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Abstract. The objective of this investigation was to study the helpful effects of foliar application
with antioxidant citric acid in combos with some micronutrients on growth, yield and a few
chemical constituents of maize (Zea mays L.) plants. The plants were grown up in clay soil, and
foliar sprayed with eleven treatments (0, 0.05, 0.1, 0.15, 0.2, 0.25, 0.3, 0.35, 0.4, 0.45 and 0.5%) of
combined fertilizer (citrine) which contains (15% citric acid, 2% Fe, 2% Mn and 2% Zn). The
obtained results indicated generally that each one studied vegetative growth parameters (i.e. plant
height, stem diameter, number of leaves /plant, dry weight of leaves) similarly as grain yield /fed.
and some of their components (i.e. ear length, ear diameter, number of rows/ear, number of
grains/row, grain weight/ear, weight of 100 grain and ear weight/plant) and some chemical
constituents of leaves (chlorophyll a, b, total caroteniods, anthocyanin, total carbohydrates, total and
reducing sugars, total free amino acids, total indoles, nitrogen, phosphorous and potassium) and
grain protein %, were accrued with application of the various treatments. The maximum values
were obtained from the treatment of 0.3%. On the contrary citrine treatments minimized reducing
sugars and free phenol in leaves as compared to the control. The simplest results were obtained by
the application of citrine treatment at 0.3%. Hence, it can recommend using citrine fertilizers as
foliar application at the speed of 0.3% for improving growth, yield and chemical constituents of
maize plants.

1. Introduction

Maize (Zea mays L.) is associate degree annual plant. It's cultivated globally being one
amongst the foremost necessary cereal crops worldwide. It's a flexxible crop grown over a variety
of agro climatical zones. It's known as “Queen of Cereals” due to its high productive potential
compared to the other cereal crop. It's a C4 plant; it is capable to utilize solar radiation a lot of
expeditiously even at higher radiation intensity [1]. In Egypt, nice attention has been paid to extend
its total production. Therefore, efforts are being targeted on increasing the productivity of maize
crop by growing high yielding varieties and/or raising the agronomical follow like fertilization.

Citric acid improves the antioxidant content of foods since it stimulates a larger synthesis of
nutraceutical compounds that function as antioxidants, among that are the phenolic compounds and
flavonoids among them [2]. They have a synergistic impact on growth, yield and a few chemical
constituents of the many crops yet as dominant the incidence of most fungi on many crops [3].
Several investigations show a rise within the content of compounds with bioactive properties in
maize by the applying of compounds that perform as elicitors since they promote the synthesis of
compounds derived from phenylpropanoids and activate signal cascades that increase antioxidant
activity [4]. Some of the mentioned works have studied the applying of compounds like citric acid
[5, 4, 3], salicylic acid [6-9], ascorbic acid [10, 11], benzoic acid [12]. Micronutrients have a useful
impact of on growth, yield and a few chemical constituents of maize plants as reported by many
workers [13, 14, 1, 15]. However, in Egypt, soils plagued by some deficiencies of micronutrients
particularly Fe, Zn and Mn [16]. Consequently, the aim of this work was to check the result of
exogenous application of citrine (citric acid, Fe, Zn and Mn) at different rates on growth, yield, as
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well as some chemical constituents of maize plants during 2015 and 2016 seasons by the aim of
increasing maize productivity.

2. Materials and Methods

This investigation was applied throughout the two sequential seasons of 2015 and 2016 at the
Experimental space in clay soil at the college of Agriculture, Fayoum, University, Egypt. Before
planting the foremost vital physical and chemical characters of the chosen soil was determined
according to [17] as shown in Table 1.

Table 1. The physical and chemical analysis of the used soil before planting in both seasons

Properties 2015 2016
Physical
Sand % 26.78 27.05
Silt % 26.70 26.10
Clay % 46.52 46.85
Texture grade Clay Clay
Chemical
Organic matter% 1.78 1.76
pH(1:2.5) 7.35 7.27
Ec (ds m!) 0.63 0.67
CaCOs % 5.62 5.47
o & N 475.00 482.00
g g P 419.00 426.00
£ 8 ~ K 21.20 24.10
238 E Fe 85.20 83.50
=g~ Zn 27.99 27.09
é 9 Mn 3.40 3.25
S Cu 0.78 0.74

