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Abstract

A field experiment was conducted during the spring season of 2017 in Al-Mahnawia region, Babylon Province with the aim
of determining the best concentration of Glutathione, the best response stage for spraying and the best interaction between
the concentration of Glutathione and the spraying stage which give the best traits for the growth and yield of maize.
Randomized Complete Block Design (RCBD) was used. The experiment included two factors: the first factor is spraying of
Glutathione with concentrations of (50, 100 mg.L") in addition to the control treatment (without spraying) and the second
factor is response of seven combinations of different growth stages from the emergence of corn leaves, which are (6, 9, 12, 6
+9,6+12,9+12,6+9 + 12 leaf. plant!). The results showed that there were significant differences in the concentrations of
Glutathione spraying, The concentration of (100 mg.L'") was excelled by giving it the highest averages in the traits of plant
height (242.81 cm), the length of the cob (22.34 cm), the grains number in the cob (459.61 grain.cob™) and Weight of 1000
grains (322.83 g), respectively. The concentration of (50 mg.L') was excelled by giving it the highest averages in the traits of
the leaf area (5453 cm?), the grain yield of the plant (159.19 g.plant!) and the total grain yield (11.06 tons.ha™), respectively.
The interaction of Glutathione spraying (6 + 12 leaf.plant"') was excelled in all the above mentioned traits, respectively. The
bi-interaction between the concentration of Glutathione and the spraying stage has excelled where the concentration of (50
mg.L ") and a spraying combination of (6 leaves +9 leaves) gave the highest average of plant yield was (168.66 g. plant') and
the total grain yield was (11.75 ton.ha™'), respectively and did not differ significantly from the Spraying combination (6 leaves
+ 12 leaves). We conclude from this study that the best concentration for Glutathione spraying of (50 mg.L"') in a spraying
combination of (6 leaves + 12 leaves) to excelling it in most of the studied traits and did not differ significantly from the
spraying combination of (6 leaves + 9 leaves).
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and Iragbecause it is from grain crops. It occupies second

Introduction place after wheat in the world in terms of cultivated area

corn (Zea mays L.) is one of the field grain crops

belonging to the Poaceae family, which has economic
value for its many uses. The vegetative parts are suitable
as green feed for animal or in the form of silage (Singhal,
1999). Their grains (cobs) are used for human nutrition
after grinding and mixing with wheat flour. Industrially,
paper can be made from the stem of its plants (Ibrahim
et al., 1986). The cultivation of yellow corn Spreads in
most parts of the world and in different environments,
for this reason we call it a highly adaptable crop. Its main
habitat is America, where it was first discovered. It is
considered one of the most important crops in the world
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for 2015, where the cultivated area was approximately
182 million hectares and produced about 824 million tons
(F.A.O.,2015), despite the importance of the crop in Iraq,
the rate of production in the unit area is still low, and
there are reasons behind the decline of productivity in
unit area, including the deterioration of agricultural land
due to the high pH in Iraqi soil. These studies focus on
finding the means by which to reduce the pH, reduce the
effect of calcium, and these means are spraying the
Glutathione on the leaves of the corn (Al-Maha cultivar)
at various stages of plant life, which reduces the calcium
effect and improve the properties of physical and chemical
soil. Tripeptide Glutathione is the most abundant in plant
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tissue, plays multiple roles in cellular metabolism and is a
major compound in sulfur metabolism. It is also one of
the main forms of Sulfur reductase. The Sulfur reductase
pathway is linked to the protein structure, in addition to
which it is regulator for reducted sulfur, On the other
hand, it is a strong reducted of ROS (Tausz and Grill,
2000). The study aims to determine the best concentration
of Glutathione, the best response stage according to
spraying, and the best interaction between the
concentration of Glutathione and the spraying stage, which
gives the best traits for growth and yield of corn.

Materials And Methods
Experiment location

A field experiment was conducted during the spring
season of 2017 in Al-Mahnawia region, Babylon Province
with the aim of determining the best concentration of
Glutathione, the best response stage for spraying and the
best interaction between the concentration of Glutathione
and the spraying stage which give the best describes for
the growth and yield of corn (Al-Maha cultivar). The
seeds were obtained from Abu Ghraib Research Station.

