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ABSTRACT

Pot experiments were conducted to study ‘he effect of individual or mixed
inoculation with R. leguminosarum bv. Viceae, Azotobacter choroccum and phosphate
dissolving mycorrhiza {VAM) used to inoculate faba bean infected or non — infecled
with board bean stain virus (BBSV).

Application of Rhizobium alone or in combination with either Azotobacter or
mycorrhiza led to a significant increase in number and dry weigh! of nodules, and dry
weight of shoots andg its total nitrogen content on both healthy or viral infected plants
in comparison with their corresponding control. The increase of nitrogen, phosphorus,
Photosynthate pigments were also significanlly increased after 60 days of planting. In
these respect the triple inoculation showed supériority than single or dual inoculation.
Saparate virus infection, significantly reduced all these parameters. On the other hand
a clear recovery was oblained in all nitrogen fixation parameters, as welt as in grain
yield and its fotal N contents of disease plant due to application of mixture of
biofertilizers .

The seed yield and its N concentration (N%) of diseased plants was
significantly enhanced by triple inoculation . The percentage of improvement reached
to 137. 27 % and 35.7 % respectively .

INTRODUCTION

Faba bean (vicia faba. L.} is one of the most important legume grain
legumes in Mediterrean agricultural areas (Buttery el al., 1892). In Egypt. it
consumed in large guantities as human food or animalfeed, since its dry
seeds contain aboul 30% protein and B5% carbohydrates as man
components {Omar ef al, 1990). However, faba beans in most cultivated
areas of Egypt are subjected to serious problems caused by virus diseases.
Broad bean stain virus is one of the nine widely prevalent viruses recently
detected in broad beans in North Africa in which seeds show staining
reminiscent {(Makouk e! af., 1988, and Omar, 198C).

These pathogens adversely affected the symbiotic N2-Fixation as
well, increased envifonmental awareness has promoted the development of
biologiacal means as alternative to chemical uced in agricultural process
{Sutz et al, 2000). It relies on the potency of beneficial microorganisms
(PGPR) to improve plant growth, strengthen biological N- Fixation 1o colonize
the rools and displace the pathogenic microorganisms. One of which is
Azolcbacter, the free- living N2-fixing organs, which live in close association
with plants in rhizoshere. lts beneficial effects is attributed mainly to
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improvement in root development, an increase of water and mineral uptake
by roots, displacment of pathogenic bacteria {Brown, 1974; Okan and
ltzigsohn, 1995) . Aiso, Mycorrhizal fungi (VAM] are known to increase
nutrient uptake particularly phosphorus, the essential element for N2- Fixation
(El Didameny and ; Abdel — Fattah, 1998 and Subba Roa, et al., 1986).

Ecological interaction between rhizabia and plants growth promoting
rhizobacterla (PGPR} have of interest in recent years because of their
agronomical implications. Many papers reported, the positive effect of
combined inoculation with Rhizobium plus Azotobacter and / or VAM because
its favourable influence on nodule weight and number, plant dry matter
accumulation, grain yield and N. content {Daft and Giahmi, 1974; Burns et. a/
1981; Sairig et al, 1986, Subba Roa et al, 1986; Yahalem efal, 1987,
Rodeas etl. a/ 1996 and 1999).

Consequently the main purpose of this work was to study under
controlled conditions the effect of inoculation with Azotobacter and / or VAM
on Rhizobial symbiosis and growth of healthy and viral infected faba bean
plants aimed at clarifying to what extend, these type of co-inoculation
treatments can offer a level of protection against viral infection and can that
help the plant to overcome the stressful conditions due to disease severity.

MATERIALS AND METHODS

A)Green-house pot experiment,.

Soil used in this study was a subsurface layer10-30cm of a clay laam
(organic carbon, 0.75%; total nitragen, 0.11%; PH 8.1; E.C.2.1 dsm ™" ; WHC,
52.2%) belonging to order Entisol (Scil survey staff 1975) and collected from
Sakha Agriculture Research Station Farm at Kafr El- She|kh governorate,
Egypt. The soil initially contained 500 VAM spores Kg™' of dry soil. The soil

was crushed to pass through a 2-mm sieve. Earthen pots (35 X 40cm) were

filled with 10kg clay loam soil. All pots were supplemented with the following
chemlcaf fertilizers; Calcium superphosphate (15.5% P205) at the rte af 50
kg fed™ before sowing and urea (46.0%N) at the rate of 20 kg fed' added
after being thinned and before irrigation.

