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Development of quantitative PCR tests to detect Rhizoctonia 
tuliparum and Fusarium oxysporum on ornamental bulbs and in soil 
  
Identification of Rhizoctonia tuliparum on 
ornamental bulb crops - Diseased plants and bulbs 
were gathered from a number of growers in Washington 
and Oregon and isolations were performed to obtain a 
diverse collection of Rhizoctonia isolates. Several 
isolates of Rhizoctonia were analyzed by DNA 
sequencing of the ITS region to verify species. One 
isolate, previously maintained in our disease control 
trials and believed to be Rhizoctonia tuliparum, was 
also sequenced.   
 
The results of the sequencing showed that the 
maintained isolate (I-399) produced a sequence identical 
to the Sclerotium tuliparum (Rhizoctonia tuliparum) 
sequence submitted to the GenBank database by a 
Dutch group (Pham, Vink, and Hollinger). Two of the 
isolates (DGF2 and DGF3) collected were also of the 
same sequence with 100% identity.  A phylogenetic tree 
was produced (Figure 1) comparing isolates I-399, 
DGF2 and DGF3 to those of the various Rhizoctonia 
solani anastamosis groups and Rhizoctonia oryzae as 
published by Okubara et al. (2008).  The tree 
demonstrates that our isolates are 100% similar to each 
other and significantly different than any of the 
Rhizoctonia anastomosis groups defined by Okubara.   
 
DGF2 and DGF3 were used to design RealTime qPCR 
primers and probe to specifically detect Rhizoctonia 
tuliparum.  Sensitivity and specificity tests are currently 
underway. 
 
Identification of specific taxons of F. 
oxysporum - Development of the Fusarium 
oxysporum qPCR to identify specific taxons of F. 
oxysporum on bulbs requires that pathogenicity tests be 
conducted with isolates of F. oxysporum from bulbs to 
confirm their specific taxons. To conduct these tests, we 
used F. oxysporum isolates we have obtained from 
grower bulbs. Daffodil, iris, and tulip bulbs were 
inoculated with single spore isolates.  To date, pathogenicity trials have been conducted with 24 
isolates on ‘Blue Diamond’ iris and ‘Elite’ tulips. Fourteen (14) isolates were evaluated on 
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Fig. 1. Molecular phylogenetic analysis by 
Maximum Likelihood method (MEGA5 
software) showing the relationship of 
Rhizoctonia tuliparum (circled in red) with 
various R. solani anastamosis groups and 
R. oryzae.  
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‘Standard Value’ and ‘Dutch Master’ Daffodils. A single non-bulb isolate of F. oxysporum 
(isolate # T16a B isolated from soil from IFA Toledo conifer nursery in SW Washington) has 
been included in each test as a reference.  Bulbs were incubated for 10-12 days, at which time the 
lesions that developed were measured.  The outside lesion on all bulbs was measured using 
calipers. In addition, the daffodil bulbs were sliced open and the length of the inside lesion on 
each individual scale was measured.  The colonization of the iris and tulips was determined by 
slicing the bulb through the center of the lesion and taking a picture of each bulb to determine the 
extent of decay using the APS Assess program to measure the lesion area.  These tests have 
identified 5 isolates F. oxysporum f.sp. gladiolii from iris, 2 isolates of F.  oxysporum f.sp. 
tulipae from tulips, and 2-3 isolates of F. oxysporum f.sp. narcissi from daffodils.  
 
Development of PCR primers to detect Rhizoctonia in bulbs and soil -The 
development of the Rhizoctonia tuliparum quantitative PCR (qPCR) detection and quantification 
assay is complete.  Previously, a primer and probe set was designed for the test, however it did 
not amplify well when using our known R. tuliparum isolates.  Therefore, two new primer and 
probe sets were designed and tested.  Both sets are within the Internal Transcribed Spacer (ITS) 
region of DNA and showed good amplification of known samples.  The following set will be 
used going forward since it performed slightly better and will be referred to as “Rtul”: 
___________________________________________________________________________ 
Type   Sequence    Start bp Stop bp Tm  
Rtul Forward Primer CGAGGTCGACTTTTTGTTTTGG 387  408  60 
Rtul Reverse Primer CCGAGTGGAACCGAGTTCAC 486  467  59 
Rtul Probe  TTTGCGGATTCACGTCC  420  436  69 
 
