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SUMMARY 

1. Phycomycetous mycorrhizas are abundant in coniferous-

2. 

3. 

4. 

broadleaved forest. Mixed infections are common and soil 

samples usually contain mixtures of several spore types 

whose distribution shows no relation to host. 

Experimental results deny any host specificity. Size 

differences between plants grown with different endophytes 

can be ascribed to variation in speed of infection. 

Patterns of endophyte preference vary between soils 

but only in one experiment was there a clear reciprocal 

preference for endophytes native to each soil. 

In low-phosphate Te Anau soil Rhizophagus tenuis is an 

efficient symbiont, but Acaulospora laevis is effective only 

if infection is established in seedlings before they are 

transferred to this soil. 

5. Compared with fine-rooted species, those with coarse 

roots need higher soil phosphate levels for non-mycorrhizal 

growth,and when mycorrhizal, remain infected at high soil 

phosphate levels. R. tenui§. and A.laevis do not function 

·differently when soil phosphate is not limiting. 

6. Heavy shading does not affect_ growth of shade tolerant 

species but does reduce infection. Shading stunts light

demanding species but does not alter their infection levels 

so mycorrhizal plants accumulate phosphorus in shade. 

· 7. Many-spored inocula result in more rapid infection 

_than few-spored inocula, although spores often completely 

fail to infect. Hyphae are a better source of infection 

than either roots or spores and non-sporing races are common. 

8. Rhizophagus tenuis appears to be a pioneer species, 

exhibiting a greater ability to spread than do other fungi. 

9. Phycomycetous mycorrhiza-forming fungi are few in 

number and widely distributed yet show little ability to 

spread. They are the least specialised of my'corrhizas and 

·although they have probably evolved to be highly efficient 

symbionts, are unlikely to show much diversity of function. 
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l - INTRODUCTION 

Mycorrhizas are symbiotic associations between fungi 

and plant roots, whereby in return for food materials and a home 

the fungus supplements nutrient absorption by the host. As 

emphasised in reviews by Masse (1963), Nicolson (1967), 

Gerdemann (1968) and Harley (1969), the phycomycetous or 

vesicular-arbuscular type of mycorrhiza has been belatedly 

recognised as the most widespread of mycorrhizal types. 

Recent work still includes many papers reporting 

phycomycetous mycorrhizas in new hosts, mostly crop plants 

(e.g. Ali 1969, Khan 1971, Khudairi 1969, Porter and Beute 1972, 

Possingham et al. 1971, Redhead 1968,) - to the point where re

ports of non-hosts are needed. More intensive work has followed 

two main lines: taxonomic and physiological. 

Since Masse (1953, 1956) and Gerdemann (1955) report

ed the association between phycomycetous mycorrhizas and the 

large soil-borne spores of Endogone, many new fungi have been 

described as mycorrhiza-forming (Gerdemann and N~colson 1963, 

Masse and Bowen 1968a, Gilmore 1968). This has culminated in a 

monograph of the Endogonaceae by Gerdemann and Trappe (1973) in 

which generic concepts are consolidated and many new species 

erected. 

Physiological work has shown conclusively that the 

main benefit to plant growth from phycomycetous mycorrhizas lies 

in increased phosphate uptake. Such has been the conclusion of 

Baylis (1959, 1967), Clark (1963), Gerdemann (1964, 1965), Daft 

and Nicolson (1966, 1969a,b, 1972), Holevas (1966), Gray and 

Gerdemann (1967), Murdoch, Jackobs and Gerdemann (1967), Hayman 

(1970), Hayman and Masse (1971, 1972), Masse and Hayman (1971), 

Ross and Harper (1970), Ross (1971), Gilmore (1971) and Khan (1972). 

Mycorrhizas have also been shown to assist water uptake in soy

bean (Safir, Boyer and Gerdemann 1971, 1972) though this may be 

a secondary effect related to improved phosphorus nutrition. 

l 
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The means by which mycorrhizas assist phosphorus uptake 

have been recently questioned., Although Mosse and Phillips (1971) 

found that mycorrhizas may solubilise some organic phosphates, 

the conclusions of Sanders and Tinker (1971) and of Hayman and 

Mosse (1972) were that mycorrhizas neither solubilise non-labile 

inorganic phosphorus nor hydrolyse organic phosphorus. The fungus 

seems instead to benefit uptake simply by increasing the soil

plant interface with its extensive external mycelium. Ho~ever, 

this explanation may not altogether explain how phosphorus com

pounds of very low solubility have stimulated mycorrhizal but not 

non-mycorrhizal plants (Daft and Nicolson, 1966, Hall 1973). 

Most of this work has been with agricultural hosts in 

agricultural soils. With the exception of the work on sand dune 

grasses by Nicolson (1960) and the experiments of Baylis, 

virtually no study has been made of natural plant communities. 

Nor has much work gone into comparison of hosts with the except

ion of that by Baylis (1971, l972a,b) who has shown that fine

rooted species are less dependent upon mycorrhizas than coarse

rooted ones, and suggests that root hairs and the external hyphae 

of phycomycetous mycorrhizas are alternative methods for procuring 

phosphate. 

Although Gerdemann (1955) and Tolle (1958) reported 

limited failure to establish mycorrhizas in one host with inoculum 

derived from another, Gerdemann (1968) considers these reports 

of host specificity to be indefinite, and the lack of specifici~ 

has drawn comment from many other woikers (e.g. Mosse and Bowen 

l968,a). A comparison of mycorrhizal fu~gi was incorporated into 

the study of Daft and Nicolson (1966), who found that their three 

endophytes acted similarly with perhaps only minor differences 

with different hosts. Mosse, Hayman and Ide (1969) and Mosse 

and Hayman (1971) considered there was growing evidence that the 

effects of different fungi upon the host can differ, so they 

looked at the extent to which growth of onions in unsterilised 

soil could be improved by planting already mycorrhizal seedlings. 

Seedling growth was improved by their strain of fungus, probably 

because the plants were mycorrhizal right from the time they were 

planted out. But to the authors the results imply more than this: 

they state that the additional advantage in such a procedure is 

2 
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that the species of Endogene most suitable to the host can be 

selected. A recent paper comparing endophytes, that of Masse 

(1972), appeared late ~n the course of the work for this thesis. 

She stresses the need to reconsider the possibility of specific

ity in mycorrhizal associations, and describes differential 

effects of soil on mycorrhizal establishment and on strain 

performance. 

The general aim of this investigation was to study the 

ecological significance of phycomycetous mycorrhizas in a natural 

plant community, coniferous-broadleaved f~rest, thus adding to 

the observations of McNabb (1958), extending the experimental 

work of Baylis (1959, 1967, 1970, 1972a)on New Zealand forest 

species and complementing concurrent studies on native grasslands 

(Crush, 1972), ferns (Cooper, 1973) rata-kamahi forest (Hall, 1973) 

and rushes and sedges (Powell, 1973). 

More specifically the intention was to seek evidence 

that different fungi have different attributes as symbionts. 

It was already obvious that a diversity of Endogonaceous fungi 

would be found in forest soils. The likely alternatives seemed 

to be (1) that within a particular soil type all the symbionts 

were ecologically equivalent or at least sequential in a constant

ly repeating pattern, the less effective having been eliminated 

as they arose, (2) that the diversity reflected a mosaic of host 

roots each with its own preferences. Because of the poor dis

persal of large spores, (1) seemed the more likely hypothesis. 

It followed that hosts would not distinguish between fungi but 

that endophytes alien to the soil might prove less efficient thal 

the native fungi. As far as possible, forest hosts, soils and 

fungi were employed in studying this. 

Field studies were combined with glasshouse experiments. 

The protracted nature of mycorrhiza establishment combined with 

the slow growth and winter dormancy of woody hosts make for long 

experiments. Thus a leap-frogging approach was necessary, so 

that experiments which would logically follow on from one another 

had to overlap, without benefit from one to the next in planning. 

Mycorrhizas in New Zealand podocarp forests· and forest 

species have already received some attention. Neill (1944) in 

3 



Auckland, recorded Rhizophagus hyphae with vesicles and arbuscles 

in Citrus and, with an air of novelty "in the roots of native 

pines, broadleaf shrubs, lilies and ferns collected from primeval 

forests and heaths far removed from human contact. ti The survey 

by McNabb (1958) of 66 native species showed that mycorrhizas in 

forest hosts are the rule rather than the exception~ Vesicular

arbuscular mycorrhizas predominated although he did observe 

ericacous endophytes in a few plants other than heaths. He es

tablished infections in seedlings of several tree species using 

among his inocula,soils from the rhizospheres of different 

species, but found no evidence to suggest specificity of symbionts. 

Experiments with seedlings of the forest tree Griselinia 

littoralis have shown that mycorrhizas are obligatory for its 

growth in low-phosphate soil and that infection enhances phosphorus 

uptake (Baylis, 1959). Greenall (1963) in describing Rhizophagu~ 

tenuis notes that both this and the more typical mycorrhizal 

fungus R. populinus act as efficient symbionts in Griselinia. 

Thomas (1970) using P32 tracer techniques demonstrated greater 

phosphorus uptake by mycorrhizal than by non-mycorrhizal root 

segments of Griselinia. 

Podocarpus and ~athis are highly dependent upon mycor

rhizas which they accomodate in root nodules (Baylis, McNabb 

and Morrison 1963, Morrison and English 1967, Baylis 1969a) ~ 

Baylis (1967) compared the mycorrhizal response of 

several forest tree seedlings and was able to use his findings 

to explain the natural behaviour of these species. For example 

he considered Griselinia to have evolved a growth rate compatible 

with its usual phosphorus supply via mycorrhizas whereas Coprosma 

robusta has the ability to take advantage of higher phosphate 

availability in the rejuvenated soils it often occupies as a 

seral species. Several other interesting phenomena were also 

observed, such as the variable time factor in establishment of 

infection, reduction of infection intensity with high phosphate 

fertilisation and the appearance of Rhizophagus tenuis as volunteer 

infections. With respect to specificity of endophytes, Baylis 

suggested that the soil from which a seedling derives its 

endophytes is not of great importance. 
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Masse and Bowen (1968 a) described nine Endogene 

spore types from New Zealand soils, but considered (1968 b) 

that forest soils held low spore numbers. Baylis (1969b)was 

later unable to induce sporing in many of Dr Masse's cultures 

and felt that scarcity of spores in forest soils implies that 

the constant presence of active roots favours races that rarely 

spore . 
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2 - MATERIALS AND METHODS 

2.1 Host Plants: 

Plant species and their habit, habitat, shade tolerance, 

and root morphology are listed in Appendix I. Seed was collected 

from single plants in order to minimise genetic variation, and came 

from Leith Valley forests excepting Coprosma robusta which came 

from the Dunedin Town Belt and Podocarpus dacrydiodes which was 

from Te Anau. Seed was removed from fruits, stored moist at 4°C 

for 3 or 4 months, then germinated in steamed Melicytus soil. 

The grass Microlaena avBnacea was propagated by tillers from 
.AsDleni 1~ Jlill N fp~Jlfc by bul bils·. 

which the roots had been removed, an e ±ei oot and root hair 

measurements were made on plants grown in fertile soil, washed 

free of soil, then placed in a warm moist cabinet for 3 days. 

The straight hairs developed in this atmosphere were the ones 

measured. 

2~2 Soils: 

The soils used for experiments are listed in Appendix!! 

with their chemical and physical properties. Chemical analyses 

were carried out by the Soil Chemistry Laboratory at the Invermay 

Agricultural Research Station. Soil pH was determined in a 1:25 

soil in water suspension with a glass electrode. Exchangeable 

calcium and potassium were measured by rapid extraction with 

ammonium acetate followed by flame photometry, and available 

phosphorus by the methods of Truog (1930) and Bray and Kurtz (1945). 

The hydrometer method of Bouyoucos (1928) was used for mechanical 

analyses. Air dried soil samples were dispersed in a reciprocat

ing shaker with the addition of sodium hexametaphosphate. Organic 

content was determined by the loss on ignition method. Duplicate 

samples were maintained at 700°C for two hours. 

With the exception of Te Anau soil which came from 

fernland, the others are forest soils. Soils were collected from 

the rooting zone (0-20 em) and passed through a 1 em sieve. 

Soil to be steamed was dressed with sodium chloride (lg per 6 
litres of soil) and heated between electrodes to between 70°C and 

l00°C. It was thoroughly mixed and stored moist in polythene bags 

for at least a month before use. Steaming generally led to a 

small increase in available phosphate .. 
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2.3 Inocula: 

Spores of mycorrhizal fungi were extracted from forest 

soils and pot cultures by the technique of wet sieving described 

by Gerdemann and Nicolson (1963), then collected by Pasteur pipette 

from a Petri dish with a binocular dissecting microscope. Inoculum 

was placed among the roots of seedlings at the time of planting. 

All plants, including controls were inoculated with a suspension 

of unsteamed or pot culture soil rubbed through a 53 ym sieve, to 

exclude mycorrhiza propagules but include accompanying rhizosphere 

organisms. 

Infections: 

Roots were cleared in potassium hydroxide and stained with 

Trypan Blue (Phillips and Hayman 1970) for examination of infection. 

To measure infection,root systems were cut into 0.5 em lengths and 

the first 50 segments observed under a dissecting microscope were 

scored as mycorhizal or not. The cloudy yellow colour of Goprosma 

robusta mycorhizas allowed them to be scored without staining. 

Plant Phosphorus Analysis: 

Plant material was digested in nitric and perchloric 

acid (Johnson and Ulrich, 1959) and phosphorus content determined 

by the molybdate blue technique (Jackson, 1962) using an auto 

analyser. 

2.6 Experimental Methods: 

Plants were grown in 200 ml plastic pots in a partly 

shaded glasshouse and watered with boiled tap water. Glasshouse 

air and soil temperatures are given in Appendix III. There were 

usually two plants per pot, the smaller, or the less central of 

two equal being removed when the other was established. Dead 

plants were replaced only in the early stages of experiments. 

In Experiment 9.1 shade was provided by black 72% polypropylene 

shade clbth ~nd black polythene sheet with slits cut in it. These 

reduced lux-meter readings to * and 1/16 respectively. 

Nutrient solution contained the quantities given by 

Hewitt (1952, pl89) dissolved in 12 litres of water. Complete 

minus phosphate or the phosphate component alone were usually 

supplied at the rate of 8cc per pot during the early part of 
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experiments. For Experiments 8.1, 8.2 and 8.3 phosphate solution 

was sprayed onto bulk soil prior to potting. 

Randomised complete block design was used for all but 

two experiments. Within each block, plants of similar initial 

size were randomly allocated to treatments. Split plot designs 

were used in Experiment 5.4 where phosphate was supplied to half 

the blocks during the course of the experiment, and in Experiment 

9.1 where shade was applied to trays of 48 pots rather than to 

individual plants. 

2.7 Analysis and Presentation of Data; 

Analysis of variance of experimental data was done with 

a B 6700 computer using a programme in ALGOL 60 language. Two 

prerequisites for analysis of variance are that the data should 

follow a normal distribution and that treatment variances should 

be similar. To achieve this it was necessary to transform most 

data before analysis of variance, usually with natural logarithms. 

An arcsine transformation was used for percentage data. 

For experimental results in this thesis, values based on 

raw data are tabled but analyses pertain to transformed data. 

Beneath each table the error mean squares (E.M.S) and their 

of freedom (d.f.) are listed, along with the probability 

treatment factors and their interactions having contributed 

overall variation. Significant interactions have been 

tested further, using Duncants new multiple range test (Steel 

degrees 

( P) of 

to the 

·and Torrie, 1960). Mean values between which there is no signifi

cant difference (at the .05 probability level unless otherwise 

stated) are joined by a bar C-) and those which differ from all 

other values are denoted by a block ( • ). 

Chi-squared tests were used to test the distribution 

between treatments of plants which died or becar.te mycorrhizal. 

8 
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3 - DESCRIPTIONS OF FUNGI 

The fungi described here were found in Leith Valley 

forests or used as inoculum in experiments. Some of them have 

been previously reported from New Zealand and given descriptive 

colloquial names by Mosse and Bowen (1968a). Most fit into 

described genera and at least approxi~ate to the species 

described from the United States by Gerdemann and Trappe (1973). 

3.1 Acaulospora laevis Gerd. et Trappe 

Called "honey-coloured sessile" by Mosse and Bowen (1968a) 

this has been in pot culture since Dr Mosse collected it from the 

Wilderness, near Te Anau. A· laevis produces orange spores, 118-

243 pm, laterally on the stalks of ephemeral mother spores. 

Infections have arbuscles, large lobed vesicles and coarse hyphae 

(5-7 Jlm) whic:h curve gently into coils. It is common in Leith 

Valley but spores from there were a poor inoculum. For most 

experiments the Wilderness provenance was used and this spored 

readily in culture. 

3.2 Acaulospora Large Red 

This is not uncommon in the forest, having massive spores 

288 - 520x795 pm, with a red outer wall 10-17 pm and inner hyaline 

wall 10-20 pm thick. The lack of any subtending hypha in most 

spores points to Acaulospora and a few with attached collapsed 

VBsicles supports this. Only one plant inoculated with £. Large 

Red spores became infected. This infection has a few spherical 

vesi~les but otherwise resembles that of A. laevis. Little 

importance can be placed on this single infection which has not 

produced spores. 

