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ABSTRACT

Two field experiments were carried out during the two
successive seasons of 2005 and 2006 to investigate the effect of foliar
application of citrine (a compound fertilizer containing citric acid
with some micronutrients) on growth, yield and some chemical
constituents of maize (Zea mays L.) plants. The plants were grown 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).
Generally, it was found that all studied vegetative growth parameters
(i.e. plant height, stem diameter, number of leaves /plant, dry weight
of leaves) as well 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 increased
with application of the different treatments. The maximum values
were obtained from the treatment of 0.3%. On the contrary citrine
treatments decreased reducing sugars and free phenol in leaves as
compared to the control. The best results were obtained by the
application of citrine treatment at 0.3%. Hence, it can recommend to
use citrine fertilizers as foliar application at the rate of 0.3% for
improving growth, yield and chemical constituents of maize plants.

Kcy Words: Maize plants, (Zea mays L.) citric acid, micronutrients, Fe, Mn
and Zn fertilizers, growth, yield, chemical constituents.

INTRODUCTION

Maize plants, (Zea mays L.) is one of the most important cereal crops
principally during the summer season in Egypt. Maize grain is used for human
consumption, animal and poultry feeding as well as for industrial purposes. In
Egypt, great attention has been paid to increase its total production. Therefore,
efforts are being focused on increasing the productivity of maize crop by
growing high yielding varieties and /or improving the agronomic practice such
as fertilization. Antioxidants such as citrine have an auxinic action due to their
own citric acid. They have a synergistic effect on growth, yield and some
chemical constituents of many crops as well as controlling the incidence of most
fungi on many crops (Ahmed ef al., 1997a and Ahmed et al., 1998a on apple;
Ahmed et al., 1997b; Ahmed et al., 1998b; Ahmed et al., 2002 and Ahmed
and Abd El-Hameed, 2004 on grapevine; Shehata et al, 2000 on cotton;
Shchata et al., 2001 on maize; Zaghlool et al., 2001 on dry bean; Ahmed et al.,
2003 on banana; Zaghlool! et al., 2006 on wheat, Rady, 2006 on sunflower and
Shalaby, 2006 and El Yazal, 2007 on onion plants. The beneficial effect of
micronutrients on growth, yield and some chemical constituents of maize plants
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as reported by several workers (Mohamed, 1998; Abd El-Maksoud |gr 4/ !
2000; Osman, et al., 2001; EI-Mahdy, 2001; Yakﬁﬁt et al.. 2001 and Aljam ef ,J
al., 2001 on maize; Rehan et al., 2003; Seaf El-Yazal and Sayim, 2004 and
Mabrouk and Zayed 2004 on faba bean) However in Egypt, soils suffferine~"
from some deficiencies of micronutrients especially Fe, Zn and Mn (Fawzi,
1991). Accordingly, the aim of this work was to study the effect of exo8enous
application of citrine (citric acid, Fe, Zn and Mn) at different rates on gtowth
yield, as well as some chemical constituents of maize plants during 2005 and
2006 seasons by the aim of increasing maize productivity.

MATERIALS AND METHODS
This investigation was carried out during the two successive seasjyps of

2005 and 2006 at the Experimental area in clay soil at Faculty of Agricyijture,

Fayoum, University, Egypt. Before planting the most important physicd] and

chemical characters of the selected soil was determined according to Wilde e

al., (1985) as shown in Table (1). —

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

Properties ‘ 12005 2006 '
Physical ,!
Sand % 26.78 27.05 J
Silt % 26.70 26.10 ;
Clay % 46.52 46.85 ‘
Texture grade Clay Clay k
Chemical
Organic matter% 1.78 1.76
pH(1:2.5) 735 727
Ec (dsm™) 0.63 0.67
CaCO; % 5.62 5.47
N 475.00 482.00 !
o & P 419.00 426.00 \
g § K 21.20 24.10 ;‘
v g E Fe 85.20 83.50 :
=858 Zn 27.99 27.09 ;
T E Mn 3.40 3.25 !
> :
< g Cu 078 074 | ~

