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ABSTRACT 
 

Wilson, Jeffrey Norman. Greenhouse Techniques to Screen for Resistance 
to Peanut Diseases. (Under the direction of Dr. Terry Wheeler)  

 
Soil-borne diseases have become a significant concern in West Texas peanut 

production. Cylindrocladium parasiticum is an important peanut (Arachis hypogaea L.)  

pathogen in the southeastern U.S. and was first confirmed in Texas in 2004. Two 

experiments were conducted to refine a screening technique for C. parasiticum using 

peanut germplasm with known resistance levels. Peanuts were screened using two 

container sizes (66 and 164 cm3), two inoculum densities (15 and 25 microsclerotia 

(ms)/g soil), and were sampled at three different times (4, 5, and 6 weeks after planting). 

Fresh root and shoot weights, root rot, and percentage visible taproot and secondary root 

necrosis were estimated at the three sampling intervals.  

Root weight and shoot weights complemented visual root ratings and were the 

only combinable measurements due to changes in C. parasiticum inoculum that occurred 

between trials. Percent taproot and secondary root necrosis on highly resistant genotype 

NC 3033 were significantly lower than on susceptible cultivar NC 7 in 66 cm3 containers 

at both inoculum densities. Percent taproot and secondary necrosis were simple, quick 

assessments of disease severity that unlike root rot ratings were continuous and less 

subjective. Neither taproot necrosis nor secondary root necrosis interacted with the effect 

of week of sampling which indicated that genotypes differences were apparent at 4 weeks 

after planting. 

In the growth chamber screening test, selected spanish genotypes had lower 

percentage taproot necrosis than selected runner genotypes (P < 0.0001). The majority of 
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the spanish lines tested in this experiment had mean percent taproot necrosis values 

equivalent to highly resistant NC 3033. Six runner genotypes also had mean percent 

taproot necrosis values equivalent to highly resistant NC 3033. 

Sclerotinia minor is a serious disease of peanuts (Arachis hypogaea L.) in the 

southeastern U.S. that has become a problem in numerous West Texas peanut fields since 

1996. Growers need peanut cultivars adapted to West Texas growing conditions with 

resistance to S. minor. Methods used to evaluate resistance to S. minor in peanut included 

field evaluations, detached leaflet assays, and stem assays. In 2006, selected runner, high-

oleic spanish, and bunch-type genotypes were field tested in Stephenville, TX. Endemic 

inoculum was supplemented with an aggressive isolate of the most predominate Texas 

peanut S. minor genotype, TX1. Field disease severities were correlated with results from 

detached stem and leaflet assays. 

Detached leaflets were inoculated with an aggressive and moderately aggressive 

isolate of genotype TX1 along with an aggressive isolate of TX2, another prevalent S. 

minor genotype. Detached stems were inoculated with the aggressive S. minor isolate 

TX2. For runner genotypes, a significant correlation between field ratings and detached 

leaflet assays occurred using the aggressive (R2 = 0.96) and moderately aggressive (R2 = 

0.93) TX1 isolates when two leaflet trials (eight total replications) were combined. No 

correlation between field ratings and detached leaflet assays or detached stem assays 

occurred for spanish and bunch-types. Field ratings and detached stem assays were 

significantly correlated with runner genotypes only in trial I (six replications) and when 

trials were combined. 
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CHAPTER I 

EVALUATING RESISTANCE OF PEANUT (ARACHIS HYPOGAEA L.) 

GENOTYPES TO CYLINDROCLADIUM PARASITICUM IN A CONTROLLED 

ENVIRONMENT 

 

INTRODUCTION 

Cylindrocladium black rot (CBR) is a serious disease of peanuts (Arachis 

hypogaea L.) caused by the soil-borne fungal pathogen Cylindrocladium parasiticum 

Crous, Wingfield, and Alfenas. CBR can affect all below ground structures including 

hypocotyls, pods, roots, and pegs. Above ground symptoms of the disease include 

chlorosis, wilting, and death of infected plants. Distinctive perithecia bearing ascospores 

may appear near the soil surface on affected plant material. The disease was first 

identified in Georgia in the 1960’s (1) and spread to areas of North Carolina and Virginia 

(12). Losses from the disease can approach 50% (24). The first known incidence of CBR 

in West Texas occurred in a field of virginia peanuts grown in Terry County during the 

summer of 2004 (31).  

Microsclerotia, which are produced primarily in root cortex tissue and survive in 

soil, are the primary infection agents of C. parasiticum and are readily dispersed through 

tillage and harvest operations (27). Microsclerotia found on peanut seed testa can 

transmit C. parasiticum, even when seed are chemically treated (25). CBR disease 

incidence in peanut increases as microsclerotia density increases in field environments 

(16). Ideal conditions for infection by microsclerotia are soil temperatures approaching 

25 C and soil moisture near field capacity (21).  
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Management strategies used to control C. parasiticum infestations and reduce soil 

inoculum levels include fumigation with metam sodium (7), rotations with non-hosts (2, 

22), and the use of peanut cultivars with partial resistance. Resistance to C. parasiticum 

in the field can be overcome at relatively high inoculum levels (22), particularly when 

plant parasitic nematodes such as Meloidogyne hapla and M. arenaria are present (10). 

C. parasiticum resistance in peanuts is heritable (13, 14), but has been associated with 

reduced yield and small seed size in virginia types (32, 33). The majority of West Texas 

growers plant runner or spanish varieties that have no known levels of resistance to C. 

parasiticum. Several runner varieties developed for the southeastern U.S. have some 

resistance to C. parasiticum (4, 5). Many spanish varieties have exhibited high levels of 

resistance to C. parasiticum compared to other market-types in field assays (8, 9, 15, 34). 

Black et al. (3) determined non-nodulating peanuts are less susceptible to C. 

parasiticum than nodulating lines. Nodules, which form on peanut taproots due to the 

symbiotic relationship with nitrogen fixing Bradyrhizobia bacteria, are an important 

infection court for C. parasiticum (18). Spanish genotypes tend to have less nodulation 

than virginia peanuts (11).  

Some resistant genotypes produce more initial and additional taproot periderm at 

the infection point. This additional root tissue tends to seal off lesions and reduce injury 

(17, 18). However, susceptible genotype NC 2 exhibited a resistant histological response 

when challenged with C. parasiticum (18). When greenhouse, microplot, and field 

resistance screenings were compared by Pataky et al. (20), subtle differences in resistant 

breeding lines were not detected in the greenhouse. In greenhouse screenings conducted 

by Lemay (19), root rot ratings for highly susceptible genotype NC 7 and moderately 
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resistant genotypes NC 12C, NC 10C, and NC 9C were not significantly different from 

each other. In microplot tests conducted by Lemay (19), NC 7 had significantly higher 

visible disease incidence than other genotypes. The advanced breeding line TX 901417 

(later released as Tamrun 98) exhibited a high level of resistance to C. parasiticum in 

microplot tests, but had the highest average root rot rating of all genotypes tested in 

greenhouse screenings. 

Differences in greenhouse and field assay results may be caused by the presence 

of multiple resistance mechanisms to C. parasiticum. Brune (6) determined that total root 

growth was less for virginia genotypes exhibiting resistance to C. parasiticum versus 

highly susceptible genotype NC 7. However, these resistant genotypes produced more 

roots than susceptible genotype NC 7 in soil zones below which C. parasiticum 

microsclerotia commonly occur. In a separate study by Brune (6), some resistant virginia 

genotypes were able to re-grow root tissue more quickly than NC 7 in response to 

wounding. 

Important disparities exist between greenhouse and field environments that may 

account for the differences in results between greenhouse and field screenings. Changes 

in inoculum levels and viability throughout the soil strata would not be evident in a 

greenhouse study where inoculum is evenly distributed at a fixed density throughout the 

soil in each container. Plants grown in greenhouse screenings do not have an opportunity 

to exploit deeper soil strata that are not infested with C. parasiticum. In field soils, most 

viable microsclerotia are found in the 7.6 to 15.2 cm depth in the profile (30). Initial 

infection rates may be artificially inflated in greenhouse screening due to high inoculum 

levels throughout the soil, increasing the probability of root tissue contacting viable 
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microsclerotia. This could affect root system development and eliminate any differences 

in root volume between resistant and susceptible genotypes.  

 In field environments, rates of disease infection change as soil moisture and 

temperature conditions vary. Infection rates tend to decrease in summer due to higher soil 

temperatures and decreased soil moisture levels (28). This may allow genotypes that 

utilize a wounding re-growth mechanism an opportunity to regenerate root length. This 

response may be suppressed under greenhouse conditions where temperature and 

moisture levels are generally kept in a range favorable for disease infection which leads 

to constant disease development over the life of the plant.  

 Container volume may have an important effect on the development of a more 

normal root system. A larger volume may enhance the expression of genetic differences 

between genotypes in terms of root length and root re-growth in response to wounding by 

C. parasiticum. Our objective was to develop a protocol for screening spanish and runner 

peanuts in a growth chamber using a C. parasiticum isolate obtained from West Texas. 

This isolate was used to inoculate two peanut varieties that differ in resistance to C. 

parasiticum in field and controlled environments. Within this objective, we examined the 

effect of two container sizes and two inoculum density levels on disease assessment 

methods including root rot ratings, percent taproot and secondary root necrosis, and root 

and shoot weights. A protocol was then used to screen selected spanish and runner 

germplasm for resistance to C. parasiticum. 

 

MATERIALS AND METHODS 

Growth chamber protocol   
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C. parasiticum isolate designated TW1 (originally obtained from Terry Co., TX, 

August 2004), was re-isolated from lesions on greenhouse grown peanut plants before 

these experiments occurred and between trials. Symptomatic tissue was surface sterilized 

with a 10% NaOCl solution for 2 minutes and placed on petri dishes containing a C. 

parasiticum selective medium (23) for 5 days. Pure cultures were transferred to potato 

dextrose agar (PDA) plates and grown for 8 weeks at 25 C. PDA plates were then 

comminuted in a Waring blender for 2.5 minutes at low speed and 1.5 minutes at high 

speed. The extraction was washed through nested sieves with 500 and 74 µm openings. 

The microsclerotia obtained were suspended in 500 ml of water and sampled for 

quantification. The suspensions were adjusted to inoculate autoclaved soil at rates of 15 

and 25 microsclerotia (ms)/g soil. 

Autoclaved soil was mixed with Bradyrhizobium spp. inoculant (Soil Implant® +, 

EMD Crop BioScience, Milwaukee, WI) to promote nodulation. C. parasiticum 

suspension was added to soil in polyethylene bags and mixed for 2 minutes per bag (20). 

Approximately 70 g of inoculated soil was placed in small cone containers (2.2 x 16 cm, 

66 cm3, RL-C4 Pine Cell, Cone-tainersTM, Stuewe & Sons, Inc., Corvallis, OR) and 205 g 

of inoculated soil was placed in large cone containers (3.8 x 21 cm, 164 cm3, SC-10 

Super Cell, Cone-tainersTM). Filter paper, (9 cm diameter), was placed in the bottom of 

each container to retain soil. 

Peanut varieties used were highly resistant genotype NC 3033 and highly 

susceptible NC 7. Peanut seeds were pre-germinated in vermiculite for 3 days at 27 C. 

Emerged seedlings were selected for uniform radicle size (2 to 3 cm) before planting in 

containers. The upper 25% of the seed was left exposed and the top of the seed testa was 
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split using a razor blade. Containers were placed in a growth chamber set at 23 C. 

Containers were spaced in racks using every other cell to increase air circulation and 

reduce shading. Soil was kept moist using hand watering, usually on a daily basis.  

Roots were rated on a 0 to 5 root rot scale with 0 = healthy root system with no 

lesions present, 1 = few lesions on secondary roots only with no visible reduction in 

secondary root volume, 2 = lesions present on secondary roots and few lesions on taproot 

with few secondary roots absent, 3 = lesions present on most secondary roots and on 

taproot with a visible reduction in secondary root and taproot volume, 4 = majority of 

taproot and secondary root system necrotic with most of secondary root system absent, 

and 5 = total root necrosis with most of taproot and secondary roots absent (26). Percent 

taproot and secondary root necrosis and fresh shoot and root weights were recorded. 

This experiment was set up as a randomized complete block design (RCBD) with 

24 replications. Each eight replications were randomly selected to be taken down at 4, 5, 

or 6 weeks after planting for purposes of sampling. The experiment was repeated. Within 

each replication was a factorial arrangement of the following factors: Inoculum density 

(0, 15, 25 ms/g soil), container size (66 and 164 cm3), and genotype (NC 7 and NC 3033). 

The data variables (root rot rating, percent taproot necrosis, percent secondary root 

necrosis, root weight, and shoot weight) were analyzed using Proc MIXED (SAS 

Institute, Ver. 9.1, Cary, NC). Percent taproot necrosis and percent secondary root 

necrosis values were subject to an arcsine square-root transformation to stabilize the 

variances of the data before analysis. 

All factors and interactions associated with the experiment were included in a full 

model for each disease assessment method. Non-significant terms were removed from the 
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full model until all included terms remaining were significant at the 10% level. All terms 

that were removed were contained in a multi-factor term in the reduced model. Terms 

included in a significant multi-factor term remained in the model regardless of 

significance level of the single or smaller multi-factor term, i.e. if a three-way interaction 

was significant, then all two-way and single term factors that were contained within the 

three-way factor were retained regardless of significance. This process may involve more 

than one pass to arrive at the final reduced model. 

The purpose of any analysis of an organized design using mixed models is to 

identify the random and fixed effects associated with the design, so the residual error 

contains nothing but random error at the plot level. In a mixed model, random effects are 

estimated on a per plot basis. To test random effects, a covariance structure was used. 

The contribution to overall variance of trial and the interaction between trial, genotype, 

and inoculum density (container was not included in this interaction due to the effect of 

missing observations) was evaluated in the random effects to determine whether both 

trials were combinable for each disease assessment method.   

Pairwise comparisons of significant factors or interactions in the reduced model 

were executed with the PDIFF option, with a significance level of P = 0.05 for percent 

taproot necrosis, percent secondary root necrosis, root weight, and shoot weight. Root rot 

ratings, which were assigned using an arbitrary rating scale (described previously), were 

analyzed initially using the arcsine square-root transformation. The analysis results were 

not indicative of the simple means for the same data. When root rot rating data were 

analyzed as an untransformed data, the week effect became more significant. When the 

data were treated as discrete measurements and analyzed using the chi-square option on 
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the MODEL statement, more interactions between the other factors emerged. The F-test 

results when the chi-square option is requested emulates the chi-square analysis of root 

rot ratings.  Descriptive statistics for root rot ratings and the other experimental factors 

are found in Appendix A. 

