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Although chemical fungicides are commonly used to control fungal soilborne diseases of Easter lilies, Lilium longiflorum Thunb., in field production and
greenhouse forcing, cultural and biological controls may be alternatives or
complementary to chemicals for control of pathogens.
The influence of inoculations with beneficial, symbiotic, and biocontrol
microorganisms to enhance growth of Easter lilies has not been extensively
investigated. In this research, the effects and interactions of fungal and bacterial
biocontrol microorganisms or chemical fungicide, mycorrhizae, and ammonium or
nitrate fertilization on growth and pathogens of Easter lily were evaluated over a
two year period.
Inoculation with Glomus intraradices Schenck & Smith, increased fresh
weight of stem and basal roots two-fold by the end of the first growing season.

Increased root growth was associated with less "root rot complex" and decreased
pathogen disease severity on plants that were inoculated with both mycorrhizal
fungi and pathogens when planted for forcing. Rhizoctonia solani Kuhn infection
was decreased by mycorrhizal inoculation. However, bulb infection by Fusarium
oxysporum f.sp. lilii Snyd & Hans was increased when mycorrhizal and pathogen
inocula were added simultaneously. At the end of the second growing season,
shoot and bulb fresh weights of mycorrhizal-inoculated plants were 14% greater
than plants not inoculated with the mycorrhizal fungus.
Pathogen control treatment and nitrogen form interacted to affect plant
growth. Inoculation with the bacterial biocontrol agent Enterobacter cloacae
(Jordan) Hormaeche & Edwards in combination with nitrate fertilizer resulted in
taller plants with greater number of flowers. Least height, fewest lower dead
leaves, and fewest flowers occurred on plants in the treatment combination of
Banrot fungicide and ammonium fertilization. The combination of the fungal
biocontrol agent Trichoderma harzianum Rifai with nitrate form of nitrogen, and
the bacterium Bacillus subtilis (Ehrenberg) Cohn with ammonium-N increased
stem root fresh weight. Trichoderma harzianum and E. cloacae treated plants had
67% greater growth of stem roots and basal roots.
Disease control and growth of Easter lily were equal or greater when
beneficial microorganisms were substituted for Banrot fungicide treatment.
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EFFECTS OF INOCULATIONS WITH PATHOGENIC AND BENEFICIAL
MICROORGANISMS AND AMMONIUM OR NITRATE FERTILIZATION
ON EASTER LILY GROWTH

Chapter 1

General Introduction

Easter lily, Lilium longiflorum, is a unique crop in the Pacific Northwest.
Bulbs are produced in the field and then shipped to greenhouse growers to force
for pot plant Easter sales. The main production of bulbs to be forced in
greenhouses in the U.S. for Easter sales is concentrated along the Pacific Coast
between Smith River, California and Brookings, Oregon where about 10 million
bulbs are produced annually. 'Nellie White' and 'Ace' are the two leading
cultivars (Wilkins, 1980). In 1988 Easter lily flowering pot plants were reported to
have a value of $30.98 million, and in 1989 the value increased to $31.83 million
(USDA Floriculture Crops Summary).
Lilies grown in the greenhouse are subject to several serious diseases. The
major problems are root and/or bulb rot pathogens. The fungi most often
associated with below-ground diseases of Easter lily are F. oxysporum f. lilii, F.
solani, R. solani, P. ultimum, and C. radidcola (Bald and Chandler, 1957;
Linderman, 1985; Raabe and Hurlimann, 1970). Because several fungi are
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involved, fungicide mixtures have been recommended for pathogen control (Bald
and Chandler, 1957).
Both the Easter lily plant and the microorganism population are effected
by ammonium or nitrate fertilization. Fertilization with ammonium, rather than
nitrate, altered the plant's metabolism and increased plant susceptibility to plant
pathogens (Polizotto et al., 1975) Weinhold et al. (1969) found that the
ammonium form of nitrogen increased the pathogenicity of Fusarium and
Rhizoctonia whereas their pathogenicity was reduced by the nitrate-N.
To improve the quahty of their crops, growers apply fertilizer and chemical
pesticides to the soil; unfortunately, applied chemicals may have the potential to
contaminate ground and surface waters. In addition there is the potential for
pathogens to develop chemical resistance. A more direct consequence to the
grower, however, is the expense of fertilizer and pathogen control treatments and
the labor required to apply them, and worker safety. Attention should be focused
on finding alternatives that reduce chemical applications to control pathogens.
In the last two decades, discussion about biological control of diseases has
increased (Baker, 1987). Interest in this area is growing, and there are numerous
successful agricultural applications of biological control of plant pathogens (Baker
and Cook, 1974; Cook and Baker, 1983; Underman et al., 1983).
For over 100 years researchers have realized that for effective plant disease
control to occur, integrated procedures are required, each operating in a different
manner or time (Baker, 1987). Successful biocontrol systems are tailored to the
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crop and integrated into the cultural system on a case-by-case basis (Linderman et
al. 1983).
Root diseases can be influenced by the relationships among pathogens and
antagonistic bacteria and fungi. Mutualistic organisms, such mycorrhizal fungi,
establish symbiotic relationships with roots of higher plants and pathogenic
microorganisms in the soil and rhizosphere. The suppression of soil pathogens by
biocontrol organisms is an important disease control alternative. Linderman
(1986) has reported that frequently the biocontrol organism produces metabolic
inhibitors capable of suppressing or killing the pathogen. The biocontrol
organisms may also actively parasitize the pathogen.
In natural soil ecosystems a balance between organisms takes place
creating a well buffered environment. However, the disruption of this biological
buffer by man can affect pathogenic as well as non-pathogenic organisms. In
those natural ecosystems where a disease has been held in check, disturbance of
the physical, chemical or biological environment can create more opportunities for
disease causing organisms.
Pathogen management is critical in lily bulb production. Because of the
two-year length of field production, the bulb-root system may be exposed to high
levels of pathogen inoculum. It is important to ship pathogen-free bulbs to the
greenhouse forcer; during the forcing stage, the bulb may be planted into
pasteurized media where pathogenic organisms introduced on the bulb-root
system might proliferate. In addition, plant stress from fluctuating physical and
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chemical conditions in the pot-production system might retard and dispose plant
to the development of diseases. The best situation would be to ship pathogenfree bulbs pre-colonized with beneficial symbiotic and biocontrol microorganisms.
The purpose of this study was to define the combinations of biocontrol
organisms, mycorrhizae, and chemical factors to ameliorate pathogen effects and
to promote the growth of Easter lily. To achieve this objective the following
hypotheses were tested:

1.

Vesicular-arbuscular mycorrhizal fungi can enhance
growth of pathogen infected Easter lilies.

3.

Biological and chemical pathogen control
treatments affect plant growth.

4.

Nitrogen form interacts with pathogens and with biological and
chemical pathogen controls to affect plant growth.

Chapter 2

Review of the Literature

The Easter Lily Plant

The morphology and pathogens associated with specific organs of the
Easter lily plant are presented in the following section. Details of the commercial
production cycle are then presented.

A.

Morphology of the Lily Plant and its Diseases
1. The Bulb

The Easter lily bulb is a specialized plant organ. It consists of a greatly
compressed perennial stem, called the basal plate (De Hertogh et al., 1971).
Arising from the basal plate is an apical growing point enclosed by fleshy scale
leaves of various ages, each with a minute axillary bud (Blaney and Roberts,
1966).
The scales are modified leaves that function as storage organs (Wilkins,
1980). There are two sets of scales, the outer (or mother) scales are the previous
year's inner scales and they surround the current year's inner scales. The inner
(or daughter) scales, are formed from a new current year's shoot meristem near
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the old flowering stem and at the base of an inner-most scale (Blaney and
Roberts, 1966; De Hertogh et al., 1971; Wilkins, 1980). As the new current bulb
develops and its shoot becomes the growing vertical axis, the old bulb axis and
basal plate are displaced to one side away from the previous vertical orientation
of the bulb axis. With time, the scales, basal plate and roots of the old bulb
diminish.
Several fungi are associated with below-ground diseases of Easter lily
plants that affect one or several plant organs. The degree of impact on plant
performance is varied. The specific disease symptoms of the associated causal
organisms are presented in Table 2.1.
linderman (1985) pointed out that F. oxysporum is involved in what
growers refer to as the "root base rot complex", along with C. radicicola and F.
solani. Bald et al. (1979) found that F. oxysporum yellows the outer bulb scales,
due to hyphal penetration between the surface cells. Fusanum oxysporum can also
cause scale lesions and tip rot (Bald et al., 1973).
The basal bulb plate can be severely infected by F. oxysporum; the resulting
basal rot of Easter lilies occurs both in the field and container culture
(Linderman, 1985). McWhorter (1957) reported that R. solani was observed in
the yellow pigmentation of the scale epidermal cells. McWhorter (1957) isolated
C. radicicola from scale tip rot.

2. The Shoot

The lily shoot is a non-branching flowering stem which emerges from the
center of a daughter bulb (Blaney and Roberts, 1966). Bulblets are formed in the
axis of the bract-like leaves at the underground nodes of the flower stem (Blaney and
Roberts, 1966). Below-ground stem infections are referred to as "stem lesions", and
are apparently caused by a complex of organisms that includes F. oxysporum, C.
radicicola and Rhizoctonia sp. (Linderman, 1985).

3. The Root System

Lilium longiflorum has both basal and stem roots. Basal roots develop from
the basal plate of the bulb and can live ten to fifteen months (Blaney and Roberts,
1966). Stem roots are adventitious, growing on the below-ground portion of the stem
between the bulb and soil surface (De Hertogh et al., 1971).
Fungi most frequently isolated from roots of field-grown Easter lily are F.
oxysporum, C. radicicola, R solani, and Pythium spp. (Lmderman, 1985). This "root
rot complex" can also be present in pot plant culture.

4. The Flowers

The Easter lily belongs to the group named true lilies (Subgenus Euliriori),
characterized by having trumpet or funnel-shaped flowers (Tipton, 1944; Rees,
1972). Each flower bears ovaries above the floral envelope and six nearly-alike
floral or perianth segments (Griffiths, 1930, cited by Roberts and Blaney, 1967).
It has a single pistil consisting of a cylindrical ovary and a long style characterized
by having an enlarged three lobed stigma (Syngae, 1980).

B. Lily Production Cycle

Commercial sized Easter lily bulbs are field grown from bulblets or bulb
scales (Blaney and Roberts, 1966). In early fall stem bulblets or scales are field
planted. They are harvested as "yearlings" in late summer of the following year.
Usually, yearlings are not large enough to produce a commercial plant when
forced in the greenhouse (Blaney and Roberts, 1959; Blaney and Roberts, 1965).
Therefore, most yearlings are planted back and allowed to grow another year.
Bulbs, called "commercials", with 20-25 cm bulb circumference, are harvested at
the end of the second growing season and sold to be forced (Roberts et al., 1984).
According to Baker and linderman (1979), the multiple growth and handling
stages involved in the Easter lily bulb production create an opportunity for disease
introduction or enhancement.

C. Vernalization Effect

The final plant at Easter time is a direct function of the field production,
storage, and various greenhouse forcing stages (Wilkins, 1980). Some decades ago
several researchers (Stuart, 1943; Stuart, 1946; Hartley et al. 1963; Miller and
Kiplinger, 1966) reported the use of cold storage to accelerate flowering and to
increase uniformity of flowering of Easter lilies (vernalization effect). As early as
1943, Stuart reported, for 'Croft' lily, that 45° to 50 °F storage temperature for up
to four to six weeks was an optimum range for early flowering. After an extensive
literature search, Langhans and Weiler (1967) concluded that vernalization
temperatures of 35°to 40°F were optimum for West Coast cultivars and 45"to
500 F for southern cultivars.
Lind and Wilkins (1973) reported that if bulbs were not cooled at
temperatures below 70 "F after maturation but prior to greenhouse forcing, they
did not flower. Langhans and Weiler (1967) found that there was no flower
initiation during cold storage; flower initiation occurs after the shoot has emerged
in the greenhouse forcing phase.
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Methods for Disease Control

Methods for controlling plant diseases vary from one disease to another,
depending upon the pathogen involved, host, and interaction of the two (Agrios,
1988). Agrios (1988) classifies the disease control methods as: a. Regulatory, b.
Cultural, c. Physical, d. Chemical, and e. Biological. The following information is
focused on the chemical and biological factors favoring the crop plant rather than
the soil-bome pathogens.