Experiment design

The experiment was conducted according to
Randomized Complete Block Design (RCBD) in a
factorial experiment. (The experiment included two
factors: the first factor is spraying of Glutathione with
concentrations of (50, 100 mg.L") in addition to the control
treatment (without spraying) and the second factor is
response of seven combinations of different growth stages
from the emergence of corn leaves, which are (6, 9, 12,
6+9,6+12,9+12,6+ 9+ 12 leaf), with three replicates,
where a total experimental units were (63 experimental
unit). The soil of the field was analyzed before cultivating
to study some of its chemical and physical traits in the
laboratories of the Technical Institute of Kufa by taking
samples at a depth of 30 cm as shown in Table 1. The
soil was prepared for agriculture where settled, smoothing
and divided into experimental units with dimensions of (3
x 4 m). Seeds were cultivated on the lines, the distance
between the line and another is 75 cm and between plant
and another is 25cm. Phosphate fertilizer (P20%) was
added before the cultivating with rate of (100 kg.ha')
and the addition of urea (46% N) fertilizer with rate of
(320 kg N.ha') and in two batches at cultivating and
after one month of cultivation Shuwailiya, (2000) by
fertilizing the fertilizer on a line at 5 cm away from the
agriculture line and on one side only (Al-Dulaimi, 1984).
The seeds (Al-Maha cultivar) were cultivated manually
on 23/3/2017 by placing 3 grains in pit and then cut into
one plant when the plants reached a height of 15-20 cm.

The field was sprayed with Atrazine pesticide (80% active
ingredient) with amount of (4 kg.ha') after cultivating
and before the appearance of seedlings, to combat the
annual thicket and continue to remove the thicket
whenever needed. Sesamiacretica was combated by
spraying the apical meristem of the plants with the
herbicide Diazinon (10% GR), with 6 kg.ha™', in the two
batches, the first after 20 days of germination and the
other after 15 days from the first batch (Ali, 1980). The
crop was harvested on 23/7/2017.

Preparation of Glutathione concentration

Glutathione was prepared with concentrations of (50,
100 mg.L"), it was sprayed immediately after the
preparation it at the early morning by a 20L Backpack
Sprayer on the plants and until the total wetness in three
stages of plant life (6, 9, 12 leaf.plant '), their interaction,
and the control treatment was sprayed with distilled water
only.

Studied traits

1. Plant height (cm): it was calculated By measuring
five plants from the intermediate lines of the experimental
unit from the soil surface to the lower node of the
inflorescences (Odongo and Bacholt, 1995).

2. Leaf area (cm?): It was measured by taking five
plants from each experimental unit and the leaf area was
measured for each plant through the following equation

(Length of leaf under cob leaf)? x 0.75 (EL-Sahookie,
1985).

3. Length of the cob (cm): It was measured by
taking ten cobs and extracted the average.

4. The number of grains in cob (grain.cob™): It
was calculated by taking ten cobs and spread its grain
and extracted the average.

5. The weight of 1000 grains (g): It was measured
by a sensitive balance.

6. The grain yield of the plant (g): It was measured
by taking ten plants from each experimental unit and the
average yield of one plant was extracted.

7. Total yield (ton.ha'): The average of the plant
yield x determined plant density Al-Sahuki (1990) after
adjusting the weight to a moisture content of 15.5% for
all traits related to weight according to the following
equation

{meoist— 100G )
{155 mwoist— 100G )

Factor= “sample weight

Statistical analysis

The experimental data were analyzed according to
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the variance analysis and for all the studied traits. The
average were compared for the treatments using the least
significant difference (L.S.D) at level of 0.05 Steel and
Torrie, (1960) and using the Genestat program.