In all experiments, the different treatments were arranged in randomized complete design with
three replications. The experimental plot was 4 x 3.5 m (14m?) contained 5 rows each of 4 m long
and 70 cm width, each plot contains 66 plants. Maize triple hybrid 310 was hand sown at the rate of
15 kg seeds/fed. in hills 30 cm apart in June 26™ in the two seasons. After 21 days from sowing,
plants were thinned to a single plant per hill on one side of the ridge. Phosphorous as calcium super
phosphate (15.5% P»Os) at the rate of 200 kg/fed., was added to the field before sowing. Nitrogen at
the rate of 150 kg N /fed. as urea (46% N) and potassium sulphate (48% K>O) at the rate of
100 kg/fed., were given in two equal doses. The first dose was added after thinning (21 days from
sown), the second dose given after 30 days from the first one. The other cultural practices of
growing maize at Fayoum Governorate were followed as normal. The plants were sprayed with tap
water (as a control) or citrine (containing 15% citric acid, 2% Fe, 2% Zn, 2% Mn, 3% adhesive
sugar substances and 76% water) at two times; the first was sprayed after thinning with a volume
150 L /fed. and the second was applied three wakes later with a volume 150 L /fed. Triton B as a
wetting agent at 0.1% was added to the antioxidant solutions. Spraying was carried out till runoff.

The experiment involved the following treatments

1- Control (spraying with tap water) 2- Spraying with citrine at rate 0.05 %
3- Spraying with citrine at rate 0.1 % 4- Spraying with citrine at rate 0.15 %
5- Spraying with citrine at rate 0.2 % 6- Spraying with citrine at rate 0.25%
7- Spraying with citrine at rate 0.3% 8- Spraying with citrine at rate 0.35%
9- Spraying with citrine at rate 0.4% 10- Spraying with citrine at rate 0.45%

11- Spraying with citrine at rate 0.5 %
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Data recorded
1- Growth characters

Two plant samples were taken from each experimental plot. The first (ten plants from each
treatment in the three replications) was taken 75 days after planting to study the following traits (i.e.
plant height (m), stem diameter (cm), number of leaves /plant and dry weight of leaves per plant (g).
The second sample was taken at harvesting time four months from planting (ten plants were chosen
randomly from each plot) to estimate ear length (cm), ear diameter (cm), number of rows/ear,
number of grains/ row, grain weight/ear (g), weight of 100 grain (g), ear weight/plnt (g) and grain
yield/ fed (ton).

Chemical analysis

Fresh and dried leaves and seeds (75 days of old plants for leaves and at harvest, after 120
days from planting for seeds) were used for determination of the following constituents:
Photosynthetic pigments: chlorophyll a, b and total caroteniods were extracted from fresh leaves by
acetone (80%) then, their concentrations were determined as mg/100g fresh weight according to
[18]. Total carbohydrates mg/g dry weight were determined colorimetrically by using phenol-
sulphuric acid reagent according to the method described by [19]. Total and reducing sugars were
determined using phosphomolybdic acid reagent as described by [20] and recorded as mg/g dry
weight. Anthocyanin concentration (mg/100g dry weight) was determined according to the method
described by [21]. Total free amino acids in fresh leaves were determined colorimetrically using
ninhydrin reagent according to the method described by [22] and recorded as mg/g dry weight.
Total indoles mg/g fresh weight were determined by using 4-dimethylaminobenzaldehyde reagent
as described by [23]. Free phenols in fresh leaves were determined using Folin-Denis reagent as
described by [20] and recorded as mg/g dry weight. Nitrogen %, in leaves and crude protein
percentage in seeds, was determined according to [20], phosphorus % was determined according to
[20], potassium was determined by Flame Photometer, Parkin—Elmer model 52 according to the
method described by [24].

Statistical analysis

The experiment was in a complete randomized block design with 11 treatment and
3 replicates for each treatment. Results were statistically analyzed using the L.S.D. at probability
level of 5% for comparisons according to [25].

