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1\e efliciency of mycon·hizal inoculation (Glomus 

mncmcO?Iim) on effectiveness of BCMV and R. solanl infection •...-as 
studied in be.an pl11nts (Phrueolus vulgari.' L.). Results showed that R. 
snlani when introduced alone in sterilized soil caused the highest 
percentage of post-emergence damping-off and root-rot diseases. and the 
tre11t1nents using mycorrhizal or BCMV inoculation decreued the 
percentage of nutgal diseases while, the lowest percentage of fungal 
infection resulted from the combullltion of V AM fungus and vim I 
inoculation. 'I11e highest percentage of viral infection occl.l.l'l'ed with V AM 
ftmgus inoculation while, R. so/an/ decreased the percentage of viral 
infection. Moreover, the lo•.vest percentage of viral mfected plants occurred 
with the c-Ombination of R. so/ani and V AM fungua in sterilivx!. soil. 
Slight reduction in colonization intensity and spore produ('Aion ofV AM 
fungus were occurred with viral infection regardlesR the type of ooil. 
While, the highest reduction was approved with fungal inoculation. Total 
bacteria I cowtts in the rhizosphere soil were higher in Oil lie of inoc;;uh!.ti.on 
with V AM And BCMV combination at all growth periods V AM funwJS 
when inoculated alone are oombined with BCMV increased the oounts of 
Actinomycete& at all growth periods of bean plants. On the oontn.ry, viral 
and mycorrhizal inoculation decreased the counts of fungi in soil specially 
in the combination of V AM fungus and BCMV treatment which led to 
sharp decrease in population of fungi. 

V AM fungus treatments gave highly increase in plant height, 
number of leaves/plant, fresh and dry weights of roots and shoots and No. 
of flowers/plant when inoculated alone as well as when associated either 
with R. so/ani regardless the type of soil. However, all growth characters 
were decreased in case of vira I or fungal utfection in stenlized and non­
~tcrilized soils. 

Also. obtained results utdicated that total carbohydrates, protein 
content. nitrogen, phosphonL~ and potassium were increased with V AM 
flmgus tt·eatrnents. Chlorophyll A was almostly proportionated with 
carbohydrates except in case of BCMV. The V AM flmgus gave the 
hig.hest level of chlorophyll B while, chlorophyll C increased with all 
treatments except in plants inoculated with BCMV and V AM fungus in 
non-sterilized soil. 
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Bean (PIIaseolus n t!grms L) is constdered to be one of the most 1mportant 

feeding uops 111 Egypt ;md area of bean c rop had 1ncreased to 1822 5 fed dan of dr\ 

bc;1n 111 the season I 004 (Anon, 1995) 

l 1ncler f1elcl condit ions. ber111s sufTer from several d1Se.1scs such as rusts 
root-1ot and d<1 mping-off a s well as vi ra l diseases. causmg con s 1 dcr::~ble losses 11 1 tl1L' 

y1cld and quality ln addition. bean p lants may be infected with more than one disease 

(Dixon, 1981) 

R. so/ani is considered to be one of the most 1mportant pathogens wh1ch 

caused damping-off and root-rot diseases on bean. cowpea, bro::~d bean :1nd lup1 ne 

crops (B•·own, 1959; Abd EI-Mageed, 1981; Omer, 1986 and Cowil)·, (Ahlam) 

19871 

In Egypt. several viruses specially Bean Common ~1osatc \'1rus (BCMV) 

have bc~n reported to infect beans (Deif, 1977; Omar eta/., 1982 and Abd EI­
Magecd, 1986) On the other hand, virus infection was reported etther to increase 

fungal infection (Reyes and Chadna, 1 972; Beniwal and Cuda'l'l skas. 197 4; ami 
Salt, 1982) or to decrease some other fw1gal mfect10ns (;\1ag_) a rosy and Hanroch. 

1974; EI-Uammady et al., 1 983; Camal El-Din et aL, 1990; and Abd El~ 

lVI a~ecd, 1986 and 1992) 

Mycorrhizal ftmg1 was rep01ted to dt re;J5( r mh.bn sod-borne fung~:l 

diseases by Zamblin and Schenck {1983). Carcia-G.trrido and Ocampo (1987), 

Sclmobcck (1987), Kope and Fortin ( 1990) and Eisa (:'\a"' al) et a/. ( 199-l). 
However. some reports indicate an increase m ··se2:e se\ er:y W1der the influence of 

V A-Mycorrhizal fungi (Davis and Menge. 1980) 

As regards to the effect of\'A\1 on ·.-ra: tr.iec.: -. . . chnobeck and Scbinzer 
(1972) reported that, inoculated tobacco plan•- .,,,~.I. 1\' o' rained more lesions on 
leaves of mycorrhizal inoculated than non-m; -.:;rP.u :.a' '1.xulated plants. Daft and 
Olu1.~sanya (1973) demonstrated that. the m;:·ease ~ ·.- rus tJte r associated wi th 

mycorrhizal (Glomus macrocarpum \ar oeo·ponu) m ula ted plants due to 

increase plant organs phosphate le\el 

1l1e ai m of thi s study. ts tc 1mes~_ -te '1e effic1ency of mycorrhr za l 
moculation on the a cti vity of BC\1\' and R o:ml' mfectJon 111 ~ean plants rn 

steril ized and non-steri lized soil and then ef;'"ec<s on some gro\\Ul ch:nncters ::J11 d 
chclllic.1l constituent s of bean plants 

