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The team empowered to solve these problems:

▸ 2  x Biolog ic a l R&D Le a d (s ) & Proje c t  Coord ina tor(s )
· Ve nd or c om m unic a t ions  
· Coord ina t ing  s ite  vis it s  a nd  p roje c t  c rit ic a l 

d is c us s ions  (w ith in  te a m  a nd  e xte rna l)
· Sup p ort  lite ra ture  re vie w of outp la n t ing  

p ra c t ic e s
· De ve lop e d  tools  for a na lys is  of ke y d a ta  

m e tric s  from  in te rvie ws  a nd  s ite  vis it s
▸ 1x Eng ine e r 

· Sup p ly c ha in  /  re la t ions h ip  m a na g e m e nt
· Proc e s s  d e ve lop m e nt

Conta c t  us  a b out  c on t rib ut ing  to  the  ong oing  re s e a rc h , or jus t  
to  c onne c t : Ma t the w@m a s tre fore s t .c om

Objective
Und e rs ta nd ing  h is toric a l a nd  c urre n t  p ra c t ic e s  a s s oc ia te d  
with  outp la n t ing  p ra c t ic e s  a c ros s  the  we s te rn  U.S.

Team
Outp la nt ing  in  the  We s te rn  U.S. 
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Proposed targets
Sc a ling  re fore s ta t ion

▸ Trillions  of t re e s !?  

▸ Re c e nt  a na lys is  s ug g e s te d  tha t  6 4 M a c re s  of na tura l la nd s  
ha ve  the  pote nt ia l for a rt ific ia l re g e ne ra t ion  inve s tme nt  →

• Ac hie ve me nt  b y 20 4 0  will re quire  3 0  b illion  
t re e s  to  b e  p rod uc e d  a nd  p la nte d  na t iona lly

• An e s t . 3 B t re e s  pe r ye a r na t iona lly

▸ Es t . a nnua l p rod uc t ion  in  the  We s te rn  US is  ~ 20 0 M 
s e e d lings  - 16 6 M a s  of 20 19

• Propos e d  ta rg e t  a c hie ve  7B t re e s  p la nte d  b y 
20 4 0

• s o…4 0 0 M a nnua lly p rod uc e d  a nd  p la nte d ?

LEARN MORE
& SOURCES Haase, Diane L., et al. "Forest nursery seedling production in the United States—fiscal year 2018." Tree Plant. Notes 62.1/2 (2019): 20-24.
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1 2 3

4 5 6

7 8 9

Se e d  p la nn ing1

Se e d  c olle c t ion2

Extra c tory a nd  la b3

Nurs e ry p la nn ing4

Se e d ling  p rod uc t ion5

Re fore s ta t ion  Rx6

Site  p re p a ra t ion7

8

Outp la n t ing9

Reforestation pipeline
Supp ly c ha in

Se e d ling  p a c king , c old  s tora g e , a nd  t ra ns p ort  to  s ite
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Se e d  p la nn ing1

Se e d  c olle c t ion2

Extra c tory a nd  la b3

Nurs e ry p la nn ing4

Se e d ling  p rod uc t ion5

Re fore s ta t ion  Rx6

Site  p re p a ra t ion7

Se e d ling  p a c king , c old  s tora g e , a nd  t ra ns p ort  to  s ite8

Outp la n t ing9

Is the pipeline balanced? 
Assess current capacity

Identify areas for innovation

Set targets for improvement

Identify limiting factors

~400M seedlings planted per 
year in the Western US

10 Re fore s ta t ion  p roje c t  
s uc c e s s ? 

Supp ly c ha in
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Proposed tree planting goals are not achievable unless we scale our outplanting capacity.  
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A b rie f h is tory of 
outp la nt ing  in  the  
we s te rn  U.S. 

Looking back
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▸ Ea rly 19 0 0 ’s

• De ma nd  for fore s t  re s tora t ion  wa s  pa ra mount  d ue  to  
la rg e  wild fire s , ind is c rimina te  ha rve s t ing , a nd  s o il 
e ros ion  e nd a ng e ring  wa te rs he d s

• Inve s tme nt  in  e xp loring  a rt ific ia l re g e ne ra t ion  a s  a  
s t ra te g y to  c ompe ns a te  for lim ita t ions  from na tura l 
re g e ne ra t ion  

▸ Priva te  nurs e rie s  la rg e ly s e rving  a g ric u ltura l o r hort ic u ltura l 
ne e d s

▸ Fe d e ra l g ove rnme nt  the  log ic a l a c tor to  ma ke  improve me nts  
whe re  ind us try ha d  no  inc e nt ive  to  inve s t

N

20th Century origins
Pa s t

LEARN MORE
& SOURCES

Taylor, W. M. 19 4 8 . Na tura l ve rs us  a rt ific ia l re ge ne ra t ion in  Be nton County, Ore gon. Oregon State University. pp . 1- 5 .
Curt is , R. O.; De Be ll, D.S.; Mille r, R.E. 20 0 7. Silvicultura l re s e a rch  and  the  e volut ion of fore s t  p rac t ic e s  in  the  Doug la s - fir re g ion. U.S. Department 
of Agriculture, Forest Service, Pacific Northwest Research Station .  pp . 16 - 29 .
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▸ The  Civilia n  Cons e rva t ion  Corp  wa s  forme d  in  19 3 3

• Roos e ve lt ’s  Eme rg e nc y Cons e rva t ion  Work Ac t  
e n lis te d  une mploye d  me n …“to  mit ig a te  the  e ffe c ts  
of s o il e ros ion  a nd  wid e s p re a d  d e c line  of t imb e r 
re s ourc e s ”... 

• Re c ord s  s ug g e s t  the y p la nte d  3  b illion  t re e s  
b e twe e n 19 3 3  a nd  19 4 2  throug hout  the  US, with  3  
million  me n

▸ Cre a t ion  of fe d e ra l nurs e rie s

• Inc lud ing  the  Wind  Rive r Nurs e ry (Wa s hing ton), 
Monume nt  Nurs e ry (Colora d o), a nd  Sa ve na c  
Nurs e ry (Monta na ) in  the  we s te rn  Unite d  Sta te s  

• Ma ny fe d e ra l fa c ilit ie s  we re  la te r c onve rte d  to  
s ta te  fa c ilit ie s  a nd  ma in ta ine d  throug h the  la te r 
c e ntury.

