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The severity of root attack by the take-all fungus (Gaeumannomyces

graminis var. tritici = G.g.t.) on winter wheat (Triticum aestivum L.)

was reduced, and grain yields were increased, when the chloride ion

(C1) was banded with ammonium-nitrogen (NH4+-N) in the seed furrow.

Both KC1 and NaC1 reduced root rot severity equally well when applied

with NH
4
+-N

'
so this response is apparently not due to K nutrition but

rather to Cl. In contrast, Cl had little effect on take-all severity

when banded with nitrate-nitrogen (NO3-N).

To determine if the suppression of take-all by banded NH4+-N and

Cl- is partially dependant on certain microbial populations, the soil

microflora was modified by treatment with moist heat or methyl

bromide. The suppression of root attack by NH4 + -N with Cl- was reduced
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or eliminated by soil treatment with methyl bromide or moist heat at >

60 C/30 min. Small amounts of untreated soil incorporated into treated

soil (1% w/w) or banded in the seed furrow in methyl bromide fumigated

field plots (178 kg ha-1) reduced take-all severity when NH4+-N, but not

NO3-N, was applied.

Pseudomonas spp. were evaluated as possible antagonists of the

pathogen under different banded nitrogen fertilizers in three soils.

The greatest inhibition of pathogen growth on agar was with pseudomonads

isolated from roots growing in a take-all suppressive soil, where NH4+-N

and Cl- had been banded with the seed. This was true of both

fluorescent and non-fluorescent isolates. To test pseudomonad

populations for in vivo suppression of take-all, composite cultures were

obtained from rhizoplane dilution plates of a pseudomonas selective

medium and used to inoculate seedling roots. These composite cultures

often suppressed take-all attack if they were from roots lesioned by

G.g.t., but never did if the cultures were from disease-free roots. Two

main colony morphological types of fluorescent pseudomonads were

isolated from roots grown in the study soils, and representative

colonies of each type were identified to GLDETS sets (Sands and Rovira,

1971). One type was predominantly Pseudomonas fluorescens, Biotype G,

set 30; the other group included both P. fluorescens, Biotype G, set 25,

and P. fluorescens, Biotype A, set 14. The latter type gave more

inhibition of the growth of G.g.t. on agar than P. fluorescens, Biotype

G, set 30.

Banded NH
4 -N depressed rhizosphere pH (pHr) up to 2 units in the

greenhouse and >1 unit in the field compared to banded NO3--N, which had

little effect on pHr. This change in pHr persisted for at least 50



days, but was limited to <6 cm below the fertilizer band. Banded NH4-1--N

with or without Cl- also reduced populations of aerobic bacteria and

pseudomonads on roots compared to banded NO3--N, probably due to

depressed pHr resulting from NH4+-N uptake, and from nitrification of

NH4 + -N.

Field observations have indicated that banded NH4+-N may delay

emergence of seedlings and reduce stands when soil is warm or dry,

compared to treatments where no banded fertilizer was applied.

Laboratory simulations demonstrated that delay of emergence and stand

reduction are apparently more severe when Cl is applied with NH4+-N in

the band, and also in soils of more neutral pH. Banding NH4+-N and Cl-

2 cm below the seed did not delay emergence and gave suppression of

take-all and seedling growth rates equal to treatments where NH4 + -N and

Cl- were banded with the seed.
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SUPPRESSION OF TAKE-ALL [GAEUMANNOMYCES GRAMINIS (SACC.) ARX &

OLIVIER VAR. TRITICI WALKER] OF WHEAT (TRITICUM AESTIVUM L.)

BY BANDED AMMONIUM AND CHLORIDE FERTILIZERS.

Chapter 1

INTRODUCTION AND LITERATURE REVIEW

I. The Pathosysteml

A. The Pathogen and the Host

Take-all of wheat, caused by Gaeumannoinyces graminis (Sacc.) Arx &

Olivier var. tritici Walker (= G.g.t.; syn. Ophiobolus graminis Sacc. in

pre-1952 literature), is a major disease of wheat in temperate regions

world-wide, where intensive cereal culture is practiced. Yield losses

may be minimal or may range from 10% upward, reaching 100% in localized

areas of a field. More than 1000 papers have been published on various

aspects of take-all diseases of grasses since they were first described

in 1875 (Walker, 1975). Recently, take-all has also been the subject of

a full-length text (Asher and Shipton, 1981). This volume of literature

reflects not only the economic importance of the pathogen but also the

keen interest in its nutritional, edaphic, and microbial relations,

which may have heuristic value for other soil pathosystems-

The control of take-all with fungicides is still in the exploratory

stage (Bateman, 1981), although some encouraging results have been

achieved (Dolezal and Jones, 1980). No specific resistance to take-all

1 Sensu Robinson, 1976
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is known, although varieties having the ability to produce new roots

readily are more tolerant of the disease (Nilsson, 1969; Skou, 1975).

Hence, control of take-all continues to depend solely on management of

the physico-chemical environment, on exploitation of the population

dynamics of the pathogen, and on its complex ecologial relations with

other soil microorganisms.

Three varieties of G. graminis have been described based on charac-

teristics of hyphopodia and ascospores, and on host range (Walker, 1972,

1975). G. graminis var. graminis (= G.g.g.) is a pathogen of many

grasses, but does not ordinarily infect wheat (with one reported excep-

tion, Nilsson, 1972). G. graminis var. avenae (= G.g.a.), the oat take-

all fungus, is pathogenic on oats and wheat and can occur concurrently

with the wheat take-all fungus in wheat fields (Chambers and Flentje,

1967). G.g.a. also causes Ophiobolus patch of turf. G. graminis var.

tritici (= G.g.t.), the wheat take-all fungus, is of most interest here

and the following discussion pertains to it, unless noted. A comprehen-

sive host list has been published for G.g.t. (Nilsson, 1969); it infects

wheat, rye, and barley, although damaging barley less than wheat (Asher,

1972a), and can even infect dicots in sterile soil (Zogg, 1969). Many

temperate-climate grasses are attacked, among them Bromus, Agropyron,

Agrostis, and Poa spp. (Nilsson, 1969; Wiese, 1977), which occur common-

ly in rotation with wheat or as weeds in cereal fields, serving as

reservoirs of inoculum for wheat plants.

In the field, inoculum of G.g.t. occurs in debris of the previously

colonized living host. In association with this food base, and par-

tially shielded from microbial competition (Bruehl and Lai, 1966), the
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fungus can survive from 50 to 66 wk without a host so long as hot, wet

conditions do not prevail (Shipton, 1972; MacNish, 1973). Larger pieces

of food base inoculum are more pathogenic in seedling tests (Hornby,

1969; MacNish and Dodman, 1973), and strongly pathogenic isolates also

survive longer (Chambers and Flentje, 1967). Survival is longer in

barley than in wheat residues and at shallower soil depths (Chambers and

Fletje, 1968). Although infection occurs up to 15 in below the seed,

only attack within 3 in of the soil surface seriously damages the plant

(Fellows and Ficke, 1934). Spread by ascospores does not appear to be

important in the field, since infection does not occur in non-sterile

soil (Garrett, 1939; Brooks, 1965), except where microbial activity is

minimal (Gerlagh, 1968). Infection processes reflect the "ectotrophic

root infecting" habit of the pathogen as described by Garrett (1970).

Hyphae from inoculum particles grow through the soil in response to host

roots for distances up to about 1 cm (Brown and Hornby, 1971; Pope and

Jackson, 1973; Gilligan, 1980c), depending on the size and, hence,

inoculum potential (sensu Garrett, 1970, p 117) of the particle. Upon

reaching the root surface, the pathogen may go through a brief "feeding

stage" (Brown and Hornby, 1971) before actual infection of the cortex.

Penetration is accomplished by hyaline microhyphae, and the host

responds by producing lignitubers. Melanized runner hyphae colonize the

cortex, growing up and down the root axis both externally and between

cortical cells (Garrett, 1934). Histological studies of early infection

events are reported by Fellows (1928) and by Weste (1972).

Eventually, the pathogen invades the root stele, disrupting water

and ion transport and causing the death of the root below this point
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(Clarkson, et al., 1975). Disruption of stelar function is crucial to

disease ontology; although cortical colonization may be heavy, root

function may be near normal until stelar invasion occurs (Deacon and

Henry, 1978). After blockage of the stele, runner hyphae advance more

rapidly up the root than down, in response to photosynthate from the

shoot (Gilligan, 1980b). Asher (1972b) has demonstrated that more

photosynthate is tranferred to infected roots, decreasing that available

for plant growth. Wheat adventitious (= crown) roots support more rapid

colonization by runner hyphae, but appear more resistant to stelar

invasion than seminal roots (Gilligan, 1980a). Growth up the root

culminates in colonization of the crown tissue with blackening of the

stem bases by a dark mycelial sheath. From the crown, the pathogen can

invade other roots or cause complete blockage of the root vascular

system. If this situation occurs early enough in the season, plants die

in patches in the field with 100% loss in a patch: thus, the name "take-

all." The fungus also spreads laterally, from root to root through the

soil or where roots touch each other, along with its upward movement on

the plant.

Infections less extensive than the "take-all" syndrome result in

irregular patches of stunted, chlorotic plants in which the presence of

the pathogen must be confirmed by examination of roots for blackening.

Moisture stress in the spring can cause infected plants to mature prema-

turely ("hay-die"), reduce seed set resulting in sterile, white influor-

escences ("white heads"), or impede grain fill. Yields may be reduced

by as much as 10% without visible above-ground symptoms (Stynes and

Wallace, 1974).
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The completion of infection processes depends on favorable combina-

tions of edaphic factors and host-pathogen nutrition, governed by the

timing of events.

B. Edaphic Factors

The importance of soil pH to take-all of wheat has long been recog-

nized. Root attack is more severe at higher soil pH (Glynne, 1935;

Garrett, 1936, 1942), and liming soil increases take-all severity in

most cases (Rosen and Elliott, 1923; Smiley and Cook, 1973; Taylor,

1981). However, there are reports of severe take-all in fairly acid

soils (Nilsson, 1969; Huber, 1981), perhaps the result of nutrient

deficiencies such as phosphorous (Reis, 1981). G.g.t. does not grow on

agar at less than about pH 5 (Ward and Henry, 1961a), although the exact

optimum depends on the particular medium used (Webb and Fellows,

1926). Smiley and Cook (1973) have demonstrated that the fungus does

not grow on artifically colonized straws or on wheat roots in soil at

less than pH 5.

Take-all is more severe in well aerated soils than in heavy soils

(Garrett, 1936, 1937). This is perhaps more a result of the CO2/02

ratio than of the absolute concentration of 0
2. Smith and Noble (1972)

found that both G.g.t. and G.g.g. were tolerant of 02 deprivation to

0.02 atm on agar. Ferraz (1973) demonstrated that HCO3 rather than CO
2

decreased pathogen growth in soil, and that aeration is independent of

the effect of soil pH on the growth of G.g.t.

G.g.t. is a hydrophilic fungus with a water potential optimum of

about -1.5 bars; growth is halved at -20 bars and ceases at -40 bars

(Cook, et al., 1972). This is true whether growth is osmotically
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controlled on an artificial medium or matrically controlled on buried

straws.

The optimum temperature for the growth of the fungus in ideal

moisture conditions is between 19 and 24 C (Davis, 1925) with no growth

at 35 C (Cook and Christen, 1976). Disease progress in the field is

usually greater at lower temperatures, about 12-18 C (Wiese, 1977),

since higher temperatures favor the growth of the host more than that of

the pathogen.

Take-all occurs in spring-sown grains, especially those grown with

supplemental irrigation, but is more a problem in fall-sown fields due

to the longer time available for disease development. Low winter

temperatures slow the growth of the fungus, as do dry soil conditions in

the spring. Hence, the time period available for active infection and

spread is roughly from planting to December, and from March to May.

Some cultural practices, such as delayed seeding, reduce the final level

of disease (Taylor, 1981) by delaying initial establishment of the

pathgen or slowing the epidemic (Van der Plank, 1963).

The influence of soil pH, aeration, temperature, and moisture have

been reviewed by Cook (1981). These factors account for the prevalence

of take-all in the near-neutral soils of the Columbia Basin, and the

pathogenicity of G.g.t. under the mild, wet winter conditions of western

Oregon and Washington, and in low-lying or irrigated fields (Cook, et

al., 1968). Large increases in irrigated land in eastern Oregon and

Washington, as well as the economic desirability of growing two or more

consecutive crops of wheat, have made take-all a prominant concern in

the Pacific Northwest.
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C. Nutrition of the Host and Pathogen

1. Nitrogen

Nitrogen (N) is the most important fertilizer nutrient for wheat

culture; almost all field soils require the addition of N to maximize

yield. The effect of N on take-all development depends, however, on the

dominant form, ammonium (NH4+-N) or nitrate (NO3-N), supplied to the

plant during early seedling development.

In early experiments, Garrett (1941, 1948) found that N, as ammoni-

um sulfate, reduced take-all severity in the field. However, this was

not true in the greenhouse, where NO3-N was supplied in a nutrient

solution. He hypothesized that nitrogen increases the susceptibility of

individual roots but promotes the development of new roots, allowing the

plant to escape the pathogen. Since that time, many reports have indi-

cated that NO
3
-N increases take-all while NH4 -N reduces the severity

of attack (Huber, et al., 1968; Huber, 1969; Ebbels, 1971; Smiley and

Cook, 1973; Huber 1981). This effect has been formalized as the "Form

of Nitrogen" hypothesis (Huber and Watson, 1974) and extended to other

pathosystems. Nitrate-N increases pathogen growth rates along roots and

also prolongs the survival of the fungus in the soil, the supply of

exogenous nitrogen allowing saprophytic access to carbon reserves in

colonized debris (Garrett, 1938, 1940, 1970; Chambers and Flentje, 1969;

Weste and Thrower, 1971; Deacon, 1973). An adequate supply of NH4+-N to

the plant reduces root rot severity, increases plant vigor (Reisenauer,

1978), and can increase phosphorus uptake in seedlings, promoting root

growth (Miller, 1974). Hence, it appears that Garrett's original hypo-

thesis must be considered to apply only to NO3--N nutrition.
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Smiley and Cook (1973) found that (NH4)2SO4, when broadcast and

tilled-in, reduced rhizosphere pH (pHr) and that this effect was correl-

lated with disease suppression, whereas the pH of the bulk soil was

not. They suggested that pHr <5 was responsible for direct suppression

of take-all, whereas pathogen inoculum potential was reduced at pH

levels above 5, allowing more effective microbial antagonism to the

pathogen (see II, B, below). Nitrogen is a pivotal element in plant

metabolism, necessary for the production of nucleotides and proteins,

and various metabolic processes are affected differently by NO3--N or

NH4+-N. The carboxylate-amide ratio in plant tissue and the root-shoot

ratio are both lower with predominantly NH4-N uptake (Reisenauer, 1978,

Cox and Reisenauer, 1973). The thermodynamics of N utilization indicate

that NH44--N uptake requires less water, but more 02, than NO3--N uptake

(Middleton and Smith, 1979). While the pathogen is incapable of growth

in agar with only NH4+-N (Ward and Henry, 1961) and the supply of exces-

sive levels of NH
4
-1--N to the plant can be toxic (Reisenauer, 1978),

these situations never occur in field soils and are not considered

important in the control of take-all. There is an optimum NH447NO3-N

balance for plant resistance (Hornby and Goring, 1972). Application of

NH
4
+
-N for take-all suppression depends on soil nitrification rates and

the timing of N application to avoid increased disease severity with

NO
3 (Huber, 1972; Huber and Watson, 1974; Huber, et al., 1977; Huber,

1981).