Results And Discussion
Plant Height (cm)

Table 2 indicates a significant effect of Glutathione
concentration and spraying stages and their interaction
in this traits. The concentration of Glutathione (100 mg.L
') gave the highest average for this trait was 242.81 cm.
While the treatment of distilled water gave the lowest
average for this trait of (219.10 cm). These results were
consistent with (Klapheck et al., 1992; Gullner et al.,
1999) indicated that the spraying of Glutathione with
different concentrations on yellow corn and white corn
led to increase the plant height compared to the control
treatment, the table also showed no significant difference
between the concentrations of (50, 100 mg.L-1). The
spraying stage to the emergence of (6 leaves + 12 leaves)
gave the highest average of this trait was (239.78 cm),
while the stage of 6 leaves gave the lowest average of
this trait (227.67 cm). The reason for the increase may
be due to the fact that Glutathione is an antioxidant that

Table 1: Some chemical and physical traits of soil model used prior to cultivating.
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has arole in plant development, cell division and elongation
(15, 16 m). The results agree with Aziz et al., (2014)
indicated that a significant increase in plant height of the
yellow corn plants when sprayed with Glutathione at the
stage of six leaves on the plant compared to the control
treatment. Table 2 showed a significant interaction
between the Glutathione concentrations and the spraying
stages. The concentration (50 mg.L') and spraying stage
of (9 leaves +12 leaves) gave the highest average for
this traits amounted to (259.00).

Leaf area (cm?)

Table 3 shows a significant effect on Glutathione
concentrations and spraying stages and their interaction
in this trait. The Glutathione concentration (50 mg.L")
gave the highest average of this trait was 5453 cm? While
the treatment of distilled water gave the lowest average
of this trait was (5177 c¢cm?), The results agree with
Romero-Puertas et al., (2006) that spraying the Poaceae
family plants with Glutathione led to a significant increase
in the leaf area (Hussein et al., 2014). The spraying of
yellow corn plants with Glutathione led to a significant
increase in the leaf area compared to control treatment.
The spraying stage (6 leaves +12 leaves) (S4) gave the
highest average of this trait was (5513 cm?), While the 6
leaves stage gave the lowest average
of this trait (5270 cm?), The reason

Trait Soil components for the increase may be due to the
PH 72 | Sand (g.kg" soil) 208 fact that the Glutathione is composed
Electrical conductivity Ec (ds.m™) 15 | Clay (g.kg! soil) 318 of three amino acids glycine, glutamic
Nitrogen availability (mg.kg! soil) 55 | Silt(gkg" soil) 474 and cysteine, and that the physiologic
Phosphorus availability (mg.kg!' soil) 19.0 | Soil Texture sandy clay role of the acids is a change in the
Potassium availability (mg.kg™! soil) 150 loam negative of the Osmotic pressure, The
Organic matter (g.kg" soil) 0.53 increase in amino acids leads to a

Table 2 : Effect of Glutathione concentrations and spraying stages and their interaction

decrease in the Osmotic pressure,
which in turn reduces the water stress
of the cell and increases the cell’s

in plant height (cm).
- ability to withdraw dissolved nutrients
. Glutathione) 0 mg.L" | 50mgL*| 100 mg.L*|  Averageof and water and thus increase
Spraying stage growthstages | yooctative growth (Amini and
6 leaves 212.67 229.33 241.00 227.67 Ehsanpour, 2005). Results agree with
9 leaves 22333 226.67 23533 22844 Gao et al., (2015) that indicated to a
12 leaves 225.67 236.33 243.67 23522 significant increase in the leaf area
6+ 9 leaves 216.67 249.00 24233 236.00 of the plant when sprayed with
6+ 12 leaves 219.00 25133 249.00 239.78 Glutathione after 12 days of
9+ 12 leaves 214.00 259.00 245.67 239.56 emergence of yellow corn plants.
6+9+12 leaves 22233 242.67 242.67 235.89 The results of Table 3 indicate a
Average of Glutathione 219.10 242.05 242.81 significant interaction between the
concentration Glutathione concentrations and the
L.S.Deoncentration 348 spraying stages. The concentration
L.S.D stages 532 (50 mg.L") and spraying stage (6
L.S.D interaction 921 leaves + 9 leaves + 12 leaves) gave
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Table 3 : Effect of Glutathione concentrations and spraying stages and their interaction

in leafarea (cm?).