20th Century origins
Pa s t

LEARN MORE
& SOURCES

Dumroe s e , R. K., Land is , T. D., Ba rne t t , J . P., & Burch , F. 20 0 5 . Fore s t  Se rvice  nurs e rie s : 10 0  ye a rs  of e cos ys te m re s tora t ion. Journal of forestry , 
pp . 24 1- 24 7.
US Na t iona l Arch ive s  9 5 - G- 15 25 0 2
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▸ Who we re  the  t re e  p la n te rs  of tha t  t ime ?

• …”unma rrie d  me n g e ne ra lly b e twe e n 18 - 25  ye a rs  o ld  
who we re  Unite d  Sta te s  c it ize ns ”

• Re fle c t ive  of milita ry c ha in  of c omma nd  a nd  
org a niza t iona l s t ruc ture

▸ Inc e nt ive s

• Work in  a  t ime  of ne e d , with  t ra ns fe ra b le  s kills  a nd  
d is c ip line  to  e nric h  worke rs  for re turn  to  c ivil s oc ie ty

• A CCC worke r’s  s a la ry wa s  $ 3 0 - 4 5  a  month  ($ 5 0 0 -
8 0 0  e quiva le n t  tod a y), mos t  of whic h  the  me n s e nt  
home  to  the ir fa milie s  

• Me a ls , lod g ing , c lo th ing , me d ic a l, a nd  d e nta l c a re  
we re  a ll fre e  for e nro lle e s

20th Century efforts
Pa s t

LEARN MORE
& SOURCES

Pa ige , J . C. 19 8 5 . The  Civilian  Cons e rva t ion Corps  and  the  Na t iona l Pa rk Se rvice , 19 3 3 - 19 4 2 : An Ad minis t ra t ive  His tory. National Park 
Service, US Department of the Interior . p . 11.
h t tp s :/ /www.nps .gov/
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▸ How d id  the y a c c omplis h  the  outp la n t ing ?

• “la b or a t  a  minimum c os t  for 
ma te ria ls  a nd  e quipme nt”

• “...s t rong  b a c ks , s hove ls , a nd  p ic ks , 
the  CCC b uilt  roa d s , t ra ils , c u lve rts , 
a nd  s t ruc ture s ”

• “…the  CCC ut ilize d  na t ive  ma te ria ls , 
s uc h  a s  the  loc a l s a nd s tone , whic h  
the y qua rrie d  the ms e lve s  with  s ta r 
d rills , s le d g e  ha mme rs , mus c le , a nd  
s we a t”

N

20th Century efforts
Pa s t

LEARN MORE
& SOURCES

Pa ige , J . C. 19 8 5 . The  Civilian  Cons e rva t ion Corps  and  the  Na t iona l Pa rk Se rvice , 19 3 3 - 19 4 2 : An Ad minis t ra t ive  His tory. National 
Park Service, US Department of the Interior . p . 11.
h t tp s :/ /www.nps .gov/
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▸ Support  in fra s t ruc ture  wa s  c rit ic a l

• Ca mps  inc lud e d  a  fu ll c omple me nt  of 
b u ild ing s

• Prima rily: b a rra c ks , me s s  ha ll, re c re a t iona l 
ha ll, b a th  hous e , la t rine , s upp ly, g a ra g e , 
a nd  he a d qua rte rs

• More  d e ve lope d  a re a s : c la s s rooms , 
hos p ita l, b a rb e r s hop , pos t  o ffic e , c a n te e n , 
a nd  s ome t ime s  a  the a te r

20th Century efforts
Pa s t

LEARN MORE
& SOURCES

Pa ige , J . C. 19 8 5 . The  Civilian  Cons e rva t ion Corps  and  the  Na t iona l Pa rk Se rvice , 19 3 3 - 19 4 2 : An Ad minis t ra t ive  His tory. National 
Park Service, US Department of the Interior . p . 11.
h t tp s :/ /www.nps .gov/
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▸ A fe w re c ord s  of p riva te  s e e d  a nd  nurs e ry 
ope ra t ions  in  the  NW unt il m id - c e ntury (pos t-
wa r)

• We ye rha e us e r s ta rte d  a  t re e  nurs e ry in  
19 3 8  in  Snoqua lmie  Fa lls , WA

• Silva s e e d  Co wa s  p re vious ly Ma nning  Se e d  
Compa ny a nd  wa s  ope ra t ing  c one  
c o lle c t ion  s ta t ions  a nd  s e e d  e xtra c torie s  in  
OR a nd  WA s inc e  18 70

• Eve ntua lly a s  Priva te  t imb e r ope ra t ions  
(TIMOs , REITs , o the rs ) flouris he d , the y 
s upporte d  re g e ne ra t ion  a nd  outp la n t ing  
p rog ra ms  tha t  we re  b oth  in te rna l a nd  
e xte rna l

20th Century origins
Pa s t

LEARN MORE
& SOURCES

Le wis , R. 19 8 1. Tre e  Fa rming : A Volunta ry Cons e rva t ion Program. Journal of Forest History. pp . 16 6 - 16 9 .
We ye rha e us e r d e d ic a te s  the  na t ion 's  firs t  t re e  fa rm ne a r Monte s ano on J une  21, 19 4 1

https://www.historylink.org/File/5256%5C
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▸ Fa s t  forwa rd  throug h the  19 5 0 s - 20 0 0

▸ Myria d  re s e a rc h  on  s toc ktype s  e volve d  to  me e t  
outp la nt ing  s ite  c ond it ions  a nd  improve d  t imb e r c rop  
e s ta b lis hme nt

▸ Se e d ling  c rop  s c ie nc e  a nd  s ite  p re p  te c hnolog y

▸ Ae ria l s e e d ing  a s  a  ra p id  re s pons e  tool 

▸ Sta nd a rd ize d  p rod uc ts  a nd  p roc e s s e s  we re  the  
me a ns  to  e ffic ie nc y: s toc ktype , too ls , s pa c ing , e tc .

