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ABSTRACT

Barley is one of the most important cereal cropfivated in the world and Egypt that is extremelpuht
tolerant, making it an excellent choice for ariddadry areas. However, quality and production isetitened by
major barley diseases as net blotch caused by (®yileora teres), powdery mildew caused by (Blumgirgamninis
f.sp. hordei), leaf rust (Puccinia hodei) and Scéfhynchosporium secalis). A field experiment wasdacted to
evaluate the use of Blue-green Cyanobactefia agardhi for integrated disease management of barley irsgja
foliar pathogens and vyield related traits in twa&tions as semi-arid land (Sinai) and normal ditions (Giza)
and two varieties (Giza 123 and Giza 133). Seedkfalar application of Blue-green Cyanobacteriasdlatoria
agardhi showed significant effective net blotch , powd®ildew , rust and spot blotch management. Bluegre
Algae applied treatments increased antioxidant eregy as catalase (CAT), peroxidase (POD) and sub¥ox
dismutase (SOD), as well as grain yield, kerneiivt in most cases and improved barley yield dquaiarameters
and grain protein.

Key words. Algae, antioxidant enzymes, Barley; Blue-green @ymatteria©scillatoria agardhi, integrated
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INTRODUCTION

Barley ranks as the world’s fourth major cerealpcafter maize, wheat and rice. It is also one efwlorld’s ancient
cereal crops with archaeological remains suggegtiag it was first domesticated in the Fertile €ed around
10,000 years age at about the same time as whisaad® infection is one of the most important biotinstraints,
limiting barley productivity. In Egypt, the most mmon diseases are net blotch, leaf rust and pgwadddew
(Blumeria graminid.sp.horde[1],[2],[3]. Pyrenophoratere§ teresproduces the classic net-type symptoms while
P. teresf. maculatecauses spot-type lesions which reduce grain yi@hdsquality parameters required)[1] .
integrated disease management is primarily dependble use of resistant varieties against one aerpathogen

(S)[5]:

In recent years, the induction of the plant defaesponse by natural products as well as microgsganas fungi
and bacteria that normally colonize living plantsheut causing visual damage, has received ampgatain[6],[7]
. Similarly, Blue-green Algae (cyanobacteria) playrole in soil fertility and system, soil reclamoat, bio-
controlling of agricultural pests and diseasesnhgeaof microbiological. Blue-green Algae (cyanolesiet) are a
diverse group of organisms that frequently occumarine environment and usually produce high biamaslds
.Blue-green Algae (cyanobacteria) show a greatrpiadefor generation of novel agricultural techrgikes, attested
by the success of already commercialized algaevetbrbenefit products as biofertilizer, biopestisd and
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biofungicides[8],[9],[10]. Algae have expressiventgichnological potential as a source of compounkdihwcan
stimulate plant growth and protect plants from hpgens[11]. Blue-green Algae (cyanobacteria) shogreat
potential for suppressive of plant pathologists,vitro by substances produced by various cyanobacteria as
Chaetomium globosum, Cunninghamella blakesleeama Aspergillus oryzae, Rhizoctonia solani and Sxtieia
sclerotiorum.

Biochemically and physiologically, algae are simila many aspects to other plants. Algae posse&ssame basic
biochemical pathways; all possess chlorophylind have carbo-hydrate, protein and products caabpsato those
of higher plants. Furthermore, algae are the m@aijimnary producers of organic compounds; and plagrgral role
as the base of the food chain in aquatic systemas& have been reported to be plant growth regaldRGRS),
vitamins, amino acids, polypeptides, antibactesiahntifungal substances that exert phytopathogmeohtrol and
polymers, especially exopolysaccharides, that impreoil structure and exoenzyme activity[12]. Slgaa are
important components of arid and semi-arid ecogystdresistance against pests is one of the kegr&afir plant
varieties used in production systems[13].The mosvadent tools to control plant, pests and enhaudlefertilely
are the use of intensive agrochemicals irrespeativeéheir high cost and deleterious impacts on theahd
environments. Some potential applications to casitbr cyanobacteriaare the production of antimbab
compounds for the pharmaceutical industry and greeatural sector as both bio-fertilizers and lwntrol agents.
It is necessary to screen many cyanobacteria betotable strain can be selected to application.

The objective of this study was thus to evaluagegbtentiality of blue-green Algae (cyanobactera) controlling
of disease severity, yield and yield related traitgwo barley cultivars grown in two regions asnsarid land
(Sinai) and normal conditions ( Giza).

