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Abstract: Problem statement: In Mexico, 70 and 20% of chickpea is produced inafa and
Sonora, respectively. In Sonora wilting Bysarium Oxysporum f. sp.Ciceris (FOC) causes losses of
up to 60%, while in other parts of the world randexin 12-15% annually. The aim of this study was
to evaluate the resistance of new lines of chickg#ained through breeding programs against FOC
wilt. Approach: In order to evaluate the resistance of new chiakpes: Hoga-012, Hoga-490-2 and
Hoga-508, including the two most important commarcultivars in Mexico: Blanco Sinaloa-92 and
Costa-2004 and as control two cultivars: JG-62dgptble) and WR-315 (resistant), a pathogen city
test was performed with races 0 and 5 of FOC. Pleuere evaluated based on leaf and root damage
during 50 days, using a hedonic scale of five le\€F4). Results:. New chickpea lines as well as
commercial cultivars were susceptible to races @f $OC. Changes (P<0.05) were observed on
wilting by effect of the main factors and the imtetion of factors. Cultivar JG-62 showed
susceptibility to all races, while WR-315 was remis. In all treatments it was proved that wilt was
caused by races of FOConclusion: New lines of chickpea and commercial cultivars did show
resistance to FOC races isolated in chickpea fiefdSonora. Thus, it should be continued in the
search for resistant genotypes through breedingramos to assist in controlling the disease.

Key words. Vascular-fusariosis, resistant genotypes, commlecaisivars, chickpea linegsusarium
oxysporum, lines against, resistant genotypes

INTRODUCTION (Kovatsch.) Arx (Navas-Corteat al., 1998). However,
the effectiveness of resistance to vascular-fuserican
The cultivation of chickpeaQjcer arietinum L.) is be limited by the occurrence of pathogenic strains,
affected by diseases such as wilt or vascularibsiar Which differ in pathogenicity and virulence (Jimene
caused byFusarium oxysporum f. sp. ciceris Matuo and ~ Gascoet al., 2005). Eight races df. oxysporum f. sp.
K. Sato with significant losses in production. lonSra,  ciceris (FOC) have now been identified: 0, 1A, 1B/C, 2,
Mexico, losses of up to 60% are recorded (Gome@4R0 3, 4, 5 and 6 (Jimenez-Gasco and Jimenez-Diaz,)2003
while in Spain ranged from 12-15% annually (Lasdal.,  Races 0, 1A, 1B/C, 5 and 6 have been recordeddamSp
2004). The management of the disease is complethend and California, United States, while races 2, 3 4rid
use of resistant cultivars seems to be the mostigaband  India, the latter three being the most virulent \{idee
economically efficient control measure (Jimenezzlda and Nene, 1982; Jimenez-Diaz and Alcala-Jimenez,
al., 1991). However, plant resistance to the pathoge#994; Halila and Strange, 1996). For Mexico: Sinalo
varies regionally and therefore; the improved mseare and Sonora, the authors of this study determined 4
evaluated through multiple trials. Also the knovged strains, being pathotypes of yellowing (RO, R1B4@yl
about the behavior of population of the pathogen igvilting (R5, R6). FOC morphological variability was
essential to design a program of effective improamm high and is not determined by the geographic regfon
and reduce the high losses caused by this diseaseop fields or the physical and chemical propertés
(Sivaramakrishnast al., 2002). soil (Arvayo-Ortizet al., 2011). This study was the first
Lines of chickpea type Kabuli of high yield have record of strains of FOC by specific PCR for Mexico
been developed with partial or complete resistance Strain 0 is the least virulent and strain 1B/C
Fusarium oxysporum Schitdl. wilt andDidymella rabiei induces progressive leaf yellowing compared to eve
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wilting of strains 1A to 6. It also has been obselrthat PCR C(_)nditions were: _94°C/10 min36 cycle_s of
races 0 and 1B/C are differentially pathogenic @ t 94°C/1 min; 58°C/1 min and 72°C/1 min; a
cultivar JG-62, despite sharing the same path typgPolymerization cycle at 72°C/5 min and a storage

while the strains 1B/C and 1A, belonging to differe temperature of 4°C. Electrophoresis was done o#61.0

path types are moderately or highly virulent on theddarose gel in Tris-borate-EDTA buffer (TBE buffer)

cultivar C104 (Jimenez-Gascet al., 2004). The and samples were dyed with etydium bromide to

llowi h ¢t FOC is | Ul h visualize the amplified DNA, using a UV
yellowing path type o IS less virulent than i, nsjjluminator and photographs were taken with a

wilting, but may also be differences in virulence pgj5r0id camera (Kodak).

