
THE INFLUENCE OF AN ENDOMYCORRHIZAL SYMBIOSIS ON NITROGEN 

MOVEMENT THROUGH SOIL COLUMNS UNDER REGIMES OF ARTIFICIAL 

THROUGHFALL AND ARTIFICIAL A C I D  R A I N  

BRUCE HAINES and GEORGE RONNIE BEST, Department of Botany, 
Universi ty of Georgia, Athens, Georgia 30602 

ABSTRACT 

The e f f e c t  of a r t i f i c i a l  ac id  r a i n  on n i t rogen uptake by a 
fungus [Glomus mosseae (Nicol. & Gerd. ) Gerd. & Trappel 
endomycorrhizal with roo t s  of sweetgum t r e e  seedl ings  
(Liquidambar styraciflua L. ) was inves t iga ted  by applying 
3 kinds of t e s t  so lu t ions  t o  t h e  surfaces  of s o i l  p r o f i l e s  
p lanted  with f i v e  combinations of sweetgum seedl ings  and 
fungus. S o i l  p r o f i l e s  were taken from a deciduous f o r e s t  
and were recons t i tu ted  i n  p l a s t i c  p ipes .  Tes t  so lu t ions  
appl ied  i n  d i f f e r e n t  months 'were 1) a r t i f i c i a l  throughfa l l ,  
2) high i o n i c  s t r eng th  so lu t ions  f i r s t  of pH 5.9 and l a t e r  
of pH 3.0, and 3) a r t i f i c i a l  eagtern  U.S. a c i d  r a i n .  The 
f i v e  combinations of s o i l  and p l a n t s  used were: 1) s t e r i l i -  
zed s o i l ,  2 )  s t e r i l i z e d  s o i l  + sweetgum seedl ings ,  3 ) s t e r i l i -  
zed s o i l  + mycorrhizal fungus on pruned sweetgum seedl ings ,  
4) s t e r i l i z e d  s o i l  + sweetgum seedl ings  + mycorrhizal fungus, 
and 5) s t e r i l i z e d  s o i l  + sweetgum seedl ings  + mycorrhizal 
fungus + indigenous microorganisms. Nitrogen concentrat ions 
i n  s o i l  s o l u t i o n  samples co l l ec ted  by f i l t e r  candles from 5 
and 25 cm depths wi th in  t h e  s o i l  columns were determined 
calorimetrically. 

Differences i n  t h e  s o i l  s o l u t i o n  n u t r i e n t  concentrat ions 
among t h e  f i v e  soil-tree-fungus t rea tments  a r e  i n t e r p r e t e d  
a s  n u t r i e n t  uptake o r  l o s s  by p l a n t s .  Following app l i ca t ion  
of a r t i f i c i a l  th roughfa l l  s o l u t i o n s ,  mycorrhizal roo t s  s ign i -  
f i c a n t l y  decreased the  N03-N and NH4-N concentrat ions of s o i l  
so lu t ions .  The app l i ca t ion  of high i o n i c  s t r eng th  so lu t ions  
of pH 5.9 and 3.0 produced g r e a t e r  NO3+ and NH4-N concentra- 
t i o n s  i n  t h e  s o i l  s o l u t i o n  i n  columns containing the  mycorrhizae 
than i n  columns containing e i t h e r  s o i l  alone o r  i n  columns con- 
t a i n i n g  s o i l  + sweetgum seedl ings .  Mycorrhizal r o o t s  appeared 
t o  loose ni trogen.  When a r t i f i c i a l  e a s t e r n  U.  S. ac id  r a i n f a l l  
was used t o  a c i d i f y  the  top  5 cm'of s o i l  t o  a s o i l  so lu t ion  



