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Effect of Riboflavin, Ascorbic Acid and Dry Yeast on Vegetative Growth, Essential
Qil Pattern and Antioxidant Activity of Geranium (Pelargonium graveolens 1..)
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Abstract: The response of vegetative growth, essential oil content and constituents, phenolic and flavonoids

content and their antioxidant activity of Geramum plants (Pelargonium graveolens L.) was studied after foliarly

treated with nboflavin, ascorbic acid and dry yeast (different concentrations) at two cuttings. Improved

vegetative growth and photosynthetic pigments content were obtained, especially at treatments of dry yeast
(4000 mg/1), ascorbic acid (150 mg/1) and riboflavin (90 mg/1). Pronounced increases were obtained in essential

oil percent, total phenols and total flavonoids in treated plants, especially at cutting (I). Consequently,
pronounced antioxidant activity (DPPH radical scavenging activity) was obtained in plants treated with the
above-mentioned levels of ascorbic acid, riboflavin and dry yeast treatments.
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INTRODUCTION
A great attention was recently focused for
exogenous application of vitamins and yeast to umprove
plant growth and production, due to their advantages of
being natural products. Ascorbic acid was synthesized in
higher plants and affected plant growth and development,
played an important role as co-enzymatic reaction in the
electron transport system and metabolism [1]. Ascorbic
acid is considered an important antioxidant which protects
not only with H,O, but also with O,, OH and lipid
hydroperoxidase [2]. Bolkhina et al. [3] stated that
ascorbic acid 1s the most abundant antioxidant which
protected plant cells, ascorbic acid 18 currently considered
to be a regulator on cell division and differentiation.
They added that ascorbic acid 13 mvolved m a wide
range of important functions as antioxidant defense,
photoprotection and regulation of photosynthesis and
growth. Farahat et al. [4] reported that pronounced
increases in vegetative growth and chemical constituents
of Cupressus semprvirens L. plants by foliar application
of ascorbic acid. Abdel Aziz et al. [5] stated that ascorbic
acid showed a stimulatory effect on all chemical
constituents of Gladiolus plants. Eid et al [6] reported
that foliar application of ascorbic acid sigmficantly
mcreased Jasmine concrete, essential o1l percent and oil
vield of Jasminum grandiflorum L.

Riboflavin 15 one of vitamin B acted as coenzyme;
enhance growth and metabolism of various plant species.
Riboflavin is known to be the precursor of the coenzymes
riboflavin - monophosphate  and  flavin  ademne
dinucleotide, which serve indispensable redox cofactors
in all orgamisms. In plants, these cofactors required for
numerous critical cellular processes as diverse as the citric
acid cycle, fatty acid oxidation and mitochondrial electron
transport [7]. Dry yeast had stimulatory effects on cell
division and enlargement, protein and nucleic acid
synthesis and chlorophyll formation and source of
cytokiming [8, 9]. Active dry veast enhanced growth,
essential o1l and photosynthetic pigments of some plants
as Nigella sativa L. [10], Ruta graveolens [11] and
Lupinus termis [12]. Geranium species are used in
aromatherapy as antiasthmatic, antiallergic, antioxidant
and other pharmaceutical and cosmetic purposes [13].
Pelargonium graveolens are commercially grown
Egypt, Morocco and China mainly for their essential
oil [14]. In addition, Geranium plants also contain
different phenolic and flavonoids compounds which
have antioxidant capacity [13]. The role of ascorbic acid,
riboflavin and dry yeast on P. graveolens could not be
traced in the literature.

Therefore, the aim of the present work was to reveal
the best efficient level of exogenously applied natural

bioactive compounds, i.e. ascorbic acid, riboflavinand
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dry yeast, which could increase and improve growth,
photosynthesis and essential oil content. Tn addition,
the contents of total phenols, total flavonoids and
antioxidant activity were determined.

