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Effect of light length on plant growth, content and component of essential oil in

fennel ( Foeniculum vulgare Mill. )
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Abstract; This experiment was conducted to explore the effects of different light length on plant growth, content and
component of essential oil in fennel using the method of shading. The experiment included three kinds of light length
treatment ; shading at 15:00, shading at 17 ;00 and no shading. The results showed that plant height, number of nodes and
fresh weight of fennel plants shaded at 17 ;00 were the highest, the plants not be shaded were the second, and the plants
shaded at 15:00 were the lowest. Plant dry weight, total carbon content, soluble sugar content, Chl. a, Chl. b and CAR.
contents and Chl. a/b were all elevated with light length increased, while total nitrogen and proteinic nitrogen contents were
contrary to that. Essential oil content and yield per plant were increased with increase of light length, and that, it was
significant difference among the three treatments. Twenty-two essential oil compounds were identified, and there were no
difference among different treatments. Most of the essential oil component and their relative amount were no significant
differences. The content of ( E)-anethole, the dominant essential oil compound, was 47.40% to 48.51% , limonene, the

second essential oil compound, was 31.69% to 33.26% , there were no significant differences in three treatments.
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& BN R ERH AR ERERENISRZ — ERRERE=Y—BMRRBMA S 504
BT 53 o VAR AT LAE 2 32 W AE 4400 A= A TR A R AR AR = AR R . A e &
HEAR 77 28 RUUE RS T U B | C O, YR B 5% 1o M A 3 AR 2 B — s S i ), S [ 7 4 T R e
BRASRRT  XERE T HEFE KRS S ES AU RGN JEIB&AME N Y £ K&
BMEZEASHFZ—, DA WS HE YR ARG =W 0 B E W, GRS DI ot Ot 4H
B 't AR BE ROV R BE 3 AN T, e rP O BRI FR 5 B X AR ok A R I 5 e L AH R HROE < AE TR E A
AR R 2T RN B RS 4 A IEOL BB & I AL R G AR SR AL B R IR M AL R R & B = &, T
AL RN T 2SR WA & B B, WAL B L P BoA R 5 R 6 R B 5 i 1o o v & B A4
R FEBGROE R T A K IR, TSR 7 B, R T B AR A B o s Y . BRI
R R BE RN ) I A AR = AR R, TR R B IR SR 22— 0t BRA BE X AR YR A6 ARG 1) 32 i ) A 410
R ICHRE B , A R TR AR AR R 16 2 RER A BRI 2 T BOR G IRBRFIR LR, THA
Vol B BOL R ] , [RVREAR A FAE R AE R = M AR B X BT B — 05T . B, A SCUAH & iR
B, FAZS R B BE AT A0 3, 58 3o 40 T A AL AR Vil &5 2 PN 2L 43 SR W98 D6 BR K BE XA W Uk A AR 7= ) 2R

G, LU BRI IR AR R BT RR S %,

M 2001 SEFFAE, FFIRT I RS /NET R, o R R TR B RIS BOR B AT, T 2002 4R 5| Rk 35 AL
o FIRBIERMASEE/NEE UK (10 AHZ 11 A6) FRG AR 4 Ah) Nds, BB L2 4
2, 5IEP AR, AR R K, P R
1 HREFH=E
1.1 YR AL B

(1) ARG /NET A (2004 SR FP TSR R ) Jyidbt, SEE 30 T AR B HRF B A S . 2004 48
8—11 A i45E%,2005 4F 3 A FFARIEA L.