Six seeds of faba bean (Vicia faba L.var. Giza3) were planted pot’
and after 8 days, seedlings were thinned to 3 plants pot” Rhizobium
feguminosarum biovar viceae strain No. 40 and Azotobacter Chracocum were
obtained from the stock culture collection of Dept. of Soil Micrabiclogy Sakha
Agric. Res, Station, Rhizobium and Azotcbacter strains were cultured on
yeast extract mannitol agar (Vincent 1970, Abd El-Maiak and tshac 1968).
thaculation with Rhizobjum and Azotobacter were carried out 7 days after
germination by pippeting 2 ml of their bacterial suspensions (0.8x 10° cells/
ml}) to the soil around the base of each seedling VA ~ mycorrhiza inocutum
was prepared and added as described by Armanios et. al. (1996).

B) Isolation and viral infecticn

Broad bean slain virus (BBSY) isolated from leaf samples of naturally

infected broad bean plants showing different patterns of symptoms, was
2200
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collected from Sakha Experimental Agric. Station. Infected broad bean leaves
were homogenized in 0.2 phosphate buffer (pH6) with sterilized mortar and
pestie . the extract was filtrated through two layers of cheese cloth and used
for infection. Seedlings of faba bean plants was inoculated mechanically with
infected sap according to Omar et al. {1550}

C) Treatments and determination
Sixteen treatments were conducted on faba bean seedlings as the

following:
1)Uninoculated (control), 2) inoculated with Rhizobium alone, 3) inoculated
with  Azotobacter alone, 4) inoculated with VA-mycorrhiza alone,

5) inoculated with Rhizobium and Azotobacler, 6) inoculated with Rhizobium
and VA-mycorrhiza, 7) inoculated with Azofobacter and VA-mycorrhiza,
B) inoculated with combination of Rhizobium and Azolobacter and VA-
mycorrhiza. The same eight treatments were repeated in the presence of the
pathogen (BBSV). Each treatment was represented by eight replicates. Pots
were watered to maintain the soil at approximately 60% water holding
capacity.

Plants of 40 and 80 days old were examined for number and dry
weight of nodules (mg/ plant), dry weight of shoots (g/plant), N and P content
of the shoots, (Jackson, 1967) totai carotenoids and chlorophylls (wettstin,
1957). At harvest (130 days of planting) dry weight of seeds {g/plant) and N
and P contents were also determined.

D) Statistical analysis.

All the data were subjected to statistical analysis as described by
Snedecor and Chochran (1967) and means were tested according to
Duncan's Multiple Range Test {1955).

RESULTS AND DISCUSSION

Data in Tables 1,2,3 and 4 show the effect of rhizobial inoculation
combined Azotobacter and/ or Mycorrhiza and viral infection with broad bean
stain virus (BBSV) as well as interactions on nodule formation, plant growth,
seed yield and yield components of faba bean.

{1) Effect on nodulation:

Number and dry matter accumulation in nodules of healthy and plant
infected plants with (BBSV) were significantly affected by single or mixed
inoculation treatments (Table 1 and 2), however, the magnitude of the effect
was influenced by the type of inoculants. The improvement of nodulation
pattern was further strengthened in dual inoculation with Rhizobium and / or
Azotobacter or VAM in this respect data showed that VAM was more effective
thanAzotobacter.
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These was frue at the two investigation periods {40 and 80) days after
planting time (DAP). Application of triple inoculum that contain Rhizobium,
Azotobacter and VAM caused a further average increase nodule forration on
both heaithy and diseased planis, which showed higher significance than
those of their corresponding counterparts that received single or dual
inoculation. This resuits were confirmed by Burns ef al. 1981, Arrmanios et al.
1996 and Rodelas ef al. 1999.