To determine the sensitivity of the Rtul primer/probe set, the concentration of a DNA sample 
extracted from a pure culture of R. tuliparum was estimated with a fluorometer.  It was then used 
to make a dilution series from 1.2 ng/µL to 0.12 fg/µL of DNA, which were analyzed in 
triplicate with the Rtul qPCR assay (Figure 2). Analysis of the standard curve showed a linear 
association (R2 = 0.994) between the log of the DNA concentration and the cycle threshold (Ct) 
value over the seven most concentrated DNAs.  The least concentrated DNA, at 0.12 fg/µL, was 
not detected and most likely indicates the threshold of detection for this assay is around 1 
femtogram of pathogen DNA.  The amplification efficiency, as calculated using the formula: E = 
10(-1/slope) – 1, was 102%.  An amplification efficiency above 100% is good; it usually means that 
at the higher concentrations of DNA, the sheer amount of DNA present is restricting the reaction 
from reaching its full amplification potential.   
 
Specificity testing of the Rtul qPCR assay was also performed.  It involved running the assay on 
sixty-three non-tuliparum and six tuliparum isolates of Rhizoctonia (supplemental table of 
isolates available by request) to assure that amplification does occur for all R. tuliparum isolates 
and does not occur for any isolate that is not R. tuliparum.  The isolates included R. solani from 
anastomosis groups (AGs) 2-1, 3, 4, 5, 8, and 9, and Ceratobasidiums from AGs A, E, and I, as 
well as Waitea circinata and several unidentified Rhizoctonia species.  No amplification was 
observed in the non-tuliparum DNA samples and Ct values between 13.93 and 33.51 were 
observed for various R. tuliparum DNA samples.   
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Figure 2. Standard curve of Rhizoctonia tuliparum DNA dilution series as 
detected by the Rtul qPCR assay.  

 
Development of PCR primers to detect Fusarium in bulbs and soil- The 
development of primers for use in real-time qPCR to identify specific taxons of F. oxysporum on 
bulbs is currently delayed.  Five regions of the Fusarium genome that are typically used for 
detection assays are not usable because there are no nucleotide differences between Fusarium 
oxysporum taxons that occur on bulbs. Work is on-going to identify a region that will be specific 
to our target. 
 
Develop protocols to quantify Rhizoctonia inocula in artificially-infested soil 
and bulbs - The Rtul qPCR assay is now being used to detect the quantity of Rhizoctonia 
inoculum in soil samples collected from this year’s field trials to determine how it correlates with 
the severity of disease.  A great deal of effort was spent optimizing DNA extraction from soil 
and, going forward, a CTAB (cetyltrimethyl ammonium bromide) extraction method will be used 
on 4 grams of soil per sample.    
 
Determine threshold levels of Rhizoctonia inocula necessary for disease 
development - Two field trials were conducted to examine the relationship between the levels 
of R. tuliparum sclerotia in the soil and the development of gray bulb rot on tulips and iris. At the 
time of planting inoculum was added to the planting cells at various rates.  The inoculum 
consisted of sclerotia that were grown on sterilized rice grains. This was then passed through a 
0.25” sieve and 0 to 33.3 grams of the inoculum mixture per foot of row was added to the soil 
covering the bulbs at the time of planting.  
 
No disease developed on any of the iris or tulips when the soil was not infested with inoculum. 
The numbers of iris and tulips that emerged varied with inoculum level. Data analysis showed 
that there was a highly significant correlation between the number of emerged and/or healthy iris 
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and tulips plants (Figures 3 and 4). The highest inoculum levels resulted in a three-fold reduction 
in the number of tulips that emerged and reduced the number of healthy iris plants by one half. A 
similar trend was observed with respect to the yield of iris bulbs (Figures 5 and 6).  The 2011 
Rhizoctonia field trials were harvested the first week of August 2012.  After harvesting the 
2011/12 Rhizoctonia field trials, the soil was rototilled with a rear-tine tiller in an effort to keep 
the soil and the inoculum confined to the individual cells within the research plots.  Soil samples 
were collected from all five rows of the plots at 2 foot intervals.  The soil collected will be tested 
using the developed Rtul qPCR primer/probe detection method to determine if this method will 
be useful in detecting different levels of Rhizoctonia.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Effect of Rhizoctonia tuliparum inoculum levels 
on the number of healthy tulips plants. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Effect of Rhizoctonia tuliparum inoculum levels on 
the number of healthy iris plants. 
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Figure 5. Effect of Rhizoctonia tuliparium inoculum levels on the 
number of harvested iris bulbs. 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6. Effect of Rhizoctonia tuliparum inoculum levels on the 
total weight of harvested iris bulbs. 
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Identification of Viruses in Small-Farm Lily and Dahlia Cut Flower 
Crops in Western Washington. 

