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Responses of different photosynthetic physiological processes in
Populus alba x P. glandulosa to drought and rehydration

Liu Wen-Xin, Wan Xian-Chong "

( Research Institute of Forestry New Technology, Chinese Academy of Forestry, Beijing 100091, China)

Abstract. Populus alba x P. glandulosa ( ‘84K’ ) was used to study changes in photosynthetic
physiological characteristics after drought stress and rehydration. Results showed that the main
photosynthetic processes of ¢ 84K’ were not synchronous during drought stress and
rehydration. During drought, the carboxylation rate, stomatal conductance ( G,), and
mesophyll conductance ( G,,) of ‘84K’ declined significantly, but the former decreased less
than the latter two. Thus, at this time, photosynthesis was mainly restricted by G, and G,,,.
After rehydration, G, recovered rapidly; however, the photochemical quenching process and
carboxylation rate did not recover to the control level, which may restrict the carbon fixation
and photosynthesis of ‘84K’ .
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tance; Chlorophyll fluorescence
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Fig. 1

Changes in leaf relative water content (A) and saturated water vapor pressure loss (B) during the experiment
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Fig. 2 Variations in net CO, assimilation rate (A), stomata conductance (B), intercellular CO,
concentration (C), and transpiration rate (D) during experiment
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FR1 SHEZHBNHEKSFEST F2 BmBEME/KEEEKBILIE, CO,
Table 1 ANOVA results of gas exchange and *MESFN CO, B m T
leaf water relationships Table 2 Variations in carboxylation efficiency (CE),
CO, compensation point (CCP) and CO, saturation
LN P 3 1 eh B £ M point (CSP) under water stress and rehydration
Index Source daf P value
b3 1 88.17 < 0.001 pis AL CO M2 CO, Ml
I - % - ' ' (umol -m=2-s7")  (umol CO,/mal)  (umol CO,/mol)
B8] 8 11.65 < 0.001 Treatment
Bk i ' : CE CCP CsP
AbHE x i [A] 8 9.29 < 0.001
N Qb r 1 0.12 0.733 popiict 0.0641a 62.3a 1042.0a
AT 8 15.58 0.001
FE T1H] - <0 T 0.0307b 48.0b 892.0b
ARBE X B[] 8 4.63 < 0.001
Kb ] 24500 < 0.001 popiict 0.0685a 52.8a 1057.5a
I AR i [E] 8 46.70 < 0.001 KA 0.0451b 61.2a 992.5a
SRR < IE 8 32.90 < 0.001 iR 0.0775a 53.7b 985.0b
Ab 1 168.27 < 0.001
K3 0.0539b 63.7 1275.0
SALSE A 8 45.32 <0.001 s 2 a
QPR x BfE] 8 13.91 < 0.001 o BUE AP £ brfE2E, TR TR 6 d, HKk 1K
X b 1 100.30 < 0.001 K3 HIREREKE 1 d M3 d, [AFIARRIFEAZE R —
B CO, 8 3.50 < 0.001 FX R LA SET2% 5 8.8 (P < 0.05) . R,
R N Notes: Data are means + SD. Stress is drought treatment for
AP x A [a) 8 8.90 < 0.001
fb3E : ' 6 d; Rehydration 1 and rehydration 3 refer to rehydration
s N : ! 199.04 < 0.001 for one and three days, respectively. Different letters indi-
AR 1] 8 56.30 < 0.001 cate statistical differences between control and treatment
AL i) 8 15.63 < 0.001 on same day (P < 0.05). Same below.
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Fig. 3 Response curves of P,-CO, during experiment
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Table 3 Rubisco maximum carboxylation rate ( V..,

), maximum electron transport rate (J,,,), mesophyll

conductance (G,,), and chloroplast CO, concentration ( C,) under water stress and rehydration in ‘84K’

bR B RBACHR Vmay BRHTAEBEE J, RS G, 4k COLHKJE C,
Treatment (umol CO,-m=2-s7") (umol +m=2-57") (mol CO,-m=2-s7") (umol CO,/mol)
Xof R 400 +54a 106.3 + 4.3a 0.12 + 0.01a 104.6 + 2.6a
T 5 273 +34b 72.9 = 3.4b 0.03 = 0.01b 89.5+6.4Db
ot HR 451 +1.8a 105.0 + 3.4a 0.12 £ 0.01a 914 +760Db
kA 31.7 +1.1b 86.6 = 1.9b 0.13 £ 0.01a 114.6 + 2.2a
it 47.4 +5.2a 105.7 + 3.52a 0.13 £ 0.01a 102.8 + 1.8a
K3 401 +4.7a 93.1 + 6.0a 0.12 + 0.01a 103.9 + 5.2a
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Fig. 4 Variations in maximum quantum efficiency of photosystem Il (A), photochemical quenching (B),
actual photochemical efficiency of photosystem II (C), and electron transport rate(D) during experiment
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x4 TEMBFEKHE 84K’ MHEEE a, HEE b, MEE(a + b) FIEE a/b T
Table 4 Variations in Chla, Chlib, Chl(a + b), and Chla/b under water stress and rehydration in ‘84K’

