
0 

2 

4 

6 

8 

10 

12 

14 

16 

18 

April May June July August September October 

Future	
  Direc*ons	
  
	
  
Analyze	
  Structural	
  Development	
  
•  Calculate	
  aboveground	
  biomass	
  from	
  recorded	
  tree	
  measurements	
  
•  Soil	
  textural	
  analysis	
  by	
  the	
  par*cle-­‐size	
  analysis	
  method	
  
•  DNA	
  iden*fica*on	
  of	
  microbes	
  present	
  (through	
  collabora*on)	
  
	
  
Quan4fy	
  Soil	
  Nutrient	
  Pool	
  Development	
  
•  Total	
  C,	
  N,	
  macro-­‐,	
  and	
  micro-­‐nutrients	
  using	
  soil	
  samples	
  collected	
  at	
  three	
  

subsamples	
  of	
  each	
  of	
  four	
  depth	
  increments	
  (forest	
  floor,	
  0-­‐5	
  cm,	
  5-­‐10	
  cm,	
  
and	
  10-­‐25	
  cm)	
  from	
  each	
  plot	
  

•  Use	
  stable	
  isotope	
  techniques	
  to	
  separate	
  geogenic	
  and	
  pedogenic	
  sources	
  of	
  
C	
  and	
  N	
  

	
  
Evaluate	
  Linkages	
  Between	
  Ecosystem	
  Structure	
  and	
  Func4on	
  
•  Correlate	
  tree,	
  microbial,	
  and	
  soil	
  structural	
  development	
  with	
  measured	
  

ecosystem	
  func*ons.	
  

Methods	
  
	
  
C	
  and	
  N	
  fluxes	
  were	
  measured	
  monthly	
  throughout	
  the	
  2013	
  growing	
  season	
  by:	
  
	
  
•  Vented	
  sta*c	
  chambers	
  for	
  soil	
  carbon	
  dioxide	
  (CO2),	
  methane	
  (CH4)	
  and	
  
nitrous	
  oxide	
  (N2O)	
  fluxes	
  	
  

•  Ion	
  exchange	
  membranes	
  for	
  available	
  ammonium	
  (NH4
+)	
  and	
  nitrate	
  (NO3

-­‐),	
  
•  Total	
  and	
  ac*ve	
  microbial	
  biomass	
  by	
  chloroform	
  fumiga*on	
  extrac*on	
  and	
  
substrate	
  induced	
  respira*on,	
  respec*vely.	
  

tons) and central (14.4 billion short tons) coal regions.
Because only about 5 percent of the Appalachian Basin pro-
duction has occurred in the southern coal region, this report,
given the scope of the NCRA, focuses exclusively on coal
beds, coal zones, and coal production in the northern and
central Appalachian Basin coal regions.

Appalachian Basin bituminous coal has been mined
throughout the last three centuries. Currently, the coal pri-
marily is used within the eastern U.S. for electrical power
generation, but some of it is suitable for metallurgical uses.
Although the number of coal mines operating in the north-
ern and central Appalachian Basin coal regions is decreas-
ing, the remaining mines are increasingly productive. In

1989, 424 million short tons of coal were produced from
1,255 underground and 1,020 surface mines (Energy
Information Administration, 1990); by 1998, 452 million
short tons were produced from just 701 underground and
614 surface mines (Energy Information Administration,
2000). The increase in productivity is due to large longwall
underground mines in the Pittsburgh coal bed (figs. 4 and 5)
and Pocahontas No. 3 coal bed (figs. 4 and 6), as well as
mountain-top-removal surface mines in the Coalburg,
Stockton, and the No. 5 and No. 6 Block coal zones (fig. 7).
Sufficient high-quality, thick, bituminous resources remain
in these coal beds and coal zones to last for the next one to
two decades at current production. After these beds are
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Figure 3. Map showing locations of the northern, central,
and southern Appalachian Basin coal regions (shaded, divid-
ed by green lines). Areas of bituminous coal are shown by
the shaded area. Assessments were conducted on coal beds

in the northern and central regions where about 32 and 63
percent, respectively, of Appalachian bituminous coal is pro-
duced (Energy Information Administration, 2000). 
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Figure	
  11:	
  CO2	
  Flux	
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Figure	
  9:	
  NH4
+-­‐N	
  available	
  on	
  a	
  daily	
  basis	
  

Figure	
  5:	
  Soil	
  temperature	
  at	
  each	
  age	
  cohort	
  by	
  month	
  

Figure	
  7:	
  Total	
  microbial	
  biomass	
  carbon	
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Figure	
  6:	
  Soil	
  moisture	
  at	
  each	
  age	
  cohort	
  by	
  month	
  

Figure	
  8:	
  Ac*ve	
  microbial	
  biomass	
  carbon	
  

Figure	
  10:	
  NO3
-­‐-­‐N	
  available	
  on	
  a	
  daily	
  basis	
  

Figure	
  12:	
  CH4	
  Flux	
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Figure	
  3:	
  Extent	
  of	
  the	
  Appalachian	
  Basin	
  coal	
  region.	
  	
  
Powell	
  River	
  Project	
  loca*on	
  indicated	
  with	
  star.	
  

