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INTRODUCTION

General Electric Controlled Env1ronment Agriculture Operation has utilized
for this research program a -system known as GENIPONICSTM,.which was developed by
General Electric's. Controlled Environment Agriculture Operation (CEAO) ia'Syracuse,
New York. A coopiete description of this.totally controiled plant growing systeﬁ'
is available in the "Fuels'from.Woody Biomass Progresé Report" prepared by CEAO
and submitted in March 1980.

The Geniponics system employs two types of high intensity discharge lamps'
as its.source of illumination -for plant growth. The effectiveness.of lamp;‘for
~plant growth ia determined by two factors. First,tthe prOportion of'electrical
eﬁerg§ which is converted to radiant energy in the visible portion of the spectruﬁ

(400-700 nm). Second, by the spectral energy distribution (SED) curve of the laﬁp,.

" across the range of photosynthetically active radiation (PAR) (380 nm to 750 nm).

The lamps efficiency and lumen output‘maintenance are important economic
criteria in the operation of a large-scale commercial growth chamber. The 1000
watt high preesure sodium lamp (LucaloxR) is one of rhe most efficient lamps
iavailable, yielding 120-140 lumens per watt and an average life expectancy,exceeding
20,000 hours. The high pressure metal halide lampv(Multi-VaporR) is somewhat less

efficient than the high pressure sodium lamp yielding 80-100 lumens per watt.

The . lamps SED curve is 1mportant in controlling plant growth In terms of

photosynthetic energy utilization, red radiation is most efficient. A blue light

quantum contains a hlgher energy (2 8 EV @ 450 nm) than a red quantum (1.9 EV @ 6.80 nm).



When a blue quantum is absorbed by the'chlqroéhyli molecules, a portion of its

energy is immediateiy dissipated as heat reéulting in the éaﬁe energy‘as,that
resulting from thelabsorption of a red quantum. Also pigments abéqrbing,in the

blue regidn»do not fuily transfer the energy absorbed. This accounts for the

2:1 ratio of plant éensitivity at.680 nﬁ and 450 nm as described by McCrees relative
action curve (belé%). . The other light activated plant process mechanisms
(photomorphogeﬁeéis, photéperiodism and phototropism) ?equire much lower threshold
intensities of absorbed quanta., A lamb havingAthe majority of its energy concentrated
in the longér wavelengths in the upper portion of the relative action.curve may be-

a more effective lamp than one with a SED curve more closely matching the relative

action curve, particularly when overall lawp efficiency and costs are considered.

T: e experiments discussed in this report were designed to evaluate the
seedling growth response of several candidate species to the two types of high
intensity discharge lamps and a combination of these'tWOflamps.used in the Geniponics

system of controlled environment ‘agriculture.
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METHODS AND MATERIALS - i

._Tw; 1aﬁp-gvaluatiQn studies were conducted in the Geniponics syétem-to.

deté}ﬁine the effect, if any, of various light treatments on tree seedling growth.
A sixteen (16). hour photoperiod followed by an uninterruptéd eight (8) hour dérk
' pgfiod was utilized fo? this test series. Temperatures during the light ﬁériod wefe
held at 27;C + 1°C. Carbon dioxide levels were maintained at 1500 parts per million
during the light period. The tree seédlings wéré'sub—irrigated with a high phosphate
nutrient solution‘preQiPusly’described in the.prbgreséﬂfeport. |

3 Data was collected from twenty-five (25) randomly selected seedlings ffop-
eacﬁ of the replicated_containéfs from'each treatment. ~Heights were recorded to the
nearest tenth of a centimécer.‘ Root collar diémeters, faken at‘media—atmosphere
interface, were recorded to the.nearest one—hﬁndredth of a millimeter as meagured
with a Helios metric vernier caliper. Dry weights were recorded ta the néarest:ten—_
thousandth of a gram on a Sartorius 2003 MPI anélytiéal recording'balancef Light

measurements were made with a Lambda Instruments LI-170'meter with quantum sensor,

Preliminary Lamp Evaluation Experiment

Three equalized evaluation areas were partioned with an aluminized reflective e
material in order to eliminate radiation overlap. The lamp treatment areas were large
enough not to impede air movement, thefeby maintaining consistent ambient conditions

between treatment areas.




