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Photosynthetic Characteristics and Ozone Dose-response Relationships for

Different Genotypes of Poplar
XIN Yue'?? ,GAO Feng'?, FENG Zhao-zhong'**"
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Sciences, Beijing 100085, China; 2. College of Resources and Environment, University of Chinese Academy of Sciences, Beijing
101408, China; 3. State Key Laboratory of Desert and Oasis Ecology, Xinjiang Institute of Ecology and Geography, Chinese Academy
of Sciences, Urumqi 830011, China)

Abstract: The open top chambers were used to explore the photosynthetic characteristics of three genotypes of poplar ( ‘546’ , ‘90’
and ‘84K’ ) in response to different ozone exposures. The results showed that net photosynthetic rate (P, ), transpiration rate (T,),
water use efficiency (WUE) , apparent electron transport rate ( ETR), excitation energy capture efficiency of PS I reaction center
(F',/F'), coefficient of photochemical quenching (qP), actual photochemical efficiency of PS1I in the light (PhiPS2), chlorophyll
a (Chla), chlorophyll b ( Chlb), total chlorophyll ( Chla + b) and carotenoid ( Car) contents were significantly decreased with the
increasing ozone concentrations. However, intercellular CO, concentration (¢;) was significantly increased and stomatal conductance
(G,) remained unchanged. There was significant difference in photosynthetic characteristics among three genotypes of poplar. The
genotype ‘546’ showed a significant linear correlation (P <0.01) between photosynthetic parameters ( except G,) and the ozone dose
index AOT40 (accumulated hourly O, concentration over a threshold of 40 nmol + mol ~' during daylight hours). Among the three
genotypes of poplar, photosynthesis pigments contents in ‘546’ significantly declined with the increase of ozone concentration but not
in ‘90’ and ‘84K’. According to the linear relationship of most photosynthetic parameters and AOT40, especially the total
chlorophyll, ‘546’ showed the maximum slope, follows by ‘90’ and then ‘84K’. So the order of the ozone sensitivity of three poplar
genotypes was ‘546’ > ‘90’ > ‘84K’ . The results of this study can provide an important basis for breeding ozone resistant genotype of
poplar as well as protecting poplar from ozone damage.

Key words : genotype ; poplar; ozone; dose; photosynthetic characteristics; linear relationship

WRRE(0,) B—Fm A 7E k% =k IR,2015 ~2050 4F O, W B 2 4k4k T+ 209% ~
YRR AR BEE T AL S b tsE  25% , AR S HHE B FT AP v RS BB A B AR
R JE AL AT BRI RERR SRR N | MR K 1 LA K
/’%i%%ﬁFﬁi%Eﬂihﬂ ,}J\ﬁﬁgfﬁ 03 @E%ﬁ%ﬂﬁ W B 2015-12-23; &iTHHER: 2016-02-01
BRI AL A (VOCs) % it g B pgay o TS AL
B 30 4E 5K AR O, W IELIAEAE 0.5% ~  fEEEA FI(1990 ~) o B, BRI 1 i

2 E-mail ; yuexin2013@ 126. com

2.0% E"Jiﬁ_ﬁ,&giﬂ‘sj . *E*E IPCC %ﬂ‘{jﬂ\ﬂz’ﬁj*&%ﬂ # JE IR R A, E-mail ; fzz@ rcees. ac. cn




2360 AN 5%

B % 37 %

1, %) 2100 4E O, Y ARZE T 40% ~60% . T
K Oy 15 YLt ™o KRl e fE A v K el | A
AR HIX. BF9E R W, 3% 1 A b it 1 R /Nt
0, e i KA E 8 300 nmol - mol ~!'7 , BT F
AR, 28 2020 4R 2 TR ARER O, Wk BE /NI (AT
iKE] 70 nmol-mol -, Ak - Ji £L %5 3K %] 80 ~ 105

nmol +mol ~'**.

