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Effects of light quality on photosynthetic characteristics and on the carotenoid and

cuticular extract content in tobacco leaves

CHEN Wei', JIANG Wei*,QIU Xuebai' ,JIANG Guanghua®,PAN Wenjie' "
1 Guizhou Tobacco Institution , Guiyang 550003 , China
2 Zun Yi Tobacco Company ,Zun Yi 563100, China
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Abstract; China is a broad expansive country with a wide variety of ecological conditions. The quality and characteristics of
tobacco leaves vary remarkably under different ecological conditions, which may be correlated to differing light quality. We
studied the effects of light quality on photosynthetic characteristics and on the carotenoid and cuticular extract content in
tobacco leaves by using flue-cured Yunyan 87 tobacco as the test material. We used colored films of similar transmittance
with the tobacco plants to conduct shadings treatment on the bird-nest stage and at the topping period until the end of
growth. It is important to understand the mechanisms affecting different quality characteristics of flue-cured tobacco in
different tobacco-growing areas. Results showed the order of the overall photosynthetic performance under different
wavelengths of light was red > natural > white > blue > yellow during the earlier stage of tobacco growth. The effects of blue

light became more obviously important during the latter stage of growth. The B-carotene and lutein content of cured tobacco
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leaves was highly positively correlated, though B-carotene content was significantly higher than lutein. An increase in red
light during the bird-nest stage and supplemental blue light during the topping period improved the B-carotene and lutein
content of cured tobacco leaves. Light quality has the strongest significant effect on B-cembratriene-diol content, and
minimal impact on the norsolandione content. During the bird-nest stage, the effect of light quality modified by colored film
on (B-cembratriene-diol content was three times higher than the effect of light quality on norsolanadione content. Light
quality had notable effects on hentriacontane, tritriacontane and isopropyl tritriacontane content, while isopropyl
dotriacontane and nonacosane content were less affected by light quality. Compared with trichome secretions and alkane
waxiness content, the light quality had a smaller effect on neophytadiene. During the bird-nest stage, shading with a red or
blue film had the highest impact on the total amount of cuticular extractions produced on the surface of tobacco leaves;
yellow film produced a lower impact, and white film had the least impact. During the topping period, shading with yellow
film resulted in the highest production in total cuticular extractions produced on tobacco leaf surfaces; white film resulted in
lower production and red film resulted in minimal production. The effect of light quality modified by shading during the
topping period on the total amount of cuticular extractions produced from tobacco leaf surfaces was about three times stronger
than the effect of shading during the bird-nest stage. But the changes in the various tobacco leafl cuticular extractions
produced from plants grown under different light qualities were not fully in line with this trend. The total amount of trichome
secretions and its degraded substances in cured tobacco leaves was the highest in plants grown under yellow film, but there
were many variations for the influence of light quality on neophytadiene content and on alkane waxiness content. The effect
of the shading time of red and blue film on the tobacco leaf cuticular extractions was significant, while the shading time of
yellow and white film had little effect. The influence of red and blue light on the tobacco leaf cuticular extractions was
stronger during the earlier stages of growth, while the influence of yellow and white light was stronger at later growing
periods. Increasing the proportion of red light on the tobacco during the earlier growing stage enhanced the accumulation of
neophytadiene and alkane waxiness in cured tobacco leaves, while supplementing yellow light during later growing periods

improved the content of trichome secretions and the total amount of cuticular extractions in cured tobacco leaves.

Key Words: tobacco leaf;light quality ; photosynthetic characteristic ; carotenoids ; cuticular extractions
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BHEBRSUEA A LR (R) VB (B) VBB (Y) RITE IR (W) BB 6 R 705 0 83. 1% .86. 8% 85. 3% Hil
88.1% ,

1 HESTREIERSSE

Table 1 Mainly nutrient content in the soil at test site

AL 2N &P £ K AR BEA AP AL K S K
OM Total N Total P Total K Nitrate. N~ Ammonia. N Avail. P Avail. K Slow effective K pH
/% /% /% /% /(mg/kg) /(mg/kg) /(mg/kg) /(mg/kg) /(mg/kg)

