
 

 
 

THE UNIVERSITY LIBRARY 

 

 

 

 

 

 

 

 

August 2010 

  

 

 

 

 

 

P R O T E C T I O N  O F  A U T H O R ’ S  C O P Y R I G H T  

 

 

 

 

This copy has been supplied by the Library of the University of Otago on the understanding that 

the following conditions will be observed: 

 

1. To comply with s56 of the Copyright Act 1994 [NZ], this thesis copy must only be used for 

the purposes of research or private study. 

 

2. The author's permission must be obtained before any material in the thesis is reproduced, 

unless such reproduction falls within the fair dealing guidelines of the Copyright Act 1994.  

Due acknowledgement must be made to the author in any citation. 

 

3. No further copies may be made without the permission of the Librarian of the University of 

Otago. 

 



,, 

I ~ 

t 

I r 

., . 

) 

Frontispiece. Non-mycorrhizal Luzula banksiana var migrata 
grown in unsteamed Te Anau soil. Extensive root - soil 
interface has been generated through finely divided roots 
and long root hairs. 
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SUMMARY 
..,._ --

1$ 18% of rush and sedge field samples were infected with 

endomycorrhizal fungi. 

2c In pot experiments, rushes and sedges remained nonmycorrhizal 

in soils of 'l'ruog P ~ 3 ... 6 1ug/ml, despite inoculation with 

rush and sedge mycorrhizas from the field and with known 

endogonaceous symbionts. 

3. In poor soils, rushes and sedges made growth comparable with 

that of mycorrhizal LeEto~ermum sconarium and outgrew 

mycorrhizal Pea £Ole~?.i and achieved shoot P concentra

tions comparable to those which decreased mycorrhizal 

infection in ~nto~permu~ and Poao 

4. Rushes and sedges achieved extensive root absorbing surface 

through a combination of high root productivity, large 

root length/root weight ratio, and long and persistent 

root hairs. 

5. It is suggested that failure to form mycorrhizas is due 

to rapid P uptake by the extensive root absorbing surface 

resulting in high plant P concentrations early in seedling 

growth, inhibitory to mycorrhizal fungi. 

iv. 
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or not P uptake by mycorrhizal and non-mycorrhizal plants is 

related as Newman and Andrews (1973) to root length 

increase. 

There is growing evidence that the most exacting function 

of root systems in nature is the extraction of phosphorus. 

The rushes sedges have evolved roots that secure phosphorus 

with a high degree of independence from fungal symbionts. 

This is achieved by great development of fine roots and root 

hairs. With this goes a large measure of immunity to endog-

onaceous infections, of which the common absence of these fungi 

in rush and sedge roots even in the poorest soils is evidence, 

along with the more positive evidence of the coarse superficial 

infection in which the fungus does not penetrate the cortex. 

But if these potential symbionts were never of use, one would 

have expected their rejection to be more complete as it seems 

to be in pines and perhaps in the Proteaceae. Moreover one 

would not have expected an increase in infection in the more 

hostile upland habitats. Long term experiments seem therefore 

to be needed for a final assessment. 
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Appendix A., Rushes and sedges collected in the field, listing 

number of collections and frequency and type of 

mycorrhizal infection. 

Endomycorrhizal endophytes: 

A, coarse; 
B, coarse superficial; 
C, fine; 
D, vesicular. 

* Introduced species 

Altitude: 

U, Upland; 
L, lowland; 
M, midland. 

(I) 
'0 
::s 

.j.) 

•r-l 
.p 

Species r-l 
-< 

CYPERACEAE 
Baumea huttonii L 
B. ten ax L 

Carex acicularis u 
c. berggrenii u 
c. buchananii L 
c. comans L 
c. coriacea L 
c. dipsacea L 
c. dissita L 
c. flagellifera L 
c. flaviformis L 
c. forsteri L 
c. gaudichaudiana u 
c. geminata L 
c. goyenii u 
c. hectori u 
c. lachenalii u 
c. mao rica L 

c. ovalis Good• L 
c. petriei u 
c. pyrenaica var 

cephalotes u 
c. secta L 
c. sinclairii L 
c. solandri L 
c. ternaria l ~ c. testacea 

r-l 
nS 
N 

•r-l 
co,.q 

tO QJ S... 
• (I) r-l S... 

Or-l P..O 
ZP.. s u 

E (\j » 
r-lnS! co E 
~ co I r 

.. 1=1 
0~ 0 0 

8 0 l z s::: 
! ! 

I 1 1 
2 2 

I 
3 I 2 
3 

I 
2 I 

1 I t 
8 6 

16 ! 14 
4 

I 

4 
5 5 
2 2 
3 I 2 
1 1 
6 6 
3 3 
1 1 
1 0 
5 4 
1 1 
1 1 
2 1 

7 1 
2 2 
5 4 
2 2 
1 1 
3 3 

i 
I 
I 
I 
I 
I 

No.samples mycorrhizal! 
I 

A B c D 

[ 

1 
1 

1 1 
1 1 

1 

1 
1 

1 

1 3 2 

1 
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97. 

i ! I 
Carex virgata L i 4 j 4 

I 

11 c. wakatipu u I 3 l 1 1 
I 

Carpha alpina u I 5 ! 4 I 1 

I ! I 
Desmoschoenus l I 1 spiralis L I 5 I 4 

I 
:; 

112 ! 12 I Eleocharis acuta L 
._, Ec gracilis L i 3 l 3 I 

I 
! 

