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The effect of temperature on hatching and penetration of
chickpea roots byPratylenchus thornei

P. CASTILLO, J. L. TRAPERO-CASASnd R. M. JIMENEZ-DIAZ
Instituto de Agricultura Sostenible, Consejo Superior de Investigaciones fiaat{(CSIC),
Apdo, 4084, 14080 Gdoba, Spain

Egg hatch oPratylenchus thorneias influenced by temperature. It took place at all temperatures within the
range 10-2%C and was optimal at 2€. Root penetration increased steadily with increasing time of
incubation up to the end of the experiment 11 days after inoculation. Temperature affected penetration rate in
chickpea Cicer arietinun) cultivars UC 27 and JG 62 but not in line P 2245, being significantly higher at 20—
25°C than that at 18C. At the end of the experiment, roots of line P2245 held aCl&ontained more

P. thorneithan cultivars UC 27 and JG 62. No difference in percentage penetration among host genotypes
was observed at 20 or 25. All migratory stages oP. thorneipenetrated roots of chickpea from the first to

11th days after inoculation.

INTRODUCTION conducted to determine: (1) the effects of tempera-
ture on hatching ofP. thorneieggs; and (2) the

Pratylenchus thorneithe cereal and legumes root- ;
. effect of temperature and chickpea genotype on
lesion nematode (Fortuner, 1977), severely affects . . .
penetration of roots by migratory life stages of

chickpea Cicer arietinum) and wheat Triticum P_thornei

aestivum crops (Van Gundet al, 1974; Di Vito ) ’

etal, 1992; Tiwariet al, 1992). RecentlyR. thornei

was associated with chickpea crops in southern SpaingATERIAL AND METHODS
causing root growth reduction in plants grown under

water stress and fluctuating temperature in theyatching

greenhouse (Castillet al, 1995a, 1996). ] )
However, little information is available on the Eggs ofP. thorneiwere extracted from carrot-disk

life cycle and pathogenesis 8f. thornei Penetra- ~ cultures by centrifugation (Dunn, 1973). A carrot
tion of the host roots bPratylenchusspp. may vary dlsk_was homogenized in 250 ml of water in a
with nematode species and life stages, and is known/Varing blender at 12600r.p.m. for 30s, then the
to be affected by several other factors including soil Mixture was centrifuged at 15@0for 4 min. The
moisture, temperature and time of incubation SUP€rnatant was decanted, centrifuge tubes_were
(Sontirat & Chapman, 1970; Townshend, 1972; refiled with 250ml of a sucrose solution
Van Gundyet al, 1974; Olowe & Corbett, 1976; (d =1'15), mixed with a stirring-vibrator, and
Marbon-Mendoza & Viglierchio, 1980; Olthof, centrifuged for 3min at 1509 (Castillo et al,
1982). Because inocula d?ratylenchusspp. for 1995b). The sucrose solution was sieved repeatedly
pathogenicity studies are composed of all life stagesthrough a 325-mesh sieve and then through a sieve
(eggs, second, third, and fourth-stage juveniles, angVith 154m openings. The remaining migratory
adults), it is important to determine the effect of Stages in an egg suspension were picked up under a
temperature and time of incubation on egg hatchingStéreomicroscope. One ml of nematode egg suspen-
and penetration of migratory life stages & sion in deionized water, containing about 200 eggs,
thornei into chickpea roots. A wide range of Was transferred to and incubated in petri dishes
chickpea genotypes are good hostsPofthornej (50 mm diameter) containing a.thin layer of water-
and few differences in their susceptibility to the agar (15%)at10, 15, 20 or 2&, in the dark, for 23
nematode have been reported (Gretal., 1988; days, when experiments were terminated. The exact

Castillo et al, 1995). Therefore, a study was number of eggs per dish was determined at the
beginning of the experiment. Newly hatched
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intervals and the numbers were expressed as cumuStatistical analysis

lative percentages based on the total number of eggs.: . _ . .
added to each dish. There were eight replica’[ions%Irnllarlty among experimental runs, tested by

(dishes) for each temperature. The dishes Weré)reliminary analyses of variance using experi-

randomly positioned in an incubator set at the re; uiredrnental runs as blocks, allowed data to be combined
yP - \ereq for analyses of variance and regressions. Cumula-
temperature. The experiment was done twice.

tive percentages of hatch at each temperature were
subjected to linear regression analysis over time
Penetration of incubation. Data were transformed into In[1/

The influence of temperature and chickpea genOtypeS(K:_cprl]u:Z{ivgnﬁZIcrzggrizzgna m%njliﬁés,m\g)z?re

on penetr_ation of root; by all migratory life stages of mum Y reached for each temperature. Cumulative
P._thornel\{vas determined at 15’ 20 and 25usm_g percentages of hatch at the third, fifth, ninth and
chlckpegllne P 2245 and cultivar JG 62, bqth highly 11th days of incubation were subjected to non-
susceptible and cv. UC 27, less susceptible to theIinear regression analysis over temperature. Regres-

nematode (Castilloet al, 1995a). A P. thornei . f d usi i f
opulation obtained from roots of ‘Blanco Lechoso’ slons Were pertormed using 16 rep |;ates rom two
P experiments. For penetration experiments, percen-

