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Abstract

To study the relationship between temperature regimes and loss of viabilitgroatophora necatriin soil, two

field experiments were conducted to determine the effectiveness of soil solarization on reducing the population

of D. necatrixcolonizing avocado root segments buried at a depth of 15-60cm. Increase of maximum hourly

temperatures attributable to soil solarization reached, depending on depth, 6Z##Bshaded areas and 3.9—

1.5°C for shaded areas in the first experiment (starting in early June, 1995). The better environmental conditions

in the second experiment (starting by mid-July, 1995) led to higher temperature increases (& 6d8g&nding

on depth) when solarization was conducted in unshaded areas. One, 4, 5 and 6 weeks of solarization were required

to eliminate the viability oD. necatrixat 15, 30, 45 and 60 cm depths in the first experiment, whereas only 8, 10,

15 and 22 days of solarization were needed for the loss of viabiliy. afecatrixat the same depths in the second

experiment. In shaded areas, however, soil solarization attained significant effectiveness at 15 cm depth.
Regression analyses of fungal viability (In-transformed data) over accumulated temperature—time showed best

fits when the minimum threshold temperature was@Although eradication dD. necatrixin soil can be achieved

down to 60 cm depth in solarized plots, and at 15 cm depth in unsolarized unshaded plots, the accumulation of

temperature—time appeared less effective in reducing inoculum viability in the latter.

Introduction growth (Lopez-Herrera et al., 1997, 1998). The ther-

mal sensitivity of these pathogens has been studied
Avocado root rot caused yhytophthora cinnamomi  (Khan, 1959; Barbercheck and von Broembsen, 1986;
Rands and avocado white rot causedbyatophora Sztejnberg et al., 1987; dtez-Palacios et al., 1991).
necatrixHartig (teleomorphRosellinia necatri®rill.) The thermal death of the population of an organism
are the most important diseases caused by soil fungi depends on both the temperature and the exposure time,
in avocado Persea americanaMill.) orchards in which are inversely related (Katan, 1996). In addi-
south Spain (bpez-Herrera, 1989). Avocado orchards tion, sublethal temperatures are able to weaken fungal
occupy ca. 8000 ha in this area, with a production of propagules, decreasing their ability to withstand fur-
45000t of avocado fruit in 1997 (Anonymous, 1998). ther biotic and abiotic stresses (Pullman et al., 1981;

Soil solarization has been effective in reducing the Lifshitz et al., 1983).

population of P. cinnamomiinfesting soil in Israel The aim of this work was to determine a relationship
(Pinkas and Katan, 1984) and in controllifjhy- between the fluctuating temperatures reached in solar-
tophthoraroot rot andRoselliniaroot rot in estab- ized soil and the reduced viability &f. necatrixat dif-

lished orchards, with a subsequentimprovement of tree ferent soil depths after several periods of solarization.
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This would enable the rate of heat mortality of this from 20 to 35C, were calculated by the equation
pathogen under different temperature regimes to be DH =) _ (T, — T;), where DH = temperature—time
forecast. (degree—hours)T, = hourly temperature;l; =
minimum threshold temperature; ahek each hour of

the period considered in whidy > T; (Lopez-Herrera
etal., 1994). Ordinary least squares regression analyses
ofthe In of the viability oD. necatrixover accumulated

Two field experiments (I and Il) were conducted inbare o perature (degree—hours) was determined for the dif-
wet soil (clay, pH 8.2, organic matter 1.9%) whichhad  terent depths of burial in solarized and unsolarized
been rototilled and irrigated by microsprinklers until ¢

achieving field capacity over the entire 60 cm soil layer.
Eight nylon nets containing ten segments of avocado
roots naturally infected bfp. necatrix,corresponding

to eight sequential samplings, were buried in soil at )
each of four depths (15, 30, 45 and 60 cm) in each repli- ExPeriment |

cated plot. Four replicates per treatment (i.e. solarized ) ) ) )
and unsolarized, both in shaded and unshaded loca-Maximum  soil temperatures in unshaded solarized
tions) were set up according to a split-plot complete PlOtS reached 39.3 and 33@ at 15 and 60 cm depth
randomized block design with the solarization factor respectively. These were 6.7 and ZX%higher than

as a Spr|Ot of the main plOtS which were shaded or !n unsolarized p!OtS. However, maX|mum temperatures
unshaded. Shading in the plots was achieved by cover-IN Shaded solarized plots, ranging 31.7-2CAwere

ing them with a black shading (80%) net suspended 2 m ONly 3.9-1.5C higher than reached in the plots not
above the soil surface. Afterwards, subplets< 4 m) solarized (Figure 1).

to be solarized were tarped with 75 pm thick transpar- ~ Results for infected-root segments sampled at 3, 6
ent polyethylene on 12 June, 1995 (Experiment I) or 4 @nd 8 weeks are given in Figure 2. The viability of
July, 1995 (Experiment I). Analyses of variance were D. necatr[mn_qvocado root samples after 3 weeks burial
performed with the data of the percentage of segments differed significantly ¢ < 0.001) between treatments,
with viable inoculum and mean values were compared Iocatlc_)ns_ and depths, as vyeII as in their |_nteract|ons.
by general linear contrasts using the software pack- The viability of D. necatrixin samples buried at 15,

age Statistix 4.1 (Analytical software, Roseville, MN, 30, 45 and 60.cm in unshaded solarized plots was nil
USA). after 1, 4, 5 and 6 weeks of solarization, respectively.

