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ABSTtdACT

Charcoal rot disease afiects sonre morprrological characters ofthree bean cultir ars u ith dirferenr degreci of resistance.
carbchldratcs. phenols and free anrino acid content were determined
irr roots and stems of these ihree bean cultir.ars. Qriebraska, Viorgan.
and. Xera) to studr the ,aiure of ,lisease resistancc amon-u Lrean
cultirars accompanied *ith their chernical components. Tf,e lox,
suscsptible cultirar hebraska shorved ihe lowesi ar-nouni of reducing.
non-reducins. trr6s1 sugars, insoiuble and total carbohydrates and
erhibited the highest anrount of fi"ce, conjugated totalpheriols a*d freeami'o acids cornpared n'ith cv. Xera (highry,sirsceptibre cv.).
Charcoal rot disease decrcascd trre carbohyirate coitents and
increased the phcnolic and ami,o acid conlents. cobalt *itrate ard
ethvlene diamirre decreascd tlie disease i'ci,lence in plants, treated as
seed soakine or soil drenching. cobalt nitrare and potassium chloride
increased the oxidative enz\,.me activity in the cofvledons tre-ated as
seed soaking or soil drenching.

Re]' v'6r4t' bean. chorcosl rot disettse. intruced svstemic resi,stunce,
l.{ac r op h o mina p kcts e o I i na. o x i d uI i:r, {i € tt Z v- t*€ u c t i v i ly.
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I.INTRODUCTION

The cornmon bean (Phaseolus vulgari,s L') is the main scurce

of pro'.ein in the diet of more than 100 millioll peopie in Latin

America and Africa, In Egypt.the cultivated area of bean is limited

anrj the country needs to increase the produetion to meei the

increment of consumption. Tlre common bean is considered one of the

most promising vegetable crops for local consumption and

exportation. The infection with charcoai rot disease afTects tnan,v

morphologicatr characters and chemical constituents of variorts

cultivars according to their degree of resistance and susceptibilitl''.

Faris et at., (1992i indicated that cvs. Bronco, Morgan, Magum

and XPts 201 gave the best total green pod ;lield, rvhile cazonii C1'.

uas raoderatel-v in this rcspect, thereas tile c\is.,\lassai and \{ei-cur

gave rhe iowest yield. As for total dry seed yield. c'rs. I\{crgan. Giza

6, Bron.o and XPB 201 gave highiy f ield. rvhile cvs' Forum'

Mognum. Primil. N{assai, Baslin. 'rilla and }lercure gar.'e tlte lou'est

totai dry seed _vield. Sonsa et al..l199l) reported that rield cf commolr

bean lines resistanr to 1[. pha.seoliro ranged iiom i]i to 1051 kgiha

compared r'rith 55 kgrha for the susceptible ones On rhu- other hanci'

Jadeja and Patel (1989') shoted that the content of phenols uas l-righer

in the resistant Phoseolus !tmalus cuiiivar PLi-l than in the

susceptible one i.e. PLJ-5, Phenols and amino acici contents were

increased in the dtseascd stems of some bean cultivars infected by M
phaseolfuu than in health-v ones. The lowest share of aciciic amitro

acirJs in root erudates and the highest share of aromatic and aikalinc

amino acids were lbund in the resistant cultivars (Pieta 1994.1'

Siegrist ci at., (19971 induced a systemic acquired resistance

(SAR) in bean leaves b,v spraling with some chemical agents or BTH

as a pew deveioped fonn of application. The seeds gf bean rvere

allowed to germiltate in the ir-1duced solution. A mininlal period o1"4

days rvas necessary to obtain resisiance against some bacterial and

fungal pathogens. Eisa, Naur-.Iehan (i998) demonstrated that the total

rrgurr in root exudates of cv. Giza 3 (highly susceptible) were higher

rhan those observecl in the root c-rudates of cv. Bronco (less

susceptible one). F ree and total phenol iJontents in the root erudates of

the lcss susceplible bean cuhivar i.e.. Brgilco were mucli greatel

than ti;ose obtained froin the root of highlY' susceptible- cuitiVar.
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The aim of ttie present work rvas to provide additional
intbrmation on the nature clf resisiance of some bean cultivars against
charcoal roi disease caused by M. phuseolina by studl,ing sorne
morphological and t,iochernicai changes associated r.rith this disease
in the rocts and stems of three bean cultivars *nder artificial infection.
Also, the use of abiotic and sy''nthetic compounds as the inducers of
systemic resistance and their effects or.r some oxidative enzymes was
investigated.

2. &TATERIALS AND METHOI}S

The inf'ection rvith l,{. pleaseolin'r altects some morphological
and bicchereical changes o1'bean cultivars.

