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Effects of light quality and photoperiod on growth
and physiology of Michelia baillonii seedlings
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Abstract: In order to explore an efficient artificial light environment for improving the quality of Michelia baillonii and
shortening its cultivation cycle, the annual seedlings of M. baillonii were exposed to five composite lights, red+ blue

(8RIB, 6RIB), red+blue+purple+green (8R1BIP1G, 6R1BIP1G) , and white light (W) with two photoperiods (12,
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16 h - d"), two-factor experiment with randomized block design and subordinate function were used to explore the
response pattern of the growth, photosynthetic pigments and endogenous hormone contents of M. baillonii seedlings to
different light qualities and photoperiods. The results were as follows; (1) Light quality, photoperiod, and their
interaction had significant effects on height growth, leaf area, chlorophyll a, zeatin (ZR), abscisic acid ( ABA)
content, and endogenous hormone ratio (IAA/ABA, (IAA+GA,+ZR)/ABA) (P<0.05). (2) 16 h - d"' photoperiod
was conducive to the improvement of height growth, leaf area, seedling quality index, biomass, chlorophyll a, auxin
(IAA), ZR content, and endogenous hormones ratio. (3) Under 16 h + d"', height growth, leaf area, and seedling
quality index under S8RIB treatment reached the maximum value, which were 21.84 cm, 158.39 cm’ and 2.43,
respectively; compared with the 6R1B treatment, the 8R1B had higher chlorophyll a/b and ZR content; compared with
the 6R1B1P1G treatment, the 8R1BIP1G had higher chlorophyll a, a/b, carotenoids, TAA, gibberellin (GA,) and
endogenous hormones ratio. In conclusion, red-blue composite light quality with higher red ratio and proper extension of
photoperiod are conducive to improving the quality of M. baillonii, while the addition of purple-green light can not
promote its growth, 16X8R1B is the most suitable light condition for the growth of M. baillonii seedlings.

Key words: Michelia baillonii ,LED ,light quality, photoperiod, growth , photosynthetic pigments, endogenous hormone
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Table 1  Design ratios and parameters of different LED light treatments
i SRR o WA K
Treatment Light spectral energy distribution (h-d") (\p * nm™)
12xW 9T Fluorescent 12 380~750
12x8R1B1P1G 21 48 %% Red/Blue/Purple/Green (8 : :1) 12 625/465/415/525
12x6R1B1P1G 21 W R 4% Red/Blue/Purple/Green (6 : :1) 12 625/465/415/525
12x8R1B 215 Red/Blue (8 : 1) 12 625/465
12x6R1B 21 Red/Blue (6 : 1) 12 625/465
16xW ZEILST Fluorescent 16 380~750
16x8R1B1P1G 21 28 4% Red/Blue/Purple/Green (8 : :1) 16 625/465/415/525
16x6R1B1P1G 21 5 8 4% Red/Blue/Purple/Green (6 : 1) 16 625/465/415/525
16x8R1B Z1#5 Red/Blue (8 : 1) 16 625/465
16x6R1B 21 1% Red/Blue (6 : 1) 16 625/465

i1 Microsoft Excel 2016 4 x50 o7 15 K di
PEATHLEE, FIFH IBM SPSS Statistics 26.0 34 474K
PGt 50 (U R J7 220007 L 28 5 0 35 PR AG 56
VI K Pearson FHI& REGTHD) , f#H Origin 2021 4
AT IRz PRI R P B g A 22

2 R 59

2.1 R FEX LA ZEHRE KBRS
I A K H A AR R A
T FRURI G T S e A 3 (P <0.01)  fHOG SR &
HAZ B AR A G b 42 36 i e AR B R e (R
2), HE L ATHL, G FRA R 16 h - d7 8
1 TS R N U SN ol S N N T e @ 2
12h - d"EEBK, 16 h - d'SESH T, 8RB &b
PR By B g i R T A O B B T
TR bR F 5 6R1B Ab BEAE— s ik o, B
FHRKTF W Ml 6RIBIP1G AL B ; 8R1IB1P1G AL B R
BB e 4 R | b AR I K d | i o AR R R EE R
B T 8 508 6RIBIP1G b B &5 i 16%
SR1B AT iy i e 3 < it i i R R T £ 4R
B K, /9 21.84 em (158.39 em®Fil 2.43 , i fif
#(59.88 g) FIETH (13.14 g) WAE 16x6R1B 4b
R IR HROK,
22 RRFRAHFLAZEAXEGEBEZSENTNE
IR A HAEFXT I 2L 48 5K a PR
b itag xR ab MK E MR EE (P<
0.05) , JGJE I XT h 2t K a Bk 3 (P<0.01)