A.

Effects of Nitrogen Fertilization on Plant Growth and Plant Disease

1. Nitrogen Form and Plant Growth
Nitrogen is the mineral element that plants require in the greatest amounts
(Bloom, 1988), and mtrogen availability is often considered to be a major
limitation to plant growth. The form of nitrogen suppHed can effect the plant's
metabolism, growth and development; and, the form of mtrogen may predispose
the plant to infection and disease development by pathogens. The response to
mtrogen form (NH4+ or NO3") can vary by plant species. Most species use both
forms of nitrogen (Haynes and Goh, 1978). In general, high concentrations or
ratios of ammonium have been reported to be detrimental to plant health
(Polizotto et al., 1975).
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Ammonium nitrogen suppresses Ca+2 and Mg+2 absorption, produces leaf
and stem lesions, decreases starch synthesis, increases amino acid amide levels,
decreases organic acid content, lowers the activity of several enzymes, inhibits
water uptake and root exudation, and reduces water potential (Polizotto et ah,
1975).
Boodley (1970) observed interveinal chlorosis and marginal necrosis of
poinsettia (Euphorbia pulcherrima Willd.) leaves during commercial production
caused by NH/ fertilizers. Widmer (1963) showed that Easter lily plants grown
in a soil initially high in NO3" and Ca++ had fewer scorched leaves than plants
grown in soil initially low in this form of nitrogen. Marousky and Woltz (1977)
found more scorched Easter lily leaves when plant were fed with NH4+ than with
NO3-.
Polizotto et al. (1975) showed that NH4+ reduces growth, causes leaf roll,
suppresses Ca+2 and Mg+2 absorption, and increases P and N accumulation of
potato (Solarium tuberosum L.) plants grown in solution culture. Experiments on
strawberry (Fragaria X ananassa L.) by Gannmore and Kafkafi (1983) reported
that at 32 "C root temperature and gradual increase of the NH/ fraction in the
nutrient solution, there was increase deterioration with complete plant death at
100% NH4+. The authors suggested that this death was related to the depletion
of sugar and possible shortage of oxygen in the root cells due to NH4+
metabolism in the roots.
Conversely, tomato (Lycopersicum esculentum Mill) plants fertilized with
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100% NO3" increased in shoot fresh weight as the temperature increased
(Gamnore and Kafkafi, 1980).

2. Nitrogen Form and Plant Disease

While nutrition has been a primary component of disease control, it often
has not been recognized. Cultural practices such as crop sequence, organic
amendment, liming for pH adjustment, tillage, and irrigation often influence
disease through nutrient interaction where nutrients are directly supplied or
become more or less soluble through altered microbial activity (Huber, 1989;
Huber and Watson, 1970; Huber and Watson, 1974).
The action of some forms of biological control and suppressive soils is due
to the manifestations of microbial activity which influence nutrient availability
(Huber and Watson, 1970; Huber and Watson, 1974). Thus, the occurrence and
severity of a plant disease is dependent upon the interaction of many factors in
the physical-biological environment (Weinhold et al., 1969). Although a wide
range of interactions of pathogens and their hosts can be involved, it is generally
the form of nitrogen available to the host or pathogen that affects disease severity
or resistance rather than the amount of nitrogen (Huber and Watson, 1974). For
at least 30 years there has been a controversy over whether fertilizers vary disease
severity by a direct effect of host nutrition on the growth and reproduction of the
pathogen, through changes in crop growth and canopy structure, or directly affect
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nutrition of the pathogen (Last, 1962).
In relation to this matter, Maier (1968) reported that pathogenesis and
ultimate disease severity of F. solani f. sp. phaseoli could be influenced by the
nutrition of the host, the nutrition of the pathogen, and by the availability of
nitrogen sources for their interaction. Weinhold et al. (1969) found that the
ammonium form of nitrogen increased the pathogenicity of Fusarium and
Rhizoctonia; their pathogenicity was reduced by the nitrate form. Huber et al.
(1965) suggested that either host resistance or the pathogenicity or causal
organism activity in the soil may be affected, since the pathogen population
remained constant or increased with treatment that reduced disease severity.
Marschner (1986) has reported that the role of nitrogen in increasing the
susceptibility of host plants to obligate fungal parasites can also be related to
changes in the anatomy and physiology of the host plant in response to nitrogen.
Nitrate nitrogen, particularly, is known to enhance plant growth rates (Gannmore
and Kafkafi, 1980). During the vegetative stage of plant growth, the proportion of
young to mature tissue shifts in favor of the young and more susceptible tissue
(Marschner, 1986). In addition, ammonium nitrogen can increase plant amino
acid and amide concentrations. Changes in amino acids and amides in the
apoplast and at the leaf surface seem to have a greater influence than sugars on
the germination and growth of conidia (Marschner, 1986; Polizoto et al., 1975).
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2.1. Soil Organic Amendments

Soil amendments influencing soil nitrogen have been shown to affect root
rot diseases. Huber et al. (1965) reported that crop residues can effect the
severity of specific soil-borne diseases. They found a correlation between the
severity of Fusarium root rot caused by F. solani f. sp. phaseoli of bean {Phaseolus
vulgaris L.) and the effects of various residues on nitrification. Alfalfa and corn
residues stimulating nitrification reduced the severity of bean root rot.
Amendments favoring ammonification, such as barley straw or glucose, resulted in
a more severe root rot (Huber et al., 1965). However, Cook (1962) found that
suppression of Fusarium root rot was exerted in the pre-penetration stage of
pathogen development by barley straw amendments. Conversely, Maier (1968)
states that ammonium favors the pathogen during the penetration stage, and
concluded that during the infection process soil nitrogen can exert a complex
influence when super-imposed on host nutrition.
Several reasons have been given to explain why barley straw amendments
may slow Fusarium root rot of bean in the pre-penetration stage (Maier, 1961):
1. Retardation of vegetative growth and appressorium formation on the host
surface. 2. Stimulation of conidial production. 3. Retardation of the conversion
of hyphae and conidia to chlamydospores.
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The decline of F. oxysporum f.sp. dianthi (Prill. & Delacr.) Snyder &
Hansen incidence after the addition of organic materials to soil was ascribed by
Loffler et al., (1986) to liberation of ammonia during decomposition of the
organic substances. They stated that, in soil, ammonia can be oxidized to nitrite
by Nitrosomonas bacteria and subsequently to nitrate by Nitrobacter bacteria.
Nitrite, in addition to ammonia, may be responsible for population-reducing effect
of ammonia-generating compounds during the pre-penetration stage (Sequeira et
a/., 1981).

2.2. Soil Inorganic Amendments

Several explanations are presented in the literature for the direct or
indirect effects of nitrogen in the ammonium or nitrate form on disease incidence.
Addition and uptake of ammonium will result in decreased pH (greater soil
acidity), while uptake of nitrate will result in greater soil alkalinity (increased pH).
Is the resultant effect on disease severity due to pH changes, to direct affects of
the N-form on the pathogen, or to the effect of the N-form on host plant?.
An experiment carried out by Maurer and Baker (1965) on bean root rot
showed slightly but consistently greater incidence of F. solani f. sp. phaseoli, when
ammonium-N, rather than nitrate-N, was added to soil with cellulose. The
authors suggested that the capability of some groups of fungi to utihze only mtrate
nitrogen and glucose (or other simple carbon source) or cellulose may
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competitively remove available nitrogen necessary for pathogen spore germination
and penetration. However, results obtained on potted tomato plants, using NH4+
or N03" with lime in the form of calcite limestone, showed no markedly different
effects on yield and severity of F. oxysporum f. sp. fycopersici (Jarvis and Thorpe,
1980).
Huber et al. (1965) reported that residues or chemicals which inhibited
nitrification and decreased the severity of Verticillium alboatrum Reinke &
Berthold, increased the severity of diseases caused by Fusarium and Rhizoctonia.
They concluded that organic and chemical amendments may manifest their effects
on disease by altering the rate of nitrification in the soil. Changes in nitrification
may affect either host resistance or the pathogenicity or activity of the causal
organism in the soil, since the population of the pathogen remained the same or
increased with treatments that reduced disease severity. They also reported that
compounds which inhibit nitrification in the soil, such as 1,3-dichloropropene
(Telone) or 2-chloro-6-(trichloromethyl) pyridine (N-serve), have a profound
effect on disease severity (Huber et al. 1965).
Field experiments conducted by Chum and Lockwood (1985) showed that
urea application at 1% of soil weight effectively reduced the number of viable
propagules of P. ultimum, Thielaviopsis basicola, and Macrophomina phaseolina in
soil trials. Disease reduction was attributed to the formation of ammonia by urea.
Although Loffler et al. (1986) found that addition of urea or NH4CI (0.1% per dry
weight of soil) reduced the population of F. oxysporum f.sp. dianthi, this effect was
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not attributed to ammonia formation. They found that nitrifying bacteria, and
thus oxidation of ammonia to nitrate, were inhibited by ammonia concentrations
in soil treated with 1% NH4C1. Nitrite, rather than ammonia, caused the
population decline. Decreased chlamydospore formation and an enhanced lysis of
chlamydospores by nitrite reduced the F. oxysporum population.
Agrios (1988) mentions that the effect of each nitrogen form is associated
with pH. When amendments of ammonium nitrogen generally increased disease,
disease severity increased with acidity. Diseases increased by nitrate nitrogen are
usually more severe at neutral to alkaline pH. Micronutrient deficiencies may be
created by the alkaline pH; this may have contributed to decreased growth,
sporulation and virulence of Fusarium wilt (race 2) on tomato plants (Jones and
Woltz, 1967).
Christensen et al. (1987) found that wheat take-all root rot caused by the
fungus Gaeumannomyces graminis (Sacc.) was more severe with increased
alkalinity and with N03" fertilization. Similarly, it was hypothesized and confirmed
by MacNish (1988) who also reported that take-all root rot was severe at alkaline
soil pH's.
Smiley and Cook (1973) suggested that the decreased rhizosphere pH,
occurring when plants absorb NH^-N, produces a more favorable niche for
microbes antagonistic to G. graminis. Changes in host physiology have also been
reported as a cause of host tolerance of this disease when NH^-N was added to
the soil (Huber and Watson, 1974).
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B. Fungicides

Fungal pathogens of Easter lilies are commonly controlled with chemical
pesticides (Linderman, 1985). Since bulbs may have become pathogen infected in
the field, fungicides soil drenches are applied every 4-weeks during, greenhouse
forcing and is a common practice (Ascemo et al., 1981).
Soil-borne pathogens of Easter lily may infect the plants singularly or as a
complex (Linderman, 1985). As it is often difficult to determine which pathogens
are present, fungicide mixtures have been recommended. Raabe and Hurlimann
(1970) reported that fungicide mixtures such as Pentachloronitrobenzene (PCNB)
and [methyl-l-(butylcarbamoyl)-2-benzimidazolecarbamate] (Benlate; Ferbam
1991, 50%WP) or PCNB and [Sodium P-(dimethylamino) benzenediazosulfonate]
(Dexon 35 WP) have been used. In the fourth edition (1989) of the Holland Bulb
Forcer's Guide, a preplant quick-dip followed by soil drench applications is
advised. Among the fungicides recommended are dimethyl 4,4-o-phenylenebis (3thioallophanate (Thiophanate methyl; Topsin-M, 70%WP); [5-ethoxy-32(trichloromethy)-l-2-4-thiadiazole] (Ethazol, Etridiazole, Truban, 5%G); N-(2,6Dimethylphenyl)-N-(methoxyacetyl)-alanine methyl ester (Metalaxyl; Subdue,
2%E) and Etridiazol + Thiophanate methyl (Banrot, 40%WP). However, Raabe
and Hurlimann (1970) found that PCNB and Ferbam stunted Easter lily plants
when applied at higher than recommended rates either to the bulb or as a soil
drench.
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Banrot fungicide controls a wide range of pathogens (Pfleger, 1975a).
However, roots of Easter lily plants receiving a single drench of Banrot (8 oz/100
gal) were more severely infected with root pathogens than plants given monthly
drenches at the same concentration (Pfleger and Wilkins, 1975). Also, it has been
reported that Terrazole, one of the Banrot components, inhibits nitrification
(Mills and McElhannon, 1984; Mikkleson et al., 1986).

