
Effects of inoculum density of Fusarium oxysporum 
1. sp. titer; race 1 and 2 on chickpea wilt (*) 

K.K. ZIITK. M.P. H.\s,\~r *, S .liilir~~l " and J. N ~ K A T P Y A  RUI  * 

Agntulhml Rriiar<,I> Sti~linn. Ilitdnupu~.. Yuharurhtris lndlin 
'Crop Pririrciiiln n:itaiiin. lrRIS4T Poinnchcru. Andhru I'rudwh. lrldla 

Summary. Sludlt,s on inerulum dcn*lllt,* 01 thv ch~ckp(,t\ KIII puth~iprn Fjr\oriiin> on'*jinruin f, rp <ic<,ri rucis l 
end 2 u ~ t h  thre ch~ckpca cult~uar reprrxrntinpmrl) %liter 'hlphli SURLCPI~~~CI, la& w>Itm mudsruCly ruaccptihlci 
und witrt iml wpra runductpd in gluaahoua, u l  25 tllghly auacept\hle cv JG 82 ahnwrd 1001 morlul~ly st IS 
daja f i~ r  ruce 1 and 17 days for rare 2 at hlghrr ~norulum donalh At lha l o r  ~nnrulum dcnrlty, the w~ltlng wna 
delnyrd nnd a1 lhls ~nwulum Ikiel two n1hi.r I.U~~IVHPI H ~ o H ( , ~  no mortal~tj. The ~ ~ l l  ~ELIIXL~I CUI~IYIIIEV WR316 
hnd mnderately suhcrptlblc atll!ier ev K 8611 rcmalned cornplclely irrc inim  ill xymptoma up Lo 60 day8 wh~le 
n JG 62 w l l t ~d  ~n 27 duy. nlth Fo f sp t i r i . i >  populat~on ranging 4283.4661 prepnpladg %onll Huwcver, xylem 
broxnlng I" the r w l  and rirllur rsglsn wur n~cordcd ~n r \  X 850 Tht F s  I ap l i i e i i  pupulat~un of rscu 1 and 2 
lncresied wtth aer or the ~ I a n t  I" iialli. wllh will au*ccullillu, mederutc,lv ruxce.olihli. and r t ~ ~ ~ ~ l a n t  chlrkoea 
cu lhrar~ ~oderalely surer.dt>ble, and realslont cult lvar~ au'ppur1r.d th? mul t~p l~cul lo~ ufFo f sp, P ~ C V N  PIOPB&ICB 

I" the sat1 lhuuah the, oianlb wrrc I~LV olx,lt ~vmoiurn~ uo t o  60 d s v ~  anrr olantins The mul t rn l~cnt~~~n rstin wan 

Introduction 

Chickpea (C~cur arlelinum L.i is one of the 
major pulse crops grown in India. Amongst the 
diseases reported on chickpea, wilt caused by 
Fusarium oxysporum Schl. emnd Snyd el Hans. 
f sp. clcert [Padwickl Snyd, et Hans. F, o. f sp. 
ciceri is one of the major diseases In North Afri- 
ca, South Asia and Southern Europe (Haware, 
19901 and causes up to 1 0 1  losses in yield. The 
disease is more prevalent in the lower latitudes 
(0-30'N), where the chickpea-growing season is 
relatively dry and warmer than in the higher 
latitudes 130-4tlON1. The pathogen is both seed 
and soilborne, survives in the soil for more than 
six years in the absence of susceptible host plants 

(Haware el al., 1R86). Haware and Nene (1982a) 
reported that the pathogen colonizes the roots of 
lent~l,  pea, pigeonpea without producing wilt 
symptoms. 

Considerable progress has been made in the 
ident~fication of wilt resistant sources and 
development of wilt resistant and high-yielding 
eultivars. Studles on the pathogenic variability 
revealed that the wilt pathogen has distinct 
phys~ological races (Haware and Nene, 1982; 
Jimenez.Diaz rt ai., 1989). The severity of 
chickpea wilt in fanners' fields is directly related 
to inoculum density. The inoculum level may 
increase by cultivating chickpea every year thua 
increasing wilt severity. However, there is no 
information on the reaction of susceptible, 
moderately susceptible, and resistant chickpea 
cultivars to varying densities of F.o. f. sp, cieeri 
population and their influence on the population 
of the fungus in the soil. Such infomation would 
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be useful In the exploitation of host-plant 
resistance for management of the disease. This 
paper reports the  results of pot culture 
experiments on the interaction of three chickpea 
cultivars with different degrees of susceptibility 
to wilt with a range of inoculum levels of race 1 
and 2 0fF.o. f. sp. ricer!. 