between strains of the same path type (JimenezeGasc The inocula were multiplied in 50 mL of potato-
et al., 2005; Ahmackt al., 2010). Thus, the hypothesis dextrose agar, in an orbital shaker at 120 rpm2Hi€

of this study was that the FOC strains isolatednfro for 7-10 days, under fluorescent light for 12 h ligeid
chickpea fields of Sonora are pathogenic for newdi culture was filtered through a double layer of iger

of chickpea. The aim of this study was to evalihte gauze. Conidial suspensions were measured with a
resistance of new lines of genetically improvedhemacytometer and adjusted to a concentration of
chickpea with strains 0 and 5 Béisarium oxysporum .~ 4x10° spores mL*. The inocula were increased in a
sp. ciceris isolated in chickpea fields of La Costa de Mixture of sand and cornmeal (9:1, w/w), sterilized

Hermosillo and Valle del Yaqui, Sonora, Mexico. twice for 1 h at 121°C, homogeneously mixed and
incubated for 15 days at 25°C with 33% relative
MATERIALSAND METHODS humidity and constant fluorescent light (Nene and

Haware, 1980; Trapero-Casas and Jimenez-Diaz, 1985)

Preparation of inocula: The inoculums was prepared . ] ) ) )

from six strains (S1-S6) obtained previously by thelines of chickpea and inoculation: The new lines
authors (Arvayo-Ortizet al., 2011), from the most Were obtained by breeding through hybridization of
important chickpea regions of Sonora: La Costa d&ingle crosses, backcrosses and multiple crosses
Hermosillo and Valle del Yaqui (Table 1). Threeasts  between genotypes of swineherd chickpeas type Desi
belonged to race 0 (yellowing path type) and thee with commercial varieties such as Kabuli of higklgi
race 5 (wilting path type) dfusarium oxysporum f. sp.  and with FOC wilt resistance, in the Instituto Nawl
ciceris (FOC), which are deposited in the Fungalde Investigaciones Forestales, Agricolas and Pesuar
Biotechnology Laboratory of the CIAD. The strainer&  after 15 years of investigation (INIFAP, 2008).
previously identified by specific PCR with primeier The chickpea seeds of L1 = Blanco Sinaloa-92
FOC (Table 2) and amplifying a 1500 bp fragmerihef  (commercial cultivar), L2 = Costa-2004 (commercial
positive strains FOC. Then there was a specific R€R cultivar), L3 = Hoga-012 (new line), L4 = Hoga-420-
race 0 and 5 (Table 2), following the methodology(new line), L5 = Hoga-08 (new line), L6 = JG-62
proposed by Jimenez-Gasco and Jimenez-Diaz (2003(susceptible cultivar), positive control) (NavasH€se et
Genomic DNA was obtained using the commercial kit o al., 2000) and L7 = WR-315 (resistant cultivar, nigat
ZR Fungal Zymo Research. The primers were purchasegbntrol) (Sharmeet al., 2005), were pre-germinated in

through Eurofins MWG Operon. trays with sand sterilized twice for 1 h at 121°C.
Table 1: Isolates and racesFafsarium oxysporum f. sp.ciceris used in the pathogenicity tests

Number of

Isolate and strain Race Chickpea field of origin tituale Longitude

150 =S1 R5 Bloque 217, Valle del Yaqui 27°30'31.9 110°10'56.8
315=S82 RO Bloque 213, Valle del Yaqui 27°29'37.4 110°09'26.9

174 =S3 RO Esperanza, La Costa de Hermosillo 289407 111°36'13.6

324 =54 R5 Bloque 215, Valle del Yaqui 27°29'22.3 110°09'48.9

500 = S5 RO Santa Lucia, La Costa de Hermosillo 42389.5 111°33'20.6

501 = S6 R5 Tinajita, La Costa de Hermosillo 2882% 111°20°09.9

Table 2: Primers used in the analysis of strains@t

Primers Sequence of the primer (5°-3") Race Sizbefragment (Kb)
FOC-f GGCGTTTCGCAGCCTTACAATGAAG FOC 15
FOC-r GACTCCTTTTTCCCGAGGTAGGTCAGAT