▸ Innova t ion  lim ite d  b y e c onomic  inc e nt ive s

• Some  tool innova t ions

• Cold  s tora g e  or t ra ns porta t ion  s o lu t ions

• Foc us  wa s  c os t  s a ving s  a nd  p la nta t ion  
s urviva l

▸ Shut  d own e xtra c t ion  of o ld  g rowth  on  fe d e ra l la nd , 
impa c te d  rura l e c onomie s  a nd  fore s try workforc e

20th Century innovation
Pa s t

LEARN MORE
& SOURCES

Gros s n ic kle , S. C., & Ive t ić , V. 20 17. Dire c t  s e e d ing  in  re fo re s ta t ion–a  fie ld  pe rfo rm a nc e  re vie w. Reforesta . p . 9 4 .
La nd is  e t  a l. 19 9 0 . Con ta ine rs : Type s  a nd  Func tions . In : La nd is  e t  a l. The  Con ta ine r Tre e  Nurs e ry Ma nua l: Vo lum e  2 . Agric . Ha ndbook No . 6 74 . Wa s h ing ton, DC: U.S. De pa rtm e n t  o f Agric u lture , Fore s t  Se rvic e . pp . 1-
4 0
Lot t , J .R. 19 8 4 . Fore s t  Se rvic e  Equ ipm e nt De ve lopm e nt Re fo re s ta tion Progra m . Na t iona l Nurs e ry Proc e e d ings - 19 8 4 . p . 21.
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The  c urre nt  s ta te  of 
outp la nt ing  
p ra c t ic e s  in  the  
We s te rn  U.S.

Ob s e rva t ions
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▸ Curre nt  c a pa c ity is  lim ite d

• Timb e r/fib e r p rod uc t ion  re lie s  on  a n  a c t ive  
workforc e  pos t- ha rve s t

• Commod it ie s  ma rke ts  a re  e s s e nt ia l

• Will the  re quire d  p la nt ing  s t ra in  the  workforc e  
or c re a te  more  c ompe t it ion  ove r fe w p la nt ing  
c re ws ?

▸ Wild fire  a re  inc re a s ing  in  s ize  a nd  in te ns ity

• Inc re a s e d  urg e nc y for re fore s ta t ion , ne e d  to  
a c t  quic kly b e fore  s ite  p re pa ra t ion  b e c ome s  
more  e xpe ns ive

• Dra in  of la b ore rs  tha t  a re  s upport ing  
fire fig hting  ins te a d  of fa ll p la n t ing , or 
a ltog e the r s h ift ing  to  fire fig hting  for b e t te r 
inc ome

• Inc re a s e d  b a c klog  of re fore s te d  a c re s

Ma c ro  c ha lle ng e
Considering capacity
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Ne ws pa pe r Art ic le Re ad  (5 min) Re ad  (5 min)

LEARN MORE
& SOURCES

▸ As s uming  we  wa nt  to  ke e p  up  with  fore s t  los s

• Spe e d  a nd  fle xib ility a re  re quire d

• Na ture  love s  a  va c uum

• Cos t  of s ite  p re pa ra t ion  inc re a s e s  with  
e ve ry ye a r of ina c t ivity

Fire 
Occurs

Year 1

Seedlings
Grow

Year 2 -3

Transport Planting

Fund the 
project

🔥🔥

Ma c ro  c ha lle ng e
Considering timelines

Site 
preparation

https://www.chicoer.com/2020/01/11/replanting-trees-in-camp-fire-footprint-to-begin-in-early-spring/
https://www.fastcompany.com/90611106/theres-a-surprising-wrinkle-in-the-quest-to-plant-68-billion-trees
https://www.nature.org/en-us/newsroom/challenges-reforestation-pipeline/
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Considering workforce

▸ Tod a y, fore s t ry worke rs  in  the  we s te rn  US a re  
la rg e ly c ompris e d  of H- 2B g ue s t  worke rs  a nd  
o the r immig ra nt  worke rs  from La t in  Ame ric a

▸ Prog ra m is  c rit ic a l…b ut  ma ny d ra wb a c ks  to  H- 2B

• Na t iona l c a p  a round  6 6 k, with  a d d it iona l 
a lloc a t ion  of 3 5 k re c e nt ly

• Shorta g e  of vis a s  a lloc a te d  to  fore s t ry 
s e c tor

• In  20 0 4  - 24 ,6 5 0  a va ila b le

• In  20 20  - 11,117 a va ila b le

• Ac c ord ing  to  Offic e  of Fore ig n  La b or 
Ce rt ific a t ion , 8 2% of fore s t ry la b or wa s  
a c c ounte d  for b y H- 2B vis a s

▸ Some  la nd owne rs  ha ve  re quire me nts  to  h ire  
loc a lly (e .g . t rib a l la nd s )

▸ Sta te  a nd  fe d e ra l a g e nc ie s  ha ve  more  rig id  h iring  

Prob le m
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▸ Profe s s iona l c re ws  d rive n  b y e a rn ing s

• Pe r t re e  or p e r p roje c t /a c re

• Hourly wa g e s  le s s  c om m on

▸ “Bout iq ue ” p la n t ing  op e ra t ions

• “CCCs ,” “WCC,” “ACE”...Am e ric orp , volun te e rs , 
e tc .

• Priorit ie s  va ry from  t re e  p la n t ing  to  othe r ne e d s

• Pris on  c re ws , or “a d ults  in  c us tod y”

• Work with  low or no inc e n t ive  to  m e e t  volum e  
ne e d s , la c k of a c c ounta b ility

• Switc h ing  b e twe e n  othe r c rit ic a l ne e d s  for la nd  
m a na g e m e nt

• Hig h  turnove r/a t t rit ion

▸ Cus tom  s up p ly c ha ins  a nd  in fra s t ruc ture  d o not  e xis t  for 
a c c om m od a t ing  t re e  p la n t ing  la b or forc e

▸ Sup p ly line s  ne e d  m od e rn iza t ion

Considering incentives 
& infrastructure

Ma c ro  c ha lle ng e
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Considering logistics

▸ Ma te ria ls  log is t ic s  from the  nurs e ry to  the  s ite

▸ Cold  s tora g e

▸ Pa c king  a nd  t ra ns port  on  s ite  a re  c umb e rs ome

▸ Mixture  of too ls  a nd  e quipme nt

▸ Cre ws  c re a te  e ffic ie nc ie s

• Runne rs  with  s e e d ling s  s upp lying  
p la n te rs

• Sta g ing  on  roa d s

▸ Pos t- p la n t ing  ma te ria ls  p roc e s s ing

• Re turn ing  to  nurs e ry

• “Re c yc ling ”

Prob le m

http://drive.google.com/file/d/1xcKcyH5Cglzq5rWakS8LQBL7oOj-8UZS/view
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Considering strain
Prob le m

▸ Ene rg y inputs  a re  h ig h

• A ma ra thon  ta ke s  ~ 2 ,3 0 0  – 2 ,4 0 0  kCa l, 
a nd  1- 2x tha t  for t re e  p la n t ing /d a y

