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STELLINGEN 

Voor een beter begrip van het functioneren van mycorrhiza's dient men 

zich rekenschap te geven dat symbiose geen synoniem is van mutualisme. 

II 

Bij bodemvruchtbaarheidsonderzoek zovel als in veredelingsprogramma's 

die gericht zijn op produktieverbetering in landbouwkundig gezien mar

ginale gebieden dient men terdege rekening te houden met de potentiële 

mogelijkheden die vesiculair-arbusculaire mycorrhiza's bieden. 

III 

Bij eventuele nieuwe inpolderingen dient enten van de grond met mycorrhiza-

schimmels overwogen te worden. 

Bemesting met minder goed oplosbare, natuurlijke fosfaten biedt, eventueel 

in combinatie met symbiontische stikstofbinders en mycorrhiza's, duidelijke 

maar beperkte mogelijkheden ter vervanging van het relatief dure super

fosfaat. • 

De totaal verschillende organismen die in de afgelopen jaren als vermoe

delijke oorzaak var. de groeidepressies in nauwe rotaties zijn aangemerkt, 

illustreren het gebrekkige inzicht in de ecologie van bodemmicro-

-organismen. 

VI 

Het onverwacht sterk optreden van bacterievuur in Zuidwest-Nederland in 

de zomer van 1982 wijst op een onderschatting van de dreiging die uitgaat 

vanvbacterieziekten in land- en tuinbouw. 

F,/,' 



VII 

Biologische bestrijding van "bodempathogenen" als een alternatief voor 

bestaande en verantwoorde chemische bestrijding, heeft alleen kans van 

slagen indien optimaal aan de levensvoorwaarden van de toegepaste orga

nismen kan worden voldaan. 

VIII 

Ten behoeve van de studie van bodemecosystemen is het wenselijk om 

analoog aan de plantenecologie te komen tot een classificering van 

landbouwgronden op basis van kenmerkende, in de grond aanwezige micro-

-organismen. 

IX 

De toepassing van boomchirurgie is maar al te vaak dure kwakzalverij. 

Het verdient aanbeveling de uitvoering van de door Nederland beoogde 

ontwikkelingssamenwerking te laten berusten bij een politiek zo 

onafhankelijk mogelijke instelling. 

XI 

De ontwikkeling van landbouwmethoden waarbij men streeft naar integratie 

van verworvenheden uit zowel gangbare als alternatieve vormen van land

bouw is wenselijk vanuit het oogpunt van het veilig stellen van onze 

Nederlandse landbouwbelangen op langere termijn. 

Proefschrift van M.A. Ruissen. 
19 november 1982. 
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Wageningen mogelijk werd. Voor Uw steun en belangstelling 

die ik hierbij heb ondervonden ben ik U zeer erkentelijk. 

Mijn dank gaat ook uit naar prof.dr.ir. J. Dekker, mijn 

promotor, die mij de mogelijkheid heeft geboden om bij de 

vakgroep Fytopathologie dit proefschrift te bewerken. De 

vrijheid die ik kreeg gedurende het onderzoek, Uw belangstel

ling voor het verloop van het onderzoek en de kritische bege

leiding bij de afronding ervan heb ik zeer gewaardeerd. 

Een woord van waardering is ook bestemd voor mijn co-refe

rent, dr.ir. T. Limonard. Theunis, ik vond het een genoegen 

om met je samen te werken en de discussies die we voerden 

hebben in belangrijke mate bijgedragen tot het verloop van 

het onderzoek. Ook wil ik je danken voor je bijdrage bij het 

op schrift stellen van dit proefschrift. 

De Stichting Proefstation voor de akkerbouw en de groente

teelt in de volle grond (PAGV) en het Instituut voor Bodem

vruchtbaarheid (IB) dank ik voor de gelegenheid die geboden 

werd op hun proefbedrijven respectievelijk te Nagele en Mark

nesse materiaal te verzamelen voor dit onderzoek. 

Pieter Vereijken dank ik voor het motiverende, enthousias

te meedenken gedurende het onderzoek en de aanvullende infor

matie betreffende de bedrijven in Nagele. Met jouw dank ik 

ook de heer J. van de Westeringh die als bedrijfsleider van 

deze bedrijven telkens met raad en daad behulpzaam was. 

De heren ir. J.A. Grootenhuis en J.K. Mulder dank ik voor 

de medewerking die ik ondervond op de Lovink-hoeve. 

Gedurende het onderzoek waren een aanzienlijk aantal stu

denten betrokken bij het mycorrhiza onderzoek. Een deel van 



hen heb ik met veel genoegen mogen begeleiden bij hun docto

raalonderwerp. Met name wil ik hier noemen Tarsy Lössbroek, 

Liesbeth Goense-Wagemaker, Ron Poppelaars, Menno van Hulst, 

Anne-Maria Wagner (IAESTE-stagiaire) en Gerda Peters (Stova-

stagiaire) die een bijdrage leverden voor dit proefschrift. 

De gastvrijheid en de technische faciliteiten die telken

male geboden werden door de vakgroep Nematologie heb ik zeer 

op prijs gesteld. 

De firma Zelder B.V. te Ottersum stelde telkens weer be

langeloos zaaizaad voor kasproeven ter beschikking. 

De afdeling tekstverwerking, en met name de dames 

H. D'hondt-de Jong en W.M. Laoh-Gieskes, en de offsetdrukke

rij van de Landbouwhogeschool droegen zorg voor het typewerk 
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Niet alleen omdat jij het verloop van het onderzoek en het 
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maar ook omdat je, op veel verschillende wijzen, een bijdrage 

leverde bij de totstandkoming ervan. 

Tenslotte wil ik allen die niet in dit voorwoord vermeld 
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1 INTRODUCTION 

Soil micro-organisms are of great importance in agricul

ture, both as a threat to the health of plants and as an al

ly in efforts to improve crop production. Many micro-orga

nisms live in close association with crop plants. De Bary 

(1879) defined the living together of unequal organisms as 

symbiosis. This symbiosis may be disadvantageous to the host 

plant (parasitism) or of advantage to it (mutualism). 

One of the symbiotic relations between micro-organisms 

and plants is mycorrhiza, that is generally a mutualistic 

association between a fungus and plant roots. Two main types 

of mycorrhizas are distinguished, ectomycorrhizas and endomy-

corrhizas. The ectomycorrhizas consist of a thick sheath of 

dense mycelium around the feeder roots of plants, mainly of 

trees. The mycorrhizal fungus involved is usually unable to 

invade the cells of the host. In the case of endomycorrhizas, 

the fungus forms only a loose mycelium around the roots and 

invades the cells of the root cortex. A special form of endo

mycorrhizas is the vesicular-arbuscular mycorrhiza (VAM), 

which occurs in many important agricultural crop plants. In 

the last twenty years there have been numerous reports of 

the positive effect of these mycorrhizas on the growth of 

plants. Their role in agriculture is, however, little under

stood and needs further elucidation. 

