






Table 3-Mean annual H' and cation flux and net nutrient balance 
for a Douglas·fir and red alder ecosystem. 

Total 
Total positive 

H' NH; Na' K' Ca" Mg" cations charges 

mol (p') ha" yr" 

Douglas·fir 

Precipitation 322 105 582 51 204 72 1010 1330 
Throughfall 146 36 445 405 326 165 1370 1520 
Forest floor 45 9 369 170 770 254 1580 1620 
10cm 12 30 383 234 535 208 1390 1400 
40cm 10 52 681 69 507 278 1590 1600 

Balancet +312 +53 - 99 - 18 -303 -206 -580 - 270 

Red alder 

Precipitation 322 105 582 51 204 72 1010 1330 
Throughfall 68 39 387 432 297 171 1320 1390 
Forest Floor 173 74 323 802 1812 594 3580 3750 
10cm 210 29 592 570 2097 719 3980 4190 
40cm 36 70 1068 444 2685 791 5060 5100 

Balancet +286 +35 - 486 - 393 - 2481 - 719 -4050 - 3770 

t + = Net accumulation; - = net loss. 

again at greater soil depth, although they remained 
statistically significant (Fig. 2). 

The acidification of the solution as it percolated 
through the forest floor and the top 10 cm of the red 
alder soil (Fig. 2) coincided with a pattern of intensive 
NO)- addition in that particular part of the soil profile 
(Fig. 1 and Table 2), suggesting that nitrification was 
the major H+ source. The actual amount of H+ in solu
tion, however, was considerably lower than could be 
calculated from the net increase in NO)- flux (3550 mol 
NO)- ha-' yr-') between throughfall and upper soil solu
tion (Tables 2 and 3). This discrepancy between 
theoretical and actual H+ load indicated partial buffer
ing of the soil solution against acidification due to the 
internal formation of HNO). 

A concurrent increase in total cation load of the solu
tion as it percolated across the upper part of the N-rich 
soil (Table 3) would suggest that a displacement of the 
exchangeable bases by internally produced H+ was the 
buffer mechanism involved. The significant decline in 
the percent base saturation of the Al horizon of the red 
alder soil in comparison to the Douglas-fir Al (Table 1) 
further supported this explanation. The increased oc
cupancy of the exchange sites by H+ was further re
flected in a noticeable pH drop in the upper layers (0-15 
cm) of the red alder soil (Table 1). At greater depths no 
statistically significant differences in soil could be ob
served between the two ecosystems (Table 1 and Fig. 2) . 

The nutrients thus displaced from the soil exchange 
complex could then be transported downward (and po
tentially out of the rooting zone) when accompanied by 
an equivalent amount of mobile anions (Nye & Green
land, 1960). The greater annual anion loss [3250 mol(e-) 
ha-' yr-'] below the 40-cm soil depth in the red alder as 
compared with the Douglas-fir ecosystem was almost 
entirely accounted for by the internal production of 
mobile NO)- (Table 2), This intensified anion leaching 
was accompanied by a concurrent increase in cation 
export [3470 mol(p+) ha-' yr-'], while the H+ balance was 
almost identical for both ecosystems (Table 3). The sig
nificance of such cation leaching losses to site fertility 
and future productivity may be assessed by comparing 
the magnitude of the net annual cation leaching to the 
exchangeable cation capital in the soil. In the Douglas-
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Fig. 2-Average pH of the precipitation, throughfall, forest floor, A 
horizon, and B horizon soil solutions in the Douglas-fir and red 
alder ecosystem in 1981 (mean ± standard deviation). 

fir ecosystem, the net annual leaching losses of Cu 2+, 
Mg2+, and K+ combined represented only 1.80/0 of the 
exchangeable pool contained in the top 45 cm of the soil 
profile. In the red alder ecosystem, by contrast, as much 
as 14% of the exchangeable Ca2+, Mg2+, and K+ was ex
ported annually below the 40-cm depth through NO)
mediated leaching (Tables 1 and 3). 

The leaching process worked selectively, causing the 
largest flux of Ca2+ followed by Mg2+ and K+ (Table 3). 
This dominance of Ca2+ in solution was probably a 
result of the substantial1y higher exchangeable Ca2+ 
levels within the soil profile, as compared with K+ and 
Mg2+ (Table I) . Differences in exchangeable pool sizes, 
however, could not explain why Mg2+ was leaching 
faster than K+ through the soil under alder (Table 3). In 
fact, the amount of Mg2+ leaching annually below the 
40-cm soil depth represented 34% of the exchangeable 
Mg2+ capital vs. 9% for K+. The restricted movement of 
K+, which was also apparent at greater depth in the 
Douglas-fir soil (Table 3), could possibly be due to K+ 
fixation within the lattice structure of the clay fraction. 
Once fixed, the K+ could not as easily be displaced into 
the soil solution as the other bases adsorbed to the 
cation exchange complex. 

Since exchangeable bases are continually being re
plenished through weathering, observed cation leaching 
losses in the Douglas-fir ecosystem probably had little 
impact on the soil nutrient status. Assuming similar 
weathering input rates for the two soil types, prolonged 
alder occupancy and associated NO) - mediated leaching 
rates could potentially lead to significant decrease in nu
trient availability of the site, particularly if processes 
continue to proceed at rates currently observed. At the 
end of the first red alder rotation and in spite of high 
nutrient export rates, no measurable difference in the 
total exchangeable cation pool could be observed be
tween the top 45 cm of the soils in the red alder and 
Douglas-fir sites (Table 1). This would suggest that base 
input to the soil, either through weathering or organic 
matter decomposition, is concurrently greater in the red 
alder site. 

Accelerated leaching in the red alder ecosystem, 
however, has caused a striking redistribution of ex-
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changeable Cal< from the upper parts of the A horizon 
to the B horizon. A similar but less pronounced down
ward shift was also evident for exchangeable Mg2+ and 
K+ (Table 1). Such selective cation redistribution, if con
tinued for a sufficiently long period of time, could in
fluence future site fertility by causing a gradual deple
tion of the nutrient bases and/or an imbalance between 
the monovalent and the divalent cations within that 
section of the soil profile where most fine root uptake 
takes place. 

CONCLUSION 

During the 50 yr. following red alder establishment on 
the site, symbiotic N2 fixation has built up the soil N 
content to a level that would support intensive nitrifica
tion. The proton release associated with such HNO) 
production and dissociation was found to be a more 
powerful acidification source than atmospheric H+ de
position, even when compared with areas heavily im
pacted by acid precipitation. However, < 1070 of the 
total H+ input to the soil leached below 40 cm, which 
served as an indicator for the buffering capacity of this 
particular soil. It also suggested that in spite of the 
strong natural H+ generation in the red alder site, little 
danger for groundwater acidification existed. 

Water quality, on the other hand, could be adversely 
affected by the periodically intensive NO) - production. 
As biological NO) - immobilization remained typically 
low in the N-rich site, NO) - levels in the percolating 
solutions often exceeded the USEPA standard of 10 mg 
L-'. This may become of importance in those areas 
where N2-fixing species are dominant in watersheds 
designated for drinking water. 

Finally, the production of HNO) triggered selective 
displacement and accelerated leaching of the exchange
able cations. The decrease in base saturation has so far 
remained limited to the upper parts of the soil profile. If 
areas are dedicated to repeated rotations of red alder, 
such selective downward movement of exchangeable 
ions could cause a decline in forest site fertility or nu
trient imbalances. 
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