The 1amp evaluation areas:contained GE high intensity d;scharge lamps: - one
with L_uc.aloxR - a high:pressure sodium;'one wifh Multi—VapdrR'—'a metal halide type
and another with a 2:1 combination of sodium to metal halide lamps. LampsAQeré
arranged~§o provide an equal quantum flux of photosynthetically active radiétion
(400-700;nm) at a level 30 centimeters above the growbed. Two intensities were proviaed

within each lamp treatment - 500 ue m-2 sec:'-l and 250 ue m"2 seé-l

Each specie was .replicated twice within each treatment. Platanus ‘occidentalis,
American sycamore, was grown in the Spencer-Lamaire "5" container at a density of 81

seedlings per square foot and media volume of 3.5 cubic inches. ‘Robinia pseudoécacia,

black locust, was grown in the Styroblock 4A container broviding a density of 87

éeedlihgs per‘square foot and a media volume of 3.8 cubic inchés.' Data from the

- Robinia was collected 35 days from seeding and at 56 days from.seeding for the Platanus,-

- Lamp Evaluation Experiment

' . R
The ‘two. treatment areas were partitioned as previously described. Lucalox ,

high pressure sodium lamps, provided 500 ue m-2 sec Iin one treatment &s did the
LucaloxR and Mul;i—VaporR éombination in the other area. Lamps were spacially
arranged as to provide uniform radiation by 1émp type throughout the test areal
.Thg metal halide lamps contributed 175 ue m-2 sec_1 (approximately 35%) to the

-

500 ke m2 sec lamp combination treatment area.

puowe,



The growth response of four candidate species was evaluated. Robinia

pseudoacacia, black locust, and»Alnhs;glutinosa,AEuropean‘black'alder, were grown

in the Spencer-Lamaire "5" container at a density of 81 seedlings per square foot

~with a media volume of 3.5 cubic inches. Platanus occidentalis, American sycamore,

and Liquidambar sgyraciflua,‘sweetgum, were grown in. the Spencer-Lamaire "Hillson"

container at 37 seediings per square foot with 10 cubic inch volume, LiquidambérA
and Alnus ‘were.also grown in the Styroblock 4 container at 75 seedlings per square

foot and 4.0 cubic inches media volume.

The Robinia and Platanus seedlings were harvested at 35 and 56 days respectively.

The Alnus seedlings were harvested at 60 days, and theé Liquidambar at 70 days from

4 =
seeding.
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RESULTS

PRELIMINARY LAMP EVALUATION TEST

~Robinia- pseudoacacia, black locust seedlings were grown for 35 days in

Spéncef-Lamaire "5 contaiﬁers; Under the high light inténsi;y treatment of 500 UE
m°2‘sec—l; no differences were'f0und in height or root collar diameter between tﬁe
three lamp treatments. In dry matter production plants from both the sodium and the
;metal halide treatments showed superior dry weights as compared to those plants from
'ihe éombination lamp treatment. There-was no statistical Aifference in dry matter
'production between the sodium and the metal haiide.lamp treatmenfs. An Index to

plant sturdiness (S.I.) commonly used is ug shoot dry weight per centimeter height;

‘this followed the pattern of the dry weights.

500 ME m 2 sec : ' : o .
x ht, x diam. ¥ shoot . x root - 8.I.
(cm) (mm) dry wt(gm) dry wt(gm) _R/S ~mg/cm
High Pressure 46 .48 2.89 + 1.6759 +  0.2136 + '0.128 35.7
Sodium +7.17 ° 0.36 0.536 0.07 :
Sodium and 43.77 2.75 + 1.2518 + 0.1639 + . 0.131  27.8
 Metal Halide + 8.22 0.46 0.567 0.072 ‘
Metal Halide 44.07 2.84 + 1.6270 + 0.2284 + 0.140 36.4
(Multi-Vapor) '+ 8.04  0.46 . 0.793 0.103

AThe analysi§ of the data compéringAthe three laﬁp“treatments from the low
light treatmeﬁt of 250 ue m-g sec_l, indicates differences in mean heights. The high
pressure sodium treatment resulted in plaﬂts with the greatest hgight followed by the
Ametai halide and then the ﬁixture of both—lamps. The root dry-weights were significantly
greater in the sodium treatment when compared to the other two. The lamp mixture did |
not improve. these weights over the metal halide treatment. The metal halide lamps
gave the sturdiest plantsbbut with the lowest root to éhoot ratio. It is of interest ;

that the metal halide lamps produced‘a shorter plant but with the same shoot dry

weight and therefore the highest S.i. . ' : ' - , ]

.