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 contain
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,0s) 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,0) 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. Th
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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 %
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
Welburn and Lichtenthaler (1984), Total carbohydrates mg/g dry weight
were determined colorimetrically by using phenol-sulphuric acid reagent
according to the method described by Herbert er al., (1971). Total and
reducing sugars were determined using phosphomolybdic acid reagent as
described by A.0.A.C. (1995), and recorded as mg/g dry weight. Anthocyanin
concentration (mg/100g dry weight) was determined according to the method
described by Hoagland (1980). Total free amino acids in fresh leaves were
determined colorimetrically using ninhydrin reagent according to the method
described by Jayarman (1981) and recorded as mg/g dry weight. Total indoles
mg/g fresh weight were determined by using 4-dimethylaminobenzaldehyde
reagent as described by Larson et al. (1962), Free phenols in fresh leaves were
determined using Folin-Denis reagent as described by A.0Q.A.C. (1995) and
recorded as mg/g dry weight. Nitrogen %, in leaves and crude protein
percentage in seeds was determined according to A.O.A.C. (1995), phosphorus
% was determined according to A.O.A.C. (1995), potassium was determined by
Flame Photometer, Parkin—~Elmer model 52 according to the method described
by Page et al., (1982). ;
Statistical analysis:

The experiment was in a complete randomized block design with 11

treatment and 3 replicates for each treatment. Results were statistically
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analyzed using the L.S.D. at probability level of 5% for comparisons
according to (Gomez and Gomez, 1983).

RESULTS: .
A- 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 were 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
B- Grain yields and their components:

Data in Tables (2 and 3) 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 were 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.

C- Chemical constituents of plants:
1- Leaf pigments concentration:

Data presented in Table (4) 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.

2-Total soluble carbohydrates, total and reducing sugars concentration

Data recorded in Table (4) clearly revealed in the two successive seasons
that, all used concentration of citrine increased total soluble carbohydrates and
total sugars as compared to the control plants. The highest increase were
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 in
the first and second seasons respectively over the control plants. On the
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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, dry weight of leaves, ear length and ear diameter of maize ( Zea mays L.) plants

2007 ‘G 7 "ON ‘T ‘194 “a2q P SoY ou8y ' wnodv.,]

on 2005 and 2006 seasons
Plant height Stem Number of Dry weight of Ear length Ear diameter
Treatments (m) diameter (cm) | leaves/plant | leaves/plant (g) {cm) (cm)

2005 | 2006 | 2005 | 2006 | 2005 | 2006 ; 2005 | 2006 ; 2005 | 2006 | 2005 2006

0.00 2.01 2.03 2.09 2.10 14.10 | 1420 | 70.15 | 70.18 | 1923 { 1899 | 4.25 427

0.05 2.10 | 2.16 2.13 2.15 1440 | 1430 | 73.20 | 73.33 | 19.80 | 19.50 | 4.45 448

0.10 2.23 2.24 2.27 2.29 1452 | 14.59 | 73.80 | 73.95 | 20.06 | 20.10 | 4.65 4.69

0.15 2.30 2.34 2.50 2.51 1470 | 14.80 | 74.86 | 7491 | 20.93 | 20.98 4.72 4.77

§ 0.20 2.35 2.38 2.60 2.62 14.80 | 1490 | 75.60 } 75.53 ; 21.13 | 21.18 | 4.76 4.80

E 0.25 240 | 244 2.65 2.68 1480 | 1490 | 75.66 | 7570 | 21.60 | 2142 | 4.78 4.82

'6 0.30 246 | 249 2.76 2.78 15.10 { 15.00 | 7590 | 76.01 { 21.93 | 21.96 { 4.80 484

0.35 2.44 2.47 2.73 2.75 1490 | 1490 | 75.80 | 75.87 | 21.90 | 21.91 4.78 482

0.40 2.42 2.44 2.70 2.72 1490 | 1490 | 7539 | 7534 | 21.90 | 2193 4.76 4.81

0.45 2.40 243 2.69 2.72 1490 | 1490 | 7520 )} 75.23 | 21.46 | 21.51 4,73 4.78

0.50 240 | 242 2.69 2.71 14.80 | 14.80 | 75.19 | 75.12 { 21.44 | 21.49 | 4.71 4.76

LSDat0.5% | 921 | 026 | 0.18 | 022 | 042 | 039 | 2.60 | 2.69 | 240 | 2.36 | 026 | 0.21
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Table (3): Effect of citrine (citric acid in combination with some micronutrients) on number of rows/ear, number of grains/ row, grains

weight/ear, weight of 100 grain, ear weight/plant and grains yield/ fed. of maize (Zea mays L.) plants on 2005 and 2006
seasons.