MATERIALS AND METHODS

A pot experiment was carried out at the greenhouse
of National Research Centre, Dolki, Giza, Egypt during
two seasons 2007/08) and 2008/09) to study the effect of
foliar application of vitamin B, (niboflavin), vitamin-C
(ascorbic acid) and active dry yeast on geranium
(Pelargonium graveolens 1..) plants. Uniform cuttings
were planted at 17* June, 2007 and 18% June, 2008 in
earthen pots, 30 (two plants/pot).
Phosphorus and potassium fertilization were applied to
soil before transplanting at the rate of 4g/pot calcium
superphosphate (155 % P,0;) and lg potassium
sulphate (48 % K,0), respectively. Nitrogen fertilization
m form of ammonium nitrate (33.5 % N) was applied in
two  applications (1g/pot for each) with two weeks

cm diameter

interval started 30 days after transplanting. Fertilization
was repeated after the 1* cut. The experiment was set up
mn a completely randomized design with three replicates.
Plants were foliarly sprayed with vitamin-B, (riboflavin)
at 30, 60 and 90 mg/1, vitamin-C (ascorbic acid) at 50, 100
and 150 mg/l and active dry yeast at 2000, 4000 and
6000 mg/l. The composition of yeast soluton was
reported by Nagodawithana [15]. Spraying was
done twice; the first one at 2 weeks before 17 cutting
and the sprayed one
The spraying technique was done before the
seconnd cut. The first cut was collected at November,
2007 and December, 2008 and the second one at
June 2008 and 2009, for the two seasons respectively.

second was week later.

same

The plant herbage was harvested by cutting above
10 ¢m over the soil surface and plant growth characters
in terms of plant height {(cm), number of branches/plant,
fresh and dry weights of plant (g) were determined.
Photosynthesis pigments mcluding chlorophyll (a), (b)
and carotenoids contents were determined in fresh leaves
as mg/g fresh weight according to the procedure achieved
by Moran [16].

Total phenols
calorimetrically by wusing Folin Ciocaltea

soluble were  determined
reagent
according to Singleton et al. [17]. Total flavonoids were
determined using the method reported by Chang et al.
[18]. Antioxidant activity [DPPH radical scavenging

activity] was determined according to the method
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described by Brand et al. [19]. Essential oil percentage
was determined using hydro-distillation method according
to the Egyptian Pharmacopoeia [20]. The essential oil
composition for the samples dehydrated over anhydrous
sodium sulphate was determined using to GLC and
analysis with Agilent Technologies 6890 GC system
model. The separation was camried out with 5 %
phenyl methyl capillary,
The column temperature was programmed started
from 60°C to 220°C at a rate of 4°C/min. The detector
temperature was 30°C and flow rate of the carrier gas (IN,)

siloxane column J-413.

was 30 ml/min., (H;) was 30 ml/min and air at 300 ml/min.
The identification of the constituents was determined by
comparing their retention times (RT) with those of the
available authentic oil samples ijected in GLC under the
same conditions.

Statistical Analysis: Data obtained were subjected to
standard analysis of variance procedure. The values of
L.SD. were calculated at 5 % for significant F-test
according to Snedecor and Cochran [21].
RESULTS AND DISCUSSION

Vegetative Growth: Data given in Table 1 clearly
indicated that in cuttings T and T1, foliar application of
riboflavin (90 mg/l) dry yeast (4000 mg/l) and ascorbic
acid (150 mg/l) caused the most promoting effect for
increasing fresh and dry weights of geranium plants.
The variation in dry matter accumulation at the two
cuttings could be attributed to the seasonal changes
climatic conditions, especially air temperature prevailing
during successive growth and developmental stages until
the plant reached full blooming stage where the cutting of
over ground part was done. The mcreases mn vegetative
growth as a result of vitamin and dry yeast treatments
might essentially be due to ascorbic acid is currently
considered to be a regulator on cell division and
differentiation and involved 1 a wide range of important
functions as antioxidant defense, photoprotection and
regulation of photosynthesis and growth. Riboflavin
(vitamin B,) could serve as coenzyme in keto-glutamic
acld which had its importance m the metabolism of
carbohydrates [22]. Ascorbic acid plays an important
role in the electron transport system [1]. Bolkhina e# al. [3]
stated that ascorbic acid is the most abundant antioxidant
which protected plant cells. Application of ascorbic acid
to wheat plants increased dry weight as compared with
untreated plants [23, 24].



