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Summary

This project is the second phase of project PD 294/04 Rev.4 (F), which was derived
from the pre-project (PPD30/01 Rev.1 (F)). The successful completion of the pre-project
(PPD30/01 Rev.1 (F)) and the first phase project (PD 294/04 Rev.4 (F)) had established
two demonstration districts in southeast Guangdong and Hainan Province, China, for the
purpose of improving the low-quality secondary forests. To further promote this project,
the executive agency devoted considerable efforts to this project during the past 24
months and achieved precious experiences. 1) Suitable environment were created for the
growth of re-introduced trees/plants by taking three-time tending and twice fertilizing in the
SDMSTF areas; 2) Normal growth and development of re-introduced trees/plants were
observed during twice field investigation of the fixed sample plots. Seventy nine out of 82
species of plants (96.34%) survived in the STFs. The trees had significant differences in
height, diameter at breast height and individual volume. Forty one species of plants/trees
displayed high adaptability to environment in STFs, implying their high potential for STF
management. Seven non-timber plants have entered fruiting age and can produce
economic outputs ranging from 183.8 US $/ha to 495 US US $/ha. The improvement
activities dramatically increased the biodiversity, forest coverage, and biomass of forests;
3) The DDs were well conserved from any disasters by giving priority to forest fire
precaution, disease and pest control for forest safety; 4) Two training sessions were
hosted for more than 100 trainees. The trainees got apparent improvement in technology,
knowledge and awareness on the STFs management. 5) A book “Management of
Secondary Tropical Forest” was published, which enhanced the dissemination of
knowledge, experiences and technology of STF management.

Additionally the EA added several activities to strengthen influences of our project on
the public. 1) The EA took advantage of TV program, Internet, Scientific Journal,
Consultation Activities, and High-level symposium to disseminate this project; 2) The EA
successfully applied the community-based model to a new reforestation project
“Dongjiang River Basin Reforestation Project” in collaboration with Hong Kong-based
Heroes2 Company.

The smooth completion of our project was attributable to right strategy. Our project
highly emphasized the improvement of economic outputs other than ecological benefits
since the poverty was the key problem of local residents. The community-based
management model played an important role in motivating the participation of local
residents. Our management model might act as model for STF improvement and has the
potential to be replicated in other areas.
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1 Introduction

China has about 5.44 million ha of secondary tropical forests (STFs), accounting
for 48.3% of forestland and 50.6% of forests in the tropical region. The STFs are
mainly distributed in 124 counties or cities in Guangdong, Hainan, Guangxi, Yunnan
provinces, and some parts of Fujian and Tibet. However, due to heavy population and
low income, farmers almost completely rely on wood for living, which leads to the
gradual reduction of natural tropical forests and tree species, increase in forest pests
and disease, and frequent occurrence of drought and flood disasters.

Due to the economic pressure on local residents in less-developed regions, there
is little management performed on STF to improve its quality; on the contrary, STF are
constantly being damaged, resulting in a decrease in species diversity and woodland
degradation. Even in relatively well-developed regions, where forests are better
protected, necessary managements are also needed, the economic and ecological
benefits of STF have been at a very low level. Many studies have reported that it may
take as long as 100 years or longer for such STF to return to a stable community
naturally. While the time for recovery could be dramatically shortened by half if
sufficient management measures are taken.

It is of great significance and also of urgency to carry out a program to enhance
economic and ecological benefits, and to help people, especially in the countryside, to
improve their living standard. Therefore, a STF management project was funded by
ITTO in Xinhui, Guangdong and Tongzha, Hainan using an experienced model:
community-based management model.

In view of the serious problems of STFs, such as low forest productivity, losing of
biodiversity, fragile ecosystem, poor stand quality, land degradation, and land-use
change, the 30th ITTC convention approved the pre-project proposal entitled “The
SDMSTF in Tropical Regions for the Purpose of Enhancing Economic and Ecological
Benefits” (PPD 30/01 Rev.1 (F)) submitted by Guangdong Academy of Forestry (GAF)
in 2001.

The project PD 294/04 Rev.4 (F) was the continuation of the pre-project “The
Study and Demonstration of the Management of SF in Tropical Regions for the
Purpose of Enhancing Economic and Ecological Benefits” (PPD 30/01 Rev.1 (F). it
aims to improve the TSFs in south China by using better management measures. The
specific objectives were: a) to establish demonstration districts in two provinces for
the study and demonstration of management of TSFs (Phase 1) and b) to train
forestry staff and villagers in TSF rehabilitation . techniques and to publish and
disseminate the project results (Phase 2).
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To date, task in phase 1, the establishment of demonstration districts had been
finished in July, 2009. This secondary phase project of PD 294/04 Rev.4 (F) hopes: a)
to continue the management of first phase demonstration area for better outcomes; b)
to train forestry staff and villagers with TSF rehabilitation techniques; c) to
disseminate our improvement model by publishing project-related information, and by
applying our model to practical reforestation projects.

2 Applied methodologies

2.1 The establishment of demonstration districts

The establishment of demonstration districts was finished in phase 1. The
method adopted was described in our previous Project Technical Report (2008), in
which the background information, field preparation, tree selection, seedling
cultivation, planting technique, and tending were described in detail. To be particularly
mentioned was our community-based management model that was used for
establishment and subsequent management of DDs.
2.2 Tending and Fertilizing

We organized and conducted three-time tending and twice fertilizing for the
plants in the demonstration areas. The first two tending and fertilizing were conducted
in August 2009 and July 2010, and the last tending was finished in July 2011. With
regard to tending, we completely removed overrunning weeds, crab grasses,
brambles and thistles that closely surrounded the introduced plants. As for the
fertilization, we dug holes around the bases of the introduced trees and fertilized them
by adding 0.5 kg compound fertilizer into each hole.

2.3 Fire prevention, diseases and pest control

The executing agency and local forest units held coordination meeting and
organized a special working group that are specifically responsible for the followings:
1) Broadly disseminating the forest fire prevention, disease and pest control to
increase the awareness of the local residents; 2) Intensively deploying various related
works for the special working group to improve their responsibility and work efficiency;
3) Giving prominence to key areas on forest fire prevention, disease and pest control,
and strictly controlling the disaster origin; 4) Strengthening duty and effectively
channeling information flow within/among departments of this project
2.4 Investigation of the fixed sample plots

To disclose the potential benefits and outputs of STF improvement, we conducted
two-time investigation of three fixed sample plots since their plantation in October
2009, and August 2011 respectively. The first investigation was focused on the
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biomass and growth traits of introduced trees, and the second was targeted to all
plants for evaluation of forest quality. These three fixed stand sample plots were
rectangle with a size of 50 m x 66.67 m, in each of which 30 sub-plots with a size of 5
m x 11.11 m were included.

As for growth status, an investigation was conducted to detect the survival rate of
re-introduced trees/plants, the height (HT) and diameter at breast height (DBH). HT
and DBH were further used to calculate the individual volume. Statistic analyses were
conducted to evaluate the growth status of introduced trees.

Meanwhile an investigation was also conducted to reveal the plants that have
entered fruiting age. The fruits and seeds were measured to evaluate the economic
outputs.

