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A b s t r a c t  

E s t i m a t e s  o f  n u t r i e n t  l o s s e s  are compared 
f o r  stem-only h a r v e s t  v e r s u s  a whole - t ree  
h a r v e s t  o f  a c l e a r c u t  n o r t h e r n  hardwood s t a n d .  
Combined n u t r i e n t  l o s s e s  due t o  i n c r e a s e d  
l e a c h i n g  and removal  o f  v e g e t a t i o n  a f t e r  
s t emlon ly  h a r v e s t i n g  a r e  e s t i m a t e d  t o  be  334 
kg/ha f o r  ca lc ium and 265 kg/ha  f o r  n i t r o g e n .  
For a whole - t ree  h a r v e s t ,  combined l o s s e s  a r e  
e s t i m a t e d  a t  537 kg/ha f o r  ca lc ium and 486 
kg/ha  f o r  n i t r o g e n .  Replenishment o f  a v a i l -  
a b l e  c a l c ium and n i t r o g e n  cou ld  be  a problem, 
depepding upon t h e  r a t e  o f  s o i l  m i n e r a l i z a t i o n  
and p a t u r a l  r ep lacement .  

THE NUTRIENT CAPITAL of  the f o r e s t  ecosystem i s  a main 
conce rn  i n  i n t e n s i v e  management. I n  some cases t h e  
conce rn  i s  t h a t  n u t r i e n t s  a r e  l a c k i n g  and a d d i t i o n s  are 
needed t o  promote a d d i t i o n a l  growth and more r a p i d  
growth. I n  o t h e r  c a s e s  concern  i s  abou t  t h e  n u t r i e n t s  
l o s t  frlom a s i t e  th rough  p h y s i c a l  removal by h a r v e s t i n g  
and by b a s i c  changes i n  t h e  n u t r i e n t  c y c l e  a f t e r  
ha rve s t ' i ng .  

Colnceptual models f o r  f l u x e s  of  major  n u t r i e n t s  i n  
f o r e s t  ecosys tems a r e  now commonplace. I n  some c a s e s  
t h e s e  q o d e l s  a r e  d e t a i l e d ;  J .  M e l i l l o  a t  Yale Univer- 
s i t y  ( p e r s o n a l  communication) d e f i n e s  25 d i f f e r e n t  
compartlments and numerous i n t e r r e l a t e d  pathways f o r  
n i t r o g q n  f low i n t o ,  w i t h i n ,  and o u t  o f  a n o r t h e r n  hard-  
wood f a r e s t .  Less commonplace are q u a n t i t a t i v e  v a l u e s  
f o r  t h e  many compartments o f  f o r e s t  n u t r i e n t  c y c l e s .  

There a r e  obvious  r e a s o n s  why we need q u a n t i f i c a -  
t i o n  ofj t h e  n u t r i e n t  c y c l e .  I n t e n s i v e  management can 
mean s y o r t e r  r o t a t i o n s  and more complete  u t i l i z a t i o n  
and t h v s  a g r e a t e r  d r a i n  of  n u t r i e n t s  i n  h a r v e s t e d  
producgs.  We need t o  know what t h i s  means i n  r e l a t i o n  
t o  overla11 n u t r i e n t  c a p i t a l  and p r o d u c t i v i t y  of t h e  
managed s i t e .  
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90-year-old stand at the Bartlett Experimental Forest 
in centqal New Hampshire. On this area of 2.5 hectares, 
all trees over 2.5 cm dbh were measured (data provided 
by S. M a  Filip, Northeastern Forest Experiment Station, 
Durham, N o  H.). 

To estimate nutrient removal by various intensi- 
ties of forest harvesting, both biomass values and 
nutrient content of plant tissues are needed for in- 
dividual components of the forest stand. Biomass 
values were obtained by using a dimensional analysis 
of a northern hardwood stand at the Hubbard Brook 
Experimental Forest in central New Hampshire 
(Whittaker et al. 1974). Diameter at breast height is 
used as,an independent variable in a series of linear 
regresszon equations. The equations provide estimates 
of biomass for stem wood, stem bark, branch wood, and 
current leaves and twigs by individual species. 

Nutrient content of these components was deter- 
mined by using chemical analyses of plant tissues made 
at Hubbard Brook by Likens and Bormann (1970). These 
analyses provide nitrogen and calcium values as a 
percentgge of biomass. Weight of nutrients in each 
component is estimated simply by multiplying biomass 
by the percentage of calcium or nitrogen. 

RESULTS 

Using data from the northern hardwood stand at 
Bartlett Experimental Forest and applying the equations 
from Whittaker et al. (1970), I found that total biomass 
in trees >2.5 cm dbh is 203 metric tons/ha (table 1). 
Of this total, stem wood comprises 64 percent, stem 
bark 7 percent, branches 27 percent, and current leaves 
and twigs 2 percent. By species, 34 percent of the 
biomass is maple, 32 percent birch, and 24 percent 
beech. 'White ash, red spruce, and eastern hemlock make 
up the remaining 10 percent. 