200543 A7 HEH®,3 H 18 HIERF—BWE B R 2 i FHRIF, 5 1 .0 4#E) 708 2 21em x
24em (T x HAR) BIMHIER S 4 B/ 4. 2005 455 A 3 H (6 5y EM) BEAHX BT — B W B # T ARG
KEEALH : 403 1 SRR 15:00—20:00 L ; 403 2 4K 17:00—20:00 L ; 403 3 A AHY, HALTH 20
3 WEH,

(2) BRI AL B I AR AR O ST, S/ N EER (GBS - 1 x FE x 8 =2. 5m x 1. Om x
1.Om) , K FE B BIUZGAG , G SN E 2 R E IR IR TR

(3) BIEFR T WEC KR L+ BFER = 7:3, B K EF PN P K ZEEHE 1.5 kg(N:P,05:K,0

=15:15:15) . 4bFHZy60d,7 A 6 HEUEK (AR BRI E LSS (MR TR EREEEANTE) , JF4R
BORE b S 7 it A BB AT o
1.2 KM E &

KR BUE IR E R E R SRR E IR HE0E X4 Ao : B R K v, T R E K, YA
0.5 cm ZE A5 H/NBE , MERFREE 150 g, BT 1000 mL FBEJIRBEMH , A 700 mL 7K, T 2618 3 h, ZEIRI I
A 10 ml [ECFe( ERELE) MHERZE (BN B 0.02 mL) ZEHR, F 1E O be i ARG i i) 2 H SR T 4 i
B, ZRER)E, FWOEC el , T KB T4, I8, €A 2 11 mL, F—bHZEW 3 ), B
. MMM ECHERARARE S, T -20 CHMRfF AR TEREE, IHEELMOTYE, A nL-
(100g) ~' DW FRAE M & &,

1.3 AL AT

TE S B J7 1 BBRE b JEAT I8 24 R0 - BUHT RS T O IE © 5 SOpL AR 2 3mL, HH47 S R Ik
JH{X ( Gas Chromatograph / Mass Spectrometer, GC/MS) 43 #ff ( Trace GC-2000/DSQ, Thermo Finnigan, USA)
GC %5/} : DBS AEEHMEFE (30m x0. 25mm x 0. 25um) ; B N E45.(99.999% ) 4 & M 1mL-min ™',
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AT RERT IR 100 kPa gEAE DR BE O 220 C5 g AE &8 1pL; B2 7 FHE S AR 40 C, f&%F 1 min, ) 10
Comin ™' FFEE] 200 Comin ™", f745 3 min, MS /4 B =0h EL L FAER N 70 Vs e MR EE R 210 °C 55
IR 200 C 5 PR HMTERE Dy S0—350 m/z; J5LEIR 4. Omin ; K SFHEFI N 100pA
TESHRANTAERFERE " B IR B8 R B, [FIRS 45 & NIST ARk ik PR HEA TR Lo 5
{5 P G W T AR — YA B A T AR OAR S S B R ER 3 K.
1.4 HEABISPRRIE I
AT S B sk 2 A S B A A S RAMEIREAENE" ; £ K,Cr,0, 5]
e R A R L
L5 ot
PRASEE R SPSS BRI E1T 77 2250 M7 , Fl Duncan’ s i R AR 2285 ATV X800 B A5
2 H#RESH
2.1 BRI BN A R A KAR PR AR M
TR R 9 OR e B EL A A IR 9 AR A R BB, pla (0 5 IO 3 15 :00 L AREEFN 17:00 #OE, 2=
SPETR I, BR e PREFE 22 7 BAE ST, MR A1 B3R B B 38 il B35 22 70K F, 3F B3R I 1700 3
JeAb PR 2 (B ) B B3 (1940 & T 15:00 BOLALE, MBS E—FZ FEFARE (KD,
SR TEMTY RIS IR BB, AFEIR R B ARG INTE . 230k m, 2k T
FOAA B 1700 #YEAL R 2 H T 15:00 BICALEE, T T4 5N h A B 2 R 2= AR B (R 1) .

F1 TEABRKEXNEEERKEROFIE(PE £ i)
Table 1 Effect of different light length on growth indexes of fennel ( Mean +SD)

JEHRC B PR/ em FE LRREETE/ g LR TE/ g TH%/ %
Light length Plant height Number of nodes Plant FW Plant DW Ratio of DM
15:00 3% Shading at 15:00 45.50 +7.924° 9.94 +1.69% 7.00 +2.58° 1.09 0. 404" 15.50 +0.57¢
17 :00 3% Shading at 17 ;00 51.25 +6. 894 11.44 £1.15% 8.85 +2.95* 1.55 £0. 524 17.49 £0.16%
A No shading 47.88 +7.754® 10.81 +1. 1748 8.67 £2.73° 1.78 £0. 564 20.12 +0. 734