With regard to forest quality, eight indicators were observed, including the
number of plants (HT=5 m), number of plants (5>HT=2.5 m), number of plants (HT
<2.5 m), total volume (m*ha), basal area/biomass (m?/ha), number of plants per

hector, number of plant species per hector, and forest coverage. These data were
statistically analyzed to evaluate the forest quality by comparing improved forests and
control forests. The control forests were those that have not subject to improvement.

2.5 Holding of two training sessions for 100 trainees

To improve the quality of training sessions, the EA held a seminar and invited
experts to give suggestion on textbook writing, session contents, session design, and
implementation. Finally two indoor training sessions were held. The first training
session was held for 54 trainees in Guangzhou on July 21, 2010. Four experts were
invited to give presentations in the following fields: overview of tropical forests and
secondary tropical forests in the world, sustainable management of secondary tropical
forests worldwide, the experiences achieved from the implementation of project PD
294/04 Rev.4 (F), and progresses on forest genetics and tree breeding. The second
training session was held in Nanning, the Capital of Southwest Guangxi Zhuang
Autonomous Region on October 11-15, 2010. This training session was also called
the Advanced Research and Study Class. Seven experts were invited to give
presentations to 80 trainees from 16 provinces. In addition to indoor training sessions,
the EA also invited experts to join in two-time consultation activities for extending
science and technology to countryside. The first consultation activity took place in
Renhua and the second in Guangning. During these activities, the experts gave
face-to-face training to local residents on SFT management.
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2.6 Book publication

Similarly, a symposium was held prior to book compiling. Four experts were
invited to give suggestions on all related issues. A working group was organized for
the collection of information and documents. The documents included books, scientific
papers, news, and PPT reports etc. The sources were book stores, libraries, scientific
journals, on-line database, magazines, newspapers, seminars, and symposium.
These documents were written in English or Chinese. One professor was invited to be
the first author who was in charge of the writing activity. To further improve the quality
of this book, the book draft was subject to several rounds of professional proofing and
revision by both editors and experts before its publication.
2.7 Project dissemination

To promote the influence of this project on the public, the EA took advantage of
TV shows, Internet, scientific journals, consultation activiies and academic
symposium to disseminate our project. Furthermore, the EA also made use of our
community-based management model to other new project.

3 Presentation of the data

3.1 Tending and fertilizing of the introduced plants

As a result of three-time tending and twice fertilizing conduced on the
re-introduced plants in the demonstration areas, the overrunning weeds, crab grasses,
brambles and thistles that closely surrounded the introduced plants were removed. It
was found that the majority of introduced plants independently have open spatial
spaces for growth and displayed good growth status (Figures 3-7, and 42-59 in
Appendix 3). They were neither covered by the crab grasses or vine plants, nor
restrained by the surrounding brambles and thistles. This strongly suggested that the
tending and fertilization are highly beneficial to the growth and development of
introduced plants in the STFs.
3.2 Fire prevention, diseases and pest control

Fortunately, the forests in Gudou Forest Farm are well protected from fire,
diseases and pests, and no disaster has occurred. Obviously, this is closely
associated with /dependent on the considerable efforts we devoted into this issue.
3.3 Observation of fixed sample plots
3.3.1 Evaluation of plant growth

Within the three standard fixed sample plots, 82 species of plants/tree were
re-introduced during the establishment procedure. The investigation conducted in
2007 and 2009 identified 79 species of plants/trees, representing 96.34% of the total.
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Their overall survival rate was more than 80%. The ANOVA analysis showed that
different plants/trees displayed significant variations in height (Tabie 1; P<0.0001),
diameter at breast height (P<0.0001) and individual volume (P<0.0001). Additionally
plant height in year 2007 differed significantly from that in year 2009 (P<0.0001).

Table 1 Variance analysis of plant height observed in 2007 and 2009

Source DF AnovaSS Mean Square Fvalue Pr>P
Species 78 435.26 5.58 8.51 <0.0001
Year 1 59.36 59.36 90.49 <0.0001
Species x Year 77  236.86 3.076 469 <0.0001

Of these 79 species of plants/trees, 41 had an average individual volume >
0.0004 cubic meter (Table 2). Forty species of trees displayed double or more
increase in height during 2-year growth from year 2007 to 2009. The best tree species
was Castanopsis fissa Rehd. et Wils. Its HT, DBH and individual volume in year 2009
were 4.46 m, 3.62 cm and 0.003575 m?® respectively. Its height was increased by
200.44% within 2 years.

Table 2 General growth status of introduced plants in three fixed standard sample plots

No. Species  Scientificname HT07 HT09  Height DBH09 VOL09 Survival

(m) (m) increased (cm) (m®) rate (%)
by percent
1 2 Castanopsis fissa 1 49 446 200.44 362 0.003574 85.6
2 BE Aleurites moluccana 1.63 3.32 104.10 3.74 0.003074 90.3
3 ks Myilaria laosensis 131 356  171.89 359 0.003055  79.6
4 KEEK  Sogum hanters 1] 286 157.73 277 0002944 782
5 PEER Elaeocarpus chinensis 1.64 3.51 114.08 2.85 0.002297 88.5
6 A Grebillearobusta ] 66 3.57 115.23 3.04 0.002189 77.3
7 AL 3 Castanopsis hystrixsc 0.75 2.76 266.32 2.88 0.002094 82.5
8 EREHit Terminalia muelleri 1 30 3,05 134.89 2.93 0.001971 90.4
9 AR Terminalia catgppa ()99 329 233.52 2.53 0.001706 95.2
10 &%¥F Alstonia rostrata 1 54 258 67.20 249 0.001639 86.2
11 *E# Radermachera h”i”"":; 095 3.62 282.66 2.59 0.001615 84.8
12 P& TN Spathodea campanulata 1.89 3.34 76.50 2.70 0.001540 78.5
13 Ui Elacocarpus sylvestris 1.31 3.31 151.69 2.68 0.001511 79.6
14 &vhe3 Elaeocarpus apiculatus 1.20 2.72 127.56 2.38 0.001393 88.3
15 2 Mangiferaindica 1 6] 3.04  89.03 250 0001298 825
16 ik Shorea obusa 109 259 137.23 219 0001199 725
17 EH Chirasiatabularis 132 271 104.69 212 0001118  79.6
18  EH  Coamomumcamphoa 085 294 245.19 233 0001111  84.1
19 #4E Adenantherapavonia 1 30 235 80.88 2.39  0.001110 85.8
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Species  Scientificname  HT07 HT09  Height DBH09 VOL09 Survival