 
Survey to identify viruses on lily and dahlia crops - Virus surveys were conducted at 
seven additional grower farms during 2012, for a total of 27 grower site visits since the start of 
this project (Figure 7). At each site, information collected included general farming practices, 
virus and pest management practices, treatments used, farm history, location (GPS), origin and 
history of the planting stock (if known), cultivar name (if known), flower color, description of 
symptom(s), and incidence of symptom(s).  Reports with results, including color photos of 
symptoms (Figures 8 and 9), were sent to each grower within three weeks of the farm visit.  A 
summary report of this season’s survey will also be sent to each grower.  

 
Lilies – Two farms were visited in 
2012 to collect lily plant material. In 
general, within each variety of lily, 
samples were taken from lilies with 
noticeable viral-like symptoms; these 
were referred to as “symptomatic 
samples”.  “Symptomless companion 
samples” were also collected within 
the variety when possible.  A total of 
33 samples were collected; 22 
symptomatic and 11 symptomless 
companion samples.  Each sample was 
tested individually by ELISA for the 
following three viruses: Cucumber 
mosaic virus (CMV), Lily 
symptomless virus (LSV), and the 
Potyvirus group (which includes Tulip 
break virus (TBV)).  
 
Dahlias - Five farms were visited in 
2012 to collect dahlia plant material. 
Samples were taken from plants 
exhibiting viral symptoms and, when 
possible, matching samples with no 
visible symptoms were also taken.  A 
total of 83 samples were collected, 66 
considered symptomatic and 17 

considered symptomless.  Each sample was tested individually by ELISA for the following two 
viruses: Tobacco streak virus (TSV), and Tomato spotted wilt virus (TSWV). Each sample was 
additionally tested by PCR for the presence or absence of 3 dahlia viruses (caulimoviruses): 
Dahlia Mosaic Virus (DMV), Dahlia Common Mosaic Virus (DCMV), and the endogenous plant 
para-retroviral sequence (DvEPRS) formerly known as DMV-D10.  A subset of the dahlia 
samples (n=52) were also tested for Cucumber Mosaic Virus (CMV) by ELISA and Potato 
Spindle Tuber Viroid (PSTVd) by hybridization.    

      
      

      

Figure 7. Location of lily and dahlia farms 
sampled for virus diseases 
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Survey results - Approximately one half of the lily samples were positive for a virus, with the 
symptomless samples with just a slightly lower percentage of positives (45.5%) than the 
symptomatic samples (54.5%) (Table 1).  Lily symptomless virus was the most commonly 
recovered virus, seen in 45.5% of all samples.  Within the symptomless samples, cucumber 
mosaic virus was almost as common (27.3%) as LSV (36.4%).   
 
Again this year, a very high percentage of the dahlia samples were positive for virus.  Over 91% 
of the samples were positive for a virus (Table 2).  Over 86% of the samples were positive for 
the endogenous plant para-retroviral sequence (DvEPRS) formerly known as DMV-D10.  
Symptomatic and symptomless samples had virtually the same percentage of DvEPRS positives, 
indicating that visual inspection of a dahlia plant is not an adequate evaluation of virus infection.  
None of the dahlia samples additionally tested for CMV and PSTVd were positive for either 
virus.   
 
 
 
 
                Table 1. Results of ELISA tests on lily leaf samples collected in 2012.   

 

CMV LSV Potyvirus 
Symptomatic 

Samples positive 
for any virus 

Symptomless 
samples 

positive for 
any virus 

Samples 
positive for 
any virus 

Symptomatic 
samples positive 
for virus (%) 

3  
(13.6%) 

11  
(50.0%) 

1  
(4.5%) 

12  
(54.5%) 

- - 

Total # of 
symptomatic 
samples 

22 22 22 22 - - 

Symptomless 
samples positive 
for virus (%) 

3  
(27.3%) 

4  
(36.4%) 

0  
(0%) 

- 5  
(45.5%) 

- 

Total # of 
random samples 11 11 11 - 11 - 

Samples positive 
for virus (%) 6  

(18.2%) 
15  

(45.5%) 
1  

(3.0%) 
- - 17  

(51.5%) 

Total # of 
samples 33 33 33 - - 33 
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Table 2. Results of ELISA and PCR tests on dahlia leaf samples collected in 2012.   

 
 
 
 
 

Figure 8. Viral-like symptoms observed on lily in 2012 included a) 
distorted leaves, b) yellow streaking or leaf discolor, c) mottled 
yellow-green leaf discolor, d) stunting, and e) purple leaf discolor.  

