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PRESENCE OF INEFFECTIVE NODULE-FORMING FRANKIA

PARTICLES IN WET ALDER STANDS
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2a: Ineffective Frankia strains in wet stands of Alnus glutinosa L. Gaertn. in the

Netherlands

D. J. Wolters, A. D. L. Akkermans and C. van Dijk

Summary: Nodulation experiments using Alnus glutinosa L. Gaertn. (Black Alder) seedlings as

hosts and soil suspensions as inoculates were conducted to determine the presence and relative

amounts of ineffective (non-nitrogen fixing but infectious) Frankia strains in 10 water-logged soils

of natural alder stands in the Netherlands. Ineffective nodules were formed with soil from six

locations, while effective nodules were found at all sites. From three of these locations the majority

of the nodules formed were of the ineffective type. These results suggested that ineffective strains

form an important fraction of the Frankia population of wet soils under black alder vegetation. No

correlation was found between the distribution of these Frankia strains and single soil chemical

components.

Soil Biology and Biochemistry (1997) 29, 1707-1712 *)

*) Reprinted with permission of the publisher
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INTRODUCTION

The intimate symbiotic relationship between the actinomycete Frankia and host plant Alnus

glutinosa L. Gaertn. (Black Alder) has been documented extensively (Akkermans and Van Dijk

1981, Benson and Silvester 1993). As a rule, all A. glutinosa specimen in the field have root

nodules (Bond 1977). Nitrogen fixation takes place in these nodules, which allows the plant to

grow under nitrogen-poor soil conditions.

The formation of root nodules, ineffective in nitrogen fixation, has been described as a result of

nodulation tests with different combinations of Frankia strains and host plant species. In some

cases effectivity or ineffectivity depended on the compatibility of these Frankia-host plant

combinations (VandenBosch and Torrey 1983, Van Dijk et al. 1988, Kurdali et al. 1989). The

term used for this type of interaction is facultative ineffectivity. Similar facultative ineffective

interactions have been described for legume-Rhizobium interactions (Hagedorn 1978, Shantharam

et al. 1987).

Among the symbiotic Frankia, true, or obligate ineffective strains are unable to fix nitrogen in

association with any known host plant (Fix-). This type of Frankia strain was first encountered

when efforts to obtain Frankia strains in pure culture from nodules, that were effective in nitrogen

fixation, resulted in Frankia isolates, deficient in nitrogen fixing ability (Baker et al. 1980, Hahn et

al. 1988, Lechevalier et al. 1983).

Field data on ineffective (Fix-) Frankia are scarce. Only in one case the presence of Fix-

Frankia in the soil of three wet alder sites in the Netherlands (Quackjeswater, Meertje de Waal

and Voorne's Duin, Valley 7) has been reported (Van Dijk and Sluimer-Stolk 1990). At Voorne's

Duin, Valley 7 (VD7), the nodulation capacity (NC) of the soil for ineffective Frankia was found

to be associated with water-logging of the soil, whereas nodulation capacity by effective Frankia

remained unaffected. From ineffective nodules resulting from inoculation tests with soil from

Voorne’s Duin, Valley 7, an ineffective Frankia strain, named AgI5, was obtained (A. D. L.

Akkermans, unpublished data).

rDNA sequence analyses of some ineffective strains indicated a common ancestry, related to

but different from effective Frankia strains (Hahn et al. 1989a, Hönerlage et al. 1994, Mirza et al.
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1992). Also, in a recent study it was established that there are differences in expression of plant

genes between effective and ineffective Frankia nodules on A. glutinosa (Guan et al. 1996).

Ineffective Frankia, such as strain AgW1 (Hahn et al. 1988), only produced nodules on part of

the host genotypes. Resistance of A. glutinosa to nodulation by ineffective Frankia strains, as

expressed by the absence of nodules, has also been reported by Van Dijk and Sluimer-Stolk

(1990). The latter authors showed that plant resistance to nodulation by soil populations of

ineffective Frankia strains is a stable trait, with reproducible resistance percentages among half-sib

A. glutinosa seedlings (Van Dijk and Sluimer 1994). In contrast, resistance of A. glutinosa to

nodulation by the effective Frankia strain type has never been reported. The term strain type was

introduced previously (Van Dijk and Sluimer-Stolk 1990) to designate groups of Frankia strains

which share one or more distinctive characteristics. In this paper, strain types sp(+) and sp(-) refer

to effective strains with or without spore formation, respectively. Obligate ineffective strains from

A. glutinosa stands will be indicated strain type AgI.

We have surveyed the distribution of ineffective Frankia strains, nodulating A. glutinosa, in

natural and long-term undisturbed alder sites in the Netherlands. Only sites with long-term water-

logged conditions were selected.

