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Soil disturbance and infection of  Trifolium repens roots 
by vesicular-arbuscular mycorrhizal fungi 
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Abstract. Removal and storage of the surface layers of 
soil is known to decrease the infectivity of vesicular-ar- 
buscular mycorrhizal (VAM) fungi. Previous studies 
have mostly examined the effects of profound soil dis- 
turbance on the infectivity of VAM fungi. This study 
examined the effects of increasing degrees of topsoil dis- 
turbance on the infectivity of VAM fungi in two sites on 
sandstone soils in southeastern Australia. Intact soil 
blocks (20 x 2 0 x  15 cm) were taken from each of the 
two sites. Increasing degrees of topsoil disturbance were 
achieved by cutting the blocks longitudinally into four 
(dist. 1), nine (dist. 2), and 25 (dist. 3) equal portions. 
Seeds of Trifol ium repens L. were sown into the blocks 
and harvested 14, 21, 28, 35 and 42 days after sowing. 
At each sampling date, total root length, root length co- 
lonised by VAM fungi and shoot dry mass were mea- 
sured. VAM colonisation had commenced by 14 days in 
the roots of seedlings grown in intact, dist. 1, and dist. 2 
soil blocks. The initiation of VAM colonisation was de- 
layed by up to 6 weeks for seedlings grown in the dist. 3 
soil blocks. The low (i.e. dist. 1) and intermediate (i.e. 
dist. 2) degrees of soil disturbance did not cause a delay 
in the initiation of VAM, bud did significantly reduce 
the proportion of root length colonised by VAM fungi 
after 21 days. After 21 days, shoot dry mass was signifi- 
cantly less in the seedlings grown in the dist. 3 soil 
blocks though not in the low and intermediate distur- 
bance treatments. It is concluded that the most severe 
experimental disturbance probably disturbed the exter- 
nal hyphal network and root fragments (containing hy- 
phae and vesicles), which in turn temporarily reduced 
the infective potential of the fungus to zero. The ob- 
served delay in the initiation of VAM in the most dis- 
turbed blocks can, therefore, be explained by the time 
required for hyphae to grow from other propagules in 
the soil which survived the disturbance event. 

* Present address and address for correspondence: Science and In- 
formation Division, Department of Conservation and Land Man- 
agement, 50 Hayman Road, Como, WA 6152, Australia 

Key words: Soil disturbance - Vesicular-arbuscular my- 
corrhizal fungi - Hyphal network - Shoot dry mass 

Introduction 

Plant roots infected with vesicular-arbuscular mycorrhi- 
zal (VAM) fungi carry a loose hyphal network extending 
into the surrounding soil, providing an extensive surface 
area for absorption of nutrients and a mechanism by 
which infection can be spread (Warner and Mosse 1983; 
Newman 1988). The external hyphal network can extend 
for several centimetres into the soil surrounding the 
plant roots they infect (Heap and Newman 1980). San- 
ders and Tinker (1973) found a total of about 80 cm of 
external hyphae for every centimetre of onion root in- 
fected by VAM fungi. The external hyphal network is 
considered to be particularly significant as a source of 
VAM infection in undisturbed soils containing few liv- 
ing spores (e.g. Read et al. 1976, 1985; Jasper et al. 
1989a, b). Growing roots are sensitive to VAM colonisa- 
tion only for a short time, and require rapid[ colonisa- 
tion for an effective association (Brundrett 1991). The 
external hyphal network provides an extensive source of 
potentially infective propagules for actively growing 
roots to intercept. 

Jasper et al. (1989a) argued that if the network of hy- 
phae in undisturbed soils is an important inoculum 
source, then observed losses in infectivity after soil dis- 
turbance are likely to be because of damage to this net- 
work, rather than damage to the relatively robust struc- 
tures of spores and root fragments colonised[ by VAM 
fungi. The external hyphal network could be disturbed 
in two ways: (1) the hyphae may be separated from their 
host roots, and/or (2) the hyphae may be physically bro- 
ken up. VAM fungi are considered to be obligate sym- 
bionts in that they are dependent upon their host for an 
organic carbon supply (Harley and Smith 1983). Howev- 
er, it has been demonstrated that the external hyphae of 
VAM fungi can remain infective even after being sepa- 
rated from their host (e.g. Hepper and Warner 1983; 
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Jasper et al. 1989a). This suggests that  physical disrup- 
t ion o f  the hyphae  rather  than separat ion f r o m  the host  
root ,  may  be the cause o f  the loss o f  infectivity in dis- 
turbed soils. In  a different  s tudy (Bellgard 1993) mos t  o f  
the propagules  that  initiate V A M  were observed in top-  
soil. Addit ional ly ,  very few living spores were found  in 
the sandstone soils sampled. 

