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Abstract:

The influence of arbuscular mycorrhizal (AM) fungus Glomus deserticola
(Trappe and John) on plant growth, nutrition, flower yield, water relations, chlorophyll
(Chl) contents and water-use efficiency (WUE) of snapdragon (Antirhinum majus cv.
butterfly) plants were studied in potted culture under well-watered (WW) and water-
stress (WS) conditions. The imposed water stress condition significantly reduced all
growth parameters, nutrient contents, flower yield, water relations, and Chl pigment
content and increased the electrolyte leakage of the plants comparing to those of
nonstressed plants. Regardless of the WS level, the mycorrhizal snapdragon plants had
significantly higher shoot and root dry mass (DM), WUE, flower yield, nutrient (P, N,
K, Mg, and Ca) and Chl contents than those nonmycorrhizal plants grown both under
WW or WS conditions. Under WS conditions, the AM colonization had greatly
improved the leaf water potential (Psi(w)), leaf relative water content (RWC) and
reduced the leaf electrolyte leakage (EL) of the plants. Although the WS conditions had
markedly increased the proline content of the leaves, this increase was significantly
higher in nonmycorrhizal than in mycorrhizal plants. This suggests that AM colonization
enhances the host plant WS tolerance. Values of benefit and potential dry matter for
AM-root associations were highest when plants were stressed and reduced under WW
conditions. As a result, the snapdragon plants showed a high degree of dependency on
AM fungi which improve plant growth, flower yield, water relations particularly under
WS conditions, and these improvements were increased as WS level had increased. This
study confirms that AM colonization can mitigate the deleterious effect of water stress
on growth and flower yield of the snapdragon ornamental plant.
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Abstract

A pot experiment was conducted to investigate the possible role of arbuscular
mycorrhizal (AM) fungi, spermine and their combination in alleviating the adverse
effects of salinity stress on electrolyte leakage (EL), root colonization and productivity of
wheat plants. Two levels of salinized underground water were used (6.09 dSm(-1) and
10.63 dSm(-1)). At three studied growth stages, salinity stress markedly increased the
electrolyte leakage of wheat leaves and the effect was increased with increasing the
salinity level. Although the application of low salinity level did not decrease shoot dry
weight and grains number of wheat plants, it significantly decreased grain yield and
harvest index of these plants. The highest salinity level markedly reduced all yield
parameters. The imposed salinity stress significantly decreased total carbohydrates,
protein and moisture level of the developed wheat grains. Conversely, the level of ash
and fibers was increased in response to the applied stress. The inoculation with arbuscular
mycorrhizal fungi mitigated the detrimental effects of salinity on EL, yield parameters
and grains quality of wheat plants when compared to non-mycorrhizal treatments. The
highest root colonization with AM fungi was observed at the booting stage, whereas the
lowest one was reported at the tillering phase. Exogenous application of spermine
reduced EL and improved the productivity of wheat plants grown in the stress conditions.
Interestingly, the dual treatment with AM fungi and spermine added more enhancement

of wheat yield in both control and salt stress conditions via reduction of EL and increase
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of mycorrhizal colonization.
Keywords: Arbuscular mycorrhiza; electrolyte leakage; salinity; spermine; wheat;

yield

Published In: PHYTON-ANNALES REI BOTANICAE Volume: 51 Issue: 2
Pages: 261-276 Published: DEC 20 2011

References
1.Title: Functional activity of VA-mycorrhiza (Glomus mosseae) in the growth and
productivity of soybean plants grown in sterilized soil
Author(s): AbdelFattah, GM
Source: FOLIA MICROBIOLOGICA Volume: 42 Issue: 5 Pages: 495-502 DOI:
10.1007/BF02826560 Published: 1997

2. Title: Measurement of the viability of arbuscular-mycorrhizal fungi using three
different stains; relation to growth and metabolic activities of soybean plants
Author(s): Abdel-Fattah, GM
Source: MICROBIOLOGICAL RESEARCH Volume: 156 Issue: 4 Pages: 359-367
DOI: 10.1078/0944-5013-00121 Published: 2001

