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umol'm™-s™, & il B % i FH 34 1SFXO 5 11 (Spec-
trum Technologies /s &, 3 [FE)ll &, A LM% =18
AR R FRMEE . COKRE
PR JE 3 B s A AR %, S IO bR oA B
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Table 1 Effects of supplemental light quality on the growth of pakchoi

b E FReEi/em il /em ARl 5 /g R THE/g #E!
W (4} &) 10.6+0.44° 16.9+0.23¢ 9.0+0.00° 8.12+0.49° 0.55+0.03"
WB 10.8+0.15° 17.2+0.35% 9.0+0.00° 8.75+0.33% 0.62+0.02°
WRB 12.54+0.06" 20.3£0.40° 9.7+0.58" 13.70+0.58" 0.85+0.03"
WR 11.4+0.49" 19.140.38" 9.0+0.00° 11.80+0.38° 0.78+0.04°
WG 11.1£0.10" 17.8+0.47° 9.0+0.00° 9.4140.09° 0.65+0.01°

I FIA A /NG 5 BER 72 57t i 3 (P<0.05), N [,

F2 AR /N F M P R A R R
Table 2 Effects of supplemental light quality on pigments contents of pakchoi leaves

gk FadE/ ML b

456 (2t D)

K MREE/

. mg-g" (FW) mg-g" (FW) mg-g" (FW) HHERRab i mg-g"' (FW)
W (%} &) 1.0+£0.03¢ 0.347+0.009° 1.34+0.04° 2.86+0.003" 0.202+0.001¢
WB 1.34+0.03° 0.448+0.002° 1.79£0.03° 3.02+0.013" 0.269£0.001°
WRB 1.50£0.07" 0.499+0.007" 2.11£0.13° 2.99+0.014° 0.303+0.012°
WR 1.32+0.01° 0.447+0.003" 1.76£0.01° 2.93+0.019° 0.261£0.005"
WG 1.33+0.02° 0.457+0.004° 1.79+0.02° 2.92+0.010° 0.255+0.001°
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Fig. 1 Effects of supplemental light quality on photosyntheticgas exchange parameters of pakchoi leaves
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Fig. 2 Effect of supplemental light quality on RuBP

carboxylase activity of pakchoi leaves
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AR 2 HEL R W) 7 A 358 D038 ) e EL R R I, AR B




1034 T A P )

3 AT/ F S Fr S R S AU R

Table 3 Effects of supplemental light quality on the chlorophyll fluorescence parameters of pakchoi leaves

Lb FJF, F,IF,) Dy a NPQ ETR Rfd
W (h HE) 0.756+0.01° 0.727+0.01° 0.315+0.04 0.441+0.04° 0.257+0.04° 79+9° 0.707+0.15"
WB 0.727+0.04° 0.653+0.02° 0.349+0.04° 0.453+0.07° 0.259+0.02° 87+10° 0.847+0.06°
WRB 0.786+0.01° 0.731+0.01° 0.493+0.01° 0.674+0.02" 0.345+0.02° 124+3° 1.200+0.12°
WR 0.736+0.05" 0.691+0.04 0.357+0.05° 0.537+0.03° 0.411+0.01° 90+14° 0.860+0.14°
WG 0.738+0.01° 0.651+0.01° 0.370+0.10° 0.542+0.11° 0.228+0.03° 93+26° 0.757+0.06"
12 AR O P B 1R 3 82 1 (5 D 446 2002) o /T A B AT
o . KB, FERNIT . BWiREGE FAEKBEEAN

Or I Senm . RN
w ZHEMAEKE T B A KAE LB E L T PR
?[3 0.8 J ¢ (Lee%52007). 1EFAYGISERE EAh R ek iE e h
8 ol / R0k P35 85 002 K, I 4 6 2006 R 00 22
E o . it B B A, AT T8 AR 2R Rk
oW (WIR . .
04/ = Swe ) B2015). KBS, 7 EUBEAERE E AT
) v WRB N TN NP % N == — N

ol ; L WR ST B TR A 6 R R A SRR K, RN

: WG N . . e e s .
) : AR SO R E R, X 58 A(LiuZ

07501 0.1 1 10 100 1000 2012; FMIFE2016) B 7 45 F A8
F} 18] /ms

(RIS RN E P e s I v A= e A i oAl
Fig 3 Effect of supplemental light quality on the chlorophyll

fluorescence curve O-J-I-P of pakchoi

Jea B RBEBIRIL. LIEMEHOLRE, 2
Wt AT e EE R s kL, 8 B 5 H R E
SR Py BRO6 & T8 R G 55 2008) . K 2 Kot
Y =, Z06A AT S e D

Fed AT/ A S LR 2

Table 4 Effects of supplemental light quality on stomata properties of pakchoi leaves