(£3), mE 2 w75, [— AR F, 16 h - d”
I T I F 2 ARM 4R a BKE T 12 h -
dDEE B T, 16 h - 'L T, 8RIB Al
6R1B AHA FI T 1 [ 22 A 4 R a A &
NERGH,8RIB LB I 4 %K a/b B E & T
W .6RIBIPIG #1 8RIBIP1G AP, 8RIBIP1G
WEFTR 4R a JEIHE MR AR a/b I
6R1BIP1G 23T 1y, Hr,16x8RIB AL 3T
It EE R a KBS MR M4 E a/b I K, 5 5
59 3.88.0.48 mg - g F12.32, 4% b(3.23 mg -
g ) 7E 16X6R1BIP1G bR ik F ik,
23IXRMAFAPRLUAZEANEREZSEN
A

JER G JE W e Hosg HAE X ZR  ABA DL &
(TAA+GA,+ZR) /ABA 5 Wi # & 3% ( P<0.01) , 0%
JXT GAL T TAA / ABA S22 3 ( P<0.05) , 6
HAXT TAA F1 TAA/ABA 2T B % (P<0.01) (&
4y, 3 A, R FA TR 16 h - dHESA
BT AZEAREAE RN IAA ZR NIREE
{E AR ABA, 16 h - d" G R ,8RIBIPIG
SEEETR BT A IR R 2R TR AR 6RIBIPLG A A
T2 HE T, 8RIB 4L BE T ZR W% & T 6R1B,
Hip 16x6R1B ZbH R Y TAA . TAA/ABA FI(TAA+
GA,+ZR)/ABA F K, 73514 67.19 ng - g [ 1.43
11.75,16x8RI1B1P1G 4L B GA,fie i, 4 10.95
ng - ¢' ,ZR(6.94 ng + ¢") Fl ABA(45.07 ng - ¢")
TE 16X8R1B 43l 1k ) 5 K AR AN f5e /ML
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x2 ARXRMABFAPTLE=ZEERKERONERFTEZSH
Table 2 Two-way ANOVA analysis on growth indexes of Michelia baillonii seedlings

under different light qualities and photoperiods

T Light quality Photoperiod Light quality X Photoperiod
Index
F P F P F P

T K & Seedling height growth 7.105 0.000 ** 19.956 0.000 *3* 22.800 0.000 **
AR K i Ground diameter growth 2.728 0.038* 0.750 0.191 1.907 0.072
I Leaf area 10.930 0.000 15.962 0.000 % 13.990 0.000 #*
JEET Total fresh weight 4.354 0.008 ** 11.065 0.000 % 10.592 0.000
BT Total dry weight 4.005 0.012* 11.728 0.000 #* 7.234 0.000 **
1 AT HE R AL SQL 6.097 0.004 #* 9.216 0.006 % 11.969 0.000 %%

e F KRG P R MKY . * FRBHEER(P<0.05) 5 Fontl i #2257 (P<0.01) . T,
Note; F. Test statistic; P. Significance level. * indicates significant differences ( P<0.05) ; ** indicates extremely significant differences

(P<0.01). The same below.

R3 ARXRMAFPTLEZEXEGRESENNERAESH
Table 3 Two-way ANOVA analysis on photosynthetic pigment contents of Michelia baillonii
seedlings under different light qualities and photoperiods

B JGE A R x SBJE
e Light quality Photoperiod Light quality X Photoperiod
Index
F P F P F P
4¢3 a Chlorophyll a 4.263 0.011% 6.450 0.006 % 6.042 0.001 #*
H4t&E b Chlorophyll b 5.630 0.003 3 2.143 0.139 5.054 0.002 **
53 M #E Carotenoid 5.693 0.003 2.874 0.076 13.168 0.000 %+
4% a+b Chlorophyll a+h 1.851 0.155 0.106 0.900 0.896 0.540
M4 2% a/b Chlorophyll a/b 4.889 0.006** 2.126 0.141 3.687 0.010%*
x4 ARAXRMAXBAPTLEZENERIZSENNEZFESH
Table 4 Two-way ANOVA analysis on endogenous hormone contents of Michelia baillonii
y Yy 2
seedlings under different light qualities and photoperiods
e JGE A SR x SGJE
ek Light quality Photoperiod Light quality X Photoperiod
Index
F P F P F P

