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Abstract-Low levels of near-ultravtolet radiatron (300-400 nm) along wrth visible radration durmg the datly 
rllummation periods resulted m tobacco (Nzcotzuna tabuczun L.) plants wrth about twrce the concentratrons 
of total soluble phenohcs and chlorogemc acrd Isomers present m leaves of tobacco that dtd not recewe 
near-u v radiation. Plants grown at 24” had about 150 per cent of the total soluble phenohc concentrattons 
contamed in plants that recetved the same quality of light, but were mamtamed at 32”. 

INTRODUCTION 

SUNLIGHT at the earth’s surface rncludes radration down to about 300 nm. Plants in then 
natural habitats are, therefore, exposed to low intensity near-u.v. radiatron (300-400 nm), 
which varres with latrtude, altrtude, time of day, season and atmospheric condrtrons.’ 
Plants that receive sunhght through glass or plastrc receive less U.V. because of the filtermg 
charactenstrcs of these mater&. 

Several mvestrgators have reported differences m concentratrons of soluble phenohcs m 
tobacco grown under greenhouse and field condmons. 2-4 Levels of phenohc compounds 
and an assocrated enzyme, polyphenoloxrdase, were higher in field-grown than m green- 
house-grown tobacco plants.2 These results may have been assocrated wrth tierences m 
the spectral composition of hght, differences m temperature, or differences in both hght 
and temperature received by plants grown m the field and m the greenhouse. 

The ObJectWe of the research reported herem was to test, under controlledenvrronments, 
the effects of low levels of near-u.v. radlatron and of temperature upon the soluble phenol 
content of tobacco leaves. 

RESULTS AND DISCUSSION 

Prehmmary results showed that contents of total soluble phenohc compounds and 
chlorogemc acid isomers did not doffer srgmficantly among the two stalk posrtrons or three 
sampling dates. Therefore, the results presented are averaged over stalk poslhons and 
sampling dates, 

* The mvestrgation reported m thts paper IS m connecttonwrth a cooperattve proJect of the Crops Research 
Drvtston, Agncultural Research Servtce, Umted States Department of Agraxhure, and the Kentucky 
Agrxultural Experunent Station and IS published wtth the approval of both agencies (KY. No 70-3-100) 
1 J LOCKHART and U. BROD FUHRER-FRANZGRCJTE, m Encyclopedza of Plant PhyszoIogy XVI (e&ted by 

W RUHLAND), pp 532-54, Sprmger-Verlag, Rerlm (1961). 
2 R A. ANDEXSEN, R LoWe and T. H VAUGHN, Phytochem 8,2139 (1969) 
3 T P. FRR~JSON and A S WEAVMO, Nature 183,64 (1959) 
’ H. V. LO-IT, Planta 55,480 (1960). 
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Both the 300-320 nm and the 320-400 nm regions of the spectrum appeared to increase 
accumulatrons of total soluble phenohcs and chlorogemc acrd isomers in tobacco leaves 
(Table 1). However, the 300-320 nm wavelength band was relatively more effective than 
the remain&r of the near-u.v. region. Leaves from plants that recerved wavelengths down 
to 300 nm contained 172 and 193 per cent of the levels of total soluble phenohcs present in 
those grown under the 320 and 400 nm cut-off filters, respectrvely. Sunilarly, the amounts of 
the chlorogemc acrd isomers m plants that received some radratron down to 300 nm were 
144 per cent those m plants grown under the 320 nm cut-off filter and 195 per cent those in 
plants grown under the 400 nm cut-off filter. The total soluble phenols measured include all 
phenohc compounds which hydrogen bond to polyvmylpyrrohdone at pH 3.5 (e.g. chloro- 
gemc acid isomers, scopoletm, monohydroxyphenols and soluble tannins); chlorogemc 
acid isomers are usually regarded as the prmcipal soluble phenols of Nlcotiana tabacum.5 