Mabrlalr and method8 

The experimenb were conducted at ICRISAT 
Asia Center, Patancheru, in glasshouse at 
2Soi lac. The Fa .  f. 8p. ciceri was isolated from 
mats of chickpea plants all& frum Hyderabad 
(raw 1) and Kanpur (race 21. The isolates were 
single-apored and maintained in auklaved dry 

maintained in auklaved dry fine sand stored at 
5°C were used. Fifteen-day old inoculum, 
mult~plied on 100 g of 9:l  sand chickpea meal 
medium in 250 ml conical flask for 15 days at 
25" was thoroughly mixed with auklaved soil 
(Vertisol) with different proportions of the 
inoculum, 1, 2, 5, 10, 15, 20, 25, 50, 75, and 100 
g inoculumkg soil. Phys~cal characteristics of the 
soil used In experiment were: pH 8.1, electrical 
conductivity tdSmli  0.20 8, available P (mg kg') 
3.9, NH -N (mg kg.') 20.4, NO -N (mg kg1] 12.2. 
lnoeulu& levels were adjute% by adding non. 
infested soil. The plastic pots (15 cm) were washed 
in running water and disinfected with alcohol. 
The inomlum was mixed by shaking the soil in 
the closed container for 2-3 min. Two kg of 
infected soil were added in each wt. The initial 

fine sand at 6°C. F.o. f. s p  ciceri population i n ' t h e  different 
treatments were estimated (Singh and Chaube, 

1 n 0 c u 1 u m P 0 t e n t i a 1 0 f F U 8 a . 1970) by taking soil samples for each treatment, 
r i u m  o x y s p o r u m  f .  s p .  c i c e r i .  subsampling,andspn'nLLngonmodifiedCzapk 
The iaolate~ of F.o. f. sp. chr i  race 1 and 2 dox agar medium in Petri plates (mgredients: 



N d O ,  2 g, &W 1 g, MgSO 0.5 g, KC1 0.5 g, 
FeSO, 0.01 g, s u ( m  30 g, 'agar 20 g PCNB 
0.667 n, yeast extract 2 n. dissolved in 1 1 di8ti]ld 
,water"a;toelaved 6.8 k i n q  in '  or 15 lbs sq in.' 
pressure for 20 min, before pouring inta the plate 
0.750 g of dicrysticin and 0.025 g of malachite 
green is added). Each treatment had 3 replicates 
The plates were incubated a t  25°C and initial 
F.o. f. sp. ciceri population was counted after 5 
days. 

The fungus was allowed to establish itself in 
the infested soil for 2 days before the seeds were 
sown. The experiment was laid out in a 
randomized block design with three cultivars (JG 
62, K.850, and WR 3151 and 10 inoculum 
treatments in three replications. For all tests, 
seed was surface.sterilized for 5 min with a 0.5%' 
sodium hypochlorite solution before sowtng Six 
seeds were soun in each pot. In additlon to the 
10 treatments,  one treatment was unsown 
fallow The expenmenr was iet up In glasahuuse 

uith a temppratcrc of 2% I T  M e r  germlnarion. 

thinning was carried out in each pot to maintain 
5 seedlingslpot. The pots were watered on alter- 
nate days with 100 ml sterilized waterlpot. 

I n o c u l u m  p o t e n t i a l :  W i l t  s i c k  
s o i l  t W S S 1  t s t e r i l i z e d  s o i l  ( S S ) .  
Soil Erom a chickpea wilt sick plot (Vertisol, pH 
8.2, EC 0.20 d Sm'i. a t  ICRISAT Aaia Center, 
Patanchew was collected, and air dried. The wilt 
sick soil was sieved and mixed with sterilized 
soil in various proportions i.e., 1:1, 1:2, 1:4, 1:8. 
1:16, 132, 1:64, 1:128 along with one treatment 
of wilt sick soil. The initial F o ,  f, sp, ciceri 
population in the original wilt sick soil and in 
different treatments were estimated on modified 
Czapek dox agar medium. Seven treated seeds of 
cvs. JG 62, K 850 and WR 315 were sown in each 
pot. Later the seedlings were thinned out to 5 
seedlingsipat. 