• Pla n te rs  c a rry loa d s  of 4 0 + lb s  a nd  c a n  
t ra ve l 10 + mile s  a t  6 0 - 70 % of ma xima l 
he a rt  ra te

• “Phys ic a l e xe rt ion  a nd  working  
e ffic ie nc y of re fore s ta t ion  worke rs ” 

▸ Work d a ys  a re  long  a nd  s us ta ine d

• Sta rt  a t  c oole r a t  5 a m, d one  a t  4 pm

• Ave ra g e  8 - 14  hours  of work

• 3 0 - 4 5  d a y s p rin ts  pe r c re w

• Limite d  b re a ks  d ue  to  the  na ture  of work 
a nd  e a rn ing  s t ruc ture

LEARN MORE
& SOURCES

Hod ge s , A. N., & Ke nne d y, M. D. (20 11). Phys ica l e xe rt ion and  working  e ffic ie ncy of re fore s ta t ion worke rs . Journal of Occupational 
Medicine and Toxicology , 6(1), 1- 7.
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Considering longevity
▸ In jurie s , we a r a nd  te a r….

• Fore s t ry la b ore rs  ne e d  to  b e  he a lthy to  
e a rn  inc ome

· Limite d  s upport  on  s ite  for c re w

· Us ua lly no  he a lthc a re  c ove ra g e  

• Re pe t it ive  work le a d s  to  c hronic  in jurie s

• 3 5 % of a ll nonfa ta l workp la c e  in jurie s  we re  
c a us e d  d ue  to  mus c ulos ke le ta l d is ord e rs  
(MSDs ), o f whic h  the  Ag ric u ltura l, Fis he ry, 
a nd  Fore s t ry (AFF) ind us trie s  a c c ounte d  
for the  h ig he s t  ra te  (0 .3 9 % pe r 10 ,0 0 0 ) 

• Sa fe ty ha s  improve d , b u t  the  d iffic u lty a nd  
d a ng e r of te rra in  a nd  s ite  c ond it ions  
p rovid e  unqua nt ifie d  ris ks

Prob le m

LEARN MORE
& SOURCES

Gra nzow, R., Sc ha ll J r, M. C., Smid t , M., Da vis , J ., Se s e k, R., & Ga lla g he r, S. (2 0 19 , Nove mb e r). Me a s uring  the  e ffe c t  o f too l d e s ig n  on  e xp os ure  to  p hys ic a l ris k 
fa c tors  a mong  novic e  ha nd  p la n te rs . In  Proceedings of the Human Factors and Ergonomics Society Annual Meeting (Vol. 6 3 , No. 1, p p . 10 13 - 10 17).
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Planting Hoe
Aka: Hoedad, Rindt hoe, Mattock, 
Narrow blade hoe/Plughoe, Swedish 
planting hoe, Wifsta hoe
Bareroot & Container

3.0 lbs - 7.5 lbs
▸ Utilize d  for s c a lp ing  a nd  c re a t ing  

p la nt ing  hole s

▸ Ligh twe igh t , tough , e a s y to  ha nd le

▸ Ve rs a t ile  & ine xpe ns ive  

▸ Mos t  e ffe c t ive  in  s te e p  te rra in , 
roc ky or c la y s oils , he a vy b rus h , or 
s la s h

Planting Hoe(s)

Planting Bar
Aka: OST Bar, KBC Bar, Planting 
Spear
Bareroot & Container

8.0 lbs - 10.0 lbs 
▸ Common tool for p la nt ing  in  

ha rd , roc ky s oils  with  roots  

▸ Simple , ine xpe ns ive  & ve rs a t ile

▸ Utilize d  in  c onfine d  s pa c e s , on  
s te e p  s lope s  or roc ky g round

▸ Le s s  fa t igue  on ope ra tors

Planting Bar(s)

Planting Shovel 
Aka: Round -point Shovel, Garden 
Shovel
Bareroot & Container (Larger Seedlings)

~2.0 - 7.0 lbs
▸ Prod uc e s  la rge  p la nt ing  hole s  

▸ Prima rily us e d  for s e e d lings  with  
la rge  root  s ys te ms  

▸ Ea s y us e  for ine xpe rie nc e d  p la nte rs  

▸ We ll s uite d  for p la nt ing  in  a re a s  
whe re  h igh  s urviva l ra te s  a re  
c ruc ia l 

▸ Mos t  e ffe c t ive  in  d e e p , loos e  s oils

Planting Shovel

Dibble
Aka: Dibble Bar
Bareroot & Container (Smaller 
Seedlings)

~8.0 lbs
▸ Fa s te s t  ha nd  tool

▸ Cre a te s  s ma ll hole s

▸ Effe c t ive  in  loos e  s oils

Dibble

Types of outplanting tools

LEARN MORE
& SOURCES USDA Fore s t  Se rvic e , Te c hnolog y a nd  De ve lop me nt. 2 0 13 . Reforestation Toolbox Planting Tools and Techniques.
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Planting Auger(s) Hammer 
Action 
Planter

Scalper(s)

Types of outplanting tools

Other
Aka: Pottiputki, etc. 
Container

~5.5  lbs - 8.0 lbs 
▸ Ergonomic  b e ne fits  

▸ Inc re a s e s  p la nt ing  e ffic ie nc y a nd  
p rod uc t ivity 

▸ Provid e s  b e t te r d e p th  a nd  a ng le  
p re c is ion 

Other

Scalper
Aka: Adze hoe, Duty scalping 
tool, American eye hoe, Pulaski, 
McLeod, Pickmattock
Container (Large)

3.0 lbs - 7.5 lbs 
▸ Re move s  fore s t  lit te r a nd  

c ompe t it ive  ve ge ta t ion  

▸ Ligh twe igh t  a nd  s imple  to  us e  

▸ Quic k a nd  e ffe c t ive  for s ite  
p re pa ra t ion  in  re a l t ime  

Hammer -Action Planter
Aka: Hammer -Action Hand 
Planter
Bareroot & Container

11.0 lbs - 22.0 lbs
▸ De s igne d  for roc ky s oils  

▸ Ab le  to  withs ta nd  s ignific a nt  
we a r a nd  te a r 

Auger
Aka: Hand Auger, Power Auger
Bareroot & Container (Larger Seedlings)

~7.0 lbs - 14.0 lbs
▸ Ea s y to  us e  in  c onfine d  a re a s  

▸ Be ne fic ia l for c ut t ing  th ic k roots  
(~ ⅜  inc h)