pH of 2.0, N O ~ - N  concentrat ions were unaffected by so i l - t r ee -  
fungus treatments while ammonia appeared t o  be excluded from 
s o i l  exchange s i t e s ,  apparently by H+ ions.  Ammonia uptake 
by mycorrhizal roo t s  was not  de tec tab le  and may have been 
masked by high NH4-N concentrat ions i n  t h e  s o i l  so lu t ion  o r  
inh ib i t ed  by competition with H+ ions  f o r  t h e  ca t ion  c a r r i e r  
s i t e s  a t  t h e  n u t r i e n t  "uptake surfaces" of t h e  p lan t s .  Because 
s o i l  so lu t ion  n u t r i e n t s  not  taken up by p l a n t s  o r  by exchange 
s i t e s  i n  s o i l  can be l o s t  by leaching, it appears t h a t  ac id  
r a i n  w i l l  promote t h e  leaching of NH4-N from s o i l  p r o f i l e s  but  
w i l l  have l i t t l e  influence on NO3-N loss .  

INTRODUCTION 

Mycorrhizae o f t en  increase  t h e  uptake of n u t r i e n t s  by hos t  p lan t s .  
This s tudy was designed t o  determine t h e  e f f e c t  of so lu t ions  having pH 
values of 3.0 and 2.0 on t h e  n i t rogen uptake capacity of mycorrhizal 
roots .  The p a t t e r n  of s o i l  so lu t ion  ni trogen concentrat ions i n  s o i l  
columns Having f i v e  combinations of s o i l ,  t r e e  seedl ings ,  and endo- 
mycorrhizal fungus a r e  reported here  f o r  t h r e e  regimes i n  which t e s t  
so lu t ions  were applied.  The t e s t  so lu t ions  were: 1) a r t i f i c i a l  
throughfal l ,  2) high i o n i c  s t r eng th  so lu t ions  of pH 5.9 and pH 3.0, and 
3) a r t i f i c i a l  eas te rn  U. S. ac id  r a i n f a l l .  These so lu t ions  were applied 
t o  t h e  su r faces  of s o i l  columns i n  p l a s t i c  pipes.  The e f f e c t  of t h e  
type of so lu t ion  applied and of t h e  seedling and fungus treatment 
combinations on n u t r i e n t  concentrat ion were determined by monitoring 
changes i n  s o i l  so lu t ion  chemistry. Decreased concentrat ion of ni trogen 
i n  t h e  s o i l  so lu t ions  i n  columns containing seedlings and seedlings + 
fungus compared t o  concentrat ions i n  columns containing s o i l  alone is  
assumed t o  r e f l e c t  ni trogen uptake by p lan t s .  

METHODS 

The s o i l  p r o f i l e s  were recons t i tu ted  i n  15 cm diameter polyvinyl  
chlor ide  p ipes  from A,  B, and C horizon s o i l  ma te r i a l  taken from t h e  
Coweeta Experimental Watershed i n  Franklin,  North Carolina. S o i l  f i l l e d  
p ipes  were steam heated t o  90°C f o r  th ree  8-hour periods t o  k i l l  ind i -  
genous mycorrhizae. C e r a m i c  water c o l l e c t i n g  candles were inse r t ed  
through pipe  walls  i n t o  the  s o i l  a t  5, 25 and 45 cm depths below the  
s o i l  surface.  Each water co l l ec t ing  candle was at tached t o  a sample 
co l l ec t ing  b o t t l e  which could be evacuated t o  between -.l and -.2 bars  
by use of a ca r tes ian  d ive r  vacuum regu la to r  and water pump a s p i r a t o r  
system. Bot t les  a t  5 and 25 cm were evacuated when water samples were 
needed while b o t t l e s  a t  t h e  45 cm depth were evacuated continuously i n  
order t o  prevent  accumulation of water and development of anaerobic 



conditions a t  the  bottoms of the  s o i l  columns. The s o i l  columns were 
therefore flow through systems i n  which depletion of s o i l  solut ion 
nu t r ien t s  by p lan ts  could be interpreted a s  a reduction i n  the  l o s s  of 
nu t r ien t s  by leaching. 