2. Other Nutrients

Control of take-all through plant nutrition depends on a balanced

supply of nutrients to the plant, to promote vigor and root
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replacement. In this context, phosphorous (P), as a major nutrient

stimulating root production, decreases take-all attack (Garrett, 1936,

1941; Butler, 1961; Slope and Broom, 1972) as long as adequate nitrogen

is available (Stumbo, et al., 1942; Syme, 1966). Phosphorous

fertilizers also cause a localized depression of soil pH, which may

decrease the severity of root attack (Garrett, 1948). Slope, et al.

(1978) found that the effect of additional P in reducing take-all

severity is more pronounced at lower inoculum densities, and this may be

true of other nutrients as well (Reis, 1981).

Garrett (1941), using an N-P-K nutrient solution with NO3-N, found

that plants deficient in potassium (K) had more severe take-all than

those deficient in either N or P. Potassium increases the lignification

of tissues, making roots more resistant to pathogen ingress and spread

(Goss, 1968) and, like P, stimulates the production of new roots (Goss,

1968; Reis, 1981). Adequate K increases the uptake of NO3-N through

counter-ion effects (Mengle and Kirkby, 1978, p 375) but may compete

with the uptake of other nutrient cations, such as. Ca and Mg, causing a

decrease in these. Potassium, as KC1, has been shown to reduce

Ophiobolus patch of turf (Goss and Gould, 1967), but the effect of the

Cl- ion was not considered. Recent research (Powelson and Jackson,

1978; Christensen, et al., 1981; Taylor, 1981) suggests that Cl-, rather

than K, may have been more important.

Hornby and Goring (1972) found that the addition of magnesium (Mg)

to leached soil reduced take-all if there was a proper NH4
+
/NO3 -N

balance. Magnesium may reduce total infection by promoting root

replacement but apparently contributes less to this than N, P, or K
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(Reis, 1981). A balanced supply of nutrient cations reduces aluminum

(Al) uptake, thus promoting root replacement and plant vigor in acid

soils.

Neither sulfur (S) nor calcium (Ca) affected take-all attack in

sand-nutrient solution culture (Reis, 1981). There is a report of

better control of Ophiobolus patch of turf when S, rather than P, was

applied (Davidson and Goss, 1972), but this was probably because S was

limiting in that particular soil. This points to the strong role of a

balanced nutrient supply in take-all control (Huber, 1981; Reis, 1981;

Taylor, 1981).

Of particular interest in this study is the suppression of take-all

by chloride (C1-) in association with NH4 +_N (Powelson and Jackson,

1978; Christensen, et al., 1981; Taylor, 1981); the relationship of Cl-

to other factors influencing take-all is discussed separately (III),

below.

In addition to the effect of inorganic nutrient supply on the host-

pathogen interaction, G.g.t. is dependant on an exogenous supply of

thiamin and biotin for growth (Ward and Henry, 1961; Gindrat, 1968),

which may influence its association with rhizosphere bacteria producing

these vitamins (Stanek and Vancura, 1978).

The response of the pathosystem to nutrients is related to proper

nutrient balance, synergism or antagonism in nutrient uptake, and to

soil type and pH, which effect availability of nutrients in the soil.

Thus, reports in which take-all severity decreased on limed soil

(Butler, 1961) can be attributed to increased availability of P between

pH 5 and pH 6 (Mengle and Kirkby, 1978; Reis, 1981). The effects of
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nutrients on take-all have recently been reviewed in depth by Huber

(1981).

II. Ecological Relations of the Pathogen

Soils that are suppressive to G.g.t. because of various, presumably

microbiological, factors fall into several categories (Walker, 1975).

Of particular interest are "take-all decline" (TAD), induced by contin-

uous wheat culture in the presence of the pathogen, and the suppression

of take-all severity by biologic factors under NH4 + -N fertilization.

A. Take-all Decline

When wheat follows wheat in a monoculture, take-all severity

increases for the first 3-5 years and then declines (Garrett, 1934;

Glynne, 1935; Slope and Cox, 1964; Glynne, 1965; Shipton, 1967; Gerlagh,

1968; Slope and Etheridge, 1971) with a concomittant increase in grain

yield. Take-all decline is known in many regions of the world with

varying soil-climatic conditions (Shipton, 1975), and occurs despite the

presence of pathogenic inoculum of G.g.t. in the soil (Fellows and

Ficke, 1934; Cook, 1981). Reduced pathogenicity of the fungus due to

infection by virus-like-particles does not appear to be responsible for

TAD (Rawlinson, et al., 1973). The factor(s) responsible for TAD are

transmissible in very small quantities of soil (Gerlagh, 1968; Pope and

Jackson, 1973; Shipton, et al., 1973; Pope and Hornby, 1975) and appear

to be active on the rhizoplane, affecting fungal growth along roots

rather than initial attack on roots (Shipton, 1969; Vojinovic, 1972).

TAD is eliminated by soil treatment with methyl bromide, chloropicrin,

or by aerated steam at 60 C for 30 min (Gerlagh, 1968; Shipton, et al.,
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1973). Since TAD is induced by adding G.g.t. to soil with or without

host tissue (Gerlagh, 1968; Vojinovic, 1972; Zogg and Jaggi, 1974; Zogg,

1976; Wildermuth, 1980), its expression has been ascribed to "specific"

antagonism in soil, as opposed to "general" antagonism found in any

biologically active soil (Gerlagh, 1968; Vojinovic, 1972). "General"

soil antagonism is only labile at soil treatment of > 100 C, is not

transmissible in small quantities of soil, is probably more active in

bulk soil than on the rhizoplane, and at higher soil temperatures (Cook

and Rovira, 1976). Hence, reports of diminished hyphal trophic response

to roots (Hornby, 1969; Pope and Jackson, 1973; Wildermuth, et al.,

1978) or of increased suppression of take-all at higher (> 25 C) soil

temperatures (Henry, 1932) are probably manifestations of "general"

antagonism and not directly related to TAD, incited by "specific" anta-

gonists.

A major role has been suggested for asporogenous soil bacteria,

specifically Pseudomonas spp., in the TAD mechanism (Cook and Rovira,

1976). This suggestion is supported by the vulnerability of the TAD

factors to 60 C/30 min steam, which kills pseudomonads, but not all

saprophytic soil fungi or actinomycetes (Baker, 1970; Broadbent, et al.,

1971), the relative abundance of pseudomonads in TAD soil (Cook and

Rovira, 1976), their demonstrated antagonism to G.g.t. (Ridge, 1976),

and to other fungal pathogens (Broadbent, et al., 1971), as well as the

increase of asporogenous rods in association with G.g.t. on roots

(Vojinovic, 1972; Rovira and Campbell, 1975). Additionally, pseudomo-

nads are well suited to inhabit the rhizoplane where they are more

competitive than sporogenous bacteria (Rovira, 1956a; Rouatt, et al.,
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1960; Rouatt and Katznelson, 1961; Chan, et al., 1963; Vasantharajan,

1969; Barber and Lynch, 1977; Sivasathamparan, et al., 1979) and more

active metabolically, influencing the character of the rhizosphere

(Katznelson and Rouatt, 1957; Katznelson and Bose, 1959; Chan and

Katznelson, 1961; Vasantharajan and Bhat, 1967).

B. NH4+-N Fertilization and Antagonists

Pseudomonads may also be involved in suppression of take-all with

NH
4
-1--N fertilization. Smiley and Cook (1973) found a better correlation

of root attack severity with rhizosphere pH, (pHr) than with bulk soil

pH but only when pHr was less than 4.9 was there NH4+-N suppression of

root rot in methyl bromide-fumigated soil. They suggested a two-fold

mechanism: that fungal growth along the root was prevented by pH <5,

but at pH >5 there was a reduction of pathogen inoculum potential coup-

led with biological antagonism. Fluorescent pseudomonads were believed

to be responsible because methyl bromide fumigation reduced pseudomonad

populations in greenhouse soil up to 100 fold with little effect on

actinomycetes. Pseudomonads were more antagonistic in vitro than other

soil isolates from take-all suppressive soil and from soil fertilized

with NH
4 -N, and antagonism of pseudomonad isolates was inversely relat-

ed to take-all severity in suppressive soil. Pseudomonads gave more

suppression of take-all in vivo than Bacillus spp. or soil fungi when

inoculated into fumigated soil on a food base. Methyl bromide fumiga-

tion eliminated pseudomonads from soil, but a fumigation effect on root

rot was absent in nonsuppressive soil and in NO3-N treatments of sup-

pressive soil (Smiley, I978a, 1978b, 1979a; reviewed in Smiley,

1979b). Suppression of take-all with NH4-1--N is active on the rhizoplane
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but apparently not in bulk soil, since disease severity but not disease

incidence is affected (Smiley and Cook, 1973); the growth of G.g.t. is

less on roots and on sterile straws in soil amended with NH
44--N but not

NO3 --N (Smiley, 1978b). Hence, there may be a close relationship

between specific antagonists responsible for TAD and suppression of

take-all under NH 4+ -N fertilization.

The addition of Cl- with NH
4
1"-N in suppression of take-all can have

an impact on a variety of biological and physico-chemical interactions

affecting plant damage from take-all in the field.

III. Chloride Effects on Take-all

The addition of Cl- increased suppression of take-all in the field

when banded with NH4-1--N at planting (Powelson and Jackson, 1978; Taylor,

1981). When Cl- was broadcast in the spring, take-all was reduced and

grain yields were increased on moderately severe take-all sites in the

Willamette Valley, OR (Christensen, et al., 1981). There was no differ-

ential response if Cl- was applied as NaC1 or KC1 with NH4-1--N (Taylor,

1981), so an effect from K alone seems unlikely. However, Cl- has no

effect on the growth of G.g.t. on agar when used as an osmoticum (Cook,

et al., 1972; Cook and Christen, 1976), and does not affect take-all

development in plants supplied with NO3--N in sand-nutrient solution

tests (Reis, 1981). Similarily, while Cl is an essential nutrient for

plants, it is required at very low levels, and it is difficult to induce

Cl- deficiency in plants even under laboratory conditions, due to the

supply of Cl- from atmospheric contamination (Johnson, et al., 1957).
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When Cl- as KC1 was supplied to maize plants, severity of

Gibberella stalk rot of corn was reduced; this disease is also suppres-

sed by NH4 1.-N, as is take-all (Younts and Musgrave, 1958). Similar

observations were made by Warren, et al. (1975) on Gibberella on corn,

and the effect was attributed to the reduced nitrification rates seen

when Cl- is supplied with NH4+-N to the soil (Hahn, et al., 1942; Ghosh,

et al., 1956; Agarwal, et al., 1971; Golden, et al., 1981). Addition of

NaC1 to soil also reduces the rate of CO
2 liberation from soil

(McCormick and Wolf, 1980), and the addition of chloride salts increases

the rate of ammonification in soils (Agarwal, et al., 1971). These

studies all suggest a depressive effect on at least certain members of

the soil microflora, which may change relative population levels in

soil.

Chloride is a competitive inhibitor of NO3-N uptake (Street and

Sheat, 1958), and this effect, when combined with reduced nitrification

rates given by Cl- in soil, may cause enforced NH44.-N uptake, influenc-

ing host root exudates or pHr changes. Uptake of Cl- from soil is

rapid, and plant tissues accumulate the ion, causing a decrease in the

osmotic potential in cells. Christensen, et al. (1981) believe this

effect may be partially responsible for suppression of take-all root

attack, and that a lower cell osmotic potential may also be responsible

for the reduction of stripe rust (Puccinia striiformis) reported when

NaC1 or KC1 are applied to soil, but not to foliage of wheat plants

(Russell, 1978). Whatever effect Cl- may have in suppression of take-

all is probably of short initial duration, since Cl- is not adsorbed to

exchange sites in soil and thus is readily leachable.
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Clearly, an effect of Cl- on microbial populations, plant nutrient

uptake, or disease progress may have a cascade effect, affecting the

final outcome of events beyond its brief initial influence, and should

be seen in relation to the total environment faced by the host roots and

the pathogen.

Initial work was designed to confirm that Cl- was actually respons-

ible for reducing take-all severity, accounting for yield increases seen

previously in field plots. This study, comprising Chapter 2, also

established a relationship of Cl- to form-of-N effects and a contribu-

tion of ecological factors to NH4+-N and Cl- suppression of take-all.

The following chapter evaluates Pseudomonas spp. as possible antagonists

of take-all, and examines the effects of banded fertilizers on microbial

populations and antagonism. Chapter 4 deals with rhizosphere pH as a

logical physical mechanism that may influence both NH4 -N suppression of

take-all and the soil microflora. Certain agronomic effects of banded

NH4
+-N and Cl- are included here, along with a possible alternative

banding technique.
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Chapter 2

SUPPRESSION OF TAKE-ALL OF WHEAT BY NITROGEN

AND CHLORIDE FERTILIZERS

Mark E. Halsey and R. L. Powelson, Graduate Research Assistant and

Professor of Plant Pathology, respectively, Department of Botany and

Plant Pathology, Oregon State University, Corvallis, Oregon 97331

ABSTRACT

Grain yields were increased up to 1 MT ha-1 in field plots with

moderate take-all (Gaeumannomyces graminis var. tritici = G.g.t.) infes-

tation when chloride (C1-) was applied with ammonium-nitrogen (NH4+-N)

in the seed furrow banded at planting. There was little yield increase

when Cl- was banded with nitrate-nitrogen (NO3-N).

In greenhouse tests, take-all severity, measured as percent of root

surface attacked by the pathogen, was reduced when NH4C1 was applied in

a simulated band, or when KC1 or NaC1 were supplied with NH4NO3 or

(NH4)2504. In contrast, disease severity was not affected when Cl- was

banded with NO3--N.

Altering the composition of the soil microflora by soil treatment

with steam at > 60 C/> 30 min or with methyl bromide (> 490 kg ha-1)

removed biological suppression of G.g.t. and increased take-all severity

with banded fertilizers. Small amounts of untreated soil incorporated

into treated soil decreased root rot when NH4+-N and Cl- were applied,

but did not affect disease severity with equivalent rates of NO3-N.
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Root attack was more severe, but grain yields were higher, in field

plots fumigated with methyl bromide than in nontumigated plots, appar-

ently due to enhanced efficiency of nutrient uptake by plants grown in

fumigated soil. Grain yields from plots on which peas were grown the

previous year were as great as those from methyl bromide treated plots,

even though inoculum of the take-all fungus was banded with the seed at

planting.

Liming soil reduced the capacity of banded NH4C1 to suppress take-

all severity, indicating that soil pH influences on the pathogen or the

soil microflora are important in this suppression.