3.3 Crenulate 

SpOres from an old farmhous~ garden near Taieri Mouth 

are identical to those described from Australia by Mosse and 

Bowen (1968a), Spores range from 54-80 Jlm, and have a crenulate 

wall and subtending hypha, which is septate and tapers from a 

broad top. There is no evidence that this unusual spore type 

is a myc:orrhiza-forming fungus. 

9 
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Figure 3 .1 Acaulospora l aevis infection and spo r es . Mothe r spore 
at lef t is mature , tho se on right are emp ty and 
co llapsed , having produced resting spore s . 

Figure 3.2 Acaulospora Large Re d: infection a nd a resting spore 
wit h co llapsed mothe r spore attached . 

Figure 3.3 Crenulate spo r e 

NOTE: Figur es 3.1 to 3.13. All infect i ons are in Coprosma ro bus t a. 
The scale represents 100 rm unless otherwise stated. 

10 
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3.4 Giga..§.EQ_~ calospora (Nicol. et Gerd.) Gerd~ et Trappe 

Reported as 11 bulbous-retic:ulate 11 by Mosse and Bowen 

(1968a). Spores from Leith Valley forests are spherical, bright 

yellow to green or brown, 130-260}lm, with a 7-10 )liTE wall, 

slightly thicker than that described for the species. They are 

suhtended by a bulbous suspensor, 37-54 )liD wide and a septate 

hypha. Inoculations failed to produce any infec:tion. 

3.5 Gigaspora cf. gigantea (Nicol. et Gerd.) Gerd. et Trappe 

Described as "bulbous vacuolate" by Masse and Bowen 

(1968a),this is rare in Leith Valley. Spores for experiments 

came from forest-edge pasture on Mihiwaka Hill. Spores are 178-

411 p~, with a yellow to orange outer wall 7-30 )liD and a hyaline 

inn.er wall 10-26 )liD, thicker than that described for G. gigantea._ 

The bulbous suspensor, 40-64 pm wide has a wall 5-17 )liD thick 

and is subtended by a septate hypha. External hyphae are fairly 

straight and bear loose aggregates of (3)-12-(25) knobby vesicles, 

each 23-37 ,um, on coiled stalks. Internal hyphae are 5-7 )liD wide, 

frequently branching and bending tightly, with peg-like 

pro jec:tions ~ Arbuse·les are present but internal vesicles quite 

absent~ It spored heavily after 18 months in culture. 

3 •. 6 Glomus cf. fasciculatus (Thaxter) Gerd. et Trappe 

Not unc·ommon in Leith Valley forests, and sporocarps 

were produced by several forest seedlings potted up in the 

glasshouse. Sporocarps are lax, containing 5-40 spherical, 

light brown spores, 70-12o )liD, with a spore wall 5-8 ,urn thick, 

which_ tapers off in thickness down the subtend~ng hypha. 

Occasionally a hyaline outer wall is evident. By this feature 

and by the slightly larger spore slze these spores differ from 

G. fasciculatus, and they could be considered small~spored 

G. macro carpus·- Infections are similar to those described by 

Gerdemann (1965) for G. fasciculatus, with arbuscles, knobby 

internal hyphae 3.5-4 pm, in dense coils, and spherical to 

elongated vesicles, sometimes with thick walls. It spores 

readi.ly in c:ul ture. 

11 



Figure 3.4 Gigaspora calospora spo r e. 

Figure 3.5 Gigaspora cf . gigantea: infection, external 
vesicles and base of spore. 

Figure 3.6 Glomus cf. fasciculatus infection and sporocarp. 
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3. 7 Gl~ macro carpus Tul. et Tul. 

This is occasional in Leith Valley forests as few-spored 

sporocarps or single brown spores 80-220 pm:. Spores similar to 

those called "wide-necked" by Masse and Bowen (1968a)are includ

ed here. Larg:er numbers of spores were found in sand dunes at 

Black Read beach and these were used as inoculum in one experi

ment though they failed to infect. 

3.8 Glomus macrocarpus var~ geosporus (Nicol. et Gerd.) Gerd. et 

Trappe 

Described as "red-brown laminate" from New Zealand by 

Masse and Bowen (1968a),this was found only in sand dunes at 

Long Beach near Dunedin .. Spores are borne singly in soil, and 

are invariably misshapen, possibly because of the angular sand in 

which they were produced~ They are 100-170 pm, with a 7-8 pm, 
shining dark red-brown wall which extends down the subtending 

hypha. It produces an infection with arbuscles and masses of 

spheric.al vesicles~ 34-57 pm. Arrt.'llophila arenaria roots from sand 

dunes have vesicles of similar size which have become thick 

wal1eds coloured and are breaking out of the roots. 

3. 9 Glomus microc·a!:E.~ Tul. et Tul 

Collected at Tautuku Beach, South Otago, this produces 

sporocarps 2-5-(10) pln across on the soil surfac.e, containing, 

spherical, dull yellow-brown spores 42-61 pm, slightly larger 

than those described for the species, and with walls to 5 pm 

thick. Main hyphae, 3-5 pm wide, form tight coils in root cells. 

It has arbuscles and spherical vesicles, 23-34 pm across~ 
Sporocarps are produced freely in pot culture •. 

3.10 Glomus mosseae (Nicol. et Gerd.) Gerd. et Trappe 

Described from New Zealand soils by Masse and Bowen 

(l968a)as "yellow-vacuolate". This species occurs as single 

spores in low numbers in the Leith Valley forests, producing 

dull yellow to brown spores, 290-370 pm, with funnel shaped 

subtending hyphae. It has failed to infect test plants. 

13 



• 

'l 

Figure 3.7 Glomus macrocarpus spores. The spore at 
bottom right contains internal spores . 

r ~ 
Figure 3.8 Glomus macrocarpus var. geosporus infection and spores. 

Spores are forming within the root Qn right. 

Figure 3.9 Glomus microcarpus infection, sporocarps on soil 
surface and part of sporocarp with spores. 

Figure 3.10 Glomus mosseae spore (broken). 

14 
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3.11 Glomus cf. vesiculifer (Thaxter) Gerd. et Trappe 
produced . 

Sporocarpsjon the soil surface in potted plants, both ln 

the glasshouse and in Leith Valley are similar to those described 

for Q. vesiculife~, having an inner layer of spores surrounded by 

an outer layer of thin walled vesicles. The yellow spores differ 

from those of Q. vesiculifer in being larger (84-155 pm) and the 

covering vesicles likewise in being larger (80-424 pm) and 

spherical .. 

3.12 Rhizophagus tenuis Greenall 

Colloquially known also as "fine endophyte", this does 

not produce large soil-borne spores but differs from all other 

described mycorrhizal fungi in the distinct morphology of 

infection. Internal hyphae are usually less than 1 pm thick, 

very straight, divide into arbuscles and bear terminal or inter

calary vesicles, 5-9 pm. This infection is not uncommon in 

Leith Valley forests. Three provenances were used for experi

ments: firstly some glasshouse volunteer infections which 

turned out to be contaminated with Glomus microcarpus; secondly 

infected roots of Poa colensoi from the Rock and Pillar Range; 

thirdly some plants inoculated with Sclerocystis rubiformis 

which contained apparently pure R. tenuis, probably introduced 

as a contaminant. 

3.13 Sclerocystis rubiformis Gerd. et Trappe 

Previously collected in New Zealand soils by Mosse and 

Bowen (1968a)who compared it with Endogone fasciculata. It is 

not uncommon in Leith Valley forests, having dark brown to black 

soil-borne sporocarps, 205-410 pm, sometimes aggregated into 

compound sporocarps, and containing many tightly packed ~pores, 

40x51 to 5lx6l pm with walls 6-10 pm thick. It produces infect

ions with rather fine byphae 1.5-4 pm, in loose coils, arbuscles, 

and spherical vesicles 27-44 pm across. It has produced sporo

carps in pot culture. 

15 
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Figure 3 .11 Glomus cf. vesiculifer: part of sporocarp 
with spores and large thin-walled vesicle s . 

Figure 3.12 Rhizophagus tenuis infection . 

. ' 
( 

Figure 3 .13 Sclerocystis rubiformis infection and sporocarps . 
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!+ - FIELD SURVEY 

Field studies were made in Leith Valley, mostly at Leith 

Saddle, 8 km north of Dunedin, at an altitude of 400 m. Rainfall 

near he~e is given as 47.68 ins (121 mm) by Wardle (1953), who 

describes the forest communities. Forest at Leith Saddle is 

dominated by the emergent conifers Libocedrus bidwillii, 

Dacrydium cupressinum, Podocarpus ferrugineus and P. hallii. 

Canopy and s~bcanopy layers contain mostly dicotyledons, the 

canopy dominated by Griselinia littoralis and Eseudopanax simplex 

and the subcanopy by Coprosma foetidissima and Pseudowintera 

colorata. Epiphytes and lianes are common. Astelia nervosa is 

the most common herb an~ the~e is an abundance of ferns, Blechnum 

discolor predominating. The soils are mostly podsolised yellow

brown earths of the Leith and Leith-Cargill sets, plus intergrades 

to brown granular loams and clays in the Mihiwaka set (N .. z. Soil 

Bureau, 1968). 

Roots from forest species were examined in order to 

become familiar with infections and to check some of the observ

ations of McNabb (1958). Ferns were ignored,as these have been 

studied by Miss K.M. Cooper in this department, but bryophytes 

were included for although they have been reported to be mycor

rhizal elsewhere (e.g. Stahl, 1949) they have not been so in New 

Zealand, and Baylis (1970) was unable to infect Mar.chanti'a. 

Spore distribution in forest was also studied. 

4.1 Mycorrhizas in vascular plants: 

A total of 89 root samples was examined, from 21 woody 

species and 13 herbs, which embraced all the forest dominants. 

All but ten root samples were infected, most of them heavily. 

Sixty five were infected with vesicular-arbuscular endophytes, 

three with Rhizophagus tenuis and 11 with a mixture of the two. 

Only three host species gave no infected samples and these, 

Cardamine debilis, Uncinia uncinata and Urtica incisa are all in 

families reported by Gerdemann (1968) to be non-mycorrhizal. 

McNabb (1958) failed to find an endophyte in Pittosporum tenui

folium, E· eugenioides, Coprosma foetidissima and Q. polymorpha. 

Baylis (1967) has since reported infection in the two Pittosporum 

species. During the present work infection was sought and found 

in C. foetidissima also. McNabb reported an ericaceous endophyte 

in three hosts, but examination of two of these (Cassinia fulvida 

and Pseudopanax colensoi) failed to support this. 
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4.2 Mycorrhizas in bryophytes~ -~-

The occurrence of fungus infections in 40 specimens of 

16 bryophyte species is shown in Table 4.2. The two moss species 

were not infected and it· seems unlikely that the wiry rhizomes 

and thick walled rhizoids of mosses would lend themselves easily 

to fungal penetration. Haplomitrium had extensive arbuscular 

infection in the rhizome (Fig 4_.2A). Infections in the leafy 

hepatica Lophocolea and Tylimanthus were scanty, with only a 

few vesiclest and were in the lower part of the stem, at a level 

where it is difficult to know whether the stem is still alive, 

and thus whether the fungus is a saprophyte or a possible 

symbiont. 

Among the thallose hepatics, fine hyphae within the 

rhizoids were fairly common. Convincing endogonaceous infection, 

with arbuscles and vesicles was seen in Pallavicinia, two species 

of Symphyogyna (Figs 4.2 Band C) and in Marchantia (Fig 4.2 D). 

The first three of these have prostrate strap-shaped thalli 

with infection concentrated on the ventral surface on either 

side of the midrib and in the older half of the thallus, in ap

parently healthy tissue. In Marchantia infection was similarly 

in the ventral part of the thallus. Inoculation of a few 

Marchantia plants in Melicytus soil with Acaulospora laevis 

failed to produce any infections. 

4.3 Spore Sampling: 

An attempt was made to use the gelatin column method of 

Masse and J6nes (1968) and a modified water-column method to con-

centrate spores. However, both methods were messy and as the 

spore types varied in density and settled out at different levels 

in the columns it was felt that these methods would probably 

misrepresent some spore types if applied to field samples. 

Nevertheless, this trial. does give an indication of spore densities 

in three forest soils, and a comparison with that in a pot 

culture (Table 4.3) 
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Table 4.2 Occurrence of mycorrhizas in bryophytes. 

MOSSES: 

No. of 
specimens 
examined 

Cyathophorum bulbosum 
Pterygophyllum quadrifariu~ 

2 
2 

HEPATICS:: 
Calobryales 
Haplomitriu~ gibbsiae 

Jungermanniales 
Lophocolea leucophylla 

Plagiochila stephensoniana 
Schistochila nobilis 

Trichocolea mollissima 

Tylimanthus saccatus 

Metzgeriales 
Hymenophyton flabellatum 

Pallavicinia xiphoides 

Riccardia sp. 

Symphyogyna hymenophyllum 

S. prolifera 

Marchantiales 
Asterella sp~ 
Lunularia cruciata 
Marchantia berteroana 

2 

1 

l 
2 

3 

l 

8 

2 

l 

6 

l 

1 
1 
6 

Infection 

none 
none 

both with extensive 
fine arbuscular infect
ions 

infection with vesicles 
in lower stem 
none 
a few hyphae in rhizoids 
only 
2 showed infection with 
some vesicles at stem 
base 
none 

3 with fine hyphae in 
rhizoids 
both with vesicular
arbuscular infection on 
either side of midrib 
in lower thallus 
fine septate hyphae form
ing loose coils in lower 
thallus 
4 with vesicular-arbusc
ular infection on either 
side of midrib in lower 
part of thallus. 2 with 
arbuscles only. 
vesicular-arbuscular 
infection 

none 
none 
4 with hyphae in rhizoids 
only. 2 with vesicular 
arbuscular infection 
ventrally. 
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Figure 4.2 A: arbuscular infection in Haplomitrium gibbsiae; 

B: one side of Symphyo gyna hymenophyllum thallus with 

infection near midrib; C: vesic l e and arbuscles in S . 

hymenophyllum; D: hyphae in Marchantia berteroana 

amalgamating to enter a rhizoid. All scales are 100 pm . 
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Table 4.3 Spores per litre by column separation in four soils. 

Spore type Leith Leith Melicytus Pot 
cla;y silt soil culture 

Acaulospora laevis 5900 150 34,040 
Glomus cf. fasciculatus 570 
Glomus mosseae 6800 
Sclerocystis rubiformis 670 
Gigaspora calospora 2320 

TOTAL 6470 2320 . 7620 34,040 

4~4 Distribution of spores: 

About 60 soil samples from Leith Valley forests showed 

nine spore types there (Chapter 3). All soil samples contained 

at least a few spores, but a good proportion of spores appeared 

moribund. 

A quantitative sampling trial (Table 4.4) was carried 

out at Leith Saddle to see if any host-fungus relationship was 

Table 4.4 Spore numbers by sieving duplicate 25 ml subsamples 

of soil from under four trees of each of two species. 

The fungi are, from left: AcaulOS£Ora laevis, A. Large 

Red, Gigas£ora calos:eora, Glomus cf. fasciculatus, 

G .. macrocarEus and Scleroc;ystis rubiformis. 

TOTAL 
PER 

Fungi lae Red cal fas mac rub Total LITRE 

Griselinia 
1 a 176 230 21 427 17080 
1 b 59 125 25 209 8360 
2 a 40 57 13 110 4400 
2 b 60 73 1_7 1 151 6040 
3 a 33 28 3 64 2560 
3 b 89 4 20 150 263 10520 
4 a 5 21 46 71 143 5720 
4 b 15 103 103 221 8840 

Po do carpus 
1 a 138 3 63 49 2 255 10200 
1 b 40 89 74 1 204 8160 
2 a 31 88 145 264 10560 
2 b 55 360 415 16600 
3 a 118 7"2 190 7600 
3 b 52 52 2080 
4 a 28 210 144 382 15280 
4 b 46 18 124 188 7520 
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evident in the forest. Four trees of Podocarpus ferrugineus and 

four of Griselinia littoralis were chosen at random along a 

transect and a 500 ml soil sample taken from near the roots on 

each side of the tree. Individual samples were homogenised then 

the spores wet-sieved from a 25 ml subsample. 

Samples contained f_rom one to five spore types with an 

average of 2.9 per sample. Spore density varied from 2080 to 

17,080 per litre with a mean of 9345 per litre of soil. The 

distribution of spores shows no obvious relation to host and it 

was ~onsidered unprofitable to extend this tedious spore counting. 

4.5 Conclusions: 

Endomycorrhizas are very common in Leith Valley. Crush 

(1972) found that the predominant endophytes in tussock grassland, 

and more particularly in woody hosts, were coarse ones, that is 

typical vesicular-arbuscular fungi rather than Rhizophagus tenuis. 

This appears to be the case also in coniferous-broadleaved forest. 

In view of the widespread occurrence of mycorrhizas it is not 

surprising to find infections in some hepatics, though the effect 

of infection upon such hosts is not known. 

