in
fertilizers. Enhanced growth with improving fruit yield and our orchards condition. Silicon is a major limiting nutrient
quality can be obtained by the application of proper for (NEC) whereas; silicon dioxide reached about 49 %
compound fertilizers because any nutrient either deficient SiO  Natural Elements Compound (NEC) also contained
or in excess can lead to a reduction in crop yield coupled other mineral oxides such as: Al O Fe O  MnO, MgO,
with inferior fruit quality [1]. Very recently scientists are P O K O, CaO, Na O and also some rare elements like:
attempting to develop new agents which can be used for TiO . Silicon  fertilization  has  a  double effect  on  the
promoting growth and yield of plants and at the same time soil-plant system. Firstly, improved plant Si nutrition
without causing problem to environment. One alternative reinforces  plant   protective  properties  against  diseases,

composed mainly of 13 elements oxides. Few studies on
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insect attack and unfavorable climatic conditions. In this respect, Naqvi et al. [17] have demonstrated
Secondly, the soil treatment  with Si biogeochemical besides the growth regulator NAA, aqueous spray
active substances optimizes soil fertility through applications of Co and Ag also effectively enhanced fruit
improved water, physical and  chemical  soil properties yield in Elite mango cultivars. They also found that the
and maintaining nutrients in a plant-available [2]. applications of Co (100 mg/l) as Co (NO )  Ag (100 mg/l)

In this respect,  grove  studies conducted in Russia as (Ag NO ), NAA (20 mg/l) and GA  (50 mg/l) enhanced
on citrus responses to Si fertilizers showed 30 to 80 % mango fruit retention by 131, 127, 100 and 50%,
accelerated  growth,  2-4  week  earlier  maturation of respectively compared to control [18]. Foliar application
fruits and increased fruit yield [3]. Moreover, of cobalt sulphate have been resulted in increasing fruit
Matichenkov et al. [4,5] reported that, Si may play an set and retention, fruit yield, weight, size and TSS: acid
important role in citrus trees growth and development ratio and total sugars in many mango cultivars [19].
directly and also confirmed a relationship between With  the above background, the scope of the
content of plant available Si in the soil and the content of present investigation was to evaluate the effect of soil
Si in leaves and the health of citrus tree. It was further application of Natural Elements Compound (NEC) as a
added with a study on citrus  grown  in greenhouse with main source for (SiO , TiO and other mineral oxides) and
Si supplementation that Si nutrition was responsible for foliar application of cobalt sulfate on yield, fruit quality
significant increase in mass roots [6]. Finally, Si and leaf mineral content of bearing Navel orange trees to
application   support     growth   and  development of found the best addition rate of both which improve yield
soil- grown horticultural crops has been increased many and fruit quality. 
folds in a decade consequently, usage of Si in
horticultural production will ensure safe food production MATERIALS AND METHODS
and environment protection [7].

Natural Elements Compound (NEC) also considered A  field  experiment  was  carried out in two
as a source for titanium dioxide. It is contained about successive  seasons  (2012  and  2013). Navel  orange
0.81% titanium dioxide (TiO ). Titanium has significant trees (Citrus sinensis  L.)  budded  on “Sour orange2

biological effects on plants, being beneficial at low levels (Citrus aurantium L.) rootstock grown in a private orange
but toxic at higher concentrations [8], Titanium shows orchard in Qalubia Governorate, Egypt. The orange trees
beneficial  effects  on  various physiological  parameters were selected on the basis of similarity in age “about 40
at low doses e.g. biomass yield [9], essential element years”, normal growth vigor, healthy, their fruiting &
contents, chlorophyll contents [10] and is toxic at higher flowering behaviors, all trees received the same cultural
levels caused : chlorosis, retardation of growth [11]. practices and planted at 5 x 5 meter apart; the soil texture
Although titanium is beneficial, it is not essential; titanium class was clay loam (Typic Torriorthents). The soil was
deficiency does not exist. Beneficial effects are often characterized by: pH 7.62, ECe 1.7 dS/m, OM 2.51%,
exploited by adding titanium to various complex CaCO  1.42%, Sand 31.33%, Silt 37.11% and Clay 36.56%.
micronutrient fertilizers. Dumon [12] demonstrated the Surface irrigation system was used. The study was
promotion of  growth  by   titanium,   whether   applied involved three levels of Natural Elements Compound
as a  fertilizer  to  the soil, or as a spray  to   the  leaves. (NEC) and four levels of cobalt. Thus the experiment was

Abdel Rahman et al. [13] reported that, Natural laid out in factorial experiment in a randomized complete
Elements Compound (NEC) significantly increased Navel block design with five replicates and each replicate was
orange tree vegetative growth; fruit set fruit pre- harvest represented by one tree. Natural Elements Compound
drop percentage, improved the physical & chemical (NEC) obtained from “El-Ahram Company for Mining and
properties of fruit and increase leaf macro and micro Natural Fertilizers” (ECMNF), Giza. Egypt, including three
mineral content. levels (NE = 0, NE = 2.5 and NE =5.0 kg/tree /year).

Cobalt is an essential element for the synthesis of Different Natural Elements Compound levels were added
vitamin B  which is required for human and animal once in the winter (January) around the trees in the two12

nutrition [14]. In spite of the absence of evidence for seasons. The Natural Elements Compound (NEC) chemical
direct role of cobalt in plant metabolism, it is considered constituent was shown in Table 1.
to be a beneficial element for higher plants and is a kind of Regarding cobalt treatments, selected tress were
trace element and heavy metal found in soil [15]. Unlike sprayed twice (the first after three weeks from full bloom
other heavy metals,  cobalt  is  saver for  human and the second after month later) by the aqueous solution
consumption  up  to 8 ppm can be consumed on a daily of cobalt sulphate until the point of runoff with the
basis without health hazard [16]. different cobalt  concentrations:  (B ) = 0 control, (B ) = 10,
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Table 1: Chemical constituents of Natural Elements Compound (NEC). Table 2: Effect of Natural Elements Compound and cobalt applications on
Component % Value
SiO 49.02