So i l s  were planted with seeds of sweetgum, (Liquidambar s tyraci  - 
f l u a ) ,  a deciduous fo re s t  t r e e ,  which had been s t e r i l i z e d  f o r  30 seconds 
i n  30% H202 :  Seedlings were thinned t o  three  per  pipe. Spores of the  
endomycorrhizal fungus, Glomus mosseae, were placed i n  ce r t a in  s o i l s  
a s  shown i n  Figure 1. A t  three  months the t r e e  seedlings were pruned 
back i n  some treatments. 

The resu l t ing  f i ve  soil-fungus-tree treatments, each repl icated 8 
times were: 1) s t e r i l e  s o i l  with t r e e  seedlings pruned back, leaving 
only roots ,  2)  s t e r i l e  s o i l  + t r e e  seedlings,  3) s t e r i l e  s o i l  + fungus 
supported by pruned back seedlings, 4) s t e r i l e  s o i l  + t r e e  seedlings + 
fungus, and 5) s t e r i l e  s o i l  + t r e e  seedlings + fungus + indigenous 
microorganisms. Indigenous microorganisms were reinoculated by pre- 
paring a s lu r ry  of d i s t i l l e d  water and fo re s t  s o i l ,  then f i l t e r i n g  the  
s lu r ry  and applying the f i l t r a t e  t o  the  tops of the  appropriate s o i l  
columns. Application of t e s t  solut ions  was begun when seedlings were 
6 months old. Concentrations of NO3-N and NH4-N i n  samples of s o i l  
solut ion were determined calorimetrically (Strickland and Parsons, 1960, 
Solorzano, 1969). When solut ion pH was l e s s  than 5, samples were 
t i t r a t e d  with NaOH t o  pH 7 before nitrogen determinations were made. 
Reported values were adjusted f o r  volume change. 

ReSPONSE TO ARTIFICIAL THROUGHFALL 
SOLUTIONS 

A r t i f i c i a l  throughfall  solut ions  containing major cations a t  con- 
centrations mimicking those i n  the  hardwood f o r e s t  throughfall  (Best 
and Monk, 1975) and e i t h e r  NH4-N o r  NO3-N a t  concentrations of 8.7 mg 
nitrogen per  l i t e r  were applied, 500 m l  t o  each pipe. Different solu- 
t ions  were applied on d i f f e r en t  days. A l l  s o i l  columns simultaneously 
received the  same solution.  The sequence of solut ion addit ions was 
d i s t i l l e d  water, NH4-N containing a r t i f i c i a l  throughfall ,  d i s t i l l e d  
water, N03-N containing a r t i f i c i a l  throughfall ,  and d i s t i l l e d  water. 
One day a f t e r  each solut ion addit ion,  the  s o i l  solut ion samples were 
collected from 5 and 25 cm depths f o r  analysis.  Overall average s o i l  
solut ion nitrogen concentrations f o r  the  5 solut ion addit ions f o r  each 
of the  5 and 25 cm depths a r e  shown i n  Figures 1 A  and 1B. 

Concentrations of NO3-N i n  s o i l  solut ions  a t  the  5 cm depth were 
s ign i f ican t ly  depleted i n  s o i l  columns containing mycorrhizae compared 
t o  s o i l  columns containing e i t h e r  s o i l  alone o r  containing s o i l  + t r e e  
seedlings. The concentrations of NO3-N i n  s o i l  solut ions  of the  l a t t e r  
two treatments ranged from 3 t o  15 times grea te r  than concentrations of 
NO3-N applied, showing t h a t  considerable N03-N was present i n  the  s o i l  
before a r t i f i c i a l  throughfall  and d i s t i l l e d  water solut ions  were added. 
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Figure 1. Mean NH4-N and NO3-N 
concentrat ions i n  s o i l  s o l u t i o n s  
c o l l e c t e d  from 5 soi l- t ree-fungus 
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Concentrations of NH4-N i n  s o i l  so lu t ions  from t h e  5 and 25 cm depths 
were s i g n i f i c a n t l y  depleted by mycorrhizae. 