C. Biological Control of Soil-borne Plant Pathogens

1. History, Interest, and Potential Use
Biocontrol, as discussed by Baker and Cook (1974), Cook and Baker
(1983), is the use of any organism to control a pathogen. Microbes interacting in
the soil are influenced by a variety of conditions including root exudates,
environmental conditions and chemical applications. Research workers frequently
overlook the whole rhizosphere concept. Nevertheless, an understanding of hostpathogen interaction must consider (besides these two components) the presence
of a variety of non-pathogenic organisms that are in equilibrium during the
infection process and those that have potential to either limit the pathogen
activity or give resistance to the host.
The biological control of soil-borne plant pathogens was studied as early as
1920 and broadly reviewed by (Baker and Cook, 1974). In 1914, C.F. von Tubeuf
used the term in relation to plant pathogens, and in 1919 the term was used by
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H.S. Smith in relation to plant insects (Baker, 1987). The number of published
papers related to biological control of plant pathogens by antagonistic fungi,
bacteria actinomycetes or general soil populations, increased in the 1920s
(Campbell, 1989). The number of biocontrol publications increased rapidly after
1965 (Baker, 1987).
Interest in this area has recently increased for several reasons: 1) studies
increased the knowledge of the microbial and ecological interactions ; and 2)
concern about the environmental effects and safety of chemical pesticides
increased.
Most research on Easter lilies has focused on conventional practices for
bulb storage and greenhouse forcing. The influence of inoculations with
beneficial, symbiotic, and biocontrol microorganisms in enhancing growth of
Easter lily has not been extensively investigated. However, horticultural crops are
likely targets for application and establishment of beneficial microorganisms
because: 1. Most horticultural crops are of high economic value (Baker and
Linderman, 1979). 2. And, the use of containers, range of plant propagation
techniques, wide use of soilless growth media (possibly sterilized) offer the
possibility of controlling the environment to favor plant introduced beneficial
organisms (Linderman, 1986; Johnson, 1987; Campbell, 1989).
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2. Mycorrhizal Fungi and Disease Development
2.1. Mycorrhizal Associations

Mycorrhizal fungi are a group of fungi that are beneficial to the growth
and development of many plant species. Roots colonized by these nonpathogenic
fungi are called mycorrhizae, MYCO meaning fungus, and RHIZA meaning root
(Linderman, 1978). Such associations have been known for over 100 years, but
only in the past 30 years have their significance to plant growth and health been
appreciated (Linderman, 1988b).
There are two main groups of mycorrhizae, the endomycorrhizae and the
ectomycorrhizae. This mutualistic association, whether ectomycorrhizal or
endomycorrhizal, is beneficial in a number of ways to both the plant and
symbiont. Linderman (1988a) reported that once the mycorrhizal relationship is
formed, changes in the physiology and/or morphology of roots and the plant
occur. The host provides carbohydrate to the fungus. The plant benefits from
mineral nutrients absorbed from the soil by the fungus and from mycorrhizaeinduced physiological changes.
Plant growth is influenced by the environment around the root, and in
general its importance has been related to the physical and nutritional aspects of
the soil. However, Linderman (1988a) indicated that roots provide not only
structural support for the plant and absorb water and nutrients, but they also
produce plant growth regulating substances, such as cytokinins. Roots also
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support the growth and functions of a complex of microorganisms that can have a
great effect on the growth and survival of plants.
We are just beginning to understand the ecology of mycorrhizal fungi and
their most direct effects on pathogenic microorganisms. The decrease in disease
associated with mycorrhizae has often been attributed to mycorrhizae-induced
morphological and physiological changes in the plant host. However, some
researchers (Dehne, 1982; Graham, 1988; BiSth and Hayman, 1983; Kayne et al.,
1984; Caron, 1989) have suggested that the effects are due to other more direct
factors.
In order to understand how mycorrhizal fungi can be involved in the
control of soil-borne pathogens, it is important to understand the morphological
and physiological changes taking place in a mycorrhizal plant and rhizosphere.
There are two main types of mycorrhizae based on the nature of the root
anatomy and infection.

2.1.1. Ectomycorrhizae

Ectomycorrhizal fungi, can be grown in artificial culture (Linderman, 1981).
Ectomycorrhizae often occur on forest tree families, such as members of the
Pinaceae, Fagaceae, Betulaceae, and Myrtaceae, resulting from associations with
Basidiomycete and Ascomycete fungi (Schenck, 1981). They grow in the
intercellular spaces between cortical cells of the roots forming a thick mantle of
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fungal tissue around the exterior of the root tip with some hyphae extending into
the soil (Linderman, 1978).
Malajczuk (1984) pointed out that ectomycorrhizae may potentially prevent
pathogen infection through one or a combination of the following methods:
1. Mycorrhizae produce antibiotics thereby creating an unfavorable environment
for spore germination and mycelium growth. Marx (1973) postulated that root
protection by ectomycorrhizal fungi is the result of antibiotic synthesis by either
the fungus or the plant. An example of this mechanism is the protection against
Phytophthora root rot, where the ectomycorrhizal fungus Leucopaxillus cerealis var.
Piceina Peck synthesizes antimicrobial compounds protecting the root of Pinus
taeda and Pinus echinata (Marx and Davey, 1969). Duchesne et al. (1988) found
that the ectomycorrhizal fungus Paxillus involutus Fr. increased resistance of Pinus
resinosa Ait. to F. oxysporum. They related this decreased disease incidence to an
increase in antibiotic activity in the rhizosphere of the seedlings treated with P.
involutus. b. The fungi may create a physical barrier to pathogen infection by the
production of a compact fungal mantle, c. And, the fungi may reduce or alter
root exudation, stimulating antagonistic microflora associated with the mantle.

2.1.2. Endomycorrhizae

Endomycorrhizal fungi are generally obligate symbionts that cannot be
grown in artificial culture (Linderman, 1981). Endomycorrhizae are formed on
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roots of plants in many plant families by fungi in the Zygomycetes and
Basidiomycetes (Schenck, 1981). They are both internal in the root cortical cells
and external to the root as extraradical hyphae; no fungal sheath or mantle forms
on the root; so, physical exclusion of a pathogen is not possible (Bruehl, 1987).
Nevertheless, increase in lignification of the cell wall has been related to a
physical barrier against penetration of pathogens (Dehne and Schonbeck, 1979).
These fungi form vesicles (terminal hyphal swellings considered to be storage
organs) and arbuscules (intracellular haustoria-like structures) (Schenck, 1981).
Due to the formation of these structures they are referred to as vesiculararbuscular (VA) mycorrhizal fungi (Linderman, 1978). This type of mycorrhizae
is found in nearly 90 percent of the higher plant groups on Earth, including the
majority of florist and nursery crops (Linderman, 1978).
Easter lily associations with the VA mycorrhizal fungi G. intraradices, G.
fasciculatus, G. monosporus, Acaulospora elegans Trappe & Gerdemann, and A.
trappei Ames & Lindermann have been reported, and a disease protective
function has been proposed ( Ames and Linderman, 1977; Ames and Linderman,
1978; NPI Guidelines for use of Nutri-Link).
Campbell (1989) observed reduced incidence of T. basicola rot of cotton
roots, when plants were mycorrhizal. Apparently, chlamydospore production was
reduced by higher levels of arginine induced by mycorrhizae; mycorrhizal plants
had 50% more amino acids than non-mycorrhizal plants. This observation shows
the possible indirect effect of the mycorrhizal fungus, not only on plant nutrition,
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but also on plant metabolism and the associated rhizosphere environment.
One of the benefits derived by the host plant from VA mycorrhizae is the
ability of the fungus to increase phosphorus uptake (Auge, 1988). This has been
given as an indirect effect in protecting plants against diseases. However, Kayne
et al. (1984), found that G. fasciculatum acted to some degree as a biological
control agent against P. ultimum root rot of poinsettia. They suggested that the
mechanism of tolerance appears to be distinct from improved plant mineral
nutrition alone.
Campbell (1989) pointed out that increased phosphorus levels in the root
can decrease root exudation and thereby decrease pathogen incidence. On the
other hand, Caron et al. (1986) found that phosphorus concentration had no effect
on the incidence of Fusarium root rot of tomato, while plants inoculated with G.
intraradices were protected against the pathogen. Stewart and Pfleger (1977)
found that Gigaspora margarita protected poinsettia roots against P. ultimum and
K solani. However, protection was provided only when VA mycorrhizae were
established in the roots by inoculation 20 days before inoculation with the
pathogens. When the pathogens and mycorrhizal fungus inocula were added
simultaneously, there was no protection.
Other possible reasons for disease reduction by VA mycorrhizal fungi are
suggested : 1. Increased enzyme activity (Schenck, 1989). 2. Increased sugars
(Schenck, 1989). 3.1ncreased phenolic compounds (Schenck, 1989). 4. And,
Changed rhizosphere population (Mayer and Linderman, 1886)
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2.2.

Effect of Fertilizer Phosphorus on VA Mycorrhizae

Soil factors are known to influence the establishment and performance of
VAM fungi (Gerdemann, 1975; Hayman, 1982; Mosse, 1973a). In general,
colonization by mycorrhizal fungi and host growth response decrease as soil
fertility increases. Application of available P has often been cited as a factor
reducing colonization and host growth enhancement by VAM fungi (Gerdemann,
1975; Hayman, 1982; Mosse, 1973a; Mosse, 1973b).
According to Biermann and Linderman (1983), colonization of geranium
roots {Pelargonium X hortorum L.H. Bailey) by G. fasciculatum was lower at high
(43 ppm P) than at low P level (11 ppm P). In the same experiment they found
that nonmycorrhizal plants were significantly less uniform in root and shoot
weight, leaf area, and leaf weight when compared to plants with mycorrhizae.
In soils where more than 0.2 g Ca(H2P04)2/kg of soil was added,
phosphorus concentrations built up rapidly in the onion (Allium cepa) plants, and
growth of mycorrhizae was less (Mosse, 1973b). When 1 g Ca(H2P04)2 or more
was added per kg of soil, mycorrhizae tended to die. The author stated that with
high phosphate no arbuscules were formed, many attenuated hyphae ramified
through the cortex, and the host seemed to have lost control over fungal
development.
Inhibition of VA mycorrhizal fungus in P-sufficient roots was correlated
with decreased root exudation (Graham et al., 1981); they hypothesized that root

27
exudates are required for the fungus establishment. On the other hand,
experiments carried out on Easter lily by Ames and Linderman (1978) showed
that fertilizer level had more influence than type on amount of mycorrhizal
colonization on Easter lily growth.

3.

Biological Control of Soil-bome Pathogens by Fungal and Bacterial
Antagonists

3.1. Fungal Antagonists

The most serious soil-bome pathogens infecting Easter lily are R. solani,
P. ultimum, F. oxysporum, and G radicicola. Several biocontrol organisms have
been reported to be effective antagonists against these major fungal pathogens.
Information on these biocontrol organisms follows.

3.1.1. Gliocladium

Gliocladium virens has reduced disease in a number of pathogen-host
combinations. Preemergence damping-off of cotton (Gossypium hirsutum L.)
caused by R. solani was reduced by G. virens (GV-P strain) from 55 to 11%
(Howell, 1982). It also effectively controlled Pythium. Data obtained in a
greenhouse experiment showed that G. virens lessened the severity of Rhizoctonia

28
root rot in white beans (Tu and Vaartaja, 1981). Severity of root rot in cotton
was inversely related to concentration of G. virens (Howell, 1982).
Addition of 1 x 107 conidia per 100 g of culture of G. virens to the medium
controlled R. solani and P. ultimum in Zinnia {Zinnia elegans L.), cotton, and
cabbage (Brassica oleracea) plants. Control of P. ultimum was effective when
sporangial inoculum of the pathogen was introduced at seed planting. Control of
R. solani required contact with G. virens prior to seed planting (Lumsden and
Locke, 1989). This suggests that with R. solani a short period of incubation of the
pathogen with G. virens was required for disease control.
Damping-off caused by P. ultimum and R. solani in Zinnia (Z. elegans L.)
in soilless mix was significantly less when the medium was inoculated with a young
mycelial preparation of G. virens (Lumsden et al., 1984). Lewis and Papavizas
(1985) reported that mycelial (in sand/commeal medium) preparations, but not
conidia, of G. virens prevented damping-off of cotton, sugar beet (Beta vulgaris L.),
and seedlings of radish (Raphanus sativus L.) in the greenhouse.
The primary effect of G. virens on R solani appears to be parasitism of the
host hyphae (Howell, 1982). When G. virens was introduced after sclerotia of R
solani had formed, it colonized both the mycelia and sclerotia of R solani by
direct surface contact, or by penetration of the host hyphae and formation of
intracellular parasitic hyphae (Tu and Vaartaja, 1981). Howell (1982) did not
observe parasitism of P. ultimum by G. virens; the adverse effect appeared to be
due to antibiosis. From a broth culture of G. virens (strain GV-P), Howell and
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Stipanovic (1983) isolated a compound called Gliovirin that was active against P.
ultimum. The biology, ecology, and potential use of Gliodadium spp. has been
reviewed by Papavizas (1985).