INTRODUCTION

Uptake of predominantly ammonium nitrogen (NH4+-N) by wheat roots

(Triticum aestivum L.) reduces the severity of take-all root rot (incit-

ed by Gaeumannomyces graminis Sacc. Arx & Olivier var. tritici Walker =

G.g.t.), while nitrate nitrogen (NO3-N) uptake increases root rot

severity (Garrett, 1948; Huber, et al., 1968; Smiley and Cook, 1973).

The suppression of root rot by NH4+-N depends on a balanced supply of

nutrients to the plant (Hornby and Goring, 1972; Huber, 1981) and, at

least in some instances, on the participation of soil microflora "antag-

onistic" to the pathogen. Suppression of root rot in "take-all decline"

(TAD) soils is eliminated by steam at 60 C/30 min, and by methyl bromide

fumigation (Gerlagh, 1968; Shipton et al., 1973). Methyl bromide treat-

ment also removed the suppressive effect of NH4.1.-N on take-all in cer-

tain soils (Smiley and Cook, 1973; Smiley, 1978a). Hence, TAD and NH4+-

N suppression of take-all may both involve "specific" soil antagonists,
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killed at 60 C/30 min, as distinct from "general" soil antagonism, which

is intact up to 100 C/30 min (Cook and Rovira, 1976). The direct influ-

ence of soil heat treatment at different temperatures or of soil

fumigation on the effect of banded NH4+-N and NO3--N on take-all

suppression, however, has not been studied.

Recent work has shown that the chloride ion (C1-), when supplied to

the plant with ammonium fertilizers, increases the suppression of root

rot by NH4+-N. Powelson and Jackson (1978) reported reduced root rot

severity, and greater yields, when NH4C1 or (NH4)2504 + KC1 or NaC1 were

applied through the grain drill ("banded") at planting, compared to

Ca(NO3)2 or (NH4)2SO4 alone. Grain yields, fresh top weights, and

kernal weights were greater on moderate take-all sites with spring

broadcast NH4+ and Cl- compared to NH4+ and SO4 (Christensen, et al.,

1981).

The work reported here confirms that the suppression of take-all

with banded Cl- is dependant on predominantly NH4+-N, but not NO3-N,

uptake by roots. We have also extended studies on take-all in sterile

soil systems to include banded NH4+-N and NO3--N fertilization, with and

without additional Cl-, to examine the contribution of the soil micro-

flora to the suppression of take-all with banded NH4+-N and C1-.

MATERIALS AND METHODS

Greenhouse

The soil used in greenhouse studies was a Willamette Valley alluvi-

al sandy loam with a pH of 6.4 (supernatant in 2:1, distilled
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water:soil), which was passed through a 0.9 cm screen to remove debris

and stored air dry in galvanized cans until used.

Inoculum was produced on oat kernals that had been moistened,

sterilized in an autoclave twice (121 C/1.5 hr), and inoculated with 5

different isolates of G.g.t grown on chopped potato dextrose agar with

100 ppm streptomycin (Sigma). The cultures used had been freshly

isolated from wheat roots and culms from both eastern and western

Oregon. After about 4 wk, when colonization was complete, the oats were

dried and stored at room temperature. This material was passed through

a Wiley mill (Arthur Thompson, Philadelphia) with a screen size of 0.9

mm and incorporated into aliquots of soil at 1 g inoculum per 2000 cc of

soil (0.05%, w/v).

Reagent grade chemicals used as fertilizers in greenhouse tests

were placed with the seed at planting to simulate field rates of 34 kg N

ha-1 and 67 kg KC1 ha-1, banded on 30 cm centers. Sodium chloride

supplied an amount of Cl- equal to that in the KC1 rate. Commercial

lime (CaCO3) was mixed into the soil by hand at .004% (w/w) to simulate

9 MT ha-1.

Greenhouse experiments were conducted in 4 x 4 x 6 cm plastic pots,

plastic containers (supercells, Ray Leach Cone-Tainer Nursery, Canby,

OR) that were 3.5 cm in top diameter by 21 cm long with a 2° taper, or

in fiber containers (Western Pulp Products, Corvallis, OR) similar in

size to the plastic containers. A single plant (cv. Stephens) was grown

in each container. The experimental design was randomized blocks, with

4 replications. Seed and fertilizer were covered with about 2 cm of

soil and a thin layer of vermiculite, perlite, or sand to reduce
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evaporative water loss. The greenhouse was kept at about 25 C during

the day and about 16 C at night, with a 12 hr supplemental artificial

day-time light period supplied by F40-GRO, F4OCW and F40WW fluorescent

bulbs (Sylvania; ratio 1:2:1) at 50 cm above the soil.

A scale of percent of root surface attacked was adapted from Zadoks

(1961) for estimating root rot in individual seedlings. This logistic

scale follows the Weber-Fechner Law for visual assessment and is fast

and highly reproducible when one person does all the readings. Values

obtained were transformed to a 0-12 index scale similar to Zadoks'

"degree of attack" to remove the dependance of the variance on the mean.

Soil sterilization was with steam or methyl bromide (Dowfume 99,

99% methyl bromide, 1% chloropicrin, Dow Chemical Co.). About 40 cm of

soil in 45 cm diameter galvanized cans was heated to 118 C/3.5 hr in a

large autoclave or a 12 cm depth of soil in 40 x 55 cm metal flats was

autoclaved at 121 C/55 min or heated to 60 C/30 min on two successive

days. For methyl bromide fumigation, a 10-15 cm depth of greenhouse

soil was sealed between two tarps, and the chemical introduced into a

small pan on the soil surface at a rate of 490 kg ha-I. The tarps were

left sealed for 3-4 days, then the soil was ventilated for about 1 wk

before planting.

Field Studies

Field studies were conducted on three sites: (1) a second year

wheat field in the Willamette Valley, with a silt loam soil of pH 6.4;

(2) a second year wheat field in the Columbia Basin, where the soil is a

sandy loam of about pH 7.0; (3) the North Willamette Experiment Station,
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Aurora, OR (NWES), where fumigation and rotation trials were conducted

on a Willamette silt loam soil, pH 5.6.

In field studies, inoculum was whole colonized oat kernals, applied

in the furrow with the fertilizer and seed, at the rate of 13 kg ha-1.

Nonfumigated, wheat monoculture soil (untreated soil) was obtained from

continuous wheat plots outside the main plot area and banded with the

seed, fertilizer, and inoculum at about 178 kg ha-1. Commercial granu-

lar fertilizers were used in the field at the rates indicated. Field

plots received appropriate herbicides when needed and all plots received

0.6 kg ha-i of Benlate (Dupont) in 187 1 water ha-1 in March for control

of Pseudocercosporella herpotrichoides foot rot. Individual plots were

1.5 x 6 m in a randomized-blocked design planted on 31 Oct, 16 Oct, and

5 Oct, 1979, for Willamette Valley, Columbia Basin, and NWES sites,

respectively. Methyl bromide fumigation in the field was at the rate of

730 kg ha-1, introduced into plastic-lined depressions in the soil

surface underneath polyethylene tarps that were sealed around the

edges. Tarps were left on for 3-4 days, and the soil was ventilated for

about 1 wk before planting.

Take-all root attack in the field was assessed in the spring by

digging plants and examining roots in a fixed length of row, generally

30-60 cm. Root rot was determined as the percentage of roots with

encircling lesions, or on a 0-5 index for the entire root sample, which

was related to the logistic percent of attack scale as: 0 = < 5% root

surface attacked, 1 = 5-17.5, 2 = 17.5-37.5, 3 = 37.5-62.5, 4 = 62.5-

82.5, 5 = > 82.5% of root surface attacked. Samples for fresh weight

yields were taken at soft dough stage (85; Zadoks, et al., 1974) as
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weight in g of the plant tops in a fixed length of row, usually 6U cm ,

cut off at the soil line and weighed immediately. Root samples were

also taken at this time, 7 July, 23 May, and 1 July, 1980, for the

Willamette Valley, Columbia Basin, and NWES sites, respectively. Grain

was harvested with a small plot combine, and grain yield per ha deter-

mined.

RESULTS AND DISCUSSION

Influence of Cl- on root attack and grain yield with banded NH4+-N and

NO3 -N

In greenhouse studies (Table 1), banded NH4C1 gave better suppres-

sion of root attack than did NH4NO3 or (NH4)2SO4 in nonsterile soil.

Additional chloride as banded KC1 or NaC1 improved NH4+-N suppression

with banded (NH4)2SO4 or NH4NO3, which confirms other work (Taylor,

1981) showing that the response to KC1 with banded NH4+-N in fields with

take-all infestation is unrelated to potassium nutrition, but dependant

on C1-. Potassium chloride or NaC1 with NH4+-N did not reduce root rot

more than NH4C1 alone in this study, but NH4C1 supplied an equivalent of

86 kg Cl- ha-1, while the added KC1 or NaC1 supplied only 32 kg Cl- ha-1

at these rates. Liming soil to achieve a pH greater than that of native

soil (pH 6.1) reduced the capacity of NH4C1 to suppress root rot. This

effect has also been reported for (NH4)2SO4, broadcast and tilled-in

(Smiley and Cook, 1973). Thus, soil pH relations may be important in

take-all suppression with NH4C1 as well as (NH4)2SO4.

Whole seedling weights in greenhouse studies did not correllate

well with root attack at this stage of growth (about 14; Zadoks, et al.,
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1974), and treatments displaying NH4 -N and Cl- suppression of root rot

never gave the highest mean seedling weights, perhaps because of delayed

emergence with banded salts. This effect, however, supports the hypo-

thesis that seedling vigor and growth alone are not responsible for

NH
4
+-N and Cl- responses in plants infected with take-all.

Although take-all attack was reduced by banded Ca(NO3)2 to levels

found with NH41--N in this particular experiment, NO3-N has increased

root attack over NH
4

-N treatments in other experiments. Its effect is

variable and dependent, perhaps, on the specific soil used in the

test. There is ample evidence that NO3--N ultimately increases root rot

severity, reduces yields (Huber and Watson, 1974), and prolongs pathogen

survival in the soil (Chambers and Flentje, 1969). In contrast to the

benefit derived from banding Cl- with NH4+-N, there was no influence of

either KC1 or NaC1 on suppression of take-all when banded Ca(NO3)2 was

the source of nitrogen. Hence, Cl suppression of root attack, at least

in nonsterile soils, appears to be largely dependent on the utilization

of NH4+-N by the plant. Chloride banded with NO3--N produces no effect

on root rot suppression.

These greenhouse results were confirmed in 1979-1980 in two field

trials, one a non-irrigated field of second-year wheat after clover in

the Willamette Valley, and one a field of second-year irrigated wheat in

the Columbia Basin. The Columbia Basin site also included trials with

the nitrification inhibitor sodium azide, and the trace nutrients Cu and

Zn.

At the Willamette Valley site, banded NH4C1 (with spring broadcast

NH4C1) gave the least severe root rot and the highest yields (treatments
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2-4 vs. 5-7, Table 2). Banded KC1 reduced root rot and increased grain

yields with banded (NH4)2SO4 (treatments 3 and 4) but not with banded

Ca(NO3)2 (treatments 10 and 11). The inclusion of P with NH4C1 improved

yields (treatments 5 and 6) indicating the importance of nutrient bal-

ance and root vigor on plant growth, but the addition of P in the

fertilizer band had little influence on root rot severity itself (treat-

ments 2 and 3, 5 and 6, 9 and 10). Spring broadcast NH4C1 reduced root

rot severity at this site and increased grain yields (treatments 3 and

8). The highest yield, but not the lowest root attack, was with fall

banded (NH4)504 + P + KC1.

At the Columbia Basin site, yields were higher with banded NH4C1

(treatments 5-7) than with (NH4)2SO4 (treatments 2-4), but there was no

effect on yield of fall banded Cl- as KC1 with (NH4)2SO4 (treatments 3

and 4) or, again, with Ca(NO3)2 (treatments 9 and 11). Sodium azide had

little impact on grain yields at this site, nor did banded Cu or Zn.

In this study, Cl in association with NH4+-N, but not NO3-N,

reduced the severity of take-all root rot and increased grain yields

when banded with the seed at planting. Several years of field investi-

gations (1976-present) have given similar results, and the use of chlor-

ide with NH4+-N in fields with a risk of take-all is becoming an accept-

ed and successful practice in western Oregon (Jackson, et al., 1981).

There are at least two mechanisms by which Cl- may affect take-all

development by influencing NH4+-N availability and uptake. 1) Chloride

application to soil has been shown to decrease nitrification rates

(Ghosh, et al., 1956; Golden, et al., 1981). By making NH4+-N available

to the roots for a longer time, Cl- may increase the effects of NH4+-N
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absorbtion on root rot severity. 2) Chloride competitively inhibits the

uptake of NO3 - from the soil solution (Street and Sheat, 1958). Younts

and Musgrave (1958) believed this management of N-ion uptake was respon-

sibile for decreased Gibberella stalk rot of maize. Competition also

,

occurs, but to a much smaller extent, between Cl- and SO4 (Mengle and

Kirkby, 1978) and perhaps H2P03 (Younts and Musgrave, 1958), although

it is difficult to ascribe reduced root rot severity to a reduction in

essential plant nutrients. Predominantly NH4+-N uptake also increased

amide-carboxylate ratios in the roots themselves (Kirkby, 1968), which

may affect root exudates, altering the rhizosphere microflora or the

trophic response of the pathogen to host roots. Plant NH4+-N metabolism

requires more 02 than NO3
-
-N metabolism, based on theoretical considera-

tions (Middleton and Smith, 1979). This may increase the extent of soil

anaerobic microsites (Bowen and Hovira, 1969), influencing ethylene

levels in soil. Enforced NH4+-N uptake with added Cl-, as in (1) and

(2) may decrease rhizosphere pH (pHr) over fertilization with NH4+-N

alone (Smiley and Cook, 1973). Lower pHr levels can reduce the inoculum

potential of the pathogen and may also favor microbial populations

antagonistic to G.g.t. (Smiley, 1978a, 1979).

Since the suppression of take-all by banded Cl- depends on a supply

of NH4+-N, but not NO3-N, to the plant, metabolic, physical, chemical,

or ecological changes induced by NH4+-N uptake apparently interact with

Cl- in their effects on pathogenesis.
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The effect of partial soil sterilization on take-all suppression with

nitrogen and chloride fertilizers.

Suppression of take-all by Cl- in nonsterile soils appears to be

tied to take-all suppression by NH4+-N, which is, in turn, not merely an

expression of plant nutrition on disease resistance (Smiley, 1978b).

Hence, it was of interest to establish whether suppression of root

attack by banded NH4 +-N and Cl- depends upon a "specific" microflora

antagonistic to the pathogen, and stimulated under NH4+-N nutrition

(Smiley, 1978a, 1978b, 1979). One approach to this question is to

differentially eliminate soil microbial elements by partial soil steril-

ization treatments. Such treatments may also establish whether there is

a direct effect from Cl- that is hidden by the take-all suppression of

NH4 -N itself in nonsterile soil.