23.30 1.83 0.58 7.86 19.42 6.85 15.73 64.79 90.98 5.59

1.2 RARRE

TG B 7 G 1A R AT R 25 A e ] 2 AN A R AT (R) (5 (B) VB (Y) LA
(W) AR (CK) 5 ASKE G E 3 AR (T) ZRILEE R AT T (D) R IREE R 2 ASKF, 39 4
SRR A3 51 AR EE LT 5 (R-T) (W (B-T) (BB (Y-T) (M (W-T) , 3T L0 (R-D) (W (B-D) %
PBECY-D) FHBE(W-D) , A (CK), &40 3 RES, MLIXAHES], B/NXAEA 6 17, Bl —17 A4
7, BEATAELME 29 Bk, PR3 2 BROARD PR, ATHE 1 m, BRIE 0.6 m, I8 R T SR RN 7 25, BB b 8 4 il e
I, AR VE PN 1/2 3%, M 1.7 m XI5 bR 7 55 R (AN IR A, 45 /INDX BT A 8 35 18 1 15 e 5 A 458 0
Pt , BEORASRRF— B0, HARGARFRBE TG (35 W 20 7 35, R ASIR) B BORAT 1863 /N P 6 iE
HHEAH 8, R ORIEAS [ B (0 8 I 5 A1 TSR DB E 1,30 d A2 1 R, XL R
P 110 925 R A P 1 it DU e 224 M A SRR A AR A TR
1.3 Em H S )5k
1.3.1 JeEFRENE

F/NRKHEEL S BRAE K — SRR , 2050 A RRIAEE S 10 .25 .50 d, #AR B 5 MRS 35— S0 ik , #l
H Li-6400 fE45X0CA M E REG, 78 9:00—11 .00 & D BRI (IS 6 i) iEOLG % (Pr) RAL
FEE(Gs) MR COLMREE (Ci) FIZEMEHER(Tr) . B R IE 3 IBCHSE A, Li-6400 A I BGUR
B N EDOGIE, OEIR A 1500 wmol sm s,
1.3.2 KAE b RGEE

FRELZY 0.5 o JHHFES: A 90% PTH-7K %5 30 mL, #0875 25 HL 30 min, 32 8 , 48 i[5 44 FH 26 OB R % 3
W,ERZE 50 mL A 584, BB G 0.45 wm UEMEHE RS B 638 A T W0AH (0 3% I 7

Agilent1100 {75/ e & — M BES R I 8% 5 (038 4 Zorbax SB-C18 (150 mm x 4.6 mm,5.0 pum, Agilent 2
Al) AR 25 C 5 shAH A S8 N &P b =41 (RFRS 0 s T sh Al B oK, B BEVEE A5 Omin 0% B;
5min 5% B; 10min 0% B, WA 1.0 mL/min, #FFEEH 20. 0 wL; Kl K 450 nm, B-HE P& iHER
(Fluka /A ], Switzerland , [ KT 97% ) ; HPLC 2% i — 5 4 . Z 5 (TEDIA , USA ) 5 PSR Ky 43 A i s 7K o —
AT FEEE 31V
1.3.3 SRS Y & s

FREUHMBE RS 10 ¢, JefE7E2EA 200 mL S EERY 3 DNFatf bz vk, 7628 1| R TRE 4 Ik, BR—
ARV R 88 R P e R, FRAESE 2 3 HURAR TP B S 12 Uk, B U2 R B it R 330050 B B ( B 1 R e
JE PRI R SRR YE) o 3 RARICE RS 5 A 0 T HR IO A R A D8 BT S BRI P (& 4R N TS K B
RN 50 ¢) i U1 BEAR NI AR A be b 3 WKL L, SRR ARG B e 25 0 £ 40 CF
Wi G BB, €8 E 10 mL, BT 0 CA AR,