AR FE T1AA 1.127 0.354 17.547 0.000#* 11.417 0.000 %
FER GA, 4.310 0.005 #* 2.564 0.087 22.167 0.000
EXKEZR 7.548 0.000 *3* 23913 0.000 ** 9.160 0.000%**
Y5 R ABA 12.165 0.000 #* 6.860 0.002 #* 17.468 0.000 #*
TAA/ABA 3.420 0.015%* 20.381 0.000 ** 22.572 0.000 **

(TAA+GA,+ZR)/ABA 4.374 0.004 #* 19.652 0.000 ** 29.443 0.000%#%*
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BN ISR IBIPIGEEN6RIBIPIG M SRIB 6R1B

MR K
Ground diameter growth (cm)

H
Seedling height growth (cm)
- AR
Leafarea (cm®)

0
12 16 12 16 12 16
¢ &l 2 Photoperiod (h-d ') ¥ & # Photoperiod (h-d ) ¢ J& 2 Photoperiod (h-d ')

c g 5
= 5
Ll %D H D =y
ey 2 m B gz
P T
s 2 = mﬂ
& E =S
= e )
S =
0 0
12 16 12 16 12 16

3¢ J& ] Photoperiod (h-d™") 3¢ 8 #A Photoperiod (h-d ") Y6 J& #1 Photoperiod (h-d ')

ARG FREFR R AL FLRIAE 0.05 7K TV-25 53 B 3 (P<0.05) , FIA,

Different lowercase letters indicate significant differences between treatments ( P<0.05). The same below.

1 AEEEEAFBTLUBE=ZEEREWL
Fig. 1 Changes of growth of Michelia baillonii seedlings under different light qualities and photoperiods

2.4 LBZHEAKREREXED T REESTEN

i Pearson #HKE R EL, X AR A EE T 44
K AL PG PR IEAT B RRAE E 3, & 4 ] 50,
B 3 i i BRI bR B S AR a+b
PIAN A AR SRR AR 1 B A OC T AR i K e 5
A ORMMNIEE R GRS, WK &
5 7ZR TAA/ABA [ (IAA+GA,+ZR)/ABA FIHH K %
B (r>0.80) , MR FIE AR B & 5 TAA/ABA |
(TAA+GA,+ZR) /ABA WA EBE MM R 80 (r>
0.75) , [ FE AR B B 54 R b(171>0.75) , B
KA S ABA(1r1>0.82) Z ] & W # 11
2,

T B A F8 b TG 7 4 T R R R 9 A Ok
., BRI SR AE 23 BT 45 S 48 A A DG PR I AL - R
FH R Ja8 8 F s e 1 AR 25 38 43 22 8] ) B A 5 1 7 5%
FOHKIREAE 2014 Bk 5245, 2019) , A WF5E
16 N FRARH, BE H P R AR B R AR
FHEUKICAHOEMNFE R RS 11 AR A

[FICEREE 1 15 B ROR BEAT 25 5 VR, LA IE iR A
AT BE L 228 AR AR AL, hk s Al
0, S e e AL PR 16X 8R1B, Ui BHIZOGL A 85
L 2 R A AR B B P A B SR A T R
HEAL B, 2 W e e B 20 D' R s ' J A A T e
PRI 22 AR R AT, 05 SOt Esin o 2 %

S
3 7

3.1 WBEZEARERK EWEXT SR E R R

L7/ E S B URAWS A W) 2 . NN, oV i
M BRI Z IR R IR IO S, W AEK K
B AEBACHEEFT S5 (Su et al., 2014; Ouzounis
et al., 2015; Manivannan et al., 2015) . 4% )&
16 h - d'I, 8RB S B4R BT A E g 1 K
AR B OR BT B E = T 8RIBIPIG B
6RIB11P1G 43 6R1B 4bF R iy & 3% K i
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BV B sRIBIPIG MM 6RIBIPIG MEMSRIB 6R1B

4% 2K
Chla(mg.g")
-4k b
Chlb (mg.g")

12 16
3¢ J& B Photoperiod (h-d ™)

4k Katb
Chla+b (mg.g")

12 16
3¢ & 2 Photoperiod (h-d ')

0.6 1

KEIH MR
Carotenoid (m

12 16
3¢ J& #)] Photoperiod (h-d ")

Y6 &} Photoperiod (h-d ")

Chl a. 4% a; Chl b. 4¢3 b; Chl a+b. M4t a+b; Chl a/b. M4% a/b, FIAl,
Chl a. Chlorophyll a; Chl b. Chlorophyll b; Chl a+b. Chlorophyll a+b; Chl a/b. Chlorophyll a/b. The same below.