The obtained data revealed thatwhen healthy and {BBSV) infected
faba beans were inoculated with any biofertilizer especially that contain
Rhizobium, heaithy faba bean produced considerable greater numbers of
noduies than did (BBSV) diseased faba bean. These susceptibility to rhizobial
inoculation decreased as the plant became older. For example when healthy
and viral infected plants of faba bean inoculated with Rhizobium, they
produced 77.33 and 56.66 nods/plarit respectively after 40(DAP) time. These
figures represents a decrease of 36.5% in susceptibility to rhizobial
inoculation {in nodule formation) on (BBSV) diseased plants, at early stages
of growth with loss in nodular weight of about 52.1%. Such susceptibility to
Rhizobium inoculation decreased to 133.3% at later stages of growth
accompanied with loss in weight of nodules reached io 354.2%. The same
trend was observed for ail inoculation treatments. The average loss in nodule
formation due to viral infection was 25.6% and 94.1% after 40 and 80 days
(DAP), respectively. The corresponding values for noduler tissues were
56.6% and 267.3% respectively.

Results obtained herein, revealed inconsistency in the nodulation
pattern for inoculation with Azofobacter or VAM and their mixture inthe
absence of Rhizobium, being very less improvement in nodule formation but
achieved large amount of bacteroidal tissues in their nodules with average
weight of 5.58 mg/nod and 3.25 rng/nod for healthy and diseased plants
respectively after 40 (DAP) time in dual inocuiation with Azoto. And VAM. The
corresponding values for Rhizobium were 3.9 and 1.84 mg/ nod, respectively.
The larger size of nodular tissue probably due to the better environment
conditions in the nodules afforded by Azotobacter and VAM, e.g. presence of
higher concentration of leghaernoglobin and/or the better supply of noduies
with photosynthate by the piant.

(2) Effect on growth parameters, nitrogen and phosphorous content of
piant.

All biofertilizers applied to faba bean either in a form of single or
mixture exerted clear effects on plant growth and their total N and P content
on both healthy or {BBSV) diseased plants (Table 1 and 2). The stimutation,
however varied according fo the type of inoculants and the age of plants.
Triple inoculation stiil showed highly significant increase in shoot dry matter in
healthy and diseased plants followed by dual inoculations of Rtuzobium and
Azotobacter and/or VAM., while single inoculations were the least in these
respect. A clear recovery in shoot dry weight of (BBSV) in infected plants,
inoculated with triple inoculation that can reach to the level of healthy plants
which inoculated by Azotobacter or VAM and their mixture The N and P
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concentration (%) of shoot fraction did not statistically improved by any type
of inoculation treatments (Table 1 and 2) after 40 (DAP) time. By aging of
plant to 80 days, these two parameters were significantly enhanced
especialiy by co-inoculation with Rhizobium and Azolobacter or VAM {Punj
and Gupta 1988 and Aranios e! al,, 1996). It is warthy to mention that total N
content of plant was strongly correlated to inoculation with Rhizchium (Table
4) beside the vital role of phosphate dissolving VAM, since phosphorous is
essential for energy transfer (ATP), which in turn is essential for the operation
of the nitrogenase system (Vladimir et al, 2001).

3) Photosynthate pigments (PG)

Either viral infection or Rhizobium inoculation combined with
Azotobacter and/or VAM significantly affected photosynthatic pigment (Total
chlorophyll and carotencidy (Table-3). This study demonstrate a clear
recovery in (PG) due to application of different biofertilizers used in the
experiment in both healthy and (BBSV) diseased faba bean plants {Khafagy
1991). These could be clarified from the calculated data from which the
following could be concluded;

s Reduction of 27% in chlorophyll synthesis due to (BBSV} viral infection in
control treatment (1.98 — 1.56)

= Reduction ranged from (18.8 — 26% in chlorophyll synthesis in inoculated
treatments {comparison between healthy and diseased plants, hoth are
inoculated with PGFPR).

= An increase in chiorophyll synthesis ranged from (6-15.1%) due to
inoculation of healthy plants in comparison with their corresponding
healthy control {1.98)

= An increase ranged from (7.7-19.9%) in chlorophyll synthesis due to
inoculation of diseased plant in comparison with corresponding control
(1.58).

The parallel values of carotenoid pigments were (45%), (23.3-
3.4.6%), (20.6 — 48.30%) and (30 — 70%) respectively.