3.1.2. Trichoderma
Trichoderma harzianum has been effective against R. solani, P. ultimum,
and F. oxysporum in a number of host pathogen combinations.
Trichoderma harzianum has been effective against damping-off caused by R
solani and P. ultimum in field and greenhouse experiments (Papavizas, 1985).
Responses to application of 5 X 106 cfu/g of this fungal antagonistic to soil
resulted in fewer days to flowering of periwinkle (Vinca minor L.), increased
number of blooms on chrysanthemum (Chrysanthemus morifolium), and increased
dry weights of tomato, pepper and cucumber (Cucumis sativus) plants (Chang et
al. 1985). Trichoderma spp. proliferate abundantly in natural soil in the
greenhouse when added as young mycelium on bran, but not when added as
conidia (Lewis and Papavizas, 1984). This ability of young hyphae (but not
conidia) to proliferate may be due to their resistance to fungistasis (Lockwood,
1977).
Strains of T. harzianum have been isolated that possess B 1-3, glucanases
and chitinases. These enzymes enable them to parasitize the hyphae and sclerotia
of R. solani, by invading the cells, causing lysis, and to parasitize Pythium spp. by
degrading the glucans in the wall (Campbell, 1989). However, the mechanisms
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involved in the biological control of F. oxysporum by T. harzianum are unclear.
Sivan and Chet (1989) reported that T. harzianum had Uttle effect on the survival
of Fusarium spp. in nonrhizosphere soil. Therefore, they concluded that inhibition
of Fusarium spp. may have resulted from competition in the rhizosphere.

3.2. Bacterial Antagonists

A number of bacteria are effective against pathogens that cause severe
disease of Easter lily. Information on these biocontrol bacteria follows.

3.2.1. Bacillus

Bacillus subtilis have been effective against R. solani and P. ultimum.
Dunleavy (1954) found that when B. subtilis was added to sterile soil inoculated
with Rhizoctonia sp., the incidence of damping-off of sugar beet was reduced
considerably. Raabe et al. (1978) found that when Easter lily bulbs were soaked
for 15 minutes in a suspension of B. subtilis (strain TX-1) there was a effective
control of pathogens causing root rot of Easter lily. Broadbent et al (1971) found
that B. subtilis (strain A 13, today named Q-4000) stimulated growth of nitrogendeficient peppers (Capsicum frutescens L. var. Grossum Bailey) and tomatoes in
the absence of R solani, and also reduced damping-off caused by the pathogen.
Olsen and Baker (1965) reported that B. subtilis formed colonies along mycelium
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of R. solani, apparently utilizing exudates from it and causing lysis.

3.2.2. Pseudomonas

Several strains of fluorescent Pseudomonas spp. are implicated in the
reduction of disease (Cook and Rovira, 1976; Sands and Hankin, 1975; Suslow
and Schroth, 1982). They are known to produce a variety of antibiotics and
siderophores that may play a role in biocontrol. Campbell (1989) stated that
some Pseudomonas strains which do not produce siderophores give control, and
some which have no known mode of action, producing neither siderophores nor
antibiotic, give control.
Howell and Stipanovic (1979) isolated strain Pf-5 of P. fluorescens from
rhizosphere soil of cotton seedlings that was antagonistic to R. solani. They
reported that this strain produced an antifungal compound identified as
pyrrolnitrin (3-chloro-4-[2-nitro-3-chlorophenyl]-pyrrole). In addition to inhibiting
P. fluorescens, pyrrolnitrin also partially inhibited Fusarium sp., but was totally
ineffective against P. ultimum. Howell and Stipanovic (1980) isolated pyoluteorin
(4,5-dichloro-l H-pyrrol-2-yl-2,6-dihydroxyphenyl Ketone) from strain Pf-5.
Pyoluteorin was effective in vitro against P. ultimum but not against R. solani.
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3.2.3. Enterobacter

Enterobacter cloacae gave effective biological control of damping-off
(Pythium spp.) on pea, beet, cotton, and cucumber seedlings (Hadar et al., 1983;
Nelson, 1987). In vitro studies of the mechanisms involved in the biological
control of P. ultimum by E. cloacae have shown a correlation between attachment
of the bacterium to the hyphae of the fungus and subsequent inhibition of its
growth (Nelson et al., 1986). Antibiotic production by E. cloacae was not
previously reported (Hadar et al., 1983; Nelson et al.; 1986; Nelson, 1987), but,
Howell et al. (1988) found that this bacterium produces ammonia which acts as an
antifungal compound which is inhibitory to many fungi.
Plant species with seeds that exuded low levels of carbohydrates during
germination (e.g. cucumber seeds) increased the effectiveness of E. cloacae as a
biological control agent of Pythium (Nelson et al., 1986). Conversely, Nelson et
al., 1986 found E. cloacae was unable to protect plants with seeds exhibiting high
carbohydrate exudation (e.g., legumes) from Pythium. This suggests that high
exudate sugar levels interfered with the binding of E. cloacae to Pythium hyphae.
Seed exudate carbohydrate is composed primarily of sugar (e.g., sucrose,
glucose, galactose, fructose, maltose) (Vancura, 1967). Nelson et al. (1986) found
that sugar D-glucose, D-galactose, sucrose, and B-methyl-D-glucoside suppressed
disease control by E. cloacae on seed surfaces, while 3-O-methyl-D-glucose, Dtrehalose, and L-sorbose reduced disease incidence. Later Howell et al. (1988)
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found that sugars that suppress E. cloacae are the same ones that suppress
ammonia production by the bacterium in vitro.

3.2.4. Serratia

Serratia plymuthica (Lehmann and Neumann) Bergey et al. was first
isolated in 1887 by Fischer and named Bacterium plymuthicwn in 1896 by
Lehmann and Neumann (Martinec and Kocur, 1960). In determining the
taxonomic status of the species S. phymuthica, S. indica, and S. marcescens,
Martinec and Kocur, 1960 found no significant differences among the species
tested. Ewing, Davis and Johnson (1962) and Martinec and Kocur (1960, 1961a,
1961b) suggested that all Serratia species could be described as S. marcescens.
Serratia marcescens significantly reduced by 50% the incidence of dampingoff in beans caused by R. solani, but was not effective against Pythium
aphanidermatum in cucumber (OrdentUch et al., 1987). Greenhouse experiments
showed that 106 cfu g"1 soil was the most effective concentration of the bacterium
to reduce crown rot of beans caused by Sclerotium rolfsii by (OrdentUch et al.,
1987). They suggested that competition for available nutrients between the
bacterium and the pathogen may be the reason for inhibition of germination.

Table 2.1. Epidemiology of the most common fungi associated with below-ground diseases of Easter lily1.
Disease

Causal agents

Principal
symptoms

Pathogen
survival

Conditions
favoring
infection

Bulb scale
discoloration

Fusarium
oxvsporum.
Rhizoctonia
solani

Both pathogens
produce amber
yellow
discoloration
of scales.

In soil
and/or
diseased
bulbs.

Warm, moist
conditions.

Scale tip rot

Fusarium
oxvsporum.
Cvlindrocarpon
radicicola.

Tips of central
and outer
scales become
darkened and
shriveled with
a rot that
appears black
at harvest.

In soil
and/or
diseased
bulbs.

Warm, moist
conditions.

Basal bulb
rot

Fusarium
oxvsporum.
Cvlindrocarpon
radicicola.

Chocolate brown
necrotic areas
of basal plate,
scales fall
away or shatter
from the basal
plate.

In soil
and/or
diseased
bulbs.

Warm, moist
conditions.
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(Continued)

Stem lesions

Fusarium
oxvsporum.
Cvlindrocarpon
radicicola,and
Rhizoctonia
solani.

Superficial
yellow to
necrotic
lesions or
girdling
lesions at the
point of
emergence of
the stem from
the bulb.

In soil
and/or
diseased
bulbs

Wet cold weather
beginning early in
the season has
been related with
severe stem
lesions by
Fusarium

Root rot

Fusarium
oxvsporum.
Cvlindrocarpon
radicicola.
Rhizoctonia
solani, and
Pvthium spp.

Cortical rot on
roots of
various sizes,
followed by
collapse. Brown
rotting of
roots.
Yellowing of
lower leaves
and leaf
scorch. Bud
number reduced.

In soil
and/or
diseased
bulbs.

Pythium favored by
poor soil
drainage. Fusarium
by dry to
intermediate soil
moisture and by
warm temperatures.
Rhizoctonia by
intermediate range
of soil moisture.

Source: Bald and Chandler, 1957; Bald et al
Pfleger, 1975b.

1973; Linderman, 1985; Pfleger, 1975a;
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Chapter 3

Effects of Inoculations with Pathogenic and Beneficial
Microorganisms and Ammonium or Nitrate Fertilization
on Easter Lily Growth

Additional index words. Lilium longiflorum, biocontrol, vesicular-arbuscular
mycorrhizae, nitrogen fertilization, pathogens.

Abstract

Disease control and growth of Easter lily, Lilium longiflorum Thunb., were
equal or greater when beneficial microorganisms were substituted for Banrot
fungicide treatment in greenhouse forcing. Ammonium or mtrate fertilization
interacted with the respective pathogen control treatments to determine the
magnitude of their effects on plant growth, disease severity and pathogen
recovery.
The experiment was a four factorial analysis of variance: 1) Pathogen
treatments were inoculation with or without Rhizoctonia solani Kiihn, Fusarium
oxysporum f. sp. lilii Snyd and Hans, Cylindrocarpon radicicola Wr., and Pythium

37
ultimum Trow. 2) Mycorrhizal treatments were inoculation with or without the
vesicular-arbuscular (VA) mycorrhizal fungus, Glomus intraradices Schenck &
Smith. 3) Pathogen control treatments were the control or apphcation of Banrot
fungicide or application of a fungal biocontrol organism (Gliocladium virens
Miller, Gidden & Foster or Trichoderma harzianum Rifai), or of a bacterial
biocontrol organisms (Bacillus subtilis (Ehrenberg) Cohn, Pseudomonas fluorescens
Migula, Enterobacter cloacae (Jordan) Hormaeche & Edwards, or Serratia
plymuthica Lehmann & Neumann). 4) Nitrogen treatments were fertilization with
ammonium sulfate or potassium nitrate.
Inoculation with G. intraradices increased lily root growth 2-fold, increased
shoot and bulb weight 14%, and decreased isolations of R. solani from bulb tissue.
Mycorrhizal treatments and pathogen treatments interacted: Disease severity was
least, but isolations of F. oxysporum were greatest, when mycorrhizal inoculum
and pathogen inoculum were added simultaneously. Plants inoculated with the
biocontrols, E. cloacae and 7. harzianum, had root growth that was increased
61.5% and 66.9%, respectively, compared with the Banrot fungicide drench
treatment. Pathogen control treatment and nitrogen treatment interactions
resulted in 2.5-fold greater stem-root weight in T. harzianum inoculated plants
fertilized with nitrate compared with those receiving ammonium. The least
number of flowers per plant occurred in the Banrot fungicide drench with
ammonium treatment (3.5 flowers/ plant), and the greatest number occurred in
the E. cloacae-nitrate treatment (5.0 flowers/plant); the increase of 1.5
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flowers/plant is of commercial importance. Recovery of pathogens was
significantly affected by interactions between pathogen treatments (with or without
pathogen inoculum) and nitrogen fertilization treatment (ammonium or nitrate).
Fewest pathogens were recovered in the pathogen-inoculated/ammonium
treatment combination.
Inoculation with mycorrhizal fungus (G. intraradices), inoculation with a
biocontrol fungus (T. harzianum), and fertilization with nitrate was the most
favorable treatment combination.

