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W EATHIAKEBAS S AERWET LR RE, AL F S R E7HIZ S A X
MR T RRARRFABAE TEMEARBR GO TR EL TR TR ER ALK, 2R A
R, R/B(k + k=1 DS, Chl a(?t4 % 2).Chl b(e+4 4% b) e Ct(vt42
HF XA B)HMAE R/BREW IS I I I ) B 844 ,Chl a #= Ct 3 /£ 2R/B(&k ¢+ B
=2t DARTERFZKAE, 554 1.344,1. 716 mg + g *,Chl b W £ R/2B(4ck : Hh=1":
DAEEZH,H 0.423 mg e+ g ',Chl a.Chl b #= Ct 334 10R/B(4k ¢ EHh=10: DA Z K, 5
%) 0.130,0.033,0. 163 mg * g ', ¥ R EFAK T H € XA ;Chl a/b(+H % a/b) £ 10R/B.2R/B #e
R/B 422 F4 %, %1 4 3.942.3.709.3. 653, 2ILI0 A 945 M, f £ 6R/B(LLk ¢ =6
D W(OER) AR/B(4k ¢ k=4 : DEATE TRAK, 55 A 2.729.2.730.2. 747, I A LM
M R/2B &2 F oW ZR 4038 W oE A 6 ot K S R R BB R AR , Fv/ Fin(PS[I 5% X AL
3k &) 8% 3] 0. 881, 10R/B 42 F ,Fv/Fm {4 %&4%3] 0. 355, B 8 F4K T 1€ LR 425 k3%
WP, % K&, Chl a,Chl b fo Ct 2 I # KA %, %k KA & 1.218,0.503,
1.720 mg » g ' £ 3 B4%%) 0. 907.0.302.1.209 mg * g ', ¥ HB R B E £ 7F,Chl a/b W A AH M %
KRG IE AT F e A2 2 000 Ix A PR B T RAE, 4 3.042, B 3 AP RBAE L F B E; 7t 4 ¢ Fo
(46 % RO M F LR B e i 38 e, f2 2 000 1x 422 F ik 3] & KA, A 180. 000, Fm(% K % H.44)
W) £21 500 x4 22 F ik 2] 3% KAE, 4 907. 000, f =t & &) Fv/Fm . Fv/Fo(PS[[#4 # 4 7% i) . PSII(PS
[15E FreAt 22 5 (REACTT 5 F B b Ad) ) 34 K8 & 5% 69 36 A 2 9038 09 A4 v, 3 4 1 000 1x
422 F ZIFKAL, 5% A 0. 847.5.573.0. 815.4. 200,

KB B bR AR R R Ok
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POHMEBANEAZEENEEFR EFERIFELRY
HXTLAWBEH IR ERAR AT TR B RBEHES
T AERE 37 3 1 I 18 , XF T 40 85 SR B8 A B 98 4 24 K
B, BEABREEMNFENFZ— EMEYERKEET
AR AR, O T 3 LA KR AR FE B REOR TR A 5
DLLT AR 25 “Ug IR 5 25 AR AR AL 15 1 0 iR b, X R A 6 R
LEDs Y& L KRR 658 T A B 8 iR & 8 Kot 4%
RITCSHEHAT TS, LRI L0 W 5 20 355 7 %6 i Fn
SR A A BRI N, S JF R 2 AR AL AL AR A 3G N ORI R
PEPRIBARYE .
1 MHEEF*E
L1 sk

