21 10 Vol. 21,No. 10

2001 10 ACTA ECOLOGICA SINICA Oct. ,2001
1,3 1 2 3 3
* ° ° M
(1. . 518040;2. B 51052035 3.
N 510275)

The physiological-ecology of Kandelia candel seedlings introduced

to Shenzhen Bay

ZAN Qi-Jie"*, WANG Yong-Jun', LIAO Bao-Wen’, HUANG Li-Nan’,ZHANG Wei-Yin®
(1. Guangdong Neilingding Futian National Nature Reserve,Shenzhen 518040,China;2. The Research Institute of

Tropical Forestry, CAF ,Guangzhou 510520, China; 3. School of Life Sciences of Zhongshan University , Guangzhou

510275,China). Acta Ecologica Sinica,2001,21(10):1662~1669.

Abstract: Kandelia candel (D. )is a woody mangrove species growing in intertidal of tropical and subtropical

region. It naturally distributed in 5 southeastern provinces (Hainan, Guangdong, Guangxi, Taiwan and

Fujian) of China. The distribution, however,has been shrinking due to over exploitation of its habitat.

Rehabilitating mangrove vegetation underwent in Shenzhen Bay, a place neighboring Hong Kong in

Guangdong Province.

K. candel propagated through hypocotyls. Replanting efforts demanded proper provenance. Based upon
our experiences, one year old seedlings of K. candel was the best to use. Therefore, to evaluate the
performance of various provenance, we conducted a series of experiment in Futian Nature Reserve,
Shenzhen Bay.Guangdong Province.

Mature hypocotyls of K. candel were randomly collected from 4 sites,Qiongshan (Hainan Province)
Longhai (Fujian Provice ), Gaogiao and Futian (Guangdong Province ), respectively, in 1997. For
uniformity,only intact hypocotyls of similar length and diameter were selected for further experiments. 180
hypocotyls from each site were used.totaling 720 hypocotyls. Each hypocotyls was then planted in nutrient
bags of 8 cm diameter and 12 cm high. Each bag was filled with soils dug from intertidal of Futian. By
randomized blocks design method.these bags were place on triplicate nursery beds at Futian’s intertidal
zone. Each bed contained 4 X 60 hypocotyls from each collection site,totaling 240 bags on each bed.

In 1998, a series of measurements and analyses were made on the one year old seedlings. The

survivorship rate was:Qiongshan >Futian > Gaoqiao > Longhai. The number of leaves was Qiongshan>
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Futian > Gaoqiao > Longhai. Leaf area was calculated based upon the length and width of 50 randomly
selected mature leaves from each provenance. The leaf area was:Futian>>Qiongshan>>I.onghai>Gaoqiao.
The results of height and basal diameter measurement showed that the seedlings from Qiongshan had the
highest growth rate and followed by those from Futian. The chlorophyll a.b and total chlorophyll content
was measured using Spectrophotometric method. Variance analysis of the data indicated that there was
significant different of chlorophyll b content but no significant different among chlorophyll a content. The
photosynthesis rate.,transpiration rate and stomata conductance were measured using Licor-6200 portable
photosynthesis device. The photosynthesis rate within the same time frame was Qiongshan > Futian >
Gaogiao and Longhai while the transpiration rate and stomata conductivity of Qiongshan was the highest
among the 4 provenance. The total water content of leaves was measure by weighing;the bound water was
measured using Abbe refractometer;the free water content was obtained by subtracting the bound water
content from the total water content. The ratio of bound water/{ree water content was Longhai>Futian>
Qiongshan and Gaoqiao. This indicated that although Qiongshan provenance had the fast growing rate,it
had lower resistant ability ot high salt concentration. On the other hand,Longhai provenance grew slower,
but it had higher resistant ability. The catalase activity was measured using Potassium permanganate
titration method. The results showed Futian > Gaogiao > Longshan > Qiongshan. Indicating Futian
provenance had the best detoxification abilityl. It was probably because Futian provenance had long grew in
and adapted to a highly polluted environment. The free proline contents was measured using Acidic
ninhydrin method. The results showed that the free proline content was Longhai™Futian>>Qiaonshan>>
Gaoqiao. Free proline generally accumulated in larger quantity inside plants growing in severe environment
condition and reflected the adaptive ability of the plant. Therefore, the results indicated that Gaoqiao
provenance swhich was from high salt content area.needed only slight accumulation of free proline to grow
normally in Futian which had lower salt concentration. On the other hand, those from low salt
concentration area of Longhai needed accumulate higher concentration of free proline to grow normally in
Futian. The relative electrical conductivity of leaf tissue was Longhai>>Gaoqgiao>Futian>>Qiongshan. The
conductivity is an indicatior of resistance to environment stress. The results indicated Longhai and Gaogiao
provenance had a better resistance to envuironment stress.