FOC-0f GGAGAGCAGGACAGCAAAGACTA RO 0.9
FOC-Or GGAGAGCAGCTACCCTAGATACACC

FOC-5f GGAAGCTTGGCATGACATAC R5 0.9
FOC-5r AAGCTTGGGCACCCTCTT
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Inocula at a concentration of 4x106 UFC/g of dédiser  fitting a model that included the main effects bt
et al., 1994) were placed in plastic pots of 1 L, canitej ~ factors and their double interactions.
soil-sand-peat at the same rate and sterilizectfoicl h The original values of the variable wilt, being
at 121°C and mixed homogeneously. ordinal data showed no normality, so some
Pre-germinated plants for 4 days from certifiedtransformations of the variable were tested betmg t
pathogen-free seed, whose phytosanitary quality wagatural logarithm (Log) which allowed for obtaining
confirmedin vitro in PDA plates with seeds of chickpea of their adjustment to the normal by the test Martinez
different cultivars, were transplanted to the inatad pots  Iglewicz. Significances were estimated with thenter
(three plants per pot and three pots per treatraedtyere  Of the model to a probability level of 0.05 in thgpe |
placed in the soil under natural conditions of ighd ~ €rror and comparison of means was performed by
darkness. 441 plants were evaluated daily withrareb 1 Ukey's multiple range test. Graphs were constaliofe
plants per experimental line, which were not inated (e Vvariable for two-way interactions that were
with the pathogen. The initial irrigation was of02énL 5|gn|f|ca_mt_. All statistical procedqres were penfiedd in
and from the second day the irrigation was 100 lyd the statistical package NCSS (Hintze, 2007).

Average temperatures during the pathogen city wéak RESULTS
20 and 25°C in March and April 2010, respectively
(Whether Channel, 2010). The time of exposure to the pathogen was the most

. . ) o determining factor as to the damage by wilting hie t
Evaluation of the disease and |dent|f|cat|qn of the plant. The symptoms began on day 10 with yellowing
causal agent: The progress of the disease wasiy three plants of JG-62 with RO, showing wilting2
evaluated every 5 days between 10 and 50 days aftghys and death at day 30. However, other plantsisf
inoculation. A hedonic scales of five levels wasdi®o  |ine died up to 45 days. In the other lines (L1, L3,
evaluate symptomatology of plants, where: 0 = witho | 4 and L5), the symptoms showed yellowing on day
symptoms, 1 = slight choruses, 2 = moderate cherusejs changing to wilt as time of exposure to theesacf
3 = severe choruses o severe wilt and 4 = deatleof t the pathogen passes. Complete wilting of the plants
plant, according to the scale of @hial. (2003). Atthe  occurred on the days 45-50. The performance ot B2,
end of the test and to check the damage causelleby tand L4 was similar between them. Instead WR-315

pathogen, plants were removed from the pots, washe@7) was the strongest, only showed slight damage
with tap water, dried on study towels and damage t@gainst RO and R5.

leaves, stem base and root were observed. Cuts were With respect to exposure time of chickpea lines
made from the root and stem base of 1-2 cm, whiclagainst the pathogen, significant differences (BS0.
were placed in 50% ethyl alcohol for 30 sec, sodiumwere observed between all times, indicating thainas
hypochlorite at 2% for 2 min, were washed twicehwit passes the damage is more severe and as a rbsult, t
sterile distilled water the excess of water wasaesd, death of the plant. As for the virulence betweeniss

five samples were placed in Agar-Dextrose-Potatcsignificant differences (p<0-05) were observed leetmw
(PDA), they were incubated for 7-10 days at 25°@ an the S6 (R5) and the other strains; as well as berivgs

it was confirmed Koch's postulate of causality, (RS) and the remaining strains, except for the @) (
comparing the macro-and microscopic characterisfics and the S1 (R5) and S6 (R5), S2 (RO) and S4 (R5).
the colonies, with the strains previously charapeetr Thus, the S1 (R5) and S6 (R5) were the most
morphologically (Nelsoret al., 1983; Burgess, 1994) Pathogenic. On the contrary, there were no sigaific
and genetically (Jimenez-Gasco and Jimenez-DiaAifferences (p>0.05) between S3 and S5, both of the

2003) and inoculated in different cultivars. RO. In regard to the FOC strain-by-time interaction
(Fig. 1), important changes (p<0.05) in wilting wer
Statistical analysis and experimental design: For the observed, the most virulent strains for chickpeeedi
statistical analysis of wilting, the results wedjusted the Sl,(R5)_’ _53 (RO), S6 (RS), S2 (R0), S5 (RO)Md
to a completely randomized design with a factorial(RS) with wilting 4, 3.7, 3.5, 3.3, 3.2'y 3.2 respieely.
arrangement for three factors, being the A factm t According to the degree of virulence, those that
lines of chickpea with 7 levels, identified from lta  affected earlier the plants were S6 and S3 follotgd
L7, the B factor, the FOC races with 6 levels ($)-S the S1, S2, S5 and S4.
and the C factor, evaluation days with 9 levels; tia- As to chickpea lines there were differences (P5)0.0
50 with intervals of 5 days. An analysis of varianweas  between L7 with respect to the other lines, as asll
performed by the general linear models procedurehetween L1, L6 lines.

