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INTRODUCTION t i 

. . i 
? 

General E l e c t r i c  Cont ro l led  Environment A g r i c u l t u r e  Opera t ion  has  u t i l i z e d  

TM f o r  t h i s  r e sea rch  program a  system known as GENIPONICS , which was developed by 

General  E l e c t r i c ' s  Cont ro l led  Environment A g r i c u l t u r e  Operat ion (CEAO) i n  Syracuse ,  

New York. A conp le t e  d e s c r i p t i o n  o f  t h i s  t o t a l l y  c o n t r o l l e d  p l a n t  growing system 

is a v a i l a b l e  i n  t h e  "Fu?ls from Woody Biomass Progress  Report" prepared by CEAO 
4 

and submit ted i n  March 1980. 

The ~ e n i ~ o n i c s  system employs two types  of h igh  i n t e n s i t y  d i scha rge  lamps 

a s  i t s  source  of i l l u m i n a t i o n  f o r  p lan t .  growth. The e f f  fictiveness of lamp; for 
3 .  

, p l a n t  growth i s  determined by two f a c t o r s .  F i r s t ,  :the p ropor t ion  of e l e c t r i c a l  

energy which i s  converted t o  r a d i a n t  energy i n  t h e  v i s i b l e  p o r t i o n  of t h e  spectrum 

(400-700 nm). Second, by t h e  s p e c t r a l  energy d i s t r i b u t i o n  (SED) curve of  t h e  lamp 

a c r o s s  t he  range of p h o t o s y n t h e t i c a l l y  a c t i v e  r a d i a t i o n  (PAR) (380 nm t o  750 nm). 

The lamps e f f i c i e n c y  and lumen output  maintenance a r e  impor tan t  economic , 

c r i t e r i a  i n  t h e  ope ra t ion  of a  l a r g e - s c a l e  commercial growth chamber. The 1000 I 

R w a t t  h igh  p re s su re  sodium lamp (Lucalox ) i s  one of t h e  most e f f i c i e n t  lamps 

a v a i l a b l e ,  y i e l d i n g  120-140 lumens pe r  w a t t  and an  average l i f e  expec tancyexceed ing  

R 20,000 hours .  The h igh  p r e s s u r e  meta l  h a l i d e  lamp (Multi-Vapor ) is  somewhat l e s s  

e f f i c i e n t  than t h e  high p r e s s u r e  sodium lamp y i e l d i n g  80-100 lumens per  w a t t .  

. :  ... . . -3 
. I 

The. lamps   curve i s  important  in c o n t r o l l i n g  p l a n t  growth. In  terms of 

, pho tosyn the t i c  e n e r g y u t i l i z a t i o n ,  r ed  r a d i a t i o n  is  most e f f i c i e n t .  A b l u e  l i g h t  
. . . , . . 

. . 
. . 

quantum con ta ins  a  h ighe r  'energy .(2. B E V  ' @ 450 nm) t han  a  r ed  quantum (1.9, EV @ 6.80 nm) . 



When a b l u e  quantum i s  absorbed by t h e  c h l o r o p h y l l  molecules ,  a p o r t i o n  of i t s  

energy i s  immediately d i s s i p a t e d  a s  h e a t  r e s u l t i n g  i n  t h e  same energy as t h a t  

r e s u l t i n g  from t h e  abso rp t ion  of a :  r e d  quantum. Also pigments a b s o r b i n g i n  t h e  

b l u e  r e g i o n  do n o t  f u l l y  t r a n s f e r  t h e  energy absorbed.  This  accounts  f a r  t h e  

2 : l  r a t i o  of p l a n t  s e n s i t i v i t y  a t  680 nm and 450 nm a s  desc r ibed  by McCrees r e l a t i v e  

a c t  i o n  curve ( below) . . The o t h e r  l i g h t  act ' ivated p l a n t  'process  mechanisms . 

(photomorphogenesis, photoperiodism and phototropism) r e q u i r e  much lower t h r e s h o l d  

i n t e n s i t i e s  o f a b s o r b e d  quanta .  Alamphavingthemajorityofits energy  concen t r a t ed  * 

i n  t h e  longe r  wavelengths i n  t h e  upper p o r t i o n  of t h e  r e l a t i v e  a c t i o n  curve  may b e .  

, . a more e f f e c t i v e  'lamp than. one w i t h  a SED curve more c l o s e l y  matching t h e  r e l a t i v e  

a c t i o n  curve ,  p a r t i c u l a r l y  when o v e r a l l  lamp e f f i c i e n c y  qnd c o s t s  a r e  cons ide red .  
3 

E . e  experiments  d i scussed  i n  t h i s  r e p a r t  were designed t o  e v a l u a t e  t h e  

s e e d l i n g  growth response of s e v e r a l  cand ida t e  s p e c i e s t o  t h e  two types of h igh  

i n t e n s i t y  d ischarge  lamps and a combination of  t h e s e  two . l amps  used i n  t h e  Geniponics  

system of c o n t r o l l e d  environment ' a g r i c u l t u r e .  

, .. 480' . . .  . 
. . . . 500 . 600 700 

. . .  WAVELENGTH . (nm) 



. . . . . . METHODS AND MATERIALS . . .  . . i 

. . 
1 . . .  