Table 1: Effect of dry yeast, ascorbic acid and riboflavin foliar spray on some growth characters of Geranium (average of two seasons)

Plant height (cm) Branches numbers Fresh weights (g/plant) Dry weight (g/plant)
Treatments (mg/1) Cutting I Cutting IT Cutting I Cutting II Cutting I Cutting II Cutting I Cutting II
Control 48.3 44.6 11.6 73 167.1 164.6 48.1 36.0
Dry yeast (2000) 52.6 44.6 13.6 9.6 253.7 203.0 56.2 52.9
Dry veast (4000) 55.6 47.6 14.6 11.0 279.0 247.6 65.0 54.0
Dry yeast (6000). 51.6 45.0 10.3 10.6 259.9 237.2 64.3 43.4
Asgcorbic acid (500 48.3 46.3 12.6 9.3 170.1 203.7 49.5 471
Ascorbic acid (100) 50.6 55.0 13.3 13.6 238.2 2285 59.7 554
Asgcorbic acid (150) 524 T0.0 14.0 14.6 250.9 260.5 65.6 63.4
Riboflavin (30) 43.6 50.3 12.3 11.3 247.6 215.7 60.8 41.6
Riboflavin (60) 48.0 49.3 13.3 12.0 249.2 219.6 63.2 43.7
Riboflavin (90) 58.6 50.0 14.6 14.0 259.9 2511 67.5 59.2
LSD 0.05 7.2 95 42 34 16.9 50.5 7.9 154

Table 2: Effect of dry yeast, ascorbic acid and riboflavin foliar spray on chlorophyll and carotenoids content of Geranium (average of two seasons)

Chl a (mg/g) Chl b (mg/g) Total Chl. (mg/g) Carotenoids (mg/g)
Treatments (mg/1) Cutting I Cutting IT Cutting I Cutting II Cutting I Cutting II Cutting I Cutting II
Control 0.97 0.88 0.68 0.56 1.63 1.44 0.29 0.30
Dry yeast (2000) 1.08 1.02 0.79 0.80 1.88 1.82 0.58 0.36
Dry veast (4000) 1.48 112 0.92 0.96 2.40 2.08 0.41 0.25
Dry yeast (6000). 1.10 1.13 0.79 0.78 1.90 1.91 0.31 0.40
Ascorbic acid (50) 0.81 0.80 0.55 0.56 1.36 1.37 0.26 0.42
Asgcorbic acid (100) 1.05 1.18 0.60 0.75 1.66 1.93 0.31 0.29
Ascorbic acid (150) 1.70 111 1.09 0.89 2.80 2.01 0.58 0.38
Riboflavin (30) 1.21 1.13 0.86 0.82 2.08 1.95 0.40 0.34
Riboflavin (60) 1.47 1.20 0.92 1.00 2.40 2.21 0.45 0.35
Riboflavin (90) 1.57 1.44 0.98 1.03 2.55 2.47 0.41 0.38
LSD 0.05 0.29 0.24 018 0.28 0.47 0.45 0.09 0.11

Photosynthetic Pigments: Table 2 showed that the
promoting effect of the applied vitaming and dry yeast
on chlorophyll (a), (b) and total chlorophyll can be
arranged in the following descending order; ascorbic acid
(150 mg/1), nboflavin (90 mg/1} and dry yeast (4000 mg/1).
This was true at cutting (I). However, at cutting (1) there
significant effects between the different
concentrations of all applied vitamins on chlorophyll (a).

