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ABSTRACT 

Studies were initiated to determine if drip irrigation contributes to 

increased incidence of Charcoal Rot, caused by Macrophomina phaseolina, 

in melons in Arizona. Soil samples from furrow- and drip- (with and 

without plastic mulch) irrigated fields were analyzed for soil chemical and 

physical parameters: pH, moisture, salinity and temperature; and for 

microbial factors: inoculum density, mycorrhizal infection, nematode 

abundance, and basal respiration. Results show a significant decrease in pH 

and increase in temperature in drip versus fiirrow-irrigated soils. Also, the 

interaction of pH, saluiity, moisture, and irrigation type was significant for 

inoculum density of M phaseolina which was up to 150 times higher in drip 

irrigated fields. In greenhouse trials, disease incidence increased 

significantly as salinity of irrigation water increased, but was not affected by 

root-knot nematode. Therefore, soil characteristics of drip-irrigated soils 

may contribute to a soil envuronment conducive to an increase in Charcoal 

Rot in melon. 
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INTRODUCTION 

Macrophomina phaseolina (Tassi) Goid. is a soilbome, microsclerotia 

producing fungus common in tropical and subtropical regions. No sexual 

stage is known, but sometimes pycnidia are produced on plant tissue and in-

vitro. The microsclerotium that enables the fungus to survive for several 

years in the soil and plant debris is its main survival structure. The 

microsclerotial stage of Macrophomina phaseolina is sometimes referred to 

as Rhizoctonia bataticola (Dhingra and Smclair, 1978). Macrophomina 

causes a root and stem rot on a large number of host plants including many 

important crops such as sorghum, sunflower, com, melon and beans (Mihail, 

1992). The disease is often referred to as a "Charcoal Rot" because it causes 

a black rot on roots and stems of many host plants, and the microsclerotia 

embedded in the tissue look like little bits of charcoal (Dhingra and Sinclair, 

1978). Macrophomina phaseolina generally infects many crops that are 

subject to severe stress caused by drought (Pande et al., 1989; Edmunds, 

1964), high temperatures (Edmunds, 1964) and flowering (Edmunds, 1964). 

Soilbome fimgi are exposed to a large variety of factors that influence 

their success in survival and infection ability. These factors include soil 

moisture, soil temperature, pH, salinity and microbial biomass - such as 
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nematodes and mycorrhizal fimgi (Quarles, 1999; Singh, 1996; Sohlenius, et 

al., 1987). Survival, infection and disease severity of Macrophomina 

phaseolina are also influenced by a variety of environmental factors. For 

example, in cotton low soil moisture (water stress) resulted in a severe root 

rot caused by M. phaseolina, whereas high soil moisture did not lead to 

disease (Ghaffar and Erwin, 1969). Soil moisture and irrigation treatment 

strongly influenced root colonization of soybeans by M phaseolina (Kendig 

et al., 2000). Increasing salt concentration in irrigation water of sunflowers 

in Tunisia resulted in mcreasing disease severity by M phaseolina (El 

Mahjoub et al., 1979). Zambolim and Schenck (1987) observed that 

soybeans were protected against Macrophomina phaseolina, Fusarium 

solani and Rhizoctonia solani when planted in soils naturally colonized by 

the mycorrhizal fimgi Glomus etunicatum and Gigantea margarita. 

Charcoal Rot incidences on other host plants increased when root-knot 

nematodes (Meloidogyne sp.) were present (Tu and Cheng, 1971; Siddiqui 

andHusain, 1991). 

Results of many studies on M phaseolina on different hosts often do 

not apply to melon. For example, Bruton et al. (1987) found that drought or 

heat stress are not necessary for infection in melon. The flmgus is supposed 
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to be a poor competitor with other soil microorganisms (Canaday et al., 

1986) and prefers low pH values between 3.6 and 5.0 (Bruton et al., 1995). 

Soil pH in Arizona is rarely below 7.0. Also, in contrast to other host plants 

in which charcoal rot typically occurs on the roots, this is often not the case 

in melons. It is reported that Macrophomina phaseolina enters melon plants 

through the roots (Bruton, 1998), but it can often only be isolated from the 

crown lesion. The fungus causes a severe vine decline of melons in Texas 

(Bruton et al., 1985), Israel (Reuveni et al., 1982) and India (Jhooty and 

Singh, 1971) and is part of the vine decline complex (Aegerter et al., 2000). 

Early symptoms are watersoaked lesions on the stem base of the plants. 

Infected plants start wilting just before the fruits are ripe leading to quality 

loss and yield reduction. 

Macrophomina phaseolina is very difficult to control. Soil 

solarization and fiimigation have had little success (Mihail, 1983). Crop 

rotation can be effective, but is limited since microsclerotia survive for up to 

four years in the soil (Kendig et al., 2000). Francl et al. (1988) showed a 

reduction in inoculum density when rotating soybeans with cotton, sorghum 

or com, in these experiment 11 cfii/g soil remained in the soil after 3 years 
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of rotation. This inoculum density causes severe charcoal rot and leads to 

yield reduction (Bruton and Reuveni, 1985). 

Because of the broad host range and some host preference (Cloud 

and Rupe, 1988; Pearson et al., 1987) shown by the fungus, field isolates 

may have to be tested on their specificity. Otherwise inoculum levels may 

increase, instead of decrease. Many fungicides have only a minor effect on 

M phaseolina even at highest field concentration (personal observation). 

In the last few years charcoal rot has become an increasingly 

important problem for melon growers in Arizona. Since most growers 

switched from furrow irrigation to drip irrigation to reduce water 

consumption, studies were mitiated to determine if there is a connection 

between the increasing incidence of Charcoal Rot on melon and irrigation 

type. 

Environmental factors in soils differ between drip and furrow 

irrigation. For example, soil moisture is uniformly spread in furrow 

irrigation after two days, while in subsurface drip irrigation soil moisture is 

progressively reduced the larger the distance from the emitters (Subbarao et 

al., 1997). Salinity is a larger problem under drip than under furrow 

irrigation because the salt distribution is moisture dependent (Hanks and 
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Ashcroft, 1980). Therefore, potentially relevant environmental parameters 

were determined for selected drip- and furrow-irrigated fields in an area that 

had higher disease incidences of charcoal rot in recent years to determine 

differences that could enhance or reduce the activity of Macrophomina 

phaseolina. 

The factors chosen were soil moisture, soil temperature, pH, salinity, 

soil basal respiration and parts of the soil microbial community (nematodes 

and mycorrhizae). Basal respu^tion was chosen as an indication of the 

microbial activity in the soils, which can be influenced by differences in 

crop management (Franzluebbers et al., 1995). Nematodes, classified into 

feeding groups, were chosen because the nematode abundance in each 

feeding group is affected by changes in the soil environment (Sohlenius et 

al., 1987). This could be an indication of changes in the environment that 

affect the whole microbial community. Two stress factors, root-knot 

nematodes and salinity, that could play a role in Arizona in increased 

occurrence of Macrophomina phaseolina in melons, also were investigated 

in greenhouse experiments. 

The same environmental factors were determined in the fall to 

investigate the observed phenomenon in drip urigated fields that diseased 
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plants occur scattered across the entire field but plants next to severely 

diseased ones remain symptomless for a much longer period. Determination 

of environmental factors and epidemiology of Charcoal Rot in melon could 

help in designing better control strategies and minimizing financial loss for 

growers. 
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MATERIALS AND METHODS 

Field studies - spring 2000 

Soil samples 

Three fields with different irrigation types (furrow, drip and drip with 

tarp) were selected in an area with a history of Charcoal Rot on melon in 

Harquahala, AZ. Cantaloupe (Cucumis meld) was grown on the drip-

irrigated fields and honeydew {Cucumis meld) on the flood-irrigated field. 

The soil of the drip field was classified as a sandy loam (62% sand, 21% silt 

and 17% clay) and that of the furrow field as a sandy clay loam (50% sand, 

27% silt and 23% clay). The soil analysis was performed by IAS 

laboratories, Phoenix, AZ. Soil samples were taken with a 6.7-cm-diameter-

soil auger at 10 cm, 20 cm and 30 cm depths, close to plants in the center of 

the bed. 
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Soil temperature 

Soil temperature probes (Hobo Data Logger) from Onset Computer 

Corporation, Pocasset, MA were placed within the root zone of the melon 

plants in ftirrow- and drip-irrigated fields in spring. Soil temperatures were 

recorded every hour at four different depths; 0 cm (surface), 10 cm, 20 cm 

and 30 cm. The data were then downloaded from the Hobo Data Logger 

every 2-3 weeks and processed using Boxcar software (Onset Computer 

Corporation, Pocasset, MA). 