The purposes of this study are to assess the occurrence 

of VAM in agricultural crops, particularly in wheat and pota

toes; to obtain information about the effect of farming sys

tems and agricultural practices on the development of VAM, 

and to gain an insight into the role which VAM may play in 

agricultural crops. Finally the question is considered as to 

whether measures should be advocated to stimulate the devel

opment of VAM in agricultural crops. 
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Three neighbouring experimental farms (DOB/OBS-farms) in 

the vicinity of Nagele in the North East Polder, The Nether

lands, provided an opportunity to study the occurrence of 

VAM in farming systems in which during a period of 26 years 

different applications of organic matter have been made. In 

addition it provided an opportunity to compare the develop

ment of VAM in the different farming systems in a new design 

of these farms established in 1979. The development of VAM 

in the new situation was of particular interest because on 

two of the farms no or only limited amounts of fertilizers 

and plant protection chemicals were used. 

An outline of VAM is given in chapter 2 and the experimen

tal farms are described in chapter 3. The observations made 

on the DOB/OBS-farms are presented in chapter 4. In order to 

obtain a better understanding of the differences observed 

between the farming sytems, additional information on the 

effect of various agricultural practices on the development 

of VAM obtained from the Lovink-farm, another experimental 

farm in the North East Polder, is presented in chapter 5. 

This is supplemented in chapter 6 with a report on greenhouse 

experiments on the development of VAM and the significance 

of VAM on plant growth. The relation between VAM, fungal pa

thogens and disease management received attention in chapter 7. 



2 VESICULAR-ARBUSCULAR MYCORRHIZAS 

2.1 INTRODUCTION 

Among the different types of mycorrhizas that are distin

guished, the vesicular-arbuscular mycorrhizas (VAM) are most 

common (Gerdemann, 1968; Meyer, 1973). These mycorrhizas are 

characterized by the formation of hyphal swellings (vesicles) 

and by finely branched structures (arbuscules) in the root 

cortex cells of the hostplant (fig. 2.1). Outside the root, 

relatively large sized (about 50-400 um) and thick walled 

chlamydospores may be found. Some VAM fungal species form 

clusters of chlamydospores, embedded in a matrix of hyphae 

(sporocarps). 

Several well documented reviews, which cover various as

pects of the work done on these mycorrhizas are available 

(Nicolson, 1967; Gerdemann, 1968; Mosse, 1973; Gerdemann, 

1975; Slankis, 1974; Hayman, 1978; Smith, 1980). 

hyphae 

chlamydospore 

vesicle 

sporocarp 

root hair 

arbuscules 

epidermis 

endodermis root cortex 

Figure 2.1 Schematic illustration of a vesicular-arbuscular mycorrhiza. 
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The aim of this chapter is not to add a new review to this 

list, but to mention some aspects which may be valuable as 

an introduction to VAM within the scope of this study. 

2.2 HISTORY 

Before Frank in 1885 gave the name of mycorrhiza to the 

symbiotic association between a fungus and roots of plants, 

quite a number of observations on this phenomenon had already 

been reported (Kelley, 1963). The oldest known observation 

on VAM was done by Treub in the former Dutch East Indies (now

adays Indonesia). The fungal symbiont was described in a Dutch 

publication in 1885 as a Pythium species in the roots of sugar 

cane (Treub, 1885). Investigations done by Schlicht (1889), 

Janse (1896) and Stahl (1900) indicated that the VAM were 

widespread in herbaceous plants. Our present knowledge con

firms these findings. By some of the early investigators it 

was already recognized that the VAM development is influenced 

by external factors. Stahl mentioned the nutrient deficiency 

of the substrate as a factor stimulating mycorrhizal symbio

sis. Schlicht considered the humus content of the soil an im

portant factor. They noted also that nutrient rich substrates 

decreased the VAM development. 

During a long period, the identity of these endophytes 

remained unknown until in the fifties more information was 

obtained. An important aspect in this respect was the finding 

that VAM was related with certain large sized spores found 

in the soil (Mosse, 1953; 1956). This initiated inoculation 

experiments in which also growth improvements due to increased 

phosphorus uptake were recorded. From that time on the VAM 

fungi received progressively more attention. 

2.3 OCCURRENCE 

The occurrence of VAM in plants is so ubiquitous that it 

is easier to mention those species that are found to be non-

mycorrhizal than the mycorrhizal ones. They occur in a large 

number of agricultural plants. Gerdemann (1968) mentions a 

number of families that are seldom mycorrhizal. Among them 
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are the Cruciferae and the Chenopodiaceae. Infections with 

VAM fungi have incidentally been found in some species of 

these families (Gerdemann, 1975), but the spread of these 

infections was sparse and probably of little importance. The 

distribution of VAM is world-wide and they are only absent 

in a few special habitats. Such habitats include very wet 

places and virgin soils like coal mine spoils, lava streams 

and newly reclaimed polder soils. 

Only a few reports on the occurrence of VAM in The Nether

lands are known. Henriette Bouwens (1937), who studied the 

mycorrhizas of fruit trees, mainly of Cydonia vulgaris, and 

strawberries, found VAM in those plants. She performed inocu

lation experiments which were only successful with root frag

ments as inoculum. In his key for the hypogeous fungi of The 

Netherlands, De Vries (1971) mentioned three Endogone species 

which were recovered from soils in woodlands. Only E. lacti-

flua belongs still to the genus Endogone, the other two spe

cies have been transferred to the genus Glomus. The most re

cent report concerns the abundance of VAM in Plantago lanceo-

lata and P. coronopus in natural dune grassland (Van Dijk, 

1980). 

2.4 MORPHOLOGY AND TAXONOMY 

Nowadays there are no more difficulties with the recogni

tion of the structures of the VAM fungi in and outside the 

roots. The recovery of the spores (singly born or clustered 

in sporocarps) from the soil is often carried out by the wet-

sieving and decanting method of Gerdemann & Nicolson (1963). 

Other methods have been described too, such as those based 

on sucrose-centrifugation, adhesion-flotation and the sedi

mentation on gelatin columns. These methods are compared by 

Smith & Skipper (1979). 

Various staining techniques are available for the visual

ization of VAM fungi in the roots (Gerdemann, 1955; Bevege, 

1968; Phillips & Hayman, 1970; Trappe et al., 1973). The most 

current one is the method of Phillips & Hayman (1970) which 

is based on staining the fungi with trypanblue after simmer

ing the roots in a KOH solution. This method has been applied 
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during this study (4.2.3). General morphological aspects of 

VAM are reviewed in detail by Nicolson (1967), Gerdemann 

(1968, 1975), Mosse (1963) and Hayman (1978). 

The taxonomy of the Endogonaceae, order Mucorales, which 

include the VAM fungi, is a difficult and confusing matter. 

This is mainly due to the scarcity of the collected material 

and the absence of a generative phase. The described species 

are form species and therefore every small difference can be 

a reason to describe a new species. The obligately parasitic 

character is another disadvantage. 