▸ Cre a te s  hole s  quic kly, c ons is te nt ly, & 
without  c ompre s s ion 

▸ Be s t  for s ha llow s oil, or s ite s  with  
ha rs h  c ond it ions  

▸ Prima rily us e d  in  loa my, s a nd y, 
or pumic e  s oils

LEARN MORE
& SOURCES USDA Fore s t  Se rvic e , Te c hnolog y a nd  De ve lop me nt. 2 0 13 . Reforestation Toolbox Planting Tools and Techniques.
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What we learned directly from the foresters and planting crews in 2022
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What we wanted to learn
▸ In  p e rs on  & re m ote  s urve ys  of p la n t ing  c re ws  

a c ros s  the  we s te rn  U.S. d is c us s ing  outp la n t ing  
op e ra t ions

▸ Top ic s  inc lud e d :

• Proje c t  Ob je c t ive s

• Sp e c ie s  & Stoc ktyp e (s )

• Pre - Pla n t ing  Log is t ic s  

• Pla n t ing  Proc e s s

• Ove ra ll Sa t is fa c t ion

Who did we survey?

▸ 9  org a n iza t ions  involve d  in  outp la n t ing  op e ra t ions  

• Fe d e ra l (3 )

• Priva te  (4 )

• Trib a l (2 )

• Wa s h ing ton , Ore g on , a nd  Id a ho

▸ Inc lud ing  

• Fore s te rs

• Fore m e n

• Cre w m e m b e rs

▸ Ple a s e  re a c h  out  if you would  like  to  p a rt ic ip a te  

• g a b rie l.a lt ie ri@m a s t re fore s t .c om

Methodology
Build ing  a n  und e rs ta nd ing

mailto:gabriel.altieri@mastreforest.com
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Caveats and considerations
▸ Afte r re m ote  a nd  in - p e rs on  in te rvie ws  we re  c om p le te d , 

follow- up  q ue s t ions  we re  s up p lie d  to  e a c h  org a n iza t ion , 
re s ult ing  in  c om p le te  d a ta s e ts  from  8  g roup s . 

▸ Surve ys  we re  c ond uc te d  b e twe e n  Ma rc h  2 0 2 2  a nd  Aug us t  
2 0 2 2

▸ Ob s e rva t ions  g e og ra p h ic a lly c ons t ra ine d  to  the  Pa c ific  
Northwe s t , s p ring  p la n t ing  e fforts

▸ Note /c a ve a ts , s e a s ona lity is  c rit ic a l in  p la nn ing

• Sp ring  ha s  h is toric a lly b e e n  whe n  s e e d ling s  a re  
p la n te d  in  the  PNW, b ut  s h ift s  towa rd  
inc orp ora t ing  a utum n- b a s e d  p la n t ing s  is  
inc re a s ing ly c om m on

• Outp la n t ing  s e a s ons  is  g e og ra p h ic a lly d e p e nd e n t , 
s om e  s ta te s  us e  m ons oona l ra in  p a t te rns , while  
othe rs  ha ve  m ore  re lia b le  s e a s ona l m ois ture

Methodology
Build ing  a n  und e rs ta nd ing
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The Act of Planting
Build ing  a n  Und e rs ta nd ing

http://drive.google.com/file/d/18rqK0fmx7oGEbP1JkGnl0Gd4REhFaBaO/view
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2
Species
▸ Douglas fir (P. menziesii)
▸ Ponderosa pine (P. ponderosa)
▸ Western white pine (P. monticola)
▸ Western larch (L. occidentalis)
▸ etc.
▸ 15+ conifers species
▸ ~5 broadleaved species

3
Stocktype(s)
▸ Ba re root

▸ Plug s  a nd  Plug +1 

▸ Styrob loc k m os t  
c om m on

4
Tool(s)
▸ Pla n t ing  Ba g  

▸ Pla n t ing  Shove l 

▸ Hoe d a d  

1
Project Objectives
▸ Re fore s ta t ion  Pos t -

Wild fire  

▸ Re fore s ta t ion  Pos t -
Ha rve s t

Ob s e rva t ions
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5
Planting Spacing (Fe e t )

▸ Min: 6 ’ x 6 ’

▸ Ma x: 15 ’ x 15 ’

▸ Me a n: 10 .3 2 ’ x 10 .3 2 ’

8
Trees per Day (TPD)

▸ Min: 2 78  TPD

▸ Ma x: 2 ,0 0 0  TPD

▸ Me a n: 1,0 5 4  TPD

7
Trees per Acre (TPA)

▸ Min: 15 0  TPA

▸ Ma x: 4 12 .5  TPA

▸ Me a n: 2 9 7 TPA

6
Elevational Range (Fe e t )

▸ Min: 4 0 0 ’

▸ Ma x: 9 ,4 0 0 ’

▸ Me a n: 3 ,0 6 8 .5 ’

Ob s e rva t ions
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2.0’

Spacing

Wage & Cost of 

Tree Planting

Trees per Acre 

(TPA)

Elevational Range Federal

Planting Spacing (Feet)
4.0’ 6.0’ 8.0’ 10.0’ 12.0’ 14.0’ 16.0’ 18.0’

Federal

Private

Tribal

0’ 2,000’ 6,000’4,000’ 8,000 10,000’

Private

Tribal

100 150 300 400200 250 350 450 500

$0.05 $0.30 $0.55 $1.30$0.80 $1.05

Elevation (Feet)

Trees Planted (Count)

Cost/Compensation (Dollars)

Federal

Private

Tribal

Tribal

Private

Federal

Build ing  a n  und e rs ta nd ing
Quantitative Averages 

(Fe d e ra l, Priva te , Trib a l)

F

P

T

P

F

T

F

P

T

T

F

P
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Transportation woes
Re s ults

▸ Priva te  la nd owne r (15 ,0 0 0  a c re  t re e  fa rm)

▸ Ma na g ing  for t imb e r in  WA

▸ Route  b e twe e n nurs e rie s , c o ld  s tora g e , a nd  
p la n t ing  s ite (s ) in  s p ring  20 22

▸ Se e d ling s  we re  s ourc e d  from four (4 ) 
d iffe re n t  nurs e rie s  a c ros s  Wa s hing ton  & 
Ore g on

▸ The  d is ta nc e  from nurs e ry s ourc e  to  c o ld  
s tora g e  s ite  ra ng e d  from 29 miles - 241 
miles