In order to assess overall performance of the 4 provenance in Futian,we used a coordinate-synthetic-
evaluation method to analyze 9 factors (survival rate,height,basal diameter,chrolophyll content,catalase
activity, free proline content, boundwater/free-water ratio, relative electrical conductivity and
photosynthesis rate). The result showed that the provenance of Futian had the best value.

Based on the results we argued that,for the purpose of rehabilitating mangrove vegetation in Shenzhen
Bay, Futian provenance was the best for cultivation, and therefore disprove the effort of massive
introduction of K. candel from other areas to Shenzhen Bay.
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Table 1 Generally natural situation of sites from where K. candel are
1
N E Yearly Mean %)
Site Latitude Attitude mean temp.on  YDLH(h) AP(mm) Mean Tide type o
temp. (C) Jan. (C) soil sality
Futian 22°32' 114°03' 22.0 14.1 2209 1927 <15.0 ST % 7.1
Qiongshan 19°56’ 110°34' 23.8 17.2 2240 1685 21.9 ST * 7.2
Gaoqgiao  21°30' 109°41' 22.8 15.2 1844 1757 25.5 AT * 7.3
Longhai  24°54' 117°23' 21.0 12.2 2115 1365 16.2 ST % 7.1
* ST Semi-day tide , AT All-day tide, * Irregular tide, YDLH Yearly day-light
hours,AP  Annual precipitation
2
2.1
1997 3 4 s R R s
s s N o
8cm,  12cm s s 4
( 2/3), s s 2
30 »3 ( IR
H|L|F|S L|H|F S F H S L
H Provenance from Qiongshan,Hainan;L Provenance from Gaoqiao, Lianjiang;S
Provenance from Futian,Shenzhen;F Provenance from Longhai,Fujian
1
Fig. 1 Planting pattern of Mangrove K. candel hypocotyl
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Table 2 Height and basal diameter of one year old K. condel seedlings
7P (cm) (cm)
Provenance Survival rate Height o0 Basal diameter o0
F 10. 83a+2.83 54.56a+2.53 98. 8 0.82a40.12 83.7
L 21.1la=+4.57 56. 95ab+3. 25 103. 2 0.87ab=40. 14 88.8
S 44.56b+3. 25 55.21la+1.25 100 0. 98ab+40. 09 100
H 73.33c+0.00 65. 40b+2. 94 118.5 1. 04b=+0. 11 106. 1
F  F-value 66. 449" " 5.298" " 5.922* "
* % ,a<0. 01 significant difference at 0. 01 probability level; s

+a<0. 05 same scripts within columns indicate which means were no significant difference at a

probability level of 0. 05; (%)
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Table 3 Leaf number and leaf size of one year old K. condel seedlings
Leaf size(X4SD)
%) / 9%
Provenance
Branch No. Leaf No. Length(ecm)  Width(em)  Length/width Area(cm?)
F 0~1la 9.0a=40.9 64.3 10.040. 8 4.840.6 2.140.2 33.2ab+8.4 73.6
S 1~2a 14. 0a+6.2 100 11.2+0.5 5.440.5 2.140.3 45.2¢+5. 8 100
H 6~7b 42.0b+7.2 300 10.040.5 5.3+£0.4 1.9+0.2 38.4b+3.1 85.1
L 1~2a 11.6a4+6.8 83.1 10.0+0. 6 4.74+0.6 2.14+0.3 30.2a+2.7 66.8
F 45. 089" * 35.709" % 17.779*
F-value
4
Table 4 Contents of chlorophyllngs
a b
Total chl. %) %) %) a/b 9%
Provenance Chl. a Chl. b
(mg/g FW)
S 0.759a=+0.015 100  0.520a40.112 100  0.240b=+0.002 100 2.16740.53 100
0. 615a=40. 021 81.0 0.437a=+0.014 84.0 0.178a+0.007 74.2 2.455+0.53 113.3
L 0.748a=+0.020 98.6 0.509a40.017 97.9 0.239b+0.013 99.6 2.13040. 42 98. 3
F 0.639a=+0.028 84.2 0.438a=+0.019 84.2 0.20lab+0.05 83.8 2.17940.18  100.6
F  F-value 2.522N 2.178N 3.418*
NS no significant difference at 0. 05 probability level; »a<0. 05 least significant
difference at 0. 05 probability level; similar hereinafter
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Table 5 Photosynthesis,transpiration and stomatla conductance