An important contribution to the taxonomy of the VAM fungi 

is the monograph of Gerdemann & Trappe (1974), describing 

the Endogonaceae in the Pacific Northwest of the USA. In 

their booklet four genera that form vesicular-arbuscular 

mycorrhizas, viz. Glomus, Gigaspora, Acaulospora and Sclero-
cxfstis are described, with 30 species in total. In the period 

1974 to 1981, 32 new species belonging to one of these four 

genera have been described. Keys are given by Gerdemann & 

Trappe (1974), Nicolson & Schenck (1979), Hall & Fish (1979) 

and Schenck & Smith (1982). 

2.5 SPECIFICITY 

The specificity of VAM fungi in regard to their host plant 

range, is very limited. Only Tolle (1958) found some indica

tions of host specific relations. As reviewed by Mosse (1975), 

many inoculation experiments showed that VAM fungi could be 

transferred from one plant species to another. Nevertheless, 

there is increasing evidence that particular VAM fungi are 

sometimes preferentially associated with particular plant 

species (Mosse, 1975; Hayman et al., 1976; Schenck & Kinloch, 

1980; Nemec et al., 1981; Ocampo et al., 1981). 

In recently published papers differences between varieties 

of one host plant species in the effectiveness of the symbio

sis with a particular VAM fungus are described such as the 

differences between various wheat cultivars (Bertheau et al., 

1980; Azcon & Ocampo, 1981). These differences in specificity 

are expressed as differences in growth response. 
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Specificity of VAM fungi in regard to differences between 

isolates of one species and between different species, is 

often found. Their mutual difference and the order in effec-

tivity, within a group of isolates tested, depend on soil 

type, pH, host plant and the form of applied phosphorus 

(Mosse, 1973; Graw, 1979). 

2.6 VAM AND PLANT GROWTH 

The interest in VAM is mainly based on the positive effect 

of the symbiosis on the growth of many economically important 

crop plants. This effect is predominantly found when plants 

are grown in soils with low or moderate fertility, especially 

when relatively immobile nutrients as phosphorus are in short 

supply. For the uptake of this type of plant nutrients, the 

extent of the root system is often the growth limiting factor. 

Plants with coarse root systems appeared to be more dependent 

on VAM than those with finely branched roots (Baylis, 1970; 

1972; 1975). This indicates that VAM acts as an auxiliary 

root system. 

Phosphorus, as a main plant nutrient, received much atten

tion in relation to VAM. Mycorrhizal plants contain often 

higher concentrations of phosphorus in comparison to nonmy-

corrhizal plants. This can even happen when these plants are 

equal in size. Whether this extra phosphorus is luxury con

sumption or whether it is based on increased use of carbohy

drates in the infected roots that results in higher phospho

rus concentrations (Stribley et al., 1980) is still uncertain. 

Evidence has been provided, that the extramatrical myce

lium is responsible for the increased phosphorus uptake (San

ders & Tinker, 1971; 1973; Hattingh et al., 1973; Schoknecht 

& Hattingh, 1976). The same pool of labile phosphorus is used 

by mycorrhizal and nonmycorrhizal plants (Sanders & Tinker, 

1971; Hayman .& Mosse, 1972; Mosse et al., 1973; Powell, 1975). 

Protoplasmic streaming in the fungus transports the nutrients 

to the host (Cooper & Tinker, 1981), presumably in the form 

of polyphosphate, uptake of other nutrients by VAM can occur, 

but relatively few reports deal with this aspect. 
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VAM is also associated with changes in distribution of 

dry matter between root and shoot. This may partly be ex

plained by improved mineral nutrition. 

Most records on improved plant growth are based on results 

obtained in greenhouse experiments, often with plants grown 

in sterilized substrates. Field experiments are few, but 

their number increases. More of these are needed for a good 

evaluation of the significance of VAM in crop production. In 

this study field observations were made on wheat and potatoes. 

In fieldgrown wheat (Khan, 1975) and potatoes (Black & Tin

ker, 1977), yield increases were obtained with VAM after ino

culation. 

A well known example of the application of VAM in crop 

production is the use of it in citrus nurseries in California 

and Florida (Menge et al., 1979). Addition of VAM fungi to 

substrates used in containerized crop production methods (Ma-

ronek et al., 1980) and the use of VAM in revegetation proce

dures (Reeves et al., 1979) seem to offer good prospects. 
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3 THE EXPERIMENTAL FARMS 

3.1 INTRODUCTION 

The investigations on vesicular-arbuscular mycorrhizas 

(VAM) under various agricultural practices have been carried 

out at experimental farms in the Noordoostpolder (North East 

Polder). This polder was reclaimed from the "IJsselmeer", the 

former "Zuiderzee" in the early forties of this century. 

The experimental farms were: 

- The DOB-farms, a combination of three neighbouring farms, 

located at Nagele, with a different regime of organic mat

ter application (DOB = Drie Organische Stof Bedrijven = 

Three Organic Matter Farms). As will be described in 3.2 

the DOB-farms are now used in the OBS-project (OBS = Ont

wikkeling Bedrijfssystemen = Development of Farming Sys

tems ). 

- The Dr. H.J. Lovink-Hoeve, located at Marknesse. This is 

an experimental farm, where the influence of various agri

cultural practices on soil fertility and productivity is 

studied. 

In this chapter more detailed information is given about 

these farms. 

3.2 THE DOB/OBS-FARMS 

The DOB-farms were founded in 1951 directly after the 

first reclamation activities. These farms fell under the au

thority of the Institute for Soil Fertility (Instituut voor 

Bodemvruchtbaarheid) at Haren, Groningen. They consisted of 

three different farms of about 22 ha each, viz.: 

(1) The KA-farm (Kunstmestakker = Fertilizer field). 

On this farm a rotation of six years was used with the crop 

sequence of ware potatoes, winter wheat, flax, seed potatoes, 

sugarbeet and spring barley. On this farm no organic manure 
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or other organic material was applied except the root and 

stubble residues of the crops. This amounted to 2.3 tons of 

organic matter (dry weight) ha year" . Cereal straw and 

sugarbeet tops were removed from the field. The soil fertil

ity was maintained by means of mineral fertilizers only. 

(2) The WW-farm (Wisselweide = Rotational pasture). 

On this farm the same six crops were grown as on the KA-farm, 

but here an one year's ley was added every three years. This 

ley was sown after flax and after spring barley. Every year 

farmyard manure was applied to three of the eight fields at 

a rate of 30 tons ha . The total input of organic matter 

was estimated at 4.6 tons (dry weight) ha" year" . Addition

al fertilizer was given in order to maintain a fertility 

level comparable to that of the KA-farm. 

(3) The KL-farm (Klaverland = Clover field). 

The same six crops were grown as on the KA-farm. In addition 

green manure crops were sown under flax, spring barley and 

after seed potatoes. Sugarbeet tops were ploughed under. The 

total input of organic matter was 5.7 tons (dry weight) ha" 

year" . Additional fertilizer was given to obtain the same 

fertility level as on the other farms. 