the cob compared to the non-spray
treatment. The results of Table 4

Glutathione] 0mg.L"'| 50 mg.L" | 100 mg.L"| Average of showed a significant interaction
Spraying stage orowth stages between the Glutathione
6 leaves 5174 5066 5371 5270 concentrations and .the spraying
9 leaves 3159 3335 3304 5206 stages. The goncentratlon (100 mg.L-
12 leaves 5116 5374 5497 5329 ) and spraying stage (9 leaves + 12
619 loaves 55 5507 S04 3385 lee.wes). gave the highest average for
6+ 12 leaves 504 | 5775 5539 5513 this trait (23.07 cm).
9+ 12 leaves 5158 5368 5463 5330 The number of grains in cob
6+9+12 leaves 5181 5547 5337 5355 Table 5 indicates a significant
Average of Glutathione 5177 5453 5432 effect of Glutathione concentration
concentration and spraying stages and their
L.S.Dconcentration 64.6 interaction in this trait. The
L.S.D stages 98.7 Glutathione concentration of (100
L.S.D interaction 1709 mg.L") gave the highest average of

in the length of cob (cm).

Table 4 : Effect of Glutathione concentrations and spraying stages and their interaction

this trait was (459.61 grain.cob™),
While the treatment of distilled water

gave the lowest average of this trait

— Slutathlone Omg.L!'| 50 mg.L'| 100 mg.L'| Average of amounted to ( 42§.73 grain.cob™), The
praying stag growthstages | yoqylts agree with Hartmann et al.,
6 leaves 17.42 18.96 2178 1939 (2003) mentioned that spraying the
9 leaves 18.29 19.53 2225 20.02 yellow corn plants with Glutathione
12 leaves 17.69 2085 21.96 20.17 led to a significant increase in the
6+ 9 leaves 17.59 2244 2258 20.87 number of grains in the cob. The
6 +12 leaves 18.24 22,65 2292 21.27 spraying stage (6 leaves + 12 leaves)
9+ 12 leaves 17.65 23.00 23.07 21.24 gave the highest average of this trait
6+9+12 leaves 17.98 2241 21.81 20.73 was (455.67 grain.cob') While the
Average of Glutathione 17.84 2141 2234 stage of 6 leaves gave less average
concentration of this trait amounted to (435.57
L.S.Dconcentration 0.50 grain.cob™'). The reason for the
L.S.D stages 0.78 increase in the number of grains in
L.S.D interaction 134 cob may be due to the fact that

the highest average of this trait was (5775).
The length of cob (cm)

Table 4 indicates a significant effect of Glutathione
concentrations and spraying stages and their interaction
in this trait. The Glutathione concentration (100 mg.L")
gave the highest average of this trait was (22.34 cm),
While the treatment of distilled water gave the lowest
average of this trait (17.84 cm), The results agree with
Fricker et al., (2000) that found the spraying of
Glutathione on the yellow corn plants at the 9 leaves stage
led to a significant increase in the length of cob compared
to the non-spraying. The spraying stage (6 leaves + 12
leaves) gave the highest average for this trait (21.27 cm),
While the stage of 6 leaves gave less average for this
trait (19.39 cm), The results agree with Xiang et al.,
(2001) that found the foliar spraying with Glutathione at
eight stage leaves significantly increased the length of

Glutathione has multiple functions during the development
of grains where It represents a role in the stages of grain
growth and cells division involved in their composition
and protection from oxidation. The moisture content varies
in grains, as well as metabolic activity and grain growth.
As aresult, ROS sources vary significantly in the growth
stages of grains (25), The grains develop in photosynthesis
and respiration, making photosynthesis and the electron
transport chain in Mitochondria a source of (ROS) (26).
In addition, Glutathione has a role in the defense of cells
against oxidation and is contributed in plant growth and
control of the cell cycle (15). The results agree with (27)
that Glutathione spraying on leaf after 40 days of the
emergence of seedling of yellow corn plant led to a
significant increase in the number of grains in cob
compared to the control treatment. The results of table 5
showed a significant interaction between the Glutathione
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Table 5 : Effect of Glutathione concentrations and spraying stages and their interaction

in the number of grains in cob (grain.cob™')
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average of this trait reached (324.60
g). The reason for the increase in the

