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Abstract

Aims The objectives are to compare the merits and demerits of rectangular hyperbola, nonrectangular hyperbola
and the electron transport rate light-response Ye model, to investigate the difference of electron transport rate
between the shaded and sunlit leaves, and to discuss the influence of bioenvironmental factors on the
characteristic parameters of electron transport rate.

Methods The light-response (J-I) curves of electron transport rate were measured by the LI-6400XT fluores-
cence measurement system in Quercus variabilis and Robinia pseudoacacia plantations in north China. The rec-
tangular hyperbola, nonrectangular hyperbola and the Ye model were used to simulate electron transport rate of
the light-response curves.

Important findings The results showed that the determination coefficient of the J-I curves fitted by three models
were more than 0.96. Compared with the rectangular hyperbola and nonrectangular hyperbola, the determination
coefficient of the Ye model was the highest (>0.99). The dynamic downregulation of photosystem II and the satu-
rated light intensity (/) cannot be simulated and obtained by the rectangular hyperbola model and the nonrec-
tangular hyperbola model. The maximum electron transport rate (Jp.x) obtained by the rectangular hyperbola
model was obviously higher than the measured one. The dynamic downregulation of photosystem II was well
simulated by the Ye model. The Jy,x and Iy, values obtained by the Ye model were close to the measured ones.

WeH H #Received: 2018-03-27 #3252 H # Accepted: 2018-08-24
B4 H: HEKARRHERE4(31570617H131100322) 1 Je i HE AR L % 2 % 0% 42 (YX2011-19). Supported by the National Natural Science
Foundation of China (31570617 and 31100322), and the Fundamental Research Funds for the Central Universities (YX2011-19).

* J@ {5 1E & Corresponding author (tongxj@bjfu.edu.cn)

©U 00000 Chinese Journal of Plant Ecology



1010 MY ER I Chinese Journal of Plant Ecology 2018, 42 (10): 1009-1021

The Juax values of the shaded leaves of Quercus variabilis and Robinia pseudoacacia were 25.0% and 18.0%
lower than the sunlit leaves, respectively. The /g, values of the sunlit leaves of Q. variabilis and R. pseudoacacia
were 26.0% and 10.1% higher than those of the shaded leaves. Jy.x of Q. variabilis and R. pseudoacacia was cor-
related with temperature. Iy of R. pseudoacacia was correlated with temperature, soil water content and net pho-
tosynthetic rate. The initial slope (o) values of the J- curves for Q. variabilis and R. pseudoacacia had significant

negative relationships with net photosynthetic rate.