CONFIDENTIAL

Re s ults

▸ Trib a l La nd s

▸ Ma na g ing  for t imb e r a nd  pos t- fire  re s tora t ion

▸ Route  b e twe e n nurs e rie s , c o ld  s tora g e , a nd  
p la n t ing  s ite  s p ring  20 22

▸ Se e d ling s  we re  s ourc e d  from two (2 ) d iffe re n t  
nurs e rie s  a c ros s  Wa s hing ton  & northe rn  
Ca liforn ia

▸ The  d is ta nc e  from nurs e ry s ourc e  to  c o ld  
s tora g e  s ite  ra ng e d  from 29 miles - 647 miles

Transportation woes
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Re s ults

▸ Gove rnme nt  Ag e nc y

▸ Route  b e twe e n nurs e rie s , c o ld  s tora g e , a nd  
p la n t ing  s ite  s p ring  20 22

▸ Se e d ling s  we re  s ourc e d  from four (4 ) d iffe re n t  
nurs e rie s  a c ros s  northe rn  & s outhe rn  Ore g on, a s  
we ll a s  northe rn  Ca liforn ia

▸ The  d is ta nc e  from nurs e ry s ourc e  to  c o ld  
s tora g e  s ite  ra ng e d  from 56 miles - 253 miles 

Transportation woes
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Re s ults

▸ Priva te  La nd owne r (La rg e  REIT)

▸ Route  b e twe e n nurs e rie s , c o ld  s tora g e , a nd  
p la n t ing  s ite  a s  pa rt  o f the  outp la n t ing  
p ipe line  of a n  org a niza t ion  in  Northe rn  Id a ho  
pe rforming  p la n t ing  ope ra t ions  in  s p ring  
20 22

▸ Se e d ling s  we re  s ourc e d  from one  (1) 
nurs e ry in  northe rn  Ca liforn ia

▸ The  d is ta nc e  from nurs e ry s ourc e  to  c o ld  
s tora g e  s ite  ra ng e d  from 35 miles - 725 
miles

Transportation woes
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Primary challenges identified by survey Dissatisfaction % Detailed observations

Se e d ling  p la n t ing  qua lity a nd  ha nd ling 78 % Poor p la n t ing  te c hnique s  a re  c ommon 
(e .g . J - root ing , L- root ing , t re e  wa s t ing )

Te rra in  a nd  s ite  c ond it ions 6 7% La c k of re s ourc e s  a va ila b le  for s ite  
p re pa ra t ion

Nurs e ry s upp ly c ha in  limita t ions  (e .g . s e e d ling  
a va ila b ility, qua nt ity, s pe c ie s )

5 6 % Nurs e ry t ime line  ma y re quire  s e a s ona l 
s h ift

Ad ve rs e  we a the r impa c ts  on  p la n t ing  t iming (s ) 
a nd  wind ows  (e .g . s e a s ona lity, c lima te , we a the r)

5 6 % Cons tric te d  a nd  c ha ng ing  p la n t ing  
wind ow

La c k of re a d ily a va ila b le  la b or forc e  (e .g . c re w 
me mb e rs , ins pe c tors )

5 6 % Shorta g e  of a va ila b le  a nd  t ra ine d  
p la n t ing  c re w me mb e rs

Major bottlenecks
Re s ults
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Wha t’s  on  the  
horizon  for outp la nt ing  
op e ra t ions ? 

Future  of ou tp la n t ing
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Proposed targets
Sc a ling  re fore s ta t ion

▸ Na tiona lly - ta rg e t ing  3 B s e e d lings  p la nte d  a nnua lly

▸ We s te rn  s ta te s  - ta rg e ting  4 0 0 M s e e d ling s  p la nte d  
a nnua lly

▸ As s uming  we  wa nt  to  h it  the  na t iona l ta rg e t , a t  a  mod e ra te  
pa c e  of p la n t ing  in  line  with  our me d ia n  re s e a rc h  find ing s  
a nd  me d ia n  s pa c ing

• As s uming  a ve  of 120 0  s e e d lings /da y/p la nte r

• 3 ,0 0 0 + c re ws  of 12

• Tota l e s t ima te d  3 5 ,0 0 0 + p la nte rs

▸ We s te rn  re g ions  ta rg e t

• 4 0 0 + c re w of 12

• 4 ,8 0 0 + p la nte rs

▸ Wha t  ne w a ve nue s  d o  we  ne e d  to  e xp lore  to  s a t is fy 
d e ma nd ? 

LEARN MORE
& SOURCES

Haase, Diane L., et al. "Forest nursery seedling production in the United States—fiscal year 2018." Tree Plant. Notes 62.1/2 (2019): 20-24.
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Fu ture  of outp la nt ing

Incentives

▸ Huma n d ime ns ions

▸ Wa ge  inc re a s e s  to  re fle c t  va lue  c ha in

• Influx of c a p ita l from va rious  gove rnme nt  
in it ia t ive s  a nd  ma rke t  t re nd s , like  c a rb on , 
s hould  b e  d ire c te d  to  wa ge  la b or a c ros s  
the  p ipe line

• Ad voc a c y from e xpe rts  a nd  p ra c t it ione rs , 
inc lud ing  us !

• Tree planters are the front lines!

▸ Support  in fra s truc ture  improve me nts

• Ne a r s ite  lod g ing  

• Dive rs ify t ra ns porta t ion  op tions  or re d uc e  
b urd e n  of d a ily c ommute

• Proc e s s  a nd  s a fe ty imp rove me nts

• Ge ne ra l he a lth  a nd  we ll b e ing

• Re c a ll why the  CCC wa s  e ffe c t ive !
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Fu ture  of outp la nt ing

Pathways

▸ Vis a s  a nd  s t re a mlin ing  the  mig ra nt  la b or pool

• Colla b ora t ing / lob bying  with  a g ric u lture  
a nd  o the r ind us trie s  re lying  on  mig ra nt  
la b or to  improve  qua lity of H2- B vis a s

• Cre a t ing  c ontra c t ing  s ta nd a rd s  to  p ro te c t  
the  worke rs

▸ Wha t  a b out  o the r d e mog ra phic s ?

• Ca na d a ’s  t re e  p la nte rs  a re  ofte n  c olle g e  
a g e d  a nd  inc e nt ivize d  to  ta ke  on  s e a s ona l 
work a nd  s ome t ime s  s ta y on  for 10  ye a rs  

• Culture , in fra s t ruc ture , wa g e s

• Whe re  e ls e  d o  we  s ourc e  for la b or 
in te ns ive  ro le s ? 