Greenhouse	
  Gas	
  Fluxes	
  

μg
	
  C
H 4
	
  m

-­‐3
	
  m

in
ut
e-­‐

1	
  
	
  

Results	
  
	
  
•  The	
  5-­‐year-­‐old	
  stand	
  had	
  the	
  least	
  amount	
  of	
  canopy	
  cover	
  and	
  had	
  the	
  

warmest	
  soil	
  temperatures	
  over	
  most	
  of	
  the	
  growing	
  season	
  (Fig.	
  5).	
  
•  Soil	
  moisture	
  was	
  highly	
  variable,	
  and	
  generally	
  increased	
  with	
  canopy	
  

cover	
  in	
  the	
  reforested	
  plots	
  (Fig.	
  6).	
  
•  The	
  unmined	
  reference	
  plots	
  had	
  higher	
  total	
  microbial	
  biomass	
  C	
  rela*ve	
  

to	
  the	
  reforested	
  plots	
  throughout	
  the	
  study	
  (Fig.	
  7).	
  
•  Ac*ve	
  microbial	
  biomass	
  C	
  was	
  highest	
  in	
  unmined	
  reference	
  and	
  lowest	
  in	
  

the	
  5-­‐year-­‐old	
  cohort	
  for	
  nearly	
  every	
  month	
  (Fig.	
  8).	
  
•  Available	
  NH4

+-­‐N	
  and	
  NO3
-­‐-­‐N	
  were	
  highly	
  variable	
  (Figs.	
  9	
  and	
  10).	
  

•  CO2	
  and	
  fluxes	
  appear	
  to	
  follow	
  trends	
  in	
  temperature	
  (Fig.	
  11).	
  
•  Reforested	
  plots	
  had	
  much	
  smaller	
  CH4	
  fluxes	
  than	
  unmined	
  plots	
  (Fig.	
  12).	
  
•  No	
  clear	
  trends	
  in	
  N2O	
  fluxes	
  were	
  found	
  (Fig.	
  13).	
  

Age	
  5	
   Age	
  11	
   Age	
  30	
   Unmined	
  Age	
  21	
  

Figure	
  4:	
  Reforested	
  chronosequence	
  and	
  unmined	
  reference	
  stand	
  

Introduc*on	
  
	
  
Surface	
  mining	
  for	
  coal	
  has	
  dras*cally	
  disturbed	
  600,000	
  ha	
  of	
  land	
  
in	
  the	
  Appalachian	
  region	
  since	
  the	
  1800’s.	
  At	
  least	
  10,000	
  
addi*onal	
  ha	
  are	
  disturbed	
  each	
  year.	
  The	
  primary	
  na*ve	
  
ecosystem	
  prior	
  to	
  mining	
  is	
  mixed	
  hardwood	
  forest.	
  Research	
  
within	
  the	
  last	
  few	
  decades	
  has	
  focused	
  on	
  improving	
  tree	
  
establishment	
  and	
  survival	
  on	
  the	
  rocky,	
  compact	
  mine	
  soils	
  
common	
  in	
  the	
  post-­‐mining	
  landscape	
  (Figs.	
  1	
  and	
  2).	
  However,	
  it	
  
is	
  unclear	
  whether	
  the	
  established	
  forest	
  vegeta4on	
  provide	
  the	
  
same	
  ecological	
  func4ons	
  as	
  the	
  na4ve	
  forest	
  ecosystems.	
  

Study	
  Objec*ves	
  
	
  
1.  Quan*fy	
  the	
  rate	
  at	
  which	
  key	
  forest	
  ecosystem	
  func*ons	
  

return	
  to	
  the	
  landscape.	
  
2.  Relate	
  ecosystem	
  structural	
  development	
  to	
  ecosystem	
  

func*onal	
  development.	
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Figure	
  1:	
  Topsoil	
  subs*tutes	
  common	
  in	
  the	
  region	
   Figure	
  2:	
  Reestablishing	
  approximate	
  original	
  contour	
  

Experimental	
  Design	
  
	
  
Powell	
  River	
  Project	
  (PRP)	
  
	
  
Located	
  in	
  southwest	
  VA	
  (Fig.	
  3),	
  
the	
  PRP	
  is	
  a	
  public-­‐private,	
  
coopera*ve	
  land-­‐grant	
  project.	
  
Research	
  from	
  the	
  PRP	
  focuses	
  
on	
  crea*ng	
  prac*cal	
  and	
  cost-­‐
effec*ve	
  solu*ons	
  for	
  natural	
  
resource	
  and	
  reclama*on	
  
challenges	
  related	
  to	
  surface	
  
coal-­‐mining.	
  
	
  
Chronosequence	
  of	
  four	
  forest	
  stands	
  following	
  reclama*on	
  and	
  
reforesta*on	
  (ages	
  5,	
  11,	
  21	
  and	
  30	
  years)	
  and	
  an	
  unmined	
  
reference	
  stand	
  representa*ve	
  of	
  the	
  pre-­‐mining	
  forest	
  condi*on	
  
(Fig.	
  4).	
  Within	
  each	
  age	
  cohort,	
  three	
  5	
  m	
  radius	
  plots	
  were	
  
established	
  for	
  sample	
  collec*on	
  and	
  stand	
  characteriza*on.	
  

Figure	
  13:	
  N2O	
  Flux	
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