Lsed Inocula for experments were produced from al20€S Of nematodes penetrating the oot gere
sin Ié female in carfotdisks (Castil£ al, 1995b) transformed into In(). Transformed data were
9 ? " subjected to analyses of variance and regression

For inoculation, nematodes were extracted from S
analyses to express changes over time in numbers of

g%g\c/);-dlEsk c;u\l/tvlgre;s dti):cgf dnet:jlfli)gagic;r:/iﬁs ?:s:;tt;%? migratory life stages that penetrated into chickpea
- =99 y 9 rep Yoots at the tested temperatures. Regressions were

through a 300-mesh sieve. Migratory life stages WET€ calculated using 12 replicates for each treatment

surface-disinfected with-02% ethoxyethyl mercury combination and sampling date. Data were analysed

0 ; !
and 6019% streptomycin sulphate solutions for 2 and. using Statistix (NH Analytical Software, Roseville,

2_4h, respectlvely, and nematode_ population densn-MN)_ Treatment means were compared using
ties were determined from 1-ml aliquots. isher’ d ianif diff
Chickpea seeds were germinated in sterile moistFIS ers protected |east signi icant di erence test
etri dishes at 2% for 3 davs. Seedlings \}vere (LSD) at P = 0-05. Coefficients of determination
gelected for uniformity of radic)llellen th an?i lanted (R?), coefficients of determination adjusted for
y 9 P degree of freedomR2), and patterns of residuals

Into 7-9m diameter plastic pots (OT‘e per poy) plotted against expected values were used to
containing @1 of an autoclaved potting mixture . ~. . .
indicate appropriateness of the model to describe

(sand, clay loam: 2:1, v/v). Seedlings were )
inoculated with 200 nematodes (64% second-stagethe data (Campbell & Madden, 1990). For regres

. . . . . sion analyses, slopes of linear regressions for egg
uveniles, 21% third and fourth-stage juveniles and . :
115% femalesg by adding -2ml %f Jnematode hatch, different chickpea genotypes, temperatures

suspension around the radicle. Pots with inoculatedand migratory life stages were comparedtiigst at

seedlings were held in growth chambers adjusted toP = 005 (Snedecor & Cochran, 1980).

15, 20 and 25-1°C, 60-90% r.h., and a 14-h
photoperiod of fluorescent light of approximately
360+ 25uE/m?/s. Roots were harvested at 2-day
intervals from 1 to 11 days after inoculation,
when observations were terminated. Roots were
thoroughly rinsed free from sand in deionized Percentage hatch d?. thorneieggs in deionized
water. Whole root systems were cut intéb@m water was significantly R < 0-05) influenced
pieces, homogenized in a blender for 30s andby temperature throughout the experiment
nematodes extracted by centrifugation as described Fig. 1). The percentage of egg hatch over time
above (Coolen, 1979). Total numbers of nematodeswas described by the general equation
extracted from the roots of a plant at each samplingIn[1/(K —Y)] = 8, + 41t, in which Y = cumu-
date were recorded and converted into percentagetative hatched eggs, and = the maximumY
based on the number of nematodes added aseached for eachtemperature. Regression lineswere:
inoculum. There were six replications (plants) per (10°C) In[1/(K — Y)] = 0-257+ 0-09%, R?> = 0-91;
treatment for each sampling date, with plants (15°C) In[1/(K — Y)] = 0-658-+ 0-087, R?> = 0-97;
completely randomized within a growth chamber. (20°C) In[1/(K — Y)] = 0-392+ 0-190, R?> = 0-96;

The experiment was done twice. (25°C) In[1/(K— Y)] = 0-994+ 0-131t, R%? = 079.

RESULTS

Hatching
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Fig. 1 (a) Linear regression of cumulative percentage hatohof P. thorneieggs over 23 days of incubation at different
temperatures. Data were transformed into I{14 Y)] for regression analysis. Slopes of linear regressions with a letter in
common do not differ significantlyi = 0-05), according ta-test. (b) Influence of temperature on egg hatch after 3, 5, and
9 days of incubation. Percentage hatch was fitted to exponential models by the general equatih ™). T,
temperature of incubatiory,, cumulative percentage hatch.

All coefficients of determination were significant at 25°C (including all migratory stages) increased
P = 0-01, except for 28C when it was aP = 0-05 steadily with increasing time of incubation up to the
(Fig. 1a). The intrinsic egg hatch raté,) at 20C was  last sampling date 11 days after inoculation (Fig. 3).
significantly higher P < 0-05) than that at 10 and The increase of percentage nematodes penetrating
15°C, but did not differ from that at 2& (Fig. 1a).  the roots (including all migratory stages) over time
Percentage hatch increased with temperature ofvas described by the general equatiorfYn=
incubation over the period (3—9 days), and was 5y + $it, in which Y = percentage nematodes
described (Fig. 1b) by the general equation penetrating a plant, and= time after inoculation

