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Abstract: A field experiments were conducted at Ismailia and Nubaria Research Stations, during two successive
summer seasons (2012 and 2013) to study the effect of humic acid and micronutrients either separately or in
combination on yellow corn single cross 166 (SC 166) yield as well as some crop physicochemical and
technological parameters at two locations (Ismailia and Nubaria). Humic acid was applied at two levels (0 and
1000 ppm) by spraying two times at 25 and 35 days after planting (DAP). Three micronutrient (Fe, Zn, Mn,) and
a mixture of them (FZM) on concentration of (0.02%) also sprayed two times at 25 and 35 DAP. Results revealed
that application of humic acid significantly reduced number of days to 50% tasseling and silking, while
increased plant height and grain yield/faddan (one faddan=0.42ha) in 2012 and 2013 growing seasons at the two
locations, except plant height at Nubaria in 2013 and Ismailia in 2012 growing season. No significant differences
were found for ear height at Ismailia and Nubaria in both seasons. Spraying of micronutrients Fe, Zn, Mn
separately or in mixture (FZM) significantly increased grain yield in both growing seasons at the two locations.
Application of humic acid and micronutrients mixture showed no significant differences in grain yield at Ismailia
and Nubaria in 2012 and 2013 seasons, except at Nubaria at 2013 growing season. Analysis of grains showed
that protein content significantly increased in all treated samples at Nubaria location, treatment (humic acid and
iron) showed the highest protein content being 13.01%. Fat content significantly increased as a result of
spraying humic acid combined with micronutrients at Ismailia location. Total carotenoids content was affected
by the location rather than the suggested treatments. Flotation index (FI) showed negative correlation with
amylose content at the two locations. Treated yellow corn appeared to have better micronutrients (Fe, Mn and
Zn) content. At Ismailia location endosperm percentage was decreased significantly, while germ percentage
increased ignificantly in all suggested treatments. Organoleptic evaluation of produced tortilla showed that,
at Nubaria location, humic acid and micronutrients treatments were improved general appearance, separation
of layer and roundness compared to control.
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INTRODUCTION consumption due to low productivity per area unit and

Corn (Zea mays L.) is one of the main cultivated food demand sharply increased across the world,
cereals all around the world. It is one of the important therefore, there are a large extensive agricultural lands has
crops principally during the summer season in Egypt been shifted to intensive agriculture, it put the natural
(1,724,000 faddan for white maize and 415,245 faddan for resources, including the land, under a high pressure.
yellow maize one fddan =0.42ha). Egypt produces about Many kinds of soils became incapable to supply the high
5.8 million tons of white corn and 1.3 million tons of yield by their micronutrient requirements. With intensive
yellow corn annually [1]. Maize grain is used for human cropping the best natively fertile soils, stress eventually
consumption, animal and poultry and industrial purposes. occurs in the proper procedures are not followed to
The total production is insufficient to meet local replace  crop-  removed  nutrient  elements and to maintain

limited cultivated area. During the last few decades the
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the proper nutrient element balance for optimum plant main plots, while micronutrient elements were arranged at
growth [2]. For many years agricultural research has aimed random in sub plots. Applied micronutrients were sprayed
at improving crop yields, while placing little importance on with 200 Liters of water/faddan (one faddan  = 0.42ha).
the quality of the products or environmental protection. The micronutrients were applied in combination with
More recently, the environmental impact of production humic acid as foliar spraying after 25 and 35 DAP just
methods, high production costs and the need to reduce before irrigation. An experimental plot consists of five
chemical substances in the soil have become important rows. Each row was of 6-m long and 80-cm wide. Two
agricultural objectives [3]. To promote efficient plant seeds of yellow corn single cross (SC 166) were planted
absorption of nutrients and reduce environmental per hill at 20 cm apart and thinned to one plant/hill till
pollution, a   number   of   chemical  molecules  have  been harvest time. Fertilization and other agronomic practices
studied [4, 5] these compounds are defined as bio were done as recommended. Calcium super phosphate
stimulants such as humic substances (HS). Humic acid is (15.5% P O ) and Potassium sulphate (48% K O) were
one of the major components of humic substances. Humic added before  planting  at  the  rate  of  30  kg  P O   and
matter is formed through the chemical and biological 48  kg K O/faddan,   respectively.   Nitrogen  fertilizer
humification of plant and animal matter and through the (120 kg/faddan) was added in the form of ammonium
biological activities of microorganisms [6]. Humic nitrate (33.5% N). Nitrogen was applied into two equal
substances have an important ability to be chelating doses in both seasons, at Nubaria the first one was
–agents, they are in fact excellent in this role as strong applied just before the second irrigation, while at Ismailia
enough to protect the micronutrients from leaching, but was applied into 8 doses; the first  one  was  added  after
weak enough to release micronutrients to plants when thinning. The rest were added weekly in both seasons.
required. The cationic micronutrients are most likely The following agronomic traits were recorded: Number of
deficient on calcareous soils or soil high in organic matter days from planting to 50% tasseling and 50% silking were
where strong chelating decreases availability [7, 8]. estimated. Plant height (cm) and ear height (cm) were
Micronutrients are required in small quantities for normal measured from the ground surface to the top of the tassel
plant nutrition, their role is important and their and the highest ear-bearing node, respectively. Ears were
deficiencies lead to severe depression in plant nutrition, harvested at maturity from the second and the third rows
growth and yield. of each plot. Ears were weighed and about 5 kg/plot were

The present study was designed to inspect the effect taken for moisture percentage. Grain yield was adjusted to
of foliar spray of humic acid and micronutrients on yellow 15.5% moisture. Physical and chemical properties of the
corn yield as well as some crop physiochemical and experimental soils were determined according to the
technological parameters. methods of Page [9] and Klute [10] are  presented in

MATERIALS AND METHODS determined according to the method of AOAC [11].