EXPERIMENTAL SECTION

Algae

CyanobacteriaOscillatoria agardhiiwas isolated and characterized by Hoba#alal [14], cultivated on BG- 11
media at 28C-26’C. The cultures were kept on a shaker to aid prapeation and agitation to facilitate growth of
the cells. Cyanobacteri®. agardhi extract was prepared from the lysed cells alontfy wiethanol solvent. The
extracts were prepared according Karticioglu[15].

Field experiments

The field trial was performed under field conditsoim Sinai and compared with the normal soil (Gjpaernorate),
using barley iordeum vulgarel..), cv. Giza 123 and Giza 133 varieties. Experitakdesign was Randomized
Complete Block Design with 5 replicate blocks dnnheter row experimental unit. Ten rows of barléanps sown
with a density of 300 seeds per square meter wenergin each plot. All plots were fertilized immiately after
sowing with ammonium nitrate (NH4 + -N) at the rafel00 kg-N-ha-1 .

Barley seeds were surface-sterilized, treated thighalgae extract. Two months later, 10 indivigplaht-samples
from each experimental unit were carefully harvest@ adhering soil removed by washing. Fungal tidacof
roots was evaluated and fresh weight and dry wefgat°C for 72 h) were determined. Liquid extraetre
especially sprayed on to the barley leaves at 8068ndays after sowing Each treatment consisted of three pots
and the experiments were conducted three timeghig study, 16cfumL™ of bacterial cell suspension and
10° cfumL™ of bacterial cell suspension were used.

The severity of diseases was assessed as theagearea of leaves infected during growth pisrio
» Disease severity (R) was calculated accordingeddimula, having added the per cent of the afteleaf area of
each leaf and having divided the sum by the nurobessessed leaves:

R = 2X(nb)
N
» WhereX(n-b) — sum of product of the number of leaves withgame percent of severity and value of severity, N
— number of assessed leaves.
* Disease incidence, i.e. per cent of disease-affdeteves (P) was calculated according to the faligviormula
n
P=— .100
N
» where n — number of affected leaves, N — numbeasséssed leaves.
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Powdery mildew

Leaves colonization by the fungus was quantifiedri®asuring mildew colonies covering the surfacthefleaves.
Ten days after inoculation, disease severities @egrded according to the following scales: 0 = 0%;5%; 3 =
6%— 15%; 5 = 16%—25%; 7 = 26%—-50%; are 80%.

Chemical analysis:
Ten days after spraying, five leaves per plant wsaparately collected, frozen for 36 h, dried awdvgered.
Generally, 100 mg dried sample were used for arsalys

Protein determination: The concentration of proteas determined by the method of Bradford [16]JuE®A as a
standard.

Enzymes extraction and assays

Superoxide dismutase (SOD). SOD activity was estimated by recording the declin the absorbance of
superoxide nitro blue tetrazolium complex by meahshe enzyme based on the method of Dhiretsal[17].
Absorbance was recorded at 560 nm and one unitzyinree movement was taken as the amount of enzyme.

Catalase (CAT) and peroxidase (POD). Catalase action was precise according to Aehi[A8] concerning for
CAT 3 ml reaction mixture containing 1.5 ml of 1&@mol potassium phosphate buffer (pH = 7.2), 0.50fmr5
mmol H202, 0.05 ml enzyme extraction. The absorbarecorded in decrease at 240 nm for 60 s. Thenamzy
action was accounted by calculating the quantitgesfomposed H202.

Peroxidase (POD) activity was assayed by recording 3 ml reaction mixturee fidaction mixture contained 0.1
mmol EDTA, 1 ml of 0.2 mol/m3 potassium phosphatéfdr with pH = 7.6, 0.1 ml of 2 mmol (NADPH), OrBl of

3 mmol DTNB,0.1 ml enzyme extract. Reaction ing@ty adding of one unit of POD activity. The raigi¢hin
absorbance at 412 nm was recorded at 25°C in exd¢esperiod of 5 min on a spectrophotometer. Bnatatract
was quantified using the technique of Bradford [16]

Deter mination of growth and yield

All the plants of different treatments were haredsin the same physiological growth state. Datavbeat total dry
biomass, grain and yields, harvest index, tilledt apike numbers per plant, seed number per spi&at and spike
height and weight of 1000 kernels were recordeikeSpwvere oven-dried at 70 1 °C for 72 h and thejrweights
determined. Tiller and spike numbers per plant wemrded from 5 randomly chosen plants. Spike ejmpr
plant was recorded.