(m) (m) increased {(cm) (m® rate (%)
by percent

20 GAH Kigeliaafricana 1 24 228 84.80 253 0001103 786
21 #HE Hopoa odorata 137 2 .80 104.59 2.28 0.000974 75.9
22 HERM Dalbergia odorifera 1 47 309 109.83 1.98 0.000858 922
23 RkE Magnoliaceaeglanca 112 2.76 146.37 1.83 0.000749 91.0
24 HEH Acmena acuminatissima () 84 262  210.28 1.98 0.000740 84.6
25  HRA Dolichandrone 1 17 234 100.37 1.87 0.000715 85.7

cauda-felina
26 R Pruwspersica 129 214 6641 1.89 0.000699  76.6
27 EER Cerberamanghas 118 133 12.99 2.30 0.000693 78.8
28 ENE Agquilaria sinensis 1,00 1.60 60.00 2.10  0.000613 823
29 Myricarubra (83 260  212.12 1.70  0.000600  80.9
30 MER Euphorbiaceae (85 245  187.86 174 0.000599  80.6
31 ABE¥ Dracontomelon (0 86 2,63  204.14 1.86 0.000594 84.8

duperreranum
3y 4Bk Artocarpus nitids 138 216 57.12 1.68 0.000569 789
33 At Terminalia mantaly (0 94 1,79 91.03 1.77 0.000564 74.9
34 AR Bischofiajavanica 099 176 78.14 1.79 0.000562 80.5
35 KA Michelia maccluret (375 1,66 122.99 1.39 0.000504 78.9
36 WAk Tsoongiodendron O‘IOC’;ZZ 0.78 1.39 78.64 1.50 0.000500 84.5
37  BRR Pinus massoniana (.60 2.07  245.68 177 0.000475  78.8
38 wE&% Michelia wilsonii 105 244  132.80 1.54 0.000466  90.1
39 4 Riodolea chanpionii .36 256 88.24 152 0.000436  83.5
40  ERE Ficus religiosa () 85 2,14 151.36 1.52  0.000424 87.7
41 gl Nephelium lappaceum 1 00 2.10 109.22 1.54 0.000405 86.7
40 AHEE Terminaliacatappa 090 135 50.00 1.90 0.000366 91.4
43 it Terminalia amtay () 86 2.30 169.01 1.60. 0.000344 78.9
44 HaER Swietenia m“c’opf;glfgz 072 1.83 154.63 1.32 0.000331 80.7
45 Hlgx Michelia maudiae (0 97 201 106.76 1.43  0.000321 78.8
46 K*’CE% i distonia scholaris 1 13 1,59 40.96 148 0.000319 86.7
47  AFH  Elacocarpus hainanensis 091 181  100.05 147 0000317  69.9
48 wE Cinnamomum burmannii 1 32 2 05 56.11 1.33  0.000301 70.8
49  ER¥ Schisandra chinensis 1 35 204 51.18 137 0.000272 79.8
50  ArHER Elaeocarpus decipiens () 68 1,53 125.08 1.27 0.000268 90.1
51 ACHE# Lageistroemia speciosa () 94 1,51 60.48 1.26 0.000250 79.0
52 L 28 Schoepfia chinensis 1 06  1.87 76.10 1.20  0.000231 84.7
53 K Khaya senegalensis () 95 1.80 90.48 1.40 0.000211 88.8
54 ax Crateva formosensis (7] 143 101.36 1.10  0.000173 79.1
55 R Barringtonia racemosa (0 97 ] .43 47.08 1.03 0.000150 90.5
56 RBEE Ternstroemia ()57 178  211.74 0.94 0.000139 94.9

gvmnanthera
57 W&RF  Arrocarpus he""”l’hf’a’:f 120 210 75.00 1.00 0.000134 94.7
58 A Saraca chinensis 125 139 11.53 089 0.000124 787
59  EHEHH Actinodaphnepilosa 0,66 1.51  128.30 0.93 0.000122 848
60 REEK  Mickdlia chapersis Dan 084 147 7565 073 0.000119  76.8
61 fr# Podocarpus nagi (51 1.00 96.08 1.03 0.000114 84.7
62 BA Kopsia lancibracteolata (74 132 77.49 0.85 0.000114 89.3
63 BEx Magnoliadent () 33 (0,93 181.82 1.00  0.000108 79.5
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No. Species  Scientificname HT07 HT09 Height DBH09 VOL09 Survival

(m) (m) increased (cm) (m’)  rate (%)
by percent
o4 HER Alstoria scholaris 135 170 26.19 1.00 0.000108 782
65  LiF Garcinia oligantha 13 132 0 093 0.000106 712
66 i Hopea hainanensi 080 131  63.19 0.75 0.000070  87.0
67 #HIA Cassia siamea () 45 147 22593 0.70  0.000067 76.9
68 ngiﬁ Mimusops clengiL. () 86  1.20 39.81 0.40 0.000022 80.2
69 é}% Calamus tetradactylus 0.32 0.44 38.62 — o 95.5
70 EHEE Pobalthialongifolia 041 048  16.56 - — 90.5
71 E2 ML Garcinia multiflora 0.40 1.20 200.00 — — 76.9
F Champ
72 ABA Delonixregia .80 0.90  12.50 - — 84.3
73 BAR Garcinia subelliptica 0.49 0.59 20.41 —_— —_ 75.8
74 HREE  mogolagandfiors 037 074 98.16 ~ — 74.6
75 EF Pleioblastus amarus 1.22 143 17.87 — —_ 77.6
76 HEK Acrocarpus fraxinifolius 0.57 057 0 — — 80.5
77 AKEE Artocarpus heterophyllus 1.30 2.00 53.85 — — 87.2
78  HeHEAR Heritiera littoralis 0.46 1.10 137.98 — — 79.9
Dryvand
79 WK Camellia olelferadbel 026 0.64  146.15 - - 88.2

Notes: HTO7, height in year 2007; HT09, height in year 2009; Height increased by percent, height
increase from year 2007 to 2009; DBH09, DBH in year 2009; VOL09, volume in year 2009.

3.3.2 Evaluation of economic output of non-timber plants

Within the demonstration districts, a total of 20 species of non-timber plants/trees
were re-infroduced. The investigation in year 2011 identified 7 species of plants/trees
that has come into fruiting age. The evaluation of economic outputs was listed in the

following table 3.

Table 3 Evaluation of economic output of non-timber plants in demonstration district

Chinese Numbers of Individual Total Price Economic
No. name Species name plants  Productivity productivity (US  output Utility
(plants’ha)  (kg/plant) (kg/ha)  $/kg) (US $/ha)
y - e ey Rattan for medicine
(ol Z
1 XBfifE  Millettia dielsiana 15 15 225 2.2 495.0 production
, , Fruit for medicine
el o) N g
2 FWM~ Acidosasa villosum 450 0.1 45 65 2925 production
3 WHTF  Litsea cubeba 150 5 750 046 3450 it for medicine
’ ’ production
4 Daemonqrops 15 5 75 545 183.8 Rattan for medlcme
margaritae production
na— Artocarpus . -
5 WEY heterophyllus 30 10 300 145 4350 Fruiting tree
o . Rattan for medicine
6 F$RFEWE  Euonymus fortunei 150 0.5 75 2.64 1980 production
y , , Seeds for oil
2]
7 WLiH  Sapium discolor 30 15 450 0.85 3825 manufacture
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3.3.3 Evaluation of ecological benefits of improved forests

To disclose the effects of project impiementation on the ecological benefits, three
samples plots were investigated. During the investigation, the forests were considered
as a whole and all plants/trees were measured. The data are listed below in Table 4.

Table 4 Comparison of ecological benefits of improved and control forests

Total Basal‘ No. of No. of plant Forest
Sample plot No. ofplants  No. of plants ~ No. of plants volume arca/Bio - plants species per coverage
HT=5m) (5>HT=25m) (HT<25m) (m*/ha) niass per hector )
(m’/ha) hector

Improved 171 331 160 3713 11.09 9990 71 63.5
Control 46 194 279 19.02  6.68 7815 49 40.0

) Improved 148 333 ' 90 3624 11.62 8565 74 65.9
Control 81 264 470 1826 649 8265 55 452
Improved 112 334 280 5145 1625 7136 60 59.8
Control 69 232 287 23.64 1193 5862 48 423

Note: HT, height.