Soil moisture 

Soil moisture was determined from subsamples of five sample sites in 

each field at each depth. Gravimetric moisture content, in percent moisture, 

was determined usmg the formula: [(wet weight - dry weight)/dry weight] x 

100. 

Soil moisture release curves were determined for drip- and fiirrow-

irrigated soils by Sheri Musil in the Department of Soil, Water and 

Environmental Science at The University of Arizona. Gravimetric percent 

moisture was determined for -0.33 bar, -1.0 bar, -3.0 bar and -15.0 bar using 

a soil pressure plate. A van Genuchten fitting program was used for a 
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predictive equation (Manual for Soil Physics Laboratory, Department of 

Soil, Water and Environmental Science, University of Arizona). 

pH-value 

10 g subsamples from the five sample sites in each field at each depth 

were air-dried. 20 ml of a 0.0 IM CaCl solution was added to the sample and 

stirred for 30 min (Hendershot et al., 1993). After 10 min settling time, the 

pH in the supernatant was determined using a pH-30 sensor from Coming 

Inc. 

Salinity 

30 g subsamples from the five sample sites m each field and depth 

were air-dried, then 60 ml of double distilled water were added (Janzen, 

1993). After stirring one hour, the salinity of the soil was determined using 

an electrical conductivity kit of Chemtrix, Inc. 

Basal respiration from soil 

30 g soil subsamples from the five sample sites in each field and depth 

were air-dried and used to determine basal respiration. The interval for 



22 

measuring soil respiration by CO2 evolution was determined in preliminary 

experiments. Following a modified procedure of Franzluebbers (1995), air-

dried soil was placed in a 50 ml beaker and amended with 9 ml of water. 

Samples were incubated in sealed 1-liter jars incubated at 25°C. 6 ml gas 

samples were taken with a syringe through an air tight rubber and septum 

after 1, 7, 14, 21 days and processed immediately. CO2 concentration was 

determined by gas chromatography. 

Nematodes 

Soil samples from the root zone were collected and kept at room 

temperature until processing. Within three days the nematodes were 

extracted from a 50 g subsample in a mist extractor (Freckman and Ettema, 

1993). Nematodes were collected and counted every 24 hours for three 

consecutive days (Freckman and Ettema, 1993). They were classified as 

plant parasitic, fungal feeding, bacterial feeding and predatory. Nematodes 

were counted in a glass dish at 40x using a dissecting scope. The total 

number of nematodes counted was calculated for 1 kg oven-dry soil. 
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MvcnrrhiTal fiinpi 

To determine the number of mycorrhizal infections on melon roots, 

fresh fine roots were collected, washed and processed using the modified 

procedure of Sylvia (1994). Roots were cleaned in a 1.8M KOH solution at 

80®C for 10 min, rinsed with water and placed in warm, concentrated H2O2 

until white. After repeated rinsing, roots were stained for 20 min with a 

trypan blue solution consisting of 800 ml lactic acid, 800 ml glycerin, 800 

ml water and 1.2 g trypan blue. After staining, roots were rinsed to destain 

and infection points per cm root were counted using a stereomicroscope at 

40 X. 

Determination of inoculum densitv 

In preliminary trials, soil samples of 1 g, 5 g and 10 g air-dried soil 

were processed following the procedure of Mihail and Alcorn (1982). 

Sieved soil samples were blended at 30 seconds intervals over a 3 min 

period in 0.525% NaOCl solution, washed thoroughly, and stored in 30 ml 

of water. 100 ml of autoclaved selective medium were added to the 30 ml of 

water and then poured into five Petri plates. The selective mediimi consisted 

of PDA (19.5g/500ml), agar (5g/500ml), Chloroneb (Teremec 65 WP) (5ml 
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of a lOOOOppm solution/SOOml) and streptomycin sulfate (250^g/ml a.i.). 

Plates were incubated for 3 - 4 days at 35°C in the dark. The number of 

developed colonies were counted and calculated for microsclerotia/g dry 

soil. Based on preliminary results, 5 g soil samples were used in all 

subsequent assays since they gave the most consistent and reliable results. 
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Field studies - fall 2000 

Fields 

Two drip-irrigated fields with high incidences of Charcoal Rot were 

selected in Harquahala, AZ in October 2000 to sample plants and soil. 

There were no furrow-irrigated fields with melons in fall 2000, so furrow-

irrigated fields were not included in the study. Five soil and plant samples 

firom diseased and symptomless plants were taken firom each field. Each 

sample was considered one replication. 

Soil moisture 

Soil moisture was determined as stated in section soil moisture of 

Field studies - spring 2000. The soil samples were taken in the root zone 

near the main stem of five diseased and five symptomless plants in two drip 

irrigated fields. 

Soil temperature 

Due to technical problems the soil temperature probes (Hobo Data 

Logger) could not be used. Therefore, only immediate temperature at 30 cm 

depth could be determined while taking the soil samples. 
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pH-value 

The pH of soil samples from five sites of diseased plants and five sites 

of symptomless plants from each field was determined as described in 

section pH of Field studies - spring 2000. 

Salinity 

The salt content of soil samples from five sites of diseased plants and 

five sites of symptomless plants from each field was determined as specified 

in section salinity of Field studies - spring 2000. 

Nematodes 

Nematode populations in the root zone of each sampled plant were 

determined with the same method described in section nematodes of Field 

studies - spring 2000. Nematodes were classified as plant pathogenic, 

bacterial feeding, fimgal and algae feeding, or predatory. 
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Mvcorrhizal fungi 

Root colonization with endomycorrhizal fungi was determined as 

mentioned under mycorrhizal fimgi of Field studies - spring 2000. Fine 

roots were washed and kept frozen at -18°C until processing. 

Determination of inoculum density 

Macrophomina phaseolina inoculum density was determined for each 

soil sample in three depths (10 cm, 20 cm and 30 cm). To have a broader 

comparison, soil samples were also taken from other melon fields in 

Harquahala, Eloy and Marana. The same method was used as described in 

section determination of inoculum density of Field studies - spring 2000. 

Bulk density 

The bulk density in the drip-irrigated field was determined using a soil 

core sampler from the Soil moisture Equipment Corp., Santa Barbara, CA. 

Oven - dry weight of the core was determined and the density was then 

calculated using the formula: (sample dry weight in g)/(volume of core in 

cc). 
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Greenhouse and lab experiments 

Inoculation 

Studies of two inoculation techniques using two isolates of 

Macrophomina phaseolina were conducted outside a greenhouse at the 

College of Agriculture Campus Agriculture Center of The University of 

Arizona. For one inoculation technique (INOCl), Macrophomina phaseolina 

was grown on autoclaved sorghum seeds. The colonized seeds were blended 

and mixed in the field soihsand mixture (1:1). The inoculum density was 

>100 microsclerotia/g potting mix. Control plants were planted in inoculum 

free soil. For the other technique (IN0C2), soil was washed off plant roots, 

and roots were dipped in a slurry of blended Macrophomina colonized 

sorghum seeds and water before planting. Control plants were dipped in 

water. 

Two isolates were used in this study - one originally isolated from 

diseased plants from Harquahala, AZ and maintained in culture in the 

laboratory (isolate 1) and the other the same isolate reisolated from 

inoculated plants (isolate 2). 
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One-half of the root ball of the plants was placed in the soil and the 

soil surface was covered with a plastic cover to prevent inoculum reaching 

the crown. Pots were drip-irrigated. 

The six treatments were: 

1. Control INOCl, no inoculum 

2. INOCl, isolate 1 

3. INOCl, isolate 2 

4. Control IN0C2, no inoculum 

5. IN0C2, isolate 1 

6. IN0C2, isolate 2 

There were 10 replications (pots) of each treatment placed in a completely 

randomized design in the study area. 

Effect of salinity on disease 

In preluninary experiments, 'Greenflesh' honeydew melon {Cucumis 

melo) seedlings were planted in four-inch pots in uninoculated sandrsoil-

mixture (2:1) and watered daily with different concentrations of salts added 

to the water to determine the effect of water with a higher electrical 

conductivity (EC) on melon plants. Ratios used were similar to Tucson 
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water (TW) and CAP water. These concentrations were then increased to 2x 

the amount of salts in Tucson water and 1.5x, 4x and 6x the amount of CAP 

water to get 1.16 dS/m. 3.1 dS/m, 6.23 dS/m and 11.55 dS/m, respectively. 