Spore_ distribution patterns offer no evidence for host 

specificity. Spore density seems to be high. Masse and Bowen's 

(1968 b) report of low spore numbers in New Zealand forest soils, 

compared with cultivated land, appears to be misleading. For a 

Rothamstead pasture their highest spore density was 190 per 100 g 

of soil; that would be in the order of 2000 per litre. Similar 

deductions from the highest densities recorded by Khan .(1971) in 

Pakistan, and by Hayman (1970), also at Rothamstead indicate 

values up to about 2300 and 4000 per litre respectively. Mason 

(1965) recorded viable spore densities from soil under crops in 

Scotland and these never exceeded 1000 per litre. These densities 

are all much lower than those in Leith Valley forests. 
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5 - HOST SPECIFICITY 

The absencs pf S}ecificity between host plants and 

phycomycetous mycorrhiza-forming fungi noted by many workers 

is supported by Table 4.4. Nevertheless, in view of the findings 

of Masse, Hayman and Ide (1969), it was felt desirable to test 

relationships of the hosts and fungi under study, and furthermore 

to see whether some fungi might be of greater benefit to their 

hosts, despite the expected ubiquity of infectivity. 

5.1 Spore Production by Potted Seedlings: 

To see what fungi were actually established in the roots 

of specific hosts, 133 young plants from forest were thoroughly 

cleaned of soil then potted in steamed Helicytus soil (llppm 

Truog P). The plants were potted between May and August 1971, but 

only one plant in three survived, the majority being Griselinia 

littoralis. In February 1972 all but three small seedlings proved 

to be mycorrhizal and eight plants had fresh spores around their 

roots. Plants were watered progressively less in an attempt to 

induce further sporing but by Hay 1973 only one more pot had 

spores in it. Spores produced were: 

Astelia nervosa~ 

Coprosma foetidissima: 

Griselinia littoralis: 

one pot with Glomus c:f. fasciculatus 

ons pot with G. cf. fasciculatus, 

one with Sclerocystis rubiformis 

five pot~ with ~.cf. fasciculatus 

one with S. rubiformis. 

These results confirm that in the field one host will 

form mycorrhizas with more than one fungus species, and conversely 

that one fungus will form mycorrhizas with more than one host. 

Thirty six mycorrhizas did not spore, even after two years in pot 

culture, confirming earlier evidence (Baylis, l969b)that non

sporing races are plentiful. 

5~2 Many Inocula on Many Hosts: 

This experiment aimed to test the ability of many fungi 

to infect a wide range of members of the podocarp-broadleaved 

foresL Plants were grown in steamed Melicytus soil (llppm . 

Truog P), and inoculated with spores, 30 per pot, except that 

for Rhizophagus tenuis, infected roots were used. There were 

two pots per treatment. Table 5.2 shows successful and unsucces

sful inoculations, some of them made in the course of other 
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Table 5.2 Inoculations made in duplicatewith ll fungi on 28 

hosts. Both glasshouse (G) and field (F) provenances 

were used for Acaulospora laevis and Rhizophagus 

tenuis, all other inocula coming from the field. 

m = became mycorrhizal, x = failed to infect, 

+ = host died • 

(J} 

~ 
H 

(J} (J} 0 
,-... ·rl CIS ,-... r-.. ,......_ ~ Pl 
0 s Q) ~ 0 ....:! +' (J} '"d 
....__,. H +' ....__,. '--" '--" CIS 0 (j) 

0 s:l rl Q) p:; CIS 
(J} 'H CIS (J} (J} (J} (J} ~ bO H 

·rl ·rl bO ;:::$ ·rl ·rl ·rl 0 Q) 0 
p. ..0 ·rl Pl p. ~ ;:::$ ·rl . bO Pl 
(j) ;:::$ bO H (j) s:l s:l 0 H H (J} 

CIS H CIS CIS Q) (j) (J} CIS CIS 0 
rl . 0 rl +' +' CIS p. ...:1 rl 

(J} <+-t 0 'H CIS 
C1) ·rl 0 H CIS (J} (J} CIS 0 

<:::!! H +' 0 H ;:::$ ;:::$ 0 H 
....:! 0 (J} CIS ·rl 0 bO bO 'H CIS 0 CIS 
~ Pl ~ H s Pl CIS C1) 0 s Pl H 
0 (J} 0 0 (J} ..Q ..Q (J} 0 
0 0 0 Pl (J} 0 Pl Pl (J} (J} 0 Pl 
z rl H (J} ;::) rl 0 0 ;::) ;::) rl (J} 

H ;::) (j) CIS s ;::) N N s s ;::) CIS 
C1) rl bO 0 CIS ·rl ·rl 0 0 CIS bO 

HOSTS 0 0 ·rl rl 0 ..s::: ..Q rl rl 0 ·rl 
<:::!!. lf.l 0 0 <:::!! p:; p:; 0 0 <:::!! 0 

Coprosma robusta m m m m m m m m m m X 

Griselinia littoralis m m m m m m X X 

pj_ ttosporum tenuifolium m m m m 
Aristotelia serrata m m m m X X X 

Myrsine australis m m m m X X X 

Astelia nervosa m m m m m m X X 

Po do carpus dacrydioides m m m m X X 

Melicytus ramiflorus m m m m + 
Fuchsia excorticata m m m m m 
Leptospermum scoparium m m m m m m m 
Microlaena avenacea m m m m m X X 

Hydrocotyle novaezelandiae m m m m m 
Nertera depressa m m m m + 
Pseudopanax colensoi m m X m + 
Pseudopanax crassifolium m + 
Coprosma parviflora m + m + 
Coprosma foetidissima m X 

Coprosma propinqua m 
Carpodetus serratus m + + 
Hebe salicifolia m + X + 
Neomyrtus pedunculata m X 

Po do carpus hallii m X 

Pittosporum eugenioides m 
Myrsine divaricata m 
Parsonsia heterophylla m m 
Coriaria arborea m 
Uncinia uncinata X X X X X X X 

Asplenium bulbiferum X X X X X X X 
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exFeriments described in this thesis. A few of the inoculations 

involving the first four fungi and first 13 hosts in Table 5.2 
failed initially so were repeated~ 

AlJ/infections were symbioti.c, producing larger plants 

than when the inoculations failed. The four fungi in the top 

left of Table 5.2, all in distinct genera, each infected the 

first 13 hosts and Acaulospora laevis readily infected a further 

13 hosts. Infection morphology differed between fungi (as report

ed in Chapter 3) but each fungus had a constant morphology 

throughout its host range. Uncinia uncinata and Asplenium 

bulbiferurn~ both extremely fine-rooted species, rejected all 

potential endophytes. Gigaspora calospora failed to infect any 

of the hosts onto which it was inoculated. 

5.3 Response of Coprosma to Inocula: 

The aim of this experiment was to compare the effects 

of many endophytes on growth of Coprosma robusta in steamed 

Melicytus soil, with llppm Truog P. Each plant was inoculated 

with 30 spores, there were 18 replicates and the experiment ran 

for four months from September 1971. As in Experiment 5.2 a 

glasshouse and a field provenance was used for each of Acaulospora 

laevis and Rhizophagus tenuis. Mixed inoculum was a mixture of 

15 spores of A. laevis (field provenance) and 15 sporocarps of 

Sclerocystis rubiformis~ Table 5.3 shows, for each inoculum, 

mean dry weight of tops, number of infected plants and percentage 

phosphorus, this being a single determination on all plants in 

each treatment. 

Most inocula infected poorly or not at all. The few 

mycorrhizal plants in these treatments were little bigger than 

comparable non-mycorrhizal plants but their light infections 

suggest that the fungi infected late in the experiment. 

Only three inocula produced a plant population signific

antly larger than the controls. These three, Acaulospora laevis 

Rhizophagus tenuis and Sclerocystis rubiformis all infected 

early and heavily and led to plant phosphorus contents higher 

than in any other treatments. In the absence of replicate P 

analyses the significance of these differences cannot be tested 
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Table 5.3 Number of plants infected (out of 18), mean dry 
weight and percentage phosphorus in Coprosma robusta plants 
inoculated with many different endophytes and grown for four 
months in steamed Melicytus soil. Bars link values not signif
icantly different at P <.05. 

no. mean% 
INOCULUM infected infect. 

Acaulospora laevis (G) 17 56 
Rhizophagus tenuis (G) 14 34 
Sclerocystis rubiformis 13 37 
Glomus mac.var. geosporus 0 0 
Acaulospora Large Red 1 2 
Gigaspora cf. gigantea 5 2 
Acaulospora laevis (F) 0 0 
CONTROL 0 0 
Glomus macrocarpus 0 0 
Rhizophagus tenuis (F) 4 5 
crenulate 0 0 
Gigaspora calospora 0 0 
Glomus mosseae 0 0 
mixed inoculum 5 8 
Glomus cf. fasciculatus 2 2 

Analysis of variance (loge transformation) 
E.M.S.=.203ll, d.f.= 238 
P: Inoculum <.001 

mean dry signif. %P 
wt. (mg) 

804 
663 
481 
204 
201 
194 
192 
147 
144 
135 
123 
119 
106 

88 
73 

.079 

.099 

.126 

.059 

.069 

.065 

.061 

.059 

.056 

.061 

.065 

.060 

.'058 

.068 

.050 

but the high figure with S. rubiformis seems to merit further 

investigation. The significant differences in dry weight between 

each of these three inocula are probably related to the speed 

with which each one infected, and as a result the number of plants 

infected by each in four months. Considering only the six largest 

plants of each and assuming these were all infected early, the 

differences in mean dry weight (!. laevis l244mg, R. tenuis ll46mg 

and S. rubiformis 909mg) are very much less. 

Two of these three effective inocula, A. laevis and 

26 

R. tenuis were glasshouse provenances and these were more efficient 

than their field counterparts. The crucial factor here could be 

the relative youth of the glasshouse inocula. The failure of 

other field provenances to infect suggests that field spores 

could well be years old and deeply dormant. Alternatively it 

could be that the glasshouse provenances are inherently more 

effective, having responded to a selection pressure as efficient 

endophytes for glasshouse conditions such as uniform water supply 

or relatively high soil temperatures. 
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As mentioned in Chapter 3 the glasshouse provenance of 

R. tenuis was in fact contaminated with Glomus microcarpus and 

the two fungi were present together·in all plants. In this 

experiment too, most of the plants inoculated with S. rubiformis 

were infected with R. tenuis and not the infection which was 

later found to be more typically associated with Sclerocystis. 

Response of Several Hosts to Inocula: 

To test whether hosts might benefit preferentially 

from different fungi, 18 plants of each of six hosts were inoculat

ed with 30 spores or sporocarps of Sclerocystis rubiformis, or of 

Acaulospora laevis (field provenance) or of Gigaspora cf. gigantea, 

or with a mixture of ten spores of each of these. Steamed 

Melicytus soil with llppm Truog P was used. The experiment was 

set up in September 1971 and because responses to inocula were not 

evident by January 1972, phosphate solution was applied and this 

repeated in the following two months. Phosphate was applied to 

half the blocks, selected at random, thus making the experiment 

a split-plot design and reducing replication to nine. In August 

1972 roots were examined for infection, tops dried and weighed and 

those within control and Gigaspora treatments bulked for phosphorus 

analysis. 

Of six hosts (Pittosporum tenuifolium, Myrsine australis, 

Griselinia littoralis, Podocarpus dacrydioides, Aristotelia serrata 

and Astelia nervosa) the last two survived poorly so were excluded 

from the analysis of variance (Table 5~4). 

F~ilure of Sclerocystis and Acaulospora as inocula 

plus the lack of a significant host/phosphate/inoculum inter

action negate the original aims of this experiment. However 

the results do allow a comparison of hosts in their response to 

both phosphate and inoculum. Gigaspora was slow to infect, and 

it was the only effective inoculum overall. It was responsible 

for all but one infection resulting from the mixed inoculum. 

Smaller dry weights and fewer infected plants in this treatment 

compared with pure Gigaspora indicate that an inoculum size of 

ten spores is less effective than one of thirty spores. 
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Table 5.4 Response of four hosts, with (+P) and without (-P) 

added phosphate, to inoculum. The hosts are 

Pittosporum tenuifolium, Myrsine australis, Griselinia 

littoralis and Podocarpus dacrydioides. C = control, 

S = Sclerocystis rubiformis, A = Acaulospora laevis, 

M =mixed inoculum, G = Gigaspora cf. gigantea. Bars 

link values not significantly different 

HOST inoc 

Pitt C 
ten s 

A 
M 
G 

mean 

Myrs C 
aust S 

A 
M 
G 

mean 

Gris C 
litt s 

A 
M 
G 

mean 

Pod c 
dac S 

A 
M 
G 

mean 

no. 
infected 

(out of 9) 
-P +P 

8 5 
8 9 

1 
1 1 
8 6 
9 8 

8 5 
9 9 

6 4 
7 9 

Analyses of variance 

% p 
in plants 

-P +P 

mean dry t-test 
wt.(mg) between 
-P +P means 

.038 .056 61 74 
59 83 
59 84 
72 97 

.061 .064 98 110 

69 89 < .001 

.040 .059 23 43 
21+ 61 
25 74 
39 64 

.114 .108 52 84 

33 65 <.001 

.039 .050 65 64 
59 72 
58 70 
59 66 

.063 .069 65 83 

61 71 

.062 .039 48 47 
48 48 
46 54' 
47 49 

.042 .065 55 42 

49 48 

.050 

.63 

Dry weights (loge transformation) 
Plot EMS = .18205, d.f.= 8 
Sub-plot EMS = .10648, d.f.= 304 

at P <.05. 

overall 
mean signif. 

wt. (mg) (.05) 

67 
71 
71 
85 

104 

33 
43 
49 
52 
68 

64 
65 
64 
62 
74 

48 
48 
50 
48 
49 

I 
I 

P: Host <.001, Phosphate <.001, Inoculum <.001, H/P<.OOl, 
H/I .004, P/I .058, H/P/I/ .69 

PercBnt phosphorus (arcsine transformation) 
EMS = .0000012072, d.f.= 3 
P: Host .32, Phosphate .46, Inoculum .064, H/P .96, H/I .35, 

P/I .99 
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The hosts employed all grew more slowly than does 

Coprosma robusta. Pittosporum and Myrsine did show significant 

growth increases attributable to Gigaspora and to phosphate and 

the % P in the dry matter increased with infection. The still 

larger size of the mycorrhizal plants receiving phosphate suggests 

that the mycorrhizas did not wholly overcome the limiting effects 

of P availability on growth, as they have done in previous experi

ments in this soil (Baylis, 1967). But it is probable that the 

phosphate stimulated the seedlings before the mycorrhizas were 

fully established. Griselinia showed a small response to phos

phate only~ while podocarpus had responded to neither phosphate 

nor infection before the experiment was dismantled •. 

Only seven plants of Aristotelia survived, six of whidh 

had been given phosphate. Two had become mycorhizal and were con

siderably heavier (mean 160 mg) than non-mycorrhizal plants 

(mean 31 mg). One third of the Astelia plants died, leaving 38 

survivors that had been given phosphate and 26 that had not. Of 

those given phosphate the 11 mycorrhizal plants (mean wt. 44 mg) 

were of similar size to non-mycorrhizal ones (mean wt. 43 mg). 

Three plants that had no phosphate became mycorrhizal; these were 

rather heavier (mean 45 mg) than non-mycorrhizal ones (mean 25 mg). 

Behaviour of these hosts is in keeping with their 

known ecology and mycotrophy. Pittosporum and Myrsine, both 

relatively fine-rooted trees, were able to utilise a small addit

ion of phosphate, whereas the coarse-rooted Griselinia and Podo

carpus did not (cf. Baylis, l972a). The complete lack of growth 

response in Podocarpus to infection and the low significance of 

that in Griselinia probably reflect the slow growth rate of these 

two, combined with slow infection by Gigaspora. A growth res

ponse would probably have ensued if these plants had been left 

longer. Aristotelia is a seral species of rejuvenated so~ls. 

It seems to require either early infection or plenty of phosphate 

from soon after germination and shows no capacity to sit and wait 

for an endophyte, nor even to respond to a belated phosphate 

application. Astelia has coarse roots which suggest it would 

be dependent on mycorrhizas and the results indicate that infect

ion overcomes the soil phosphate shortage. 
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This short term experiment was dominated by the slow 

responses both to inoculum and to phosphate. With such a 

ragged start, comparisons of endophytes could only become valid 

over a long period. To overcome it the technique of inoculation 

via soil (Masse et al., 1969) may be essential, but ~omparisons 

using spore inocula from cultures of uniform age seem also 

desirable. 

5.5 Reciprocal Rhizosphere Inocula: 

The object here was to determine whether or not 

mature trees have selected mycorrhizal fungi especially favour

able to their own seedlings. Soil from under three tree species 

was used as inoculum on seedlings of each of those species, 

an approach which would overcome the problem in earlier experi

ments where many spore types failed to infect~ 

Seedlings of Melicytus ramiflorus} Griselinia littoralis 

and Pittosporum tenuifolium were planted in unsteamed Leith

Cargill soil from under mature trees of those species in 

September 1972 to pick up infection. The three soil samples 

had similar chemical analyses (Appendix II), all with Truog 

phosphate levels of ll ppm. Seedlings were transplanted to 

steamed Melicytus soil (7 ppm Truog P) after two months and the 

experiment dismantled four months later. Plants from half of 

the 16 blocks, selected at random, were lumped for phosphorus 

analysis. Results (Table 5.5) show that all plants grew well. 

