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Abstract-In ad&ion to chlorophylls a and b, b-carotene, lutem, violaxdnthin and neoxanthm, leaves of tobacco 
(N~otlunu tabacum L cv Virgmia Gold) contam antheraxanthm m some harvests In lower leaves, chlorophylls 
decreased more rapidly than carotencnds during senescence, but both types of pigment decreased at equal rates 
m upper leaves The chlorophyll a b ratio decreased only m post-mature leaves Total carotenmd decreased with 
age, with the relative proportIon of b-carotene mcreasmg m lower leaves Seasonal Influences rather than age 
of leaf determmes whether antheraxanthm 1s present No esterdied xanthophylls were found m senescent leaves 

INTRODUCTION 

CHLOROPHYLLS and carotenolds are essential for normal granal structurele5 and photo- 
synthetic actlmtyb6 in green leaves The aim of this study was to measure the concentrations 
of the components of these two classes of pigment during maturation and senescence of 
tobacco leaf, particularly looking for possible changes characterlstlc of maturity The 
chlorophyll a h ratio generally decreases durmg senescence of tobacco leaves though 
Weybrew and Mann reported that the ratlo does not fall appreciably until most of the 
chlorophyll has already disappeared ’ In addltlon to the major carotenolds always found 
m green leaves (p-carotene, lutem, vlolaxanthm and neoxanthlng-’ 2), lutem-5,6- 
epoxlde,7~‘3-‘5 antheraxanthm’ 6-1g and zeaxanthm’ 6,1 s-” have also been reported 

* Present address Tobacco Research Statlon Department of Agriculture Myrtleford Victoria 7737 Australia 

1 WOLKEN, J J (1959) Ann Ret Plam Ph\slol 10, 71 
’ STERN, A I, SCHIFF, J A and EPSTEIN, H T (1964) Plant Physlol 39,220 
3 SAGER, R (1958) Brookhazen Symp B~ol 11, 101 
4 MAKGLLIES, M (1967) m Lr Chlo~oplactc CI o~~vmce er ~‘~e~lhssement (SIRONVAL C ed ) p 191 Mdsson 

Paris 
’ GOODCHILD, D J , HIGHKIN, H R and BOARDMAN, N K (1966) Exp Cell Res 43,684 
’ SCHMLD, G H and GAFFRON, H (1967) J Gen Phyxol SO, 563 
’ GOODWIN, T W (1958) Blochem J 68, 503 
’ WEYBREW, J A and MANN, T J (1958) Tobacco Scl 2,80 
9 GWDWIN T W (1962) m Comparatlue BIochenusny (FLORKIN, M and MASON, H S, eds), Vol 14, p 643, 

Acadernlc Press, New York 
lo GOODWIN, T W (1965) m Chemistry and Blochemutry of P/ant Pigments (GOODWIN, T W, ed), p 127, 

Acadenuc Press, London 
I1 STRAIN, H H , SHERMA, J and GRANDOLFO, M (1967) Anal Chum 39,926 
I2 KONISHI, K , OGAWA, T, ITOH, M and SHIBATA, K (1968) Planr Cell Physzol 9,519 
I3 COSTES, C (1965) Ann Physrol Veg 7, 105 
I4 COSTES, C (1968) Ann Phyxol Veg 10, 171 
l5 SAAKOV, V S (1968) Dokl Akad Nauk USSR 180,241 
I6 YAMAMOTO, H Y, NAKAYAMA T 0 M and CHICHESTER, C 0 (1962) Arch Blochem Blophys 97, 168 
I7 YAMAMOTO H Y and CHICHESTER, C 0 (1965) Bloch~m B1opl713 Acta 109,303 
I8 HAGLR, A (1967) Plor~ttr 74, 148 
I9 HAGER, A (1967) Pluma 76, 138 
*’ HAGFR A (1969) Planta 89, 224 

17 



Goodwm’ found that quantltatlvc ch,mges occur In c,irotenold$ during ~cnescence In 
le‘t\es of Atcv @WI cu\ dnd PI ZU?US ,md th‘tt luteln-5,(,-cl~oxIde dppedred and b-carotene 
WA\ lost durmg senescence m ~11 these \peclcs E\tel s of luteln ‘tnd vlol,~uCmthm h,tve JISO 
been found In scnescmg leates of sever‘11 \peclec of declduouc tlces _ ” 

Tobncco undergoes sequentl,il senescence ” dppentmg as ‘I p~oglesa\e yellowmg of the 
le‘tves from the base of the plant upward\ In Lommcrcl,ll flue-culcd tobacco, leC~vcs Cole 
h,ll vested ‘it maturlt} when the first \lgns of 5cnescence ,~ppc,u but before the lea\e\ turn 
>“lIOU 