Mu 1 tiplying biomass by the nutrient contents of 
individbal components of biomass (Likens and Bormann 
19701, I find that total calcium and nitrogen in trees 
>2.5 cm dbh is 547 kg/ha and 483 kg/ha, respectively 
(table 2). For calcium, 229 kg/ha or 42 percent of the 
total in trees is bound in branches and 193 kg/ha or 
35 percent of total is bound in stem bark. Stem wood 
contains 99 kg/ha or 18 percent, and current twigs and 
leaves hontain only 25 kg/ha or 5 percent of the total. 
By species, 36 percent of the calcium total in trees 



Table 1.--Dry weight of biomass, in metric tons per 
hectare 

Species 

Current 

Stem Stem Branches and wood bark leaves Total 

twigs 

------ rlc tons ~ e r  hectare------- - Pct . 
Beech, 31.82 2.18 13.19 1.08 48.27 24 
Yellow birch 26.76 3.24 14.36 .80 45.16 22 
Paper birch 11.25 1.29 6.79 .31 19.64 10 
Sugar maple 2.41 .31 .59 .08 3.39 2 
Red maple 43.80 5.33 13.85 1.13 64.11 32 
White ash 3.10 .20 1.37 . 07 4.74 2 
Red spruce .45 .07 .12 .01 .65 0 
Eastern 
hemlock 11.46 1.42 3.66 .14 16.68 8 

Total 131.05 14.04 53.93 3.62 202.64 

Percent 64 7 2 7 

is in maples, 30 percent in birches, and 26 percent in 
beech. 

For nitrogen, 195 kg/ha or 40 percent of the total 
is in branches and 81 kg/ha or 17 percent is in stem 
bark (table 2). Stem wood contains 126 kg/ha or 26 
percent and leaves and twigs contain 80 kg/ha or 17 
percent of the nitrogen total. By species, 38 percent 
of the nitrogen total in trees is in birches, 32 percent 
in maples, and 24 percent in beech. 

Only minor portions of biomass and nutrients are 
in trees that might be considered too small to harvest. 
For the Bartlett stand, trees less than 10 cm dbh con- 
tain only 3 percent of the total biomass, 2 percent of 
the total calcium in vegetation, and about 3 percent 
of the total nitrogen in vegetation. 

DISCUSSION 

The above data can be used to compare nutrient 
removal for differing harvests. An illustration is 
clearcutting to harvest stems only versus clearcutting 
for whole-tree harvest. For the Bartlett stand, 



Table 2.--Calcium and nitrogen in biomass 

Species 

Current 
leaves Stem Stem Branches and wood bark 
twigs 

Total 

Beech 
Yellow birch 
Paper birch 
Sugar maple 
Red maple 
White ash 
Red spruce 
Eastern 
hemlock 

----I-1LII- kg per hectare----------- 

CALCIUM 

Pct . 

-- 

Total 99.3 193.4 229.0 24.9 546.6 

Percent 18 3 5 42 5 o m  -- 
- -- 

NITROGEN 

Beech 35.1 16.4 39.6 
Yellow birch 24.7 19.4 63.2 
Paper birch 10.4 7.8 29.9 
Sugar maple 2.4 1.7 2.2 
Red maple 42.9 29.3 51.3 
White ash 3.4 1.5 4.1 
Red spruce 0.3 0.2 0 . 1 
Eastern 
hemlock 6.3 5.0 5.0 

- - - -- - - - - 

Total 125.5 81.3 195.4 80.5 482.7 

Percent 2 6 17 40 17 O w  O w  

combined stem wood and bark contain a total of 293 
kg/ha of calcium and 207 kg/ha of nitrogen (table 2 ) .  
All components, including stems, branches, leaves, and 
twigs, contain 547 kg/ha of calcium and 483 kg/ha of 
nitrogen. Thus a whole-tree harvest has potential for 
removing about 1.9 times as much calcium and about 2.3 
times as much nitrogen as a stem-only harvest. 



For any harvest, some residual materials and their 
incorporated nutrients will be left on the site. For 
the comparison of the two clearcuttings mentioned above, 
both harvests were assumed to be about 80 percent eff- 
icient--or that 20 percent of the harvestable materials 
were left on the site. Thus for the Bartlett stand, 
harvestdng stems only would remove an estimated 234 
kg/ha of calcium and 165 kg/ha of nitrogen (table 3). 
A whole-tree harvest is estimated to remove about 437 
kg/ha of calcium and 386 kg/ha of nitrogen. 

Nutrient losses also occur as a result of in- 
creased leaching in the several years immediately 
after harvest. From several studies in central New 
Hampshire (Pierce et ale 1970; Hornbeck et al. 1975a 
and 1975b1, I have estimated leaching losses from the 
Bartlett stand to be increased about 100 kg/ha for both 
calcium and nitrogen (table 3). Thus combined losses 

Table 3.--Soil nutrient capital and losses due..to 
clearcuttings in which 80 percent of product 
1s removed 

Nutrient losses 
and reserves Calcium Nitrogen 

------- kg per hectare--------- 
Losses due to: 
Stem-only harvest 234 
Whole-tree harvest 437 
Leaching losses 100 

Total losses: 
Stem-only harvest 
Whole-tree harvest 

Soil reserves: 
Bound 6,000-20,000 6,000-8,000 
Available 500-1,000 25-250 

from a stem-only harvest are 334 kg/ha for calcium and 
265 kg/ha for nitrogen. For a whole-tree harvest, 
combined losses are estimated at 537 kg/ha for calcium 
and 486 kg/ha for nitrogen. 