MATERlALS A:\'D :" IET li OD~ 

Sonne of p:tthogl'nic agents : 
1- The fungus : 

Two ISOlates of Rhi=octonia (Corticum) so/am f.... m \ re 1 ub ed from 

damprng-off and root-rot of naturall y rnfect ed bean pln nts [',;a.sc. 1 •,. •ugans L J 

collecttxi from the fann of Fac Agric . Moshtohor . Zagazrg Lm•. Pun fica 1011 of the 

SU!_ ( o11;:rcn of tire l~i...'I'Jifimr 1'/ryropaflwl. Soc.. Cairo. /99 i 



INTERACTION BEnVEEN VJRUS ... 

(\\O tsola es was earned out using hypha! tip technique then identified at Plant 
Patholog: lnsutute. Agricultural Research Center, Giza, Egypt. 

2- The virus : 
Bean comn on mosai c virus (BCMV) was obtained from naturally infected 

bean plants a: tdenti fied according to host range, differential hosts, transmission 
and ph_ >.leal tJr ert.tes and continually maintained in a freezing infected leaves 
collected -r recmtly inoculated plants 

Source of Yesirulu Arbuscular Mycorrhiza (V AM): 
G'o acrocarpum, soil Goettinge strain was obtained from Tropical 

"""~rc . .,._~ ..... . L u rstty, Fedral R. of Gennany by El-Deepnh (1981). 

Dete n of the Aggressive Isolated Fungi and Inoculum Potential: 
~ of 11e rn·o isolated fungi was grown on sterilized sand 

so~ Vhitbead. 1975) Clay pots ( ~ 30 em) were sterilized 
2 

e solut.Jon Clay loam soil was autoclaved at 15 lb./ind1 
\nth d:J fferent amounts of inoculum i.e . 0. 5, 1.0, 3.0, 5.0 
Ten bean seeds of Giza-3 cv. were sown 111 each pot with 

Pcn"L-emergence damping-off and root rot were recorded 15-45 days after 
_ The aggressive isolate and potential inoculum rate were chosen according to 
eo resul ts and were subjected in further study. 

r soil infestation and Mycorrhizal Inoculum Propagation : 
teril ized soil was infested with inoculum of R. so/ani at a rate of 3% of soil 

\a_ Sterilized water was applied to the soil and all were thoroughly mixed to 
ms:.::re even ctistribution of fungal inoculum, then left for one week for fungal 
a.::tnanon Sterilized non-inoculated sorghum grain medium was added to control 

ll1e YAM fw1gus (Glomus macrocmpum) was propagated on onion plants 
'ng the propagation teclmique described by AI-Fassi et al (1990). After three 

from onion cultivation, the mycorrhizal roots of onion bulbs together with its 
2 _1 acmt soil were collected and used for mycorrhizal infestation. 

ll1e mycorrhizal inoculum contained of infected onion .;-oots and its 
riu zospheric soil added just before sowing at a rate of 10 glpot (each pot contains 

kg of soil) 

Cultivation process : 
Ten surface-sterilized bean seeds Giza-3 cv. were sown at a depth of nearly 

em 111 each pot. Six pots were used as replicates for ead1 treatment in a randomized 
complete block design and kept w1der insect proof greenhouse. TI1ree replicates were 
remained to the end of experiment for growtl1 characters and chemical analysis while. 
the others were used in periodical analysis i.e. microbiological and pathological 
del rnti nations All pots have been supplied with the equal amolmts of N and Pas 

~0. Con~:rc.H of tire Egyptia11 1'/ayttJptltlrlll. S11c., Cairo, 1997. 41 



M. H. ABD EL-MAGEED AND R. A. ZAGHLOUL 

anunonium sulphate and super phosphate at a rate of 30 kg N and P 
2 
0

1 
per feddan in 

two equal doses at vegetative and flowering stages. 

Set.xllings of two-weeks-old that grown in uninfested or infested <>s well as 
natural soils were thinned to 5 apparently healthy ones per pot. Viral inoculation 
was carried out by rubbing carborandum dusted leaves as quickly as possible with 
BCMV infectious sap. Inoculated leaves were rinsed with tap water. All plant5 were 
kept tu1der insect proof greenhouse. 

Treatments of the designed combined fw1gal. mycorrhizal and viral 
infections in infested and natural soil were as follows : 

A- Sterilized Soil : 
• Control (I) no mycorrhiza, noR so/ani and no viral infectton. 
• Fungal infection (R so/ani ). 
• Viral infection (BCMV). 
• Mycorrhizal inoculation (Glomus macrocarp11111) . 

