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ABSTRACT

Growth character, yield and yield components of sunflower
Giza- Y+«Y plants in response to spraying the antioxidant
glutathione, twice, thrice or four times at «.», +.»¢, +.Y and .Y %
were investigated during Y+« Y+ and Y+ seasons.

Results revealed that foliar application with glutathione of
sunflower plants Giza- Y+ Y twice, thrice or four times at .+ ¢ to

Y % was very effective in stimulating all growth characters,

weight of heads/ plant, head diameter, seed, straw and oils yields/
feds, yield components, oils %, proteins % in the feeds and plant
pigments in the leaves in comparison to the check treatment. The
promotion was associated with increasing concentrations and
frequencies without remarkable stimulation among the two higher
concentrations and frequencies.

Treating sunflower Giza- Y+ Y plants thrice with glutathione
at +.Y % is suggested to be beneficial for promoting grain yield
and quality.

INTRODUCTION
The decline of yield in sunflower plants grown under Souhag
conditions is a major problem faced the farmers. Malnutrition as well
as unsuitable environmental conditions (higher temperature) are
considered the main reasons for poor yield and seed quality.
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Sunflower (Helianthus annuus, L.), belonging to the family
compositae, is a major oilseed, used for the production of edible oil. It
is considered one of the four important annual crops in the world for
edible oil. Seeds of sunflower contains Y¢ — €9 9% oil and the cake
contains Yo — Ye 9 protein which is mostly feeded to livestock
because of its high biological value. Sunflower seeds are eaten as
salted whole seeds as roasted nut meats. Oil is characterized by its
high content of unsaturated fatty acids such as oleic and lionoleic
which represent 4+ % of total fatty acids that are responsible for
reducing blood cholesterol levels (Nour EI-Din-Nemat et al., Y44 ¢).

Glutathione is the most important non- protein thiol present in
plants. It is essential in sulfur metabolism and defense against most
stresses. It is important pool of reduced sulfur and it regulates sulfur
uptake at root level. Reduced glutathione, the major water soluble
antioxidant in photosynthetic and non- photosynthetic tissues, reacting
directly or indirectly with reactive oxygen species, contributes in
maintaing the integrity of cell structure and the proper functions of
various metabolic pathways. In addition to its effects on expression of
defense genes, glutathione may also be involved in redox control of
cell division and enhanced growth of plants (Levitt, Y3A-.;
Rennenbery, Y4AY; Dekok and Stulen, Y44Y; Jorge et al., Y34Y; Foyer
etal., Y43Y; Noctor and Foyer, Y34A; Tausz and Grill, Y+« +; Kocsy et
al., Y+« +): Mullineaux and Rausch, Y+ +°: Abd EI- Hakim, Y+ +1: Abd
El- Naeem and Abd EI- Hakim, Y. +4%; Al- Qubaie, Y+'Y; Gad El-
Kariem, Y+ )Y and Abdelaal, Y+ Y).

The present work aimed to study the effect of various
concentrations and frequencies of Glutathione on growth characters,
yield and yield components of sunflower cv. Giza - Y.

MATERIALS AND METHODS
A field experiment was conducted in a private field located at El-
Kawamel village, near Souhag district, Souhag Governorate on
Sunflower (Helianthus annuus, L.) plants grown in a clay soil. Soil
sample were taken at Y+ cm. depth at one week before sowing for soil
analysis (Table V).
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After preparing the land for sowing sunflower cv. Giza )Y
seeds were sown in the first week of May during Y+)) and Y)Y
seasons. Row spacing was ©+ cm. and plant density was )+ plants per
m". The experimental plot area was Y) m" and each plot contained six
ridges. Two ridges without planting were left between each plot to
avoid shading effect. Three seeds per hill were planted. One plant per
hill was maintained at Y — ¢ leaf stage of the crop (nearly Y\ days after
sowing). Plants exhibited no sign of insect/ pest attack and disease
incidence, therefore no protection measures were adopted. Crop
harvested in the last week of Sept. yields were recorded on plot basis
and then converted to kg per feddan. Irrigation was done using as
usual in the region.