The differences associated with inoculum, whether in dry weight 

or phosphorus content are nowhere significant and there was 

no host/inoculum interaction. Hosts did differ significantly 

overall in mean dry weight and Melicytus maintained a higher 

phosphorus concentration than the other two hosts which is 

not surprising in view of its preference for young soils. 
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Table 5.5 Mean dry weight and phosphorus content of whole 
seedlings of Melicytus ramiflorus (M), Griselinia littoralis (G) 
and Pittosporum tenuifolium (P) grown for four months in steamed 
Melicytus soil after picking up infection in soil from under 
mature trees of the same species. Bars link values not signific
antly different at P <.01. 

MEAN DRY WEIGHT (mg) PERCENT PHOSPHORUS 
inocula inocula 

HOSTS M G p mean signif. M G p mean signif. 
(.Ol) (. 01) 

M 735 856 837 810 .198 .178 
G 535 587 398 507 .119 .129 
p 1049 1392 1165 1202 .122 .109 

Analyses of variance 
Dry weights (log transformation) . e = 120 E.M.S. = .41509, d.f. 
P: Host <.001, Inoculum .28, H/I .66 

Percent phosphorus (arcsine transformation) 
E.M.S. = .0000044823, d.f. = 4 
P: Host .009, Inoculum .76 

5~6 Conclusions: 

.205 .194 I 

.105 .118 I .139 .123 

Both field and glasshouse studies using mainly spores 

have failed to reveal any specificity of infection between hosts 

and endophytes. Nor did hosts show any preference for inoculum 

derived from soil dominated by their own species. The experiments 

have emphasized the difficulty of securing prompt simultaneous 

infections with which to begin comparisons of growth rate, but 

should have revealed any sharp differences. 

The possibility that there are non-sporing races of 

Engogonaceous fungi is supported by the results of Experiment 

5.1. The failure of many spore inocula somewhat nullified the 

original aims of Experiments 5.3 and 5.4, although a number of 

interesting points do emerge from the results. Inocula seem 

to vary in the speed with which they elicit a growth response. 

Size of inoculum affected the number of plants becoming infected 

and the degree of assistance to plant growth. But these features 

could all be artefacts arising from variable inertia of an 

inoculum presented in an unnatural manner~ Sclerocystis was a 

fickle inoculum, infecting readily in Experiment 5.3 but failing 

almost completely in Experiment 5.4. Further experiments on 

these points are presented in Chapter 10. 
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6 - SOIL SPECIFICITY 

Lack of host specificity leads to the conclusion that 

all hosts should share all endophytes under any set of uniform 

conditions. Between different soils though, all hosts may show 

a preference for certain endophytes, and these are likely to be 

the ones native to those soils. Experiments to test this, com

pared growth of single host species in different soils using 

the native endophytes as reciprocal inocula. 

6.1 Griselinia Infected via Three Unsteamed Soils: 

The three soils used, Melicytus soil (Nos. 3 and 4 in 

Appendix II), Leith clay and Leith silt, were chosen on the 

basis of their visually distinct structure yet moderate range of 

nutrient status (Appendix II) and the otrong predominance of a 

separate spore type in each (Table 4.3). Griselinia littoralis 

seedlings were pre-planted in these unsteamed soils for two 

months, by which time a sample of plants proved to be mycorrhiz

al. Plants of similar size were reciprocally transplanted to 

the same three soils, steamed, in December 1971. There were 40 

replicates. In August 1972 the tops were dried, weighed, then 

bulked within treatments for P analysis, and the roots scored 

for infection (Table 6.1). 

What benefits are plants likely to gain from the 

unsteamed soil and show by their performance in steamed soil? 

Firstly there is the opportunity to become mycorrhizal. Secondly 

they could accumulate nutrients. These two factors of pre

treatment must be separated to enable comparison between endo

phytes. 

Now of the three steamed soils, plants grown in steam

ed Melicytus soil (M) for eight months were by far the heaviest, 

had the highest phosphorus contents and lowest infection levels. 

Soil analyses (Appendix II) show M to have the highest phosphate 

level. So it seems likely that plants grown for two months in 

unsteamed M, although equalle<}. for size at transplanting time 

with those from unsteamed Leith clay (C) and Leith silt (S) 

would have had a higher nutrient status. Despite this it was 

the seedlings pre-planted in unsteamed C which grew largest in 
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Table 6.1 Weight and phosphorus content of tops,and infection 
level of Griselinia littoralis seedlings pre-planted 
in three unsteamed soils for two months then trans
planted to three steamed soils for eight months. 
M = Melicytus soil, C = Leith clay, S = Leith silt. 
Bars link values not significantly different at P<.05. 

mean dry wL (mg) mean % infection % phosphorus 
unst, 
soil M c s mean M c s mean M c s mean 

st. 
M 151 157 114 1411 26 31 13 231 .110 .104 .082 .099 -

soil c 74 128 56 861 45 53 30 
431 

.032 .054 .072 .052 -s 94 123 57 92 47 53 35 45 .075 .075 .029 .059 - -
mean 106 136 75 40 ~ 26 .072 .078 .061 - -

Analyses of variance 
Dry weights (loge transformation): 

E.M.S. = .20311, d. f..= 340 
P: Unst.Soil <.001, St.Soil <.001, U/S <.001 

Percent infection (arcsine transformation): 
E. M.S. = .0045568, d. f.= 340 
P: Unst.Soil <.001, SL Soil <.001, U/S .89 

Percent phosphorus (arcsine transformation): 
E.M.S. = . 00003992-9' d. f.= 4 
P: Unst.Soil . 20' St.Soil .73 

Table 6.2 Weight and phosphorus content of whole Griselinia 
littoralis seedlings pre-planted in four unsteamed 
soils for two months then transplanted to four steam
ed soils for seven months. M = Melicytus soil, C = 
Leith clay, S = Leith silt, R = Riverton sand. 
Bars link values not significantly different at P<.05. 

mean dry weight (mg) mean % phosphorus 

unst.soil M c s R mean M C S R mean 

st. 

soil 

M 

c 
s 
R 

229 

174 

183 

331 

203 

221 

220 

330 

199 

199 

193 

299 

145 194 

168 190 

126 180 

294 3141 

.123 .161 .094 .083 

.081 .086 .078 .072 

.125 .134 .102 .067 

.134 .124 .113 .147 

.103 

.o8ol: 

mean 229 244 222 183 .116 .ll4 .097 .092 

Analyses of variance 
Dry weights (loge transformation): 

E.M.S. =· .13333, d.f.= 345 
P: Unst.Soil <.001, St,Soil <.001, U/S .16 

Percent phosphorus (arcsine transformation): 
E.M.S. = .0000045769, d.f.= 15 
P: Unst.Soil .004, St.Soil <.001, U/S .028 

I 

.1o7 I 

.1301 
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the steamed soils. This must reflect the endophytes derived from 

C for C was the poorest soil. 

The unsteamed/steamed soil interaction was highly sig

nificant. Thus in steamed C significantly heavier growth ensued 

in plants that came from unsteamed C. In steamed M plants deriv

ed from unsteamed M equalled the weight of those pre-planted in 

unsteamed C. If this was because unsteamed M provided plants of 

high nutrient status then similar plants grown in steamed C and 

S should have been larger~ It can instead be interpreted as M 

endophytes going at least some of the way towards showing prefer

ence for M soil. 

Plants grown in steamed S did not grow best after pre

treatment in unsteamed S. In fact they grew significantly poor

est with the inoculum native to the soil. However there is 

evidence (Experiments 5.2 and 5.3) that the principal spore type 

in S - Gigaspora calospora is slow to infect from spores. 

Certainly at the end of the experiment plants derived from S had 

the lowest intensity of infection. This does raise theproba

bility that at the start of the experiment, plants from the 

different unsteamed soils contained different amounts of infect

ion, so the results may have been dominated by amount rather 

than quality of infection. 

6.2 Griselinia Infected via Four Unsteamed Soils: 

This repeated Experiment 6.1 and extended its scope to 

include another soil (Riverton sand) and its endophytes, though 

it was necessary to reduce replication to 24. Griselinia 

seedlings again had a two-month pre-planting in unsteamed soils, 

then were reciprocally transplanted in November 1972, and the 

experiment dismantled in May 1973. This time whole plants were 

weighed so that root systems were not available for scoring 

infection. Two phosphorus analyses were done for each treatment, 

plants from the first 12 blocks and from the last 12 being 

bulked separately. 

When this experiment was dismantled (Table 6.2) there 

was no significant steamed/unsteamed soil interaction for dry 

weight and all mean weights were similar for the three soils 
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used previously. The additional soil, Riverton sand, contained 

much more available phosphate (Appendix II) and produced signif

icantly bigger plants with significantly higher phosphorus 

contents. The small size and low percent_phosphorus of plants 

derived from unsteamed Riverton sand suggest that it provided 

poor endophytes. But the high phosphate status of this soil 

(15 ppm Truog P) might have inhibited establishment of infection, 

so that plants entering the comparison would have had fewer foci 

of infection than those derived from the three poorer soils. On 

the other hand, as will be seen in Experiment 8.2, raising Truog 

P from ll to 14 ppm actually increased infection levels. 

Certainly any superior performance by some endophytes 

in different soils is not very marked. Experiment 6.1 with 48 

replicates displayed only slight preferences and these were 

obliterated in Experiment 6.2 although replication was still high 

at 24. 

6.3 Coprosma Infected via Two Unsteamed Soils: 

To make an extreme comparison between preceding soils, 

Coprosma robusta was pre-planted for two months in unsteamed 

Leith clay and Riverton sand, then reciprocally transplanted to 

the two steamed soils in November 1972. There were 24 replicates 

and the experiment was taken down in April 1973 (Table 6.3). 

Table 6.3 Mean dry weight (mg) and phosphorus content of whole 
Coprosma robusta seedlings infected via unsteamed 
Leith clay(C) and Riverton sand (R) then transplanted 
to the two steamed soils for five months. 

MEAN DRY WEIGHT (mg) % PHOSPHORUS 

ST. SOIL c R mean c R mean 

UNST. SOIL c 68 266 167 .107 .~2 .154 

R 68 192 130 .085 .130 .107 

mean 68 229 .096 .166 
Analysis of variance 

Dry weights (loge transformation): 
E. M.S. = .24536, d.f.= 69 
P: Unst.Soil .016, st.Soil <.001, U/S .24 

As in Experiment 6.2 both the dry weight and percent 

·phosphorus data show Riverton sand to be a better soil but a 

poorer source of endophytes than is Leith clay. For the dry 
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weight data there is no significant unsteamed/steamed soil 

interaction. 

6.4 Coprosma Inoculated With Spores: 

For these experiments Coprosma robusta seedlings were 

grown for two months in steamed Melicytus soil into which had 

been mixed soil and roots of pot cultures of either Glomus 

~icrocarpus or ~caulospora laevis or Gigaspora cf. gigantea~ 

Plants were paired for size, transferred to the steamed test 

soils in November 1972 and allowed to grow until March 1973. 

This technique avoided divergent soil fertility during the 

inoculation period. 

Experiment 6.4A 
' 

Glomus microcarpus, which has proved to be an effective 

endophyte in Melicytus soil was compared with ?igaspora cf. 

gigantea which has proved slow in this soil, but which, it was 

felt, might be of greater efficiency in Mihiwaka soil where it 

occurs naturally. There were eight replicates. Results are 

shown in Table 6.4A. 

Table 6.L~A Mean dry weight (mg) of whole Coprosma robusta 
seedlings grown for four months in steamed Melic:ytus 
and Mihiwaka soils after infection with Glomus 
microcarpus and Gigaspora cf. gigantea. 

INOCULUM Glomus Gigas:eora mean t-tests between inocula 

SOIL 
Meiicytus 2513 228 1370 <.001 

Mihiwaka 143 277 210 .009 

mean 1328 252 

Analysis of variance (loge transformation): 
E.M.S.= .19248, d.f.= 21 

. P: Soil <.001, Inoculum <.001, S/I <.001 

In Melicytus soil, Glomus microcarpus benefited plant 

growth significantly more than did Gigas:eora cf. gigantea. The 

converse is true in Mihiwaka soil, where the native Gigaspora 

was a more efficient symbiont. 

Experiment 6.4B 

This differed from Experiment 6.4A in using Acaulospora 

laevis in place of Glomus microcarpus, but whiGh, like Glomus, 
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has shown itself as an efficient endophyte in Melicytus soil. 

There were six replicates. Results are shown in Table 6.4B. 

Table 6.4B Mean dry weight (mg) of whole Coprosma robusta 
seedlings grown for four months in steamed Melicytus 
and Mihiwaka soils after infection with Acaulospora 
laevis and Gigaspora cf. gigantea. 

INOCULUM 

SOIL 
Melicytus 

Mihiwaka 

mean 

Acaulospora 

391 

107 

249 

Gigaspora 

261 

146 

203 

Analysis of variance (raw data): 
E.M.S. = 10918, d.f.= 15 

mean 

326 

126 

t-tests between 
inocula 

.048 

.53 

P: Soil <.001, Inoculum . 30, S/I ...:•..::0:...::6::..;8::....-___________ _ 

Melicytus soil produced significantly larger plants 

than Mihiwaka soil, but inocula did not contribute significantly 

to the overall variation. The soil/inoculum interaction is of 

low significance (P=.068), though not sufficiently so to 

preclude a cautious t-test between inocula in each soil. 

Acaulospora seems more effective than Gigaspora in Melicytus 

soil, but the superior performance of Gigaspora in Mihiwaka soil 

is of very low significance. 

Experiment 6.4C 

Gigaspora c:f. gigantea, which naturally predominates 

in Mihiwaka soil and Glomus microcarpus which predominates in 

Riverton sand, were used as endophytes for Coprosma growing in 

these two soils following the techniques of Experiment 6.4A. 

There were 24 replicates. Results are shown in Table 6.4C. 

Table 6. L~C Mean dry weight (mg) of whole Coprosma robust a 
seedlings grown for four months in steamed Mihiwaka 
soil and Riverton sand after infection with 
Gigaspora cf. gigantea and Glomus mirrrocarpus. 

MEAN DRY WEIGHT (mg) t-tests % PHOSPHORUS 
INOCULUM Gigaspora Glomus. mean between Gigaspora Glomus 

SOIL 
Mihiwaka 

Riverton 

124 

443 

151 

311 

mean 284 231 

137 

377 

inocula 

.ll 

.14 

Analysis of variance (loge transformation): 
E.M.S. = ;24536I d.f.= 269 
P: Soil <.001, noculum .93, S/I .030 

.100 

.115 

.089 

.152 
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Variation in this experiment was due mainly to soils, plants 

having grown significantly heavier in Riverton sand, with both 

inocula. Differences between inocula were not significant and 

the suggestion in dry weights that within each soil the endophyte 

native to the other was more effective is cancelled by an 

opposite trend in the phosphorus contents. 

6.5 Conclusions: 

Experiments of this type do contain pitfalls. Firstly 

it is difficult to separate the direct chemical benefits plants 

may have reaped from the pre-planting soil from_the benefits of 

the endophytes picked up from that soil. Secondly the intention 

that plants should carry over comparable quantities of inoculum 

on transplanting is not necessarily fulfilled by a standard 

inoculation time. Thirdly by bringing soils into the glasshouse, 

the factors to which their native endophytes had been best suited 

in the field (for example soil moisture or temperature) might 

have been altered, and steaming often alters the pH and ava~l

ability of phosphorus (Appendix II). 

Experiment 6.4A, involving just a pair of fungi and their 

soils gave a clear result difficult to explain without soil 

specificity. It is not so easy to draw the same conclusion 

from the other experiments. Although the hypothesis that 

certain endophytes are of greater benefit in specific soils has 

had some support, the alternative hypothesis, that host-endophyte 

preferences occur regardless of soil, has received none. 
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7 - SPECIFICITY TO LOW P TE ANAU SOIL 

Specificity to a very low phosphate soil was indicated 

by the results of Crush (1972) who found that the grasses 

Festuca novae-zealandiae and Poa colensoi grown in unsteamed 

Te Anau soil; became infected with Rhizophagus tenuis and grew, 

whereas plants grown in steamed soil, inoculated with Acaulospora 

laevis, failed to become infected or to grow. 

TO test this further, the ~ffect of these two endophytes 

on Coprosma robusta was compared in steamed Te Anau soil (with 

4ppm Truog P) and steamed Melicytus soil (llppm Truog P). To 

broaden the scope of the study, four endophytes were compared 

in another experiment, and these were established in seedlings 

before transfer to the test soils to overcome the possibility 

that Te Anau soil might inhibit infection without actually being 

unsuitable to the subsequent functioning of some endophytes. 

