
Plan%ng	
  density	
  effects	
  on	
  biomass	
  
growth	
  of	
  hybrid	
  poplar	
  clones	
  in	
  
Michigan:	
  A	
  sixth-­‐year	
  update.	
  

Raymond	
  O	
  Miller	
  
Bradford	
  A.	
  Bender	
  

Michigan	
  State	
  University	
  



Stand	
  Development	
  Fundamentals	
  

•  Crop	
  biomass	
  per	
  unit	
  area	
  increases	
  without	
  
mortality	
  un%l	
  canopy	
  closure,	
  regardless	
  of	
  
density.	
  Stand	
  development	
  aFer	
  canopy	
  
closure	
  includes	
  mortality.	
  (Yoda,	
  et.	
  Al.;	
  1963)	
  

•  Crop	
  biomass	
  accumula%on	
  aFer	
  canopy	
  
closure	
  is	
  differen%ally	
  distributed	
  among	
  the	
  
surviving	
  stems.	
  	
  

This	
  is	
  the	
  biological	
  underpinning	
  of	
  thinning	
  
theory.	
  



Distribu%on	
  of	
  Biomass	
  Among	
  Stems	
  

AFer	
  canopy	
  closure…	
  
	
  
•  Spacing/Density	
  effects	
  individual	
  tree	
  
parameters	
  (e.g.	
  DBH,	
  Ht,	
  and	
  volume)	
  

•  Spacing/Density	
  has	
  liRle	
  effect	
  on	
  stand	
  
parameters	
  (e.g.	
  Basal	
  Area	
  (BA)	
  and	
  Biomass)	
  

•  The	
  rate	
  of	
  biomass	
  accumula%on	
  in	
  the	
  stand	
  
ini%ally	
  increases	
  but	
  eventually	
  slows.	
  

(Johnson;	
  2008,	
  McAlpine,	
  et.	
  al.;	
  1966)	
  



Variables	
  to	
  Consider	
  

•  Crop	
  Factors	
  
– Gene%cs,	
  pest	
  resistance,	
  resource	
  use	
  efficiency,	
  
biomass	
  par%%oning	
  above	
  and	
  below	
  ground.	
  

•  Site	
  Factors	
  
– Soil	
  fer%lity,	
  sunlight,	
  moisture	
  availability,	
  
growing	
  season	
  length	
  &	
  temperatures.	
  

•  Management	
  Factors	
  
– Compe%%on	
  control,	
  phytophagy,	
  fer%liza%on,	
  
irriga%on,	
  rota%on	
  length,	
  plan%ng	
  density.	
  



So	
  What?	
  

•  Plant	
  enough	
  stems	
  so	
  that	
  they	
  occupy	
  the	
  
site	
  and	
  convert	
  site	
  resources	
  into	
  crop	
  
biomass	
  quickly.	
  

•  Don’t	
  plant	
  too	
  many,	
  because	
  then	
  you	
  just	
  
waste	
  money	
  on	
  unnecessary	
  trees.	
  

•  Wait	
  to	
  harvest	
  un%l	
  biomass	
  produc%on	
  has	
  
been	
  op%mized	
  but	
  not	
  so	
  long	
  that	
  the	
  
biomass	
  produced	
  does	
  not	
  pay	
  for	
  the	
  ini%al	
  
investment	
  plus	
  interest.	
  



Previous	
  Work	
  With	
  Poplar	
  

•  Plan%ng	
  densi%es	
  below	
  1,100	
  s/h	
  are	
  op%mal	
  
for	
  producing	
  solid	
  wood	
  products	
  like	
  
pulpwood	
  and	
  saw%mber	
  but	
  not	
  biomass.	
  

•  Biomass	
  produc%on	
  on	
  “short	
  rota%ons”	
  was	
  
roughly	
  equivalent	
  over	
  densi%es	
  ranging	
  
from	
  3,000	
  to	
  40,000	
  s/h.	
  

•  Here	
  we	
  tested	
  plan%ng	
  densi%es	
  between	
  
these	
  two	
  limits.	
  