3.4 Two training sessions were hosted for more than 100 trainees

Four experts were invited to a seminar and they gave many constructive
suggestions on various issues related to training sessions, including the textbook
compiling, session style, training contents, presentation experts, and future
development.

One textbook were compiled specifically for the training sessions. The contents of
the textbook included:

Parti  Overview of tropical forests and secondary tropical forests;

Part Il Sustainable management of secondary tropical forests;

Part lll  Brief introduction of project PD 294/04 Rev.4 (F).

Part IV Latest progresses in forest genetics and tree breeding

The first training session was hosted in Guangzhou city On July 21 2010 and a
total of 54 trainees participated in this session. Four experts were invited to give
presentations. The project coordinator Prof. Zeng linghai presented an overview of
tropical forests and secondary tropical forests in the world, Prof. Yin Zuoyun delivered
a speech on sustainable management of secondary tropical forests worldwide, Prof.
He Boxiang introduced the experiences achieved from the implementation of project
PD 294/04 Rev.4 (F), and Prof. Bailian Li gave a presentation on progresses on forest
genetics and tree breeding (Figure 9-11).

The second training session was hosted in Nanning, the Capital of Southwest
Guangxi Zhuang Autonomous Region in October 11-15, 2010. More than 80 trainees
from 16 provinces joined in this symposium. The topic of this symposium is
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“Sustainable Management Technology of Secondary Forests”. Our project coordinator,
Prof. Zeng Linghai, was invited to this symposium and gave a lecture on the topic of
Sustainable Management of Secondary Forests in south China (Figure 21-24 in
Appendix 3). In addition, 6 other experts were also invited to give lectures on the topic
“Sustainable Management Technology of Secondary Forests”.

3.5 Book publication

A symposium was hosted for book compiling on May 15, 2010 and four experts
were invited to give suggestions. Prof. Yin Zuoyun (from GAF), Prof. Zeng Linghai
from GAF, Prof. Zhong Weihua (from South China Agriculture University) and Prof
Huang Shaowei (from SCAU) gave constructive suggestions on the followings: book
content, organization, information collection, and knowledge on secondary tropical
forests etc. After 12-month of working, the authors collected huge documents
including 12 books, 212 scientific papers, 19 news, and 11 PPT reports were collected
from a variety of sources, such as book stores, libraries, scientific journals, on-line
database, magazines, newspapers, seminars, and symposium. These documents
were written in English or Chinese. Based on these documents, the first author Prof.
Yin Zuoyun spent 7 months for draft writing and completed the book “Management
Technology of Secondary Tropical Forests” in January 2011. Now this book has been
published.

3.6 Project dissemination

Dissemination via TV program. On October 2010, the project leader and
working staff were interviewed by reporters from local Xinhui TV Station during the
field investigation. The TV staff produced TV news reporting the project objectives,
working content, implementation approaches, progress, upcoming outputs and
outcomes (Fig. 1, 2). It had been made into a special program, and broadcasted at the
Jiangmen TV Station and Xinhui Station as News at the daily golden moments,
leading to the dramatically improved influences of our project on the public.

Dissemination via internet website. The project executing agency has built an
internet website (http://www.tree-breeding-gaf.com) to comprehensively introduce the
information related to this project, particularly the project origin and the progresses.
This website has been browsed by a large number of users due to its popularity, which
plays a very important role in promoting the project implementation, project
dissemination and its impacts on the public.

Dissemination via scientific journal. The project executing agency funded a
publication of project progress materials on the cover page of a scientific journal:
Guangdong Forestry Science and Technology, Volume 25, issue 5, 2009 (Fig. 8).

Joining in consultation activities. The project coordinator Prof. Zeng Linghai

10
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and Prof. He Boxiang were invited to participate in two-time consultation activities for
extending science and technology to countryside. These activities were hosted by
Guangdong Forestry Administrative Bureau, which aimed to help the local residents
improve their productivity of forestland. The first activity was held in Renhua in July,
2010 and second was hosted in Guangning in May 2011. Thousands of local
residents joined in this consultation activity and took close communication with the
experts in the STF management, seeding cultivation, economic benefit evaluation,
non-timber product market etc.

Joining in high-level symposium. Project coordinator Prof. Zeng Linghai joined
in the Ninth South Symposium of Forest Management Theory and Practice on
December 12 to 14, 2010. He had an intensive communication with peers and experts
on the following topics: low carbon economy, transformation of economic
development, national policy of forestry industry, construction of an ecological
Guangdong province, and development prosperity of forestry industry. (Figure 25-31
in Appendix 3).

Application of our community-based model to new project. By using our
community-based management model, we carried out a reforestation project in the
Dongjiang River Basin (Dongjiang River Reforestation Project) through our
collaboration with Heroes2, a Hong Kong-based company. In May 2010, we
completed its first tree planting at a site in Zijin County, Heyuan City, Guangdong
Province, with funding from Heroes2. The Lashi Village site, which in the basin of the
Dongjiang River (East River) covers an initial 160 hectars, is now home to 6,000
newly-planted seedlings of 59 different species with space for about another 100,000
tree within the site. The project goal is to create a sustainable forest that improves the
environment, increases biodiversity and generates income for local communities.
“This project was initiated with corporative partner support and we’re now positioned
to launch the Heroes2 Buy One/Plant One scheme, harnessing consumer purchasing

power for reforestation in the Dongjiang River Basin (Figures 17-19 in Appendix 3).

4 Analysis and interpretation of the data and results

i) The overall survival rate of the introduced trees/plants was >80%, and 79 out of 82
(96.34%) species of plants/trees survived in the DDs, indicating that the majority of
introduced trees/plants were adaptive to environment in DDs. This result might be closely
associated with our operation strategy adopted for project implementation. Nevertheless,
the genetic nature is the most important factor. Therefore, the species selection is critical

for improvement program of STFs.
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ii) Anova analyses showed that there were significant differences in height, DBH and
individual volume among different species. Comparatively, the individual volume is
considered the most suitable indicator for evaluation of plant growth since it combines
both the height growth and DBH growth. Generally, the variations among species come
from the genetic differences. Therefore, these results further provided useful information
for species selection. In this study, 41 species of trees/plants had an individual volume
>0.003575 m® in year 2009. These trees displayed high biomass growth and considered
highly adaptive to environment in DDs. They will be preferred trees in future improvement
program.

iii) A total of 40 species of trees/plants displayed double or more increase in height
during 2-year growth from year 2007 to 2009, indicating that these tree grew rapidly in
the DDs. The analysis of this indicator aimed to screen out those plants that were very
short at planting time but grew rapidly later. Obviously these trees should be fully taken
into account for future improvement program.

iv) Seven species of non-timber plants have entered fruiting age and can produce an
economic output ranging from 183.3 US $/ha to 495 US$/ha. Based on this output,
the local residents have the opportunity to improve their living standard and obtain
fund for post-project management to ensure the sustainability of DDs.

v) The project implementation dramatically increased the number of large trees,
biomass, total basal area, plant diversity, number of plant species and forest coverage
(P<0.001; Table 4). While the control forests have much more short plants than do
improved forests. These results strongly suggested that our project has significantly
improved the forest quality.