2.1. Ilorphological characters
This experinlent was carried out to throw some light on the

ettect oi ,\[. phctseoiina on the morphological charar:ters of 3 bean
cultir.ars namelr'. Nebraska. Molgan and Xera. Barley medium
inoculated rvith the fungus, previousli' isolated frcm sv,,eetmelon roots
at Eltal Elkabeer. It rvas added to the soii in cla-_r pots (25 cni in
diameter'i at the rate of 3 barlel' seeds/ bean seed. Five seeds r.l'ere

gro\\'n in each pot and fir'e replicates wcre used fbr each treatment.
Similar nunrbers of'pots. containing non-inoculated soil were used as

control. Fresh and dn u'eight of root {em). shoot and rvhole plant
\\'ere exarnined. Leaf area (cm-). stem length (cm). number of
branches and pods'plant. ueight of fresh vield,'plant (gm) and rveight
of 100 dn seeds (gm) u,ere alsc. calculated.

2.2. Biochemical characters
To studl the nature c.f resistance, some clremical componerts

*'ere estimated in 3 cultivars of bean plants, i.e. Nebraska, Morgan
and Xera as less susceptible. moderately' and highly susceptible
cu ltivars, respectively.

'l-his erperinient was carried out to determine some chemical
constituents sucli as carbohydrates, phenolic compounds and frce
anrino acids due to infection rvith M phaseolinc. These chemical
constituents uere detemrined in steins and roots of infected and
healthv of the aforernentioned three bean cultivars. Samples lbr
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analysis were taken twice i.e., i0 and 20 days after inoculation

Control treatment (non-inoculated seedlings) was also run in the same

manner.

2.2.1. Determination of reducing, non reducing, total sugans and

total carbohydrates: A iveight of 0.5 gm of dry plant material

powder rvas extracted using 50 ml of ethanol and incubated in a water

tath ut 70 "C for i hours. then the mixture u'as l'iltered' The filtration

rvas inade up to 100 rrl rvith distilled water. Reducing, non-reducing

anci totai sugars as rvell as total carboh,vdrates \ryere measured at -i50

nrn according to rhe methods riescribed Lry Bernt-eld (1955). The data

were expressed as rng glucoselgm dry weight from 1he staldard cun'e

of glucose.

2.2.2. Determination of phenolic compounds: Phenolic compounds

{iree, conjlgated and total phenols) in inoculated and ncn-inoculated

roors and stems were determined using the calorimetric method as

suggested by Sneil and S[ell (1953). Color densit\ \\'as detected

,peitrophotorntricall,v at 52A nnt and deterntined as mg catechollgm

dry rveight fronr the slandard t:urve of cateci.toi,

2.2.3. Determination of free amino acids: Paper chromatograms for

quantitativell, separation of the individual amino acids was used with

extractir--,n of inoculated and non-inoculated saniples of hea:r cultivars

et two perio,J intervals- The solvent syslelx was prepared according to

Block ( i95s). Spors rvere macle visihle by means af 0.2'h ninhl'drin irr

acetone {rvlv).

2.3. Abiotie and synthetic eompounds as inducers of systemic

resistance
Potassium chloride. cobalt nitrate. ethl'lene diamine ald sodiunt

carbonate rvere et'aluated as abiotic or chernical inducers at the rate of
20 ppril. The enzl,6e activities of peroridase and pol,vphenol oxiilase

werle detennined in the cotyledons" Enzyme activitv ol peroxidase and

pclyphenol oxiciase \t.as i]]easured at i0 and 20 da,vs alier inoculatioi-r

as follon's:

2"3.tr" Seed treatment: sterilized seeds of xera bean cultilar rvere
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soaked in water suspension of abiotic inducers at 20 pprr ior i. 5 and
i0 hr. The seeds \1ere sown in the int"ested soil at the rate of 5

seeds/pot. Three replicates were employed for each treatment. Three
pots rvere leli without treatment and used as a control. The
percentages of pre- post- emergence damping-off charcoal rot and
surv'iving plants u,ere recorded as mentioned betbre. Also, peroxidase
and polyphenol oxidases as mechanisms clf induced resistance w.ere

determined in the cotyiedons of Xera bean cultivar at i0 and 20 days
after inoculation.

2.3.2" Suit treatment: Soii drerch was carried out in ciay pois during
the souing tirne nith \\,'ater suspension of abiotic inducers at 20 pprn
(250 nilipot). Other pots \\ere lefl rvithout treatment as a c,rntrol. -lhe

percentage of pre- post - emergence damping-off, charcoal ro1 and
surviling piants were determined as descriLred bctbre.

For enzl'matic activil (percridase and poil.plrenol oxidases),
several c[a1 pots u'ere divided intc four grcups as follows: l) Pots
fllled uitli infested soil and treateci *'ith inducers.2) Pots filled with
uninlbsicd "oil and treated with inducers. i) Pots illled with inf'esteci

soil and untreated. 4) Pots filled rvith unintbsted soil or amcnded "rith
inducers.

Also. peroxidase and pt-rlyphenoi oxidases as mechanisins of
inCuced resistance wei'e deterinined in tire cotvledons of Xera bean

cLriti\ar at l0 and 20 da1's aiter inocitlation. The en4,.me extracts ironr
the infe cted an,J health3' cotr iedons of Xera bean cuitivar lvt:re
prepareci as reconffiended b1 N'laxu'eli and Bateman (i967). The
supefi.raiani iluids ri'ere used tbr enz\ rne assa\.