Chla Chlb

Chl(a+b)

Chla/b
mg/ mg/ mg/
fhg (mg/g) (mg/g) (mg/g)
Treatment
pOpi Ab 3R pOPI AbER popiist Qb2 popiist Qb2
Control Treatment Control Treatment Control Treatment Control Treatment
+5 1.32 +0.01a 0.82 +0.01b 043 £0.083a 0.25 £0.03b 1.75 £0.02a 1.07 +0.03b 3.08 +£0.03a 3.27 = 0.02a

KA 1.31 £+ 0.01a 0.95 +£0.02b 0.45 +0.04a 0.35 +0.03b
1.35 +£0.03a 0.46 +0.08a 0.45 + 0.03a

5/Kk3  1.40 +0.01a

1.76 + 0.03a
1.86 + 0.03a

1.30 + 0.03b 2.91 +0.04a 2.71 +£0.02a
1.80 £ 0.02a 3.04 +0.03a 3.00 + 0.04a

e AATAE FREACER XS BT 320 (7] 7E P < 0.05 K P L2557

Note Different letters indicate statistical differences between control and treatment on same day (P < 0.05).
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Bt CO, Mk i & AN FEZ G A 1R T 1 F BRI R 5,
1M 232 51 RUBP P2k BRI B 21 A 4l &
e s T 52 4 FF, Rubisco i M Ik 7] & 2k
Viax FRESY S BRI, 1T ANAOBIFEE R A 5 4140
Mr, &35 Wi AP Rubisco ¥, R /K 3C
TEERRE . SLRGE | HOLRSGE A CEE A A2k M
SR I S i TR R | S =< e o o i
Rubisco #l £k ki & H 2 W2 & Ml ) 2 & & 1
(GDC)l, FiZeik™ ) v, #lJ,  TEIEH Bk Al
PRANE AR TP AE AR R RV, TR
TR ) BEAR AR ARV PR BRI
4P AER AT BE 2 TR R SR AR IO 3% - Rubisco ™, o
TE IR Rubisco B =i AEAe" >
3.2 MERERTH NI T RAMBE NS KA 5

AR RIR, MERRDOE J,, 1 Dpgy 1T
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A 6 d BRAC, ATREEPRAOE RS T i 7Lk
AT RCR AR, NIRRT ATP A9 & Bl Al
RuBP Yy HAE S S8 v BRI, SR, ASHE
FAERA LI &, F/F 485 1E 0.80 Z£47,
VLAY R G 1T X+ 52 W aa ik bu b ok . 7 1L A 2
( Vitis amurensis Rupr.) ¥ & 3L B 098 shBE M A
IR RRARTIG S, DAk DR . 4ER PS TR
RO TR EE B AN, AREFFEH go . Jy, Fi
Do HBH, K 3 d IFAERIKkE, £+
Shaa s E TR RN LA KOG R G T TRE,
(XA — R T,

HeAVEHEAR T BE S T 2l J5 2 2 & &= 1%
A, o, R (a/b) WHAELE T 25
i, XeTRE SRS M AMEREAS/NE K, PMRIIE
FREGCRGE N W FRE, BEE GRS 1
KR ORISR SRR S B T B R
AKF, UL R AR RS T O e 45
B, L, MR fEREr, YERS I O o E
BT, WK TR A RN FERE, JeAERIE
o
3.3 FTEimEMEERERGLEEERANESE

AWFFE LI, 84K’ G, It GAE/N, X—I
BAEARAR Y P A w0 FiGES S, A
fi 2R AVE A G EA EEAEN, TH
J& CO,TEM: A 41 A v i) B 1 3 22 52 3 200 if B Fnn g
SR RS IR B BR AR T kb, Rl G R 22
S TR T g BRI T R A0 i R) i S 4R 1) 3R T
r1[40]

KBTI A AR R R R IR T )
P, MIEA AR & (1) FL A 85 7% K ( Pistacia lentis-
cus L.) BIJLF- 4B & 59 4 L5 ( Limonium ma-
gallufianum L. Llorens) " o MOGA 1E RO 52 4%
BUF, AHFFE I H AT G 3 A2 B 2R VK R
PRI G R, 3% A~ X5 5 Ennahli 25 (i 53
e —3,
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