= = .
ALK/ pm SALITFRE /um . X
sl ! s AL mm® TERCILEL %
K i [ K i JE

W O ) 10.45+0.48° 4.77+0.20 6.96+0.92° 1.15+0.10° 429.17+48.26" 55.11+0.02"
WB 12.70+0.84° 6.06+0.33" 10.53+0.24" 2.01£0.06° 445.97+30.83" 82.95+0.04°
WRB 10.61£0.51° 5.05+0.07° 8.24+0.37° 1.87+0.14™ 468.36+28.18" 80.39+0.13"
WR 10.85+0.45" 5.08+0.58" 7.34+0.65% 1.58+0.31™ 444.10£12.93" 67.84£0.01"
WG 12.1840.26 5.90+0.05" 6.18+0.78° 1.46+0.32™ 442.23+16.79" 44.13+0.07°

SR B RUIC (BT 420005 VRFTEE
2007). AWFFEH, T8 A6 R AL LR In H AR S
(G0N ESEH B G e, G Db, H4
FatbLl SR bR G A IR, £ B 6H)
FLAth BN 26 B 7= R AN B2, (E R A
LR A R Rt T SRR A . BT
FEARY, BOCALEE R $ Sk R a/blE, 2006
A BRI £ 3R a/b A (B R LU A Jii £ 1994, 4= SE 3k
52010), AR R EIR, [+IEREE T4 %a/

b, HHA+HREAAI K, WAL, B+ b
T gk R a/blE AR PR, RIS R a/blE
FrE A R, TR T A K IE Y — %
B A PR A RS B4R P G Rt 552005), (LB R
IR RCR, X 5 25 2B (2010) 78 3 2% L (it
FAER— . IS R R R AT RS2 AN [F] Fl
A i B S 1) P S 2R B NS Ol IR () e A A 2
S, AT RE S I S AR K

AR RAEY = I A Bt e &R
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(1) R /IN ) 42 S B 1 SR FH BE 01 K/, 6l
BE MY RO AEE . BTN,
ZLG AT RETE B e /KF LR 6 S AL 1 4H 2% I T
e JERE P& FH (280 LN 3 i 1994) . 8
JEFNI R AN R A A s, EEER TR
FLEITF R, H SR L RLE S, BARE G A 1E
Bl i PR AR T (R 32 1999) e ASBIFFTH, £E BB AR
G S L A o R T E 2 S S AN & Bl
Mt EEE . LT EMASEE, BT R
[HCO M, X HLiuE(2012) [ FLAHWI & . Ru-
bisco & 6 A Bk A AL 1 S B R, JLuE M s Ik BB se
M A R KN AR, A+ + AT
A1 = I RuBPRALEGE 1, X5 AT &6 G
#4344 — 3 (Ohashi-Kaneko242006) . < FLEE &
A IR CO, RN 1, 8 7K 259505 H ()
T, BRI AL 3 0 A A 1 265 T i R MDY
REAG BB (X RZ2015), AL R ER,
H+IEAL T RS FEEROR, Hikag B+ -+ b2,
ot TR I 26 A T /N E S v A B e )
SALEE . FFEEAFF A, AL S R, i
Mg EER. A+EAE TR JFE
i~ JFIERIR, Bl WG L BRI, AL
B FEAC, 36 BB i S ALIT I (Savvides &
2012).

6T RE 0% 8 i 52 e A R SR B SRR B
A % B Gl oA 3 SR 8 1 ' A A (Shin%s:
2008). Ay [k —BEMOGFUN /N ERA FOLE S
B e ) AL, AR TR 3R e O R PR
ISR R ROCHEARB T T/ A6 28 B 451
MThae. wHaRa ROt EE A —MUTH S B 1A )
& 1E F 88 J1(MaxwellfllJohnson 2000; ] 5245
2011). HHFFURI, ARG aRE R EREEN
e CEWI552013) I B4 (2 2R E52010) FI 5
o i (R A 15 5520 LD F/F LR, ABARRT T, 54k
M RFJF 255 A3, KA RGBS H 5200
AN, X 5 X B (2010) 7Bk h L B
%é%%#§io @PS]I&H%PSII&&EP‘D‘%Kéj\a‘%lﬂ‘r%
BN SEBROGRE I IR AR, H A RF R EAE
FH FL AR 38 B B P B, 51 (1) Dy HE NI SNV ()
Wk AR 3R T 2 B RE (X R A52015) . SGAL A28
K(qp) W) FEPSIIR £k (5 2 W (1) Y6 e F T HL 1