Wo' iamp . eva lua t ion  s t u d i e s  were conducted- , i n  t h e  Geniponics system t o  

determine the  e f f e c t  , i f  any; of . v a r i o u s  l i g h t  t r ea tmen t s  on t r e e  s e e d l i n g  growth. 

A s i x t e e n  (16) hour photoperiod followed by an u n i n t e r r u p t e d  e i g h t  (8) hour  da rk  

pe r iod  was u t i l i z e d  f o r  t h i s  t e s t  s e r i e s .  Temperatures dur ing  t h e  l i g h t  per iod  were 

he ld  a t  27OC - + . l ° C .  Carbon d ioxide  l e v e l s  were maintained a t  1500 p a r t s  p e r  m i l l i o n  

dur ing  t h e  light. per iod .  The t r e e  s e e d l i n g s  were .  sub - i r r f  ga ted  w i t h  a  h igh  phosphate  

nu ' t r ien t  s o l u t i o n  p rev ious ly  descr ibed  i n  t h e  r e p o r t .  

J Data was c o l l e c t e d  from twenty-five (25) randomly s e l e c t e d  s e e d l i n g s  from 

each df t h e  r e p l i c a t e d  c o n t a i n e r s  from each t r ea tmen t .  . Heights  were recorded t o  t h e  

n e a r e s t  t e n t h  of a  cen t ime te r . .  Root c o l l a r  d i ame te r s ,  t aken  a t  .media-atmosphere 

i n t e r f a c e ,  were recorded t o  t h e . n e a r e s t  one-hundredth of a  m i l l i m e t e r  a s  measured 

wi th  a  H e l i o s ' m e t r i c  v e r n i e r  c a l i p e r .  Dry weights  were recorded  t o  t h e  n e a r e s t  ten-  

thousandth.  of a  gram on a  s a r t o r i u s  2003 MPI a n a l y t i c a l  r eco rd ing  'ba lance .  L i g h t  

meaqurements were made wi th  a  Lambda Ins t ruments  LI-170 meter  w i t h  quantum.sensor .  . . 

Pre l iminary  Lamp E- .. ~ 

. . 

. . ' a 

Three equal ized  e v a l u a t i o n  a r e a s  were pa r t i oned  wi th  an aluminized r e f l e c t i v e  

m a t e r i a l  in o rde r  t o  e l i m i n a t e  r a d i a t i o n  o v e r l a p .  The lamp t r ea tmen t  a r e a s  were l a r g e  
-. 

! 

enough n o t  t o  impede a i r  movement, thereby  main ta in ing  c o n s i s t e n t  ambient c o n d i t i o n s  
I 

'1 
between t rea tment  a r e a s .  

1 



The lamp e v a l u a t i o n  a r e a s  conta ined  GE h igh  i n t e n s i t y  d i s c h a r g e  lamps: . one 

R 
wi th  Lucalox - a h i g h . p r e s s u r e  sodium; one w i t h  ~ u l t i - ~ a ~ d r ~  - -a me ta l  h a l i d e  type  

and ano the r  wi th  a 2 : l  combination of sodium t o  me ta l  h a l i d e  lamps. Lamps were 

arranged t o  provide  an equa l  quantum f l u x  of p h o t o s y n t h e t i c a l l y  a c t i v e  r a d i a t i o n  

(400-700inm) a t  .a l e v e l  30 cen t ime te r s  above t h e  growbed. Two i n t e n s i t i e s  were provided 

-2 -1 -2 -1 w i t h i n  each lamp t r ea tmen t  - 500 PE m s e c  and 250 PE m s e c  . 

. . .  . 

Each s p e c i e  w a s . r e p l i c a t e d  twice  w i t h i n  each t r ea tmen t .  P l a t anus  . o c c i d e n t a l i s ,  

American sy.camore, was grown i n  t h e  Spencer-Lamaire "5" c o n t a i n e r  a t  a d e n s i t y  of 8 1  

: . ' s e e d l i n g s  pe r  square  fsoot and media volume of 3.5 c u b i c  i n c h e s .  'Robinia  pseudoacacia;  

b lack  l o c u s t ,  was grown i n  t h e  S tyroblock  4 A  c o n t a i n e r  provid ing  a d e n s i t y  of 87 

deedl ings  per  s q u a r e  f o o t  and a media volume of 3 . 8 ,  cubic  i n c h e s . .  Data from t h e  . . 

Robinia was c o l l e c t e d  35 days from seeding  and a t  56 days from seed ing  f o r  t h e  P1,atanus.- , 

Lamp Evaluat ion Experiment 

R 
The-two. t rea tment  a r e a s  were p a r t i t i o n e d  as p rev ious ly  descr ibed . .  L u c a l o x . ,  

-1 ' . . high  p r e s s u r e  sodium lamps, provided 500 GE m-2 s e c  i n  one t rea tment  as d i d  the  

R 
Lucalox and ~ u l t i - ~ a ~ o r ~  combination i n  t h e  o t h e r  d r e a .  Lamps were spatially . 

arranged a s  t o  provide.  uniform r a d i a t i o n  by lamp type  throughout  t h e  t e s t  a r e a .  

-1 
The rneial h a l i d e  lamps con t r ibu ted  175 LIE m-2 s e c  (approximately 35%) t o  t h e  

-2 -1 
500 LIE m s e c  lamp combination t rea tmqnt  a r e a .  