The peroriCase and polr phenoi oxidase assa)' il as

colorimetricailS derennirreri using Specoi Spectrocclourimeter iCarl
^-lZeiss. Jana) at 2:tZ'C The readings of thc colorirnetelurere

recordeci e','ery 30 sec. for -5 nrin. The control cuvette contained the
same solution except that the substrate solution rras replaced by
distilled water.

Peroxidase activig was estimated according to the nrethod of Aiiarr
and Hollis t1972) b1' rneasuring the oxiciation of Pyrogallol tc, Pyrogallin
in the presence of H202 at 425 nnr. rvhereas. the activity of polyphenoi
oxidase was dctermined by the calorimetric method of l\'laxlvell and
Baleman ( 1967). The activitv of polyphe nt-.l oxidase was cxpressed as the
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chan_qe in absorbancei 1.0 ml of extract per nrin. at -i95nnr.

3. RESULTS

.3"1. Monphological changes
charcoai rot disease affected some morpliorogicar characters ofthe bean cultivars (Nrebraska. Mor,gan and Xera). ihis effect varieci

from one cultivar to another (Tabre 1 ). Data shorr thar trr" r.*sn anodry w'eights of the roots. siioots and ,,,hore prant a""r*r.J in the
infected plants than the healthy ones for ihe three t*ri"a n**n
cultivars. NeLrraska w.'as iess afiected compared with i\4organ and
Xera, rvhich exhibited highli, response to infection.

Leaf area of trre inf"ected prants l'as iess than the hearthl, oneslor the rhree bce, currivars being 43.1(r ona eu.ro-.;t ii;r;;iNebraska). 5U.76 and 6i.93 cm2 (fbr cv. Morgan). :0.:: and :+.::
cnr- (Ior * . xera), respectivelv. Stem length in the infectec prants
was shorter than the hearthy ones. Numbeiof brancrres /plant of the
infected plants was less if'compareci rr.,ith the healthy on*r. xu,rr.. orpodsiplant in the inlecred piants rvas less than the fr"uiiiri: 

"r", U";"gi8.00, 18.3i.i5.76.i 6.67. 11,86 and 15.69 pods,,pf unt io, if.,. thr."
bean cultivars. respectively.

weight of fresh 1.'ieldl plant e.xhibited the lorvesr amounts in the
infected_ piants compared with the hearthy ones for the three tested
bean cultivars. The same trend \\as true concerning the weight of 100dried seeds, bei,e 89.2 and 90.i gm (I,Jebraska;, 13.1 and-32t.23 gm
(N{organ), 3:1.56 and 36.23 gm (Xera) for infecterl 

""0 
lr""rtrr>r-ptant,

)..iebraska. Mrrrgarr and Xera. respectivel_r .

3.2. Biochemical changes
carbohvdrates. phenols, free amino acid contents were

determined in the infected, healthl, roots and stems of the
aforementioned bean cuiti'ars. to stud1,' the nature of resislance
amons these cultir'ars including their cheirical components.

3'2'1. Determination of carbohl..drate contents: Solubre
carbohl''drates ( red,cing. non- reducing and tota! sugarsi. insorubre
car-bohydrates and total carbohydrate .ont"nt, c,f the infected and
healthyplants of three bean cultivars twice{i0 and 20 davs after
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i,oculaticn), were esii*ratcd. It *,as found fr.om the data in Table i2;that the infected stems and roots of the less susceptible cultivar
(liiebraskai exhibited the lorvest amour?ts ol.reducin,{ *g"ru. On the
c.rnrrarv, tlre infected stems and roots of the hithly susceptihle
cultivar (Xera) had higher levels oithis ccmponent at r0 and 20 days.

The inlected stems and roots of the moderaiely susceptitre
cultivar Mor_*an contained (2.5 anci 3.5. 0.7 and 0.g mg glucc,sergm
dry rveight) at l0 and 20 da1's. respeciit,el1. compared ,rithitre healihy,
stems and roots of the three tested cultivars"

Jn general, the ini-ected piants of a!i tested c*ltivars shor,,,ed a
lorver amount of reducine su-{ar contents tlian that noticed in tire
healthy ones. Reducing sugar content increasecl rvith the age of plants.

Res,its in l'abie (2) indicate that nan-redr.lcing sugar content
in the stems and roots of the infected plants rvas low ri,hen-cornpare,l
with the healthv piants. The infected stenrs and roots of tire liighly
susceptible cultivar r"e. Xera had high amount of non-reducing sugars
being.3.5.6.4 in stems and 1.6,2.1 rng glucose/grn Ory w!;glt ln
rocits at l0 and 20 de-vs" respecrively. The moderate susceltible
criltivar (h4organ) ccntai,ed 2.i, -5.0 in stenrs and i.6. 1.3 nrg
gluccse/gm dry rveight in roots) at i0 and 20 davs. respectivei-r.,
folloxed [:,v the less susceptible cultivar (ri-ebraska).