MATERIALS AND METHODS

Description of study areas and sampling sites

All study sites were selected for the presence of a relatively undisturbed, established A.

glutinosa vegetation with water-logged soil conditions throughout the year. Most of the areas

were governed as nature reserves by the Vereniging tot Behoud van Natuurmonumenten in

Nederland (the Society of the Preservation of Nature in the Netherlands; NM), Staatsbosbeheer

(the National Forest Service in the Netherlands; SBB), and by the regional organisation Stichting

Het Geldersch Landschap (the Gelderland Trust for Natural Beauty; GL), with a minimum of

anthropogenic influences.

The locations, described in Table 1, are presented according to the co-ordinates of the Dutch State

Survey Grid (S.S.G.).
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Table 1 Description of sampling sites, selected for the presence of natural stands of Alnus glutinosa on water-logged

soils. Shown are the Dutch State Survey Grid (S.S.G) coordinates, the governing body, the soil type, and the plant

species accounting for the main ground cover.

Site S.S.G

coordinates:

Governed

by1):

Soil type: Main understory plant

species:

Meertje de Waal (MW)   64.3; 432.9 NM peat Rubus fruticosus
Boezem van Brakel 1 (BB1) 132.6; 424.0 SBB river clay Mentha aquatica
Boezem van Brakel 2 (BB2) 132.6; 423.6 SBB sandy loam Phragmites australis
De Wieden (Wie) 199.7; 522.6 NM peat Mentha aquatica
De Burgvallen (BV) 240.6; 563.4 SBB sand Juncus effusus
Zeegsersteeg (Zee) 239.0; 565.9 SBB organic, sand Rubus fruticosus
De Hel (Hel) 168.3; 477.1 SBB peat Phragmites australis
De Bijleveld (BY) 126.9; 457.7 SBB sandy loam Mentha aquatica
Staverden 1 (Sta1) 179.7; 477.1 GL organic, sand Scirpus sp.
Staverden 2 (Sta2) 179.8; 474.6 GL organic, sand Mentha aquatica

1) For full names see text.

Cultivation of test plants

A seed-lot of A. glutinosa collected from one tree at Voorne (the Netherlands) was used for

the hydroculture of test plants. Seeds were surface sterilised with a sodium hypochlorite solution

(1% active chlorine) for 10 min. and left to germinate on 3 mm glass beads in demineralised water.

After 2 weeks, seedlings were transferred to 5 l jars containing a half-strength modified Hoagland

solution (Quispel 1954a), supplemented with trace elements (Allen and Arnon 1955) and Fe-

citrate (0.02 mM). At 6 weeks the seedlings were transferred to full-strength modified Hoagland

solution with reduced N-content (0.375 mM NO3
- as sole source of N). Plants were raised in a

growth-chamber at 23°C and 70% relative humidity, and illuminated for 16 h day-1 with Philips TL

33 (185 mE s-1 m-2, at plant level). After selection for equal size, the plants (48 plants per pot, 2

pots per soil sample) were inoculated and transferred to a greenhouse at 23 ± 2°C. Extra

illumination with Philips HPI-T (min. 195 mE s-1 m-2, at plant level) was provided for a

photoperiod of 16 h day-1. To avoid external contamination with soil-borne Frankia the plants

were placed under plastic shelters and a strict hygienic regime was maintained for the duration of

the experiment.
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Collection of soil samples and preparation of inoculates

Soil samples were collected in the last week of November, 1992. From an area of ca. 100 m2 at

each sampling site, 15-20 cores of 5 cm dia. were collected at random from the top 20 cm of the

soil. The cores were pooled into plastic bags, and stored at 4°C. Sampling tools were disinfected

before sampling at a different site. Prior to inoculation each soil sample was manually mixed.