Screening spanish and runner genotypes for resistance to Cylindrocladium 

parasiticum 

C. parasiticum isolate designated TW1 was prepared and assayed for 

microsclerotia density as previously described. Suspensions were adjusted to inoculate 

autoclaved soil at 25 ms/g soil. Autoclaved soil was mixed with Bradyrhizobium spp. 

inoculant to promote nodulation. C. parasiticum suspensions were added to soil in 

polyethylene bags and mixed for 2 minutes per bag (20). Approximately 205 g of 

inoculated soil was placed in large containers (3.8 x 21 cm, 164 cm3). Filter paper (9 cm 

diameter) was placed in the bottom of each container to retain soil. 

 Sixteen runner and 46 high-oleic spanish genotypes were screened. Virginia types 

NC 7 and NC 3033 were the susceptible and resistant controls, respectively. Peanut seeds 

were pre-germinated and planted as previously described. Containers were placed in a 

growth chamber set at 23 C. Containers were spaced in racks using every other cell to 

increase air circulation and reduce shading. Plants were grown for 6 weeks and were 

hand watered as needed.  

This experiment was set up as a randomized complete block design (RCBD) with 

eight replications. Percent taproot necrosis estimates were subjected to arcsine square-

root transformation to normalize the variances of the data before analysis. Analysis of 

variance (P = 0.05) was performed using Proc GLM of SAS on transformed percent 



Texas Tech University, Jeffrey Wilson, May 2008 

 9

taproot necrosis and means were separated by Waller-Duncan k-ratio test (k = 100, which 

approximates α = 0.05). Transformed mean percent taproot necrosis for spanish and 

runner market-types was compared with a t test (P = 0.05) using Proc TTEST of SAS.  

 

RESULTS 

Growth Chamber Protocol 

Root rot ratings 

Examination of combined analysis for root rot ratings revealed that the 

contribution to overall variance was excessively high for the random effects trial and trial 

by genotype by inoculum density; therefore root rot rating data were analyzed by trial. 

Chi-square values in the reduced model showed that inoculum density, genotype, and 

their interaction were the primary contributors to variance in both trials (Table 1.1). 

Container size was also a significant factor in both trials, while week was significant in 

trial I only. 

In trial I, three-way interactions between container size, density, and week (P = 

0.004); genotype, density, and week (P = 0.07); and genotype, density, and container size 

(P = 0.08) were significant (Table 1.1). Significant differences were present in chi-square 

values across all densities for the interaction between genotype and container size (Table 

1.2), indicating the sensitivity of this interaction to inoculum density. Chi-square values 

also indicated the interaction between genotype and week was highly responsive to 

inoculum density (Table 1.3).  Distinct differences were observable in root rot rating 

counts between genotypes within a given week of sampling at the 15 and 25 ms/g soil 

densities. For the interaction between container size and week, chi-square values were not 
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significantly different for the comparison between 0 and 15 ms/g soil but were 

significantly different between 15 and 25 ms/g soil (Table 1.4).    

In the trial II, the three-way interaction between genotype, density, and container 

size was significant (P = 0.007) (Table 1.1). Chi-square values for the interaction 

between genotype and container were significantly different between the 0 and 15 ms/g 

soil densities only (Table 1.5).  

Taproot necrosis  

Examination of combined analysis for taproot necrosis revealed that the 

contribution to overall variance was excessively high for the random effects trial and trial 

by genotype by inoculum density; therefore taproot necrosis data was analyzed by trial. 

The analysis of treatment effects in the reduced model revealed that inoculum density 

was the primary contributor to variance in taproot necrosis measurements in both trials, 

followed by genotype (Table 1.6). Container size and week of sampling were also 

important in both trials. 

In the trial I, the interactions between inoculum density and week of sampling (P 

= 0.004), and genotype and inoculum density (P < 0.0001) were significant for taproot 

necrosis (Table 1.6).  At the 15 ms/g soil inoculum density, taproot necrosis significantly 

increased between weeks 4 and 5 (P = 0.009) and weeks 5 and 6 (P = 0.04) (Table 1.7). 

At 25 ms/g soil, percent taproot necrosis significantly increased between week 4 and 

week 5 (P = 0.0004), but not between week 5 and week 6. For weeks 5 and 6, percent 

taproot necrosis increased significantly as inoculum density increased. At week 4, percent 

taproot necrosis did not increase significantly between the 15 and 25 ms/g soil densities.  



Texas Tech University, Jeffrey Wilson, May 2008 

 11

Taproot necrosis was significantly higher for NC 7 verses NC 3033 at 15 (P < 

0.0001) and 25 (P < 0.0001) ms/g soil in the first trial (Table 1.8). Taproot necrosis 

significantly increased for NC 7 between 15 and 25 ms/g soil (P = 0.0005), but did not 

significantly increase for NC 3033. 

In trial II, the three-way interaction between genotype, inoculum density, and 

container size was significant (P = 0.003) (Table 1.6). In large containers, both varieties 

had significantly higher taproot necrosis at 25 verses 15 ms/g soil (Table 1.9). NC 7 had 

significantly higher taproot necrosis than NC 3033 at both 15 (P < 0.0001) and 25 ms/g 

soil (P < 0.0001) in large containers. In small containers, NC 3033 had significantly 

higher taproot necrosis at 15 verses 25 ms/g soil (P = 0.0002), while taproot necrosis on 

NC 7 did not change significantly between 15 and 25 ms/g soil. At the 15 ms/g soil 

density, the two genotypes were not significantly different from each other. NC 7 had 

significantly higher taproot necrosis than NC 3033 at 25 ms/g soil (P < 0.0001). Both 

genotypes had significantly more taproot necrosis in small containers verses large at the 

15 ms/g soil density, but not at the 25 ms/g soil density.  

Secondary root necrosis 

Examination of combined analysis for secondary necrosis revealed that the 

contribution to overall variance was excessively high for the random effects trial and trial 

by genotype by inoculum density; therefore secondary root necrosis data was analyzed by 

trial. The analysis of treatment effects in the reduced model revealed that genotype, 

inoculum density and their interaction were the primary contributors to variance in 

secondary root necrosis measurements in both trials (Table 1.10). In trial II, container 

size became a significant factor influencing secondary root necrosis.  
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In the trial I, the only significant interaction was between genotype and inoculum 

density (P = 0.001) (Table 1.10). NC 7 had significantly higher secondary root necrosis 

than NC 3033 at 15 (P = 0.0006) and 25 (P < 0.0001) ms/g soil (Table 1.11). NC 7 had 

significantly higher secondary root necrosis at 25 verses 15 ms/g soil (P = 0.002). 

Secondary root necrosis did not significantly increase for NC 3033 between 15 and 25 

ms/g soil. 

In the trial II, the three-way interaction between genotype, inoculum density, and 

container size was significant (P = 0.002) (Table 1.10). Secondary root necrosis on both 

genotypes in the second trial followed trends similar to taproot necrosis in trial II. When 

genotypes were compared using large containers, NC 7 had significantly more secondary 

root necrosis than NC 3033 at 15 and at the 25 ms/g soil density (P  < 0.0001) (Table 

1.12).   

In small containers, the genotypes were not significantly different at 15 ms/g soil. 

NC 3033 had significantly less secondary root necrosis at the 25 ms/g soil density than 

the 15 ms/g soil density in small containers (P < 0.0001) and had significantly less 

secondary root necrosis than NC 7 at the 25 ms/g soil density (P < 0.0001). NC 3033 had 

significantly more secondary root necrosis in small verses large containers at 15 ms/g soil 

(P < 0.0001), but not at 25. Secondary root necrosis was not significantly different for 

NC 7 when container sizes were compared. 

Root and shoot weights 

Examination of combined analysis for root and shoot weights revealed that the 

contribution to overall variance was not excessively high for the random effects trial and 

trial by genotype by inoculum density; therefore data from both root and shoot weight 
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trials were combined. Both root and shoot weights were primarily affected by container 

size, followed by inoculum density (Table 1.13). 

Interactions for root weight between container size and week (P = 0.005), 

inoculum density and week (P = 0.006), container size and inoculum density (P = 0.04), 

and genotype and inoculum density (P = 0.002) were significant (Table 1.4).  

NC 7 had significantly less root weight than NC 3033 at the 15 and 25 ms/g soil 

densities (Table 1.14). Root weights did not decline significantly for NC 3033 as 

inoculum density increased. However, root weights did significantly decrease for NC 7 

between the 0 and 15 (P < 0.0001) and the 15 and 25 (P = 0.05) ms/g soil densities.  

When root weights were compared across weeks of sampling within inoculum 

densities, the only significant comparison occurred at the 0 ms/g density between weeks 4 

and 5 (P = 0.02) (Table 1.15). Within weeks 4 and 5, roots weights declined significantly 

between the 0 and 15 ms/g densities only. For week 6, root weights declined significantly 

between 0 and 15 (P < 0.0001) and the 15 and 25 ms/g soil densities (P = 0.01). 

 No significant differences were present when root weights were compared within 

both container sizes across all weeks of sampling (Table 1.16). Roots weights were 

significantly lower (P < 0.0001) in small verses large containers across all weeks. Root 

weights in small containers were also significantly lower verses large containers across 

all three inoculum densities (Table 1.17). For large containers, root weights decreased 

significantly between the 0 and 15 (P < 0.0001) and the 15 and 25 (P = 0.04) ms/g soil 

densities. Root weights declined significantly in small containers between the 0 and 15 

ms/g soil densities only (P = 0.01).  
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Root rot ratings were used to determine the effect of container size and week of 

sampling on root weight as ratings increased. Differences in root weights in large and 

small containers became less pronounced as ratings increased from 1 to 5 (Fig. 1.1). 

Roots weights declined as root rot ratings increased in a linear pattern in small containers, 

but declines in large containers were steeper. 

Root weights for weeks 4 and 5 were not significantly different at any root rot 

rating. Ratings for week 6 were significantly higher than week 4 and week 5 for root rot 

ratings 1 and 2 (Fig. 1.2); however differences between week 6 and weeks 4 and 5 

declined as ratings increased. 

For shoot weight data, interactions between container size and week (P = 0.003), 

inoculum density and week (P = 0.03), and inoculum density and container size (P = 

0.009) were significant (Table 1.13). Shoot weights were significantly lower in small 

containers verses large containers across all densities (Table 1.18). Shoots in large 

containers declined significantly as densities increased, but not in small containers.  

Shoot weights were significantly lower in small containers across all weeks (P < 

0.0001) (Table 1.19). When weeks were compared within containers, shoot weights 

significantly increased in large containers between weeks 4 and 5 only (P = 0.03).  

When inoculum density and week of sampling were compared for shoot weights, 

significant declines were present at weeks 5 and 6 between the 0 and 15 ms/g soil 

densities (Table 1.20). When weeks were compared within densities, the only significant 

difference occurred when shoot weights increased between weeks 4 and 5 (P = 0.008). 

Root rot ratings were also used to determine the effect of container size and 

genotype on shoot weight as ratings increased. As indicated by the analysis of treatment 
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effects, shoot weights were not a reliable predictor of genotype differences in response to 

C. parasiticum at any root rot rating (Fig 1.3). NC 7 tended to produce larger shoot than 

NC 3033 under minimal disease pressure. NC 3033 shoot weights declined slower than 

NC 7 between ratings 1 and 3, but declined rapidly at ratings 4 and 5. 

Shoot weights in small containers declined slowly across root rot ratings 

compared with shoots in large containers (Fig. 1.4). However, shoots in large containers 

weighed significantly more than those in small containers across ratings 1 through 4.  

Screening spanish and runner genotypes for resistance to Cylindrocladium 

parasiticum 

 The effect of genotype on percent taproot necrosis was significant (P < 0.0001), 

despite overall lower disease levels in controls compared with the protocol experiments. 

Susceptible genotype NC 7 had significantly more taproot necrosis than highly resistant 

NC 3033 (Table 1.21). Twenty-five of 28 spanish genotypes and six out of 16 runner 

genotypes tested were not significantly different from NC 3033 and also had significantly 

less taproot necrosis than NC 7. Runner market-types had significantly higher percent 

taproot necrosis compared to spanish-types (P < 0.0001). 

 

DISCUSSION  

Although results from the two trials did differ for taproot and secondary root 

necrosis, significant differences in genotype response were evident in both trials at both 

inoculum densities. In the trial I, the magnitude of the differences between genotypes for 

taproot and secondary root necrosis was maximized at the 25 ms/g soil density.  
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In the trial II, differences between genotypes at a particular density were 

influenced by container size. Large container sizes allowed for the differentiation of 

genotypes at both inoculum densities, however the magnitude of these differences was 

slightly greater at the 15 ms/g soil density. Small containers were not effective in 

separating genotypes at the 15 ms/g soil density, but differences were significant at the 25 

ms/g soil density. Our results confirmed previous research by Harris and Beute (18), who 

observed that first order (primary) secondary roots in NC 3033 were capable of limited 

periderm production and appeared to have resistance responses similar to that of the 

taproot. 

Evidence from trial II suggests that a large container size provided the most 

consistent differences across both inoculum densities for taproot and secondary root 

necrosis. Week did not interact with genotype in either trial, which suggests that plants 

destructively sampled in as few as 4 weeks showed a differential response between 

genotypes. 

Root rot ratings were also strongly affected by genotype and inoculum density. 

Obvious differences in root rot rating counts for the two genotypes at both inoculum 

densities were present in trial I. As with taproot and secondary root necrosis, large 

containers were more effective in separating genotypes across both inoculum densities in 

trial II. The interaction between genotype and week of sampling in trial II revealed that 

genotypes responses at all 3 weeks of sampling were nearly identical at the 15 ms/g soil 

density. NC 7 was more sensitive to week at the 25 ms/g soil density. NC 3033 was not 

as strongly affected by length of exposure to C. parasiticum at the 25 ms/g soil density, 
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although several plants succumbed at week 6. The magnitude of the differences between 

the two genotypes was slightly greater at week 5 for both densities. 

Root and shoot weight data from both trials were combinable despite changes in 

C. parasiticum inoculum that may have occurred between trials I and II. Differences in 

shoot weights were primarily a function of container size. The genotype main effect did 

not appear in any shoot weights interactions. This indicates that shoot weights do not 

accurately reflect differential root system responses to C. parasiticum, despite graphical 

evidence that suggests the rate of decline in shoot weight was less for NC 3033 verses 

NC 7 under low to moderate disease pressure. This phenomenon was not significant 

primarily due to the fact that NC 7 produced larger biomass than NC 3033 under 

environmental conditions in the growth chamber. 