The factors reponsible for suppression of take-all by NH4+-N + Cl

were either eradicated or greatly reduced by soil treatment with methyl

bromide or steam at >100 C/3 hr. In experiment 1 (Table 3), root attack

was as severe in soil treated at 118 C/3 hr with banded NH4+-N and

excess Cl- as it was with no additional fertilizer and was also more

severe than in untreated soil with no fertilizer. Addition of 1%

untreated soil to sterilized soil reduced root attack, and 10% untreated

soil did not improve upon suppression found with 1%. In experiment 2

(Table 3), take-all severity was not different in soils treated with

methyl bromide or steam at 121 C/55 min when NH4+-N and Cl- were sup-

plied, indicating that both treatments had elminated microorganisms

responsible for disease suppression by NH4+ N and C1-. Root rot was

less severe in soil treated with methyl bromide than in soil treated
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with 121 C/55 min steam where no fertilizers were used, perhaps reflect-

ing the incomplete elimination of "general" soil antagonism at this rate

of methyl bromide.

Cook and Rovira (1976), elaborating on Gerlagh's (1968) "specific"

and "general" soil antagonism, categorized "specific" antagonists to the

take-all fungus as labile at 60 C/30 min, and to methyl bromide, whereas

"general" antagonism, present in all biologically active soils, is

insensitive to methyl bromide and only labile to steam treatments at

>100 C/30 min. "Specific" antagonists may also be involved in NH4-1--N

suppression of take-all (Smiley, 1978b). Asporogenous bacteria are

killed in soil heated to about 60 C, which many fungi and streptomy-

cetes, as well as sporogenous bacteria, survive (Baker, 1970; Broadbent,

et al., 1971). Few organisms survive heat treatment at 121 C for any

length of time.

Hence, if Cl- is acting on host resistance directly, the contribu-

tion of NH
4
+-N acting through "specific" antagonists can be eliminated

at 60 C, and added Cl- would still decrease root rot; this effect may be

overwhelmed by the contribution of NH4 -N itself in nonsterile soils.

The development of root rot from introduced inoculum of G.g.t. in

soils treated with steam at 60 C/30 min or 121 C/55 min with banded

NH4C1, (NH4)2SO4, Ca(NO3)2, and KC1, and with 1% untreated soil is shown

in Table 4. When banded NH4-1.-N was used, root attack was always greater

in soil treated at 60 C/30 min than in untreated soil; there was little

difference in root rot between these soils in NO3 --N treatments. Hence,

a substantial effect of NH4+-N on disease is attributable to soil orga-

nisms sensitive to heat at 60 C/30 min. These organisms apparently have
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little effect on the development of root rot when plant uptake is predo-

minantly NO3 -N. When soil was treated at 121 C/55 min, the most severe

root rot in fertilized treatments was with banded NO3--N. There were

smaller relative differences between root rot in 60 C and 121 C treat-

ments, where no untreated soil was added, when KC1 was used with NH4C1

or Ca(NO3)2, suggesting that Cl itself has some effect on root rot

apart from microfloral interactions or direct participation with NH4+

N. The levels of root attack in soil treated at 121 C/55 min, with

banded nitrogen, were always less than those where no fertilizer was

applied; plant nutrition, irrespective of form of nitrogen applied, is

evidently responsible for this effect.

The addition of 1% untreated soil did not prevent high levels of

root rot in soil treated at 60 C/30 min with banded nitrogen, but did

reduce root rot in 121 C/55 min treatments to levels found in 60 C/30

min treated soil when NH4+-N, but not NO3--N, was the source of nitro-

gen. One percent untreated soil added back to treated soil was evident-

ly too small an amount to reestablish "general" antagonism with NO3--N,

but was sufficient to provide "specific" antagonists active in NH4 + -N

suppression of root attack. Proliferation of organisms not killed at 60

C/30 min may have limited colonization of the soil by "specific" antago-

nists subsequently introduced, accounting for the higher levels of

disease found in NH4+-N treatments in soil treated at 60 C/30 min where

1% untreated soil was added, compared to untreated soil itself. Both

untreated soil and an 18 yr wheat monoculture "suppressive" soil reduced

root attack where no fertilizer was used, but only suppressive soil
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prevented an increase in disease between soil treatments at 60 C/30 min

and 121 C/55 min.

When seedling root attack is reduced by banded NO3--N, this is

apparently a plant response to nitrogen nutrition or the result of

general" soil antagonism, and not mediated by "specific" soil antago-

nists, as with NH4+-N. Significant increases in root attack when soils

are treated at 60 C/30 min agrees with previous conclusions (Vojinovic,

1972; Cook and Rovira, 1976; Smiley, 1978a, 1978b, 1979) that asporogen-

ous bacteria, most probably fluorescent Pseudomonas spp., are involved

in take-all suppression under NH4+-N nutrition.

Sterilization experiments must be viewed with caution, as the speed

and extent of microbial reestablishment were neither controlled nor

assessed here. The release of nitrogen as NH4+ i-N in sterilized soils

and the effect of populations of denitrifying bacteria, that rapidly

recolonize sterilized soil, may strongly influence nitrogen availabili-

ty. Hence, additions of nitrogen in these experiments are only of

comparative value. The influence of toxic levels of Mn (Baker, 1970) or

other phytotoxic substances found in 121 C soil treatments was felt to

be not significant for root attack development, as the addition of 1%

untreated soil with NH
4
+-N suppressed take-all to levels found in 60 C

treated soil, where these substances are not ordinarily a problem.

Greenhouse results were confirmed in the field by a soil fumigation

and banded fertilizer study on an 8 yr wheat monoculture field in the

Willamette Valley (Table 5). Root rot was severe, regardless of banded

fertilizer treatment, in plots where the soil microflora was altered

with methyl bromide fumigation. To reintroduce the native microflora,
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soil from nonfumigated 8 yr wheat plots was added to the seed and fer-

tilizer band. Addition of 178 kg ha-1 of soil, banded with the seed,

reestablished the biological basis of take-all suppression in NH4C1

plots but increased disease slightly in Ca(NO3)2 plots. Soil fumigation

with methyl bromide gave increased fresh weight or grain yields in all

plots despite severe root attack by G.g.t., perhaps due to elimination

of other pathogens (Bruehl, 1953) or to lower root exudation rates in

sterilized soil (Barber and Martin, 1976). Banding untreated soil with

the seed in fumigated plots added an increment of yield beyond that

attained with soil fumigation, following root rot trends in NH4+-N

plots. These trends were less consistent in plots where Ca(NO3)2 was

the banded fertilizer, and there were smaller differences in root attack

between nonfumigated, fumigated, and fumigated + untreated soil when

NO3 --N was used.

Ammonium is the dominant N-form in methyl bromide fumigated soils

for as long as 75 days after treatment (Ebbels, 1971; Rovira, 1976), but

root rot was severe in these treatments, so supply of NH4+-N and to

the roots is not sufficient in itself to decrease take-all severity,

without the participation of soil microflora elements. Similarly, soil

fumigation with 220 kg ha-1 methyl bromide + 220 kg ha-1 chloropicrin

has been found to increase total bacteria and fluorescent pseudomonads

in field soil (Ridge, 1976; Ridge and Rovira, 1979). Although these

treatments are not exactly like our rates of 99% methyl bromide + 1%

chloropicrin, similar results could be expected. Hence, suppression in

live soil with NH41--N does not depend upon a large population of

presumed pseudomonad antagonists, but rather on specific organisms
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(Smiley, 1979), or a unique balanced community of antagonists (Gerlagh,

1968), stimulated by the presence of the pathogen in soil (Vojinovic,

1972). Chloride can influence soil microbial populations directly;

McCormick and Wolf (1980) found that Cl-, mixed into a sandy loam as

NaC1, depressed CO2 evolution from soil. The possibility of a direct

effect of Cl-, in conjunction with NH4+-N, on possible microbial

antagonists to G.g.t. is under investigation.

In the field experiment, fertilizer treatments were applied across

strips in which a 7 yr wheat monoculture had been broken the previous

year by either barley or peas. Yields from these plots are included for

comparison (Table 5). Rotation to peas the previous year increased

grain and fresh weight yields in the subsequent wheat crop over those in

fumigated plots, probably due to the availability of residual nitrogen

compensating for take-all attack in these plots. Rotation to barley

somewhat improved fresh weights and grain yields over continuous wheat

culture, probably due to lower inoculum levels of G.g.t. in the soil

after barley, compared to wheat.

These results suggest that an important aspect of root rot suppres-

sion by Cl- is tied to NH4+-N nutrition, and that there is a strong role

for "specific" soil antagonists in this suppression. However, there is

evidence for a strictly metabolic effect of Cl- on root attack, perhaps

due to reduced cell osmotic potentials seen with increasing rates of Cl-

fertilization and uptake (Christensen, et al., 1981). Lower osmotic

potentials limit pathogen growth rates and may slow the rate of root

colonization by G.g.t., resulting in lower disease severity levels.
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Thus, NH4+-N and Cl- uptake, the soil microflora, and metabolic effects

of Cl- may act in concert on root rot suppression.
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Table 1. Suppression of take-all, and seedling growth, with
banded nitrogen and chloride fertilizers in the green-
house.

Fertilizerx

Root Rot Seedling
Index Weight
(0-12) (mg)

None 7.6 a

NH4C1 1.4 e
+ KC1 1.3 e
+ NaC1 1.2 e
+ Lime 1.9 d

Ca(NO3) 2 1.4 e
+ KC1 1.4e
+ NaC1 1.5 e

NH4NO3 2.6 c
+ KC1 1.5e
+ NaC1 1.5 e

(NH4)2504 3.8 b
+ KC1 2.7 c
+ NaCl 2.5 c

56 a

79 be
76 b
78 b
78 b

90 bcdef
83 bcd
78 b

105 f
92 bcdef
94 cdef

99 of
98 def
89 bcde

x Simulates 34 Kg N ha-1, 67 Kg KC1 ha-1; NaC1 to provide Cl-
equivalent to KC1, all banded with seed.

Y Degree of root attack by G.g.t., based on a logit scale. Means
within a column not followed by the same letter are signi-
ficantly different (p < 0.05) from each other according to
Duncan's new multiple range test.
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Table 2. Influence of fall banded and spring broadcast fertilizers on

grain yield and take-all root rot in the Willamette Valley and
the Columbia Basin, Oregon.

Fertilizer
Willamette Valley' Columbia Basin
Grain
Yield

(MT ha-1)

Root Rot
Index
(0-5)

Grain
Yield

(MT ha-I)

Fall Springz
(WV site only)

1) none 2.66c 4.8c 2.08d

2) (NH4)2504 (NH4)2SO4 6.73ab 2.5ab 3.89bc

3) +P (NH4)2SO4 6.71ab 3.2b 3.82c

4) +P+KC1 (NH4)2SO4 7.83a 2.5ab 3.85c

5) NH4C1 NH4C1 7.25ab 1.8a 5.U7a

6) +P NH4C1 7.74a 1.8a 4.lOabc

7) +P+KC1 NH4C1 7.59a 1.8a 5.02ab

8) (NH4)2SO4+P NH4C1 7.41ab 2.Oab

9) Ca(NO3)2 (NH4)2SO4 6.30b 2.2ab 4.60abc

10) +P (NH4)2SO4 7.1Uab 2.8ab

11) +P+KC1 (NH4)2504 6.90ab 2.2ab 3.85c

12) (NH4)2SO4+P+ Azide 3.89bc

13) NH4C1+P+ Azide 4.44abc

14) (NH4)2SO4+P+Cu+Zn 3.85c

X Means within a column followed by the same letter are not significant-
ly different (p<0.05) according to Duncan's new multiple range test.

Y Willamette Valley: 28 kg N ha-1, 45 kg K20 ha-1, 56 kg P205 ha-11
fall banded.

Columbia Basin: 22 Kg N ha-1 banded + 34 Kg N ha1 broadcast, 45 Kg
-1K20 ha , 45 Kg P204 ha - , banded 168 Kg N ha-1 , spring broadcast.

1.12 Kg ha-1 Na-Azide, 2.8 Kg ha-1 Cu as CuSO4, 2.8 Kg ha-1 Zn as M-
N-S.

z Willamette Valley: 140 Kg N ha-I, as listed. Columbia Basin: 168 Kg
1N ha , all as (NH4)2SO4.
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Table 3. Elimination and re-establishment of take-all suppression with
banded fertilizers in soil treated with steam or methyl
mide, in greenhouse experiments.

bro-

Root Rot Index (0-12)x
Experiment 1 Experiment 2

Fertilizer Untreated 118C/ Untreated 121 C/ Methyl
Treatment 3.5 hr 55 min bromide

none 5.7b 8. ld 7.6 9.3 8.6

(NH4)2SO4 5.0a

NH4 Cl + KC1 4.7a 8.0d 2.7 5.0a 5.2a

NH4C1 + KC1 (below seed) 5.0a

NH
4C1 + KC1 + 1% U.S.Z. 7.0c

NH4C1 + KC1 + 10% U.S. 7.3c

X Degree of root attack by G.g.t., based on a logit scale. Means
followed by the same letter within an experiment are not significantly
different (p<0.05) according to Duncan's new multiple range test.

Y 34 Kg N ha-1, 67 Kg KC1 ha-1, placed with the seed at planting or 2 cm
below the seed at planting.

U.S. = untreated soil at (w/w) %.
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Table 4. Influence of steam treatment of soil on take-all root rot with
banded fertilizers and untreated or suppressive soils.

fertilizer/soil
amendmentw

Root Rot Index (0-12)

121 Cx
/55 min

60 C/
30 min

Difference
(121 C 60 C)

Significance
of differenceY

none 9.7a 6.4az 3.3 **

+ 1% U.S. 5.6d 4.0c 1.6 **

+ 17. S.S. 5.6d 5.2abc 0.4 ns

NH4C1 6.7bcd 4.4bc 2.3 **

+ 1% U.S. 4.1e 4.6bc -0.5 ns
+ KC1 5.7cd 4.9bc 0.8

(NH4)7SO4 6.9bc 5.6ab 1.3 **

+ 1% U.S. 5.4d 5.0bc 0.4 ns
+ KC1 6.6bcd 4.8bc 1.8 **

Ca(NO3)2 7.4b 1.6d 5.8 **
+ 1% U.S. 7.4b 2.2d 5.2 **

+ KC1 5.9cd 2.2d 3.7 **

w Banded with the seed at planting at 34 kg N ha-1, 67 kg KC1 ha-1. U.

S. = untreated soil, S. S. = suppressive soil from an 18 yr wheat
field in Yamhill Co., Oregon; incoporated into treated soil at (w/w)
percent.

Means followed by the same letter are not significantly (p<0.05)
different within a column by Duncan's new multiple range test.

Y Significantly different from 0 if followed by * or ** (p<0.05, 0.01,
resp.)

All means except Ca(NO3)2/60 C are significantly higher than respec-
tive treatment means in untreated soil (p<0.05)



Table 5. Effect of previous crop, fumigation, and fertilizer amendments on yield and root rot
of wheat in the Willamette Valley.

