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Abstract: Effects of different waterlogged time on growth and physiological responses of two mangrove
species, Bruguiera gymnorrhiza and Kandelia candel ,were investigated. Mature propagules of K. candel
and B. gymnorrhiza were collected at Mai Po Mangrove Nature Reserve in Hong Kong in March and April
1997, respectively. Four propagules were planted in a plastic pot containing 4 kg soils collected from the
same mangrove forest. On 14 October 1998.,4 B. gymnorrhiza pots and 4 K. candel pots were selected as
materials for the waterlogged experiment. For each species, 4 treatments were set up to examine the
growth and physiological responses to 4 waterlogged times.that is.drained for 12 weeks (D) ,drained for 8
weeks -+ waterlogged for 4 weeks (W4), drained for 4 weeks + waterlogged for 8 weeks (W8), and
waterlogged for 12 weeks (W12). During drained periods,each pot was put onto a shallow tray(3 cm deep)
and irrigated with 400 ml artificial seawater (salinity of 15)every two days.in the same way as previously
described. For waterlogged treatments, each pot was placed inside a plasic container full of artificial
seawater to ensure that the pot was waterlogged and the soil surface was inundated with 5 cm seawater.

At the beginning of the experiment,all pots had similar redox potentials as the soils were drained
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before. The soil redox potentials of B. gymnorrhiza pots and K. candel pots were-14 and -8mv,
respectively. At the end of the experiment,soil redox potentials decreased significantly with waterlogged
time,in the descending order of D>W4>W8>W12 for both B. gymnorrhiza and K. candel pots. This
indicates that continuous waterlogging resulted in oxygen-deficiency in mangrove soils. The redox
potentials of K. candel pots were less negative than those in B. gymnorrhiza pots .suggesting that K. candel
plants may transport more oxygen through aerial parts to roots then to soil than B. gymnorrhiza plants.
From this,it seems that K. candel may have more tolerance to waterlogging than B. gymnorrhiza.which
will be further tested by their different responses to waterlogging on growth and physiology as follows.

Growth responses,in terms of biomass partitioning and relative growth rath, to waterlogging were
different between the two species. Generally K. candel had lower shoot/root biomass ratio (S/R) than B.
gymnorrhiza. For B. gymnorrhiza,no significant differences were found in S/R among the four treatments.
For K. candel, S/R was low in drained (D) plants when compared to plants subjected to 8-weeks(W8) or
12-weeks (W12) waterlogged treatments,suggesting that more biomass were allocated to shoots than roots
under prolonged waterlogging in K. candel.

The relative growth rate (RGR)was not significantly different among four treatments in K. candel but
the RGR dropped significantly with waterlogged time in B. grmnorrhiza. The RGR of B. gymnorrhiza was
higher than that of K. candel if the plants were drained or were waterlogged for less than 8 weeks.
However, in the 12-weeks waterlogged treatment (W12), there was no significant difference in RGR
between K. candel and B. gymnorrhiza. According to two-way ANOVA ,a very significant interaction was
found between species and treatment,implying that these two species responded differently to waterlogging
in growth.

The interaction between species and treatment in terms of root activity measurement was significant,
indicating the two species had different responses to waterlogging. Root activity of B. gymnorrhiza
subjected to 12-weeks waterlogging (W12)declined significantly when compared to the drained(D),W4 and
W8 plants. On the contrary, the highest root activity was found in K. candel plants with prolonged
waterlogging . the activity in W12 treated plants were significantly higher than the drained plants which had
similar activity as the plants subjected to 4 or 8 weeks waterlogged treatments.

The concentrations of chlorophyll a,chlorophyll b and total carotenoids in W8 and/or W12 treated B.
gymnorrhiza and K. candel were significantly higher than the respective drained (D) or W4 plants. This
suggests that mangrove plants had an increase in photosynthesis under prolonged waterlogging. No
significant interaction was found between species and treatment for chlorophyll a,chlorophyll b and total
carotenoid contents,indicating that both plant species had similar photosynthetic response to waterlogging.