TiO 0.812

Al O 7.72 3

Fe O 4.52 3

MnO 0.65
MgO 2.5
LOI 8.08 2012 season
CaO 11.7
Na O 2.02

K O 3.792

P O 7.232 5

Cl 0.44
SO 5.583

(B ) = 20 and (B ) = 30 ppm cobalt. Tween 80 at 0.1% was3 4

used as a wetting agent in all treatments. Control (B ) was1

sprayed with tap water + tween.
The effect of  the  aforementioned treatments on

yield, fruit quality and leaf mineral content of the spring
growth cycle in the two studied seasons was investigated
as follows:

Leaf Dry Matter %: about forty non- fruiting shoots of
the spring growth cycle on each tree were tagged in April
in each season. Thereafter, samples of 40 leaves from
these shoots were randomly collected from each tree in
late August of each season as recommended by Jones
and Embleton [20]. Leaves were washed with tap water,
rinsed with distilled water then weighted after air dried.
Then leaves were oven dried at 60-70°C till a constant
weight and leaf dry matter % was calculated.

Yield: at maturity, the average number of fruits/tree was
counted on the mid of December of each season.
Moreover,  30  fruits  from  each  tree  (replicate) were
used to get the average fruit weight of each treatment.
Such average was multiplied by the average number of
fruits / tree to get the average yield/tree (kg).

Fruit Quality: for each season, one sample of fifteen
fruits / tree was randomly taken and used for the Effect  on  Leaf  Dry  Matter  Percentage:  Generally,
determination of the following physical and chemical
properties: Peel thickness (mm), Fruit volume (ml), Juice
volume (ml) and Juice percent. The ascorbic acid content
was determined by using 2, 6 dichlorophenolindophenol
dye and 3% oxalic acid as substrate. Ascorbic acid was
calculated  as   milligrams   per 100  milliliters  of  juice.
The titratable acidity was determined by titrating five
milliliters of juice against sodium hydroxide (0.1 N) using
phenolphthalein  indicator.  The  acidity  percentage  was

leaf dry matter %   of Navel orange trees during 2012 and 2013
seasons.

Natural Elements Compound (kg/tree)
---------------------------------------------------------------------
0  (NE1) 2.5 (NE2) 5 (NE3) Mean

Cobalt Levels ---------------------------------------------------------------------
(ppm) Leaf dry matter%

0 (B1) 37.7ef 40.30de 54.0a 44.0C
10 (B2) 44.0cd 51.0ab 47.0bc 47.3B
20(B3) 35.7f 52.0a 51.7a 46.4BC
30(B4) 54.0a 53.7a 50.3ab 52.7A
Mean 42.8B 49.3A 50.8A --

2013 season
0   (B1) 30.0f 35.3e 44.0d 36.4C
10 (B2) 43.0d 46.3cd 53.7ab 47.7B
20(B3) 35.0e 49.3bc 56.3a 46.9B
30(B4) 51.7ab 55.3a 49.7bc 52.2A
Mean 39.9C 46.6B 50.9A --
In each season, means of each of (NEC) and cobalt levels or their interactions
having the same letters are not significantly different at 5%   level.

calculated as mg anhydrous citric  acid per 100 milliliters
of juice according to A.O.A.C. [21]. The total soluble
solids (TSS %) was determined as % in juice by means of
hand refractometer. The TSS/Acid ratio was calculated.

Leaf Mineral Content: dry leaves were grounded and
digested using sulphoric acid and oxygen peroxide
according to leaf mineral content of N, P, K, Fe, Zn, Mn
and Co were determined on dry weight basis according to
Jackson [22]. While Fe, Zn, Mn and Co were determined
by Atomic Absorption Spectrophotometer [23].

Statistical Analysis: Data obtained were statistically
analyzed by using the  analysis  of variance as reported
by Snedecor and Cochran [24]. Means were differentiated
by using Duncan's multiple range test at 5 % level of
probability [25].

RESULTS AND DISCUSSION

results in Table 2 revealed that in the two seasons, leaf
dry matter % was significantly affected with Natural
Elements Compound (NEC), cobalt levels  and their
interaction in the two seasons. The data showed that, the
high levels of (NEC) and cobalt gave the highest
significant values of leaf dry matter % in the two seasons.
Data showed that, the lowest significant values of leaf dry
matter % were obtained by  untreated  trees with (NEC)
under the first, the second and the  third  levels  of cobalt
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Table 3: Effect of Natural Elements Compound (NEC) and cobalt applications on fruit weight, fruit number /tree and yield of Navel orange trees during 2012
and 2013 seasons.

Natural Elements Compound (kg/tree)
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------
0 (NE1) 2.5 (NE2) 5 (NE3) 0 (NE1) 2.5 (NE2) 5 (NE3) 0 (NE1) 2.5(NE2) 5 (NE3)

Cobalt Levels ------------------------------------------ ----------------------------------------- -----------------------------------------
(ppm)         Fruit weight (g) Mean        Fruits number  /tree Mean           Yield (kg /tree) Mean

2012 season
0 (B1) 145.0f 177.1cd 177.5cd 166.5C 180.0cd 156.0e 166.7de 167.6B 26.1e 27.6de 29.6de 27.8C
10 (B2) 167.1de 158.3ef 164.2de 163.2C 160.0e 205.3ab 222.7a 196.0A 26.8e 32.5cd 36.6bc 32.0B
20 (B3) 185.0bc 191.7ab 195.0ab 190.6A 156.0e 162.7de 208.0ab 175.6B 28.9de 31.2de 40.6ab 33.5AB
30 (B4) 190.4a-c 204.0a 154.2ef 182.9B 156.0e 220.0a 194.7bc 190.2A 29.7de 44.9a 30.0de 34.9A
Mean 171.9B 182.8A 173.9A -- 163.0C 186.0B 198.0A -- 27.9B 34.1A 34.2A --

2013 season
0   (B1) 176.3c 226.3b 265.3a 222.7AB 140.0f 165.3e 180.0de 161.8C 24.7g 37.4ef 47.8cd 36.6B
10 (B2) 228.6b 220.0b 264.0a 237.5A 166.7e 209.3b 189.3cd 188.4B 38.1ef 46.1c-e 50.0bc 44.8A
20 (B3) 224.7b 222.0b 224.0b 223.6AB 176.0de 214.7b 256.0a 215.6A 39.5d-f 47.6cd 57.3ab 48.2A
30 (B4) 206.7bc 236.7ab 186.0c 209.8B 204.0bc 252.0a 176.0de 210.7A 42.1c-e 59.8a 32.7fg 44.9A
Mean 209.1B 226.3A 234.8A -- 171.7C 210.3A 200.3B -- 36.1B 47.7A 47.0A --
In each season, means of each of (NEC) and cobalt levels or their interactions having the same letters are not significantly different at 5%   level.