Table : Analysis of the tested soil:

Constituents Values
Sand % £o
Silt % Yoo
Clay % Voo
Texture Clay
pH ():Y.¢ extract) V.o
E.C (V: Y.® extract as mmhos/ Y cm Y¢° C) <A1
O.M. % VA
CaCOr % \AE
Total N % c 04
Available K (ammonium acetate, ppm) vo.
Available P (Olsen method, ppm) £y

This investigation included the following ten treatments from
different concentrations combined with frequencies of the antioxidant
Glutathione:-

Y- Control (untreated plants and sprayed with water).

Y- Spraying plants with Glutathione at +.+° % twice.

Y- Spraying plants with Glutathione at +.) % twice.

¢~ Spraying plants with Glutathione at +.Y % twice.

°- Spraying plants with Glutathione at +.+ % thrice.

1- Spraying plants with Glutathione at +.) % thrice.

V- Spraying plants with Glutathione at +.Y % thrice.

A- Spraying plants with Glutathione at +.+© % four times.
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- Spraying plants with Glutathione at +." % four times.
Y+~ Spraying plants with Glutathione at +.Y % four times.

Each treatment was replicated three times, one plot per each.
Glutathione was applied twice (at Y\ days after sowing and again at
three weeks later), thrice (at the same two previous dates and at three
weeks later), and four times (at the same previous three days and at
three weeks later). Triton B was used with as a wetting agent all
Glutathione solutions at +.*° %. Spraying was done till runoff. The
experimental design of this study was randomized complete block .

At heading stage, heads of five plants were chosen at random
from external ridges of each plot and bagged at early seeds
development by using magazine paper to avoid bird's damage until
maturity. The sunflower plants were hand- harvested at the stage of
physiological maturation when the back of the heads has turned from
green to yellow and the bracts are turning brows on last week of Sept.

At harvest, a sample of five plants from every treatment in the
three replications were chosen at random to measure the following
growth characters:-

V. Plant height (cm.).

Y. Stem diameter (cm.).

Y. Number of leaves per plant.

¢. Leaf area/ plant (cm") (Bremner and Taha, Y411).

Also, samples of five bagged plants were taken and the following

traits were recorded.

V. Head diameter (cm.).

Y. Average head weight/ plant (g.).

Y. Seed yield per plant (g.).

¢. Shelling percentage was calculated by dividing seed yield/ plant by head
weight per plant and multiplying the product by V-« +.

©. Seed index (g.) was estimated by weighing two random ). .- seed
samples per plot (g.).

1. Number of seeds per head was calculated by dividing seed yield/ plant
by seed index and multiplying the product by Y« +.

V. Straw yield/ plant (g.) was obtained from a five guarded plants sample
per plot, then straw yield/ fed. (ton) was estimated.
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A. Biological yield/ plant (g.) was estimated by summation of seed yield/
plant and straw yield/ plant, then values/ fed. (ton) were estimated.

4. Seed yield/ fed. (tons): Heads of two bagged inner ridges of each plot
were harvested and left two weeks until fully air dried and seed yield/
plant was used to estimate yield/ fed. (tons).

Y+, Oil percentage in the seeds was determined according to A.O.A.C.,
(Y4499) using soxhlet apparatus where petroleum ether was used as a
solvent.

VY. Oil yield/ fed. (kg.) was calculated by multiplying oil % in the seeds by
seed yield/ fed. (kg.).

VY. Total nitrogen in the seeds was determined by Kjeldahl method
according to method reported by Cottenie et al., () 3AY).

VY. Protein % was calculated by multiplying the N content by the converting
factor 1.Ye (Hymowitz et al., Y4VY).

V£, Chlorophylls a & b as well as total carotenoids and total chlorophylls
(mg/ Y.~ g fresh weight (F.W)) were calculated according to the
procedure of Moran () 4AY),

All the obtained data were subjected to statistical analysis
according to Mead et al., (Y33Y) and mean comparisons were done
using revised L.S.D test at © %.