• Fw1gal and viral infection. 
• Fw1gal and mycorrhizal inoculation. 
• Mycorrhizal and viral inoculation. 
• Fungal ,viral and mycorrhizal inoculation. 

8- Non-sterilized Soil : 
• Control (2) no mycorrhizal and no viral inoculation . 
• Viral infection . 
• Mycorrhizal inoculation. 
• Mycorrhizal inoculation and VIral tnfecuon . 

Determinations : 
A- Disease assessment. 

l. Percer~tage of post-emergence damping-off. l11e percentage of dead 
emerged seedlings was determined. 

2. Root-rot of diseased plants were detennined by using plants 45-days-old 
carefully removed, washed currently with tap water and examined for 
root- rot symptoms. Detennination of the root-rot disease severicy index 
(DSI) was carried out based on a scale from 0 (non visible damage) to 5 
(completely destroyed roots) according to Salt (1981 ). 

3. Percentage of viral infected plants . 
4. Plants artificially inoculated with BCMV. were continuously observed 

for virus symptoms and on basis of based number systemically infected 
bean plants out of inoculated ones. ll1e percentage of virus infected 
plants was calculated 

5 For ead1 treatment into whid1 the V AM fw1gus was included. the 
intensity of root colonization with sud1 fw1gus was determined using tile 
method desctibed by Phillips and Hyman ( l970) 

llt.J!. Cou~:nu of tile J~"g)·ptiau J>lrytopatlwl. Soc., Cairo, 1997. 42 
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ycaes and fw1gi were coLmted in the rhizosphere 
;:ed - ' reatments biweekly during the course of experiment. 

-~ - _ ~ a_52 ~ mediwn was used for counting the total bacteria (Skinner 
et -L. 1 ~ : : .-edJwn was used for actinomycetes count and prepared as 
d -;::- _ :.: ::-_ I : o) \\tul e, Martin's medium (1950) was used for cowtting 

C-

D-

~- , : a:es count method was used for microbial determinations. 

analys is : 

Chl r hyll A and B as well as carotenoides were estimated in the 3rd 
ea f" of the pl ant according to Wettstein (1957). 

~ - w-ral carbohydrates content was determined in dry matter of leaves by 
:ne phenol sulphuric acid method described by Michel et aL (1956) and 
calculated as mg/g dry weight. 

J Total nitrogen was detemlined in the dry matter of shoot system by using 
wet digestion according to Piper (1947) and using micro-Kjldahl as 
described by Pregl (1945). Then the crude protein was calculated 
according to the following equation : 

~ Crude protein= Total nitrogen X 6.25 (A.O.A.C., 1975). 
-. Total phosphorus was determined in the dry matter of shoot system 

colourimetrically according to American Public Health Association 
(1989) 

6. Total potassiwn was estimated in the dry matter of shoot system by flame 
photometer apparatus according to the method described by Brown and 
Lilliland ( 1946). 

RESULTS AND DISCUSSION 

Pathogenecity and Inoculum Potential of R. so/ani Isolates on Bean Plants. 
Data in Fig. (I) show that, isolate (I) of R so/ani was more aggressive than 

the 1solate (U) Tite percentage of post-emergence damping-off and root-rot were 
increa sed with increasing the inoculum potential of the two isolates. Tilis agreed with 
many earlier investigators (Khan, 1966; Abd El-Kadir, 1977 and Orner, 1986) 
who indicated that on the basis of differences in pathogenesis, R so/ani was the most 
\lrulent in causing post-emergence phase and root-rot disease and these diseases 
mcreased with increasing the inoculu1n potential. So, the isolate (1) was chosen to 
carrY out this researd1. 

I_})_ Cnn~[res.< nf the l':J,.'I'Pfiall l'llytopatlwl. Soc., Cairo, 1997. 43 
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Effect of Viral, Fungal and Mycorrhizal Inoculation on Oist~ase Sevcr·ity and 
V AM colonization : 

Data in Table (I) show that. R. sola11i 111 stetili zcd and non-sten !1zcd soil 
treatment caused the highest percentage of post emergence damping-off and disease 
severity index (DSI) of root-rot compared witJ1 otJ1er treatments. 11iese results are in 
agreement with several investigators (Orner, 1986 and Gow~ly , 1987) Also. data 
show that, viral infection or\' A-mycorrhizal mocu!ation decre;~;;ed the percentage of 
damping-off and (DSI) of root-rot. TI1e lowest percentage of fungal infe;~ti on 

resulted from using the combination of V AM flmgus and viral inoculation plus 
Rhizoctonia inoculation and this result was also true in steriliztxi soil. These results 
could be attributed to an antagonistic effect between fungal and viral infi.~ction ;m(i/or 
to Mycorrhizal effect, Abd El-Mageed (1986 and 1992) fDLmd that, soluble and cell 
wall bounds protein extracted from hypocotyle, leaves, pods and roots of viral 
infected plants contained mon~ polygalcturinase inhibitor tJ1a11 proteins from non­
viral infected plants. Moreover, data show that, V A-Mycorrhizal inoculation 
decreased tJ1e percentage of fungal infection which agree with Zambiin aml Schenck 
(1983), Garda-Garrido and Ocampo (1987), Kope ami Fomn (1990) and Eisa 
(Nawal) et al (1994) who reported that, mycorrhizal ftmgi decrt>.ase or inhibit soil· 
bome fw1gal diseases . 