Glutathione| 0mg.L"' | 50 mg.L"'| 100 mg.L"'| Average of average of 1000 grain is probably due

Spraying stage growth stages to the increased Glutathione
6 leaves 927 4377 4463 435.57 concentration of where Glutathione is
9 leaves 4307 4377 4520 440,13 a small, oxidizing and reducing
12 leaves 4280 4560 4610 44833 molecules which plays a role in the
6+ 9 leaves 060 4707 1647 15447 formation of flowers and Salicylic
6+ 12 leaves 4233 4777 2660 45567 acid. The latter is thought to increase
9+ 12 leaves 4267 | 4643 4700 45367 CO, representation and dry matter
6+9+ 12 leaves 297 4593 4573 14877 production and regulate its distribution
Average of Glutathione | 42673 | 45791 | 45961 from source to downstream. The
concentration results agree with Soltan pour et al.,
LS Dooncentration .56 (2015) Fhat the foliar spraying of the
LS.D stages 10.02 Glutathlon.e 1r.1 6 lanes on the. plant
LSD interaction 1736 led to a significant increase in the

Table 6 : Effect of Glutathione concentrations and spraying stages and their interaction

in the weight of 1000 grain (g).

weight of 300 grains of yellow corn.
The results of table 6 indicate a
significant interaction between

Glutathione concentrations and

Glutathione| 0 mg.L!'| 50 mg.L"' | 100 mg.L"'| Average of

Spraying stagé growth stages spraying stages. The Glutathione
6 leaves 3217 3113 3213 318.10 concentration of (100 mg.L"") and the
9 leaves 3180 | 3232 3260 32240 spray stage(6 leaves + 12 leaves)
12 leaves 3030 3057 3200 31623 gave the highest average for this trait
6+9 leaves 3210 3123 3257 319.67 of 326.5¢.
6+ 12 leaves 325 3248 3265 324.60 Grain yield for plant (g)
9+ 12 leaves 301.0 3135 3230 312,50 Table 7 shows a significant effect
6+9+12 leaves 3123 3140 3173 314.53 of Glutathione concentration and
Average of Glutathione 31421 317.83 322.83 spraying stages and their interaction
concentration in this trait. The Glutathione
L.S.Dconcentration 538 concentration of (50 mg.L") gave the
L.S.D stages 820 highest average of this trait was
L.S.D interaction 1423 (159.19 g), While the treatment of

concentrations and the spraying stages. The concentration
(50 mg.L"') and spraying stage (6 leaves + 12 leaves)
gave the highest average for this trait was (477.7 grain.cob’
1) .

Weight of 1000 grain (g)

The results shown in table 6 showed a significant
effect of Glutathione concentrations and spraying stages
and their interaction in this trait. The Glutathione
concentration of (100 mg.L") gave the highest average
for this trait amounted to (322.83 g), While the treatment
of distilled water gave the lowest average for this trait
(314.21 g), the results agree with Mendoza-Cézatl et al.,
(2008) indicated that spraying the Glutathione with
different concentrations on the yellow corn plant led to a
significant increase in the weight of 500 grains. The
spraying stage (6 leaves + 12 leaves) gave the highest

distilled water gave the lowest
average of this trait amounted to (138.24 g), The results
agree with Mahgouh et al., (2015) indicated that spraying
the yellow corn plants with Glutathione at different stages
of growth led to a significant increase in plant yield. The
spraying stage of (6 leaves + 12 leaves ) gave the highest
average for this trait reached (154.11 g), While the
spraying stage of 6 leaves gave a lower average for this
trait 148.11 g. The reason for the increase in the grains
yield of the plant to the role of cl Glutathione in the increase
the components of the crop are the length of the cob as
shown in Table 4, the number of grains in the cob as
shown in Table 5 and the weight of 1000 grain as shown
in Table 6. Glutathione has an important role in controlling
and maintaining the intracellular oxidation system as it is
important in the process of photosynthesis (Hell and
Bergmann, 1990). The reason for the increase may be
due to the fact that glutathione is an antioxidant that works
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Table 7 : Effect of Glutathione concentrations and spraying stages and their interaction

in the plant yield of grain (g).
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Total plant yield (tons.ha™)