These r e s u l t s  show t h a t  mycorrhizal r o o t s  s i g n i f i c a n t l y  decreased 
t h e  n i t rogen concentrat ions i n  the  s o i l  so lu t ion .  Nutr ient  flow p a s t  a 
p a r t i c u l a r  depth can be est imated a s  the  s o i l  so lu t ion  n u t r i e n t  con- 
c e n t r a t i o n  mul t ip l i ed  by t h e  water flow r a t e .  Leaks a t  t h e  bottoms of  
some columns prevented accura te  water flow es t imat ion .  However, 
because the  water  flow r a t e s  through columns of s o i l  alone a r e  g r e a t e r  
than through columns containing t r a n s p i r i n g  p l a n t s ,  we can i n f e r  t h a t  
i n  columns where p l a n t s  reduced the  s o i l  so lu t ion  n u t r i e n t  concentra- 
t i o n s  they a l s o  reduced t h e  n u t r i e n t  l o s s  from t h a t  depth i n  t h e  column 
by leaching. Mycorrhizal r o o t s  the re fo re  decreased n i t rogen movement 
i n  so lu t ion  through t h e  s o i l  columns. These d a t a  provide a base l ine  
f o r  i n t e r p r e t a t i o n  of  the  next  experiments. 

NISPONSE TO HIGH ION LOAD TNIATMENTS 

Solut ions  containing 1.2 g HC1,  6.8 g H2S04, and 2.4 g HN03 p e r  



l i t e r  were adjus ted  with NH40H t o  produce so lu t ions  o f  pH 5.9 f o r  the  
f i r s t  500 m l  app l i ca t ion  and pH 3.0 f o r  the  second app l i ca t ion .  This 
was .done t o  evaluate  the  e f f e c t  of  the  added ions  on K, Mg, Ca, and Na 
movement a t  pH values corresponding t o  t h e  Coweeta s o i l  s o l u t i o n  pH 
values and t o  a c i d  r a i n  pH values. Because these  so lu t ions  contained 
high concentrat ions of  n i t rogen,  they were not  p a r t i c u l a r l y  he lp fu l  i n  
evaluat ing  t h e  e f f e c t  of  the  mycorrhizae on n i t rogen movement. However, 
during t h e  6 th  and 7th weeks a f t e r  so lu t ion  app l i ca t ions ,  s o i l  so lu t ion  
N03-N and NH4-N concentrat ions a t  the  25 cm depth were g r e a t e s t  i n  
columns containing mycorrhizal roo t s .  In  these  columns, s o i l  so lu t ion  
NO3-N and NH4-N concentrat ions increased from the  6 t h  t o  the  7 th  week. 
Increased exudation by mycorrhizal roo t s  and oxidat ion  o f  the  exudates 
may expla in  increased s o i l  so lu t ion  n i t rogen concentrat ions.  

A t  t h i s  po in t  four of  t h e  e i g h t  r e p l i c a t e  s o i l  columns i n  each of 
the  f i v e  soi l- t ree-fungus treatments were taken a p a r t  t o  a s s e s s  the  
ex ten t  of mycorrhizal i n f e s t a t i o n  i n  the  t r e e  roo t s  and t o  determine t h e  
p l a n t  weights. According t o  D. Marx (personal  communication), U.S.D.A. 
P lan t  Pathologis t ,  t he re  was no evidence of  damage t o  e i t h e r  t h e  roo t s  
o r  t o  the  mycorrhizal hyphae by any of  the  high i o n i c  s t r eng th  so lu t ion  
treatments.  

RESPONSE TO EASTERN UNITED STATES 
ARTIFICIAL RAINFALL 

A r t i f i c i a l  ac id  r a i n  was made from labora tory  reagents  and deion- 
ized  water following the  S04:N03:C1 r a t i o  o f  about 14:7:1 repor ted  by 
Cogbill  and Likens (1974) f o r  p r e c i p i t a t i o n  over t h e  e a s t e r n  United 
S t a t e s .  These so lu t ions  were used i n  a modified experimental design. 
The n u l l  hypothesis was t h a t  s o i l  + t r e e  + fungus treatments had no 
e f f e c t  on the  amounts of  n i t rogen i n  t h e  s o i l  so lu t ion  of t h e  top  5 cm 
of s o i l  following a c i d i f i c a t i o n  of  t h e  s o i l  so lu t ion  t o  pH 2.0. 