It has been well documented  that  soil dis turbance can 
reduce the infectivity o f  V A M  fungi (e.g. Jasper et al. 
1987, 1988; Evans  and Miller 1988; Fairchild and Miller 
1988; Jasper et al. 1989a, b, c). In  these previous stud- 
ies, only severe soil dis turbance t reatments  were exam- 
ined. In the present study, the relationship between the 
intensity o f  soil dis turbance and the infectivity o f  V A M  
fungi (following McGonigle  et al. 1990) was examined.  
Addit ional ly ,  it has been proposed  that  if V A M  infec- 
t ion is beneficial to  plants,  and if this benefi t  is derived 
f rom increased nutrient  and water uptake,  then removal  
or  reduct ion o f  V A M  infection should result in de- 
creased nutrient  uptake,  especially in soils with low con- 
centrat ions o f  essential plant  nutrients (Fitter 1986). The 
reduct ion in nutrient  uptake  could in turn  lead to a re- 
duct ion in plant  growth.  Consequent ly ,  shoot  dry mass 
was measured  to assess the impact  o f  any soil distur- 
bance- induced reduct ion o f  V A M  in fec t ion  on the 
growth  o f  the bioassay seedlings. 

Materials and methods 

Study sites 

The study sites used in this experiment were the same as those de- 
scribed previously (Bellgard 1993). 

Design of  the experiment 

At each of the two sites (Avon and O'Hares), five plots were se- 
lected at random and five intact soil blocks (20 x 20 x 15 cm) were 
taken at each plot. These intact blocks were placed in square plas- 
tic containers and removed to a glasshouse. For each plot, two of 
the containers were left undisturbed (No dist.), one was divided 
longitudinally into four equal portions (dist. 1), another into nine 
equal portions (dist. 2) and the last into 25 equal portions (dist. 
3). 

At least 30 seeds of Trifolium repens were sown into each con- 
tainer. All containers were tap-watered daily, and received no ad- 
ditional nutrients. To test for potential aerial contamination of 
containers by VAM fungi in the glasshouse, five containers of  riv- 
er sand sown with 30 seeds of T. repens were used as a control.-All 
pots were placed in a naturally lit glasshouse, in which the mean 
daily temperatures ranged between 20.0 ~ and 28.7 ~ for the du- 
ration of the bioassay. At 14, 21, 28, 35, and 42 days after plant- 
ing, five randomly chosen seedlings were carefully removed from 
each container. Although the removal of bioassay seedlings caused 
some soil disturbance, less than 5% of each soil block was dis- 
turbed at each sampling occasion. In addition, each soil block was 
treated in the same way and the disturbance attributed to the har- 
vesting of the seedlings was not considered to be a confounding 
variable. The roots of each seedling were fixed, cleared and 
stained, and the amount of root colonised by VAM fungi assayed 
using the method described by Bellgard (1993). Shoot material was 
dried in an at 70 ~ for 4 h and weighed. 

Statistical analysis 

The data were analysed by a "split-plot" analysis of variance 
(Cochran and Cox 1957) with seedlings nested within blocks, and 
blocks nested within plots. The analysis assumed a factorial rela- 
tionship between the degree of disturbance and the elapsed time 
until harvesting of the seedlings, since each degree of disturbance 
occurred in conjunction with each harvest date. Comparisons 
within harvest dates are "within container" comparisons, so they 
are usually more precise than comparisons between different de- 
grees of disturbance, which are "between container" comparisons 
(and involve more sources of variability). In addition, compari- 
sons between degree of disturbance/harvest date combinations 
(e.g. No dist./21 days versus dist. 3/35 days) vary in precision de- 
pending on whether they have the same degree of disturbance (and 
are therefore "within container" comparisons) or have different 
degrees of disturbance (and are therefore "between container" 
comparisons). A consequence of this is that the analysis of var- 
iance involves more than one residual SS, and pairwise compari- 
sons between two means will have different estimates of error de- 
pending on the particular comparison. 