A field experiments were implementing at Ismailia and outlined by Juliano [12]. The weight of 100 kernels,
Nubaria Research Stations, Agricultural Research Centre, pericarp, endospern and germ percentage was determined
Giza,  Egypt  during  two successive summer seasons according to Hussein et al. [13]. Flotation index was
(2012 and 2013) to study the effect of humic acid and determined according to Lojano-Alejo et al. [14] as
micronutrients either separately or in combination on follows: Grains were immersed in sodium nitrate (41g in
grain yield and quality of yellow maize cultivar (SC166) in 100ml of water). Grains were stirred and after 1min the
sandy soil (Ismailia Experimental Station as new reclaimed number of floated grains was counted. Hardness
sandy soil under sprinkler irrigation system) and classification kernels were based on the scale proposed
calcareous soil (Nubaria Experimental Station) as by Salinas et al. [15]: FI values between 0 and 12% are
calcareous soil under surface irrigation system. very hard kernels, 13 to 37% are hard kernels, 38 to 62%
Treatments were two humic acid levels (0 and 1000 ppm are intermediate kernels, 63 to 87% soft and more than
sprayed two times at 25 and 35 days after planting (DAP) 87% are very soft kernels. Zn, Mn and Fe content were
and five micronutrient elements (Fe, Zn, Mn, a mixture of determined according to the method outlined in AOAC
Fe + Zn + Mn with concentration of (0.02%) in addition to [11] by using the Perkin Elmer (Model 3300, USA) Atomic
control treatment. Experimental design was split-plot with Absorption Spectrophotometer. Carotenoids content was
four replications. Humic acid was randomly assigned in determined using the method outlined in the AOAC [11].

2 5 2

2 5

2

Table 1. Crude proteins, fat and ash contents were

Amylose content was determined using the method
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Table 1: Mechanical and chemical analyses of the experimental soil at
Ismailia and Nubaria.

Soil properties Ismailia Nubaria
Physical properties
Sand% 64.20 52.90
Silt% 20.00 21.80
Clay% 14.30 25.30
Soil texture Sandy Loamy sand
Chemical properties
pH (1-2.5 suspension) 7.90 8.45
EC (mmohs cm ) 0.13 0.37-1

OM% 0.41 0.59
Available N ppm 17.30 28.30
Available P ppm 2.30 8.40
Available K ppm 80.20 95.00
EC): electrical conductivity 
(OM): organic matter

Tortilla Preparation: Yellow corn grains were milled to
give180 micron by using an attenzione Mill, type Hz 50,
220 volts Italy. Corn  flour  was  treated  hydrothermally
(as a preliminary study) to reach the optimum ratio of
added  water (70,   80   and   90%).   For  preparation
tortilla  dough,    the optimum    condition   was   found
to  be   85%   adding  water  and  10  min  heating  time.
The dough of each treatment divided into 50 g pieces.
Then every pieces of  dough  shaped,  into  roller  shape
(2 mm tick and 15 diameter) and baked in electric oven at
250°C for 5 min. Then air cooled, packed in polyethylene
bags.

Organoleptic Evaluation: Tortilla was evaluated for
general appearance, roundness, separation of layer, color,
taste and odor by 20,10,10,20,20 and 20, degree,
respectively with total score (100) by a trained taste panel
(n/10) of Food Technology Research Institute,
Agricultural Research Centre, Giza Egypt.

Statistical Analysis: Data were subjected to an analysis
of variance using the statistical analysis system SAS [16]
differences among mean within the samples were tested
using Duncan’s multiple range test at 5% probability
level.

RESULTS AND DISCUSSION

Grain Yield and Agronomic Traits
Effect of Humic Acid (HA): The effect of humic acid on
flowering dates, plant and ear heights, as well as grain
yield at Ismailia and Nubaria locations, during 2012 and
2013 growing seasons are presented in Table 2.
Application of humic acid significantly reduced number of
days from planting to 50% tasseling and silking at Ismailia
and Nubaria locations during 2012 and 2013 growing
seasons, except for tasseling at Nubaria in 2013. Data in
Table 2 revealed that application of humic acid was
associated with a significant increase in plant height and
grain yield per faddan at the two locations in 2012 and
2013 growing seasons, except for plant height at Nubaria
at 2013 and Ismailia in 2012 growing season. The effect of
application humic acid on plant height differed among
locations (environments) in both growing seasons. While,
no significant differences were found for ear height at
Ismailia and Nubaria in both seasons, except Ismailia in
2013 growing season. This may be attributed that humic
acid affected plant physiology positively, including
enhancement of biomass yields, induction of lateral roots
emergence, increase of cell respiration and membrane
uptake of nutrients and exertion of hormone- like activities
[17]. Celik et al. [18] explained that humus had beneficial
effects on nutrient uptake, transport and availability to
maize plant that enhances the maize plant growth and
increases maize yield.