Experimental	
  Design	
  
•  Randomized	
  block	
  design	
  with	
  four	
  blocks	
  
•  Seven	
  poplar	
  taxa	
  

–  P.	
  deltoides	
  (D105)	
  
–  P.	
  xcanadensis	
  (DN5,	
  DN34,	
  NE222,	
  &	
  I4551)	
  
–  P.	
  nigra	
  X	
  P.	
  maximowiczii	
  (NM2	
  &	
  NM6)	
  

•  Three	
  densi%es	
  
–  1,900,	
  2,200,	
  &	
  2,700	
  stools/hectare	
  

•  0.04-­‐ha	
  “main	
  plots”	
  (1/10th	
  acre)	
  
–  2.44m	
  between	
  rows	
  
–  Variable	
  spacing	
  within	
  rows	
  (2.13,	
  1.83,	
  &	
  1.52m)	
  
–  Outside	
  2	
  trees	
  excluded	
  from	
  “measurement	
  plot”	
  

•  Target	
  rota%on	
  age:	
  8	
  years	
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Map of Inner 24 Trees Within Plot (8' X 7' spacing)
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Conclusion	
  

1.  Plan%ng	
  density	
  had	
  no	
  impact	
  on	
  biomass	
  
produc%vity	
  but	
  choice	
  of	
  clone	
  did.	
  NM6	
  
was	
  the	
  best	
  (45	
  dry	
  Mg·∙ha-­‐1)	
  while	
  D105	
  was	
  
among	
  the	
  poorest	
  (21	
  dry	
  Mg·∙ha-­‐1)	
  aFer	
  six	
  
years.	
  While	
  choosing	
  the	
  proper	
  clone	
  can	
  
significantly	
  improve	
  SRE	
  Planta%on	
  
profitability,	
  there	
  is	
  no	
  advantage	
  to	
  
increasing	
  plan%ng	
  density	
  above	
  1,900	
  
stools·∙ha-­‐1.	
  



Conclusion	
  

2.  Disease	
  is	
  beginning	
  to	
  reduce	
  growth	
  and	
  
increase	
  mortality	
  of	
  certain	
  clones.	
  NM2	
  is	
  
heavily	
  infected	
  by	
  Septoria	
  musiva.	
  Stems	
  
are	
  breaking	
  and	
  mortality	
  is	
  increasing.	
  Only	
  
the	
  slowest	
  growing	
  clones	
  are	
  lightly	
  
infected.	
  Breeding	
  clones	
  that	
  combining	
  fast	
  
growth	
  with	
  disease	
  resistance	
  should	
  be	
  the	
  
highest	
  priority	
  of	
  all	
  research	
  efforts.	
  



Conclusion	
  

3.  Biological	
  rota%on	
  for	
  the	
  faster	
  growing	
  
clones	
  (like	
  NM6)	
  was	
  reached	
  aFer	
  six	
  years	
  
and	
  appears	
  to	
  be	
  coming	
  in	
  year	
  eight	
  for	
  
the	
  slower	
  growing	
  clones	
  (like	
  D105).	
  The	
  
lowest	
  break-­‐even	
  price	
  for	
  NM6	
  was	
  $54/
dry	
  ton	
  aFer	
  six	
  years	
  and	
  appears	
  to	
  be	
  $70/
ton	
  for	
  D105	
  aFer	
  nine	
  years.	
  	
  



Conclusion	
  
4.  Break	
  even	
  prices	
  are	
  sensi%ve	
  to	
  establishment	
  

and	
  harves%ng	
  costs.	
  Increases	
  in	
  yield	
  drive	
  
break	
  even	
  prices	
  significantly	
  down	
  in	
  much	
  the	
  
same	
  was	
  as	
  planta%on	
  establishment	
  subsidies	
  
do.	
  Yield	
  losses	
  are	
  catastrophic	
  to	
  the	
  finances	
  
of	
  SRE	
  Planta%on	
  systems.	
  Research	
  and	
  
educa%on	
  to	
  help	
  growers	
  avoid	
  management	
  
errors	
  together	
  with	
  simple	
  good	
  luck	
  in	
  
avoiding	
  bad	
  weather	
  and	
  crop	
  preda%on	
  are	
  
absolutely	
  cri%cal	
  to	
  the	
  financial	
  success	
  of	
  SRE	
  
Planta%ons.	
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