The growth response  of f o u r  c a n d i d a t e  s p e c i e s  was eva lua t ed .  Robinia  

pseudoacacia ,  black:  l o c u s t ,  and ~ l n u s  g l u t i n o s a ,  , European black '  a l d e r ,  were grown 

i n  t h e  Spencer-Lamaire "5" con ta ine r  a t  a d e n s i t y  of 81  s e e d l i n g s  pe r  squa re  f o o t  

wi th  a media volume of 3 :5 cub ic  i nches .  P l a t a n u s  . occ iden taP i s  ,. American sycamore, 

and Liquidambar s t y r a c i f l u a ,  sweetgum, were grown i n  t h e  Spencer-Lamaire 'Wil lson" 

con ta ine r  a t  37 s e e d l i n g s  pe r  squa re  f o o t  w i t h  1 0  cub ic  inch  volume. Liauidambar 

and Alnus were a l s o  g r a m  i n  t h e  Styroblock 4 c o n t a i n e r  a t  75 s e e d l i n g s  per  sqoa re  . 
f o o t  and 4.0 cubic  i nches  media volume. 

The Robinia and P la t anus  s e e d l i n g s  were ha rves t ed  a t  35 and 56 days r e s p e c t i v e l y .  

The Alnus s e e d l i n g s  were ha rves t ed  a t  60 days ,  and t h e  Liquidambar a t  70 days from 



. . , , 

I 

RESULTS 

PRELIMINARY LAMP EVALUATION TEST 

. , -Robinia. pseudoacacia ,  b l a c k  l o c u s t  s e e d l i n g s  were grown f o r  35 days  i n  

Spencer-Lamaire "5" c o n t a i n e r s .  Under t h e  h igh  l i g h t  i n t e n s i t y  t r ea tmen t  of 500 FIE 

.-2 -1 m .set2 , no d i f f e r e n c e s  were found i n  h e i g h t  o r  r o o t  c o l l a r  d iameter  between t h e  

t h r e e  lamp t r ea tmen t s .  I n  dry m a t t e r  product ion  p l a n t s  from both '  t h e  sodium and t h e  

:me ta l  h a l i d e  t r ea tmen t s  showed s u p e r i o r  d r y ' w e i g h t s  a s  compared t o  t hose  p l a n t s  from 

. t h e  combination lamp t r ea tmen t .  There was no s t a t i s t i c a l  d i f f e r e n c e  i n  d ry  m a t t e r  

product ion  between t h e  sodium a n d - . t h e ' m e t a l  h a l i d e  lamp t r ea tmen t s .  An index  t o  

p l a n t  s t u r d i n e s s  (S . I . )  commonly used is  ug shoot  d ry  weight  pe r . , cen t ime te r  h e i g h t ;  

%hi s  followed t h e  p a t t e r n  of t h e  dry  weights ' .  
\ 

-1 500 FIE m-2 s e c  

- 
x h t .  

High. P re s su re  46.48 
Sodium - + 7.17 

Sodium and 43.77 
He ta l  Hal ide  - + 8.22 

Metal Hal ide 44.07 
(Multi-Vapor) +_ 8.04 

- - 
x diam. x s h o o t  . ';; r o o t  

(mm) dry  wt(gm) d ry  wt(gm) 

The a n a l y s i s  of t h e  d a t a  comparing t h e  t h r e e  lamp ' t r ea tmen t s  from t h e  low 

l i g h t  t r ea tmen t  of 250 FIE m-* sec- l ,  i n d i c a t e s  d i f f e r e n c e s  i n  mean h e i g h t s .  The h i g h  

p r e s s u r e  sodium t rea tment  r e s u l t e d  i n  p l a n t s  w i t h  t h e  g r e a t e s t  h e i g h t  fol lowed by t h e  
-. 

meta l  h a l i d e  and then t h e  mixture  of bo th  lamps. The r o o t  d ry  weights  were s i g n i f i c a n t l y  

g r e a t e r  i n  t h e  sodium t rea tment  when compared t o  t h e  o t h e r  two. The lamp mixture  d i d  

n o t  improve t h e s e  weights  over  t h e  meta l  h a l i d e  t r ea tmen t .  The meta l  h a l i d e  lamps 

gave t h e  s t u r d i e s t  p l a n t s  bu t  wi th  t h e  lowes t  r o o t  t o  shoot  r a t i o .  It is of . i n t e r e s t  I 

. : 
t h a t  t h e  meta l  h a l i d e  lamps prod.uced a  s h o r t e r  p l a n t  b u t  w i th  t h e  same shoot  d r y  

. . 
. . 

weight and t h e r e f o r e  t he  h i g h e s t  S . I .  . 
. . t 



-2 -1 
250lJE m s e c  

.High P r e s s u r e  
Sodium 

- - - - 
x h t .  x diam. x shoo t  x r o o t  
(cm) (mm) d r y  wt  (gm) ' dry  wt (gm) - R/S 

45.87 2.69 - + 1.2665 + 0.1829 + - - 0  . I44 
+6 .02 '  0.40 - 0  .'483 0.066 

Sodium and 42.13 . 2 . 7 4 5  1 . 2 5 7 7 +  0. .1512+ 0.120 29.8 - - 
Metal Hal ide  - + 7 . 2 5  0.42 0.601 0.72 

Metal Hal ide  36.96 2 . 6 1 +  1 . 2 5 9 0 +  0 . 1 4 1 0 +  -- - - 0.112 34.1 
+ 5 . 6 6  0 . 3 7 .  . 0 . 4 7 0 .  - 0.054 . , 

The. in t ra - lamp t r ea tmen t  i n t e n s i t y  e v a l u a t i o n  t h e  fo l l owing  r e s u l t s :  . 