Data in the same Tabre sliow tl:ai ioia-r sugar- cofitents in the
healthy plants were the highest at ail growth stages compareri rvith
the ir"rfected piants. I'oral sugar conlent w,as lrigh in sterns anil rocts of
cv. Xera than i* cv. Nebr:aska and increased witl-i tire increasir"rg of
plant age in both cases (uninfested and infested soil). Concemingthe
i,fected stems and roots of highll, susceptible cultivar (Xera)
coatained the highest anlount of this component at i0 and 20 da.v*s.
foliowed by the moderate susceptible .ultir,u, (Morgan). The less
susceptible cultivar (Nehraska) contained lorver amounts in both
stems and roots ai 10 and 20 day's after inoculation. Total srisar
content increased rt ith the plant age.
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Table (?): Effeet of charcoal rot disease on carboh:vdrate content (mg glucose/gm
dry weight) in the stems and roots of three bean cultivars l0 and 20

i.* : Planls sown in infesteil soil with thc f'ungus. l,i. : Plants sou.'n in uninir:sted soil (c.u1rol.1

9'o [ncrease (+) or {jecrease (-) re]ative io the control

Results oLltained in this study ('Iable 2 ) indicate that the

infected stems and ro{lts of the highly s'.isceptible cultivar (Xera)

exhibiied tlrc highest atirount r:fl insolublc carbohl'drare being, 4'E. 8.8

after inoculation.

U

o

o

Soluble cartrohydrr ates Insoluble
carbohydrater

Total
carbohy dratsRedueing

sucars
Non reducing

suqars
Total

sugars

l0
davs

20
davs

ls
davs

20 days
10

days
2{)

daYs
l0

davs

,o
days

t0
days

20
davs

Eg
'"f

I.* i.2 ?.c 1.6 2.4 2.8 5.3 8.b 13.6 1 1.4 i ti.9

(
,)z

11. 3.1 ?.0 -l .1, 5.1 6.2 1i.7 16.5 16.8 22.7

fi/ -)-/a I $1.29 9.3i 2C.r) 2A.C 45.09 l4.ll 26.49 11.5i 3:-. I + 16.74

J.+ 2.2 2.8 2.5 5.0 4.7 7.8 s.2 9.6 9.9 17.4

U" 2.6 3.5 !.() 5.5 I0.4 13. I 15.9 I8.6 26.3

0/ -L/UL 15.38 20.0 3 .81 lr.5-_l 14.5-t 25.0 O(,.-l 39.62 46.7',7 Ji.J.+

t* 28 3.3 -1.5 6.1 6.3 9.7 1.9 8.8 11.2 r 8.5

U. i.5 4.1 1.5 9.4 8.1 13.5 12.6 15.7 24.1 29.2

o,'_J_.,o L 22.22 t9.5 22.2i -1 1.9 1 22.22 28.i5 61.11 43.9_i 45.89 36.5.1

cc

I.* 0.6 0.8 1.2 1.6 t.6 i.8 2.9 2.9 A1 5.3

U 0.8 1.2 lo 1.7 2.4 i.+ 3.2 _5.8 6.3 AT

Dt- -L/o _L 25.{} t.1 .3 2_s.0 5.88 58.33 ,1d._1J 9.3It )0.0 39.08

bo

t. u.7 08 1.6 1.5 z.) 2.3 2.19 5.9 5.1 8.i

U. i1 l.-i f.i 1.7 2.8 2.8 i. i 8.3 9.6 I i.4

o.,- L
/ t) _)- 36.36 1:8( i.88 11.'t6 11.86 17.86 24"32 28.92 26.09 25.rt,i

-
u
X

1.* 0.9 4.9 i.6 2.1, 2.5 3.0 -1. J 6.8 :.1 9.8

U 1.3 1.8 2.1 3.1 3.9 4.7 {).-\ 1i.1 t.1./

O/L/aL 30_77 50.0 11.11 100 19.35 23.08 29.79 26 E8 J.'. J J )5 16
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and 3.3, 6.8 rng glucose/grr dry rveight in both slems anrj roots 10 and
20 days, respectively, loilowed by morieratelv susceptible cultivar
(Morgan;. l'he less susceptible culiivar (Nebraska) showed the Iorvest
amount of this comporrent ir: borh stems and roots i0 and 20 da1s.
The healthy plants had the highest arrount af insoluble earbo!.iydrates
ii compared with the inf,ected plants. on tlie orrrer hand, insoluble
carbohydrates increased r^, ith the plant age.

trn tire same Table (l) data shou'trrat total carboliydrates were
increased in tire stems and roots of all tested cultivars rvith the plant
age, Total carbohydrate content rvas higher in the health_v plants than
in the infected ones. Tire ir:fected stems and roots rli tiie highl1,.
susceptible cultivar (Xera) contained the highest level of total
cartrchr,drates. being 11.2. i8.5 in stems and 7.4, ?.8 rng glucoselgr:r
ciry weight in ihe roots after 10 and 20 days, respectiveli,. .fhe

moderately susceptible cne (Morgan) contair.red 9.9.17"4 aird 5.1. g.5

n:g glucoselgm dry weight in both stems and roots at i0 and 20 dal,s,
respectivei). Stems and roots of the less susceptibie cultivar
lNebraska) contained the lorvest arnount of this colnponeut.