3. Results
Growth characters

Data presented in Table 2 clearly indicate that sparing maize plants with the antioxidant and
micronutrients namely citrine at the rates from 0.05 up to 0.5% improved the studied growth
parameters of maize plant, i.e. plant height, stem diameter, number of leaves/plant and dry weight
of leaves /plant as compared to the control plants. Such trend was true during the two studied
seasons. The highest increase was recorded with citrine foliar spray at the rate 0.3% which
surpassed the control by 22.39 and 22.66% for plant height, 32.06 and 32.38% for stem diameter,
5.63 and 7.09% for number of leaves/plant and 8.20 and 8.31% for dry weight of leaves/ plant
respectively in both seasons over the control plants.
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Table 2. Effect of citrine (citric acid in combination with some micronutrients) on plant height,
stem diameter, number of leaves /plant and dry weight of leaves maize (Zea mays L.) plants on
2015 and 2016 seasons

Plant height Stem Number of Dry weight of

Treatments (m) diameter (cm) leaves/plant leaves/plant (g)
2015 | 2016 | 2015 | 2016 2015 2016 2015 2016
0.00 2.01 2.03 | 2.09 2.10 14.10 14.20 70.15 70.18

0.05 2.10 2.16 | 2.13 2.15 14.40 14.30 73.20 73.33
0.10 2.23 2.24 | 2.27 2.29 14.52 14.59 73.80 73.95

. 0.15 2.30 2.34 | 2.50 2.51 14.70 14.80 74.86 74.91
i 0.20 2.35 2.38 | 2.60 2.62 14.80 14.90 75.60 75.53
E 0.25 2.40 244 | 2.65 2.68 14.80 14.90 75.66 75.70
5 0.30 2.46 249 | 2.76 2.78 15.10 15.00 75.90 76.01
0.35 2.44 247 | 2.73 2.75 14.90 14.90 75.80 75.87
0.40 2.42 244 | 2.70 2.72 14.90 14.90 75.39 75.34
0.45 2.40 243 | 2.69 2.72 14.90 14.90 75.20 75.23
0.50 2.40 242 | 2.69 2.71 14.80 14.80 75.19 75.12

L.S.D at 0. 5% 0.21 0.26 | 0.18 0.22 0.42 0.39 2.60 2.69

Grain yields and their components

Data in Tables 3 and 4 indicate that foliar application of citrine at the concentrations from
0.05 up to 0.5% increased grain yields and its components (ear length, ear diameter, number of
rows/ear, number of grains/row, grain weight/ear, weight of 100 grain, ear weight/plant and grain
yield/ fed.) as compared to the control plants. Such trend was true during the two studied seasons.
The data also show that the promotion occurred in such yield and its components under this study
were associated with the increase in citrine levels from 0.05 to 0.3% and thereafter, a slight
decreased were generally occurred by using concentration more than 0.3%, but the values were still
over the control one treatment. The maximum increase was recorded with citrine foliar application
at the rate 0.3% which recorded 14.04 and 15.64% for ear length, 12.94 and 13.35% for ear
diameter, 6.92 and 6.11% for number of rows/ear, 4.55 and 4.81% for number of grains/row, 26.91
and 27.26% for grain weight/ear, 14.44 and 13.53% for weight of 100 grain, 44.32 and 43.38 % for
ear weight/plant and 26.89 and 27.26% for grain yield/ fed in the first and second seasons
respectively over the control plants.

Table 3. Effect of citrine (citric acid in combination with some micronutrients) on ear length,
ear diameter, number of rows/ear and number of grains/ row of maize (Zea mays L.) plants on
2015 and 2016 seasons

Ear length Ear diameter Number of Number of

Treatments (cm) (cm) rows/ear grains/ row
2015 2016 2015 2016 2015 2016 2015 2016
0.00 19.23 18.99 4.25 4.27 13.00 13.10 37.30 | 37.40
0.05 19.80 19.50 4.45 4.48 13.10 13.10 37.40 | 37.50
0.10 20.06 20.10 4.65 4.69 13.10 13.20 | 37.90 | 38.00
0.15 20.93 20.98 4.72 4.77 13.20 13.30 38.60 | 38.70
f 0.20 21.13 21.18 4.76 4.80 13.50 13.40 38.80 | 38.90
E 0.25 21.60 21.42 4.78 4.82 13.80 13.80 | 38.90 | 3891
5 0.30 21.93 21.96 4.80 4.84 13.90 13.90 39.00 | 39.20
0.35 21.90 21.91 4.78 4.82 13.80 13.80 38.90 | 38.90
0.40 21.90 21.93 4.76 4.81 13.80 13.80 | 38.70 | 38.80
0.45 21.46 21.51 4.73 4.78 13.80 13.70 38.80 | 38.80
0.50 21.44 21.49 4.71 4.76 13.70 13.80 38.70 | 38.70
L.S.Dat0. 5% 2.40 2.36 0.26 0.21 0.12 0.09 3.50 3.46
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Table 4. Effect of citrine (citric acid in combination with some micronutrients) on grains
weight/ear, weight of 100 grain, ear weight/plant and grains yield/ fed. of maize (Zea mays L.)
plants on 2015 and 2016 seasons

