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Light respiration characteristics of six Ficus species in subtropics
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Abstract; Plant respiration plays a vital role in the carbon cycle of ecosystems. Approximately, half of the carbon
assimilated via photosynthesis in terrestrial vegetation anually is released through respiration, with leaf respiration
contributing significantly. Leaf respiration occurs not only at night ( Dark respiration, R,), but also during the day ( Light
respiration, R, ). Studies reveal that under light condition, leaf respiration is lower compared to dark environments,
indicating that light inhibition of approximately 30%—40%. Regrettably, recent research often neglects this light

inhibition, leading to an overestimation of ecosystem respiration and gross primary productivity ( GPP ). Thus, a
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comprehensive exploration of leaf day respiration becomes imperative. In this study, we conducted a study focusing on six
prevalent Ficus species native to southern China’s subtropical region ( Ficus benjamina L., Ficus altissima B., Ficus
microcarpa cv Golden Leaves, Ficus religiosa L., Ficus microcarpa L., Ficus concinna L.). We measured light respiration
rate( R, , Kok method) and dark respiration rate (R,), along with leaf traits such as leaf dry mass per unit area (LMA)
leaf nitrogen content (N), leaf phosphorus content( P ), Rubisco enzyme oxygenation ( V4, ) and carboxylation rate (V)
at 80 pmol photons m™ s™' PPFD, and Rubisco enzyme oxygenation (V) and carboxylation rate (V_,,) at 1800 pmol
photons m™ s™' PPFD. Employing Pearson correlation analysis, we examined the relationship between R, and other leaf
traits, subsequently utilizing stepwise regression analysis to establish an R, correlation prediction model. The results
indicated that R, for the six Ficus species was lower than R, exhibiting an average inhibition of 38.4% and ranging from
24.1%—61.2% , and there was inter—specific variation in R, and light inhibition of respiration rate. R, exhibited significant
positive correlations with R, A, N, Vo, Vo Voo and Vg, and exhibited significant negative correlation with LMA and

not statistical correlation with P. The Stepwise regression analysis showed a model incorporating R,, N and V,,, which
explained 96.5% of R, variation (R, =6.686+0.555R,+0.375N+0.072V 4, ). Similarly, V, and N explained 74.5% of R,
variation (R,/R;=0.13+0.06V 4 +0.019N) R, and R,/R, are affected by leaf N and Rubisco enzyme carboxylation rate
(V,), which may be caused by the intricate interplay between photosynthesis and respiration. This study culminated in the
establishment of a prediction model for leaf respiration in subtropical Ficus species, providing a deeper understanding of the

mechanisms behind light inhibition of respiration. The insights gained will contribute to a more accurate assessment of the

leaf carbon cycle and GPP.

Key Words: subtropical; Ficus species; light respiration; light inhibition of respiration

FE P AE P A 25 R GEORAR R (0 — A DGR AR i b AR Bl g 453 o 5 1 I 5 AT — - Bl
WA IR, TR 1A 338 43 M R 2y —2F o F v P> BRI, X AB A I e R IR A 5 %) 1 A A S R 52
WA 7R 2 O H %

AT R I, A G FEAR , i i B AR A DA i B AR, D't i 107 b 2 1) A3 T A= e 2, B
W PEIAES G RER 2 B, B R PP SR (R, ) /N TG P IGE R (R,) 7 L IR B AE 0—1009% A5,
{HEE N 30%—40% 22477 3K 1T BB 5 40 M B LIRS X TCA 15 20 v ) 4% 1) 75 SR R P 0% 3 236 45 R 3K A7
SISO RAESEBRAF ST R 2R 2 ARG R TR E I A DA 3 I R R A A R G, A i
GPP il O DR ik I (9 Y ) B R R AR S AT B T i A Bt A S R e 7 0

FURTAH DGR E N2 2 AR PR AR AL A IR EE % CO R 7 TR BRI S A 4 N vk 4
T H )R A 520, — S P AE e H RIS e i R PR DG 2  CIR RE % 4k Hh L 1) e i A4 24X
As Hof Ry MRS (N) B Rubisco B PE(V,, V) BT LAME R R BORARAS 8 07 2 (B A6 A R A HF
T FOCRAEAEZ, A, C LA TSR BRI Y R S H e i 5 MR AR R R R T4
BRI P FIUMAR AL ) iR R (AR ST ST R AR /D R T B T A AR AR e 2 TP
AT BRI . B B FTy 1k AR A H T B AR T A A5 AT A TR AR B AR OGRS T
MIARAFEYIN R, , HAHCHEFE BB > B AT 1] 0 64 BIF 50 22 56 vh AR RE AR ) R LFR R A 1R
AR 10T N IS 8 P HEARAVEY B AL 5 T AR S A R R R kAl R i Y
WFFEAHMS AR o