Root weights were significantly higher for NC 3033 verses NC 7 at both the 15 

and 25 ms/g soil densities. As with shoot weights, the strongest treatment effect on root 

weight was container size, not genotype or inoculum density. Roots confined in smaller 

containers weighed less than those in larger containers across all inoculum densities and 

weeks of sampling. Since root weights alone to not describe the extent of lesion 

development on root systems, they are best used to compliment using visual findings.  

Mean root weight for NC 3033 did not decline significantly as inoculum density 

increased across all other experimental factors, while mean root weight for NC 7 declined 

significantly as density increased. This trend may have been a result of NC 3033’s ability 

to limit lesion development on most roots and re-grow root tissue in response to 

wounding. Differences in both taproot and secondary root necrosis between the two 

genotypes were also likely a result of NC 3033’s ability to seal off lesions.  
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Mean taproot and secondary root necrosis were numerically higher in the second 

trial across all container sizes and density levels. As previously stated, container size 

became an important factor influencing taproot and secondary root necrosis in trial 2. 

Taproot and secondary root necrosis on NC 3033 was significantly higher at the 15 verses 

25 ms/g soil density in small containers. Moreover, NC 3033 had over three times as 

many 4 and 5 root rot rating counts at the 15 verses 25 ms/g soil density in small 

containers. Experimental error could have directly caused an increase in disease levels at 

the 15 ms/g soil density. However, in the same trial, both NC 3033 and NC 7 had 

significantly more taproot necrosis at the 25 ms/g soil density in large containers. In 

addition, taproot and secondary root necrosis was numerically higher at the 25 ms/g soil 

density for each genotype and container combination in the second trial. This strongly 

indicates that another factor (or factors) is responsible for this anomaly.  

 Increases in disease in the second trial were likely due to increased microsclerotia 

fitness or increased numbers of microsclerotia in suspension. At the 0 ms/g soil density, 

NC 3033 had an average of 0.020 g root/cm3 soil in small containers verses 0.015 g 

root/cm3 soil in large containers. Therefore, probability of roots encountering viable 

microsclerotia capable of infecting roots would increase in small containers and as a 

result of increasing inoculum density. Resistance genes responsible for structural or 

chemical resistance responses in the roots of NC 3033 may have been activated due to 

increases in the release of certain elicitors and/or activity (such as intercellular hyphal 

penetration) by the pathogen in small containers at the 25 ms/g soil density.  

Resistance to C. parasiticum in most peanut genotypes including NC 3033 has 

been shown to be density-dependent, meaning root rot ratings increased in direct 
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proportion to increases in inoculum density. Pataky (20) suggested that pronounced 

differences in genotype response to increasing inoculum densities in greenhouse 

experiments were a result of genetic changes in C. parasiticum cultures between trials. 

Changes in virulence and in some cases pathogenicity of fungal cultures are likely 

consequences of constant renewal and long term storage on growth media. Additional 

work needs to be done to evaluate how changes in C. parasiticum inoculum affects 

observed resistance in peanuts and the interaction those changes may have with physical 

parameters such as container size in a controlled environment.  

Our growth chamber screening test confirmed previous field results where spanish 

genotypes exhibited high levels of resistance to C. parasiticum compared to other 

market-types (8, 9, 15, 35). The majority of the spanish lines tested in this experiment 

had mean percent taproot necrosis values equivalent to NC 3033. The commercially 

grown spanish genotype Tamspan 90, which performed very similar to NC 3033, also has 

a high level of resistance to S. minor (29). The four genotypes with the highest percent 

taproot necrosis were all runner market-types.  

Tamrun 98, which had the highest percent taproot necrosis in our test, also had the 

highest average root rot rating of all genotypes tested in greenhouse screenings conducted 

by Lemay (19). However, this genotype exhibited a high level of resistance to C. 

parasiticum in microplot tests conducted by Lemay (19) in North Carolina. Field 

resistance exhibited by Tamrun 98 may be linked to root architecture. The runner-types 

that exhibited resistance may have physiological resistance mechanisms in their root 

tissues similar to those of NC 3033. 
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Table 1.1 Effect of peanut genotype (GN), Cylindrocladium parasiticum inoculum density (DN), container size (CN), week of 
sampling (WK), and their interactions on root rot in a growth chambera. 

aThe analysis was conducted using Proc MIXED (Ver. 9.1, SAS Institute, Cary, NC). There were two trials conducted, with 
eight replications for each combination of time of sampling, genotype, fungal density, and container size. 
bTerms were removed from the full model until all included factors remained significant at the 10% level. Any term removed 
is contained in a multi-factor term which appears in the random statement. 
cThe F-Values generated in the type III tests for fixed effects emulated the same significance values as Chi-Square values.  

 
Root Rot Rating 

Trial I 
Root Rot Rating 

Trial II 

Source Full Model 
Chi-Squarec  Pr>ChiSq 

Reduced Modelb 
Chi-Square    Pr>ChiSq 

Full Model 
Chi-Square    Pr>ChiSq

Reduced Model 
Chi-Square    Pr>ChiSq

GN 110.5                 <0.0001 111.42              <0.0001 152.43              <0.0001 97.33                <0.0001
DN 737.68               <0.0001 745.09              <0.0001 1589.75            <0.0001 966.56              <0.0001
CN 5.54                     0.0186 5.45                    0.0196 52.51                <0.0001 33.94                <0.0001
WK 8.37                     0.0153 8.51                    0.0142 2.21                    0.3312 -                              - 
GN*DN 61.09                 <0.0001 61.82                <0.0001 80.6                  <0.0001 51.37                <0.0001 
GN*CN 0.39                     0.5305 0.42                    0.5194 11.18                  0.0008 7.34                    0.0067 
GN*WK 5.34                     0.0694 5.39                    0.0674 5.61                    0.0604 -                              - 
DN*CN 2.28                     0.3197 2.26                    0.3229 46.95                <0.0001 29.7                  <0.0001
DN*WK 15.71                   0.0041 16.15                  0.0028 9.29                    0.0543 -                              - 
CN*WK 1.79                     0.4086 1.78                    0.4106 3.56                    0.1683 -                              - 
GN*DN*CN 5.04                     0.0805 4.99                    0.0824 15.91                  0.0004 9.99                    0.0068 
GN*DN*WK 8.53                     0.0741 8.53                    0.0739 3.77                    0.4376 -                              - 
GN*CN*WK 0.12                     0.9405 -                              - 4.1                      0.1287 -                              - 
CN*DN*WK 15.7                     0.0035 15.62                  0.0036 5.77                    0.2166 -                              - 
GN*DN*CN*WK 3.56                     0.4684 -                              - 5.14                    0.2733 -                              - 



Texas Tech University, Jeffrey Wilson, May 2008 

 24

Table 1.2 Root rot ratinga counts for peanut genotypes (GN) in large (164 cm3) and small (66 cm3) containers (CN) at three 
Cylindrocladium parasiticum inoculum densities (microsclerotia (ms)/g soil) in trial I. 

  Trial I – Density (ms/g soil) 
  0 15 25 
  Root Rot Rating Scale Root Rot Rating Scale Root Rot Rating Scale 

GN CN 0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5 

NC 3033 164 24 0 0 0 0 0 0 17 7 0 0 0 0 12 11 1 0 0 

NC 3033 66 23 1 0 0 0 0 0 15 9 0 0 0 0 6 13 2 0 2 

NC 7 164 24 0 0 0 0 0 0 7 8 7 1 1 0 2 3 9 7 3 

NC 7 66 19 0 0 0 0 0 0 2 6 12 1 0 0 0 4 10 6 2 
GN*CN at 0 ms/g soil Density: Χ2

(3)
 = 2.82(a) (P > 0.40)b 

GN*CN at 15 ms/g soil Density: Χ2
(12)

 = 42.60(b) (P < 0.0001) 
GN*CN at 25 ms/g soil Density: Χ2

(12)
 = 53.84(c) (P < 0.0001) 

aRoot rot ratings ranged from 0 to 5 with 0 = healthy root system with no lesions present, 1 = few lesions on secondary roots 
only with no visible reduction in secondary root volume, 2 = lesions present on secondary roots and few lesions on taproot 
with few secondary roots absent, 3 = lesions present on most secondary roots and on taproot with a visible reduction in 
secondary root and taproot volume, 4 = majority of taproot and secondary root system necrotic with most of secondary root 
system absent, and 5 = total root necrosis with most of taproot and secondary roots absent. 
 bAssignment of letters are consistent with changes in  Χ2 values from Χ2 table (Snedecor, G.W., and W.G. Cochran. 1967. 
Statistical methods. 6th ed. Iowa State University Press, Ames.). 
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Table 1.3 Root rot ratinga counts for peanut genotypes (GN) and week of sampling (WK) at three Cylindrocladium 
parasiticum inoculum densities (microsclerotia (ms)/g soil) in trial I.  

  Trial I – Density (ms/g soil) 
  0 15 25 
  Root Rot Rating Scale Root Rot Rating Scale Root Rot Rating Scale 

GN WK 0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5 

NC 3033 4 16 0 0 0 0 0 0 10 6 0 0 0 0 8 7 1 0 0 

NC 3033 5 15 1 0 0 0 0 0 11 5 0 0 0 0 8 8 0 0 0 

NC 3033 6 16 0 0 0 0 0 0 11 5 0 0 0 0 2 9 2 0 2 

NC 7 4 15 0 0 0 0 0 0 3 5 8 0 0 0 2 3 8 2 0 

NC 7 5 15 0 0 0 0 0 0 3 5 5 1 1 0 0 3 4 5 4 

NC 7 6 13 0 0 0 0 0 0 3 4 6 1 0 0 0 1 7 6 1 
GN*WK at 0 ms/g soil Density: Χ2

(5)
 = 4.74(a) (P > 0.40) b 

GN*WK at 15 ms/g soil Density: Χ2
(20)

 = 42.74(b) (P < 0.001) 
GN*WK at 25 ms/g soil Density: Χ2

(20)
 = 73.18(c) (P < 0.0001) 

aRoot rot ratings ranged from 0 to 5 with 0 = healthy root system with no lesions present, 1 = few lesions on secondary roots 
only with no visible reduction in secondary root volume, 2 = lesions present on secondary roots and few lesions on taproot 
with few secondary roots absent, 3 = lesions present on most secondary roots and on taproot with a visible reduction in 
secondary root and taproot volume, 4 = majority of taproot and secondary root system necrotic with most of secondary root 
system absent, and 5 = total root necrosis with most of taproot and secondary roots absent. 
bAssignment of letters are consistent with changes in  Χ2 values from Χ2 table (Snedecor, G.W., and W.G. Cochran. 1967. 
Statistical methods. 6th ed. Iowa State University Press, Ames.). 
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Table 1.4 Root rot ratinga counts for container size (164 versus 66 cm3) and week of sampling (WK) at three different 
Cylindrocladium parasiticum inoculum densities (microsclerotia (ms)/g soil) in trial I. 

  Trial I – Density (ms/g soil) 
  0 15 25 
  Root Rot Rating Scale Root Rot Rating Scale Root Rot Rating Scale 

CN WK 0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5 

66 4 15 0 0 0 0 0 0 7 5 4 0 0 0 1 7 5 2 0 

66 5 14 1 0 0 0 0 0 5 5 4 1 0 0 4 7 1 3 1 

66 6 13 0 0 0 0 0 0 5 5 4 0 0 0 1 3 6 1 3 

164 4 16 0 0 0 0 0 0 6 6 4 0 0 0 9 3 4 0 0 

164 5 16 0 0 0 0 0 0 9 5 1 0 1 0 4 4 3 2 3 

164 6 16 0 0 0 0 0 0 9 4 2 1 0 0 1 7 3 5 0 
CN*WK at 0 ms/g soil Density: Χ2

(5)
 = 5.12(a) (P > 0.40)b 

CN*WK at 15 ms/g soil Density: Χ2
(20)

 = 14.27(a) (P > 0.80) 
CN*WK at 25 ms/g soil Density: Χ2

(20)
 = 38.98(b) (P < 0.007) 

aRoot rot ratings ranged from 0 to 5 with 0 = healthy root system with no lesions present, 1 = few lesions on secondary roots 
only with no visible reduction in secondary root volume, 2 = lesions present on secondary roots and few lesions on taproot 
with few secondary roots absent, 3 = lesions present on most secondary roots and on taproot with a visible reduction in 
secondary root and taproot volume, 4 = majority of taproot and secondary root system necrotic with most of secondary root 
system absent, and 5 = total root necrosis with most of taproot and secondary roots absent. 
bAssignment of letters are consistent with changes in  Χ2 values from Χ2 table (Snedecor, G.W., and W.G. Cochran. 1967. 
Statistical methods. 6th ed. Iowa State University Press, Ames.). 
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Table 1.5 Root rot ratinga counts for peanut genotypes (GN) in large (164 cm3) and small (66 cm3) containers (CN) at three 
different Cylindrocladium parasiticum inoculum densities (microsclerotia (ms)/g soil) in trial II. 

CN*DN at 0 ms/g soil Density: Χ2
(3)

 = (na)(a)b 
CN*DN at 15 ms/g soil Density: Χ2

(12)
 = 63.79(b) (P < 0.0001) 

CN*DN at 25 ms/g soil Density: Χ2
(12)

 = 65.50(b) (P < 0.0001) 
aRoot rot ratings ranged from 0 to 5 with 0 = healthy root system with no lesions present, 1 = few lesions on secondary roots 
only with no visible reduction in secondary root volume, 2 = lesions present on secondary roots and few lesions on taproot 
with few secondary roots absent, 3 = lesions present on most secondary roots and on taproot with a visible reduction in 
secondary root and taproot volume, 4 = majority of taproot and secondary root system necrotic with most of secondary root 
system absent, and 5 = total root necrosis with most of taproot and secondary roots absent. 
bAssignment of letters are consistent with changes in  Χ2 values from Χ2 table (Snedecor, G.W., and W.G. Cochran. 1967. 
Statistical methods. 6th ed. Iowa State University Press, Ames.). 