Coarse root fragments were removed. Of the mixed samples 400 ml of soil was suspended into

1.5 l of modified full strength Hoagland solution with reduced N-content. The soil mixture was

stirred mechanically for 30 min. at 200 rev. min-1, after which the mixture was sieved through 2

mm and then through 1 mm aseptic filters.

Inoculation of test plants

One day before inoculation the plants were transferred to fresh Hoagland solution with reduced

N-content, with the addition of 80 mg ml-1 of Previcur N (Schering AG, Germany), according to

Van Dijk and Sluimer (1994). Once a week, the Hoagland nutrient solution and fungicide were

replaced. Inoculation was carried out with freshly prepared soil-inoculates. These were added to

the plant root systems at the equivalent of 15.8 g of fresh soil from MW, BB1, Wie, Zee, Hel, BV

and Sta1 per jar and 20 g of fresh soil from BB2, BW and Sta2, in 4.8 l of nutrient solution per jar.

Assessment of plant nodulation

Six weeks after inoculation the nodules were counted and the nodule types (sp(-), sp(+) or

ineffective) identified by examination of Fabil stained fresh sections (Van Dijk and Merkus 1976)

with a light microscope. All nodules smaller than 2-3 mm were examined, whereas only 1 - 2

larger nodules were assayed per plant. From each nodule, at least three sections were examined.

The presence of at least one mature vesicle cluster in any of the cells infected with Frankia

characterised effective nodules. Only nodules in which mature vesicle clusters were totally absent

were considered to be ineffective. Similarly, sp(-) nodules were typed by a complete lack of

sporangia; nodules with at least one mature sporangium were considered to be of the sp(+) strain

type.
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The nodulation capacity NC (in nodule forming units (nfu's) g-1 of fresh soil) for ineffective

Frankia of the various soil samples was calculated using the formula:

NC = Nod(i) / (S x W)

Nod.(i) is the number of ineffective root nodules formed per soil sample. The occurrence of

resistant seedlings was quantified by factor S, representing the fraction of test plants, susceptible to

ineffective nodulation. W is the total amount of soil (g fresh weight) added to the jar(s) with test

plants. For calculating the nodulation capacities for effective Frankia in the same soil samples, S =

1 (all plants susceptible).

Chemical analysis of soil samples

The soil samples were analysed, using standard procedures (Troelstra et al. 1990), for content

of soil moisture, total organic matter, N and P, and for pH (H2O), pH (KCl), soil conductivity, and

concentrations of the ions Cl-, Ca2+, Mg+, Na+ and K+, For the pH and soil conductivity

measurements, the ratio of soil : liquid had to be adjusted from the usual 1:2 to 1:5 for the soil

samples Hel, MW and Wie because of the high organic matter content of these soils.

RESULTS

Chemical analysis of soil samples

The physical and chemical soil parameters of the sampling sites (Table 2) showed large

differences in organic matter content, ranging from 4 - 87% of the soil dry weight. The mineral

components were composed of fractions of sand and/or clay particles. All soils were selected for

water-saturated conditions, but soil water content (on dry weight basis) varied between 0.5 and 7

kg kg-1 and highly correlated with the organic matter content (R2 = 0.99, with p < 0.005).

Differences in N and P content are also highly correlated with the soil organic matter content

(resp. R2 = 0.99 and 0.61, with p < 0.05). The same held true for the chloride and cation levels

(0.51 < R2 < 0.81, with p < 0.05). Extreme cation and Cl- levels were found at location MW,

which is most likely related to seepage of sea water into the area. The soil pH(H2O) values ranged

from 5.0 to 7.6.
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Table 2 Chemical and physical parameters of 20 cm top soil from natural stands of Alnus glutinosa.