In 1979 the DOB-farms changed into the OBS-farms. They 

now fall under the authority of the Research Station for Ara

ble Farming and Field Production of Vegetables (Proefstation 

voor de akkerbouw en de groenteteelt in de volle grond) at 

Lelystad. The purpose of the present OBS-farms is the devel

opment of three farms based on different views on the way of 

agronomic production in order to compare the results over a 

period of many years. Important aspects in this comparison 

are the soil fertility, the health and the yield of the crops, 

the quality of the products, the economic results, the use 

of energy and natural resources and the consequences for the 

environment. 

The three OBS-farms are: 

(1) The GA-farm (Gangbaar bedrijf = Current farm) and 

(2) The GI-farm (Geïntegreerd bedrijf = Integrated farm). 

Both of these farms have 17 ha of arable land and a four 

year's rotation. Since 1980 the crop sequence is winter wheat, 
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ware potatoes, spring barley/onions and sugarbeet. On the 

GA-farm one endeavours to maximize yields with the lowest 

possible costs. On the GI-farm the use of biocides and fer

tilizers are reduced to the minimum necessary for economic 

farming. 

(3) The BD-farm (Biologisch-dynamisch bedrijf = Bio-dynamic 

farm). 

This farm is operated by the principles of bio-dynamic agri

culture which is based on the antroposophic philosophy of 

Rudolf Steiner (1949-1925). The farm is a mixed farm (22 ha) 

with about 20 dairy-cows, of which the manure is used on the 

farm. It has a ten year's rotation with 40% in ley (grass-

clover). The crop sequence is ware/seed potatoes, winter 

wheat, winter rye, one year's ley, fodder/sugarbeet, winter 

wheat, oats and a three year's ley. The annual input of ef

fective organic matter in this rotation is estimated at 

2.2 tons ha" year" . The aim is to be self-supporting as 

much as possible with no application of inorganic fertilizers 

and biocides. Time tables are consulted for an optimal use 

of cosmic influences on the growth of the plants and certain 

special bio-dynamic preparations are applied. 

The way in which the transformation of the DOB-farms to 

OBS-farms was carried out can be seen in fig. 3.1. About half 

of the KA- and WW-farm were put together as the GI-farm. The 

remaining halves formed the GA-farm. 

The soil on the farms is a calcareous, silty clay loam. 

In table 3.1 soil data are presented that are based on sam

ples taken in the DOB-period and at the start of the OBS-pro-

ject. The data for the DOB-farms are averages over the years 

1973-1977; the OBS data are from October 1979. 

Estimations of the amounts of available nitrogen and phos

phorus are made for fields in which winter wheat and potatoes 

were grown in the 1980 and 1981 seasons (table 3.2). In this 

table the assimilation of N and P2°c is also given together 

with the ratio between the assimilation and the availability 

of these nutrients. 
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Figure 3.1 The plan of the experimental farms at Nagele. 

A. The situation on the DOB-farms until 1977. 

B. The farms in the OBS-project since 1979. 

In 1978 the KL-farm had already adapted the rotation of the BD-farm. The KA and WW-

farms changed into the GA-and GI-farms in 1979. The sampling areas are indicated in 

the plans (O). When a second cultivar was grown an additional sampling area was 

laid out in the same way. 

F = Farm-house buildings. 

farm 

X soil particles < 16 pm 

X CaC03 

X organic matter 

pH-KCl 

P-Al 

P 

K-HC1 

A 

WW 

33 

9 

2.7 

7.3 

33 

35 

15 

KA 

35 

9 

2.3 

7.3 

31 

33 

14 

KL 

32 

9 

2.3 

7.4 

31 

32 

16 

B 

Gl 

30 

8.9 

2.1 

7.5 

36 

38 

15 

GA 

30 

9.1 

2.2 

7.5 

37 

39 

14 

BD 

30 

8.7 

2.5 

7.5 

29 

25 

15 

Table 3.1 Soil data of the soil on the DOB/OBS-farms. 

A. Averages over the period 1973-1977 (DOB-period). 

B. The data for the OBS-farms based on samples taken in 1979. 

P gives mg P.O. (water soluble) per litre soil and 

K-HC1 gives mg K-0 per 100 g soil. 
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3.3 THE LOVINK-FARM 

On the Dr. H.J. Lovink-farm, which was founded in 1943 

and belongs to the Institute for Soil Fertility at Haren, 

Groningen, a wide range of experimental fields are exploited 

of which the larger part was already laid out in 1944. These 

experiments were coded 001 through 013. Those which were used 

in this study on VAM deal with the effect of: 

(1) Rotation 

In experiment 001 four rotations are compared viz.: (I) 

continuous winter wheat, (II) a rotation of winter wheat, 

winter wheat, potatoes, winter wheat, winter wheat, sugarbeet, 

(III) a rotation of winter wheat, sugarbeet, winter wheat, 

potatoes and (IV) a rotation of winter wheat, sugarbeet, oats 

and potatoes. 

(2) Green manure 

In experiment 004 a rotation of potatoes, winter wheat, 

sugarbeet and spring barley is interrupted by the cultivation 

of a green manure crop every four years. As green manure crops 

are grown a grass-clover ley (II), red clover (III), lucerne 

(IV) and a control without green manure (I). In the year that 

the green manure crops are grown, oats are grown on the con

trol plots. In recent years, the green manure crops were 

grown in 1976 and 1980. The experiment is performed in four 

replicates. Except for the year in which the green manure 

crops are grown, each of the four rotation crops is present 

in every treatment. In the "green manure year" the four repli

cates of the control plot each have a different cropping his

tory. Fig. 3.2 shows the basic plan of this experiment. 

(3) Different farming systems (mini-DOB experiment) 

This experiment 006 is a replication of the DOB-farms as 

described under 3.2, but on a small scale. The treatments on 

these mini-DOB-farms are: 

(I) An object comparable with the KA-farm in which no organic 

manure is used. The rotation is winter wheat, flax, seed po

tatoes, sugarbeet, spring barley and ware potatoes. 

(II) An object on which every three years two times a green 

manure crop of Italian rye grass or white clover is grown as 
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Figure 3.2 The plan of the green manure experiment on the Lovink-farm (004) over the 

period 1979-1981. The Roman figures indicate the green manure treatments. The green 

manure crops were grown in 1980. The other crops are grown in a rotation of winter 

wheat, sugarbeet, spring barley and potatoes. 

undercrop. This object is comparable with the KL-farm and 

has the same rotation as object I. 

(Ill) An object comparable with the WW-farm and with the use 

of farmyard manure or compost (35 ton ha year ). There 

are green manure crops and leys in the rotation. This rotation 

is winter wheat, flax, one year's ley, seed potatoes, sugar-

beet, spring barley, one year's ley and ware potatoes. 

In all the three objects the nitrogen fertilizer on winter 

wheat is partly given as a top dressing in the growth stage 

Feekes 6-7. 