Grain protein content (GPC) measurement

Mature grains werground and passed through a 0.5 mm screen. GPGneasured using the Kjeldahl method
[19]with three replication for each sample. Proteantent is calculated by duplicating a factor &% with N
content[20].

Statistical analysis: Disease assessment results were analyzed usiAl@VA of square- root-transformed data.
Data were transformed to acquire the normal distidlm necessary for statistical analysis to be iedriout.
Significant differences were assessed by compansample mean differences with the LSD value.

RESULTS

Disease severity

The effects of cyanobacteri®. agardhi extract on controlling of barley diseases weral@ated grown in semi-
arid land (Sinai) and compared with the normaldittons in Giza (Table 1). Net blotch, powderyldeiv, leaf
rust and leaf spots are the most important disghse¢sauses severe losses of barley varietiests ®p blotches are
the main diseases in barley grown in Sinai anddsow mildew in Giza. In general, the diseases iwig were
higher in untreated plants and treated with fudgie grown either in semi-arid land or in normahditions in
Giza. Barley Giza 123 cv is more resistant tod@kases than Giza 133 (Table 1). Significarfedihces were
obtained among treatment and untreated contaoblysis of data indicated that foliar applicatiar
cyanobacteria©. agardhi significantly reduced diseases severity in bothdyacultivars and regions in compared
to the fungicides and control plants. Cyanobactédia agardhi was more effective in controlling all the diseases
include net blotch , spot diseases, powdery mildad rust in both barley cultivars.
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Table 1: Diseases severity (% ) of barley cv. Giza 123 and Giza 133 treaded with O. agardhii extract grown in semi-arid land (Sinai) or
in normal conditions (Giza)

Location Barley variety Treatment Net blotches  Powdery mildew  Leaf rust | Spots
Control 32.7 9.3 12.2 9.3
Giza 123 Fungicide 6.4 31 5.0 6.6
Semi-arid land (Sinai) Qscllatoriaagardnit - 03 29 2013
Giza 133 Fungicide 35 34 4.4 5.6
Oscillatoriaagardhii 0.6 0.0 0.0 14
Control 26.3 8.3 36.3 11.3
Giza 123 Fungicide 12.4 34 8.0 11.4
Normal condation (Giza) Oscillatoriaagardhii 2.4 1.3 1.6 0.6
Control 21.3 7.4 215 104
Giza 133 Fungicide 11.2 7.0 8.6 6.4
Oscillatoriaagardhii 2.3 3.7 2.6 0.8
LSD - 1.2 2.3 2.16 2.3

diseases severities were recorded according tdai@ving scales: 0 = 0%; ¥ 5%; 3 = 6%— 15%; 5 = 16%—25%; 7 = 26%—50%; an¢-9
50%.

Enzymes extraction and assays

The effect of cyanobacteri®.agardhi on the activities of antioxidant enzymes is showrTable 2. The results
revealed an increase in SOD and POD activities @Ad activity in leaves of barley. A gradual increawas
observed in SOD and POD activities under cyanobaet agardhi in comparison with the control and fungicide.
The interaction effect of cyanobactera-agardhi X cultivar x drought condition was highly sigmiint ¢ < 0.01)
for SOD, POD and CAT .The maximum increase in theymes activities was observed in the cultivarbariey
cv Giza 123 grown under normal condition in conagato the control.

Growth and grain yield:
Growth and yield of barley -cultivars are highlsignificantly influenced by diseases grown in samd land
(Sinai) orin normal conditions ( Giza) as thsulein Tables (3&4).

The results of data analysis showed that foliadiegiion of barley plants with cyanobacte@a agardhi show
significant difference over the control treatmenimproving plant growth either grown in semiealand (Sinai)
or in normal conditions ( Giza) (Table 3). In gealethe growth were higher in untreated plants darehted with
fungicides grown either in semi-arid land or irmal conditions in Giza using Barley Giza 123tlean Giza 133
(Table 3) .The results of data analysis showed ftiar application has significant effect on soateracteristics
such as panicle length, tiller number and dry weigh