High P r e s s u r e  'Sodi.um 

- - - - 
x h t  . . x diam. x shoo t  x root 
(4 -- (nun) d ry  wt (gm) d r y  wt (gm) - R/S 

S . I .  
'mg / cm 

500 FIE . . 46.48 ' 2 . ' 8 9 +  1.6;.59'+ 0 . 2 1 3 6 +  0.128 35.7 
3 7.17 0.36 - 0.536 - 0.070 - 

250 lJE 45.87 '2.69 + 1.2665 .+ . 0.1829 + 0.. 144 
. . - 27.6 

+ 6.02 0.40 - 0.483 .O .066 - - 
Under t h e  sodium l i g h t  t h e  Robinia  s eed l ings '  responded more p r o d u c t i v e l y  

-2 -1 t o  t h e  500 lJE m s e c  , i n t e n s i t y .  Mehn h e i g h t  .growth was n o t  shown t o  be . . 
. . 

s i g n i f i c a n t l y  g r e a t e r .  

2 : l  Sodium to .Meta1  Ha l ide  

-. - - - - 
x h t .  x diam.. x s h o o t  x r o o t  S . I .  
(cm) - . (mm) d ry  wt(gm) dry  wt (gm) - R/S mg/cm 

S t a t i s t i c a l l y ,  t h e r e  were no  d i f f e r e n c e s  i n  t h i s  t r ea tmen t  f o r  Robin ia  

grown a t  t h i s .  d e n s i t y .  This  h a s '  some i n t e r e s t i n g  i m p l i c a t i o n s  t o  be d i s c u s s e d  l a t e r .  . 



Robi n ia  pseudoacacia 
35 days from seedi ng 

p E  M~ SEC-I PE M2 SEC" . p E  M~ SEC-I 
HIGH PRESSURE SODIUM AN3 METAL HALIDE 

SODIUM 'METAL HALIDE . 

. . 



: 35 days from seeding 

PE rvi2 SEC-I p E  M~ SEC-I , pE M~ S E C : ~  
HIGH. PRESSURE SODIUM AND METAL HALIDE 
SODIUM METAL HALIDE 

, . '500 250 500 250 500 2 50 

PE M - ~  SEC-I . ' p~ M ' ~  SEC-I PE M - ~  SEC-I 
. . . .  HIGH PRESSURE . SODIUM + METAL HALIDE 

SODIUM . . . METAL HALIDE . . . . . . .  . .. . . . . 
:: ,- x . 0 ~ 2  REPLICATES OF. 25 SEEDLINGS EACH 



. . 

500 ' FIE: 

250 FIE: 

- ' - - - 
x h t .  x diam. . x shoo t  x r o o t  

k k  ' (mm) d r y  w t  (gm) .dry w t  ( g m )  . .R/S - S.I. 
mglcm 

A s  i s  t h e  c a s e  i n  t h e  sodium comparison, t h e  Robinia s e e d l i n g s  responded much 

-2 --1 more f avorab ly  t o  t h e  500. FIE m s e c  r a d i a t i o n  l e v e l .  Each measured w a s  
. . 

s i g n i f i c a n t l y  increased  by t h e  h i g h e r ,  i n t e n s i t y .  'The p l a n t s  responded s i m i l a r l y  t o  

t h e  two i n t e n s i t i e s  i n  terms of r o o t ' t o  shoo t  r a t i c  and i n  s t u r d i n e s s  index .  

J . . 
Pla t anus  o c c i d e n t a l i s ,  American sycamore, was grown in t h e  Spencer-Lamaire "5" 

-1' . 
f o r  56 'days from s e e d i n g .  under t h e  500 uE: k-2 s e c  i n t e n s i t y  t r ea tmen t  no s t a t i s t i c a l  

d i f f e r e n c e s  were found be tween ' t he  sodium and t h e  combination lamp systems.  However, 

s i g n i f i c a n t ' d i f f e r e n c e s  were demonstrated w i t h  both t h e  sodium and t h e  combination 

systems when compared t o  t h e  meta l  h a l i d e  l i g h t i n g  system except  i n  recovered r o o t  

A .  dry weights .  It is  of p a r t i c u l a r  i n t e r e s t  t o  n o t e  t h a t  t h e  index  of p l a n t  s t u r d i n e s s  

was 60 mglcm. 

. ~ O O  FIE m-2 s e c  -1 

High P res su re  
Sodium 

Sodium and 
~ e t a l  Hal ide 

Metal Hal ide 

- - . - - 
x h t .  x  diam,. x shoo t  x r o o t  

(mm) drywt(gm7 dry) 
mg shoo t  



The analisis of t h e  sodium and t h e  combinat ion t r e a t m e n t s  when co,mpared t o  

t h e  meta l  h a l i d e  provided o n l y  one.  d i f f e r e n c e  a t  ' the 2 5 0 ' . p ~  l e v e l  of i l luminat ion . , .  