(4) Soil tillage 

In experiment 007 the effect of different degrees of soil 

tillage on crop productivity is studied. The three main til

lage variants can be described as traditional (I), intermedi

ate (II) and minimal tillage (III). The detailed tillage prac

tices are given in table 3.3 together with the rate of fer

tilizer applications. The rotation is winter wheat, potatoes, 

and sugarbeet. 

(5) Farmyard manure 

In experiment 010 the effect of the additional application 

of farmyard manure (FYM) on crop productivity is compared 

with that of the use of mineral fertilizers only. The FYM 
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Tillage 

minimal 

intermediate 

traditional 

fertilizers 

kg P205 ha"1 

leg N ha"1 

kg K O ha"1 

organic manure (t ha ) 

potatoes 

- plough 

(12-15 cm) 

- cultivator 

(20 cm] 

- plough 

(20 cm) 

1979 

108 

1321 

270 

0 

1980 

108 

171» 

270 

0 

winter wheat 

- cultivator 

(shallow, 2x) 

- cultivator 

(shallow, 2x) 

- cultivator 

(12-15 cm) 

- cultivator 

(shallow, 2x) 

- plough 

(12-15 cm) 

1979 1980 

108 108 

931 1172 

0 0 

crop residues 

of sugarbeet 

sugarbeet 

- plough 

(12-15 cm) 

- cultivator 

(25 cm) 

- plough 

25 cm) 

1979 1980 

54 54 

1091 1702 

120 120 

22 20 

champost3 

Table 3.3 The main tillage practices, carried out prior to crop growing, in the soil 

tillage experiment on the Lovink-farm and applied fertilizers. The crop rotation was 

winter wheat, potatoes and sugarbeet. VAM development has been assessed in winter 

wheat. 

1 nitrogen fertilizer given in the form of calcium nitrate. 
2 nitrogen fertilizer given in the form of ammonium nitrate. 
3 Chaopost = spent mushroom compost. 

is applied at an amount of 20 tons ha" every other year from 

1946 onward. The phosphorus and potassium contained in the 

FYM is compensated for in the control treatment by additional 

fertilizers. During the period 1977-1981 the rotation was 

seed potatoes, spring barley, ware potatoes, winter wheat 

and sugarbeet and FYM was applied in 1978 and 1980. 

(6) Phosphorus availability 

Experiment 012 is carried out on a field that consists of 

a number of plots with different levels of phosphorus. These 

plots are regularly fertilized with various amounts of phos

phorus (0, 250 and 500 kg P205 ha"1 in the form of super 
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phosphate). This results in a wide range of levels of avail

able phosphorus. All the plots receive the same amount of 

nitrogen fertilizer. During the period 1977-1981 the rotation 

was spring barley, ware potatoes, winter wheat, sugarbeet 

and spring barley. 

In most of the above mentioned experiments different ni

trogen levels were applied. Until 1981 nitrogen was mainly 

given in the form of calcium nitrate, but from 1981 onward 

ammonium nitrate is used. The amounts of other plant nutri

ents were sufficient for optimal growth. 

The soil on the Lovink-farm is a calcareous clay loam with 

about 30% of the soil particles <16 um, 10% CaCO,, 2.3% orga

nic matter and a pH of about 7.5. This is very similar to 

the soil on the DOB/OBS-farms at Nagele. 
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4 THE VAM SITUATION ON THE DOB/OBS-FABMS 

4.1 INTRODUCTION 

The investigations described in this chapter started in 

the autumn of 1978. The first question to be answered was 

about the relative presence of VAM fungi in the fields of 

the three farms. In order to obtain information about the 

VAM situation in the last year of the DOB-system, soil sam

ples were taken and analyzed for numbers of VAM fungal spo

res. This would make it possible to compare the effect of 

the three farming systems on VAM. 

It turned out to be possible to study the presence of 

spore populations of VAM fungi in previous years by analyz

ing old stored soil samples. These had originally been taken 

for chemical soil analysis. The oldest samples were of 1951. 

As explained in chapter 3 the DOB-project was changed into 

the OBS-project and in this chapter the VAM situaton in the 

first years of the new OBS-project is also presented. The 

investigation of VAM on the OBS-farms is mainly based upon 

estimations of mycorrhizal development in winter wheat and 

potatoes. In addition, experiments concerning the effectivity 

of the VAM fungi, the VAM inoculum potential and the relative 

frequency of the different spore types encountered on the 

DOB/OBS-farms were carried out. 

4.2 MATERIALS AND METHODS 

4.2.1 Collecting soil samples 

Soil samples were taken using a soil auger with a diameter 

of 6 cm and a core length of 20 cm. From each field eight 

soil cores were collected in an area of about 30 x 30 meters. 

These sampling areas were situated in the field as indicated 

in chapter 3 (fig. 3.1). Soil samples used for the estimation 

of the number of spores and for the isolation of VAM fungi 
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were taken on the DOB-farms in September 1978. The soil sam

ples for collecting roots from the winter wheat crop were 

taken with the wheat plant(s) in the centre of the core. In 

the potato crop each sample consisted of two soil cores taken 

at opposite sides of the plant, 10 cm from the stem basis. 

The samples in the winter wheat crop were taken during the 

flowering period, in June, those in the potato fields during 

the period that the highest VAM infection was expected. This 

latter was, as indicated by Black & Tinker (1977), in the 

middle of July. 

The soil used for estimating the VAM inoculum potential 

and the spore type frequency was collected with a small gar

den shovel, samples being taken at random up to a total 

weight of about 6-8 kg of soil. This sampling was done in 

April 1981. Another sampling for the assessment of spore type 

frequencies was done in September 1981. In 1981 the potato 

roots on the GA-farm were sampled outside the sampling area 

because the larger part of the crop had already been harves

ted. The soil samples were stored in plastic bags at 4°C un

til further elaboration. 

The soil samples that have been used for the study of the 

VAM situation during the previous DOB-period have been stored 

dry at the Institute for Soil Fertility at Haren and were 

kindly placed at my disposal. 

4.2.2 Estimating the numbers of spores 

Three different methods were used to recover spores of 

VAM fungi from the soil. 

(1) The wet sieving and decanting method. This method, as 

described by Gerdemann & Nicolson (1963) was used for the 

recovery of spores of VAM fungi from the soil samples taken 

in September 1978. The eight soil samples from each sampling 

area were mixed and air dried and three subsamples of 10 g 

soil were taken from it. Each subsample was suspended in wa

ter, decanted three times and sieved into four fractions: 

250 pm, 250-150 pm, 150-106 pm and 106-75 pm. The different 

fractions were collected on filter paper and the spores were 

counted by scanning under a dissecting microscope (25-50x). 
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(2) The centrifugal flotation technique. This technique is 

primarily based on the description by Ohms (1957) using cen-

trifugation in a sucrose solution in order to separate spores 

from the light and the heavy particles of the soil. The me

thod was modified as follows: 

Ten gram of soil (on dry weight basis) was suspended in water 

and sieved in fractions to facilitate the sieving. Afterwards 

the fractions from 250 to 75 um were put together and were 

suspended in a wide mouth centrifuge tube (33 mm in diameter), 

containing 45 ml of a solution of 2N sucrose + 2% Calgon 

(sodium polyphosphate). The suspension was eentrifugated and 

then filtered through a membrane filter. The spores were 

counted using a dissecting microscope. The soil samples that 

were taken during the previous DOB-period were examined by 

this method. 