Table 2: Effect of humic acid application on agronomic traits and grains yield of corn plants at Ismailia and Nubaria during 2012 and 2013 growing seasons
Treatment Days 50% tasselling Days 50% silking Plant height (cm) Ear height (cm) Grain yield (Ardab*/faddan)
----------------- ---------------------------- --------------------------- ------------------------- --------------------------- -----------------------------------
Location Ismailia Nubaria Ismailia Nubaria Ismailia Nubaria Ismailia Nubaria Ismailia Nubaria

2012 season
Humic acid 60.4 60.1 62.4 62.3 239 177 123 94 29.56 22.87
Control 59.5 61.3 61.6 63.9 246 165 125 91 24.06 18.39
LSD 0.05 NS 0.5 NS 0.5 NS 6.2 NS NS 3.98 1.21
CV% 1.5 1.2 1.8 1.3 2.4 5.6 4.2 8.1 10.0 9.1

2013 season
Humic acid 57.1 59.8 59.7 61.8 279 191 137 105 29.65 28.7
Control 58.3 61.8 60.7 64.0 263 196 130 113 23.76 23.9
LSD 0.05 1.0 NS NS 0.8 7.3 NS 2.3 NS 1.46 1.72
CV% 1.2 1.4 1.3 1.5 2.6 3.7 2.9 6.2 6.38 10.1
One Ardab = 140 kg grains
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Table 3: Effect of micronutrients application on agronomic traits and grains yield of corn plants at Ismailia and Nubaria during 2012 and 2013 growing seasons
Treatment Days 50% tasselling Days 50% silking Plant height (cm) Ear height (cm) Grain yield (Ardab/ faddan)
--------------- --------------------------- --------------------------- ------------------------- ---------------------------- -----------------------------------
Location Ismailia Nubaria Ismailia Nubaria Ismailia Nubaria Ismailia Nubaria Ismailia Nubaria

2012 season
Micronutrients
Fe 59.9 60.8 62.4 63.0 244 174 124 93 25.07 19.81
Zn 59.5 60.5 62.4 63.3 245 169 124 92 29.16 21.12
Mn 59.6 60.3 61.4 62.4 239 166 123 91 27.53 20.8
FZM 60.0 60.6 62.0 62.9 249 174 126 98 30.14 23.93
Control 60.6 61.4 61.6 63.9 235 173 122 88 22.14 17.48
LSD 0.05 NS 0.70 NS 0.8 6.0 NS NS NS 2.76 1.87
CV% 1.5 1.2 1.8 1.3 2.4 5.6 4.2 8.1 10.0 9.1

2013 season
Micronutrients
Fe 57.3 59.9 59.6 62.1 269 198 135 109 24.54 24.4
Zn 57.5 61.3 60.5 63.3 268 193 129 109 26.73 30.1
Mn 57.6 60.9 60.0 62.9 275 194 135 110 26.73 25.8
FZM 57.8 60.6 60.0 62.8 275 202 136 111 29.90 33.1
Control 58.4 61.3 60.8 63.4 270 181 133 105 22.94 19.9
LSD 0.05 0.70 0.90 0.80 1.0 NS 7.5 4.0 NS 1.76 2.8
CV% 1.2 1.4 1.3 1.5 2.6 3.7 2.9 6.2 6.38 10.1

Effect of Micronutrients (MN): Results in Table 3 show growing season. These results may be attributed to the
the effect of micronutrients on flowering dates, plant and effect of micronutrients which plays an important role in
ear heights, as well as grain yield at Ismailia and Nubaria stimulating the vegetative growth through increasing cell
locations during 2012 and 2013 of yellow maize when Fe, size and leaf area, thus, the rate of photosynthesis
Zn and Mn were sprayed either as sole treatment or in a increases [21, 22]. Data in Table 3 showed that the
mixture compared with the control treatment. Foliar spray application of micronutrients on grain yields
of micronutrient recorded significant values, especially (Ardab/faddan, one Ardab= 14 kg grains) resulted
when the micronutrients mixture compared with the solely insignificant increase at two locations in both growing
others. The highest values of plant height (249 cm) were seasons. Foliar application with micronutrients (Zn, Mn
obtained by the application of mixture treatment (Fe + Zn and Fe) might be due to their critical role in crop growth,
+ Mn0. followed by Zn and Fe (245 and 244 cm), involving in photosynthesis processes, respiration and
respectively at Ismailia in the first season and 202 cm at other  biochemical   and  physiological  activates  and
Nubaria in 2013. The lowest increment resulted due to thus their importance in achieving  high  yields  [23].
spraying (Fe), while the highest increment value was These results are in agreement with those obtained by
obtained as a result of spraying Fe+ Zn+ Mn in Ismailia Serry et al. [24], Zeidan, [25], Ziaeian and Malakouti [26],
and Nubaria locations in both seasons. The response of Zeidan and Nofal [27] and Maralian Habib [28].
maize plant to Fe, Zn and Mn may be due to the important
roles of these elements in enzymes activation and Interaction Effects Between Humic Acid and
hormones regulation, in metabolism of carbohydrate, Micronutrients: Data in Table 4 show that the interaction
proteins and auxins and also in multiple processes, effect between humic acid and micronutrients on grain
development, division and  differentiation  of  cells  [19]. yield at Ismailia and Nubaria locations during in 2012 and
In addition, Fe characteristics for its ability to undergo 2013 growing seasons. Humic acid x micronutrients
oxidation-reduction reaction and to form a component of interaction for grain yield showed no significant
chlorophyll. Zn also plays an essential role in the differences at Ismailia and Nubaria during 2012 and 2013
synthetase and metabolism of tryptophan, Mn influences growing seasons, except at Nubaria at 2013 growing
directly the indole acetic acid balance in plants response season. The maximum grain yield per faddan (38.89 ardab)
for plant height [20]. The superior effect of the mixture was obtained due to micronutrients (FZM) combined with
treatment may be due to the suitable balance between the humic acid during 2013 at Nubaria. On the other hand the
aforementioned which enable the plants to grow well and lowest values of grain yield (17.38 ardab) were obtained
to absorb more quantities of NPK. While, no significant from the control treatment. In general, applying foliar
differences were found for ear height at Ismailia and application of humic acid increased vegetative growth
Nubaria locations in both seasons, except Ismailia in 2013 indicators  over  control  treatment.  Results indicated that
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Table 4: Effect of humic acid and micronutrients interaction on grain yield at Ismailia and Nubaria during 2012 and 2013 growing seasons
Grain yield (Ardab/ faddan)