688



Am. J. Applied Sci., 9 (5): 686-693, 2012

O'(?O ] Strains of FOC O‘f-‘: Chickpea lines
0.54 1 &S 0314 + - @ L1
~ 048 A 52 ~ 046 ] f N
) . m 53 ) _ i - - L3
& 042 - %4 S 042 1 # " - L4
= ] <55 = R = L3
P O._:G . * 56 = 037 g % T g 2 L6
z 0.30 ] f 033 E % T i C w L7
; 828 2 § 0.28 - % ; -
j 0‘15 1 B g2 + ¥
&M T 019 ] 1 4
0.06 P10 ;
0.15 - : -
0.00 A
010 - T T T T T T 1
Time(d) S1 S22 S3 sS4 S5 S6

X X . Strains of FOC
Fig. 1: Changes observed in wilt (mean standard
error of LOG of wilt), due to the FOC strain x _. -
time interaction. Strains of FOG®  S1 (R5), Fig. 3: Mean values standard error of LOG of wilting

A u \V4 for the FOC strain x chickpea line interaction at
andsg(%%)l(RS)SgS'(z(t)r)a,\in |§4R(aRcse§’> S5 (RO) 50 days. Chickpea line€® L1 (BS-9, L2
T T (Costa-2004)M L3 (Hoga-012)Y L4 (Hoga-
0.80 1 Chickpea lines 490-2), <& L5 (Hoga-508),0 L6 (JG-GZ) and
0.72 1 o LI V¥ L7 (WR-315). L: Line. FOC races: RO (S2,
0641 - Tﬁ; S3 and S5) and R5 (S1, S4 and S6)
0.56 | v I
0.48 - g ifj To the chickpea line-by-FOC strain interaction it

was observed that the lines L3, L4, L5, were
susceptible to both races, being the damage more
severe in L6 (JG-62), that presented a value of 4

Degree ol wilt (LOG)
(=)
e
o
1

0.16 ‘ (death), While L7 line (WR-315) was the most
g‘gi: resistant with a mean value of wilt of 1.5 to thecBs

0 (RO) and 5 (R5) of FOC. Most lines were suscéptib
(p<0.05) to Races 0 (RO) and 5 (R5) FOC (Fig. . R
induces rapid wilt in susceptible cultivars, being
Fig. 2: Behavior of wilt (meatt standard error of LOG occasionally non-pathogenic on WR-315. To a lesser
of wilting) over time for each experimental line degree, L7 is affected also especially with S6 (&%)
(chickpea line x time interaction). Chickpea S5 (R0), whereas L6, was very susceptible to S3 (RO
lines: @ L1 (BS-92),A L2 (Costa-2004M  4ng also to S6 (R5). In addition for L2, the most
L3 (Hoga-01’2),v L4 (Hoga-490-2)% L5 \jrjent strains were S1 (R5) and S4 (R5) (Fignd a
ngg?aLSE?ge L6 (JG-62) an¥ L7 (WR- 4), while S2 (R0O) and S3 (R0) were the least vitule
T strains. For lines 3 and 5, the most virulent ssai
There were no differences (p>0.05) between L2143, were S1 (R5) and S6 (R5), while for L4; the most
and L5, indicating that the lines of chickpea mostvirulent was S6 (R5) and the least one, S3 (RO0).
affected by FOC were L6 and L1, while L7 was the  Thus, as to exposure times of each of the
least damaged. Among the new lines, L4 was the leaghickpea lines against races 0 and 5, L7 showed
affected than the other lines. In the chickpea-bge gifference (p<0.05) with respect to the other lines

time exposure interaction (Fig. 2), L6 in time 10, peing the most resistant. Lines 2, 3 and 5 showed
showed differences (p<0.05) with the rest of timedj similar behavior among them, but all were affected

being the most susceptible where the symptoms began .
earlier than in the other lines and a greater degfe Y the races of FOC (Fig. 2-4). Conversely, L7 (WR-

wilting. Of the new lines, the least susceptibelivas ~ S1°) Showed more resistance to the pathogen, with a
the L4 (Hoga-490-2), which on day 15 showedmaximum degree of Wl_ltlng of _1-2 (Fig. 2 and 3).! Al
differences (p<0.05) only with L6. Likewise, at 20 lines were affected with strains of RO (yellowing)
days, L2 showed differences (p<0.05) with all linesand R5 (wilting) except L7 (WR-315), being
except L7 and on day 25, L7 showed dissimilaritthwi resistant to RO and R5, while L6 (JG-62) was very
the other lines except L1. susceptible to those races.
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]