(0, 10 and 20 ppm Co) in both seasons. On the other hand, the least significant value in the two seasons. Regarding
the highest significant values were obtained by the effect of other cobalt levels it is apparent that fruits
treatments (NE x B ), (NE x B ) and (NE x B ) in the two number was increased significantly by increasing cobalt1 4 2 4 3 3

season. concentration up to 10 and 20 ppm in the first and second

Effect  on  Navel  Orange  Fruit  Weight,  Fruits  Number Results also revealed that the interaction between NEC
and  Yield:  Results  in  Table  3  show  the  effect of and cobalt concentration was significant for number of
different Natural  Elements  Compound (NEC), cobalt fruits in the two seasons. The first level of cobalt (0 ppm
levels and their interaction on fruit  weight, fruits number Co) under any Natural Elements Compound (NEC) level
and yield of  Navel  orange  trees during 2012 and 2013 gave the lowest significant values of fruits number in both
seasons. Data concerning fruit weight indicated that, seasons. On the other hand, when combining different
adding the medium or high levels of Natural Elements rates of Natural Elements Compound (NEC) and cobalt,
Compound (NEC) (2.5 and 5.0 kg/tree/year) gave the the fruits number was significantly affected. Generally, it
highest significant values of fruit  weight  in the two is observed that, in the two seasons the highest
seasons. Fruit  weight  was  affected  significantly by significant values were obtained by treatments (NE x B )
levels of cobalt in the two seasons. Level B  (20 ppm) and (NE x B ).3

gave the highest significant values for fruit weight. Results proved that in the two seasons, yield was
Regarding the interaction between  untreated trees with affected significantly by the levels of Natural Elements
Natural Elements Compound (NEC) under any cobalt level Compound (NEC). Untreated trees NE level gave the
almost gave the lowest significant values of fruit weight. lowest significant value of yield compared with other
When combining different rates of Natural Elements levels.  On  the  contrary,  level NE  (2.5  kg/tree/year)
Compound (NEC) and cobalt, fruit weight was affected gave  more  or  less  similar  values   as  those  of  level
significantly. Generally, in the two seasons the highest NE  (5.0 kg/tree/year) in the two seasons. Regarding
values were obtained by certain treatment (NE x B ) some cobalt levels it is obvious that yield was increased2 4

other treatments gave more or less similar values with the gradually by increasing Co concentration up to 30 ppm
same statistical stand point. (B ) which gave the  highest values. On the other hand,

Fruits  number  was  significantly affected with the differences between these concentrations (10, 20 and
Natural Elements  Compound  (NEC), cobalt levels and 30 ppm Co) in most cases were lacked significance.
their interaction in the two seasons. With respect to the Generally the yield was increased in the second season
Natural Elements Compound (NEC) levels it was observed than the first one. In the two seasons untreated trees
that, the highest values  of  fruits number were obtained [treatment  (NE x  B )]  gave   the  least  values  of  yield.
by level NE  and NE in the first and second season, In both seasons, adding Natural Elements Compound3 2

respectively. While, the first level of cobalt (0 ppm) gave (NEC) alone [treatments (NE x B ) and (NE x B )] increased

seasons, respectively which gave the highest values.

2 4

3 3

1

2

3
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1 1

2 1 3 1
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Table 4: Effect of Natural Elements Compound (NEC) and cobalt applications on fruit physical properties of Navel orange trees during 2012 and 2013 seasons.

Natural Elements Compound (kg / tree)
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
0  (NE1) 2.5(NE2) 5 (NE3) 0(NE1) 2.5(NE2) 5(NE3) 0(NE1) 2.5(NE2) 5(NE3) 0(NE1) 2.5(NE2) 5(NE3)

Cobalt Levels ----------------------------------- ---------------------------------- ----------------------------------- -----------------------------------
(ppm)         Peel  thickness (mm) Mean            Fruit volume (ml) Mean            Juice volume (ml) Mean                    Juice % Mean

2012 season

0  (B1) 3.7c 4.0bc 5.2a 4.3C 118.3c 171.7ab 165.8ab 151.9B 54.2f 74.2de 69.2ef 65.8C 45.7b-d 43.6cd 41.8cd 43.7C
10 (B2) 5.2a 4.54b 5.4a 5.0B 175.0ab 140.8bc 175.8ab 163.9AB 70.0ef 77.5c-e 80.0c-e 75.8B 40.3d 55.4a-c 45.6b-d 47.1BC
20 (B3) 5.6a 5.9a 5.3a 5.6A 164.0ab 190.0a 175.8ab 176.7A 95.8a-c 110.0a 104.2ab 103.AA 58.8ab 58.3ab 60.5a 59.2A
30 (B4) 5.4a 5.9a 5.3a 5.5A 172.5ab 206.7a 175.0ab 184.7A 90.0b-d 110.8a 92.5a-d 97.8A 52.2a-d 54.3a-d 52.9a-d 53.1AB
Mean 4.96A 5.1A 5.3A -- 157.5B 177.3A 173.1AB -- 77.5B 93.1A 86.5A -- 49.2A 52.9A 50.2A --