B2 AEEEEREAARTLUEEZELGEREN
Fig. 2 Changes of photosynthetic pigment of Michelia baillonii seedlings

under different light qualities and photoperiods

AN N e N i =4 O L= I U4 W |
AHEAMTILAZHARMAR, XATREZEHT
W 224 200 O TR R /N, 20 5
£8 R (640~663 nm) DGEH R (600 ~700 nm) [
e R K 20, 2 5 YL & L 2
F1E 1L ¥ iz % ( Appelgren, 1991; Baroli et al.,
2008) , 1 G AT AR ) <AL FF L ( Christie, 2007 ;
Gruszecki et al., 2010) , [FH}, & Ho @] B 20 6 A
FITF L 220w R A A Y ) B T Rl A
WE G L g LR e Mg A S T AR DR X
H5ZP A n (26 SE,2018) 200 & (5805 5,
2016) FA A (H R MEAE,2020) X654 i v AH
(O EAN - RS i S R IPO TN = e
S AN R, 3 ] RE 55 R 60 6 Bt A e i B A —
FEPIRVRRE A O, R0 22 4F (2022) FEWFROE I
XT3 — A AR = BER A R A 40 8 A s & R

KA, SRR 5 S I E #F 5 5 4
KARCEE R 2R 35, Bk 7 55 (2022) AF 98 R LA K
I AT B2 i AR T AR ) B AR X AR K A AR B ST
SRR D —Em EROGE W (16 h - d7) W]
Favag L P 2 R A i T AR R T X R
o T & S 2 FOOG AV R AL 0 i K 52 0t
JE AR 5200 ( Dong et al., 2016) , 1 H 2 #1706 E
Y TR oy ) B 7 O Jl 30 ) S AT 16 26 B Oy 2
AL LG W, K R E A Y & 20
P AL 22 AR G K X SR B e A e 2
B L 220GV i 3k 1 T) 46 49 7 B 20 I AR R AR
BETHFELE R = A A b
32 LB=ZEAEE BERSEX RN A0 5
G (0, 3R G I W A% 3 O BE A R AR R 2R K
RE, FEAFEM SR M DR, HE 25
FOCIAEE S b 2 MR 5245 ,2018 ) |, AR 41 %0l
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¢ J& 2 Photoperiod (h-d ")

¢ J& 2 Photoperiod (h-d ')

EXRE
ZR (ng.g")

0
16 12 16
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Fig. 3 Changes of endogenous hormone of Michelia baillonii seedlings under different light qualities and photoperiods
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Table 5 Membership function analy51s of indexes of Michelia baillonii seedlings treated with different light
qualities and photoperiods ( treatments of the overall Top 6 treatments are selected )

SEFADEE WAL B Light quality and photoperiod treatment

F8#5 Index

16x 16x 12x 16x 12x 12x

8R1B 6R1B SR1B 8RIBIP1G 6RIBIP1G 6R1B
Wi KA Seedling height growth 1.000 0.780 0.446 0.467 0.398 0.000
12 K48 Ground diameter growth 0.444 0.556 1.000 0.823 0.553 0.973
T A Leaf area 1.000 0.916 0.851 0.676 0.482 0.203
BT Total dry weight 0.867 1.000 0.730 0.845 0.422 0.324
4% % a Chlorophyll a 1.000 0.817 0.725 0.742 0.709 0.275
1442 b Chlorophyll b 1.000 0.771 0.820 0.551 0.517 0.463
253 M #E Carotenoid 1.000 0.945 0.970 0.510 0.697 0.223
R E 1AA 0.767 1.000 0.437 0.952 0.337 0.000
HER GA, 0.625 0.643 0.507 1.000 0.549 0.277
FKE ZR 1.000 0.744 0.526 0.722 0.532 0.363
¥ 2 ABA 1.000 0.743 0.706 0.286 0.230 0.000
$¢ )&t Membership value 0.908 0.827 0.697 0.673 0.451 0.281

254 HE4 Overall rank 1 2 3 4 5 6
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