[Chemical name used: {5-Ethoxy-3-trichloromethyl-l,2,4-thiadiazole and dimethyl
4,4-o-phenylenebis (3-thioallophanate)} ( Banrot)].

39
Introduction

In Easter lily production, pathogen control is a major concern. The
purpose of this research was to develop an integrated system including nitrogen
fertilization, inoculation with mycorrhizal fungus and inoculation with biocontrol
microorganisms, that would result in equal or greater Easter lily production than
that obtained using chemical fungicide drenches.
The major soil-borne pathogens of Easter lily are F. oxysporum, R solani,
P. ultimum, and C. radicicola (Bald and Chandler, 1957; linderman, 1985; Raabe
and Hurlimann, 1970). Plant disease symptoms caused by a given pathogen may
be wide ranging, and the same symptom may be caused by different pathogens
(Bald et al, 1979; Bald et al, 1973; McWhorter, 1957; Linderman, 1985). Yellow
discoloration of outer bulb scales is caused by both F. oxysporum and R. solani
(Bald et al., 1979; McWhorter et al., 1957). Scale tip rot is caused by both F.
oxysporum and C. radicicola (Bald et al., 1973; McWhorter, 1957). Fusarium
oxysporum can also cause lesions and rotting of the basal bulb plate (Linderman,
1985).
Because of the similarity of symptoms of various pathogens and the
potential for a number of pathogens to be involved in an infection, broadspectrum fungicide treatments, such as Banrot, are commonly used (Bald and
Chandler, 1957; Raabe and Hurlimann, 1970). Alternatives to using chemical
fungicides for control of these pathogens include mycorrhizal fungi (Dehne, 1982;
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Graham, 1988; Baath and Hayman, 1983; Kayne et al., 1984; Caron, 1989; Ames
and Linderman, 1977; Ames and Linderman, 1978; NPI Guidelines for use of
Nutri-Link) and biocontrol microorganisms (Baker, 1987).
Several endomycorrhizal fungi infect Easter lily: G. intraradices, G.
fasciculatus (Thaxter) Gerd. & Trappe, G. monosporus Gerd. & Trappe,
Acaulospora elegans Trappe & Gerdemann, and A. trappei Ames & Linderman.
Biological control of the major pathogens of Easter lilies has been provided by
several of these mycorrhizal fungi. Biocontrol of P. ultimum was provided by G.
fasciculatwn on poinsettia plants (Kayne et al., 1984). Biological control of
Fusarium root rot was provided by G. intraradices on tomato plants (Caron et al.,
1986).
The major soil-borne pathogens of Easter lily have also been controlled by
several biocontrol fungi and bacteria. Rhizoctonia solani was reduced by G. virens
on cotton and white beans (Howell, 1982; Tu and Vaartaja, 1981), by T.
harzianum (Papavizas, 1985), by S. marcencens on beans (Ordentlich et al., 1987),
by B. subtilis on sugar beet (Dunleavy, 1954), and by P. ftuorescens on cotton
seedlings (Howell and Stipanovic, 1979). Pythium ultimum was controlled by G.
virens (Howell and Stipanovic, 1983), by T. harzianum (Papavizas, 1985), and by E.
cloacae on pea, beet, cotton and cucumber seedhngs (Hadar et al., 1983; Nelson,
1987). Fusarium spp was controlled by T. harzianum (Sivan and Chet, 1989).
However, for C. radicicola there are no reported biocontrols.
Both the plants and the microorganisms are effected by ammonium or
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nitrate fertilization. Fertilization with ammonium, rather than nitrate, altered the
plant's metabolism and increased plant susceptibility to plant pathogens (Polizotto
et al., 1975). Weinhold et al. (1969) found that the ammonium form of nitrogen
increased the pathogenicity of Fusarium and Rhizoctonia whereas their
pathogenicity was reduced by nitrate-N.
Based on the reported positive research results, the following experiment
was designed to determine if equal or greater disease control and growth of
Easter lily could be obtained when beneficial microorganisms were substituted for
chemical fungicide treatment. The experiment was designed to delineate the
effects of ammonium or nitrate nitrogen on the host plant, pathogen, and
beneficial microorganisms.
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Materials and Methods

Experimental Design and Statistical Analysis

To evaluate the independent effects of the treatment variables as well as to
evaluate interactions among them, the experiment was established as a 4 factor
analysis of variance: 2 mycorrhizal treatments (with and without additional
pathogen inoculum); 2 nitrogen fertilization treatments (ammonium sulfate or
potassium nitrate); and, 8 pathogen control treatments (control, Banrot fungicide
drench, fungal biocontrol organism: G. virens, Gidden or T. harzianum, or
bacterial biocontrol organisms: B. subtilis, P. fluorescens, E. cloacae, or
5. plymuthica. There were a total of 64 treatment combinations with 10
replications of each. Data were statistically analyzed using a 4 factorial analysis of
variance; means were statistically separated using the Fisher protected least
significant difference (F-PLSD) test.

Plant Material and Production Methods

Two-year old, field-grown, 20-25 cm circumference, 'Nellie White' Easter lily
bulbs were obtained from the A.N. Roberts Easter Lily Research Center in
Brookings, Oregon. Bulbs were dug, graded and packed during the period of
September 30-October 14, 1988 and case-cooled at 3.5-4.5 ° C for 8 weeks. Bulbs
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were then planted into a completely randomized block design, with ten
replications. Plants were forced at minimum greenhouse temperature settings of
15.5 ° C day and 18.50 C night and natural day lengths. The container mix was a
pasteurized mixture of peat, sand, soil, and pumice (l:l:l:2,v/v/v/v), with preplant
incorporation of 4.6 kg of dolomite, and 70.0 g of fritted trace elements, 471 g of
superphosphate m"3. In half the medium, 351 g of ammonium sulfate m"3 was
preplant-incorporated. In the other half, 568 g of potassium nitrate m"3 was
preplant incorporated.
Chemical characteristics of the container mix were determined by the Soil
Testing Laboratory, Oregon State University. Chemical analyses of the
ammonium and nitrate media treatments are presented in Table 3.1.
At time of planting the 3.785 L pots were filled to 1/3 depth with
ammonium or nitrate amended potting media. The vesicular-arbuscular (VA)
mycorrhizal fungus and pathogen inocula were added to appropriate treatments.
The biocontrol inoculum was sprayed on bases of appropriate bulbs. A single bulb
was set into a pot, and additional medium added to cover the top of the bulb
approximately 3 cm (Figure 1).
Banrot 40 WP soil drench, was applied (17 g a.i. per 16 Uters of drench) to
each pot in the appropriate treatments 24 h after potting and every 4 weeks until
flowering. Plants were checked for water needs daily.
After flowering, foliage was allowed to desiccate and die back. Pots were
not watered and the plants were allowed to remain inactive from May 21 -
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December 6, 1989; at end of that period, new shoots were visible and regular
watering was resumed. Ammonium sulfate or potassium nitrate at the rates of
4.76 g and 7.69 g/pot, respectively, were topdressed on February 13, 1990.
On July 12, 1990, the experiment was terminated and shoot and bulb fresh
weights were determined.
Vesicular-Arbuscular Fungi

The VA mycorrhizal fungus, G. intraradices, was obtained from Native
Plants Incorporated (NPI, Utah), and consisted of spores (4000-5000 per g),
hyphae, some colonized root fragments, and sand.
Pots treated with mycorrhizal received 25 ml of inoculum (200-250 spores)
layered beneath the bulbs.
Pathogens - Inoculum Production and Inoculation

Presumed pathogenic fungi, R. solani, P. ultimum, C. radicicola, and .F.
oxysporum, that were isolated from the Easter lily bulbs in cold storage were
grown for 2 weeks on Potato-Dextrose Agar (PDA) (Difco, Laboratories, Detroit,
MI) in petri plates.
A slight modification of the inoculum production method described by
Ascerno et al., 1981 was used. Five Erlenmeyer flasks containing 60 g of wheat
seed ('Swelt') and 40 ml of distilled water were autoclaved, and then cooled at
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room temperature (23 ° C).
Four plugs made with a 7.0 mm cork borer were taken from the edge of
each of the two-week old colonies of the isolated fungi and placed on autoclaved
wheat seed in flasks. Non-inoculated wheat seeds were kept as a control. Flasks
were incubated at room temperature for 2 weeks before use.
Three infected or non-infected (control) wheat seeds per pathogen were
placed in the pot on top of the mycorrhizal fungus inoculum prior to planting the
lily bulb.

Biocontrol Organisms - Production and Inoculation

Biocontrol organisms used in this study were obtained from the stock at the
USD A, Agricultural Research Service, Horticultural Crop Research Laboratory in
Corvallis, Oregon.
Fungal biocontrol microorganisms

Gliocladium virens (GV-9; source: C.R. Howell) and Trichoderma
harzianum (Wt-6-6; source: G.C. Papavizas) were grown on PDA for 7 days at
230 C. Conidia of G. virens and T. harzianum were washed from plates with
distilled water, and initial concentrations were determined by counting in a
hemacytometer. Conidia in a suspension with a final concentration of l.lxlO8 ml'1
were used for bulb inoculation.
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Bacterial biocontrol microorganisms

Bacillus subtilis (Q-4000; source: Abbott Labs.) and Serratia plymuthica
(6109-D01; source: Abbott Labs.) were grown on Nutrient Agar (NA) (Difco
Laboratories, Detroit, MI). Pseudomonas fluorescens (Pf-5; source: C.R. Howell)
was grown on King's medium B (KB) (Kings, E.O., Ward, M.N., and Raney, D.E.
1954). Enterobacter cloacea (J1^112; source: C.R. Howell) was grown on LuriaBertani medium (L.B.) (Maniatis, T., Fritsch, E.F., and J. Sambrook, 1982).
Cultures were grown for 3 days at 230 C. Bacteria were washed from plates with
distilled water, and initial concentrations were determined by their absorbance at
540 run (A540nm). All bacteria were diluted with water to 1 x 108 ml"1 before use.

Both bacterial and fungal biocontrol solutions were spray-applied as a 20
ml aliquot to the bulb surface. The bulb was placed in the pot and covered with
the pasteurized soil mix containing ammonium or nitrate nitrogen fertilizer
(Figure 1).

Data Collection
First year's growing season (December, 1988-May, 1989)

Plant growth data. Days from planting to shoot emergence, days to first
opened flower, number of flowers per plant, plant height at flowering, and fresh
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weights of stem + basal roots were recorded during the first year's growing
season.

Disease severity ratings. Chlorotic dead leaves at the base of stems were
counted on April 30, 1989 to determine if symptoms were related to pathogen
infection or to nitrogen treatment. A rating scale of 0 to 4 was used: 0= no dead
leaves; 1= 1 to 3 dead leaves; 2= 3 to 6 dead leaves; 3= 6 to 9 dead leaves; 4 =
more than 9 dead leaves.
Root disease was rated 6 months after planting (May 16, 1989). Two
replications per treatment were harvested. Plants were taken out of the pots, and
the peripheral root system was visually rated as follows, based on the percentage
of peripheral roots with apparent infection: 1= healthy (no visible lesions); 2 =
moderate disease (up to 25%); 3= severe disease (26 to 50%); 4= roots rotted
off (51 to 100%) (Figure 2). The medium was gently washed from roots and
bulbs. The visual rating scale for root rot of stem roots and bulbs ranged from 1
to 3: 1= heathy (no visible lesions); 2= moderate disease (up to 25%); 3 =
severe disease (26 to 100%) (Figure 2). The rating scale ranged from 1 to 4 for
basal roots: 1= healthy (no visible lesions); 2= moderate disease (up to 25%);
3= severe disease (26 to 50%); 4= basal roots rotted off (51 to 100%) (Figure 2).
Weight of stem roots and bulb roots was recorded.
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Pathogen recovery. Isolations were made from the two replications
harvested on May 16, 1989. Isolations were made on plates of PDA, or on
selective V-8 juice agar comprised of 40 ml of V-8 juice, 960 ml of distilled water,
1 g of sucrose, 0.2 g of bacto yeast extract, 20 g of agar, 0.4 g of CaCC^, 0.01 g of
cholesterol, 0.02 g of benlate, 0.027 g of terrachlor [75% PCNB], 0.01 of
chloramphenicol, and 0.1 g of neomycin sulfate per lite of solution.
Randomly selected basal root and bulb segments were washed and surface
sterilized in 10% Clorox for 10 min. Eight basal roots (0.3mm long) or eight bulb
(0.3-0.5 mm long) segments were placed in each petri plate of PDA or selective
V-8 agar. The isolation plates were incubated at room temperature and checked
daily to count colonies formed by the four inoculated pathogens.