3. Title: Response of Wheat Varieties from Semi-arid Regions of Jordan to Salt Stress
Author(s): Abdel-Ghani, A. H.
Source: JOURNAL OF AGRONOMY AND CROP SCIENCE Volume: 195 Issue: 1
Pages: 55-65 DOI: 10.1111/5.1439-037X.2008.00319.x Published: FEB 2009

4. Title: The role of shikimic acid in regulation of growth, transpiration, pigmentation,
photosynthetic activity and productivity of Vigna sinensis plants
Author(s): Aldesuquy, HS; Ibraghim, AHA
Source: PHYTON-ANNALES REI BOTANICAE Volume: 40 Issue: 2 Pages: 277-
292 Published: 2000

5. Title: Response of two tomato cultivars differing in salt tolerance to inoculation

with mycorrhizal fungi under salt stress

16



Author(s): Al-Karaki, GN; Hammad, R; Rusan, M
Source: MYCORRHIZA Volume: 11 Issue: 1 Pages: 43-47 DOI:
10.1007/s005720100098 Published: MAY 2001

6. Title: Photosynthesis and production in a changing environment
Author(s): BEADLE, C. L.
Editor(s): HALL, D. O.; SCURLOCK, J. M. O.; BOLHAR-NORDENKAMPF, H. R.; et
al; LEEGOOD, R. C.; LONG, S. P.
Source: A field and laboratory manual Pages: 36-46 Published: 1993
Publisher: Chapman and Hall, London

7. Title: Cytoplasmic polyamines block the fast-activating vacuolar cation channel
Author(s): Bruggemann, LI; Pottosin, II; Schonknecht, G
Source: PLANT JOURNAL Volume: 16 Issue: 1 Pages: 101-105 DOI:
10.1046/5.1365-313x.1998.00274.x Published: OCT 1998

8. Title: Protective role of exogenous polyamines on salinity-stressed rice (Oryza
sativa) plants
Author(s): Chattopadhayay, MK; Tiwari, BS; Chattopadhyay, G; et al.
Source: PHYSIOLOGIA PLANTARUM Volume: 116 Issue: 2 Pages: 192-199 DOI:
10.1034/5.1399-3054.2002.1160208.x Published: OCT 2002

9. Title: Influence of vesicular-arbuscular mycorrhiza on phytochrome balances in
maize ( Zea mays L.). Author(s): Danneberg, G.; Latus, C.; Zimmer, W.; et al.
Source: Journal of Plant Physiology Volume: 141 Issue: 1 Pages: 33-39 Published:
1992

10. Title: Antioxidant responses of rice seedlings to salinity stress
Author(s): Dionisio-Sese, ML; Tobita, S
Source: PLANT SCIENCE Volume: 135 Issue: 1 Pages: 1-9 DOI: 10.1016/S0168-
9452(98)00025-9 Published: JUN 22 1998

11. Title: ACCUMULATION OF PHOSPHORUS, DRY-MATTER AND BETAINE

17



DURING NACL STRESS OF SPLIT-ROOT CITRUS SEEDLINGS
COLONIZED WITH VESICULAR ARBUSCULAR MYCORRHIZAL FUNGI
ON ZERO, ONE OR 2 HALVES

Author(s): DUKE, ER; JOHNSON, CR; KOCH, KE

Source: NEW PHYTOLOGIST Volume: 104 Issue: 4 Pages: 583-590 DOI:
10.1111/5.1469-8137.1986.tb00658.x Published: DEC 1986

12. Title: THE EFFECT OF POLY AMINES ON ENDOMYCORRHIZAL
INFECTION OF WILD-TYPE PISUM-SATIVUM, CV FRISSON
(NOD(+)MYC(+)) AND 2 MUTANTS (NOD(-)MYC(+) AND NOD(-)MYC(-))

Author(s): ELGHACHTOULI, N; PAYNOT, M; MORANDI, D; et al.
Source: MYCORRHIZA Volume: 5 Issue: 3 Pages: 189-192 Published: FEB 1995

13. Title: Effect of NaCl and mannitol on the germination of two isolates of the
vesicular-arbuscular mycorrhizal fungus Glomus mosseae
Author(s): ESTAUN, M. V.
Conference: 3<SUP>rd</SUP>European symposium of mycorrhizas Location: U.K.
Sponsor(s): University of Sheffield
Source: [No title captured] Published: 1991