  Trial II – Density (ms/g soil) 
  0 15 25 
  Root Rot Rating Scale Root Rot Rating Scale Root Rot Rating Scale 

GN CN 0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5 

NC 3033 164 24 0 0 0 0 0 0 10 10 4 0 0 0 5 8 5 2 2 

NC 3033 66 24 0 0 0 0 0 0 1 2 4 8 9 0 1 5 11 2 3 

NC 7 164 24 0 0 0 0 0 0 0 2 5 8 7 0 0 0 3 9 12 

NC 7 66 23 0 0 0 0 0 0 0 0 2 6 14 0 0 0 0 6 17 
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Table 1.6 Effect of peanut genotype (GN), Cylindrocladium parasiticum inoculum density (DN), container size (CN), week of 
sampling (WK), and their interactions on taproot necrosis in a growth chambera. 

aThe analysis was conducted using Proc MIXED (Ver. 9.1, SAS Institute, Cary, NC). There were two trials conducted, with 
eight replications for each combination of time of sampling, genotype, fungal density, and container size. 
bTerms were removed from the full model until all included factors remained significant at the 10% level. Any term removed 
is contained in a multi-factor term which appears in the random statement. 
 

 
Percent Taproot Necrosis 

Trial I 
Percent Taproot Necrosis 

Trial II 

Source Full Model 
F Value                 Pr>F 

Reduced Modelb 
F Value                 Pr>F 

Full Model 
F value                  Pr>F 

Reduced Model 
F Value                 Pr>F 

GN 110.28              <0.0001 52.57                <0.0001 59.95                <0.0001 60.90                <0.0001
DN 1211.52            <0.0001 574.01              <0.0001 974.48              <0.0001 972.42              <0.0001
CN 11.43                  0.0008 5.46                    0.0284 26.96                <0.0001 28.18                <0.0001
WK 41.68                <0.0001 19.90                <0.0001 7.00                    0.0013 6.98                    0.0013 
GN*DN 31.95                <0.0001 15.02                <0.0001 15.98                <0.0001 16.43                <0.0001
GN*CN 3.93                    0.0485 -                              - 5.19                    0.0244 5.54                    0.0201 
GN*WK 1.97                    0.1413 -                              - 0.25                    0.7822 -                              - 
DN*CN 2.89                    0.0578 -                              - 18.55                <0.0001 19.28                <0.0001
DN*WK 10.58                <0.0001 5.05                    0.0044 2.24                    0.0698 -                              - 
CN*WK 0.11                    0.8925 -                              - 1.15                    0.3186 -                              - 
GN*DN*CN 0.84                    0.4335 -                              - 5.98                    0.0033 6.12                    0.0028 
GN*DN*WK 1.09                    0.3641 -                              - 0.18                    0.9507 -                              - 
GN*CN*WK 1.81                    0.1660 -                              - 0.43                    0.6491 -                              - 
CN*DN*WK 5.62                    0.0002   -                              - 0.69                    0.6036 -                              - 
GN*DN*CN*WK 0.68                    0.6083 -                              - 0.36                    0.8398 -                              - 
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Table 1.7 Effect of week of sampling and Cylindrocladium parasiticum inoculum density 
(microsclerotia (ms)/g soil) on peanut taproot necrosisa in trial I. 
 
 
 
 
 
 
 
 
 
 

aPercent taproot necrosis values as shown are untransformed, however mean separation 
letters are based on transformed analysis. 
bMeans with the same letter beginning with an “a” within columns and an “x” within 
rows are not significantly different at the 5% level. 

 
Density 
ms/g soil 

Week of 
Sampling 0 15 25 

4 0.04axb 54.06ay 61.94ay 
5 0.20ax 67.90by 79.38bz 
6 0.16ax 78.37cy 86.58bz 
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Table 1.8 Effect of peanut genotype and Cylindrocladium parasiticum inoculum density 
(microsclerotia (ms)/g soil) on taproot necrosisa in trial I. 
 
 
 
 
 
 
 
 

 

aPercent taproot necrosis values as shown are untransformed, however mean separation 
letters are based on transformed analysis. 
bResults of Proc Mixed (SAS Institute, Ver 9.1, Cary, NC) analysis showed difference 
between two container sizes for same genotypes have a standard error (SE) = 3.18, degree 
of freedom (df) = 1.93; while difference between two genotypes for a container size have 
a SE = 2.46, df = 8.47.  
cMeans with the same letter beginning with an “a” within columns and an “x” within 
rows are not significantly different at the 5% level. 
 

 
Density 
ms/g soil 

Genotype 0 15 25 

NC 3033 0.10axb 56.88ay 63.14ay 
NC 7 0.17ax 76.68by 88.79bz 
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Table 1.9 Effect of peanut genotype, Cylindrocladium parasiticum inoculum density 
(microsclerotia (ms)/g soil), and container size on taproot necrosisa in trial II. 
 
 
 

 

 

 

 

 

 

 

 

 

aPercent secondary root necrosis values as shown are untransformed, however mean 
separation letters are based on transformed analysis. 
bMeans with the same letter beginning with an “a” within columns and genotype, an “m” 
within columns and container size, and an “x” within rows are not significantly different 
at the 5% level.  

 
 Density 

ms/g soil 

Genotype Container 
Size (cm3) 0 15 25 

NC 3033 164 0.00amxb 55.83amy 72.86amz 
NC 7 164 0.00amx 87.35any 94.58anz 
NC 3033 66 0.00amx 90.00bmz 75.63amy 
NC 7 66 0.00amx 95.86bmy 97.71any 
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Table 1.10 Effect of peanut genotype (GN), Cylindrocladium parasiticum inoculum density (DN), container size (CN), week 
of sampling (WK), and their interactions on secondary root necrosis in a growth chambera. 

aThe analysis was conducted using Proc MIXED (Ver. 9.1, SAS Institute, Cary, NC). There were two trials conducted, with 
eight replications for each combination of time of sampling, genotype, fungal density, and container size. 
bTerms were removed from the full model until all included factors remained significant at the 10% level. Any term removed 
is contained in a multi-factor term which appears in the random statement. 
 

 
Percent Secondary Root Necrosis 

Trial I 
Percent Secondary Root Necrosis 

Trial II 

Source Full Model 
F Value                   Pr>F

Reduced Modelb 
F Value                 Pr>F 

Full Model 
F Value                 Pr>F 

Reduced Model 
F Value                 Pr>F 

GN 55.77                 <0.0001 30.02                <0.0001 108.4                <0.0001 71.54                <0.0001
DN 164.84               <0.0001 88.77                <0.0001 266.14              <0.0001 173.11              <0.0001
CN 5.44                     0.0205 -                              - 39.48                <0.0001 25.60                <0.0001
WK 4.47                     0.0125 -                              - 0.75                    0.4743 -                              - 
GN*DN 15.03                 <0.0001 8.25                    0.0014 30.83                <0.0001 20.43                <0.0001
GN*CN 0.00                     0.9686 -                              - 5.82                    0.0173 3.72                    0.0687 
GN*WK 2.69                     0.0702 -                              - 2.88                    0.0598 -                              - 
DN*CN 1.65                     0.1950 -                              - 16.38                <0.0001 10.43                  0.0009 
DN*WK 1.54                     0.1911 -                              - 2.26                    0.0666 -                              - 
CN*WK 2.56                     0.0796 -                              - 3.77                    0.0258 -                              - 
GN*DN*CN 1.17                     0.3132 -                              - 7.42                    0.0009 4.62                    0.0229 
GN*DN*WK 3.01                     0.0191 -                              - 1.09                    0.3658 -                              - 
GN*CN*WK 0.18                     0.8367 -                              - 0.91                    0.4036 -                              - 
CN*DN*WK 1.59                     0.1776 -                              - 1.12                    0.3510 -                              - 
GN*DN*CN*WK 0.40                     0.8121 -                              - 1.20                    0.3154 -                              - 
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Table 1.11 Effect of peanut genotype and Cylindrocladium parasiticum inoculum density 
(microsclerotia (ms)/g soil) on secondary root necrosisa in trial I. 
 
 
 
 
 
 
 
 
 
aPercent secondary root necrosis values as shown are untransformed, however mean 
separation letters are based on transformed analysis. 
bMeans with the same letter beginning with an “a” within columns and an “x” within 
rows are not significantly different at the 5% level. 
 

 
Density 
ms/g soil 

Genotype 0 15 25 
NC 3033 0.00axb 10.42ay 17.01ay 
NC 7 0.00ax 27.59by 44.37bz 



Texas Tech University, Jeffrey Wilson, May 2008 

 34

Table 1.12 Effect of peanut genotype, Cylindrocladium parasiticum inoculum density 
(microsclerotia (ms)/g soil), and container size on secondary root necrosisa in trial II. 
 
 
 

 

 

 

 

 

 

 

 

 

aPercent secondary root necrosis values as shown are untransformed, however mean 
separation letters are based on transformed analysis. 
bMeans with the same letter beginning with an “a” within columns and genotype, an “m” 
within columns and container size, and an “x” within rows are not significantly different 
at the 5% level.  

 
 Density  

ms/g soil 

Genotype Container 
Size (cm3) 0 15 25 

NC 3033 164 0.00amxb 15.00amy 27.89amy 
NC 7 164 0.00amx 70.31any 79.58any 
NC 3033 66 0.00amx 71.67bmz 38.48amy 
NC 7 66 0.00amx 85.12amy 93.49any 
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Table 1.13 Effect of peanut genotype (GN), Cylindrocladium parasiticum inoculum density (DN), container size (CN), week 
of sampling (WK), and their interactions on root and shoot weight in a growth chambera. 

aThe analysis was conducted using Proc MIXED (Ver. 9.1, SAS Institute, Cary, NC). There were two trials conducted, with 
eight replications for each combination of time of sampling, genotype, fungal density, and container size. 
bTerms were removed from the full model until all included factors remained significant at the 10% level. Any term removed 
is contained in a multi-factor term which appears in the random statement. 

 Root Weight Shoot Weight 

Source Full Model 
F Value                  Pr>F 

Reduced Modelb 
F Value                 Pr>F 

Full Model 
F Value                 Pr>F 

Reduced Model 
F Value                 Pr>F 

GN 15.22                   0.0025 14.16                  0.0021 3.41                    0.0920 3.60                    0.0761 
DN 36.15                 <0.0001 33.86                <0.0001 15.38                  0.0006 16.23                  0.0001 
CN 125.06               <0.0001 116.26              <0.0001 89.77                <0.0001 94.69                <0.0001
WK 6.13                     0.1402 6.09                    0.2754 6.37                    0.1351 6.35                    0.1352 
GN*DN 10.71                   0.0026 10.03                  0.0020 1.87                    0.1996 -                              - 
GN*CN 1.45                     0.2543 -                              - 0.21                    0.6534 -                              - 
GN*WK 1.27                     0.2999 -                              - 0.75                    0.4851 -                              - 
DN*CN 4.57                     0.0359 4.21                    0.0370 6.05                    0.0169 6.39                    0.0091 
DN*WK 4.54                     0.0079 4.34                    0.0055 2.92                    0.0443 2.90                    0.0343 
CN*WK 6.76                     0.0051 6.15                    0.0049 7.25                    0.0038 7.06                    0.0025 
GN*DN*CN 1.34                     0.3014 -                              - 0.11                    0.9006 -                              - 
GN*DN*WK 1.25                     0.3175 -                              - 1.37                    0.2771 -                              - 
GN*CN*WK 0.79                     0.4648 -                              - 0.52                    0.6029 -                              - 
CN*DN*WK 1.48                     0.2431 -                              - 1.62                    0.2055 -                              - 
GN*DN*CN*WK 0.91                     0.4768 -                              - 0.56                    0.6923 -                              - 
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Table 1.14 Effect of peanut genotype and Cylindrocladium parasiticum inoculum density 
(microsclerotia (ms)/g soil) on root weight (g). 
 
 
 
 
 
 
 
 
 
aMeans with the same letter beginning with an “a” within columns and an “x” within 
rows are not significantly different at the 5% level. 
 
 
 
 
 
 
 

 
Density  
ms/g soil 

Genotype 0 15 25 
NC 3033 2.16axa 1.84ax 1.69ax 
NC 7 2.41ax 1.24by 0.86cz 
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Table 1.15 Effect of week of sampling and Cylindrocladium parasiticum inoculum 
density (microsclerotia (ms)/g soil) on peanut root weight (g). 
 
 
 
 
 
 
 
 
 
 
 

aMeans with the same letter beginning with an “a” within columns and an “x” within 
rows are not significantly different at the 5% level. 

 
Density  

(ms/g soil) 
Week of 
Sampling 0 15 25 

4 1.63axa 1.25ay 1.09ay 
5 2.54bx 1.47ay 1.29ay 
6 2.69bx 1.90ay 1.43az 
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Table 1.16 Effect of container size and week of sampling on peanut root weight (g) when 
soil was infested with Cylindrocladium parasiticum. 
 
 
 
 
 
 
 
 
 

aMeans with the same letter beginning with an “a” within columns and an “x” within 
rows are not significantly different at the 5% level. 
 

 Week of Sampling 
Container 
Size (cm3) 4 5 6 

164 1.72axa 2.34ax 2.72ax 
66 0.93bx 1.19bx 1.29bx 
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Table 1.17 Effect of container size and Cylindrocladium parasiticum inoculum density 
(microsclerotia (ms)/g soil) on peanut root weight (g). 
 
 
 
 
 
 
 
 
 
aMeans with the same letter beginning with an “a” within columns and an “x” within 
rows are not significantly different at the 5% level. 
 
 
 

 
Density  
ms/g soil 

Container 
Size (cm3) 0 15 25 

164 3.05axa 2.07ay 1.67az 

66 1.52bx 1.01by 0.87by 
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Table 1.18 Effect of container size and Cylindrocladium parasiticum inoculum density 
(microsclerotia (ms)/g soil) on peanut shoot weight (g). 
 
 
 
 
 
 
 
 
 
aMeans with the same letter beginning with an “a” within columns and an “x” within 
rows are not significantly different at the 5% level. 

 
Density 

 ms/g soil 
Container 
Size (cm3) 0 15 25 

164 11.4axa 8.15ay 6.07az 
66 4.68bx 3.51bx 3.50bx 
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Table 1.19 Effect of container size and week of sampling on peanut shoot weight (g) 
when soil was infested with Cylindrocladium parasiticum. 
 
 
 
 
 
 
 
 
 
aMeans with the same letter beginning with an “a” within columns and an “x” within 
rows are not significantly different at the 5% level. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Week of Sampling 
Container 
Size (cm3) 4 5 6 

164 6.48axa 9.37ay 9.80ay 
66 3.26bx 4.16bx 3.82bx 
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Table 1.20 Effect of week of sampling and Cylindrocladium parasiticum inoculum 
density (microsclerotia (ms)/g soil) on peanut shoot weight (g). 
 