FREL0.336 g J5FiIE T 500 mL 25 f i F S D B 25, S % 2 b, W bR 28 7 S ks, B U
RS A AR BORAEY) 2 mL, INA 1 mL AR, B4R 2 | mL, 47 GC 3 GC/MS Zp#r, A3k 51k
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TRACE GC SAHE %Y ( Finnigan 23 )) ; 3% F: 8 DB-5 30 m x 0.25 mmid x 0. 25 umdf. ; ¥ 100 °C , 1HE 2
min J5 A 4 °C/min FFZ 180 °C , {43 30 min Pk 8 °C/min T} % 280 °C ,{5:4% 25 min; #FFE 1 250 °C, FID 280 C ;
He, AR, W# N 1.5 mL/min; 23 60 mL/min; PEEERE 2.0 pL, JiiE 44 : TurboMass @ I AL ( PE
N 3 (3% HE DB-5 30 m x 0.25 mmid x 0.25 umdf. ;25 He; Ji# 0 1.5 mL/min; 2R E 250 C , &1
JRIELE 170 °C;EI fE 70 eV, FAH I 35—450 vam , HAY @4 1FF GC,
1.4 Hdmabe
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KA, 0000 20,52 F120. 1 pumol »m ™" 5 #AF AL AR - A 16 A5 B R B IR, M 18,28 wmol-m ™5™ S
HAROER M o A 3R o, SEFANELS 25 d, FRS A SR G M 046 A 3R A 2, O 19, 56—20. 39
pmol +m™s™" | BB & FH B IR G RR , FE M T AR 0T 1 5a A B AT Ry eI, o4 17. 08 pumol - m 57" Z1 [ 5 5 i
b PR (G G AR, JBITAL IS 50 d, T A SRR B Lk A B, i G R KR R R, A
7.50 pmol-m™s™"; Wi YA HEIRMH I BB VE T, S A AR XS 3R 2, vt & B 3 A e, S H ARG 2. 4
£ s £TCAR IR B, 21 B8 AR e 6 A Rt I 8 PRI, oM 12,42 pmol - m ™ s™" 5 P FRRIT 8 FEEAh LR 14 )
HO A R AR T UM, MR CO, R IE ZRME RS L T A AL IR 55 A s R AL, MO AL B
J5 10d F125 d OGP T BERE @006 BRI B 2RO FUIES 201 S RS SR, A 9R6 5 i
BEAHZE 2. 11 pmol -m s~ s LR R AR (AL EE e, 4 0.8 mol-m™s™" | FUBCHIK , F ARG | A RS 2 JEAH
2 2 JEALFR A (B 1] CO, W B f% 1R, S 290. 2 pumol/mol | Fi4x % it Ak B i) B A — 3, 78 281. 22—286. 34
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Fig. 1 Effects of light quality on Pn, Gs, Ci and Tr of tobacco leaves
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mol/mol 22 [F] ; ZT 5 HH - 1) 25 16 3o R A K, M9 6. 68 mmol - m™- ™", [ 9ROV, W6 . F B 0 5 S AH 2 | 7
5.69—6.07 mmol-m™s™ Z[0], ZF B M4 B HTHIA 6T AY B AL S BEAR 206> A 2R OE> >
WE>HOE, 5 R Ve RE N
2.2 AFEDEEO AR AR B-tH 2 N R AR S R AR

FEAE N F R T R SCHEBCE T IAY) K AR bR S N2 h 68% 11 B-HAEE N R 32% MY B-IE
N T E R 60% M HE 22% HE E M 18% L RAN S, K 2 nfLIE H, ARIRDEHE T 4045 0K
M B-EAE MR A2 AR, BIBUIIEEE 20T B-#A % MRS A0S, 8 112.6 pe/g; H ARG K
Z, AR AR, ZLRSEAR 2 BRI 1 1. 35 4% B A BRI 1) B-# 35 R & AR, FT TR O,
FUETCIEAL BRAA I B-5A % b 2 A AR T [ 280, 20 Uk B SRR, AR LT R 1 3 i) S 2
FARTRY 1,31 FA 1. 28 £, FUBEEI Y B-5 8 bR A BN, BB G AT (X i B-EA 8 R
AN, £ RV E R AT RRADTIEE S K g Pt 8 3R 3 4 8 T T TOUTIEE O | WE FBEAH Sz, FT TRUBE Gt g5 % h R
e T A RREOE 12,1 pg/g.