Keywords Quercus variabilis;, Robinia pseudoacacia; Ye model; shaded leaf; sunlit leaf; electron transport rate
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Fig. 1 Electron transport rate light-response curves fitted by
different models (rectangular hyperbola, nonrectangular hy-
perbola and Ye model) for Q. variabilis and R. pseudoacacia
(mean + SE, n = 3). A-D, Q. variabilis in June, July, August
and September. E-H, R. pseudoacacia in June, July, August
and September.
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Table1l Characteristic parameters of electron transport rate of Quercus variabilis and Robinia pseudoacacia leaves (mean + SE, n = 3)
P Fl Species  Hf Month #i% Model a Lo (umol'm2's™")  Jypae (umol-m >-s™") R?
2 6H June Sl Measured - 1000 65.51 -
SZZZ';;S AL BT Rectangular hyperbola model 0.46 = 0.06 - 69.94+585  0.963
JEH A XM ZEH Nonrectangular hyperbola model 0.27 +0.03 - 64.41 £4.61 0.985
TR Ye model 035+0.03 104228 +96.81 65.23 +6.45 0.999
7H July S Measured - 1200 84.11 -
HAX M ZAEA Rectangular hyperbola model 0.54+0.05 - 89.48 + 2.60 0.971
JEH A XU ZE 7 Nonrectangular hyperbola model 0.29 +0.04 - 79.41 £ 1.48 0.994
TR Ye model 0.41£0.04 107250 +46.54 82.04+2.18 0.996
8H August SZ Measured - 1200 101.98 -
HAX M ZAEA Rectangular hyperbola model 0.50 £ 0.02 - 117.96 + 7.03 0.973
JE B AU 26457 Nonrectangular hyperbola model 0.34+0.08 - 105.33 £2.62 0.995
TR Ye model 0.38+0.02  1184.70 +38.30 103.60 £ 5.17 0.996
9 A Septem-SZill Measured - 1000 4755 -
ber LA AM 2% Rectangular hyperbola model 0.57 +0.06 - 49944281 0968
JEH A XU ZEHE Nonrectangular hyperbola model 0.28 +0.02 - 47.02 £2.60 0.992
Y Ye model 0.44+0.03  990.56 +231.06 4820+ 1.19 0.994
IR 6/ June S Measured - 1000 63.57 -
fsf’z;i‘lacacm B AR Rectangular hyperbola model 0.47 +0.03 - 68.74+£531 0970
JEH A XU ZEE Nonrectangular hyperbola model 0.25+0.01 - 62.43 £4.79 0.987
Y Ye model 036+0.02  1043.59+60.56 63.67 +4.14 0.997
7H July S Measured - 1500 178.89 -
HAM ML Rectangular hyperbola model 0.50 £ 0.01 - 23474 +2.78 0.978
JE B A XU 28457 Nonrectangular hyperbola model 0.30+0.01 - 183.35+1.76 0.998
Y Ye model 037+0.01  1437.14+24.26 182.83 + 1.21 0.998
8H August SZ Measured - 1300 127.78 -
HEAM LA Rectangular hyperbola model 0.46 £ 0.02 - 156.02 £ 8.13 0.976
JE B AU 26457 Nonrectangular hyperbola model 0.28 £ 0.02 - 129.45 £ 6.91 0.997
TR Ye model 036+0.02  1349.56+28.31 128.97 + 6.53 0.997
9 A Septem-SZill Measured - 1200 121.21 -
ber LA Z5% Rectangular hyperbola model 0.50 +0.02 - 142.64 545 0975
JEE AU 2647 Nonrectangular hyperbola model 0.30+0.01 - 118.55+5.08 0.995
TR Ye model 0.38+0.01  1275.05+24.58 121.47 £ 4.87 0.998

a, WHRRER; L, WA Joae, BT HREEETE; R, YUE RB 20D S2E A oh S 00 26 73 1,

o, initial slope; Iy, saturated irradiance; Jmax, maximu electron transport rate; Rz, the determined coefficient. The measured values in the table were obtained

from the measured curves.
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BN TR T R Y s KR B T
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FE R EH AR SR B % [EPSU Bh /1% T 1
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B 77% T RILG LA AR B 2, X A4S AR (1)
RZERTAE AR B A R 2R A58 R i 7 A g
PG I e 5 A BHEE (R ). 6-9H, XA
BEAY S EH5 B BRI T Tinax IR - 3 8052 2248 53 0 M
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24280113, FEAh BRI F Jax 5 B SF- 35 200 R 2
H 3 N2.48F011.37 o T BRI B AU A S a5 SEMIE
ZTE) PR 248 50 1 22 B /N, X 3 B I U 2R 0y P
G BRIRUT o FHIETT L, P o FRBEADL b SR
RV AR MR S (R D). A KTEN, 8
FERE B Jnax S MME B2 K, 4101.98 umol-mfz-sfl,
SrAlAE6. 74 9OHMI1.56. 1.21F12.144% T #R S
I F e PE7 H 56K, H178.89 pmol-m s™, 435
N6+ 8. 9HHI2.81. 1.40F11.48f5(F£1).

EHAR VAT, B AR ULt 2 455 2 0 = B AR Ot 4%
PR e H AT H Lo T BB S B8 T PSITH )
15 NIRRT DR B L 7 BB 515 211
Lo TSN BCNTT A 6-9H, HIERLL &5 3 14
FERR AR Ry I 53 501 8 SEDNAE 11)0.98-1.02 1%
1.00-1.02f%(38 1)

22 [R4%ERt. BRAERTER TR R F -l B 4k L L

RS IR [F] 4G ORI S S350
EAEMRTEIEE, PR USRI & A i AR AT
IR A= BH AR AR s R e Bt 2 . Y
G AR ST (DRI, A R AR AN AR BH AR -1
TR R T PHA T (BE2). 6-9H, & R AR A
Jinax EE B ZE {6 18.0%—28.8%,  HII# BH 25 H L BH
A 14.0%-23.1% (3R2), 1XAI GE-5 FHAE X B HE
IREEHE A Ko FHA AR AR 2 BB R BH ) B
g6, MiMAA A REZ B e D gl K AR
FF8, HCBH A 4252 1 6 B 2000 S b A B2 AR BH AR
/b T R 3 RSO AR 9 AR 5 B AR e R 22 537
T B MR AR AT B A i SRR B A I A=
- Jnax 22 51 S FE8 H R (322), X W AE 58 H k2 B2 AR
ARIFRG G R IR K.