 
 
 
 
 
 
 
 
 
 

aMeans with the same letter beginning with an “a” within columns and an “x” within 
rows are not significantly different at the 5% level. 

 
Density 
ms/g soil 

Week of 
Sampling 0 15 25 

4 5.73axa 4.70ax 4.18ax 
5 9.32bx 6.51ay 5.15ay 
6 9.12bx 6.27ay 5.04ay 
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Table 1.21 Effect of spanish and runner genotypes on peanut taproot necrosisa caused by Cylindrocladium parasiticum in a 
growth chamber. 

aPercent taproot necrosis means as shown were transformed using an arcsine square-root transformation. 
bMeans followed by the same letter were not significantly different (P = 0.05) according to the Waller-Duncan k-ratio test (k 
=100). 

Genotype Market-Type Taproot Necrosis Genotype Market-Type Taproot Necrosis 
Tamrun 98 runner 67.5ab OL 02 runner 42.5e-l 
Tamrun 96 runner 66.1ab OL01 runner 42.1e-l 
Florunner runner 66.0ab OLin spanish 41.9e-l 
Shulamidth runner 61.8abc TX037253-08 spanish 41.3f-l 
NC 7 virginia 61.5abc TX029113 spanish 41.2f-l 
Langley runner 57.4a-d TX029029 spanish 40.5g-l 
TX029262 spanish 56.3a-e TX037278-05 spanish 40.5g-l 
Georgia Green runner 55.5a-f US 224 runner 39.9h-l 
PI 365553 runner 55.1a-g TX037256-02 spanish 39.8h-l 
Flavor Runner 458 runner 53.7b-h Toalson runner 38.3h-l 
TX029052 spanish 50.6c-i TX037280-02 spanish 37.3i-l 
OL 06 runner 49.3c-j TX029275 spanish 36.4i-l 
US 84 runner 48.3c-j TX029053 spanish 36.1i-l 
TX037281-05 spanish 47.0c-k TX037257-04 spanish 35.9i-l 
TX029055 spanish 46.6d-l TX029199 spanish 35.8i-l 
OL07 runner 45.9d-l TX037253-07 spanish 35.7i-l 
TX037278-01 spanish 45.5d-l NC 3033 virginia 35.4jkl 
TX037273-01 spanish 45.4d-l Tamspan 90 spanish 35.0jkl 
TX037257-01 spanish 43.6d-l TX037256-04 spanish 34.9jkl 
TX037273-04 spanish 43.1d-l TX037276-01 spanish 32.6kl 
TX029228 spanish 42.9d-l TX029183 spanish 32.0l 
TX037054-07 spanish 42.7d-l TX029013 spanish 32.0l 
TP 1639-3 runner 42.7d-l TX037255-04 spanish 31.9l 
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Fig. 1.1 Least-square means for peanut root weight (g) at each root rot rating in large 
(164 cm3) or small (66 cm3) containers. 
Common SED = 0.15; df = 48.0; LSD = 0.30.  
Root weights in large and small containers were significantly different at root rot ratings 
1, 2, and 3 at the 5% level.  
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Fig. 1.2 Least-square means for peanut root weight (g) at each root rot rating for week of 
sampling 4, 5, and 6.  
For the comparison of week 4 and week 6, common SED = 0.21; 8.5 df; LSD = 0.47.  
For the comparison of week 5 and week 6, common SED = 0.21; 9.8 df; LSD = 0.47. 
Root weights were significantly different for the comparison between week 4 and week 6 
for root rot ratings 1, 2, and 3 at the 5% level. Root weights were significantly different 
for the comparison between week 5 and week 6 for root rot ratings 1 and 2 at the 5% 
level. 
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Fig. 1.3 Least-square means for shoot weight (g) at each root rot rating for peanut 
genotypes NC 3033 and NC 7.  
Common SED = 0.62; 38 df; LSD = 1.25. 
Shoot weights for genotypes NC 7 and NC 3033 were significantly different at root rot 
rating 2 at 5% level.  
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Fig. 1.4 Least-square means for peanut shoot weight (g) at each root rot rating for large 
(164 cm3) and small (66 cm3) containers.  
Common SED = 0.57; df = 27.1; LSD = 1.18. 
Shoot weights for large and small containers were significantly different at root rot 
ratings 1, 2. 3, and 4 at the 5% level.
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CHAPTER II 

EVALUATING RESISTANCE OF PEANUT (ARACHIS HYPOGAEA L.) 

GENOTYPES TO SCLEROTINIA MINOR (JAGGER) USING DETACHED 

LEAFLET AND STEM ASSAYS AND FIELD SCREENING 

 

INTRODUCTION 

Sclerotinia blight of peanut (Arachis hypogaea L.) is caused by the soil-borne 

fungal pathogen Sclerotinia minor Jagger. Sclerotinia blight of peanut was first reported 

in Virginia in 1971 (25) and has since occurred in Oklahoma (35) and Texas (37).  Losses 

in fields affected by Sclerotinia blight can approach 50% (26).  

Effective strategies for control of Sclerotinia blight include rotation with non-

hosts such as corn and cotton, sanitation, application of fungicides including boscalid, 

dicloran, fluazinam, and iprodione, avoiding high seeding rates, and planting resistant 

genotypes. Increased incidence of Sclerotinia blight has been associated with vine 

damage due to tractor tires (27). Sclerotia, the primary disseminating structures of S. 

minor in peanut, are easily moved through contaminated soil and plant debris lodged in 

farm equipment. These structures are capable of surviving in soil for long periods of time. 

Sclerotia produced by S. minor can germinate either myceliogenically or 

carpogenically, the latter giving rise to apothecia bearing asci. Carpogenic germination is 

not thought to be important in the epidemiology of peanuts because it occurs during 

winter fallow periods (26). Myceliogenic germination is by far the most common form 

observed after peanut planting. Mycelia produced by germinating sclerotia are capable of 

infecting stems, leaves, roots, pegs, and pods. Once infection occurs, the disease often 
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manifests as a mat of cottony white mycelium near the soil line. Subsequent water soaked 

lesions formed on stem tissue become necrotic and in later stages, “bleached” tissue 

begins to shred apart. Species in the Sclerotinia genera produce enzymes including oxalic 

acid, pectinaces, cellulases, and hemicellulases that aid in the breakdown of cell walls 

and the degradation of tissue (19, 21). Sclerotia are produced on and in degraded plant 

tissue and can become inoculum for later infections.  

 Field conditions favoring myceliogenic germination and subsequent infection by 

S. minor include temperatures ranging from 18 to 21 C and humidity levels greater than 

95% (26). In laboratory experiments, optimum conditions for myceliogenic germination 

of S. minor sclerotia on potato dextrose agar (PDA) and detached peanut leaflets occurred 

at temperatures between 20 and 25 C with initial conditions approaching 100% relative 

humidity (R.H.) for at least 12 hours (10). A similar study on agar media using Texas 

isolates reported an optimum range for germination between 18 to 26 C, with optimum 

mycelial growth occurring between 24 and 26 C (37). In a laboratory study using field 

soil, Smith (33) reported optimum sclerotial germination at 30 C and maximum mycelial 

growth at 18 or 22 C. Sclerotial germination can also be stimulated by volatile chemicals 

produced from senesced peanut leaves (14). 

Field resistance to Sclerotinia blight involves multiple factors. Plant canopy 

architecture is an avoidance mechanism that affects inner canopy temperature and 

moisture conditions that affect myceliogenic germination and subsequent infection of 

plant tissue. Canopy architecture, as a means of pathogen avoidance, has been identified 

in other hosts including lettuce (23) and bean (30). Davidson et al. (9) observed that lush 

vine growth and moist conditions that lowered temperatures inside the plant canopy 
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below the dew point increased the incidence of soil borne pathogens. This result 

correlates with data obtained in Virginia, where Phipps (24) observed that outbreaks of 

Sclerotinia blight coincided with rainfall events when vines were within 15 cm of closing 

rows. Dense growth allowed infection to occur despite average high temperatures of 32 C 

proceeding disease outbreaks.  

Subsequent research confirmed that canopy modification affects environmental 

factors near the plant crown and Sclerotinia blight incidence in peanuts. Dow et al. (11) 

determined that canopy thinning decreased relative humidity, soil moisture, and disease 

development in a susceptible peanut genotype. Bailey and Brune (2) confirmed the effect 

of pruning on disease incidence in NC 7, a susceptible genotype with a dense canopy. 

Further investigation by Butzler et al. (5) determined that the removal of the top third of 

dense canopied genotypes and VA 93B (a sparse canopied genotype) reduced disease. 

However, pruning sparse canopied spanish genotype Tamspan 90 did not reduce disease 

levels. Soil moisture was generally lower under Tamspan 90 than the denser canopied 

genotypes. 

 Coffelt and Porter (8) identified canopy architecture variation in genotypes 

exhibiting resistance to Sclerotinia blight. Resistant genotypes had less canopy density 

and a more erect growth habit compared to susceptible genotypes, which reduced the 

number of lateral stems with soil contact. Plant architecture as a means of pathogen 

avoidance is clearly an important mechanism of resistance in spanish peanuts, which 

generally have a more open, upright canopy compared to runner and virginia plant types. 

Research indicated the presence of multiple types of resistance in spanish genotypes 

including physiological factors (8, 13, 36). These physiological resistance factors include 
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phytoalexin induction, waxy leaf cuticles, and thick cortical cells in stems (19, 28). A 

newly developed runner genotype, Tamrun OL07, has a high level of resistance to 

Sclerotinia blight in field environments (3). 

 Greenhouse or laboratory experiments allow for the screening of breeding lines 

for physiological resistance using limited amounts of space in a short time period (4). 

Detached stem assays have been developed to screen for resistance to Sclerotinia spp. in 

various crops including alfalfa (29), sunflower (31), and soybean (7). Laboratory 

experiments used to screen plant parts for resistance to Sclerotinia spp. have varied in 

both protocol and results obtained. Chun et al. (7) found that disease levels of soybean in 

the field were not strongly correlated with results in a detached stem assay. Melouk et al. 

(22) devised an assay in which stems were detached from greenhouse grown peanuts 

plants, placed in a nutrient solution, inoculated with plugs of S. minor, and lesion length 

measured. A reduced rate of lesion expansion indicated physiological resistance, which 

was significantly correlated with field resistance. A similar test, developed by Brenneman 

et al. (4) to test for fungicide efficacy, required wounding for successful inoculation of 

detached stems with plugs of S. minor.  

A significant relationship existed between greenhouse and field data when 

Goldman et al. (13) compared disease resistance for genotypes resulting from crossing 

resistant spanish genotype Tamspan 90 and runner germplasm using a stem inoculation 

method developed by Melouk et al. (22). Chappell et al. (6) compared the use of 

greenhouse grown stems and field grown stems using a detached stem assay to evaluate 

virginia genotypes for resistance to S. minor. Significant differences among varieties 
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were observed only on field grown stems and were greater in magnitude using non-

wounded stems.  

A detached leaflet assay is another method by which differences in physiological 

resistance may be identified. Detached leaf assays have been used to evaluate resistance 

to Sclerotinia spp. in soybean (1, 17), alfalfa (28) and peanut (38) and to Rhizoctonia 

solani in peanut (12). Hollowell and Shew (16) used a detached peanut leaflet assay to 

evaluate the aggressiveness of S. minor isolates and host resistance. Leaflets were 

inoculated with plugs of S. minor cultures under moist conditions. The results, using 

virginia types, yielded a correlation coefficient of 0.57 (P = 0.11) between field disease 

incidence and leaf lesion area. A recent laboratory study by Smith (33) compared 

resistance levels of a limited number of virginia peanut genotypes using stem, leaflet, and 

peg inoculations with plugs of S. minor. Leaflets and pegs were more susceptible to S. 

minor than ligneous tissues found in stems. Only the detached leaflet assay distinguished 

both partially resistant genotypes tested from a highly susceptible genotype.  

Spanish and runner-type peanuts, which are the two most commonly grown 

market-types in Texas, have not been tested using a detached leaflet assay. Questions still 

remain as to the efficacy of stem tests in evaluating peanut genotypes for physiological 

resistance to S. minor. Field tests can detect resistance, but do not differentiate between 

true physiological resistance and avoidance mechanisms and are often highly variable 

due to differences in inoculum levels throughout a field. Peanut breeders need a test that 

can consistently distinguish genotypes with some level of resistance from highly 

susceptible genotypes in early generation screenings.  
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In any research program utilizing disease resistance screening, understanding 

genetic variability in the pathogen population is important. Very little work has been 

done to understand genetic diversity within S. minor.  Henry (15) collected over 200 

isolates of S. minor in Texas and identified 50 unique genotypes among these isolates 

using microsatellite markers. Genotypes labeled TX1 and TX2 represent 48 and 14% of 

Texas isolates, respectively. Aggressiveness of isolates was determined with a detached 

leaflet assay using runner genotype Tamrun 96. A wide range of lesion expansion 

(aggressiveness) was seen for different isolates of the TX1 and TX2 genotypes. An 

aggressive isolate could infect greater than 50% of leaflet tissue within 48 hr, while a 

moderately aggressive isolate could infect approximately 25% of leaflet tissue within the 

same time period. Weak isolates infected less than 10% of leaflet tissue. 

The objective of this research was to evaluate the effectiveness of detached leaflet 

and stem assays in predicting field resistance to S. minor in runner, spanish, and bunch-

type peanuts. Runner and bunch-type runner genotypes were the result of a cross between 

spanish-type BSS56 and moderately resistant runner genotype Tamrun OL01 (32). 

Bunch-type runner genotypes have maturity characteristics of a runner peanut, but plants 

resemble virginia market-types phenotypically. Bunch-types lack flowers on the main 

stem and have a spreading growth habit, but are more upright than runner market-types. 

Within the main objective, three isolates of S. minor were evaluated for their ability to 

cause disease in leaf and stem assays. One aggressive and one moderately aggressive 

isolate represented the TX1 genotype and an aggressive isolate represented the TX2 

genotype. 
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MATERIALS AND METHODS 

Disease rating in the field 

Field testing of peanut breeding lines occurred at the Texas Agricultural 

Experiment Station research farm in Stephenville, TX in 2006.  High-oleic spanish, 

runner, and bunch-type runner genotypes were planted in separate tiers in the field. Plots 

were two rows wide and 3.05 m long with 1.83 m alleys separating plots. The soil at the 

test had a natural infestation of S. minor. Plots received an additional inoculation in 

September 2006 with a highly aggressive isolate of genotype TX1 designated e1750, 

which was grown on autoclaved oat grains. Disease severity ratings, which were the 

percentage of whole plots affected by Sclerotinia blight, were recorded on 6 November 

2006. 