were

The increases m chlorophyll (b) were more pronounced
as compared with their controls at both cuttings,
especially that of ascorbic acid (150 mg/1) at cutting T and
those of riboflavin (90 mg/1). The increase in chlorophyll
(b) could be considered as an advantage to increase the
out put of photosynthetic materials and thus increased
the dry matter of geranium (Table 1). Carotenoids content
(Table 2) was significantly increased at (2000 mg/1) of dry
yeast, ascorbic acid (150 mg/1} and riboflavin at (60 mg/1)
at cutting (I). The mcreases n carotenoids content were
in advantage for protecting chlorophylls from oxidation.
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In support, Foyer and Harbinson [25] reported that
could indirectly protect photosynthetic
apparatus from photoinhibitory damage by singlet

carotenoids

oxygen, which produced by the excited triplet state of
chlorophyll. The present results of ascorbic acid effects
on vegetative growth and photosynthetic pigments of
geranium plants contributed understanding the role of
ascorbic acid in plant growth. Ascorbate was reported
by Smimoft [26] and Blokhina et al. [3], to be mvolved in
wide range of important physiological functions as
antioxidant defense, photoprotection of regulation of
photosynthesis and growth regulation.

Essential Oil Percent and Yield: Table 3 showed that o1l
percent and vield were significantly
treatments of dry yeast (4000 mg/l), ascorbic acid
(150 mg/1) at both cutting. Moreover, riboflavin (90 mg/1)
treatment showed the highest o1l percent and yield at
both cuttings. For other essential oil containing plants,

increased at
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Table 3: Effect of dry yeast, ascorbic acid and riboflavin foliar spray on oil percent and oil yield (ml/fresh wt./plant) of Geranium (average of two seasons)

0il %% Oil yield (ml/fresh wt./plant)
Treatments (mg/1) Cutting T Cutting T Cutting T Cutting TT
Control 0.20 019 0.31 031
Dry yeast (2000) 0.21 0.21 0.54 042
Dry yeast (4000) 0.25 0.24 0.63 0.59
Dry yeast (6000). 0.23 0.21 0.59 048
Asgcorbic acid (500 0.20 019 0.34 0.39
Asgcorbic acid (100) 0.21 0.20 0.50 046
Ascorbic acid (150) 0.24 0.22 0.57 0.58
Riboflavin (30) 0.21 0.20 0.52 042
Riboflavin (60) 0.24 0.23 0.60 048
Riboflavin (90) 0.29 0.27 0.75 0.66
LSD 0.05 0.01 0.01 0.05 012

Table 4: Effect of dry yeast, ascorbic acid and riboflavin foliar spray on major constituents of essential oil from Geranium (average of two seasons)

Control Dry yeast (4000 mg/T) Ascorbic acid (150 mg/1) Riboflavin (90 mg/T)
Components Cutting I Cutting IT Cutting I Cutting II Cutting I Cutting II Cutting I Cutting IT
z-Pinene 0.75 0.63 - 0.61 1.04 0.52 0.73 0.69
[>-pinene 4.43 351 5.74 5.22 3.25 4.51 5.36 6.02
1,8-cineol 1.52 1.21 1.56 1.23 0.31 0.62 1.62 1.23
Linalool 6.86 7.15 9.82 9.31 8.75 8.32 10.09 8.95
Citronellol 25.13 26.55 35.81 33.52 28.52 30.21 31.45 33.51
Geraniol 572 511 6.93 6.32 6.30 6.51 5.60 6.53
Carvon 3.43 3.10 3.93 3.86 2.87 3.21 3.86 3.69

Table 5: Effect of dry yeast, ascorbic acid and riboflavin foliar spray on biochemical constituents of Geranium (average of two seasons)

Total phenols (mg/g D.W.) Total flavonoids (mg/g) Antioxidant activity
Treatments (mg/1) Cutting T Chtting 11 Cutting T Cutting T Cutting T Cutting T
Control 0.73 0.63 19.51 14.63 79.64 80.50
Dry yeast (2000) 1.19 0.68 16.71 15.93 83.10 84.03
Dry yeast (4000) 1.24 1.13 24.29 19.77 84.23 85.38
Dry yeast (6000). 1.09 0.65 21.07 10.63 82.33 83.02
Asgcorbic acid (500 1.34 0.58 23.61 18.21 81.49 8236
Asgcorbic acid (100) 1.39 0.82 26.58 19.04 82.23 83.59
Asgcorbic acid (150) 1.48 1.22 33.74 25.12 83.24 81.41
Riboflavin (30) 1.06 0.69 23.61 16.86 81.24 82.20
Riboflavin (60) 1.33 0.75 27.40 23.09 80.94 83.95
Riboflavin (90) 1.34 0.97 29.12 34.15 82.23 84.49
LSD 0.05 0.07 0.01 0.38 0.09 0.30 0.06