Number of Number of grains/ | Grain weight/ear Weight of 100 Ear weight Grain yield/
Treatments rows/ear row () grain (g) /plant (g) fed.(ton)

2005 | 2006 | 2005 2006 2005 2006 2005 2006 2005 2006 2005 | 2006

0.00 | 13.00 | 13.10 { 37.30 37.40 174.18 | 17844 | 3592 | 3642 | 190.71 | 193.74 3.484 | 3.569

0.05 | 13.10 | 13.10 | 37.40 37.50 176.72 | 179.65 | 36.07 | 36.57 | 200.82 | 203.34 3.534 | 3.593

0.10 | 13.10 | 1320 | 37.90 38.00 18002 | 184.38 | 3626 | 36.76 | 230.60 | 233.17 3.600 | 3.687

0.15 | 1320 | 13.30 | 38.60 38.70 186.28 | 190.75 | 36.56 | 37.06 | 236.13 | 238.67 3.725 | 3.815

RS 0.20 | 13.50 | 13.40 | 38.80 38.90 211.09 | 212.67| 4030 | 40.80 | 257.15 | 259.68 4221 | 4.253
E 0.25 | 13.80 | 13.80 | 3890 | 3891 21875 | 22149 | 4075 | 4125 | 269.16 | 271.68 4375 | 4.429
5 0.30 | 13.90 { 13.90 | 39.00 39.20 221.06 | 227.10 | 40.78 41.68 | 275.23 | 277.79 4.421 | 4.542
0.35 | 13.80 | 13.80 | 38.90 38.90 21424 | 216.92 | 3991 4041 | 270.33 | 272.86 4284 | 4338

0.40 | 13.80 | 13.80 | 38.70 38.80 21175 | 21497 | 39.65 | 40.15 | 26542 | 267.98 4235 | 4.299

0.45 | 13.80 | 13.70 | 38.80 38.80 20823 | 20938 | 38.89 39.39 |} 261.51 | 264.05 4164 | 4.187

0.50 | 13.70 | 13.80 | 38.70 38.70 20528 | 20945 | 3872 | 3922 | 255.61 | 258.12 4.105 | 4.189
LS.Dat0.5% | 012 | 0.09 | 3.50 346 | 1567 | 15.75 1.61 1.68 1423 7| 14.08 | 0.612 | 0.622
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contrary, reducing sugars content were decreased by using the same
concentrations used in the study as compared to the control plants.
3- Total free amino acids, total indoles and free phenols.

Data recorded in Table (5) clearly indicate in the two successive seasons
that, the total free amino acids, total indoles and free phenols were affected by
the application of citrine at all used rates compared with the control plants. The
best result were obtained when maize plants were sprayed with citrine at the rate
of 0.3% which recorded 89.53 and 88.75% for total free amino acids and 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.

4- Nitrogen, phosphorus and potassium concentrations:

Data in both seasons of the study are presented in Table (5) revealed that,
leaves of maize plants contained high concentration of nitrogen, phosphorus and
potassium under foliar spray with citrine comparing to control plants. The
maximum increase were obtained when citrine was 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.

5- Grains crude protein%:

Data presented in Table (5) 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.