In all 3 experiments wilt incidence was 
recovered a t  3 days interval frum the day of first 
appearance of wilt symptom for a period of 60 
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days. At 66th day, final F,o, f. sp, ciceri population wan noticed in 27 days (Table IIII. With increase 
in soil was estimated in all the treatments afler In the ratio htween WSS:SSS the number of 
removing the plants along with the roots from day8 required for 100% wilting was higher 132- 
the pots. The rate of multiplication of the 60 days). Among the cultivars tested, only cv. JG 
pathogen was calculated by dividing the final 62 showed wilting in all the experiments, and 
population by the initial population cvs. K 850 and WR 335 did not show any wilting 

at all. However, afler 60 days xylem browning 
was observed in cv. K 850 by splitting the roots 

Re~ulte md dlwu8rlon at collar reaon whereas cv. WR 315 showed hieh 
Fusorium cuysprurn is a monocyclic pathogen. 

The increase in population of F.o. f, sp. c~ceri in 
the soil is because of longevity of reproductive 
units (Haware el al., 1986). There were significant 
differences in the initial pmpagules for all the 
inoculum levels in all 3 experiments. Irrespective 
of the differences in the inoculum levels, cv. JG 
62 showed 100% wilting 15-21 days after nowing 
in the caee of F.u. f. sp. ciceri race 1, 17-26 days 
for F.o. f. sp. ciceri race 2, 27-44 days in the case 
of wilt sick soil t sterilized soil (Tables I. 11, and 
1111. Under field conditions, cv. JG 62 nonnally 
takes 30 days for 100% wilting but under 
mntmUed environmental condition 100% wilting 

level of reskance in spite of the increase in ihe 
number of pmpagules for Fo.  f sp. cimn (4233- 
4667 F.o. f. sp. clcerl propaguledg soil). Bhatti 
and Kraft (1992) reparted that wilt or rwt  rot of 
chickpea increased with increased level of 
inwulum in the soil. 

The susceptible, moderately susceptible, and 
resistant cultivar supparted multiplication 0fF.o. 
f. sp. ciceri, but showed significant differences in 
wilt incidence in relation to initial F.u. f, sp. ciceri 
population in the soil. Initial inoculum in the 
soil determines severity of milborne pathogen, 
and it  can be seen from the results in all three 
experiments that with high level of initial F.o. C 



sp. cicerr propagules 100% wilting was noted results confirm that  there is a need for other 
much earlier than those treatments with low management practices such as  crop rotation to 
initial F.o. f. sp, crceri propagules, hence the reduce the inoculum density in the soil. This 
technique of assessing the disease potential of study has also provided information on the F.o. 
soils ought to be applicable for early forecast of f. sp,  ctceri threshold levels for chickpea cultivars 
diseases induced by soilborne pathogens (Fry, with different levels of susceptibility to wilt 
1982). The results confirm that  it is possible to disease caused bv F.o. f. sp,  ciceri. 
forecast the serenr! of chickpea dlscaie from the 
knur:edge of the lnltlal pa tho~en  population Ir. 
all the eiperimenta with F o ,  f sp. Firerr race 2 
and wilt sick soil, cv. K 850 supported higher 
F.o. f ,  sp ,  ciceri multiplication followed by 
resistant Icv. WR 3151 over the highly susceptible 
icv. JG 621. In moderately susceptible and 
rc.l;tani cult~\.drs. rhe funw: infec's [kc rllll- 
and cqt ir .  tine xdem and taker Ionerr :o colon17r 
than !kc ~ c r c c o t ~ b l e  cu l t~ra r  u hlch dlrs w ~ t h ~ n  a 
month after 'sowing. Hence the amount of 
diseased t issues contributed to the soil by 
moderately susceptible and realstant cult~var will 
be higher thnn the fiu~ceptible culti\,ar. 

This study highlighted the lei~el of genetic 
resistance to w ~ l t  available in cultivated chickpea. 
The cult lvar WR-315 was resistant to the 
pathogen a t  approximately 100 times the  
populat~on needed to kill the susccptibie cultivar 
cv. JG 62, but in spite of this high level of 
resistance, i t  contributed to F.o, f sp,  ctceri 
muitipiication In the soil. Therefore, it is clear 
that  ~rrespcctive of 11s disease reaction, thv 
resistant cultivar supports F.o f sp  c m r i  
multipl~cation in the so~l .  It may not be pos~ihlr  
to eliminate wilt pathogen from infested soil by 
growing resistant cultivars alone. The above 
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