7.1 Coprosma Inoculated in Te Anau Soil: 

Coprosma seedlings were planted in steamed Te Anau and 

Melicytus soils and inoculated with roots and washings from a 

pot of Coprosma infected with Acaulospora laevis, a pot of Poa 

colensoi infected with Rhizophagus tenuis, and a pot of uninfect

ed Coprosma for controls. The experiment was set up with 16 

replicates in October 1972, and complete minus phosphate solution 

applied twice to all pots, primarily to ensure that only phosphate 

was limiting in Te Anau soil- .The plants were harvested in 

January 1973, with the results shown in Table 7.1. 

Table 7.1 Dry weight, infection level and phosphorus content of 
Coprosma robusta grown in steamed Te Anau and Melicytus soils 
with Acaulospora laevis, Rhizophagus tenuis and control inocula~ 
Bars link values not significantly different at P~~0~54·~----------

SOIL TE ANAU MELICYTUS 

Inoc·ulum 

mean dry wt (rug) 
significance (.05) 

mean % infection 
%phosphorus 

Cont •. 

16 

0 
.044 

Acaul. Rhizo. Cont. Acaul. Rhizo. 

19 

12 
.056 

79 

46 
.109 

31 

0 
.074 

88 

49 
.123 

293 

68 
.142 
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Analysis of variance 
Dry weight (log transformation): 

e 
E.M.S.=.34688. d~f.=75 
P~ Soil <.001, Inoculum <.001, S/I .047 

In Melicytus soil, both Acaulospora_and Rhizophagus 

brought about significant increases in dry weight over the con

trols, they both increased phosphorus concentration and infected 

fairly heavily. But in Te Anau soil only Rhizopha@s was an 

effective endophyte. Acaulospora failing to increase dry weight 

signific&ntly. and resulting in a phosphorus content similar to 

that in ~ontrol plants. It did manage to infect but produced 

only light infections, 12% of the root system on average.. No plant 

attained the size or infection of the Rhizophagu~ series. 

7.2 Pre-infected Coprosma in Te Anau Soil: 

Roots and soil of pot cultures of Rhizophagus tenuis 1 

Acaulospora laevis, Glomus microcarpus and Sclerocystis rubiformis 

were separately incorporated in steamed Melicytus soil and planted 

with Goprosma robusta seedlings~ These seedlings spent two months 

picking up infections, the first month in a growth cabinet with 

16 hour-days of strong light where they grew vigorously. So the 

plants were rather large (a representative sample averaged 40mg) 

when transferred to steamed Melicytus and Te Anau soils in November 

1972 with a replication of 18. They were supplied with complete 

minus phosphate solution and allowed to grow for a further four 

months. (Table 7.2) 

40 

Table 7.2 Mean dry weight (mg) and percent phosphorus (in brackets) 
of Coprosma robusta plants infected with Glomus microcarpus, 
Acaulospora laevis, Rhizophagus tenuis and Sclerocystis rubiformis 
then grown in steamed Melicytus and Te Anau soils. Bars link 
values not significantly different at P <.05. 

G.microcarpus A .. laevis R. tenuis S. rubiformis 

Melicytus 
Te Anau. 

2238( ,102) 
579(. 080) 

2131(.098) 
701( .079) 

mean 

significance 
( .05) 

1409 

Analysis of variance 
E •. M.. S. =. 6 7 20 l, 
P: Soil <.001, 

1416 

(loge transformation) 
d.f.=ll9 ' 
Inoculum .02, S/I .46 

2376( .100) 
848( .094) 

1612 

2783( .091) 
935( .059) 

1859 
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The striking feature in this experiment is the large 

dry weight of all plants. It is likely that the time spent in 

the growth cabinet gave the plants quite a boost. Of the two 

soils, Te Anau soil produced significantly smaller plants but 

even the smallest of these was very much larger than any in 

Experiment 7.1. Stored nutrients may have been carried from the 

more fertile pre-planting soil, but these alone cannot account 

for the 14- to 23-fold weight increase since transplanting. 

Thus all four endophytes, including Acaulospora laevis, seem to· 

be effective, if established as mycorrhizas before transfer to 

Te Anau soil~ 

The soil/inoculum interaction is not significant, so 

no preferences for endophytes within each soil can be shown. 

Taking both soils together, inocula did differ significantly 

from each other, Sclerocystis being of greater benefit to Coprosma 

than Glomus or Acaulospora. 

7.3 Coprosma Infected with Rhizophagus and Gigaspora: 

Some Coprosma robusta plants inoculated with Gigaspora 

cf. gigantea along with those used in Experiment ?.2 were too 

small at the time of transplanting to be included in that experi

ment, so were compared separately with the smallest of the plants 

infected with Rhizophagus tenuis. Melicytus and Te Anau soils 

were again employed, the time course of the experiment was ident

ical but there were orily 6 replicates (Table 7.3). 

Table 7 .. 3 Mean dry weight (mg) of Coprosma robusta infected 
with Gigaspora cf. gigantea and Rhizophagus tenuis then trans
ferred to steamed Melicytus and Te Anau soils~ 

SOIL 
INOCULUM Gigaspora 

Rhizophagus 

Melicytus 
180 

1727 

Analysis of variance (log transformation): e 
E~M.S.=l.2ll7 d.f.= 15 
P: Soil~30, Inoculum .036, S/I .32 

Te Anau 
155 
187 

With only six replicates ths only significant effect 

that can be shown is due to inoculum~ Rhizophagus producing 
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larger plants than Gigaspor~. The data suggest that while this 

was markedly so in Melicytus soil it was barely true in Te Anau 

soil but the very low significance of the soil/inoc:ulum inter

action renders this suggestion tenuous~ 

Conclusions: 

Experiment 7.1 shows, as suggested by Grush (1972) 

that Rhizophagus tenuis is a more effective inoculum than 

Acaulospora laevis in the very low phosphate Te Anau soil. 

Acaulospora infected only lightly and sporadically in this soil, 

yet its quite adequate performance when transplanted as an 

established mycorrhiza (Experiment 7~2) indicates that it is 

infection by the fungus rather tham its symbiotic function that 

is impaired in Te Anau soilo 

The small size of Coprosma plants inoculated with 

Gigaspora cf .. gigantea and used in experiment 7 •. 3 supports the 

indications given by experiments 5.3 and 5.4 that this fungus 

is very slow to establish as a mycorrhiza~ 

In short this section confirms the conclusion of the 

preceding one that steps taken to reduce inequalities in effect

ive inoculation go so far to eliminate growth differences as

sociated with endophytes in pot culture that any remaining fall 

under suspicion of being persistent artifacts. 
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8 - GROWTH AND HYCOTROPHY WITH ADDED PHOSPHATE 

In phosphorus-deficient soil from which mycorrhizal 

fungi were excluded, Baylis (l972a)established an inverse relation

ship between root hair production of a species and the amount of 

phosphate that must be added for a significant increase in dry 

weight of its seedlings. Using similar soil and phosphate levels 

to those of Baylis, this relationship was examined in a wider 

range of species from podocarp-broadleaved forest, showing diverse 

root morphology. Mycorrhizal infection was also studied over 

this range _of soil phosphate levels and two contrasting endophytes 

compared to see whether they might act differently in phosphorus

sufficient soil._ 

In the following experiments, phosphate solution 

(NaH
2

Po
4

.2H
2

0) was sprayed onto steamed Melicytus soil and this 

was thoroughly mixed before potting. Concentrations were such as 

to provide 0, 15, 45, or 135 mg of the salt to each 200 ml pot, 

and these resulted in initial Truog phosphorus levels of ll, 14, 

25 and 60 ppm respectively. 

8.1 Growth of Many Hosts with Increasing Soil Ph~hate: 

Seedlings of eleven forest species were grown at the 

four soil phosphate levels for four months from September 1972. 

There were five replicates. An inoculation treatment, using the 

field provenance of Acaulospora laevis was imposed on five addit

ional plants growing in the unfertilised soil. Inoculated plants 

were not noticeably bigger and root samples failed to reveal 

any infection so inoculated plants were bulked with other plants 

in the same soil for P analysis. Cooper (1973) has recorded 

small growth depressions with crushed spore inocula compared 

with plants receiving no inoculum, presumably an effect of assoc

iated organisms. 

Analysis of whole plant dry weights showed significant 

(P<.OOl) effects due to host, phosphate and to their interaction. 

Taking all hosts together, there were significant increases 

(P<.Ol) in dry weight between each level of phosphate application 

and a decrease resulting from inoculation. 
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Microlaena Pittosporum Aristotelia 

·2 

·1 

0 0 

L eptospe rmum Melicytus Pseudopanax Myrsine 

·5 
·4 

-3 

·2 

·1 

0 

Podoc a rpus Astelia Uncin ia Ne r tera 

Figure 8 . 1 Mean dry we i ght (mg) and percen t phosphor us (8) 

of eleven forest spec i es grown i n steamed Melicytus 

soil with from left t o right : added i noculum, no 

i nocul um (both with soil P ll ppm Truog) , no i noculum 

but Truog P raised to 14 , 25 and 60 ppm . Bars l ink 

values not significantly different at P <. 05 . Note 

that the ve r tical scale varies between the three 

groups of spec i es . 
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Phosphorus concentration was determined on bulked plants 

for each treatment, and varied significantly (P <.001) between 

hosts and between soil phosphate levels. Percent phosphorus rose 

from .098 in plants grown in soil to which no phosphate was added, 

to .102 and .119 in successive soils, but only the increase to 

.181 in the soil with the highest phosphate addition was statistic

ally significant (P = ~01). 

The grass, Microlaena avenacea (Fig 8.1) produced the 

largest plants in this experiment, and alone responded to the 

lowest phosphate application (14 ppm Truog P). Significant 

growth increases ensued also in each higher phosphate soil. 

Adequate growth of Microlaena even in unfertilised soil (ll ppm 

Truog P) can be related to its root morphology 1 roots being finer 

(190 rm) and bearing longer root hairs (1100 pm) than any of the 

other species excepting Uncinia divaricata. 

In the soil next highest in phosphate (Truog 25 ppm) 

three species grew significantly heavier than in poorer soils. 

These three, Pittosporum tenuifolium, Aristotelia serrata and 

Leptospermum scoparium, and also M~licytus ramiflorus which re

quired the most fertile soil (60 ppm Truog P) for significantly 

heavier growth, all have coarser root systems than Microlaena. 

Root morphology is detailed in Appendix II, but in brief, the 

significantly to any phosphate additions do not all have finely 

divided root systems as might be expected. Certainly Podocarpus 

dacrydioides which totally lacks root hairs, and Astelia nervosa 

with 600 pm diameter roots have very much coarser roots than any 

of the pre~eding. Myrsine australis and Pseudopanax colensoi 

also have coarser roots ( >300 pm). But the remaining two species, 

Uncinia divaricata and Nertera depressa did not grow significant

ly better with phosphate added, yet have fine roots and long 

root hairs. More than any other species, these two grew poorly 

in the glasshouse. They were not only small but also variable, 

as indicated by their ragged histograms. But despite the unknown 

factors which limited growth, these fine-rooted species neverthe

less accumulated high concentrations of phosphorus, significantly 
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higher (p = .01) than those achieved by any other host. 

Powell (1973) confirms that U. divaricata has a slow growth 

rate in pot experiments. 

Several factors probably interfere with an attempt to 

line these species up into a neat series. Different growth 

rates between species, individual quirks such as response to 

transplanting, and the small replicate size of 5 are the more 

obvious. Notwithstanding these factors, the inverse relation

ship established by Baylis, between fineness of root system and 

amount of soil phosphate needed holds true for this group of 

forest species. 

8.2 Mycorrhizas in Soils with Phosphate Added: 

Identical soils to those used in Experiment 8.1 were 

used to compare effects of inoculation with Acaulospora laevis 

(glasshouse provenance) on seedlings of three forest tree species. 

Griselinia littoralis has a short root system of coarse roots 

(800 pm diameter) which bear very short (100 ~m) root hairs, 

often lacking. Coprosma robusta has thinner roots (200 pm) 

and longer hairs (140 pm) but again they are often lacking, 

while Fuchsia excorticata has finer roots (160 pm) with even 

longer hairs (200 pm) which appear in great abundance in potted 

plants. The experiment was set up in September 1972 with 6 
replicates and ran for four months (Table 8.2). 
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Table 8.2 Mean dry weight (mg), percentage infection and phosphor
us content of seedlings of three tree species grown for four months 
with and without Acaulospora laevis j_n soil of four phosphate levels. 
Bars link mean values not differing at P <.05. Note that broken 
bars join values which are not in strict increasing order. 

HOST 

Fuchsia 

Coprosma 

Griselinia 

Soil P 
Truog ppm 

11 
14 
25 
60 

11 
14 
25 
60 
11 
14 
25 
60 

mean dry wt 
overall(mg) 

244 
568 
941 

2755 
139 
303 
771 

2103 

47 
55 
72 

191 

%. infection 
of Inoc. 
plants 

9 I 
34 I I 
12 

2 

53 
67 
62 
16 

39 
56 
52 I : I 

21 I 

%P 
cont. 

.140 

.109 

.116 

.141 

.065 

.085 

.091 

.150 

.031 

.044 

.056 

.115 

%P 
inoc. 

.123 

.143 

.147 

.152 

.171 

.165 

.144 

.11+7 

.107 

.095 

.092 

.112 
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Analyses of variance: 
Dry weights (log 
E.M.S. = .54676 e 
P: Host <.001, 
H/P <.001, H/I 

transformation) 
d. f. = 115 
Phosphate <.001, 

.013, P/I <.001, 
Inoculum .014, 

H/P/I .003 

Percent infection (arcsine transformation) 
E.M.S. = .044645 d.f. =55 
P: Host <.001, phosphate <.001, H/P .24 

Percent phosphorus (arcsine transformation) 
E.M.S. = .000011775 d.f. = 6 
P: Host .005, Phosphate .12, Inoculum .005, 
H/I .19, P/I .18. 

H/P .87 

Compared with their growth in the unfertilised soil 

Fuchsia and Goprosma grew significantly better overall in the 

soil which received the lowest addition of phosphate. But the 

coarse rooted Griselinia managed to take advantage of additional 

phosphate only at its highest rate of application. 

Growth response to inoculation, infection levels and 

plant phosphorus concentrations in the three species can all 

be tied in to their root morphology. Thris the fine rooted Fuchsia 

benefited from infection only in the poorest soil (Figs 8.2,.A &B). 

In the soil with 14 ppm Truog P the mycorrhiza did not affect 

growth although percent infection was significantly higher (34%) 

than in any other soil. With a Truog P level of 25 ppm the mycor

rhiza actually decreased growth but in the most fertile soil 

(60 ppm P ) the fungus had been largely excluded (2% infection) 

and did not influence plant weight. A similar pattern has been 

established by Cooper (1973) in other hairy rooted hosts. Coprosma 

benefited from mycorrhizas in the three poorer soils, significantly 

so in the first two. Griselinia did not grow sufficiently in 

four months to show anything significant but tends to repeat the 

Coprosma pattern. Griselinia and Coprosma show much less tendency 

to exclude the fungus in high P soil than does Fuchsia. It is 

interesting to find the highest infection levels, in all three 

hosts, not in the poorest soil but in that which received a little 

phosphate. Probably the slight relief from phosphate deficiency 

gives a boost to root growth, thus increasing the chances of roots 

coming into contact with inoculum. 

Phosphorus content was significantly lower in Griselinia 
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400 
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0 
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<·001 ·86 <·001 ·34 

FUCHSIA 

1 1 25 60 14 25 60 

<-001 ·009 -37 -95' ·21 -58 -96 -74 

COPROSMA GRISELINIA 

F~gure 8 . ~AMean dry we~ght (mg) of seedlings of three tree 

species grown in steamed Me licytus so~l at four 

soil phosphate levels. The 'sign~ficance of 

differences between control plants (o pen blocks) 

and ~noculated plants (shaded blocks) is shown 

for each host ~n each so il. 
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Figur e 8.2 B Representative plants of Fuchsia excorticata (top), 

Coprosma robusta ( centr.e ) and Griselinia li ttoralis 

(bottom) from Experiment 8.2. Inoculated and control 

plants a re growing in s teamed Melicytus soil with 

Truog P lev el s of (from left) ll, 14, 25 , and 60 ppm . 
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(.081%) than in either Coprosma (.127%) or Fuchsia (.134-%). 
Percent phosphorus increased significantly otherwise only with 

inoculation, and not, surprisingly, with rising soil phosphate 

levels. 

Masse (1973) has suggested that it is direct toxicity 

of the phosphorus concentration in the plants of richer soils 

which excludes their endophytes. The figures here deny this 

possibility as the percent phosphorus changes are meagre where 

infection changes are large, or in the wrong direction. The 

highest value in Coprosma accompanies 53% infection. However, as 

in Masse's work, these percent phosphorus determinations are for 

shoots, not roots. 