5 Conclusions

i) By using the community-based management model, this project successfully motivated
the participation of local residents in this project;

ii) By re-introducing plants/trees, we successfully increased the biodiversity, biomass and
quality of the forests;

iii) By re-introducing non-timber plants, this project dramatically increased the economic
outputs of the forests for local residents;

iv) By establishing demonstration areas, we successfully conserved the forests in DDs
and avoided gradual forest degradation and deforestation;

v) By compiling textbook and holding training sessions, we trained more than 100 trainees
for local community and improved their knowledge, technology, experiences, and
awareness on STF management.

vi) By selecting stronger seedlings with a height of >50 c¢cm for plantation, this project

12
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achieved high survival rate;

vii) By taking the principle of Right Tree at Right Place, we made many introduced trees
grow well in the STFs and identified 40 species of trees that displayed high adaptability
to environment in SFTs;

viii) By inviting experts to give presentation, we successfully attracted more than 100
trainees to participate in the training sessions and improved their knowledge,
technology, and awareness on STFs managements;

ix) By inviting experts to be responsible for information collection and book compiling, we
successfully compiled a high-quality book;

x) By taking advantage of TV shows, Internet, Scientific Journal, Consultation Activities,
High-level Symposium, we successfully disseminated our project, particularly our
scientific principle and method, and dramatically broadened the influences of our project
on the public;

xi) By applying our community-based model to new Afforestation project and by
establishing cooperation with a Hong Kong company (Heroes 2), we made our scientific
principle and methodology closer to the public and further improved our influences.

6 Recommendations

6.1 Recommendations for appropriate interpretation and utilization

i) The project identification should be based on a systemic investigation of local
situation, including their forest quality, economic resources, local residents’ desires,
transportation, environment, climate, and location etc. At the same time, the EA
must figure out the key problems and causes.

if) The planning and design of a STF improvement program should have the potential
to solve the problem that the local areas are facing.

iii) The project identification and design should fully take into account the beneficiaries
and have the potential to win their support and participation in this project.

iv) The community-base management model is an idea model for STF management.

v) Non-timber plants/tree are high productive in economic outputs. The STF
management should be fully considered.

vi) Right tree at right place is a principle of tree re-introduction for STF management.

vii) Coordination and cooperation among beneficiary parts are very important for the
project implementation.

Viii) The project design should fully take into account the economic output since it is
the key factor that affects the project sustainability after its completion.

ix) The project design should adopt the activities that have the potential to promote
the awareness of local residents on STF management, such as training sessions,

13
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project dissemination and book publication etc.

x) It is very important to establish a monitoring system for the project fund that could
quickly detect problems occurred and help the working group take positive
measures as soon as possible. The monitoring activities should be conducted by
the third party since it will be objective in judging. In this study, the EA established
an independent fund account, and the project management office renewed
progress charts at an interval of 10 days. This approach successfully ensured the
project go on schedule.

xi) Project documentation. To make the project files clear, the EA set up a
documentary folder containing all files related to this project. These files make it
very easy to check the project progress and details at any time.

6.2 Specific recommendation for future work

i) Community-based management is a good development path to accelerate SFM. it
can let more residents have an opportunity to participate in, and share the benefits;

i) Native species is most important in species selection of degraded forest
reintroducing for environment safety and succession normally in the future;

iif) Economic benefit is more important considered by private sectors in SFM.
Non-timber product species introduce into degraded forest is a most important way
to solve the problem of SF protection;

iv) It is very important to popularize that the planning and design of a SFM should be
in accordance with local situation, economic condition, and methods that are
practical and operational easily;

v) Itis also important to Project development in the future that government be involved
in the Project implementation, they can provide widely support, such as financial,
management and policies making;

vi) Stakeholders generally lack understanding of SF and management experience. It
is a key to accelerate SFM by better managed TSF in China, the training program
need to be carried out immediately.

7 Implications for practice

i) As a result of project implementation, the STFs in demonstration districts are
conserved against gradual forest degradation and deforestations.

ii) The recovery activities, such as re-introducing plants/trees, tending and fertilizing,
will lead to conservation of ecosystem of the DDs, and increased forest services
and values associated with forest ecosystem, such as biomass, watershed, climate

change mitigation, CO, emission, and biodiversity etc.
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iii) The re-introduction of non-timber trees and high-value hardwood tree will ensure
local residents with stable economic benefits, thereby reducing their relying on
harvesting of timber for living. This will in turn facilitate the conservation of forests in
this area.

iv)The training sessions and dissemination activities, such as textbook compiling,
book publication, TV shows, internet website, journal publication, consultation
activities, and high-level symposium absolutely have the potential to improve the

knowledge and awareness of trainees and the public.
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Annex 1 Technical Reports Associated with This Project

1) LiZQ, Zhang W Q, Yin Z Y et al. Diurnal changes of water potential of the four tree
species and its relationships with environmental factors in the upper and middie
reaches of dongjiang river.

2) Zhang W Q, LiZ Q, Zhou P et al. Water-holding characteristics of typical forests types
litter in the upper and middle reaches of dongjiang watershed.'

3) KL, BW, EUME. RKICH T EERMMA LS 4 ESE.

4) BAER, fHi, ZOBYE. BB LEE ARIKEDF S EIsh S5 AL

5) Chen W G, Zhang W Q, Li Z Q. Comparison of photosynthetic and physiological
characteristics in six broad-leaved tree species.
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FEBLEREREREF UM S ELAHNH S E5HM

Bz, &%, YOB, BHIE, Y408, BH
(P EERLAEFER)

WE: LR RRLEZERREAIBFOM S ERR NS RIEN, MR
ﬁ%%%%ﬁ% XERWARESAAELNBHEECTFANMSEHE, T
BE-NREERNBTES LB TRELMNELNERERL, REHRR S
4%@%RE%ﬁ%ﬁoﬁ%,ﬁﬂ%%E%%%%ME%ﬁﬁﬁﬂﬁ$Kﬁﬁ
BB L M RBRERN, PARERERRRAEENECEOMNEE; B
HE T ANEATFABEH A o ZREENH S EEY, HAEFE (K log2)
RETHELRE, BEAFTREFMHEAZRZETEEANERNES L. ERX
e (1) TABEENESENUT A AAERTE > XXl 2 > 8 IEXS > X%
GE>ESEELA> > EEESM, EPAPBAELLHBLRE, 8
AR EHAES; (2) BEBESFEMEERELX; (3) Z&BTXTHH
EEBFUNF L ELTET, MEHEES, LB (ORKE) ZAMLEARD .
FAMLARSL, TE (ERE) WAR, X5EFRF. XEAEIHAAE
i, RREFHRBEBELERERRETHEESANER SHA.

g RAUEY; BRKRE URZELMH; B X

Abstract: Comprehensive studies on dynamics and modeling of species
abundance patterns during the natural restoration of the degraded hilly
grassland in South China are relatively rare. Here we explore whether
communities in different successional stages follow different species
abundance models and whether there is a best model that can reveal some of
the intrinsic quantitative characteristics of community structure in succession.
We also attempt to derive the scale transformation of several models of
spe-cies abundances. We use the abundance data of each vascular plant from
both wood and herb layers within two typical communi-ties of different
succesional stages in the degraded hilly grassland of lower subtropical Heshan,

Guandong, China. Seven widely representative species abundance models
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with obviously different function forms are synchronously selected to fit each
dataset on octave (i.e., log2) scale, and the goodness-of-fits are evaluated
using both chi-squared tests and the adjusted coefficients of deter-mination.
The results show that: (1) the order in goodness-of-fit is: logCauchy > log-sech
> lognormal > logseries > niche pre-emption > broken stick > overlapping
niche, and the logCauchy follow all the datasets while the overlapping niche
fits none; (2) the fit of each model to observation is not directly related to
successional stage; and (3) in both the left-truncated species abundance
distributions fitted by the logCauchy and field observation, for the proportion of
number of species, the rare species decreased but the common ones
increased in the upper layer (i.e., wood layer) with succession while the
reverse is true in the lower layer (i.e., herb layer). Therefore, we conclude that
the logCauchy distribution has the widest applicability, and can best mirror the
patterns and dynamics of species abundances during the natural restoration of
the degraded hilly grassland.