I 
I 

Gahnia procera L 1 ! 0 1 
G. rigid~ L 4 l 4 
G. xanthocarpa L 1 I 1 l 

·> 

I 
Lepidosperma australe L I 4 4 

Oreobolus impar L l 1 0 II I 1 
o. pectinatus u 11 l 8 3 

l > Schoenus maschalinus L 1 1 
~ s. pauciflorus u 20 l 15 II 2 I 3 

>- Scirpus aucklandicus L 4 I 4 
s. caldwellii L 1 I 1 
s. cernuus L 2 ' 1 II I 1 

>- s. habrus L 2 I 2 
s. no do sus L 2 2 
s. praetextatus L 3 3 

:>- s. setaceus L.* L 1 1 

1>- Uncinia affinis L 4 1 II 3 
u. angustifolia L 3 3 
u .. caespitosa L 1 1 
u. clavata L 14 14 
u. dis tans L 1 1 

~ u. divaricata u 13 12 II 1 
1>- u. egmontiana .L 2 2 

u. ferruginea IL 1 1 
u. filiformis L 2 2 

,:,.. u. fuscovaginata!U 12 6 II 1 I 4 I I 1 
u. gracilenta L 1 1 .... u. laxiflora L 1 1 

;. u. longifructus L 1 0 II I I I 1 
u. nervosa L 2 2 
u. rubra L 2 1 1 

... u. rupestris L 26 16 3 I 5 I I 2 
u. sea bra L 7 6 1 ... u. t'3i.l vestris L 1 1 

• u. uncinata L 18 16 II 1 I 1 
u. viridis u 2 2 

JUNCACEAE 
Juncus acuminatus 

Hichx.• r l ~ 3 
J. amabilis L 1 
J. antarcticus U 

H 1 II 3 I I I 1 
J. articulartus 1.

1

1 16 
J. australis L 1 
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J. bufonius L.* 
J. 
J., 
J. 
J. 
J. 
J .. 

bulbosus L.* 
canadensis L! 
distegus 
effusus L.* 
gregiflorus 
novae-zelandi-ae 

I 

I 

I 

I 

I 

I 

I 

I 

I 

J. 
J. 
J. 
J. 
J. 
J. 

pallidus 
pauciflorus 
planifolius 
sarophorus 
squarrosus L~ 
tenuis Wild.* 

.u 

Luzula banksiana var 
m1grata 

L. crinita var 
petri ana 

L. leptophylla 
L. multiflora 

(Retz.)Lej.* 

~ 
L 

M 

u 
u 

L 
L. picta var limom ~ 
L. picta var pall-

L. 
L. 
L. 
L. 

ida · 
picta var pict~u 
pumila IU 
rufa var rufa 
traversii var 

traversii 

Harsippospermum 
gracile -

Rostkovia magellanica !U 

Totals 

I 
8 ! 

! 
9 ; 
6 I 
2 l 
9 ! 

16 i 
! 

4 I 
3 I 
1 
9 
1 
2 

14 
! 

6 

8 
2 l 

1 
1 

1 
7 

14 
14 I 

2 I 

9 

6 

481 

98. 
I 

l ' 

l 1 
I 

8 l 
I ' I I i 

9 l 5 ! 1 I 
2 

I 

I 

i 

8 
; 
l 1 

I I 14 1 1 
j 
J 

4 I I I I 
3 l I i 
1 I i 
8 1 ! I 
1 l I 

! I 1 1 l ' 
14 l l 

l 

l l 

6 I I 

7 1 
2 

1 
1 

1 I 
4 2 1 
7 2 

14 
1 1 3 

2 

3 2 3 1 

2 1 3 

393 88 
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A:eEend~x B. Soils used in experiments. Chemical composition 

in;ug/ml (Equivalent to ppm x soil density)o 

Soil Soil set Treatment pH Ca K p 

No. Truog1 Olsen2 
-

1 Leith 1 Unsteamed 5.0 113 54 7.2 
Steamed 4.7 113 54 7o2 

2 Leith 2 Unsteamed 5.0 113 72 3o6 
Steamed 4 .. 7 113 72 3.6 3.6 

3 Te Anau Unsteamed 5.4 226 109 3.6 
Steamed 4.9 340 109 3 .. 6 5.,9 

4 Teviot Unsteamed 4.9 L6o 18 3.6 

5 Tuapeka Unsteamed 5.6 700 217 14.4 44.2 

1 Phosphorus measured by Truog (1930) method. 
2 Phosphorus measured by Olsen et al (1954) method. 

~EEendix c. Mean monthly maximum and minimum 10 em soil 

temperatures (°C) at the low, middle and high 

experimental sites, and glasshouse ambient air 

temperatures during the 1972/73 growing season • 

--· 
Month Glasshouse Experimental sites soil temp. 

ambient air 
temp. Low site Middle site High site 

Max Min Max Hin Hax Nin Hax Min 

Nov 15o3 12.6 16.5 6 .. 7 13.1 4 .. 8 

Dec 20.6 12.1 14.6 12.5 17.3 6.1 13.8 3 .. 9 
Jan 22.8 12.9 16.5 14.0 20.5 9.5 16.6 8.1 
Feb 26.0 13.5 17.0 14.4 21.4 9 .. 8 19.0 8.1 
Mar 21.4 13.4 15.5 11.3 18.4 6 .. 5 15.3 5.3 
Apr 18.9 11.4 13 .. 6 10.0 13.5 4 .. 5 9.,8 2.9 

+Mean 21.9 12.6 15.4 12.4 17.9 7 .. 1 14.6 5.5 
--------

+ Arithmetic mean of the monthly values. 

99. 
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