14. Title: Breeding for salt tolerance in crop plants - the role of molecular biology
Author(s): Flowers, TJ; Garcia, A; Koyama, M; et al.
Conference: International Conference on Molecular Biology of Plants Under
Environmental Stress Location: POZNAN, POLAND Date: SEP 17-19, 1997
Sponsor(s): Adam Mickiewicz Univ, Fac Biol; Int Assoc Plant Physiol
Source: ACTA PHYSIOLOGIAE PLANTARUM Volume: 19 Issue: 4 Pages: 427-
433 DOI: 10.1007/s11738-997-0039-0 Published: 1997

15. Title: Mesure du taux de mycorhization VA d'un systeme radiculaire. Recherche
des methodes d'estimation ayant une signification fonctionnelle
Author(s): Gianinazzi-Pearson, V; Kough, JL; Trouvelot, A.
Editor(s): Gianinazzi, S; Gianinazzi-Pearson, V.

Source: <IT>Physiological and genetic aspects of mycorrhizae</IT> Pages: 217-221

18



Published: 1986
Publisher: INRA Press, Paris

16. Title: Mycorrhizal inoculant alleviates salt stress in Sesbania aegyptiaca and
Sesbania grandiflora under field conditions: evidence for reduced sodium and
improved magnesium uptake

Author(s): Giri, B; Mukerji, K
Source: MYCORRHIZA Volume: 14 Issue: 5 Pages: 307-312 DOI: 10.1007/s00572-
003-0274-1 Published: OCT 2004

17. Title: Utilization of Triticeae for improving salt tolerance in wheat
Author(s): Gorham, J.; Jones, R.G. Wyn.
Editor(s): Leith, H.; Massoum, A.A.
Source: Towards the Rational use of High Salinity Tolerants Plants Pages: 27-33
Published: 1993
Publisher: Kluwer Acad. Publication, The Netherlands

18. Title: The importance of early season phosphorus nutrition
Author(s): Grant, CA; Flaten, DN; Tomasiewicz, DJ; et al.
Source: CANADIAN JOURNAL OF PLANT SCIENCE Volume: 81 Issue: 2 Pages:
211-224 Published: APR 2001

19. Title: Evaluation of salt damage through cell membrane stability monitored by
electrolyte leakage in water chestnut (Trapa sp.)
Author(s): Hoque, M.D.A.; Arima, S.
Source: Bull. Fac. Agric. Saga Univ. Volume: 85 Pages: 141-146 Published: 2000

20. Title: Protective role of kinetin and spermine on seawater stressed broad bean
(Vicia faba) plants
Author(s): IBRAHIM, A. H.
Source: J. Union. Arab. Biol. Cairo Volume: 15 Issue: B Pages: 61-79 Published:
2004

19



21. Title: [not available]
Author(s): Jackson, M. L.
Source: Soil chemical analysis Published: 1967
Publisher: Prentice Hall Inc., New Delhi

22. Title: VESICULAR-ARBUSCULAR MYCORRHIZAS AND SOIL-SALINITY
Author(s): JUNIPER, S; ABBOTT, L
Source: MYCORRHIZA Volume: 4 Issue: 2 Pages: 45-57 Published: DEC 1993

23. Title: Short-term salinity induced changes in two wheat cultivars at different
growth stages
Author(s): Khatkar, D; Kuhad, MS
Source: BIOLOGIA PLANTARUM Volume: 43 Issue: 4 Pages: 629-632 DOI:
10.1023/A:1002868519779 Published: 2000

24. Title: Peroxidases and lignification in relation to the intensity of water-deficit
stress in white clover (Trifolium repens L.)
Author(s): Lee, Bok-Rye; Kim, Kil-Yong; Jung, Woo-Jin; et al.
Source: JOURNAL OF EXPERIMENTAL BOTANY Volume: 58 Issue: 6 Pages:
1271-1279 DOI: 10.1093/jxb/erl280 Published: 2007