In Experiment I, inoculum samples were withdrawn In contrast, fungal viability was 12.5-80% in unshaded
at weekly intervals during the 8 week period of the unsolarized plpts after 8 weeks of burial, dependlng_on
solarization. An additional set of inoculum samples depths. The differences between treatments, locations

was kept for 8 weeks under optimal incubation con- and depths were statistically significat < 0.01)
ditions in the laboratory. According to the results after 6-8 weeks of burial, as was the interaction treat-

obtained, the second experiment was established to fur-Mentsx locations(? < 0.001). Soil solarization had

ther relate loss of inoculum viability and duration of @ Small effect on shaded areas regardless of the depth

solarization. Thermistors (model 107, Campbell Scien- ©f burial. Thus, viability ofD. necatrixwas over 60%

tific) connected to a data logger were placed, for both N both_ unsc_)larlzeq and solarized plots_ exceptat 15¢cm

experiments, at the same depths in each of the treat-d€pPth in soil solarized for 8 weeks (Figure 2). Inocu-

ments considered. Soil temperatures were recorded atU™ kept under laboratory conditions showed a high

5 min intervals and averaged for each hour. The viabil- Viability (95%) after 8 weeks incubation.

ity of D. necatrixin the root samples was determined

by the active mycelial growth of the fungus on the root Experiment II

segments incubated for 7 days at 222@4n a moist

chamber. The percentage of root segments showing The maximum soil temperature in unshaded solarized

mycelial growth was averaged for the four replications. plots reached 39.8-33C depending on depth. Tem-
In Experiment Il, temperature—time accumulated perature increases attributable to soil solarization were

from the commencement of solarization until sam- 8.6-5.6C. Maximum temperatures at 15 cm depth in

pling, using 16 minimum temperature thresholds shaded plots were 31.7 and 27@for solarized and

Materials and methods

Results
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Figure 1 Time-course of maximum soil temperature in dif-
ferent treatments and location#l (= solarized unshaded,
0O = solarized shadeda = unsolarized unshaded amd =
unsolarized shaded) and depths (A 15cm, B = 30cm,
C = 45cm and D= 60 cm) in bare soil (Experiment |, 12 June—
7 August, 1995).
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Figure 2 Effect of different treatmentdl = solarized and =
unsolarized) on the viability ddematophora necatrii bare soil
after three, six and eight weeks of treatment in unshaded (A) and
shaded (B) locations at different soil depths (Experiment I, 12
June-7 August, 1995).

Viability of D. necatrixin unshaded plots was nil
after 8, 10, 15 and 22 days of solarization at 15, 30, 45
and 60 cm, respectively. Only after 6 weeks was fun-
gal viability reduced to 2.5% in root samples buried at
15 cm depth in unshaded unsolarized plots. However,
viability at deeper layers was higher than 60% after the
same period. After 8 weeks, the viability Bf neca-
trix in shaded solarized plots was reduced to 40% at
15cm depth, whereas it was more than 85% for root
samples buried at 30-60 cm depth. Similar values were

unsolarized treatments, respectively. At deeper layers, observed in shaded unsolarized plots, except for sam-
soiltemperatures were lower and temperature increasesles at 15 cm depth, which had a viability of 70%.

were much lower (4—2.5C) than for unshaded plots
(Figure 3).

Fungal viability of samples buried at 15 and 60 cm
depth in unshaded plots was gradually reduced to very
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Figure 3 Time-course of maximum soil temperature in dif-
ferent treatments and location® ( = solarized unshaded,
O = solarized shadeda = unsolarized unshaded amd =
unsolarized shaded) and depths (A 15cm, B = 30cm,
C = 45cm and D= 60 cm) in bare soil (Experiment II, 4 July—
29 August, 1995).

burial periods, the scarcer was the mycelial growth on
the root segments incubated in moist chamber. These
reductions in viability levels allowed regression analy-
ses of fungal viability over accumulated temperature—
time. In the other cases, the sudden decrease in or the
maintenance of fungal viability at high levels did not
allow for regression analyses of the data.

Regression equations after In transformation of fun-
gal viability for those cases in which there was statis-
tical significancg P < 0.02) are given in Table 1. The
corresponding curves are shown in Figure 4. The best
fits were always obtained with a temperature threshold
of 30°C. In contrast to the other treatments, a delay in
the onset of viability loss ob. necatrixwas observed
in samples at 15 cm depth in unshaded areas of unso-
larized plots and at 60 cm depth in unshaded solarized
areas. At 15cm depth, the accumulated temperature—
time required for inoculum inactivation was higher for
unsolarized than for solarized plots, and shading of
these solarized plots slightly reduced the decrease in
fungal viability (Table 1, Figure 4).