(3) The fluidising column method. This method has been des

cribed by Trudgill et al. (1972) as a method to extract nema

todes from soil. In the apparatus of Trudgill, a 250-106 um 

sieve fraction from a 100 g sample of soil (on dry weight 

basis) was fractionated by a 7 l.h" water stream during one 

hour. The light fraction that overflowed, was collected on a 

sieve and contained most of the spores. It was resuspended 

in 50 ml of water. From both suspensions two aliquots of 

10 ml were taken by mixing the suspension with an air stream. 

These samples were examined for spores of VAM fungi using a 

dissecting microscope. Only spores that seemed to be alive 

were scored and classified. 

The sieve fraction of 250-355 um and the material that re

tained on the 355 um sieve was examined directly without 

using the apparatus. All the spores larger than 106 um were 

recovered. The soil samples were fractionated only to facil

itate the scanning of the spores. This method was used for 

estimating the relative frequency of the various spore types. 

4.2.3 Assessment of VAM 

The soil samples that were used for collecting roots were 

saturated with a solution of oxalic acid in water to facili

tate the root washing (Heringa et al., 1980). The samples 
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were kept 30-60 minutes in this solution. After washing in 

water the roots were cut into pieces of 3-5 mm and preserved 

in FAA fixative1 until the staining procedure. A sample of 

0.5-1.0 ml was then stained by a method based upon that of 

Phillips and Hayman (1970) and which consisted of the follow

ing steps: 

- heating the roots in 10% KOH at 90 °C (wheat roots one 

hour, potato roots about 1.5 hour); 

two times washing with tap water; 

- acidifying with 0.1 N HCl; 

- two times washing with tap water; 

- staining in 0.05% trypan blue in lactophenol for 5-15 

minutes ; 

- clearing of the roots. 

In the beginning lactophenol was used for clearing, later on 

tap water was used which gave satisfactory results. After 

clearing, the roots were stored in glycerol. For the determi

nation of the percentage VAM infection the line intersection 

method was used (Ambler & Young, 1977). For this quantifica

tion of the VAM infection a glass slide was used with a sur

face area of 95x56 mm. Around the edge a 7x0.3 mm plastic 

tape barrier was applied on which rested a cover glass of 

90x50 mm. The stained sample was put on the slide and the 

percentage of VAM was scored under a compound microscope. 

This scoring was based on the mycorrhizal status of the roots 

at the intersections of these roots with a fixed point in 

the ocular of the microscope. Per sample 250-300 intersec

tions were scored. 

4.2.4 Testing the inoculum potential 

The soil samples that were used for estimating the numbers 

of diaspores that can result in mycorrhizal symbiosis were 

slightly dried and sieved through a screen with a 2 mm mesh. 

A part of each sample was autoclaved (1.5 hour, 121 °C) and 

used to make dilution series with the unsterilized part of 

1 Formalin 35% - Acetic acid (glacial) - Alcohol 50% as 13:5:200. 
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-2 -7 the soil sample. A dilution series from 4 to 4 was made 
for each soil. From each soil ten plastic pots (5.5 cm in 
diameter) were filled with 50 g soil (on dry weight basis) 
and in each pot three seedlings of Trifolium pratense cv. 
Barfiola were planted. They were inoculated with Rhizobium 
trifolii strain K 81. After 8-11 weeks the roots of the 
plants were carefully washed free from soil. The whole root 
systems were stained (see 4.2.3) and examined for mycorrhizal 
infection using a dissecting microscope. The most probable 
number was calculated from the results by means of the Gumble 
distribution 

{F(x) = e"e , -» <x< »}. 

4.2.5 Collecting isolates 

Different spore types were isolated by means of the wet 
sieving and decanting technique (see 4.2.2) from soil samples 
that were taken on the DOB-farms in September 1978. A rough 
selection was made on the basis of morphological spore char
acters visible at low magnification under a dissecting micro
scope. Small groups, consisting of 3-6 spores which appeared 
identical, were used for inoculation to the roots of tomato 
plants (cv. Moneymaker). From successful inoculations mono-
spore cultures were then made. These cultures which were 
identified with the help of Dr. C. Walker, Edinburgh, were 
used in further experiments. 

4.2.6 Effectivitu of the VAM fungi 

(1) The effectivity of the monospore isolates. 
The growth stimulating effect of VAM fungi isolated from 

soil of the DOB-farms (see 4.2.5) was tested with Trifolium 
pratense cv. Barfiola on a nutrient deficient soil (see for 
data table 6.1, soil B). Two isolates from other origins and 
two different controls (with living uninfected roots and with
out inoculum) were used for comparison. The two reference 

1 From Dept. for Microbiology, Agricultural University, Wageningen. 
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isolates were one of Glomus mosseae originally obtained from 

Dr. B. Mosse in 1977 and one obtained from a soil similar to 

the above mentioned nutrient deficient soil and identified 

by Dr. C. Walker as belonging to a not yet formally described 

species viz. Glomus occultus. The isolates from the DOB-farms 

are described in 4.3.3 and summarized in figure 4.1. In pre

liminary experiments red clover cv. Barfiola turned out to 

be a suitable host for this kind of experiments as it re

sponded strongly to VAM. The experiment was performed with 

700 g of soil (on dry weight basis) in plastic pots of 12 cm 

in diameter. The soil was kept at about 60 percent of the 

upper plasticity limit by weighing. The soil surface was 

covered with a layer of fine gravel to reduce evaporation 

and to obtain an equal distribution of the moisture in the 

pot. During the experiment the position of the pots was 

changed every time when the pots were weighed. The experiment 

lasted nine weeks in the greenhouse with natural light and a 

temperature between 20 °C and 24 °C (occasionally up to 30 °C). 

The inoculum of the different isolates consisted of infected 

roots from about three months old tomato plants. The quantity 

of the inoculum used was based on the degree of VAM infection 

in the roots in such a way that the product of the percentage 

VAM and fresh weight of the roots was equal to 20. This 

amounted to between 0.33 and 0.63 g fresh root inoculum per 

pot. The inoculum was spread at a level of 4 cm below the 

surface of the soil. In the first control (I) 0.5 g uninfect

ed tomato roots were used. In each pot one red clover seed

ling (about ten days old) was planted and inoculated with 

Rhizobium trifolii strain K 8. 
(2) The effectivity of the VAM population in field soil. 

In February 1981, soil samples were collected (about 8 -

10 kg taken at random at the three OBS-farms) from the fields 

which had grown crops of winter wheat (GA- and GI-farm) or 

spring wheat (BD-farm field 5) in 1980 and sugarbeet in 1979. 

