2006 30 6 960 ~ 968

Journal of Plant Ecology formerly Acta Phytoecologica Sinica

12 1 1% 1
. 100093
2 100049
Quercus variabilis Prerocarya stenoptera
70 d 100%
Pl’“il)( GS Fl,' / F"l 7 d
39% 42% 38.8% 71.9%
5d 0.694  0.757
70 d
94.1% 0.537
334d Chla/Chlb 10d 70 d

EFFECTS OF WATERLOGGING ON THE GAS EXCHANGE CHLOROPHYLL
FLUORESCENCE AND WATER POTENTIAL OF QUERCUS
VARIABILIS AND PTEROCARYA STENOPTERA

YI Ying-Hua' > FAN Da-Yong! XIE Zong-Qiang' * and CHEN Fang-Qing'
1 Laboratory of Quantitative Vegetation Ecology Institute of Botany —Chinese Academy of Sciences  Beijing 100093  China
2 Graduate University of Chinese Academy of Sciences  Beijing 100049 China
Abstract Background and Aims Cork oak Quercus variabilis and China wingnut Pterocarya stenopter-
a are important species in the subtropical riparian and drawdown areas of reservoirs and ponds in China.
Methods We investigated the effect of waterlogging on morphological and physiological characteristics of these

species. We measured the maximum net photosynthesis rate P stomatal conductance G,  Chla fluo-

max
rescence maximum quantum efficiency F,/F,,  chlorophyll content and water potential on different days
during a period of waterlogging.

Key Results Throughout a 70-day waterlogged period the survival rates of seedlings of the two species were
100% . The earliest effects of waterlogging were significantly decreased P, G, and F,/F, . On the 5th day
of waterlogging F,/F,, of cork oak and China wingnut decreased to 0.694 and 0.757 respectively. On the
7th day significant reduction of P, cork oak 39% of control China wingnut 42% and G, cork oak
38.8% of control China wingnut 71.9% were observed. With prolonged waterlogging P,.. G, and
F,/F,, recovered gradually to control values in China wingnut but not in cork oak where values decreased
continuously. On the 70th day P, of cork oak was reduced by 94.1% of control and F,/F, was only
0.537. Waterlogged China wingnut seedlings developed hypertrophied lenticels and adventitious roots at their
stem base and exhibited no visible symptoms of injury neither mortality leaf chlorosis leaf necrosis leaf ab-
scission nor reduced chlorophyll content . However cork oak showed leaf necrosis with waterlogging. The
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chlorophyll content of cork oak steadily declined from the 33rd day and the Chla/Chlb ratio also deceased.
Predawn leaf water potential was higher in waterlogged cork oak seedlings compared to the control on the 10th
and 70th days but lower in waterlogged China wingnut seedlings. This indicated that water potential changes
under waterlogging are species specific.

Conclusions  All results show that cork oak exhibits damage to its photosynthetic apparatus under waterlog-
ging. In contrast although the photosynthetic apparatus of China wingnut is initially affected it can recover

indicating that China wingnut seedlings can tolerate prolonged soil waterlogging better than cork oak seedlings.

We conclude that it is more suitable to plant China wingnut in the drawdown areas of reservoirs and ponds than

cork oak.
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waterlogging  Eco-physiological processes
Schwanz et al . 2
1996 Carvalho & Amancio 2002
1
Vartapetian & Jackson 1997 2
Kozlowski 1997
Keeley 1979 Frye & Grouse 1992 Sun et al. 1
1995 Nyssa sylvatica 3
1.1
Keeley 1979 90 cm
45 cm
Joly & Crawford 1982 Lopez & Kusar 1999  Lopez 26 cm x
Kusar 1999 4 3 20 cm 2005 7
90 d 40
20 20
140 L
5 8 cm
70d 2005 7 10
Prerocarla stenoptera
1 500 m 1.2
Quercus variabilis
1.3
9:00~ 11:00 1 000 ~
2002 1 500 pmol m=% ! 12357915
2003a 27 53 70d
2003b LI-6400 LI USA 2 cmx 3 c¢m