 
 

 

 

TSV TSWV DvEPRS 
(DMV-D10) DMV DCMV 

Symptomatic 
Samples 

positive for 
any virus 

Symptomless 
samples 

positive for 
any virus 

Samples 
positive for 
any virus 

Symptomatic 
samples positive for 
virus (%) 

7  
(10.6%) 

13  
(19.7%) 

57  
(86.4%) 

9  
(13.6%) 

32  
(48.5%) 

61  
(92.4%) - - 

Total # of 
symptomatic 
samples 

66 66 66 66 66 66 - - 

Symptomless 
samples positive for 
virus (%) 

2  
(11.8%) 

2  
(11.8%) 

15  
(88.2%) 

6  
(35.3%) 

11  
(64.7%) 

- 15  
(88.2%) - 

Total # of 
symptomless 
samples 

17 17 17 17 17 - 17 - 

Samples positive for 
virus (%) 9  

(10.8%) 
15  

(18.1%) 
72  

(86.7%) 
15  

(18.1%) 
43  

(51.8%) - - 76  
(91.6%) 

Total # of samples 83 83 83 83 83 - - 83 

a b 

c d e 
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Figure 9. Viral-like symptoms observed on dahlia in 2012 included a) mottled yellow-green leaf 
discolor, b) distorted/crinkly leaves, c) and d) discolor along the mid-vein of the leaf, e) flower 
deformation, and f), g), h) various severities of ringspot. 

 
 
 

An Initial Look at Botrytis (Gray Mold) on Peony 
 
Gray mold, caused by Botrytis paeoniae or B. cinerea, is the most important disease of peonies. 
It can occur as a leaf spot or blight on the foliage throughout the growing season and is a major 
issue during the postharvest storage and shipment of cut flowers. Management of gray mold is 
based on sanitation and reducing periods of free moisture on the foliage during the growing 
season. Minimizing moisture on the foliage and avoiding plastic sleeves is commonly 
recommended as a way to reduce postharvest losses. In most other commodities, spore loads at 
harvest from pre-established infections are a significant driver of Botrytis development in the 
harvested crops. Thus managing disease development during the growing season is likely to also 
help reduce postharvest losses in peony. Fungicides are also an important tool in controlling 
Botrytis diseases. Although there are a few fungicides registered to control gray mold on peonies, 
there are a number of newer Botrytis fungicides used on other crops (grapes, berries, pome fruits) 
that are not registered on peony.  

 
A number of growers report difficulty in controlling Botrytis on peony. There are a number of 
factors that could contribute to this.  Limited data exists relating to the persistence of primary 
inoculum, conditions that favor initial infection and secondary spread, and the prevalence of B. 
paeoniae and B. cinerea during the growing season. Fungicide resistance is a significant problem 
with many Botrytis diseases and it is unclear if Botrytis populations in grower fields are resistant 
to the fungicides registered on this crop.     

 
There are a number of research questions that need to be answered to improve the management 
of Botrytis on peony. These include the need to obtain regional and seasonal information on the 

a b c d 

e f g h 
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Botrytis population in fields and during storage, the need to obtain baseline fungicide sensitivity 
data, the need to obtain efficacy data for newer fungicides and biocontrol agents to control B. 
paeoniae and B. cinerea during the growing season and the postharvest storage of cut flowers. It 
may also be possible to adapt existing forecasting models for Botrytis diseases on other crops to 
improve fungicidal control of Botrytis during peony production. 
 
To obtain initial information on the population structure of Botrytis species in production fields, 
isolates of Botrytis were obtained from samples of diseased tissue from eight fields in Alaska and 
three fields in Washington near the end of the 2012 growing season. DNA was extracted from 
each isolate using a Qiagen DNeasy Plant Mini Kit following the manufacturer’s instructions. 
Amplification (PCR or polymerase chain reaction) of the region of DNA most commonly used 
for identification purposes, referred to as ITS (internal transcribed spacer), was performed on the 
DNA samples. The PCR product for each sample was then sequenced and compared to the global 
GenBank database of DNA sequences of Botrytis species utilizing a MegaBlast search technique. 
This region of DNA was not specific enough to differentiate Botrytis species, so an additional 
three regions of DNA (G3PDH, HSP60, and RPB2) were amplified and sequenced

1
.  