4) Grain yield and its N- content

Concerning the grain yield and its total N- Content of heaithy and
viral infected faba bean, results showed that inoculation with any biofertilizer
produced significant increase in comparison with their corresponding control
as shown in (Table 5 and 6). In these respect the triple inoculation was found
to be highly effective than duai or single inoculation. There are many
possibilities to explain this data. These mixed inoculum promoted the growth
of faba been, increasing dry matter accumulation in all plant parts, including
nodulation.

This faster growth rate resulted in higher of N- plant, while the
concentration of this nutrient {%N) in plant tissue remained similar to that
found in control plants, suggesting that ail additional N- absorbed was used to
aid plant growth and development (Armanios et af, 1998).
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The resuits presented in this paper are in agreement with previcus work
which has shown that several plant growth ~ promaoting rhizebacteria exert
significant effects on Rhizobium legume symbiosis which are only observed
when centain combinations of these organisms are used (Burns ef a/.. 1981;
Polonenko et al, 1987, Subba-Roa et al., 1986; Chanway ef a/., 1989 and
Viadimir et al, 2000). The positive effect of co-inoculation treatment on
healthy and diseased faba bean plants could be related to the role of
Azotobacter and VAM on symbiotic performance of R. feguminosarum bv
Viceae and plant growth. The ability of Azotobacter to change the root
morpholegy and plant growth rate has been widely described and commonly
related (o the production of biologically active substance by these bacleria
{Becking 1982). The synthesis and exertion of plant growth regulators beside
the increase of available phosphorus in plant rhizosphere afforded by VAM
explain the earlier nodulation, increase in total nodule number and earlier
onset of N, fixation that led to the improvement of Rhizobium - legume
symbiosis. Also, it has been established that plant growth regulators, such as
cytokinins, inhibit the loss of some nutrients, e.g. Cu, B, Zn and No,. from
leaves (Mauk and Nooden 1892). In addition, some strains of Azotobacter,
strongly enhanced specific uptake of Ca and Mg concentrations in faba bean
shoots  {Rodelas et al., 19989). Ali these minerals are necessary to biological
N,. fixation process. Again the combined symbiosis of Rhizobium and VAM
have a synergistic effect, as the piant growing better with both than sum of
the separate effects ( Table 4 and §), because the nitrogen fixation has high
phaosphorus demand, so the two are closely linked (El. Didamony and Abd E!
Fattah 1998)

in conirast separate viral infection reduced the leaf area, stem length
and the highest reduction was found in root length (7.5%) the location of
nodule formation was reported by (Sidaros et. al 1991). In addition all the N;-
fixation parameters are inhibited due to viral infection (Table 3 and 4}, (Tu e!.
al. 1970) found that the excess of nitrogen compounds (free amino acid) in
nodules of SMV — infected soybean alter C/N ratio and inhibit the normal rate
of N-Fixation.

On the other hand a clear recovery was obtained in all N,. fixation
parameters, photosynthate pigment and total P content, as well as grain yield
and its total N content of diseased plants due to inoculation treatments.
These could be clarified from the obtained data presented in (Tables 2 and
3). Taking in our consideration the grain yield and its N-content as a net resuit
of many interacting factors such as Biological N.-fixation, plant growth
regulators phosphate solubilizers, pathogenicity due to viral infection beside
environmental factors and legume crop. The diseased plants produced only
3.3 gm/ plant with total N2% of 2.33. These values raised to 7.83gm/plant
with totai N; % 3.23, respectively due triple inoculation treatment. These
figures represent an increase of 137.27% and 35.7% , respectively.

In brief we consider that information obtained from the experiments
indicated that nodulating and fixing ability of the rhizobia is influenced by the
legume host, mycorrhiza and Azotobacter (PGPR). These quadrangular
interaction is of paricular interest for future research and will be very heipful
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for design of successful mixed inoculant that can promote plant growth
beside their role in providing nature, safe and effective of durable type of
protection against viral diseases.

FEFERENCES

Abd El-Malak, Y and Y.lchac (1968). Evaluation of methods used in counting
Azobacter. J. App. Bact., 31 : 269 270.

Armanios, R.R.; Y. B. Besada and Y.R. Rizk (1996). The potentiality of the
two symbionts (Rhizobiurm and va-mycorrhizae) on the growth of faba
bean. Egypt, J. Appl . Sci., 11(11): 13 28.