24 < 200 pmol-m s, /NHR R B AL H- AT PH
AT R R A B A (K2) . BRS H AR AN,
T AR R A R T AN R B A Tl 42 B 46
R B0 = T P AT (o, X PP RAEHE BRI F
R BRI B A I R AR R 2 a3 il
EE B AR I 35 5 HY 12.2%403.4% (£2). DL
FR~ HEAR BA AR - oK S B i A R I R K g
It T AR
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Fig. 2 Electron transport rate light-response curves of
shaded and sunlit leaves (fitted by Ye model)(mean + SE, n =
9). A-D, Q. variabilis in June, July, August and September.
E—H, R. pseudoacacia in June, July, August and September.

TG . XAE9H e AR 7 57 H R A
LRI 9 L (KE2D-2F; 322).
23 IMRE/AEMEFIBEFERIEREFESTHN
A

Feie B2 KR AR IR Py P A 3 el - g 1t
Ma5P,HA BZEAMHIKR(P < 0.05)(FK3), Ui
PRSI Fr PR, 0 RE 3 A0 FL I Y f K
RE RN o 1 BRI P a5 T SRR 25 0 IEAH SRR
Z(p<0.01), 5HEEKEGSWCO). P HMEREREE
HAERFEMIEMIKRQP < 0.05) FIFRHF Xt
N A 38 L 5 Toe SWC P RAT BB 1 IEAH %
KE(p < 0.05) FIFEH FJmax S TLEE EHKQP <
0.05)(£3)-
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2 B BHAEM T LB R RRIE S B T U ) CF BB AR R ZE, n = 9)

Table2 Characteristic parameters of electron transport rate of shaded and sunlit leaves (fitted by Ye model) (mean = SE, n =9)

WP Species A Month M4 Leaf position

A /S Fitted/measured o

La(umol'm™?s™") Uy (umolm>s) R

T AR 6J1 June M40 Shaded leaf % Fitted
813‘?221;;[5 SEJI Measured
BHA=m Sunlit leaf A Fitted
S Measured
7H July BIA=mt Shaded leaf  #l#5 Fitted
SEPN Measured
BHA=m Sunlit leaf A Fitted
S Measured
8H August  BI4:Mf Shaded leaf  ##5 Fitted
SEPN Measured
BHA=m Sunlit leaf A Fitted
S Measured
9 September B/EM: Shaded leaf #8145 Fitted
SEPN Measured
BHA=m Sunlit leaf A Fitted
S Measured
e 61 June B4=m Shaded leaf  l# Fitted
;Iif:;;é(;cacia M Measured

BHAE Sunlit leaf 14 Fitted
S Measured

7H July BiA=rt Shaded leaf  #l#5 Fitted
SEPN Measured

BHA=m Sunlit leaf A Fitted
S Measured

8H August  BI4:Mf Shaded leaf  ##5 Fitted

SE Measured
BHAE M Sunlit leaf A Fitted
S Measured
9 September B/EM: Shaded leaf #8145 Fitted
SE Measured
14 Fitted
S Measured