Site Soil H2O pH pH % Org. matter total N total P
(kg kg-1) (H2O) (KCl) (of dry weight) (mg 100g-1) (mg 100g-1)

MW 7.40 5.5 5.1 87 3047 83.1
BB1 1.08 6.7 6.1 12 551 62.7
BB2 0.65 7.4 7.0 4 109 19.7
Wie 6.11 5.6 5.1 74 2864 123.2
BV 1.38 5.0 4.6 11 467 71.5
Zee 2.35 5.0 4.6 25 1034 47.7
Hel 3.52 5.5 5.0 33 1215 50.8
BY 0.49 7.6 6.9 4 155 37.7
Sta1 2.46 5.4 4.9 28 934 61.0
Sta2 0.97 5.1 4.4 8 257 43.5

Site Conductivity Cl- Ca2+ Mg2+ Na+ K+

(µS cm -1) (mmol (cmol (cmol (cmol (cmol
100 g-1) charge kg-1) charge kg-1) charge kg-1) charge kg-1)

MW 2746 13.9 49.8 22.2 19.6 1.08
BB1 172 0.11 34.6 3.19 0.36 0.29
BB2 187 0.02 12.6 0.85 0.07 0.10
Wie 921 2.73 55.2 9.92 6.14 0.38
BV 346 0.05 9.60 0.57 0.28 0.07
Zee 516 0.41 16.0 2.75 0.55 0.32
Hel 296 0.31 27.6 2.05 0.67 0.25
BY 201 0.07 41.1 1.17 0.21 0.13
Sta1 286 0.14 20.6 1.06 0.32 0.12
Sta2 97 0 1.56 0.24 0.25 0.12

Nodulation capacity of the soil samples

Table 3 presents the pooled nodulation data of two pots per sampling site. Individual treatment

of replicate pots was omitted because of a marked effect of random distribution of large numbers

of AgI resistant plants among the replicate pots.

There are marked differences in both the numbers and the type of nodules formed from

different soil samples. Soil samples from BB2, Wie, BV and Sta2 caused only effective (AgEff)

nodules to emerge on test plants, whereas those from MW, BB1, Zee, Hel, BY, and Sta1 also

gave rise to ineffective (AgI) root nodules, indicating uneven distribution of effective and

ineffective Frankia strain types among the sampling sites. In jars with the highest numbers of

ineffective nodules (BB1, Zee, and Hel) the occurrence of only 19 - 20% of plants with ineffective

nodules pointed to a high share of resistant test plants. As it was expected that the distribution of
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nodules among test plants follows a Poisson distribution (Quispel 1954b), non-nodulated plants

are not likely (p< 0.05) to occur at random at mean numbers of ≥17 or ≥10 for site Hel and BB1,

respectively.

Hence, a resistance percentage of 80% for test plant seed-lot Voorne was calculated from

equal ratios nodulated and non-nodulated test plants from sites Hel, BB1 and Zee (Chi2 = 0.045

with p = 0.978) . The nodulation capacities for ineffective Frankia presented in Table 3 were

calculated using S = 0.2. For effective nodules all plants (N) were supposed to be susceptible,

using S= 1.0 for calculation of the NC. Figure 3 displays the nodulation capacities from test sites

in the Netherlands. The site Oostvoorne, Valley 7 (not shown), where this strain type was

originally found, is situated close to site MW.

There was no correlation between the nodulation capacities of the soil samples for effective and

ineffective Frankia (R2 = 0.10, p < 0.05). Ineffective nodules were present together with sp(+) (at

sites Zee and Sta1) or sp(-) (at sites MW, BB1, Hel and BY) strain type effective nodules. The

data also suggest that ineffective Frankia had a more limited distribution than effective Frankia.
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Figure 3 Schematic map of the Netherlands with sampling sites Meertje de Waal (MW), Boezem van Brakel

(BB1 and BB2), de Wieden (Wie), de Burgvallen (BV), Zeegsersteeg (Zee), De Hel (Hel), de Bijleveld (BY)

and Staverden (Sta1 and Sta2).

Stacked bars represent nodulation capacities of effective (Eff.) and ineffective (Ineff.) nodules in nodule

forming units g-1 fresh soil (See Table 3). Bar sizes in the legend represent 10 nfu’s per gram of soil.

The nodulation data did not correlate significantly with any of the soil chemical data discussed

above (0.04 < R2 < 0.29 , with 0.11 < p < 0.96). Also, there were no indications that the presence

of ineffective Frankia was associated with the dominant understory species.
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Microscopic observation of cross-sections of ineffective nodules showed a pattern similar to

that described by Van Dijk and Sluimer-Stolk (1990). No marked differences in appearance of the

ineffective Frankia nodules between the different soil samples were found, neither in microscopic

sections, nor in morphology.