2013 season 

0   (B1) 4.1c 4.3bc 5.2ab 4.5B 168.0e 196.0c-e 228.0a-d 197.3C 70.0e 95.3a-d 103.3ab 89.6A 41.8ab 48.6a 45.7ab 45.4A
10 (B2) 5.6a 4.9a-c 5.4a 5.3A 191.3de 208.7b-e 254.7a 218.2BC 86.0cd 87.3cd 89.3b-d 87.6A 45.1ab 41.9ab 35.0b 40.7A
20 (B3) 5.2ab 5.3ab 5.4a 5.3A 239.3a-c 240.0a-c 251.3ab 243.6A 97.3a-c 94.7a-d 91.3a-d 94.4A 40.7ab 39.6ab 37.1ab 39.1A
30 (B4) 5.0ab 5.5a 4.3bc 4.9AB 239.3a-c 241.3a-c 204.0c-e 228.2AB 100.7a-c 106.0a 80.0de 95.6A 42.8ab 45.2ab 39.3ab 42.4A

Mean 5.0A 5.0A 5.1A -- 209.5B 221.5AB 234.5A -- 88.5B 95.8A 91.0AB -- 42.6A 43.8A 39.3A --

In each season, means of each of (NEC) and cobalt levels or their interactions having the same letters are not significantly different at 5%   level

yield compared with untreated trees  (NE x  B ).  On  the and (NE x B ). Other treatment gave more or less similar1 1

other hand, spraying cobalt alone [treatments (NE  x B ), values  with  the  same  statically  stand point, expect1 2

(NE  x B ) and (NE  x B )] increased yield gradually with (NE x B ) in the second season.1 3 1 4

increasing cobalt rates increased compared with the Data concerning fruit volume indicated that, adding
untreated trees (NE x B ). However, other combinations the medium and high levels of Natural Elements1 1

created more stimulative effect on yield and the highest Compound (NEC) (2.5 and 5.0 kg/tree/year) gave the
values  were  obtained  by  treatments (NE x  B )  and highest significant values of fruit volume. Regarding the2 4

(NE x B ) in the two seasons. effect of cobalt levels, it is obvious that fruit volume was3 3

From the foregoing  results,  it could be concluded increased gradually by increasing Co concentration up to
that Natural Elements Compound (NEC), was affected 20 ppm (B ) which gave the highest values. On the other
significantly on all yield parameters and  medium  level  of hand, the difference between B  and B  (20 and 30 ppm
(NEC), NE  (2.5 kg/tree/year) gave the highest values in all Co)  in the  two  seasons was lacked  significance.2

yield characters. On the other hand, all cobalt levels Results  revealed  that  the   interaction    was  significant
increased yield parameters when compared with cobalt in   the    two    seasons.    The    first     level     of   cobalt
level B  (0 ppm). In most cases, it was gradually increased (0  ppm  Co)  under  the  first  level  of  (NEC)  treatment1

in yield parameters by increasing cobalt up to 20 ppm or (NE x B ) gave the lowest significant values of fruit
30 ppm levels. Regarding the combination between (NEC) volume in both seasons. However, other combinations
and cobalt levels in most cases, it is clear that yield created more stimulative effect on fruit volume, but the
parameters were increased by treatments (NE x B ) and differences between these in most cases was lacked2 4

(NE x B ) in the two seasons. significance.3 3

Effect on Fruit Physical Properties of Navel Orange: cobalt levels in the two seasons. Level NE  (2.5
Results in Table 4 show the effect of different Natural kg/tree/year) gave the highest value for juice volume. On
Elements Compound (NEC), cobalt levels and their the other hand, in the two seasons, level NE  gave the
interaction on fruit physical properties of Navel orange in least values of juice volume. Regarding the effect of
2012 and 2013 seasons. Peel thickness was not affected cobalt levels, the trend was clearer in the first season than
significantly  by  Natural Elements Compound (NEC) the second one, whereas juice volume  was  gradually
levels in the two seasons. On the other hand, peel increased  by  increasing  Co  up to 20 ppm (B ) which
thickness was significantly increased by increasing cobalt gave the  highest  significant  value.  Results  revealed
level up to 20 ppm especially in the first season. More that  the interaction  was  significant  in  the two
increase in B  level (30 ppm) did not differ significantly seasons. In most cases, the first and second levels of4

than B  level (20 ppm). With respect to combination cobalt (0 and 10 ppm Co) under any (NEC) level gave the3

between Natural Elements Compound (NEC) and cobalt lowest significant values of juice volume in both the two
levels, it was observed that, in the two seasons the least seasons  except  treatment  (NE x  B )  and  (NE x  B )  in
significant values were obtained by treatments (NE x B ) the  second season. On the other  hand,   it  was observed1 1

2 1

3 4

3

3 4

1 1

Juice volume was affected significantly by (NEC) and
2

1

3

2 1 3 1
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Table 5: Effect of Natural Elements Compound (NEC) and cobalt applications on fruit chemical properties of Navel orange trees during 2012 and 2013 seasons.
Natural Elements Compound (kg / tree)

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
0 (NE1) 2.5 (NE2) 5 (NE3) 0 (NE1) 2.5 (NE2) 5 (NE3) 0 (NE1) 2.5 (NE2) 5 (NE3) 0 (NE1) 2.5 (NE2) 5 (NE3)

Cobal tLevels ------------------------------------ ----------------------------------- ----------------------------------- ---------------------------------
(ppm) Ascorbic acid (mg/ 100ml juice) Mean                 Acidity% Mean                   TSS% Mean             TSS / acid ratio Mean

2012 season
0 (B1) 50.8b 51.9b 57.5b 53.4B 0.989a 0.921a 0.965a 0.958A 12.1e 12.8c-e 13.1cd 12.7B 12.3c 14.1cd 13.7cd 13.4B
10 (B2) 55.0b 66.4a 67.2a 62.9A 0.904a 0.883a 0.945a 0.911A 12.5de 13.2cd 13.2cd 12.9B 14.0cd 14.9ab 14.1cd 14.3AB
20 (B3) 52.9b 52.1b 55.7b 53.6B 0.993a 0.926a 0.949a 0.956A 13.1cd 13.3bc 14.2a 13.6A 13.3d 14.4bc 15.3a 14.3AB
30 (B4) 53.8b 52.1b 50.8b 52.2B 0.877a 0.926a 0.915a 0.906A 13.5a-c 14.2a 14.0ab 13.9A 15.7a 15.3a 15.3a 15.4A
Mean 53.1B 55.6AB 57.8A -- 0.941A 0.914A 0.943A -- 12.8B 13.4A 13.6A -- 13.8A 14.7A 14.6A --