25. Title: Polyamine biosynthesis of apple callus under salt stress: importance of the
arginine decarboxylase pathway in stress response
Author(s): Liu, Ji-Hong; Nada, Kazuyoshi; Honda, Chikako; et al.
Source: JOURNAL OF EXPERIMENTAL BOTANY Volume: 57 Issue: 11 Pages:
2589-2599 DOI: 10.1093/jxb/erl018 Published: AUG 2006

26. Title: SALT SENSITIVITY OF WHEAT AT VARIOUS GROWTH-STAGES
Author(s): MAAS, EV; POSS, JA
Source: IRRIGATION SCIENCE Volume: 10 Issue: 1 Pages: 29-40 Published: 1989

27. Title: Effects of sheared-root inoculurn of Glomus intraradices on wheat grown at

different phosphorus levels in the field

20



Author(s): Mohammad, A; Mitra, B; Khan, AG
Source: AGRICULTURE ECOSYSTEMS & ENVIRONMENT Volume: 103 Issue: 1
Pages: 245-249 DOI: 10.1016/j.agee.2003.09.017 Published: JUN 2004

28. Title: Seasonal mycorrhizal colonization of winter wheat and its effect on wheat
growth under dryland field conditions
Author(s): Mohammad, MJ; Pan, WL; Kennedy, AC
Source: MYCORRHIZA Volume: 8 Issue: 3 Pages: 139-144 Published: NOV 1998

29. Title: Approaches to increasing the salt tolerance of wheat and other cereals
Author(s): Munns, R; James, RA; Lauchli, A
Conference: Annual Meeting of the Society-for-Experimental-Biology Location:
Barcelona, SPAIN Date: JUL 11-15, 2005
Sponsor(s): Soc Expt Biol
Source: JOURNAL OF EXPERIMENTAL BOTANY Volume: 57 Issue: 5 Pages:
1025-1043 DOI: 10.1093/jxb/erj100 Published: MAR 2006

30. Title: Changes in polyamine content and localization of Pinus sylvestris ADC and
Suillus variegatus ODC mRNA transcripts during the formation of mycorrhizal
interaction in an in vitro cultivation system

Author(s): Niemi, Karoliina; Sutela, Suvi; Haggman, Hely; et al.
Source: JOURNAL OF EXPERIMENTAL BOTANY Volume: 57 Issue: 11 Pages:
2795-2804 DOI: 10.1093/jxb/erl049 Published: AUG 2006

31. Title: Effects of exogenous diamines on the interaction between ectomycorrhizal
fungi and adventitious root formation in Scots pine in vitro

Author(s): Niemi, K; Haggman, H; Sarjala, T

Source: TREE PHYSIOLOGY Volume: 22 Issue: 6 Pages: 373-381 Published: APR
2002

32. Title: Role of polyamines and ethylene as modulators of plant senescence
Author(s): Pandey, S; Ranade, SA; Nagar, PK; et al.
Source: JOURNAL OF BIOSCIENCES Volume: 25 Issue: 3 Pages: 291-299 DOI:

21



10.1007/BF02703938 Published: SEP 2000

33. Title: Influence of arbuscular mycorrhiza, P limitation and Cd-stress on polyamine

contents of plants

Author(s): Paradi, Istvan; Bratek, Zoltan; Berecz, Bernadett; et al.

Conference: 7th Hungarian Congress on Plant Physiology Location: Szeged, Hungary
Date: June 24-27, 2002

Sponsor(s): Hungarian Society for Plant Physiology

Source: Acta Biologica Szegediensis Volume: 46 Issue: 3-4 Pages: 59-60 Published:
2002

34. Title: Effect of salinity on mycorrhizal onion and tomato in soil with and without
additional phosphate
Author(s): Pass, J. A.; POND, E.; MENEG, J. A.; et al; JARRELL, W. M.
Source: Plant and Soil Volume: 88 Pages: 307-322 Published: 1985

35. Title: IMPROVED PROCEDURES FOR CLEARING ROOTS AND STAINING
PARASITIC AND VESICULAR-ARBUSCULAR MYCORRHIZAL FUNGI
FOR RAPID ASSESSMENT OF INFECTION
Author(s): PHILLIPS, JM; HAYMAN, DS
Source: TRANSACTIONS OF THE BRITISH MYCOLOGICAL SOCIETY Volume:
55 Pages: 158-& Published: 1970

