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ABSTRACT

Both southern blightSclerotium rolfsij and Fusarium root rot=(sarium solani are the
important soil-borne diseases found in pearutg¢his hypogaedain the Bogor area, including the
Seed Technology Experimental Station of Bogor Agdtizal University (IPB). Solar heating by
means of clear polyethylene sheets to control thesesoil-borne diseases was performed in naturally
infested soil in the experimental station. Thepemature in the moistened field soil covered with
transparent polyethylene sheets increased drarhatimasolarization particularly in the upper 5 cm
layer. Soil solarization suppressed incidenceath lhiseases and enhanced crop yields significantly
Soil solarization for 1, 2, and 3 weeks suppressedhern blight by 75.3, 79.3, and 91.0 percerd, an
Fusarium root rot disease by 74.5, 81.2. and 88rBemt, respectively. The average dry weight of
fulfilled pod yields increased by 43.9, 48.8, ardS8percent in soils solarized for 1, 2 and 3 weeks
respectively. A higher population of the totalcteia, actinomycetes, and fungi were found in
solarized soils. Changes in microbial populatimtkiced by soil solarization might contribute ir th
diseases suppression beyond the physical effeEle phenomenon of increased growth response
(IGR) also occurred in this study besides diseappression.
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INTRODUCTION

Peanut is one of the important protein resouncegaily diet in Indonesia. Average annual
production of this crop in Indonesia, 702,861 tam oot covered the average annual consumption,
836,560 ton. Though many peanut varieties haveptiential to produce between 2.5 — 3.3 ton/ha
based on research activity, only about a half (Xd@8ha) of the potency has been performed in
practically (Manurung, 2002). One of the limitifegctors causing the decrease in productivity isfpla
pathogens. As the peanut pods produced on thef tipe flower pegs initially grow downward into
the soil to mature, these are exposed to many remitoorganisms including fungal pathogens.
Several soil fungal plant pathogens, suchiFrasarium, Sclerotium, Rhizoctonia, Rhizopus, Pythiu
Verticillium, Sclerotinia, Cylindrocladium, Penizim andAspergillusspecies have been reported as
causal agents of peanut diseases throughout theingr@areas in the world (Kokalis-Burelle et,al
1997). Among these soil-inhabiting fungal planthomens,S. rolfsii and F. solani are the most
devastating and economically important in many peagrowing areas in Indonesia (Semangun,
1993). Since 1987, these two fungi have causeddsiating diseases which affect adversely many
kinds of field experiments, not only phytopatholadi but also the other aspects in the Seed
Technology Experimental Station-Bogor Agricultucaliversity (IPB).

In ecological views, the management of soil-bgotent pathogens should be emphasized in
the promotion of soil health as it provides an emwnent that allows maximum yields with reduced
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risks of loss and minimal environmental contamimati Since 1976, when the first publication
appeared on solarization involving the use of piblylene sheets (Katan et al976), many studies
have explored its uses and effectiveness undesrdiff environmental conditions (Greenberger et al.
1987; Lopez-Herrrera et all994; Chellemi et al. 1997; Mc Govern et al. 2000he use of this
method to control soil-borne diseases as well sada/@and arthropod pests seems to have a promising
approach since the phase out of methyl bromideewreldping countries was implemented in 2005.
Many investigations seemed to show that soil soddion raised the equilibrium of many physical,
chemical and biological factors that promoted be#lth (DeVay and Katan, 1991).

MATERIALSAND METHODS
Soil solarization

Field experiments were carried out in naturallyesely infested soil in the Seed Technology
Experimental Station-Bogor Agricultural Universitfp?B), where peanut has been grown frequently,
from November 2001 to April 2002. Individual plpts x 5 nf, were arranged in a randomized
complete block design (RCBD) consisting of four atreents each with three replications.
Solarization was carried out on soils amended waliticken manure (200 ton /ha) and moistened by
irrigated one day before mulchingPlots were mulched with 0.05 mm transparent polyetie
plastic sheets for one, two, and three weeks duxingember and December. Non-mulched plots
were weeded once a week to let solar heat reacldiesurface optimally as treated plots. Soil
temperatures were measured daily and recordedfarized and non-solarized treatments at 5 and 15
cm depths. Soil temperatures were recorded dadyyethree hours from 06 am to 06 pm using a soil
thermometer at three points in each representatatment.

Planting and maintenance

After solarization, the peanut seeds (cv. Gajadjewsown at a 25 cm distance in rows and
50 cm in between rows. Cultural practices wereedas needed to maintain good plant growth,
including fertilization of TSP, urea, KCI, (each@®Rg/ha), weeding (2 times), and irrigation during
the vegetative phase when needed.