The four remaining r e p l i c a t e  p ipes  of  each of  the  f i v e  s o i l  + t r e e  
+ fungus treatments,  Figure 2 ,  were used f o r  the  experiments. For each 
of the  f i v e  s o i l  + t r e e  + fungus treatment types ,  the  f i r s t  two p ipes  
received d i s t i l l e d  water ,  500 m l  p e r  app l i ca t ion ,  a s  a cont ro l .  The 
second p a i r  of p ipes  received 500 m l  of a r t i f i c i a l  ac id  r a i n .  The pH 
of the  s o i l  so lu t ion  samples from t h e  5 cm depth was determined 24 hours 
a f t e r  so lu t ion  appl ica t ions .  Because the  s o i l  so lu t ion  pH changed very 
slowly, so lu t ions  of  0.001, 0.01, and f i n a l l y  of  0.1 molar H+ were 
appl ied  i n  e f f o r t s  t o  reduce t h e  s o i l  so lu t ion  pH t o  2.0. A t o t a l  of  
0.33 moles o f  H+ p e r  pipe was required.  Af ter  a c i d i f i c a t i o n  t o  pH 3.0, 
HN03 was de le ted ;  thus ,  subsequently appl ied  ac id  so lu t ions  contained 
H2SO and HC1 only. 

When the  s o i l  so lu t ions  reached pH 2.0, samples were re ta ined f o r  
n i t rogen analys is .  This e s t ab l i shed  t h e  background concentrat ions.  The 
a b i l i t i e s  of  the  p l a n t s  and of  t h e  s o i l s  t o  take  up n i t rogen were then 
t e s t e d  by app l i ca t ion  of  ,nitrogen i n  d i s t i l l e d  water and i n  ac id  solu-  
t i o n s  of  pH 2.0 t o  appropr ia te  s o i l  columns. Based on the  few published 
values f o r  n i t rogen concentrat ions a t  which maximum n i t r a t e  uptake 
occurs i n  maize (Becking 1956;  Epstein 1972),  a concentrat ion o f  10 mg 
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Figures 2A-2F. Mean concentrat ions of N03-N and NH4-N i n  s o i l  
so lu t ions  a t  a depth of 5 cm from 5 soil-tree-fungus treatment 
combinations (S-T-F). Within each S-T-F treatment,  the  f i r s t  
p a i r  of s o i l  columns received s o l u t i o n s  of d i s t i l l e d  water 
(Blank B a r s )  while t h e  second p a i r  received a r t i f i c i a l  ac id  
r a i n  ( ~ a t c h e d  Bars) u n t i l  a p H  of 2 was a t t a i n e d  a t  the  5 cm 
depth. Background concentrat ions of N03-N and NH4-N were 
then determined. A b i l i t i e s  of p l a n t s  t o  take  up n i t rogen 
were evaluated by adding n i t rogen a t  concentrat ions of 10 mg 
N/ l i t e r  i n  so lu t ions  of d i s t i l l e d  water o r  i n  ac id ,  appl ied  
500 m l  a t  a t i m e  t o  the  su r faces  of  appropr ia te  s o i l  columns. 
S o i l  so lu t ion  samples were co l l ec ted  a f t e r  24 hours. Least  
s i g n i f i c a n t  d i f f e rence  (LSD) values f o r  (P<.05) r e l a t e  only 
t o  columns which received ac id .  Fig. 2A. N03-N background 
concentrat ions on 18 June before  n i t rogen addi t ion .  Fig. 2B. 
N03-N concentrat ions following N03-N add i t ions  averaged f o r  
t h e  samples from 26 June and 7 December. Fig. 2C. NH4-N 
concentrat ions on 18 June before  NH4-N addi t ions .  NH4-N con- 
cen t ra t ions  following NH4-N add i t ions  a r e  shown f o r  25 June i n  
Fig. 2D, f o r  7 J u l y  i n  Fig. 2E,and f o r  11 J u l y  i n  Fig. 2F. 