The results in table 8 indicated a

Glutathione| 0 mg.L!' | 50 mg.L"' | 100 mg.L'| Average of significant effect of Glutathione
Spraying stage growth stages concentrations and spraying stages
6 leaves 136.33 153.67 154.33 148.11 and their interaction in this trait. The
9 leaves 140.00 15333 161.33 151.55 glutathione concentration (50 mg. L°
12 leaves 14033 | 160.00 160.67 153.67 ) gave the highest average of this
6+9 leaves 13333 | 16866 15540 15246 trait was (11.06), While the treatment
6+ 12 leaves 14133 | 16600 | 15500 15411 of distilled water gave the lowest
9+ 12 leaves 13600 | 15867 158.65 15111 average of this trait (9.55 tons.ha"!),
6+9+ 12 leaves 14033 | 15400 | 15333 14922 Theie relsgugltss agree }Vlmh Bmadben;
Average of Glutathione | 13824 | 15919 | 1569 et al., (1995) that the treatment o
. yellow corn plants with Glutathione
concentration X
- and different stages of growth led to
L.S.Dconcentration 341 . . .
a significant increase in total plant
LSD 'stages . >21 yield. The table showed no significant
L.S.D interaction 9.02 difference between the

Table 8 : Effect of Glutathione concentrations and spraying stages and their interaction

in the total plant yield (tons.ha™).

concentrations (50, 100 mg.L'). The
spraying stage of (6 leaves + 12
leaves) gave the highest average for

to protect cells from destruction by free radicals. It also
helps to keep cells active, as well as to increase enzymatic
activity Mamdouh, (1995) as well as the formation of
Salicylic acid, which has a role in improving plant growth,
enhancing photosynthesis, CO, and increasing dry matter
accumulation. The results agree with Bair et al.,, (2015)
that the foliar spraying with glutathione at different stages
of yellow corn growth led to a significant increase in the
plant yield of the grain, The stage of 9 leaves has excelled
compared to the non-spraying. The results of table 7
indicate a significant interaction between the
concentrations of glutathione and the spraying stages.
The concentration of (50 mg.L") and spraying stage (6
leaves + 9 leaves) gave the highest average of this trait
(168.66 g).

' Glutathione| 0mg.L'| 50 mg.L'| 100 mg.L'| Average of the trait of (10.68 tons.ha'), While
Spraying stage growth stages the stage of 6 leaves gave less
6 leaves 9.70 10.65 1045 10.27 average for the trait (10.27 tons.ha
9 leaves 943 10.63 10.81 1029 1. The increase in total yield may be
12 leaves 9.75 11.33 10.70 10.59 due to the increase in grain yield of
6+ 9 leaves 933 11.75 10.59 10.56 plant as shown in table 7, These
6+ 12 leaves 9.55 1137 11.12 10.68 results agree with Skipsey et al.,
9 +12 leaves 9.59 10.94 10.96 10.50 (2005) that The foliar spraying of the
6+9+12 leaves 9.52 10.77 10.69 10.33 plutonium at the 10 stage gave a
Average of Glutathione 9.55 11.06 10.76 significant increase in the length of
concentration the cob, the grain yield of the plant
LS Dconcentration 025 and the total yield compared to the
LS.D stages 038 non-spraying. T}:le. result§ of tab1.e 8
LSD interaction 0,65 showed a significant 1nt§ract10n
between the concentrations of

glutathione and the spraying stages. The concentration
(50 mg.L") and spraying stage of (6 leaves + 9 leaves)
gave the highest average for this trait of (11.75 tons.ha’

1)‘
References

Amini, F. and A.A. Ehsanpour (2005). Soluble Proteins Proline
Carbohydrates and Na+ / K+ Changesin Two Corn (Zea
mays L.) cultivars under in vitro salt stress. Am. J. of
Biochem & Biotechnol., 1(4): 204- 208.