Key words: degraded hilly grassland; natural restoration: species abundance

distribution; model; dynamics

REFNMSEEURCETI T U S EATARLANBER LN EL Y
MHEEXZFHEA, ZEHAKEHK (logseries, LLTFEH LSer). MU EA
47 (lognormal, LN) £ Git# A P& LM% 5| (geometric series, 0S) &
AR % E4 (niche pre—emption). Wi (broken stick, BS) = E
B, EEARN (overlapping niche, ON) 4 SIEA., Wi, BHHA =
Bt BB EZATHRMBZARE, EEUMEEXBFRFARED.
BRBEREE )ﬂ?ﬁﬂ%ﬁéﬁ%ﬁ?&ﬁﬁﬁﬁﬂﬁ? B 47 (species
abundance distribution) , BERRBN AL RBRYMEL EAKABNR
IDEI KBTI AT B R (rank) £ B0, XSERE AL BEABT
TH R fit g

WRMEERRRAMRNERBAKELR, LAEHEAE S35 20 Fpl
b, EEZX A mey#% % . Dewdney lﬁ%#ﬁ]ﬂ’ﬁ%%é}i (multispecies
logistical system) S TMHZEH logistic-] 48, B LB &4
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Ai; Harte $RBT - NETFUHE—EERFLELFEHUEAMNZ ZE
Al Hubbell KRB THRBEM S HMAANMEFHNA—FHEER (unified
neutral theory), IEWBHER £ H K (zero-summultinomial ) A7, &k,
Johnson # Omland W AHA K EREHNEANEBRIBRTE. K TEHF
HEBFHBEMN L E0A, BHEZERE T N EATIHBE LB A
FEMAHA. ARERALA - LHENEEEFI O RS (sequential
distribution set ), 4353t 3547 7 ( logCauchy, LC) . xF ¥ M g iE & ( log-sech,
LS) A A g Aty LN A HA, BT - MSHENTERE L., ATHE
T FRAREEIE G o B e A AFAE

KTMEELA ERERERSBNXF, Vhittaker. Bazzaz EEHEEFRHEH
BRI ESRERE, KAZERRANERAZENAFFIEEHART LN 2
BT, R, BERTAAHEELR RO ERERREAIBRZT WM, &
REHFEFLTHH, ME-NFHRGABG A, Wi, ZNATRNMHSEE
RAER—-RE (W00 2 Y RAERE) b BRF LT LRT.

HARNERERREIBRFTIMSZELARLIAY, RANLZEXRY
A RBENGS, BHERM L EHREAERGIROEBEN. & E
FEANFEAR, RREANNEERTE, UEFRLEHERRERBF
FABAE YRR (B, EL) AFRAR, SEENEABRENH L EER
FEzA, RREARHEALERWER, ANLBARBEREIBTHES
HE NER R, XBEFHREARFERFELEAFIRELESFSFRNE
W, TERAATRAAM KB EGEBIRENRERE, FUHATRER
hEHHEGNRESNESKE EREREDRE.

1 BRF#E
1.1 FHEEA -

FRPHGELTHARLEER, BEIRFTERNEKETHRAK, BR
£W, £FHAR 21.7 C, HAA LATFHAE 12.6 C, ZHATHATH
5i829.2 C; H£FHHTELSLLmm, ER/ALH, 4—9ANTSE, TE
FWE; HWELENFLE, KEAVREEN 0.56% 1. 64% ZHRe b
AFMRIY, TRBERFTEREENEZE A, CEETHT ANAXED Y
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Lo %‘&%FEREQ, FRER R I I ATLEEM Pinus massoniana Lamb.
ARG, BABANER. B 1983 £, PENYHLEEYELLERE

ARGEREBNE OUTHRBLS, K2 1120 54, & 20 4, £
MFUR 80kn) FFR& TRUGCES WML RS, HAT EHAB. WAL
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AIRR, HRLHEREREHR AU 2 ARAERER X, WA log2 REH
HRERIAHMZ EHE.

1.3.2 ERES

(1) &AM mE LR (6S)

PEABRR, EEFMNUAEHEESATENESLERNN k 40, WT—
UM EARTEEANEFGH, KX, EARNTHRETREF MM
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BiE r MMEREHM A
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S(R)=S_sech[a(R-R_)] ( 1l )

A (10). (11) FRXERSHHEN LG LN K4

1.3.3 HAHS

HEBRTLE, FAERARENERRGERBAEF RS E2H T E TR
BREATANMEMZ EHE, TR T MERIBERIRBRETHIAR R, F%
FEFRNERNE. RSk, ERELUXARIAE, BEEKTH
BH 0.05, EAREREERE, $HEFF St ERHRIRTAHNE RS
SR A 15 B2 UE 307 A R B B KT HAE sk
2 BRS04
.1 MEELAREEAPLER

TG & EAT R0 m R A MNE T, RYBETHESH
AHHOBEAMN. BARLERNHENESENGIRKIRSF N: LC>LS>
LN>LSer>GS>BS>0N (% 1, E1)

1 EMEEUEBUBITHERASENESEW
EREGESELER
Table 1 Comparison of the goodness of fit of seven models to the
species abundance data from the wood and herb layers

in two communities in Heshan, Guangdong, China

B B% B G5 BS ON LSer LN LC LS

HL I A&BE 0.000 0555 -0.74]1 0.659 0.714% 0.752* 0.730*

HL i ZRE 0.000% 0.523 -1.790 0.319*% 0.464 0.608* 0.530%

HZ N AKER 0.000% 0.297 —1.631 0.725% 0.766* 0.765* (.774*

Hz #M IAE 0.000 0.794* —0.623 0.610 0.775* 0.800* 0.776

HL - 85\ J (T FE M 3, HZ - 5\l 3h W BUR X FE3h; 6S - A%k

GUEA; BS - WAL ON- E&4 A, LSer - AW A M A, LN- 3¢
RESHGA; LC- HEATHE M, LS - PN B8 o, RPHEhAERE
A Rad’, HP 6S BAELERE, #0044 0{F; «RkTHUEHWLABEE P<
0.05 A F@ERFFEEERKE (K.
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Fig. 1 Observed and fitted species abundance distributions in the wood

and herb layers of two communities in Heshan, Guangdong, China
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Fig.3 Species-abundance distributions predicted by the lefi-truncated
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AREESFNH . FRTE LN pARNE DA, EENRCETNNZELS
A CATHRN S+), FRBRHEECXTHELR (WM -ERXRZPHEES)
WARELE. BT LA LS EBAAHAMEEoAHE LN BAFE4HE, B
W bR R LN A7 B LA T s L N R AFE TR LC A LS A, WE
FRAEEBEYPFRMBEN S EAFRET L LN EFHWHE.