250 ye m_z sec-l
x ht.  x diam. X shoot X root ' S.I.

‘ (em) - (mm) dry wt(gm) dry wt (gm) R/S mg/cm
High Pressure - 45.87 2.69 + 1.2665 + 0.1829 + ~  0.144 27.6 -
- Sodium +6.02  0.40° . 0.483 0.066 :
Sodium and 42.13 . 2,74+ 1.2577 + 0.1512 + 0.120  29.8

Metal Halide +7.25 0.42 0.601 0.72 ~ *
Metal Halide 36.96  2.61 + 1.2590 + 0.1410 + 0.112 34.1
: +5.66  0.37° -0.470 " 0.054

The intra-lamp treatment intensity evaluation produced the following results:

High Pressure Sodium .

x ht. X diam. *x shoot = X root S.I.

3
(em) . (mm) = dry wt(gm) dry wt(gm) R/S ‘mg/cm
500 HE . . : 46 .48 " 2.89 + 1.6759 + 0.2136 + 0.128 35,7
' : +7.17 0.36~ 0.536 —  0.070 — :
‘250 HE . 45.87 2.69 + 1.2665 4+ - 0.1829 + 0.144 27.6
: oo + 6.02 0.40~ 0.483 —  0.066 — g

Under the sodium light the Robinia seedlings responded more productively

2 - . . -
sec l,inten51ty. Mean height growth was not shown to be

to the 500 ME m
significantly greater.

2:1 Sodium to Metal Halide

" X ht. X diam. x shoot X root : S.I.

(cm) . (mm) dry wt(gm) dry wt(gm) . R/S mg/cm
500 Me 43,77 2.75 + 1.2518.+ 0.1639 + 0.131 . 27.8
: - +8.22: 0.46  0.567 0.072 ' :
250 uE 42.13 - 2,74 + 1.2577 + 0.1512 + 0.120 29.8:
' + 7.25 0.42 0.601 ~ 0.072

Statistically, there were no differences in this treatment for Robinia

grown at this density. This has some interesting implications to be discussed later.

e
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Metal ﬁaiide

x ht. ;'diam., ;.shoot ;'root : s.I.
. (cm) (mn)  dry wt(gm) dry wt(gm) "B/S mg/cm
500 pe - 44.07 -+ 2.84 + 1.6270 + 0.2284 +  0.140 36.4
1_8.04 0.46 0.793 0.103 '
250 e ©36.97 2.61 + 1.2590 + 0.,1410 +  0.112 .. 34.1
+5.66 . 0.37. 0.470 0.054

As is the case in the sodium comparison, the Robinia seedlings responded much

2 =1 , L R
sec radiation level. Each parameter measured was

more favorably to the 500 ME m
-éignifican;ly increased by the higher intensity. The plants responded similarly to .
the two intensities in terms of root to shoot ratic and in sturdiness index.

Platanus occidentalis, American sycamore, was grown in the Spencer-Lamaire "5"

-

for 56ldays from seeding. Under the 500 uE ﬁ—Z secfl.ihtensity treatment no statistical
differences were found between the sodium and the combination lamp systems. However,

- significant differences were demonstrated with both the sodium ana the'cbmbinafion
systems when compéred to the metal halide 1ighting'system except in recovered root

dry weights. It is of particular interest to note thét the index of plant stgrdiness ‘
wés 60 mg/cm.

500 ue m_2 sec-1

x ht. x diam. x shoot x root mg shoot
(cm) : (mm) dry wt(gm) dry.wt(gm) R/S per cm ht
Higﬁ Pressure 29,85 3.70 + 1.7897 + 0.2395 + 0.134 59.9
‘Sodium +7.98° 1.09 1,413 0.186 .
Sodium and © 32.85 3.31 &+ 1.4345 + 0.1871 + 0.130 43,7
Metal Halide . X 7.14 1.01 - 1.031 0.132 :
Metal Halide 20.99 2.71 + 10,9248 + 0.2038 + 0.220 44,1
+ 3.55 0.67.