nitrogen per liter was chosen for application. Carrier solutions of 
acid or of distilled water containing nitrogen were applied to appro- 
priate soil columns. Soil solution samples were collected 24 hours 
later for analysis. Additions of NO3-N were made first as NaN03 on 25 
June and with KN03 in December. The NH4-N applications were made with 
NH4C1 on 24 June and on 6 and 10 July. Data on nitrogen concentrations 
in the soil solutions were subjected to the SAS REGR analysis of 
variance procedures (Service, 1972) with a computer. When significant 
interaction effects were found in the resulting 3-way and 2-way analysis 
of variance tables they were broken down into 1-way tables with the SAS 
ANOVA program. In this way, the possible significance of differences 
among soil-tree-fungus treatment combinations receiving distilled water 
could be tested separately from those receiving acid. Results from 
the analysis of variance procedures are summarized in Table 1. Least 
significant difference (LSD) values generated by the SAS ANOVA program 
are given in Table 1 for each the distilled water and the acid receiving 
soil columns, but to avoid confusion, they are shown graphically in 
Figure 2 ONLY for columns which received acid. 

Before NO3-N addition to soil columns, background N03-N concentra- 
tions in the soil solutions were lowest (Figure 2A) in columns contain- 
ing mycorrhizae. This is similar to the pattern observed in the 
experiments with artificial throughfall reported above and shown in 
Figure 1. However, with the diminished numbers of replicate soil 
columns, analysis of variance showed that NO3-N concentrations were not 
significantly (Table 1, Trial 2A) affected by the soil-tree-fungus 
treatments or by the type of carrier solution. After NO3-N addition, 

Table 1. Sumary of probabilities that differences among soil solution concentrations of N03-N 
and of NH4-Noccurredhy chance alone as determined hy 3-way, 2-cuav, and 1-wav analysis 
of variance. Experimental conditions consisted of five soil-tree-fungus (S-T-F) com- 
binations and of solution additions (SOL). Solutions were either distilled water or 
artificial acid rain. Solutions were applied first without, then with either N03-N 
or NH4-N added on different dates. The effect of sampling date in trial 2B was not 
significant thus it is not tahulated. Least significant difference (LSD) values are 
indicated. Mean NO3-N and NH4-N concentrations from trials A through F are shown in 
Figures 2A through 2F. 

TRIAL ION ION SNTLE .?NOVA SOIJRCES OF EFFECTS LSD 
SOIIRCE DATE (P < .95) 

S-T-F SOL S-T-F by SOL 

?A NQ3-ll background 13 June ?-~~ari .2 . , .7  

2B NO3-N added 26 June 3-rlay 
7 Dec 

2C NH -N background 18 June ?-way 
(+ 

l-.~a.~, 7,ater 
1-rrav, acid 

2D mi/,-14 added ?5 .June 2-rmv 
1-way, water 
1-way,, acid 

2E NUf+-N added 7 July 2-way 
1-way, water 
1-way, acid 

2F NH4-N added 11 July '-way 
1-way, coater 
1-way, acid 



concentrations of NO3-N in the soil solution increased (Figure 2B) but 
they were not significantly (Table 1, Trial 2B) affected by application 
date, by soil-tree-fungus treatments or by the type of carrier solution. 
The movement of NO3-N through soil columns was affected by the amount of 
NO3-N added, but not by the other experimental conditions. 