£ FVET G FREFRR Duncan’ s 10 )22 5K, /NE FRERIR 0.05 BEK P REFRERR 0.01 BEKF; TR

2.2 BRI BN AR & B B AE B R R
RO IR BE B SE K, T A 5 & (0. 61—1. 20mL- (100g) ~' DM) \BaffH i (0. 007—0. 021mL) | A
SR (3.37% —4.55% ) ARk & & (15.67%—17.83% ) FEZ 30, i IR 2= B9BTF 9 15 :00 LA
17 00 C A B AL BE . 22 TR, 2 & B0 3 MBI 22 RN B3 RS i & B O R
JEALBEAN 17 .00 EICAE B ZERARE (HTF BEFT 15:00 EOUALH; T BN & AT & 80 3
MEEEIAS B E SRR (R 2) .
®2 FEARKEMNEEHEHSE.  BUR—LEBISROMMCFSE £ i)

Table 2 Effect of different light length on essential oil contents, yield and physiological indexes of fennel ( Mean + SD)
IRl

; 3 /mL

SR /(mL+(100g) ' DM) T HER/% SR % EEE/% apyn  FARNIR/m
. N . L. Yield of essential oil

Light length Essential oil Soluble sugar Total nitrogen Protein nitrogen Total carbon er olant
contents per p

15:00 3% Shading at 1500 0.61 +0.07* 3.37 £0.19% 0.20 +04 0.14 0% 15.67 £1.01*  0.007 £0. 0025

17 :00 3% Shading at 17 :00 0.99 £0.19% 3.78 £0.15% 0.16 £0B 0.12 0% 16.50 +1.31*  0.015 +0.005%

A3 No shading 1.20 +0. 144 4,55 £0.21% 0.15 0% 0.11 £0% 17.83 £1.15*  0.021 +0.006**

BEOLIR K B IE R, 2 RS 8 (0.20% —0.15% ) I A RS & (0. 14% —0. 11% ) i 38/, i = B
JBUF g 15 :00 HEIEALEE (17 :00 BICAL BN B G, 2RISR, A& 8y 3 MEE I 2 7%
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B, EARTEN 1700 #OEAHAMAE AL B2 F A B3 H-F BELT 15:00 #OLABE(FK2),
BEECIA BRI, AR a R b MK a +b KL MRTBURTERR o/ Kb
a3, 2Z2RE TR, SRR a SR (0.89—1.18 mg-g™' FW) \H5HK b {8 (0.40—0.50 mg-g~'
FW) FIFH4¢3K a +b & (1.30—1.68 mg-g ™' FW) Jg 3 ML Z A2 [ABE KHE b RS BNERI A
FEALTR R T 15:00 HEYBALH ; AR o/ 4R b(2.16—2.38) Jy 3 MEBZERIKR BE K (K 3) .

*3 TEABRKEXNEEGRIENHMMW(PME £ i)
Table 3 Effect of different light length on contents of chlorophyll and carotenoids ( Mean + SD)

eI H4EEK a H4E Db H#gFa+b EIE AN S 4R o/ 4R b
Liéht Jength /(mg-g~! FW) /(mg:g~! FW) /(mg-g~! FW) /(mgeg~! FW) /(mgg~' FW)
Chl. a Chl. b Chl.a+b Carotenoids Chl a/ Chl b ratio
15:00 j# % Shading at 1500 0.89 +0.19* 0.41 +0.09* 1.30 £0.12* 0.19 £0.024 2.16 +0.025
17:00 ¥ Shading at 15:00 0.90 £0.13* 0.40 £0. 05* 1.30 +. 008" 0.19 £0.024% 2.23 £0.04%
A No shading 1.18 £0.11* 0.50 +0.05* 1.68 +0.09* 0.23 £0.024 2.38 £0.104¢