0.739 0.140

=-10-



‘fhe analysis of the'éodium and the combination treatments when compared to
the metal halide prbvi&ed only~one.differenc¢ at the 250‘ue=léve1 of illuminatiénw_
The mean height of the seedlings under the mixture was found té be greater than that
‘of the metal halide. 'The combination lighting also showed significantly higher dry
weights than the.sodium treatment. -Under this<lower.iliumination level, the seé@lings
in the sodium iamp treatment provided the lowest value of plant sturdiness and shoot
Adry weight. ‘It should be noted that the standard deviations of the dry weights were

" nearly as greét or greater than their means.

. 250 ﬁe m-2 sec_l
y x ht X diam. x shoot x root : mg shoot
LA (cm) - _(mm) dry wt(gm) dry wt(gm) ‘R/S ‘per cm ht

High Pressure 24,51 2.59 + 0.7632 + 0.1045 + 0.137 ° 31.1
Sodium © +5.82  0.67  0.683 0.080 ‘

Sodium and o 27.22 '3.01 + 1.1666 + 0.1652 +  0.142 42,9
Metal Halide . +5.85  0.947. 1.182 0.190 -
Metal Halide 20.73 2.42 4 0.8208 + 0.1197 + . 0.145 39.6

‘ +5.35 0.8 . 0.735 0.107 ~

In the intra-lamp treatment intensity analysis, the following'data were

collected for the high pressure sodium system:

X ht ¥ diaw. = shoot X root . mg shoot
(cm) (mm) dry wt(gm) dry wt(gm) ‘R/S - per cm ht
500 we. © 29.85 3.70 + 1.7897 +  0.2395 +  0.134 60.0
+ 7.98 - 1.09 0.7632 0.105 : ‘
250 e . 24 .51 2.59.1 1.4127_i 0.1863 + 0.137 3l.l _
- +5.82 0.67 0.683 0.080 . i

The high level sodium lamp radiation showed the greatest differences of the
treatments examined. Each parametef showed a high level of significant difference,

The plant sturdineés'index”wés_neérly~doubled by a doubling in quantum flux.

-11-
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2:1 Sodium to Metal Halide

X It X diam. X shoot X root. . mg shoot

- {em) (mm) dry wt(gm) dry wt(gm) 'R/S " per cm ht
500 ME ' 32.85 © 3.3l +  1.4345 + 0.1871 +  0.130 43.7
+7.14 -1.01 1.031 0.132 °
1250 HE 27.22 3.0l + 1.1666 + 0.1652 +  0.142 42.9
- +5.85  0.94 1.182 0.190

Only the height was shown to be affected by the intensity differences in the
.combination lamp treatment. As would be expécted, the shoot dry matter production
- is closely correlated with height growth as indicated by the sturdiness index values.

Metal Halide

x ht X diam. ¥ shoot ¥ root " mg shoot
(cm) (mm) dry wt(gm) dry wt(gm) 'R/S ‘per cm ht
500 e 20.99 2.71 4+  0.9248 + 0.2083 +  0.220 “44.1
+ 3.55 0.67 0.821 — 0,140 — » 4
250 ue 20.73 2.42 + 0.7394 + 0.1197 + 0.145 39.6
+ 5.35 0.86 0.735° = 0.107 '

Root dry weight is considered to be of importance as an indicator of seedling
establishment survival and subsequent growth potential after outplanting. This
comparison yielded a 74% increase in dry weight of the recovered roots under the

500 uE m-2 sec-l-level of irradiation.

The Platanus seedlings grown‘in the Spencer-Lamaire 'Hillson" container
failed to show a significahtly different'response to the lighting treatments in any

parameter measured, The Hillson container did produce the largest and most uniform

crop of Platanus seedlings grown todate in the standard 56 day production period.

-12-
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Platanus occidentalis

" Spencer-Lamaire "Hillson"

;Dht : Eidiam. ;ishoot ziroot - 5.I.
(cm) () dry wt(gm) dry wt(gm) 'R/S mg/cm
High Pressure 48.66 4,19 +  2.,5800 i. 0.3595 +° 0.140 53.0
Sodium ' .+ 4.10 0.69 1.10 0.173
Sodium and ' 50.02 4,12 + 2.6910 + 0.3353.i_ 0.127 53.8
- Metal Halide + 3.75 0.58 - 1.0 - 0.132

It is of interest to point out.that in the previogs-eiperimént when the
Platanus seedlings were grown in the Spencer-Lamaire "5'" containers at about'twice
thg density (81 vs'57 seediings-pef sduare foet) the S.I, value for the sodium
treatments at 500 1m;m—2 sec—1 was 59.9 mg/cm and the sodium and metal halide was

43,7 mé/cm.