8.3 Comparison of Endophytes in High-phosphate Soil: 

Two contrasting hosts, Leptospermum scoparium with fine 

roots and Griselinia littoralis with coarse ones were grown in 

steamed Melicytus soil, both unfertilised (ll ppm Truog P) and 

with heavy phosphate addition (60 ppm Truog P). The endophytes 

used in Experiment 7.1 in very low phosphate soil, Rhizophagus 

tenuis and Acaulospora laevis were again used because of thej.r 

very different morfhology and the indications they have already 

shown for acting differently. The experiment was set up with 

eight replicates in September 1972 and the seedlings grown for 

four months. Results are shown in Fig. 8.3 and analyses of 

variance in Table 8.3. 

All inoculated plants of Leptospermum grew better than 

controls in unfertilised soil but in the high-phosphate soil, 

mycorrhizas failed almost completely to develop. Griselinia 

grew significantly larger in unfertilised soil only with Rhizo

phagus. In the fertilised soil there was no effect of mycorrhisas 

upon plant weight, but the fungi were nevertheless retained in 

the Griselinia roots and led to higher P concentrations than in 

controls, a situation quite different from that in Leptospermum. 

Rhizophagus induced heavier plants than did Acaulospora but 

but always infected less heavily, significant~y so in Leptospermum 

in unfertilised soil and in Griselinia in fertile soil. 

There are some grounds here for suggesting that 
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1600 
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400 
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0 
Mean /o 
·Infection 

LEPTOSPERMUM 
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GR I SELl N lA 

60PPM 

11 PPM 

0 38 30 0 37 21 ---- ---
·032 -074 ·098 ·079 ·105 ·124 

Figure 8.3 Mean dry weight (mg), percent infection, and phosphorus 

content of Leptospermum and Griselini~ seedlings grown 

in steamed Melicytus soil with 11 ppm Truog P and with 

phosphate added to give 60 ppm Truog P. C = control, 

A = Acaulospora laevis, R = Rhizophagus tenuis .. 

Bars link values not significantly different at P<.05. 
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Rhizophagus does more for phosphorus uptake and plant growth than 

does Acaulospora and yet with less percent infection.· But while 

Rhizophagus exhibited-lower infection percentages the larger 

plants it produced may well have had similar absolute amounts 

of infection to those infected with Acaulospora. Data on root 

weight would be necessary to examine this further. A further 

explanation could well be that Rhizophagus infected faster, and 

having given a boost to plant growth,has not maintained a rate 

of spread sufficient to keep up with root growth. 

Table 8.3 Analyses of variance. 

Dry weights (log transformation): e 
E.M.S. = .30503, d.f. = 77 
P: Host <.001, Phosphate <.001, Inoculum .011, 
H/I .93, P/I .026, H/P/I .14 

Perc-ent Infection (arcsine transformation): 
E.M.S. = .03302, d.f. = 77 
P: Host <.001, Phosphate <.001, Inoculum <.001, 
H/I .007, P/I <.001, H/P/I <.001 

Perc-ent phosphorus (arcsine transformation): 
E.M.S. = .0000006318, d.f. = 2 
P: Host .003, Phosphate .010, Inoculum .012, 
H/I .056, P/I .036 

Conclusions: 

H/P <.001, 

H/P <,001, 

H/P .052 

The relationship established by Baylis (1972a), whereQ.y 

coarse-rooted plants require more phosphate for growth without 

mycorrhizas than do fine-rooted plants, has been clearly supported 

by these experiments. 

The general phenomenon that mycorrhizal infection 

decr-eases with increasing soil phosphate is also evident. But 

it is not soil phosphate or internal phosphorus concentration 

(Masse, 1973) alone which affect infection level, the host having 

a strong hand in its control. Thus coarse-rooted plants retain 

much fungus at soil phosphate levels and sometimes at plant 

phosphorus levels sufficiently high for fine-rooted species to 

have dispensed with it. Control of the symbibsis by the host 

is not complete though, so at intermediate soil-phosphate levels, 

growth of Fuchsia was decreased by mycorrhizas. Masse (1973) 

recorded gross changes in morphology of yellow-vacuolate (Glomus 

mosseae) mycorrhizas in onions as soil phosphate was increased. 
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In the present experiments mycorrhizas were not examined in 

detail but no gross morphological changes were noticed while 

scoring roots for infection. 

Rhizophagus tenuis and Acaulospora laevis, despite their 

morphological distinctness, do not clearly have different 

properties as mycorrhizal fungi in high-phosphate soil. Such 

difference as was recorded could well have been transitory, 

dependant merely on speed of establishment of the inoculum. 
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9 EFFECTS OF SHADE 

An experiment to study mycotrophy in shaded seedlings 

was prompted by several considerations.. Firstly glasshouse ex

periments such as those in earlier chapters, must impose higher 

light intensities, air and soil temperatures upon seedlings than 

would be experienced naturally in forest. When seedling growth 

54 

is limited by lack of light then what is the benBfit of mycorrhizas? 

Schraeder (1958) and Peuss (1958) founrl that infection decreased 

with shading and Boullard (1960) found the same thing with de

creasing duration of light.. Baylis (1967) found that shading 

alo~d did not decrease infection in Coprosma robusta and that in 

a typical forest soil growth continued to depend upon infection . 

Now if mycorrhizas are still active symbionts in seedlings whose 

growth is limited by lack of light then the hypothesis emerges 

that such plants might benefit from the mycorrhizas not by increas

ing their weight but by accumulating phosphate in anticipation of 

their release from shade. Finally a shade experiment offered a 

new set of extreme conditions in which to seek differences in 

mode of function between endophytes. 

9.1 Experimental: 

Shade was provided by 72% black polypropylene shade cloth 

and by black polythene with narrow slits cut in it. These reduced 

lux-meter readings to t and l/16 of full sunlight respectively. 

Shade was given to whole trays of 48 pots, rather than to indiv

idual pots, thus making the experiment a split-plot one. Each 

shade level was duplicated, and within each level three inoculum 

treatments were imposed on five hosts in steamed Melicytus soil 

(7 ppm Truog P), with four replicates. Roots of non-mycorrhizal 

Pseudopanax colensoi seedlings were added to control pots, and 

roots and washings of Coprosma pot cultures provided inocula of 

Acaulosnora laevis and Rhizophagus tenuis. Hosts were chosen which 

showed. a variety of light requirements. Leptospermum scoparium, 

a seral shrub or climax species of shrubland and Coprosma robusta, 

a forest-edge shrub are both light demanding. Griselinia littoralis 

is shade tolerant when young and in previous experiments has growrr 

better in a partially shaded glasshouse. Microlaena avBnacea 

also grows more healthily in partial glasshouse shade and in the 
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forest is normally under fairly dense shade. The creeper 

Parsonsia heterophylla was chosen because of its ability to com

mence growth under very dense podocarp canopies. The experiment 

ran for six months from October 1972, when roots were scored for 

infection, and tops dried, weighed, then paired between blocks 

for phosphorus analysis giving four replicate analyses per 

treatment. 

9.2 Plant weights: 

Analyses of variance of this rather complex experiment 

are shown in Table 9.2 arrd results in Fig. 9.2. 

Table 9.2 Analyses of varianc:e. 

Dry weights (loge transformation):: 
Plot E.M.S. =· .75404, d.f. = 2 
Sub-plot E.M.S. = .30188, d.f. = 309 
P: light .022, Host <.001, Inoculum <.001, L/H <.001, 
L/I .003, H/I <.001, L/H/I .43 

Percent infect~on (arcsine transformation): 
Plot E.M.S. = .21195 d.f. = 2 
Sub-plot E.M.S. =.049745 d.f. = 204 
P: Light .11, Host <.001, Inoculum .02, L/H <.001, 
L/I .54 H/I .89, L/H/I .19. 

Percent phosphorus (arcsine transformation): 
Plot E.M.S. = .000092092, d.f. = 2 
Sub-plot E.M.S. = .000025309, d.f. = 131 
P; light .34, Host <.001, Inoculum <.001, L/H <.001, 
L/I .059, H/I .22, L/H/I .02 

Growth of Leptospermum was reduced successively by light 

shading and heavy shading, resulting in unbranched straggly plants. 

Coprosma and Microlaena plants were as heavy in light shade as 

in liull sun but much greener in shade. They required heavy 

shading to significantly reduce their weight~ Griselinia and 

Parsonsia grew equally little at all light intensities but were 

quite yellow and stocky in full sun. For the dry weight data the 

light/inoculum interaction is significant. Taking plants of all 

hosts growing in the sun, those inoculated with Acaulospora grew 

better than controls (P= .01) and Rhizophagus was significantly 
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more effective again. The same is true for all plants in light 

shade but in heavy shade the two endophytes are of equal benefit. 

The host/inoculum interaction is also significant, with the follow

ing benefits from mycorrhizas (P= .05); IJeptospermum and Microlaena 
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Fi gur e 9. 2 Mean dr y we i ght (mg ) of f i ve species grown in full 

sunlight , l ight shade and heavy shade wi t h three 

inoculum treatments : control (C) , Acaulo s pora l aevis 

( A) and Rhizophagus tenuis (R) . Mean percent 

infection i s shown above and percent phosphorus i s 

gr aphed b e low. 
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grew equally better with both endophytes; in Coprosma, Rhizophagus 

was the better fungus, though Acaulospora also increased growth. 

Griselinia and Parsonsia increased their growth only with Rhizophagus. 

Unfortunately the light/host/inoculum interactiilin is not 

significant so the rather interesting effects of mycorrhizas in 

heavy shade cannot be tested statistically for each host. 

Leptospermum and Microlaena, both with finely divided 

roots; grew quite adequately in the experi~ental soil (7 ppm Truog P) 

without mycorrhizas. rnfection did inc.rease growth at all shade 

levels. Coprosma barely survives in this soil in the absence of 

mycorrhizas and benefited greatly from them throughout. Griselinia 

and Parson~i~ ~lthough showirig slight grb~th-re~pon~~s to-infect

ion in full sun and light shade did not do so in heavy shade. 

9.3 Infection and Phosphorus content: 

Shading alone did not decrease the amount of infection 

which remained high overall. But there is a significant inter

action between light and hosts, such that two hosts, Griselinia 

and Parsonsia do have markedly less infection when grown in heavy 

shade (Table 9.3). 

Table 9.3 Mean percent infections and ratios of percent phosphorus 
content in mycorrhizal plants to that in control plants, of five 
hosts grown in three shade treatments. 

INFECTION % 
Leptospermum 
Coprosma 
Microlaena 
Griselinia 
Parsonsia 

full 
sun 

54 
64 
71 
52 
44 

%P RATIO MYC : CONTROL 
Leptospermum 1.2 
Coprosma 1.2 
Microlaena 1.1 
Griselinia 2.6 
Parsonsia 2.0 

light 
shade 

54 
68 
74 
59 
52 

1.5 
1.3 
1.5 
2.7 
2.5 

heavy 
shade 

55 
50 
64 
20 
19 

1.4 
1.9 
1.6 
1.2 
1.5 

effect of 
heavy shade 

none 
small decrease 
small decrease 
large decrease 
large decrease 

small dec:rease 
increase 
small increase 
large decrease 
large decrease 

The hypothesis that mycorrhizal plants with high 
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infection levels accumulate phosphorus when grown in the shade 

is not easy to test. The light/host/inoculum interaction is 

significant for the plant phosphorus data so that each of these 

three factors is modifying the effects of the others. As a 

measure of mycorrhizal benefit upon phosphorus content the ratios 

of phosphorus concentrations in mycorrhizal plants to those in 

control plants in the same shade treatments are shown in Table 9.3. 

The ratios increase with shading or are fairly uniform 

in Coprosma, Microlaena and Leptospermum. In Griselinia and 

Parsonsia, however, the ratios are much smaller in heavy shade, 

in other words the increase in plant phosphorus concentration 

resulting from infection is much less marked in heavy shade. 

Now it is precisely these two species which showed decreases in 

infection in heavy shade and which proved from the dry weight 

data to grow as well in shade as in full sunlight. 

Although the hypothesis is supported in part by these 

results, the distinction is apparent that it is not the shade 

loving species whose mycorrhizas accumulate phosphorus in heavy 

shade, but the light demanding species which happen to find 

themselves in shade. 

9.4 Conclusions: 

Leptosnermum and Microlaena, being fine rooted species 

capable of growing without mycorrhizas, gained least benefit from 

them i~ heavy shade. Coprosma with coarser roots is more depend

ent on mycorrhizas and benefited greatly from them even in heavy 

shade. Heavy infections were maintained in heavy shade by these 

light-loving species, and resulted in accumulation of phosphorus 

in the plants, though only up to about 50%. 

In contrast, Griselinia and Parsonsia which are adapted 

to growing in shade, had lower infection levels and did not 

acc:umulate phosphorus when_ growing in heavy shade.. Griselinia 

is entirely dependent upon mycorrhizas for supply of phosphate. 

it seems to have evolved a growth rate compatible with the often 

slow process of infection and with a steady phosphate supply 

from the fungus. It appears also to forego any luxury phosphorus 

accumulation by controlling infection levels, which if left un-
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checked would result in the fungus receiving an unnecessary 

share of photosynthate. 

59 

Minor differences are apparent between effectiveness ~ 

Rhizophagus tenuis and Acaulospora laevis as symbionts. Rhizophagus 

produced larger plants than Acaulospora in full sun and light 

shade but this difference was not significant in heavy shade. 

Rhizophagus did not differ from Acaulospora in increasing plant 

phosphorus concentration but resulted in significantly heavier 

infections overall. This is in contrast to the shorter-term 

Experiment 8.3, where in four months as compared with six months 

here, Rhizophagus showed significantly lower infections. Thus 

differences between endophytes seem to be moderated with time 

and again are probably related to establishment of infection 

from inoculum less well dispersed than it would be in nature. 



·~._ 

, I 

1 

,'. 

r ~ 
l 
~ 

l ,; 

L 

.. 

10 - SOURCE AND SPREAD OF INOCULUM 

Earlier experiments raised a number of questions re

garding the process of infection and establishment by mycorrhizal 

fungi. Spore inocula often failed to produce mycorrhizas~ 

Acaulospora laevis spores from the field infected poorly in 

Experiments 5.2 and 8.1 yet seedlings readily picked up infect

ion in unsteamed Leith clay, the soil from which the spores came 

(Experiment 6.1). Similarly, unsteamed Melicytus soil produced 

heal thy mycorrhizas (Experiment 6 •. 1) but the dominant spores in 

that soil, Glomus mosseae, were completely stubborn in Experiment 

5.3. 

Sclerocystis rubiformis sporocarps infected most plants 

in Experiments 5. 3 and 7 .. 2 but hardly any in Experiment 5. 4. 

Experiment 5.4 also indicated that size of inoculum is critical, 

inoc:ulum; size of 30 Gigaspora cf. gigantea spores being much more 

efficient than one of 10 spores~ 

Baylis (1967) found that the addition of steamed soil 

to unsteamed soil, although dispersing the inoculum through 

twice the volume of soil, resulted in many more plants becoming 

infected than was the case in pure unsteamed soil. This experi

ment was repeated here to test his suggestion that the stimulus 

to infection came from the boost to growth as a result of the 

higher phosphate availability in the steamed soil. 

How do mycorrhizal fungi spread from place to place? 

Their large soil-borne spores would not seem adapted to any 

transporters but rainwash and soil animals. In the glasshouse 

there is so little spread of fungus from one pot to another that 

plants with different inocula may be safely grown together. On~ 

two fungi have appeared in the glasshouse as contaminants among 

other fungi or as volunteer infections in control plants. One 

of these, Rhizophagus tenuis has no large soil-borne spores and 

it may well have small undetected propagules although washings 

passed through a 53)1-m sieve are surprisingly free of it. The 

other fungus, Glomus microcarpus bears masses of small spores on 

the soil surface and might therefore be expected to spread rapidly. 

Experiments were designed to study spread of infection in the 

forest. 
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10.1 Roots and Spores as Inocula: 

This experiment had two aims: firstly to repeat 

Experiment 5a3 but using infected roots as inocula in order to 

provide a better comparison than when roots, spores and sporo

carps were variously used; secondly to study the effects of 

size of spore inocula. The roots were those from Experiment 5~3, 

infected with Rhizophagus tenuis, Acaulospora laevis and Sclerocys

tis rubiform:Ui. A mixture of these three was also used and 

controls received roots from the old control plants. One extra 

treatment was imposed - roots of Gopr~ robusta grown in unsteam

ed Meli£ytus soil which would hopefully provide the endophytes 

native to the test soil, steamed Melicytus soil. 

Spore inocula comprised Acaulospora laevis, in 30, 100 

and 300 spore lots and Sclerocy§tis rubiformis in 10, 30 and 100 

sporocarp lots. Coprosma robusta seedlings were inoculated in 

January 1972 and grown for six months. There were 16 replicates. 

