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The Heimburger Plots

Where and what they are
(and aren’t)

What’s been done

What we’ve learned




Where and what they are
(and aren’t)




Forest Type
(O Northern Hardwood, n=20
Pine, n=10

A
¢  Spruce/Fir, n=12
* Newcomb, n=14




The “Heitmburger Plots™

Forest Type Classifications

Spruce-Fir (1074 m)
Abaies balsamea, Picea rubens,
Betula papyrifera,

elevations = 900 m

Notrthern Hardwood (581m)

Acer saccharum, Betula alleshaniensts,

Fagus grandifolia,

elevations <800 m

Pine (433 m)

Pinus strobus, Pinus resinosa, Forest Type i
() Northern Hardwood, n=20

well-drained outwash sands Gire: e
Spruce/Fir, n=12

Newcomb, n=14
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The “Heitmburger Plots™

) Adirondack Park
, Study Area

New York State

[ ] Plot Location

Wet Deposition Inorganic N
(Kg / ha yr)

I <35

[ 1350-42
[ ]421-409
1 491-56
B 5.61-6.3
B 6.31-7.0
B -70




What the Heimburger Plots aren’t

Randomly distributed
Managed (with the exception of the Newcomb sites)

Representative of “wet” soils




What’s Been Done?




Genesis of a Legacy

1930-1932 1984
Carl C. Heimburger Sally Andersen
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Long-term changes (1930-32 to 1984) IR me 8

Forest Type Studies in

in the acid-base status of forest soils

The Adirondack Region in the Adirondacks of New York
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Soil Sampling
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What we’ve learned
7. Soil Ca
22. Soil N
7277, SOM /C




Soil Ca

Has the loss of Ca from the soil continued since 1984, or have
soil Ca pools stabilized or even increased since 1984 in light of
reductions in acidic deposition over the past few decades in
forests of the Adirondack Mountains?




Soil Ca content change

Percentile

Median

Horizon Mean 25 75

kg Ca ha™
993.5 427.6 763.6
136.2
84.5

Total Organict

110.3
38.0
46.9

34.8
289.5 49.8
30.4
1200.2

b| 14509  497.1
2005/6 ¢ 891.9 265.7

10-20 cm 54

Whole-Profilet 54

"Total organic = Oe + Oa
*Whole-profile = total organic + total mineral




20+ cm mineral soil Ca content change

(or lack thereof)

Percentile

Horizon 25 Median 75

kg Caha™

Total organic = Oe + Oa
*Whole-profile = total organic + total mineral




Mineral soil Ca concentration

Percentile

Horizon Median

cmol. kg'OM 8. _ .
8.1

cmol., kg ™soil _ | 0.9
0.9

il . FaHE
cmol, kg OM _ L
10

sl
cmol, kg 'soil . . 1.4




Soil Ca

Conclusions

1. Ca decreased in organic and upper-mineral horizons
during the 74-year interval (1932 to 2005/6) and has
continued since 1984

2. Changes have been primarily confined to the upper
horizons and have changed little below 20 cm




Soil N

Is there a measurable influence of
N deposition on soil N pools?
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Modified from, Lovett and Rueth, 1999

Range = 4-11 kg ha-lyr!

R=0.88
| P <0.0001

r
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Modified from, McNulty et al., 1991

Range = 3-5.5 kg ha'lyr!
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Total N dep estimates

McNeil et al., 2007 wet N dep

Miller, 1993 scaling factor estimates

N deposition rates = 3.8 to 31 kg N ha'ly!

Over 50 years:
190 to 1550 kg N ha! (mean = 460 kg N ha)




Soil N

Not enough N in deposition to have a measurable
influence on soil N pools

12007 s 5 years of N deposition (g m~2)
1 Total Forest Floor N content
1000 -
800
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Soil N

Multivariate Regression Tree analysis

Variable

Soil Stratum : N %silt+  Conifer Total®
deposition clay  Importance ota

% SS' explained

Organic N Content 9 —

Mineral N Content 50

T Growing season degree-days

T Mean annual precipitation

8 Represents the total sums of squares explained for each tree
1 Sums of squares




Soil N

Conclusions

1. Growing Season Degree-Days (GSDD), appeats to be
the dominant influence on forest soil N storage

2. The contribution of atmospheric N deposition to soil
N pools is small
*Even in organic horizons of SF soils where N dep rates

are the highest (~30 kg N halyr)




SOM/C

Is there evidence for an increase in SOM content
between 1932 and 2006?