2.3 OB BEAL BN AR I 4 23 B

AR GC/MS 37, SE U RE 22 Bl ar, 45 H e A e T AR A o B e T AR 98% LA Eo AR
I IR BE A B T A AR A T E B R A (7B 1% DAE) Fh SR A A, Horp 15:00 BEIGALEE S 6 Fir, & &y w5 2
AR g S 3R T R AT AR ERF 2R R0 A R R y-E 0 5 17 :00 S YEAL Ty 7 Fh, R R E
ARMRUR g S 3T R AT AR K FRF 28 SR - DR 5 M D -8 0 s S AL B 8 B ALY,
B PR BRI g o - T A G M T 2 SR 7K T -0 O A R I B T I X R R
Hh S TR B AT 2 AR S B S B A 80% A£G (R4 1),

x4 TREXBREXNEEZHASHOHNE CPHHE « i)
Table 4 Effect of different light length on essential oil components of fennel ( Mean + SD)

5 LEY 15:00 % 17:00 't NS
Sequence  Components Shading at 15:00 Shading at 1700 No shading
1 a-JEH a-Pinene 0.54 +0. 145 2.13 £0.45% 0.54 +0.09%
2 F 4% Sabinene 0.10 £0.01° 0.10 £0.01* 0.10 £0.01*
3 B-J§ 4% B-Pinene 0.13 +0.048 0.29 +0.06%* 0.12 £0.02%
4 A H:4 Myrcene 0.43 +0.054 0.50 +£0.0242 0.41 +£0.024
5 JKJEHs Phellandrene 3.98 +2.23° 4.71 £0.17* 5.36 £0.22*
6 B4k p-Cymene 0.75 £0.60° 0.47 £0.06* 1.08 +0.10*
7 ¥4 Limonene 33.23 £5.99* 33.26 £1.15* 31.69 +2.51*
8 B #)#5 Ocimene 0.09 +0.02° 0.10 £0.00* 0.08 £0.00*
9 -1 4 y-Terpinene 1.83 +£0.17* 1.80 £0.11* 1.77 £0.10*
10 i 4 W4 Terpinolen 0.83 +£0.40° 0.95 +0.07* 1.11 £0.14*
11 3,4-—HIJ-2 4,6-=#52,4,6-Octatriene 3 ,4-dimethyl- 0.10 +0.04* 0.16 +001° 0.12 £0.04*
12 % Estragole 1.87 £0.034# 1.86 £0.034 1.68 +0.07%
13 $¥WE Z FRiE Fenchyl acetate 0.16 £0.03* 0.11 +£0.04* 0.20 £0.02?
14 [ Ff % 2 FR iR tran-Fenchyl acetate 0.01 0% 0.40 £0.074 0.38 +0.034
15 5 -5 75 i3i ( Z) -Anethole 0.46 £0.03* 0.35 £0.04* 0.21 £0.01*
16 2R~ 7 ik ( E) -Anethole 48.51 +0.34* 47.86 +2.25* 47.40 £1.12°
17 7 EL 4% Copaene 0.06 £0.01° 0.04 £0.01* 0.05 +0.01*
18 EFA i Cedrene 0.04 +0.02° 0.04 £0.01* 0.04 £0.01*
19 46 WK Farnesene 0.14 +£0.07® 0.13 +0.03* 0.13 +0.05*
20 4 D Germacrene D 0.42 £0.20* 0.34 +0.06* 0.43 +£0.12*
21 A 5 2% Myristicin 0.12 £0.09* 0.09 £0.01* 0.14 £0.04*
22 5 3% Dill Apiol 4.69 £3.24° 3.26 £0.43* 5.72 £1.16*
A1t Total 98.29 +0.43* 98.95 +0. 10* 98.75 +£0.07°
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Fig. 1 Chromatogram of fennel essential oil under different light length

AFDEIRK BEAL T, HOR ML MR A 257, 0F H 2B X S B EZRABE , RAENBIBH
XF & BB BEENR BE LS, B  o-TRE B-TR M A S EE AR X E LRI (R 4.8 1),