FAA:M Sunlit leaf

0.39+0.07 1019.31 +55.64 55.17+7.31 0.993
- 1000 55.49 -
0.32+0.01 1075.41 +£139.41 75.66 +7.80 0.997
- 1000 75.53 -
0.44 +0.03 981.87 £179.95 69.97 +7.69 0.994
- 1000 68.65 -
0.41+£0.07 1172.54+172.76 9522 +4.41 0.996
- 1500 94.99 -
0.40 + 0.04 1092.35+97.59 86.36 +7.47 0.996
- 1000 85.40 -
0.38 +0.02 1246.39+9.25 121.32 £5.96 0.997
- 1200 120.60 -
0.48 +0.08 736.50 + 86.71 44.07£0.08 0.995
- 1000 43.59 -
042+0.06 1141.58+119.35 53.75+4.93 0.991
- 1800 53.54 -
0.37+£0.02 104523 +74.27 57.01 £6.10 0.993
- 1000 57.47 -
0.37 +£0.02 1047.57+76.42 70.38 +£4.50 0.997
- 1000 69.67 -
0.38+0.01 126591 +33.74 168.49 £ 5.99 0.997
- 1000 166.75 -
0.36 +0.02 1 654.66 + 48.58 200.67 + 8.92 0.999
- 1800 199.69 -
0.36 +0.02 1316.81 +39.36 112.22+7.87 0.997
- 1200 111.20 -
0.37 +£0.02 1372.99 +25.97 145.84 £9.12 0.996
- 1800 144.59 -
0.40+0.01 1240.05 + 50.69 112.46 £5.47 0.995
- 1000 111.86 -
0.37+0.01 1303.29 + 46.66 130.79 £ 5.67 0.998
- 1200 133.03 -

a, WHRRER; L, WA Joae, BT HREEETE; R, YUE RB 20D S2E A oh S 00 26 73 1,

o, initial slope; Iy, saturated irradiance; Jmax, maximu electron transport rate; Rz, the determined coefficient. The measured values in the table were obtained

from the measured curves.

3 AESHR BRI TR R RHE S B S P AR R T ROAE O
Table 3 Correlations of characteristic parameters of electron transport rate
and bioenvironmental factors in Quercus variabilis and Robinia pseudoaca-
cia

¥Rk Quercus variabilis JIKE Robinia pseudoacacia

a Lsar Jimax a Lat Jimax
T, -0.571 0.480 0.902" -0.477 0.801"  0.806
SWC  -0364  0.856 0.953" 0344 0965 0912
P, —0.800"  0.542 0.745"  —0.719° 0764  0.661

Chl —0.293 0.873 0.961"  —0.435 0.933 0.871

L0 <0057, p <0010 a Lt JuaxF1R2: To, Sl SWC, LHESKE P,
WL EHER; Chl, MR,

*,p < 0.05;**,p <0.01. @, L, Jmax se€ Table 2. T,, air temperature; SWC, soil
water content; P,, net photosynthetic rate; Chl, chlorophyll content.

3 g
31 EFERIBIREXT IR R

HAEE R MY E KRR G . HHERER R
H 5 EER RIS R BUEYIA R, HERF
TR AR F 2 AT DL ISR 2 0Ok 3)
123k (AT ZE, 2016) . R F X6 AR IACRD
FIFH B8 )2 HLIE B A ) — A 22 F B (Chazdon et
al., 1996). JEEIE MR K —L &S5, 7]
LA s AR 0506 6 BRI SR AN R B8 7T o AEPI I a5
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1, 5- T FR A% T (RuBP) 1 -4 BE 07 9% o Jnax BRI
W, SGE R RS, I YR I i R e A%
TR 1) P A RE T BRAIS, R I B KRR B3 2 B PR
#il(Harley et al., 1992), M\ aARe) . B
Az 368 TR 2 B D't A A8 S BB S M 0, 2498
FIMATG R 5, BE OGS RO S Sz T
(HTB&E, 2011, 2016a; [E/NL02E, 2016). ¥ R AR.
TR P oA 230 T AR B R K S T S n, I H
BIPSIIZEN 712 FREL R (1), X5HFE%52016b)
Mo HE IXT L R 2 A8 Tl P 17 B (Humulus scandens)~
WA (Paulownia fortunei)F1%%%(Solanum nigrum)
R BT A 8 -l i 87 i R AT 9T 4 SR 2R 0
32 ERAWHZKIRR, EEANHEER, HFM
RV E A E EEER