foliar application of ascorbic acid caused pronounced
increases in the percent and yield of essential cil of
lemongrass [27] and Rosemary [28]. In this concern,
Eid et al. [6] reported that ascorbic acid at (150 mg/1)
pronouncedly mcreased the major components of the
essential o1l in the flowers of Jasminum grandiflorum L.
However, no report could be traced inthe literature for
the effect of ascorbic acid, riboflavin and dry yeast on
essential oil of Geranium,
graveolens 1.

especially Pelargonium

Major Essential OQil Constituents: Data in Table 4
represented the major constituents of essential oil at
the most effective promoting treatments of vitamins
and dry yeast on the percent and yield Gas liquid
chromatography that  citronellol

revealed was

quantitatively the major constituent of oil in all treatments
at both cuttings, other detected fractions of the oil were
g-pinene, P-pinene, 1, 8-cineol, linalool, geramol and
carvon at all treatments. Dry yeast (4000 mg/1) was the
most  effective treatment for increasing citronellol
followed by mnboflavin (90 mg/l) then ascorbic acid
(150 mg/D). Other constituents of the oil were slightly
increased at the abovementioned treatments, especially
at dry yeast (4000 mg/1).

Total Phenols Content: Significant pronounced increases
in total phenols content were obtained at the highest
levels applied in the following descending order:
ascorbic acid (150 mg/1), riboflavin (90 mg/1) and dry yeast
(4000 mg/1l) as shown m Table 5. In accordance, other
plants treated with ascorbic acid contamed higher
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content of total phenols as gladiolus [5] and chamomile
[29]. Recently, Wu et al [30] concluded that Geranium
sibiricum represented a valuable natural antioxidant
source after determination of polyphenolic compounds of
the extract of this plant.

Total Flavonoids Contents: Data presented in Table 5
indicated that ascorbic acid (150 mg/l) was the most
effective vitamins for sigmficant and pronounced mncrease
in total flavonoids content followed by that of riboflavin
(90 mg/1) then that of dry yeast (4000 mg/1) at cutting (T).
However, at cutting 1T, riboflavin (90 mg/l) treatment
showed the highest total flavoneids. The importance of
the flavonoids was known to possess significant
antimicrobial activities and was utilized as natural plant
protectants [31, 32]. It could be suggested that geranium
flavonoids content may be an alternative to conventional
fungicides 1n the control of storage grains (as wheat)
and protein-rich seeds (as beans) agamst some fungi
especially in developing countries.

Antioxidant Activity: Data in Table 5 showed that the
antioxidant activity (as DPPH-radical scavenging
capacity) of Geranium pronouncedly increased only at
4000 mg/1 of dry yeast and at 150 mg/1 ascorbic acid, this
was true at both cuttings. In addition, treatment 90 mg/1
riboflavin showed significant increase in antioxidant
activity, especially at cutting II. Noctor and Foyer [33]
reviewed the action of ascorbate and glutathione for
keeping active oxygen under control. The increase in
scavenging activity can be considered an advantage of
ascorbic acid treatment. This could be attributed to the
increases in total phenols and total flavonoids. In this
concern, Neagu et «al. [13] reported that concentrated
Geranium robertianum extracts had a high antioxidant
capacity (92 % of DPPH inhibition).

In conclusion, ascorbic acid (150 mg/1), riboflavin (90
mg/1) and dry yeast (4000 mg/1) pronouncedly increased
vegetative growth, photosynthetic pigments, essential oil
percent and yield as well as total phenols and total
flavonoids. The antioxidant activity of Pelargonium
graveolens L. proved to be mcreased under the effect of
dry yeast (4000 mg/1) and at 150 mg/1 ascorbic acid at both
cuttings.