Results 

Root growth and VAM formation 

No V A M  infection was found  on the roots  o f  any o f  the 
bioassay seedlings grown in the control  containers to 
test for  aerial con tamina t ion  by V A M  fungi.  Roo t  
lengths was not  affected by soil disturbance.  The trends 
observed in the lengths o f  roots  colonised by V A M  fungi 
(i.e. V A M  length) and the p ropor t ion  o f  roo t  length co- 
lonised by V A M  fungi (i.e. % V A M )  were identical. 
Consequent ly ,  only the p ropor t ion  data  are presented 
here. The trend observed in the two No  dist. t reatments 
were identical, and so the data  were grouped.  Conse- 
quently,  the number  o f  soil blocks for  the No  dist. treat- 
ment  now equals 10. 

In the undis turbed (No dist.), dist. 1 and dist. 2 treat- 
ments,  V A M  format ion  had commenced  by 14 days 
(Fig. 1). In  the most  disturbed of  the soil blocks (dist. 
3), the onset o f  V A M  format ion  was delayed by between 
28 and 35 days in the A v o n  soil and between 35 and 42 
days in the O ' H a r e s  soil (Fig. 1). Fur thermore ,  even 
when colonisat ion commenced  in the seedlings growing 
in the mos t  disturbed blocks,  the levels o f  V A M  were 
significantly lower than the No  dist. t rea tment  at all 
stages o f  the experiment (Fig. 1; Table 1). 

The low (i.e. dist. 1) and intermediate (i.e. dist. 2) 
degrees o f  soil dis turbance had no effect on the propor -  
t ion o f  roo t  colonised by V A M  fungi up to day 14 (Fig. 
1). However ,  at 21 days, the low and intermediate de- 
grees o f  soil dis turbance significantly reduced the pro-  
por t ions  o f  roo t  length colonised by V A M  fungi in bo th  
the A v o n  and O ' H a r e s  soils (Fig. 1; Table 1). 

Shoot dry mass 

The low and intermediate degrees o f  soil dis turbance 
had no impact  u p o n  shoot  dry mass.  In the A v o n  soil, 
dist. 3 had no affect  on  shoot  mass for  the first 3 weeks. 
Af ter  21 days, shoot  mass was significantly lower in the 
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Fig. 1. Proportion of root length colonised by VAM fungi in re- 
lation to increasing degrees of soil disturbance using intact soil 
blocks removed from a the Avon and b the O'Hares study sites, 
Bars are the means (+  sem) of five seedlings from each of five 
replicates except the No dist, treatment, which is the mean (--- 
sem) of five seedlings from each of 10 replicates 
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Fig. 2. Shoot dry mass accumulation in relation to increasing de- 
grees of soil disturbance using intact soil blocks removed from a 
the Avon and h the O'Hares study sites. Bars are the means (+  
sere) of five seedlings from each of five replicates except the No 
dist. treatment, which is the mean (+  sem) of five seedlings from 
each of 10 replicates 

Table 1. Details of the analysis carried out on ~ VAM data from 
the Avon and O'Hares sites using a two-factor "split-plot" 
ANOVA. Significant "treatment x time" interactions occurred in 
all cells. A posteriori comparisons using the appropriate residual 

SS were carried out to identify differences between means. Data 
presented are mean ~ VAM (n = 25 in all cases except for No dist. 
where n = 50) 

14 days 21 days 28 days 35 days 42 days 

Avorl a 
NO dist. 6.80~ 14.29~ 26.46~ 32.99~ 29.22~ 
Dist. 1 5.24~ 13.98~ '3 18.242,3 22.652,3 22.78~ '3 
Dist. 2 4.88~ 6.552,4 18.442,3 17.602,4 23.152,3 
Dist, 3 0.002 0.002 ,5 0.00~ '4 4.8524 7,162 "4 

0 'Hares b 
No dist. 5.981, 12.09~ 27.77~ 28.29~ 28,55~ 
Dist. 1 4.39~ '3 6.782,3 22.332,3 19.422 '~ 19.572 '3 
Dist. 2 3.801'3 5.172 '3 19.492 '3 18,792'3 21.082 '3 
Dist. 3 0.00zd 4 0.002 '4 0.002,4 0 , 0 0 2  '4  2.072 ,4 

a Entries in the horizontal row "No dist." followed by the same 
letter are not significantly different as indicated by analysis of var- 
iance (LSD = 2.67, P =  0.01. Entries in the other horizontal rows 
followed by the same letter are not significantly different as indi- 
cated by analysis of variance (LSD = 3.78, P =  0.01). Entries in 
vertical columns followed by same number are not significantly 
different as indicated by analysis of variance (LSDNo dist. vs dist. 
1,2 ,3  = 3.93, LaDDist 1 vs dist. 2 vs dist. 3 = 4.54, P = 0.01) 