TLC of the llpld frdctlon on dlca gel G/KOH pICites dlstlnctly resolved four or five 
yellow b,mds These, m order of decre‘ismg R , v,llue, are denoted frclctlons I 5 Fractlonc 
1 2 4 ,md 5 were Identified a& p-cdrotcne, lutem, vlolaxanthm ,rnd neowanthln respectively 
by comparing spectral absorption m,txlma \btth pubhshed \Juc~ in several solvents.” ” 
the cxtcnt of ‘my hypsochromlc shift m absorption mClxlmCl (0 0, 19 dnd I7 nm rccpectlvely) 
,lfter rcdctlon with dilute HC’I ” .md the ~~alue of the r,ttlo of pe,lk\ III to II “’ Rcchrom,tto- 
grdphq of the eluted band\ on TLC’ plater of clthcr 41,0, MgO (fr,lctlon I ) 01 s~hcd gel 
G<MgO (frClctlons 2, 3 and 5) confnmcd the homogenelt\ of these fi.tLt!on\ 

rAl31 I 1 %I( IKAI PKOI’IK11IS Or lKZ( 1101 : <OLlI’AKI I) Ulltl \I Ill,\ II< 9~lllfK,\\~ IHIU Ahl) Ll TII\-5 h- 
I I’O\,1N 

i-1 dctlon i 
Anther.ixanthIn 
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though m some samples peak I was relatively distinct, as m the c( isomer lutem-5,6- 
epoxlde (Table I), reported present m tobacco leaf by Costes I4 However, the observed 
absorption maxima of fraction 3 before and after treating with HCl and the III/II ratio 
agree more closely with antheraxanthm than lutem-5,6-epoxlde (Table l), the fraction 1s 
unlikely to be a mixture of the M and /? Isomers smce It remams homogeneous upon 
chromatography on silica gel G/MgO 

Changes zn the concentration of chlorophylls and carotenoufs durwg agemg 
Samphng began soon after leaves were fully expanded and contmued until leaves 7 and 

13 were a uniform yellow and leaf 19 a pale yellow-green Rate of loss of chlorophyll m 
leaf 7, mltlally slow, increased during the final stages of senescence (Fig 1, Table 2) whereas 
chlorophyll concentrabon decreased regularly m leaves 13 and 19 The chlorophyll/ 
carotenold ratio decreased most rapidly m leaf 7 (from ca 10 l), decreased less rapidly in 
leaf 13, and did not decrease significantly m leaf 19 

0 Leaf 7 

A Leaf 13 

May June July Aug Sw 

3 FIG 1 CHANGES IN THE TOTAL CHLOROPHYLL AND TOTAL CAKOTENOID CONCENTRATIONS oh Nlcotrana 
tahaCUffl LFAVESWITH DATEOFHARVFST 

Vdlues are means of analyses mdde on single leaves from four plants Arrows mdlcdte the dates of esti- 
mated maturity for each leaf 

Changes in the chlorophyll a b ratio ln tobacco leaf durq aqezng 
In pre-mature leaf, the chlorophyll a b ratio usually ranged between 2 0 and 2 2 It did 

not de,$rease until commercial maturity m leaf 7, decreased some days later than this in 
leaf 13, and m leaf 19, the ratlo Increased after maturity before finally decreasmg These 
results, however, should be viewed with caution, concentrations of chlorophyll a when 
plotted against chlorophyll b show a strong correlation (r = 0 99) with no obvious deviation 
from hneanty as would be expected If the proportlons of the two pigments changed 
markedly as the total pigment concentration falls Furthermore, the low values for the 
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r-\l31, ? CH4\C,i 5 I\ K\IIO I\1 \\I Of (HI OKOI’If>LL 

Date 

Chl 

Car 

Leaf 7 L&if 13 

E L L v Chl E __ 
c t c Y Cdr c 

2 June 
3 June 
9 June 

12 June 
19 June 
25 June 

2 Ju1) 
33 Julv 
1 I August 
I8 August 
26 August 

3 September 

II 5 
1 1 19 2; IO 

88 13 
81 19 16 29 OX 
65 27 12 32 09 44 24 
0 7 12 35 10 09 60 IS 

X2 10 
?9, 08 
ii 06 

ratios were found only m leave5 with low chlorophyll conccntratlon\ where errors m 
determmlng chlorophyll are hkely to be ldrgc ” 

