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Photosynthetic characteristics and monoterpenes emission are related to
foliage ontogeny in Cinnamomum camphora™

. . . ek
SHANG Tianqgi & SUN Zhihong
Institute of Forestry and Biotechnology, Zhejiang Agriculture and Forestry University, Hangzhou 311300, China

mm Plant biogenic volatile organic compounds (BVOCs) emission is driven by environmental factors and ontogeny
stages. Cinnamomum camphora, an evergreen tree species widely distributed and used for urban greening in south of
China, emits multiple BVOCs, including monoterpenes. However, the regulation of how photosynthetic physiology
affects monoterpenes emission is poorly understood. In this study, we investigated the photosynthetic characteristics and
monoterpenes emission of C. camphora under three foliar ontogeny stages—young, mature, and old—to gain insight into
whether a direct regulatory relationship exists between monoterpenes emission and photosynthetic CO, assimilation. The
photosynthetic characteristics were estimated by a light/CO, response curve using the non-rectangular hyperbola and Farquhar
photosynthesis model. All monoterpenes emission parameters were estimated by using the Guenther BVOCs emission model.
The main monoterpenes emitted from C. camphora were careen and ocimene. The parameters of net photosynthesis rate (P,),
stomatal conductance (G,), transpiration rate (7,), and intercellular CO, concentration (C;) were significantly different in the
three foliar ontogeny stages, when measured under standard conditions, and the highest and lowest values of these parameters
were found in the mature and old foliage, respectively. However, the highest total monoterpenes emission rate (£) was found
in the young foliage and the lowest emission rate in the mature foliage. The response tendency of total monoterpenes emission
with light intensity was similar to photosynthesis-light intensity response curves under all three foliar ontogeny stages, while
the response to CO, concentration were no significant impacts on total monoterpenes emission. The mature foliage had the
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highest initial quantum efficiency (o), maximum net photosynthetic rate (P,,,,,), maximum carboxylase activity of Rubisco
(Vemay)» Tespiration rate under light (R,), and light saturation point (LSP). However, the highest values of the light compensation
point (LCP) and dark respiration rate (R,) were found in the young foliage. The highest value of the capacity of photosynthetic
electron transport (J,,,,) and the lowest value of the capacity of V,,,, were found in old foliage. This meant that old foliage had
the lowest light energy utilization and there was excess light energy under strong light, which was probably also a regulatory
mechanism for the evergreen plants to use excess light energy to maintain a certain temperature to overwinter. The highest
maximum monoterpenes emission rate (£,,,,) and the lowest apparent quantum efficiency(/f) for total monoterpenes emission
were found in young foliage; however, the lowest E,,, and the highest apparent quantum efficiency (f) and true quantum yield
(f1) and for total monoterpenes emission were found in mature foliage. We conclude that monoterpenes emission from C.
camphora is mainly dependent on foliage ontogeny; however, the emission rate was significantly affected by light response,
but not by CO, concentration, indicating that the total monoterpene emission could be regulated by energy and carbon source
supply during the growth process and also influenced by the changes of environmental factors in different seasons. This study
will be useful in precisely determining the emission parameters for a regional model in BVOCs emission estimation.

[@mﬁb non-rectangular hyperbola model; Farquhar model; photosynthetic electron transport; carbon dioxide carboxylation

efficiency; plant biogenic volatile organic compounds (BVOCs); landscape plant
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Fig. 1 Indices of Cinnamomum camphora leaves in basal state at three foliar ontogeny stages. According to the method of least significant difference,
the different letters of the same indicator indicate significant differences at 0.05 level. Environmental conditions: Light intensity of 800 umol m™s”; CO,
concentration of 400 x 10°°. April: Young foliage; July: Mature foliage; December: Old foliage.
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Fig. 2 The structural formula of the main substance in the monoterpenes
compounds released by Cinnamomum camphora. A: Carene ; B: Ocimene.
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Fig. 3 Non-rectangular hyperbola model fitting curve of light response

of Cinnamomum camphora leaves at three foliar ontogeny stages. April:
Young foliage; July: Mature foliage; December: Old foliage.
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Table 1 Photosynthetic parameters of light response curves of Cinnamomum camphora at three foliar ontogeny stages