The mean h e i g h t  of t h e  s e e d l i n g s  under t h e  mix tu re  was found t o  be g r e a t e r  t han  t h a t  

of t h e  meta l  h a l i d e .  .The combination l i g h t i n g  also.showed s i g n i f i c a n t l y  h i g h e r  d r y  . 

weights  than  t h e  sodium t r ea tmen t .  U n d e r  t h i s  l ower  i l l u m i n a t i o n  l e v e l ,  t h e  s e e d l i n g s  

i n  t h e  sodium lamp t rea tment  provided t h e  lowes t  v a l u e  of p l a n t  s t u r d i n e s s  and shoo t  

d ry  weight .  I t  s h o u l d  be .no ted  t h a t  t h e  s t a n d a r d  d e v i a t i o n s  of t h e  dyy we igh t s  were 

n e a r l y  a s  grea.t  o r  g r e a t e r  . than  t h e i r  means. 

-1 
250 h E  m-2 s e c  

- - - - 
x h t  x diam. x shoot  X .  r o o t  mg s h o o t  

3 .  ( cm) . ' (mm) d i y  w t  ( g m )  .d ry  w t  (gm) 'R/S ' pe r  cm h t  
- .  

High P res su re  24.51 2.59 2 0.7632 + 0 :lo45 _+ 0 .I37 31.1 
Sodium ' . - + 5.82 0.67 0.683 0.080 

Sodium and 27.22 . 3 . 0 1  + 1.1666 - + 0.1652 - + 0 .I42 42.9 
. + 5.85 0..94'-. 1.182 0  . I90 Metal Hal ide - 

Metal Hal ide 20.73 2 . 4 2 r t  0 . 8 2 0 8 +  - 0 . 1 1 9 7 +  - . .0.145 39.6 
.+ 5.35 0.86 - . 0.735 0  . lo7 

I n  t h e  intra- lamp t rea tment  i n t e n s i t y  a n a l y s i s ,  t h e  fo l lowing  d a t a  were 

c o l l e c t e d  f o r  t h e  h igh  p r e s s u r e  'sodium system: . 

-- - - - 
x h t  x d i m .  x shoo t  x r o o t  mg shoo t  
( c d  (mm) d ry  'wt (gm) dry wt  (gm) 'R/S . p e r  'cm h t  

250 p~ . .  24.51 2.59 - + 1.4127 - + 0.1863 - + 0.137 31.1 
+ 5 . 8 2  0.67 0.683 0.080 - 

The h igh  l e v e l .  sodium lamp r a d i a t i o n  showed ' the  g r e a t e s t  d i f f e r e n c e s  of t h e  

t r ea tmen t s  examined. Each showed a  h igh  l e v e l  of s i g n i f i c a n t  d i f f e r e n c e  . 
- The p l a n t  s turd ine ' ss ' index . .was  . ne 'ar ly .doubled . by a  doubling i n  quantum f l u x .  



2:l Sodium t o  Metal  Hal ide 

- 
x lit 

.. (cm> 

- -. - x diam. x shoot  x r o o t .  
'(rnm) dry w t  (gm) .dry ' w t  (gm) .R/S ' - 

mg shoo t  
per cm h t  

43.7  

Only t h e  h e i g h t  was shown t o  be a f f e c t e d  by t h e  i n t e n s i t y  d i f f e r e n c e s  i n  t h e  

.combina t ion  lamp t r ea tmen t .  A s  wbuld be expec ted ,  t h e  shoot  d ry  m a t t e r  p roduc t ion  

is  c l o s e l y  c o r r e l a t e d  w i t h  h e i g h t  growth a s  i n d i c a t e d  by t h e  s t u r d i n e s s  index  va lues . .  

Metal  Hal ide .  

- - - - 
x ht x diam. x shoot  x r o o t  mg. shoot  
( ad (mm> dry  w t  (gm) d ry  wt(gm) 'R/S - ' p e r  cm h t  

Root dry  weight  i s  considered t o  be of importance a s  an i n d i c a t o r  of s e e d l i n g  

es tab l i shment  s u r v i v a l  and subsequent  growth ~ o t e n t i a l  a f t e r  o u t p l a n t i n g .  This  

comparison y i e lded  a  74% i n c r e a s e  i n  d r y  weight  of t h e  recovered ' r o o t s  under t h e  

-1 500 lJE m-2 s e c  l e v e l  of i r r a d i a t i o n .  

The f l a t a n u s  s e e d l i n g s  grown ' in  t h e  Spencer-Lamaire "Hi l l son"  c o n t a i n e r  

f a i l e d  t o  show a s i g n i f i c a n t l y  d i f f e r e n t  response  t o  t h e  l i g h t i n g  t r e a t m e n t s  i n  any 
-. 

parameter measured. The H i l l s o n  c o n t a i n e r  d i d  produce t h e  l a r g e s t  and most uni'form 

crop of P l a t anus  s e e d l i n g s  grown t o d a t e  i n  t h e  s t anda rd  56 day product ion  pe r iod .  



Platanus occidentalis , 
. . 

56 days from seed.i ng 

500 250 500 250 500 250 

.PE Q2 ' S E C - ~  ,QE M~ SEC-I . PE l\i12 SEC-I 
HIGH PRESSURE . SODIUM AND METAL HALIDE 
SODIUM' METAL HALIDE . . 