BATHEREARS, BNRFRMEERF —ME, b TEESTA—
MER, X, AFE-NEENFEFEEAREHAHUEHE, AFFR—AH
—HRECHEAARFRIABE - SARKENH, REBFRALET.
A4, ATETUBAASERNEENESE, EREARFTRA—EASBRE
THWARRAL R, B, RAEMELLELARR (40 BS) BBAMZ B
HHR, ERBBEBERTNEEREYRAOEE (o LSer) BHABER
EMA. HF, GS. BS. ON fu LSer EAWXBREMNZ E oA Kk X4 A5
REkTH. HEHh, THRESEHRFEAGERELSEINBRE; BN EE
b, MAREEBAEER EET E -

3.0 MEESABREHS

EMNEEMBHETUMERS 27 E—NERNFEA:  HH I RE T
AAAN, BAZENH -ERXERA, WM E BT BT R B3 An i 3 Ao,
REWBAARERABEANER, BRELCLZ 0. H THRAXANFEL, £
RFEFRATHEMLEARK: F-—REABZMEHIAUEXRTUOMNNEN S E
Bl FoREEHENRRME, PAMZEEER. W MFEERAXX
. BemER, REMFEHENAUIAEE (ERHUHEL P EIRE
o) 5 RBEHERFE GRS HEETRBTFRERAN, TRBEELARY
.

B ANRELE R T RN S A R R o 5 07 89 #h
G, RESUEREENE T Bofk, IXVARSNHEANDOBRYEAN.
AN BERNESENFH: LC>LS>LN>LSer >6S>BS>0N, M =HH%
FERBEBREZEEATRE 5 MIRBENSLELTNARER K. 2
NEZEBRABREECYEEHERENBR LA RMK, X5 Whittaker. Bazzaz
EANEFREREFEFTAARNARERENERT -5 AR AEHREE
RAGLRNGZ., ey, BIOCRANSEENLD ERRM S E2AEN
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EHEREHKR, EHT LC E4LH 4 HA%E, EWHERAX— L&
A NE LT LR

MEEABERER LC BN A SRR ML EREL A &N 8k Y, M
FRUEFWRERS, PAERREL, BELE (AKXE)TE (EXE)
WHRAMREEAMENLANZRET BN EANESL (B 2);, LEELML
PRI TE RN L, TEUAER (B 3) . SEha OB mosm
Bl E A, RAMRBRERELARYH AN LA EFTYE, WETHERNEK
FEAM ML, FRBEN UM LS (BHEX T4 E%H Shannon-Viener 34
B ETHERLE Sinpson BPRRAMBHHHERI); K2, NEEBENY
WP S FENE. IMFUSHANFERDERNENN S EH. %L E il
MERE—B. %S ELH. Yt SHMERM S E0F BT B & 9235
A, kEEQARAMEHENENRE, HLELFTHRBEE AEAE
AEDH . ZH—BNBARRFBATS—MUERR, LC HA XML FHE
HA R HESK, BT AE LR RE B S R P 3 Ry — e 2 4y
FAERE A

R ALH, BLERREINEIANIR S, BENLEADY. 280H
MR EBHAAE I, HFZHERBURE. W ESFN#—F R, MER
ERBHE, BEARENNSZBENRE, PETHAEEENFHEMI L L%
& BAEM G LARE, WETHY T T B B R L TR M 5 R
B, ETHFEMERORRELBFINEELFE LBEAY . FOEKER
FREHSHHEEXZHBENFER.
4 ZW

ARBEZERTE, BAEFRMERERREFHHAMREIFESNEAK
(B BA)ENFRBN, 2ARKEREREXRTHAMN S ERD R
A HESEE T MEATEABRH R EREUNHSELTHAE, 4
BB ABEHE. WRARKYE: (1) TR 7 MERBESENFH:
BT A > x By EE oA > 3 ES0H > M H AR H > £ A%k 4%
HOEE SRR > E&AAUMA, XA BTEL;FESLE 4 HHKE,
EEFASEANTESGLBHE, () EAMEARTELRE G LT LW E
BREER ) HERB A BTEEERMUNH L B 0% Tk, MEHEEE,
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EE (REE) ZAMULARD . EAMLAKS, TE (EXE) WHR, B
W, E T AERS, UABAELAEALES, CRRAHABRLER
REEFFHEENDTRR S, Rk, BARAEELAEE, Fitl
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FRILW L £ BRMKE AL AR

KTHR FEF AT g4 IUNR HoLKE R AR FERE
(J"HEERLBZHER B EARRFHFRH)

RE: ATRETINHRAEERG A, BRBEAEHESIN, BET K
Tk LBETERMERAALEYNERE, 2T THEAOFTAKREL 5 TR,
HEEW, NEWEFEANT476~12.13t /m2, X A4 BRI > Ak
> AR > TR > BN, FRRRLBNEENRAFERE N 89~
18.17t /hm2, BRAREEN3.34~14.39t /hm2, ARELEE H2.60~11.66
t /hm2, ¥HRIHHAM >4 ERLA > FrtAk > REA> DRMK. BEYS
BAEBEN, BEAFAEFRAREAEAREEXER, UAEENRKER
ERAEEER B R TR AL A E W35k S Ao B 2 B ] B9 50 &
FAMERREM. MREATHOEK, HEYFHAEZE piadh, ERAI10~
12h G, HAEEESTE TRAREBESEDTAREREN LN RLER,
ZERHEE, 24h WRAKERE L,

REW: BEM, FAsd; Ko LE

Water-holding Characteristics of Typical Forests Types in the
Upper and Middle Reaches of Dongjiang Watershed

Zhang Weigian, Li Zhaoging, Zhou Ping, Zeng Linghai, Wang Minghuai
( Guangdong Academy of Foestry, Guagnzhou 510520 )

Abstract: Hydrological functions of main forest litters w
ere assessed by measuring and analyzing the litter amoun
t, the water holding capacity, and the processes with meth
ods of field survey and soaking extraction experimentin

the upper and middle reaches of Dongjiang watershed The
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result showed the litter amountranged from 4 76t/hm2 to

12 13t/hm2, with a decrease order of conifer-broadleaf mi
xed forest, followed byCunninghamia__ lanceolataforest, br
oadleaf mixed forest, Pinus massoniana forest, and brushwo
od respectively The maximum water—-holding volume of diff
erent forests litters ranged from4 89t/hm2 to 18 17t/hm2
with the highest value in the Cunninghamia lanceolatafor
est, followed by conifer-broadleaf mixed forest, broadleaf
mixed forest, brushwood, and Pinus massoniana forest. The m
ixed interception amount andthe effective interception a
mount showed similar trends with values from 3 34t/hm2 t
o 14 39t/hm2, and2 60t/hm2 to 11 66t/hm2 respectively We f
ound that the water-holding rate increased logarithmical
ly withsoaking time, while the water—absorption rate show
ed an inverse function with soaking time The dynamicchan
ges of the water-holding rate and the water—absorption r

lit

ate were generally similar of different forests
ters. The water-holding rates of litters increased with p
rolong of soaking time, and leveled off after 10hoursto 1
2hours. The water—absorption rates decreased sharply duri
ng the first 2hours, then decreased gradually, and fell to
zero after 24hours