-------------------------------------------------------------------------------------------------------------------------------
                2012 season                 2013 season
------------------------------------------------- --------------------------------------------------

Humic acid Micronutrients Ismailia Nubaria Ismailia Nubaria
Treated Fe 32.67 23.18 29.61 26.65

Zn 30.05 20.94 32.98 32.21
Mn 33.71 23.11 24.06 27.13
FZM 33.42 27.85 31.48 38.89
Control 30.19 19.24 26.62 22.50

Control Fe 29.53 18.41 27.28 22.07
Zn 29.08 18.67 30.92 28.06
Mn 31.14 19.13 22.96 24.50
FZM 32.13 20.00 29.57 27.30
Control 29.69 15.72 24.75 17.38

LSD 0.05 -- NS NS NS 3.90
CV% -- 9.40 8.81 7.67 10.08

Table 5: Effect of interaction between humic and micronutrients spraying materials on grain fractions percentage and density g/cm of yellow corn grains at3

Ismailia and Nubaria locations during 2012 and 2013 growing seasons
          Pericarp%         Endosperm%            Germ%        Density (g/cm )3

---------------------------------------- --------------------------------------- -------------------------------------- ---------------------------------------
Treatments Ismailia Nubaria Ismailia Nubaria Ismailia Nubaria Ismailia Nubaria
1 7.74 ±1.0 7.41±0.49 84.55±0.9 84.84±1.0 7.71± 0.30 7.76±1.7 0.87±0.01 0.98±0.04ab bcde a a d c c c

2 7.42±0.1 7.48±0.16 84.52±0.14 84.7±0.11 8.06±0.07 7.82±0.27 1.11±0.04 1.09±0.02b bcde a a d c bc ab

3 7.84±0.16 7.85±0.12 84.16±0.13 84.35±0.03 8.00±0.05 7.80±0.7 1.00±0.12 1.09±0.07ab bc a a d c bc ab

4 7.51±0.15b 8.18±1.0 81.8±0.02 81.8±0.03 10.69±0.13 10.02±1.07 1.08±0.06 1.07±0.06ab b c b ab bc abc

5 7.33±0.38 7.79±0.21 81.91±0.21 81.95±0.2 10.76±0.16 10.25±0.54 1.01 ±0.16 1.15±0.04b bcd b c b ab bc a

6 8.67±0.14 8.99±0.32 81.95±0.27 81.66±0.13 9.38±0.13 9.35±0.2 1.57±0.04 1.04±0.02a a b c c bc a bc

7 7.06±0.35 6.96±0.1 82.03±0.15 83.49±1.0 10.91±0.20 9.55±1.7 1.16±0.4 1.10±.03b cde b ab b bc abc ab

8 6.81±0.24 6.69±0.1 82.16±0.01 81.25±0.3 11.03±0.24 12.06±0.2 1.21±0.3 1.07±0.03b de b c a a abc abc

9 8.67±0.42 6.6±0.34 80.35±0.21 82.39±0.49 10.98± 0.21 11.02±0.15 1.37±0.0 1.07±0.01a e c bc a ab ab abc

10 7.43±0.03 6.95±0.21 82.69±0.40 82.25±0.23 9.88±0.43 10.8±0.14 1.090.1 1.08±0.04b bc b bc c ab bc abc

LSD 0.05 1.0153 1.0202 0.7839 1.3373 0.4964 1.9997 0.3952 0.0932
1= control, 2= humic acid and iron, 3= humic acid and manganese, 4= humic acid and zinc, 5= humic acid, iron, manganese  and  zinc,  6=  humic  acid,
7= iron, 8= manganese, 9= zinc and 10= iron, manganese and zinc. Values are means ± SD of three measurements. Means in the same row with different letters
are significantly different (p < 0.05).

the application of humic acid significantly increased grain respectively. Germ percentage increased significantly due
yield and some agronomic traits related to it. Previous to humic acid and micronutrients treatments. The highest
reports have shown the stimulatory effects of humic acid significant percentage of germ was observed for treatment
substances on physiological processes related to growth 8 at two locations (Ismailia and Nubaria), it was 11.03 and
and productivity in maize [29, 30]. Humic acid increased 12.06%, respectively.
yields of some field crops by Khanghah et al. [31]. Concerning pericarp percentage, at Ismailia location
Applying mixture of micronutrients treatment as foliar there were not significantly differed between treatments
spray gave significant values of grain yield per faddan. and control (ranged from 6.81 to 8.67%). Also, at Nubaria