Each test was arranged in a randomized complete block design with three 

replications. Data from the spanish, bunch, and runner field tests were analyzed 

separately. Percentage disease severity values were converted to proportions (disease 

severity/100) and arcsine square-root transformed to stabilize variances before analysis. 

Analysis of variance (P = 0.05) was performed using Proc GLM of SAS (SAS Institute, 

Ver. 9.1, Cary, NC) on transformed disease severity values and means were separated by 

Waller-Duncan k-ratio test (k = 100, which approximates α = 0.05) where appropriate.  

Detached leaflet assay 

 In the first of two trials, 26 spanish high-oleic genotypes, nine runner genotypes 

and seven bunch-type genotypes were tested. Spanish genotypes were compared to highly 

resistant spanish genotype Tamspan 90 (34), moderately resistant genotype OLin, and 

Spanco, which has limited resistance (13). Runner genotypes were compared to 
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moderately resistant runner genotype Tamrun OL01, highly resistant genotype Tamrun 

OL07, and susceptible genotype Florunner (13). Bunch-type genotypes were compared to 

Tamrun OL07, Florunner, and spanish parent line BSS56. In the second trial, six spanish 

high-oleic genotypes, five runner genotypes, and five bunch-type genotypes were tested. 

Spanish genotypes were challenged with e1750, and an aggressive isolate of genotype 

TX2, designated as w40. Runner and bunch-type genotypes were challenged with e1750 

and a moderately aggressive isolate of TX1 designated as e1105. The aggressive w40 

isolate of genotype TX2 was also tested with runner and bunch-type genotypes. 

Peanut seeds were pre-germinated in moist vermiculite for 36 hr before 

transplanting into 164 cm3 cone containers (3.8 x 21 cm, SC-10 Super Cell, Cone-

tainersTM, Stuewe & Sons, Inc., Corvallis, OR) containing a 2:1 mixture of sand 

(Quikrete® play sand, Quikrete Companies, Atlanta, GA) to potting soil (Miracle-Gro® 

potting mix, Scotts Miracle-Gro, Marysville, OH) . The pre-germinated peanuts were 

planted with the upper 25% of the seed exposed. The top of the seed testa was then split 

using a razor blade. Peanut seedlings were incubated in a growth chamber at 27 C for 3 to 

4 weeks. Plants were watered as needed with deionized water.  

 In initial experiments, peanut leaves were collected from random locations on the 

peanut plant. This procedure produced inconsistent results, therefore in subsequent tests 

only the second fully expanded leaf from the apex of plants was used. Glass petri plates 

(100 mm diameter) were lined with filter paper (Fisherbrand® P8 filter paper, Thermo 

Fisher Scientific Inc., Waltham, MA) and moistened with 1.5 ml of deionized water. 

Direct contact with the moistened filter paper was avoided by separating four leaflets 

from a single fully expanded leaf and placing the adaxial side upward on wire mesh 
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supported by a 4 cm diameter washer placed in the center of a glass plate. The leaflets 

were moistened using a spray gun (Preval, Precision Valve Corporation, Yonkers, NY) 

containing deionized water and a surfactant (7.5 µl Tween® 80, Croda Inc, Edison, NJ, 

per 100 ml) to increase contact between the water droplets and the leaf surface. 

 Sclerotia were placed on water agar and allowed to germinate at 23 C. Plugs of 

mycelia from actively growing cultures were transferred to PDA plates and grown for 48 

hr at 23 C. Plugs (3.5 mm for spanish leaves, 2 mm for smaller runner leaves) were taken 

from the leading edge of actively growing cultures. A single plug was placed facedown in 

the center of each leaflet. The glass plates were placed in polyethylene containers sealed 

with a lid and lined with moist paper towels. Inoculated leaflets were incubated at 23 C 

for 48 hr after inoculation.  

After incubation, each set of leaflets for a particular treatment was placed on a 

scanner by replication (Scanjet 4850, Hewlett-Packard Company, Palo Alto, CA) and the 

image was saved as a tif file with 300 dots per square inch (DPI) resolution. The file was 

then analyzed using APS Assess image analysis software (American Phytopathological 

Society, St. Paul, MN) (18) to determine the area of the leaflets and lesions. Percentage 

of total leaf area affected by S. minor was recorded and converted to a proportion.  

An experimental unit was a glass plate containing four inoculated leaflets from a 

single leaf arranged in a randomized complete block design (RCBD) with four 

replications. The experiment was repeated. Analysis of variance was performed to test the 

effect of genotype on leaflet area affected by S. minor and the interaction between 

genotype response and trial using Proc GLM of SAS at the 5% level. Means were 

separated by the Waller-Duncan k-ratio test (k = 100) where appropriate. Linear 



Texas Tech University, Jeffrey Wilson, May 2008 

 57

regression using Proc REG of SAS was used to describe the relationship between mean 

disease severity (field ratings) and leaflet area affected by S. minor in detached leaflet 

assays where indicated by a significant treatment effect in the analysis of variance model. 

Proportion leaflet area affected by S. minor was subjected to an arcsine square-root 

transformation to stabilize the variances of the data before analysis.  

Detached stem assay 

 In the first of two trials, nine spanish high-oleic genotypes, eight runner 

genotypes, and seven bunch-type genotypes were tested. Spanish genotypes were 

compared to resistant spanish genotype Tamspan 90, susceptible genotype Starr (36), and 

Spanco, which has limited resistance. Runner genotypes were compared to moderately 

resistant runner genotype Tamrun OL01, highly resistant genotype Tamrun OL07, and 

susceptible genotype Florunner. Bunch-type genotypes were compared to Tamrun OL07, 

Florunner, and spanish parent line BSS56. In the second trial, five spanish high-oleic 

genotypes, five runner genotypes, and five bunch-type genotypes were tested. All 

breeding lines were challenged with an aggressive isolate of S. minor genotype TX2 

designated w40 because isolates e1750 and e1105 colonized stem tissue inconsistently 

for the same peanut genotypes in preliminary experiments.  

 Peanut seeds were pre-germinated and transplanted as described previously. 

Plants were incubated in a growth chamber at 27 C for 3 weeks and were moved into a 

greenhouse for an additional 2 to 3 weeks. Plants were watered as needed and fertilized 

on a weekly basis starting at 4 weeks using a solution of water-soluble 20-20-20 fertilizer 

(Peter’s Professional®, The Scotts Company, Marysville, OH).  
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 The lower portion of the main stem of 5-to-6 week old plants was detached and 

cut to form a 12-cm long segment with a node in the center. All petioles present were 

removed at their juncture with the main stem. The lower 3 cm of the stem was placed in 

moistened sieved (850 µm opening) sand (Quikrete® play sand) in a test tube (18 x 150 

mm), leaving the upper 9 cm exposed. Sclerotia were placed on water agar at 23 C. Plugs 

of mycelia from actively growing cultures were transferred to PDA plates and grown for 

48 hr at 23 C. Plugs 3.5 mm in diameter were taken from the leading edge of actively 

growing cultures and encased in 3.5-mm diameter plastic tubes made from pipette tips. A 

2.5-cm sterilized sewing needle was placed in the center of the plug and through the stem 

at the wounded center node to bring the plug in direct contact with the stem. Data from 

preliminary tests using non-wounded stems with intact petioles were highly variable. 

 The test tubes were placed in racks in a dew chamber set at 20 C which produced 

100% humidity for 20 hr and 4 hr of drying in a 24 hr cycle. Daily for 6 days starting 

approximately 24 hr after the beginning of the experiment, lengths of collapsed, lesioned 

tissues were measured and the ratio of stem lesion length to exposed stem was calculated. 

Using these ratios, area under the disease progress curve (AUDPC) was calculated 

according to the formula: 

AUDPC = Σ [(yj + yj+1)/2][(tj+1 - tj)] 

where t = time in days, i = 0…n, and yj = proportion tissue affected on day i (20).  

The experiment was arranged in a randomized complete block design with six 

replications and was repeated. Stems that only produced superficial, non-expanding 

lesions at the point where the plug contacted the stem were regarded as missing values. 

Analysis of variance using Proc GLM of SAS was performed to test the effect of 

n-1 

i=1 
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genotype and the interaction between genotype and trial on AUDPC values and on daily 

length measurements at the 5% level. Linear regression using Proc REG of SAS was used 

to describe the relationship between mean disease severity values (field ratings) and 

AUDPC values or mean daily lesion length values where indicated by a significant 

treatment effect in the analysis of variance model.  

Stepwise multiple linear regression analysis (Proc STEPWISE of SAS) was used 

to determine whether the detached leaflet assay, detached stem assay, or both could be 

used to predict peanut genotype differences in the field. The variables for the stepwise 

procedure included the TX1 aggressive isolate e1750, TX1 moderately aggressive isolate 

e1105, TX2 aggressive isolate w40, (all with the detached leaflet assay), and detached 

stem assay with the w40 isolate. 

 

RESULTS 

There were significant differences in disease caused by S. minor for spanish 

(Table 2.1), runner (Table 2.2), and bunch (Table 2.3) genotypes in the field screening. 

The susceptible checks in these tests had more disease than most genotypes tested. Two 

high-oleic spanish genotypes designated TX037256-02 and TX029113 were numerically 

equal to Tamspan 90 in S. minor disease severity ratings and were not significantly 

different than resistant NC 3033 in the C. parasiticum growth chamber screening. For 

both spanish and bunch-types, both the detached leaflet (Figs. 2.1, 2.2) and stem assays 

(Fig. 2.3), with all isolates tested, were unable to accurately predict field resistance. 

Detached leaflet assays for runner genotypes: In analysis of variance models for detached 

runner leaflets with all isolates tested, interactions between genotype and trials were not 
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significant, therefore data were combined for analysis. For runner genotypes used in two 

trials (32 leaflets evaluated for each genotype), there was a positive correlation between 

the detached leaflet assays and field ratings with both the aggressive (P = 0.004, R2 = 

0.96), and moderately aggressive (P = 0.009, R2 = 0.93) isolates of genotype TX1 (Fig. 

2.4). With the aggressive TX2 isolate, the correlation was not significant at the 5% level 

but was significant at 15%. Both TX1 isolates distinguished between the two resistant 

and susceptible runner genotypes (Table 2.4). The e1750 isolate distinguished moderately 

genotype TX036903 from susceptible genotype TX036940, but TX03903 was not 

significantly different than the other three genotypes tested. The e1105 isolate 

distinguished TX036903 from resistant genotype TX036920, but TX03903 was not 

significantly different than the other three genotypes tested. When analysis of variance 

was performed on a single trial, there was no significant genotype effect for runner 

market-types. Results from the larger first trial using runner, spanish, and bunch-types are 

found in Appendix C.  

Detached stem assays for runner genotypes: In the analysis of variance for runner 

AUDPC values, the interaction between genotype and trials was not significant, therefore 

pooled data were analyzed. The relationship between percent disease severity (field 

rating) and combined AUDPC values was significant (P = 0.03, R2 = 0.84). The equation 

for the combined AUDPC was percent disease severity = 36.1(AUDPC) (Fig. 2.5). Only 

the TX2 isolate was used in these assays since other isolates were not consistently 

pathogenic on stems under the environmental conditions in the dew chamber. 

The analysis of variance models for lesion length as affected on observations days 

two and three were significant when lesion length means were combined from both trials. 
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Regression relationships between disease severity and combined lesion length means 

were also significant for day 2 (P= 0.007, R2 = 0.93), where percent disease severity = 

35.0(lesion length) and day 3 (P = 0.03, R2 = 0.83), where percent disease severity = 

18.8(lesion length) (Fig. 2.6). For these analyses, a single trial with six replications also 

had significant genotype differences, so number of replications was sufficient in this 

assay (Appendix D).   

 Model to predict field ratings based on both detached leaflet and stem assays: 

The first model contained means from the detached leaflet assays (averaged over two 

trials) and from the detached stem assay on observation day 2 (averaged over two trials) 

for runner market-types. The second model contained means from the detached leaflet 

assays (averaged over two trials) and from the detached stem assay on observation day 3 

(averaged over two trials) for runner market-types. Both stepwise models eliminated all 

variables except the leaflet assay using the aggressive isolate of the TX1 S. minor 

genotype (P = 0.004, R2 = 0.96), where the equation was percent disease severity = 

2.4(percent leaflet area affected by S. minor). 

 

DISCUSSION 

The ability to accurately predict field response with quick, reproducible results is 

essentially the ultimate goal of any greenhouse/laboratory disease screening program. 

The results presented here indicate the accuracy of detached peanut stem and leaflet 

assays in predicting field resistance to Sclerotinia blight was a function of market-type 

and S. minor genotype used to screen plant material. Physiological mechanisms that may 

exist in spanish and bunch-type peanuts were not expressed when tissues were challenged 
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by S. minor in detached leaflet and stem assays. Resistance mechanisms in spanish and 

bunch-type leaf and stems tissues may be overwhelmed in these severe tests, or 

differences in cell wall, cuticle, or other tissues may not exist in greenhouse grown 

plants. In any case, primary resistance mechanism in spanish peanuts seems to be related 

to plant architecture. 

  Detached leaflet values were highly correlated with runner field disease values 

using both the aggressive and moderately aggressive isolates of S. minor genotype TX1, 

but results were not significantly correlated with the aggressive isolate of genotype TX2. 

Stem assay results were only repeatable using the aggressive genotype TX2 since TX1 

isolates were not pathogenic on the stems after one initial trial (i.e. they were pathogenic 

early on but lost pathogenicity). Virulence of genotype TX2 declined across all 

experimental factors in the second runner and bunch-type stem trials, which were the last 

two tests performed (Appendix B). 

As with the C. parasiticum isolate in the first chapter, changes in virulence in S. 

minor in runner and bunch-types may have occurred as a result of repeatedly renewing 

the isolate on stem tissue before performing the final two experiments. S. minor 

genotypes may differ in their ability to infect different types of plant tissues such as 

leaflet and main stems. Further investigation is needed to determine if genetic diversity 

within the S. minor population may also contribute to host specificity in S. minor 

genotypes. 