. B NEPRE S N I A 55 I I 3 R "
ﬂﬂﬁ?‘ Ini tiaT}(Jl iﬁafufli%'iiency mhﬁjrzgnnljrgt}: Lightjlsjrl;llfensation Ligjllltt ﬁ?lfration Daurkie)s%;i;jin gﬂx T]iﬁ% R
Age foliage (CO,/photons, a/umolumol 1) photosynthetl(fzraje poin point L rate o ©)
> (Pymax/tmolm~s™)  (LCP/umolm~“s ) (LSPumolm~s) (R/umolm~s")
i1 Young foliage 0.043 £ 0.001a 10.85 + 0.46a 27.58 + 1.12a 618.2 + 18.1b 1.35+£0.07a 0.89 +0.02a 0.996
- Maturity foliage 0.051 +0.006a 13.34 + 1.58a 9.99 + 1.00b 1042.0 + 135.0a 0.60+0.05b 0.53+0.27a 0.988
£ 0ld foliage 0.044 +0.003a 7.83 + 1.08b 10.99 + 3.60b 489.5 +24.6b 0.65+0.15b  0.58 +0.15a 0.999

WA /N 5 22 S 0k, TR]— B AN ] 5 B 3R OR TR 0.05 K- 1 2 5 il 3.

According to the method of least significant difference, the different letters in the same column indicate significant differences at 0.05 level.

F2 BEMAENEZEHECO,M M &R SHIESH

Table 2 Photosynthetic parameters of CO, response curves of Cinnamomum camphora at three foliar ontogeny stages

Rubiscofiff 5 KR fb 1 2% 2 PN ST SIS TR i J
IH- 3 Maximum carboxylase activity Capacity for photosynthetic Respiration rate under max’ © cmax )
Age foliage of Rubisco electron transport light (electrons/CQ]z, R/pmol R
(Vax/mmol m ™ s—1) (Jpa/umol m2s7™) (R/umol m*s™") pmol’)
i1 Young foliage 62.30 £ 4.94a 80.84 £ 9.62b 0.14 £ 0.14b 1.30 +0.12b 0.991
- Mature foliage 64.84 +3.68a 95.24+4.0la 1.47 +£0.16a 1.48 £ 0.09b 0.981
3 %0 Old foliage 50.53 +4.97a 113.22 £9.68a 0.05 + 0.13b 2.25+0.04a 0.996

MR /N 5 22 S 0k, TR]— S AN TR] 5 B3R 7R 1R 0.05 K 2 5 ik 3.

According to the method of least significant difference, the different letters of the same column indicate significant differences at 0.05 level.
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Fig. 4 CO,response curves of Cinnamomum camphora at photosynthetically active radiation of 800 pmol m™” s™ at three foliar ontogeny stages. Ac:
Rubisco carboxylation-limited stage; 4j: RuBP regeneration-limited stage; Solid line: Real simulation curve. A: Young foliage; B: Mature foliage; C: Old foliage.
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Fig. 5 CO, response values of monoterpenes emission rate of Cinnamomum camphora at three foliar ontogeny stages. April: Young foliage; July: Mature
foliage; December: Old foliage.
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Fig. 6 Light response curves of monoterpenes emission rate of
Cinnamomum camphora at three foliar ontogeny stages. April: Young
foliage; July: Mature foliage; December: Old foliage.
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emission rate, E_,. ), H & & Pl Mg (P <
0.05) , TR AMZL F a2 &, (AR (P>0.05) ; FE
FrFHE B 1 22 WL & 2% (Apparent quantum efficiency,
B) B R AN > g 2 0 > Gk, (BB A R S T4
B0t (P <0.05) 5 34~ A A b 1 HE R e 1 B S0 T RIOR

(True quantum yield, 8;) Ti.E 25 (P>0.05).