• Doe s  the  mis s ion  of c lima te  c ha ng e  a nd  
re fore s ta t ion  re s ona te  b e t te r tha n  
t imb e r? 
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Fu ture  of outp la nt ing

Innovation

▸ Ne a r- or on- s ite  s tora g e  of s e e d ling s  for s c a le

• Da ily t ra ns port  re d uc t ion

• Fle xib ility for p la n t ing  c ond it ions

• Improving  t ra ns port  a nd  s tora g e  ma y a ls o  me a n 
pa c king  a nd  s tora g e  s o lu t ions  in  c o lla b ora t ion  
with  nurs e rie s

• Te s t ing  th is  with  p la nt ing  g roups  d ire c t ly

▸ Te c hnolog y improve me nts  to  t ra ns port  s e e d ling s  to  
s ite , the n  on  s ite

• Moving  s e e d lings  a c ros s  la rg e  a re a s  on  s ite  is  
t ime  los t  p la n t ing

• UAVs , he lic op te rs , c a b le  s ys te ms ,  o r te rre s tria l 
s o lu t ions

· Photo courtesy of Interpine, NZ
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Fu ture  of outp la nt ing

Innovation

▸ Tool d e ve lopme nt  to  inc re a s e  p la n t ing  e ffic ie nc y a nd  
e rg onomic  va lue  

• Evid e nc e  of p la n te rs  in te g ra t ing  ke y 
c ompone nts  of b roke n tools  to  d e ve lop  a  
‘Fra nke ns te in  Tool’

▸ Automa tion

• Pla nt ing  ma c hine s  - ove rc oming  te rra in  
lim ita t ions

• Ae ria l s e e d ing  - s e e d  us e  e ffic ie nc y a nd  s c a le  
of ope ra t ions

▸ Wa g e  la b or vs  a u toma t ion

• To s c a le , we  ne e d  a  mult ip lic a t ive  inc re a s e  in  
c os t  of la b or (p rob a b ly won’t  ha ppe n in  the  
U.S.)

• Automa t ion  mus t  c os t  e quiva le nt  to  la b or b a s e d  
a pproa c h  (won’t  b e  in  the  ne a r te rm)

• Wha t’s  the  b a la nc e  b e twe e n the  two? · Photo courtesy of Plantma Forestry

https://plantmaforestry.com/what-is-plantma-x/
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Fu ture  of outp la nt ing

Data and communication

▸ Fe e d b a c k loops  - Ta rg e t Pla nt  Conc e p t

• Da ta  a nd  informa t ion  a g e  s hould  inform 
more  ra p id  d e ve lopme nt of s o lu t ions

▸ La nd  ma na g e me nt  ob je c t ive s  b e yond  t imb e r 

▸ Cha ng e s  to  nurs e ry p rod uc t ion  p roc e s s e s  a nd  
infra s t ruc ture

▸ La nd  ma na g e rs  → Fore s te rs  - > nurs e rie s  → 
Pla nt ing  c re ws  re quire :

• Comple x p la nning , ma pp ing , d e s ign , Rx

• Communic a t ion  

• Ma te ria ls  t ra ns port

▸ Ca n s oftwa re  s o lu t ions  b e  d e s ig ne d  to  s t re a mline  
a c ros s  the  s ta ke hold e r g roup  a nd  s upp ly c ha in? 

1 2 3

4 5 6

7 8 9
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Ac knowle d g e me nt
s  ▸ Spe c ia l tha nks  to :

• Pilc huc k Tre e  Fa rm

• Ec otrus t  Fore s t  Ma na g e me nt

• Confe d e ra te d  Colville  Trib e s

• Ya ka ma  Na t ion  Fore s t  De ve lopme nt  Prog ra m

• Bure a u  of La nd  Ma na g e me nt  

• U.S. Fore s t  Se rvic e

• As  we ll a s  o the rs !

▸ Corinne  Moc k, Sr. Vis ua l De s ig ne r, Ma s t

Tha nk
you! 

http://drive.google.com/file/d/1hXmfANbmANQSqHIRFITrZ-uuHXSPCvCi/view
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▸ De ma nd  for a rt ific ia l fore s t  re g e ne ra tion  wa s  pa ra mount  d ue  to  
wild fire s , ind is c rimina te  ha rve s t ing , a nd  s o il e ros ion  e nd a ng e ring  
wa te rs he ds

▸ Priva te  s e c tor

• Priva te  nurs e rie s  la rg e ly s e rving  a g ric u ltura l or hort ic u ltura l 
ne e d s

• A fe w re c ord s  of p riva te  s e e d  a nd  nurs e ry ope ra t ions  in  the  NW 
unt il m id - c e ntury (pos t- wa r)

· 19 3 8 : We ye rha e us e r s ta rte d  a  t re e  nurs e ry in  WA

· 18 70 : Ma nning  Se e d  Co (now Silva s e e d  Co) ope ra te d  
c one  c olle c t ion  s ta t ions  a nd  s e e d  e xtra c torie s  in  OR a nd  
WA

▸ Pub lic  s e c tor

• Fe d e ra l g ove rnme nt  the  log ic a l a c tor to  ma ke  improve me nts  
whe re  ind us try ha d  no  inc e nt ive  to  inve s t

• Cre a t ion  of fe d e ra l nurs e rie s  (e .g . Wind  Rive r, Monume nt , a nd  
Sa ve na c  Nurs e rie s ) in  the  we s te rn  U.S., ma ny of whic h  we re  
la te r c onve rte d  to  s ta te  fa c ilit ie s N

20th Century origins
Pa s t

LEARN MORE
& SOURCES

Dumroe s e , R. K., Land is , T. D., Ba rne tt , J . P., & Burc h , F. 2 0 0 5 . Fore s t  Se rvic e  nurs e rie s : 10 0  ye a rs  of e c os ys te m re s tora tion . J ourna l of fore s try, p p . 2 4 1-2 4 7.
US Na tiona l Arc hive s  9 5 -G-15 2 5 0 2
Le w is , R. 19 8 1. Tre e  Fa rming : A Volunta ry Cons e rva tion  Prog ram. J ourna l of Fore s t  His tory. p p . 16 6 -16 9 .
We ye rhae us e r d e d ic a te s  the  na tion 's  firs t  tre e  fa rm ne a r Monte s ano on  J une  2 1, 19 4 1
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▸ Roos e ve lt ’s  Eme rg e nc y Cons e rva t ion  Work Ac t  c re a te d  the  
Civilia n  Cons e rva t ion  Corps  in  19 3 3  …“to  mit ig a te  the  e ffe c ts  of 
s o il e ros ion  a nd  wid e s p re a d  d e c line  of t imb e r re s ourc e s ”... 