TABS 1. -OF NEAR-U.V.RADIAIION ON TOTAL SOLUBLE PHENOL AND CHLORoC3ENIC ACID 
IsoMERcONTENTsOFToBACaOLBApLAMINAORO\NNAT~" 

Soluble phenols (% of dry wt )* 

300 um cut-off 
(no tiher) 

320 um cut-off 
@ass filter) 

400 um cut-off 
(Mylar filter) 

Total soluble phenols 237 f 036 138fO27 1.23 f 0 29 
Chlorogenic acids 105 f015 0 73 f 0 14 0+4*014 

* Data are meaus (& standard deviations) for 12 observations (I e. duphcate determmattons 
for two stalk positions from each of three samphug dates) 

In the second experrment, we tested the combined effects of temperature and near-u.v. 
radiation on the accumulatton of soluble phenolic compounds m tobacco (Table 2). Within 
each light quality group, higher levels of total soluble phenohc compounds were present in 
leaves that developed at 24” than m leaves that developed at 32”. Leaves from plants grown 
at 24” had 131 and 154 per cent [m the 300 nm (unaltered) and the 400 nm cut-off groups, 
respectively] of the amounts of total soluble phenohcs present m leaves grown at 32”. 

TABLE 2 EFFE~~~OF NEAR-IJ.V RADIATIONANDTEMPERATURBONTOTALSOLUBLBPHBNOLAND 
CHLQROGENIC ACID IsoMERCONTENTsOFToBACcOLBApLAMMAOROwNAT~" AND 32” 

Soluble pheuohcs (% of dry wt )* 

Temperature, 
(4 

300 mn cut-off 400 um cut-off 
(no filter) (Mylar filter) 

Total soluble phenols 24 161 &to22 105 *007 
123 &to24 068 f 021 

Chlorogemc acids z 0 83 f 0 33 064*011 
32 071 f 013 056f009 

l Data are meaus (& standard devrations) for 12 observattous (I e duphcate determhratrons 
for two stalk posmons from each of three sampling dates). 

s R. A ANDERSBN, J. F. CHAPLM, R. E. CURRIN and Z. T. FORD, Ag~onor~ J. 62,415 (1970) 
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The presence of low levels of near-u.v. durmg the darly hght penods resulted in higher 
levels of total soluble phenohcs m leaves from plants grown at either 24” or 32” when 
compared wrth the contents in leaves from plants that drd not receive near-u.v. At 24” and 
32”, leaves that received near-u.v. radratron contained 153 and 180 per cent, respectrvely, 
of the total soluble phenolics present in leaves grown wrthout U.V. The sums of chlorogenic 
acid Isomers tended to follow a simrlar pattern. 

Low levels of near-u.v hght, and temperature varratrons wlthm a normal brological 
range mfluenced the accumulatron of total soluble phenohcs and chlorogemc acid rsomers 
m tobacco leaves (Tables 1 and 2). The amount of reductron m total soluble phenohc levels 
m leaves from u.v.-filtered ‘FC 402’ tobacco reported m tlus paper (Table 1) was about 
the same as the reduction prevrously noted m ‘FC 402’ greenhouse-grown tobacco as 
compared wrth ‘FC 402’ field-grown tobacco. 2 Thus comparabrhty of results 1s consrstent, 
because the proportrons of u v. to vrsrble radratron in sunhght and m radratron from cool- 
whrte fluorescent lamps are very sirnrhu.’ 