 2013 season
0 (B1) 49.2b 52.4ab 51.8ab 51.2A 0.988ab 0.978ab 0.917b 0.961A 13.2b 13.0b 13.1b 13.1B 13.3ab 13.3ab 14.3ab 13.6A
10 (B2) 49.7ab 51.8ab 52.6ab 51.4A 0.997ab 1.02ab 1.05a 1.02A 13.8ab 13.5ab 14.0ab 13.8AB 13.9ab 13.2b 13.3ab 13.5A
20 (B3) 50.1ab 55.8a 54.6ab 53.5A 0.988ab 0.929ab 1.00ab 0.973A 13.7ab 13.3ab 14.6a 13.9A 13.8ab 14.4ab 14.6ab 14.3A
30 (B4) 50.8ab 53.1ab 53.1ab 52.3A 1.05a 0.955ab 0.985ab 0.996A 14.0ab 13.9ab 14.6a 14.2A 13.4ab 14.6ab 14.8a 14.3A
Mean 50.0B 53.3A 53.0A -- 1.01A 0.971A 0.988A -- 13.6A 13.4A 14.1A -- 13.6A 13.9A 14.2A --
In each season, means of each of (NEC) and cobalt levels or their interactions having the same letters are not significantly different at 5%   level.

that any other given rate of cobalt (20 and 30 ppm Co) two growing seasons without any significant differences
under any level of (NEC) gave the highest values of juice between them. Regarding the effect of cobalt levels, the
volume except treatments (NE x B ) and (NE x B ) in the trend was clearer in the first season than the second one,1 4 3 4

first and second seasons, respectively. whereas the second level of cobalt (10 ppm) gave the
Juice percentage was affected insignificantly by highest significant values of ascorbic acid. Results

(NEC) levels in the two seasons. On the other hand, juice revealed that the interaction was significant in the two
percentage was significantly increased by increasing seasons. The highest significant values were obtained by
cobalt level up to 20 ppm. More increase in Co level (30 treatments (NE x B ) and (NE x B ) in the first season,
ppm) did not differ significantly than B  level (20 ppm) in whereas (NE x B ) gave the highest value in the second3

the first season. The interaction was significant in the two season.
seasons. Generally, the third and fourth levels of cobalt Acidity was not affected significantly by Natural
(20 and 30 ppm Co) under any (NEC) level gave the Elements Compound (NEC) and cobalt levels and their
highest significant values of juice percentage especially interaction in the two seasons. So, the results of the two
in the first season. seasons clearly indicated that acidity was more or less

From the foregoing results,  it  could be concluded similar for most treatments.
that Natural Elements Compound (NEC), was affected TSS was affected significantly by (NEC) and cobalt
significantly on fruit physical properties and in most levels  in the two seasons. Levels NE and NE  (2.5 and 5.0
cases  medium  level  of  (NEC),  NE   (2.5  kg/tree/year) kg/tree/year) gave the highest value for TSS. On the other2

was  sufficient  for  gave  the  high  values  of  fruit hand, TSS was significantly increased by increasing
physical properties. In most cases, all cobalt levels cobalt level up to 20 ppm. More increase in B  level (30
increased  fruit  physical   properties   compared   with ppm) did not differ significantly than B level. Regarding
level  B   (0  ppm) whereas,  the  third  level  of  cobalt B the interaction untreated plant with cobalt under any1 3

(20 ppm) gave the highest values Regarding the (NEC) level almost gave the lowest significant values of
combination between (NEC) and cobalt levels in most TSS. When combining different rates of (NEC) and cobalt,
cases, it is clear that, fruit physical were increased by the TSS was affected significantly. It was observed that any
third and fourth levels of cobalt (20 and 30 ppm Co) under given rate of (NEC) under the third and forth levels of
any (NEC) level. cobalt gave the highest values of TSS and the highest

Effect on Fruit Chemical Properties of Navel Orange: Results proved that in the two seasons, TSS/ acid
Results in Table 5 show the effect of different Natural ratio was affected insignificantly by the levels of (NEC).
Elements Compound (NEC), cobalt levels and their However, it  is  obvious  that  TSS/ acid ratio was
interaction on fruit chemical properties of Navel orange increased gradually by increasing (NEC) addition up to
trees in 2012 and 2013 seasons. Regarding ascorbic acid NE (5.0 kg/tree/year) and cobalt concentration up to B

(30 ppm) which gave the highest values. Results revealed1

least values for ascorbic acid. However, the medium and that the interaction was significant in the two seasons.
high level NE  and NE gave the highest values during the With  respect  to  combination  between (NEC) and cobalt2 3

2 2 3 2

2 3

2 3

4

3

were obtained by treatment (NE x B ) in the two seasons.3 3

3 4

the data showed that, the first level of (NEC) NE gave the
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Table 6: Effect of Natural Elements Compound (NEC) and cobalt applications on N, P and K content in leaves of Navel orange trees during 2012 and 2013
seasons.