 
The G3PDH sequences were used to produce a genetic tree (phylogeny) that shows how closely 
the Botrytis isolates from each farm and state are related to each other or to previously described 
Botrytis species (Figure 10).  Based on these tests, B. cinerea was isolated more frequently from 
the samples than B. paeoniae in both Alaska and Washington. The molecular data also suggest 
that there is considerable variation in isolates compared to known isolates of B. paeoniae and B. 
cinerea that are in GenBank and that other Botrytis species may be present in some fields.   
 
Future Plans - Only a limited number of isolates were used in these tests and they were all 
obtained from samples collected late in the growing season. Additional sampling of grower fields 
throughout the growing season and during storage of flowers is needed to obtain a clearer picture 
of the importance of B. paeoniae and B. cinerea in the development of gray mold. Laboratory 
tests also need to be conducted to determine the sensitivity of isolates to fungicides that are 
commonly used by growers.  
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Figure 10. Genetic tree (phylogeny) showing the relationship of Botrytis isolates - as inferred by 
the G3PDH genetic locus - collected from Washington (pink) and Alaska peony plants (yellow) 
to previously described Botrytis species.   
  
1. Staats, M., Baarlen, P. van & Kan, J. A. L. van. 2005. Molecular Phylogeny of the Plant Pathogenic 
Genus Botrytis and the Evolution of Host Specificity. Mol Biol Evol 22, 333–346. 

B. paeoniae 

B. fuckeliana 
(B. cinerea) 
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The Effectiveness of Reduced-risk and New Biocontrol Products in 
Controlling Diseases on Bulb Crops 

 
Working with the IR-4 and fungicide manufacturers, protocols were developed relating to testing 
to determine the efficacy of new reduced-risk and biocontrol products in controlling leaf spot 
(Mycosphaerella macrospora) on iris, Botrytis blight on tulips (B. tulipae) and lilies (B. 
elliptica), and Fusarium and blue mold on tulips and iris (Table 3).  Below is a summary of the 
results from these field and greenhouse trials that were conducted during the past year.   
 
 (Note: Some of the pesticides discussed in this report were tested under an experimental use 
permit granted by WSDA. Application of a pesticide to a crop or site that is not on the label is a 
violation of pesticide law and may subject the applicator to civil penalties.  In addition, such an 
application may also result in illegal residues that could subject crops to seizure or embargo 
action by WSDA and/or the U.S. Food and Drug Administration. It is your responsibility to 
check the label before using products to ensure lawful use and obtain all necessary permits in 
advance.)   

 
Table 3. The following products were tested in one or more trials. 

Trade name and formulation                            Active ingredient 
Acibenzolar-S-methyl     acinbenzolar-s-methyl 
CG 100      caprylic acid 
Chipco 26019      iprodione 
Daconil Weather Stik SC    chlorothalonil 
Disarm  480 SC     fluoxastrobin 
Flagship 0.22 G     thiamethoxam 
Flagship 0.25 WG     thiamethoxam 
Fore        mancozeb 
Heritage 50WG      azoxystrobin 
Medallion 50WP     fludioxonil  
Palladium 62.5 WG     cyprodinil (37.5), fludioxonil (25) 
Pageant 38 WG     pyraclostrobin 
Proud 3      thyme oil 
Regalia      Extract of Reynoutria sachalinensis 
Rootshield Plus WP     Tricoderma harzianum & T. virens 
SP2169      SP2169 
Terraclor 75WP     PCNB 
Trinity 2SC      triticonazole 
Torque  3.6SC      tebuconazole 
Tourney 50 WDG     metconazole 
V10135 SC      fenpyrazamine 
ZeroTol      hydrogen dioxide 
 
General procedures for all field trials- All of the plots were located at the WSU Puyallup 
Research and Extension Center’s Farm 1 where bulbs were planted in rows on 40-inch centers. 
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Prior to planting, all hilled plots were fertilized by incorporating Apex 14-14-14 @ 438 lbs. per 
acre in an 8 to 12-inch wide band just below the soil surface within the rows where the bulbs 
were to be planted. After the bulbs were hilled, weeds were controlled with a combination of 
Diuron 80 WDG @ 2-4 lbs./acre and broadcast and spot applications of Round-Up Pro (2%), 
which were made beginning in April. All foliar spray applications were done with a CO2 sprayer 
equipped with an 8002 LP TEE-Jet nozzle at 15 psi in the indicated volumes of water. 
 