HEEAR R R M R R 8 AR B
L2 Rk
L2.1 aWEaREreE KK F 2015 4F 10—12
A e B A EL T L 2 s AR R A PR R 4 8
AT, BEEEAE KRG —BUW MR e 28" Gk AR 1
BB BT R R 1 om A RZEEL ERRTE MS R IR S
3 1/2MS+6BA 1.2 mg « L' +IBA 0.5 mg « L™ 435
JE 5 g« L +7EHE 20 g « L' P, B KRG pH 5. 8, 3%
FHAFR N 240 mL, B 7 ¥k 9505010 . 359 2 51
REFRIRE(25+2) C,iBEGOE5) %, AW 16 hed?,
TEEER FRCA T IR Ab TR,
L2.2 MHEMaAMEBHAET TSR TREITRERL
SHEWEE R E 9 4 LEDs YBRACEE, 435 0
F : =1 1.4 : =1:2.4: #=1:4,
e fi=2: 14T« =4+ 1.4 : 5=6: 1.4 : =
8: 1.4+ $=10: 1, L E X B, LLF 43 51 AH W,
R/B.R/2B.R/4B, 2R/B, 4R/B. 6R/B, 8R/B. 10R/B #
o FTAEMPRHE RN G Y7658 1 A5 AT T B0 RS
F7 dJF R AZEA L L 9 Fh LEDs IRAIEFRZEH, H
BRI 5] F R RS R T . TR O DA RO IR

S MR EER R IR MR —20( 500 1o, BALIE 3 1K
#HE ., 50 d JFIEMSRE S EKMRETNSH,
L 2.3 MBMAMBHEH SRR SERLTRETN
SHGEm R E 3 FOLTRALIER, 4>k 1 000,
1 500.2 000 1x, BT A1 kMR G ¥ 76338 H A5 64T
THOREKESR 7 d 5, BB ET 3 FAREENHE
LEDF, BB 3 WELE, 50 d5FMEHSEEEER
MR RS
L3 mmEMmE

MR A B SR A T R 2RI A SR BT,
MR D6 S B0 2 R F % [ Hansatech 23 7] 42 7=
FMS-2 okl =X 2€ 76 R 40 0 52 , A 48 W0 4R 98 6 (Fo)
BRI (Fm) PSR KA FRCR (Fy/Fm) R E K
(Fs) \PSIIEZ xSk 2 8% % (OPSID , 8 32 W 5E 15 AR &
PSS ZE I M (Fv/ Fo) A 2R 58 % T R LB (RED) .

L4 BEah
A EER A DPS #fF LSR #4740 04T .
2 HBREHSWH

2.1 BB LA R A B AR

2.1.1 ERMAMBARE SRR SENEE BE 1
AALARDERAA IS AW R AL B i R X A &
BB A, B R/BALEESM, Chl a,.Chl b F1 Ct k%
R/B HLER A 38 i 52 56 1 0 J5 08/ s 3, Chl afil Cr 78
2R/BAME T R B KAE, 735 R 1.344,.1.716 mg = g ',
Chl b ¥ R/2B 435,58 0. 423 mg » g ', Chla,
Chl b 1 Ct ¥ 1k 10R/B 4b B & 1, 4 %1 & 0. 130,
0.033.0.163 mg» g ', B EMTHEEH. Chl a/b
7£ 10R/B., 2R/B.R/B 4t ¥ F % &, 4> 51 & 3.942,
3.709.3. 653, 5 Bl PH A= 4 4 19 4% L 1T 72 6R/B. W,
AR/B & Ah PR R i3I, 405l 2~ 2. 729.2. 730.2. 747, 2B
ROF A 0 R R

*1 AEXROAMBAEENHRESE
Table 1 The chlorophyll content of red raspberry tissue culture plantlets under different light quality
eI 4% a %% b LES 58 4% a/b
Light quality Chl a/(mg e+ g~1) Chl b/(mg+g~1) Ct/(mge+g™1) Chl a/b
w 1. 105+0. 027b 0.410=40. 057a 1. 51540. 083a 2. 730£0. 335¢
R/4B 1. 205+0. 266ab 0. 366+0. 106abc 1. 57040. 370a 3. 3357+0. 245abc
R/2B 1. 283+0. 057ab 0. 423740. 020a 1.705+0. 077a 3.030+0. 044bc

R/B 0. 572+0. 081c 0. 158+0. 034e 0. 730%0. 114¢ 3.653+0. 253ab

2R/B 1. 34440. 036a 0. 372+0. 067ab 1. 716£0. 049a 3.709740. 821ab
4R/B 0. 756=0. 017¢ 0. 2870. 074bed 1. 04340. 073b 2.747%0. 632¢
6R/B 0. 729+0. 175¢ 0. 2680. 035cd 0. 997+£0. 191bc 2.729740. 582¢
8R/B 0. 656+0. 135¢ 0. 225+0. 039de 0. 88140. 154bc 2. 94540. 570bc
10R/B 0. 1300. 016d 0. 0330. 005f 0.163£0. 020d 3.94240. 095a
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2.1.2 SEFIXLIWER A B B R R IO S E R