Ali, Aziz. (1980). Agricultural pest control index- General
Authority for Plant Protection - Department of Prevention
Research Ministry of Agriculture and Agrarian Reform -
Republic of Iraq.

Al-Dulaimi, Nidal Mahdi Ibrahim Jameel (1984). Response of
Yellow Corn to Nitrogen Fertilization and Agriculture Dates,



Spraying times with Glutathione for different stages in some traits of growth and yield of corn (Zea mays L.) 693

Master Thesis, College of Agriculture, University of
Baghdad.

Al-Sahuki, Medhat Majid (1990). Yellow corn seed production
and improvement, Ministry of Higher Education and
Scientific Research, University of Baghdad, 400.

Aziz, F.; H. Gherroucha and M. Baka (2014). Interaction between
glutathione and plant hormones during germination and
early growth of corn seedling. Plant, cell and Environment,
39:713-725.

Bailly, C. (2004). Active oxygen species and antioxidants is
seed biology. Seed Sci. Res. 14: 93-107.

Bair, H.R., A. Khan and M. Ashraf (2015). Exogenously applied
ascorbic acid and glutathione on corn (Zea mays L.)
germination and seedling growth. J. Stress Physiol.
Biochem., 8(2): 82-89.

Broadbent, P., GP. Creissen, B. Kular, A.R.Wellburn and P.M.
Mullineaux (1995). Oxidative stress responses in transgenic
Maize containing altered levels of glutathione reductase
activity. The Plant Journal, 8: 247-255.

Duvick, D.N. (1996). Plant breeding an evolutionary concept.
Personal perspective. Arup. Sci., 36: 539-548.

EL-Sahookie, M.M. (1985). A shortcut method for estimating
plant leaf area in maize. Z. Acker-und pfllanzenbau, 154:
157-160.

F.A.O. (2015). http.www.fao.org /site /5671 .default. ancar .

Fricker, M.D., M. May, A.J. Meyer, N. Sheard and N.S. White
(2000). Effect of Glutathione concentration on growth and
yield of corn. Int. J. Agri., 7:162-173.

Gao, H., M.J. Muller, T.M. kutchan and M.H. Zenk (2015).
Influence of Exogenous application of glutathione on
growth and yield on corn (Zea mays L.). Int. J. Agri. Biol.,
9(5):372-378.

Gullner, G., 1. Tobias, J. Fodor and T. Kémives (1999). Elevation
of glutathione level of glutathione-related enzymes affect

virus infection in corn (Zea mays L.). Free Radical
Research, 31: 155-161.

Hartmann, T.N., M.D. Fricker, H. Rennenberg and A.J. Meyer
(2003). Cell specific measurement of cytosolic glutathione
in corn leaves. Plant Cell Environ., 26: 965-975.

Hell, R. and L. Bergmann (1990). Y- Glutamylcysteinesynthetase
in higher plants : catalytic properties and subcellular
localization . Plant, 180:603-612.

Hussein, M.A., M.R. Ismail, K. Uddin Md, M.Z. Islam and
M.A. Uzzama (2014). Effect of ascorbate-glutathione on
Growth of Maize plant. Res. S. Agric. Biol. Sci., 7(6): 315-
324.

Ibrahim, Mohamed Fouad, Boutros Ghali, Hassan Fawzi,
Hassan Maher and Mohamed Gamal El Din Qadri (1986).
Encyclopedia of Knowledge, Volume 18, Murad Kassim
Company, Dagher Press, Lebanon.

Klapheck, S., B. Chrost, J. Starke and H. Zimmermann (1992). G-
Glutamyl- cysteinylserine—a new homologue of

glutathione in plants of the family Poaceae. Botanica Acta,
105:174-179.

Mahgouh, 1., S.M.A. Basra, 1. Afzal, M. Farooq and A. Wahid
(2015). Growth Improvement in spring Maize through
Exogenous application of glutathione, Salicylic acid and
ascorbic acid . Int. J. Agri. Biol.,18:107-113.