REFERENCES

1. El-Kobisy, D.S, KA. Kady, RA. Medani and
R.A. Agamy, 2005. Response of pea plant (Pisum
sativigm 1..) to treatment with ascorbic acid. Egypt. J.
Appl. Sci., 20: 36-30.

785

2.

10.

11.

12.

Tacobs, DI, R. Vander Heijden and R. Verpoorte,
2000. Proteomics
secondary metabolism research. Phytochem. Anal.,
11: 277-287.

Bolkhina, O., E. Virolainen and K. V. Fagerstedt, 2003.
Antioxidant, oxidative damage and oxygen
deprivations stress. A Review Ann. Bot,, 91: 179-194.
Farahat, MM., SMM. Ibratum, L.S. Taha and
F.EM. El-Quesni, 2007. Response vegetative growth
and some chemical constituents of Cupressus

in plant biotechnology and

sempervirens L. to foliar application of ascorbic
acid and zinc at Nubaria. World I. of Agric. Sei.,
3(3): 282-288.

Abdel Aziz, N.G., L.S. Taha and SMM. Ibrahim,
2009. Some studies on the effect of putrescine,
ascorbic acid and thiamine on growth, flowering and
some chemical constituents of Gladiolus plants at
Nubaria. Ozean J. Appl. Sci., 2(2): 164-174.

Eid, RA., S Taha and SMM. Ibrahim, 2010
Physiological properties studies on essential oil
of Jasminwm grandiflorum 1. as affected by some
vitamins. Ozean J. Appl. Sci., 3(1): 87-96.

Hitomi, K., L. DiTacchio, A.S. Arvai, J. Yamamoto,
ST.Kim, T. Todo, J.A. Tainer, S. Iwai, S. Panda and
E.D. Getzoff, 2009. Functional motifs in the (6-4)
photolyase crystal structure make a comparative
frame work for DNA repair photolyases and clock
cryptochromes. Proc. Nat. 1 Acad Sci. USA, 1062-7.
Wanas, AL., 2002. Resonance of faba bean (Vicia
faba 1.) plants to seed soaking application with
natural yeast and carrot extracts. Annals Agric. Sci.
Moshtohor, 40(1): 259-278.

Wanas, A.L., 2006. Trails for improving growth and
productivity of tomate plants grown in winter.
Amnals Agric. Sci. Moshtohor, 44(3): 466-471.
Naguib, N.Y. and M.Y. Khalil, 2002. Studies on the
effect of dry yeast, thiamine and biotin on the
growth and chemical constituents of black cumin
(Nigella sativa L.). Arab Umv. I. Agric. Sci. Ain-
Shams Univ. Cairo, 10: 919-937.

El-Sherbeny, S.E., M.Y. Khalil and M.S. Hussein,
2007. Growth and productivity of Rue (Ruta
graveolens) under different fohar fertilizers
application. . Appl. Sci. Res., 3(5): 399-407.

Khalil, SE. and E.G. Ismael, 2010. Growth,
yvield and seed quality of Lupinus termis as
affected by different soil moisture levels and
different ways of yeast application. J. American Sci.,
6(8): 141-153.



13.

14.

15.

16.

17.

18.

19.

20.

21.

22

23.

Am-Euras. J Agric. & Environ. Sci., 10(3): 781-786, 2011

Neagu, E., G. Paun, V. Moroeanu and G.1.. Radu, 2010.

Evaluation of antioxidant capacity of Geranium

robertianum extracts. Rev. Roum. Chim. 55(6): 321-
325,

Avad, H.S., F. Reda and M.S.A. Abdalla, 2010.

Effect putrescine and zinc on vegetative growth,

photosynthetic pigments, lipid peroxidation and

essential o1l content of Geranium (Pelargonium

graveolens 1..). World 1. Agric. Sci., 6(5): 601-608.

Nagodawithana, W.T., 1991. Yeast Technology.

Universal Food Corporation Milwaukee. Wisconsin,

Published by von Nostrand Reinhold, New York,

pp: 274,

Moran, R., 1982, Formulae for determination of
chlorophyllous pigment with N-N-dimethyl formamid.