One means of evaluating the losses is to compare 
them with nutrient content of the forest soil (table 3). 
For soils similar to those at Bartlett, total bound 
calcium is estimated between 6,000 and 20,000 kg/ha, 
and available calcium is estimated between 500 and 
1,000 kg/ha. Corresponding estimates for nitrogen are 
6,000 to 8,000 kg/ha bound and 25 to 250 kg/ha avail- 
able. When compared with the total reserves in the 
soil, the calcium and nitrogen losses from either stem- 
only or whole-tree harvests are relatively small. How- 
ever, in the case of nitrogen,of which the soil re- 
serves are smaller, combined losses from stem-only 
harvesting may represent 3.3 to 4.5 percent of the 
bound nitrogen in the soil, and losses from whole-tree 
harvesting may represent 6.1 to 8.1 percent. 

The above evaluations are in terms of total 
nutrient reserves in the soil. Important concerns also 
include how much of the losses come from the pool of 
nutrients readily available for plant use, and how fast 
such loSses are replenished. Most of the increased 
losses to leaching probably come from the available 
pool. This could mean that as much as 20 percent of 
the available calcium and much of the available 
nitrogen could be lost to leaching (table 3). 

Replenishment of the available pool could be a 
problem for both calcium and nitrogen. Although there 
were large calcium reserves bound in rocks and soils, 
the conversion to available calcium is slow (Johnson 
et al. 1968). In previous studies, Boyle et al. (1973) 
and Weetman and Webber (1972) both projected the de- 
pletion of calcium as beilgpotentially the first adverse 
consequence of whole-tree harvesting. In the case of 
nitrogen, there is little, if any, input from rock- 
weathering; so most available nitrogen must come from 
soil mineralization. Both nitrogen and calcium are 
supplied to the available pool through precipitation, 
but the amounts are relatively small. At Hubbard 
Brook, the annual additions in precipitation average 
2.2 kg/ha for calcium and 6.5 kg/ha for nitrogen. 

Replenishment of nutrients may become a more 
significant problem if rotation age is reduced. Most 
northern forest types are currently on 50- to 100-year 
or longer rotations, thus providing a good opportunity 
for natural replacement of nutrients. Intensive man- 
agement and improved utilization could shorten ro- 
tations to 30 years or less. The possibility of short- 
er rotations further emphasizes the need for 



information about rates and methods by which nutrients 
are made available for plant use, both before and 
after harvesting. 

There are options that may reduce the loss of 
nutrients due to harvesting. An example for whole-tree 
harvesting: avoid removing leaves, either by harvesting 
in the dormant season or by felling trees well in ad- 
vance of skidding so that senescence and leaf fall 
occur on site. Such an action for the Bartlett stand 
could reduce calcium removal by 25 kg/ha and nitrogen 
by 80 kg/ha (table 2). Configuration of the harvest 
can also affect nutrient losses. After a Hubbard Brook 
watershed was clearcut progressively in strips, nutrient 
losses to leaching were one-third to one-half less than 
those from nearby watersheds that were cut in large 
blocks (Hornbeck et al. 1975b). 

In addition to the gross nutrient losses discussed 
above, forest harvesting can have other more subtle 
impacts on the nutrient cycle. For example, the re- 
moval of hydrogen ions by exchange in the forest 
canopy (Eaton et al. 1973) may lessen the impact of 
acidic precipitation that occurs in the Northeast 
(Likens snd Bormann 1974). The important chemical 
changes that occur as precipitation passes through the 
canopy raise the question of what may happen when the 
forest canopy is removed. In an earlier study at 
Hubbard Brook, in which a previously forested water- 
shed was devegetated for a 3-year period, the stream 
water pH decreased from 5.1 to 4.3 (Likens et al. 1970). 
This change represents about a fivefold increase in 
hydrogen-ion content of stream water. There were many 
complex changes in the chemical composition of the 
stream as a result of devegetation. However, the 
absence of hydrogen-ion exchange in the canopy may have 
contributed to the increased acidity of stream water 
after vegetation was eliminated. 

As another example, recent studies at Hubbard 
Brook indicate that nitrogen is fixed in northern hard- 
wood stands at an estimated rate of 1 to 11 kg/ha/yr 
(personal communication, Joann Roskoski, Yale Univers- 
ity). Practically all the fixation occurs in rotting 
wood, especially in material greater than 2 cm 
diameter. More intensive harvesting may leave less of 
this material on the site and eliminate much of the 
substrate for future nitrogen fixation. 



Both the gross and subtle impacts on nutrients must 
be considered in attempts to harvest greater quantities 
of wood from northern forest types. Cooperation is needed 
between the manager and the researcher in quantifying the 
changes in nutrient cycles and in implementing practices 
that will conserve nutrients on the site. 
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