Natural Elements Compound (kg / tree)
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------
0 (NE1) 2.5 (NE2) 5 (NE3) 0 (NE1) 2.5 (NE2) 5 (NE3) 0 (NE1) 2.5 (NE2) 5 (NE3)

Cobalt Levels ------------------------------------------ ------------------------------------ ----------------------------------------
(ppm) N (%) Mean P (%) Mean K (%) Mean

2012 season
0 (B1) 2.34e 2.38de 2.43cd 2.38B 0.214c 0.270bc 0.258bc 0.247B 1.24e 1.42c 1.44c 1.37D
10 (B2) 2.42cd 2.48a-c 2.52ab 2.48A 0.247bc 0.353a 0.381a 0.327A 1.32de 1.60b 1.77a 1.56B
20 (B3) 2.44b-d 2.57a 2.52ab 2.51A 0.277b 0.332a 0.382a 0.330A 1.57b 1.84a 1.76a 1.72A
30 (B4) 2.48a-c 2.54a 2.49a-c 2.51A 0.229bc 0.360a 0.351a 0.314A 1.39cd 1.40cd 1.56b 1.45C
Mean 2.42B 2.49A 2.49A -- 0.242B 0.328A 0.343A -- 1.38C 1.57B 1.63A --

2013 season
0   (B1) 2.23d 2.35c 2.48ab 2.35B 0.202d 0.248cd 0.246cd 0.232C 1.24e 1.41d 1.43cd 1.36C
10 (B2) 2.43bc 2.47ab 2.56a 2.49A 0.228d 0.338ab 0.234cd 0.267B 1.36d 1.52bc 1.60b 1.49B
20 (B3) 2.36c 2.53ab 2.54a 2.48A 0.290bc 0.370a 0.360a 0.340A 1.42cd 1.78a 1.81a 1.67A
30 (B4) 2.49ab 2.53ab 2.54a 2.52A 0.229d 0.372a 0.258cd 0.287B 1.39d 1.55b 1.53b 1.49B
Mean 2.38C 2.47B 2.53A -- 0.237C 0.332A 0.275B -- 1.35B 1.56A 1.59A --
In each season, means of each of (NEC) and cobalt levels or their interactions having the same letters are not significantly different at 5%   level.

levels, TSS/acid ratio was decreased by the first and field  experiments   and   found  that  titanium-chelate-
second  levels  of  cobalt  under  any  given  of  (NEC) treated  apple  trees  yielded  the  fruits  with  higher
levels   especially    in    the    first    season.   However, soluble solids, sugar and acid content. On the other
other combinations created more simulative effect on study,  the  positive   effects   of   titanium   treatment
TSS/acid ratio but without significant difference among were  found   on   rape   plant   development   (an  increase
them. of   chlorophyll   content  and   photosynthesis

From the foregoing results, it could be concluded intensity), the yield and mass of a thousand seeds of
that Natural Elements Compound (NEC), was affected winter wheat and the yield and sugar content in sugar
significantly on fruit chemical properties and in most beets [27].
cases medium level of (NEC), NE  (2.5 kg/tree/year) was Regarding cobalt effects, Singh and Singh [28] found2

sufficient for gave the high values of fruit chemical that, the single foliar spray of cobalt sulfate prior to flower
properties. In most cases, all cobalt levels increased fruit bud differentiation in the first week of October was more
chemical properties when compared with level B  (0 ppm). effective in increasing fruit yield in all years, improved1

Regarding the combination between (NEC) and cobalt fruit weight and size of mango. Meanwhile, improved
levels in most cases, it is clear that the combinations TSS/acid ratio and total sugars in the fruits of "Dusheri"
created more stimulative effect on fruit chemical properties mango. On the other study, a single exogenous spray
than untreated trees. applications of CoSO  (200 mg/l) on mango trees onto

In this respect, Abdel Rahman et al. [13] pointed out fully-grown  panicles  before anthesis  improve   yield.
that, Natural Elements Compound (NEC) treatment The increased fruit yield may be attributed to the increase
significantly improved the vegetative growth of Navel in fruit retention with this treatment [19]. Recently,
orange trees, increased fruit-set percentage, raised tree Wahdan [29] sprayed "Succary Abiad" mangoes by
yield and reduced pre-harvest fruit drop. Other studies cobalt sulphate at concentrations of 100, 200 and 300 ppm
reported on apple responses to Si fertilizer by Cai and at 30 days after full bloom. It was increased fruit weight,
Qian [26], they found that Si fertilizer applied at a rate of volume and pulp weight. Fruit firmness was increased by
15 kg Si fertilizer per tree to soil with concentrations of spraying cobalt sulfate at 300 ppm. The application of
available Si range from 314 to 404 mg SiO2/kg, enhanced cobalt sulfate significantly increased SSC, SSC/TA ratio
health and yield of apple trees. Fruits in Si treated trees and total sugars.
became red 3-5 days earlier and ripened about 10 days
earlier  and  overall   yield   was   increased   by  10%. Effect  on  Leaf  Macronutrients Content: Results in
Fruits were also bigger with brighter appearance. Fruit Table 6 show the effect of different Natural Elements
freshness could  be  kept  for  a  longer  period  during Compound (NEC), cobalt levels  and their interaction on
storage and transportation. Pais [9] carried out numerous N, P and K content in leaves of Navel orange trees in 2012

4
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Table 7: Effect of Natural Elements Compound (NEC) and cobalt applications on Fe, Zn, Mn and Co content in leaves of Navel orange trees during 2012 and 2013 seasons during 2012 and
2013 seasons.

Natural Elements Compound (kg / tree)
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
0 (NE1) 2.5 (NE2) 5 (NE3) 0 (NE1) 2.5 (NE2) 5 (NE3) 0 (NE1) 2.5 (NE2) 5 (NE3) 0 (NE1) 2.5 (NE2) 5 (NE3)

Cobalt Levels ------------------------------------ ---------------------------------- ------------------------------------ -----------------------------------
(ppm)                Fe  (ppm) Mean              Zn   (ppm) Mean               Mn  (ppm) Mean                 Co  (ppm) Mean

2012 season
0 (B1) 693 f 708f 735 ef 712C 41.7ef 40.0f 47.3e 43.0C 84.3g 100.7f 112d-f 99.1C 8.00c 13.00b 13.70b 11.60B
10 (B2) 847a-c 881 a 852 ab 860A 59.1cd 62.4c 62.6c 61.4B 119 c-e 145.8ab 154.3a 139.8A 24.00a 24.30a 23.00a 23.80A
20 (B3) 766 de 843 a-c 847 a-c 819B 62.3c 75.7b 82.3a 73.4A 105 ef 155.3a 133.3bc 131.3AB 22.3a 25.70a 24.70a 24.20A
30 (B4) 791cd 851 ab 818b-d 820B 54.0d 42.0ef 44.3ef 46.8C 124 cd 135.4bc 114.d-f 124.7B 26.00a 24.00a 22.00a 24.11A
Mean 774B 821A 813A -- 54.3B 55.0B 59.2A -- 108.2 B 134.3A 128.6A -- 20.10A 21.80A 20.80A --