R 30, BIAE— e AR E b S 1 PSITR B A0
[T TR (KootenF1Snel 1990), ETRE 5, %8
HRRIDEA F R . AR, A+4+E 4
IET%?Q%B@FV’/FJ\ Dosiin o~ ETRHIRAd, iX3#
B 7] BN 3% 0 40 06 % A PS LT e 2 28 A B - 38 2K
IR, WIS 3R S AL L IR g 3G 0, LB
/N SR PSR o HR TR s B2 o B A7)
W, B ORI RE = Al KM % (Lefebvress
2005; Miyake?42009).
TP PUE I 28 R %615 5 8 1% i 260-J-1-P
AL B 25 KB R T PSIUR N, A0 IR AT b 27 J Wi
HIE B, e th 26 58 S H 7 dr, v DARIE 7R
B R T s2 e T M A B S A8 1 (2RI
[552005). OAHSEPSIL N H1 0 58 A FF T8N, B
AT 32AQa Qs PQEF)IE T AFEE AL
A 5, TAH B T QAR LR BEINT S KR &R,
DR B 1 PQIE 1) 57 53 14, PAH B 1 PSS HEL 152
&(Qas Qp~ PQEF)AE Tt AR BEIE JFAS I 12 '
(K F 1L E52009), H+HL+IEAFE RS, g
i b FRAC, 2 BIPSITHEAARN 52440 1% 34 3
W, PRIEJERIPQLLGIIE 2 . IX LB T ARG
SN SR B e (AR A, PSTIA A A1 32 44
AR aE e Re &, TS B T /NE S Rt R
SRl S H 0 B R ISR FE SR, TR It g da A Tt
AERRICRER 2, R, RN R A enT
DN S B3l S 1ine pr e
23 W G B = o < .3 7 N o [ 4 A N
BA YR FE /NS I g R S B, B R
Rt R iEE, IREe e R, AR T/ E
KPR R GRE IR, AIAE /N B A
JAREE 3 B TT
SE 3k
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Effects of supplementary light quality on growth and photosynthesis of pakchoi

(Brassica campestris)

ZHOU Cheng-Bo', ZHANG Xu', CUI Qing-Qing', LI Man', ZHANG Wen-Dong', AI Xi-Zhen'?, BI Huan-Gai'”, LIU Bin-Bin™",
LI Qing-Ming"**’
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Abstract: In order to investigate the effect of supplementary light quality on regulation mechanism of pakchoi,
the cultivar ‘Youguan 3’ was used as experimental material, the effects of different supplementary light quality
and ratio on growth and photosynthesis were studied. We designed five different combinations of light quality
(light recipe) using light-emitting diode (LED) as light source: white (W, control), white/blue ratio=4:1 (WB),
white/red ratio=4:1 (WR), white/red/blue ratio=3:1:1 (WRB), white/green ratio=4:1 (WG), the total photosyn-
thetic photon flux density (PPFD) was the same in each light treatment (about 250 pmol-m™-s"). The results
showed that plant height increased significantly by 17.9% and 7.5% under WRB and WR respectively; the con-
tents of chlorophyll a, chlorophyll b, total chlorophyll and carotenoid were highest under WRB treatment, while
were lowest under W treatment. The net photosynthetic rate (P,) and RuBP carboxylase activity were highest
under WRB treatment. The WR, WB and WRB increased stomatal conductance (G,) by 9.7%, 47.4% and
31.6% respectively, and WG reduced G, by 27.8%, compared to W. WRB treatment increased F,'/F,.', @psii» qps
ETR and Rfd of pakchoi leaves. In conclusion, supplement red and blue light simultaneously to white light
could enhance the activity of PSII reaction center, improve the photosynthetic performance, and increase dry
matter accumulation and light energy use efficiency. Therefore, red and blue light can be used simultaneouslyas
supplementary light for pakchoi cultivation to improve photosynthetic performance and yield, and white plus/
red/blue ratio=3:1:1 (WRB) was suitable light recipe.

Key words: light-emitting diode (LED); pakchoi (Brassica campestris); supplementary light quality; photosyn-
thetic characteristics; chlorophyll fluorescence
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