Disease development and yields

Disease development was recorded once a week $8nobhg percentage of wilted plants
from one to nine weeks after planting. At eacheobation, all wilted plants were uprooted to
determine the causal agents, whetRasariumor Sclerotium The data of disease incidence was
expressed as cumulative number with previous ohserv weekly. To measure the effect of soil
solarization on yields, pods were harvested frdmlahts without two furrows from the edge of each
plot. Pods were exposed to full sunny days inraerged drying area for 5 days. Crop production
was estimated as the dry weight (ton) of fulfillgads per hectare.

Soil microbial count

Soil samples were taken from of each experimepitdl (5 — 15 cm depth) at the end of soil
solarization. Composite samples (five sub samplm® each plot) were taken to determine total
microbial population, including fungi, bacteria aadtinomycetes, using serial dilution methods.
Composite soil samples were mixed well from eagdiicate plot, and 10 g soil were taken; 100 ml
sterilized distilled water was than added, shaker20 minutes using rotary shaker, allowed to settl
and diluted with blank sterilized water. At theoper dilution for colony counting, 0.1 ml of soil
suspension was transferred into the various medigetri dishes, spread with L-shaped glass rod and
incubated at Z&. The media used in this experiment were MartiyarA Chitin Agar, and Tryptic
Soy Agar 1/10 strength, to determine the populatafnfungi, actinomycetes, and bacteria,
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respectively.  Bacterial, fungal and actinomycetetonies which appeared on the plates were
counted 48 - 72 hours, and 7 — 9 days after intuiatespectively.

RESULTS

The highest soil temperature reachedG0r higher in mulched and solarized plots during
November (Fig. 1). Overall, daily maximum temparas reached at 5 and 15 cm depth in the
solarized soil were higher than non-solarized aistrespecially in two and three weeks treatments.
The mulching of moist soils raised the soil tempsme@and the highest temperature was in the upper
layer at 5 cm depth (Fig. 1). Maximum soil temperas in the other deeper layer (15 cm) also
increased in mulched soils compared to the non medlcsoil. The differences in the maximum
temperatures between mulched and non mulchedafteisthree weeks were £7and 15° C at the 5
and 15 cm depth, respectively.
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Fig. 1. Daily maximum soil temperatures in solarized and-solarized soils at depths of 5 and 15
cm. Letters a, b, ¢ mean starting days of 3 wezkgeks, and 1week solarization treatments,
respectively.
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The development of two diseases, Southern bligtFusarium root rot disease in peanut,
were suppressed by soil solarization for 1, 2 owekks (Fig. 2). This treatment also reduced
significantly the disease incidence in nine weeksrglanting compared to non-solarized (Table 1).
The highest reduction in disease incidence was sBe#me 3-weeks solarization plot although there
was no statistical significance among treated pld®larization for 1, 2, and 3 weeks reduced the
Fusarium F. solan) disease incidence by 74.6 %, 81.7 %, and 83.9e%pectively, as compared
with the non-solarized. The reduction of stem (&t rolfsi) disease incidence was up to 75.3 %,
79.1 %, and 91.0 % in plots solarized for 1, 2 amweeeks, respectively (Table 1).

The disease suppression development was reflectbe better peanut growth performance
and the significant increase in pod yields dry weiyhen compared with the non-solarized. Target
disease was not seen in the solarized field onghadter planting and the greener canopies welte sti
seen in the treated plots even at harvest compaitbdhe non-solarized. Conversely, wilted plants
caused by the two targeted diseases were preséim mntreated plots, and leaves almost fell down
on the day of harvest (figures not shown). Soiiagizhe soil for 3 weeks showed the highest pod
yield, and significantly different compared witheomweek treatment and non-solarized. Plots with
solarization treatments increased the dry weighfulfiled pods yield by 43.9 to 80.5 % relative to
untreated (Table 2). Although not statisticallgrsficant, soil solarization tended to give the thes
result in the percentage of fulfilled, and redutieelempty pods (Table 2).

Table 1. Influence of soil solarization on the diseasgdance of stem blight and Fusarium disease.

Disease incidence "’

Treatments Southern Reduction Fusarium Reduction
blight over non- disease over non-
(%) solarized (%) (%) solarized (%)
Non-solarized 12.89 a - 23.34a -
1 week solarization 3.19b 75.2 5.93b 74.8
2 weeks solarization 2.69b 79.1 4.26b 81.7
3 weeks solarization 1.16 b 91.0 3.76b 83.9

V Data of nine weeks after planting; Values follovigddifferent letters in the same
column are significantly different according@ancan Multiple Range Tegp € 0.05)

Table 2. Influence of soil solarization on yield and papglity of peanut.