Treatments Grain weight/ear (g) 1:(;/25;; o(fg ) Ej;:‘avlslf:l(ggl)lt G;“Zl(lll.l( tyol:i;d/
2015 2016 2015 | 2016 2015 2016 2015 2016
0.00 174.18 178.44 | 3592 | 36.42 190.71 193.74 3.484 | 3.569
0.05 176.72 179.65 | 36.07 | 36.57 200.82 203.34 3.534 | 3.593
0.10 180.02 18438 | 36.26 | 36.76 230.60 233.17 3.600 | 3.687
0.15 186.28 190.75 | 36.56 | 37.06 236.13 238.67 3.725 3.815
X 0.20 211.09 | 212.67 | 40.30 | 40.80 257.15 259.68 4.221 4.253
% 0.25 218.75 | 221.49 | 40.75 | 41.25 269.16 271.68 4375 | 4.429
5 0.30 221.06 | 227.10 | 40.78 | 41.68 275.23 277.79 4.421 | 4.542
0.35 21424 | 21692 | 39.91 | 40.41 270.33 272.86 4284 | 4.338
0.40 211.75 | 21497 | 39.65 | 40.15 265.42 267.98 4235 | 4.299
0.45 208.23 209.38 | 38.89 | 39.39 261.51 264.05 4.164 | 4.187
0.50 205.28 | 209.45 | 38.72 | 39.22 255.61 258.12 4.105 | 4.189
L.S.D at 0. 5% 15.67 15.75 1.61 1.68 14.23 14.08 0.612 | 0.622

Chemical constituents of plants
Leaf pigments concentration

Data presented in Table 5 clearly show in two successive seasons that, the concentration of
leaf pigments (chlorophyll a, b, total caroteniods and anthocyanin) were significantly increased
when maize plants were sprayed with citrine (citric acid, Zn, Fe and Mn) at the rates from 0.05 up
to 0.5 % as compared to the control. The best results were observed when maize plants were
sprayed with citrine at the rate of 0.3% which recorded 23.72 and 23.55% for chlorophyll a, 17.35
and 17.17% for chlorophyll b, 28.83 and 25.75% for total caroteniods and 14.60 and 15.06% for
anthocyanin in the first and second seasons respectively over the control plants.

Total soluble carbohydrates, total and reducing sugars and total free amino acids concentration

Data recorded in Table 6 clearly revealed in the two successive seasons that, all used
concentration of citrine increased total soluble carbohydrates, total sugars and total free amino acids
as compared to the control plants. The highest increase was recorded with citrine foliar application
at the rate of 0.3% which recorded 45.37 and 46.78% for total carbohydrates and 14.60 and 14.60 %
for total sugars and 89.53 and 88.75% for total free amino acids in the first and second seasons
respectively over the control plants.

On the contrary, reducing sugars content were decreased by using the same concentrations
used in the study as compared to the control plants.
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Table 5. Effect of citrine (citric acid in combination with some micronutrients) on chlorophyll a, b,
total caroteniods and anthocyanin concentration of maize (Zea mays L.) plants on 2015 and 2016
seasons

Chlorophyll a Chlorophyll b Tota} Anthocyanin

Treatments mg/l()()pg W mg/100pg W Iﬁgf{’;g‘g“g‘\f‘, mg/l()()gy D.W
2015 2016 | 2015 | 2016 | 2015 [ 2016 | 2015 [ 2016

0.00 138.32 | 139.91 | 80.62 | 81.46 | 1521 | 1526 | 59.06 | 59.25

0.05 140.13 | 141.92 | 83.01 | 83.85 | 1574 | 16.79 | 61.09 | 61.20

0.10 151.15 | 152.72 | 88.52 | 89.36 | 16.92 | 17.07 | 62.11 | 62.33

. 0.15 155.08 | 156.63 | 93.01 | 93.85 | 17.85 | 18.00 | 63.13 | 63.60
< 0.20 162.18 | 163.84 | 93.01 | 93.85 | 18.03 | 18.68 | 65.17 | 65.42
g 0.25 166.35 | 167.95 | 93.31 | 94.15 | 19.03 | 19.08 | 67.20 | 67.61
5 0.30 171.14 | 172.86 | 94.61 | 9545 | 19.14 | 19.19 | 79.24 | 79.29
0.35 169.01 | 170.94 | 92.01 | 92.85 | 17.85 | 17.09 | 78.12 | 78.17