I-311 Efficacy of foliar fungicides in controlling leaf spot on ‘Blue Diamond’ 
iris - Initial treatment applications on the iris started March 8,2012 and ended June 20, 2012. All 
of the treatments were applied at 2 week intervals, except for Trinity, which was once a week. 
The experimental design was a randomized complete block with each treatment being applied to 
a 3-foot-long section of row in each block. Disease severity was rated on a scale of 0-10 where 0 
= none, 1 = 1-10%, 2 = 11-20%,…. and 10 = 91-100% of flower/and or foliage was killed.  Final 
disease severity ratings taken on June 28, 2012 indicated that applications of Pageant, Daconil 
Weatherstick, and both rates of Disarm had significantly fewer dead plant material than the 
check (Table 4).   
 
 

Table 4. Leafspot Disease Severity on ‘Blue Diamond’ iris on 
June 28, 2012. 
Treatment Prod/100 gal Interval Severity1 
Check - n/a 9.0 a 
Medallion 8 oz 14 day 8.2 ab 
Chipco 26019 16 oz 14 day 8.0 ab 
Trinity 12 fl oz 7 day 7.8 ab 
Trinity 8 fl oz 7 day 7.8 ab 
Fore 1.5 lbs 14 day 7.2 abc 
Disarm 4 fl oz 14 day 6.6 bc 
Disarm 8 fl oz 14 day 5.6 cd 
Daconil Weatherstik 1.4 pts 14 day 4.0 ed 
Pageant 14 oz 14 day 2.2 e 
1Numbers in columns followed by the same letter are not significantly 
different, P = 0.05, Tukey’s Studentized Range (HSD) Test. 

 
 
T-111 Efficacy of foliar fungicides in controlling fire on ‘Advent’ tulips -  
Initial treatment applications on the tulips started March 8, 2012 and ended June 20, 2012. All of 
the treatments were applied at 2 week intervals, except for Trinity, which was once a week. The 
experimental design was a randomized complete block with each treatment being applied to a 3-
foot-long section of row in each block. Disease severity was rated on a scale of 0-10, where 0 = 
none, 1 = 1-10%, 2 = 11-20%,…. and 10 = 91-100% of the foliage was killed.  The persistence 
of green foliage on the plants at the end of the growing season was rated on a scale of 0-10, 
where 0 = none, 1 = 1-10%, 2 = 11-20%,…..10 = 91 – 100% of the foliage was still green.  
 
Final disease severity ratings taken on June 28, 2012 indicated that applications of all of the 
fungicide except Disarm, Fore and the low rate of Trinity had less disease than the checks (Table 
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5). Plants treated with Pageant and Medallion has significantly higher green foliage ratings on 
June 28, 2012 (Table 5).  
 

Table 5. Effect of fungicide treatments on the disease severity (June 16) and green foliage 
(June 28) ratings on ‘Dynasty’ Tulips. 
Treatment Prod/100 gala Interval Disease Severity1 Green Foliage 
Pageant 14 oz 14 day 2.3 d 2.8 a 
Medallion 8 oz 14 day 2.8 cd 2.0 ab 
Daconil Weatherstik 1.4 pts 14 day 4.8 bcd 1.0 bc 
Disarm 4 fl oz 14 day 5.3 bcd 0.0 c 
Chipco 26019 16 oz 14 day 5.3 bcd 1.3 abc 
Trinity 12 fl oz 7 day 5.6 bcd 0.8 bc 
Disarm 8 fl oz 14 day 6.7 abc 0.7 bc 
Trinity 8 fl oz 7 day 7.6 ab 0.4 c 
Fore 1.5 lbs 14 day 7.7 ab 0.3 c 
Check - - 9.8 a 0.0 c 
1Numbers in columns followed by the same letter are not significantly different, P = 0.05, 
Tukey’s Studentized Range (HSD) Test 

 
F-112 Effectiveness of pre-plant soil incorporation of reduced-risk and new 
biocontrol products in controlling control Fusarium basal rot on iris – To evaluate 
the potential effectiveness of pre-plant soil incorporation of various fungicides in controlling 
Fusarium on ‘Blue Diamond’ iris, soil was acquired from a commercial grower’s greenhouse 
that had been routinely used for iris production.  The soil had not been recently fumigated.  Soil 
for the treatments was prepared by filling 90 standard bulb crates with equal amounts of soil.  
The crates were then placed in linear rows prior to treating.  On August 16, 2012, treatments 
were applied to the surface of the soil in the crates using a CO2 sprayer at 15 psi in the 
equivalent of 869 mls of water/1000 ft2.  The sprayer was equipped with a 8002 Teejet nozzle. 
After treating, the soil was mixed in a cement mixer by treatments for 3 minutes starting with the 
steam-pasteurized check soil.  The cement mixer was rinsed with water between each treatment.  
After the soil was mixed, it was placed back into the crates and moved to outdoor cement 
bunkers.  On August 18, the Rootshield Plus treatment was treated and mixed. There are two 
checks included in the treatments. These include greenhouse soil that received no additional 
treatment and greenhouse soil that was steamed to kill off inoculum in the soil prior to filling the 
crates.  
 