I.tE SEC-~ . . .  . . . PE M2 SEC-I pE i2 SEC-I 
HIGH PRESSURE . ' SODIUM AND METAL HALIDE 
SODIUM . . ' , . M E T A L  HALIDE - 

, X O F 2  REPLICATES O F 2 5  SEEDLINGS EACH 
. . . . 



Platanus occi,dentalis 
56 days from seeding 

- - 

HIGH PRESSURE SODIUM AND 
SODIUh; 

METAL HALIDE 
METAL HALIDE 

HIGH PRESSURE. . '.:. .SODIUM AND . . . .  . 
METAL HALIDE 

SODIUM 
. . 

METAL HALIDE . . 
. . . ... .+ ' .  

. . 
. . . . 



P l a t a n u s  o c c i d e n t a l i s  
. . 

. . 
Spencer-Lamaire "Hi l l son"  . . 

- - - - 
x h t  T .diam. p shoo t  s . r o o t  S .I. 
icm) (mm 1 dry  w t  ( g m )  dry wt(gm) '81s - mg/cm 

High P res su re  48.66 4 . 1 9 2  , 2 . 5 8 0 0 t  0 . 3 5 9 5 2 '  0.140 53  .O 
Sodium . -. + 4.10 0.69 1.10 0 . I73 

Sodium and 50.02 4 . 1 2 2  2 . 6 9 1 0 5  0.3.353+ 0.127 53.8 
Metal Hal ide  - + 3.75 0.58 . 1 .O 0 .I32 

It is  of i n t e r e s t  t o  p o i n t  ou t  t h a t  in t h e  previous  experiment when t h e  

P la t anus  s e e d l i n g s  were grown i n .  t he  Spencer-Lamaire "5" c o n t a i n e r s  a t  about  tw ice  

t h e  d e n s i t y  (81  v s  37 s e e d l i n g s -  p e r  squa re  f o o t )  t h e  S . I .  va lue  f o r  t h e  sodium 

-2 -1 t rea tmen t s  a t  500 U E m  s e c  was 59.9 mglcm and t h e  sodium and meta l  hal ide was 
3 

43.7 mg/cm. 

R ~ ? . i n i a  pseudoacacia was grown i n  t h e  Spencer-Lamaire "5" c o n t a i n e r  through 

i t s  normal 35 day product ion  pe r iod .  The Robinia s e e d l i n g s  responded dramat ' i ca l ly  

t o  t h e  sodium l i g h t i n g ,  showing a  very  s i g n i f i c a n t  i n c r e a s e  i n  each parameter .  

High 'p ressure  Sodium. Sodium and Metal  Hal ide  
- 
x h e i g h t  (cm). 48.03 + 6.36 45.16 + 3.63 

- 
x diameter  a t  r o o t  c o l l a r  (m) 3.03 + 0.33 .2 .42 + 0.30 - - 
- 
x shoo t  d ry  weight  (gm) 

- . x r o o t  dry weight  (gm) 0.16 + 0.05 - 0.11 - + 0-.03 

S.I.  mglcm 37.5 29.7 

Although t h e  recovered r o o t  d r y  weights  were ' s l i g h t l y  lower i n  t h i s  ruri, 

t h e  d a t a  tends  t o  r e c a p i t u l a t e  t h e  p rev ious  experiment ,. 



..._ 
I . . _ .  . , . . Liquidambar s t y r a c i f l u a  s e e d l i n g s  were eva lua t ed  i n  two v e r y  d i f f e r e n t  

. . .  . .. 
- c o n t a i n e r s .  The s e e d l i n g s  were grown f o r  70 d a y s i n  the, '  Spencer-Lamaire H i l l s o n  

. . 

(37 s e e d l i n g s  pe r  squa re  f o o t  w i t h  a t e n  c u b i c  i n c h  volume) and t h e  S ty rob lock  4 

(75 s e e d l i n g s  p e r  squa re  f o o t  w i t h  4.0 c u b i c  i n c h  volume).  The s e e d l i n g s  grown i n  

t h e  Hil . lson,  l i k e  t h e  P l a t a n u s ,  f a i i e d  t o  respond s i g n i f i c a n t l y  d i f f e r e n t  t o  t h e  

l i g h t  t r ea tmen t s '  i n  any parameter  measured. 

Liquidambar s t y r a c i f l u a  - 70.Days From Seed 

Spencer-Lmaire Hf l l s o n  ' Styroblock  4 

Bigh P r e s s u r e  . sodium & High .P re s su re  Sodium & 
Sodium Metal  Hal ide  ' ' Sodium ' ' ."Metal ~ a i i d e '  

- 
43.14 + 3.65 x he igh t .  (cm) 42.29 _+ 3.42 . 42'.29 5 3.30 38.35 2 2.39 

J ,  

- x diameter  a t  3.86 _+ 0.55 4.09 _+ 0.69 . 3.41 _+ 0.40 3.28 _+ 0.46 
r o o t  c o l l a r  (mm) 

- 
1.847 + 0.594 x dry  weight  - 1.995 + 0.58  ' . - 1.352 - + 0.303 1 .341  - + 0.404 

of l e a v e s  (gm) 
- 
x . s t e m  d r y  0.786 - + 0.240 0.784 - + 0.24 0.598 + 0.143 

. - 0.530 - + 0.133 
weight  (gm) 
- 
x r o o t  d r y  0.389 + 0.134 - 0.415 +.0.15 . - 0.278 - + 0.687 0.26 - + '0 .078  
weight  (gm) 

S . I .  (mg/cm) 62.3 64.4 46.1 48.8 

. . The Liquidambar s e e d l i n g s  'grown i n  t h e ,  S ty rob lock  "4" responded f a v o r a b l y  t o  
I 

t h e  sodium lamp t r ea tmen t  i n  dry  m a t t e r  p roduc t ion .  No s t a t i s t i c a l  d i f f e r e n c e  was . i 
measured i n  o t h e r  parameters .  