The same results were obtained in grain yield aetfly quality of barley grown in semi-arid land in&) or in
normal conditions (Giza). In addition, applicatiohO. agardhi extract has significantly contribute to the forroati
and improved of grain yield and yields quality @frley grown in semi-arid land (Sinai) or in nofroanditions
(Giza) (Table 4).
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Table 2: Antioxidant enzymesin barley, Giza 123 and Giza 133 varieties treaded with O. agardhii extract grown in semi-arid land

Semi-arid land (Sinai) Normal condition (Giza)
Giza 123 Giza 133 Giza 123 Giza 133
Characters - Oscillatoria - Oscillatoria - Oscillatoria - Oscillatoria
Control  Fungicide I, Control  Fungicide I, Control  Fungicide " Control  Fungicide "

agardhii agardhii agardhii agardhii
Superoxide dismutase (SOD)
unitimg protein 3.3 4.6 12.3 3.0 45 11.3 3.0 3.9 11.4 2.6 3.9 10.9
Catalase (CAT) 2.9 45 11.3 2.6 3.3 10.6 2.3 43 105 2.0 35 9.8
unit/mg protein
Peroxidase (unit) 19.8 18.7 23.9 18.6 19.9 26.9 517. 185 23.8 16.7 17.8 22.9

(Sinai) orin normal conditions ( Giza)

Table 3: Growth parametersof barley cv. Giza 123 and Giza 133 treaded with O. agardhii extract grown in semi-arid land (Sinai) or in normal conditions (Giza)

Location Wheat variety Treatment Hundred grain weight (g)  Number kernelsin five spikes | Weight kernelsin five spikes (g)
Control 6.0 159 7.00
Giza 123 Fungicide 9.8 235 13.6
- - Oscillatoriaagardhii 11.3 208 11.6
Semi-arid land (Sinai) Control 54 151 94
Giza 133 Fungicide 6.2 216 10.3
Oscillatoriaagardhii 7.5 192 9.8
Control 7.9 195 10.7
Giza 123 Fungicide 6.3 193 13.2
- . Oscillatoriaagardhii 13.9 220 15.3
Normal condation (Giza) Control 6.3 189 945
Giza 133 Fungicide 6.3 191 10.1
Oscillatoriaagardhii 6.8 199 12.6
LSD 0.6 2.4 0.9
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Table4: Barley yield cv. Giza 123 and Giza 133 treaded with O. agardhii extract grown in semi-arid land (Sinai) or in normal
conditions ( Giza)

. Grain Yield
Location Wheat variety Treatment Grain Yield for total Grain Protein
of sample (g)

sample (g) % dw

Control 26.4 37.4 9.3

Giza 123 Fungicide 53.7 64.1 10.6

— - Oscillatoriaagardhii 58.7 68.1 12.8
Semi-arid land (Sinai) Control 191 285 8.9
Giza 133 Fungicide 49.2 61.5 9.8

Oscillatoriaagardhii 54.2 664 12.3

Control 23.1 33.7 9.8

Giza 123 Fungicide 66.0 75.3 115

. . Oscillatoriaagardhii 69.4 81.8 13.3

Normal condation (Giza) Control 219 30.2 10.9
Giza 133 Fungicide 60.0 70.8 11.3

Oscillatoriaagardhii 63.4 73.3 12.4

LSD 1.3 1.3 0.8

DISCUSSION

Barley varieties were found to be susceptible ftarfgathogens in semi-arid areas where shootrfigcted is
severe[1],[2]. Application of fungicides in shdbt cannot be advisable as this pest results or gpoop stand and
marginal yield advantages and increase the probdassciated with environmental pollution and cost.

Algae have been proven to play an important nolerop production and protection [9],[11]. Furtinere, algae
are the major primary producers of organic compsurhd play a central role as the base of the fdw@dn in
aquatic systems. In the last decades, differemarefers have studied the replacement of chemeésdicies by
natural components of different plant and microbasgairces of fungicidal agents[21],[21]. These ratmaterials
in addition to their lethal activities on pathogepseserves the environment of pollution and mainthe equal
distribution of fauna.

Based on the results of this study, foliar appiarabf cyanobacteria®©. agardhi on barley was found to be very
effective on decreasing foliar diseases and irsongaplants yield and its quality. Cyanobacteri®.-agardhi
provided an important role in integrated diseasmagement, accelerate biochemical reactions amxigant
enzymes i.e. Catalase (CAT) and peroxidase (P@D)saperoxide dismutase (SOD) as well as stimgedesth

in general, which will lead for better quality ahigher yield. Cyanobacteria have received litilergion as
potential biocontrol agents of plant diseases [R#&sides forming the basic food source for thesel fthains, they
also produce the oxygen necessary for the metabaligshe consumer organisms [23].