’Blue Diamond’ 10/12 cm bulbs were planted on August 21, 2012 (Reps 1and 2) and August 22, 
2012 (Reps 3, 4, 5) in 5 rows of 9 bulbs/crate with approximately 2” spacing between bulbs.  The 
crates were top-dressed and surrounded with alder sawdust to keep crates moist.  Bulbs were 
overheard irrigated daily at varying intervals.  Emergence data was taken on September 5, 2012.  
Flowers were harvested from plants at the “pencil” stage which is the stage at which the bud 
starts to open just at the tip, exposing the petal color.  Flower harvesting started on October 9, 
2012.  Plants were monitored every day for harvestable flowers until November 9, 2012.  Every 
flower that was harvested that had a straight stem was measured.  A standard marketable flower 
is anything over 18” but for some it just needs to be straight.  For purposes of this study, a 
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marketable flower was any flower of any height with a straight stem. Non-marketable flowers 
were considered to be flowers with a bent or sickle shaped stem, severe yellowing foliage, light 
colored flower, or a blasted flower.  Once harvesting was complete, isolations were taken from 
symptomatic plants in the steam pasteurized and non-steam pasteurized soil treatments.   
 
Treatments had no effect on the number of plants that emerged (Table 1). Disease pressure was 
high in this trial.  The number of marketable flowers per crate ranged from 32.4 to 12.2 for the 
bulbs planted in the steam pasteurized and non-pasteurized, respectively. The ANOVA analysis 
of data in this test indicated that there was a highly significant (P<0.05) treatment effect on the 
number of flower >18” tall, and non-marketable cull flowers (Table 1).  Bulbs planted in soil 
treated with the high rate of Trinity, Flagship 0.22 G plus Heritage, and the high rate of Tourney 
had significantly higher numbers of marketable flowers, flowers >18” tall, and significantly 
fewer culls that the bulbs planted in the non-pasteurized soil. The combination of Flagship 
25WG plus Heritage and Acibenzolar plus Heritage also significantly increased the number of 
flowers >18” tall and Flagship 0.22 G significantly increased the total number of marketable 
flowers and the number of flowers >18” tall.  

 
Table 7. Effect of fungicide treatments on plant emergence and the total number 
of marketable flowers, flowers >18” tall, and the number of culls. 

 

   Number of Flowers2 
TRT/PRODUCT   Rate/1000ft2 Emergence1 Marketable >18” Cull 
Steam pasteurized soil - 43.8  a3 32.4 a 32.0 a 10.8 d 
Trinity 2SC 8.14 ml 44.0  a 24.5 ab 24.0 ab 21.5 cd 
Flagship 0.22G + Heritage 44 oz + 0.4oz 44.6  a 24.2 abc 23.4 ab 21.6 bc 
Tourney 50 WDG 5.6 g 44.4  a 23.8 abc 23.2 abc 20.4 cd 
Flagship 25 WG + Heritage 0.4 oz +0.4 oz 44.8  a 22.6 abcd 21.8 abc 22.2 abc 
Flagship 0.22 G 44 oz 45.0  a 23.0 abc 21.8 abc 22.0 abc 
Acibenzolar + Heritage 0.08g + 1oz 44.4  a 22.4 abcd 21.6 abc 22.2 abc 
Trinity 2SC 5.43 ml 44.8  a 21.2 bcd 21.0 bcd 23.0 abc 
SP2169 8.35 ml 44.0  a 21.0 bcd 20.8 bcd 22.0 abc 
Tourney 50 WDG 2.8 g 44.6  a 21.4 bcd 20.8 bcd 22.4 abc 
Palladium 1 oz 44.4  a 21.2 bcd 20.8 bcd 22.8 abc 
Torque 20.4 ml 44.4  a 21.8 abcd 20.6 bcd 22.2 abc 
Heritage 50 WDG 0.4 oz 44.6  a 19.0 bcd 18.6 bcd 25.0 abc 
CG 100 26.0 ml 44.8  a 19.2 bcd 18.4 bcd 24.8 abc 
Flagship 25 WG 0.55 oz 44.4  a 17.6 bcd 17.4 bcd 26.8 abc 
Rootshield Plus WP 10 oz 44.8  a 13.6 bcd 12.8 cd 31.4 ab 
Non-pasteurized Soil - 45.0  a 12.2 d 11.0 d 32.2 a 
1 No. emerged on September 5, 2012. 
2 Harvested between October 9, 2012 and November 9, 2012 