ﬁﬁﬁ%]ﬁﬁlﬂ?&%ﬁﬁﬁﬂ%ﬁ*ﬁ%( FEM 5 Ficus benjamina L. B WUAE Ficus altissima B. B 4% Ficus
microcarpa cv Golden Leaves EREBY Ficus religiosa L. A Ficus microcarpa L. VIR Ficus concinna L.) N
FEXNGE, WA i) AR EE T, B DGR L R IR S IS S FE R TOR R AR Tz )
A TRE AR AL AR )TV A S OB A TR R 3 S D L R S | (] I AR
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RIOEA AR AFDEIE T Rubisco M H) A LB AR MH AR | T E K M 7 00 5 i, il R 7S ms SR A
H E 5 e g PR B OCR  JF il e [ 57 H )0 0l 7 2, DS $ii R 25 R 58 GPP R T A
PR

1 HRERWREFE

1.1 WSS IX AL

LG A 8 AR T A AR I 3 RS2 T LA XA G A P B A7 (119°207 N, 26°037 E) |, S5 I HAHF
F WA, 9K 258 m, AEEHSIE 19.7°C, A EH SRR ANE & 10.6°C , i 5 2 28.8°C . A FH%
K 1348.8 mm, HIE WAL LU, AHPA W HGH & SR A AR, E 2l se bR R LR R =R
Sl
1.2 W5k

T HUAR T R 2 el PN A s S AL < T A A | LU SRR /NS B A Sk 6 B gl
PIUAE WA ) e S, 3 3 BRARUEAR (R 1) o TAERK R (B F) TERRIRMEARRE )2 56 4 258 T RO
(7 EALEE O 8 KN BAT BT R AT B T R R 1 3—5 A A AR AR /M, IS BR A K R
5525 10 em , BEFE/ MG TTHRES = 2126 DU A+ 5¢ 42 2 HL A I Gl i T AR 2 A A I 22, X I R A O
B I 5 | 58 UG R 7 i AT AU & A

R1 AUHBEENERRERRKRL

Table 1 List of the six Ficus species

ol P g P2y R SFERE || AR FHhgte PR IR TR

Species MBH/ c¢m P/m H/m Species MBH/cm P/m H/m
g M

& Tﬁ . 18.33+0.26cd 2.04+0.07d 2.38+0.09d ‘}E)H 24.61+2.10bed  6.47+0.39¢ 8.47+0.32b

F. benjamina F. religiosa.

s e

mm*ﬁ . 32.82+3.90b 11.17+0.60b 12.00+1.32a i 1»1% 85.26+7.89a 16.50+2.25a 8.30+0.35b

F. altissima F. microcarpa

e A PNIE

Aj—zﬁ 13.74+0.55d " 1.27+0.01d 1.28+0.12d h 1—% 26.72+0.98bc 3.87+0.45¢d 5.70+0.93¢

F. microcarpa F. concinna

NG /J\giééﬂ?uf}#@%%gﬁ%(lg<005) ;o %%%E‘J%i{ﬂﬁé;MBH;%i’:JﬂWé Mean diameter at breast height;P;SFﬂ‘Jﬁ'_‘»‘f_,f[]E Mean crown
diameter; H ; SF-Y#4 = Mean plant height

1.3 Wk

F9:00—12;00 Z 1] H] Li-cor 6800 FEA{X M4 1800 wmol m™ s~ Y5 N BDG AR (A) . Sbiik
BN 1800 wmol m ™ s™', CO, MR E N 400 mol/mol , Y& FEBERE Ky 25°C , A XTHRFE (relative humidity, RH) {4
FETE 60%—70% , i i# K 500 wmol/s , i HAE X A 454 T 3k W 20 min, ¢ B(E AR E R Ay T B IR SO 6
F, ZJGAER M b I R 3 (R, Kok ) , I E A 300 pmol/s, il 7E 80 pumol m™
s EER T IE N 30 min, IR X E A 80.70.60 .50 .40 .30.25 .20 .15.10 .5 pmol m > s A1 0 wmol m™> s, il
AN BN 120 s, 5012 180 s, HiAth S R 5 i e it R — 50, A5 SUAH L A6 7 £k > H ] IR
W SE e Kt 2= 68 0 pmol m™ ™1 I FHEEE A X i i#EA T 6B AL B, LE 0 5 A FE I T 3 1 30 min
Jei R BB AR E R R PP R (R, o IR SEA PG 58 BUS , SR TR ff FH 454X ( Epson V39, Epson,
Japan) FAH F, I142 F Image J FIIE AL BEEK F ( National Institute of Health, Bethesda, ML) 315 M [ £ ( Leaf
area,LA) . Mt 58 T 70°CHEAT T HET A A 0700 4 T T 3 (dry mass, DM) |, LI (leaf mass
per area, LMA) 715 : LMA=DM/LA . ZJ5 FA3 W AILKE FCAT B OB AR, £ 90 28 43 #14% (2400series 1T, Perkin-
Elmer, Boston, MA , USA ) Il 7 it 0 & . (0 FH 8L ER R T Ak T8 2, SR 5 i FH 3% B2 0 2 40 M7 A% (San ++,
Skalar, Netherlands) Jll &M F P & &
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1.4 kb
FEF IR H (] I 838 T v . R Kok 2115800 45 21 A9l e 7 il 28, I X0 HL#E 47 %5 1F ; Rubisco
BRI S R (V) AR (V) HHEF L J=[4(A+R) x(C,+2I'")]/(C,-T"),V, =