Plant Physiol., 69: 1376-1381.

Singleton, V.I.., R. Orthofer and .. Raventos, 1999.

Analysis of total phenols and other oxidation

substrates and antioxidants by means of Folin-

Ciocalteu reagent. In. L. Packer, (ed) Methods n

Enzymology, oxidants and antioxidants. Academic

Press, pp: 152-178.

Chang, C., M. Yang, H. Wen and J. Chern, 2002.

Estimation of total flavonoid content in propolis by

two complementary colorimetric methods. J. Food

Drug Anal., 10: 178-182.

Brand-Williams, M.E., Cuvelier and C. Berset, 1995.

Use of free radical method to evaluate antioxidant

activity lebensmittel wissenschaft und Technologie,

28: 25-30.

Egyptian Pharmacopeia, 1984. General organization

for Governmental. Printing Office, Ministry of Health,

Cairo, Egypt.

Snedecor, G.W. and W.G. Cochran, 1990. Statistical

Methods. 9" Ed., lowa State Univ. Press, Ames, lowa,

USA.

Bidwell, R.G.S., 1979. Plant Physiology. 2 Ed.,

Macmillan Publishing, Ceo., Inc., New York,
PP: 236-238.

Gamal El-Din, KM. and F. Reda, 2003. Effect of
pre-sowing heat hardening and ascorbic acid
treatments on growth, yield and some biochemical
constituents of wheat (Triticum aestivium L.). Egypt.
J. Appl. Sci., 18(12): 91-105.

786

24.

25.

26.

27.

28,

29.

30.

31.

32

33

Sadak, M. Sh., M.H. Mahmood and M.G. Dawood,
2008. Response of growth, yield and yield quality of
wheat (Triticum aestivium L.) to ascorbic acid or
nicotinamide application in newly reclaimed soil. J.
Agric. Sci. Mansoura Univ., 33(3): 1783-1797.

CH. and J Harbinson, 1994, Oxygen
metabolism and the regulation of photosynthetic

Foyer,

electron transport. In C. Foyer and P. Mullineaux,
eds of photo-oxidative
amelioration of the defense system in plant. CRC
Press, Boca. Raton, I'L, pp: 1-42.

Smirnoff, N., 1996. The function and metabolism of
ascorbic acid in plants. Annals Botany, 78: 661-669.

Tarraf, S.A., K. Gamal El-Din and 1. K. Balbaa, 1999.
The response of vegetative growth, essential oil of

Causes stress  and

>

lemongrass to foliar application of ascorbic acid,
nicotinamide and some microelements. Arab Univ. J.
Agric. Sci., 7(1): 247-259.

Youssef, A A and ILM. Talaat, 2003. Physiological
response of rosemary plants to some vitamins. Egypt.
Pharm. ., 1: 81-93.

Reda, F. and K. Gamal El-Din, 2005. Effect of thiamine
and ascorbic acid on growth, flowering and some
biochemical constituents of chamomile
(Chamomilla recutita (1..) Rausch). Hgypt. T. Appl.
Sci., 20(3): 74- 85.

Wu, N, Y.Zu Y. Fu, Y. Kong, J. Zhao, X. L1, I. Li,
M. Wink and T. Efferth, 2010. Antioxidant activities
and xanthine oxidase inhibitory effects of extracts
and main polyphenolic compounds obtained from
Geranium sibiricum L. 1. Agric. and Food Chem.,
58(8): 4737-4743.

Wyman, .G. and H.D. Van-Eiten, 1978. Antibacterial
activity of selected
68: 583-589.
Weidenbommer, M., H. Hindorf, H.C. Weltzien and
H.C. Tha, 1992. An effective treatment of legume
seeds with flavonoids and isoflavonoids against

isoflavonoids. Phytopath.,

storage fungi of the genus Aspergillus. Seed Sci. and
Technol., 20: 447-463.

Noctor, G. and C.H. Foyer, 1998. Ascorbate and
glutathione keeping active oxygen under control.
Amnu. Rev. Plant Physiol., 49: 249-279.