From the data in Tabie (2) it could be concluded rhat rhe
health' roots and stems of the less susceptibre bean cultivar
$'lebraska) contained the low'est amouirts of reducing sugars. no,
reducing sugars, total sugars. insolufrle carbohvdrates and totai
carbohydrates, followed bl the moderately susceptible cultil,ar
(Morgan) and the highly susceptible one (Xera). Generalll,. charcoal
rot disease infection caused a decrease of carboirydrate content at all
the examined periods, if conrpared with the heaithy piants.

3.2.2. Deterrnination of phenolic compoumds: Free. conjugated and
total phenols y,'ere determined in the sterns and roois of infected and
healthy planis of the previous three bean cultivars at 10 and 20 clays
after inocuiation. Data presenred in l-able (i) shorv tirat the charcoal
rot disease caused an increase of tiee phenol contents in the stems
and roots of the infected plants almost at a1l examir:ed gro*th stages.
The infected stems and rt-,c-rts of less susceptibre curti'ar (Nebraslia)
had the highest 

'alues 
c'f tiee phenols. beins 7.45. i2.?.4 inthe stems

and 8.80. 10.62 mg catecholism lresh 
''eight 

in the rcrots atler l0 and
20 day's. respectivelv.
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Tahle (3): Effeet of charcoal rot disease on phenolic contents (mg catechoV gm fresh

weight) in the stems and roots at two periods (10 and 20 days after

I.* : Plants sorln in inlcsted soil rvith thc f-ungus. U. : Plants sorvn in uninfeslcd soil (contrc'l).

94 Increase (+) or decrease (-) rclativt to the conlrol'

-fhe infected sterns and roots of the highly susceptible cilitivar

(Xera) contained tire lorvest values of free phenols. being 2.53. 4.51

and 5.43. 8.23 mg oatechol I gm fiesh weight in berth the stems anrl

roots after 10 and 20 days of inoculation, respectively. Free phencls

increased with increasing of plant age.

The results in the same Table indicate that the infection caused

an increase of the conjugated plrenols in the stems and roots at the fw'o

tested periods, b61 this increase rvas limited. The int-ected stems and

roots of the less susceptible cultir,ar (Nebraska) had higher values of

this component, rvlriiq the infected stems atrd roots oi- the highll'

susceptibie cultivar (Xera) exhibited iou'er Yalues o1'the conjugated

phenols, The ccnjugated phenols varied i:etueen increasing or

decreasing rvith the increasing of plant age'

Ivlelntime" charcoai ro. disease causeci an increase of ti-rtal

phenol. sten:s an,J roots cf tire highh'susceptible cultivar (Xera)

inoculation

Q

Free phenols Cr ie 'otal renols

Stem Root Stem Root Stem Root

r0
dav

20
dav

10

day
20
dar

l0 20
dav

10
dav

)t\
dav

IO
dav

20
dav

IO
day

2{l
dav

Z

t.* 7.45 12.24 8.8 10.62 2.98 3.47 1.09 5.09 1ri-43 t5.31 9.89 15.7 I

Lr 5"52 10.43 6.25 10.2i 1.t I I.04 1.02 4.09 6.64 11 .47 7.27 14.36

%j 34.96 *17.i5 -3.4 t 68.4f 195.1 -6.86 -2,1.41 -57.0 r' -33.47 -36.03 o,t

r!

-

I 5.93 9.86 5.21 10.39 0.85 1.11 l-\l: 1.05 6.78 1t .57 7.23 11.44

ti s.19 6,32 4.1& 9.63 fi.42 1.06 1.(-) 1_()1 5.61 7"i8 5.78 t ri.5.l

om=
-11.25 -56.01 -8.99 -7.89 102.38 -6 t .32 - I 02.0 -3.96 -10.85 -43.22 -:5.08 -7 sl

X

I 2.53 4.5 i 5.43 8.23 1.14 f .il--i 1 {}6 1.51 3.6? 5.56 6.19 9.6 I

{J 1.8S 3.35 ?_71 7.59 t.01 1 .01 1.05 1.0r 2_9 4.36 4.78 Y.O

fi./70 -3 3.86 -31.62 -45.5 -8.43 -12.87 -3.96 -0.95 -62.23 -26.i5 1? (.} -35.77 2.81
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dadth lmrcstvalues of total phenols, being 2.09, 4.36,4.7g and9r;g.c?chor / gm-fresh weight ai to and 20 d;y, ;ft"r'ino:curation,rEJpdircb- The infected stems and roots of the less susceptibre.,friy.r (Nebraska) had higher values of tctar ph;r"i;;;;inf ro.+:,l53l' 9.t9 and 15-71 mg catechol/gm fresh wlight aier i0-and 20
@s of troculation, respectivery. The totar phenolf increur.d with the
platrt age-

It could be concruded from Tabre (3) that the less susceptibre
c-uhir-ar Qfebraska) "rybi "d ru nigrcrt free phenolq *":.g""a
phmols-and total phemrs_in the heahhy roots and sems, fofioived by&e moderae cuhit-ar tMorgan) ,na ri* highry rur"*piiui" 

"urtivar(Xera)-

SJJ. rleterairrtirn of ftee rmino acids: Data in Tabres (a) and (5)
indicde thd &e infection caused an increase of amino acid contents inall cultivas after r0 and, zil days of inocuration. The amina acid
cotrc€ffiations were higher in the infected roots of the less susceptible
cultivan (Nebraska) co3raref with the highry *ur"*ptiui" o"" ix"rulafter l0 and 20 da3rs of incculation.