The five treatments were: 

1. Control (pure tap water) 

2. (2x TW): Tap water + 0.35g/l NaH2P04 x H2O, 0.13g/l MgCla • 6 H2O, 

0.62g/l Ca(N03)2 • 4 H2O 

3. (1.5x CAP): Tap water + 0.87g/l NaCl, 0.35g/l MgCb * 6 H2O, 0.59g/l 

Ca(N03)2'4H20 

4. (4x CAP): Tap water + 2.32g/l NaCl, 0.92g/l MgCli • 6 H20,1.56gA 

Ca(N03)2-4H20 

5. (6x CAP): Tap water + 3.48g/l NaCl, 1.38g/l MgCU • 6 H2O, 2.34g/l 

Ca(N03)2 • 4 H2O 

Seedlings in inoculated soil were watered with the same salt concentrations 

in the water. Each treatment was replicated 10, 10 and 9 times (pots) with 

between 3 and 5 plants per pot for the three trials respectively. 
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Effect of root-knot nematodes on disease incidence 

'Greenflesh' honeydew (Cucumis meld) seedlings were 

simultaneously inoculated with Macrophomina phaseolina and root-knot 

nematodes {Meloidogyne incognita^ race 3) in 4-mch pots. Macrophomina 

inoculated soil was mixed 1:1 with Sunshine Mix and 5000 nematodes in the 

J2 stage were added to the soil per pot. The plants were placed in a 

greenhouse at IS'C under a sodium-vapor light and watered daily by hand. 

Four weeks after planting, the plants were water stressed to induce disease 

symptoms of Macrophomina. The time until symptoms occurred was 

evaluated for each treatment. 

The four treatments were: 

1. Control (No M phaseolina^ no M. incognita) 

2. Inoculation with M. phaseolina 

3. Inoculation with M. incognita 

4. Inoculation with M. phaseolina and M. incognita 

For the 2"^ trial different concentrations of nematodes (M incognita) were 

combined with M. phaseolina. The same conditions were used as in the 1^ 

trial. 
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The eight treatments were: 

1. Control (No M phaseolina^ no M. incognita) 

2. Control M phaseolina 

3. Control M. incognita (1000 J2)/per pot 

4. Control M. incognita (5000 J2)/per pot 

5. Control M. incognita (10000 J2)/per pot 

6. M. + M incognita (1000 J2)/per pot 

7. M. phaseolina + M incognita (5000 J2)/per pot 

8. M phaseolina + M incognita (10000 J2)/per pot 

Time-temoerature study 

Six different isolates of M. phaseolina were placed in Petri dishes on 

potato dextrose agar (PDA) and incubated in the dark at seven different 

temperatures: 10°C, 15°C, 20°C, 25°C, 30°C, 35°C and 40°C. The growth 

rate was measured every day until the first isolates were grown across the 

Petri dish. There were ten replications of each isolate at each temperature. 
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Growth rate of Macrophomina on medium with different DH 

The Macrophomina isolate from the Harquahala fields was grown in 

250-ml Erlenmeyer flasks with Richards solution (Tuite, 1969) that was 

adjusted to different pH: 4.0, 5.0, 6.0, 7.0, 8.0. Mcllvaine's citric-acid 

phosphate buffer was used for pH adjustment. Additional NaOH was 

necessary to adjust to the desired pHs 7.0 and 8.0. The flasks were then 

incubated at 30°C for 7 days. The mycelium was extracted, dried and 

weighed. 

Statistical analysis 

Systat9 and Sigmastat were used to perform Analysis of variance 

(ANOVA), linear regression and Tukey - test. 
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RESULTS - SPRING FIELD SAMPLES 

Significant differences between the furrow-irrigated field and the two 

drip-irrigated fields were found for: Soil moisture, soil temperature, pH, 

salinity and nematode numbers. 

Soil moisture 

At 0 cm depth, tarp had the highest moisture (Table 1). Tarp had a 

significantly (p<0.05) higher soil moisture than furrow and drip. At 10 cm 

depth, there was a significant difference only between drip and tarp (Table 

1). As expected, the tarp had a higher gravimetric moisture content than the 

drip which was attributed to the plastic cover. There was no difference at 10 

cm depth between furrow irrigation and both drip and tarp. The gravimetric 

soil moisture varied in the furrow between 6.2% and 10.6% with an average 

of 7.9%, whereas in drip, it varied between 5.7% and 6.7% with an average 

of 6.1%. The moisture value of the tarp varying from 6.8% to 9.2% was 

highest with an average of 8.5%. Differences in moisture among the 

treatments were less at 20 and 30 cm depths than at the 10 cm depth but 

remained significant (p<0.05) between the furrow-irrigated field and the 
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drip-irrigated ones. At 20 cm depth the moisture values were on average 

9.9% in the furrow, 8% in the drip and 9.2% in the tarp. The furrow-

irrigated field also had a significantly higher gravimetric moisture content 

(p<0.05) than the tarp at a depth of 30 cm. The highest moisture contents in 

all three irrigations were at the 30 cm depth with an average of 12.3%, 

10.3% and 9.9% for furrow, drip and tarp respectively (Table 1). Van 

Genuchten fitting curves calculated by Sheri Musil for the drip and tarp 

fields and the furrow field to convert gravimetric soil moisture values to 

water potential in bars showed that in drip and furrow the water potential 

was well below -15 bars at 10 and 20 cm depths. The water potential was 

between -0.7 and -3.8 bars in drip and for the furrow the values were 

between -1.3 and -3.7 bars at 30 cm. The tarp had an overall range firom -

0.7 to -3.4 bars at all three depths. The coverage with tarp prevented 

evaporation. On the soil surface (0 cm depth) the water potential was well 

below -15 bars in furrow, drip and tarp. 
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Table 1. Average (std dev) soil moisture (%) at three different depths in 
three irrigation types. 

Depths 

Irrigation 
type 

0cm lOcm 20cm 30cm 

Furrow 
Drip 
Tarp 

4.1 (±13)a' 
3.0 (±0.8)a 
7.4(±1.9)b 

7.9(±1.8)a 
6.1 (±0.4)ab 
8.5 (±1.0)ac 

9.9 (±0.8)a 
8.0 (±0.5)b 
9.2 (±0.3)ab 

12.3 (±1.7)a 
10.3 (±0.7)b 
9.9 (±0.7)b 

^ Values followed by the same letters do not differ significantly, Tukey-test 
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Soil temperature 

Soil temperature was measured from 5/24/00 to 6/7/00 at four 

different depths 0 cm (surface), 10 cm, 20 cm and 30 cm in all three fields. 

The furrow-irrigated field had the lowest minimum temperature at all four 

depths, ranging from 9.4®C to 15.6°C at 0 cm, 20.6°C to 22.5°C at 10 cm, 

21.7°C to 22.5®C at 20 cm and 21.7°C to 22.5°C at 30 cm with averages of 

13.7°C, 21.6®C, 22.1®C and 22.3°C for the four depths respectively. The drip 

and tarp had higher temperatures on the soil surface, ranging from 14.5°C to 

20.2°C and from 14.9°C to 20.2°C with averages of 18.1°C and 18.0°C. At 

10 cm, depth the minimum temperatures in the drip-irrigated field were 

between 22.5°C and 26.0®C (average 24.3®C), and tarp had a slightly higher 

minimum temperature ranging from 23.6®C to 25.6°C with an average of 

24.4°C. 

The daily minimum temperature at 20 cm and 30 cm was very similar 

in both drip and tarp. The drip had between 23.2°C and 26.3®C and 23.6°C 

and 26.7°C with averages of 24.9®C and 25.2°C at 20 cm and 30 cm 

respectively. The field with the tarp had temperatures ranging from 23.2°C 

to 25.6®C with an average of 24.9®C in 20 cm and from 24.4°C to 26.7°C 

averaging 25.3°C (Table 2). Temperature was significantly different 
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between the furrow-irrigated field and both drip-irrigated fields at all four 

deptiis (p<0.05). The minimum and maximum temperature always remained 

below 25°C in the furrow-irrigated field at 20 cm and 30 cm depths, whereas 

the average minimum temperature in the drip and tarp was about 25°C at 10 

cm, 20 cm and 30 cm depths. 

The average maximum temperature went above 25°C in the furrow-

irrigated field only at 0 cm and 10 cm depths. The average maximum 

temperature at all four depths was always above 25°C in drip and tarp, 

whereas m furrow it was above 25°C only on the surface and at 10 cm depth. 

In the other depths the temperature was 23.6°C and 23.0°C (Table 3). 

Table 2. Average (std dev) daily minimum temperature in three irrigation 
types at four different depths. 