Before NH4-N addition, concentrations of soil solution NH4-N 
(Figure 2C) were significantly greater (Table 1, Trial 2C) in the acid- 
ified soil columns than in those receiving distilled water. Concentra- 
tions also differed significantly among the soil-tree-fungus treatments 
which received acid. Soil solution NH4-N concentrations following the 
application of NH4-C1 either in distilled water or in artificial acid 
rain are shown in Figures 2D, 2E and 2F. The NH4-N concentrations in 
the soil solutions were significantly greater (Table 1, Trials 2D, 2E, 
2F; Figures 2D, 2E, 2F) in columns which had received NH4-N in artifi- 
cial acid rain. Soil solution NH4-N concentrations also differed 
significantly among soil-tree-fungus treatments. According to 1-way 
analysis of variance, NH4-N concentrations differed significantly among 
soil-tree-fungus treatments receiving NH4C1 in distilled water during 
only one of three trials while they always differed significantly among 
soil-tree-fungus treatments which received artificial acid rain (Table 
1). Among soil columns receiving acid rain, taking the NH -N concen- 
trations in the pipe containing soil as the reference levef, several 
features can be seen. First, concentrations of NH4-N were consistently 
highest in columns in which the fungus had been supported by pruned 
down seedlings. At the time of NH4-N additions in acid rain the seed- 
lings were dead, thus the high concentrations may result from their 
decay. Second, compared to the reference level, concentrations were 
slightly lower in columns containing soil + tree + fungus and incolumns 
containing soil + tree + fungus + microbes. These mycorrhizal roots did 
not significantly deplete the soil solution MHq-N. Third, NH4-N 
concentrations in soil solutions from columns containing non-mycorrhi- 
zal seedlings were between 3 and 13.9 times lower than in columns 
containing soil alone. While this difference varies greatly among 
trials, according to LSD interval statistics, the non-mycorrhizal 
seedlings significantly depleted the soil solution NH4-N. Concentra- 
tions were decreased to about the same levels found in columns contain- 
ing the nonaycorrhlzal seedlings which received NH4-N in distilled 
water. 

DISCUSSION 

Under regimes of artificial throughfall, the fungus-tree-root 
symbiosis clearly decreased the NH4-N and NO3-N concentrations in the 
soil solutions. When solutions having high concentrations of N H ~ ,  NO5 
C1- and ~ 0 ~ ' ~  and lower concentrations of ~ a + ,  K+, ~~'2, and Ca+2 were 
added in solutions of pH 3.0, nitrogen losses appeared to increase in 
treatments where mycorrhizae were present. Increased rates of root 



exudation and subsequent oxidat ion of  exudates might expla in  t h i s  
observation. 

I n  experiments where n i t rogen was appl ied  i n  e i t h e r  a r t i f i c i a l  
e a s t e r n  U.S. ac id  r a i n  o r  i n  d i s t i l l e d  water t o  p a i r s  of  s o i l  columns 
i n  each of t h e  f i v e  soi l- t ree-fungus treatment combinations, the re  was 
no evidence of NO3-N uptake by p l a n t s .  The add i t ion  of NO3-N increased 
concentrat ions of  NO3-N i n  the  s o i l  so lu t ions  of a l l  columns about 
equally. The NH4-N concentrat ions were s i g n i f i c a n t l y  g r e a t e r  i n  columns 
which has received ac id  than i n  columns which had received d i s t i l l e d  
water. This was t r u e  of NH4-N concentrat ions before  and a f t e r  NH4-N 
addi t ions .  I n  s o i l  columns t o  which NH4-N was added i n  d i s t i l l e d  water ,  
most of t h e  NH4-N apparently went onto  ca t ion  exchange s i t e s  s ince  t h e  
average NH4-N concentrat ions i n  so lu t ion  sampled a t  the  5 cm depth d i d  
not  a t t a i n  even 1 mg N pe r  l i t e r  although so lu t ions  of 10 mg N pe r  l i te r  
had been appl ied  t o  t h e  s o i l  sur faces .  The purpose of applying NH4-N i n  
d i s t i l l e d  water was t o  determine i f ,  i n  f a c t ,  p l a n t s  n o t  rece iv ing ac id  
were a c t u a l l y  capable of taking up n i t rogen a t  t h e  time NH4-N was being 
appl ied  t o  t h e  corresponding acid-receiving s o i l  columns. Uptake was 
t o  be est imated a s  the  deple t ion  of t h e  NH4-N concentrat ion of t h e  s o i l  
so lu t ion  below concentrat ions observed i n  columns containing s o i l  alone. 
The problem of n u t r i e n t  uptake by s o i l s  such t h a t  poss ib le  uptake by 
p l a n t s  can be measured might be solved i n  f u t u r e  s t u d i e s  by use of s o l i d  
support  ma te r i a l s  having a lower exchange capaci ty  than f o r e s t  s o i l s  
used i n  t h i s  study. 