RESULTS AND DISCUSSION
V- Growth characters:

Data in Table (Y) clearly showed that foliar application of
Glutathione at +.+° to +.Y % twice, thrice or four times significantly
stimulated the four growth characters namely plant height, stem
diameter, number of leaves per plant and leaf area/ plant in relative to
the check treatment. The promotion on such growth characters was
associated with increasing concentrations from «.+ to .Y % and
frequencies from twice to four times. Significant differences on these
growth traits were observed between all treatments except among the
two higher two concentrations and frequencies. Treating the plants
four times with glutathione at +.Y % effectively maximized these
growth aspects. The lowest values were recorded on untreated plants.
These results were similar during both seasons.
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Table Y: Effect of various concentrations and frequencies of
glutathione on some growth and head characters of
sunflower cv. Giza Y+ Y plants during Y+«Y+ and Y+«\)

seasons.
St Number of Head Head
. Plant height . em umbero Leaf area/ . o .ea No. of seeds/
Concentrations diameter leaves/ . diameter weight/
(cm.) plant (cm’) head
and (cm.) plant (cm.) Plant (g.)

frequencies of
glutathione I N A AN A A A A A A N A AR N R R R RN
treatments

Control. MY [N Y AY LYY YT YA ey gy [ [V A VY [ vy vyea v e

Glutathione at
VYV [AYEN [ VA YA YA YA | €T YA IVY [ VYT YY) Vet veaa

*.+ © 9% twice.
Glutathione at

) AYO o [AYT Y] V.29 [ V. AY [ YA | Yeo | £¥Y | €Y [Yves[Yv.ed]| Yy | VY. [VFFY|V.va
+.) % twice.
Glutathione at

) YO O [AYTY Yoo [ VAY [ Yo o | YV 0 [ EYY [ ey [V o [V Y VYT | v [vrer vy
+.Y % twice.

Glutathione at

; YA, [AFY A Y Yo [ YNE | YV A | Yy | ££a | €AY [V Ao [IV.Aq| VYA | Ve s [VYYo i|Vioo
+.+° 0% thrice.

Glutathione at

) YFA [ VEY o Yo | YYo | Ye o | YT | £1Y | £4Y [VA . [YANO| YV A | VAY [VYo £ |40 0
+.\ 9% thrice.

Glutathione at

) WA [ VEY o [ YL Y YT Yer | YUY | 1 | £4Y [ VAN [ VAYY [ YA [ VAT [VIV.V([14ga
+.Y 9% thrice.

Glutathione at
a0 05 four [OYAL[IYY [ Y YT Yo [ XYY | YYY | fou | £AY [IV.AT|{VYA | VE L | VEo [VYV. E|Vioe

times.

Glutathione at
v 0% four [OYAL[YEN LY YTl Y YT Ye | YUY | £y | £40 [VAo [ VANY] YV.A | VA [VIVY |14y g

times.

Glutathione at
WY 0% four |VEe o [VEYLYYY LYY [ Ye e [ YV | T8 | £90 [ VALY [VAYY| VAL | VAT [VIA S [T8TA

times.

New L.S.D at

00

KRR I R R YRR R R A R R T T A R R

The essential role of Glutathione on enhancing cell division and
the resistance of plants to different stresses may explain the present
results (Levitt, Y3A+ and Jorge et al., Y34Y).

These results are in approval with those obtained by Abd El-
Hakim (Y« +7); Abd EIl- Naeem and EI- Hakim (Y« +%) and Al- Qubaie
(Y+)Y).
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Y- Head characters:

It is noticed from the data in Table () that using the antioxidant
glutathione twice, thrice or four times at +.+° to +.Y % significantly
enhanced head diameter and head weight per plant rather than the
check treatment. Number of seeds per head was significantly
improved with using glutathione once at +.+¢ to +.Y % in comparison
to the check treatment. Increasing concentrations from +.»¢ to +.Y %
and frequencies from twice to four times significantly resulted in
reduction on number of seeds per head. Increasing concentrations
from +.) to +.Y % and frequencies from thrice to four times did not
show clear promotion on diameter of head and weight of head per
plant. The maximum values of head diameter and head weight per
plant were recorded on the plants that treated four times with
glutathione at +.Y %. Two sprays of glutathione once at +.Y % gave
the maximum values of number of seeds per head. Untreated plants
had the lowest values of head diameter and head weight per plant.
Three sprays of glutathione at .Y % gave the minimum values of
number of seeds/ head. These results were similar during both seasons.

The promoting effect of glutathione on head characters might be
attributed to its positive action on the biosynthesis of organic foods as
well as uptake of different nutrients. Glutathione may play beneficial
effect in increasing tolerance of the plants to different stresses (Kocsy
etal.,, Y++)).