H13 2 T401,10R/B 43 Fo fE &K, K 367. 000, BE K
FHTAH,R/2B 43 Fo {E /), K 106. 667, i 2
INFHEAIE, 16756 Fo {ERIK/ME)F K 10R/B>
8R/B>6R/B>4R/B>R/B>2R/B>R/4B>W>R/2B,
Fo {65 PSII R 50 16 ¥ 78 5%, Fo (B [ 3 0 7T 6B 2 i
FAEYInT B PSIUR N 0> H BRAS BT 396 18 3 5 Al 3 2K 7%
1 A, 10R/B AL 3R AT B2 FL 6 & B R KB %
SIEVE A PSITR N 0 52 BB IR B & A AT 38 2R 6
1 i Fo (B K, 1 R/2B A3 T PSIR L A0
T FRAR T A R A BE W R IR 98 6. K %6 Fm
KR/ R W>R/2B>R/4B>2R/B>R/B>4R/B>
6R/B>8R/B>10R/B, W 4t # Fm # K, 907. 000,
10R/B b3 Fm #:/18, 7 571. 000, Fm B %77 PSII M H
DTEA R B TG &, SO T @ ik PSIY B 15 3
150, Fro B8R 3R BAAE A it i 194 75 A A R 0 32 T 3 3¢
% ,10R/B b3 A] BB S i1 T A6 & B K K, AT R
T AW SRR B ISR SEIR T B R PSIR R H
L fH45% F ERKFEA, 7 W.R/2B.R/4B.2R/B 4t #
AT AAR s A R S A P R R, R AR R R
ARIE . PSR K M50 Fv/Fm, PSIIF) ¥ 76 1
¥ Fv/Fo /NI E Y R/2B>W>R/4B>2R/B>
R/B>4R/B>6R/B>8R/B>10R/B, Fv/Fm,Fv/Fo ¥
Pl R/2B b3 K, 435k 0. 881.7. 455, 10R/B kb ¥ £

/N, 4351 R 0. 355.,0. 560, 3 18 & /N F H g 4b B ; Fv/Fm
& POl KRR 3 80, S i PSIUR B 0 BT
IRBORREMEN, R BROCI R EME R, &
Fv/Fm {ERIEFEAE W) 2 B9 32 205640 1, PSIUR B H
2B T AN ] 3R U B AT 3% 2K, 10R/BL8R/B, 6R/ B,
AR/B AL BRLT IR 40 35 5 it B9 Fv/Fm ¥R R 22 BE 19
KIEFEAG, R E R T MR AR Z 28] 7%
il s AT KR R AR T i o 3 M O 35 4 48 Fv/Fm
B W8 R A s Fv/Fo J2 B PSITVE 7 1% 1, 10R/B. 8R/B,
6R/B.AR/B Ab 3 B Z [EK T PSIEAETEE. HE 2 i©
AT, PSIIEERR 6275 OPSITH K £I/IME R R R/2B,
W.2R/B.R/4B.R/B.6R/B.8R/B.4R/B.10R/B, 7£ R/2B
AR R R KB, R 0. 783, 10R/B AbHRE /1N, Hy 0. 582,
BERTHEA, OPSIEEBEAMHT PSRN H
DFERGF KA B S PR AL 2= OR, BT i R TR A
e RB R & BT IR ) 6 B E 1, A R /NAT J e PSTT
B AL B FERCRE B, 10R/B Ab 3 OPSII . 2 R A, 7% B
A 8 W NP OEAR S E 3Ry R W NSRS e 3
AR BHMEIER . A% TR E Rid 5 OPSIIE
BA LA AR fL % 72 R/2B Ab I 2 B KAE , O 4. 645,
10R/B 4k 38 Rid /1N, 2 0. 498, i E K F H & 4 3,
Rid e WAEY it R B S6E VEF Y 77, 10R/B 403 Rid {B
KR TR, REM F A A2 E 28\ EF, Ak
KRR T HAEVEHRRT .