Percentage of VAM Stem Roots colonization. To determine percentage of
root length colonized by VAM fungi roots were cleared with KOH and stained
with 0.1% trypan blue in lactophenol (Biermman and Linderman, 1981). Twenty
samples of 1-cm root lengths were randomly selected from each treatment, and
colonization was assessed by the method described by Biermman and Linderman
(1981).
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Second year growing season (December, 1989-July, 1990)
Plants inoculated with pathogens and mycorrhizal fungi, but receiving no
pathogen control treatments, were harvested to determine extent of mycorrhizae
formation and pathogen incidence on June 14, 1990. No significant differences
were found in pathogen recovery from pathogen-inoculated and noninoculated
treatments. Likewise, no significant differences were found in mycorrhizae
incidence between mycorrhizal inoculated and noninoculated treatments.
Therefore, attempts to recover pathogens and evaluate mycorrhizae in the
remaining treatment combinations were not made. Weights of shoots and bulbs
were recorded July 12, 1990.

Table 3.1. Chemical analyses of the ammonium and nitrate media.
N
form

ppm

Extractable bases
(meq/100 g)
K*

meq/lOOg

PH

Ca+2

Na+

N

P

NH/

NO^'

pH1

pH2

CEC

NH4+

0.22

16.0

0.33

0.06

8.3

87.5

13.3

8.3

7.0

14.0

NO,

0.90

19.4

0.39

0.05

8.1

8.9

144.

8.1

7.8

13.7

1
pH
2

determined on February 15, 1989
pH determined on July 6, 1990.

o

Medium
Biocontrol inoculum
pathogen inocula
VAM inoculum
Medium
Figure 3.1. Diagram showing placement of pathogen, mycorrhizal, and biological microbial
inocula.
u.
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Figure 3.2. Visual rating of disease severity on roots and bulbs of Easter lily
plants.
A. Peripheral root system: 1= no visible lesions; 2= moderate disease (up to
25%); 3= severe disease (26 to 50%); 4= roots rotted (51 to 100%).
B. Stem roots: 1= no visible lesions; 2= moderate disease
(up to 25%); 3= severe disease (26 to 100%).
C. Bulb: no visible lesions; 2= moderate disease (up to 25%); 3= severe disease
(26 to 100%)
D. Basal roots: 1= no visible lesions; 2= moderate disease (up to 25%); 3 =
severe disease (26 to 50%); 4= basal root rotted (51 to 100%)
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Results and Discussion

Mycorrhizal Inoculation Effects

Effects of mycorrhizal inoculation on plant growth. Of the plant growth
parameters measured (Table 3.2), root weight and shoot + bulb weight were most
increased by mycorrhizal inoculation. The fresh weights of roots (stem + basal)
of mycorrhizal-inoculated plants were two-fold greater than that of noninoculated
plants at the end of the first growing season (May 22, 1989). The fresh weights of
shoots + bulbs on mycorrhizal-inoculated plants were 14% greater than those of
noninoculated plants at the end of the second growing season (July 12, 1990).
Mycorrhizal treatment did not markedly affect other plant growth measurements
(Table 3.2), such as days from planting the bulb to emergence, days to flower,
number of flowers per plant, and plant height.
The limited effect of mycorrhizal inoculation on plant growth during the
first year was likely due to the "stored growth potential" in the commercial size, 20
cm circumference, bulbs that were planted. The two-fold greater root fresh
weight (stem + basal) measured at the end of the first year's growing period in
the mycorrhizal inoculated treatments without concurrent increase in shoot growth
measurements indicates that the primary effect of mycorrhizal inoculation was to
enhance or protect root growth, rather than to increase uptake of water and
nutrients which would likely have increased total plant growth. However, by the
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end of the first growing period, the "stored growth potential" of the bulb was
markedly depleted, and the second year's plant growth (fresh weight of shoot +
bulb determined on July, 1990) more directly reflects the effects of the treatment
variables. At the end of the second year's growth, the shoot and bulb were
greater in the mycorrhizal-inoculated treatments and reflected the effects of
mycorrhizal inoculation on general plant growth (Table 3.2).

Effects of mycorrhizal inoculation on disease severity. Disease severity on
basal roots was least when plants received both pathogen and mycorrhizal
inoculum at planting (Table 3.3). The reduction in root disease severity in
mycorrhizal-inoculated plants is supporting evidence that increased fresh weight of
roots (stem + basal) in mycorrhizal inoculated plants at the end of the first
growing season resulted from decreased disease (Table 3.2). Mycorrhizae may
have prevented or reduced pathogen infection or compensated for pathogen
damage to the root system by promoting new root growth.

Effect of mycorrhizal inoculation on pathogen recovery. There was a
significant effect of mycorrhizal inoculation on pathogen recovery from bulb
tissues. Recovery of Rhizoctonia solani from bulb tissues was significantly less from
mycorrhizal-inoculated plants compared with that from plants that were not
inoculated with G. intraradices (Table 3.4). This is evidence that mycorrhizal
inoculation decreased infection by the pathogen, R. solani. Similar results have
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been reported by Hag et al. (1987) who observed a reduction of R. solani diseased
maize plants from 67% to 33% (in steamed soil) and from 33% to 8% (in natural
field soil) when plants were inoculated with Glomus sp. and R. solani together.
With rice, they observed a 31% decrease in diseased rice plants when Glomus sp.
inoculum was added to steamed soil at seeding followed one-month later with R.
solani inoculum, but 42% decrease in disease occurred when both Glomus sp. and
R. solani were added simultaneously to steamed soil at seeding. However, Stewart
and Pfleger (1977) found that Glomus mosseae protected poinsettia roots against
R. solani and P. ultimum only when VA mycorrhizae were in the roots before the
pathogens were added to the system; there was no protection when pathogens and
mycorrhizal inocula were added simultaneously.
In contrast to R. solani, recovery of F. oxysporum from bulbs was greater in
mycorrhizal-inoculated treatments (Table 3.5). However, Caron et al. (1986)
reported that when tomato plants were inoculated with mycorrhizae 4 weeks prior
to inoculation with Fusarium, mycorrhizae provided protection against Fusarium
oxysporum f.sp. radicis-fycopersici. In the current experiment there was no
application of the mycorrhizal inoculum in advance of applying the pathogen
inoculum: they were appUed simultaneously. In addition, the planted bulbs were
not disease free and likely came from the field with an incipient level of F.
oxysporum. For mycorrhizae to provide protection against Fusarium, it may be
necessary to have mycorrhizal establishment prior to pathogen exposure. In
addition, Schenck and Kinlock (1974) reported that isolation frequency of F.

57
oxysporum is not correlated to the number of VA mycorrhizal spores in the soil.

Evaluation of mycorrhizae. Secondary basal roots and stem roots were
collected, cleared, stained and evaluated for mycorrhizae at the end of the 1989
and 1990 growing seasons. The roots sampled in May 1989 were so disintegrated
that mycorrhizae could not be evaluated. In May 1990, even though roots were
healthy and intact, no mycorrhizae were detected. The lack of detectable
mycorrhizae at the end of the first and second year's growing season may indicate
that sampling should have occurred earlier in the experimental period. As
indicated in the literature on effect of mycorrhizal inoculation on recovery of root
pathogens, when effective, the mycorrhizae were established early in the growth
cycle (Stewart and Pfleger, 1977).

Effects of Pathogen Control Treatments

Effects of pathogen control treatments on plant growth. Enterobacter cloacae
and T. harzianum treated plants had over 67% and 72% greater root weight,
respectively, at the end of the first growth season compared to the untreated
control (Table 3.6). These results indicate that the two biocontrol organisms were
effective and are in agreement with results of other researchers. Hadar et al.
(1983) reported an increase in healthy cucumber seedhngs from 40% (nontreated
control) to 92% when seeds were treated with E. cloacae. Enterobacter cloacae
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has given biological control of Pythium sp. of pea, beet, cotton, and cucumber
seedlings (Hadar et al., 1983; Nelson, 1987). Trichoderma hanianum has been
used effectively against R. solani and P. ultimum in field and greenhouse
experiments (Papavizas, 1985). The other pathogen control treatments (Banrot, S.
plymuthica, G. virens, B. subtilis, or P. fluorescens) had no significant effects on
root weight (Table 3.6).
Pathogen control treatments had no significant effect on plant emergence,
days to flower or number of flowers determined on May 1989 (data not shown).
Nor did they effect the number or dry weight of primary roots or fresh weight of
shoots and bulbs determined on July 1990 (data not shown). Several possible
explanations may be given for the lack of effect of the pathogen control
treatments on plant growth indicators, other than root growth. 1) Bulbs used in
the current experiment had an incipient level of infections from a range of
pathogens when field harvested. 2) The rates at which the pathogen control
treatments were applied may have been too low to markedly reduce the pathogen
populations initially present in this experiment. However, the concentrations at
which the biocontrol organisms were applied in this experiment (1 X 108 ml"1) are
similar to concentrations successfully used by other researchers (Lumsdem and
Locke, 1989; Chun et al., 1985; Ordentlich et al., 1987). 3) The pathogen control
treatments might not have been effective against the range of pathogens on the
bulbs. And, 4) The timing sequence or conditions for applying the pathogen
control treatments may not have been optimum.
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Effects of Nitrogen Treatments

Effect of ammonium or nitrate fertilization on plant height and number of
flowers. Pathogen control treatment and nitrogen treatments interacted to affect
plant growth. There was a difference of 8.6 cm in plant height among treatments
(Table 3.7). The shortest plants (57.1 cm) occurred in the Banrot + ammonium
treatment. The tallest plants (65.7 and 65.3 cm) occurred in the E. cloacae +
nitrate treatment and T. harzianum + nitrate treatment, respectively (Table 3.7).
The significantly greater height of plants in the T. harzianum + nitrate treatment
(Table 3.7) is consistent with the increase in weight of stem roots in the T.
harzianum + nitrate treatment (Table 3.8) and may be attributed to its nitrateenhanced role as a biocontrol organism. Trichoderma harzianum provides
biocontrol of P. ultimum, R. solani, and F. oxysporum (Campbell, 1989; Papavizas,
1985). There was more than one more flower per plant in the E. cloacae +
nitrate treatment compared with Banrot fungicide + ammonium treatment (5 and
3.5 flowers per plant respectively) (Table 3.9). The increase in plant height in the
E. cloacae + nitrate treatment is consistent with the increase in root weight of
plants treated with E. cloacae (Table 3.6) and with significant increase in number
of flowers per plant in the E. cloacae + nitrate treatment (Table 3.9).
In the Banrot drench treatment, plants receiving nitrate had 1.2 more
flowers per plant compared to those receiving ammonium (4.7 and 3.5 flowers per
plant, respectively) (Table 3.9). The Banrot-treated, ammonium-fertilized plants
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had the least number of flowers per plant of any treatment. The shorter plant
height and fewer flowers on plants in the Banrot + ammonium treatment may be
due to effects of ammonium or nitrite accumulation resulting from Banrot
inhibition of nitrification. Terrazole, one of the Banrot components, (5-ethoxy-3[Trichloromethyl]-l,2,4-thiadiazole) inhibits nitrification (Mills and McElhannon,
1984; Mikkleson et al., 1986). Huber, et al. (1965) reported that residues or
chemicals which inhibited nitrification, increased the severity of Fusarium and
Rhizoctonia diseases. The combination of Banrot drenches with ammonium
fertilization is detrimental to Easter lily growth and flowering.