The concentrdtlons of all four major carotenolds decreased durmg senescence (Fig 2) 
Loss of lutem vlolax‘lnthm and neoxanthm wns delayed m leaf 7 until matullt) whereas 
concentrations m leaves 13 and 19 decreased contmuousl> dftel the first sdmplmg 
Antheraxanthm was found only m leaves 13 and 19 harvested m August dnd September 

Correlations between the following carotenold pigments were calculdted for edch leaf 
posltlon epoxy xanthophylls,lfi-carotene, epoxy xdnthophyl!s~lutein lutem,fl-carotene, 
vlolaxdnthmjneoxanthm (where epoxy xanthophylls were the 5um of vlolax‘mthm neoxan- 
thm dnd dntheraxanthm) Most correlation coefficients Mere &i-eater thdn 09 (Table 2) 
However, m leaf 7, epoxy xdnthophyll concentrations fell close to zero in ldter harvests 
whereas b-carotene and lutem concentrations remdmed I elatlvely high, g~vmg lowered 
coefficients of 0 SO (N S) and 0 64* recpectlvely In leaf 13 also /j-carotene tended to be 
retamed relative to the epoxy xdnthophylls, even though the two were strongly correldted 
(I = 0 84**) Thus old, lower leaves tended to let,lln /j-c‘uotene ‘rnd lutem during 
senescence 

The ploportlon of p-carotene m the totA carotcnolds of tob,lcco le,if gencldlly r‘mged 
between 15 and 3OU,, lutem betueen 40 and 60”,, and edch of the epox\ \dnthophylls 
between j and 20F,of the total c‘lrotenold5 (u w) F$terlhed Unthoph~lls \\erc not detected 
m senescent tobacco leaves 

Goodwm’ reported three types of chdngc m cdrotenoids during loss of chlorophylls m 
senescmg leaves of deciduous tree5 cdrotenolds decreased either less rdpldlq (,4ce1 
~.‘srl/rlo~latunu~), dt an equal rate (Q~rr c 115 I o/w) 01 more I .ipldlb (PI IUIU\ r?~\r 11) thdn the 
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TO ( \ROTi-YOID AYI) OF C AROTLNOIII tRACTlOYS 

Leaf 13 Leaf 19 

L L V Chl E L L V 

E c S Car c E c iG 

14 17 13 

12 29 12 
14 22 10 
18 17 12 
19 16 11 74 11 20 21 10 
23 14 12 97 04 28 12 13 

81 09 21 20 07 
45 15 13 20 09 
88 10 12 12 05 

0 97** 0 93** 0 97** 0 95** 0 93** 0 93** 0 99** 096** 

L-Lutem, V--Vlolaxanthm. N-Neoxanthm Values are usually means of four rdtlos 

0 Leaf 7 
A Leaf I3 

Antheroxonthm 

Vwlaxonthm 

3 912 19 25 2 23 II 18 26 

June July Aug Sep 

FIG 1 CHAYGFS IY COhlCFYTRATlON OF CAROTFYOII) FKACTIONS WITH I)ATI OF HARVFST 

Values dre medns of dndlysea mdde on smgle leaves from four plants Arrows mdlcate the dates of 
estimated maturitv for each leaf 



82 

rate of loss of chlorophylls In the present experiment lower leaveb of tobacco resemble 
ALU while younger, upper leaves resemble QUPILU~, thus confirmmg that there 1s no 
common pattern of changes in carotenold and chlorophyll concentrdtlons during leaf 
senescence ’ In deciduous leave5 p-carotene ,md neoxanthm di\nppeared more rdpldly thdn 
other cdrotenolds, dnd lutem-5,&cpoxlde, and in some species esterified xanthophylls 
appeared -) In tobdcco hf. /?-cdrotenc and lutem decreased less rdpidly thdn other cnro- 
tenold dnd esterlfied x‘mthophylls did not appear The rctentlon of j%cdrotene hds been 
observed previously in tobncco ’ ” ” although the bnldnce IS appdrcntlj modified by 
nitrogen nutrition 33 Antheraxanthrn, mstedd of the Y-isomer, lutem-5,6-epoxlde, appeared 
during senescence m upper leaves hdrvested m August nnd September, though Costes14 
ha5 identified the latter m tobacco In subsequent seasons \%e have found ‘mthernxdnthm 
In lower leaves, but only m August or later Although wc did not detect ze,ixdnthm 
u hen frdctlon 2 wds chromdtogrdphed on vli~d gel G MgO other workers have I eported 
thdt this pigment accumulates only under speudl condltlons” I(’ I4 and the .unount present 
m tobdcco leaves could well bc below the level detected by the methods we have used 
The dccumulntion of antherdxdnthin probnbly reflect\ dn effect of ch‘mges m the envlron- 
ment on the equlbrla of reactions of the \lolax~nthln cycle ‘I’ 