Discussion

Reductions in fungal soilborne inocula in established
orchards by means of soil solarization requires the con-
sideration of two critical factors. Infections can take
place in very deep layers of soil, where the root system
is developing and where root pathogens are active, and
in the areas shaded by the tree’s canopy soil temper-
ature is always lower, possibly insufficient to achieve
pathogen eradication. These facts are not frequently
taken into account in most studies on soil solarization
which are primarily applied to annual crops. Soil solar-
ization has been successfully used to contatticil-
liumwilt in established orchards of pistachio, avocado,
almond and olive trees (Ashworth and Gaona, 1982;
Shabi et al., 1987; Tjamos et al., 1991), as well as in
apple orchards affected IR necatrixFreeman et al.,
1990). Although control oDematophoraroot rot in
established avocado trees by means of soil solariza-
tion has been studied @pez-Herrera et al., 1998), a
determination of soil temperature—fungal inactivation
relationships was needed.

The time course of temperature at 60 cm did not dif-
fer greatly from that at 45cm depth (Figures 1, 3).

low levels in solarized plots, as well as at 15 cm depth However, temperatures were higher for Experiment Il
in unsolarized plots; a gradual reduction to moder- (Figure 3) than for Experiment | (Figure 1), since the
ate levels was observed in samples at 15 cm depth insolarization period in the latter started 23 days earlier,
solarized shaded plots. In both cases, the longer thei.e. in June, 1995, when temperatures were not optimal



575

Table 1 Regression equations Bematophora necatrixiability? over accumulated
temperature—time using temperature threshold ofZ3(Experiment 11)

Treatment Depth (cm)  Regression equdtion 72 P
Solarized unshaded 15 h=451-0.006DH 0.87 0.006
Unsolarized unshaded 15 n=5.13-0.005DH 0.94 0.0001
Solarized shaded 15 W =450-0.008DH 0.96 0.0001
Solarized unshaded 60 h=512—-0.008DH 0.96 0.02

2Determined in naturally infected avocado root segments buried at given locations and

depths.

bV = viability (%) DH = temperature—time (degree—hours).
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Figure 4. Effect of accumulated temperature—time (threshold
temperature 30C) on the viability ofDematophora necatriin
naturally infected avocado root samples buried in soil at different
depths and with different treatmen® (= solarized unshaded
15cm,0 = solarized shaded 15cm#, = solarized unshaded
60cm, anda = unsolarized unshaded 15cm) (Experiment I,
4 July-29 August, 1995).

Heat inactivation oR. necatrixdepends on temper-
ature, exposure time and inoculum quality (Sztejnberg
et al., 1987). Our results suggest that the loss of inocu-
lum viability in naturally infected roots could be related
to accumulated temperature—time, a minimum thresh-
old temperature of 3@C being adequate for regres-
sion fitting. The exponential nature of the relationship
between accumulated temperature—time and viability
of D. necatrixfound in our study (Figure 4) agrees with
a previous report (Katan, 1996).

The accumulation of degree—hours required for there
to commence a decreasen necatrixviability was
higher for the treatments with lower temperatures i.e.
upper layer of unsolarized plots and deeper layer
of solarized plot (Table 1, Figure 4). These results,
along with the weakening effect observed on fungal
mycelium, in Experiment I, could be explained by the
accumulated temperature—time being less effective in
the case of long exposures at temperatures relatively
close to the threshold temperature than in short expo-

for solarization. Consequently, 4-6 weeks of solariza- sures at higher temperatures. This delay in inoculum
tion were required in the unshaded solarized locations jnactivation is consistent with the requirement of long

of Experiment | to achieve the eradication of inoculum
at depths of 30-60cm (Figure 2), whereas in
Experiment Il this was achieved within 10-22 days.
These results confirm the partial reduction of the

periods of solarization (8 weeks) to achieve eradica-
tive control at deeper layers, where we have frequently
observed viable mycelium @. necatrix

The higher temperature—time accumulation required

populations of several soil microorganisms in shaded for |oss of fungal viability in unsolarized unshaded,
areas of solarized plots as compared to the unshadedys compared to solarized unshaded or shaded plots at
ones (Stapleton and DeVay, 1984), for which correl- 15cm depth, would suggest an effect of anaerobic con-
ative increased growth responses were also reported ditions in polyethylene-mulched plots, possibly related

Moreover, in Experiment |, inoculum viability was

to confinement of volatile compounds, additional to the

not affected in any of the samples located in the thermal effect, in agreement with previous suggestions
shaded areas of plots solarized for as long as 8 weeks(Stapleton and DeVay, 1984).

(Figure 2), whereas a significant reduction in the inocu-

lum viability was observed for samples buried at 15cm

depthinshaded solarized plots of Experiment Il. There-

fore, solarization must be conducted during optimal
periods and conditions in order to attain maximum
benefits.
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