Stem roots. The effects of interactions between nitrogen form and
pathogen control treatments on root growth (Table 3.8) are more varied and
complex than those affecting plant height and number of flowers. The least
growth of stem roots (3.2 g) occurred in the Banrot + nitrate treatment
combination; the greatest stem root growth occurred in the ammonium treatment
in combination with either the untreated control (21.7 g), B. subtilis (20.2g), or E.
cloacae (16.1g) and in the nitrate treatment in combination with T. harzianum
(22.2 g).
The effects of E. cloacae, whether due to biocontrol or other attributes, on
shoot height (Table 3.7), number of flowers (Table 3.9) and weight of stem roots
+ basal roots (Table 3.6) were not significantly affected by nitrogen form.
However, the increase in stem root weight (Table 3.8) in the E. cloacae treatment
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was significantly greater with ammonium than nitrate fertilization: 16.1 g fresh
weight with ammonium compared with 8.3 g fresh weight with nitrate.
The positive interaction between ammonium fertilization and B. subtilis on
root growth (Table 3.8) indicates the preference of this biocontrol organism for
ammonium fertilization.
The increase in stem root growth with nitrate + T. harzianum (Table 3.8)
is consistent with the increase in growth of stem and basal roots by T. harzianum
(Table 3.6). The significant interaction indicates that T. harzianum is more
effective with nitrate, rather than ammonium, fertilization.

Number of dead basal leaves after first year's growth-flowering. Nitrogen
form and pathogen control treatment interacted to affect number of dead basal
leaves at flowering (Table 3.10). The least number of dead basal leaves occurred
on plants in treatments such as the Banrot + ammonium treatment that
previously exhibited the least growth (i.e. the least flowers per plant, Table 3.9;
and the least plant height. Table 3.7). However, there was no correlation of
number of dead basal leaves with plant height or with form of nitrogen
fertilization. Decline of the basal leaves is apparently correlated with nitrogen
depletion. When nitrogen is deficient in the root zone, it is remobilized from the
older leaves and transported to support new apical growth. That the fewest dead
lower leaves occurred in the Banrot + ammonium fertilization treatment
combination suggests that Banrot inhibited nitrification (Mills and McElhannon,
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1984; Mikkleson et al., 1986). Banrot inhibition of nitrification in the ammonium
fertilization treatment would have resulted in greater retention of nitrogen against
leaching since the ammonium cation is less leachable than is the nitrate anion.
Further, the reduction in growth in the Banrot + ammonium fertilization
treatment means that less nitrogen uptake was required to support the small
amount of growth. It is likely that the number of dead basal leaves reflected the
nitrogen status of the plant.

Effect of ammonium or nitrate fertilization on pathogen recovery. The least
recovery of P. ultimum, R. solani, F. oxysporum, and C. radicicola at the end of the
first growing season occurred from roots of pathogen-inoculated, ammoniumfertilized plants (Table 3.11). The greatest fresh weight of stem roots generally
occurred in ammonium-fertilized plants (Table 3.8). The ammonium-fertilized
plants receiving no pathogen control treatment had 21.7 g fresh weight of stem
roots compared to 9.8 g fresh weight of stem roots for the nitrate-fertilized plants
(Table 3.8).

Effects of Pathogen Inoculation

The addition of pathogen inoculum had no significant effect on plant
emergence, days to flower, number of flowers per plant, plant height during the
first growing season, or on bulb-shoot weights at the end of the second growing
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season. There are several, possible explanations for this total lack of effect: 1)
The incipient level of pathogen infection may have been so high on the fieldproduced bulbs as to make the added pathogen inoculum in the pathogeninoculated treatments inconsequential. 2) Koch's postulates were not performed
on the isolated, cultured pathogen inoculum; the pathogen inoculum may have
been nonpathogenic. 3) Only four fungi were isolated from the field-bulbs and
cultured for reapplication in the pathogen-inoculated treatment of this
experiment; other ambient pathogens on the bulb may have been more damaging
than those applied in the pathogen inoculum.

64

Summary

Mycorrhizal inoculation significantly enhanced the growth of Easter lilies,
initially through greater retention-growth of stem roots and basal roots and
eventually by enhancing shoot and bulb growth as well.
Disease control and plant growth were equal or greater when biocontrol
microorganisms were substituted for chemical fungicide treatment. Ammonium or
nitrate fertilization interacted with the respective beneficial microorganisms to
determine the magnitude of their effects. There was a strong, detrimental
interaction of Banrot fungicide with ammonium-fertilization. If Banrot fungicide
is used, fertilization with ammonium should be avoided.
Inoculation with the mycorrhizal fungus, Glomus intraradices and with the
biocontrol fungus, Trichoderma harzianum, and fertilization with nitrate was the
most favorable combination.
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Table 3.2. Effects of Glomus intraradices inoculation on Easter lily
plant growth, determined in the first (December, 1988-May, 1989) and
second growing season (December, 1989-July, 1990).
Plant growth parameter

Mycorrhizal inoculation
+VAM

-VAM

First growth season
Days to plant emergence

23.0 az

22.0 b

Days to flower

99.5 a

99.0 a

Number of flowers/plant

5.0 a

5.0 a

Plant height (cm)

22.0 a

24.0 b

Roots (Stem + basal) fresh
weight (g)

25.5 a

12.7 b

193.3 a

168.9 b

Second growth season
Shoot and bulb fresh weight
(g)
z

Mean separation of interaction within a row by F-PLSD range test at 5% level.
Values are the means of 320 plants for plant emergence, days to flower, number
of flowers per plant, and plant height; 64 plants for stem + basal root fresh
weight; and 112 plants for shoot + bulb fresh weight.
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Table 3.3. Disease severity rating of roots and bulbs of Easter lily plants
inoculated with Glomus intraradices and pathogens2 at planting, determined
at the end of the first growing season (May 16, 1989).
Disease severity ratingsY
Mycorrhizal
inoculation

2

Peripheral
roots

Stem roots

Basal roots

Bulb

+ VAM/ + Path

2.4 ax

2.7 a

2.5 a

2.8 a

+ VAM/- Path

2.5 a

2.7 a

3.0 b

2.9 a

- VAM/ + Path

2.8 a

2.7 a

3.5 b

2.9 a

- VAM/- Path

2.5 a

2.6 a

3.0 b

2.9 a

Pythium ultimum, Rhizoctonia solani, Fusanum oxysporum, and Cylindrocarpon
radicicola were used as pathogen inocula.
Y
For disease assessment, roots and bulb were rated visually on scale 1 to 4: 1 = no
visible lesions; 4 = roots or bulbs completely rotted.
x
Mean separation of interaction effect within column by
F-PLSD range test at the 1% level. Values are the means of 16 plants.
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Table 3.4. Effect of Glomus intraradices inoculation on number of pathogens
isolated from Easter lily bulb tissue at the end of the first growing season
(May 16, 1989).
Number of pathogen colonies
recovered2

Pathogen

+ VAM

z

-VAM

Rhizoctonia solani

1.0 aY

2.0 b

Pythiwn ultimum

0.01a

0.2 a

Fusarium oxysporum

1.0 a

0.7 a

Cylindrocarpon radicicola

3.0 a

2.1a

Number of pathogen colonies recovered from 8 bulb-tissue pieces per plant.
Values are the means of 64 plants per mycorrhizal treatment.
Y
Mean separation of interaction within a row by F-PLSD range test at 5% level.
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Table 3.5. Interaction of pathogen2 and Glomus intraradices inoculation on
isolation of Fusarium oxysporum recovered from Easter lily bulb tissue at
end of the first growing season (May 16, 1989).
Mycorrhizal and pathogen
inoculation

z

Number of pathogen
colonies recoveredY

+ VAM/+Pathogen

1.0 bx

+ VAM/-Pathogen

0.3 a

-VAM/+ Pathogen

0.3 a

-VAM/-Pathogen

0.4 ab

Pythium ultimum, Rhizoctonia solani, Fusarium oxysporum, and Cylmdrocarpon
radicicola were used as pathogen inocula.
Y
Number of Fusarium oxysporum colonies recovered from 8 bulb-tissue pieces per
plant. Values are the means of 32 plants per mycorrhizal/pathogen combination.
x
Mean separation within a column by F-PLSD range test at 5% level.
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Table 3.6. Influence of pathogen control treatments on Easter lily root growth
(grams fresh weight of stem roots + basal roots), determined at end of the
first growing season (May 16, 1989).

z

Pathogen control
treatment

Mean
(gfw)

Untreated control

14.6 aY

Banrot

15.1a

Serratia plymuthica

15.1a

Gliocladium virens

17.7 ab

Bacillus subtilis

19.2 abc

Pseudomonas fluorescens

21.5 abc

Enterobacter cloacae

24.4 be

Trichoderma harzianum

25.2 c

Mean separation within a column by F-PLSD range test at 5% level. Values are
the means of 16 plants.

70

Table 3.7. Interactions of pathogen control treatments and nitrogen form on
Easter lily plant height, determined in the first growing season (April 16,
1989).
Pathogen control

z

Plant height (cm)

treatment

Ammonium

Nitrate

Untreated control

61.4 be2

63.8 cd

Banrot

57.1a

61.0 be

Trichoderma harzianum

61.3 be

65.3 d

Bacillus subtilis

63.5 cd

59.3 ab

Enterobacter cloacae

62.5 bed

65.7 d

Mean separation of interaction within a column and row by F-PLSD range test at
1% level. Values are the means of 40 plants.
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Table 3.8. Interactions of pathogen control treatments and nitrogen form on
Easter lily stem root growth (grams fresh weight), determined at the end of
the first growing season (May 16, 1989).
Pathogen control

z

Root weight (g fw.)

treatment

Ammonium

Nitrate

Untreated control

21.7 dz

9.8 bed

Banrot

8.9 abc

3.2 a

Trichoderma harzianum

8.8 abc

22.2 d

Bacillus subtilis

20.2 d

9.1 abc

Pseudomonas fluorescens

15.3 bed

7.2 ab

Enterobacter cloacae

16.1 cd

8.3 abc

Mean separation of mteraction within a column and row by F-PLSD range test at
5% level. Values are the means of 40 plants.
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Table 3.9. Interactions of pathogen control treatments and nitrogen form on
number of flowers per plant in the first growing season (1988-1989).
Pathogen control

z

Number of flowers/plant

treatment

Ammonium

Untreated control

4.3 be21

4.8 be

Banrot

3.5 a

4.7 be

Enterobacter cloacae

4.3 be

5.0 c

Serratia plymuthica

4.3 be

4.8 be

Nitrate

Mean separation of interaction within a column and row by F-PLSD range test at
5% level. Values are the means of 40 plants.
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Table 3.10. Interactions of pathogen control treatments and nitrogen form on
Easter lily number of dead basal leaves2 after first year's growing-flowering
(April 30, 1989).
Pathogen control
treatment

z

Number of dead basal leaves
Ammonium

Nitrate

Untreated control

1.7 bcY

2.2 bed

Banrot

1.0 a

2.0 bed

Gliodadium virens

2.5 d

2.3 cd

Trichoderma harzianum

2.6 d

2.3 cd

Bacillus subtilis

2.0 bed

1.7 be

Pseudomonas fluorescens

2.0 bed

1.6 ab

Enterobacter cloacae

2.0 bed

2.3 cd

Serratia plymuthica

1.8 be

1.6 ab

Dead leaves were counted and rated on a scale 0-4 (0= no dead leaves; 1= 1-3;
2= 3-6; 3= 6-9; and 4= >9 dead leaves.
Y
Mean separation of interaction within a column and row by F-PLSD range test
at 5% level. Values are the means of 40 plants.
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Table 3.11. Interactions of pathogen inoculation2 and nitrogen form on pathogen
recovery from Easter lily basal root tissue, evaluated at end of the first
growing season (May 16, 1989).
Pathogen inoculation
and nitrogen form

z

Pathogen recovery
(%)Y

+ Pathogen/NH4+

12.4 aY

+ Pathogen/N03-

18.8 b

-Pathogen/NH4+

19.0 b

-Pathogen/NQ3-

17.6 b

Pythium ultimum, Rhizoctonia solani, Fusarium oxysporum, and Cylindrocarpon
radicicola were used as pathogen inocula.
Y
Percentage of pathogen recovery = number of pathogen colonies formed on
selective media divided by the number of root pieces (16 root pieces/plant) x 100.
Values are the means of 32 plants/treatment combination.
x
Mean separation within a column by F-PLSD range test at 5% level.
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Analysis of Variance Tables

Appendix Table 1. ANOVA of days to plant emergence.
MS

F

Mycorrhizae (M)

64.39

4.18*

Pathogen (P)

40.50

2.63

2.89

0.19

16.14

1.05

MXP

0.13

0.01

MXN

10.80

0.70

PXN

1.31

0.09

MX Pet

4.30

0.29

PXPct

15.69

0.08

NX Pet

1.90

1.23

Source

df

Nitrogen form (N)
Pathogen control treatment
(Pet)

ERROR

"Significant at the 5% level.