BT B AR 2 A . B A O A AR
15 WAE [ 75 #2(White & Critchley, 1999), FTLA H ik
WG AAFAEBCRIE BIPSIB) /1% N B 1 T
A 380 A AR M 7 A 2 o T U TR U — ANAFAE AR
RIS, v LU RILG 4% B bR . IR A7 ZEPSIT
BN NI G -T2, BAU S 22 5 Sl
KA ETRER R > 0.99)(E1; £1). ACFIHH
F U H AT AT AR AR AR S 73 1) EE S
HFH759.4%H119.8% (R1). MFEAEEQ2011)%f 4
Zx 25 W (Koelreuteria bipinnata var. integrifoliola)
PR e S 2B Fede BRSO 2R i
Jmaxe X5 E AN MR RARE. k& T
A R(E; R AFE AR AR 5 PR
B 15 2 I T W 5 SEMHE B T 5 o IR TATA,
A SR L B A O AR VAT S AR
Fe Rk HRRM: A g, A B ] Do
B2 H T AT BB AT S 58, HLAS B I 5 520
THAHRT . XTEC B A AUH 28, JF B A X A A
Ay BB A A AR (B 1 R, RAH
F RS A DUAR B b 40L& A B MR FH I RR I A7 7
PSIIZN /727 N VR (1) J-Tih 2 (B 1), 0T PR HE A X
3) A EEHL AR AR ) R A= PSTL) 7 % R i SOk 4 45
A= PRI G JER DR (1SR, 2016b).
33 PA%M. PREME FEEERIHESHAIELE

T P 6 A FH 32 T35 A0 A SRR 5 M)
(Xu et al., 2014). SGRIEHEDHL NG E LK
K2 — (BB R K2, 2006) . 24 [A]—FEAK A F 32U
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FIROEERANFR, BB A TR LR A
PEIREE (Larcher, 1995). /R & %5 (2006) % 46 2244 Jhk
Y1 (Dendrocalamus latiflorus) IR 50 45 53R B, FHAE
1 AP LH) e o e N A BT R SN I 0 S D= =i ]
Az, JEIEIR NG T BA A o Sofos%(2009)%F A [F] 7K
3 FERE A N PSS (Canarium - album) i P
JeE P RE KOGHE BT SR I, BH AR R A B R
U Az o, JF HAA DG I 5 & BPSIICR T
B AN P AR R 2N o A 155 (2017) %0 4 B AR AR 4
AL BHAE MG 1 -t B it 26wt 7045 1, BH
A B R KA TR T A, B A i ) 46
JEREFI R . WEIPIOH R 1 = T P A . B AT
R, R R RIRRBHAE M, Tgom T A, X
ARTBHAEM SRR, Wt Eaes. S5H
A AR LG, AR B AR IR BH AR R e B (B2, £22).
A ST S5 (2017) 0] 8% 2 A4 46 & 22 (Magnolia gran-
diflora) i AE M FNEA A= M- PSITIL RE A i et 50 T N
BURRPE LU BN, BH AR (L B AR BT 5 o 3K [
9B A I (R4 RE AR XSS, B R TR
JERE S BRIR e IR T RRAE R
34 IME/AEYIEFHIFFESE AR

T I 7= F AR DG RE VR & L AL 1
Wi R H T % /b (Ambrosio et al., 2006), A LLJ%
M6 A A F1(Joao & Rui, 2004). B LR B,
T BRI 2 FEHE OGS E R TR P (= 0t
2 2006; 730N, 2009; HiEEBILE, 2011). #E
FRy RURRH P Jnax PA SRR P L0 25 5 TR A B3
P IEAH R R (FK3) o IX 5 8P4E K EE(2008) 4T Ik 5T M
X 43 T (Euonymus japonicus) I 51 245 B2 .
BT &, eEEES N, SILFEX, tahe
138, T IR a0 o AP (2009) 7387 1A
[ 516 S MR B VL 75 A R g X KA 26(Ulva linz)
HAEHMH SR RS E R, 48RRI KA
T i 75 U PS5 FRT 38 0 T AZ W BT, 30 °C I e A
5221 pmol'm *'s ™' o KA 2 M ax Mo ZE35 “CHI5 C
A ML T 25 CHEPE, B S e e 5l
T max Maf] T B AT, 2009) 0 # R HR AR
Fro SR Z B TEAHRAE(FR3). X AT RE S5 AT 7T 301 1A]
6-9 H il FE /M (26.6-33.8 C)fA K.