ANTRI GB35 B B R Y A (1 2) o PATRRBTIEE I | 20 JEE 0 - i 3R e, W PR - A
G, LB P2 W AR 14 1. 36 A%, BB i iy i 3 3R 5 IR, A 1038 g/ g5 FABERT ARG AR (1 - 3%
R m W w225, FTTUYEE N , 0 REERN 2T B et iy i 2 38 5t e e, (AR 19 R0, B A P e A1 5
FNZL 73530 2 S BB AR 1 1. 30 1 1. 26 A%, 2L B RS 1 5 A AR DI g R I P B 3R 5 s 40 T4 T T
WO, W AR B, 3T TRUU1EE AR i 8 38 5 o T AR 11,1 /g

» 207 130:
110} 2 ol
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S 100} WS 110t
<1‘E = @ =]
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N &S 0
B3 70f =5 %
X 3 00
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Fig. 2 Effects of light quality on the B—carotene and lutein content of middle cured tobacco leaves
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S I A I A A O RO RN S 7 i AR TR MW R T I B R AR B SRR s ) AR R IR
O X 925 MRV TET 43 D06 40 () S ), %o T i AR [ R DX e 0 i 78 2 S A T L R S 3
2.3.1  OR[EISETR A 925 AR 2 T B ECA A A Y R T

H TR R AR I 3 T S RO S B AN DG BT R 22 S BOR (R 2) o PHTRRIBIIEE | 4% B O R Ak 3L 1) 40 6% AR - T
PR S A i e T X 343,32 —504. 93 e/ g B TR BRAHBR A AT 55 AL B | 52 R4 TR S 1), 36 Bl 0 -
TP R, BE AL T R Rk 54, A S5 5 1m0 22 5 00T, 20055 0 B - )
I i BB R R 2 W TR I e 2, P S P AP, A 25 175013 we/go FT TR, 8 B i 5, 1
FEERI YR 2, £ R I S5 AI , S8 RS (1 RSEATE 2 T 2 U s et R £ R I 14 2. 7 A% DAL s RS AR 2 i B
S AR T BRI A AT AR T 30 ' AR P 1 2 T R R e B A 8 R T T T | RIS Y 43 ) 4T T
HHIESCIR (9 3. 4 R5FT 2.1 A SRS 1 R A AT S 308 ' R P 1 2 T B2 BB e WIS T T TS ', T T 40 3
S, AR T R ) S A ] 0 Y PR Ah R ] 11 A AR B R, CV (% ) 3K 46. 50% ; BRI, A RN [ 3ok

http ; //www. ecologica. cn



6882 AR =

31 %

HR I P A2 S AR PE RN, CV (%0 ) AN 12.39% , FRIAFT TR Y6 AN [ S o % r o Ao s A e v 412 HOH AR A 52
MR TR TS YE 3T 4 A, s IO Hh A0 s A kAN [ b 21 3 i S ) S S AR E 1T 55, Dl ook e ke