LU+ 24+ R)T L V= SLU/A) = (4 + R ] S C, RAMIN CO, Yells I REVAT Ry —

AR AME: 1, 25°C BF A 36.9 mg/m”, V., Rubisco &1L * ( Rubisco-catalysed carboxylation rate, V., pwmol
m~s™"); V., Rubisco B4 L3 % (Rubisco-catalysed oxygenation rate, V,, wmol m™> s™") 5 I F- IR ' 1 il 7 i
RT3 T5 3k eI A = (1-R, /R, ) x100% , HAL T AU 7 S50 LMA BEAT #5480 : 507 5 i 2 50 (ol
kg™ s7') = AN IS EL(wmol m™ s7') / LMA (kg/m*)
1.5 Seitorthr

T JefHFH Excel 2020 X S i B A T AT 2 SE A0 3L SR J5 AR A0 K B (AR A T LA 10 A K A X 25U 46
L TEZS A/ NDR 22 5 38 ] SPSS 26 B[R 2R U7 22 317 75 1 43 #1 ( One-way ANOVA) AN[RIH A E] -y AH DG 2
B 2e 5 6 SPSS 26 B A LN R, (R, /R TN 5 #2538 ] Pearson AH & 431k 43 Bt Dy e Mtk ]
(O S s FE R Origin 2023 #4581

2 HRE5SH

2.1 TSR A R IR AR

6 FI HRHE H DLAA JE AL I 254 b2 R AR BRERAE 25 5 B 2 (P<0.05) (&1 1,58 2), Hi, R FI R,
{43510 (8.94£1.14) mg/g.(13.42+2.95) mg/g( 3K 2) ;/SFME B R ¥I/NF R, SF-30 i REIE 40
il 2y 38.38% , L iy LU I R I I ' 400 o) AR R S /R (61, 16% ), T 85 AR I i B R S 410 1 R B e A1
(24.16%) (Kl 1),

18 = 100 -
a
~ 16 | I 90 -
ln ab 80 |
‘m14—l ©
~ 2 70k a
312_1 be £ T
gg‘lo— ﬁ:gﬁ)— I ab
1 be l EZ 50| T b
=S s 1 '|' cd F2 1
m s I T RE 40 | |
B 6H 1 = ¢ |
B 30 P §
E 4N d ~ 20| I I
= 2 H 10 H
0 0
B O¥Y S B ¥R} ¥8¥ BE OB ¥3 83 ¥R £
S 2% &Y BR EF £ S 2% &Y BR EF £
\ﬁ*s? ME% #-E\S #HEE %g < \ﬁ*s? 411@% #-E\S #HEE) %S <5
o K § K £ = = 5 g S g =
& i = & &
MFp Species