Depths 

Irrigation 
type 

0cm 10cm 20cm 30cm 

Furrow 
Drip 
Tarp 

13.7 (±2.0)a' 
18.1 (±l.6)b 
18.0(±l.6)b 

21.6(±0.6)a 
24.3 (±0.9)b 
24.4(±0.6)b 

22.1 (±03)a 
24.9 (±0.9)b 
24.6 (±0.7)b 

22.3 (±0.3)a 
25.2 (±0.9)b 
25 J (±0.6)b 

' Values followed by the same letters do not differ significantly, Tukey-test 
P = 0.05. 
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Table 3. Average (std dev) daily maximum temperature in three irrigation 
types at four different depths. 

Depths 

Irrigation 
type 

0cm 10cm 20cm 30cm 

Furrow 
Drip 
Tarp 

40.0 (±1.6)a' 
37.0 (±3. l)b 
33.4(±2.7)c 

25.3 (±0.5)a 
27.6(±l.l)b 
27.4(±0.5)b 

23.6 (±0.3)a 
27.2(±l.l)b 
27.2 (±0.4)b 

23.0 (±0.2)a 
26.7 (±0.9)b 
26.7 (±0.5)b 

' Values followed by the same letters do not differ significantly, Tukey-test 
P = 0.05. 

A time-temperature study showed that M. phaseolina grows fastest 

between 25®C and 35°C. It also grows well between 20°C and 25°C, but 

more slowly (Fig. 1). 

Fig. 1. Growth rate of Harquahala isolate of Macrophomina phaseolina at 

different temperatures 
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pH-value 

The furrow-irrigated field had a significantly (p<0.05) higher pH than 

both drip and tarp at all three depths except for the drip at 10 cm depth. The 

pH in the furrow was above 7.0 at all three depths in all five samples ranging 

from 7.1 to 7.4 at 10 cm, 7.2 to 7.4 at 20 cm and 7.2 to 7.4 at 30 cm depth 

with averages of 7.3, 7.3, 7.3 respectively. The values in the drip ranged 

from 7.0 to 7.2 at 10 cm with an average of 7.1, from 6.7 to 7.1 at 20 cm 

(average 7.0), and from 6.6 to 7.00 with an average of 6.9 at 30 cm depth. 

The pH in the tarp treatment ranged from 6.6 to 7.0,6.8 to 6.9 and 6.6 to 6.9 

with averages of 6.9, 6.9 and 6.8 at 10 cm, 20 cm and 30 cm respectively. 

There was a significant difference between drip and tarp at 10 cm depth but 

not at 20 cm and 30 cm depth (Table 4). 

Table 4. Average (std dev) pH in three irrigation types at three depths. 

Irrigation 
type 

Depths 

Irrigation 
type 

10cm 20cm 30cm 

Furrow 7J (lO.lV 7.3 (±0.1)a 7.3 (±0.1)a 
Drip 7.1 (±0.l)ab 7.0 (±0.2)b 6.9 (±0.2)b 
Tarp 6.9 (±0.2)c 6.9 (±0.04)b 6.8 (±0.1)b 

' Values followed by the same letters do not differ significantly, Tukey-test 
P = 0.05. 
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Salinity 

At 10 cm depth, there were no significant differences for all three 

irrigation types (p>0.05). Tarp had the highest salt content with an average 

of 1.0 dS/m at 10 cm depth, followed by furrow with 0.9 dS/m and drip with 

0.5 dS/m. Despite the fact that the furrow had an average salinity of almost 

double that of the drip, the differences were not significant. The salinity at 

20 cm and 30 cm depth were highest in furrow with an average of 0.9 dS/m 

and 0.9 dS/m respectively. The salt content in drip was significantly lower 

with 0.4 dS/m and 0.4 dS/m respectively. In tarp, salinity was lower than 

furrow, with 0.6 dS/m at 20 cm and 0.5 dS/m at 30 cm, but the difference 

was significant only at 30 cm depth. There was no significant difference in 

the salinity at 20 cm or 30 cm depth between drip and tarp (Table 5). 

Table 5. Average (std dev) values of salinity ui three irrigation types at three 
depths in dS/m. 

Irrigation 
type 

Depths 

Irrigation 
type 

10cm 20cin 30cm 

Furrow 0.9 (±0 J)a' 0.9 (±0.4)a 0.9 (±0.3)a 
Drip 0.5 (±0.1)a 0.4(±0.03)b 0.4(±0.l)b 
Tarp 1.0(±0.5)a 0.6 (±0.2)ab 0.5 (±0.l)b 

' Values followed by the same letters do not differ significantly, Tukey-test 
P = 0.05. 
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Inoculum density 

Inoculum densities in furrow were significantly lower than drip and 

tarp at all three depths (p<0.001 in ANOVA). At 10 cm depth, there was an 

average of 3 cfii/g air-dried soil in the furrow, whereas in drip and tarp, there 

were 25 cfu/g and 27 cfii/g respectively. At 20 cm and 30 cm depths, there 

were <1 cfu/g in the furrow-irrigated field, compared to drip with 31 cfu/g 

and 14 cfu/g and tarp with 21 cfu/g and 11 cfii/g at 20 cm and 30 cm depths 

(Table 6). 

Table 6. Average (std dev) number of cfu/g soil in the three irrigation types 
at three depths. 

Irrigation 
type 

Depths 

Irrigation 
type 

10cm 20cm 30cm 

Furrow 3 (±22)a' <l (±0.5)a <1 (±0.5)a 
Drip 25(±1.8)b 3l(±7.6)b 14(±l.6)b 
Tarp 27(±lOJ)b 21 (±8.6)b 11 (±5.3)b 

' Values followed by the same letters do not differ significantly, Tukey-test 
P = 0.05. 
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Nematodes 

As an indication of the microbial activity in the root zone, the total 

amount of nematodes was evaluated. There were significant differences (p < 

0.001) in the one-way ANOVA for the nematode numbers between all three 

irrigation types. The differences were confirmed using a Tukey Test. 

Furrow irrigation had the lowest number of total nematodes with 2357 

nematodes/kg air-dried soil. The number of nematodes in the drip was 3.97 

times higher than in the furrow and 1.78 times higher than in the tarp (Table 

7). Bacteriovores made up 77.98% of the nematodes in the furrow 

irrigation, 74.59% in the drip and 79.07% in the tarp. Fungivores made up 

22.02%, 22.54% and 20.72% of the total number m fiirrow, drip and tarp 

respectively. There were no plant parasitic nematodes in the furrow-

irrigated field, but the drip had 2.75% and the tarp 0.21% plant parasitic 

nematodes. Most of these plant parasitic nematodes such as Aphelenchns 

feed on plants but are not considered a threat to the crop. The drip was the 

only one that had a few predatory nematodes (0.12%). 
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Table 7. Number of nematodes per kg dry soil in furrow, drip and tarp. 

Irrigation 
type 

Bacteriovores Fungivores Plant 
parasites 

Predators Total 

FIUTOW 1838 519 0 0 2357a' 
Drip 6976 2108 257 11 9352b 
Tarp 4147 1087 11 0 5245c 

* Values followed by the same letters do not differ significantly, Tukey-test 
P = 0.05. 

Fig. 2. Percentage of nematodes in different trophic groups from total 
nematodes in three irrigation types 
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Mvcorrhizae 

Infection points of arbuscular mycorriiizal fungi on fine melon roots 

were counted. The number of infection points per cm were similar on roots 

in all three fields. Statistical analysis of the results was not possible because 

there were too few fine roots on the honeydews that could be used. 

Table 8. Number of mfection points per cm fine root 

Irrigation type No. of infection points 

Furrow 1.90 
Drip 1.60 
Tarp \20 
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Basal respiration 

Basal respiration, an indication of microbial activity in the soil, was 

measured as the amount of COa-C/hour released from the soil over three 

weeks. After the first 24 hours, there was a rapid decrease in the CO2-C 

released per hour ui the soil samples from all three depths in all three 

irrigation types. Thereafter, CO2-C concentration decreased constantly. At 

10 cm and 30 cm depths, basal respu^tion was highest in soils from furrow 

field, followed by drip and then tarp. At 20cm depth, the highest CO2-

C/hour released over a three-week period was in soils from the drip. Furrow 

and tarp were very similar to each other. Tukey-tests showed significant 

differences between fiirrow and drip and drip and tarp after 24 hours at 20 

cm depth. Also, fiirrow and tarp at 30 cm depth were significantly different 

after 24 hours. After 7 days, there were significant differences between 

furrow and drip at 20 cm and furrow and tarp at 30 cm depth. There were no 

significant differences after 14 days. Furrow and tarp were significantly 

different after 21 days at 30 cm depths (Tables 9-12). 
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Table 9. Average (std dev) CO2-C (fig/g dry soil/hour) in three irrigation 
types at three different depths after 24 hours. 