Ro>inia pseudoacacia was grown in the Spencer-Lamaire "5' container through
its normal 35 day production period. The Robinia seedlings responded dramatically

to the sodium lighting, showing a very significant increase in each parameter.

- High Pressure Sodium. | Sodium and Metal Halide
¥ height (cm) 48.03 % 6.36 : 45.16 + 3.63
X diameter at rbét collar (mm) 3.03‘1 0.33 ’ _ ‘ ' :2.42.i 0.30
x shoot dry weight (gm) 1.80 + 0.44 " 1.34 +0.34
§'foqt dry weight (gm) 0.16 + 0.05 0.11 + 0.03
. root:shoot 0.089_ , : 0.082
S.I. mg/cm © 37.5 ‘i ' . : 29.7

Although the recovered root dry weights were slightly lower in this run,

the data tends to recapitulate the previous experiment,

-15-



Liquidambar styraciflua seedlings were evaluated in two very different

-containers. The seedlings were grown for 70 days in the Spencer-Lamaire Hillson

(37 seedlings per square foot with a ten cubic inch volume) and the Styroblock 4

ff(75 seedlihgs per square foot with 4.0 cubic inch volume), The seedlings grown in

the Hillson, like the.Platanus, failed to respond signifiqantly different to the

light treatments in any parameter measured.

x height (em)

x diameter at

root collar (mm)

x dry weight

of leaves (gm)

X stem dry
weight (gm)

X root dry
~weight (gm)

root:shoot

S.I. (mg/cm)

Liquidambar styraciflua - 70 Days From Seed

8pencer-Lamaire Hillson -

High Pressure
Sodium

42,29 + 3.42

3.86 + 0.55.

1.847 + 0.594

0.786 + 0.240

0.389 + 0.134

0.148

62.3

Sodium &
Metal Halide

43,14 + 3.65

4,09 + 0.69

1.995

I+

0.784 + 0.24
0.415 +.0.15

0.149

64 .4

0.58

Styroblock 4

High. Pressure
"~ Sodium -

Sodium &

“'Metal Halide

42,29 % 3.30

3.41 & 0.40
1.352 + 0,303
0.598 _fo.143
0.278 + 0.687

0.143

46.1

38.35 + 2.39

3.28 + 0.46

1.341 + 0,404

10.530 + 0.133

0.26 +0.078

0.143

48.8

The Liquidaﬁbar seedlings grown in the Styroblock "4" responded favorably to

the sodium lamp treatment in dry matter production. No statistical difference was

measured in other parameters.

Comparison of containers indicates very significant increases in all measured

parameters for those seedlings grown in the Spencer-Lamaire Hillson container

except the root to shdo; ratio and the E'height under the high pressure sodium

treatment,

-16-~
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Alnus glutinosa seedlings when grown in fhe_Spenqer—Lamaire 5 were the only

species which broduced a superior seedling under the high pressure sodium lamp and

ﬁetal halide lamp mix. This illumination system produced a 19% increase in ;ec0vered

root dry weights ﬁnd a 10% -increase ‘in shoot dry weights with a corresponding

increase in plant sturdiness.

High Pressure

Sodjium

Sodium and
Metal Halide

Ainus seedlings grown in the Styroblock 4 container followed the previous

trends ‘with respect to growth responses achieved under 100%Z high pressure sodium

x ht

(cm)

- 47.75
+ 4.56

48.80

+ 4.91

Spencer-Lamaire '"5'" Container

x shoot

X root

;.diam. p

(mm) - dry wt(gm) dry wt(gm)
3.78 +  1.622 +  0.245 +
0.61 ~  0.50 0.13
3.78 +  1.778 +  0.292
0.58 0.29

0.14

s.I.

R/S - mg/cm
0.151 34.0
0.164 36.4

lighting, The root collar diameter was increased by iGZ, while the other measured

parameters were not significantly different.