Symptoms of viral infection in tJ1e different included treatments showed the 
following: 

1l1e highest percentage of viral1nfection occurred in plants sown in sterilized 
or non-sterilized soil previously inoculated v..'!th \'AM fungus . Similar results were 
reported by Schnobec.k and Schin2oer (1972) who found that inoculate.d tobacco 
plants witJ1 TMV induced more lesions on leaves of mywrrhizal than non­
mycorrhizal plants . Percentage of viral infected plru1ts decreased when the virus 
inoculated alone in non-sterilized soil and clearly decreased when it was combined 
with R. so/ani in sterilized soil whtle, the highest decrease in the virai infP.-Cled plants 
occurred when R. so/ani was associated with mycorrhizal fungus in sterilized soil 
whicl1 agree with otller investigators who found. that several fungi decrease viral 
infection most probably due to antiviral properties of the fungus (Zi.nk and Ouffns, 
1975; Allam et aL, 1978; El-Hammady et al., 1983 and Abd EI-Ma~'ftd , 1995) 

As regard to intensity of mycorrhizal colonization in different treatments, 1t 

was dearly shown tJ1at , the highest percentage of colonization intensity and average 
number of spores production such as Arbuscular (large spore) Vesicular (small 
spore) and mycelium occurred with highly number in case of mycorrluzal inocul3t ion 
alone in sterilized soil. \Vhereas, all other treatments reduced the colonizatio11 
intensity regardless tJ1e type of soil. Also, tJw obtained data show that. IL'i.iuction 111 

colonization intensity and spore production were occurred v.,·itll ftmgal (R. solmu l 
inoculation . l11ese results are in hannony with Eisa (Nawal) et af. ( 1994) 
.Jayashrcc eta/. (1995) observed tJ1at, Mung Bean Yellow Mosaic Virus (i\1B'dviV) 
reduced mycorrhizal colonization and spore production m all the tested VAi\ I fung1 

.~Y!_ CoiiKT<'SS of tire Egyptia11 l'lrytopt~thof. Soc., Cairo, /997. 
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1\1 . II. Aim I:L-1\IA(;l.:E IJ AN U H. A. 7.AGI ILOIIL 

T a b le (I) : Effect of' ira l. full ).! :II a n ti \ ' A-i\ 1 ~ corl'ltind in nc ulatin11 "" tli'""'c ~,.,,..,. j ; ) 
nml VAI\ 1 co lon i7ntion in uen 11. 

----- c. i; .. iuti-" 
--. ':""'""':'"- , .,..___.__,...- _. 

·-- - ~~ P.tra lu tCf rt Post ; Roo t· V ir o~~l f\\ •r~t'f Nu , nb~>r 

tmeraenc• roc " ln f tcttd i !HPIUi~y 

IJ 
\'ti!h 

dampi ng - p lants VAM esc d es M)'Celilllll li 
Treatments oH ( '!. ) ('M ('!.) il (%) --il 

A-Sterilized soi l 

~ Control ( 1) 0 .0 0 

R . solsn/ 63. 34 60 .00 ! 

Bean common 0.00 80.00 
mosaic 

(BCMV) 

G. nrscrocarp utn 0.00 68.1 6 13.63 1 9.2 8.80 

R. so/an/+ BCM V 26.67 25 .00 23 .33 

R. so/an/ + G. Ma cr o. 13.32 38. 33 30.42 6.70 9.5 0 4.47 

G. macro.+ BCMV 0.00 86.67 60 .09 10.6 16.44 8-1 6 

R. solani+BCMV+G. 6.67 16.00 16.67 43 .84 8 .37 12.97 6.50 
macro. 

U- Non-stcrilit.cd soil 

Control (2) 33.33 36.67 

BCMV 20.00 13.33 73 .33 

G. nracrocarpum 16.67 20.00 67 .69 12.63 15 .6 5 .30 

G. mscrocsrpum + 13.33 12.13 80.00 50.5 9 10 .80 1 2 .3f, 5.47 
BCMV 

---=----=- ----

LS.D. at 0.05 15.43 8.76 15.44 6. 16 1.3 7 .69 11 .981 

L.S D. at 0.01 20.97 12.28 21 .65 3.G~ 1.92 2 .38 1 .375 

8!f!.. COII!jf'<'.H of tire Egy,,tinll Pht'IO{Ja//t ol. Soc.. Cairo. I 119 7. 