Table 3 Nodulation response of Alnus glutinosa test plants to inoculation with soil samples from the various

areas. Data on nodulation were collected 6 weeks after inoculation. Data represent the total number of ineffective

nodules present on n plants; total number of effective nodules and presence or absence of sporangia; total number

N of test plants after 6 weeks; nodulation capacities of ineffective (AgI) and effective (AgEff) Frankia (nodule

forming units g-1 fresh soil).

Site Ineffective nodulation Effective nodulation Nod. Cap.
number of

nodules

number of

plants (n)

number of

nodules

number of

plants (N)

nodule type AgI AgEff

MW 9 3 580 92 sp(-) 1 18
BB1 185 18 63 95 sp(-) 29 2
BB2 0 0 484 89 sp(-) 0 12
Wie 0 0 1051 95 sp(+) 0 33
BV 0 0 1838 94 sp(-) 0 46
Zee 88 19 133 95 sp(+) 14 4
Hel 307 18 396 95 sp(-) 49 13
BY 13 9 2 96 sp(-) 2 <0.1
Sta1 6 5 155 95 sp(+) 1 5
Sta2 0 0 848 95 sp(+) 0 21

DISCUSSION

Ineffective Frankia, similar to strain type AgI from the Isle of Voorne (Van Dijk and Sluimer-

Stolk 1990) were detected over a wide range of physico-chemical soil conditions under wet alder

stands, located at different geographical regions in the Netherlands. The observations confirmed

that strain type AgI is a common and significant part of Frankia communities in wetland

ecosystems with natural stands of A. glutinosa. As sites with drier soils were not included in this

study, the importance of waterlogged soil conditions for maintenance of ineffective populations

(Van Dijk and Sluimer-Stolk 1990) remains to be proven.

The plant trapping method allowed qualitative detection of nodule forming units of Frankia

strain types and estimation of the relative abundance among samples. Interpretation of nodulation

capacities is limited by the detection level of the plant trapping method, leaving room for
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ecological significance of populations with zero nodulation capacities. Also, the biotic and abiotic

composition of different soils may interfere with nodule development and comparability of

nodulation capacities. At sites BV, Wie and Sta2 with zero nodulation capacities for strain type

AgI, effective Frankia, that were present at high nodulation capacities, may have limited the

nodule development by strain type AgI (Van Dijk and Sluimer-Stolk 1990). The use of dilution

series of soil suspensions in the plant trapping method was beyond the scope of this survey, but

this may have added to underestimation of high nodulation capacities (Quispel 1954b, Van Dijk

1984).

The nodulation capacities for the AgI strain type of the areas in this study were similar to the

number of nodules found by Van Dijk and Sluimer-Stolk (1990) at locations Quackjeswater and

Meertje de Waal, but much lower than the nodulation capacity of about 700 nfu’s g-1 soil found

for Voorne's Duin, Valley 7. The latter site shared numerical dominance of the ineffective strain

type with sites BB1, Zee and Hel of this survey. Effective nodulation capacity was within the

range previously reported for sp(-) alder sites, although at the lower end of the spectrum (Van

Dijk 1984). Only the nodulation capacity of area BY for effective Frankia can be considered to be

far below values normally found for wet alder stands.

The resistance percentage of seed-lot Voorne in response to ineffective Frankia sources BB1, Zee

and Hel in this study showed close similarity with other seed-lots from that area in response to

strain type AgI- Voorne in former studies (Van Dijk and Sluimer 1994). This indicated similarity

among geographically separated populations of Frankia strain type AgI concerning genetic

interactions with specific genotypes of A. glutinosa.