(Table 10.1) 

Table 10.1 Number of infected plants and mean dry w·eight of 
Coprosma robusta inoculated with six root 
inocula at different concentrations. Bars 
significantly different at P<.05. 

inocula and two spore 
link values not 

Inocula no. infected mean dry signif. 
(out of 16) ___ ..;.;..w..;:;..t =-· .......:(.,;;m;.£,.g'-'-) __ <:...:·~0...::2.~) 

Rhizophagus tenuis roots 0 223 
Acaulospora laevis roots 1 362 
Sclerocystis rubiformis roots 2 312 
Mixed roots 2 544 
Melicytus roots 0 318 
control roots 0 311 

Acaulospora laevis 
30 spores 

100 spores 
300 spores 

Scleroc:ystis. rubifor.mis 
10 sporocarps 
30 sporocarps 

100 sporocarps 

5 
13 
15 

4 
3 
7 

587 
1192 
1104 

335 
372 
767 

Analysis of variance (dry weights, log transformation) 
e E.M.S.= .47967, d.f.=l65 

P; Inoculum <.001 

Mycorrhizal roots transmitted infection to only five 

of the 80 plants onto which they were inoculated and no signifi

cant differences emerge between root inocula, either in numbers 

of plants they infected or in plant weights. 
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Many-spored inocula were more effective than few

spored inocula. With Acaulospora laevis, inoculation with 100 

spores per pot produced significantly more infected plants 

(chi-squared test, P < .. 005) and significantly heavier plants as 

a consequence, than did 30 spores per pot. Ino~ulation with 

300 spores did not achieve significantly more than 100 spores. 

The same general trend with Sclerocystis rubiformis sporocarps 

was not statistically significant. 

Larger inocula may be more effective simply by increas

ing the chances of infection by just one spore. This gains 

some support from the trend of increasing numbers of infected 

plants with increasing inoculum size. Alternatively the 

effectiveness of large inocula may lie in their ability to com

menc;e infection in many parts of a root system simultaneously, 

thus saving the fungus the task of building up a heavy infection 

from a single starting point. Here too may lie the reason for 

slow mycorrhiza establishment in plants inoculated with spores 

compared with those pre-planted in unsteamed soils. The usual 

inoculation technique has been to place spores adjacent to seed

ling roots in the planting hole. By contrast, the propagules in 

unsteamed soj_l would be distributed evenly throughout. 

10.2 Comparison of Roots, Spores and Hzphae as Inocula: 

Failure of spores as inocula in many experiments, and 

of infected roots in Experiment 10~ points to the other main 

part of a phycomycetous mycorrhiza, namely the external hyphae, 

as the effective source of new infection, at least in the short 

term. Accordingly Coprosma robusta seedlings in steamed Melicytus 

soil were inoculated with various fractiffins of.Acaulospora laevis 

using both glasshouse and forest provenances. The experiment 

was set up with 12 replicates in September 1972. 

From a pot culture of A.laevis, fresh spores were used 

as inoculum at the rate of 50 per pot. Roots were washed lightly 

thus removing most external hyphae, and checked to see that no 

spores were still attached. By swirling a Petri dish of soil 

sievings, hyphae are amalgamated in wefts. These were freed of 

roots and spores before being placed around the seedlings. An 

additional inoculum, old Coprosma roots, came from plants that 

had been decapitated, the crown removed and left to die in their 
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pot for three months. Only roots and hyphae were available from 

the soil associated with the field provenance of A.laevis, spore 

numbers being too low to justify inclusion. Results are shown 

in Table 10.2.· 

Table l0o2. Progress of infection by different mycorrhiza 
propagules of Acaulospora laevis each upon 12 Coprosma robusta 
plants. Both Glasshouse (G) and forest (F) provenances of the 
fungus were used. Bars link values not significantly different 
at P<oOl. 
Inocula 

A. laevis (G) 
hyphae 
fresh roots 
old roots 
spores 

A.laevis (F) 
hyphae 
fresh roots 

No. commenced growth 
lmth 2mos. 3mos. 

7 12 12 
0 3 7 
0 0 5 
0 l 3 

0 0 6 
0 0 5 

Analysis of variance 

mean% 
infection 

72 
34 
19 
ll 

23 
9 

Dry weights (log transformation): 
E.M.S.= .32438 d.f.= 55 
P: Inoculum <.001 

mean 
dry wt. 
(m ) 

389 
93 
54 
57 

54 
44 

signif. 
(.Ol) 

Hyphae of the glasshouse provenance were the most 

effective inoculum, Growth responses were evident in seven 

plants within a month, and in three months all 12 plants were 

infected, a significantly higher number (chi-squared: P <.005) 

than in any other treatment, and likewise were significantly 

heavier than any others. All inocula showed at least some degree 

of infectiveness, but spores were the most sluggish. 

Hyphae of the forest provenance of A.laevis infected 

one more plant than did the root inoculum, but led to heavier 

infections, an indication that the hyphae had been quicker to 

establish infection. 

10.3 Sporocarp Treatment in Sclerocystis: 

The fickleness of Sclerocystis rubiformis between 

Experiments 5.3 and 5.4 may have been because the sporocarps for 
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use as inocula in one of these experiments (which one was not 

recorded at the time) were stored before use in water in a 

refrigerator. To see how fresh sporocarps compared in viability 

with those which had been stored in water, cooled or cooled then 

broken, 100 sporocarp lots were inoculated onto Goprosma robusta 

seedlings in steamed Melicytus soil. These were grown for seven 

months from October 1972 (Table 10.3). 

Table 10.3 Numbers of Coprosma robusta plants infected by 
variously treated sporocarps of Sclerocystis rubiformis. 

Sporocarp treatment 

fresh 
25 days in water 
5 days at 4°C 
ditto then broken up 

No. of replic;ates 

8 
4 
8 
4 

No. of plants 
infected. 

4 
4 
5 
2 

Sporocarps from all treatments remained to some extent 

infective. Sclerocystis sporocarps are dense spheres of spores 

which seem to remain whole in soil. Their strong points must be 

an ability for successive germination over a long time plus a 

capacity for multiple infection in short lengths of roots. Thus 

it is of some interest that the individual spores broken away 

from the sporocarp, are still capable of infection. 

10 .. 4 Stimulus to Mycorrhiza Formation from Added Phosphate: 

In an experiment designed to test the adequacy of 

mycorrhi~al inoculum in Melicytus soil, Baylis (1967) found that 

the addition of an equal volume of steamed soil to unsteamed 

soil resulted in many more Pittosporum eugenioides seedlings 

becoming infected than was the case in unsteamed soil alone. 

Addition of steamed soil dispersed the inoculum through twice as 

much soil, but would have slightly increased the available soil 

phosphate in the mixture. 

This experiment was repeated, using Pittosporum 

tenuifolium seedlings. A further dilution of unsteamed Melicytus 

soil, and a treatment supplying dilute phosphate to unsteamed 

soil were also incorporated. Twenty replicates were allowed to 

grow for seven months from October 1972. (Table 10.4) 
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Half of the plants grown in unsteaiTLed soil became 

infected. Dilution of unsteamed with an equal part of steamed 

soil did not significantly alter the proportion of plants becoming 

infected but further dilution dispersed the inoculum to the 

point where significantly fewer plants became infected. 

Table 10.4 Effect of phosphate and dilution of infected soil 
on numbers of Pittosporum tenuifolium seedlings out of 20 
becoming infected in sevBn months. 

Soil No. infected chi2 (P.Ol) 

Unsteamed +P0
4 

17 I 
Unsteamed 10 I l unsteamed l steamed ll 
1 unsteamed 3 steamed 2 I Steamed 0 

These results contrast with those of Baylis (1967) 

but confirm his explanation of the increase in the number of 

infected plants that he obtained in diluted soil. He ascribed it 

to the available phosphorus added because the soil's Truog value 

was raised by steaming. In Experiment 10.4 the batch of steamed 

soil used contained less Truog phosphorus (?ppm) than the unsteam

ed soil (llppm). But there was significant stimulation of 

infection when phosphorus was added directly. 

Most forest tree species have coarse root systems 

whose total length must be quite short in seedlings. Addition 

of phosphate to seedlings starved for phosphorus probably allows 

a little exploratory root growth and so increases the chances of 

contact between root and fungus propagule. But there is also 

evidence that a progressive symbiosis establishes only slowly in 

phosphorus starved seedlings and needs to proceed further before 

shoot growth is resumed (Hall, 1973). 

Spread of Infection in Forest: 

Fungi which produce mycorrhizas in roots of long-lived 

tree species may gain little from the production of spores. 

Freshly produced roots must simply get infected from established 

vegetative mycorrhizas, hence the high proportion of non-sporing 

mycorrhizas (Experiment 5.1). But most tree seedlings in 

coniferous-broadleaved forest do not establish themselves on the 

65 



) " i 

I • 
I .. 

[. 
.. 

ground. Instead, they start to grow on fallen logs, on tree 

fern trunks or even, like Griselinia littoralis, high in the 

crowns of mature trees. The question arises as to how mycorrhizal 

fungi get up to these stations, especially as they show little 

ability to move even short distances in the glasshouse. 

To study this, unglazed earthenware pots, containing 

steamed Melicytus soil and non-mycorrhizal Coprosma robusta 

and Griselinia littoralis seedlings were left in various parts 

of the forest for eight months, from September 1972, then examined 

for infection. 

Seven pots were sunk level with the soil surface around 

the forest edge. All seven contained mycorrhizas when examined. 

Three pots showed the fine hyphae of Rhizophagus tenuisr one had 

a coarse vesicular-arbuscular endophyte and three had a mixture 

of fine and coarse endophytes. Two of these last three pots had 

sporocarps of Glomus cf. vesiculifer on the soil surface. 

Of eight pots similarly sunk in the ground within the 

forest the plants in half of them became infected, three with fine 

and one with coarse endophytes. Another eight pots were placed on 

decaying logs, about a metre off the ground. Coarse endophyte 

established in only one pot. Finally, eight pots were lodged in 

c:rooks of branches 3 - 6 metres above the ground. Only three 

survived drought or falling over and none of these contained 

mycorrhizas. 

Rain splash, runni~g surface water or animal carriers 

probably helped the introduction of fungi to many of the ground 

pots. Carriage by air would also explain the results. Hence the 

pots at the exposed forest-edge all contained mycorrhizas while 

those in the calmer environs of the forest interior had fewer 

infections. Rhizophasus tenuis entered more pots than would be 

expected from its frequency in the forest (Section 4.1). But 

herein lies support for glasshouse observations that this fungus 

- has a good capacity to spread. The presence of Glomus cf. 

wesiculifer in two pots is also interesting. Like G. microcarpus 

in the glasshouse its capacity to spread can be attributed to the 

production of soil-surface sporocarps. 
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10.6 Bryophytes as a Source of Inoculum: 

Most seedlings which start life on logs or as epiphytes 

are preced~d to these stations by bryophytes which could pass on 

their endophyte to the vascular host. Unfortunately for this 

theory, those hepatics which are mycorrhizal (Table 4 •. 2) are 

almost exclusively ground dwellers. The possibility still exists 

that epiphytic bryophyte carpets may hold lodged mycorrhizal 

propagules. To test this, bits of bryophyte carpet and their 

thin "soil" mantle from various stations in the forest were used 
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as inoculum, each on 12 Coprosma robusta seedlings grown in steam

ed Melicytus soil for four months from September 1972. (Table 10.6) 

Table 10.6 Number of infected plants (out of 12), mean percent 
infection and dry weight (mg) of Coprosma robusta inoculated with 
bryophytes. 

no. mean% 
INOCULUM infected inf. 

Plagiochila 7 19 
Hymenophyton 10 33 
Lembophyllum 5 16 
Pallavicin:ia 9 19 
Control 0 0 

Analysis of variance (raw data): 
E.M.S.= 10197, d.f.=44 
P: Inoculum <.001 

type of mean dry signif. 
endophyte wt. (mg) ( •. 01) 

fine 248 
fine 245 
fine 107 
fine + V .. A. 107 
none 52 

The bryophytes were selected from places where there 

were no vascular plant roots. The leafy liverwort Plagiochila 

and the moss Lembophyllum both came from branches 6m above 

ground. Two thallose hepatics were collected nearer the ground: 

Hymenophyton from a log l m up and Pallavicinia from wet clay on 

the forest floor. It was in fact mycorrhizal with a coarse 

vesicular-arbuscular endophyte; thalli were washed free of soil 

before being used as inocula. Control plants received some 

autoclaved Sphagnum, soaked in washings of unsteamed soil passed 

through a 53pm sieve. 

All four bryophytes provided Coprosma with an endophyte 

which increased dry weight over that of controls, though only 

with Plagiochila and Hymenophyton were the increases significant. 

Differences in dry weight between treatments are probably related 
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to the speed with which mycorrhizas established because the same 

endophyte, Rhizophagus tenuis resulted from all inocula. 

Vesicular-arbuscular m"ycorrhizas also appeared in plants inoculat

ed with Pallavicinia so it appears that transfer of a hepatic 

endophyte to a vascular plant is possible. 

10.7 Conclusions: 

Spores and infected roots (young and old) were poorer 

sources of inoculum than fresh hyphae. Sclerocystis rubiformis 

sporocarps had similar infection potential when fresh, stored in 

water, cooled or broken. Addition of dilute phosphate to seed

lings in unsteamed soil greatly in.creased the number of plants 

becoming infected. 

Spread of mycorrhizal fungi in forest is slow. 

Rhizophagus tenuis spreads faster than other mycorrhizal fungi, 

both in glasshouse and forest. Mycorrhizal hepatics can probably 

pass their endophytes on to vascular plants and carpets of non

mycorrhizal epiphytic bryophytes hold viable propagules of 

R. tenuis. A survey of perched seedlings to see if R.tenuis 

predominates as pioneer infections seems to be warranted. 
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11 - DISCUSSION 

How have the field survey and experiments fulfilled 

the original aims of this investigation, namely to examine the 

ecological significance of phycomycetous mycorrhizas in coniferous

broadleaved forest and to seek differences in function between 

the endophytes therein? 

ll.l Coniferous-Broadleaved Forest; 

The studies directly concerned with the forest hosts, 

soils, and endophytes have served mainly to support the various 

conclusions of Baylis, but also to fill in rome previous gaps, 

so that the following general pattern emerges. Forest soils are 

low in available phosphate (Appendix II) and the plants, includ

ing some bryophytes, which grow in them, are normally heavily 

mycorrhizal (4~1). Seedlings of most species used for experi

ments grew significantly heavier in steamed forest soil when 

they were mycorrhizal and achieved higher phosphorus contents 

than did controls (5.3, 8.1, 9.2). Most of the species which 

did not show such a response in short-term experiments, did so, 

at least qualitatively, in the few plants that were maintained 

for long.periods as spare seedling stocks and pot cultures. 

Only a few species seem capable of normal growth without infect

ion and to have some resistance to it. Thus field samples of 

Cardamine debilis, Urtica incisa and Uncinia uncinata were not 

infected (4.1), and no mycorrhiza could be synthesized in 

~· uncinata or Asplenium bulbiferum (5.2), both very fine-rooted 

species capable of steady unaided growth in poor soils~ 

Progressively coarser-rooted plants required soil of 

higher phosphate availability before they grew without mycorrhizas 

(8.1). Griselinia littoralis and Coprosma robusta, both with 

fairly coarse roots, retained infection at high soil phosphate 

levels when Fuchsia excorticata and Leptosnermum scoparium with 

finer roots had discarded it, though at an intermediate phosphate 

level, Fuchsia was stunted by infection (8.2 and 8.3)~ 

Even when growth rates were reduced by shading, infect

ion remained essential for the species tested (9.2). Seedlings 
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of shade tolerant species grown in heavy shade had much less in

fection than when grown in full sunlight. Nor did mycorrhizas 

in shade increase phosphorus content as much as they did in full 

sun. In contrast, light-loving species had as much infection in 

shade as in full light, and benefite~ from the mycorrhiza not so 

much by growing larger, but by accumulating phosphorus. Thus 

they would appear to be adapted to take advantage of a canopy 

break. 
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Coarse endophytes predominate in the Leith Valley fore~ts, 

though the fine endophyte, Rhizophagus tenuis is also present and 

mixtures of the two withina single root sample were common (4.1). 

In forest soils, fungal spores occur in high densities and in in

tricate mixtures, several types together being the rule (4.4). 

But many spores are moribund or deeply do~mant, and were a poor 

source of infection in many experiments. Increasing the number 

of spores in each inoculum improved the chances of plants becoming 

infected (10.1) but the comparison of spores with roots and extern

al hyphae as sources of infection showed the hyphae to be much the 

quickest inoculum (10.2). Seedlings establishing on the forest 

floor, and new roots produced by older plants must pick up most 

of their infection from mycelium emanating from existing mycorrhi

zas, hence the frequency of non-sporing races (5.1). Spread of 

infection away from the forest floor is not particularly rapid 

(10.5) but it would appear that seedlings growing on logs and 

branches can pick up infection from lodged propagules, particul

arly of Rhizophagus tenuis (10.6) and perhaps also from mycorrhizal 

bryophytes (4.2). 

The process of infection is often slow. Mycorrhizas 

may take several months to establish in the glasshouse (5.4). 
This cannot simply be related to the amount of inoculum available 

in the soil, because when inoculum was dispersed through unsteamed 

soil by diluting it with an equal volume of steamed soil, the 

proportion of plants which became infected was not decreased (10.4). 