These results are in approval with those obtained by Abd El-
Hakim (Y« +7); Abd EI- Naeem and EI- Hakim (Y« +%) and Al- Qubaie
(Y+)Y).
¥- Seed, straw and oil yields:-

Data in Tables (¥) obviously showed that seed and straw yields
per plant and per fed. as well as oil yield and biomass were
significantly improved with foliar application of glutathione twice,
thrice or four times at +.+° to +.Y % comparing with the check
treatment.

There was a gradual promotion on such parameters with
increasing concentrations and frequencies of glutathione. Negligible
promotion was observed among the two higher concentrations (.
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and .Y %) and frequencies (thrice or four times). The best results with
regard to yield were obtained with using glutathione thrice at +.) %
(since no measurable differences on yield among the two higher
concentrations and frequencies).

Under such promised treatment the values of seed yield were
V.4Y and Y.4 -+ tons, straw yield were 1.1V and 1.AY tons, oil yield were
1YY, and 1 Y.49 kg and biomass were A.WA and A.VY tons per feddan
during Y+Y+ and Y+)) seasons, respectively. The control plants had
the minimum values. Similar results were recorded during both
seasons.

The great promotion on growth characters, head properties and
yield components in response to application of glutathione could result
in enhancing production of sunflower plants.

These results are in approval with those obtained by Abd EIl-
Hakim (Y- +7); Abd EI- Naeem and El- Hakim (Y- +%) and Al- Qubaie
(YY)
¢- Seed index and shelling %:-

It is evident from the data in Table () that glutathione treatments
had no significant effect on shelling %. Seed index was significantly
improved with using glutathione twice, thrice or four times at +.+° to
+.Y % rather than non- application. The promotion in proportional to
increasing concentrations and frequencies of glutathione. Increasing
concentrations of glutathione from .Y to +.Y % and frequencies from
thrice to four times failed to show significant promotion on seed
index. The maximum values were recorded on the plants treated with
glutathione four times at +.Y %. Untreated plants recorded the lowest
values. Similar trend was observed during both seasons.

The beneficial effect of glutathione on producing vigorous of
plant may explain the present results.

These results are in approval with those obtained by Abd EIl-
Hakim (Y« +7); Abd EI- Naeem and EI- Hakim (Y« +%) and Al- Qubaie
(Y+)Y).
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Table ¥: Effect of various concentrations and frequencies of
Glutathione on seed index, seed and straw yield per
plant, straw, seed and oil yields per feddan and
shelling % of sunflower cv. Giza ‘Y plants during

Y+VYeand Y+ seasons.

. . . Seed yield Straw o
. Seed index | Seed yield/ | Straw yield/ Y . Oil yield per
Concentrations per fed. | yield per .
. ) plant (g.) plant (g.) fed (kg.) | Shelling%
and frequencies (tons) fed. (tons)
of Glutathione {0
Yo Yordy [ Yoy ARRR! Yy Yory [ Yeors Yode | YodY | Yo ARRR Yy ARRR
treatments )
Yoy,
Control. oA [ oAy [ YN | £y e [Veyy , VAA YA TeE [ 1Y [evt [ EAT €| 0aY [ oV A
lutathion yeu,
Glutat o_eat 049 [TV | g0 | £v ¥ Voo VYT (Y YFTY [T Yo [ose Y oYY Al Y 0 [Ty
+.+® 9% twice. ¥
lutathion yed,
Glutat o_eat Ty [ | gea | ge [reay Yva [y v ey ey eyt eve a Ty A [t g
+.) % twice. v
i Yl
GIUtathlo_neat TAY [ 1Ye| g0 | ge ¥ | Voq, TPV AC YV TR e ety ] era A Y e [ et
+.Y % twice.
i VY
Glutathlon?at T8 [ ey | gne | e [y, TIYAT YA EA [ ey |eq0 Y [ovo a | YA | 1) A
+.+ 2 9% thrice. v
i YW
Glutathlor?eat TYY [ TAY | gA | eve [ Vua, TUraAY (YA YT TAY [T A Ty | ey
+.) % thrice. °
i VY
Glutathlorjeat TYY [ Ao AT [ eV [V1aa TPrAar YAV T AT A ITAA Y Y[ YA [ e
+.Y % thrice.
Glutathione at yas
w00 0h four | TLEY [Ty | gy | ey [yar. TIYAY [V Ae| T [ oY [T ¥ ova e | v | YLy
times.
Glutathione at W
v % four | LYY [ TAE | EAY [ evy [V1ae AT VAV TYATYA IR AT e [TV A | T A
times.
Glutathione at W
Y 9% four | TV [T AT gAe [ eV A [V r. VAE [V AY [T A TAG [ TES A TIVAY [ Y Y [T A
times.
New L.S.D at
WY [ e VY| a0 .0 Y. YY [ 0N v CUR I B IO IR | e NS NS
« a0
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¢- Chemical composition of seeds and leaves:-