 Previous results have reported moderate correlations between field and detached 

leaflet assays with virginia peanut types (16, 33). In our experiments, there was not a 

significant relationship between runner field tests and detached leaflet assays in any of 
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the first trial data sets. Coefficient of determination values in the regression model for the 

detached leaflet assays using runner genotypes challenged with both isolates of S. minor 

genotype TX1 improved significantly when data from both trials were combined. 

Sclerotia were not renewed on leaflet tissue between trials, therefore improvement in 

results between trials may have been the result of a number of factors, including subtle 

changes in techniques and the intrinsic variability in leaflet response to inoculation. 

When combined detached leaflet assay means for runner-types were compared, 

differences between resistant and susceptible genotypes were significant for both TX1 S. 

minor isolates. However, intermediate genotype TX036903 was not distinguished from 

both resistant and susceptible genotypes for either TX1 isolate. Intermediate genotypes 

would be difficult to distinguish in this test because the magnitude of the differences 

between resistant and susceptible types was low.  

The coefficients of determination in the runner stem lesion length and AUDPC 

regression models also improved when the two trials were combined, but were lower than 

those for the significant detached leaflet assays. The regression model for lesion lengths 

obtained on observation day 2 had a higher coefficient of determination than day 3 lesion 

lengths or mean AUDPC. Recording observations for 2 days were much quicker and 

convenient verses obtaining AUDPC values, which were calculated over 6 days of 

observation. 

Our results indicate runner peanut genotypes can be accurately screened for 

resistance to S. minor in both detached leaflet and stem assays. The stepwise regression 

model indicated the detached leaflet assay using the aggressive isolate of S. minor 

genotype TX1 was the most important predictor of field disease values. Detached leaflet 
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assays are a rapid and straightforward method that can be useful in screening large 

numbers of early generation runner peanut breeding lines. Although runner leaflets 

challenged with the aggressive isolate of S. minor genotype TX2 were not a highly 

accurate predictor of field disease response, the relationship between detached leaflet 

assays and field disease severity could change if more runner genotypes were evaluated.  

Detached leaflet assays required only one trial consisting of six replications and 

one day of observations to obtain a significant correlation with field results. A slightly 

longer time period is required to detach and inoculate a peanut stem verses one set of four 

leaflets. However leaflet assays required at least 32 individual leaves (eight replications 

per treatment) for significant results, therefore the time needed to complete a stem assay 

treatment is roughly equivalent to that of a detached leaflet. In addition, additional time is 

required to scan and analyze the detached leaflet verses taking a simple lesion length 

measurement on stems. 

 Inoculating a detached stem with a plug of S. minor requires some amount of 

practice and skill and must be done very carefully to ensure maximum contact between 

the stem and the plug. In spite of these efforts, a few stems only developed superficial 

lesions, which in our tests were regarded as missing data values. This phenomenon was 

observed by Melouk et al. (22) with peanut stems inoculated with S. minor and was 

thought to be a resistance response in the stems. In both trials, the TX1 S. minor isolates 

produced more of these superficial lesions on stems than the TX2 isolate. Measurable 

lesions were produced by S. minor on detached leaflets in our tests nearly 100% of the 

time with all isolates used.  
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Table 2.1 Effect of spanish peanut genotypes on Sclerotinia blight severitya in 
Stephenville, TX, 2006. 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

aDisease severity values as shown are untransformed, however mean separation letters 
are based on transformed analysis. Disease severity, which is the percentage of whole 
plots affected by Sclerotinia blight, ranged from 0 to 100 with 0 = no visual symptoms 
and 100 = all plants dead. 
bMeans followed by the same letter were not significantly different (P = 0.05) according 
to the Waller-Duncan k-ratio test (k = 100).  
 

Genotype Disease 
Severity 

F435 86.7ab 

Spanco 73.3b 
TX037253-08 66.7bc 
TX029052 60.0bcd 
TX029228 60.0bcd 
TX037273-01 56.7cde 
TX037253-01 56.7cde 
TX029183 56.7cde 
TX029055 56.7cde 
TX037257-04 56.7cde 
TX02929 56.7cde 
TX037281-05 56.7cde 
TX029013 56.7cde 
TX037273-04 56.7cde 
TX029199 53.3cde 
TX037255-04 53.3cde 
TX037256-04 53.3cde 
TX037280-02 53.3cde 
OLin 50.0de 
TX029275 50.0de 
TX037257-01 50.0de 
TX029053 50.0de 
TX037278-01 50.0de 
TX037254-07 46.7de 
TX037276-01 46.7de 
TX037278-05 46.7de 
TX029113 43.3e 
TX029262 43.3e 
TX037256-02 43.3e 
Tamspan 90 43.3e 
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Table 2.2 Effect of runner peanut genotypes on Sclerotinia blight severitya in 
Stephenville, TX, 2006. 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

aDisease severity values as shown are untransformed, however mean separation letters 
are based on transformed analysis. Disease severity, which is the percentage of whole 
plots affected by Sclerotinia blight, ranged from 0 to 100 with 0 = no visual symptoms 
and 100 = all plants dead. 
bMeans followed by the same letter were not significantly different (P = 0.05) according 
to the Waller-Duncan k-ratio test (k = 100).  

Genotype Disease 
Severity 

BSS56 76.7ab 
NC 7 76.7a 
TX036940 66.7ab 
TX036901 66.7ab 
Florunner 66.7ab 
TX036925 63.3abc 
TX977235 63.3abc 
TX972505 63.3abc 
TX966205 60.0bcd 
TX036931 60.0bcd 
TX036812 56.7b-e 
TX036933 53.3b-f 
TX036937 53.3b-f 
TX036911 53.3b-f 
TX036903 50.0c-g 
TX036934 50.0c-g 
TX036938 50.0c-g 
TX036924 50.0c-g 
TX036923 50.0c-g 
TX036932 50.0c-g 
TX036914 46.7d-h 
TX036904 46.7d-h 
TX036939 43.3e-h 
TX036926 40.0fgh 
TX036915 40.0fgh 
TX036910 36.7ghi 
TX037103 33.3hi 
TX036922 33.3hi 
TX036920 33.3hi 
TX036912 23.3i 
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Table 2.3 Effect of bunch-type peanut genotypes on Sclerotinia blight severitya in 
Stephenville, TX, 2006 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

aDisease severity values as shown are untransformed, however mean separation letters 
are based on transformed analysis. Disease severity, which is the percentage of whole 
plots affected by Sclerotinia blight, ranges from 0 to 100 where 0 = no visual symptoms 
and 100 = all plants dead. 
bMeans followed by the same letter were not significantly different (P = 0.05) according 
to the Waller-Duncan k-ratio test (k = 100).  

Genotype Disease 
Severity 

Florunner 93.3ab 
BSS56 86.7b 
NC 7 83.3b 
TX036861 83.3b 
Spanco 70.0c 
TX036872 66.7cd 
TX037120 63.3cde 
TX036864 60.0cde 
TX036801 60.0cde 
TX036868 56.7c-f 
TX036871 53.3d-g 
TX036863 50.0e-h 
TX036866 43.3f-i 
TX036879 43.3f-i 
TX036878 43.3f-i 
TX036865 43.3f-i 
Tamspan 90 40.0ghi 
TX036869 36.7hi 
TX036874 33.3i 
TX036877 30.0i 
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Table 2.4 Effect of runner peanut genotypes on Sclerotinia blight severitya in 
Stephenville, TX, 2006 and on percentage leaflet areab affected by Sclerotinia minor in 
detached leaflet assays. 

 
aDisease severity as shown are untransformed, however mean separation letters are based 
on transformed analysis. Disease severity, which is the percentage of whole plots affected 
by Sclerotinia blight, ranges from 0 to 100 where 0 = no visual symptoms and 100 = all 
plants dead. 
bAffected leaflet area values as shown are untransformed, however mean  separation 
letters are based on transformed analysis. Percent affected leaflet area was calculated 
according to the formula: (lesion area / leaflet area)*100. 
cMeans followed by the same letter were not significantly different (P = 0.05) according 
to the Waller-Duncan k-ratio test (k = 100).  
 
 

   Leaflet Assay  

Genotype Disease 
Severity TX1 e1750 TX1 e1105 TX2 w40 

TX036940 66.7ac 67.18a 49.20a 40.91ab 
TX036901 66.7a 65.52ab 45.84a 48.86a 
TX036903 50.0b 57.86bc 41.83ab 34.86bc 
TX036922 33.3c 54.44c 34.10bc 29.10c 
TX036920 33.3c 51.77c 37.39c 38.83bc 
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Fig. 2.1 Relationship between Sclerotinia blight severitya in the spanish peanut field test 
and affected leaflet areab values from detached leaflet assays using the aggressive isolate 
(e1750) of Sclerotinia minor genotype TX1 and the aggressive isolate (w40) of S. minor 
genotype TX2. 
aDisease severity, which is the percentage of whole plots affected by Sclerotinia blight, 
ranges from 0 to 100 where 0 = no visual symptoms and 100 = all plants dead. 
bAffected leaflet area was calculated according to the formula: (lesion area 
/ leaflet area)*100. 
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Fig. 2.2 Relationship between Sclerotinia blight severitya in the bunch-type peanut field 
test and affected leaflet areab values from detached leaflet assays using the aggressive 
(e1750) and moderately aggressive (e1105) isolates of Sclerotinia minor genotype TX1 
and the aggressive (w40) isolate of S. minor genotype TX2. 
aDisease severity, which is the percentage of whole plots affected by Sclerotinia blight, 
ranges from 0 to 100 where 0 = no visual symptoms and 100 = all plants dead. 
bAffected leaflet area was calculated according to the formula: (lesion area 
/ leaflet area)*100.

0

10

20

30

40

50

60

70

80

90

20 30 40 50 60 70

TX1 e1105 TX1 e1750 TX2 w40

D
is

ea
se

 S
ev

er
ity

 (%
) 

Affected Leaflet Area (%) 



Texas Tech University, Jeffrey Wilson, May 2008 

 75

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.3 Relationship between Sclerotinia blight severitya in the spanish and bunch-type 
peanut field tests and area under the disease progress curveb (AUDPC) values obtained 
from detached stem assays. 
aDisease severity, which is the percentage of whole plots affected by Sclerotinia blight, 
ranges from 0 to 100 where 0 = no visual symptoms and 100 = all plants dead. 
bAUDPC values were calculated according to the formula: 

AUDPC = Σ [(yj + yj+1)/2][(tj+1 - tj)] 

where t = time in days, i = 0…n, and yj = proportion tissue affected on day i. 
 

0

10

20

30

40

50

60

70

80

90

0 0.5 1 1.5 2 2.5 3

spanish bunch-type

AUDPC 

D
is

ea
se

 S
ev

er
ity

 (%
) 

n-1 

i=1 



Texas Tech University, Jeffrey Wilson, May 2008 

 76

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.4 Relationship between Sclerotinia blight severitya in the runner peanut field test 
and affected leaflet areab values from detached leaflet assays using the aggressive (e1750) 
and moderately aggressive (e1105) isolates of Sclerotinia minor genotype TX1 and the 
aggressive (w40) isolate of S. minor genotype TX2. The equation is percent disease 
severity = 2.4(percent leaflet area affected by S. minor) for the e1750 isolate and was 
percent disease severity = 2.6(percent leaflet area affected by S. minor) for the e1105 
isolate. 
aDisease severity, which is the percentage of whole plots affected by Sclerotinia blight, 
ranges from 0 to 100 where 0 = no visual symptoms and 100 = all plants dead. 
bAffected leaflet area was calculated according to the formula: (lesion area 
/ leaflet area)*100. 
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Fig. 2.5 Relationship between Sclerotinia blight severitya in the runner peanut field test 
and area under the disease progress curveb (AUDPC) values obtained from detached stem 
assays. The equation is percent disease severity = 36.1(AUDPC).  
aDisease severity, which is the percentage of whole plots affected by Sclerotinia blight, 
ranges from 0 to 100 where 0 = no visual symptoms and 100 = all plants dead. 
bAUDPC values were calculated according to the formula: 
 

AUDPC = Σ [(yj + yj+1)/2][(tj+1 - tj)] 

where t = time in days, i = 0…n, and yj = proportion tissue affected on day i. 
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Fig. 2.6 Relationship between Sclerotinia blight severitya in the runner peanut field test 
and detached stem assay lesion length values for observation days 2 and 3. The equations 
are percent disease severity = 35.0(lesion length) for day 2 and percent disease severity = 
18.8(lesion length) for day 3. 
aDisease severity, which is the percentage of whole plots affected by Sclerotinia blight, 
ranges from 0 to 100 where 0 = no visual symptoms and 100 = all plants dead. 
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APPENDIX A 
 

DESCRPITIVE STATISTICS: CYLINDROCLADIUM PARASITICUM GROWTH 
CHAMBER PROTOCOL 
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Table A.1 Number of observations (N), mean root rot ratingsa, and standard deviation (SD) values for all levels of each 
experimental factor including peanut genotype (GN), Cylindrocladium parasiticum inoculum density (DN), container size 
(CN), and week of sampling (WK).  
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
aRoot rot ratings ranged from 0 to 5 with 0 = healthy root system with no lesions present, 1 = few lesions on secondary roots 
only with no visible reduction in secondary root volume, 2 = lesions present on secondary roots and few lesions on taproot 
with few secondary roots absent, 3 = lesions present on most secondary roots and on taproot with a visible reduction in 
secondary root and taproot volume, 4 = majority of taproot and secondary root system necrotic with most of secondary root 
system absent, and 5 = total root necrosis with most of taproot and secondary roots absent. 
 
 
 

Trial I Trial II 

Factor Level N Mean SD Factor Level N Mean SD 

GN NC 7 134 1.92 1.59 GN NC 7 138 2.90 2.18 

 NC 3033 143 1.05 0.96  NC 3033 140 1.84 1.70 

DN 0 91 0.01 0.11 DN 0 95 0.00 --- 

 15 93 1.84 0.90  15 92 3.50 1.40 

 25 93 2.53 1.19  25 91 3.68 1.30 

CN 66 133 1.56 1.40 CN 66 138 2.68 2.12 

 164 144 1.38 1.35  164 140 2.05 1.88 

WK  4 94 1.32 1.18 WK 4 91 2.39 2.00 

 5 94 1.50 1.46  5 94 2.28 2.08 

 6 89 1.60 1.46  6 93 2.43 2.01 
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Table A.2 Number of observations (N), mean percent taproot necrosis, and standard deviation (SD) values for all levels of 
each experimental factor including peanut genotype (GN), Cylindrocladium parasiticum inoculum density (DN), container size 
(CN), and week of sampling (WK).  
 