VR EE O, REXHEA =R AL Bl R
RNRE, AR EE, AE7= 1 R B, dE T R i - ek
YL K G 5 R 8 37 00 28 W S L TE AR A Y
(43 L, M 22 B0 R FR AR SR R A= .
G AEFH AT O, VR T e 45 Ry ORI A P
Wittig 2 R BTV A S BEE O, MR T+ AR
e F A RS S AL S 5 R 1% 1 13% .
RV O, 5LEMDEE BEREAL, Z A FSFLMEE
SALRBIIL M. AFLZ 0, #E AP 51
BEEVEME SR AR, AL S T i o A3 5
HMATRY 0, 38 &, R FEAR CO, Mk A, TR
OCAERY . WHITIAH, 0, P EEIER T
SRR, AR TR O BRI A E R AR RAL
RZ 720 g 4% RUBP S A0 AT AE BRI A4
P9 O, ARG TR A LS| & B G A3 E A5
)86 A B IR, LA K A0 i P 4 S5 R RE AT Y 2

T 2 iR v 25 5 S i b XA 15 T AR K Y
HAAMZ — BAERIR AR = im s
TR SRR, e 2 H TELRE. IRER
HEEIHRRIR, RRFA S0 ZF, T ZHT
AZS B AR Tl B AR, KSR MR LY 300 J7
hm? , A TAKTE FRZ) 700 5 hm? 22 A8 =l 1
K, AN SR T v R 1 R B
BCsE T A AR AR TR IR A AL, i ELAE AR T AR A Rl
SERY L RUE T )RR R, HE X 0, A
TR B O, WM TH T, 23 0 AR K HUR NS
AR, A= 9 BB > 45227 i [
HT O, e BT 4 ) b 50 X Bt i T A
A K 37 e FEKEPS2) 3 A B a T
A3 20 AT HEAT O Mo Ho A= 1 LR A B i)
0RO/ W

T, 0, XA 1 B R R IR ST A
Az KA A Y DA R B s | AT U A IR S
AR 2 BRG O, W Z R 219 iR A
PRFEARIEA T AU E TN AR 1 O, 72 X R 5%

i A0 R B AR A KRR, A KOOk AR
Yy R e S PR AR i R TP AR MESE B, Rt , AR TR A
AT O, KB HY 3 Rl Rl G A B bR e L, 7
SO, WE LA IR BRI C R, LUy KT 0,
15U N DR e 15 & AR 2 O,
F RO

1 #RE5FE

L1 S XHEAL

IS XA T AL R B DX A
(E116°13',N40°19") , J& T KRB 1 Z WA, 4F K
550 mm, 4AEEERE 11, 8°C , BB 24 ~
26°C , -7 H A E7E2 000 ~2 800 h 22 [a] , 4x4F
JCRE 180 ~200 d.

1.2 Segikit

IZ 250 R F H E MO B2 5T B0 3 A
[ 38 R B A7 ( Populdus ) 40 : ¢ 84 K ( Populus abla
x P. glandulosa) , 546’ (P. deltoids cv. ‘55/56° x
P. deltoides cv. ‘Tmperial” ) K190 (P. deltoids x P.
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Table 1 05 concentrations during the

experiments from May 7 to Sep.29, 2014

H b 24 h -y 12 h -1 8 h -1 AOT40
/nmol-mol ~' /nmol+mol = /nmol+mol ='  /wmol+mol ~' +h
CF 25.7 28.1 28.0 15.1
NF 35.7 48.4 53.2 33.5
NF20 41. 4 59.4 67.1 48.9
NF40 46.3 69. 4 79.5 64.6
NF60 52.8 81.9 95.4 86.7
NF80 58.1 92.4 108. 7 105.2
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Table 2 The P values of two-way ANOVA of O; treatments, genotypes and their interactions

on the gas exchange, chlorophyll a fluorescence and photosynthetic pigments of poplar