Data also show that the acidic amino acids group {Aspartic andGlutamic) was found in high concentrations in both the infected and
healthy roots of the tested cultivars compared with other amino acids,followed by Arginine, phenyralanine and Leucine. surptroiic amino
acid group (cystine, cysteini and Methonine) was found in moderate
concentrations in the roots oftested cultivars, but it increased in theinfected roots of the highry susceptibre cultivar (Xera) 

".*[ur"i *i,r,the Iess susceptibre one (Nebiaska) at r 0 and 20 days after
inoculation.

Data in the same tabre indicate that the less susceptibre curtivar
(Nebraska) exhibited the highest free amino acids in the healthy rootsfollowed by the T:dTtg cultivar (Morgan) and ttre trigfrty
susceptible cultivar (Xera). In general, amino-acid content increasedwith grordh stages.

33' rnducticn- of systemic resistance in bean prants by abiotic
compounds and its effect on some oxidative 

"ory*"."33'1. seed soaking: Data in Tabre (6) show that seed tLatme *t at ail

{-- {t
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tested times oi Xera bean seed soaking with cireinical inducers

reduced pre- post- emergel'lce damping ofi and percentage *f charcoal
rot" rvith different degrees. Cobalt nilrate, after 10 hr. soaking
eontrclled the disease incidence, being 0.0, 0.0 and 5.-550,6 of pre-
post- elxergence darnping olT and charcoal rot. respectivelv rvhile,

afrer 5 hrs. show'ed 0.0,0.0 at'td 6,664k of pi'e. past emergeirce camping
ofT and cilarcoai rot, respectivelv. Ethylene diamine after I0 hrs

dirninislred prc- post- emergence damping off and charcosi rot to 0.0.

0.0 and 8.14%. respectivei)'. Sodiurn carhoriale and potassium

chloride rvere less efTective.

Generaily, seed soaking ii'ith abiotic agents. i.e. cobalt nitrate
aird ethy'lene diaminc'. lvere sr:perior in cciltrollins pre, post-
emergence darnping-off and charcoai rot compared rt'ith co*trol.

Data in fable {7) shor,.'ihat the cheniicai inducers iiicreased the

activity of peroxidase and pcl-rphenol oxidase. Ths ennme acti\iti
p'as deten:lineC in the treated cot-rledons compared iiith the control.
Cobalt niirate was more effecti-"e tbr increasing ihe actir in of both
e?lry-.mcs (peroxidase and pol-"-phenr,rl cxiriase) at all times r,f sr-.aking

and at all examined periods, foliowed b1' potassiurn chloride than tlre
ctlier ones. N4eantinie, etirylene diamine was less effecti'ie for
increasing the activiS- of bcth enz),'mes. Data also indicate that after
i0 hr. of seed soaking was the besi period for inducing and increasing
the activiry of enry-mes compared with one and 5 hr"

3.3.2. Soil drenching: Data presented iri Table 18) reveal that soil
treatment with chemical indiicers reduceci the ciisease incidence in the

plants sown in inl-ested soil compared rvith the cont.roi. Cobalt nitrate
controlled Ciscase incidence being 6.55.0.0 and 6.{}6% of pre- pcst-

emergence damping olf and charcoal rlrt. respectiveiy, firllorved b.y-

ethylene diauiine, sodiunr carbonate attd potassium chloride.
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Table (7): Peroxidase and polyphenol oxidase activity in the

cotyledons of Xera bean cultivar soaked in water

suspension of some chemical inducers under

@nute as opticai oensiti'

Table (8): Effect of some chemical inducers as soil drench on the

pcrcentage of damping off, o/a charcoal rot and t".:IYu'

house conditions

Treatments
Seed

soaking
(hrs)

Peroxidase
Polyphenol

oridase

10 days 20 days 10 days 20 days

Potassium
chloride

I *0.79 1.87 0.12 0.23

5 0.88 1.94 0.16 0.28

10 0.92 1.98 0.21 0.33

Cobatrt

nitrate

1 0.78 1.80 0.l2 0.22

5 0.91 1.95 0.1 8 0.31

i0 0.98 2.02. 0.25 0.36

F,thylene
diairiine

1 0.78 1.81 0.lz 0.22

5 0.81 1 .86 ,\.1< 0.25

10 0.87 1.9 0.19 0.2lt

Sodium
carbonate

1 0.78 1.81 U. l_i u.; i

5 0.84 1.89 0. i8 n 17

i0 0.87 1.92 0.22 0.3

Control 0.78 1.8 0.09 0.18

nder greenhouse conditions.