Grain Fractions Percentage and Density: The main parts treatment, except that of treatment 6 which increased
of corn kernel are the endosperm, pericarp and germ. Each significantly (8.99% compared to control 7.41%).
fraction presents distinct chemical composition and Regarding endosperm percentage, at Ismailia location
quality in dependent from the genetic material as well as endosperm percentage decreased significantly in all
from the environment conditions [32]. The effect of humic treatments, except treatment No 2 and 3, which showed no
acid and some micronutrients on corn grains components significant differences compared to control. At Nubaria
are shown in Table 5. Results revealed that at germ location endosperm percentage ranged from 81.25 to
percentage ranged from 7.71 to 11.03% for control and 8, 84.84%. There were no significant differences between
succession and 7.76 to 12.06% at Ismailia and Nubaria, treatments  2,  3,   7   and   control.   The   other  treatments

location there were no significant differences in all



World Appl. Sci. J., 32 (1): 01-11, 2014

6

Table 6: 100 kernels weight (g), amylose content% and flotation index of yellow corn grain treated with humic acid and some micronutrient at Ismailia and
Nubaria locations

       100 kernels weight (g)               Amylose%        Flotation index (FI)
------------------------------------------------- ------------------------------------------------ ----------------------------------------------

Treatments Ismailia Nubaria Ismailia Nubaria Ismailia Nubaria
1 28.42 ±0.39 34.61±0.27 28.32 ±0.0 28.04± 0.06 55.0± 4.24 50.0 ±2.82d abc f cd a a

2 30.23±0.39 35.17± 0.94 29.56± 0.0 28. 12± 0.03 30.5±0.7 37.0±1.4abcd a de c de b

3 30.67±0.26 33.88± 0.72 30.43 ±0.61 28.32±0.0 32.0±2.82 35.0 ±1.41abc bc bc c cde b

4 29.36 ±0.70 34.11± 0.34 29.46 ±0.34 29.72 ±0.02 33.5±0.7 33.5±2.12abcd abc e b bcde bc

5 29.06± 0.16 34.92 ±0.18 31.71 ±0.41 31.21±. 03 38.0±1.41 22.5±3.53bcd b a a b e

6 28.89 ±0.62 33.83 ±0.33 30.90 ±0.1 29.64±0.1 36.0±2.82 34.0±1.4cd bc b b bc bc

7 28.95± 0.16 35.18± 0.25 30.19 ±0.01 31.08±0.02 35.0±1.41 22.0±2.82cd a cd a b e

8 31.24 ±0.32 33.60± 0.20 28.90 ±0.01 31.07±0.0 33.5±0.7 24.5±0.7a c ef a cde de

9 30.12 ±0.24 35.02 ±0.47 28.33± 0.46 30.05±0.07 34.5±2.12 36.5±2.12abcd a f b cde b

10 31.02± 0.18 35.09± 0.10 31.69 ±0.16 31.80±0.01 29.0±1.41 29.0±1.41ab a a a e cd

LSD 0.05 1.8768 1.0185 0.6739 0.9351 4.7788 4.8000
1= control, 2= humic acid and iron, 3= humic acid and manganese, 4= humic acid and zinc, 5= humic acid, iron, manganese and zinc, 6= humic acid, 7=
iron, 8= manganese, 9= zinc and 10= iron, manganese and zinc.

decreased significantly compared to control. Data in treatment 10 followed by 30.5 for treatment 2. Flotation
Table 5 also showed that at Ismailia location there were index (FI) ranged from 55.07 to 29.01% at Ismailia location;
significantly differences in density value. The highest meanwhile, it ranged from 50.14 to 22.02% at Nubaria
value was observed in treatment 6 and 9 (1.57 and 1.37%, location. At Nubaria location spraying humic acid mixed
respectively). At Nubaria location density increased with Fe, Mn and Zn showed the lowest value of FI
significantly in treatments 2, 3, 5 and 7 compared with (treatment 5) followed by treatment 7(22.5 and 22.0,
control meanwhile, density increased insignificantly when respectively). Since the FI considered as hardness
grains treated with micronutrients solely except treatment indicator, it could be noticed that treated with humic acid
7 which achieved value 1.1 g/cm . and microelements (Fe, Mn and Zn) caused an increase in3

Data presented in Table 6 indicate the effect of humic the grain hardness. It is generally believed that chemical
acid and some micronutrients on 100 kernel weigh, composition can influence hardness, which i turn affects
amylose  content   and   flotation    index   of  yellow  corn. functionality. Grain hardness is an important grain quality
Hundred kernel weight of corn grains at the two locations attribute that plays an important role in the processing of
is shown in Table 6. The obtained results indicated that at cereal grains and in the end-use quality of cereal grain
Ismailia location the weight of 100 kernels increased in all products.
treatments furthermore, treatment 8 found in significantly
higher value of 100 kernel weight (31.24 g) followed by Grain Chemical Composition: The effect of humic acid
treatment 10 and 3 which amounted in 31.02 and 30.67g, and some micronutrient on some corn grains component
respectively. Moreover, at Nubaria location no significant (protein, fat, ash and total carotenoids) planted at the two
difference was observed in weight of 100 kernels between locations are shown in Table 7. The results showed that
the treatments and control, the best improvement in protein content was significantly  increased  in   all
weight of 100 kernels was 35.18 in treatment 7. It is treated  samples  at Nubaria location and the sample 2
possible that some of these differences were attributed to which treated with humic and iron had the highest protein
environmental effects since the samples were grown at content (13.01%). This increase in protein content may be
different sites [14]. Also, it was found that amylose attributed to the effect of humic acid which may have
content was increased significantly in all treatments at various biochemical effects either at cell wall, membrane
two locations compared to control. Treatment with humic level or in the cytoplasm, including increased
acid combined with the three micronutrients (Fe, Zn and photosynthesis and respiration rates in plants, enhanced
Mn) resulted in the highest amylose content (31.71%) at protein synthesis and plant hormone-like activity [33].
Ismailia location. Meanwhile, at Nubaria location, Moreover, in the case of treated samples in the Ismailia
treatment with the micronutrients mixture showed higher location protein content significantly was increased only
amylose content (31.80) compared to control (28.04%). in samples 3 and 9 (11.86 and 11.72, respectively).
Data in Table 6 also revealed that flotation index Spraying with humic acid mixed with micronutrients
decreased significantly in all treatments compared with achieved good results in protein content  at  Nubaria
control, at Ismailia location the lowest value was 29.0 for location  rather  than Ismailia location.
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Table 7: Protein%, fat%, ash% and total carotenoids (ppm) content in yellow corn grain treated with humic acid and some micronutrient at Ismailia and
Nubaria locations.