b Entries in  the horizontal row "No dist." followed by the same 
letter are not significantly different as indicated by analysis of var- 
iance (LSD = 2.46, P =  0.01. Entries in the other horizontal rows 
followed by the same letter are not significantly different as indi- 
cated by analysis of variance (LSD=3.48, P=0.01) .  Entries in 
vertical columns followed by same number are not significantly 
different as indicated by analysis of variance (LSDNo dist. v~ dist. 
1,2,3 = 3.27, LSDdist. 1 vs dist. 2 vs dist. 3 = 3.77, P = 0.01) 
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Table 2. Details of the analysis carried out on shoot dry mass 
from the Avon and O'Hares sites using a two-factor "split-plot" 
ANOVA. Significant "treatment • time" interactions occurred in 
all cells. A pos ter ior i  comparisons using the appropriate residual 

SS were carried out to identify differences between means. Data 
presented are mean shoot dry mass (mg) (n = 25 in all cases except 
for No dist. where n = 50) 

14 days  21 days  28 days  35 days  42 days  

A v o n  a 

No dist. 24~ 511 69~ 761 771 
Dist. 1 251 521 71c L3 72~ '3 74~ '3 
Dist. 2 29~ 491 69~ '3 751'3 751,3 
Dist. 3 251 491 57c 2'4 612,4 612,4 

0 'Hares b 
No dist. 351 601 74~ 78~ 791o 
Dist. 1 291 60~ 70~ 75~ 77~ 
Dist. 2 26~ 571 73~ 761o 79~ 
Dist. 3 28~ 531 731 70~ 701 

a Ent r ies  in the  hor izon ta l  row (No dist .)  fo l lowed by the  same  
letter are no t  s ignif icant ly  d i f ferent  as indica ted  by analysis  o f  var-  
iance (LSD = 7, P =  0.01). Entr ies  in the  o ther  hor izon ta l  rows fol- 
lowed by  the  same  letter are  no t  s ignif icant ly  d i f fe rent  as indica ted  
by  analys is  o f  var iance  (LSD = 9, P = 0.01). Ent r ies  in vertical co- 
l u m n s  fol lowed by same  n u m b e r  are no t  s ignif icant ly  d i f fe rent  as 
indica ted  by analysis  o f  var iance  (LSDNo dist. v s  dist. 1,2,3 = 10, 
LSDDist. 1 vs dist. 2 vs dist. 3 = 10, e = 0.01) 

b Entries in horizontal row (No dist.) followed by the same letter 
are not significantly different as indicated by analysis of variance 
(LSD = 6, P= 0.01). Entries in the other horizontal rows followed 
by the same letter are not significantly different as indicated by 
analysis of variance (LSD=9, P=0.01). Entries in vertical co- 
lumns followed by same number are not significantly different as 
indicated by analysis of variance (LSDNo dist. vs dist. 1,2,3 = 8,  LSDDist. 
1 vs dist. 2 VS dist. 3 = 9 P = 0.01) 

seedlings growing in the most  disturbed soil blocks (dist. 
3) (Fig. 2; Table 2). In the O 'Hares  soil, this level of  
disturbance had no impact  on shoot mass until 5 weeks 
after sowing. After  28 days, shot mass was significantly 
lower in the seedlings growing in the most  disturbed soil 
blocks (dist. 3) than the less-disturbed soil blocks (i.e. 
No dist., dist. 1, dist. 2) (Fig. 2; Table 2). 

Discussion 

A number  of  authors have suggested that propagules of  
VAM fungi including infected root  fragments (Rives et 
al. 1980), spores (Gould and Liberta 1981; Jasper et al. 
1987, 1988), or hyphal fragments (Jasper et al. 1989a) 
lose their capacity to initiate infection during soil distur- 
bances because they are (1) physically damaged,  and /o r  
(2) exposed to post-disturbance soil conditions unfa- 
vourable for germination or colonisation (Stahl et al. 
1988). The relative importance of these two mechanisms 
has not been fully established and may vary in different 
situations (Brundrett 1991). Cutting the soil blocks into 
1//25 fractions in the experimental disturbance here is like- 
ly to have disrupted the external hyphal network and the 
root fragments (containing hyphae and vesicles). This 
would in turn temporari ly reduce the infective potential 
of  the fungus to zero. This explanation is supported to 
some extent by the findings of  Fairchild and Miller 
(1988) and Jasper et al. (1989a, b). The observed delay 
in the initiation of  VAM infection in seedlings growing 
in the most  disturbed blocks may be explained by the 
time required for hyphae to grow f rom propagules in the 
soil, such as spores and root  fragments colonised by 
VAM fungi. 

