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Abstract

During the 2003-processing season 15 seedlots from 5 different conifer species were selected
to determine the presence of Fusarium spp. on cones, debris and seed at various stages
during cone and seed processing. Seed from the various stages were fungal assayed with and
without surface sterilization to determine the importance of internal Fusarium spp.
Germination tests (in-kind contribution) were also performed on the seed to quantify seed
quality and correlate it with contamination and/or infection levels. 

Analysis of the fungal assay results has been initiated, but germination tests are still ongoing.
Initial Fusarium levels (on cones) indicates large variability even from the same species and
the same facility. Determination of treatment differences will play a key role in developing
protocols. Initial results indicate that the majority of Fusarium appears as a seed
contaminant, but internal Fusarium was found in some seedlots at some stages. 

It is clear from the results that debris can be a large source of Fusarium. This has
implications to the handling and disposal of debris in a timely fashion. Results indicate that
kilning can reduce Fusarium levels, but kiln temperatures used (30-40°C) do not totally
eliminate Fusarium from cones, debris or seed. A further examination of type of debris and
trends will allow for a prioritization of processing steps for the reduction in seed-borne
Fusarium. Following a full analysis of the data, review of observations and discussions with
collection and processing personnel a set of protocols for the reduction in seed-borne
Fusarium will be developed.

Keywords: Fusarium; Seed-borne pathogens; Disease; cone processing; seed processing;
conifers.
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Activity Summary

A total of 15 seedlots from 5 different species (Abies lasiocarpa; Pseudotsuga menziesii var.
glauca; Pseudotsuga menziesii var. menziesii; Larix occidentalis; and Picea glauca, P.
engelmanii + hybrids) were selected to determine the presence of Fusarium spp. on cones,
debris and seed at various stages during cone and seed processing.  All species used in this
trial are considered either a high or medium priority for the Fusarium fungal assay.

The sampling stage and sample type are illustrated in Table 1. Fungal assays were performed
on cone scales and debris to determine if these are sources of Fusarium inoculum. The seed
at various processing stages was subjected to two fungal assays:

1) Standard technique – seeds plated on Komada’s  selective media without surface
sterilization to determine total amount of Fusarium.

2)  Surface sterilized – seeds plated on Komada’s media after surface sterilization indicating
amount of internal Fusarium.

The question of whether Fusarium is solely a surface contaminant or whether it can also
infect seeds and to what degree was addressed through this double testing of the same
samples of seed.

Table 1. The sampling stage, sample type and tests performed to investigate the
intensification of Fusarium spp. during cone and seed processing.

Sample# Sampling Stage Sample Type Fungal Germ
1 Prior to Loading Cone Scales 500
2 Prior to Loading Seeds from cones 2 X 500 4 X 100
3 Loading Unkilned Seed 2 X 500 4 X 100
4 Loading Unkilned Debris 500
5 After Kilning Cone Scales 500
6 After Kilning Seeds from Cones 2 X 500 4 X 100
7 After BM&M Debris 500
8 After BM&M Seeds 2 X 500 4 X 100
9 After Scalping Kilned Debris 500
10 After Scalping Seeds 2 X 500 4 X 100
11 After Dewinging Seeds 2 X 500 4 X 100
12 After Final Cleaning Seeds 2 X 500 4 X 100

In addition to the fungal assays the BCMOF Tree Seed Centre has also provided in-kind
germination tests to determine the quality of seed at each processing stage. Appropriate
germination protocols [soaking+stratification+testing] range from 43 days to 114 days and
are still ongoing.

Not all species are subjected to the same cone and seed processing stages. In Table 2 the
respective sampling points for the various species are illustrated. The dataset available for
this study consists of the results of 212 fungal assay tests for Fusarium and 86 germination
tests. Additional information on collection and handling methods, types and amount of debris
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and observations during processing will also be used in the development of protocols to
reduce the impact of Fusarium spp.  Analysis of fungal assay results has been initiated, but
germination tests are not complete and a complete statistical analysis will be performed when
all data is available.