Y = €@+P/T) in which T = temperature, and (a, b) (days) (Fig. 3). Coefficients of determination were
are constants for each day of incubation. Thereaftersignificant at P = 0-01. Percentage nematode
cumulative percentage hatch increased toaC2but ~ penetration of UC 27 roots at 20 and’25increased
decreased at 26 (Fig. 2), and data were described by over time at a rate significantly higheP & 0-05)

the general equatioN = [a-+ bF(T)]*?, in which ~ than that at 185C; while for culivar JG 62

Y = cumulative percentage hatch,= temperature, differences in the rate of increase were significantly
the function F{) = exp—[In(T/20)]?/(2¢%)], and a,  different (P < 0-05) for 25 and 15C, only; there

b, c= constants (Fig. 2). were no differences among rates of increase of
nematode penetration of P 2245 roots over time at
. 15, 20 and 2%C.
Penetration

In the first three days of the experiment,
The percentage dP. thorneipenetrating roots of temperature slightly affected penetration of
the three chickpea genotypes studied at 15, 20, ofP. thorneiinto roots (Table 1). At the end of the
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11th day UC 27:In (Y) = 0731 + 0-257t; R2=0-93 B

P 2245: In (Y) = 1-010 + 0-300t; R2=0-88 A
JG 62: In (Y) = 0-716 + 0-248t; R2=0-94 B
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Fig. 2 Non-linear regression analysis of cumulative g T T T T
pel_’centag_e hatchrj of P. thorn_eleggs_over temperature UC 27: In (Y) = 0-834 + 0-328; A2 = 0-93 A
of incubation at 11 days after incubation began. Symbols P 2045; | — 1.697 + 0-246: F2 = 0-84 A
are the observed values (16 replicates from two 5 5:In (Y) =1-697 + 0-246¢; A== 0-
experiments) used for regression analysis(T)F= JG 62:In (Y) = 1117 + 0-327t; A2=0-90A_ 4

exg—[In(T/20)]?/(2?)], T, temperature of incubation; c,
a constant.

experiments, penetration was affected by tempera-
ture, host genotype, and their interaction (Table 1).
Penetration was maximum (B2) at 25C in
cultivar JG 62; however this percentage was not
significantly different with those of line P 2245

(60-4%) or cultivar UC 27 (6D%) at the same 25°C
temperature (Table 1). Similar results were 0 T . l .
obtained for 20C; however, at 18C percentage 1 3 5 7 9 1
penetration was highelP(< 0-05) in line P 2245 Time after inoculation (days)

than those in cultivars UC 27 and JG 62 (Table 1, Fig. 3 Influence of temperature on penetration of
Fig. 3). The percentage of nematodes penetrating®. thorneiinto roots of chickpea line P 2245 and culti-
chickpea roots 11 days after inoculation was vars JG 52 and UC 27. Percentage of nematodes
significantly increasedR < 0-05) with increasing penetrating the root from 1 to 11 day§ after inqculation
temperature in cultivars UC 27 and JG 62, but it was Ve'e transformed into [fY) for regression analysis over

not affected in line P 2245 (Table 1, Fig. 3) time. Slopes of lines within each temperature with a
» 11g. 9). lower-case letter in common do not differ significantly

(P =005), according tot-test. Slopes of lines within
DISCUSSION each chickpea geno-type with an upper-case letter in
common do not differ significantly{(= 0-05), according
Results for hatching oP. thorneiat the beginning  to t-test.t, time after inoculation (days)Y, percentage
of the experiment agree with data of Mat al. penetration.
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Table 1Percentage of penetration®fatylenchus thornento roots of chickpea line P 2245 and cultivars JG 62 and UC 27
at 15, 20 or 25C*

ucC 27 P 2245 JG 82

Time after

inoculation 18C 20C 25C 15C 20C 25C 15C 20C 25C
1 day 21 3:0b 29b 34a 53a 51a 28a 30a 26a
3 days 59a 51a 53a 66a 156b 145b 40a 153b 103c
5 days 7sa 155b 128b 125a 168a 183a T4a 156b 200b
7 days 13la 276b 395¢ 363a 349a 521b 128a 279b 461c
9 days 25a 459b 450b 498a 526a 491a 225a 474b 610c

11 days$ 288aB 475bA  619cA 491aA 590aA 604aA 270aB 576bA  728cA

Data are means of 12 replicates (from two trials). Actual data are presented for each treatment, but data were transformed to
In(Y) for analysis. Means within each cultivar followed by the same lower-case letter do not differ signifi€aatl§-05),

according to Fisher’s protected LSD test.

aPercentage- Number of nematodes in root system/number of nematodes used as inacliin

b Total number of all migratory life stages penetrating roots/number of nematodes used as ined@om

¢ Means within each temperature followed by the same upper-case letter do not differ signifieaatlyd5), according to

Fisher’s protected LSD test.

(1977) forP. penetransat different temperatures; agrees with our previous results (Castikd al,
however, at the conclusion of a 23-day trial we 1995a).

found a higher cumulative percentage egg hatch at

_20"@ than at other temperatures. These fir_]din_gSACKNOWLEDGMENTS
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