*2 AE R LAMFHIEHH R RSB

Table 2 Effect of different light quality on chlorophyll fluorescence characteristics of red raspberry tissue culture plantlets

6l MIRTO RN PSR AL E R R PSIIf) ¥ 7215 PSIISE BR300 R AT T R LU

Light quality Fo Fm Fv/Fm Fv/Fo @PS] Rid
w 148. 667114, 503e 907. 000=450. 030a 0. 836+0. 022ab 5.15340. 869b 0. 768+0. 005ab 3.95740. 353a

R/4B 166. 333+7. 371e 797. 6674 28. 024ab 0. 79240. 004bc 3.79740.070c 0.73540. 012¢cd 2.76840. 248b
R/2B 106. 667+12. 662f 903. 6674145, 960a 0. 881+0. 008a 7.455740. 585a 0.783+0.011a 4.645+0. 710a
R/B 182. 333+11. 590de 728. 333488. 636bc 0. 74740. 038cd 3.00940. 596cd 0.718+0. 006de 2.34540. 605bc
2R/B 175. 667146, 716e 741. 000=455. 000bc 0. 764+0. 048¢ 3.36440. 872¢c 0. 754+0. 008bc 2.65840. 799b
4R/B 218.333+20. 526cd 686. 000=+38. 974bed 0. 68210. 026de 2.15540. 267de 0.679+0. 0211 1.319+0. 132d
6R/B 240. 667+ 18. 583bc 647. 000+ 38. 936cd 0. 626+0. 048ef 1. 705+0. 339 0.711+0. 005e 1.753+0. 215¢d
8R/B 267.333+16. 803b 636. 333119. 732cd 0. 579+0. 039f 1. 390+0. 229 0.688+0. 0131 1.488+0. 195d
10R/B 367.000+14. 107a 571. 000+ 34. 220d 0. 355+0. 063g 0. 560+0. 145f 0.582+0.013g 0.498+0. 121e

2.2 JGERXFLIAM AR B B I

2.2.1 JGRBMANBARHMERITENT M HE
3 A H1,Chl a,Chl b #l Ct ¥ K6 & J6 58 (19 5 I 22 47 98
/NS FE 1000 1x 4b 3 2 B R AH , 433108 1. 218.,0. 503,
1.720 mg » g ,Chl a 1 Ct #£ 1 000,1 500.,2 000 1x 3 F
WM T¥ABEZES, T Chl b 7E 1 000 Ix 1 2 000 1x

2P T B 2R, Chl a/b BEGIR A 1S N 2 38 4
HEH7E 2 000 Ix A BRIKBIERAKAE , 9 3. 042,1H 3 Fhsk
BEFARE. MR THERMTERR, LHE
Chl bis B8R, &R 56 & B & KL &1E M, i 7E
TR TR T % K0 2 > B AR DD SR R 4T
g ERag il e S =y
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x3 AEABTAMEAEENHERESE
Table 3 The chlorophyll content of red raspberry seedlings under different light intensity
P 4% a 4% b UE=5 P58 4 EK a/b
Light intensity/1x Chl a/(mg e« g~ 1) Chl b/(mg + g~ 1) Ct/(mge+g™1) Chl a/b

1. 720%0. 058a
1. 51540. 083b
1. 20940. 051c

1. 21840. 015a
1.10540. 027b
0. 90740. 023¢

1 000 0. 503+0. 043 84a 2.43340. 183a

1 500 0. 410=0. 057ab 2.730%0. 335a

2 000 0. 302+0. 040b 3.04240. 429a

2.2.2 AFPEEXFLIMBEHARE M IOESEMEm  H
4 AT BEE IR AR I, M1 4R 58 6 Fo S BB
FOFE 2 000 1x AbFE A B & E , S 180. 000,1 000 1x &b
FEAN 2 000 Ix AbFHZ [A] 25 5 0 2 . B K9 Fm FEE b
SR BN SEHE IS /N, 7E 1 500 1x YR AN FE T 35 5 5
KAELH 3 FbRAIE T 2 F A B, PSIHRKAY
3% Fv/Fm PSS M Fv/Fo W BE & Y58 it 3 fin
S PBIR A, WTE 1000 1x AbFRIAE &K AH 451 0
0.847.5.573, 1000.1 500 I1x Zb3¥H 5 2 000 1x 4bFEA