DISCUSSION

Spraying maize plants with citric acid combined with some
micronutrients (Fe, Mn and Zn) namely citrine resulted in vigorous growth as
well as highly productivity of seeds with good quality. An increasing the
measured growth characters (plant height etc...) was due to that these fertilizers
resulting in more availability of micronutrients (Fe, Mn and Zn) and antioxidant
such as citric acid to be absorbed by the recorded plants. The positive effect of
the antioxidants on growth might be attributed to their positive action on
enhancing cell divisions and protecting plant cells from free radicals that is
responsible for plant senescence, also to be attributed to their effect on
counteracting drought, salinity and diseases stresses as well as they have an
auxinic action, consequently enhancing plant growth characters (Raskin, 1992
and Elade, 1992). Moreover, micronutrients used in this study (Zn, Fe and Mn)
also have an improving affect on vegetative growth parameters. This may be
attributed to the essential role of Zn in synthesis of tryptophan amino acid and
consequently formation of auxin, i.e. IAA which act as growth regulator
especially in prolonging height of plants (Devendra, ef al., 1999). Also, the
favorable effect of the used nutrients on stem diameter may be due to their
stimulation effect on cell division and expansion. Moreover, the increase in dry
weight of leaves/plant might be attributed to its stimulating effect on vegetative
growth and physiological processes, i.e. increasing number of cells through cell
division and meristematic activity of tissues. Increasing number of leaves/plant
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(Table 2) by micronutrients application may be attributed to the increment in
cell division and cell elongation. The stimulating effect of the used
micronutrients on plant growth may be due to their role in transmission of the
electron from water to chlorophyll and producing oxygen gas in the
photosynthesis, in addition to their role in the nitrogen metabolism through
activated nitrite reductase enzyme (Baza, 1984). 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, Al-Qubaie (2002) stated
that antioxidant especially ascorbic acid has an auxinic' action and also
synergistic effect on the biosyntheses of carbohydrate and controlling the
incidence of most fungi on plants makes them in vigorous states which
consequently is reflected on seed yield. Moreover, the increase in yield and its
components may be attributed to the metabolic role of Zn, Fe and Mn in plant.
In this respect, Wilson and Allison (1978) suggested that grain yield may
sometimes be limited by photosynthesis (source) and grain (sink)
simultaneously and it is possible to increase grain yield by keeping safe the
balance between them. The favorable effect of Zn, Fe and Mn on grain yield and
its components might be attributed to the increase in photosynthetic pigments
concentration (Price et al.,, 1972) as well as enzyme activity, which
consequently enhancing plant metabolism (Boardman, 1975). Also, zinc has
essential role in carbohydrate metabolism, protein synthesis, tryptophan and
IAA synthesis, since it activates number of enzymes for photosynthesis
(Gardner et al., 1985 and Marschner, 1986). The promotive effect of citrine
on leaf pigments concentration might be attributed to the enhancing effect of
antioxidants and micronutrients on the nutritional status of maize plants .In this
respect, Elade (1992) and Farag (1996) stated that most antioxidants were
responsible for accelerating the biosynthesis of various pigments leading to the
increase in biosynthesis of sugars. Moreover, Tsuda ef al. (1994) show that
anthocyanins may play an important role in the prevention of lipid peroxidation
of cell membranes induced by active oxygen radicals. Moreover, the stimulating
effect of micronutrients on chlorophyll formation, total carbohydrates and total
sugars concentration were reported by Mohr and Schopfer (1995) who stated
that this increase may be due to the enhancing effect 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, Price et al., (1972) reported that the basic function of
zinc in plant was related to 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, Sagi and Garay (1961)
showed that the effect of phenolic compounds on plant growth was contributed
to either the antagonism with IAA activity. The increase in macronutrients (N,P,
and K) were supported by the results of Ahmed and Abd El-Hameed
(2004) who reported that the
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Table (5): Effect of citrine (citric acid in combination with some micronutrients) on leaf (total free amino acids, total indoles, total phenols,
nitrogen, phosphorous and potassium%) and grain protein%, of maize (Zea mays L.) plants on 2005 and 2006 seasons.

To.tal frefz Total indoles Free phenols . . Grain
amino acid Nitrogen % Phosphorous% | Potassium % - o
Treatments mg/g D.W mg/g D.W mg/g D.W protein%

2005 2006 2005 2006 2005 2006 2005 2006 2005 | 2006 | 2005 | 2006 [ 2005 | 2006
0.00 6.97 7.02 2.47 2.49 5.72 5.70 3.01 3.03 0304 | 0306 | 2.59 | 2.61 9.09 | 9.18
0.05 8.23 8.27 2.51 2.53 4.04 4.01 3.32 3.36 0315 | 0317 | 2.74 | 2.73 9.95 9.98
0.10 8.46 8.51 2.56 2.59 3.70 3.63 3.47 3.48 0316 | 0317 | 2.78 | 2.80 | 9.96 | 10.05
0.15 | 13.05 | 13.08 2.61 2.63 3.36 3.26 3.49 3.51 0.317 | 0318 | 2.83 2.85 | 10.09 | 10.18
f 0.20 | 13.09 | 13.12 2.65 2.68 3.35 3.18 3.53 3.56 0.318 | 0319 | 291 293 | 10.28 | 10.37
£ 025 | 13.15 | 13.18 2.70 2.72 3.02 3.00 3.59 3.61 0319 | 0320 | 297 | 299 | 10.78 | 1037
6 030 | 13.21 | 13.25 2.73 2.75 2.69 2.58 3.66 3.68 0.324 | 0.326 | 3.11 313 | 11.34 | 11.43
0.35 9.32 9.46 2.71 2.72 3.36 3.16 3.56 3.61 0320 | 0322 | 3.05 3.07 | 11.02 | 11.11
0.40 8.56 8.58 2.68 2.69 3.89 3.95 3.55 3.57 0315 | 0317 | 294 | 296 | 10.86 | 10.95
0.45 8.51 8.56 2.62 2.63 3.99 3.99 3.54 3.55 0315 | 0317 | 291 294 | 10.85 | 10.94
0.50 8.35 8.41 2.61 2.62 4.04 3.99 3.52 3.53 0314 | 0317 | 290 | 292 | 10.83 { 10.92
LSDat0.5% | 124 | 129 | 004 | 008 | 1.02 | 1.07 | 031 | 034 | 003 | 001 | 015 | 0.12 | 0.85 | 0.80
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‘Table (4): Effect of citrine (citric acid in combination with some micronutrients) on chlorophyll a, b, total caroteniods, anthocyanin and
total carbohydrates, total sugars and reducing sugars concentration of maize (Zea mays L.) plants on 2005 and 2006 seasons.

