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Effects of light quality on biomass and triterpenoid accumulation in leaves of
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Abstract: [Objective] As a factor affecting photosynthesis, light quality can influence the accumulation of
secondary metabolites in plants. Cyclocarya paliurus is a medicinal and edible multifunctional plant unique to
China, and the active substances (such as triterpenoids) in its leaves can promote and improve human health.
The objective of this study is to investigate the effects of light quality on biomass and the accumulation of
triterpenoids in C. paliurus leaves from different families to provide reference for environmental selection
during the seedling stages and further development of health care products. [Method] Taking 1-year-old
seedlings of C. paliurus as materials, four families (Muchuan 31, Anji 1, Jinzhongshan 6, Jinzhongshan 7) and
four different light qualities (white light, blue light, green light and red light) were selected to examine the
effects of different treatments on biomass, leaf triterpenoid content and yield per plant. [Result] Light quality
and genetic factors had significant effects on biomass, triterpenoid content and yield in C. paliurus leaves

(P<<0.05). Compared with white light treatment, other light quality treatments significantly reduced total
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biomass accumulation of C. paliurus (P<<0.05), but there was no significant difference between blue light
treatment and white light treatment in Anji 1 family(P> 0.05). The total triterpenoid content in C. paliurus
leaves was the highest under white light treatment in Anji 1 and Muchuan 31 families, followed by blue light.
Red light treatment significantly increased the content of unique triterpenoid individualsin C. paliurus
leaves(P<< 0.05). Under white light treatment, the plants with higher level of leaf biomass accumulated more
triterpenoids than those under blue and green light treatments. [Conclusion] Proper light quality treatment can
be used to increase the contents of target compounds (e.g. triterpenoids) in medicinal plants. [Ch, 1 fig. 8 tab. 27
ref.]
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Table 1  Split-plot randomized design of the experiment

St JER P b3 e P
WM W(I1LED) M(AJI31) GM G(£: {4 LED) M(¥J1131)
WA W(H & LED) A(EH1) GA G(4% 8 LED) A(ZF)
WI6 W(IH {4, LED) J6(4:%hli6) GJ6 G(4#{1LED) J6(&511116)
wJ7 W(HtLED) J7(EHmNT) GI7 G(4* {1 LED) J7(4407)
RM R(ZLALED) MJ131) BM B(#£ A LED) M(J1131)
RA R(ZL {4 LED) A(ET) BA B(# (A LED) A(ET)
RJ6 R(ZL{ALED) J6(4xH1li6) BJ6 B(i#5 A LED) J6(4xH1li6)
RJ7 R(A{ALED) J7(&%507) BJ7 B(# A LED) J7(&807)
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Table 2 Response of biomass accumulation of C. paliurus from different families to light quality

AWt (g BR)

Abp

i E it SAYR
WwiJ7 6.7+0.1 ab 6.8+0.4 ab 6.5+ 0.4 be 20.0+0.9 abc
WI6 6.2+ 0.0 bed 72+0.1a 6.3 +0.1 bed 19.7 £ 0.0 abc
WM 6.1+0.3 bed 7.0+0.1a 5.6+0.0 cde 18.7+0.2 be
WA 6.5+0.2 abc 72+0.1a 77+04a 21.4+0.7a
RJ7 5.8+0.1 cde 5.5+£0.3 cde 59+0.2be 17.2+0.3 de
RJ6 6.4+0.2 be 5.2+ 0.6 def 55+0.0de 17.1+0.3 de
RM 6.8+0.2 ab 5.3+ 0.2 def 5.5+0.1 def 17.6+£0.1 de
RA 6.4+0.1bc 57+£0.2cd 54+0.0dg 17.5+0.2 de
GJ7 44+05fg 4.6+£03ef 46+04¢g 13.6£1.2f
GJ6 41+£00g 43+00f 46+03fg 13.0£04f
GM 52+0.1ef 5.9+40.0 bed 5.9+0.0 be 17.0£0.0 e
GA 5.4+0.3de 4.7+0.1ef 45+0.1¢g 14.6£0.1 f
BJ7 6.3+0.3 bc 6.4+ 0.0 abc 6.2+ 0.0 be 18.9£0.3 bed
BJ6 6.9£0.0 ab 5.5+0.3 cde 5.8+0.1be 18.2+0.5 cde
BM 6.5+0.1 abc 5.5+0.3 cde 54+0.2efg 17.4+0.4 de
BA 73+£02a 6.4+0.2 abc 6.6+03b 20.3+0.3 ab