Resistance or susceptibility of host trees at the study sites might influence the population size of

strain type AgI and hence contribute to a scattered pattern of nodulation capacities as compared

with effective Frankia strains. Such dependence of ineffective Frankia populations on susceptible

hosts might explain the absence of nodulation from the soil of three study sites. The resistance of

seed-lots and individual trees at sites with and without ineffective Frankia is presently under study.
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2b: Evidence for a decline of ineffective Frankia in the soil of a wet alder dune

valley

Summary: Ineffective Frankia have been encountered in a wet dune valley, where they appeared

to be constricted to waterlogged areas at this location. Since this early report on the occurrence of

an ineffective Frankia soil population, the sampling site has been gradually drying out due to a

lowering of the soil water-table. Nodulation experiments have demonstrated that at the same time,

the nodulation capacity of the soil for ineffective Frankia has diminished considerably, and during

the last survey, ineffective Frankia could only be detected in soil from the sole wet sampling site at

this location. This provides strong, be it circumstantial, evidence that ineffective Frankia is

dependent on soil waterlogging for maintenance of an active soil population.
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INTRODUCTION

As described in chapter 2a, ineffective Frankia form a common, and a sometimes relatively

numerous microbial soil component of wet alder locations. Van Dijk and Sluimer-Stolk (1990)

were the first to report on this particular Frankia strain type in natural stands of Alnus glutinosa,

and they discovered a connection between ineffective Frankia nodulation potential of the soil, and

the water-logged conditions of the sampling site. In the previous section of this chapter we

reported that ineffective Frankia strains also occur in other wet alder stands in the Netherlands. A

direct correlation with soil humidity could not be made because dryer alder locations were not

sampled.

Although confirmation of ineffective Frankia dependency on waterlogged soil conditions may

only come with the isolation and physiological characterisation of pure cultures of these Frankia

strains, some additional, be it circumstantial, evidence can be obtained from nodulation

experiments. In this section, changes in the nodulation capacity of the soil of Voorne’s Duin,

Valley 7 over a number of years are presented.

MATERIALS AND METHODS

Study area and sampling sites

Location Voorne’s Duin, Valley 7 (VD7; State Survey Grid 64.1; 436.8) was surveyed in three

different years for the presence of ineffective Frankia in the soil.

Van Dijk and Sluimer-Stolk (1990) collected soil samples in 1982. They described VD7 as part of

a 60-years-old primary dune valley covered with a dense vegetation of woody species and herbs.

At location VD7, two main vegetation types could be found. Both run parallel to the path

indicated in Figure 4. The first, and highest consisted of a mixture of Betula pendula and Alnus

glutinosa, with a dense understory of Mentha aquatica, Cardamine pratensis, Lycopus

europaeus, Hydrocotyle vulgaris, and Iris pseudacorus. In this zone, sampling site VD7-4 was

chosen. It was waterlogged in winter and early spring, but in summer the upper 20 to 30 cm of the

soil were well drained. Further away from the path, and at a lower elevation was a strip of A.

glutinosa, with a sparse understory of M. aquatica. Within this zone, sampling sites VD7-1 and
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VD7-2 were situated. These sites were inundated each year for 8-10 months, and had an almost

permanently waterlogged soil. Sampling site VD7-3 was intermediate between the other two sites

in position, humidity, and understory composition.

In 1992, a second survey at this location was conducted. Three sampling sites were chosen,

with VD7-1 (’92) corresponding with the earlier site VD7-1 (’82), and VD7-2 (’92)

corresponding with site VD7-2 (’82). The third site, VD7-5 (’92), was situated beyond (and

below) the A. glutinosa zone, where a Salix sp. swamp was situated. Vegetation cover and

composition were unchanged, but due to a succession of dry winters, the soil water-table had

dropped considerably. Only VD7-5 (’92) was almost permanently inundated, site VD7-1 (’92)

was, while still water-saturated, no longer inundated outside the winter months and early spring.

Site VD7-2 (’92) was also much dryer.

Location VD7 was revisited early in 1995, and the soil water-table had again dropped

considerably, although the vegetation cover had not changed perceptibly over the past four years.