SRkt

FE W B S A A Bl - 4% R A B R R BE L Ky, R IR
SRR [ LB A AR AL, DRI 7 X R S [ 3 A 0
AR LA AT IR R I 5 Bk s ELR R K 25 5 Hh. iR 5%
T, MY RS i B SRR e 25 5%, T St
YIS , 7R 5 2 A A e, A R Aot
AR, U R A R A4 AR TR T gl AZ o
ARG A AL BT, T BO6 A R R e B AR, A i fE
R SR B R R R A T B, T R L e e A
s, e ARCE R R, BIA B KLCPHE /NLSP. X & H
LI AL TG R B, AT H AR PR B B, T AR &
HIEA PR T E B A, B T 4 ok kB 5
G, UHR NS A R, IS B X8 L mt
RIFIFRE 155, BT 3 SR m AL, YenFi s =%, RICO,[F
FLBE TR IE O, RIIL, B &yt i B L B v 8 R AR K
S, E AT RE P A P A LR A R S, BRI T A

R3 FEMREINEEWRATERE N HRSH

25% WM & 95

BB RS F R AT ISR IS R I, T Veman FUIEL
] R IR A SR HL % 3 AT Rubisco R A6 & R 40
XA RO BRI 22 5212, 45 B ARBETE 45, DB M ! Vmas
A 25 I T AL B S B B, Ui R B R S BORTE
396 RICRAR T B8 2 5% W A A RO G VR 0 3 AL R
F. R OB A A R S5 A, A LT A A By
B, B B S5 K I P 3X AT BESE PR I X DG RE 1Y
F G LR, WP FHAAIR, 1% 326 3 %< I Rubiscolif 2 1k
HOREL R, COLRMLBE TR, Z A6 A R BR f /N, it
R ATE S R A IR BR. B R MO A e T 22, B
BE R B G. Ty Gy Vg 78 B0 A8 G ICAB A B BE 34 R B (IR,
BELAS T 6 B JRURE 9 4t R 5 5 I B (1) B2 7 3508, de /NI G BB
I R R U W R AV T R G BRI TR eI A B A
Nt R SR, A A A L 5 R Y o IR AR Vs
T, M B Vemax EETELTE 3N B B o0 e, U IHZ B B
T REE 6 A VB 32 22 52 Rubisco R Ak i 2 FR . Rubiscofif§
Yl — PO BB , 75 41 Ak RuBPI ¥2 1k 52 57 14 [i] ) ST 4
A RuBPAY NS I, Ab T 56 G VR RGN 02 15 A4~ J7 1] AH 52
15 A HL DAY 06 3R R 28 S B ARRRRE AR
Wi S A VE R (R A X 5% A B A R ZER BN s L TAE 4
FALHH N R =S ATPFINADPH, {HH T Rubiscof®
Tt # 5z R, ATPHINADPHA i ik AR /R SCHR IR iE — 2L &
BB KA, TS ATPRE K S B B 1T — W 2 ( Adenosine
diphosphate, ADP) , NADPH#Y 74 K& 1 1l AH Fifk: JHic Jig nes s —
%A B B2 (Nicotinamide adenine dinucleotide phosphate,
NADP") , BB K AE i, B A Az B 48 4y 1 1 AIG R
B 2 R T R v, 2 AR AR T A
BUEI A, BG4 8 22 A9 A2 25380 AN (.