Both species had higher nitrate reductase (NR) activity in leal and stem than in root. For NR activity,
interaction between species and treatment was very significant in root but not so in leaf and stem,indicating
that B. gymnorrhiza responded to waterlogging by means of root NR activity were different from K.
candel. For each component of each species significant differences in NR activity were found among 4
treatments. NR activity in leaf and stem of both species tended to increase with waterlogged time. The
highest root NR activity was found in W12 treated B. gymnorrhiza but prolonged waterlogging did not
cause any significant increase in K. candel.

The peroxidase activities in leaf,stem and root were significantly different between species, but no
significant interaction was found between species and treatment. The activities in K. candel were
significantly higher than in B. gymnorrhiza. and the activity changed very little in the former species when

subjected to waterlogging. In leaf and root of B. gymnorrhiza, peroxidase activities were significantly
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different among treatments and higher when they were waterlogged for 12 weeks than the other

treatments.

Both B. gymnorrhiza and K. candel showed similar responses in superoxide dismutase (SOD) activity

to waterlogging as the interaction between species and treatment in all measurements of SOD activity was

not significant. SOD activity was significantly higher in K. candel than in B. gymnorrhiza,and waterlogging

had no significant effect on this activity in leaf,stem and root of K. candel. On the other hand.higher

activities were found in root and stem of B. gymnorrhiza receiving 12-weeks waterlogged treatment.
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Fig. 3 Responses of root activity of B. gymnorrhiza(Bg)
Fig. 2 Growth responses of B. gymnorrhiza (Bg) and K. candel(Kc) to waterlogging

and K. candel (Kc) to waterlogging
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Fig. 4 Responses of chlorophyll (chl. ) and carotenoid (car. ) contents in B.

gymnorrhiza (Bg) and K. candel (Kc) to waterlogging
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gymnorrhiza (Bg) and K. candel (Kc) to waterlogging
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Fig. 6 Responses of peroxidase (POX) activity in leaf, stem and root of B.

gymnorrhiza (Bg) and K. candel (Kc) to waterlogging

10 1661
1
Table 1 Results of 2-way ANOVA
Source of variation Comparison
. S T
Indicators SXT
Species Treatment B. gymnorrhiza K. candel
/ S/R 91.65 % % x 0.48 4. 85 * 3.38 10. 03 % % =
RGR 28.01 % % x 12.36 % * = 9.62 % x 144.80 % % * 1. 62
Root activity 29.44 % % x 0. 29 4. 38 * 22.17 % % * 13.56 % * *
Photosynthetic pigment
a Chl.a 11.40 % % = 13.78 % x = 1. 80 26.51 % % * 53.83 % % x
b Chl. b 6.10 % 9.03 % * 0. 66 34.85 % x * 2111 % % %
Car. 16. 36 % % x 1. 83 1.08 9.28 x 5.76 %
Nitrate reductase activity
Leaf 10. 44 % % % 4.57 * 1. 30 4.53 5.50 %
Stem 0.01 11.54 0. 00 30. 90 % % x 13.53 % * %
Root 1. 83 0. 31 14.57 % % % 19.39 % * * 44.72 % * %
Peroxidase activity
Leaf 12.84 % % x 3.68 2.99 6.58 7.65 % x*
Stem 38.90 % x % 0. 38 0.11 2.95 2. 87
Root 76.36 % % x 3.59 0. 63 59 x x 1. 34
Superoxide dismutase activity
Leaf 22.34 % % % 0.16 0.09 0.45 1. 07
Stem 20. 81 % * * 0. 45 1.52 6.16 * 3.10
Root 21.36 % * % 5. 70 % 2.41 10.22 % % x 0. 38
F-values are given and significant effects: * 0.05; * x 0.01; x % % 0.005
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Fig. 7 Responses of superoxide dismutase (SOD) activity in leaf, stem and root
of B. gymnorrhiza (Bg) and K. candel (Kc) to waterlogging
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