Samples were also collected from a field of the BD-farm (field 

9) which was in ley in 1980 and 1979. Before further elabora

tion, the soil was dried at room temperature until sieving 

with a coarse sieve (4 mm) became possible without damaging 
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the soil structure too drastically. A few days later the soil 

samples were sieved again. This time a 2 mm sieve was used 

and the samples were divided in two equal parts. One part 

was v-irradiated (2.5 Mrad) to kill the native VAM fungi in 

the soil with as little damage as possible to the chemical 

and physical status of the soil. Since all the micro-orga

nisms are killed by irradiation and nutrients from those dead 

organisms become available again, the sterilized soils were 

inoculated with filtered suspensions of unsterilized soil. 

It was assumed that the inoculated micro-organisms would 

assimilate the extra nutrients available before the test 

plants (red clover cv. Barfiola) were planted. The suspen

sions were derived by suspending 100 g of unsterilized soil 

in 200 ml of water. This mixture was filtered through cotton 

wool, then through filter paper and finally through a 8 ym 

millipore filter. The filtrate was added to the sterilized 

soil which was subsequently kept in an aerated plastic bag 

for four weeks. The pots (12 cm in diameter) were filled with 

650 g of soil (on a basis of dry weight) 18 days prior to 

planting. The red clover plants, that have been inoculated 

with Rhizobium tri folii strain K 8 were grown under the same 

conditions as described above. After nine weeks the dry weight 

of the shoots was measured. 

4.3 RESULTS 

4.3.1 VAM spores present in the DOB soils 

The number of spores that were found in the soil samples 

taken in September 1978 on the three farms are given in table 

4.1. After winter wheat and potatoes the largest total number 

of recovered spores was found in the soil from the WW-farm. 

The smallest number was found in the soil from the KA-farm. 

No sporocarps were found. Noteworthy is the large difference 

in the 106-75 M m fraction between the KA-farm and the other 

farms. This fraction however, contained many sporelike bodies 

of which it could not clearly be established whether they 

were mature spores or only immature spores and vesicles. It 
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farm 

previous crop2 

sieve fraction 

>250 M» 

250-150 pu 

150-106 MB 

106- 75 H» 

mean of total 

s.d. 

potatoes 

WW 

G 

0 

35 

121 

218 

374a 

24 

KLl 

F 

0 

26 

126 

181 

333a 

17 

KA 

B 

0 

25 

83 

113 

221b 

28 

winter 

WW 

P 

0 

49 

121 

180 

350* 

33 

wheat 

KL1 

B 

0 

27 

103 

179 

309* 

31 

KA 

P 

0 

18 

109 

126 

253y 

21 

Table 4.1 Numbers of VAM spores recovered by wet sieving in four sieve fractions 

from ten gram soil of the three DOB-fams. The data are means of three subsaoples. 

Sampling date: September 5th 1978. 

1 In 1978 the KL-faro had already adapted the rotation of the BD-farm in the 0BS-

project. 
2 G = pasture; B = spring barley; F = flax; P = potatoes. 

The values with the same letter are not significantly different (p<0.05; t-test). 

was not possible to determine the viability of all the indi

vidual spores, therefore all the spores and sporelike bodies 

were counted. It was estimated that probably 70-90% of the 

recovered spores were non-viable. This assumption is based 

on inoculations of the sporelike bodies to tomato plants that 

never gave any infection. 

Although significant differences were found between the 

number of spores, no definite conclusions about the effect 

of the different types of farming on the presence of VAM 

spores could yet be drawn. This was not done on the basis of 

the results of the spore counts that were made in the soil 

samples taken over the previous DOB-period. These results 

are given in table 4.2. In this table the number of spores 

are recorded that were found in the soil after a wheat crop. 

An exception was made for the first soil samples that were 

taken on the DOB-farms in 1951. A large variance was found 

in the spore counts. For not any of the farms a significant 

regression line could be calculated from the number of spores. 

Even for all the spore counts on the three farms together no 

increase or decrease was found over the previous DOB-period. 
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year 

sampling date 

KA-farm field 2 

field 4 

field 5 

WW-farm field 5 

field 7 

KL-farm field 2 

field 4 

1951 

19-9 

326 

359 

237 

300 

380 

383 

266 

1957 

22-2 

259 

156 

317 

1960 

23-3 

375 

392 

259 

1965 

31-5 

262 

308 

1966 

18-5 

276 

1974 

2-5 

302 

1975 

26-5 

202 

370 

1976 

4-5 

307 

260 

1977 

18-5 

296 

338 

Table 4.2 Numbers of VAM spores recovered from ten gram soil, sampled during the 

previous DOB-period. In the year prior to sampling, a winter wheat crop was grown. 

Except for 1951, the first year of the DOB-farms. 

The mean number of spores was 292 per 10 g of dry soil with 

an upper and lower limit of 392 and 156 spores respectively. 

Samples taken in the period 1957-1965 after a flax crop re

sulted in an average of 381 spores per 10 g of dry soil 

(s.d. = 86, n = 6). This tended to be more than after winter 

wheat. 

From these results it is concluded that 26 years of crop 

growing at three different input levels of organic material 

had no significant effect on the numbers of VAM spores in 

the soils of the DOB-farms. Only on the KL-farm a slight ten

dency toward increased spore counts was found, although this 

was not statistically significant. 

4.3.2 VAM development in the roots 

In the three successive years (1979-1981) the mycorrhizal 

status of winter wheat and potatoes was examined on the three 

OBS-farms. The results of this investigation are presented 

in table 4.3. The VAM development is given as percentage root 

length infected. 

On the BD-farm the VAM infection in winter wheat cv. Ma-

nella increased from 42% in 1979 to 59% in 1981 and was sig

nificantly more than on the GA- and GI-farm. On these latter 

two farms it fluctuated around 15 to 20%. In 1980 the results 
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showed also a slight difference between the cultivars Arminda 

and Nautica. The leafy Arminda tended to be more infected 

than the cultivars Nautica and Manella. This comparison could 

not be made in 1981 because of the use of cultivar mixtures. 

On the BD-farm the Manella cultivar was grown also. This is 

a cultivar that is assumed to be very suitable for bio-dyna

mic farming. 