TE XA [] iy () 5 B v iR A7 06 & AR B AR R T A
TC T kit G A ) A B P 45 A 5T TR R AR AR R AR A B i R
RZ, PRI B DAL 3 AR RS A A e BT b, B TR A A3
A G BN IR 22 SR AT S . ARl 2
(Gt ) AR DGR W3S T, A g2 i T R
A, FITFEE R AR, A Taisiae 2 & s,
PR T OGS 1 B A G A i i BT IE AN T
T T A R B L H A 3 Rk B — AR
FHESS (I Wy B B B 25 4 5 58 & i T g A b T
HAR B A R WE A ). BRI T4 2, SJNFGER
R85 25 52 W R e B A P O R v ) 45 A G PR, OR BRI A
Wb A7 Y RE RS e | HL A5 33 RN CO, & 5E AU AR, 1IE R SCAT
IR, AR I 2 ATPRINADPH 43 i, Sy it i
SRR R T LB IR (HAH LT S ok Al o, ek

Table 3 The emission parameters of monoterpenes with light response at three foliar ontogeny stages of Cinnamomum camphora

Apparent quantum efficienc
(CO,/photons, f/umol pmol )

AT HCE HICHEFHOR 7
True quantum yield R

(CO,/photons, fr/umol pmol ')

i o RIUREHEOE R
Age foliage Maximum monoterpenes emission rate
(E/nmolm~s™)
X141 Young foliage 114.23+31.99a
Ji A Mature foliage 6.62+1.49b
3 # 0ld foliage 33.26+10.99b

0.005+0.000b 0.578+0.157a 0.928
0.085+0.040a 0.633+0.338a 0.009
0.012+0.005ab 0.427+0.186a 0.808

MR /N 35 22 S 0k, T]— B AN TR] 5 B 3R 7R 1R 0.05 K- 1 2 5 i 3.

According to the method of least significant difference, the different letters of the same column indicate significant differences at 0.05 level.
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) I 2 o 7 S B AN L A% 38 91 A MEEPI& 428 7= AR B , Ol
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MBEAK, RIEHZBY B & Rl B B AL 25 i e 4,
SUBHL AR, e T I A0 il e oo sl 2 b A kAT A
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TN A TR Bl AR R AAE A5 2 — 25 TP R S AT IR ATZ 4.

o 7S [ 5 B R COL ¥ J3E T 14 Bl HE i K- R AT 455 TR 404
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Table S1 Explanation of related parameters

X LR BGRE X
Name English name Abbreviation Explanation
HOtA R Net photosynthetic rate P, I A G RE A9 fE
AL Stomatal conductance G, S AL B TR
i [E] CO, e i Intercellular CO, concentration C, S 4R ] Y COL e B, BIRT 2 558 & 1R CO,L MY
7R [P T % Transpiration rate T, 6 7R I 7 A ] P SRS T R T Y 7K
SEBAE HE R Total monoterpenoids emission rate E T e BT B ] AR TS BT 1 1Y) fE
MR T RCR Initial quantum efficiency a S XA 1 R G
B RGO R Maximum net photosynthetic rate P R R A g 9 B K RE
e RME Light compensation poin LCP —
et A Light saturation point LSP SR AL AL R
I8 O 1, 338 3% Dark respiration rate R, S I T 505
i fa 2% Curvature 0 JS2 T I e 7 phR 2 1) 2 A
Rubiscoliff fiz K2 k4% Maximum carboxylase activity of Rubisco Vomax SR A3 B 3:d A2 R IR SCHE B 4 4 o e AL %R
e KL % Capacity for photosynthetic electron transport Jax WA N 3 R O A HL T IR OR
6T W Respiration rate under light R, S Wt R G A VR P A e R A7 O P IR T R o 1 e
o T J oy MR Y LT f AT Rubisco i Hh A O £ AR S0 A £
max! Vemax max! Vemax max/ Vemax R 0y B A 25 G
e KB HE i R Maximum monoterpenes emission rate E o rf 5 BPLAS s [ AR I i A YL 1) e )
T T 3% Apparent quantum efficiency B S R FEAIOG R A S B RE
HAE TR True quantum yield fr S AE AR G A B S A B R e
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