I U{ HI 10 " f I \ [" \I 

:at I \ \ - \1 ) cnn hint I e2,ua,:, ;laliuu nn he~u t~:'U\\1 ~h 

~ lo _ of 

.~,::~~;i:l~~~]:;}~~J ~ ~ ght leav es 

c•n) : /p la nt I 

68.33 8.33 1.8 14 0.479 9.66 1.67 16 .00 

I 58.33 8 00 0.963 0 .474 8.73 1 .52 11.33 

:=-s.:. tc ~ • • :J 5 50.00 7.33 1.673 0.364 9.06 1 .19 13 .33 

87.66 11 .33 4.06 1.686 11.25 2.66 24.00 

- 0 :•: I 68.33 10.66 1 .82 0 .417 1 2 .37 1.86 20 .66 

- :P. r ..o~C . 98.33 9.66 1.44 0.510 1 7.51 2.43 14 .33 

- BC'·'V 78.33 9 .66 0 .643 0.53 4 10.69 1 .86 1!:1. 33 

• BCMV + G. mac. 6 8.~~ 3 6.33 0.993 0.540 8.51 0.95 19.00 

H~rilizctJ soi l 

-= · ::.<= . 2j 61.66 9.33 0.957 0.392 6.92 0.94 16.66 

3 -::'"r/ 46.66 8.00 0 .693 0 .362 8.63 0.87 12.33 

:; - .a-croc srpurJI 81.66 12.66 1.017 0.466 9.91 1.26 23 .33 

IG ~croclirpum + BCMV 68 .33 10.66 0.693 0 .342 7.37 0 .60 20.66 

LS. D. >I 0.05 16 .33 1.09 0.508 0.131 1.81 1.08 0.606 

L . 0 . at 0.0 1 20.84 1.46 0.691 0.178 2.82 1.47 0 .691 

·l.!l_ Ct•ngr <'SI ofr!.c E~i'J'fillll 1'/lyropatl/0/. Soc., Cairo, /9'17. 
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lnoc ulation on Rhizosphere Microbial Counts : 
:..a:... • e populations of soil bacteria and actinomycetes 

~- 2-.: :.--e<;:..-..- cs gradually increased with increasing the growth 
.a :112 ;-alues at 45 days and decreased thereafter. On the 

~ ·• ~ · :reatment fungi counts decreased with increasing the 
:-~ : · · t-· . ~- : expen ment. Compared with the control, total counts of 

:-: -~= ::::: · '1<31 mfected plants were higher at the early growth periods 
-- . . - . : : gus treatment, while, the bacterial counts were low at 

~-.=o~.'"".,.....".-: ·· - .:::a5e of mycorrhizal plants and increased thereafter till the 45 
x.. Tius may be due to the viral infection leads to increase 

membranes and leading to release organic substances 
acids and protein) which may activate the bacterial 

and Stephense, 1989). This result is in harmony with Abd E)­
found that the total bacterial cotu1t in rhizosphere of virus 

o· .. •ering stage of bean was higher than the rhizosphere ofhealthy 
of bean plants with BCMV and G. macrocarpum enhanced the 

1fef"ation and the bacterial counts were higher at all growth periods than 
·:-ea· ems and this effect may be due to the improvement in nutritional 

· for bacterial growth in case of mycorrhizal inoculated plants . In 
d.a:.a in Fig . (2) emphasize that, actinomycetes collllts increased in case of 

;::"erooo and mycorrhizal inoculation compared with the control and the 
f actinomycetes counts in these treatments may be reflected on the 

~ o post emergence damping-off and root-rot diseases in case ofBCMV a11d 
;;~ us treatments which previously discussed in Table (1). V AM fungus G. 
:arpum when inoculated-alone or combined with BCMV increased the collllts 

ycetes and this was recorded at all growth periods of bean plants. This 
res....:: uld be attributed to the mycorrhizal fungi produced growth promoting 
s...b;;.mces as well the mycorrhizal fungi increased the availability of most nutrient 

specially phosphorus and micro-nutrients which encourage the growth of 
soLI micro-organisms (BeUone and de BeUone, 1993). 

As regard to the effect of viral and mycorrhizal inoculation on fungi COllllts 
,-';:;oa m Fig. (2) show that, rhizosphere of untreated plants contained higher 
::"jl 'ations of fungi than the rhizosphere of treated plants with virus or/and V AM 
=~_us . The mycorrhizal or viral inoculation decreased the fungi eounts and the 
:::-~mbmati on of BCMV and G. macrocarpum led to sharp decrease in soil fungi 
;:: ulau ons and this was true at all growth periods. 111is indicate that the substances 
c: root exudates of the viral infected plants may contains some fungal inhibitors (Abd 
El -.'l ageed, 1992) Ln addition, Eisa (Nawal) et aL (1994) reported that, the 
·--. orrht zal fimgi decrease or inhibit soil-home fi.u1gal diseases. 