L.S.D at 5 Yo 16 12 11.86 lr 17 28.6)

nts of Xera b*un "U!4lqgEgEql!99-E

Treatments

Yo damping off
%" Charcoal

root rot
(6$days)

nl, Survival
plants

(60 da:si
Pre

emergetrce
(15dar, s)

Post
:IIl€f BErtuE
(30 days)

Potas*cium clrioride 20.0 6.66 21.23 13.33

Cobalt nitrate 6.66 0.0 6.66 9i.33

Eth,vlene diamin l-r.J-. 666 I i.8-1 80.0

Sodium carbonate 20.0 6.66 11 ") l).7)

Control 46.66 13.i3
1t I++.-t 40.0
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Datairr|able(9}showthattheenz-vrneaetivityofperoridase
and polypirenol oxeiase had increased in the plants so*'n -in 

the

treated .oil ir compared with those sown in the untreated soil. Data

ulro ulro*' that peroxiriase and pol,vphenol oridase were higher in the

irriected coqvleions of Xera bean compared rvith the healthy ones.

Cobalt nitr;te and potassiun.r chioride increased peroxidase and

fo\,phenol oxidase activity more thatr other treatments' Peroxidase

lnj poryprr*nol oxiclase acti'ities rvere increased with the increasing

ofplant age.

Generalll', peroridi:se anil pol1''phenol oridase actilitles were

increased in the cot_vledons produced liom seerJlings srown in the soii

treated with chemicai inducers compai'ecl rvith those grown in tlie

untreatecl soil.

Table (9): Peroxidase and polyphenol oxidase activity in the cotyledons of

(Xera) Uean culiivar treated with some chernical inducers
fter inoculation

* Enrl ,-,.'t activit-v per minute as optical densiry'

4. DISCUSSIO}iI

The inlectit-'n with charcoal rot disease caused remarkahle

changes in the diseased plants' This disease affects iran-v

as soil drench at l0 and 20 a

T'reatments
Peroxidase

Polyphenol
oxidase

l0
days

28
days

10

days

20
davs

;io

Potassium chloride *0.95 1.89 0.39 fi.46

Cobalt nitrate 0.iig 1.98 0.48 Ll.5 5

tsrh-r.lene diamin 0.82 1.84 0. 16 0.3

Sodium carlronate 0.86 1.94 8.24 0.41

lntested so 0.?8 0.09 0.18

c)

,+C
Aa

,

Potassium chloride 0.91 1.87 0.36 0.45

Cobalt nitrare 0.98 1.96 0.45 0.53

Eth,vlene ciianiin 0.79 i ^83 c.15 0.29

Sodium carb,-rnale 0.81 1.92 0.22 0.38

Lninfested soil 0.6s f.i8 0.06 0,14
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morphological characters and chemical constituents. tvhich are

changed by infection according to t!.re resistance atrd susceptibility of
the bean cultivars. This effect varied with different degrees from one

cultivar to the other and from growth paranteter to the other. Fresh

and dry rveight of roots. rveight of shoots and whole plant were

decreased in the infected plants than the healthy ones for the three

tested bean cultivars. but cv. Nebraska t+'as less affected compared

rvith Morgan and Xera which exhibited high response to the intbction.
Leaf area of infected plants was less than of healthy ones for the three

lested hean cuitivars. Stern length in the infecred plants was shofter

than the healthy ones. No. of branches anci podslplant in tire infected
plants rvere less compared r.vith the heaithy ones. Weight of fiesh

l,ieldi plant and *eight of 100 dried seeds exhibited the low'est

amounts in the intected plarits comparcd rvith the healthl' ones for the

three bean cLritivars.These results are cotrfirined b-v many investigators

e.g.. Tohaml(1977). Faris et al.ii99?\ and Songa et al.{1991)'
Tolal carbohy'drates. solLrble carbohl'drates (reducing, non-

reducing and total sugars) and irrsoluble carboh;-'drates rvere higher in
the healthy stems and roots compared rvith the intected ones.

Generally. the inlection almost decreased the carbohydrate contents in

all the examined periods if compared with the healthv plants, These

resuits are in agreement with those of Farahat (1980) r.vho recorded

rhat lhis could be attributed to the consumption of tlie reducing sugars

in the gro\&th of the pathogen, andlor conversion of non-reducing

sugar as a result o1- irrlcctiort.
Free and totai phenois have increased try irif,ection in the stems

and roots of all tesied cuitivars at all tesied periods (10 and 20 rial'si
comparung rrit.h the healthi'ones. This increase rvas major in the less

susceptible cultivar compared rvith the highly susceptibie one. Jadeja

and Patel (i9&9) and Mandavia and Paramesrvaran (1993) reported

similar resulis. Kosuge (1s69) noted that this might be attributed to
the phenols s1'nthesized h1' plant tissues alter inf-ection appears to
ha.re a broad antlfirngai spectrum.

Free amiao acids erhibited high lerels in the healthl'roots ol'

the less susceptible cultirar (Nebraska) rihicir erlribited the highest

level of acidic amino acids. fol10$ed br aromatic amino acids, both of
iiiem tvere increaseci in the roots. as u'eii as. non pclar-alipnatic amitio

acids. Suifuric amino acids .rere decrsased rvitliin plant grox'th arrci
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insreasecl in the roots but the.v were tbund in lo\r' concentrations,

follorved b-v basic aminc acids. Proline lvas found in the l0rvest

concentrations and increased in the roots. Amino acids rvere higher iir

the less susceptible cultivars comparing rvith the highly susceptible

ofie-(.