Data in Table (¢) revealed that foliar application of glutathione
twice, thrice or four times at +.+° to .Y % significantly increased
percentages of oil and proteins in the seeds and plant pigments namely
chlorophylls a & b, total chlorophylls and total caroteniods in the
leaves rather than the control treatment. Significant differences on
such chemical parameters were found among all treatments except
among the two higher two concentrations and frequencies. The
maximum values were recorded on the plants that sprayed four times
with glutathione at +.Y %. The control plants recorded the lowest
values. Similar trend was observed during both seasons.

The promoting effect of glutathione on enhancing the
biosynthesis of carbohydrates and uptake of elements especially Mg
and N seem to be positively reflected on enhancing fats, proteins and
plant pigments (Tausz and Gill, Y+« +).

These results are in agreement with those obtained by Abd EI-
Hakim (Y- +7); Abd EI- Naeem and EI- Hakim (Y- +%) and Al- Qubaie
(Y+Y).

As a conclusion, it is suggested to use glutathione via leaves
thrice at +.) % for producing better seed, straw and oil yield as well as
improving seed quality of sunflower Giza- ) + Y plants.
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Table ¢:

Effect of wvarious concentrations and frequencies of
Glutathione on percentages of oil and proteins above ground
biomass/ fed and some plant pigments of sunflower cv. Giza
V+Y plants during Y+ and Y+ seasons.

Above Total Total
. Chlorophyl | Chlorophyll .
Concentratio ground carotenoids | chlorophyll
. . . la(mg/ Y g.| b(mg/)ag.
ns and Oils % Proteins % | biomass/ FW) FW) (mg/VYg. | s(mg/ag.
frequencies fed (tons) ) ) F.W) F.W)
of .
Glutathione | Yoy e [ ¥ ody [ Yoy [ ¥ ony [ Yoy s [ Yoy [ Yoy e [ Yoy [ Yo [ Yy [ Yar e[ Yy |Yan, \
treatments
¥ Y4y
Control. Yoy [ Yo w | VYY [ VYA [ V.43 | Y AY | Ve | Voo | VY. [ Yeg | YAy
Glutathione voal vy
at .0 9% ; ; Yo [ Yo [ vat [ vaa Yy [ YYe [yoae | vy [y ye [y yo | ven | yve
twice.
Glutathione
AN RN
at .Y % VU8 [ V1o [ ANY [ ANY | Yoo | YEA | VYA | Y Yo [ v ¥a | Ve | ¥ve | Yy
o =}
twice.
Glutathione ¥y | veo
at .Y % Vo | VTR AT ANY Yot [ Y gd [y v vyt [ v el [ Y ey | FAT | Yve
twice.
Glutathione vy
at .0 9% WY WAL AYE [ AYY | YA [ YAV [V ¥a | vye [ Yoer [ voea | exe | ey
thrice.
Glutathione T
at .Y % WA [ YA [ ATA | ANY [ ¥4 | FAY | YA | YAY [ VAT Vv | o vd | £ At
. )
thrice.
Glutathione —_— T
at .Y % . VAL YA AYY [ AYE | ¥ Y [ ¥aY [ vaY | v Ae [ yav [ ava | ey | gay
thrice.
lutathion
Glutathione Yo | vy
at .0 0 ; YWY [ IV [ AYS [ AEY [ YAY | Y A0 |V Ee | VYo [ YoV | VoA | XY | €Y.
four times.
lutathion
Glutathione Yro | vry
at N\ % YA YA ANY [ AN | ¥ Y0 | FAY |V AY | VAY [ YAV | Y va | ey | £ an
° v
four times.
lutathion
Glutathione Yry | vry
at .Y % . YAY [ YAA[ANE [ AYT] YY) | ¥6 [ Va0 [ VAT | Y 9 | Y AY [ o1 | o
A%
four times.
New L.S.D at
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