Because the farms have different rotations, comparisons 

were not always easy to make. In this respect it is noteworthy , 

to take the previous crops into account. On the BD-farm potato, 

a mycorrhizal plant, was grown before the winter wheat. On 

the GA-farm sugarbeet, a nonmycorrhizal plant, was grown 

before the winter wheat. This undoubtedly influenced the in

oculum density for the 1981-season as will be indicated in 

4.3.4. In 1979, the first year of the OBS, the winter wheat 

had potatoes as a previous crop on the BD-farm as well as on 

the GI-farm. In that year on the GI-farm, the VAM development 

in the Nautica cultivar tended to be better than in 1980 when 

the same cultivar was grown after sugarbeet. The nutritional 

status of the soil, which was not measured in 1979, can also 

have been the reason for the difference. In 1980 and 1981, 

the plant nutrients in the soil and especially the amount of 

available nitrogen was much larger on the GA- and GI-farm 

than on the BD-farm (see table 3.2). The N-availability plays 

an important role in the VAM development in winter wheat as 

will be shown in chapter 5. In the same two years there was 

not much difference in the amount of available phosphorus 

and this P-availability did probably not account for the dif

ferences in the infection levels in the wheat. The efficiency 

of the N-assimilation and P2°5~assimilati°n' given in table 

3.2 as the ratio assimilated/available, showed no clear cor

relation with the level of VAM infection (table 4.3). It 

tended even more to a negative correlation: the better the 

nutritional status of the soil the better the efficiency of 

the N- and P205-assimilation. Using all the winter wheat data 

of the three years a negative correlation (r = -0.83) was 

found between the percentage of VAM and the yield. 
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In the potato crop the VAM development was much less than 

in winter wheat. In 1979 there was no difference at all be

tween the VAM infection on the BD-farm and the GI-farm. On 

both farms a ley was the previous crop. In 1980 and 1981 how

ever, only on the BD-farm the previous crop was a ley. In 

these years a difference between the farms was found. In 

spite of the large differences in the amount of available 

nitrogen the VAM infection in potato on the BD-farm did not 

exceed very much the VAM infection levels found in potato on 

the other farms. 

4.3.3 Spore types and their frequency 

(1) The spore types. 

In the DOB/OBS soils four different spore types, a, b, c 

and d, were found. 

Type a was an isolate consisting of many freely formed chlamy-

dospores. Sporocarps are seldom formed in pot culture. The 

yellow spores had a thin wall, a funnel shaped attachment 

hypha and were clearly vacuolated. Most of the spores float 

on water. No vesicles are found in infected roots. According 

to the classification of Gerdemann & Trappe (1974) this spore 

type resembled most Glomus mosseae. This type was isolated 

from the WW- and the KA-farm. 

Type b differed from type a in the formation of many sporo

carps with up to 32 spores per sporocarp. Free chlamydospores 

were also found, but they did not float on water. The other 

characters were very much the same. There is also no vesicle 

formation in the roots. It was identified as Glomus mosseae. 

This type was isolated from the KL-farm. 

A remarkable feature of spore type c is its thick spore wall 

and the streight subtending hypha with its wall thickening 

near the spore. No formation of sporocarps and no vesicles 

in the roots were found. The spore production was less abun

dant than with Glomus mosseae. Determinated as Glomus macro-

carpus var. geosporus. This type was isolated from the WW-

and KL-farm. 

Type d distinguished itself from G. mosseae by the formation 

of one-, sometimes two- or three-spored sporocarps only. The 
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freely formed chlamydospores do not differ from the chlamydo-

spores of G. mosseae (type b ) . There was no formation of 

vesicles. This type was identified as Glomus monosporus and 

was isolated from the WW-farm. 

(2) Frequency of the spore types. 

For quantifying these spore types in a field soil it was 

necessary to make a simplification because it was not possi

ble, for practical reasons, to isolate every spore and to 

identify it according to the usual methods. For instance, no 

distinction could be made between Glomus mosseae and G. mono

sporus. This latter species was scored on the occurrence of 

one-spored sporocarps only. Also between the two G. mosseae 

types no distinction was made because the difference between 

the chlamydospores only was too small for a clear identifica

tion (cf. Abbott & Robson, 1979). 

The classification "unknown" consisted of spores that could 

not clearly be classified in any one group. This was a hetero

geneous group without any one type being particularly prev

alent. The observations on the frequency of the spore types 

are summarized as follows: 

- April 1981 (table 4.4 A). 

The highest spore numbers were found in the soil of the 

BD-farm. On the GA- and GI-farm more spores were recovered 

after winter wheat than after sugarbeet. 

In the same samples, the spores of G. macrocarpus var. 

geosporus were found to be dominant in most of the plots on 

the three farms. G. monosporus was found with a low frequency 

except on the GI-farm after sugarbeet. In this particular 

situation its relative frequency was 0.28. 

- September 1981 (table 4.4 B). 

During the growing season some changes in the population 

of the spores took place. It was indicated that there had 

been an increase in the number of spores under winter wheat 

and a decrease of those under potatoes. In the winter wheat 

fields the dominance of G. macrocarpus var. geosporus had 

been taken over by G. mosseae. An increase in the number of 

spores was found for G. monosporus under winter wheat. After 

the growth of a potato crop G. macrocarpus var. geosporus 
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A. April 1981 

fain 

GA. 

GA 

GI 

GI 

BD 

BD 

BD 

crop 

WW 

P 

WW 

P 

WW 

WW 

P 

B. September 

farm 

GA 

GA 

Gl 

Gl 

BD 

BD 

BD 

crop 

WW 

P 

WW 

P 

WW 

WW 

P 

previous 

crop 

SB 

WW 

SB 

WW 

SB/FB 

P 

L 

1981 

previous 

crop 

SB 

WW 

SB 

WW 

SB/FB 

P 

I 

Glomus 

mosseae 

nl 

10 

28 

13 

20 

53 

23 

56 

f2 

0.20 

0.34 

0.21 

0.21 

0.44 

0.21 

0.42 

Glomus 

mosseae 

n1 

53 

10 

33 

15 

105 

120 

15 

f2 

0.35 

0.18 

0.46 

0.24 

0.56 

0.59 

0.54 

Glomus 

macro-

carpus 

a 

27 

38 

23 

65 

43 

63 

63 

f 

0.54 

0.48 

0.38 

0.68 

0.36 

0.57 

0.47 

Glomus 

macro-

carpus 

n 

55 

30 

13 

43 

25 

55 

5 

f 

0.36 

0.55 

0.18 

0.69 

0.13 

0.27 

0.18 

Glomus 

mono-

sporus 

Q 

5 

3 

17 

0 

9 

6 

0 

Glomus 

mono-

sporus 

n 

16 

7 

18 

1 

25 

15 

3 

Unknown 

n 

8 

10 

8 

10 

15 

18 

15 

Unknown 

n 

30 

8 

8 

3 

33 

13 

5 

Total 

number 

of spores 

a 

50 

79 

61 

95 

120 

110 

134 

Total 

number 

of spores 

n 

153 

55 

72 

62 

188 

203 

28 

Table 4.4 Numbers of viable VAM spores (> 106 Mm) recovered from soils of the OBS-

farms. Samples were taken at the beginning of the growing season (A) and after 

maturing of the crops (B) on the same fields. 

The numbers of spores are calculated on the basis of 100 g dry soil. 
1 n = number of spores 
2 f - relative frequency of the spores 

See for other abbreviations page 6. 

was still the most frequently recovered spore type and domi

nated over G. mosseae even more than in April, except on the 

BD-farm. On this latter farm the total number of spores was 

much lower than in April. 