-- 

Comparison of c o n t a i n e r s  i n d i c a t e s  v e r y  s i g n i f i c a n t  i n c r e a s e s  i n  a l l  measured 

I 
parameters  f o r  t h o s e  s e e d i i n g s  grown i n  t h e  Spencer-Lamaire H i l l s o n  c o n t a i n e r  i i 

e xcep t  t h e  r o o t  t o  shoo t  r a t i o  and t h e  h e i g h t  under  t h e  h igh  p r e s s u r e  sodium i 
; 

t r ea tmen t .  



Ainus s e e d l i n g s  when grown i n  t h e  Spenc.er-Lamaire 5  were t h e  o n l y  

s p e c i e s  which produced a  s u p e r i o r  s e e d l i n g  under. t h e  h igh  p r e s s u r e  sodium lamp and 

metal h a l i d e  lamp mix. This  i l l u m i n a t i o n  system produced a 19% i n c r e a s e  i n  recovered  

r o o t  d r y  weights  and a 10% i n c r e a s e  i n  s h o o t  d r y  weights  w i t h  a  cor responding  

i n c r e a s e  i n  p l a n t  s t u r d i n e s s .  

S~encer -Lamai re  "5 " Conta iner  

x h t  x diam. x s h o o t  x r o o t  s .I. 
(em) (mm) d r y  wt(gm) d r y  wt(gm) R& mg/cm 

High P re s su re  47.75 3.78 2 1.622 + 0.245 + 0.151 34 .O 
Sodium - + 4 . 5 6  , 0.61 - 0.50 0.13 " .  

Sodium and 48.80 3.78 + 1.778 3fi 0.292 + 0 . I64 36.4 
Metal  Hal ide  + 4.91 0.58 0 -29 0.14 

i 

Airius s e e d l i n g s  grown i n  t h e  S tyroblock  4 c o n t a i n e r  fol lowed t h e  p rev ious  

t r e n d s  .w i th  r e s p e c t  t o  r e sponses  a c h i w e d  under '  100% high  p r e s s u r e  sodium 

l i g h t i n g .  The r o o t  c o l l a r  d iameter  w a s  i n c r e a s e d  by 16%, wh i l e  t h e  o t h e r  measured 

parameters  were n o t  s i g n i f i c a n t l y ' d i f f e r e n t .  

~ . t ~ r o b l o c l c  "4 " Conta iner  

~ i ~ h  P re s su re  
Sodium 

Sodium and 
Metal Hal ide  

- - - - 
x diam. x l e a v e s  x s tem x d r y  wt S . I .  
(mm 1 dry  wt (gm) dry  wt(gm) r o o t  (gm) 'R/S rng/cm. 



DISCUSSION 

I 
i 

The i n i t i a l  lamp e v a l u a t i o n  was des igned  t o  make a p re l imina ry  i n v e s t i g a t i o n  I 

i n t o  t h e  growth res?onse of two cand ida t e  s p e c i e s  and t h e  e f f ' e c t s  of two l i g h t  

i n t e n s i t i e s  and t h r e e  lamp t r ea tmen t s .  . . Under t h i s  s e t  of growth c o n d i t i o n s ,  bo th  

t h e  Robinia  and . t he  P l a t anus  s e e d l i n g s  proved t o  be  most product ive  under t h e . 5 0 0  VE 

-2 m sec - I  l e v e l  of. i r r a d i a t i o n  from h i g h  p r e s s u r e  sodium- lamps. s t a t i s t i c a l l y  ; ' t he  

Robinia  s e e d l i n g s  performed e q u a l l y  w e i l  under t h e  meta l  h a l i d e  lamps. The P l a t a n u s  

s e e d l i n g s  responded e q u a l l y  w e l l  t o  t h e  sodium/metal h a l i d e  combination t r ea tmen t .  

-1 
I n  t h e  250 VE mv2 s e c  t r ea tmen t s ,  the,  R o b i n i a s e e d l i n g s  under e a c h  of t h e  lamp. 

t r ea tmen t s  proved t o  be equa l ly  product ive  i n  shoot  d r y  matter. The h i g h e s t  r o o t  

3 .  
d r y  weights  were , recorded  under t h e  sodium t r ea tmen t  and f o r  t h i s  reason  t h e  Robinia  

1 

appear  t o  respondc s l i g h t l y  b e t t e r  t o  t h e  sodium lamps a t  t h i s  lower r.:..liation l e v e l .  

When compared t o , t h e  sodium l i g h t  t rea tment  t h e  P l a t anus  s e e d l i n g s  showed a s i g n i f i c a n t  

i n c r e a s e  i n  d ry  ma t t e r  product ion  under t h e  sodium/metal h a l i d e  combination. 
. 