i H P, G, ¢ T, WUE  F./F;  PhiPS2 qP ETR Chla Chlb  Chla+b Car

0, <0.001 0.511 <0.001 0.011 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <O0.001
genolypes <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.001 <0.001 <0.001
05 x genotypes 0.063 0.939 0.907 0.424 0.902 0.647 0.261 0.400 0.262 <0.001 <0.001 <0.001 <0.001
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Table 3  Linear equations between AOT40 and gas exchange, chlorophyll a fluorescence and photosynthetic
pigments of three poplar genotypes of poplar in different O treatments
TR : 546 90 84K
it R P iR R i S P
o Y= -0.1210[ AOT40] +15.4 0.961  <0.00 ¥=-0.104 1[AOT40] +12.5 0.953  <0.001 Y=-0.1052[AOT40] +11.8 0.960  <0.001
S Y= -0.0002[ AOT40] +0.5 0.039 0.707  Y=-0.0005[ AOT40] +0.2 0.473 0.131  ¥=-0.0012[ AOT40] +0.2 0.851 0.009
2 7=0.5604[ AOT40] +321.5 0.948 0.001  Y=0.7845[ AOT40] +244.8 0.799 0.016  Y=0.6398[ AOT40] +235.6 0.843 0.010
T, Y= -0.0044[ AOT40] +8.4 0.151 0.447  Y=-0.0180[AOT40] +7.6 0.401 0.177  Y=-0.0382[AOT40] +5.9 0.862 0.008
WUE Y=-0.0149[ AOT40] +1.9 0.989  <0.001 Y=-0.0118[AOT40] +1.7 0.915 0.011 ¥=-0.0109[A0T40] +2.1 0.928 0.008
F/F,, Y= -0.0022[ AOT40] +0.5 0.975  <0.001 Y=-0.0018[ AOT40] +0.4 0.839 0.010 Y=-0.0019[A0T40] +0.4 0.994  <0.001
PhiPS2 Y= -0.0020[ AOT40] +0.3 0.992  <0.00 ¥=-0.0019[AOT40] +0.3 0.814 0.014 Y=-0.0016[A0T40] +0.2 0.975  <0.001
qP Y= -0.0028[ AOT40] +0.6 0.989  <0.00I Y=-0.0030[AOT40] +0.7 0.768 0.022  Y=-0.0026[A0T40] +0.5 0.950  <0.001
ETR Y=-1.0321[AOT40] +142.8 0.992  <0.001 ¥=-0.9917[A0T40] +139.3 0.814 0.014 Y=-0.8215[A0T40] +104.8 0.975  <0.001
Chla Y=-0.1729[ AOT40] +18.4 0.943 0.001  Y=-0.0499[AOT40] +13.6 0.392 0.184 Y=-0.0140[AOT40] +7.6 0.047 0.680
Chlb Y=-0.0654[ AOT40] +6.8 0.953  <0.00 Y=-0.0170[ AOT40] +4.8 0.421 0.163  Y=-0.0032[AOT40] +2.9 0.018 0.801
Chla+b  ¥=-0.2382[A0T40] +25.2 0. 946 0.001  Y=-0.0669[AOT40] +18.4 0.399 0.178  ¥Y=-0.0171[AOT40] +10.5 0.038 0.710
Car Y=-0.0360[ AOT40] +4.9 0.922 0.002  Y=-0.0080[ AOT40] +3.7 0.207 0.364 Y=-0.0048[ AOT40] +2.4 0.086 0.574
a POLSHHREH(P>0.05,%2). BiF O, ¥  ETR RAMEREIGER (P <0.05,183). 5 CF ML,
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Table 4 Results of multiple comparisons of gas exchange, chlorophyll a fluorescence of Poplar in

different O treatments due to no significant interaction between O5 and Poplar genotypes
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Table 5 Results of multiple comparisons of gas exchange, chlorophyll a fluorescence and chlorophyll contents

of three poplar genotypes across O; treatments due to no significant interaction between O; and Poplar genotypes
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20t Table 6 Results of multiple comparisons of photosynthetic pigments
- of three poplar genotypes in different O; treatments
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Fig. 3 Changes of chlorophyll a fluorescence parameters of three poplar genotypes in different O, treatments
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