In this case, barley with a high level of antioxid@&nzyme activities which are related to its cétyafor better
protection mechanisms against oxidative damageddoeilintroduced to farmers as diseases and drdoighant
cultivar of plant in arid regions.

Acknowledgments
Funding from In house Project, Strategies for dfement of wheat and Barley production under diatid
abiotic stress in Sinai National Research CeRtreProf. Wafaa Haggag is greatly acknowledged.

REFERENCES

[1]T.K., Turkington,G.W., Clayton, P.A., Burnett,.HKlein-Gebbinck, N.Z., Lupwayi, K.N., Harker, antT.
O’Donovan,Can. J. Plant Patha2006, 28: 441- 449,

[2] M. Haggag, Wafaa, and H.Abd-El Khair,.Common ba(ldgrdeumvulgard..) diseases in Egypt.
Encyclopedia of Pest Managemé¢udSA), 2008, Published on: 20 December

http:// www.informaworld.com/smpp/content~content.

[3] K., Xi, C., Bos, T.K., Turkington, A.G., Xue,.R., Burnett, andP.E. Juskiwnteraction of net blotch and scald
on barley2008Canadian Journal of Plant Patholo@#/2008; 30(2):329-334.

[4] A. Tekauz,Can. J. Plant Pathal990, 12: 141-148.

[5] S. Adawy, M., M. Saker, Haggag, Wafaa, andH.lItrigric. and Forestry Res20081/2 (58):125-134.

[6] M. Haggag, Wafaa andl. Radwan, Screening of maacttnomycetes for their antimicrobial and antifuhga
activities in EgypR014, Int. J. Pharm. Bio. Sci5(4) (B) 527— 536

[7] M. Haggag, Wafaa, and SalmeTimmugk.Appl. Microbiol2008 (UK). 104 (4): 961-969 .

271



Haggag Wafaa M. et al J. Chem. Pharm. Res,, 2015, 7(10).266-272

[8] Y .Shweta, R. P. Sinha, M. B. Tyagi and Ashalniar.Int. J Pharm Bio Sc2011, 2(1): (B) 144-167.

[9] M., Haggag, Wafaa, Azza M. Abd El-Aty, Amal Mohamed European Sci.J201410(30) 1857 — 7881 .
[10]M.J. StadnikandB. Mateus de Freitasopical Plant Pathology2014 39(2):111-118, 2014

[11] W.Khan, UP .Rayirath, S.SubramanianM, JithesRRyorathM,Hodges A, CritchleyJ, Craigie J, NorBe
Prithiviraj. Journal of Plant Growth Regulatid?009,28:386-399.

[12] N.N.1,,Abdel-Raouf, N.1, Al-Homaidan A. A. @n. B. M IbraheemJournal of Biotechnolog011, 211(54),
pp. 11648-11658, 5 July, 2012

[13] M. Haggag, WafaaM.M., Hussein Mekhail, E. El-HabbasB014,Res. J. Pharmaceutical, Biolo.and Chem.
Sci,3 (11)1530.

[14]E.Hoballah, A. Attallah, and Abd-El-Aal, S. Ki2012). International Journal of Academic Researeh (2)
314-326

[15] H. KarticiogluY., BoyatliB. AslimZ. Yaksckclap &Atici. Int. J. Microbiol 2006, 2:1-9.

[16] M. Bradford ,Annual Biochemistryl976, 72. 248—254.

[17] R.S., Dhindsa,P.P. Dhindsa,T.A. Thor@®urnal of Experimental Botan$980,32: 93-101.

[18] H. Aebi.Method in Enzymology998,105 121-126.

[19] J.Z. Kjeldahl Analytical Chemistry22 (1983), pp. 366—382

[20] F. D. Mariotti, Tomé, P. P.Miran&Reviews in Food Science and Nutritid® 2008, pp. 177-184.

[21] R.Volk F., FurkertMicrobiol. Res, 2006, 161: 180-186.

[22] NAM.Hassan. Studies on the algal flora disitéddl at Wadi-Sannur of the Eastern- desert of EgyiptSc.
Thesis, Faculty of Science, Beni-Suef Universitgyjit.2007.

[23]RF.Lee, AO. Valkirs, PF. SeligmaBnviron. Sci. Technoll989, 23: 1515-1518.

272