Chlorophyll a Chlorophyli b Tota.l Anthocyanin Total Total sugars Reducing

Treatments mg/looljg g.W mg/100pg l);.W r:;;lo (;ggul;d\sv mg/lOOgy D.W ca;:);/hy]()i.r\:;ltes mg/g D?W sugal;?ng/g
2005 2006 2005 | 2006 | 2005 | 2006 | 2005 | 2006 2005 2006 2005 | 2006 | 2005 | 2006

0.00 13832 | 13991 | 80.62 | 81.46 | 15.21 | 1526 | 59.06 | 59.25 | 97.91 98.01 4897 | 49.12 | 16.69 | 16.80

0.05 140.13 14192 | 83.01 | 83.85 { 1574 | 16.79 | 61.09 | 61.20 | 120.84 122.52 | 50.10 | 50.75 | 1527 | 15.60

0.10 151.15 | 152.72 | 88.52 | 89.36 | 16.92 | 17.07 | 62.11 | 62.33 | 133.55 135.62 | 52.60 | 52.75 | 13.69 | 13.85

0.15 155.08 156.63 | 93.01 | 93.85 | 17.85 | 18.00 | 63.13 | 63.60 | 136.76 138.83 5297 | 53.12 | 13.37 | 13.41

f 0.20 162.18 163.84 | 93.01 | 93.85 | 18.03 | 18.68 | 65.17 | 6542 | 139.93 140.53 53.30 | 54.45 | 13.10 | 13.21
;_E_ 0.25 166.35 167.95 | 93.31 | 94.15 | 19.03 | 19.08 | 67.20 | 67.61 140.12 141.93 55.00 | 55.75 | 12.63 | 12.71
6 0.30 171.14 172.86 | 94.61 | 9545 | 19.14 | 19.19 | 79.24 | 79.29 | 142.33 143.86 | 56.12 | 56.52 | 11.05 | 11:11
0.35 169.01 17094 | 92.01 | 92.85 | 17.85 | 17.09 | 78.12 | 78.17 | 140.16 141.89 | 55.10 | 55.25 ) 11.59 |} 12.05

0.40 166.11 167.61 | 90.01 | 90.85 | 17.51 | 17.06 | 76.37 | 76.42 | 138.58 139.66- | 53.18 | 5§3.33 | 13.59 | 13.09

0.45 165.94 16744 | 89.00 | 89.84 | 1691 | 16.96 | 7425 | 7430 | 136.64 137.79 52.12 | 52.27 | 16.32 | 15.30

0.50 165.31 166.80 | 88.81 | 89.65 | 16.81 | 16.76 | 73.15 | 73.20 | 134.51 135.71 51.23 | 51.38 | 16.60 | 16.71
LSDat0.5% | 19064 | 1089 | 723 | 7.05 | 143 | 1.37 | 241 | 228 | 994 | 1045 | 328 | 3.60 | 3.66 | 3.20
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effect of antioxidants on producing healthy plants leads to enhancing the plants
to have a great ability for uptake mineral elements. Moreover, Devlin and
Withman (1985) reported that, the increase in leaves N, P and K may be due to
the effect of Zn on bxosynthesm of auxin (IAA) which promote rooting process
and root distribution and consequently the amounts of mineral elements
absorbed by roots and translocated into the different parts of the plant. Also, El-
Fouly and Fawzi (1996) recorded that the use of micronutrients as foliar
fertilizers led to an increase in root growth and thereby higher uptake of macro
and micronutrients. The increase in protein content of grain may be attributed to
the increment in total nitrogen percent of leaves and grains. In this respect, Zn
has an essential role in protein syntheses (Gardner ef al., 1985 and Marschner,
1986).

Iginally, from the present results, it could be concluded that the application
of citrine (citric acid, Fe, Zn, and Mn) greatly increased growth and grain yield
as well as improved grain quality and its chemical constituents. These elements
participate in the different metabolic processes which increased syntheses of
chlorophyll, carbohydrates, total free amino acids, IJAA and absorption of
essential nutrients, so that the used micronutrients with antioxidants could be
increase maize productivity with high quality seeds.
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