Becking, J. H. {1992 ). The family , Azobacteraceae In: Balows, A.; Truper,
G. H. Dworkin, M., Harder, W., Schleifer, K.H. (Eds}. The Prokarytes,
A Handbook on the Biclogy of Bacteria: Ecophysiology, Isolation,
tdentification, Application. 2nd Ed., vol.4, Springher, Germany, pp.
3144-3170

Brown, M. E. (1974). Seed and root bacterization. Ann Rev. Phytopathol.,
12: 181-197.

Burns , T.A. ; P.E. Bishop and D.W. Israel {1981). Enhanced nodulation of
leguminous plant roots by mixed cultures of Azotobacter vinefandii and
Rhizobium. Plant Soil, 62: 389- 412 .

Buttery , B. R.; S, J. Parjand D. J. Hume (1992 ). Potential for increasing
nitrogen fixation in grain legumes. Can J. Plant Sci., 72 : 323 — 348,

Chanway, C.P.; R.K Hynes and L. M .Nelson (1989). Plant growth promoting
rizobacteria: Effects on growth and nitrogen fixation of lentil (fens
esculenta Moench) and pea ( Pisum sativum L.) Soil Biot. Biochem .,
21:511-517 .

Daft, M. J. and A.A. Giahmi (1974). Effects of Endogone mycorrhiza on plant
growth. VIl. Influences of infection on the growth and nodulation in
French bean { Phaseolus Vulgaris ). New Phytol.,, 73: 1138-1147.

Duncan, D. B. {1955). Multiple range and Multipte F. Test Biometrics, 11:1-42

El-Didamony, G. and G.M. Abdel-Fattah (1998). Influence of VA mycorrhiza
on growth and nodulation of vicia faba in soil containing lytic phages.
Egyptian Journai of Microbiclogy., 33 {2): 153- 166.

Jackson, M.L. (1967). Soil chemical analysis. Constable and Co. Ltid,
London.

Khafagagy, M.A. (1991). Responses of Vicia faba to growth substances and
phoshorus fertilization. J . Agric Sci. Mansoura Univ., 16(1); 83-96.

Makouk, K.M.; L. Bos; O. I. Azzam: S. Koumari and A. Rizkallah (1988).
Survey of viruses affecting faba bean in sex Arab countries, Arab
Journal of plant protection. 6 (1) 53-61 {En,ar, 24 Ref .) ICARDA,
Aleppo, Syria.

Mauk, C.S. andL.D. Nooden (1992) . Regulation of mineral redistribution in
pod = bearing soybean plants J. Exp Bot., 43-256 .

2210



J. Agric. Sci. Mansoura Univ., 28 (3), March, 2003

Okan, Y., R. ltzigsohn (1995). The development of Azospinllum as
commercial inoculant for improving crop yields. Bioitechnol. Adv., 13.
415- 424,

Omar, R.A.; A A, Daif, A Sidaros and S.A El- Kewey {1990). Abroad bean
stan virus broad bean plant in Egypt Agri. Res, Rev,
68 (3) : 563-562

Polonenko, D. R.; F.M. Scher; J W _Kloepper; C.A. Singletoin, M. Laliberte
and 1.Zaleska (1987). Effects of root conionizing bacteria on
nodulation of soybean roots by Bradyrhizobium japanicum. Can. |.
Microbiol ., 33: 498-503.

Punj, JM. and R.P Gupta ( 1988). VA- mycorrhizal fungi and Rhizobium as
biological fertilizer for feucaena leucocephala. Acta. Microbial. Pol., 37
{3-4):327-336.

Rodelas, B.; J. Gonzales ~ Lopez, C. Pozo; Salmeron V. Martinez, M.V.
Toledo (1999). Response of faba bean to combined inoculation with
Azotobacter and Rhizobium leguminosrum bv. viceae. Appl. Soil .
Ecol,, 12: 51-59.

Rodelas, B.; J. Gozalez-Lopez; V. Salmeron, C. Pozo and M.V. Martinez
Toledo (1896). Enhancement of nodulation N,- fixation and growth of
faba bean (Vicia faba) by combined inculation with Rhizobium
leguminosrum bv. viceae and Azospiriflum brasilencse. Symbiosis, 21:
175 - 186.