Fig. 4: Behavior of lines and cultivars of chickpat 40 days compared to RO and R5 of FOC isolated i
northwestern Mexico. A and B: Cultivar BS-92 (L1jtlwwilt by R5 (S1), as well as yellowing and wilg
by RO (S3). C and D: Cultivar Costa-2004 (L2) witht by R5 (S1 and S4). E: L3 (Hoga-012) with wbly
R5 (S1). F and G: L4 (Hoga-490-2) less susceptibl@ilt by R5 (S1), but more susceptible to wilt B
(S6). H and I: L5 (Hoga-508) with yellowing by RRida RO (S1 and S5). J and K: L6 (JG-62) highly
susceptible to R5 and RO (S1 and S3). L: L7 (WR}3&S5istant to wilt by R5 (S6)

DISCUSSION confirm that the cultivars moderately susceptiloldRb

develop a slow and progressive leaf yellowing teaat

It was confirmed that RO and RS were the cause Ofe iffered from yellowing caused by the RO line in
the vascular-fusariosis in chickpea lines and that susceptible cultivars.
damage began with yellowing, moving gradually 10  Most Kabuli and Desichickpeas grew in the
complete wilting. Moreover, one would expect tha t \jediterranean region and the Indian subcontinent,
greatest damage always occurs as a result of RS @éspectively, are resistant to RO. Races 2, 3 aade4
wilting, which was not observed in this study. R&su the most virulent of the eight races described and
indicate that the most virulent strain for mostn&w dentified only in India (Halla and Strange, 1996;
lines was S1 (R5), belonging to the pathotype df. wi Haware and Nene, 1982; Jimenez-Diaz and Alcala-
However, S4 also from race 5 did not show the samgimenez, 1994). The RO is the least pathogenicllof a
degree of virulence in all lines, which may be tuéhe  races of FOC and occasionally may not be pathodenic
fact that the response of the lines is differendt®ame cultivar JG-62 (Trapero-Casas and Jimenez-Diaz5)198
race or by the variability between strains. Thisswa In contrast to this, in our study JG-62 was susclepto
consistent with Jimenez-Gascgf al. (2001), who RO isolated from chickpea fields of Sonora.
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Trapero-Casas (1983) observed that after 40 daystudy conducted with late sowing in the Valle dedyd,
all plants showed symptoms in all isolated-cultivar Sonora with four varieties and four experimentakd,
combinations, except for WR-315. In our study WR-the variety Progreso-95 had low incidence of diseasl
315 (L7) was the strongest, only showed slight dgama high yield but with lower grain size (Padihal., 2008),
against RO and R5. Navas-Corgtsl. (2000) observed also to consider the different races of FOC andtabi
that the races of FOC differ in pathogen city andconditions where it grows (Arvayo-Ortig al., 2011).
virulence, depending on the susceptibility of theThese criteria will contribute to face the diseasé a
cultivar. Other factors favoring the development ofhigh possibility of success.
FOC are high temperature, amount of inoculums and
excess soil water (Navas-Cortes al., 2000; Maya, CONCLUSION
2002). In this study the temperature ranged betv2€en
and 25°C, while the amount of initial inoculums was The new lines of chickpea Hoga-012, Hoga-490-2
the same for both races of yellow and wilting. Thts and Hoga-508, as well as the commercial cultivars
is assumed that the damage in the plants couldieéod Blanco Sinaloa-92 and Costa-2004, did not show
the susceptibility of these lines to races 0 amd BOC  resistance to races 0 and 5Fafsarium oxysporum f.
of this geographic region. sp.ciceris, isolated in chickpea fields of Sonora, thus it

Sharmaet al. (2005) investigated the genetic should be continued in the search for resistant
resistance of WR-315 against the races 1A, 2,845 genotypes through breeding programs to assist in
of FOC and suggested that resistance is monogenicontrolling the disease.
Subsequently, molecular marker studies indicated th
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