Irrigation 
type 

Depths 

Irrigation 
type 

10cm 20cm 30cm 

Furrow 21.8(±l.l)a' 24.3 (±3.4)a 23.7 (±2.4)a 
Drip 21.0(±7.4)a 24.2 (±1.4)ab 20.8 (±3.3)ab 
Tarp 18.7(±3.9)a 19.4 (±0.04)c 16.3 (±3.8)b 

' Values followed by the same letters do not differ significantly, Tukey-test 
P = 0.05. 

Table 10. Average (std dev) CO2-C (|ig/g dry soil/hour) in three irrigation 
types at three different depths after 7 days. 

Irrigation 
type 

Depths 

Irrigation 
type 

10cm 20cm 30cm 

Furrow 9.4 (±0.6)a' 6.7 (±2.3)a 8.8(±1.2)a 
Drip 8.4 (±3.5)a 9.7 (±0.7)b 7.4 (±2.8)ab 
Tarp 6.7(±3.6)a 7.4(±1.8)ab 4.5 (±2.0)b 

' Values followed by the same letters do not differ significantly, Tukey-test 
P = 0.05. 
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Table 11. Average (std dev) CO2-C ((ig/g dry soil/hour) in three irrigation 
types at three different depths after 14 days. 

Irrigation 
type 

Depths 

Irrigation 
type 

10cm 20cni 30cm 

Furrow 4.9 (±0.6)a' 3.9(±l.7)a 4.5 (±0.7)a 
Drip 4.5 (±2.3)a 5.4 (±02)a 3.8 (±2.1)a 
Tarp 3.5 (±2.0)a 3.7(±0.7)a 2.1 (±U)a 

' Values followed by the same letters do not differ significantly, Tukey-test 
P = 0.05. 

Table 12. Average (std dev) CO2-C (|ig/g dry soil/hour) in three irrigation 
types at three different depths after 21 days. 

Irrigation 
type 

Depths 

Irrigation 
type 

10cm 20cm 30cm 

Furrow 3.7 (±0.4)a' 3.0(±I.3)a 3.7 (±0.6)a 
Drip 3.1 (±1.7)a 3.9 (±0.3)a 2.4(±1.2)ab 
Tarp 2.4(±1.3)a 2.7 (±0.3)a 1.7(±0.9)b 

' Values followed by the same letters do not differ significantly, Tukey-test 
P = 0.05. 
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Influence of environinental parameters on inoculum density 

Irrigation type, average minimum temperature and average maximum 

temperature at all depths had a significant influence (p-value <0.001) on 

inoculum densities. Furrow had the least amount of microsclerotia per gram 

soil, whereas drip and tarp had very high numbers. Higher average 

temperatures resulted in higher inoculum densities in the soil. At 10 cm, 20 

cm and 30 cm depths, the pH had a significant effect (p = 0.002), (p = 0.008) 

and (p = 0.001) at all depths on the amount of microsclerotia in the soil. 

With higher pH values in the soil there was less inoculum. The nematode 

population had a positive interaction with the inoculum density at 10 cm 

depth (p-value = 0.005) and at 20 cm and 30 cm depths with p-values of 

<0.001. Salinity and soil moisture were only significant at 20 cm and 30 cm 

depths. The p-values for salinity at 20 and 30 cm depth were 0.007 and 

0.004. Soil moisture had p-values of 0.003 and 0.033 at 20 cm and 30 cm 

depths, respectively. Soil moisture, salinity, pH and Irrigation also had a 

very significant impact (p-value <0.001) on inoculum density when they 

were combined at all three depths. 
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RESULTS - FALL FIELD SAMPLES 

In the fall samples were taken from two drip-irrigated fields to 

determine environmental differences in the root-zone of diseased and 

symptomless plants. Diseased and symptomless plants were often observed 

next to each other. 

Soil moisture 

The soil moistures at all three depths, 10 cm, 20 cm and 30 cm, were 

higher than those in the spring. There was, however, no statistically 

significant difference between moisture levels at the three depths of soil 

samples of diseased and symptomless plants. Soil samples of diseased 

plants had an average of 13.0% moisture 10 cm depth, 15.2% at 20 cm and 

16.3% at 30 cm depth compared to 12.9%, 15.1% and 16.6% at 10 cm, 20 

cm and 30 cm depths, respectively, of soil samples from symptomless plants 

(see Table 13). 
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Table 13. Average (std dev) percent soil moisture at three depths at sample 
sites of diseased and symptomless plants. 

Depths 

Sample site 10cm 20cm 30cm 

Diseased 13.0 (±3.5)a I5.2(±3.9)a 16 J (±4.4)a 
Symptomless 13.0 (±0.5)a 15.1 (±0.5)a 16.6(±1.0)a 

' Values followed by the same letters do not differ significantly, Tukey-test 
P = 0.05. 
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Soil temperature 

Due to technical problems the soil temperature could only be 

measured at one time at 30cm depths. There was no significant difference 

between diseased and symptomless plants. The temperature at the sample 

sites varied between 26°C and 28°C, with average of 27°C for all 

symptomless and diseased plants in fields 1 and 2. 
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pH-value 

There were no significant differences in pH between sample sites of 

diseased or symptomless plants in both fields. In field 1, the pH values were 

7.0, 7.0 and 6.9 for soil samples of diseased plants and 7.0, 6.9 and 6.9 for 

symptomless plants in 10 cm, 20 cm and 30 cm respectively. In field 2, the 

values were 6.9, 6.9 and 6.8 and 6.8, 6.9 and 6.8 for diseased and 

symptomless plant sample sites at the three depths respectively (see Table 

Table 14. Average (std dev) pH at sample sites of diseased and symptomless 
plants at three depths. 

14). 

Depths 

Sample site 10cm 20cm 30cm 

Field 1 diseased 6.9(±0.l)a 
Field I symptomless 7.0 (±0.1 )a 
Field 2 diseased 6.9 (±0.1 )a 
Field 2 symptomless 6.8 (±0.2)a 

7.0 (±0.2)a 
6.9 (±0.2)a 
6.9 (±0.2)a 
6.9 (±0.2)a 

7.0 (±0.2)a 
6.9(±0.I)a 
6.8 (±0.2)a 
6.8 (±0.1 )a 

' Values followed by the same letters do not differ significantly, Tukey-test 
P = 0.05. 
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Salinity 

In both fields, there were no significant differences in salinity at all 

three depths at the sample sites of diseased and symptomless plants. The 

average values in field 1 were 0.6 dS/m and 0.5 dS/m at 10 cm, 0.5 dS/m 

and 0.5 dS/m at 20 cm and 0.4 dS/m and 0.4 dS/m at 30 cm depths for 

diseased and symptomless plant sample sites respectively. In the second 

field, the average values were 0.4 dS/m and 0.4 dS/m at 10cm, 0.4 dS/m and 

0.4 dS/m at 20 cm and 0.3 dS/m and 0.3 dS/m at 30 cm depths for diseased 

and symptomless plant sampling sites respectively (see Table 15). 

Table 15. Average (std dev) salt concentrations in dS/m in soil samples from 
diseased and symptomless plants in two fields. 

Sample site 

Depths 

Sample site 10cm 20cm 30cm 

Field 1 diseased 0.6 (±0.2)a 0.5 (±0.1)a 0.4(±0.I)a 
Field 1 symptomless 0.5 (±0.1)a 0.5 (±0.1 )a 0.4 (±0.04)a 
Field 2 diseased 0.4 (±0.04)a 0.4 (±0.1 )a 0.3 (±0.04)a 
Field 2 symptomless 0.4(±0.1)a 0.4 (±0.1 )a 03 (±0.1 )a 

' Values followed by the same letters do not differ significantly, Tukey-test 
P = 0.05. 
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Inoculum density 

There were no significant differences in inoculum densities at sample 

sites of diseased and symptomless plants in two fields. The average 

numbers of microsclerotia were 29 and 32 microsclerotia/g soil for diseased 

and symptomless plants at 10 cm depth in field 1 and 44 and 35 in field 2. 

At 20 cm depth, there were 20 microsclerotia at diseased sample sites and 19 

at symptomless sample sites m field 1 and 35 and 25 in field 2. Lowest 

numbers of microsclerotia were found at 30 cm depth with 11 and 6 in field 

1 and 13 and 12 in field 2 for diseased and symptomless plants, respectively. 

Table 16. Average (std dev) number of microsclerotia at three depths at 
sample sites of diseased and symptomless plants. 