            Protein                Fat               Ash          Carotenoids
--------------------------------------- ---------------------------------------- -------------------------------------- ---------------------------------------

Treatments Ismailia Nubaria Ismailia Nubaria Ismailia Nubaria Ismailia Nubaria
1 10.78 ±0.0 10.07 ±0.19 3.67±0.02 3.62 ±0.01 1.05±0.01 1.04± 0.16 8.86±0.01 7.88 ±0.06b g d d g c ab a

2 10.36 ±0.01 13.01±0.19 4.15± 0.14 3.93± 0.14 1.31 ± 0.007 1.08± 0.01 8.27 ±0.03 7.71 ±0.14c a ab ab d bc b a

3 11.86±0.14 12.95 ±0.09 4.13± 0.017 3.96± 0.16 1.44± 0.05 1.07± 0.04 8.26 ±0.0 7.47± 0.18 a a ab a a bc b a

4 9.38 ±0.0 12.31±0.01 4.05 ±0.26 3.69 ±0.11 1.45± 0.06 1.12± 0.01 8.39 ±0.08 7.70± 0.1f bc abc bcd a abc b a

5 10.01±0.15 12.39± 0.01 4.36 ±0.01 3.65 ±0.06 1.35 ± 0.02 1.09± 0.16 8.69 ±0.07 7.85± 0.21de b a cd cd abc ab a

6 8.95 ±0.21 12.18±0.0 3.75 ±0.21 3.73 ±0.01 1.20 ±0.02 1.07 ±0.01 9.18 ± 0.11 7.70±0.06g bc cd abcd f c a a

7 9.87 ±0.21 12.07 ±0.05 3.92±0.14 3.84±0.04 1.25±0.007 1.27± 0.11 9.2± 0.18 7.77 ±0.03e cd bcd abcd e ab a a

8 10.05 ±0.04 11.89 ±0.16 3.95±0.07 3.88 ±0.09 1.37 ±0.01 1.24 ±0.01 8.65±0.16 7.76 ±0.15de d bcd abc bc abc ab a

9 11.72± 0.10 11.61±0.01 4.05±0.07 3.71 ±0.14 1.31 ±0.01 1.18± 0.0 8.44 ±0.15 7.90 ±0.21a e abc bcd d abc b a

10 10.28 ±0.10 11.12±0.17 3.94±0.00 3.68 ±0.00 1.41 ±0.007 1.28± 0.01 8.26±0.16 7.96 ±0.0cd f bcd cd ab a b a

LSD0.05 0.2793 0.2634 0.3451 0.2253 0.0485 0.1850 0.6245 0.5822
1= control, 2= humic acid and iron, 3= humic acid and manganese, 4= humic acid and zinc, 5= humic acid, iron, manganese and zinc, 6= humic acid, 7=
iron, 8= manganese, 9= zinc and 10= iron, manganese and zinc

Table 8: Micronutrients; manganese (Mn), iron (Fe) and zinc (Zn) content mg/100g in yellow corn grain at Ismailia and Nubaria locations
       Manganese (Mn)               Iron (Fe)              Zinc (Zn)
---------------------------------------- ------------------------------------------ ------------------------------------------

Treatments Ismailia Nubaria Ismailia Nubaria Ismailia Nubaria
1 0.405 0.492 2.50 2.47 1.25 1.15
2 0.437 0.612 3.42 3.55 1.47 1.32
3 0.432 0.687 2.90 3.32 1.37 1.37
4 0.422 0.527 2.52 3.15 1.42 2.17
5 0.460 0.532 3.10 3.12 1.38 1.34
6 0.445 0.587 2.95 3.37 1.35 1.39
7 0.437 0.500 3.15 3.26 1.52 1.48
8 0.447 0.667 2.97 3.15 1.40 1.57
9 0.492 0.502 3.05 2.82 1.62 1.72
10 0.427 0.595 2.87 2.62 1.37 1.35
1= control, 2= humic acid and iron, 3= humic acid and manganese, 4= humic acid and zinc, 5= humic acid, iron, manganese and zinc, 6= humic acid, 7=
iron, 8= manganese, 9= zinc and 10= iron, manganese and zinc.

It is well known that protein content differs among that at Ismailia location there was no significant changes
cultivars due to differences in genotypes and observed on total carotenoids content meanwhile,
environmental conditions during developing and spraying humic acid or micronutrients solely achieved
maturation of the grains [34]. Regarding fat content, some improvement in carotenoids content; the highest
results indicated that at Ismailia location the fat content value was 9.2 and 9.18 ppm for treatments 6 and 7,
was significantly increased as a result of spraying humic respectively. At Nubaria location there was no significant
acid mixed with micronutrients. Treatment 5 had the change in carotenoids content and the higher value was
highest value of fat content (4.36%). Similar trend of fat 7.96 for treatment 10. From this data it could be stated that
content was observed at Nubaria location. Treatment 2 carotenoids content was affected by the location rather
and 3 were significantly higher in fat content (3.93 and than the treatments.
3.96%, respectively) compared to control.