Evans and Miller (1990) and McGonigle et al. (1990) 
concluded that disruption of  the external hyphal net- 

work in agricultural soils can reduce nutrient uptake by 
VAM in a way that is independent of  the amount  of  
root length colonised by VAM fungi. This conclusion 
contrasts with the results of  the current study, where the 
most  severe experimental disturbance was associated 
with a marked decrease in the amount  of  root length co- 
lonised by VAM fungi. However,  the seeming disparity 
between the studies may be explained by differences in 
the number  of  surviving propagules. Jasper et al. (1991) 
demonstrated that colonisation of  roots by VAM fungi 
was not decreased after disturbance of  soil f rom an an- 
nual pasture. In contrast, in both a forest soil and a 
heathland soil, the percentage root  length colonised by 
VAM fungi was almost halved if the soils were dis- 
turbed. In the pasture soil, up to 25 times more propa- 
gules (i.e. spores and colonised root  fragments) survived 
disturbance than in  the forest or heathland soil. They 
concluded that the larger number  of  surviving propa- 
gules in the pasture soil was responsible for the mainte- 
nance of the high level of  infectivity. The sandstone soils 
in the current study are characterised by very low densi- 
ties of  viable spores (Bellgard 1993). This suggests that 
in these intact soils the external hyphal network may be 
the main source of VAM infection. Furthermore,  it 
would appear  that the infectivity of  VAM fungi de- 
creases dramatically if the hyphal network is fragmented 
in these soils. 

The low and intermediate degrees of  soil disturbance 
did not delay the onset of  VAM, and had no affect on 
either the length or proport ion of roots colonised by 
VAM for the first 14 days of  the bioassay. After this 
time, both the length and the proport ion of root colon- 
ised by VAM were significantly lower than for the seed- 
lings growing in the intact soil blocks. However,  the de- 
pression in VAM colonisation at 21-28 days observed in 
these soil block treatments may not have any biological 



29 

s ignif icance,  because  the  r educ t ion  in V A M  co lon i sa t ion  
was no t  a s soc ia ted  with  a decrease  in shoo t  d ry  mass  for  
seedlings g rowing  in these soil  d i s tu rbance  t r ea tmen t s .  

In  a d d i t i o n  to de lay ing  the in i t i a t ion  o f  V A M ,  the 
mos t  severe d i s tu rbance  was also assoc ia ted  with  a re- 
duc t ion  in shoo t  b iomass  o f  21- to  28-day-o ld  seedlings 
o f  T. repens. The  results  o f  the  presen t  s tudy  re in force  
the  f indings  o f  ear l ier  s tudies which d e m o n s t r a t e d  tha t  
seedlings with a h igher  p r o p o r t i o n  o f  r oo t  length  colon-  
ised by  V A M  fungi  have  grea ter  shoot  dry  mass  t han  
seedlings with less V A M  co lon i sa t ion  (e.g. Evans  and  
Mil ler  1988; Fa i r ch i ld  and  Mil ler  1988; Jasper  et al .  
1989c). 

Overa l l ,  cut t ing the  in tac t  soil  b locks  long i tud ina l ly  
in to  fou r  and  nine equal  po r t i ons  d id  no t  a f fec t  the  in- 
fect ivi ty  o f  V A M  fungi  to  any  grea t  extent .  However ,  
cu t t ing  the soil b lock  into 25 equal  po r t i ons  t e m p o r a r i l y  
r educed  the infect ive po ten t i a l  o f  V A M  fungi  to zero.  
A d d i t i o n a l l y ,  the  obse rved  r educ t ion  in the p r o p o r t i o n  
o f  r oo t  co lon ised  by  V A M  was assoc ia ted  with  a signifi-  
cant  decrease  in shoot  d ry  mass  af ter  21 days .  Long-  
t e rm studies a re  requ i red  to assess the  impac t s  o f  d i f fer -  
ent  levels o f  V A M  co lon i sa t ion  on  overa l l  p l an t  per-  
f o rmance ,  especia l ly  for  seedlings re -co lonis ing  dis- 
t u rbed  sites. 
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