Dry Yield Pods quality
Treatments Full filled Increaseover  Full filled pods  Empty pods
pods non-solarized (%)™ (%)™
(ton/ha)” (%)
Non-solarized 0.41c - 89.20 a 10,78 a
1 week solarization 0.59b 43.9 91.80 a 8.19 a
2 weeks solarization 0.61 ab 48.8 91.24 a 8.74 a
3 weeks solarization 0.74 a 80.5 93.07 a 6.93 a

" Values followed by different letters in the sansduenn are significantly different
according to Duncan Multiple Range Tept=(0.05)
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The results also showed a significant increasthéntotal population of microorganisms,
especially bacteria and fungi, in soil after sdation, but the actinomycetes was not significantly
affected by the treatments (Table 3). The mosbromd fungi were the genera dfichoderma,
Aspergillus, CladosporiungndFusarium

Table 3. Effect of soil solarization on microorganisms ptation.

Treatments Total microorganisms population (log cfu / g soil)*
Bacteria Actinomycetes Fungi

Non-solarization 8.29b 551a 381lc

1 week solarization 8.66 a 5.56 a 4.05b

2 weeks solarization 8.53 ab 5.76 a 4.06 b

3 weeks solarization 8.51 ab 5.97 a 432 a

*Values followed by different letters are signifitly different according to
Duncan Multiple Range Tegt € 0.095

DISCUSSION

The diseases caused By solani and S. rolfsii were considerably suppressed by soil
solarization (Figure 2) and the disease incidemee® reduced up to 83.9% and 91.0 % compared
with the non-solarized, respectively (Table 1).tHis study, the average solarized soil temperatre
5 and 15cm depth increased 3.5 to 40.2ind 1.2 to 6% compared with the non-solarized,
respectively (data not shown). A lower soil tengtere increase in another study showed significant
reduction inF. oxysporunpopulations in southern Spain (Rafael et al., 199hese results suggest
that the suppression &usariumdisease in this study was affected physicallyh®yihcrease of soil
temperatures. Although the difference in the $mddion periods did not significantly affect
incidences of both diseases, the disease suppmesfiiects increased with the extension of the
solarization period (Table 1). The extension oé tplarization period enables control of the
pathogens that inhabit in deeper soil layers anbyss sensitive to heat. The extended period of
solarization was required to achieve 90 to 100 %tafity of Verticillium dahliaesclerotia in deeper
soil layers (Katan, 1987).

Another field experiment also showed that suppoessf club root disease incidence on
cabbage was higher when the solarization period exéanded up to 7 weeks (Widodo and Suheri,
1995). Significant control effect in various regsin the world, with different pathogens, were
obtained usually within 20 to 60 days of solarizat{DeVay and Katan, 1991). Longer soil exposure
to higher temperatures achieved during solarizattansed of crackings. rolfsii sclerotia and
increased its vulnerability to antagonistic micigemisms (Kartini and Widodo, 2000). Increasing of
soil temperatures during solarization suppressedage population of weeds and several groups of
pathogen, including fungi, bacteria and nematod&@stern Oregon (Pinkerton et al., 2000).

This result suggests that microbial processesciediby soil solarization might contribute to
suppression of the two targeted diseases beyonphyeical effect as showed in the increase in total
microbial population, especially fungi (Table 3)The most frequently obtained fungi in this
experiment, that may potentially be antagonistienioroorganisms, werAspergillus, Trichoderma,
and Cladosporium. Aspergillusappeared most frequently as colonies on scleratiged in the
solarized soil (data not shown). In another stubg, population of actinomycetes was significantly
higher in solarized than untreated soils and maytritmute in club root suppression (Widodo and
Suheri, 1995).
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More vigorous growth of peanut in 30 days aftewisg was shown in solarized plots and
disease symptoms were not obtained. More plamtdved and a greener canopy found several days
before harvesting in solarized plots indicated tthas treatment may promote plant growth and
increase their productivity (Table 3). Beyond iieease control, the phenomenon of increased
growth response (IGR) was frequently seen in stddrsoils (Katan, 1981; Gamliel and Katan, 1991;
Stapleton and DeVay, 1984; Chen and Katan, 198@p@¢4 and Suheri, 1995; Pinkerton et 2000).
The manifestation of IGR in solarized soils hasrbéedicated as the involvement of physical,
chemical, and microbial changes. However, thengka which result in a new microbial balance in
the soil are apparently related to the long-terfaatfof IGR, and might be as one of an economically
approach in soil borne plant diseases control acicasing the genetic potential of cultivated crops
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Fig. 2. Effect of soil solarization on the developmehBouthern blight$. rolfsij
and Fusarium root rot diseg@sesolan) in peanut.
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CONCLUSION

Soil solarization using transparent plastic fo2land 3 weeks significantly suppressed the
two soil borne diseasegusarium root rot and Southern blight, on peanut and irszdayield
potency. The extension of the solarization pereslulted in higher disease suppression and yield
increase which might be induced by some microlriat@sses during soil solarization.
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