Among s o i l  columns receiv ing NH4-N i n  ac id ,  concentrat ions of NH4-N 
i n  s o i l  so lu t ions  were not  s i g n i f i c a n t l y  depleted by mycorrhizal r o o t s  
bu t  were s i g n i f i c a n t l y  depleted by non-mycorrhizal r o o t s  when compared 
t o  t h e  NH4-N concentrat ions i n  columns containing s o i l  alone.  Dif- 
ferences  i n  the  behaviors of mycorrhizal and non-mycorrhizal r o o t s  might 
have severa l  causes. Cation c a r r i e r s  of mycorrhizal r o o t s  might be more 
sub jec t  t o  i n h i b i t i o n  by hydrogen ions  than a r e  c a r r i e r s  i n  non-mycor- 
r h i z a l  roots .  Negative r e l a t i o n s  between ca t ion  uptake and hydrogen ion  
concentrat ions have been reported.  The uptake r a t e s  of t h e  monovalent 
ca t ions  K ,  C s ,  Rb, and Na (Jacobson e t  a 1  1960) and of t h e  d i v a l e n t  
ca t ions  Mn, Mg, and Ca (Maas e t  a 1  1969) by ba r l ey  r o o t s  were found t o  
decrease with decreasing pH. Fur ther ,  the  uptake of Rb by ba r l ey  r o o t s  
(Rains e t  a 1  1964) and of Ca, Zn, and Mn by sugarcane l ea f  t i s s u e  
(Bowen 1969) were shown t o  have been i n h i b i t e d  by hydrogen which com- 
peted with these  ions  f o r  binding s i t e s  on t h e  ca t ion  c a r r i e r s .  
A l t e rna t ive ly ,  ins t ead  of poss ib le  d i f f e rences  i n  t h e i r  s u s c e p t i b i l i t y  
t o  the  i n h i b i t i o n  of ca t ion  t r a n s p o r t  by hydrogen ions ,  t h e  mycorrhizal 
and non-mycorrhizal r o o t  may have been exp lo i t ing  d i f f e r e n t  n i t rogen 
sources i n  the  experimental s o i l  columns. It i s  poss ib le  t h a t  t h e  
non-mycorrhizal seedl ings  were exp lo i t ing  n i t rogen suppl ies  mostly i n  
the  upper p a r t s  of t h e  s o i l  columns while t h e  mycorrhizal seedl ings  were 
exp lo i t ing  n i t rogen suppl ies  i n  regions beneath those which had been 
a c i d i f i e d  and sampled f o r  analys is .  This needs t o  be t e s t e d  by ac id i -  
fying e n t i r e  s o i l  columns. 



If mycorrhizal roots are more subject to the competitive inhibition 
of cation uptake by hydrogen ions than are non-mycorrhizal roots, then 
acidification of soil solutions, as might occur under long term acid 
rain conditions, would result in decreased cation uptake by mycorrhizal 
roots. In ecosystems where mycorrhizal roots are prevalent, decreased 
ion uptake could lead to decreased plant productivity. Decreased uptake 
of cations by plants and the displacement of cations off of exchange 
sites into soil solution could result in losses of nutrient capital from 
ecosystems by leaching. 
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