Free amino acid contents had increased by infection. in the

roots of all testeC culrivars at all tested periods (iti and 20 days)

compared with the healthl plants. Amino acid cancentrations rr:ere

higher in the infected rt-.ots of the less susceptible cuitirar ()'lebraska)

c#pa.*d with highly susceptible one (Xera) after (10 and 20 days)

ailei inoculation. The acidic arnino acid group rvas found in high

concentrarions in both infected and healthl' rools of all tested

cultivars. follerr'red b-v Arginine, Phenylaianine and Leucirre'

Sulpliuric amino acid grt-'up w'as recorded to be the moCerate

concentrations in the roots of all tested cultivars. These conclusions

are in complete agreement rvith Jadeja and Pate! {19S9) w'ho fnund

that there was an increase of amino acids in the diseased stems of
some bean cultivars infected b.v M. phase iiiini; i!.'an tire iiealth3' :tems'

fulandavia and Paramesllaran i1993) cbserved that at earl-v-- infection

..rith M phaseolina, the re.sistant plants had a higli levels ':r" clstit:e

and arginine -r histidine.
lire pesticide contamination of food. \1ater reservoir and soil

had become a fact of life but their residual roxic effects increased hv

the coliinuous use of potentlall-f' hazardous cheniicals and are

ir*posing on increasing environmental threat' Amcng these

upprou"i.r, biological controi to plant pathogeils is bec-orning

increasingly important and biocolttrol agents have ihe abiiitv to
reproduce and to establish thetnselves in the soil ecosystem, as rveli

uu. to colonized seetls spernrosphere, rhizosphere, rhizoplane and

ibiiage. Fufihermore, biocontral strategies are highly compatibie with

sustalnable agriculture practices required tbr conserving natural

resources of agriculture {Sivan and Chet 1992).

Cl.renricai inducers reduced pre- post- emergerice damping-off

and charcoal rot. pitir dif,ferent degrees at all times of Xera bean seed

soakiilg. Cobalt nitrate, after 10 hr.and 5 lrr. of seetl soaking

*n,ltroli"d the disease incidence. follo*i',-l b1'ethyiene diarnin efter l0

hr., while sodium carbonate and pctassium chioride rvere less

eff'ective. on the cther hand. soil treatment rvith chemical inducers
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decreaseci the disease incidence in the plants sriwn in the infested soil

cornpared witlr the oontrol. Cobalt nitrate ccnyolled the disease

inciienee; eth,r,lene diamine arld sodium carbonate diminished

infection of cirarcoal rot. These results are in harmcn-r with those

repofied b1'Siegrist et al. ilL)97')-
Enzymes activit,v ol peroxidase and polyphenol oxidase had

incr-eased by soaking seeds of Xera bean cultivar in the chenrical

iriducers. Cobalt riitrate \r/as rnore effective for increasing the activitl

ol both enz!,ines (peroxidase and polyphenol oxidase) at all times of
soaking and ai all examined periods, follorved by potassium chloride

than tG other ones. N.{eantime. ethylene diamine was less effective for

increasing the activi$: o{ Lroth enz)-mes. l)ata also inCicate tirat, 10 hr.

of seerls soaking was rhe best periocl for inducing resistance and

increasing the enz-vtr:es activil'' compared rvith orle and 5 hr'

Enz)'me activil] of peroridase and poll'phenol oxidase r^ias

increased in the plants gro\\.il in the treated soil if compared ';'ith
those grown in the untreated soii. Peroxidase and poil"phenoi oxidase

no,.r* iigh", in the infecteii coryledons of Xera Lrean ccmpared rvith

healtir,r, ones. Cobalt nitrate and potassium chloride increased

peroxidase and poli,phenol oxidase activit)' more than other

treatmer,ts. We ha.",e no explanatiofl for the specif-re iqv of activitv of
the difl'erent stLrdied inducers on the inductiorr of these enzr-mes.

However. it was sugge-rted that these inducers could interfere with

generai amino acid ntetabolism, rvhile the ph,vsiologicai roles of the

Inci,rcers in tlie plant for enzyme induction have not been clearly'

estahlisi:ed.
Agricis (1988) showed that the importance of polyphencl

oridasr- activitv in ciisease iesistance probably. was due to its propertr'

to o.riciize plienolic compoultds to quinones, rvhich are often, rutore

l"oxic to miiroorganisnrs than the original phenols. It is reasoiiable to

assume that an increased activiry of polyphenol oxidase results in high

concentraticrrs of toxic products r:f oxidatign. Anolher o.ridative

enzvrne (peroxidase) not onl-v oxidizes phenoiic compounds but also

irrcreases the rate of pcll.merizatian of such compounds into lignin

like substance s. Tlie Iatter are deposited in cell walls and papillae and

interfere w ith the i*rther grorvth and development of the

pathogen.cardose aird Echandi {1987) prcverl that one biochemical

"i-,ung-* 
rhat *'as detected in the tissue +l- treated bean plants
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(for induction) was the unusual accumulation of lignin. suberiir. and
phenolic compounds in epidenrial cells.
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