.Nei ther  s p e c i e  showed a s i g n i f i c a n t l y  d i f f e r e n t  response  t o  t h e  two l i g h t  

i n t e n s i t i e s  under t h e  combination lamp system. I n  bo th  of t h e  o t h e r  lamp t r e a t m e n t s ,  

. t h e  s e e d l i n g s  showed s i g n i f i c a n t  i n c r e a s e s  i n  dry' ma t t e r  product ion  under th'e h i g h e r  .' 

l i g h t  i n t e n s i t i e s .  

The.second phase of t h e  lamp e v a l u a t i o n  was designed t o  examine t h e  s e e d l i n g s .  

- 2 
p r o d u c t i v i t y  a t  a 500 VE m sec- I  i n t e n s i t y  f o r  a  16-hour photoper iod  under t h e  h igh  

p r e s s u r e  sodium and under a  2.:1 combination sodium t o  meta l  ha l ide . .  I n  t h i s  experiment 

fou r  cand ida t e  s p e c i e s  were grown.in a much l a r g e r  product ion  run,. .Liquidambar and 

P l a t a n u s  s e e d l i n g s  were grown i n  Spencer-Lamaire la ill son" c o n t a i n e r s  a t  approximately 
. . . . 

h a l f  t h e  d e n s i t i e s  p rev ious ly  used '(37 . . s e e d l i n g s  per  squa re  f o o t  v e r s u s  75-87 s e e d l i n g s  
. . .  . .  

p e r  squa re  f o o t ) .  ' I n  . . t h i s  c o n t a i n e r ,  a t  i much reduced d e n s i t y ,  no s i g n i f i c a n t  
:.. _. ' .  , .  . 

. . .  

d i f  f ejcences ' were .observed bktwee.n . lami trea tmen t s  . 



. .. 

The P l a t a n u s  responded more t o  t h e  i nc reased  a v a i l a b l e  growing space  t han  d i d  t h e  

:'.'I: . ~ i q u i d a m b a r  s e e d l i n g s ,  a l though ' t h e r e  were d rama t i c  i n c r e a s e s  i n  d r y  m a t t e r  

, ' p r o d u c t i o n  wi th  t h e  Liquidambar s e e d l i n g s  grown 8t 37 s e e d l i n g s  pe r  squa re  f o o t  

compared' t o  75 s e e d l i n g s  p e r  s q u a r e  f o o t . .  
. .  . 

. A t  t h e  h ighe r  d e n s i t i e s ' b o t h  t h e  Liquidambar and t h e  ~ o b i k a  s e e d l i n g s  responded 

much more f avo rab ly  t o  h i g h ' p r e s s u r e  sodium l i g h t i n g .  The Alnus s e e d l i n g s  were .. 

grown a t  h igh  d e n s i t i e s ,  8 1  and ,75 s e e d l i n g s  p e r  squa re '  f  o d t  i n  . t h e  Spencer-Lamaire 

II I 1  5  c o n t a i n e r  and i n  t h e  s t y r o b l o c k  4 r e s p e c t i v e l y .  'The s e e d l i n g s  grown i n  t h e  

Spencer-Lamaire c o n t a j n e r  were t h e  on ly  s e e d l i n g s  which inc reased  p r o d u c t i v i t y  under  

t h e  combination lamp system. The s e e d l i n g s  grown i n  t h e  s t y r o b l o c k  4 fol lowed t h e  

. . 
t r e n d  of t h e  o t h e r  s p e c i e s  eva lua ted  a t  t h e  h i g h e r  d e n s i t i e s .  

An e v a l u a t i o n  of t h e  d a t a  de r ived  from t h i s  s t u d y  appears  t o  i n d i c a t e  t h e  

s u p e r i o r  p r o d u c t i v i t y  and un i fo rmi ty  of t h e s e  s e e d l i n g s  grown under t h e  h i g h e r .  

i r r a d i a t i o n  l e v e l  from t h e  h igh  p r e s s u r e  sodium lamps and appea r s  t o  be  independent  

of d e n s i t y .  Of p a r t i c u l a r  i n t e r e s t  i s  ' t h e  evide.nce pr.esented h e r e  t h a t  n e i t h e r  t h e  

R ~ b i n i a - o r  t h e  P l a t a n u s  seedli 'ngs showgd a  s i g n i f i c a n t l y  d i f f e k e n t  r e sponse  i n  d r y  

m a t t e r  p roduct ion ,  t o  t h e  two i n t e n s i t i e s  i n v e s t i g a t e d  under the.sodium-met.al h a l i d e  

combination lamp t rea . twent .  Th i s  i n d i c a t e s  the  need rq cons ide r  a longe r  photo- 

pe r iod  of lower i n ~ e n s i t i e s .  Continuous' i l l u m i n a t i o n  would be  a  p r e f e r r e d  method, 

s i n c e  lamp l i f e  can be  extended by up t o  50% f o r  t h e  h igh ,  p r e s s u r e  sodium lamp, 

and up t o  100% f o r  t h e  me ta l  h a l i d e  lamp when burned c o n t i n u o u s l y ' a s  opposed t o  
. . 

c y c l i c  ope ra t i on .  Th i s  procedure  should improve t h e  p roduc t ion  economics s i n c e .  

fewer lamps would be  r equ i r ed  and o v e r a l l  e l e c t r i c a l  usage would be  reduced.  
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