
Copyright is owned by the Author of the thesis.  Permission is given for 
a copy to be downloaded by an individual for the purpose of research and 
private study only.  The thesis may not be reproduced elsewhere without 
the permission of the Author. 
 



ARTIFIC IAL LI CH T SP ECT RA AND 

PLA NT CRO!JJTH . 

A thesis pr e s e nted in pa rtial fulfilment 

of th e requirem ents for the degr e e of 

Master of Horticultural Science 

in 

Plant Science 

at 

Massey University 

Ian James Warrington 

1972 



(ii) 

ACK NOL>J LED CEMENTS 

I wish to thank my supervisor , Pr ofessor J,A, \! eale 

for his su p por t an d g uidance g iven durin g this work. 

I e xt e nd special thanks to Dr. K.J, Mitc he ll, Director, 

Plant Ph ysi olo gy Division, D.S.I.R . for his enc ourageme nt a nd 

in terest in the pr o jec ts c a rri e d ou t in this t hesi s a nd for 

th e use of eq uipment and re s our c es of t he Pl an t Phys iolo gy 

Division. 

Th anks a re extende d a l so to the Depa r tment of Scientifi c 

and Industrial Resea rc h for l ea ve g rante d on ha lf-s a lary 

durin g pa r t of t his wo rk and for full s a l a ry du rin g the re~ 

mainder . Sp e cific al l y , I am indebt ed to Dr. K . J . Mitchell 

for a position on staff wh il e t h is wo r k was be in g done. 

Furth er , I sh ou l d like to t hank a ll those who ha ve help e d 

me in a var ie ty of way s, especia ll y the Tech nic a l Syst ems Gr oup 

of the Pl an t Physio lo gy Divi sion wh o co mpet e ntly se t up and 

ma int a in ed th e g ro wth roo ms and cabinets a nd c a rri e~ out t he 

el ect ric a l wor k r eq uired on ea ch of th e li ght ri gs ; the 

Nursery ranagemen t Croup of t he P . P . D. for t he ir c a r e of t he 

pl ant mate ri a l prior to its p l a c e~e nt und er tr eatment co nd i t ­

ions; t he e l e c t ron mi croscop e staff of t he Appli ed 8 ioch emistry 

Div is ion for their supe rvisio n a nd i nst r ucti on; a nd t he prof ess ­

ion a l and t echn ic a l staff mem bers of ~assey University and t he 

D.S.I.R. who have been associ a ted with var ious a spec t s of this 

work. Thanks go esp e cially to Dr. J.M. Wilson for his help-

ful criticis m and advice in the writing of the manuscript. 

Specifically I would like to thank my wife Gwe ndolyn, 

for her assistance in the dr a ftin g work involv ed and for he r 

encourage me nt and understanding during this work . 

Finally, I wish to thank Mrs. C. Le Cheminant for typin g 

this thesis. 



(iii) 

SU!Yl ffiAR Y 

This study was unde rtaken to investigate the suitability 

of various co mmerc ially available high-pressure discharge 

lamp systems for controlled environment use. Two main experi­

ments were carried out. The Spectral Ba l ance experiment con­

sisted of thre e treatments each at a similar total visible 

irradianc e (1 60 W m- 2 ) based on high-pressure disch a r ge l amps 

(HPLR, HP I a nd " Me tal-arc" typ es ) suppl eme nted with blue­

fluoresc ent and tun gsten lamps, and three su bsequent treat­

ments based on the 11 r,1etal-arc" lamp with varyin g supplemtat i on 

( -2) and different irr ad iance levels 105, 200, 250 Wm . The 

Spectr a l Bias experiment consist e d of blue- b ias ed , balanced 

and red-bi ased spectral treatment s obtained by varyin g the 

proportions of different artificial la mp types (viz. 11 ;n etal­

arc11, Blue HPI and Qua rtz Halo gen). Eac h sp e ctr a l ':Jia s tr ea t­

ment was studied a t two irradi a nce lev e ls (130 a nd 200 W m- 2 ). 

Four speci es (Sor o. hum ':J icolor L., Glycin e max L., Lolium 

per anne L., Trifoliu m r e pen s L.) were used a s test plants at 

day and ni gh t regim es of 22.5/17.5°C and 60/90 % R. H. with a 

12 h photop e rio d for a ll treatments. The two expe ri men ts were 

carried out in Cli mate Roo ms and Gro wth Cabinets of the Plant 

Physiolo gy Division, D,S.I.R,, Palmerston Nort h . 

Results from t he Spectral Balance experiment showed th a t 

either of the thr ee la mp types with a dequ ate blue and red 

wavelen gth supplementation could be used for plant studies 

in controlled environments, but on an efficiency bas is the 

or de r of s e 1 e c t i on w a s 11 ~1 et a 1 - a r c 11 , H P I , H P L R , R e s u 1 t s f r o m 

the Spectral Bias experiment showed marked changes in shoot 

dry-weight increases, leaf area formation, dry-weight per unit 

area of leaf, stem length, tiller number, main stem angle, root/ 

shoot ratio, proportions of plant parts, relative growth rates, 

relative rates of leaf area expansion, net assimilation rates 

and leaf area ratios in response to the biased spectral treat­

ments, Biochemical changes were also recorded which showed 

short-wave enhancement of total amino-acids , proteins, aspartic 

and glutamic and other amino acids , and a lon g-wave enhancement 

of soluble su ga rs, starch and total carbohydrates. A scheme 

is presented incorpor a ting the observed responses with those 

recorded in the literature. Total leaf chlorophyll was 
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increased under short - wave conditions but ch l orop l ast struct­

ure was found to be unaffected by the spectral treatments . 

Calculations were made of the relationships between l ea f 

area , the number of absorbed quanta and the total dry - matter 

accumulation for each Spectral Bias treat me nt and results 

indicated th at the spect r al inf l uence on the distributio n of 

the assimil ated carbon with i n the plant (i . e . to l eaf o r t o 

n on-leaf tissue) primarily influenced the subsequ en t pl ant 

dry - weight increase . 

The implications of the present studies are discussed 

in relation to providing a standardized artifi cial li ght 

spectrum for controll ed environment work . This consider a tion 

includes a study of natura l sun l ight spectra un der var i ous 

environmental conditions and a discussion of the technical 

difficu l ties encountered when usin g thes e particula r l a~p 
systems . 
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"If at any time I speak of Light and Rays as coloured 

or endued with colours, I would be understood to speak not 

philosophically and properly, but grossly, and according to 

such Conceptions as vulgar People in seeing all these experi­

ments would be apt to frame. For the Rays to speak properly 

are not coloured. In them there is nothing else than a 

certain Power and Disposition to stir up a Sensation of 

this or that Colour". 

"OPTICKS" 

NEWTON. 