0.40 166.11 | 167.61 | 90.01 | 90.85 | 17.51 | 17.06 | 7637 | 76.42

0.45 165.94 | 167.44 | 89.00 | 89.84 | 1691 | 16.96 | 74.25 | 74.30

0.50 165.31 | 166.80 | 88.81 | 89.65 | 16.81 | 16.76 | 73.15 | 73.20
LS.Dat0.5% | 1064 | 1089 | 723 | 7.05 | 143 137 | 241 | 228

Table 6. Effect of citrine (citric acid in combination with some micronutrients) on total
carbohydrates, total sugars, reducing sugars and total free amino acids concentration of maize
(Zea mays L.) plants on 2015 and 2016 seasons

Total Total sugars Reducing sugars To.t al fre.e

Treatments | carbohydrates mg/g mg/g D.W mg/g D.W amino acid

D.W mg/g D.W
2015 2016 2015 2016 2015 2016 2015 | 2016
0.00 9791 98.01 48.97 49.12 | 16.69 16.80 6.97 7.02
0.05 120.84 122.52 50.10 50.75 | 15.27 15.60 8.23 8.27
0.10 133.55 135.62 52.60 5275 | 13.69 13.85 8.46 8.51
" 0.15 136.76 138.83 52.97 53.12 | 13.37 13.41 13.05 | 13.08
i 0.20 139.93 140.53 53.30 54.45 | 13.10 13.21 13.09 | 13.12
E 0.25 140.12 141.93 55.00 55.75 | 12.63 12.71 13.15 | 13.18
-5 0.30 142.33 143.86 56.12 56.52 | 11.05 11.11 13.21 | 13.25
0.35 140.16 141.89 55.10 55.25 | 11.59 12.05 9.32 9.46
0.40 138.58 139.66 53.18 53.33 | 13.59 13.09 8.56 8.58
0.45 136.64 137.79 52.12 52.27 | 16.32 15.30 8.51 8.56
0.50 134.51 135.71 51.23 51.38 | 16.60 16.71 8.35 8.41
L.S.D at 0. 5% 9.94 10.45 3.28 3.60 3.66 3.20 1.24 1.29

Total indoles and free phenols

Data recorded in Table 7 clearly indicate in the two successive seasons that, total indoles and
free phenols were affected by the application of citrine at all used rates compared with the control
plants. The best result was obtained when maize plants were sprayed with citrine at the rate of 0.3%
which recorded 10.44 and 10.53% for total indoles in the first and second seasons respectively over
the control plants. On the contrary a marked decrease in free phenols concentration in leaves was
recorded by the application of citrine at all used rates comparing with the control plants.

Nitrogen, phosphorus and potassium concentrations

Data in both seasons of the study are presented in Tables 7 and 8 revealed that leaves of maize
plants contained a high concentration of nitrogen, phosphorus and potassium under foliar spray with
citrine comparing to control plants. The maximum increase was obtained when citrine was an
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application at the rate of 0.3 % which recorded 21.45 and 21.49% for nitrogen, 6.53 and 6.58% for
phosphorous and 19.92 and 20.08% for potassium in both seasons respectively as compared to the
control plants.

Grains crude protein%

Data presented in Table 8 clearly show that spraying maize plants with the citrine
(antioxidant) at the rates from 0.05 up to 0.5% significantly improved grain crude protein content as
compared to the control plants. Such trend was true during the two studied seasons. The highest
increase was recorded when citrine was sprayed at the rate of 0.3% which surpassed the control by
24.51 and 24.75 % in the first and second seasons respectively, as compared to the control plants.

Table 7. Effect of citrine (citric acid in combination with some micronutrients) on total indoles,
total phenols and nitrogen concentration of maize (Zea mays L.) plants on 2015 and 2016 seasons

Total indoles mg/ Free phenols .