2013 season
0  (B1) 683 b 778 ab 756 ab 728B 48.7de 54.3de 53.7de 52.2B 91.0f 110.0e 110.0e 103.7C 8.33c 11.00c 17.33b 12.22B
10 (B2) 745 ab 750 ab 756 ab 757AB 56.3d 73.7b 85.7a 71.9A 122.7d 156.3ab 157.0ab 145.3B 17.00b 24.70a 27.70a 23.11A
20 (B3) 737 ab 770 a 776 a 761AB 65.0d 76.0b 85.0a 75.3A 144.0bc 163.7a 162.3a 156.7A 25.00a 25.30a 25.00a 25.11A
30 (B4) 747 ab 812 a 765 ab 775A 47.9de 54.0de 46.3e 49.4B 134.3cd 145.7bc 136.7c 138.9B 24.70a 23.70a 24.30a 24.22A
Mean 733A 769 A 763 A -- 54.5B 64.5A 67.7A -- 123.0B 143.9A 141.5A -- 18.80C 21.20B 23.60A --
In each season, means of each of (NEC) and cobalt levels or their interactions having the same letters are not significantly different at 5%   level.

level.  On  the  other  hand,  the  highest  values were
seasons were significantly affected by (NEC), cobalt obtained  by  level NE . Meanwhile, potassium content
levels and their interaction. Consequently, there was a was  significantly   increased   by  increasing cobalt level
gradual increase in nitrogen content by increasing (NEC) up to 20 ppm. More increase in Co level (30 ppm)
level up to NE (5.0 kg/tree/year) especially in the second decreased potassium content significantly. Regarding the3

season. Generally, B  gave the least nitrogen values interaction between untreated trees by cobalt under any1

compared with the other levels. However, other levels (NEC) level gave the lowest significant values of
gave more or less similar values. Meanwhile, when potassium content. When combining different rates of
combining (NEC) and cobalt levels, the least significant (NEC) and cobalt, potassium content was affected
values were obtained by untreated trees (NE x B ). On the significantly. In the two seasons the highest significant1 1

other hand, high values were obtained almost when values  were  obtained  by  treatments  (NE x  B )  and
combining the second and third levels of (NEC) with the (NE x B ).
(B , B  and B  levels).2 3 4

Phosphorus   content   was   affected  significantly Effect  on   Leaf Micronutrients   Content:  Results  in
by  (NEC),  cobalt  levels  and  their   interaction  during Table 7 show the effect of different Natural Elements
the  two  seasons.  Regarding  the   effect   of  (NEC) Compound (NEC), cobalt levels and their interaction on
levels,  the  least  significant  values  were  obtained  by Fe, Zn, Mn and Co content in leaves of Navel orange
NE in the two seasons. Other two levels NE and NE trees in 2012 and 2013 seasons. Results proved that, iron1 2 3

gave  more  or  less  similar  values  with  the same content was affected significantly by the levels of Natural
statistical stand  point  especially  in   the   first  season. Elements Compound in the first season only. Untreated
In the two seasons, B  level (0 ppm Co) gave the least trees gave the lowest  significant  value  of leaf iron1

significant value. Regarding the effect of other cobalt content compared with any other levels. On the contrary,
levels, it is obvious that phosphorus was increased level NE  (2.5 kg/tree/year) gave more or less similar
gradually by increasing Co concentration up to 20 ppm values as those of level NE  (5.0 kg/tree/year) in the two
(B ) which gave the highest significant values of seasons. Regarding cobalt levels in the two seasons, iron3

phosphorus content especially in the first season. content was affected significantly by applying cobalt
Combining (NEC) and cobalt in the two seasons had a levels. Whereas, the highest values of iron content were
significant effect on phosphorus content. Therefore, it obtained by B  and B  in the first and second seasons,
was observed that any given rate of cobalt levels (10, 20 respectively. With respect to combination between (NEC)
and 30 ppm Co) under the second and third level of (NEC) and cobalt levels, iron content was decreased by the first
gave the highest significant values of phosphorus level of cobalt under any given of (NEC) levels especially
content especially in the first season. in the first season. However, other combinations created

Potassium content was significantly affected with more stimulative effect on leaf iron content but without
(NEC), cobalt levels and their interaction in the two significant difference among them. The highest values
seasons. With respect to the (NEC) levels it was observed were obtained  by  treatment  (NE x B ) and (NE x B ),
that, the least significant values were obtained by NE (NE x B ) &  (NE x  B )  in  the  first and  second seasons,1

and 2013 seasons. Values of nitrogen content in the two
3

2 3

3 3

2

3

2 4

2 2 2 3

3 3 2 4
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respectively. From the results of the two seasons, it is Other combinations created more stimulative effect on
clear that adding cobalt irrespective to the application cobalt content but in most cases without significant
level combined with the second and third level of (NEC) differences between them.
increased leaf iron content. That  is  according  with Abdel Rahman et al. [13],

Regarding zinc content the data showed that, the who suggested that Natural Elements Compound (NEC)
high level (NE ) gave the highest value for zinc content. application significantly increased Navel orange leaf3