Sample site 

Depths 

Sample site 10cm 20cm 30cm 

Field 1 diseased 29 (±2327)a 20(±17.23)a Il(±II.50)a 
Field 1 symptomless 32(±14.71)a 19 (±l6.09)a 6 (±4.04)a 
Field 2 diseased 45 (±6.35)a 33(±14.55)a 14(±I12l)a 
Field 2 symptomless 31(±15.12)a 26(±12.83)a 12(±8.I4)a 

' Values followed by the same letters do not differ significantly, Tukey-test 
P = 0.05. 
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Mvcorrhizae 

Infection points of mycorrhizal fimgi were counted on tertiary and 

secondary roots of diseased and symptomless plants in two fields. There 

was no significant difference between the diseased and symptomless plants 

in both fields (see Table 17). 

Table 17. Number (std dev) of infection points per cm fine root. 

Sample site No. of infection points 

Field I diseased 0.7 (±0.2)a 
Field 1 symptomless 0.7 (±0.2)a 
Field 2 diseased 0.9 (±0.6)a 
Field 2 symptomless 1.1 (±0.4)a 

' Values followed by the same letters do not differ significantly, Tukey-test 
P = 0.05. 
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RESULTS FROM GREENHOUSE AND LABORATORY 

EXPERIMENTS 

Penetration of M. phaseolina in melon plants 

Melon plants were planted in inoculated soil or the roots were dipped 

in a slurry of microsclerotia. Roots were planted only half in the soil so that 

the crown tissue did not come into contact with inoculum. Due to technical 

problems half the plants died only three weeks after inoculation from lack of 

water. Crown tissue was assayed about four weeks before the anticipated 

date. The results of this experiment therefore can only be an indication that 

M. phaseolina infects melon plants through the roots. Of the five plants in 

each treatment assayed early, two of the dip inoculation with isolate 1 and 

one with isolate 2 had Macrophomina in their crown tissue. One plant in 

inoculated soil, showed Macrophomina on crown tissue. Since irrigation 

water flooded the pots due to malfunction in the irrigation system, 

microsclerotia reaching the crown tissue cannot be discounted. 
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Influence of salt in irrigation water on disease incidence 

Increasing salinity of irrigation water increased the disease incidences 

of Charcoal Rot significantly (p-value <0.001) in all three trials. The first 

symptoms of M phaseolina appeared about one week after treatments with 

different salt concentrations began. Three weeks after the first symptoms 

appeared, 100% of the plants in treatment 5 (11.55 dS/m) died of M 

phaseolina in trials 1 and 2. In trial 3 M phaseolina was isolated from 

85.7% of the dead plants after 24 days. In the same time period 6.1% of 

control plants in the first trial and 2.6% and 0% in trials 2 and 3 died of 

Charcoal Rot (Tables 18,19 and 20). 
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Table 18. Percent plant death in treatments with different salt concentrations 
(in dS/m) inoculated with Macrophomina (trial 1) 

Days of evaluation' 
3 6 9 12 15 18 21 24 27 

Salinity (dS/m) Percent plant death^ 

Tap water 0 0 0 0 6.1 6.1 6.1 6.1 n.a. 
1.16 0 0 0 0 0 2.3 2.3 34.1 n.a. 
3.1 0 4.4 4.4 4.4 6.5 8.7 10.9 47.8 n.a. 
6.23 0 0 4.9 9.8 22.0 31.7 43.9 70.7 n.a. 
11.55 7.3 9.8 \22 14.6 14.6 34.1 73.2 100 n.a. 

' Evaluation was every three days after first symptoms appeared 
^ From total number of plants 

Fig. 3. Severity of Charcoal Rot (% plants at different disease stages) on 
melon plants in trial 1 at the end of the experiment 

iHH' 2 0  ^ ^  ;  

10— — — —^—•_! 
0 ^ , ^ ' ^. 1 

Tap water t.I6dS/m 3.1 dS/m 6.23 dS/m Il.SSdS/m 

Treatment 

•Heakfay BBegpimgdisease • Severe disease • Dead (Macrophomina) • Dead (other cause) ij 
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Table 19. Percent plant death in treatments with different salt concentrations 
(in dS/m) inoculated with Macrophomina (trial 2) 

Days of evaluation' 
3 6 9 12 15 18 21 24 27 

Salinity (dS/m) Percent dead plants^ 

Tap water 0 0 0 0 0 0 2.6 2.6 2.6 
1.16 0 4.8 12.0 14.0 14.0 14.0 19.0 19.0 19.0 
3.1 0 9.0 12.1 212 39.4 45.5 57.6 63.6 75.8 
623 0 10.0 25.0 35.0 47.5 65.0 92.5 97.5 100 
11.55 0 17.0 41.5 512 68.3 90.2 95.1 97.6 100 

' Evaluation was every three days after first symptoms appeared 
^ From total number of plants 

Fig. 4. Severity of Charcoal Rot (% plants at different disease stages) on 
melon plants in trial 2 at the end of the experiment 

EE EEI^PP 
0  - 1  ,  ;  ^ ^ ^ ^  i  

Tap water l.I6dS/iai 3.1dS/m 6.23 dSftn ILSSdS/m 

Treatment 

• Heahhy •Beginningdisease • Severe disease • Dead (Macropbomina) • Dead (other cause) > | 
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Table 20. Percent plant death in treatments with different salt concentrations 
(in dS/m) inoculated with Macrophomina (trial 3) 

Salinity (dS/m) 

Tap water 
1.16 
3.1 
6.23 
11.55 

0 
0 
0 
0 
0 

Days of evaluation' 
12 15 18 21 24 

Percent plant death 

27 

0 0 0 0 0 0 0 n.a. 
0 0 0 0 0 0 0 n.a. 
0 0 0 2.4 2.4 2.4 2.4 n.a. 
0 4.9 4.9 9.8 14.6 36.6 65.9 n.a. 
8.6 17.1 25.7 40.0 62.9 77.1 85.7 n.a. 

' Evaluation was every third day after first symptoms appeared 
^ From total nvimber of plants 

Fig. 5. Severity of Charcoal Rot (% plants at different disease stages) on 
melon plants in trial 3 at the end of the experiment 

Tap water 1.16 dS/m 3.1dS/m 

Treatment 

6JUdS/m 11.55 dS/m 

•Healthy BBeginning disease BSevere disease BDead (Macrophomina) MDead (other cause) | 
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Effect of root-knot nematodes (M. incoenitd) on disease incidences of M. 

phaseolina on melon 

In the first experiment, melons seeds were sown in soil infested with 

M. phaseolina and 5000 infective juveniles of root-knot nematodes per pot. 

Two months later, plants uioculated with Macrophomina and nematodes 

started to die. Root-knot nematodes did not have a significant (p = 0.08) 

influence on disease incidence of Charcoal Rot. At the first evaluation day 

53.8% of plants in the Macrophomina + nematode treatment had died of 

Charcoal Rot compared to 6.9% in the Macrophomina only treatment. None 

of the plants ui the control died over the entire time period. In the nematode 

only treatment, 27% of the plants were dead at the first evaluation date and 

no additional ones had died at the second evaluation date. At the second 

evaluation date, 78.9% of the plants were dead m the Macrophomina + 

nematode treatment, compared to 41.4% in the Macrophomina only 

treatment (Fig. 6). 

In the second experiment melon seedlings were grown in pots with 

Macrophomina-m$&^Q6. soil and different numbers of infective juveniles of 

root-knot nematodes (1000, 5000 and 10000 J2 per pot) were added. There 

was no statistical significance (p = 0.127) between the different treatments. 
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The nematodes did not have an influence on the disease incidences. At the 

last evaluation date 93.9% of melon plants in the Macrophomina only 

treatment were dead, compared to 83.9% in Macrophomina + 1000 J2, 

100% in Macrophomina + 5000 J2 and 93.9% in the Macrophomina + 

10000 J2 treatments. In the nematode only treatments 18.8%, 48.4% and 

40% of the plants inoculated with 1000, 5000 and 10000 J2, respectively, 

were dead at the last evaluation day. In the control 16% of the plants died 

and the cause could not be determmed (see Table 21). A few plants in the 

nematode only treatments and one in the control died of M phaseolina. 