In addition, at Ismailia location, humic acid mixed with Micronutrients Content of Yellow Corn Grain Treated
micronutrient exhibited the highest percentages of fat with Humic Acid and Some Micronutrients at Ismailia
content in comparison to Nubaria location. As for ash and Nubaria Locations: Iron is involved as a major
content the results indicated that at Ismailia location ash constituent of heme as an oxygen carrying cofactor
content ranged from 1.05 to 1.45% and it increased (hemoglobin, myoglobin). Iron deficiency is characterized
significantly in all treatments compared to control mainly by symptoms of anemia [35]. Over two hundred
particularly in case of treatment 5. Meanwhile, at Nubaria enzymes require zinc for their activity; it plays important
location ash content ranged from 1.04 to1.28% and roles in DNA and RNA synthesis. From the presented
treatment 10 resulted in highly significant ash content data in Table 8, it could be noticed that at Ismailia
compared to other samples. Data in Table 7 also showed location,  there  was  an  increasing   in  the Mn, Fe and Zn
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Table 9: Correlation coefficients among some physical and chemical components of yellow corn
Item Pro Fat Car Ash Per End Ger Den FI Amy Kwt
Pro 1
Fat 0.090108 1
Car -0.68023 -0.03165 1
Ash -0.44003 0.358601 0.270875 1
Per 0.105184 0.0544 0.156583 0.26261 1
End 0.149057 0.163087 -0.15057 -0.2831 -0.14173 1
Ger -0.1901 0.18141 0.060428 0.39495 -0.36531 -0.8697 1
Den -0.22733 0.101248 0.244728 0.070314 0.264565 -0.39982 0.243216 1
FI -0.30186 -0.23893 0.329764 -0.36118 0.163934 0.387266 -0.4469 -0.20055 1
Amy -0.16897 -0.29293 0.182047 0.423728 -0.21465 -0.36024 0.445746 0.085926 -0.53315 1
Kwt 0.680002 -0.1829 -0.80242 -0.44814 -0.19724 0.130162 -0.02041 0.18761 -0.31033 0.004291 1
Pro: Protein; Ash: Ash; Fat: fat; Car: carotenoids; Kwt: 100 kernel weight; Den: density; FI: Flotation Index; Per: Pericarp; Ger: Germ; End: Endosperm;
Amy: amylose.

content in all treatments and treatment 9 showed the and endosperm and Pericarp percentages (r = -0.86 and r
highest Mn content (0.492 mg/100g) compared to other = -0.14,  respectively).  In    addition,   negative  correlation
samples. Moreover, the higher content of Fe was 3.42 for was observed between  FI and  amylose  (r  =  -0.53315),
treatment 2, at the same time treatment 9 resulted in higher fat content (r  =  -0.23893)  and  density  (r  =  -0.20055).
content of Zn (1.62 mg/100g). Concerning to Nubaria The hardness, as estimated by the flotation index, a
location the content of the three micronutrients Mn, Fe negative correlation was observed between hardness-
and Zn was increased in all treated sample furthermore, flotation index [37]. Hardness may be related not only to
the highest content of Mn was 0.687, 0.662 and 0.612 the chemical characteristics of the grain but also to its
mg/100g due to treatments 3, 8 and 2, respectively. physical characteristics. Shandera et al. [38] reported that
Meanwhile, Fe showed a maximum value being 3.55, 3.37 maize hardness has been shown to have a remarkable
and 3.32 mg/100g for treatments 2, 6 and 3, respectively. influence on the efficiency of the extraction yield and
The stimulatory effects of humic substances have been quality of the final product.
directly correlated with the enhanced uptake of
micronutrients,  such   as  Fe,   Zn,  Cu    and    Mn   [33]. Oraganoleptic Evaluation: Tortilla is very appropriate for
In conclusion treated yellow corn composition appears to celiac disease it has no gluten in its protein and has easily
have a better mineral composition so the use of such digested carbohydrates [39]. Tortilla is an excellent mean
produced grains that are particularly rich in iron and zinc for increasing the nutritional of poor population. Previous
will be useful in reducing prevalence of iron and zinc attempts have been made to obtain gluten–free bread of
deficiency in children. high nutritive values and acceptable quality for bread

Correlation Coefficients Among some Physical and different tortillas made from yellow corn at two locations
Chemical compounds of Yellow Corn: Data in Table 9 is shown in Tables 10 and 11. Data indicated that, at
indicate the correlations among results are shown. Protein Nubaria location, general appearance increased non
content was correlated with kernel hardness, measured by significantly, it ranged between 16.62± 2.61 and 18.62±
the flotation index (r = -0.30, P= 0.05), in the same way as 0.91 for control and sample 4 (humic acid and zinc).
reported by Narváez-González et al. [36], who found Separation layer increased in all samples compared with
negative correlation   between   protein   content  and FI control, sample 2 followed by sample 5 had the highest
(r = -0.30, P = 0.05). Furthermore, protein content had score 8.87± 1.13 and 8.81±1.19, respectively. In addition,
negative correlation with density and germ (r = -0.22733 there were no significant differences in odor character,
and r = -0.1901, respectively). There was positive Sample 5 had the highest taste score 17.37±1.84, while
correlation  between   fat   content   and   kernel  density sample 10 showed the lowest value 15.37±1.94 compared
(r =0.101248) and as expected the  germ  percentage  and to 16.0±2.67 for control. Sample 4 and 5 had the highest
fat  content  were  positively  correlated (r= 0.18141). color score 19.12±1.12 and 19.25±1.16 compared to other
These results are in agreement with those obtained by samples. On the other hand, sample 5 followed by sample
Pinto et al. [32]. On the other hand, there were negative 4 had the highest score 91.5±5.15 and 90.37±5.63,
correlations between germ and endosperm percentages respectively.    Regarding   to    Ismailia    location,  general

organoleptic characteristics. Oraganoleptic evaluation of
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Table 10: Oraganoleptic evaluation of tortilla prepared from corn treated with humic acid and micronutrients at Nubaria location
Samples General appearance Separation layer Roundness Odor Taste Color Total score
1 16.62± 2.61 6.56±2.16 8.31±0.96 18.12±1.45 16.0±2.67 18.75±1.75 84.37±8.53a c a a ab a b

