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Abstract

Aims  Although the influences of waterlogging disturbance on the physiology and growth characteristics of
plants have been reported for many angiosperms, few studies were carried out in dioecious plants. Our objective
was to explore the differences between the sexes of a dioecious species, Populus cathayana, in sex-related growth
and physiological responses to waterlogging.

Methods One-year-old male and female P. cathayana seedlings were grown in plastic pots in Nanchong, Si-
chuan Province, China and were subjected to two water regimes: control (common soil water content) and water-
logging (water level 4 cm above soil surface) for 40 days of growth. We investigated sexual differences in
malondialdehyde (MDA) content, photosynthetic pigments, gas exchange characteristics, antioxidant enzyme and
morphological indices at the end of the experiment.

Important findings The waterlogging treatment significantly increased MDA content and number of stems with
adventitious roots under water, as well as decreased net photosynthetic rate (P,), chlorophyll content, super-oxide
dismutase (SOD) activity, plant height, basal diameter, total leaf area, specific leaf area (SLA), root biomass, leaf
biomass, stem biomass, total biomass and root/shoot ratio (R/S). Moreover, the waterlogging treatment signifi-
cantly increased MDA content but decreased SOD activity, P,, carotenoids (Caro) content, chlorophyll a/b ratio,
SLA, root biomass and R/S in female plants, and males had higher stomatal conductance (Gs), intercellular CO,
concentration (C;), transpiration rate (7;), more adventitious roots and greater plant height than females. The re-
sults indicated that morphological growth and physiological progress of the P. cathayana seedlings were seriously
inhibited by the waterlogging treatment. Males may possess greater waterlogging resistance than females with
higher photosynthetic capacity and number of adventitious roots maintaining plant growth under waterlogging
stress.
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Fig. 1 Malondialdehyde (MDA) content and super-oxide dismutase (SOD) activity of male and female Populus cathayana
seedlings affected by waterlogging stress (mean + SE). S, sex effect; T, treat effect; S x T, sex and treat effect. Means with the same
letter are not significant difference at the p > 0.05 level according to LSD test.
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Table 1 Gas exchange characteristics of male and female Populus cathayana seedlings affected by waterlogging stress (mean + SE)

il PER S RESUES AT JiE COM E A A Wk K 23 R FH R
Group Sex Net photosynthetic rate Stomatal conductance Intercellular CO, con-  Transpiration rate  Instantaneous water use
(umol'm2s™") (mol'm?s™) centration (umol'mol™") (mmol'm2s™") efficiency (umol-mmol ')

X 1 WPt Female 16.94 +0.20° 0.21+0.01° 218.03 +8.67° 1.13 £0.09° 1622+ 1.15°
Control  jihk Male 17.36+0.35° 0.16 +0.01° 170.92 + 7.65¢ 0.91 +0.02° 19.57 +0.54°
s WPt Female 9.06 +0.23° 0.07 £0.01° 155.46 + 16.97° 0.51 +0.02¢ 18.55+ 1.12%
Treatment ot Male 13352 0.30° 0.22£0.02° 256.56 = 4.93" 1.45£0.11° 9.25+0.43°

p>Fs <0.001™" <0.001™" 0.015" <0.001™" 0.005™

p>Fr <0.001"" 0.004"™ 0.250 0.542 0.001"™"

p> Feer <0.001"" <0.001"" <0.001™" <0.001™ <0.001"™

p>Fs, Wi HEMEN W 22 5 1 B E VMR, p > Py, ACBRGAT N BARRRZ R B FENEMER p > Foor, PEMIRIALBRAS T AR 0 22 5 1 R 5 MR
7] — B0 00 501 A A 7] % B WA LI O (2.3 22 5 (LSDVE, p > 0.05 )e *, p < 0.05; %, p < 0.01; ***, p < 0.001; ns, TRHE#F.

p > Fs, the probability of significant difference between sexes; p > Fr, the probability of significant difference between treatment; p > Fs.r, the prob-
ability about significant interaction effect of sex and salt treatment. Values followed by the same letter in the same column are not significantly dif-
ferent at the p > 0.05 level according to LSD test. *, p < 0.05; ** p < 0.01; *** p < 0.001.