These infections could have occurred because of mice digging out the melon 

seeds in the pots and running over the soil, spreading microsclerotia also in 

non-inoculated pots. The inoculated soil had very high rates of 

microsclerotia (about 100 cfu/g soil) (see Fig. 7). 
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Fig. 6. Severity of charcoal rot on melon plants in experiment 1 at the end of 
the experiment 

No Macro., no 
Mebidogyne 

Macro. Mebigogyne Macro. +Mebigogyne 

Treatment 

• HealtlQr • Begimmg disease • Severe disease • Dead (Macrophctnina) • Dead (other cause) 

Table 21. Percent plant death {Macrophomina was isolated from crown 
tissue) in treatments with different nematode concentrations in soil 
inoculated and non-inoculated with Macrophomina 

Days of evaluation' 
3 6 9 12 15 18 21 24 27 30 33 36 

Treatment Percent plant death^ 

Control 0 0 0 0 0 0 0 0 0 0 0 3.3 
Macro, only 0 3.0 6.1 12.1 18.2 21.2 33J 72.7 93.9 93.9 93.9 93.9 
Macro. IOOOJ2' 6.5 6.5 12.9 19.4 35.5 35.5 54.6 61.3 80.7 80.7 83.9 83.9 
Macro. + SOOOJi 10.7 143 17.9 21.4 25.0 35.7 42.9 57.1 82.1 85.7 100 too 
Macro. + lOOOOJi 19.5 29.0 35.5 35.5 35.5 41.9 71.0 77.4 90.3 90.3 93.6 93.6 
1000 J2 0 0 0 0 0 0 0 0 0 0 0 0 
5OOOJ2 0 3.2 3.2 3.2 12 3.2 3.2 3.2 3.2 3.2 3.2 12.9 
10000 J2 0 0 0 0 0 0 0 0 0 0 0 lO.O 

' Evaluation was every three days after first symptoms appeared 
^ From total ntimber of plants 

 ̂Juveniles of M. incognita 
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Fig. 7. Severity of charcoal rot on melon plants in experiment 2 at the end 
of the experiment 

Treatment 

a Healthy • Beginning disese • Severe disease • Dead (Macrophomina) • Dead (other cause) 
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Growth of M phaseolina at different DH in-vitro 

An in vitro-study on growth at different pH showed highest mycelium 

weights at pH 4 and 6. Microscierotia production was high at pH 4, 5 and 6. 

At pH 7, there was no mycelial growth, but at pH 8 mycelium grew. 

Microscierotia production at pH 8 was minimal. Differences were 

significant (p < 0.05) for ail pH levels except for pH 5 and pH 7, pH 5 and 

pH 8 and pH 7 and 8. 

Table 22. Average (std dev) mycelium weight at five different pH in-vitro. 

pH weight in g 

4 0.28 (± 0.06)a 
5 0.l6(±0.03)b 
6 0.38(±0.08)c 
7 0.08 (± 0.005)b 
8 0.11 (±0.0 5)b 

' Values followed by the same letters do not differ significantly, Tukey-test 
P = 0.05. 
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DISCUSSION 

The studies in the three different irrigation types in spring showed 

significant differences in a variety of environmental parameters that could 

influence the disease incidences of Charcoal Rot caused by Macrophomina 

phaseolina in melons in Arizona. Gravimetric soil moisture in all three 

irrigation types was very low at the time of measurement. Samples were 

taken about a week before harvest in these fields and melon grower cut back 

on irrigation to increase sugar concentration in the fruits (personal 

communication with Arbogast, Fertizona). In the first four weeks after 

planting, water application was very low to induce the plants to build a 

better root system (personal communication with Arbogast, Fertizona). 

Latent infection may occur in the first four weeks after planting 

(Reuveni et al., 1988). However, symptoms may not develop because 

sufficient water is supplied afterwards (Kendig et al., 2000) and soil 

temperatures in the spring are lower than optimal for Macrophomina at the 

begiiming. In the fall crop, however, soil temperatures are very high at 

planting, and this may lead to earlier and more severe disease. Another 

reason for the low moisture content in drip may be non-excessive water 

application that is readily consumed by roots around the emitters (Bernstein 
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and Francois, 1973). Soil were sampled to a depth of 30 cm where the drip 

line was buried, and some of the water below this depth was undoubtedly 

taken up by a few roots below 30 cm. 

Low soil moisture content is very conducive for Macrophomina 

phaseolina infection in the field. Norton (1953) found that the best growth 

of Macrophomina phaseolina occurred at 30°C and 35°C at 5% and 10% 

soil moisture ui sterile soil, but little growth was observed in unsterilized 

soil. The growth rate in unsterilized soil was 0.2 cm at 5% and 0.1 cm at 

10% soil moisture. Growers may use the same planting holes from the 

spring crop, leaving old stems and roots in the planting holes, so M 

phaseolina could easily get in contact with the roots and hypocotyls of the 

seedlings. Old planting holes are reused because they are above the emitters 

of the drip line and ensure the best water supply for the plants. The further 

the distance from the emitter, the dryer the soil gets (Bernstein and Francois, 

1973) and plant growth may not be optimal. Old stems in drip and tarp 

fields were covered with microsclerotia (personal observation) that can 

function as inoculum in fall, leading to higher disease incidences. After the 

fall crop fields are tilled and left fallow, the old stems get distributed in a 

larger area where they decompose over winter releasing microsclerotia into 
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the soil. Olaya et al. (1996) indicated that 40 to 50% of microsclerotia 

survived for more than 20 weeks at water potentials of -5 bar and -15 bar. 

Average minimum temperature measured from 5/24/00 to 6/7/00 in 

drip and tarp was close to 25°C, average maximum temperature was about 

27°C at all three depths. A time-temperature study conducted with the 

isolate from the Harquahala fields showed that the fungus grew best between 

25°C and 35°C. These results are supported by Jackson (1965), who found 

growth and microsclerotia production of a peanut isolate of M phaseolina to 

be optimal between 26°C and 32°C. However, in the fiirrow-irrigated field, 

average minimum temperature at all three depths was 22°C. Average 

maximum temperature was only 25°C at 10 cm depth whereas at 20 cm and 

30 cm depths it was 23°C. 

In general, optimal growth is reported to be between 30°C and 37°C 

(Dhingra and Sinclair, 1978). However, optimum growth temperature may 

depend on the geographical region from which the fungus was isolated 

(Manici et al., 1995). High average soil temperatures may lead to selection 

of hyphae, microsclerotia or spores adapted to better growth at high 

temperatures, whereas isolates from areas with lower average temperatures. 
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like the Harquahala isolate, grow better at lower temperatures. For example, 

Rejmolds et al. (1972) found a lower optimal temperature for a 

Macrophomina phaseolina isolate after it was kept at 4°C for seven years. 

In Italy, isolates adapted to temperatures in different climatic areas, and they 

grew better at temperatures close to those in the soils from which they were 

isolated (Manici et al., 1995). 

pH was significantly higher m furrow compared to drip and tarp at all 

three depths except for drip at 10 cm depth. In furrow, pH was 7.3 at all 

three sampling depths whereas in drip and tarp the averages were 7.1, 7.0, 

6.9 and 6.8, 6.8 and 6.9 at 10 cm, 20 cm and 30 cm respectively. The low 

pH in drip and tarp resulted from a constant application of low concentration 

of sulfuric acid with irrigation to lower pH (personal communication). 

Optimal pH for growth of M phaseolina depends strongly on the 

isolate. Results from different studies indicate that most isolates have a 

growth optimum at pH ranges from 3.6 to 5.0 (Dhingra and Sinclair, 1978; 

Bmton et al., 1995). However, some isolates grow very well between pH 

5.0 and 8.0 (Dhingra and Sinclair, 1978). The best growth rate in-vitro with 

the Harquahala isolate was between pH 4.0 - 6.0 at 30°C. There was almost 

no growth at pH 7.0, but at pH 8.0 mycelium started to grow again. Since 
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the pHs in the fields were not higher than 7.5 nor lower than 6.5, in-vitro 

studies were conducted in a range of pH 4.0 to 8.0. Microsclerotia 

production occurred only between pH 4.0 and 6.0 and was similar to the best 

growth rate reported (Dhingra and Sinclau*, 1978). Dhingra and Sinclair 

(1978) report that microsclerotia production decreases with increasing 

acidity or alkalinity. No microsclerotia production was found at pH 7.0 and 

very little at pH 8.0 for the Harquahala isolate. This may explain the low 

inoculum density in furrow and high inoculum density in drip and tarp, since 

pH ranges were from 6.6 to 7.2 in drip and 6.6 to 7.0 in tarp. 

Salinity can be a stress factor for plants leading to higher Charcoal 

Rot incidences (El Mahjoub et al., 1979). Salt concentrations were highest 

in the furrow at all three depths except for tarp at 10 cm depth. The higher 

salt concentration in tarp can be explained by capillary water coming to the 

surface and evaporating through planting holes or taken up by plants. 