Fertilizer
Treatmentww

Grain yield (MT/ha)w Fresh Wt (gm/60 cm row)x Root Rot Index (0-5)Y
Barleyz Wheat Peas Barley Wheat Peas Wheat

NF F NF F NF F

NH4C1 2.8 2.2 2.9 3.6 340 312 394 432
NH4C1 +KC1 2.6 1.7 3.4 3.3 271 354 2.75a 4.75b
NH4C1+KC1+U.S. 2.6 2.1 4.2 3.4 266 468 526 3.75ab
Ca(NO3)2 2.1 1.7 3.1 3.4 266 218 334 532
Ca(NO3)2+KC1 2.2 1.5 1.6 3.6 332 332 4.5b 4.25ab
Ca(NO3)2+KC1

+U.S. 1.8 1.5 2.5 2.6 300 331 526 4.75b
NH4H2PO4 2.8 1.6 2.9 2.5 262 402

Column Means 2.4 1.8 3.1 3.2
b c a a

w lsd for body of table (p < 0.05) = 1.1. Column means with the same letter are not signifi-
cantly different (p < .05) according to Duncan's new multiple range test. S.E.M. = .38 (df =
63

S.E.M. = 61.8 (df = 57).

Y Means not followed by the same letter are significantly different (p < 0.05) according to
Duncan's new multiple range test.

Z Barley, Wheat, or Peas in 1978-1979. NF = not fumigated, F = fumigated with 732 kg ha -1
Methyl bromide + Chloropicrin in fall of 1979.

zz 34 kg N ha-I, 67 kg KC1 ha-I, U.S. = untreated soil, 178 kg ha-1 8-year wheat soil from same
field ha , all banded with the seed at planting. Spring fertilizer: 78 kg N ha 1 as NH4NO3
+ 57 S, broadcast.
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Chapter 3

THE EFFECT OF NITROGEN AND CHLORIDE FERTILIZERS ON

RHIZOSPHERE BACTERIA AND TAKE-ALL OF WHEAT

Mark E. Halsey and R. L. Powelson, Graduate Research Assistant and

Professor of Plant Pathology, respectively, Department of Botany and

Plant Pathology, Oregon State University, Corvallis, Oregon 97331

ABSTRACT

The influence of banded nitrogen and chloride fertilizers on

populations of "total" aerobic bacteria and fluorescent Pseudomonas spp.

in relation to the suppression of take-all (Gaeumannomyces graminis var.

tritici = G.g.t.) of wheat was investigated in three Oregon soils.

Banding ammonium-nitrogen (NH4+-N) reduced populations of "total"

aerobic bacteria and fluorescent pseudomonads on roots, compared to

nitrate-nitrogen (NO3--N), and the addition of Cl- had no apparent

effect on bacterial populations. Infestation of soil with inoculum of

G.g.t. increased bacterial populations on roots compared to non-infested

soil. Composite cultures of pseudomonads isolated from roots lesioned

by G.g.t. gave greater suppression of root attack than did cultures from

noninfected roots when these were used to inoculate seedling wheat

roots. The suppression of root rot in a "take-all decline" (TAD) soil

could not be explained by gross differences in populations of either
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"total" aerobic bacteria or fluorescent pseudomonads, compared to a

"take-all conducive" soil.

The highest presumptive antagonism ratings to G.g.t., in vitro,

were with fluorescent pseudomonads isolated from roots grown in TAD soil

with, banded NH
4
+-N and Cl. Few isolates from the "total" aerobic

microflora were antagonistic, in vitro, and were not studied in depth.

These same in vitro tests of antagonism to G.g.t. suggested that

Pseudomonas fluorescens, set 25 or set 14 may be important antagonists

of G.g.t. in the soils tested.

In a field study with banded fertilizers and 4 different bacterial

seed dressings, bacterization had little influence on root attack,

perhaps due to the isolates chosen or to environmental conditions

favoring the pathogen. However, banded NH4+ with Cl- reduced the

severity of root attack in December and reduced both disease severity

and disease incidence in April.

Additional Key Words: ammonium chloride, ammonium sulfate, calcium

nitrate, Gaeumannomyces graminis var. tritici, potassium chloride,

Pseudomonas fluorescens, Triticum aestivum.

INTRODUCTION

The ameliorating effect of ammonium fertilization on take-all root

rot [incited by Gaeumannomyces graminis (Sacc.) Arx and Olivier var.

tritici Walker] of wheat (Triticum aestivum L.) is well established

(Huber, et al., 1968; Smiley and Cook, 1973; Huber and Watson, 1974).

When time of application, soil conditions, or chemicals inhibit or delay
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nitrification, the supply of predominantly NH4+-N to the roots limits

take-all root rot severity and increases grain yields. Application of

NO3 -N, or NH4 -N under conditions favoring rapid nitrification,

increases root rot severity (Huber, 1981).

Recently, the chloride ion (C1-) was shown to suppress take-all and

increase grain yield in fields infested with G.g.t. when banded with the

seed as NH4C1 or (NH4)2SO4 + KC1 or NaCl, compared to (NH4)2SO4

(Powelson and Jackson, 1978). Banded NH41--N + Cl- reduces root rot

severity in seedling winter wheat plants more than sources of NH4 -N

without Cl- (Halsey and Powelson, unpublished data). Thus, less

infected tissue is present in the early spring to initiate root-to-root

spread or invasion of the crown, and disease progress is delayed or

slowed (Van der Plank, 1963). Christensen, et al. (1981) report

beneficial effects from spring broadcast Cl-, which increased grain

yields in field trials on moderately severe take-all sites.

Pseudomonas spp. have been suggested as effective antagonists of

G.g.t. in some take-all decline soils (Cook and Rovira, 1976; Smiley,

1978a) and on roots supplied with predominantly NH41--N (Smiley, 1979a),

for a variety of reasons (reviewed in Smiley, 1979a; 1979b). Briefly,

pseudomonads are acid tolerant (Chan and Katznelson, 1961), highly

competitive in the rhizosphere (Chan, et al. 1963; Rouatt and

Katznelson, 1961), capable of the production of antibiotics (Chan and

Katznelson, 1961), and can reduce the ectotrophic growth of G.g.t.

runner hyphae (Smiley, 1978b). They are eliminated from soil by heat or

chemical treatments that eliminate indigenous suppression of take-all

root rot. Highly antagonistic isolates are found in take-all
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suppressive soil and on roots under NH4
+-N, but not NO3 -N fertiliza-

tion. Pseudomonads were the only group of soil organisms that, when

added to in vivo systems, interacted with NH
4
+-N to suppress root rot

(Smiley, 1979a). Smiley (1979a) has suggested that the reduction in

rhizosphere pH (pHr) brought about by predominantly NH4+-N nutrition may

select for strains antagonistic to G.g.t. when such strains are present.

Chloride fertilizer amendments influence the soil microflora,

reducing nitrification rates (Hahn, et al., 1942; Golden, et al., 1981)

and suppressing CO2 evolution from soil (McCormick and Wolf, 1980).

Hence, it was logical to investigate differential effects of banded

NH4C1, (NH4)2SO4, and (NH4)2SO4 + KC1 on populations of presumed

antagonists of G.g.t. in the rhizosphere.

We report on numbers of aerobic bacteria and fluorescent

pseudomonads on roots beneath banded Ca(NO3)2, NH4C1, (NH4)2SO4, and

(NH4)2SO4+Ke1 fertilizers in three Oregon soils. In vitro antagonism to

the pathogen of single colonies from soil and fertilizer treatments was

assessed. Composite bacterial cultures from dilution plates or shake-

cultures of single colonies were used to inoculate young seedling roots

to determine if there were innate differences in antagonism to the

pathogen between bacteria from roots grown with different banded

fertilizers or in different soils, with and without G.g.t.

Field studies with four different bacteria used as seed dressings

were carried out at two locations in Oregon to determine if bacterial

seed treatment interacts with banded ammonium, nitate, and chloride.
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MATERIALS AND METHODS

Soils, fertilizers, inoculum, plant growth conditions.

Physical and chemical characteristics of the three soils used are

given in Table 6. Nonpariel Clay loam (NCL) was collected from a

second-year wheat field in Douglas Co., Oregon. It was used unlimed,

but wheat culture in this soil ordinarily depends on added CaCO3 to

achieve a more moderate pH, thus avoiding nutrient deficiencies and

aluminum toxicity. In spite of an almost prohibitively low pH (5.4) for

the growth of G.g.t. (Ward and Henry 1961) , this soil, without added

nitrogen, supported devastating seedling take-all infection. The second

soil, Walla Walla Silt loam (WSW, was collected from a long term

winter wheat-summer fallow rotation field in Umatilla Co., Oregon. Even

with a pH of 7.0, close to the optimum for the growth of G.g.t., it

supported less severe seedling root rot than the other two soils when

G.g.t. inoculum was added, and is presumably in a take-all decline

phase. The third soil, Sandy loam (SL) from Willamette River bed

deposits, was conducive to the development of take-all root rot. Based

on non-inoculated controls, none of these soils had appreciable levels

of indigenous G.g.t. Soils were passed through an S mm screen to remove

large clods and debris and stored in an air dry state.

Fertilizers were banded with seeds or seedlings at rates intended

to simulate 34 kg N ha-1 nitrogen and 67 kg KC1 ha-1, standard field

banding rates of these starter fertilizers in the Pacific Northwest.

Actual material in each single plant container (see below) was .24, .10,

.13, and .05 gm for Ca(NO3)2'4H20, NH4C1, (NH4)2SO4, and KC1,
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respectively. Reagent grade chemicals were used, supplied by weight or

from plexiglass scoops calibrated to deliver the appropriate weight.

An isolate of G.g.t. from severely infected culms from a wheat

field in Marion Co., Oregon was maintained by mass transfer on potato

dextrose agar (Difco; PDA) with 100 ppm streptomycin (Sigma; SPDA) and

grown on moistened autoclaved oat kernels. After 4 to 5 wks

colonization, the infested oats were dried at room temperature and kept

in paper bags at 4C. This material was ground in a Wylie mill (Arthur

H. Thomas Co., Philadelphia) to pass a 0.9 mm screen and mixed by hand

with aliquots of soil at the rate of 1.0 g per 2000 cc of soil (0.05%

w/v).

One hundred cc portions of soil were placed in plastic containers

(Super cells, Ray Leach Cone-Tainer, Canby, OR) 3.8 cm top diameter x

21.6 cm long with a 2° taper. These were previously washed and surface

disinfested with a spray of 10% chlorox, and plugged with a Kim-wipe

(Kimberly-Clark, Neenah, WI). Soil was then wet to about field capacity

with tap water and incubated for 24-48 hr before planting.

Soft white winter wheat (cv. Stephens) was used in all trials.

Fertilizer and a single seed or seedling were placed in each container,

covered with 20 cc (ca. 2 cm depth) of the appropriate soil and 5 cc of

vermiculite or perlite to reduce evaporative water loss. Treatments

were randomized in a blocked design with 4 replications, watered with

tap water daily or as needed to avoid moisture stress. All were grown

in a greenhouse at approximately 25 C days and 16 C nights, under

natural light supplemented by an artificial 12 h light period supplied
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by fluorescent bulbs (F40-GRO, F4OCW, F40WW; 1:2:1; Sylvania) 50 cm

above the soil.

Bacterial Isolation and Estimation of in vitro antagonism

Two isolation techniques were used, depending on whether "whole

root" or "in band" microflora were desired. For whole root isolations,

roots were gently shaken free of loose soil and placed in flasks of 250

ml sterile distilled water with 85 ppm Tween 80 (Sigma; SDWT). These

were covered with aluminum foil and shaken vigorously for 90 sec to wash

most of the soil away. Root systems were then transferred to 99 ml SDWT

with 8 g of 4 mm diameter glass beads and vigorously shaken on a wrist

action shaker for 10 min. Ten ml aliquots of the suspension were

tansferred through a decimal dilution series in SDWT.

For isolations from roots in the fertilizer band region, roots were

gently washed clean of soil with tap water and transferred to covered

flasks with enough SDWT + 0.1 M MgSO4 (Kloepper, et al., 1980) to cover

the roots. These were transferred one at a time to paper towels in a

laminar flow hood, four 1 cm sections were excised from main seminal

root axes within 4 cm of the seed and all four sections placed in 10 ml

of SDWT + 0.1 m MgSO4 with 1.5 g of glass beads in a culture tube.

These were shaken for 30 sec on a vortex mixer and 1 ml aliquots taken

for a decimal dilution series in culture tubes with SDWT + 0.1 M MgSO4.

One-tenth ml was transferred to duplicate petri plates of 0.1

strength Tryptic Soy Agar (Difco; TSA) for counts of "total" aerobic

bacteria or to King's Medium B with ampicillin, chloramphenicol and

cyclohexamide (ACC; Ridge and Simon, 1974) for counts of Pseudomonas

spp. No attempt was made to alter the pH of these media, eg., pH 6.8
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for 0.1 TSA and 6.7 for ACC. The suspension was spread with a sterile

glass loop, and plates were incubated upside down at room temperature on

laboratory benches. TSA plates were counted at 3 days and ACC plates at

4 days. Fluorescent colonies were distinguished under near ultraviolet

light (F15T8-BLB, Sylvania) and separate counts were made of

nonfluorescent, fluorescent crenellated edge colonies (fluorescent rough

- FR), fluorescent smooth edged colonies (fluorescent smooth - FS) and

other fluorescent colonies.

Presumptive tests of in vitro antagonism were carried out by

placing a 7 mm diameter plug of the same isolate of G.g.t. used in

inoculum production, grown on SPDA, onto the center of a plate of PDA at

pH 5.6. After 24 hr, three colony transfers from dilution plates were

placed evenly around the edge of the plate. These were incubated at 20C

until fungal growth reached the edge of the plate, and antagonism was

assessed as the distance in mm from the edge of the bacterial colony to

the fungal mycelium. Distances less than 1 mm were considered to be

zero. "Antagonism rating" was expressed as decimal proportion

antagonistic x mean zone of antagonism in mm (Smiley, 1978a). No

attempt was made to determine the nature of the antagonistic reaction on

agar.

Bacterization of seedling roots in the greenhouse.

For tests of in vivo antagonism of composite or pure cultures to

G.g.t., wheat seed was surface disinfested for 3 min in 10% chlorox,

rinsed in SDW and placed on moistened sterile filter paper in petri

plates, about 40 seeds per plate. These were wrapped in aluminum foil
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and incubated at 20C for 80 - 100 hr before use, at which time the

coleoptiles were just emerging and the roots were about 5 cm long.

Composite bacterial inoculum from G.g.t./fertilizer/soil treatments

were obtained directly from dilution plates, stored at 4C for 4 days

after counting. About 10 ml SDWT + 0.1M MgSO4 were placed on the

surface of the agar and the cells suspended by rubbing with a sterile

glass rod. Replicates from soil/fertilizer/G.g.t. regimes were bulked

in one culture tube, and this mixture was diluted to 2% transmittance at

550 nm, or about 5 x 105 cells m1-1. In addition, selected colonies

were mass transferred from dilution plates and grown as shake cultures

in 0.3 stength potato dextrose broth at room temperature to a

concentration of about 4 x 104 cells m1-1 (ca. 24 hr).

As soon as possible after dilution, an excess of culture was shaken

briefly on a vortex mixer and poured onto the seedlings in a petri

plate. The seedlings were then immediately planted by hand into

conducive SL soil in containers that had already received banded

fertilizer or inoculum of G.g.t., depending on the treatment. Seedlings

were covered with dry soil and vermiculite as described and watered with

tap water within 1 hr. Root rot was estimated after 29 days on roots

washed free of soil.

