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MATERIALS AND METHODS 
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9.0 cm-diameter petri dishes containing modified PARP medium (0.4 
ml pimaricin, 0.25 g ampicillin, 0.01 g rifampicin, 0.025 g PCNB, and 
17 g corn meal agar in 1 L of water). After the dishes were incubated at 
25°C for 24 h, the number of colony-forming units (cfu) of fast growing 
Pythium spp. per gram of dry soil was determined. Pythium species 
were identified according to Plaats-Niterink (1981). Soil water content 
was determined by placing 10-g soil samples in a 90° C oven for 72 h. 

A soil sieving method was used to obtain the population density of 
R. solani in the soil (Weinhold,1977). A 150-g soil sample was passed 
through a No. 45 (0.35-mm-mesh) sieve under running tap water to 
collect all organic debris. The debris was resuspended and then 
distributed onto five to eight Whatman No.1 filter papers by filtering 
with a Buchner filter apparatus. Each filter paper was inverted and 
placed in a petri dish containing molten (40 -50°C) 1070 water agar. Petri 
dishes were agitated to wash off the organic matter from the filter paper, 
and the filter paper then was removed. After incubating the dishes for 
20 - 24 h at 25°C, Rhizoctonia-like colonies were counted and 
transferred to potato-dextrose agar for positive identification. 
Data analysis. Seedling survival, soil moisture content, and Pythium 
and Rhizoctonia soil population densities from both experiments were 
analyzed by analysis of variance, least significant difference (LSD) 
mean separation, orthogonal contrasts for class comparisions, and 
Bartlett's test for homogeneity of variances with the Statistical Analysis 
System 6.04 (SAS Institute, Cary, NC). 

RESULTS 

Timing of irrigation, planting depth, and fungicide. Stand 
establishment was significantly improved (P < 0.01) when seeds were 
treated with the fungicides and planted into moisture at a shallow depth 
(Fig. 1). Because variances between trials were homogeneous, and there 
were no significant differences between trials, results of the two trials 
were combined. Shallow placement of the seeds increased stands by 
59% compared to the deep planting, and the use of treated seeds 
increased stand counts by 58%. Pre-plant irrigation also increased 
seedling survival by 23 % compared to post-plant irrigation. There were 
no significant interactions among irrigation, planting depth, and seed 
treatment. 

Fungicide seed treatment significantly (P < 0.01) improved stands 
by 73 - 114% when seeds were planted deep (4 cm) and by 17 - 40% when 
planted shallow (2 cm) (Fig. 2). The timing of irrigation did not 
significantly affect stands planted with nontreated seeds, even though 
the pre-plant irrigation slightly increased seedling survival (12070 in 
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Figure 1. Overall effects of irrigation, planting depth, and fungicide 
seed treatment on stand quality in sugarbeet. Means within each pair 
of columns are significantly different (P < 0.01) according to LSD 
mean separation. 
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Figure 2. Effects of irrigation and planting depth on fungicide seed 
treatment in sugarbeet establishment. Means within columns are 
significantly different (P < 0.01) according to LSD mean separation. 
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treatment or seed treatment 
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demands for seed germination and emergence, and minimized seed­
ling disease. In contrast, post-plant irrigation resulted in very high 
soil moisture and infection by soilborne plant pathogens like Pythium 
spp. The high soil moisture provided a suitable environment for rapid 
growth of Pythium spp. (Hendrix, et aI., 1973). Post-plant irrigation 
also may reduce soil temperature (Robinson, et aI., 1966), which slows 
seed germination and provides an environment conducive to Pythium 
spp. Another potential problem with post-irrigation is the tendency 
of some soil types to form a hard crust upon drying, which makes 
it more difficult for tender seedlings to emerge. 

In our study, planting depth had a stronger impact on stand 
quality than timing of irrigation. Shallow planting (2 cm) increased 
stands by 590/0 when compared to the deep planting (4 cm) (Fig. 1). 
This result was consistent with the report by Wilson, et aI.(1990) who 
found that more sugarbeet seedlings emerged as the depth of plant­
ing decreased from 4.5 - 1.6 cm. Deeper planting may slow plant 
emergence, thereby, predisposing the seedlings to soilborne pathogens. 
Moreover, seeds planted deep must consume more energy to emerge 
than when planted shallow. 

Although the relationship between Pythium population density 
in naturally infested soil and incidence of seedling disease under field 
conditions is unknown (Stanghellini, 1974), reduced stands in the field 
(below 45 % in this study) probably were attributed to severe Pythium 
infection, because sugarbeet seeds used in the study germinated nor­
mally (85%) in laboratory germination tests and pythium spp. con­
sistently were isolated from the seedlings; P. ultimum primarily causes 
pre-emergence damping-off in sugarbeet (Leach, 1986), and, in 
previous greenhouse tests conducted by the authors, P. ultimum 
caused 5 - 30% pre-emergence damping-off of sugarbeet at an in­
oculum density of only 40 - 60 cfu/g soil. Therefore, fungicide seed 
treatments are warranted in fields where high populations of soilborne 
pathogens are known to be present. Although irrigation treatment 
had the least effect on stand establishment, it, too, was an impor­
tant factor. In many parts of the world, a pre-plant irrigation is a 
standard recommendation in areas where the soil profile is dry before 
planting (Musick, at aI., 1990). 
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