2004

4~7



962

30

25 ~ 30

C 40% ~ 60%

LI-3000A LI USA

1.4

PAM-2100 Walz Ger-
many 123

5791527 53 70d
Walz 20 ~ 40 min

F,/F, F,/F, = F,-F, /F,

Maxwell & Johnson 2000

1.5

7 15 27 33 53 70 d

Arnon
2000
0.2¢g 80%

Hitachi U-3010

3 3
1.6

Schmull & Thomas 2000
10d 70 d Cavatition
PMS USA
3~4
1.7
SPSS10.0 LSD
2
2.1
70 d
100 %
70 d
70 d
13 d

s !id.m-ﬁ.fﬁ

el T T R L PR L

1 50 d
Fig.1  Morphological characteristics of waterlogged seedlings of Quercus
variabilis and Pterocarya stenoptera on 50 days

2.2
74d
61% p<0.000 1
58% p<0.000 1 74d

33d

94.1% p<0.000 1

p=0.857 2
3d
15d
2
2.3
F./F,
9d F./F,
70 d
F/F, 0.766 0.537



i Time (d)

—uw— ¥ BRI Quercus variabilis control

—e— W HRHIK Quercus variabilis waterlogging
—a— BAGXT I Pterocarya stenoptera control

—v— WK Pterocarya stenoptera waterlogging

1.4 °

\
/

= % 43 ¢
s 1A0
g . ° pe
o X yd
fv i »
=g o8 /
P Q"é‘ 0.7 e ®®
g - 06f
=S8 05 ?‘;
g o04f"aa= /'\u
] 03 | \./u
02| | s i I 3 L Il ]
1.1 .
w“ 1.0 E ./
(ol ] 0.9 £
=085 "TH
258 osf
Ha ’ 1 *—o.
“ 07
e 0 \
285 e .
g gE 05\
o n 04r |
g o VAR
S~ 03 L lm .\ n
R22 oo —
S
o~ 0.1 \.\l
00 L 1 2 L H . L L A " J
o} 10 20 30 40 50 60 70
BfIE] Time (d)
—w— VR Quercus variabilis
—o— B Pterocarya stonoptera
2

=
Fig.2 Effect of waterlogging of net assimilation rate P, and
stomatal conductance G, in seedlings of Quercus variabilis and

Prerocarya stenoptera mean + SE

2.4
Chla Chlb

6 963
1 Chla Chlb
12 [f) aky Chla p =
do 0 l.,\l>. 0.917 Chl a+b p=0.275
ﬁéf; ol i\A>' ® Chla Chlb Chl a+b p<0.000 1
€5 %f \ Chla Chlb
E'EE ‘ :le/.:\ Chl a+b
219 e ’\.\. 33d
ol
Chla Chlb  Chl a+ b 0.241
0.104 0.346 mg g~! FW
;;:: \ : (1).(2)(9)3 i).41941.717 mg g~' FW p<
%S [ o
F § Ne—i = oo g .
| T B
0.75 g
S §\s

o

~

o
T

| -ﬁ\{\¥\

BRI F, /Fy

0.50 . ! N L N L s I L ! s 1 s i
0 10 20 30 40 50 60 70

B Time (d)

—e— B BRME K Quercus variabilis waterlogging
—e— WM IK Pterocarya stonoptera waterlogging

3 F,/F,
+
Fig.3 Effect of waterlogging of Chla fluorescence maximum quantum
efficiency F,/F,, in seedlings of Quercus variabilis and

Prerocarya stenoptera mean £ SE

2.5
10 d
-0.25 -0.37 MPa
-0.41 -0.31 MPa
-0.19 -0.27 MPa -0.26

—-0.17 MPa 1 5

3

3.1

13 d

Gomes & Kozlowski
1980 Yamamoto et al. 1995 2001a Close &

Davidson 2003



964 30

1 7~10 70d +
Table 1 Values of indexes of physiology on 7 — 10 and 70 days in two waterlogged seedlings mean + SE
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P ; .
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