· l ~rl'« of the EK.Jp finn l 'hytopatlw/. Soc., C11iro, 1997. 49 
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Effect of Viral, Fungal and VA-Mycorrhizal Inoculation on Bean Growth 
Characters : 

Data in Table (2) emphasize that, V AM fungus gave highly increase 111 

plant height when inoculated alone as well as when associated either with R.. so/ani 
or slightly witl1 BCMV compared witl1 tl1e control (I) in sterilized soil TI1e same 
trend (witl1 V AM) was observed under non-steri lized soil and these results indicated 
that, harmful effect oftl1e tested patl10gens (R .. solani or BCMV) was more decreased 
when it was combined with V A-Mycorrhiza and this trend agret'd with result:; 
obtained by Blaszkowski (1993) who stated tl1at. wheat plants inoculated with- . 
mycorrhizal fi.mgi were significantly taller tl1an w1inoculated one. In c.ontrast, plant 
height significantly decreased due to inoculation with R so/ani or BCMV each one 
alone, while, in case of control (I), fungal and viral infection and fungal, viral and 
mycorrhizal inoculation gave the same values (68.33 em) of plant height . Also, data 
show tl1at, compared witl1 the control, in aU treatments tl1e nwnber ofleaves/plant 
were increased with tl1e exception of both R so/ani and BCMV treatments when 
inoculated alone regardless the type of soil, and tl1e same nwnber oflt>..aves/plant was 
obtained witl1 R so/ani and BCMV when combined with V AM fungus and it 
increased tl1an with each pathogen alone. This result clearly indicated an antagonistic 
reaction between V AM fungus and R so/ani or BCMV whid1 may inhibit the 
hannful effect of each pathogen alone. Similar results were obtained in case of viral 
infection by Fawzy (1973), Rizkalla (1977) and Fawzy and Abd Et-M.ageed 
(1990). As regard to fresh weight of root system, inoculation of soil at sowing with 
mycorrhizal fungi gave the highest values of fresh root system weight and this was 
obvious in sterilized soil, while, all treatments significantly decreased fresh weight of 
root system in sterilized or non-sterilized soil except R so/ani + BCMV treatment 
whid1 slightly increased the fresh weight of root system. Compared witl1 the control 
(2) data show that, dry weight of root system decreased in case of non-sterilized soil 
treatments, except in case of V AM fungus. Treatments of R so/ani and BCMV 
either ead1 one alone or together in sterilized soil showed decrease in dty weights of 
roots compared with the control (1) treatment. This reduction was obvious specially 
in case of treatments included BCMV regardless tl1e type of soil, while, opposite 
result was recorded with V AM fungus treatments in sterilized soil. Also, obtained • 
data in Table (2) show that, fresh and dry weights of shoot system comQared witl1 tl1e 
control in sterilized soil increased in all treatments including V AM fungus exct.."Pt 
when it was associated with the combination of R. so/ani and BCMV altogether 
Also, tl1e weight of shoot system was decreased in case of R. so/ani or BCMV when 
each one was used alone, while, their combination led to incre~se in fresh and dry 
weights of shoot system. Many investigators reported tl1at, several viruses decrease 
t11e activity of fungal infection (Zink and Duffus, 1975; ADam et al., 1978; EI­
Hammady et al., 1983 and Fawzy and Abd El-Mageed, 1992) While, the others 
reported tl1at. several fi.mgi inhibit the infectivity of viral infection (Gessler and Km:, 
1982 and Abd El-M ageed, 1995) 
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As regard to non-sterilized soil, the fresh and dry weight of shoots was 
increasen in the V AM fungus treatments compared with the other treatments, also, 
data show that, fi·esh and dty weight of shoots were decreased in most t reatments 
compared with the control (2) 

l11i s could be attributed to the effect of virus on different physiological 
processes in plant which lead to sttmting of the vegetative parts of the plant while, 
their combined (viral and fungal infection) caused considerable increase in shoots 
(fiesh and dry weights) this , could be attributed to an antagonistic eff-ect between the 
fungal metabolites and virus (Abd EI-Mageed, 1986). While, Amer et al. (1983) 
recorded that , single and double infections with BCMV and Myrothecium verrucaria 
markedly decreased the dry weight of bean leaves. 

As regard to nwnber of flowers/plant data showed that, regardless the type of 
soil. BCMV treatment alone also R so/ani as alone or with V AJ\..1 fungus decreased 
the number of flowers compared with the control. In this re.spect, viral infection has 
been reported to reduce the nu.Inber of flowers of diseased plants (Goth ro.nd 
Wilcoxson, 1962 and Allam, 1965) and caused shedding of the flowers and pods . 
On the cont rary, V AM fungus and all treatments combined with it almostly incn.•.ased 
the number of fl owers/plant except when combined with R so/ani . This may be due 
to that mycorrhizal plants absorbed more phosphorus and the percentage of 
phosphorus was significantly higher in the roots and tops of mycorrhizal plants than 
in the non-mycorrhizal ones (~rdemann, 1964 and Holeuas, 1966). 