M ST SN B K, X M M AR XN

R2 ARERTHBMEEHRERBYZE

Table 2  The total amount of cuticular extractions in middle cured tobacco leaves under different light qualities
%43 Component R-T B-T Y-T W-T CV/% CK R-D B-D Y-D W-D CV(%)
%ﬁ*ﬁ:%. 23.76 22.50 16.64 24.45 16.30 5.73 5.82 6.77 14.17 14.04 44.34
Neophytadiene
WA
ﬂ%{ﬁ/ﬂ% . 318.45 381.35 404.22  254.70 19.80 109.53 109.60  226.77 390.57  331.83 46.70
Trichome secretions
22 f A N
X;’?’:ﬁl?ﬁ!ﬁﬂ? 376.02  326.65  232.31 278.16 20.42 56.47 54.95 71.51 192.09 135.35 55.38
Alkane waxiness
[=E=N
UE 694.47  707.99  636.53  532.86 12.39  189.54 203.21 342.84 657.08  548.27 46.50
Total content
3.1.2  R[EDEBONT rhER A AR R R s 20 -
BT 5 S I 3 2R A AR 77 0 IR s A A e 4 3,1‘; 5L
BV S RS (5 75%—87% ), #E—1 ?ﬁfg 20 *
A o -, - 15 +
G R ATE U 53 1B DR LA, FERR g ) R s 0 A 23 o ?
2 2 L
AL A L R o 4 K Y é ; %
TR O 2 S P 3) VBRI, £ o[ 4
" B . R-T | B-T| Y-T|W-T| CK |R-D | B-D| Y-D|W-D
5 P AL B A 0 i TG 25 0], FE 22. 50— Neophytadiene|23.76(22.5016.64 24.45 5.73| 5.82 | 6.7 |14.17/14.
24.45 pg/g Z[H], FUBEIA I fR g, B R i e AR, T T Treatment

SUTIEE D , 256 5T A 4 A TR 5 B R T AT AR
20, SRR RS By, 2L A AR R R
ARG, B RS P AT SR AP 45 % e S LR 114 2. 4 %
DAL o LRI 5 AT AR S0 088 DI AR I 800 L 0 5 S A

B3 ESL R A AR MR T — & BRI
Fig. 3 Effects of light quality on the neophytadiene content of

middle cured tobacco leaves
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2.3.3
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Table 3 The content of trichome secretions and its degraded substances in middle cured tobacco leaves under different light qualities

J§.4Y Component R-T B-T Y-T W-T CV/% CK R-D B-D Y-D W-D CV/ %
il Solanone 19.64 16.93 13.26 14.57 17.43 4.17 10.49 8.65 16.95 16.33 31.73
e
Wi = . 12.26 10.35 10.05 11.24 9.08 2.99 6.22 5.38 7.97 11.58 35.30
Norsolanadione
PEAA%E Cembrenoids 92.73  105.69 88.80 53.41 26.26 27.98 24.68 42.52 90. 67 60.38 51.57
A Retinol 79.57  126.24  161.95 97.01 31.04 39.71 41.34 94.01 154.58  134.51 47.11
@m:kﬁ%—@; 4.16 3.09 4.92 2.88 25.37 2.77 1.16 3.13 4.58 3.78 46.19
Cembratriene-ol
a-Pﬁ/]"FI:‘}??%#ﬁf 95.11 97.00 113.79 66.51 21.07 26.95 28.82 65.77 103.01 98.72 46.51
a-cembratriene-diol
_ s
A Em#}ﬁ#% 14.97 22.06 11.46 9.09 39.27 4.97 4.57 4.62 12.81 6.53 54.59
B-cembratriene-diol
o] 318.45 381.35 404.22 254.70 19.80 109.54 117.28 224.08 390.57 331.83 45.40

Trichome secretions
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PRI IE ' | F8 A B I i 6 0 T 0 B EL i = 0 Je i e v, A PSR I B AIG, 3 A1 22 149,52 g/ g3 TR
R, ZEREAR I AR, AT TOUDI B | S R AT Sy de v, A P UK 2 20 A P B AT W 0 At A, %
FES R 2 2T SR A (%) 3. 6 AT 1.7 A% 21 BRI A A AT AR SO 8 Y6 A0 1 ) IR 26 53 b ) B LR fit = ) o i
W S e T AT TOUDBE ' | 21 5 4 RS AT AR I S 43 S 4 T TR SR it 9 2.9 450 1.7 A%, A BT
G = T TOAGEOE  AUAH 22 13. 65 pe/g, PRI SCAMIS AT U FT T, B-Pa Al =4 —
AN A8 E R 0] 1 A8 SRR FE e K, CV (% ) 15 54. 60% 5 [t — il i A8 S AR B e/, CV (% ) 71 40.65% ., AT#R
S GO B- VU AR =M R S R R R R A 4 A% DL L, B-PU AR A RN [ U ' R ] ) A
FREEA K, CV (% ) 35 39. 27 % ; Kot 0 A8 SRR AT /N, CV (% ) 1L 9. 08% ., UEEHIGITXT B-PuAH =4 —
R 5 5 M 5 K, X R A5 M 5 /N, S SRR T ) 5 M R JEE L