3 Numbers followed by the same letter are not significantly different, P<0.05, Tukey’s Studentized 
Range (HSD) Test. 

   

 
Fusarium was isolated from 88% of the cull flowers in the non-pasteurized soil. Given that it 
was also isolated from 22% of the plant in the steam pasteurized soil, this suggests that the 
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pathogen was present on some of the bulbs at the time of planting. This would be expected to 
potentially reduce the efficacy the soil-incorporation fungicide treatments.  
 
L-112 Efficacy of foliar fungicides in controlling fire on ‘London’ lilies - 
Initial treatment applications on the lilies started June 11, 2012 and ended September 7, 2012.  
Treatments were applied on 7, 10, or 14 day intervals. The experimental design was a 
randomized complete block with each treatment being applied to a 3-foot-long section of row in 
each block. Disease incidence was rated on a scale of 0 – 10, where 0 = none, 1 = 1-10%, 2 = 11-
20%,…and 10 = 91-100% of the foliage was diseased.  Final disease incidence data taken on 
September 19, 2012 indicate that applications of Palladium and Proud 3 had significantly less 
diseased plants than the checks (Table 6) 
 

Table 6. Botrytis disease incidence on ‘London’ lilies on September 19, 
2012. 
Treatment Prod/100 gal Interval Incidence1 
ZeroTol 1 gal 10 day 9.5 a 
Check - n/a 9.3 a 
Disarm 8 fl oz 14 day 9.0 a 
Chipco 26019 16 oz 14 day 9.0 a 
Chipco 26019 16 oz 14 day 9.0 a 
Pageant 14 oz 14 day 8.5 ab 
Trinity 12 fl oz 7 day 8.3 ab 
Regalia 4 fl oz 7 day 8.3 ab 
Torque 8 fl oz 14 day 8.3 ab 
Tourney 4 oz 14 day 8.3 ab 
V10135 SC 16 oz 7 day 8.0 ab 
Proud 3 4 qts 7 day 6.5 b 
Palladium 12 oz 7 day 2.3 c 
1Numbers in columns followed by the same letter are not significantly 
different, P = 0.05, Tukey’s Studentized Range (HSD) Test. 

 
 
Benefits of a fungicide bulb dip at harvest in controlling blue mold and basal rot 
on tulips – The purpose of this trial is to determine the benefits of including a fungicide bulb 
dip at harvest in conjunction with the industry standard pre-plant dip in Mertect + Captan in 
controlling blue mold and basal rot on tulips. The products being tested include Mertect + Captan 
as well as three newer fungicides (Table 8). Washington Bulb Company (WBC) did the bulb dips 
at harvest and then dried the bulbs. The pre-plant dip treatments were given to the bulbs just 
prior to planting. The bulbs have been planted in standard forcing bulb trays and will be forced at 
WBC following the appropriate rooting room treatment. A subset of treated bulbs is being held 
in storage at WSU Puyallup to assess the effect of the treatments on the development of blue 
mold during storage.   
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Table 8. Benefits of fungicide bulb dips at harvest in conjunction to standard 
pre-plant bulb dips in controlling blue mold and basal rot on tulips 
  Treatment Timing 
Product Prod/100 gal Harvest Pre-plant 
Medallion 50WG 8 ox + + 
Medallion 50WG 16 oz + + 
Palladium 50WG 6 oz + + 
Palladium 50WG 12 oz + + 
Tourney 50WDG 2 oz + + 
Captan 50WP + 
Mertect 340F 

7.5 lbs 
30 fl oz + + 

Harvest Check - - + 
 
 

Future Project Plans 
• Continue efforts to develop primers for use in real-time qPCR to identify specific taxons of 

F. oxysporum on bulbs. 
• Complete the development of protocols to quantify Rhizoctonia inocula in infested soil and 

bulbs. 
• Initiate and complete second year of trials to determine threshold levels of inoculum 

necessary for development of Rhizoctonia gray bulb rot. 
• Continue studies to identify Botrytis species associated with gray mold on peonies. 
• Add a “flower bulb crop” best management section to the WSU Dahlia Website.  
• Continue trials to determine the effectiveness of reduced-risk and new biocontrol products in 

controlling disease on bulb crops. 
• Organize annual 2012 Bulb Grower Field Day and 2013 PNW Bulb Grower Conference. 
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