Bacterization Field Study

Twelve cultures of bacteria isolated on ACC medium, all showing

antagonism to G.g.t. on PDA, were tested in SL soil for suppression of

root rot. Three isolates that suppressed seedling root rot and one that

increased root rot were chosen for field studies where different banded

fertilizers and bacterized seed were used.
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Classification tests of the four isolates chosen did not give

uniform results, except for P. fluorescens, set 25, perhaps because

GLDETS tests were not attempted until after a year in culture, during

which time contamination or mutations may have occurred. However, one

was a typical P. fluorescens, set 30, one a lightly fluorescent isolate

resembling P. fluorescens, set 14, and one an unidentified

nonfluorescent pseudomonad, in addition to P. fluorescens, set 25.

These were also tested for inhibition of G.g.t. on PDA with 1U g 1-1

CaCO3, since acidic products or antibiotics dependant upon a localized

low pH environment in the rhizosphere may be responsible for in vivo

suppression of G.g.t.

Wheat seed that had been surface disinfested for 3 min in 10%

chlorox and rinsed in tap water, was mixed with an excess of 104 bac-

terial cells m1-1 in 1% Na-carboxymethylcellulose (CMC), and air dried

at room temperature. Seed and fertilizer treatments (34 kg N ha-1,

67 kg KC1 ha-1) were banded with a manual belt seeder within 4 days of

bacterial treatment at two locations: The Hermiston branch of the

Columbia Basin Agricultural Research Center (HES), and North Willamette

experiment station, Aurora, OR (NWES). Sections of the plot area at

each location had been fumigated (500 kg ha-1 methyl bromide + 17. chlor-

opicrin; Dowfume 99, Dow Chemical Co.) and inoculated with G.g.t. colon-

ized, ground oats (95 kg ha-1) to establish replicated plots of 1)

nonfumigated soil with indigenous take-all inoculum, 2) fumigated soil

with introduced inoculum and 3) fumigated soil without introduced

G.g.t. Fertilizers, bacterial seed treatments, and soils were in a 3
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factor, randomized-blocked design of 4 replications with individual

plots 1 mx3min size.

Fixed lengths of row, typically 1 m, were sampled from field plots

in December and April for root rot estimation, and grain yields were

obtained at maturity.

Identification of bacteria and estimation of root rot severity.

Bacterial colonies from ACC medium to be identified were streaked

on 0.5 TSA or PDA for single cell isolation, and maintained on 0.5

TSA. These were tested for gelatin hydrolysis, production of levan,

denitrification ability and utilization of ethanol, trehalose, and

sorbitol, using the methods of Stanier, et al. (1966) and grouped in

GLDETS sets (Sands and Rovira, 1971).

For estimation of root rot, a 0-12 "Root Rot Index" scale was used,

based on a logistic scale of root surface attacked (adapted from Zadoks,

1961).

RESULTS

Effect of G.g.t., soils, and fertilizer materials on bacterial

populations

In two experiments with banded fertilizers in three soils, with and

without G.g.t., bacteria were isolated on TSA medium for counts of the

"total" aerobic microflora, or on ACC medium for counts of fluorescent

Pseudomonas sep. In the first experiment, the entire root system was

used at 11 and 31 days after planting; in the second, isolations were at

29 days after planting from root segments removed from the band region,

e.g., within 4 cm below the seed and fertilizer band. When summarized
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by main effects (Table 7), infection by G.g.t. increased populations of

both fluorescent pseudomonads and "total" bacteria in the band region.

Root segments with visible lesions were chosen for "band region"

isolations and so are more truly a "with G.g.t." sample than the

sparsely lesioned whole root system. This may explain the greater

response to the presence or absence of the pathogen in band region

isolations.

Bacterial populations were generally smaller on roots grown in the

low pH NCL soil, while the conducive SL soil gave larger populations of

"total" bacteria and fluorescent pseudomonads. However, there were

larger populations of fluorescent pseudomonads from whole roots grown in

the suppressive WWSL soil at the later sampling date; and fluorescent

pseudomonads comprised a greater proportion of the bacterial population

from the band region in the WWSL soil than in the SL soil.

In all cases where banded fertilizer materials significantly (p <

0.10) influenced bacterial populations, banded NH4- N reduced the

numbers isolated, compared to NO3-N. Fewer fluorescent pseudomonads

were isolated within 4 cm below the fertilizer band when the fertilizer

was NH4 -N compared to NO3 -N, and G.g.t. increased their numbers (Table

8). Table 9 shows that "total" bacteria in the band region were more

numerous in the presence of G.g.t. and on roots grown in the SL soil.

In vitro antagonism to G.g.t. of bacterial isolates from different soils

and fertilizer treatments.

In preliminary studies of isolates from ACC medium, more isolates

displayed in vitro antagonism against G.g.t., and a higher level of

antagonism, if they had been isolated from roots where NH4C1 had been
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banded with the seed than from roots with banded Ca(NO3)2 or

(NH4)2SO4. Proportion of antagonists of both fluorescent and

nonfluorescent colonies from Ca(NO3)2, (NH4)2SO4, and NH4C1 treatments

were 9/38, 14/38, and 21/31, respectively, with antagonism ratings of

0.3, 0.7, and 2.7, respectively. Nonfluorescent colonies from roots

where NH4C1 was banded were often highly antagonistic, while those from

the other treatments rarely displayed in vitro antagonism to G.g.t.

Thus, it seemed productive to investigate antagonism on agar of a

limited number of single isolates of fluorescent and nonfluorescent

colonies comparing soil and fertilizer influences.

Highest overall antagonism ratings (Table 10) were expressed by

fluorescent isolates from roots under banded NH4C1 or (NH4)2SO4 + KC1 in

the suppressive WWSL soil or in SL soil, respectively. With one

exception (SL with Ca(NO3)2), groups of fluorescent bacteria were more

antagonistic than nonfluorescent groups. The highest antagonism ratings

for a group of nonfluorescent isolates, and the highest combined rating,

was for isolates from the suppressive WWSL soil where NH4C1 was banded

with the seed. Few antagonists were isolated from the low pH NCL soil.

Classfication of bacterial cultures

The majority of organisms isolated on ACC medium were in two main

colony morphological classes. One class formed a large (up to 1 cm in

4-5 days), usually quite brightly fluorescent, colony with abundant

extracellular polysaccharide slime (fluorescent smooth, FS). The other

class formed colonies about half the size of FS colonies, and more

variable in fluorescence and color qualities, with crenellated edges

(fluorescent rough, FR). Comparison of these types across all
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soil/fertilizer factors (Table 11) indicated that more FR types were

antagonistic to G.g.t. on agar and displayed a higher level of

antagonism than FS types. Antagonism to G.g.t. in vitro did not appear

to depend upon the amount of fluorescent pigment produced on ACC medium.

Of 27 FR types classified to set, 10 were Pseudomonas fluorescens,

Biotype G, set 25 and 7 were P. fluorescens, Biotype A, set 14. Of 25

FS types classified, 14 were P. fluorescens, Biotype G, set 30 and 6

were P. fluorescens, Biotype A, set 14. Set 14 varies from set 30 only

in the production of levan from sucrose, a trait which may have resulted

from mutation in culture.

One distinct morphological type was noticed only from roots grown

in suppressive WWSL with either Ca(NO3)2 or NH4C1 banded fertilizer

treatments. These isolates were highly antagonistic to G.g.t. in vitro

and were identified as Pseudomonas fluorescens, Biotype A, set 13.

Effect of banded fertilizers and bacterized roots on root attack lm

G.g.t.

Composite cultures of all colonies that developed on ACC medium

from roots grown in different G.g.t./soil/fertilizer regimes were used

to bacterize young wheat seedling roots before planting into the

conducive SL soil to compare these populations in their ability to sup

press G.g.t. in vivo. Only one composite inoculum, from roots grown in

the WWSL soil without G.g.t., failed to suppress root rot significantly

(p < 0.05) below the 0.1 M MgSO4 control (Table 12). Four composite

cultures gave suppression greater than the autoclaved control, three

from the SL soil + G.g.t. and one from the WWSL soil + G.g.t. No
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consistent difference was found between cultures from different

fertilizer sources; however, there was more suppression when cultures

were from roots grown in SL soil than from WWSL soil.

When shake cultured strains were used to bacterize seedling roots

placed with fertilizer bands, fertilizers were more important in

suppression of root rot than were bacterial treatments (Table 13). P.

fluorescens, set 30 generally provided greater suppression than set 13,

especially when set 30 was from roots originally grown with banded

NH4C1.

Field study

Bacterized seeds and banded fertilizers were used in a field study

at an irrigated site in the Columbia Basin (HES) and in the Willamette

Valley (NWES). Take-all was assessed in December and April as

proportion of roots in a fixed length of row infected by the pathogen

(incidence) or proportion of roots with severe lesions (severity), at

about 55 and 170 d after planting. In December, root rot incidence on

nonfumigated plots was greater at the HES site (15.4%) than at the NWES

site (5.7%). Fumigated-inoculated plots were not sampled in December

since there was little root rot at that time. At the December sampling,

banded fertilizers had more influence on the severity than on the

incidence of root attack. There were 5.2% roots with lesions greater

than 1 cm in length for banded Ca(NO3)2 treatments vs 2.9% and 3.9% for

banded NH4C1 and (NH4)2SO4, respectively. This agrees with other

observations (Smiley and Cook, 1973) that root rot severity, but not

incidence, is decreased by NH4+-N supply to the roots, at least in

seedlings. In the April assessment, fertilizers also influenced root
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rot incidence with about 28% root infection for all ammonium forms vs.

37% for Ca(NO3)2 on non-fumigated soil. Root rot incidence in non-

fumigated plots was twice as great on the sandy, pH-neutral HES site

(41.5%) compared to the more acidic and clayey NWES site (20.0%).

Root rot severity was always less when NH4 -N and Cl were banded

with the seed at planting, compared to other fertilizers. In the April

sampling of non-fumigated plots, percent roots with severe lesions .

averaged 6.9%, 5.3%, 4.9%, and 4.2% for Ca(NO3)2, (NH4)2504, NH4C1, and

(NH4)2SO4 + KC1 plots, respectively. This was also true on fumigated-

inoculated plots, sampled in April at HES, which averaged 23.9%, 15.1%,

and 20.8% roots with severe lesions for Ca(NO3)2, NH4C1, and (NH4)2SO4

treatments, respectively.

Pseudomonas fluorescens, set 25, suppressed root rot more than

other inoculants in the December sampling date, and this isolate also

failed to inhibit pathogen growth on CaCO3-PDA, compared to the isolates

of P. fluorescens set 30 and the nonfluorescent pseudomonad, which did

inhibit the pathogen on CaCO3-PDA. However, suppression of root attack

by any inoculant was no greater than that found with the CMC control.

Root rot incidence and severity were often greater with bacterized seed

than with "CMG" or "no CMC" controls, and this was reflected in yields

at the HES site, where bacterization treatments significantly (p < 0.05)

influenced grain yields (Table 14). The lack of efficacity of

bacterization may simply be due to choice of isolates, and isolates

showing greater antagonism to G.g.t. in the field may show stronger

interactions with banded fertilizers.
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Banded fertilizers affected yields at the NWES site, and the

greatest yields were with NH4C1 in fumigated and fumigated-inoculated

plots (Table 14).

The correlation of disease incidence in April with grain yields was

significant (P < 0.01) at r = -.500, but disease severity at this date

was unrelated to grain yield (r = -.09, ns).

DISCUSSION

Infection of wheat roots by G.g.t. increases the number of aerobic

bacteria and the numbers of fluorescent pseudomonads on the roots, as

detectable by dilution plating. This agrees with Smiley (1979a) who

used dilution plating for Pseudomonas spp., and also with Rovira and

Campbell (1975) who observed more bacteria associated with infected than

non-infected roots, and numerous bacteria on runner hyphae of G.g.t.

The increase of both "total" bacteria and pseudomonad populations with

G.g.t. infection in the band region may be due to the selection of

visible lesions for isolation, as opposed to whole root washings, which

were sparsely infected.

Fewer fluorescent pseudomonads were found in the low pH NCL soil,

supporting other observations of bacteria in more acid soils (Nilsson,

1969). Roots from the suppressive WWSL soil generally had fewer

bacteria than those from the conducive SL soil, but fluorescent

pseudomonad populations were often proportionally greater in the

suppressive soil. If pseudomonads are the effective antagonists of

G.g.t. in this take-all decline soil, their efficacy does not depend

upon absolute numbers alone, since they were generally less than 1/10 of
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the "total" bacteria, in agreement with the work of-Sands and Rovira

(1971). However, not all pseudomonads are antagonistic to the pathogen

and proportion of the total population or degree of antagonism to the

pathogen in vivo could be the controlling factor.

Ammonium-N banded with the seed always decreased the populations of

bacteria in the band region or rhizosphere compared to NO3 -N. This

finding is dissimilar to other work with broadcast and tilled in NH4+-N

(Smiley, 1978a), but is not unexpected. Banding fertilizer with the

seed is a much more direct technique than broadcast application, and

rhizosphere pH is depressed up to 2 pH units (Halsey and Powelson,

unpublished) under an ammonium band, which would decrease bacterial

populations.

Acidic conditions in the rhizosphere due to banded ammonium or

ammonium with chloride may be inimical to bacterial populations as a

whole, but apparently do not curtail bacterial antagonism to G.g.t. If

those members of the bacterial flora that are adapted to extreme acidity

are also the most potent antagonists of G.g.t., or the expression of

such antagonism depends on a low pH environment, they may be released

from competition with other bacteria and hence exert more influence on

the fungus. Fluorescent isolates from roots supplied with ammonium and

chloride in the WWSL and SL soils, and nonfluorescent isolates in the

WWSL soil with banded NH4C1 were more antagonistic than isolates from

other treatments. This agrees with Smiley's (1979a) observation on

entirely different soils that antagonism is stimulated by ammonium

nutrition, if antagonists are present to begin with. Addition of Cl-

with NH
4
+-N apparently increased the probability of isolating
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pseudomonads antagonistic to G.g.t. in vitro. Not all nonfluorescent

pseudomonads were obtained on ACC medium, since chloramphenicol inhibits

many nonfluorescent pseudomonads (Rovira and Ridge, 1973), and no

attempt was made to alter the level of this antibiotic to obtain a more

representative sample. Apparently, those that displayed a high level of

in vitro antagonism were fairly resistant to this antibiotic.

Smiley (1979a) has suggested that the antagonistic capabilities of

certain Pseudomonas spp. may be increased under NH4-N nutrition of the

plant or that subgroups within species, biotype, and set,

distinguishable only by their antagonism to G.g.t., may be selectively

favored by this regime. If this is true, one would expect inoculation

of wheat roots with mixed cultures of pseudomonads from roots supplied

with predominantly NH4+-N to decrease root rot severity. Similarly,

application of ammonium with chloride fertilizers, with bacterized seeds

or roots, would be expected to produce more than additive root rot

suppression if NH4C1 fertilization affects bacterial function more

strongly than does (NH4)2SO4. Populations used in "bacterization" of

roots in this study do not represent the relative numbers found on the

roots since they have been increased differentially on agar. However,

reintroduction onto the root or seed in soil should result in selection

and increase of those best fit to survive in that environment (Rovira,

1956).