Mendoza-Cézatl, D.G, E. Butko, F. Springer, J.W. Torpey, E.A.
Komives, J. Kehr and J.I. Schroeder (2008). Identification
of high levels of phytochelatins, glutathioneand cadmium
in the phloem sap of Zea mays L.. Arole for thiol-peptides
in the long-distance transport of cadmium and the effect
of cadmium on iron translocation. The Plant Journal, 54,
249-259.

Mamdouh, M.A. (1995). Glutathione regulation of glutathione
S- transferase and peroxidase activity in herbicide- treated
Zea mays. Plant Physiol. Biochem.,33: 185 -192.

Mittler, R. (2002). Oxidative stress, antioxidants and stress
tolerance, trends. Plant Sci., 405-401.

Odongo , O.M. and A.J. Bacholt (1995). Combining ability
among Kenyan and CIMMYT maziegermplasm mid-
altitnde zone of Kenya.

Ouda, S.A., T. El-Mesiry and M.S. Gaballah (2007) . Effect of
using glutathione on increasing yield and water use
efficiency in Corn grown under water stress. Austral . J.
Apll. Sci.,1(4): 571-577.

Potters, G.; N. Horemans, S. Bellone, J. Caubergs, P. Trost, Y.
Guisez and H. Asard (2004). Dehydroascorbate influences
the plant cell cycle through a glutathione-Independent
Reduction mechanism. Plant Physiol., 134(4): 1479-1487.

Romero-Puertas, M.C., F.J. Corpas, L.M. Sandalio, M. Leterrier,
M. Rodriguez-Serrano, L.A. Del Rio and J.M. Palma (2006).
Glutathione reductase from Corn leaves: response to
abiotic stress and characterization of the
peroxisomalisozyme. New Phytologist, 170: 43-52.

Shuwailiya, Laith Khudair Hassan (2000). Effect of Plant Density
and Distribution Method and Nitrogen Levels in Zea mays
L., Master Thesis, College of Agriculture, University of
Baghdad.

Singhal, V. (1999). Indian Agriculture, Indian Economics
Research Centre, New Delhi, pp. 99-104.

Skipsey, M., B.G. Davis and R. Edwards (2005). Diversification
in substrate usage by glutathione synthetases from
soybean (Glycine max), wheat (Triticumaestivum) and
maize (Zea mays). Biochemical Journal, 391:567-574.

Steel, R.G. D. and J.H. Torrie (1960). Principles and Procedures
of Statistics. McGraw-Hill Book Company, INC. New York.
Toronto-London. pp:481.

Tausz, M., and G. Grill (2000). The role of Glutathione in stress
Adaptation of plants. Phyton. (Horn, Austria), 40(3): 111-
118.

Tokunaga, T.; K. Miyahara, K. Tabata and K. Esaka (2005).
Generation and Properties of ascorbic acid — overproducing
transgenic tobacoo cell expressing sense RNA for L-



694 Haider Talib Hussein and Muntadhar Qasim Judy

galactono-1, 4lactone dehydrogenase. Plant, 220: 854-
863.

Xiang, C., B.L.Werner, E.M. Christensen and D.J. Oliver (2001).
Effect of Exogenous application of glutathione levels on
growth and yield of corn (Zea mays L.). Plant Physiol.
126:564-574.

Wang Z., S. Xing, R. Birkenbihl and S. Zachgo (2009). Effect of
glutathione spraying on growth and yield of Corn

development. Molecular Plant, 2: 323-325

Soltan pour, M.A., A.E. Fatma, M. Gharib, El-Awadi and M.
Rashad (2015). Physiological response of corn plants to
foliar application of putrescine and glutathione. Am. J. of
Bioche and Biotechnol., 3(5):207-213.

Yazdanpanah, S., A. Baghizadeh and F. Abbasi (2011). The
interaction between drought stress and salicylic acid and

ascorbic acid on some biochemical characteristics of
Saturejahortensis. Afric. J. Agric. Res, 6(4): 798-807.