Effect of Viral , Fungal and V A-Mycorrhizal Inoculation on Some Chemical 
constih1ents of Bean Plants : 

Data in Table (3) indicate t11at, compared with the control total 
carbohydrates increased in most of treatments specially in case oftreatments i.e. 
V AM fungus orR so/ani, each one alone and the combination ofBCMV with V AM 
fungus also the treatment included all of them and this was true in both investigated 
soils . On the other hand, in case of infection with BCMV carbohydrate reduction 
may be classified into tlm.>e categories : severe reduction in plants inoculated with 
BCMV alone or with R so/ani together in sterilized soil and intermediate reduction 
in plants inoculated with BCMV in non-stetilized soil, while, the slight reduction was 
in plants inoculated with tl1e combination of R so/ani and V AM fimgus treatment. 
In this respect, Gamal El-Din et at., (1990) found that, total carbohydrates .-
percentage of the leaves was increased in case of the infection witl1 F. moniliforme in 
bean plants . On ti1e other hand, Amer et al. (1983) reported that, single infection 
with BC'MV or double infection of bean plants witl1 virus and Myrothecium 
vermcaria decreased the total carbohydrates content. 

As regard to pigments compared with control (I) chlorophyll A increased in 
all treatments except in case of plants inoculated witi1 BCMV alone in sterilized soil 
and ti1e chlorophyll A level almostly proportionated with carbohydrates except in 
case of BCMV rc>gardless the type of soil While, d1lorophyll B was increased with 
all trcatiiiCnts i11 sterilized soil except in plants inoculated with BCMV and the 
combination of BCI\fV + R. so/ani + V AM fungus . As well as chlorophyll B was 
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increased under all treatments in non-sterilized soil except for BCMV treatment 
compared with the control (2). 

On the other hand, data show that, chlorophyll C increased w1th all 
treatments except in case of plants inoculated with BCMV + V AM fimgus in non­
sterilized soil. However, Mahdy (1981) fOLmd that, all dctennined pigments recordlx:i 
lower values due to i11festation with F. oxysporum f.sp vasil!(ectwn in some cotton 
varieties. While. Rizkalla (1983) recorded that , broad bean wilt and bean yellow 
mosaic vimses reduced the three pigments in infected Giza I and 2 samples collected _ 
at different intervals of infection. 

Also, data in Table (3) indicate that, compared wtth the control total nitrogen _ 
and protein increased in all treatments specially in plants grown in soil inoculated-­
with YAM fimgus combined with BCMV and R. so/ani , while, the lowest 
percentage of total protein was observed in case of viral inoculation alone although 
still higher than control healthy plants. l11e same results were obtained with respect 
to the total phosphorus, while, total potassium almostly increased in all treatments 
specially in case of those including BCMV or V AM fi.mgus alone regardless the type 
of soil. 

As regard toN, P and K, Fawzy (1973) fow1d that, infection ofbroad bean 
plants with PMV and BBMV raised the total nitrogen content of leaves while, the:· 
decreased in stem. Whereas, total phosphorus content increased in leaves and stems, 
while, infection of broad bean plants with PMV decreased the total potassiwn content 
and BBMV infection increased the potassiwn in leaves and decreased it in stem. 
Amer et a/. (1983) reported that, virus infection (BCMV) increased total nitrogen 
content of inoculated leaves above healtl1y ones followed by combined inoculation 
(BCMV + Myrothecium verrucaria). On the contrary, fi.mgal inoculation diminished 
greatly total nitrogen percentage. While, Rizkalla (1983) mentioned that, a reduction 
in phosphorus ranging from 5.7 to i6 .1% and from 1.7 to 28% was observed in Giza 
I broad bean plants infected by BBMV or BYMV, respectively, while, the amount of 
phosphorus increased in Giza 2 bean witl1 virus infection. 

As regard to K, Fawzy and Abd EI-Mageed (1990) studied tl1e effect of 
infection witl1 combinations of fungi F. moniliforme and T. roseum and viruses 
BCMV and BYMV on K contents of bean plants and rep01ted tl1at, all oftl1e applied 
treatments increased the percentage of potassium with tlJC exceptior; .. of in case 
BCMV + F. monil!forme + T. roseum which decreased tl1e K percentage. 

8UJ. Cou~:re.u •1. the I:;,pti111r Phytupatlro/. Sue., Cairo, /997. 52 



INTERACTION IH::TWEEN VIRUS ... 

Tah!f.' (3) !<:lTtet ;_tf vin1!, ftmgal and VA-Mycorrhb.al irwtt~lar.irm 011 some da"miGll 
cont<'uL;; uf IJ(•;ul plants. 
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CONCLlJSION 

From the obtained results, it can be concluded that, the inoculation with 
myconhizal fungi should be applied at sowing time to decrease the infectioll witj• 
rooHot and damping-off di se.'lses and minimize the hannful effuct of viral diseases as 
well as mycorrhiza l inoculation improve the plant growth since the V M1 fungus 
111crease both carbohydrates and protein content as well nutritional elements in the 
p!ztnts 
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I)!.J~Jfo...JI ~ t.l..t...ll .u. 4--lJI .:u u..li ~Root-rot J-'~' .;)e-' emergence damping-off 

. • .h. ..,k ~ BCMV w-JA-' 