Bacterization of young roots was useful to distinguish infected-

root from healthy-root inoculants, the former showing more suppression

of root rot although this was not always statistically significant. The
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presence of G.g.t. evidently selects for its own antagonists as has been

suggested for the take-all decline phenomenon (Zogg and Jaggi, 1974).

The suppressive WWSL soil was expected to produce more antagonistic

inoculants than it did. Greater sensitivity and more meaningful

comparisons of mixed as well as pure inoculants may depend on 1)

isolation on a medium at a pH close to that of the rhizosphere (Smiley,

1978a), and 2) testing in the same soil that the inoculants were derived

from. There are doubtless many physical, chemical, and microbiological

factors in soil that are important to microbial function and may vary

between soils. It has not been possible thus far to demonstate innate

antagonistic differences between mixed cultures from different

fertilizer treatments.

Results of using identical bacteria from either Ca(NO3)2 or NH4C1

roots as inoculants for roots planted into fertilized SL soil does not

favor the hypothesis of changes in innate antagonism stimulated by NH44.--

N fertilization. Alternatively, those isolates chosen may not have been

ones that were antagonistic originally. Fertilizer treatment obviously

exerted the controlling influence, the effect of type of bacteria or

fertilizer source being secondary.

Banded NH4-N reduced bacterial populations isolated from wheat

roots, but the microbiological implications of NH4C1 compared to

(NH4)2SO4 remain complex. Gerlagh (1968) postulated that take-all

decline was a consequence of a "balanced community" of antagonists to

the pathogen. Henry (1931) found that a combination of fungi, bacteria,

and actinomycetes was more suppressive to Helminthosporium and Fusarium

on wheat than each group tested separately. The presence of P.
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fluorescens, Biotype A, set 13 only in Ca(NO3)2 and NH4C1 treatments of

suppressive WWSL soil is indicative of a more complex microflora,

whether strains of this particular bacterium alone are active in

suppression of G.g.t. or not. Reduction in rhizosphere pH by ammonium

uptake provides a mechanism for suppression of bacterial populations,

but low pH also increases fungal populations (Waksman, 1924). Certain

soil fungi are capable of cross protection of roots from G.g.t.

infection (Wong and Southwell, 1980; Wong and Sivior, 1979), and these

may also be important in NH4C1 suppression of root rot. The chloride

ion competitively inhibits root uptake of NO3-; hence, pHr may be lower

with NH4+ + Cl- than with (NH4)2SO4, although this has not been detected

with our methods (Halsey and Powelson, unpublished). If certain

pseudomonads play a controlling role in antagonism to the pathogen on

wheat roots, they appear to be more active if they are P. fluorescens,

set 25 or 14 isolated from roots grown in the presence of G.g.t. in

suppressive soil.



Table 6. Chemical and Physical Characteristics of Soils. Data suppled by Soils Testing Laboratory, Oregon
State University, Corvallis, Oregon.

pRx
P

(ppm)
K

(ppm)

Ca

(Meq/
100g)

Mg
(Meq/
100g)

Na
(Meq/
100g)

salts
(mmhos
cm 1)

C.E.C.
(meq 100
g-1)

U.M.
(7)

Total N

(%)

Water Content
at -0.3 bars
(% dry wt.)

Walla Walla
Silt

loam
(WWSL) 7.0 28 683 6.9 2.6 .10 1.14 12.0 1.08 0.07 17.7

Nonpareil

Clay loam
(NCL) 5.4 13 328 5.3 3.0 .09 0.40 18.0 3.49 0.19 29.2

Sandy
loam

(SL) 6.4 20 211 12.5 5.1 .33 1.42 19.8 1.77 0.07 16.5

X pH of supernatant in 2:1, distilled water:soil
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Table 7. Summary of effects of G.g.t., soil, and banded fertilizers on
bacterial populations from whole root systems or root segments
from within 4 cm below the fertilizer band (band region).

"Total" Aerobic BacteriaW Fluorescent Pseudomonadsx
Whole Root Band Region Whole Root Band Region

Day 11 Day 31 Day 29 Day 11 Day 31 Day 29

G.g.t.
+ 2.59 7.28 34.2Y 0.01 0.15 0.41

1.98 6.30 8.0 0.06 0.03 0.09
ns ns (**)z ns (.10) (**)

Soils

NCL 1.45 9.23 10.6 tr 0.01 0.01
SL 3.78 4.56 44.4 0.02 0.06 0.54
WWSL 1.62 6.58 8.4 0.08 0.21 0.20

(*) ns (**) ns (*) (**)

Fertilizers
Ca(NO3)2 4.94 16.3 20.4 0.11 0.20 0.73
NH4C1 1.75 3.2 12.2 0.01 0.02 0.10

(NH4)2SO4
1.64 3.8 19.2 tr 0.04 0.10

(NH4)2SO4
+KC1 0.81 3.8 32.8 tr 0.10 0.06

(**) (**) ns ns ns (**)

W isolated on 0.1 TSA medium

isolated on ACC medium

Y number of colony forming units x 106 0.1 g-1 air dry root; < 0.01 =
trace = tr.

Significance of F-test for this factor. p < .01, .05, .10 = **, *,
.10, resp. ns = not significant at p < .10
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Table 8. Influence of banded fertilizers, soils, and the presence of
G.g.t. on numbers of fluorescent pseudomonads isolated within
4 cm below the seed and fertilizer band.

G.g.t.

Colony forming units x 106 0.1 gm-1 rootX
Soil Ca(NO3)2 NH4C1 (NH4)2SO4 (NH4)2SO4+KCL

NCL 0.04 0.01 tr tr

SL 2.5 0.2 0.4 0.3

WWSL 1.0 0.3 0.1 0.02

NCL 0.01 0.04 tr tr

SL 0.8 0.04 tr 0.03

WWSL 0.08 0.02 0.03 0.04

X S.E.M. = 2.24 x 106 (df = 48). tr = trace < 0.01; numbers between tr
and 0.2 are only for comparison.
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Table 9. Influence of G.g.t. and soil on numbers of "total"
bacteria isolated within 4 cm below the seed and ferti-

lizer band region.

Colony forming units x 106 0.1 gm-1 rootx

G.g.t. NCL SL WWSL

16.7 73.8 12.1

4.4 15.0 4.6

S.E.M. = 9.38 x 106 = 48). Counted on 0.1 TSA medium.
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Table 10. Antagonism on agar to G.g.t. by fluorescent and nonfluores-
cent colonies isolated on ACC medium from roots in different
soils and fertilizer bands.

Antagonism aatingX

Isolates/Soils
Fertilizer treatment

Ca(NO3)2 NH4C1 (NH4)2SO4 (NH4)2SO4+KC1 rows

1) Fluorescent
NCL
SL

WWSL

1.5

3.5

4.0

ND
3.0

6.5

4.0
4.7

5.5

3.4

6.4

3.5

25/31
30/49

54/72

81%
61%

75%
columns 35/55 13/19 28/35 33/43

64% 68% 80% 77%

2) Nonfluorescent
NCL 0.0 0.0 0.0 0.0 0/32 0%
SL 4.0 1.8 0.5 1.2 15/39 38%
WWSL 0.0 5.2 2.8 0.0 17/44 39%
columns 8/34 12/33 9/24 3/24

24% 36% 38% 12%

3) Combined
NC1 0.8 0.0 1.6 2.8 25/63 40%
ASL 3.8 2.6 3.4 4.3 45/88 51%
WWSL 3.3 5.7 4.3 2.4 71/116 61%
columns 43/89 25/52 37/59 36/67

48% 48% 63% 54%

proportion of colonies antagonistic x mean zone of antagonism in mm.
ND = not determined.

Y Number antagonistic/number tested, within row or column.
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Table 11. Antagonism to G.g.t. on PDA by morphologically distinct
pseudomonad colonies.

(3)

(1) (2) mean zone (4)X

antagonis- % antago- of antago- antagonism
tic/tested nistic nism (mm) rating

Nonfluorescent 32/115 28 6.4 1.8

Fluorescent-smooth 56/85 65 4.4 2.9
(P. fluorescens,
Biotype G, set 30)

Fluorescent-rough 46/59 78 7.6 5.9
(P. fluorescens,
Biotype G, set 25

or
P. fluorescens,
Biotype A, set 14

X 4 = .01(2) x (3)
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Table 12. Suppression of seedling root rot by composite inoculum
of bacterial isolates from roots grown in different
G.g.t., soil, and fertilizer regimes.

Root Rot Index (0-12)x
Soil SL WWSL

G.g.t.

Fertilizer

Ca(NO3)2 6.8* 7.9 7.2* 7.9

NH4C1 6.9* NDY 8.1 ND

(NH4)2504 6.7* ND 7.9 7.7

(NH4)2SO4+KC1 7.5 7.7 7.8 8.4

Autoclaved Control = 7.9 0.1 M Mg SO4 Control = 8.7

X Degree of root attack, based on a logit scale. S.E.M. =
.16825, df = 132

Y ND = Not Determined

* Significantly lower (p < 0.05) than autoclaved control accord-
ing to Duncan's new multiple range test.
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Table 13. Effect on root rot by two bacteria from roots supplied with
either NH4C1 or Ca(NO3)2 under three banded fertilizers.

Root Rot Index (0-12)x

Fertilizer Treatment

Bacterium
Fertilizer

Source None Ca(NO3)2 NH4C1 (NH4)2SO4

rowY
means

P. fluorescens,
Biotype A,
Set 13 NH4C1 8.0 6.6 5.4 6.1 6.5 b

Ca(NO3)2 7.7 6.0 4.9 6.3 6.2 ab
P. fluorescens,

Biotype G,
Set 30 NHC1 8.0 5.2 4.8 6.3 6.1 a

Ca(NO3)2 7.2 5.9 5.5 6.1 6.2 ab

Autoclaved
Control 7.9 6.3 4.8 6.1 6.3 ab

Column means 7.8 c 6.0 b 5.1 a 6.2 b

Degree of root attack by G.g.t., based on a logit scale. LSD (0.05)
for body of table = 0.6, S.E.M. = .19879, df = 100

Y Means of rows or columns followed by the same letter are not
significantly different at the p < 0.05 level, according to Duncan's
new multiple range test.
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Table 14. Influence of soil fumigation, bacterization, and banded
fertilizers on grain yield at HES and NWES sites.

Significant Treatment

Soil Treatment
Fumigated Fumigated

Nonfumigated inoculated noninoculated

Grain Yield at HES (MT ha-1)

Bacterial treatmentx

P. fluorescens, set 30 .8 2.0 5.4

P. fluorescens, set 14(?) .7 1.7 6.1

P. fluorescens, set 25 .6 1.5 5.5

Nonfluorescent Pseudomonad .7 1.8 6.1

+ CMC Control .6 1.9 6.1

Control .9 2.2 6.5

(S.E.M.=.25, df=216)

Grain Yield at NWES (MT ha-1)

Banded Fertilizer

Ca(NO3) 2.1 1.7 3.1

NH4C1 2.1 2.0 4.0

( NHO 2SO4 2.2 1.8 3.5

(NH4)2SO4 + KC1 2.0 1.6 3.4

(S.E.M.=.22, df=216)

X Means of bacterial treatments for all fall banded fertilizers (N.S.,
with no significant interactions, P < 0.05; r = 16)

Y Means of banded fertilizer treatments for all bacterial treatments
(N.S., with no significant interactions, p < 0.05; r = 24)
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Chapter 4

Wheat Seedling Emergence and Changes in Rhizosphere pH from the

Use of Banded Ammonium and Chloride Fertilizers

to Suppress Take-all of Wheat

Mark E. Halsey and R. L. Powelson, Graduate Research Assistant and

Professor of Plant Pathology, respectively, Department of Botany and

Plant Pathology, Oregon State University, Corvallis, Oregon 97331.

ABSTRACT

Seed furrow ("banded") application of ammonium and chloride

fertilizers suppresses take-all root rot (Gaeumannomyces graminis var.

tritici) of wheat, but can delay emergence and reduce stands, especially

in warm, dry, sandy soil. Banding NH4C1+KC1 2 cm below the seed in the

greenhouse reduced root rot severity as much as banding with the seed,

without delaying emergence or reducing stands. Banded NH4
+
-N depressed

rhizosphere pH (pHr) in the greenhouse by 2 units and in the field by as

much as 1.3 units over native soil pH, up to 50 days after planting.

This pHr shift was limited to < 6 cm below the fertilizer band; no

consistent pHr differences between banded NH4C1, (NH4)2SO4 and (NH4)2SO4

+ KC1 fertilizers were detectable by the methods used.

INTRODUCTION

Root rot incited by the wheat take-all fungus [Gaemannomyces

,graminis (Sacc.) Arx and Olivier var. tritici Walker] is decreased by
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supply of predominantly ammonium nitrogen (NH4+-N) to wheat roots

(Garrett, 1948; Smiley and Cook, 1973; Huber and Watson, 1974) and by

the addition of chloride (C1-) with ammonium in seed furrow ("banded")

application (Powelson and Jackson, 1978; Chapter 2). However, banded

NH4C1 or (NH4)2SO4 with KC1 (at 34 kg N ha-1 and 67 kg KC1 ha-1) have

delayed emergence and reduced stands in some soils under warm, dry soil

conditions. A portion of this report is on greenhouse studies with

banded ammonium forms and placement of the fertilizer band away from the

seed, to ascertain root rot suppression and emergence characteristics

under alternate banding procedures.

Uptake of NH4 -N results in a decrease in rhizosphere pH (pHr) as

the root adjusts ion balance during cation uptake (Street and Sheat,

1958; Riley and Barber, 1971). This NH4+ induced change in pHr has been

related to suppression of take-all root rot through a combination of

reduced pathogen inoculum potential (sensu Garrett, 1970) and

involvement of acid tolerant microfloral antagonists (Smiley and Cook

1973; Smiley, 1978a, 1978b, 1979). We report on rhizosphere pH's under

banded fertilizers, and suggest that changes in pHr are of great enough

magnitude and duration to be significant in root rot suppression by

banded NH4+-N fertilizers. A consistent effect of Cl- with NH4+-N on pdr

was not demonstrated, perhaps due to the methods used. A brief account

of this work has been reported previously (Halsey and Powelson, 1981).

MATERIALS AND METHODS

Three of the soils used have previously been described (Chapter

2). Briefly, Nonpariel Clay loam (NCL) is from a second year wheat
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field in Douglas Co, Oregon, pH 5.4 (supernatant in 2:1, distilled

water:soil); Sandy loam (SL) is from Willamette Valley river bed

deposits, pH 6.4; Walla Walla Silt loam (WWSL) is from a long term non-

irrigated wheat-summer fallow field in Umatilla Co., Oregon, pH 7.0. In

one experiment, Ephrata Sandy loam (ESL) was used, from the Columbia

Basin Agricultural Research Center at Hermiston, OR (HES), pH 7.0.