Higﬁ Pressure
Sodium

Sodium and
Metal Halide

x ht
(cm)

47.36 .

+4.13

48.16
+ 3.37

Styroblock "4" Container

S.I.

;-diam. ;-1eaves ;.stem ;—dry wt :

(mm) dry wt(gm) dry wt(gm) zroot (gm) R/S mg/cm-
3.86 + 1.006 + 0.539 + 0.290 + 0.188 32.6
0.56 0.301 0.142 '0.122
3.34 + 0.925 + 0.537 + 0.280 + 0.192 30.3
0.51 0.272 0.127

C=17-

0.167



DISCUSSION

The initial lamp evaluation Qas designed to make a ﬁreliminary investigation
into the growth re;ponse of two candidate species and the effects of two light
intensities and three lamp treatmenﬁs. Under this set of growth conditions, both
the Robinia and the Platanus seedlings proved to be most productive under fhe~500 uE
_prz Séc-l level of ifradiation from high pressure sodium lamps. Statistitally;<the

Robinia seedlings performed equally well under the metal halide Jamps. The Platanus

seedlings responded equally well to the sodium/metél halide combination treatment.

In the 250 ue m.2 sec:'-l treatments, ;he‘Robinia'seedlings under each of the lamp:
t;eatments proved to be equally productivé in shoot dry matter. The highest root
%ry'weights were ‘recorded under the sodium treatment and for this reason the Robinia
abpear to.respon¢ slightly better to the sodium lamps‘at this lower r.:iiation levél{
Wheﬁ compared to the sodium light treatment the Platanus $éed1ings showed a significant

increase in dry matter production under the sodium/metal halide combination.

Neither specie showed a sigﬁificantly different fesponse to the two light
intensities under the combinatiod lamp system. In both of the other lamp treatments,
‘the seedlings showed significant increases in dry matter production under the higher

light intensities.

The .second phase of thé lamp evaluation was designed to examine the seedlings’
productivity at é 500 ue m—2 fsec‘_1 intensity‘for a 16-hour photopericd under the high
pressure sodium‘and under a 2:1 combination sodium to metal halide.- In this experiment
four candidafe speciés were grown -in a much larger production rﬁn, Liquidambar and
Platanus seedlings wereAgréwn iﬁ_spgnéé:—Lamaire "Hillson" containers at approximately
half the densiiies previouéiy usea.(Sf seedlings per square foot versus 75-87 seedlings
per square foot). 'In:this éon£$iﬁér;‘é§_a much reduced density, no significant

differences‘were.oBserved'béfweenAIamﬁ,treatments.

~18-



The Platanus responded more to the increased available growing space than did the
'~Liguidambar seedlings, although there were dramatic increases in dry matter
:production with the Liquidambar seedlings grown at 37 seedlings per square foot

compared'to 75 seedlings per.square‘foot.

Atlthe higher densitiés'both the Liquidambar and the Robiﬁia seedlings respoﬁded
much more favorably to high pressure sodium 1ightingf The Alnus seedlings were
grown at high densities, 81 and 75 seedlings per sqgare‘fodt in . the Spencer;Lamaire
"5" container and in the styrobléqk 4 fespecfively. The seedlings grown in the
‘épencer-Lamaire container were the only seedliﬁgs which increased préductivity under
thé combination lamp system. The seedlings grown in the styroblock &4 followed the

trend of the other species evaluated at the higher densities.

An evaluation of the datavderived from this study aépears to indicate the
superior productivity and unifofmity of these seedlings grown under the higher.
irradiation level from the high pressure sodium laﬁps and appears to be independent
of density. Of particular iﬁterest is the evidenceAprgsented hefe that neither the
Robinia-or the Plataﬁus seedlings showed a significantly diffe%ent‘fesponse in:dry.
matter production, to the two infensities investigated under the sodium-metal halide
combination lamp treatuwent. This indicates the need to ansider a 1onger photé-
'ﬁeriod of 1ow§r intensities. Continuqus’illumination'would be a preferred method,
since iamp life éan be extended by up to 50% for tﬁe high,prgssure sodium lamp,
Aand up to 100% for the metal halide lamp whenAburned continuously'as opposed to
cyclic operation. This procedure shoﬁld improve the production ecoﬁomics since

fever lamps would be required and overall electrical usage would be reduced.

-19-
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