UL . [RIZR [R) g 2R R AN [ b 38 ) 25 57 Bk 25(P<<0.05)
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Table 3  Effects of light quality and family on triterpenoid contents in C. paliurus leaves

=5 B R (mg- g7

e BTy LA R HEMITB FHEMIHB FHEMIHA WM H T FRBCR IR PR

W7 14+0.1b 0.18 £0.00 ef 19+03a 22+0.0b 0.05+0.01 h 36+04a 94+0.1a
Wié 0.7+0.1e 0.21£0.02 cde 1.5+£0.1b 0.1£0.01 0.57+0.07 a 1.9+0.2 de 49+0.6d
WM 1.0+0.0c 0.21 £0.03 cde 23+0.1a 02+0.0h 0.50£0.01b 38+0.0a 8.0+0.1b
WA 05+0.0f 0.22 £+ 0.00 bed 23+0.1a 31+0.1a 0.06+0.01 h 1.6+ 0.0 ef 78+0.2b
RI7 1.5+0.1a 0.19£0.01 def 0.2+0.0 gh 0.1£0.01 0.25+0.01 de 1.0+£0.1g 33+02e
RJ6 0.5+£0.0f 0.24 +0.01 be 1.2+0.1 bed 0.7+0.0f 0.07 £0.00 gh 09+02¢g 36+04¢
RM 1.1+0.1¢ 0.16+0.01f 0.4+ 0.0 fgh 1.3£0.1d 0.12 +£0.02 fgh 04+0.0h 34+0.1¢
RA 0.4+0.0 gh 0.28+0.02a 2.1+03a 31+0.1a 0.06+0.00 h 0.4+0.0h 62+03c¢
GJ7 0.6+0.0f 0.16+0.01 f 0.6+ 0.0 efg 08+0.1¢e 0.29+£0.00d 12+02fg 36+0.1¢
GJ6 0.8+0.0d 0.17+0.01 f 1.0+ 0.0 cde 02+0.0h 0.24 £ 0.05 de 38+03a 62+03c¢
GM 02+0.0] 0.18+0.01 ef 0.2+0.0 gh 02+0.0h 0.15+0.01 f 23+0.0cd 32+0.0e
GA 0.1+0.0j 0.19 +0.02 def 0.1+0.0h 04+00g 0.14 £ 0.00 fg 04+0.0h 1.2+0.0f
BI7 0.4+0.0 gh 0.19 £ 0.02 def 0.5+0.0 fg 1.8+0.0¢c 0.36+0.03¢ 1.2+0.0 fg 44+02d
BJ6 0.4+0.0 gh 0.20 £ 0.00 cde 0.8 + 0.0 def 0.1£0.01 0.27+0.01 de 2.6+0.1bc 43+0.1d
BM 03+0.01 0.20+0.01 cde 0.5+0.0 fg 04+00g 0.36+£0.03 ¢ 27+0.5b 46+05d
BA 02+0.0j 025+0.03b 1.3+0.1bc 04+00g 023+£0.04¢ 04+0.1h 32+03e

VAT [FSIAS Rl 7 BRI AN R A 3R] 22 57 ol 2 (P<<0.05)

] (4 5 A =52 b A B R A B R B (P<<0.05). RMACKE, &8l 7 SRR ME B &=
T R (R 5)o
23 AR ARRFEFEIM =55 R~ 2R R0

TEM R A = ?EEAQM%MLQ$T$% AL S P R, B AR R B
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Table 4 Summary of significance levels for the effects of light quality, family and their interaction on triterpenoid contents of C. paliurus leaves