Speed of infection is probably of little consequence for slow 

growing species like Griselinia littoralis. But faster growing 

species like Aristotelia serrata show little capacity to await 

an endophyte (5.4) and so tend to be restricted to sites where 

soil disturbance increases phosphorus availability. 
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11.2 Comparison of Endophytes: 

The experiments designed to compare endophytes raised 

as many questions as they solved, but did at least de£ine some 

of the prerequisites that should be met before differences 

between endophytes can be interpreted as reflecting more than 

just differences in speed of establishment of the fungi. Through

out the experiments seedlings were used which had been raised in 

low-phosphate soil but which had not become too starved for 

phosphorus. Standard inoculum sizes were employed, and seedlings 

of equal size were randomly allocated to treatments. Experiments 

5.3 and 5.4 highlighted the difficulty of using spores as inoculum, 

especially those from the field, and Experiment 10.1 confirmed 

that infection comes most rapidly from external hyphae. But when 

seedlings were planted in unsteamed soils to develop mycorrhizas 

(6.1 and 6.2) they were given the opportunity also to accumulate 

nutrients which they could carry over to the test soils on 

transplanting. It is likely too that the process of transplanting 

is quite a shock to mycorrhizas as it probably severs most of the 

connections between external and internal hyphae. Even when 

standard pre-planting soils were used, with different endophytes 

mixed through them (7.2) it was not certain whether plants would 

carry comparable amounts of inoculum into the test soil.· In 

nature mycorrhizal establishment must be a continual process so 

the ideal pot experiment should emulate this by providing fresh 

sources of infection right up to the time of harvest. Finally it 

is likely that mycorrhiza establishment is not a smooth process, 

progressing instead in fits and starts. As a phosphorus-starved 

seedling slowly becomes infected, the phosphorus supply then 

becomes adequate with a resulting burst of growth which probably 

outstrips the rate of spread of the fungus. So it is only against 

. this cautionary background that plant weights, phosphorus con

tents and infection levels associated with different endophytes 

may be compared. 

11.3 Host Specificity: 

Absolutely no evidence for host specificity arises 

either from the field survey or from Experiments 5.1 and 5.2. 

Spore distribution patterns in the forest showed no obvious 

relation to host (4.4) although different soils contained distinct 
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assemblages of spores (4.3) and some spore types were found only 

at certain localities (Chapter 3). When growth of Conrosma 

robusta in steamed Melicytus soil was compared after inoculation 

with many endophytes, three endophytes were markedly more bene

ficial than the rest (5.3). Two of these were glasshouse proven

ances whose success can be attributed to young and vigorous inoc

ulum. The third treatment resulted in Rhizophagus tenuis infect

ions, introduced with Sclerocystis rubiformis sporocarps, and 

this was alone among the field inocula in giving rapid and heavy 

j_nfection. Some spore types failed to infect any plants, while 

others did so only slowly. In particular, Gigaspora cf. gigantea 

was repeatedly slow, although it eventually infected most of the 

plants onto which it was inoculated (5.3, 5.4, 7.3). In Experi

ment 5.5 seedlings of three tree species grew equally well regard

less of whether the endophytes came from unsteamed soil from under 

mature trees of the same species or from under other species. 

11.4 Soil Specificity: 

If symbiont efficiency is related to soil type then it 

should be possible to find two soils such that all plants show a 

preference for different endophytes in one than they do in the 

other. Mosse (1972) was able to show such an effect with several 

symbionts in onions grown in two soils, even with only two replic

ates, though the statistical significance of the results is not 

altogether clear. Two interesting points do seem clear though 

from her experiments. Firstly, the supremacy of one fungus com

pared with another could be reversed with time. Secondly the 

spore types which produced the largest plants did not necessarily 

result in the heaviest infections. 

The results of Experiments 6.1 and 6.2 are not unequivoc

al, but nevertheless show some difference in efficiency between 

endophytes, and the pattern alters between soils in such a way 

that the endophytes native to a soil tend to be the most efficien~. 

A highly significant reciprocal preference for endophytes native 

to the soil occurred with Melicytus and Mihiwaka soils in Experi

ment 6.4A but no such significant interaction resulted in 

Experiments 6.4B and C. 

Crush (1972) concluded that Rhizonhagus tenuis is 
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most important in extremely phosphate-deficient soils where 

coarse endophyte inocula failed. Experiment 7.1 confirmed this 

for Coprosma robusta inoculated in Te Anau soil, but the 

comparable growth of all seedlings which were pre-infected 

before transfer to Te Anau soil (7.2) indicated that it is 

infectivity rather than the subsequent functioning of coarse 

endophytes that is impaired in this soil. Masse (1972) has 

shown that the infectivity of some spore types is affected by pH. 

If Rhizophagus tenuis shows some inclination to exceed 

coarse endophytes in performance in very low-phosphate soils then 

the reverse might not be unexpected when soil phosphorus is 

freely available. But in Experiment 8.3 when Leptospermum 

scoparium and Griselinia littoralis seedlings were grown in 

steamed Melicytus soil with phosphate added to bring the Truog P 

level to 60 ppm, g. tenuis and Acaulospora laevis both resulted 

in plants of similar size to the controls, though R. tenuis 

infections were less intense than those of ~ laevis. Seedlings 

grown in soil with ll ppm Truog P tended to be slightly larger 

with R. tenuis than with A. laevis. B· tenuis also produced 

larger plants with heavier infections in the five host species 

used in Experiment 9.1 though these differences were less marked 

in heavy shade than in full sun or light shade. The situation 

recorded by Crush (1972) where B· tenuis tended to depress growth 

of fine-rooted grasses when phosphate was not limiting, was not 

encountered with the species handled here. 

. 11.5 Rhizophagus tenuis as a Pioneer: 

The generally superior performance of R. tenuis 

probably indicates an ability to infect readily under a variety 

of conditions. This ties in also with its ability to spread. 

Thus it was R. tenuis which mostly appeared in pots put out in 

the forest (10.5), whose propagules were lodged in epiphytic 

bryophytes (10.6) and which appeared as a contaminant in Experi

ment 5.3. It appears in fact to be a pioneer species, at least 

in forest. As other endophytes colonise, they must co-exist 

with B· tenuis, and such mixtures were found in forest root 

samples. In fact they were more common than pure B· tenuis. 

Competi~ion between ~ndophytes within a root system cannot be 

very strong, since the glasshouseprovenance of R. tenuis 
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remained an intimate mixture with Glomus microcarpus through 

successive pot cultures. Mixtures of endophytes may be the rule 

in the roots of forest species. Thus forest soil samples almost 

always contain more than one spore type, often up to four or 

five (4.4). Mixed infections might be of greater benefit to 

their hosts than single infections and though attempts were made 

to test this (5.3,5.4,10.1) no mixtures resulted because of the 

failure of usually ~11 but one of the component fungi to infect, 

even when used alone as inoculum. 

If some fungi have different functions, such as being 

able to tap different forms of soil phosphorus, then their 

effects together upon a host should be to some extent cumulative. 

But efforts to study growth of plants containing several symbionts 

are unlikely to be rewarding since there is no reason to believe, 

in contrast to the pine situation, that different symbionts 

might have divergent activities in the soil. However, a study of 

the fate of mixed infections after plants are transferred to diff

erent soils or cli~a~es might show up any specificity to these 

factors. Many of the fungi described in Chapter 3 have sufficien

tly distinct internal morphology to make such studies feasible. 

11.6 Conclusions: 

Since Baylis (1962) questioned whether all phycomycet

ous mycorrhizas could be considered as the product of one 

universal symbiont - Rhizophagus ~opulinus Dangeard, and collated 

the evidence against this, it has become even clearer that 

several Endogonaceous fungi are involved. Although the intensive 

work of Gerdemann and Trappe (1973) has revealed ma~y new species, 
' it seems that the common species are limited in number and widel~ 

distributed. Species like Glomus mosseae and Acaulospora laevis 

are among those rep9rted f!om Australia, New Zealand and England 

(Masse and ;Bowen, l968a), Scotland (Gerdemann and Nicolson, 1963), 

the United States (Gerdemann, 1961 and Gilmore,l968) and from 

Pakistan (Khan, 1971). Most of the fungi found in Leith Valley 

forests fit the species described by Gerdemann and Trappe (1973) 

from the United States and only one new fungus, AcaulosEora 

Large Red was discovered. 

With the exception of fungi like RhizoEhagus .tenuis 
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having distinct infectioh morphology, current taxonomic criteria 

do not accomodate non-sporing fungi, which may outnumber sporing 

ones (5.1). Also the discovery of new morphological criteria 

may lead to the recognition of more taxa. But it would appear 

that relatively little diversity has accompanied the evolution 

of phycomycetous mycorrhizal fungi even though their contribut

ion to the world fungal biomass must exceed that of any other 

fungi. Furthermore, for species to remain cosmopolitan in the 

face of the poor spread of their spores must argue for slow 

speciation and absence of host specificity. Finally the evid

ence of Kidston and Lang (1921) for vesicular-arbuscular 

mycorrhizas in the Devonian attests to their age and morpholog

ical conservatism. 

The higher fungi which must have evolved later than 

the phycomycetes to suit the more specialised mycorrhizal needs 

of specific plant groups like pines, beeches, orchids, heaths 

and saprophytes include a much wider diversity of fungi (Harley, 

1969). A degree of host specificity and superior performance 

of some endophytes can be shown among these (e.g. Warcup, 1971; 

Theodorou and Bowen, 1970). Less diversity and specificity of 

function can be expected among the less specialised and more 

promiscuous phycomycetous mycorrhiza-formers. 

Phyco~ycetous mycorrhizas are an integral part of 

most natural plant communities but they are of constant 

occurrence also in crop and pasture plants. It is likely that 

efforts will be made to select and breed symbioses particularly 

efficient in phosphorus uptake, analogous to that which has been 

achieved with legume-Rhizobium symbioses in nitrogen fixation. 

But whereas nitrogen becomes less limiting as soils age, thereby 

encouraging a welter of ineffective Rhizobium races, phosphorus 

becomes progressively scarcer. So fungi which depend on an 

obligately symbiotic relationship for their survival are likely 

to have always been strongly selected agaihst if they showed 

signs of inefficiency. 

Although certain phycomycetous mycorrhiza-forming 

fungi may be slightly preferred in some soils, and others may 

possess special attributes, like Rhizophagus tenuis with its 
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ability to spread, it is likely that those fungi which live 

together in a natural .community like coniferous-broadleaved 

forest, share the same functions and are equally highly 

efficient in assisting phosphate uptake of their hosts . 
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with their family, habit, role, shade tolerance, 
length of longest root hairs (pm), andhabundance_ s ade roo~ 

\"~ -, 

Species used in experiments, 
diameter of fine roots (pm), 
of root hairs. Habit1 Role2 tol.3 diam 

root abundance4 

hRirs of hairs 
Aristotelia serrata (J.R.&G.Forst.)W.R.B.Oliver 
Asplenium bulbiferum Forst.f. 
Astelia nervosa Hook.f. 
Carpodetus serratus J.R.&G.Forst. 
Coprosma foetidissima J.R.&G.Forst. 
C. parviflora Hook~f. 
C.· propinqua A. Cunn. 
C. robusta Raoul 
Coriaria arborea Lindsay 
Fuchsia excorticata (J.R.&G.Forst.) Linn.f. 
Griselinia littoralis Raoul 
Hebe salicifolia (Forst.f.) Pennel 
Hydrocotyle novae~zelandiae D.C. 
Leptospermum scoparium J.R.&G.Forst. 
Melicytus ramiflorus J.R.&G.Forst. · 
Microlaena avenacea Hook.f. 
Myrsine australis (A.Rich.) Allan 
M. divaricata A.Cunn 
Neomyrtus pedunculata (Hook. f.) A.llan 
·Nertera depressa Banks & Sol. ex Gaertn. 
Parsonsia heterophy1la A.Cunn. 
Pittosporum eugenioides A.Cunn. 
P. tenuifolium Sol. ex Gaertn. 
Podocarpus dacrydioides A.Rich. 
P. hallii Kirk 
Pseudopanax colensoi (Hook.f.) Philipson 
P. crassifolium (Sol. ex A.Cunn.) C.Koch 
Uncinia divaricata Boott in Hook.f. 
U. uncinata (Linn.f.) Kuk 

1. Habit: H Herb, L Liane, S Shrub, T Tree. 

ELAEOCARPACEAE 
ASPLENIACEAE 
LILIACEAE 
ESCALLONIACEAE 
RUBIACEAE 

" 
" 
" 

CORIARIACEAE 
ONAGRACEAE 
CORNACEAE 
SCROPHULARIACEAE 
UMBELLIFERAE 
MYRTACEAE 

. VIOLACEAE · 
GRAMINEAE 
MYRSINACEAE 

" 
HYRTACEAE 
RUBIACEAE 
APOCYNACEAE 
PITTOSPORACEAE 

II 

PODOCARPACEAE 

" 
ARALIACEAE 

" 
CYPERACEAE 

" 

T R 0 180 
H G 3 270 
H G l 600 
T C 2 270 
S B 2 410 
S B 1 _ 160 
S E l 140 
s E 1 2oo· 
S E l 210 
T C 1 160 
T . C 3 800 
s ~ 1 310 
H - E . 2 130 
S R 0 140 
T C 2 220 
H G 3 190 
T C 2 300 
S B 2 
S B 3 
H E 2 
L B 3 
T C 2 
T C 2 
T M 3 
T C 2 
T C 2 
T C 2 
H G 2 
H G 3 

200 
250 

270 
300 
500 
330 

170 
110 

2. Role: B Subcanopy, C Canopy, E Forest edge, G Ground, M Emergent, R Scrubland. 
3. ShQde Tolerance: 0 to 3 scale where 0 means light demanding, 3 means shade tolerant. 
4. Root hair abundance: 0 to 5 scale. 

240 2 
4000 5 

750 2 
610 1 
100 l 
410 1 
330 1 
140 l 

1400 3 
200 1 
100 2 
740 2 
270 3 
550 2 
480 2 

1100 3 
160 2 

480' 2 
470 2 

280 2 
0 .0 

340 l 
300 2 

1000 4 
2330 4 

-..J 
(X) 
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Appendix II Chemical and physical analyses of soils used in 
experiments. 

* 
no. Soil Set c:olloquial treatment pH Ca K Truog Bray 

name m rr:m p E:em p E:em 

l Leith-Cargill Melicytus nil 5.8 725 44 ll 4 
2 " " II steamed 5.5 605 39 ll 7 
3 " II ..,-

" nil 6 .l 1100 54 ll 4 
4 " II " steamed 6.6 1450 73 18 7 
5 " II " II 5.1 605 29 ll 
6 " " II " 5.7 605 39 7 7 
7 II II II nil 4.7 365 34 ll 
8 II II Griselinia II 5.4 605 39 ll 
9 II II Pittosporum " 6.1 1210 34 ll 

10 Leith clay nil 5.1 60 19 3 l 
ll II " steamed 4.6 60 23 3 2 
12 Leith silt nil 5.9 890 83 9 l 
13 II II steamed 5.1 595 65 4 3 
14 Te Anau nil 5.4 260 15 4 
15 II " steamed 4.9 385 21 4 
16 Mihiwaka nil 4.2 L~90 13 5 
17 II steamed 3.7 660 13 5 
18 Riverton nil 7.1 740 4 15 
19 " steamed 7.1 740 4 18 

no. % + % % % 
organic: sand silt clay descri:etion ex:eeriments used for 

1 14.6 25 48 27 clay loam 
2 5.1 to 5.4 
3 6.1 
4 - - - - - - - - - - - - - - - - - - -6.1 
5 8.1 to 8.3 
6 - - - - - - - - - - - - - - - 5.5,6.2,6.4A&B,7.l 

9.1, 10.1 to 
7 - - - - - - - - - - - - - - - 5-5 
8 5.5 
9 5.5 

10 14.5 25 46 29 clay loam 6.1 to 6.3 
ll 6.1 to 6.3 
12 29.7 16 61 23 silty loam 6.1,6.2 
13 6.1 6.2 
14 16.9 58 26 16 sandy loam 
15 7.1 to 7.3 
16 38.,1 38 24 38 clay loam 
17 6.4 A B c 
18 3.,0 97 0 3 sand 6.2,6.3 
19 6.2 26.2 6.4C 

* Nomenclature follows New Zealand Soil Bureau, 1968 

+ mean of two samples 

10.6 
to 7.3 
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Appendix III Minimum and maximum air and soil temperatures 

(°C) in forest at Leith Saddle and in glasshouse 

over the 1972-73 growing season. 

LEITH SADDLE GLASSHOUSE 

AIR SOIL AIR SOIL 
min max min max min max min max 

28 Oct - 7 Nov 2 22 8 12 10 36 

- 21 Nov 2 22 8 13 9 38 10 29 

5 Dec 2 17 6 12 9 30 10 28 

- 19 Dec 3 15 8 12 11 30 11 30 

2 Jan 4 21 8 13 10 35 10 32 

- 10 Jan 7 '18 10 13 12 30 13 28 

8 Feb 6 27 9 16 12 43 13 37 

- 18 Mar 3 19 6 12 10 39 9 35 

- 27 Mar 3 19 6 10 9 32 10 31 

- 26 Apr 1 16 4 10 9 29 8 26 

mean 3 20 7 12 10 34 10 31 
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