Table 2. The sampling points and tests performed on the various species1 to investigate the
intensification of Fusarium spp. during cone and seed processing [F=fungal assay test;
G=germination test]

Sample# Bl Fdi Fdc Lw Sx
1 F F F F F
2 FF      G FF      G FF      G FF      G FF      G
3 FF      G FF      G FF      G FF      G
4 F F F F
5 F F F F
6 FF      G FF      G FF      G FF      G
7 F
8 FF      G
9 F F F F F
10 FF      G FF      G FF      G FF      G FF      G
11 FF      G FF      G FF      G FF      G FF      G
12 FF      G FF      G FF      G FF      G FF      G

# fungal assay tests 13 16 16 16 16
# germination tests 5 6 6 6 6

Project Evaluation

A reduction in funding from $39 301 to $15 430 was requested due to delays in receiving
funding. The initial project description was also augmented to address the question of
Fusarium contamination (external) vs. infection (internal) as suggested in the November 12th

letter from FII. The project has also benefited from in-kind donations from the BCMOF Tree
Seed Centre, including $3770 for germination testing and a large amount of labour required
in the sampling, maintenance of sanitary conditions to avoid contamination, packaging and
shipping of material to AFS Limited. This latter donation went far beyond our expectations
in terms of time and labour involved. This has been a very cost-effective project in terms of
the use of FII funds.

The project deliverables are 212 fungal assay test results (amended from 540 on November 4,
2002). This aspect has been completed and initial analysis of the data initiated. The primary
deliverable is a complete statistical analysis of the results and a written report. This report
will be in the form of a refereed journal article submitted to Seed Science and Technology.

                                                
1 Species codes are used for convenience: Bl= Abies lasiocarpa; Fdi =Pseudotsuga menziesii var. glauca;
Fdc = Pseudotsuga menziesii var. menziesii; Lw =Larix occidentalis; and Sx = Picea glauca, P. engelmanii +
hybrids.
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This activity will be a high priority for summer 2003 and is anticipated to be complete by
September, 2003.

Project Application

The project will be applicable to cone collectors, seed orchard personnel and cone and seed
processing facilities. Results indicate wide variation in Fusarium levels of the same species
and even from the same facility. Further discussions with the respective agencies are
expected to determine key steps and processes that intensify Fusarium. Protocols can then be
developed to minimize seed-borne Fusarium.  

It is clear from the results that debris can be a large source of Fusarium. This has
implications to the handling and disposable of debris in a timely fashion – protocols will be
developed. Results indicate that kilning can reduce Fusarium levels, but kiln temperatures
used (30-40°C) do not totally eliminate Fusarium from cones, debris or seed. A further
examination of type of debris and trends will allow for a prioritization of processing steps for
the reduction in seed-borne Fusarium. 

Contribution to Knowledge

There are very few documented studies on the intensification of seed-borne pathogens during
cone and seed processing. This study will provide a significant addition to the literature
available on the subject. The investigation of external vs. internal Fusarium will also shed
light on the significance of Fusarium seed infection. Developed protocols will aid in the
reduction of seed-borne Fusarium and subsequent loss to disease in nursery culture.

The full statistical analysis will need to be completed before an identification of gaps for
future research can be identified. This is the reason that I have not submitted a proposal for
the current call (ending April 7, 2003). 

There are some issues that are in need of addressing through further research on Fusarium:

1) It is not clear how and when Fusarium contaminates and/or infects seeds. This is a major
problem to the development of protocols for cone collection agencies and seed orchards.
Results indicate a wide range of Fusarium levels at time of cone receipt. Does Fusarium
enter at the time of pollination? What conditions are conducive to intensification prior to
harvest? A sampling scheme for Fusarium during reproductive female cone development
is required to determine when Fusarium contaminates and/or infects cones and seeds.

2) In addition to looking at intensification during cone and seed processing on cones, seed
and debris research needs to be initiated on the background levels. Fusarium can be air-
borne and could potentially contaminate the seed at any point during interim storage,
transport or processing. A spore-sampling scheme to determine background levels of
Fusarium is needed.

David Kolotelo, RPF
Cone and Seed Improvement Officer
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