F2 MK REXS T MERE ) P e (0 3R B R S 3R a b A M (T BB R R R )
Table 2 Photosynthetic pigments content and chlorophyll a/b ratio of male and female Populus cathayana seedlings affected by
waterlogging stress (mean + SE)

415 PE5 M4k Fa 4k #EDb FsUIRS S R ME 4k Falb
Group Sex Chlorophyll a Chlorophyll b Total chlorophyll Carotenoid Chlorophyll a/b
(mg-g'FW) (mg-g 'FW) (mg-g ' FW) (mg-g 'FW)
S e WEYE Female 0.93 +0.02° 0.36+0.01° 1.30£0.02° 0.42+£0.01® 2.58+0.01°
Control et Male 1.10 £ 0.06° 0.41 = 0.02° 1.51+0.07° 0.46 = 0.02° 2.69 = 0.04%
osi MEPE Female 0.55+0.01¢ 0.23+0.01¢ 0.78 +£0.02¢ 0.28 +0.01° 2.37+0.03¢
Treatment — pupr Ve 0.83 +£0.03¢ 0.30 £0.01° 1.13 £0.04° 0.39+0.01° 2.77 £ 0.06"
p>Fs <0.001"" <0.001"™" <0.001"" <0.001"™" <0.001""
p>Fr <0.001"" <0.001"™" <0.001"" <0.001"™" 0.130
p> Fsur 0.125 0.389 0.162 0.023* 0.002"
FEFEL

Notes see Table 1.
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I 52 B AE 7K AR B S0 0] A2 HAE IR 2 25 (p =
0.011,p = 0.019F1p < 0.001).
3 i

WEFLR I, /K P8 1 R ) A PR B 25 70 1
387KV PR IE 5 IR AE H (Panda et al.,
2008), I FEIAR R PTE AT, JF RRRAE
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4 Jitu PN R ZE (Blokhina ef al., 2003), 52851 KA
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Table 3 Growth index of male and female Populus cathayana seedlings affected by waterlogging stress (mean + SE)

415 P Fra o SR EALNTIEA AEREH
Group Sex Height (cm)  Basal diameter (cm) Total leaf area (cm®) ~ Specific leaf area (cm*g™') ~ Number of adventitious root
paglst MEPE Female  79.05+2.71° 5.25+0.14% 792.46 + 26.29° 129.15 + 3.03* 0.00°
Control bk Male — 107.4+2.40° 557 +0.08° 735.64 + 44.68" 11430 £2.42° 0.00°
Ab P MEME Female  58.61 +1.58 4.95+0.11° 452.90 + 35.96 92.76 + 1.79° 1.00 £0.77°
Treatment yepi \ale  67.50 = 1.68° 5.16+0.14° 37581 £23.21° 89.94 + 1 39° 8.20 £ 2.48"
p>Fs 0.001™ 0.249 0.064 0.001" 0.014"
p>Fr <0.001"" 0.032" <0.001"" <0.001"" 0.003™
p> Fsur <0.001"" 0.655 0.767 0.015" 0.014"
RIEMZEL

Notes see Table 1.

Fd  AEIKIE T T MERES) 1 Ay T FE NI R G 0 52 0 (G S (AR AR )
Table 4 Dry biomass and root/shoot ratio (R/S) of male and female Populus cathayana seedlings affected by waterlogging stress
(mean = SE)

415 PE AR AR A5 MY e b
Group Sex Leaf biomass (g) Stem biomass (g) Root biomass (g) Total biomass (g) Root/shoot ratio
XTI WEPE Female 6.14 +0.22° 446+021° 3.46+0.12° 14.07 £ 0.48" 0.33+0.01°
Control Pt Male 6.46 + 0.40° 6.27 £ 0.24° 2.82+0.21° 15.55+0.74 0.22+0.01°
Ab i Treatment WEPE Female 4.87+0.33" 433+0.18° 0.63 £ 0.06° 9.83 +0.48" 0.07£0.01°
HEE Male 417+021° 4.88+0.23° 0.69 +0.10° 9.74 + 0.44° 0.08 £ 0.01°
p>Fs 0.535 <0.001"" 0.047 0.221 0.001"
p>Fr <0.0017" 0.003" <0.001"" <0.001"" <0.001""
p>Fsa 0.112 0.0117 0.019" 0.171 <0.001™"
RIEFZL,

Notes see Table 1.
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X R AR RO B i (I, T A 5 AN T s A A 7T
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