EXPERIMENTAL 

P&t Matertids and Growth Cond~twns 

Se&l- of 2 h&-phenol varieties of tobacco (Nzcotzaxa tabacum L. cv. ‘FC-402’ and ‘Ky 151’)” were 
started m expanded peat pellets at 28” under 14 hr, 16,WO lx photoperiods from cool-whrte fluorescent 
lamps. Seedhngs were subimgated, as needed, wrth half-strength Hoagland’s nutrient solution No. 1’ durmg 
the startmg, condltmmng and treatment perrods. Sm-week-old medlmgs were selected for unifomuty and 
transplanted to a soil-perhte (2:1, v/v) nnxture m 2-l pots, and transferred to controlkd-enviromnent 
chambers for condrtummg and treatment AU chambers were equipped wrth VHO cool-whrte fluorescent 
lamps. These lamps emit about 3 per cent of therr radtation in the 3M nm regron, less than 1 per cent in 
the 300-320 nm regron and no energy below about 300 IMP Thus, the shortest wavelengths emitted by these 
lamps were simdar to those received from sunhght.’ Ltght mtensities were about 20,080 lx in each chamber 
durmg darly 14&r photopertods. Conditions and mater& used m mdivrdual experiments were as follows: 

Ftrst experiment. Plants of ‘FC 402’ were used. The growth room was dtvided wrth black curtaim mto 
three subchambers. each maintamed at 24” Plants in one subchamber received until&red radration from the 
VHO cool-whrte fluorescent lamps (i.e. wavelengths of hght longer than 300 mn). Another subchamber 
received radiatton tiltered through greenhouse glass which removed wavelengths shorter than 320 mn. 
The thud subchamber recetved radtatton filtered through a Mylar bamer that filtered out wavelengths 
shorter than 400 nm. Transmron characterrsttcs of the glass and Mylar were determmed agamst an an 
blank m a Beckman DB recordmg spectrophotometer. The tilters were placed 30 cm below the lamps and 
150 cm above the plants to avoid heat burld-up around the plants. The curtams were arranged to allow 
adequate au cuculatmn. 

Second experzment. ‘Ky 151’ plants were used m two growth rooms, one maintamed at 24” and the 
second at 32”. Each room was divrded wrth a black curtam mto two subchambers. One subchamber received 
unfiltered radiition from the lamps and the other recerved radtatron filtered through a Mylar barrier. As m 
the tirst expenment, the filters were placed 30 cm below the lamps and 150 cm above the plants. 

Both experrments Plants of both expements were conditroned to theta respecttve controlled environ- 
ments for 2 weeks, after whtch 15 umformly sued plants were retained m each subchamber. All leaves 
longer than 8 cm were removed and discarded to msure that leaves collected later for analysts had developed 
under the varrous hght and temperature programs 

Samplmg and SampIe Preparatwn 

At each of the three samphng dates (1 e. lo,20 and 30 days after the conditioning perrod) three leaves 
were collected from the upper and three from the middle stalk positions from each of five plants per sub- 
chamber. Samples were pooled by stalk posttton within each treatment, frozen with dry ice, and fmemdriedP 
Mrdvems were removed. The drred samples were pulverized and stored in evacuated desiccators prior to 
chemical analysts. 

6 S J. SHEEN and J. CALVERT, Tobucm Scz 13, 10 (1969). 
7 D. R. HOAGLAND and D. I ARNON, Calfornm Agri. 347 (1950). 
* S~LVW l3u.m~~ PRODUCTS INC , Danvers, Massachusetts, E~&vw%Q Bulletin 0.283. 
9 C. J. KELLER and M. J. KASPERBAUER, J. Agri. Food Chem. 17,327 (1969). 
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Analyses 

Total phenols were determined by the method of Andersen and Todd,‘O whde total chlorogemc acid 
isomers were determmed by a paper chromatographlc-spectrophotometnc method as described by Sheen 
and Calvert 6 All analyses were run m duphcate Smce phenohc contents &d not ddfer with stalk position or 
samphng date, data presented m tlus report are the means (& standard devlatron) for 12 determmatlons 
~thm each hght and temperature combmatlon (I e. duphcate determmatlons for two stalk positions at each 
of three samplmg dates) 

Note Mention of trade names anywhere m this paper IS as part of the exact expenmental condltlons 
and not as an endorsement by the U.S. Department of Agnculture. 

lo R A. AND- and J. R. TODD, Tobacco Sci. 12,107 (1968) 