ARWTTE, BB Laen HE AR T 5
SWCEA RFIEMKKR(E3). HITEEQ017)%
/N (Triticum aestivum)FEAT AN [F] (7K 53 b B 5 W 5E
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TR, BRI ) K I T R
TRk 2 sad DIEE R M. 25K F5 55 (2012) %}
KNFEAEE JE I SRS i S R OGS L)
WK, i LR AK RECN0.68T, /N T
P () L35 2 3 v T IR R %0802, 0.4,
0.8 X RESKAF T AR SR IE BEAE(2017)% N 52
MR BRI EE OIS WI(Salix cheilophila). T
(Salix gordejevii)~ 1> % (Elaeagnus angustifolia)~ %
Sk M- 6] % (Ampelopsis  aconitifolia) AR (Amo-
rpha fruticosa)F¥b %5 (Ammopiptanthus mongolicus)
W& 35 2 BN 77 5 2 B0 L 387K 3 A8 4K ) )8 1) A
FLR L, MR I R0 AR FA B K & 1 BT
FEAIC

K8 MR T x5 Po 2 505 IEAR DG, IR x5
Py [AJAH SR AN S 25 (R 3) . XX AT R S
eEEE S TR A SR R (T HEE,
2016b). FIFEM FHIJK, FEANBELRIEP SR, RA
IR R SR B I, R P BRI K,
i T8 A AT e B IR AH KO8 R (M AR,
2016b). N FURE YT HLOR B 1) 5] FlodE RLA], Bk
%A (2010) LA T & & (Syringa) 4FHARR AP ik
WAEL, WA T T &R LA AR e
2k 2 9 0 B T R RFAE, 45 SRR J5 PR
— .

- 3 RIS B | 202 A A W U R 1 2 it
(FFR4E, 2013)0 A2 BBRH FrJna S ERR B EE R
FIEMHRRK R, TR e 5 G2 & B2 (A AH R
KAMNEF(F3). Chenfl1Xu(2006)%} K 5 (Glycine
max)~ KFE(Oryza sativa). /3% F1EG )R (Cucurbita
moschata) I FLEE R W, A HEREENZ /D
H5HMARIIIAAEIEAR K R TP
(A3, JEHC RS TN TR, o 4l
GRS T IIAAE G RE SR 5 e B RN 4
FEBUH B H K (Ye et al., 2013a, 2013b; M7 H%,
2014). it RESEEN, EYETLoEE N
LR T IARNE G RE R SR T, k3 hn A b
XTOGRE BRI, 4EFR G REMOSAN AL A0 AL 2 B[]
(RSP o P SREE (20 16b) 0 B, 4RI AR Il 5%
X3FE DA R AT X EE R I, B AT AR 1
MR R E e, (HH T HA AR T IR
ReWR SO T B /), SECHI S HEE [ FF o B 3 %
Fto PEEHR. RIBM PSR S R S5-I &S

AR R I IE 75T Rt — P IR F . R & S
MR CERE (M T EAEE, 2016b). bR, HIFR
M L 5 M SR 3R & BT R R R(K3) . X 5
- SR X U ¥ (2009) J2 -5 B (2015) X £ 2
(Bidens pilosa). fr=/KAGHIBE e 6L, R, Tk
Hr(2014) 0] N K — 1 B {E(Solidago canadensis)FH
KIMEEL(Bidens frondosa) I 78K BH, 78 IR 2614
N PIAE Y SR R S B, RO .

4 #Eip

AR B A AT 2 A A L JE B A L it 2 e Y
AT BB X RAT L R AR R AR SRR I Fr -
LHATMA, JHULNE®R:

(1) 3B B AR RIRR M J-Ti 28 30L&
TR Sy AR>S AR A XU A >
FARUH AR AL i TR Y B AR 47 AL PSTIZ) /)
SN R

(2) BA A W ) oo B L AT BH AR W B A2 4
JERE AN B R B K BB T o i T B AR . AR
F KR BF A= i ABH AR 7R DL F AR IR R S R
72 5 LU AR 5 B

GOFE AR BRI =T 280 TS e 5 T
BEIEMK, a¥) 5P, 2 0E MK R, R F
L 5T,. SWC. P,REFEIEMHIKR.

B ARk KR, fhnkie £ 5o S
I AT a9 8h.
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