2.3.4  OR[EIDGTORE A g AR i it T e RS SIS I ST Y R )

Tt dee 2 R e S 5 1) 32 B 4%, HE R 28R C29—C33 1Y 1o S ke S 2H i, o 2% AR 1) 76 Wz W A o B 5
N 4 Jros , BIRRIEE Y | 21 B Ab SHUIH - Jor Jo S s o 1k 4 bt ey, 20 MBS It S 1K, A 2 143,71 /g
FEEARIE YR R, BRI R, T IO Y, o M Ak AR P e v, A AR P VR 22, 0 R e A 0 0 et 2
R, B FBEIE Sl T RS JEE R 1) 3.5 A5 AT 2.7 A5, A5 UEOCRRE AT BT S Y o s 2R M o il e 1
2R T TOUSEO , Z0RR W AR | SRS (1 5 AT A BB S A o S 2 4 T TOUH 16 19 6. 8 £ 4. 6 % 1.2 £ Al
2.1 %, HERREEYE, =+ —ke . =+ 2k = ke R = S R RDE R A R R E R, =+ ki k
CV(%)ik43.37% ; T Juke = —Fe il =+ L A8 BR8N, CV (% ) 78 20% LAR 3T T5 5
e, =k Rk S SR R S T S AR R R ER R, R T SR K CV(%)
74.65% ; 5 =+ ZIE M U A R AR BRI, Ui RN CV (% ) R 35.75% o RSN = —% |
=R = SRS R R R K, X R R LB N
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Table 4 The content of alkane waxiness produced on the surface of middle cured tobacco leaves under different light qualities

%43 Component R-T B-T Y-T W-T CV/% CK R-D B-D Y-D W-D CV/%
— o
— ke 72.18 80.30 51.83 72.45 17.59 16.12 29.71 34.62 50.30 65.11 35.75
Nonacosane
[ T
#gﬂ‘}% 37.30 33.18 20.87 25.67 25.21 7.42 8.96 9.95 24.13 15.98 47.28
Squalane
=t

. 25.00 25.14 15.64 18.07 23.12 2.07 5.95 6.96 14.50 13.15 42.51
Triacontane
e IR o2
#gﬂ‘ 5 39.91 36. 10 36. 15 28.42 13.72 12.61 9.42 12. 66 40.39 30.92 63.35
Isohentriacontane
:+.¥‘kﬁ; 64.91 45.28 32.08 42.71 29.61 12.61 14.00 16.72 46.85 29.05 56.17
Hentriacontane
B g —
A==k . 50.22 54.54 35.36 42.06 18.74 12.24 13.68 15.54 36.29 26.94 45.70
Isopropyl dotriacontane
S

. 20.18 11.90 9.07 12.20 35.79 3.58 4.04 5.02 12.99 7.93 53.62

Dotriacontane
[ ey
#Q*‘#R . 25.35 19.48 14.19 15.59 26.78 6.69 1.27 6.46 17.27 12.19 74.65
Isopropyl tritriacontane
=tk

. 40.97 20.73 17.13 20.98 43.37 6.69 6.60 8.16 23.80 15.16 58.48
Tritriacontane
S se s iy

376.02  326.65 232.31 278.16 20.42 56.47 54.95 71.51  192.09  135.35 55.38

Alkane waxiness

K
B i tERE R M A B IR A RIE R BB RN 2 — AR TS Y RE ORI RIE I R R . AR0FSE
W] AR AT AU B B AL S PEREAR YO ZLE> A 206> FOE> #DE> B0, I REJE NN 210 RE A
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SRR RE , 42 R e B ACR ™ BRI L BT 216 B T H2 s It o6 & e fE . BOEMIRRFIF R, 5
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