zedxan thin t_ dntherdvdnthln \ violdxdnthin 

Both quantitative and qudhtatlve changes m carotenolds that we have observed durmg 
sequential senescence m tob‘lcco leaves follow different patterns to synchronous senes- 
cence” m leaves of deciduous trees,7 whether the dlffcrencec ‘u-c general m the two types 
of senescence requires further mvesttgatlon 

tXPERIMENTAL 

TLC’ Plates and solvents used are shown m Tdblt 1 
G) onmy ~or&rorr~ rrtrd tumplr))y of I~uw\ Tobacco plants (hlrotruw tahucuw L cv Vugnnn Gold) were 

grown through dutumn, wmtcr <tnd sprmg m d glasshouse at not less thdn 13 Seedhngi vverc trdnspldnted m 
MdrLh Into pots Lontdmmg cu Ii kg of sot) Fluorescent lamps provtded ddd)t)on,t) hght durmg wmter 
Harvestmg of leaves 7 13 and 19 begdn ‘titer tech wds lully cwpdnded and contmued unt11 senescence 
Prgment concentrdttons were dctermmed m quadruphcdte m smglc le.tves from each of four plants 
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filtered through Whdtman No 50 paper Plgments were tldnsferred to &ethyl ether w‘tshed \e\er,il time\ Hlth 
Hz0 and eVdpOrdted to dryness in a rotdry film evaporator at less than 10 : ’ dddmg d few ml absolute EtOH 
to give a dry residue of lipid contammg both chlorophylls and carotencnd\ This was stored under N, at 
- 16” until required The dry lipid fractions were dissolved m acetone and applied as a narrow band to TLC 
plates of silica gel G/KOH (20 x 20 cm) The plates were developed m darkness m glass tanks hned with thick 
filter paper until the front was ca 15 cm from the start hne The bands wele removed and pigments eluted 
with suitable mixtures of &ethyl ether and acetone The solutions were dried agam as above and redissolved for 
chromatography or for determmation of absorption spectra m n-hexane, EtOH and CHCI, Ethanohc solutions 
were acidified with a few drops of &l HCI to determme the extent of any hypsochronuc shift Spectra were 
recorded with a Beckman DB or Umcam SP 800 spectrophotometer calibrated with a Holrmum filter The 
method of Goodwin’ was used for testing for esterified xanthophylls 

Determznaaon of~oncentrat~ons of chlorophylls and carotenotds 30 disks 1 3 cm dia (1 6 cm for yellow leaves) 
cut from each leaf with d cork borer were placed In a boding tube contammg 35 ml 90”/, (v/v) acetone and 
held In dn Ice bath The tissue WAS mdcerdted for 305ec with the Turrdx blender after solids settled the 
supernatant solution was filtered through Whatman No 50 paper, the residue macerdted agam with 20 ml 9096 
acetone for 10 set and the blend added to the filter funnel The residue wds washed with 900/, acetone and 
the vol of the filtrate adjusted to 100 ml, adding H,O to give a final concentration of 80% acetone The 
concentrations of chlorophylls a and b per g fr wt were determmed using the equations of Arnon 37 When 
total chlorophylls calculated using Brumsma’s equation 38 differed by more than lo’/& the result was dlscarded 
Extmctlons were measured usmg a Hdger Spectrochem spectrophotometer corrected by measurmg the 
apparent E,,, of a leaf extract m 80% acetone (663 nm) For determmmg carotenoids, pigments were trans- 
ferred from 80% acetone mto &ethyl ether m a separating funnel as above The epiphase was transferred to a 
pear-shaped flask, ethanohc washings from the funnel added, and evaporated to dryness The dry residues were 
stored m darkness at - 16’ under N, For chromatography on s&a gel GIKOH plates, the dry residues were 
dissolved in I 0 or 2 0 ml acetone and 0 IO or 0 20 ml samples run on duplicate plates After running the gel 
contdmmg each frdction wds scraped from the plates and eluted with ethanol or petroleum spirit by suction on d 
small smtered funnel mto a tube cahbrated to 3 0 ml The volume wds adjusted to 3 0 ml, the extinction 
measured usmg the Hllger spectrophotometer and concentrdtion? per g fr wt calculated from appropriate 
extmctlon coefficients 3* ” 
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