36. Title: Growth and photosynthetic responses to salinity of the salt-marsh shrub
Atriplex portulacoides
Author(s): Redondo-Gomez, Susana; Mateos-Naranjo, Enrique; Davy, Anthony J.; et al.
Source: ANNALS OF BOTANY Volume: 100 Issue: 3 Pages: 555-563 DOI:
10.1093/aob/mcm119 Published: SEP 2007

37. Title: [not available]
Author(s): Richards, L.A.
Source: Diagnosis and Improvement of Saline and Alkaline Soil Published: 1954

Publisher: Office, Washington DC

22



38. Title: Symbiotic efficiency and infectivity of an autochthonous arbuscular
mycorrhizal Glomus sp from saline soils and Glomus deserticola under salinity
Author(s): Ruiz-Lozano, JM; Azcon, R
Source: MYCORRHIZA Volume: 10 Issue: 3 Pages: 137-143 DOI:
10.1007/s005720000075 Published: DEC 2000

39. Title: Alleviation of salt stress by arbuscular-mycorrhizal Glomus species in
Lactuca sativa plants
Author(s): RuizLozano, JM; Azcon, R; Gomez, M
Source: PHYSIOLOGIA PLANTARUM Volume: 98 Issue: 4 Pages: 767-772 DOI:
10.1034/5.1399-3054.1996.980413.x Published: DEC 1996

40. Title: Modulation of polyamine balance in Lotus glaber by salinity and arbuscular
mycorrhiza
Author(s): Sannazzaro, Analia I.; Echeverria, Mariela; Alberto, Edgardo O.; et al.
Source: PLANT PHYSIOLOGY AND BIOCHEMISTRY Volume: 45 Issue: 1 Pages:
39-46 DOI: 10.1016/j.plaphy.2006.12.008 Published: JAN 2007

41. Title: Effect of organic and inorganic nitrogen sources on endogenous polyamines
and growth of ectomycorrhizal fungi in pure culture
Author(s): Sarjala, T
Source: MYCORRHIZA Volume: 8 Issue: 5 Pages: 277-281 DOI:
10.1007/s005720050246 Published: MAR 1999

42. Title: Effect of various salt-alkaline mixed stress conditions on sunflower
seedlings and analysis of their stress factors
Author(s): SHIA, D.; SHENGB, Y.
Source: Environ. and Exp. Bot. Volume: 54 Pages: 8-21 Published: 2005

43. Title: Different effects of arbuscular mycorrhizal fungal isolates from saline or
non-saline soil on salinity tolerance of plants

Author(s): Tian, CY; Feng, G; Li, XL; et al.

23



Source: APPLIED SOIL ECOLOGY Volume: 26 Issue: 2 Pages: 143-148 DOI:
10.1016/j.aps0il.2003.10.010 Published: JUN 2004

44. Title: MECHANISMS OF POLYAMINE ACTION DURING SENESCENCE
RESPONSES INDUCED BY OSMOTIC-STRESS
Author(s): TIBURCIO, AF; BESFORD, RT; CAPELL, T; et al.
Source: JOURNAL OF EXPERIMENTAL BOTANY Volume: 45 Issue: 281 Pages:
1789-1800 DOI: 10.1093/jxb/45.12.1789 Published: DEC 1994

45. Title: Exogenous Putrescine, not Spermine or Spermidine, Enhances Root
Mycorrhizal Development and Plant Growth of Trifoliate Orange (Poncirus
trifoliata) Seedlings

Author(s): Wu, Qiang-Sheng; Zou, Ying-Ning; He, Xin-Hua
Source: INTERNATIONAL JOURNAL OF AGRICULTURE AND BIOLOGY
Volume: 12 Issue: 4 Pages: 576-580 Published: JUL 2010

46. Title: Polyamines improve K+/Na+ homeostasis in barley seedlings by regulating
root ion channel activities
Author(s): Zhao, Fugeng; Song, Chun-Peng; He, Jiaqian; et al.
Source: PLANT PHYSIOLOGY Volume: 145 Issue: 3 Pages: 1061-1072 DOI:
10.1104/pp.107.105882 Published: NOV 2007