Furrow had a higher salt concentration from capillary water rising from a 

high groimd water level. The high ground water level was the reason that 

these fields were kept under fiirrow to prevent a further increase in salt 

accumulation (personal communication with Arbogast, Fertizona). At 20 cm 

and 30 cm depths, salt concentrations were low with values of 0.4 to 0.6 
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dS/m in drip and tarp. Salinity is unlikely to play a role as a stress factor 

leading to higher disease incidences at these depths. At 10 cm depth, 

though, 1.0 dS/m in tarp could lead to stress of seedlings and subsequent 

infection by Macrophomina phaseolina. 

In greenhouse experiments, it was clearly demonstrated that salt is a 

stress factor for plants that can lead to higher disease incidences. Increasing 

concentrations of salt in the irrigation water led to a rapid death of the plants 

caused by M. phaseolina. Melon plants irrigated with water having an EC of 

1.16 dS/m showed symptoms of Charcoal Rot but did not die of it as quickly 

as plants irrigated with water with ECs of 6.23 dS/m and 11.55 dS/m. 

Increasing incidences of Charcoal Rot with increasing salinity have been 

reported in other systems (El Mahjoub et al., 1979). 

Inoculum density in furrow, drip and tarp was significantly different. 

In furrow, the inoculum density at 10 cm depth was 3 cfii/g soil and was 

very low, <1 cfii/g at 20 and 30 cm depths. In drip and tarp, however, high 

numbers of cfii/g soil, 25 cfu/g and 27 cfu/g and 31 cfii/g and 21 cfii/g at 10 

and 20 cm depths, respectively, were found. At 30 cm depths, cfii/g soil 

declined but were above 10 cfii/g soil. In non-agricultural soils in the 

Sonoran Desert, Mihail et al. (1989) foimd up to 11 cfii/g dry soil. 
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Therefore, when non-agricultural soils are cleared for cultivation, there may 

be enough uioculum already in the soil to cause disease problems. Ten 

microsclerotia per gram soil are enough to cause a severe vine decline in 

melons (Bruton et al., 1985). Inoculum density was not evaluated below 30 

cm depth because microsclerotia are reportedly found at very low levels 

below this depth even in fields with deep rooting crops (Bruton and Reuveni, 

1985). 

Macrophomina phaseolina is reported to have low competitive ability 

with other soil microorganisms (Canaday et al., 1986; Norton, 1954). For 

this reason, soil microbial activity was uivestigated using basal respu*ation 

and nematodes abundance as indicators. Basal respiration measures the CO2 

evolved firom soil over a time period. Higher amounts of CO2 indicate 

higher microbial biomass (Chang and Trofymow, 1996). 

Nematodes also can be a good indicator of the microbial community 

(Sohlenius et al., 1987; Mahn and Kastner, 1985). Only a few plant 

pathogenic nematodes were found in drip and tarp, and none were formed in 

furrow. Plant pathogenic nematodes can lead to higher disease incidences 

by providing entrance sites for Macrophomina and causing stress in plants 

(Tu and Cheng, 1971; Siddiqui and Husain, 1991). Sampled plants had root 
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galls &om root-knot nematodes, but no Meloidogyne incognita were found 

in the evaluated soil samples. There are several reasons why root-knot 

nematodes may not have been recovered by soil extraction. The extraction 

took place for three days only, and the nematodes may need longer to reach 

the water. Also, there were no root pieces in the samples. The root-knot 

nematode population may have been too small in the field to extract some 

from 50 g of soil. A fourth reason may be low rates of hatching from eggs 

because root exudates are not transported in dry soil. The root extracts are 

stimulating hatching of root-knot nematodes. 

Drip-irrigated fields had significantly higher numbers of nematodes 

compared to fiirrow. The number of nematodes found m the soil of all three 

irrigation types was higher compared to the numbers found in spring in non-

agricultural soils in the Negev Desert (Alon and Steinberger, 1999) but were 

much lower compared to conventionally tilled soils in Georgia and Michigan 

(Parmelee et al., 1986; Freckman and Ettema, 1993). A comparison with 

other studies can only be an indication for nematode abundance because the 

fields were in different geographic areas, that are more humid or have lower 

temperatures, different crops, and in the case of the Negev Desert soil, the 

nematode numbers came from non-agricultural sites. Low nematode 
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numbers also may be the result of Telone application before planting 

(personal conmiunication with Arbogast, Fertizona). Despite higher 

microbial activity in both drip-irrigated fields, Charcoal Rot incidences were 

high. Greenhouse experiments with melon plants inoculated with 

Meloidogyne incognita and Macrophomina phaseolina showed no 

significant difference in Charcoal Rot incidences compared to plants 

inoculated with M. phaseolina alone. 

Basal respiration was lower than in high organic soils indicating a low 

content of organic material. Furrow had a higher basal respiration at 10 cm 

and 30 cm depth compared to drip and tarp, but differences were only 

significant between furrow and tarp at 20 cm after 24 hours and at 30 cm 

after 24 hours, 7 days and 21 days. Drip had highest basal respiration at 20 

cm depth, but differences with furrow were only significant after 7 days. The 

lower amount of organic material may also be a reason for lower nematode 

numbers since low organic matter would result in fewer of bacteria and 

fimgi as a food source. Numbers of nematodes were much higher in drip 

and tarp compared to furrow and basal respiration rates were mostly in the 

same range in all three irrigation types. Several different fungi such as 
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Aspergillus niger and Fusarium species were isolated from soil samples 

from all fields. 

Mycorrhizal flmgi can prevent infection with pathogenic fungi (Singh, 

1996). Zambolim and Schenk (1983) found that soybeans were protected 

against Macrophomina phaseolina, Rhizoctonia solani and Fusarium solani 

when planted in soils naturally colonized by Glomus etunicatum and 

Gigantea margarita. Castro and Davis (1992) observed better growth of 

melon plants infected with M phaseolina and two Glomus species only in 

non-waterstressed plants. Mycorrhizal fungi cannot substitute other stress 

factors in melon. There are also reports that mycorrhizal fungi have no 

effect on disease prevention (Baath and Hayman, 1984). Effectivity of 

mycorrhizal flmgi can depend on the isolates of a mycorrhizal fungus used 

because these fungi can have a high specificity for their host and adapt 

themselves to climate and soil (Charles, 1999). Effectivity can also depend 

on inoculum density of a plant pathogen. The higher the inoculum density, 

the less effective are mycorrhizal fungi (Graham and Egel, 1988). In this 

study, infection points of mycorrhizal fungi on tertiary roots were counted in 

an attempt to determine differences in root colonization by mycorrhizal 

fungi in furrow and drip irrigation. Statistical evaluation was not possible 
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because of the few tertiary roots in furrow. The few fine roots found in 

furrow had a slightly higher number of infection points compared to drip and 

tarp. Macrophomina infects mostly through tertiary roots (Bruton, 1998), 

which are abundant on drip-irrigated melons. However, it cannot be ruled 

out that infection also occurs at the hypocotyls of young plants (Mihail et al, 

1987) growing in the close vicinity of old stems, since isolation of M 

phaseolina is often only possible from the crown lesions but not from the 

roots of diseased plants. 

Drip irrigation with and without tarp and cultivation practices of 

growers create an environment conducive to infection of melon by 

Macrophomina phaseolina and a subsequent severe vme decline. Lower 

competitive ability of M phaseolina carmot be confirmed in this study. A 

combination of several environmental factors (salinity, pH, soil moisture and 

irrigation type) had a significant influence on inoculum density in the soil. 

Roots close to the surface are exposed to extreme dryness and, in drip and 

furrow the soil remains very dry in the top 20 cm. The tarp has higher water 

potentials at all three depths but low gravimetrical soil moisture contents. In 

both drip-irrigated fields growers try to use the same planting holes from the 

spring when planting the fall crop exposing seedlings to large amounts of 
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microsclerotia on old stems and roots sitting next to them. This may be a 

reason why higher incidences of Charcoal Rot occur in fall than in spring in 

the same fields. Another reason for low disease incidences in spring 

compared to fall can be lower soil temperatures in the first few weeks after 

planting in spring leading to later infection of the plants. 

Lack of crop rotation, higher average soil temperatures, a lower pH 

and low gravimetrical soil moisture values have led to a build up of 

inoculum in the soil of drip and tarp. Melons in several of these fields were 

rotated either with melon or sweet com, which also can be a host. Sporadic 

infection in the field was observed early, when plants were at flowering, but 

plants do not show severe damage until shortly before harvest when 

additional stress factors such as fruit ripening and reduction in irrigation 

occur. 

In conclusion, the combination of exposure to inoculum on old stems 

and roots, large numbers of microsclerotia in the top 30 cm depth and 

favorable conditions for Charcoal Rot infection such as high soil 

temperature, low soil moisture and lower pH indicate that drip irrigation 

creates an environment favorable for Charcoal Rot. 
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