Field experiments were at this site, and also at the North Willamette

Experiment Station (NWES), Aurora, OR, which has a Willamette Silt loam,

pH 5.6. Soils used in the greenhouse were air dried, passed through a 8

mm screen to remove debris and large clods, and stored in galvanized

cans until used.

Greenhouse experiments were conducted in 3.8 cm top diameter by

21.6 cm long containers (Supercells, Ray Leach Cone-Tainer, Canby,

OR). These were plugged with tissue (Kim wipes, Kimberly-Clark, Neenah,

WI) and filled with 100 cc of soil. Fertilizers were banded with the

wheat seed or approximately 2 cm beneath it, depending on the

treatment. About 2 cm of soil covered the seed, and a thin layer of

vermiculite was added to restrict evaporative water loss. Seeded

containers were arranged in a randomized-blocked design, watered with

tap water as needed, and maintained under a 12 hour supplemental light

regime at about 25 C days and 16 C nights. Soft white winter wheat (cv.

Stephens) was used in all field and greenhouse trials. Experiment 3

(Table 15) was done in plastic flats subdivided by plexiglass strips. A

2 cm layer of dry soil was added to each cell in a randomized design,

water equal to 70% soil capacity at -0.3 bar was applied to the surface,

and fertilizer-seed grooves drawn in the soil. After fertilization and
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seeding, 1 cm of dry soil was used to cover the bands and 2 cm of

vermiculite was added to give a uniform total seed depth. The

vermiculite was thoroughly moistened with tap water and flats were

incubated in growth chambers with a 12 hour light-temperature cycle, 27C

days, 5C nights. Number of plants emerged was counted at 2 day

intervals to 15 days, when the experiment was terminated.

Reagent grade chemicals were used in laboratory studies and were

applied to each container or tray-cell individually by weight or from

calibrated plexiglass scoops. Rates were intended to simulate 34 kg N

ha-I and 67 kg KC1 ha-1 banded on 30 cm centers. Field trials were

fertilized with the above rates of commercial nitrogen compounds and KC1

in the seed furrow with a manual belt seeder. Commercial agricultural

lime (CaCO3) was added at .8 % (w/w) to NCL, to simulate 18 MT ha-1

commercial application, and thoroughly mixed by hand for NCL + lime

soil.

Inoculum was sterilized oat kernals colonized for about 4 wk by an

isolate of G.g.t. from Marion Co., OR, dried, and ground to pass a 0.9

mm opening. This material was mixed by hand with soil at 1.0 g per 2000

cc of soil or 0.05% (w/v).

All pH readings were of the supernatant of a 2:1, 0.01 M CaC12:soil

mixture, (Smiley and Cook, 1972). For measurement of pHr, only soil

within 2 mm of the root was used, typically in 1 gm aliquots.

Root infection by G.g.t. was visually assessed according to a 0-99

logistic scale of percent surface attacked (adapted from Zadoks, 1961,

p. 190), transformed before analysis to a 0-12 index scale.
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RESULTS

In greenhouse studies, NH4C1+KC1 banded with the seed reduced

seedling emergence 7 days after planting, and this was reflected in

seedling growth at 9 days after planting (Table 15, Expt. 1). Emergence

was complete in all treatments 11 days after planting. Ammonium

chloride + KC1 banded with the seed reduced stands, most noticably in

the low pH NCL soil and the more neutral WWSL soil. Banding NH4C1+KC1 2

cm below the seed eliminated delayed emergence and stand reduction

common to treatments banded with the seed. Seedling growth rates were

always less where no fertilizer was applied, due to lower soil nitrogen

levels. Growth rates of plants supplied with NH4C1+KC1, either with or

below the seed, were not significantly different (p<0.05) over the 20

day interval measured (Table 15, Expt. 2).

All sources of ammonium banded with the seed delayed emergence and

reduced stands compared to treatments without fertilizers (Table 15,

Expt. 3). These effects were most pronounced in the more pH-neutral ESL

soil. Ammonium chloride caused a greater delay of emergence than

(NH4)2SO4 or (NH4)2SO4+KC1, but this was not always significant.

Root rot severity was not significantly different (p<0.05) within

soils when NH4C1+KC1 was supplied with or 2 cm below the seed, and this

was reflected in dry weight comparisons of plants grown in G.g.t.

inoculated and non-inoculated soil (Fig. 1, A and B). Banded NH4C1+KC1

did not reduce root rot severity as much in limed NCL soil (pH = 6.7) as

in non-limed NCL soil (pH = 4.1), and was equally severe in non-

fertilized treatments of these soils. This confirms other observations

(Nilsson, 1969) in which take-all was severe on acid soils even though
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the ambient pH was nearly limiting to pathogen growth (approximate pH

5.0, Ward and Henry, 1961). Nutrient stresses and toxicities imposed on

the host at these low pH levels evidently can give a competitive

advantage to the pathogen. Root rot severity was greatest in

nonfertilized SL soil, as was reduction in plant dry weight. Seedlings

grown in WWSL were always less severely attacked than those in

comparable treatments of other soils, indicating the suppressive nature

of this long-term wheat field soil.

The pHr in greenhouse-grown plants with banded NH4C1+KC1 was

strongly depressed in the SL and WWSL soils, an effect lasting at least

41 days after planting (Table 16). A shift of this magnitude was not

found in the NCL soil, undoubtedly due to the already low ambient pH of

this mineral soil (Bohn, at al., 1979, p. 198). Root rot suppression

was less in the NCL soil where ammonium-induced changes in pH were

small, but it is unclear if this is causally related to lack of

elicitation of a suppressive microflora as proposed by Smiley and Cook

(1973). Where pHr depression occurred, it was restricted to the

immediate band area. However, ammonium in the band provides suppression

of root rot beyond the fertilizer band region, thus making it necessary

to hypothesize microfloral (Smiley, 1978a, 1978b, 1979) or nutritional

(Huber and Watson, 1974; Huber, 1981) interactions as the prime

mechanism of suppression. It is difficult to separate the contributions

of plant NH4+ uptake, soil solution NH44", and nitrification to the

observed change in pH in these studies. However, changes in pH in the

fertilizer band at a comparable time period, but with no plant, rarely

exceeded 1.3 units for the SL and WWSL soils and did not occur in the
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NCL soil, so changes greater than these are presumed due to plant

uptake.

The pHr of field grown plants is depressed by banded NH4 + -N but is

unchanged by banded NO3-N for at least 50 days following planting

(Table 17). Plant uptake appears to be the main reason for this observed

pHr shift. More thorough mixing of fertilizer and soil may occur in

field applications,' and there were 27.0 and 4.1 cm of rain at the NWES

and HES sites, respectively, between planting and pHr measurement.

Thus, substantial dilution, nitrification, and leaching should have

occurred in the band during the 50 days prior to pH measurement. There

were no consistent differences between banded NH4C1, (NH4)2SO4 and

(NH4)2SO4+KC1 on pHr changes. Delayed nitrificaton of NH4-1--N with Cl-

(Golden, et al., 1981) and inhibition of NO3- uptake by Cl- (Street and

Sheat, 1958) would be expected to produce larger changes in soil

solution pH due to nitrification of (NH4)2SO4 and in rhizoplane pH due

to NH4+ uptake with NH4C1. However, these differences were not

detectable with our methods.

DISCUSSION

Banded applications of NH4+-N and Cl have not caused delayed

emergence or stand reduction problems on late seeded fields in the

Willamette Valley, Oregon. Cool, moist conditions prevalent at

planting, and a soil pH less than neutrality evidently prevent toxicity

to seedlings. Stand reduction is apparently more acute in pH-neutral

soils, such as those of the Columbia Basin, in part a result of NH3

(aq.) toxicity (Bennett, 1974). Banding NH4+-N and Cl- with the seed or
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a small distance beneath the seed will suppress take-all root rot

equally well without consequent delayed emergence or stand reduction.

The concept remains to be tested in field trials where increased mixing

of soil in the band may also lessen the deleterious agronomic effects of

ammonium and chloride.

Rhizosphere pH under banded ammonium fertilizers was up to 2 units

lower than initial soil pH in the greenhouse and more than 1 unit lower

in the field, for at least 50 days after planting. This result agrees

with previous measurements of ammonium- induced pHr changes (Smiley and

Cook, 1973) and with a theoretical model of rhizosphere pH gradients

(Nye, 1981). Changes in pHr with ammonium uptake appear persistent

enough and of great enough magnitude to influence local nutrient

availability, nutrient uptake, and the soil microflora. Evidently,

second level interactions with plant nutrition or microbial antagonists

are more important than the influence of pHr on inoculum potential of

the fungus since pHr changes only occur in the band region, whereas

suppression of root rot severity is more widespread on the root system.



Table 15. Effect of banded fertilizer materials and placement of NH4C1+KC1 band on delay of
emergence, stand reduction, and plant growth in different soils.

Soil/
Fertilizer"

Experiment 1
plant Number emerged

Height (cm) on day 7/number
on day 9x to emerge

Experiment 2
slope of

height X time
regression (b1)Y

(cm clys)

Soil/
Fertilizerzz

Experiment 3z
Number Number
emerged emerged
on day 8 on day 15

NCL NCL
none 7.111.7 27/28 1.151.14 none 19.8 20.
With Seed 1.011.2 0/23 1.491.15 NH4C1 7.8 17.2
Below Seed 6.111.6 26/28 1.281.16 (NH4)2SO4+KC1 11.8 16.2

NCL + Lime (NH4)2SO4+KC1 12.0 15.
None 6.211.4 . 26/27 ND ESL
With Seed 1.011.4 3/23 ND None 18.0 19.
Below Seed 5.811.8 23/28 ND NH4C1 8.5 12.8

SL (NH4) 2504 10.5 14.3
None 6.7-11.1 28/28 1.481.16 (NH4)2SO4+KC1 10.8 13.
With Seed 2.011.7 3/27 1.691.12 SL
Below Seed 5.9/2.4 23/28 1.701.13 None 18.0 20.

WWSL NHC1 9.5 18.8
None 7.212.2 27/27 1.561.08 (NH4)2SO4 13.5 18.2
With Seed 2.211.9 5/22 1.921.12 (NH4)2SO4+KC1 14.5 18.8
Below Seed 4.413.1 17/24 1.881.11 S.E.M. 1.14 0.86

lsd (.05)3.4 2.6

w NH4C1 + KC1 at 34 kg N ha-1, 67 kg KC1 ha-1, with or 2 cm below seed.
mean of 28 plants, ± standard deviation

Y mean of 36 plants measured on day 7, 13, and 20; ± p<0.05 confidence interval for bi
mean of 4 replications of 20 seeds each

zz
34 kg N ha-1, 67 kg KC1 ha-1, banded with the seed
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Table 16. Change in rhizosphere pH from beginning soil pH in
three soils, with and without banded NH4C1 + KC1, at
distances below the seed.

Soil Fertilizer

pHX

Distance below seed (cm)

0 2 6 12

NCI -0.4 -0.3 -0.3 -0.3

+ -0.7 -0.5 -0.3 -0.3

SL -0.1 +0.1 +0.1 +0.1

+ -1.9 -2.0 -0.3 0

WWSL 0 +0.3 +0.4 +0.6

+ -2.1 -1.6 -0.1 +0.2

x Mean of 4 readings per treatment-depth, 41 days after planting,
in 2:1, 0.01 M CaC12:soil.
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Table 17. Effect of fertilizer bands on rhizosphere pH compared
to bulk soil pH at two locations. Rhizosphere pH was
measured in the band region about 50 days after
planting.

LOCATION

NWES HES

Soil pH between rowsX 4.63±0.14 5.77±0.14

Rhizosphere pH with banded fertilizer:

Ca(NO3)2 4.63±0.17 5.72±0.18

NH4C1 3.78±0.18 4.63±0.15

(NH4) 2SO4 4.10±0.45 4.39±0.14

(NH4) 2SO4 + KC1 4.06*0.06 4.57±0.28

X * 1 standard deviation, measured in 2:1, 0.01 M CaC12 : soil.
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Fig. 1: Effect of NH4C1+KC1 (34 kg N ha-1, 67 kg KC1 ha-1) banded with
or 2 cm below seed on (A) seedling root rot severity or (B)
percent reduction in weight of seedlings grown in G.g.t.
inoculated compared to noninoculated soil

100 -- [100 x (weight in inoculated soil/weight in noninoculated
soil)]

Y Bars topped by the same letter are not significantly (p < 0.05)
different by Duncan's new multiple range test.
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Chapter 5

CONCLUSIONS

Ammonium-nitrogen (NH4+-N) reduces the severity of root attack by

the take-all fungus, and Cl- increases the effectiveness of disease

suppression by NH4+-N, when both are applied as a band in the seed

furrow. There is little apparent effect of Cl- on disease when plants

are supplied with predominantly NO3-N. Suppression of root rot by

banded NH4 +_N is of biological origin and depends upon soil organisms

that are vulnerable to 60 C/30 min steam or to methyl bromide fumiga-

tion. Hence, a major component of the Cl- effect is tied to NH4+-N

suppression of disease, which is in turn dependant on microbial antago-

nists of G.g.t., perhaps fluorescent Pseudomonas spp.

Cultures of pseudomonads, isolated from rhizoplanes infected by

G.g.t., suppressed the severity of root attack by the pathogen in vivo,

whereas this was not true of pseudomonads from non-infected roots. Both

fluorescent and nonfluorescent isolates were more antagonistic to G.g.t.

on agar when they were from wheat roots growing in a take-all

suppressive soil, with banded Nii4+-N and C1-. Antagonism to the

pathogen is evidently a function of particular members of the

pseudomonad flora, and not dependant on a large total population. Fewer

pseudomonads were isolated from roots grown in the suppressive soil

studied, as opposed to the conducive soil, and banded NH4 -N reduced

populations of pseudomonads and other aerobic bacteria on roots. This

effect may, however, provide a vacant niche on the rhizoplane for

antagonistic bacteria.
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Evidently, successful antagonists as biological control agents can

be isolated with greater frequency from wheat roots grown in a take-all

suppressive soil, and lesioned by the pathogen. Banding NH4+-N with Cl-

increases the probability of isolating effective antagonists, perhaps by

suppressing populations of non-antagonists. Based on in vitro inhibi-

tion of pathogen growth, the most likely single antagonistic psuedomonad

from the soils studied appears to be Pseudomonas fluorescens, Biotype G,

set 25 or P. fluorescens, Biotype A, set 14. Several organisms may

ultimately prove to be responsible for TAD and NH4 +-N suppression of

take-all.

Banding NH4+-N depressed pHr within 4-6 cm of the band up to 2

units in the greenhouse and > 1 unit in the field for at least 50 days

after planting. Since mechanisms exist whereby the addition of can

exacerbate these pHr changes, this may play a role in the expression of

a Cl- effect on root rot severity. Low pH can decrease growth of the

pathogen, and may slow initial colonization of roots. Rhizosphere

acidity also decreases bacterial populations, perhaps creating less

competition for acid tolerant pseudomonads, whether these are indigenous

to the soil or introduced on the seed.

Banding fertilizer salts with the seed can reduce stands or delay

seedling emergence in warm, sandy, dry soils. Greenhouse studies show

that fertilizer bands placed below the seed avoid these effects, while

suppressing take-all as well as fertilizers placed with the seed.
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