 
 
 
 
 
 
 
 

Trial I Trial II 

Factor Level N Mean SD Factor Level N Mean SD 

GN NC 7 134 55.97 41.41 GN NC 7 138 61.96 45.82 

 NC 3033 143 39.76 32.85  NC 3033 140 48.29 40.46 

DN 0 91 0.06 0.52 DN 0 95 0.00 --- 

 15 93 66.13 21.50  15 92 81.85 23.15 

 25 93 75.59 22.48  25 91 85.50 21.36 

CN 66 133 50.87 38.49 CN 66 138 59.28 45.12 

 164 144 44.58 37.51  164 140 50.93 41.93 

WK  4 94 38.62 31.81 WK 4 91 51.21 42.21 

 5 94 49.41 39.18  5 94 54.36 43.64 

 6 89 55.28 41.21  6 93 59.57 45.13 
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Table A.3 Number of observations (N), mean percent secondary root necrosis, and standard deviation (SD) values for all 
levels of each experimental factor including peanut genotype (GN), Cylindrocladium parasiticum inoculum density (DN), 
container size (CN), and week of sampling (WK).  
 
 
 
 
 
 
 
 
 
 

Trial I Trial II 

Factor Level N Mean SD Factor Level N Mean SD 

GN NC 7 134 24.40 27.63 GN NC 7 137 54.60 44.31 

 NC 3033 143 9.06 13.69  NC 3033 140 25.29 34.42 

DN 0 91 0.00 --- DN 0 94 0.00 --- 

 15 93 18.60 16.78  15 92 59.78 38.49 

 25 93 30.48 28.57  25 91 60.66 38.18 

CN 66 133 18.68 23.99 CN 66 138 47.79 44.68 

 164 144 14.44 21.67  164 139 31.84 38.08 

WK  4 94 12.98 15.85 WK 4 91 37.25 40.83 

 5 94 17.82 26.17  5 94 39.04 43.92 

 6 89 18.76 25.13  6 93 43.04 41.95 
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Table A.4 Number of observations (N), mean root weight, and standard deviation (SD) values for all levels of each 
experimental factor including peanut genotype (GN), Cylindrocladium parasiticum inoculum density (DN), container size 
(CN), and week of sampling (WK).  
 
 
 
 
 
 
 

Trial I Trial II 

Factor Level N Mean SD Factor Level N Mean SD 

GN NC 7 134 1.94 1.30 GN NC 7 138 1.11 1.01 
 NC 3033 142 2.30 1.21  NC 3033 140 1.51 0.94 
DN 0 90 2.61 1.38 DN 0 95 2.01 0.98 
 15 93 2.10 1.14  15 92 1.02 0.82 
 25 93 1.68 1.09  25 91 0.87 0.75 
CN 66 132 1.45 0.65 CN 66 138 0.82 0.56 
 164 144 2.74 1.37  164 140 1.79 1.10 
WK  4 94 1.65 0.85 WK 4 91 1.03 0.69 
 5 93 2.11 1.13  5 94 1.45 1.10 
 6 89 2.64 1.54  6 93 1.45 1.08 
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Table A.5 Number of observations (N), mean shoot weight, and standard deviation (SD) values for all levels of each 
experimental factor including peanut genotype (GN), Cylindrocladium parasiticum inoculum density (DN), container size 
(CN), and week of sampling (WK).  
 
 
 
 
 

Trial I Trial II 

Factor Level N Mean SD Factor Level N Mean SD 

GN NC 7 134 8.08 4.87 GN NC 7 138 3.71 3.22 
 NC 3033 142 8.01 3.82  NC 3033 140 5.41 3.25 
DN 0 90 9.34 5.26 DN 0 95 6.47 3.39 
 15 93 8.11 4.01  15 92 3.67 3.00 
 25 93 6.15 2.59  25 91 3.47 2.71 
CN 66 132 5.31 1.70 CN 66 138 2.50 1.58 
 164 144 10.55 4.54  164 140 6.60 3.36 
WK  4 94 6.07 2.63 WK 4 91 3.76 2.51 
 5 93 9.07 4.48  5 94 5.05 3.56 
 6 89 9.05 4.97  6 93 4.86 3.69 
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APPENDIX B 
 

DESCRPITIVE STATISTICS: DETACHED STEM AND LEAFLET ASSAYS  
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Table B.1 Number of observations (N), mean percent affected leaflet area, and standard deviation (SD) values for runner 
peanut genotypes inoculated with the e1750 and e1105 isolates of Sclerotinia minor genotype TX1 and the w40 isolate of S. 
minor genotype TX2. 
       

Cochran’s F-test for Variance Homogeneity (Snedecor, G.W., and W.G. Cochran. 1967. Statistical methods. 6th ed. Iowa State 
University Press, Ames.)  
Trial 1: F = 21.022 / 17.792 = 1.40, at 135 and 131 df, P < 0.05 * 
Trial 2: F = 23.882 / 16.582 = 2.07, at 74 and 75 df, P < 0.01 ** 
 
 
 

Trial I Trial II 

Genotype Isolate N Mean SD Genotype Isolate N Mean SD 

TX1 e1750 142 54.48 18.32 TX1 e1750 79 60.77 22.59 

 e1105 136 49.04 21.02  e1105 76 32.81 16.58 

TX2 w40 132 35.85 17.79 TX2 w40 75 41.82 23.88 



Texas Tech University, Jeffrey Wilson, May 2008 

 87

Table B.2 Number of observations (N), mean percent affected leaflet area, and standard deviation (SD) values for bunch-type 
peanut genotypes inoculated with the e1750 and e1105 isolates of Sclerotinia minor genotype TX1 and the w40 isolate of S. 
minor genotype TX2. 
 

Cochran’s F-test for Variance Homogeneity (Snedecor, G.W., and W.G. Cochran. 1967. Statistical methods. 6th ed. Iowa State 
University Press, Ames.) 
Trial 1: F = 26.952 / 24.152 = 1.25, at 111 and 103 df, P > 0.05 
Trial 2: F = 26.002 / 20.912 = 1.55, at 75 and 79 df, P < 0.05 * 
 
 
 

Trial I Trial II 

Genotype Isolate N Mean SD Genotype Isolate N Mean SD 

TX1 e1750 111 52.02 26.02 TX1 e1750 77 52.19 21.87 

 e1105 104 52.07 24.15  e1105 80 63.62 20.91 

TX2 w40 112 52.75 26.95 TX2 w40 76 45.44 26.00 
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Table B.3 Number of observations (N), mean percent affected leaflet area, and standard deviation (SD) values for spanish 
peanut genotypes inoculated with the e1750 and e1105 isolates of Sclerotinia minor genotype TX1 and the w40 isolate of S. 
minor genotype TX2. 
 

Cochran’s F-test for Variance Homogeneity (Snedecor, G.W., and W.G. Cochran. 1967. Statistical methods. 6th ed. Iowa State 
University Press, Ames.) 
Trial 1: F = 28.252 / 14.222 = 3.95, at 409 and 406 df, P > 0.0001 *** 
Trial 2: F = 15.022 / 14.792 = 1.03, at 75 and 79 df, P > 0.50 
 
 
 
 
 

Trial I Trial II 

Genotype Isolate N Mean SD Genotype Isolate N Mean SD 

TX1 e1750 407 20.62 14.22 TX1 e1750 78 39.02 14.79 

TX2 w40 410 49.59 28.25 TX2 w40 80 76.51 15.02 
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Table B.4 Number of observations (N), mean stem lesion length, and standard deviation 
(SD) values each day of observation for runner peanut genotypes inoculated with the w40 
isolate of Sclerotinia minor genotype TX2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Cochran’s F-test for Variance Homogeneity (Snedecor, G.W., and W.G. Cochran. 1967. 
Statistical methods. 6th ed. Iowa State University Press, Ames.) 
Trial 1: F = 2.242 / 0.282 = 64.00, at 43 and 43 df, P > 0.0001 *** 
Trial 2: F = 1.772 / 0.492 = 13.05, at 28 and 28 df, P < 0.0001 **** 
 
 
 
 
 
 
 
 
 
 

Trial Day N Mean SD 

I 1 44 0.11 0.28 

 2 44 1.38 1.23 

 3 44 3.26 1.91 

 4 44 5.04 2.24 

 5 44 6.83 2.09 

 6 44 8.18 1.45 

II 1 29 0.00 ----- 

 2 29 0.33 0.49 

 3 29 1.44 1.19 

 4 29 3.40 1.77 

 5 29 5.18 1.72 

 6 29 7.25 1.49 
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Table B.5 Number of observations (N), mean stem lesion length, and standard deviation 
(SD) values at each day of observation for bunch-type peanut genotypes inoculated with 
the w40 isolate of Sclerotinia minor genotype TX2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Cochran’s F-test for Variance Homogeneity (Snedecor, G.W., and W.G. Cochran. 1967. 
Statistical methods. 6th ed. Iowa State University Press, Ames.) 
Trial 1: F = 1.842 / 0.292 = 40.26, at 36 and 36 df, P > 0.0001 *** 
Trial 2: F = 2.392 / 0.452 = 28.21, at 26 and 26 df, P < 0.0001 **** 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Trial Day N Mean SD 

I 1 37 0.13 0.31 

 2 37 1.42 1.08 

 3 37 4.27 1.84 

 4 37 7.17 1.64 

 5 37 8.64 0.97 

 6 37 8.92 0.29 

II 1 27 0.00 ----- 

 2 27 0.56 0.45 

 3 27 2.98 1.71 

 4 27 5.37 2.04 

 5 27 6.99 1.87 

 6 27 7.77 2.39 
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Table B.6 Number of observations (N), mean stem lesion length, and standard deviation 
(SD) values at each day of observation for spanish peanut genotypes inoculated with the 
w40 isolate of Sclerotinia minor genotype TX2. 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Cochran’s F-test for Variance Homogeneity (Snedecor, G.W., and W.G. Cochran. 1967. 
Statistical methods. 6th ed. Iowa State University Press, Ames.)  
Trial 1: F = 2.292 / 0.292 = 62.36, at 47 and 47 df, P > 0.0001 *** 
Trial 2: F = 2.152 / 0.232 = 87.38, at 28 and 28 df, P < 0.0001 **** 
 
 
 
 

Trial Day N Mean SD 

I 1 48 0.00 ----- 

 2 48 0.05 0.29 

 3 48 1.19 1.11 

 4 48 2.35 1.74 

 5 48 4.38 2.29 

 6 48 7.11 2.22 

II 1 29 0.10 0.23 

 2 29 0.66 1.02 

 3 29 2.04 1.61 

 4 29 3.84 1.99 

 5 29 5.51 2.15 

 6 29 7.05 1.91 
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TRIAL I DETACHED LEAFLET ASSAYS  
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Fig. C.1 Relationship between Sclerotinia blight severitya in the spanish peanut field test 
and affected leaflet areab values from detached leaflet assay trial I using the aggressive 
(e1750) and moderately aggressive (e1105) isolates of Sclerotinia minor genotype TX1 
and the aggressive (w40) isolate of S. minor genotype TX2. 
aDisease severity, which is the percentage of whole plots affected by Sclerotinia blight, 
ranges from 0 to 100 where 0 = no visual symptoms and 100 = all plants dead. 
bAffected leaflet area was calculated according to the formula: (lesion area 
/ leaflet area)*100. 
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Fig. C.2 Relationship between Sclerotinia blight severitya in the bunch-type peanut field 
test and affected leaflet areab values from detached leaflet assay trial I using the 
aggressive (e1750) and moderately aggressive (e1105) isolates of Sclerotinia minor 
genotype TX1 and the aggressive (w40) isolate of S. minor genotype TX2. 
aDisease severity, which is the percentage of whole plots affected by Sclerotinia blight, 
ranges from 0 to 100 where 0 = no visual symptoms and 100 = all plants dead. 
bAffected leaflet area was calculated according to the formula: (lesion area 
/ leaflet area)*100. 
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Fig. C.3 Relationship between Sclerotinia blight severitya in the runner peanut field test 
and affected leaflet areab values from detached leaflet assay trial I using the aggressive 
(e1750) and moderately aggressive (e1105) isolates of Sclerotinia minor genotype TX1 
and the aggressive (w40) isolate of S. minor genotype TX2. 
aDisease severity, which is the percentage of whole plots affected by Sclerotinia blight, 
ranges from 0 to 100 where 0 = no visual symptoms and 100 = all plants dead. 
bAffected leaflet area was calculated according to the formula: (lesion area 
/ leaflet area)*100. 
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APPENDIX D 
 

TRIAL I DETACHED STEM ASSAYS  
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Fig. D.1 Relationship between Sclerotinia blight severitya in the spanish and bunch-type 
peanut field tests and area under the disease progress curveb (AUDPC) values obtained 
from detached stem assays in trial I. 
aDisease severity, which is the percentage of whole plots affected by Sclerotinia blight, 
ranges from 0 to 100 where 0 = no visual symptoms and 100 = all plants dead. 
bAUDPC values were calculated according to the formula: 

AUDPC = Σ [(yj + yj+1)/2][(tj+1 - tj)] 

where t = time in days, i = 0…n, and yj = proportion tissue affected on day i. 
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Fig. D.2 Relationship between Sclerotinia blight severitya in the runner peanut field test 
and area under the disease progress curveb (AUDPC) values obtained from detached stem 
assays in trial I. The equation is percent disease severity = 16.5(AUDPC).  
aDisease severity, which is the percentage of whole plots affected by Sclerotinia blight, 
ranges from 0 to 100 where 0 = no visual symptoms and 100 = all plants dead. 
bAUDPC values were calculated according to the formula: 
 

AUDPC = Σ [(yj + yj+1)/2][(tj+1 - tj)] 

where t = time in days, i = 0…n, and yj = proportion tissue affected on day i. 
 
 
 

0

10

20

30

40

50

60

70

0 1 2 3 4

D
is

ea
se

 S
ev

er
ity

 (%
) 

AUDPC

n-1 

i=1 



Texas Tech University, Jeffrey Wilson, May 2008 

 99

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. D.3 Relationship between Sclerotinia blight severitya in the runner peanut field test 
and detached stem assay lesion length values for observation days 2 and 3 in trial I. The 
equations are percent disease severity = 11.0(lesion length) for day 2 and percent disease 
severity = 8.2(lesion length) for day 3. 
aDisease severity, which is the percentage of whole plots affected by Sclerotinia blight, 
ranges from 0 to 100 where 0 = no visual symptoms and 100 = all plants dead. 
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