Treatments D.W v mg/Ig) D.W Nitrogen %
2015 2016 2015 2016 2015 | 2016

0.00 2.47 2.49 5.72 5.70 3.01 3.03

0.05 2.51 2.53 4.04 4.01 3.32 3.36

0.10 2.56 2.59 3.70 3.63 3.47 3.48

) 0.15 2.61 2.63 3.36 3.26 3.49 3.51
i 0.20 2.65 2.68 3.35 3.18 3.53 3.56
E 0.25 2.70 2.72 3.02 3.00 3.59 3.61
-5 0.30 2.73 2.75 2.69 2.58 3.66 3.68
0.35 2.71 2.72 3.36 3.16 3.56 3.61

0.40 2.68 2.69 3.89 3.95 3.55 3.57

0.45 2.62 2.63 3.99 3.99 3.54 3.55

0.50 2.61 2.62 4.04 3.99 3.52 3.53

L.S.D. at 0. 5% 0.04 0.08 1.02 1.07 0.31 0.34

Table 8. Effect of citrine (citric acid in combination with some micronutrients) on the leaf
(phosphorous and potassium %) and grain protein%, of maize (Zea mays L.) plants on 2015 and
2016 seasons

Phosphorous% Potassium % Grain protein%

Treatments
2015 2016 2015 2016 2015 2016
0.00 0.304 0.306 2.59 2.61 9.09 9.18
0.05 0.315 0.317 2.74 2.73 9.95 9.98
0.10 0.316 0.317 2.78 2.80 9.96 10.05
. 0.15 0.317 0.318 2.83 2.85 10.09 10.18
i 0.20 0.318 0.319 291 2.93 10.28 10.37
E 0.25 0.319 0.320 2.97 2.99 10.78 10.37
-5 0.30 0.324 0.326 3.11 3.13 11.34 11.43
0.35 0.320 0.322 3.05 3.07 11.02 11.11
0.40 0.315 0.317 2.94 2.96 10.86 10.95
0.45 0.315 0.317 291 2.94 10.85 10.94
0.50 0.314 0.317 2.90 2.92 10.83 10.92
L.S.D at 0. 5% 0.03 0.01 0.15 0.12 0.85 0.80
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Discussion