B 1 AREAEYR E i B R R E s 2
Fig.1 Day respiration and its Light inhibition rate in Ficus plants
AR /NG 5 37 AR IRV Rl 2 1 47 B 35 2% 52 ( P<0.05)
2.2 EEAHYIN VR 2 FL A R D RE LR ) DG
6 FIEHA 5 DLAA @ A A - PRIR (] B — e A PE (1 2, 3) o iE R IR R (R, R 5 N St
FIEAR (R : R°=0.68, P<0.01; R,: R*=0.55, P<0.05) fHZM FFEE# R P S E RN EE (R,
R*=0.43, P>0.05; R,: R°=0.31, P>0.05) , M A IEHR S A B IEMHIE(R, . R°=0.73, P<0.01; R,: R’ =
0.53, P<0.05) 15 LMA B EHAHK(R, : R*=0.77, P<0.01; R,: R>=0.73, P<0.01) (K 2),
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R, ,R,/R, 35 Rubisco BRI R (Vg , Vo) B35 IEAHIE TCIEFETEEH 80 wmol kg™' s™'(R*=0.66,
P<0.01)i8J& 1800 wmol kg™' s Ab(R*=0.69, P<0.01);[F#E, R, /R, Rubisco M 1) A AL 2 (TN ) Vg,
(R*=0.78, P<0.01) }2 V, o BE EAK(R*=0.82, P<0.01) (K2, 3), Xf R, \R,/RFATZHLLIERIT, 4
R, N IV, B9 R AFRLEA I RPN AIC, i VR N (R, = -6.686+0.555R,+0.375N+0.072
Vo) s AU, A5 N HV o 19 R, /R BRI AR AL (R, /R, =0.13+0.06V 4,+0.019N) (£ 3) , X KH]
R FTLAHT R, N Vo B S O AR AL i B 1 R, 24K 1Y 96.5% (32 3,81 3) . [AI#E, R /R, AT LAHT N Al

Vo BT AR IR AR RS T R /R 284K 74.5% (K 3)
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08
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e - o cooll
A Y T XX X8
Vaswo [-0.63 030  0.11 089  Visoo ' . . () . ’ L 02
o
Vaso |-0.64 045 031 099 092  Veo . ‘ . . . Lo $
=z
Voso | -0.68 033 011 081 089 085 Voso . () . ‘ - 0.2
Vo |-071 045 026 085 085 088 096 Veg . ‘ . 03
-05
Rs |-073 055 031 053 044 058 046 059 Rq ‘ o
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R |-077 068 043 073 066 078 069 080 092 Re ‘
-08
RURs |-056 064 047 078 078 082 08 087 047 078 RUR
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2 MREIEEERENEXREE
Fig.2 Correlation coefficients among different functional traits of leaves
“sew TAE 0.01 ZKSE O B SEEARDSE O 7 FE 0.05 K (U i E ARG ; AR EE N Log J5 U ; LMA ; LT Leaf mass per area; N . '
F A& & Leaf nitrogen content; P ; S Leaf phosphorus content ;N :P; R L The nitrogen-to-phosphorus content ratio in leaves;A L3k
TR A B KIS A 18R Mass-based maximum net photosynthetic rate; R, ; 3T 5T {9 B I 8 2R Mass-based dark respiration rate; R : 3% T 5t
1Y H [R]IF I % % Mass-based light respiration rate; Vg0 « 55 it ) i K4 b 7 38 Mass-based maximum oxygenation rate; V, g : 3 T B 1)

e KPR Mass-based maximum carboxylation rate ; Vg 3T BT it () 80 pumol kg ™' s7' il T 4 fL 14 % Mass-based oxygenation rate at 80 pmol

kg_ 57! +Veso LT 80 umol kg_l s B T 2 1L 3 Mass-based carboxylation rate at 80 pmol kg_] 57!
*3 BEEYMH SRR S ERER
Table 3 Stepwise regression model coefficients and significance of leaf traits of Ficus species
. B ” . .
A I Him ARSI R 1 , A5 B HEN
Dependent variable . P Model Adjusted R? df AIC
variables
H EEIR R, Leaf traits: R, R, =-1.898+0.779R 0.934 0.865 110.042 <0.001 38.583
Leaf traits: R,=-6.166+0.635R, +
0.965 0.923 102.642 <0.001 27.372
Ry N 0.404N
Leal tats R.2 6686+ 0.95Ra*t ) ggs 0.965 156.703 0.001 11.957
RyN, Vg 0.375N+0.072V : ‘ ‘ < :
H (5] W0 55 1 .
ST traits : Vg9 R,/R,=0.383+0.08V 4, 0.779 0.582 24.657 <0.001 -62.568
HfE R /R,
R;/R =0.13+0.06V 4.+
Leaf traits: Vgo, N 1o <80 0.88 0.745 25.864 <0.001 -72.586

0.019N

df: F F1FE Degree of freedom ; AIC ; £

BEEN Akaike information criterion
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H [a] ¥R Day respiration/(umol kg™ s71)

B3 BREEYHAFEBEFRR)SEXSHZ AHXRE
Fig.3 The relationship between leaf R in the light (R, ) and related parameters in Ficus species
Vogo s HE T FUEHY 80 umol kg™' s IR T R {k 1 % Mass-based carboxylation rate at 80 wmol kg™' s™! ;i 1A 334 Ry BB A Modeled R, =
—6.686+0.555R ;+0.375N+0.072V 4,

3 it
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