47. Title: Total, insoluble and soluble dietary fiber in food- enzymatic-gravimetric
method, MES-TRIS buffer
Author(s): [Anonymous].
Source: AOAC Method 991.43 Published: 1995
Publisher: AOAC International, Gaithersburg

24



3. Induction of defense responses in common bean plants by arbuscular

mycorrhizal fungi

Abdel-Fattah, GM (Abdel-Fattah, G. M.)!*!; El-Haddad, SA (El-Haddad, S. A.)!*!
; Hafez, EE (Hafez, E. E.)!*!; Rashad, YM (Rashad, Y. M.)!"!

[ 1] King Saud Univ, Teachers Coll, Dept Biol, Riyadh, Saudi Arabia
[ 2 ] King Saud Univ, Coll Food & Agr Sci, Dept Plant Protect, Riyadh, Saudi Arabia
[ 3 ] Agr Res Ctr, Plant Pathol Inst, Mycol Res & Dis Survey Dept, Giza, Egypt
[ 4 ] Mubarak City Sci Res & Technol Applicat, Alexandria, Egypt

Abdelfattahvam@yahoo.com

Abstract:

Interaction between arbuscular mycorrhizal fungi as a bio-agent and Rhizoctonia
root rot disease of common bean plant was investigated in this study under natural
conditions in pot experiment. A mixture of Egyptian formulated AM (Multi-VAM) in
suspension form (1 x 10(6) unit L(-1) in concentration) was used at dilution of 5 ml L(-
1) water. The results demonstrated that colonization of bean plants with AM fungi
significantly increased growth parameters, yield parameters and mineral nutrient
concentrations and reduced the negative effects on these parameters as well as both
disease severity and disease incidence. Different physical and biochemical mechanisms
have been shown to play a role in enhancement of plant resistance against Rhizoctonia
solani, namely, improved plant nutrition, improved plant growth, increase in cell wall
thickening, cytoplasmic granulation, and accumulation of some antimicrobial substances

(phenolic compounds and defense related enzymes)
Keywords: POD; PAL; PPO; Rhizoctonia solani; Root rot
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ABSTRACT

Bipolaris oryzae is the causal agent of rice brown spot disease and is responsible
for significant economic losses. In order to control this disease, three phenolic
antioxidants were tested (salicylic acid, benzoic acid and hydroquinone). The antifungal
activity of the tested substances were investigated against B. oryzae at different
concentrations in vitro, as well as the efficacy of their exogenous application in
controlling rice brown spot disease under field conditions. /n vitro, benzoic acid or
salicylic acid at 9 mM completely inhibited the growth of B. oryzae. Under field
conditions, spraying of benzoic acid at 20 mM led to a significant reduction in disease
severity (DS) and disease incidence (DI) on the plant leaves, in addition to a significant
increase in the grain yield and its components. Some biochemical responses were also
detected, where the application of the previous treatment led to a significant increase in
the total photosynthetic pigments (chlorophyll @ and b and carotenoids) in rice leaves
and in the total carbohydrate and protein contents of the yielded grains.

Keywords: Benzoic acid; Bipolaris oryzae; Hydroquinone; Salicylic acid; Systemic

resistance
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Abstract

The optimum temperature for biomass yield and uricase production by uricolytic
fungi, Aspergillus terreus, A. flavus and Trichoderma sp. was at 30 degrees C. The time
required for maximum production of uricase and biomass yield was 4 days for two
Aspergillus species and 6 days for Trichoderma sp. The optimum pH was at 6.4 for A.
terreus and pH 6.6 for A. flavus and Trichoderma sp. The maximum fungal biomass
yield was achieved in medium supplemented with 4% poultry waste. The best carbon
sources for the production of uricase and mycelia yield were glycerol, sucrose and
maltose by A. terreus, A. flavus and Trichoderma sp., respectively. Uric acid was found
to be the best nitrogen source for production and activity of uricase by the three tested
fungi. The addition of some vitamins to the culture media increased the maximum
biomass yield of all the isolates, although no significantly increased uricase production

was found.
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