Spraying maize plants with citric acid combined with some micronutrients (Fe, Mn and Zn)
namely citrine resulted in vigorous growth also as extremely productivity of seeds with sensible
quality. An increasing the measured growth characters (plant height etc.) was thanks to that these
fertilizers leading to a lot of accessibility micronutrients (Fe, Mn and Zn) and antioxidant like citric
acid to be absorbed by the recorded plants. The positive result of the antioxidants included citric
acid on growth could be attributed to their positive action on enhancing cell divisions and protective
plant cells from free radicals that's accountable for plant senescence, , additionally to be attributed
to their result on counteracting drought, salinity and diseases stresses as well as they have an
auxinic action, consequently enhancing plant growth characters and stimulates a greater synthesis of
nutraceutical compounds that function as antioxidants, among which are the phenolic compounds
and flavonoids among them [2, 26, 27]. Citric acid can degrade conjugated phenols such as tannins
to other simpler phenolic compounds by hydrolyzing and promotes the synthesis of compounds
derived from phenylpropanoids and activates signaling cascade that increase antioxidant activity [3,
28]. These compounds can accumulate in cellular vacuoles [29]. Moreover, micronutrients utilized
in this study (Zn, Fe and Mn) even have an up impact on vegetative growth parameters. This might
be attributed to the essential role of Zn in synthesis of tryptophan amino acid and consequently
formation of growth regulator, i.e. [AA that act as plant hormone particularly in prolonging height
of plants [30]. In this concern, [31-33] reported that zinc rapidly increases the photosynthetic
activity and translocation of photosynthates to growing onion bulbs. Moreover, [34] reported that,
the increase in growth characters might be due to the critical role of iron nutrient in crop growth,
involving in photosynthesis processes, respiration and other biochemical and physiological activates.
The stimulating result of the used micronutrients on plant growth could also be thanks to their role
in transmission of the lepton from water to pigment and manufacturing gas within the chemical
process, additionally to their role within the element metabolism through activated group enzyme
protein [35]. Also, the favorable result of the used nutrients on stem diameter could also be thanks
to their stimulation effect on cellular division and expansion. Moreover, the rise in dry weight of
leaves/plant may be attributed to its stimulating result on vegetative growth and physiological
processes, i.e. increasing number of cells through cellular division and meristematic activity of
tissues. Increasing number of leaves/plant (Table 2) by micronutrients application could be also
attributed to the increment in cellular division and cell elongation. The stimulating result of the used
micronutrients on plant growth could be thanks to their role in transmission of the lepton from water
to pigment and manufacturing gas within the photosynthesis, additionally to their role within the
nitrogen metabolism through activated nitrite reductase enzyme [35].The improving effect of citric
acid and micronutrients on yield and its components was mainly attributed to its positive action on
enhancing growth parameters (Table 2) and photosynthetic pigments of plants leaves (Table 4). In
this respect, [36] stated that antioxidant especially ascorbic acid has an auxinic action and
conjointly synergistic result on the biosyntheses of sugars and dominant the incidence of most fungi
on plants makes them in vigorous states that consequently is mirrored on seed yield. Moreover, the
rise in yield and its parts could also be attributed to the metabolic role of Zn, Fe and Mn in the plant.
In this respect, [37] suggested that grain yield might generally be restricted by chemical change
(source) and grain (sink) at the same time and it's attainable to extend grain yield by keeping safe
the balance between them. The favorable impact of Zn, Fe and Mn on grain yield and its
components may well be attributed to the rise in photosynthetic pigments concentration [38]
additionally as enzyme activity, that consequently enhancing plant metabolism [39]. Also, zinc has
essential role in super molecule metabolism, macromolecule synthesis, essential amino acid and
IAA synthesis, since it activates range of enzymes for chemical action [40, 41]. The encouraging
impact of citrine on leaf pigments concentration could be attributed to the enhancing effect of
antioxidants and micronutrients on the nutritionary standing of maize plants. In this respect, [27, 42]
stated that the majority antioxidants were chargeable for fast the biogenesis of varied pigments
resulting in the rise in biosynthesis of sugars. Moreover, [43] show that anthocyanins could play a
crucial role within the prevention of lipid peroxidation of cell membranes elicited by active oxygen
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radicals. Moreover, the stimulating result of micronutrients on chlorophyll formation, total
carbohydrates and total sugars concentration were according by [44] who expressed that this
increase could also be because of the enhancing result of Fe, Mn and Zn on chlorophyll formation
and consequently photosynthesis. In addition, the decrease in reducing sugars by citrine (citric acid,
Zn, Fe and Mn) application may be attributed to the high capacity of the plant sprayed with this
substance in building up non reducing sugars (sucrose) from the simple sugars, which decreased. In
this respect, [38] reportable that the essential perform of metal in plant was associated with its role
in carbohydrates metabolism. The increase in total indoles and total free amino acids may be
attributed to the role of Zn in synthesis of tryptophan (amino acid) and consequently the formation
of natural auxin in plants, i.e. indole 3-acetic acid (IAA). In addition, the reduction in free phenols
contrasted with the increase in total indoles, i.e. endogenous promoters increased and consequently
endogenous inhibitors decreased in the leaves leading to an increase in plant growth parameters
such as plant height and leaves number/plant as shown in Table 2. In this respect, [45] showed that
the result of phenoplast compounds on plant growth was contributed to either the antagonism with
IAA activity. The rise in macronutrients (N, P, and K) were supported by the results of [46] United
Nations agency rumored that the result of antioxidants on manufacturing healthy plants ends up in
enhancing the plants to possess a good ability for uptake mineral elements. Moreover, [47] reported
that, the rise in leaves N, P and K could also be because of the result of Zn on synthesis of plant
hormones (IAA) that promote rooting process and root distribution and consequently the amounts
of mineral elements absorbed by roots and translocated into the various parts of the plant. Also, [48,
49] recorded that the utilization of micronutrients as foliar fertilizers semiconductor diode to a rise
in root growth and thereby higher uptake of macro and micronutrients. The rise in protein content of
grain could also be attributed to the increment in total nitrogen percent of leaves and grains. During
this respect, Zn has a vital role in protein syntheses [40, 41, 49, 50].

Conclusions

Finally, from the current results, it may well be over that the appliance of citrine (citric acid,
Fe, Zn, and Mn) greatly accumulated growth and grain yield also as improved grain quality and its
chemical constituents. These parts participate within the totally different metabolic processes that
accumulated syntheses of pigment, carbohydrates, total free amino acids, IAA and absorption of
essential nutrients, so the used micronutrients with antioxidants may well be increase maize
productivity with prime quality seeds.
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