2 18. 0±2.0 8.87± 1.13 8.87±0.95 17.37±1.59 16.87±1.24 18.75±1.75 88.75 ±6.56a a a a ab a ab

3 18.0 ±1.19 8.68 ±1.09 9.0±0.75 17.5±1.41 16.25±1.03 18.75±1.48 88.18±4.85a ab a a ab a ab

4 18.62± 0.91 8.75± 1.03 9.25±0.65 18.12±1.12 16.5±1.19 19.12±1.12 90.37±5.63a ab a a ab a ab

5 18.6 ±1.18 8.81±1.19 9.13 ±0.64 18.25±1.28 17.37±1.84 19.25±1.16 91.5±5.15a a a a a a a

6 16.87± 1.45 7.0 ±1.31 8.31±1.09 17.25±1.68 16.75±1.48 18.13 ±1.95 84.31±7.08a c a a ab a b

7 17.25 ±1.38 7.62±1.18 8.25±1.19 17.75±1.28 16.25±1.85 18.37±1.76 85.56±5.65a abc a a ab a ab

8 16.88 ±1.64 7.56±1.18 8.31±1.16 17.37±1.68 15.75±1.48 18.37±1.92 84.37±5.56a abc a a ab a b

9 17.0 ±2.0 7.25±1.58 8.31±1.09 17.5± 1.3 15.75±1.38 18.37±1.13 84.18±6.33a bc a a ab a b

10 17.50 ±2.26 8.5±1.19 8.5±1.10 18.37±1.18 15.37±1.94 18.62±1. 84 86.87±5.1a ab a a b a ab

LSD 0.05 2.3087 1.3412 0.9801 1.4096 1.6520 1.7158 5.9727
1= control, 2= humic acid and iron, 3= humic acid and manganese, 4= humic acid and zinc, 5= humic acid, iron, manganese and zinc, 6= humic acid, 7=
iron, 8= manganese, 9= zinc and 10= iron, manganese and zinc.

Table 11: Oraganoleptic evaluation of tortilla prepared from corn grains treated with humic acid and micronutrients at Ismailia location
Samples General appearance Separation layer Roundness Odor Taste Color Total score
1 16.75± 3.10 9.56±0. 90 9.37±1.41 19.0±1.60 16.75±2.25 18.75±1.58 90.18±6.85a a a a a ab ab

2 18.62±1.84 9.37± 1.18 9.75±0.46 17.75±3.32 16.87±1.95 19.12±1.12 91.5 ±6.54a a a a a ab ab

3 18.0 ±2.2 9.37 ±1.18 9.87±0.35 17.37±3.37 16.25±2.49 19.37±0.74 90.25±5.20a a a a a a ab

4 16.75± 1.98 8.56± 2.09 9.5±1.06 17.62±2.06 15.75±3.41 17.37±3.33 85.56±9.74a a a a a b b

5 16.25 ±2.6 9.5±0.92 9.5 ±1.06 18.5±1.51 16.37±3.33 19±1.6 89.12±8.55a a a a a ab ab

6 17.87± 1.72 9.5 ±0.92 9.37 ±1.18 18.25±1.9 16.87±2.1 19.12 ±1.72 90.98±6.77a a a a a ab ab

7 18.31 ±1.72 9.75±0.46 9.75±0.71 18.87±1.16 17.87±1.45 19.37±0.74 93.93±2.27a a a a a a a

8 18.31 ±1.33 9.62±0.74 9.5±0.92 18.75±1.5 17.25±1.28 19.37±0.74 92.31±2.23a a a a a a ab

9 17.12 ±1.72 9.43±1.05 9.5±1.41 18.75± 1.5 16.75±1.58 18.75±1.16 90.31±6.15a a a a a ab ab

10 17.12 ±2.69 9.25±1.38 9.5±1.06 17.5±1.6 16.37±1.76 18.5±1. 41 88.25±3.95a a a a a ab ab

LSD 0.05 2.1319 1.1603 1.0227 2.0665 2.2673 1.5913 6.3093
1= control, 2= humic acid and iron, 3= humic acid and manganese, 4= humic acid and zinc, 5= humic acid, iron, manganese and zinc, 6= humic acid, 7=
iron, 8= manganese, 9= zinc and 10= iron, manganese and zinc

appearance insignificantly increased, sample 2 had the humic acid with micronutrients enhanced physiochemical
highest score 18.62±1.84 compared to control (16.75± characteristics of yellow corn particularly in protein,
3.10). No significant differences  between  samples  among minerals and amylose content. Also, it had a positive
separation layer and roundness characters. Odor effect on hundred kernel weight and flotation index which
decreased insignificantly, it ranged between 17.37±3.37 related to hardness that influence of tortilla quality.
and 19.0±1.60. Sample 7 and 8 had the highest color score,
they recorded 19.37±0.74. At the same time, there were REFRENCES
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