BEES. AT, BRI A Y 52 2RI, a0
B REHI T A PSITRURE 0 52 30 B 3R B8 & 28 m] i 2k
1%, & B Fo {EA% K, Fm {E K, Fv/Fo,Fm/Fo 1.2 [%
i, H13E 4 3B AT, 41 W %5 40 8% 1 i it B ©PSIIL Rfd
{7 22 B [0 A1) 25 T A 289 il 25 DY B0 ) 38 7 338 0 7
1 000 1x A BN & KAE , 450 0. 815.4. 200,3 Fh-'G5m 4 3
A B ET . X R GIR ARG X 2 B 4 B
I B SE PR BAE 2R A B B A AP AT R K
KT ERMEAIERRES.

F4 AEF R AT HIEH LN SHH T
Table 4 Effect of different intensity quality on chlorophyll fluorescence characteristics of red raspberry tissue culture plantlets
P WRTHN BRFHN PSRRI R PSR 7E 1 1 PSS BRI R R A AR T B el
Light intensity/1x Fo Fm Fv/Fm Fv/Fo OPS[T Rid
1 000 122. 667+12.097b 806. 3334117. 959a 0.84740.016a 5.573+0. 696a 0.81540. 025a 4, 20040, 282a
1 500 148. 667414, 503ab 907. 000+50. 030a 0. 835740. 022a 5.15340. 869a 0. 76840. 005b 3.95740. 353b

2 000 180.000+17. 521a 752.333+53. 351a

0.761+0.012b

3.1890. 213b 0.701+0. 028¢ 3.64140. 345¢

3 Zig5itie

HRBIA N R MY SRR EE R T, Y
SAVEREEWR LIS . %R R, AR LAY
LLWEZH BN L0 R 2H 35 i I R R 1B LA B o
M ESH AT BEE M. Bk R/B LIRS, Chl a,
Chl b 1 Ct ¥JBEE R/B EC 3R (4 3G I 52 30 5 34 0 s 98/
%A, Fodr Chl a Fil Ct ¥7E 2R/B A3 T ik 2R K ME,
33 1.344.1. 716 mg » g ', Chl b Mj#E R/2B kb ¥
B, N 0.423 mg » g ', Lk R E L T B A
KRR G RS BT RS, FRE, R RS &
Rl & WS B AR b 2 SR IR s N, T
ANNA SR 5x R B , £ AR XM T A A 4L -4
EER, WO Z 1A B, TANAKA %7 BT
T LERRAR 2 B0 B TR & &, OB BEH At
BRFR A B, X AT BB AN [ AE W % O B 4 me Bz A [ i
2,3 HE A6V SO F A 2 B 64 F e B R
s R —A~ 2 2k iy e o 3o AR X 1R 6Tk S A A Ot
WERRFEMEEANSGRY , R FEH#—LRBIUE
B, RHREDIEH HRAE 96 A A BRAR B0 W I ) —
TUErH ARY, AR 48 78 T 214 5 41 85 1 X 6 R A
N ZBIFSE R R 6 Ak 3 % Fo, Fm, Fv/Fm, Fv/Fo
DA OPSILEA B2 5 m, i 5 A S0 B9t 45 R —

22

., REFRAIWEHAEE K Fv/Fm, OPS[{ETE R/2B
AR R EKAE , HU O H 6 (W) AL 3, T8 BA 7E o't i
T AMBARE T R PSIIRN H O TR K, B
PSIIW 2 T4 A 1E AR ERE R £, vt B /Y PSITZh &g
=53