Sarig, S.; Y. Kapuinik and Y. Okon (1986). Effect of Azospiriflum inoculation
on nitrogen fixation and growth of several winter legumes. Plant Soil.
90 : 335~ 342.

Sidaros; S. A, ; S.A. El- Kewey ; A.A. Deif and F.M. Hammouda (1991).
Effect of broad bean strain virus-Rhizobium leguminosarum interaction
on broad bean crop. {I-Morpho-physiological studies). J. Agric. Res.
Tanta Univ., 17(1) ; 315 — 324.

Snedocer; G. W. and W.G. Cohran (1967). Statical Methods. 6" lowa State
Univ . press, Ames , lowa, USA.

Soil Survey Staff, (1975). Soil Taxonomy, A basic system of soil classification
for Making and Interpreting Soil Survey. Soil Conservation survey, M.S.
Handbook N.436.

Tu, JC; R. F. Ford and C. R. Graw (1970). Some factors affecting the
nodulation and nodule efficiency in soybean infected by soybean mosic
virus. Phytopathology, 60 (11) . 1653 — 1656.

Stuz, A V. Chrisitie and J Nowak (2000). Bacterial endophytes potential role
in developing sustainable system of crop production . Critical Rev. in
Plant Sciences., 19 {1} :1-30

Subba Raog, KV; B.R. Tilak arnd C.S. Singh ( 1986). Duai inoculation with
Rhizobium sp. And Glomus Fasciculatum enhances nodulation and
nitrogen fixation n chickpea ( Cicer airtinurm Linn). Plant and Soil., 85
351 -359.

Vincent, J. M (1970). A manual for practical study of root —-nodule bacteria .
IBP handbock No. 15 black wel! sci. Fub. Oxford pp-164

2211



Rizk, Y. R.and A. S. El - Beltagy

Vladimir, K.; Chebotar and Constancio A. Asis Jr Shoichiro Akao. {2001) .
Production of growth promoting substances and high colonization
ability of rhizobacteria the nitrogen fixation of soybean when inoculated
with Bradyrhizobium japonicum. biol. Fertil . Soils, 34: 427-432

Wettstrein, D. (1957). Chloraphyll, latale under submicroskopische
formwechs of der-plastiden , experimental Cell . Res., 12:427-433.

Yahalom, £. Y. Qken and A. Dovrat (1987). Azospirifium effects on
susceptibility to Rhizobium nodulation and nitrogen fixation of several
forage legumes, Can, J Microbiol, 33:510-514.

|y sSaall g S g N1 g by sl Aol Ciliaaaioal plaiiadd gad olad¥)

293 1l gy beaall g ald) JolD gl (el

*ralld Bl Jae g % E3, hew 3

Al g obaall y oadal 3 gy dgaa Ly 401 35 Sgand) Abaaay g 300 erall *
s — 3 ad —

Bl Aaly — o 58l Coady A1 50 A0S — 01 50 Sl pud =

il 35 g Ao gl ey RS 4 el 3 el 3 i
AT 50 jhie b yeay Ayppn Dlpncaieal Ut oSl s GG 5 g WYy sl gl g 3y s
3 098 ey iy oYl dgay ey gy (T3 ) ol il gty allyy (Rld) 20%0

B (Y. 5 { UV B S WP VR SVRPE W I P R FIPR TR T I V- YA I
SRl Gl 55Dy A Al Bl 5y 23 Ly g Bl A ol dadadh g1 15000
aad) Ab SR Al gl Lliaalt 136y Al L) e 3l ASH 5 el
+ RS YU Ly V) A5 el Cladial Jaliy ol 50 Ay (3Rt e py Al g
A el g e pilly s g Sl i) i 3 4By AN g D i Shalill e () 38 5 5S0d
Aot e psn Ve 2w {5l DAy )

—5H (g sinall g (s n) sl O3y DLl el y el Caza 55801 Aal iy
A g g e XS A e B g Dl el allyy Gy pilly Aadh SN g 2l
g Ll gy s gadt g M g pandt D CAglar SeliS Baly 3y L b bl | e ) pSsalt
BTy Cpas il MK g L3y BVTY, Y Cilla [l o A et il Al Gails
gt il A lad Gy DAL AN D pad) Olpaid dadi Cadlally Gy il Dleadd! il
LA galt Slaialt B dails il

2212