Light intensity Photosynthesis Transpiration Stomatla conductance
Provenance Time

(pmo/m?s) (pmolCO,/m?s)  (MmolH,0/m?s) (cm/s)

S 1998-08-13 16:00 1455 13.12 8.871 0. 820
1998-08-14 9:00 1296 13.54 7.431 0. 827
1998-08-14 12:00 1707 10. 69 7.255 0. 504

H 1998-08-13 16:00 1603 18.97 11. 877 1.168
1998-08-14 9:00 1274 18.93 10. 432 1. 386
1998-08-14 12:00 1749 16.59 13. 481 1. 297

L 1998-08-13 16:00 1313 8.97 7.460 0.943
1998-08-14 9:00 1043 11.07 7.561 1.160
1998-08-14 12:00 1772 8. 87 7.764 0.572

F 1998-08-13 16. 00 1409 6.72 5.782 0.495
1998-08-14 9:00 1226 9.50 5.599 0. 501
1998-08-14 12:00 1843 9.68 8.352 0. 652

6

Table 6 Percentages of water content,free-water and bound-water content in leaves

/
Total %) Free-water %) Bound-water %) %)
Provenance Bound/Free
CZP) %0 (GZP)
L 71.57a+0.28  94.4  42.58b+0.08 100.6 28.99a+0.19 86.6 0.68la+0.13  86.0
H 75.40ab+1.17 99.5 46.09b=+0. 61 108.9  29.31a=40.07 87.6 0. 636a=+0. 01 80. 3
S 75.80ab+2.02 100 33.49a+0.34 100 42.31c£1.68 100 0.792ab=+0.14 100
F 79.42b+2.65 104.8  42.96b+2.68 101.5 36.46b+0.13 108.9 0.852b+0.05 107.6
F  F-value 5.655° 7 32.155% " 149. 237 %% 117.346%
3.6
b b
[19]
o b b
N 3 C 7.
7 ’ b
Table 7 Catalase activity of leaves ;
Activity °
) 9%
Provenance (mg/gFW * min) 3.7
H 5.206a=0. 490 21.7 N ’
F 15.513b40.493  64.6 ’ o ?
15
o 8
L 20.188c=+1. 860 84.1
9 b
S 24.013d+2.971 100
b o
F  F-value 509.439"
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Table 8 Contents of free proline of leaves Table 9 Relative electrical conductivity of leaves
Content
Provenance (ug/g FW) 0 Provenance Relative elec. cond. oo
L 69. 94a+4.23 76.3 H 3.83a+0.59 79.3
H 83.93b+3.12 91.6 S 4. 83ab=+0. 00 100
91.64c+5.42 100 G 5.27b=+0. 05 109. 1
F 171.93d+17. 50 187. 6 L 5.67b+0. 34 117. 4
F  F-value 100. 000 * * F  F-value 9.467*
4
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Table 10 Synthetic evaluation of plants from different provenance
@) () Ki(l—a)?
1 2 3 4 5 6 7 8 9
Provenance /
SR Height BD cC CA PC BW/FW REC PHO N
0.165 0.024 0.003 0.000 0.000 0.218 0.005 0.022 0.000 0.661 1
0.000  0.000 0.000 0.036 0.613 0.262 0.064 0.105 0.000 0.040 2
0.516 0.017 0.027 0.000 0.025 0.352 0.040 0.005 0.220 1.097 3
0.732 0.028 0.045 0.025 0.125 0.000 0.000  0.000 0.275 1.109 4

SR Survival rate,BD Basal diameter,CC
BW/FW Bound-water/Free-water , REC

number

Contents of chlorophyll,CA

Relative electrical conductivity , PHO

Catalase activity , PC

Proline contents,

Photosynthesis, SN Evaluated serial
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