iR HESE WA Y A K E B MM EIE. 5k
T ReAER AR Chl b & &R ™,
ZFR PR T AR R 25i8,1 000 1x 4b3F,Chl b K
Wi B B 0, A8 R W S O, R T R AR R RE S
T XA AL T 58 Y IR B i, o 6 A B RB R 5| & A AL i
38, AT BRI B S , — ek i, Fv/ Fm T B RAEY)
R A I R BB RRAET, 1000 1x AT 1 500 1x Ak
BN, Fv/Fm HARRE/IN 1 24 65858 %] 2 000 1x B,
Fv/Fm B8 & TR U RGERX W R ASE T AT
FEAM R , AR 51 000 1x ZbBEF, B4R Fm (B FF&,{H
Fv/Fm.Fv/Fo . ®PSIT LA B Rfd {EAHXF 1 500 1x 4b PH 4
& BTG A] A, 5506 F 8R4 PSIRORE A0, 52T 45
PSIIR R B R BE 1 FF 18, 38 i T PSITR B H 0 Y
R SEREH AR, TR R IG I T 204 R 20 35 1 ok
EYERW T,

S E 30k
(1] FHEiE, Tokte, T2 aM e gUErors st R, Bkl
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Effect of Light Quality and Light Intensity on the Chlorophyll Fluorescence
Parameters of Red Raspberry Tissue Culture Plantlets

GUO Fang"? ,WANG Chao® ,LIU Haipeng"?,LI Baoguo"?,ZHANG Xuemei’* , QI Guohui'*
(1. College of Forestry, Agricultural University of Hebei, Baoding, Hebei 071000; 2, Key Laboratory of Forest Resources and Forest
Conservation in Hebei Province, Baoding, Hebei 071000; 3. Beijing Double Large Agricultural Science and Technology Development Limited
Company , Beijing 100091)

Abstract: In order to establish suitable light quality and light intensity for the growth of red raspberry tissue culture
plantlets,using red raspberry ‘Heritage’ tissue culture plantlets as experimental material,red raspberry root chlorophyll
content and chlorophyll fluorescence parameters of tissue culture plantlets of different light quality and light intensity
were studied. The results showed that, chlorophyll a,chlorophyll b and the total chlorophyll content increased first and
then decreased with increasing of R/B ratio except R/B treatment,chlorophyll a and the total chlorophyll content showed
a maximum value in the treatment of 2R/B,respectively 1. 344 mg * g ',1. 716 mg * g ! ,chlorophyll b was the highest
in R/2B,was 0. 423 mg * g ' ,chlorophyll a,chlorophyll b and the total chlorophyll content(Ct) were the lowest in 10R/
B, respectively 0. 130 mg * g~ *,0. 033 mg * g~ ',0. 163 mg *» g~* ,were significantly lower than other light;chlorophyll a/
b were higher in 10R/B,2R/B and R/B,were 3. 942,3. 709,3. 653,showing the characteristics of sun plants,and in 6R/
B,W and 4R/B were lower, were 2. 729,2. 730, 2. 747,and showing the characteristics of shade plants;under R/2B, the
chlorophyll fluorescence parameters of raspberry plantlets leaves showed the excellent value, the Fv/Fm value reached
0. 881,however 10R/B, Fv/Fm decreased to 0. 355, and significantly lower than the other light treatment. In light
intensity treatment,chlorophyll a, chlorophyll b and the total chlorophyll content showed a decreasing trend with the
increase of light intensity,respectively dropped to 0. 907 mg » g *,0.302 mg » g ',1.209 mg * g ' from the maximum
value of 1.218 mg » g ',0.503 mg * g ',1.720 mg » g !, the formation of significant differences, chlorophyll a/b was
increased with the increase of light intensity,in the 2 000 1x reached the maximum value,was 3. 042,and three kinds of
light intensity were significantly different;the initial fluorescence Fo of leaves increased with the increase of light intensity,in
the light intensity of 2 000 Ix to a maximum value,was 180. 000, maximum fluorescence values appeared in 1 500 Ix,was
907. 000, however, PSII of maximal chemical efficiency Fv/Fm,PSII potential activity of Fv/Fo,PSII actual photochemical
efficiency of PSII, variable fluorescence decreased ratio Rfd were with the light intensity increasing, which presented a
decreasing trend,in 1 000 1x were presented maximum,were 0. 847,5. 573,0. 815,4. 200, respectively.

Keywords: light quality;light intensity;red raspberry;chlorophyll fluorescence
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