However, the first level NE  gave lower values than those macro and micro nutrients content (N. P, K, Ca, Mg, Fe,1

of level NE  especially in the second season. In the two Zn, Mn and Cu) compared with untreated trees (control).2

seasons, B  level (0 ppm Co) gave the least significant Other  studies  pointed  out that, citrus trees treated with1

value. Regarding the effect of other cobalt levels it is Si absorbed more nutrients than the untreated trees [30].
apparent that zinc content was increased significantly by A combination of nano-sized SiO  and TiO  could increase
increasing cobalt concentration up to B which gave the the nitrate reductase enzyme in soybean (Glycine max L.),3

highest  values.  Results  revealed that the  interaction increase its abilities of absorbing and utilizing water and
was significant in the two seasons. The first level of fertilizer and promote its antioxidant system [31].
cobalt (0 ppm Co) under any (NEC) level gave the lowest Regarding the effect of cobalt levels, the results are in
significant values of zinc content in both the two seasons. harmony with those obtained by Nadia Gad and Nagwa
On the other hand, it is observed that the highest Hassan [32], who showed that cobalt significantly,
significant values were obtained by treatment (NE x B ) in increased macro and micro nutrients in sweet pepper fruits3 3

the two seasons. compared with control. Attia et al. [33] pointed out that,
Results revealed that, manganese content was all cobalt doses significantly increased the content of N

affected significantly by the levels of (NEC). Untreated and S compared with control. The highest values of N and
trees gave the lowest significant value of leaf manganese S content were obtained by cobalt 10.0 ppm. The higher
content compared with any other levels. On the contrary, concentrations of cobalt decreased the promotive effect.
level NE  (2.5 kg/tree/year) gave more or less similar2

values as those of level NE  (5.0 kg/tree/year) in the two CONCLUSION3

seasons. Regarding the effect of cobalt levels, the trend
was clearer in the second season than the first one, From the foregoing results, it  could be concluded
whereas manganese content was gradually increased by that Natural Elements Compound (NEC), was affected
increasing Co up to 20 ppm which gave the highest significantly on yield, fruit physical and chemical
significant value. Regarding the interaction untreated properties and in most cases medium level of (NEC), NE
plant with cobalt under (NEC) level almost gave the (2.5 kg/tree/year) was sufficient for gave the high values.
lowest   significant   values  of  manganese  content. In most cases, all cobalt levels increased yield, fruit
When combining different rates of (NEC) and cobalt, physical and chemical properties compared with level B
manganese content was affected significantly. In the two (0 ppm), whereas, the second and the third level of cobalt
seasons, the highest significant values were obtained by B and B (10 and 20ppm) gave the highest values of yield,
treatments (NE x B ), (NE x B ) and (NE x B ). TSS and TSS/acid ratio. Regarding the combination2 2 2 3 3 2

Generally cobalt content varied from season to between (NEC) and cobalt levels in most cases, it is clear
season. In the second season only, cobalt content was that yield, fruit physical and chemical properties were
affected significantly by (NEC) levels. However, in the increased by the third and fourth levels of cobalt (20 and
two seasons, level NE  gave the highest values of leaves 30ppm Co) under any (NEC) level. In most cases, the3

cobalt content compared with other levels. Cobalt content highest significant values were obtained by treatments
was affected significantly by the levels of cobalt in the (NE x B ) and (NE x B ). Regarding  the effect of (NEC)
two seasons. The least significant values were obtained and cobalt levels on leaf nutrient content, it could be
by level B (0 ppm Co). Meanwhile, other cobalt levels concluded that, (NEC) levels affected nutrient content1

gave more or less similar values with the same statically considerably. In most cases, level NE  (2.5 kg/tree/year)
stand point. Results revealed that the interaction was gave  more   or  less  similar  values  as  those  of  level
significant in the two seasons. In both seasons, it is NE  (5.0 kg/tree/year) for N, P, K, Fe, Zn, Mn and Co
observed  that  cobalt  content was decreased  by  the content. With respect to cobalt levels, the least significant
first level of cobalt  under  any given of (NEC) levels. values were obtained by level B  (0  ppm Co). Meanwhile,

2 2

2

1

2 3

2 4 3 3

2

3

1
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other cobalt levels gave more or less similar values with 4. Matichenkov, V.V., D.V. Calvert and G.H. Snyder,
the same statically stand point. However, in most cases 1999. Silicon fertilizers for citrus in Florida. Proc. Fla.
levels B  (20 ppm Co) gave the highest values than those State Hort. Soc., 112: 5-8.3

of other levels especially for P, K, Zn and Mn. Depending 5. Matichenkov, V.V., D.V. Calvert and G.H. Snyder,
upon the values of interaction between (NEC) and cobalt 2000. Prospective of silicon fertilization for citrus in
levels, it  could  be  concluded that, combining (NEC) Florida. Proc. Soil Crop Sci. Soc. Fla., 59: 137-141.
with cobalt creates slightly more appreciable effect on 6. Matichenkov, V.V., E. Bocharnikova and D.V.
macro- and micronutrients content of Navel orange trees Calvert, 2001. Response of citrus to silicon soil
than untreated trees (NE x B ).Meanwhile, high values amendments. Proc. Fla. State Hort. Soc., 114: 94-97.1 1

were obtained almost when combining the second and 7. Jana, S. and B.R. Jeong, 2013.  Silicon: the most
third  levels of  (NEC)  with  the  (B ,  B  and B  levels). under- appreciated element in horticultural crops.2 3 4

The highest values were obtained by treatments (NE x B ) Trends in Horticultural Research. DOI: 10.3923/ Thr.2 3

and (NE x B ) for K, Fe, Zn and Mn. Therefore, it could be 2013.3 3

recommended by treatment (NE x B ) as good treatment 8. Yaghoubi, S., C.W. Schwietert and J.P. Mc Cue, 2000.3 3

for enhancing Navel orange yield, fruit quality and leaf Biological roles of titanium. Biol. Trace Element Res.,
mineral content especially under old citrus orchards. 78: 205-217.
Considering the above observation of the present study, 9. Pais, I., 1983. The biological importance of titanium.
further studies are needed to confirm the present findings J Plant Nutr., 6: 3-131.
for final recommendation. May be more silicon and 10. Carvajal, M.F., F. Martínez-Sánchez and C.F. Alcaraz,
titanium dioxide levels can be used considering the 1994. Effect of Ti on some physiological activity
method of application (soil fertilizers, nanoparticles indicators of Capsicum anuum L. plants. J Hort. Sci.,
fertilizers or foliar application) and some chemical 69: 427-432.
analysis, enzymes activity, disease severity and others to 11. Hruby, M., P. Cigler and S. Kuzel, 2002. Titanium in
make sure the effect of these elements on growth, yield plant nutrition: The contribution to understanding
and quality of different others fruit trees. the mechanism of titanium action in plants. J. Plant
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