Sites VD7-1, 6 and 7 were chosen, with site VD7-1 (’95) at the approximate location of previous

sites VD7-1 (’82) and VD7-1 (’92). Sampling sites VD7-6 (’95) and VD7-7 (’95) were situated

SSW and NNE of site VD7-1 (’95), respectively. Only at site VD7-7 (’95) the soil was water-

saturated, as it was located next to a wide ditch which had been dredged about four years earlier.
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Figure 4 Map of location Voorne’s Duin, Valley 7 (VD7), over three years (1982, 1992 and 1995).
Waterlogged soil is indicated by the grey areas, while sampling sites are marked with dots. The dotted lines
depict soil elevation (approx. 10 cm per elevation line). Dominant tree species are also shown in the map, as
mixed Alnus/Betula, Alnus, and Salix vegetations.
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Nodulation experiment

Van Dijk and Sluimer-Stolk (1990) used a seed-lot from Voorne, and for the second

nodulation experiment, Voorne seed-lots were used as well. For the 1995 nodulation experiment,

a seed-lot from a different geographical location was used (Location De Wieden; See Fig. 3, p.

40). Although the resistance percentage (see chapter 3b) against ineffective Frankia nodulation of

the Voorne seed-lots was much higher than that of the De Wieden seed-lot (± 80% resistance

versus ± 50% resistance) this was corrected for while calculating the nodulation data, as was

described in chapter 2a.

Seedling cultivation and inoculation occurred as described previously. Numbers of seedlings were

generally about 36 to 48.

The nodulation capacity NC (in nodule forming units (nfu's) g-1 of fresh soil) for ineffective

Frankia of the various soil samples was calculated using the known fractions of test plants per

seed-lot, susceptible to ineffective nodulation. To be able to compare all nodulation data, the

numbers of ineffective nodules Van Dijk and Sluimer-Stolk (1990) obtained from inoculating pots

with 20 g of soil were taken.

RESULTS

Nodulation capacity

Table 4 presents the nodulation capacities calculated from the numbers of ineffective Frankia

strains found on the root systems of the test plants. A number of observations can be made from

these data. Firstly, in 1982, the nodulation capacity of the soil from sampling sites VD7-1 and

VD7-2 for ineffective Frankia was highest, with 86-116 nodules formed per g of soil. Zero

nodulation was encountered in the well-aerated soil of site VD7-4, and at VD7-3 the intermediate

value of 39 nodules per g of soil was found. In 1992, overall soil nodulation capacities were

clearly lower, with again site VD7-1 in the Alnus-zone showing the highest value. It is striking that

soil from site VD7-5 in the Salix vegetation-zone produced an almost equally high nodulation

capacity. Again, the slightly less wet soil at site VD7-2 had a lower nodulation capacity. Finally, in

1995, the only site with a detectable ineffective Frankia soil population was VD7-7, near the

ditch. Soil from site VD7-1 did no longer form any ineffective Frankia nodules on the test plants.
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Table 4 Ineffective Frankia nodulation capacity of soil from Voorne’s Duin, Valley 7 in 1982, 1992

and 1995.

Nodulation Capacity
Year Location with nodulation capacity (nodules g-1 soil)

VD7-1 VD7-2 VD7-3 VD7-4 VD7-5 VD7-6 VD7-7
1982 1 86.3 116.2 39.0 0

1992 2 13.4 7.2 12.2

1995 2 0 0 18.3
1 Van Dijk and Sluimer-Stolk (1990)
2 This study

DISCUSSION

The data presented in Table 4 clearly showed that the soil nodulation capacity for ineffective

Frankia at location VD7 has declined over the years. Interestingly, this process seems to have

been proceeding in concordance with the decrease of soil water-content. In 1982, most of location

VD7 still was water-logged and/or water-saturated for the greater part of the year. In 1992, only

the Salix vegetation-zone and the ditch were permanently water-saturated and waterlogged in

winter, while the Alnus-zone was only water-saturated, but not water-logged in winter. In 1995

the whole of location VD7 was only slightly moist in winter (water-table at -15-30 cm). The only

site with water-saturated soil bordered the ditch at the north-western edge of VD7. This site

harboured the only detectable ineffective Frankia soil population in 1995.

It should be noted that the absolute quantities of nodulating capacities presented in Table 4 are

only approximations of the true NC values, which would be obtained when using a soil dilution

series. Furthermore, only limited numbers of test plants were used for the nodulation experiments.

Because of this, the nodulation data must be primarily considered in a qualitative fashion.

Even so, the data strongly supports the hypothesis that the ineffective Frankia soil populations

(at location VD7) are dependent on water-saturation of the soil.