N BEKF(PIH)
;Eﬁ}kﬁ S . o o o Ky 3 — Y
BV IAYA R FHEMIRB FHEMITTB FHHMITA HHRERITIT FHCRIR M=
eI <0.001 <0.001 <<0.001 <0.001 <0.001 <0.001 <0.001
EE <<0.001 <<0.001 <<0.001 <<0.001 <<0.001 <<0.001 0.017
SZHAEH <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
£S5 AELEXNFEINT =G5 RBRE D EH Duncan’s ZE LRI
Table 5 Effects of different treatments on Duncan’s multiple-range test for triterpenoid contents of C. paliurus leaves
=54 B AU (mg- g )
Jb3 IKF —
BT IR FHEAMIRB FHEMTB FHHEMITA WRBELHIT FECRIR ps e
W 090 a 0.21a 20a l4a 030a 2.7a 75a
R 0.87a 0.22a 1.0b 1.3b 0.13 ¢ 0.7¢ 4.1b
e G 042b 0.17b 0.5¢ 03d 021b 19b 36¢
B 0.40b 020 a 0.8b 0.7¢ 031a 1.8b 4.1b
17 097a 0.18 ¢ 0.8¢c 12b 0.24b 1.8b 52a
sz J6 0.59b 0.20a 1.1b 03d 029 a 23a 4.8b
h M 0.63 b 0.19 be 09¢ 05¢ 0.28a 23a 48b
A 041c 0.23a l4a 1.7a 0.12¢ 07¢ 46b

LA : [FIFR R SRR 7R AN [m] b B ] 22 5 1. 25 (P<<0.05)

ST N 5.6~60.7 mg-Hk (K 1), AT R W

YR F B HAE B AR 3 0 (P<<0.05) T4 ﬁ
SRR b SRR R £
(EE DRI F 08 (81, % 6-8). MEKRZ  §F
WYE BEWRE R AR T SRR £
WA, LE 1 S5HKRKRZ (#8, E1). ﬁ%

pia)

3 3t
8 L TR TR 30 0 A ARG A A
PRULREfC I PXPHIIIO R ) e e st (p<oos),

Prin=wi kA SRR BEMA LY EMYIERN RS R s AR B ER LR FERE S (P<005)
FOEI @R ZBMAPTHOE AR, N g gz PE T LT T e

T

WHDCEER . A K AT FIEASEM . A &4 v J
P R GE MR AE 208 AREFSY 6B . OB RNE YEAb  Figure I Response of total triterpenoid yields in C. paliurus leaves
}ET E/‘J Eéa %%4 wﬂ Zb ﬁj éE J{(iﬁﬁ% , ;H\:*E . % . IH_ EE % from different families to light quality

LA Y S T O A B T S . 25 I8 A I Y D' LED & A WG B (445
nm), A] AN EE ST RNV I AR K B9 VR AT R R T A B B Ot . X — 25 R AR K Cistanche
deserticola, 4:4%3% Anoectochilus roxburghii A YE A FE 45 R85 — ("1, MATLOCK %52 iff 5%
FH . AR X A K WA B Portieria hornemannii 32235 P 43 0 A L5 44528 (Apakaochtodenes A I
B) W& AR 2R, FZEP R RV SGIEGR RS X 75 B i 1) =ms 2R G IR R
Moo 2 . MR Mo Z 3. ARIE LED #5% . A FIF R 2 Ganoderma Lucidum T#
RN B =R, BRI EP IR R B AREDCEXT FAHE Betula platyphylla S5 22 =ik L2
KEVMRUCHEE . 2006, #06. g9, UBEDEA AT =k R, AAMRER DR . HE&
ML = T A R W L& 35 DU IAR N R R A B T e, W6, X Ul BH AN [R) A 4 4 PN 6
2H 3 AR X PRI A e AR R A B 25 5. DOGTUC IR FA B 40 Hr, =ik SR a4 K
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Table 6 Effects of light quality and family on yields of individual triterpenoids in C. paliurus leaves
I =i BA ™ b/ (mg - #R7)