K AR — F I R -1 AR (47. 40% —48. 51% ) BYAE X & 8 Bl BRHK BE A S T3S i, 15: 00 38D
ALFRFN 17 :00 AL 4351 EEASHESEAEFERE AN 1. 11% F1 0. 46% , 565 — F B R Fr 8 (31. 69% —33. 26% )
FRIAE X B RO HR K BE R T e/, — 3 & AL BRI 2 F YRR B B EK (R 4B 1),

T IR 14548 I AR TS AT 20 = K38 BB E R ML & 1) & B e W ARk mE 21L&, Horh A s
BB WaSE o- TR B B-URM A M AT X R TR B B L y-E S L S A
3,4-"HE-2,4,6-=f ; SRS Y IR N BB ZRER R EF IR £ BRI - 1 A S - A A
PR TS B T SR s RS R A R B SR S A IR E B D, A FDEIRK A
KGRI G Y & BTE 42.01% —44.31% Z 8], S8/ AW & BAE 54.09% —55.73% Z 8], £ w5 b &
YIEETE0.55% —0.66% Z 6], Z R ABE(EKS) .

3 itig
FERR SRR IX. B SR OK B BE A BE A b 48 4 0 BRHC B, DRI IR R B X T A AR A K SR T & R A4 4
GRZI , G5 RR I, A O R BE ARG N, A T 2 DRSS BRI MR T = A RS T . R A
A 't HR B[] X6 T 7 1 T4 S AR 2 AR T AR R A
BER B G0 KRG RIPFSE R, e KRR, AT R RSB T AP 45 55 AR BEE G R
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KBRS, HEHEK P 2R T EMEARTEIE THEH, Al S e & BN R, EE LK E
AR AT bt o AT PR A 2 B AL SR I B B A AR R X 5 A R O R 55 B X T AR AR A
K S B RS SR B

x5 TRAAXBKELBTEERHZERSENRIENTUCPHMHE £ 75EE) /%
Table 5 Changes of relative content of three kinds components of essential oil under different light length (Mean +SD) /%

B 15:00 5% 17.:00 5% A
Components Shading light at 15:00 Shading light at 17 :00 No shading
BATE2E Monoterpenes 42.01 £3.24* 44.31 £1.78* 42.38 £2.37*
EEAA Y Oxygenated compounds 55.62 +3.38¢° 54.09 £1.79* 55.73 £2.24*
£ Sesquiterpenes 0.66 +0.29* 0.55 +0.09* 0.64 £0.19*

SARBOCHHLE, R 4K o B R b 5B KUY PRFEMMEE a+b STEIA T,
GRS ENFER, TR EEXN AR RKER RN HEER a/b [ HIE FEE IR BE 46 58 T A, i B i
SR a FERMFEMERS THER b SRMERER, MELRRKENSE, HEORXTREARERR, X5
PR RS B 0 38 A TR MO 4 ; TR 6 OB PR BE O 4, W4 R /b 1 LR IRT A AR, X S B
T EESR R R 4R R a/b B HUEREZ AR H0E — 3, WM 4R 2 SR SR b S BEXZ RIS K
PRI o

B, FEERRE E AR, A KA’ SR TR IR SR 2R RUAKAR S E WA
i, BT RE A SR R 2 ph Ao R B 1], TN TG R R R BR TR A AR, SEOLE Y N, 1E
AT HIINRTE bR AP B AR R I AT MR & B2 ik S B A3, 7220 LR BN AR AR 1 7 B BB i,
FOtE Y P ARG PERR S AL S ) CHIRT RN ) 1R 0 & SR A A = iR AR, o 8 (VR BE) 3, ]
AR B B U A A W ) 5 JCRT 7R, AT AT DU SEAE U AR A = R R o

ASFDEHR A BEAL PR BT A, R SRR AR S B ERABE , RA & BMD KR («-J-H4
B-URN R S B B BRIER A A AR ) AR SRR B SR BE R ER, X5 A R 668 AL B
RIBFFE AR — B, BRI AR R FR R FE 6 R K B AL JELES) S S5 M T R i O B R o

HFHEA G IR BE A MIDEIRGR L, 7] AR S T ARl i & B 8, U e RE R IER A KA T
RTSR T, LR AT BERE HAW R LR B O FRR BE TR L IR R BE A X
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