Soil organic matter/carbon
change over time

a. Total Carbon Content

B Mvlineral Sodl O Forest Floor B Total
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O - growth

Latty et al. 2004

| a) Forest floor C

| b) Plow layer C (0-20 cm)

zym—

| ¢) Subsoil C (20-70 cm)

60
Site age (yr)
Hooker and Compton 2003




Soil Organic Matter Content (Mg/ha)

Horizon 1932 2005/6

Oe' 271 a 222 b
Oa’ 71.5 63.8 a
Total Organic* 105.7 88.3

0-10 cm’ 60.0 70.1
10-20 cm’ 58.1 67.6
20+ cm’ 34.0 68.5
Total Mineral® 170.0

"Wilcoxon signed-ranks test on untransformed data

*t-test on log transformed data
St-test on untrasformed data




SOM/C
Changes by Forest type
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Sites with an agricultural or fire history
n =16

SOM accumulation rate ~ 1IMg halyr!
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SOM/C

Conclusions

1. Measurements of the SOM content in Adirondack forest
soils over 7 decades suggested that overall, the soils of
this region had not been a large sink for C during the 20th

century.

. There was, however, evidence of a trend toward increased
whole-profile SOM content between 1932 and 2005/6 in
plots with an agricultural and/or fire history

*The rates of C increase were similar to rates
determined for similar conditions in other forests in
New England.




Conclusions— overall

Soil Ca

horizons, but not deeper in the profile

Soil N

Despite the strong gradient of N deposition and large
amount of N deposited over the past ~50 yrs, the
influence of N deposition on soil N pools is small

SOM /soil C

Overall, there has been little change since the early
1930’s. However, in plots with evidence of past ag./ fire,
SOM has increased over time




Relevant Lessons

-sampling methodology— keep it consistent

‘sample amount— you can never have too much

-start an archive— know what you have and keep it organized
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Horizon

Mineral soil Ca concentration

Mean

Percentile

Median

cmol. kg'OM

cmol,, kg ™soil

cmol, kg OM

cmol, kg™soil

a

2005/6 a

47.9
19.4
10.1

2.6
2.1
1.4

27.1
32.8
21.8

1.6
2.3

1.6




MRT analysis of FF (Oe + Oa)
N content

All Plots
n=42
mean = 304
|
[ P
GSDD = 1120 56%
n=36
mean =221
]
9%

]

N dep = 4.6 ka/haly
n=27
mean = 271
|
0 |
2% GSDD = 1767
n=14
mean = 318§
|
2%

GSDD = 1767 Conifer Importance Conifer Importance GSDD =< 1120
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S0 years of N deposition and Forest Floor N Storage
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| WS 50 years of N deposition (g m™
1 Total Forest Floor N content
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What about the highest N deposition plots?

N deposition
9.8 to 31 kg N halyr

Organic N deposition
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Mineral GSDD?

T Sums of squares explained

0 T Growing season degree-days
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

Inorganic  t N deposition (g N m~2y-1)




N Content (g m'2)

However, the same functiona

relationship
exists for both temperature

and N deposition

*Can this be resolved?

N content (g m'2)

(o]
o
o

Forest Floor

2500 2000 1500 1000

Growing Season Degree-Days

15 2.0 2.5 3.0

N deposition (g m'zyr'l)

3.5




Can N dep account for
differences in soil N?

® Organic Horizon
O 50 years of N deposition, estimated
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570 g Nm?2,1.8 g N m2yr! * 50 yrs = 16%




Not enough N Iin deposition to have a measurable
Influence on soil N pools
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Whiteface Mtn N budget

Fluxes

kg N ha-1yr-1

N budget (kg N halyr!) k-

o
, (10 ¢
'

4 4

Atmospheric Input = 16.4
Mineralization = 40

Uptake — 42 . 8 . f ~ MINERALIZATION

LITTERFALL
40

Leaching = 4.8 @

[0+
\ g SOIL WATER

Retained = 8.8
FF Pool = 0.3% yr!
Total Pool = 0.07% yr!

From Friedland et al., 1991
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