• Re c ord s  s ug g e s t  the y p la nte d  3  b illion  t re e s  in  the  U.S. from 
19 3 3 - 19 4 2 , with  3  million  me n

• Us e d  une mploye d  me n b e twe e n 18 - 25  ye a rs  o ld

▸ How d id  the y a c c omplis h  the  outp la nt ing ?

• Wa s  re fle c tive  of m ilita ry c ha in  of c omma nd  a nd  
org a niza t iona l s t ruc ture

• “la b or a t  a  m inimum c os t  for ma te ria ls  a nd  e quipme nt”

▸ Support  infra s t ruc ture  wa s  c rit ic a l

• A CCC worke r’s  s a la ry wa s  $ 3 0 - 4 5  a  month  ($ 5 0 0 - 8 0 0  
e quiva le nt  tod a y), mos t  of whic h  wa s  s e nt  home  to  fa mily

• Ca mps  inc lud e d  b a rra c ks , me s s  ha ll, re c re a t iona l ha ll, 
la t rine , c la s s rooms , pos t  offic e , hos p ita l, e tc

N

20th Century efforts
Pa s t

LEARN MORE
& SOURCES

Pa ige , J . C. 19 8 5 . The  Civilian  Cons e rva t ion Corps  and  the  Na t iona l Pa rk Se rvice , 19 3 3 - 19 4 2 : An Ad minis t ra t ive  His tory. Na t iona l
Pa rk Se rvic e , US De pa rtme nt  of the  Inte rior. p . 11.
h t tp s :/ /www.nps .gov/
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Ne ws pa pe r Art ic le Re ad  (5 min) Re ad  (5 min)

LEARN MORE
& SOURCES

▸ Curre nt  c a pa c ity is  lim ite d  a s  wild fire s  a re  inc re a s ing  
in  s ize  a nd  in te ns ity

• Timb e r/fib e r p rod uc t ion  re lie s  on  a n  a c t ive  
workforc e  pos t- ha rve s t

• Commod it ie s  ma rke ts  a re  e s s e nt ia l

• Will the  re quire d  p la nt ing  s t ra in  the  workforc e  
or c re a te  more  c ompe t it ion  ove r fe w p la nt ing  
c re ws ?

• Inc re a s e d  b a c klog  of re fore s te d  a c re s  d ue  to  
la b ore rs  s upport ing  fire fig hting  ins te a d  of 
p la n t ing  for a n  inc re a s e d  inc ome

▸ As s uming  we  wa nt  to  ke e p  up  with  fore s t  los s

• Spe e d  a nd  fle xib ility a re  re quire d  a s  c os ts  of 
s ite  p re pa ra t ion  inc re a s e  with  e ve ry ye a r of 
ina c t ivity

Fire 
Occurs

Year 1

Seedlings
Grow

Year 2 -3

Transport Planting

Fund the 
project

🔥🔥

Ma c ro  c ha lle ng e
Considering capacity and 
timelines

Site 
preparation

https://www.chicoer.com/2020/01/11/replanting-trees-in-camp-fire-footprint-to-begin-in-early-spring/
https://www.fastcompany.com/90611106/theres-a-surprising-wrinkle-in-the-quest-to-plant-68-billion-trees
https://www.nature.org/en-us/newsroom/challenges-reforestation-pipeline/
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Re s ults
Transportation woes

▸ Priva te  la nd owne r - 15 ,0 0 0  a c  t re e  fa rm 
(Le ft ), Gove rnme nt  Ag e nc y (Rig ht)

▸ Route  b e twe e n nurs e rie s , c o ld  s tora g e , a nd  
p la n t ing  s ite (s ) in  s p ring  20 22

▸ Se e d ling s  we re  s ourc e d  from four (4 ) 
d iffe re n t  nurs e rie s  a c ros s  Wa s hing ton , 
Ore g on, a nd  northe rn  Ca liforn ia

▸ The  d is ta nc e  from nurs e ry s ourc e  to  c o ld  
s tora g e  s ite  ra ng e d  from 29 miles - 253 
miles



CONFIDENTIAL

Re s ults
Transportation 
woes

▸ Trib a l La nd s  (Le ft ), Priva te  
La nd owne r (La rg e  REIT) (Rig ht)

▸ Ma na g ing  for t imb e r a nd  pos t- fire  
re s tora t ion

▸ Route  b e twe e n nurs e rie s , c o ld  
s tora g e , a nd  p la n t ing  s ite s  a s  pa rt  
o f the  outp la n t ing  p ipe line  in  Spring  
20 22

▸ Se e d ling s  we re  s ourc e d  from two 
(2 ) d iffe re n t  nurs e rie s  a c ros s  
Wa s hing ton  & northe rn  Ca liforn ia

▸ The  d is ta nc e  from nurs e ry s ourc e  
to  c o ld  s tora g e  s ite  ra ng e d  from 29 
miles - 725 miles
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Fu ture  of outp la nt ing

Innovation

▸ Ne a r- or on- s ite  s tora g e  of s e e d ling s  for s c a le

• Improving  t ra ns port  a nd  s tora g e  ma y re s u lt  in  
nurs e ry pa c king  a nd  s tora g e  s o lu t ions

▸ Innova t ions  to  t ra ns port  s e e d ling s  to  s ite , inc re a s e  
p la n t ing  e ffic ie nc y, a nd  improve  e rg onomic  va lue

• UAVs , he lic op te rs , c a b le  s ys te ms , or te rre s tria l 
s o lu t ions  to  inc re a s e  s e e d  us e  e ffic ie nc y a nd  
s c a le

• Tool d e ve lopme nt  - e vid e nc e  of p la nte rs  
in te g ra t ing  ke y c ompone nts  of b roke n tools  to  
d e ve lop  a  ‘Fra nke ns te in  Tool’

▸ Wa g e  la b or vs  Automa t ion

• Sc a ling  p la nt ing  ma c hine s  a nd  a e ria l s e e d ing  –
ove rc oming  te rra in  lim ita t ions  a nd  s c a le

• Automa t ion  c os t  e quiva le nt  to  la b or? Wha t’s  
the  b a la nc e  b e twe e n the  two? 

· Photo courtesy of Interpine, NZ
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