29

15.43
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Appendix Table 2. ANOVA of days to flower.
Source

MS

F

Mycorrhizae (M)

258.83

3.17

Pathogen (P)

210.45

2.58

Nitrogen form (N)

31.95

0.39

Pathogen control treatment
(Pet)

55.24

0.67

MXP

19.25

0.24

MXN

0.98

0.01

PXN

0.35

0.004

MX Pet

32.30

0.40

PXPct

86.63

1.06

NX Pet

71.28

0.87

ERROR
'Significant at the 5% level.
"Significant at the 1% level.

df

29

81.62
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Appendix Table 3. ANOVA of number of flowers per plant.
MS

F

Mycorrhizae (M)

3.31

1.25

Pathogen (P)

0.03

0.01

Nitrogen form (N)

16.90

6.40*

Pathogen control treatment
(Pet)

4.52

1.71

MXP

0.03

0.01

MXN

0.00

0.00

PXN

2.76

1.04

MX Pet

0.65

0.24

PXPct

1.46

0.55

NX Pet

5.60

2.12

Source

ERROR
'Significant at the 5% level.

df

29

2.64
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Appendix Table 4. ANOVA of plant height in cm (time 1).
Source

df

MS

F

Mycorrhizae (M)

593.19

8.03"

Pathogen (P)

168.36

2.28

Nitrogen form (N)

163.70

2.21

Pathogen control treatment
(Pet)

28.81

0.39

MXP

0.063

0.001

MXN

57.80

0.78

PXN

83.34

1.13

MX Pet

25.53

0.35

PXPct

74.70

1.01

NX Pet

110.87

1.50

ERROR
'Significant at the 1% level.

29

73.91
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Appendix Table 5. ANOVA of plant height in cm (time 2).
Source

MS

F

Mycorrhizae (M)

1.30

0.02

Pathogen (P)

9.18

0.14

Nitrogen form (N)

155.00

2.33

Pathogen control treatment
(Pet)

209.81

3.15*

MXP

2.42

0.04

MXN

0.44

0.01

PXN

30.04

0.45

MX Pet

72.30

1.10

PXPct

62.01

0.93

NX Pet

171.92

2.58*

ERROR
"Significant at the 5% level.

df

29

66.70
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Appendix Table 6. ANOVA of basal dead leaves (time 1).
MS

F

Mycorrhizae (M)

07^

0.10

Pathogen (P)

1.41

0.64

Nitrogen form (N)

5.06

0.23

Pathogen control treatment
(Pet)

8.77

4.02"

MXP

3.03

1.39

MXN

0.51

0.29

PXN

0.63

1.27

MX Pet

0.79

0.36

PXPct

2.44

1.12

NX Pet

5.24

2.40

Source

ERROR
"Significant at the 1% level.

df

29

2.18
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Appendix Table 7. ANOVA of basal dead leaves (time 2).
Source

MS

F

Mycorrhizae (M)

1.31

2.03

Pathogen (P)
Nitrogen form (N)

0.45

0.70

6.60

10.18"

12.25

18.89"

MXP

0.83

1.27

MXN

0.26

0.41

PXN

0.35

0.54

MX Pet

0.50

0.78

PXPct

0.51

0.79

NX Pet

3.58

5.51"

df

Pathogen control treatment
(Pet)

ERROR
"Significant at the 1% level.

29

0.65
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Appendix Table 8. ANOVA of disease severity rating of peripheral roots.
Source

df

MS

F

Mycorrhizae (M)

1.53

4.10*

Pathogen (P)

0.13

0.35

Nitrogen form (N)

0.13

0.35

Pathogen control treatment
(Pet)

0.38

1.03

MXP

0.78

2.11

MXN

0.28

0.76

PXN

0.50

1.35

MX Pet

0.35

0.95

PXPct

0.52

1.41

NX Pet

0.27

0.73

M X P X Pet

7

0.39

1.10

M X N X Pet

7

0.27

0.73

P X N X Pet

7

0.21

0.57

M X P X N X Pet

7

0.78

2.11

ERROR

63

0.37

"Significant at the 5% level.
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Appendix Table 9. ANOVA of disease severity rating of basal roots.
Source

df

MS

F

Mycorrhizae (M)

2.53

7.29"

Pathogen (P)

0.13

0.36

Nitrogen form (N)

1.13

3.26

Pathogen control treatment
(Pet)

0.59

1.70

MXP

2.53

7.29"

MXN

0.03

0.09

PXN

0.00

0.00

MX Pet

0.46

1.33

PXPct

0.73

2.10

NX Pet

0.13

0.36

M X P X Pet

7

0.70

2.01

M X N X Pet

7

0.28

0.81

P X N X Pet

7

0.14

0.40

M X P X N X Pet

7

0.53

1.53

ERROR

63

0.35

"Significant at the 1% level.
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Appendix Table 10. ANOVA of disease severity rating of bulbs.
Source

df

MS

F

Mycorrhizae (M)

0.001

0.01

Pathogen (P)

0.38

4.35*

Nitrogen form (N)

0.20

2.22

Pathogen control treatment
(Pet)

0.09

1.00

MXP

0.01

0.11

MXN

0.01

0.11

PXN

0.01

0.11

MX Pet

0.04

0.44

PXPct

0.10

1.11

NX Pet

0.16

1.78

M X P X Pet

7

0.04

0.44

M X N X Pet

7

0.08

0.89

P X N X Pet

7

0.12

1.33

M X P X N X Pet

7

0.08

0.89

ERROR

63

0.09

'Significant at the 5% level.
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Appendix Table 11. ANOVA of disease severity rating of stem roots.
Source

MS

F

Mycorrhizae (M)

0.07

0.24

Pathogen (P)

0.07

0.24

Nitrogen form (N)

0.07

0.24

Pathogen control treatment
(Pet)

0.40

1.39

MXP

0.20

0.67

MXN

0.01

0.03

PXN

0.40

1.39

MX Pet

0.52

1.80

PXPct

0.12

0.41

NX Pet

0.16

0.55

df

M X P X Pet

7

0.28

0.97

M X N X Pet

7

0.06

0.21

P X N X Pet

7

0.19

0.67

M X P X N X Pet

7

0.35

1.21

ERROR

63

0.29

'Significant at the 5% level.
"Significant at the 1% level.
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Appendix Table 12. ANOVA of number of Rhizoctonia solani isolates recovered
from bulb tissue.
Source

df

MS

F

Mycorrhizae (M)

1

12.50

5.21*

Pathogen (P)

1

0.28

0.12

1.53

0.64

Nitrogen form (N)
Pathogen control treatment
(Pet)

7

0.37

0.15

MXP

1

3.80

1.58

MXN

1

1.53

0.64

PXN

1

0.00

0.00

MX Pet

7

1.80

0.80

PXPct

7

0.26

0.11

NX Pet

7

0.91

0.38

M X P X Pet

7

0.20

0.10

M X N X Pet

7

0.21

0.10

P X N X Pet

7

0.47

0.20

M X P X N X Pet

7

5.50

2.30

ERROR

63

2.40

'Significant at the 5% level.
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Appendix Table 13. ANOVA of number of Pythium ultimum isolates recovered
from bulb tissue.
Source

df

MS

F

Mycorrhizae (M)

1

0.28

2.33

Pathogen (P)

1

0.31

2.58

0.50

4.17

Nitrogen form (N)
Pathogen control treatment
(Pet)

7

0.07

0.58

MXP

1

0.00

0.00

MXN

1

0.28

2.33

PXN

1

0.03

0.25

MX Pet

7

0.11

0.92

PXPct

7

0.14

1.17

NX Pet

7

0.07

0.58

M X P X Pet

7

0.14

1.17

M X N X Pet

7

0.10

0.83

P X N X Pet

7

0.14

1.17

M X P X N X Pet

7

0.14

1.17

ERROR

63

0.12

'Significant at the 5% level.
"Significant at the 1% level.
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Appendix Table 14. ANOVA of number of Fusarium oxysporum isolates
recovered from bulb tissue.
Source

df

MS

F

Mycorrhizae (M)

1

4.90

2.49

Pathogen (P)

1

4.13

2.10

1.32

0.70

Nitrogen form (N)
Pathogen control treatment
(Pet)

7

2.53

1.28

MXP

1

9.60

4.90*

MXN

1

2.82

1.43

PXN

1

1.95

0.99

MX Pet

7

1.44

0.73

PXPct

7

1.80

0.91

NX Pet

7

1.50

0.76

M X P X Pet

7

1.37

0.70

M X N X Pet

7

2.62

1.33

P X N X Pet

7

1.40

0.71

M X P X N X Pet

7

0.40

0.20

ERROR

63

1.97

"Significant at the 5% level.
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Appendix Table 15. ANOVA of number of Cylindrocarpon radicicola isolates
recovered from bulb tissue.
Source

df

MS

F

Mycorrhizae (M)

1

0.28

0.05

Pathogen (P)

1

1.12

0.21

3.80

0.70

Nitrogen form (N)
Pathogen control treatment
(Pet)

7

3.80

0.70

MXP

1

6.12

1.13

MXN

1

10.00

1.85

PXN

1

3.13

0.60

MX Pet

7

2.55

0.47

PXPct

7

6.70

1.24

NX Pet

7

2.40

0.44

M X P X Pet

7

7.71

1.42

M X N X Pet

7

2.83

0.52

P X N X Pet

7

0.60

0.11

M X P X N X Pet

7

5.50

1.01

ERROR

63

5.40

"Significant at the 5% level.
"Significant at the 1% level.
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Appendix Table 16. ANOVA of fresh weight of stem roots.
Source

df

MS

F

Mycorrhizae (M)

1

16.20

0.40

Pathogen (P)

1

150.14

3.73

146.70

3.64

Nitrogen form (N)
Pathogen control treatment
(Pet)

7

119.53

3.00*

MXP

1

1.91

0.05

MXN

1

16.83

0.42

PXN

1

13.40

0.33

MX Pet

7

61.30

1.52

PXPct

7

20.54

0.51

NX Pet

7

143.40

3.60"

M X P X Pet

7

24.12

0.60

M X N X Pet

7

43.42

1.08

P X N X Pet

7

29.70

0.74

M X P X N X Pet

7

51.50

1.28

ERROR

63

40.30

'Significant at the 5% level.
"Significant at the 1% level.
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Appendix Table 17. ANOVA of fresh weight in grams of stem + basal roots.
Source

df

MS

F

Mycorrhizae (M)

1

5254.00

45.70'

Pathogen (P)

1

26.58

0.23

398.80

3.47

Nitrogen form (N)
Pathogen control treatment
(Pet)

7

285.91

2.49*

MXP

1

183.53

1.60

MXN

1

41.33

0.40

PXN

1

0.07

0.00

MX Pet

7

111.95

0.97

PXPct

7

207.12

1.80

NX Pet

7

69.90

0.61

M X P X Pet

7

119.60

1.04

M X N X Pet

7

226.41

1.97

P X N X Pet

7

55.46

0.48

M X P X N X Pet

7

113.06

0.98

ERROR

63

115.04

'Significant at the 5% level.
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Appendix Table 18. ANOVA of pathogens recovery from isolates of basal root
tissue.
Source

df

MS

Mycorrhizae (M)

1

0.01

0.00

Pathogen (P)

1

25.38

3.40

18.80

2.50

Nitrogen form (N)

F

Pathogen control treatment
(Pet)

7

15.20

2.00

MXP

1

1.00

0.13

MXN

1

10.70

1.41

PXN

1

51.26

6.74*

MX Pet

7

8.70

1.14

PXPct

7

7.70

1.01

NX Pet

7

4.01

0.53

M X P X Pet

7

3.02

0.40

M X N X Pet

7

3.50

0.46

P X N X Pet

7

3.23

0.43

M X P X N X Pet

7

4.00

0.53

ERROR

63

'Significant at the 5% level.