e BT~ IR FHEMIRB FHEMITTB FHHEMITFA HRERITIT FFHURIR
Wwi7 9.1+£0.1a 1.2+0.1¢ 122+1.0b 145+1.1c¢c 04+0.01 233+20a
Wwilé6 42+0.5¢ 1.3+£0.1 bc 9.3+£0.8 cd 0.6 0.0 hi 36t04a 11.8+13¢
WM 56+0.1b 12+0.1¢ 129+0.5b 1.3+0.0 hi 2.8+0.0b 213+02a
WA 42+02c¢ 1.7£0.1a 173+15a 23.6+1.8a 0.5+ 0.0 hi 123+0.7¢
RJ7 89+09a 1.1£0.1cd 1.1£0.17j 0.6 0.0 hi 1.5£0.1ef 6.0£0.5de
RJ6 28+0.2d 1.3+£0.1 be 6.5+0.1ef 38+0.1f 04+0.01 52+0.0dg
RM 6.0+£02b 0.9+ 0.0 def 2.0£0.1 hij 70+£05e 0.7+ 0.0 hi 2.0£0.0 fg
RA 2.2+0.2de 1.5+0.1 ab 11.1+ 1.6 bc 16.6+0.3b 0.3+0.01 1.9+0.0 fg
GJ7 26+03d 0.7+0.1f 25+02¢gj 37+£00f 1.3+£0.1ef 5.7+0.5 def
GJ6 38+04c 0.8£0.1f 44+0.3 fgh 1.1 +0.0 hi 1.1£02fg 174+0.7b
GM 09+£00f 1.1£0.1 cde 14+£037j 1.2+0.1 hi 0.9+0.0 gh 13.3+0.0¢
GA 0.6+0.0f 0.8+0.0 ef 03+0.0] 1.6 £ 0.1 ghi 0.6+ 0.0 hi 1.7£0.0 g
BJ7 24+0.1d 1.2+0.1¢ 2.8+0.2 ghi 11.2+0.8d 22+02c¢ 7.6+£0.0d
BJ6 2.1+0.1de 1.1£0.0¢ 45+03fg 04+0.01 1.6 £0.1de 15.3+0.7 bc
BM 1.5+0.1e 1.2+0.0cd 3.3+0.1 ghi 2.0+0.0 gh 2.0+03cd 149+ 1.2bc
BA 36+£02c¢ 1.6+0.1a 8.4+0.8 de 27+03fg 1.5£04 ef 2.8+0.1efg

UL . [RIZR [R) g 2R R AN [ b 38 ) 25 57 Bk 25(P<<0.05)

RT AR KERBENZEERNFEIM = 5B SR EH 00

Table 7 Summary of significance levels for the effects of light quality, family and their interaction on individual triterpenoid yields of C. paliurus leaves

‘ BFAT(PIH)
EE%% ~, > 1y 1y ) * — Y
BATy T A A~ 1R HEMIEB HEMITB HEMITA HRERTIT FEICR IR
b5 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
P& <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
ZHAEH <0.001 0.001 <0.001 <0.001 <0.001 <0.001

xS AREAEXFEMIM =iE Bk B2 Duncan’s ZE LAY
Table 8 Effects of different treatments on Duncan’s multiple-range test for individual triterpenoid yields of C. paliurus leaves

G LA LR P R (mge AR

wE o PR i T EMITB HHMIHB HHMIHA WHRERHIT FrHCRER
w 576 133a 12.94a 9.98 a 1.80a 17.17a
R 4.95a 1.21b 520b 6.98b 0.73¢ 3.78¢
R G 1.96 d 0.85¢ 2.16¢ 1.90d 0.98b 9.52b
B 241 ¢ 1.26 ab 4.75b 4.06 ¢ 1.82a 10.15b
77 5.74a 1.05b 4.66 748 b 1.35b 10.64 b
. J6 321b L12b 6.19b 1.45d 1.67a 1241a
R M 3.50b 1.06 b 4.90 ¢ 287¢ 1582 12.89a
A 2.63¢ 142a 9.29a 11.13a 0.73¢ 4.68 ¢

VLWL : SRR 7 RN AN R A ] 22 53 1. 25 (P<<0.05)

UFRY DA I fe, MIAEA: K 2ZE R EDEMSOEAL BN #4I; DENG 557 14 24500 gtk Bl . 2o
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