. ._,.._,J;iJI_, IJ:!.o_;fo.JI _).~.:,.. clS.! c;:_,>).JI ~I _,...,_ ~_y.ll ::l$J ~ Ji\..:...;\SJ 

..,.....il...-J! R. so/ani ~ ~~ .s>i l..l:!! IJ:!.oJfit.Jt ~ ~~ """" ~ ~-'J;il' ~L...:;A.l4..l ._,kl 

..-J! .&>._sol R. solani _>W_, IJ:!.oJfo.JI .;U.:,.. clS.! ~_,>j.JI ~~ ....__,, w-JJ;il'-! ~'-..Jt ..:..l:i4Jl"~' ~~ 

. .t.i....JI ~_;.II .} .illJ_, i..J"JJ;il4 ~'-...)\ ..:.OI.:i4'1! ~ 4,.; .)<:.\ J_,..\o 

~\ ~ l.jl_,....I.All _;J4./ IJ:!.o_;fo.JI _;.l.i.l ~~\ t;:lli!J ..:.0\~1 'J~ ~ .)) i..J"JJ;il4 .;,i.JI .;>1 

.\.... L...t.)lS. _,1 w-_,J;ill _,i R. so/ani ~ ~~ l.l~.o..} ..,..J.; ._,ki .;,15.., ~;:.11 t-" .:r 
"-1_;.11 ~ ._.....lSJI .u.JI i>YJ .)! .&> .;ol BCMV i..J"J~ ,jWI_, IJ:!.oJfo.JI .~ ~J•j.o.\1 ~~ ...._ 

...,._,~ ,j.WI t-' -'\ l.lfo ,I_,... I)!.JIJ_M ~~I .;.ll .Ajj$_,, roiJI ..:.Oiji..l J.$ ._,.i ~_,jJI Ul..l. ._,.i 

~ ~1} w-JJ;il'-! ,j.Wt .;,1 -4-J a .AJ:. L>--.~' .)<>_,. ~_;.11.} ..:..~Y:¢Y1 .l..lc o>YJ .)! BCMV 
oi ...... J.} ol... ~.)!.&>._sol~~ ~_,>j.JI ~~ .>.l<> i_~J ~_;.14 ..:.04._;.1.i.ll ol ..,_i ~ .)! .s•i l.i:!AJ.fo...ll 

. ~_;.II .} ..:.04._;.1.i.ll 

u4JI_, ~Ju.JI uJ_,.ll , ..:..4' 1 JIJ_,'it .l..lc • ..:..u4'11 J_,l..} ~ ••I.U .)! 'J:!.oJfi:!.JI ~ ~~ ..s•l 

.ui...} R. so/ani _>.-1.i e"' ~""""-''\,_;a.."-!~~"""".,.,.... ..:..1;-i 1 J'.AJYI,.,. . <.i_.....:...o..ll_, <.~#' t~ 
i..J"J~ ,j.WI ,_;., ~L.. ~yJI ,_.lll ..:..l.i..o JS. .} ~ .!...>... l..l:!! • ~_;.II t-" ,:p ~I ~ BCMV L.I"JA-! 

.Wa.. HJI_, .t.i....ll '-ifl' .} .&>_, R. so/ani ).1 ,1 BCMV 
W:+!-JJ4ill y-ool......lc_, ._....lill ~_,~1~ ..:.OI.J-l-:!4.t~fill 1)-o <.j~\ t~l .;_,.:;,..... ,jl ~L:i.lll ~) .l..i_, 

.IJ:!.oJ~I ~ WWI ..:..)L..L..Jt ~.} •IJ r>.!"'i.:i~l_, J,0....,o11_, 

rJ.i! ~I ._s.ll,, L.I"JJ;il'--! ~I 1-"'-L.... ._....,J-':!4-'!fill._s~\ t-' 4--W... A J-JiJfo 4...; ..:...;L,S_, 

w-JJ:!ll4 ..JWil.l.t.... 1..,.L.. ..:..)L..L..JI ~ e"' ,,J C ~Jfo ~, B ~Jfo.:,.. ..:..u4ll'..s;:-.. >>v .)! IJ:!.oJ~~ 

. :W.... .J:!A.ll ~_;.II .} I .);4 J ~\ .~ ~\ J 

JJi..;.JI .;U.c.i_, ..:.01 J>L;JI .J._,L. ._,;.l_y-4 ~1....'/1 .)4 ......U 1).!4_;~1 ..:.O~_>I..i.t ~I <I .»:4 ~ ..!....,JI 1:.0. ~ti; .)-oJ 

>>Lu ..,..~c J....:i ')!.A J~l ..:..L.....}..l ,) ~~ ~ ..:..4l}l -"""' :U1... ~, 4-,J;i11 _,;..I y.':u Jl..<.ll ~\:il• J#i J 

.~lkll y-oo\.UJI ..ill:,S J ..:,P, .)!ll, ..::.• J-':!4 .t~ ~~ .:,.. ..::,::;~1 ._. ;:-... 
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