Key words: litter; water-holding characteristics; upper and

middle reaches of Dongjiang watershed

AMEADELTHAMER S LEEZH, RAMS KARKARBHEER
H, REXBAHRERPRL S AWER, AAAENERER. HHhiE
Voo WO LERARKELBEMERSE, RABKESZREF AL BH
F2EREL1-4]1. B, RANEEDFRALE LM EY MM L 3EE
UERZH [ S]. MEMR 6] HEUREESRAE[T7-161%

36



PTR PD 294/04 Rev. 4 (F)

A, AREBETEEFEEARRAKITRE, B, AXKITF LBEEEY
EREGNEMARXGRNFRL Y, EXRT ERLERMESEMLHR
3, FRFLP LR, 4HREBZAK. HAKR, L ERMRFZEMR S FFHE
HMER R B EN B A X i BERNE, FFEETFNRLE LEFAE
EMEAFARIBES R, HARTRBRAESK R TN FA R REEREE
%,
1 BB
MR TRITF LHEE)N LTS, HELEhGE24° 067 417 , KAL15°
14 117, #R160m, BETFIRFENAER, tBxARE, WEXH, £4H
BB 17040, FHKRIE2L 0C, FHBEKELTIS. Tom, LIERBLIE, ZEHIL 20
g /cm3, WERFEMMA: YA ZEM. A#HF. BF. Xh#H. LM,
By, #e. WE. FE. AARE. RKR. FR. 4%, §BRE RlUeL. ¥
BEE. BEE. LR, BEERE, TZEAH: RBA. o, BT,
RHE. . B AF. LEEK. FEX BTHS.

xq1 HHERSE
T HEREE W B/ BRI ORE RKE 5, BEE KR

FE FE R 50%50 170 £ xE 20 0,80 25
PERER soxs50 165 2L BHE O o5 0.85 30
BARK  soxsp 160 0T OBEE g 0.70 25
BEBH  55x5 165 P OEE 28 0.55 20
FEH  ooxo0 165 P OEE g — 20

2 HRRF®

(1) BEHERE: ERBRHETEMR. 4EBRIHK. AR, LERK
FORENS MR ER, SHRE 5 M, FRMERBENR 1, AR
WHEAEESNL. 0m x 1L 0m By N, BT W, KB REMEE Sk
BAR, THRBE, REESCTRTERE, NEHETE, UBRELELER
HHENERE.

(2) WEAFARIEIR: RAZHEAENESEDBIRELE. KETE
BHENFERTERS0g, BRBNAFREZ T, BETHEAE, EHHEHO. 25,
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0.5, 1, 1.5, 2, 4, 6, 8, 10, 2dh g HE, BAREE#ESninks, BF
EEMAFEAN I, RERFENNBEEFRTILR, BT EREYETRE
AEEAFAKE, RAREFEHFEXE, EMBELREL 3 K.
(B)RENEBRN: BEYENRAREERENEYENER ERAEE A
FARERRHENTHERBARTHRENBZARER[ 7], TRABRKER
BRAEEE, RGERBAEENENBIAE S AN, TR ERR AR EE
Ro THR, YEWELXE20~3 0mmblE, FATHEERENENER
HEEKEER, EREFERBRHNRATKENS 5 % LA, FIUBRAKLEZKO. 8
SKEERENENARELEE [14-16]. Rm=(G24-Gd) /Gdx 100
%, RO= (G0-Gd) /Gdx100% Wm= (Rm-R0)M, W = (0. 85Rm-R
0) MAH: Rm——HEMHZEAFAE (%); Go, Gd, G24—R R A%
MERRSTRE. REARTHREMEA2 4 hEFE;, Wn——— B ARE
E(t/hm2); W——F##EEE (t /hm2); RO—FHHH
HEREAKE (%) ; M———WEHNERE (t /hm2) .,
X, TEFHEHRIHEYEHSE

%WK’& s hm~%) A el o

OB ETE BEE X5 E ESE

L-LigS 2.10  6.61 8.71 24,11 75,89
HERZH 351 862 12.13 28.94 7106

2R 4,60  7.41 12,01 38.30 61.70
BE#H 282 196 4.78 59.00 41.00

F B 2.65 211 4.76 55.67 44.33

EmER

3 ZRE

3. 1 NENERE

MARLIF LT ERAMERLBEEEZDEFRENEERN (R2), HEHER
B STRBAM (120 13t/hm2) > A4k (12 01t/hm2) >4k (8. 7
1t/hm2)>ZEMM (4 78t/hm2) >Z#EHk (4. 76t/hm2), XFEEE
BT RBRAARE E A AT EA, MR R OBRE, KA
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BRA, AR THEENFETEA EETRIVBTREERD, TRMMK
FRERRMARE—, REARGE—, BEWETER. TRAOEELK
AEEREGREERERN S WAFHTR, A0 BREERELSLEER
ERESLERDNN24. 1 1%, ZEMFTEEARANS 9. 00 %, W4HE
RAM. HARRMEEMNETE LBNTENFHHEZE; B 4 RBRRIMAIY
AREGBEENETEATEROBEENERE, —EREHE T R rHA.
HIERIAFAY AN LBV NEE, ML RERRERRSBEENER
EGTHIDPAEENERE.

3. 2 KEWEARH

AFR3TUEFE, TERMER XA ENNIRES, DHRTARAFHKE.
BRARKE, HEAPNEGHRQER., 4R WEALBRAFNEFRESAHX. &%
Yl AFAKE: AN (18 17t/hm2) >4EBAM, (16. 84t/hm2) >
MEAR (13, 67t/hm2)> 2k (6. 32t/hm2)> 5 BMM (4. 89t/hm2);
B AR A RR RS ARG B E MR AT K EZ AT ARDBREEY R KX
FARE, WARPRERRFTAE?2 ~ 3%, MEEMMRERRSBEEDR
AFRKEMATELBEENRAFTAE. HEEVEREN MR TH N FEE
WRBEERAFFAEN 102, 30%~156. 93% FHH 136 43% ko
PR R ARG (146, 21%) SHUAK(127. 61%)
SHREMR (121, 89%) >4HEMBAMAK (113 39%) >HREMMK (93. 9
T%) » ¥AMEFEYRAFKEASARL (166 99%) > Mk (160. 34%)
>SATRRRAR (149 19%) >ZEA (146, 45%) > LEMM (114. 29%),
LEMMEENFAENRD, REERBITLREMEEN A FENREER
X, BRAKEEEDHRERAE, FHFRFRS, HhEEDHKE L&

N,
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%, IEGHEREDEEWEKED

T anprp FPERRRE (T, FEWEXRERE,
XOE EFW BEW FIE E5H B

YT % 3.07  10.60 13.67 146,21 160,34 156. 93

HIEBXM® 398  12.86 16.84 113.39 149.19 138. 83

BAB 587 12.30 18.17 127.61 165.99 151. 29

BR#®H® 265 2,24 489 93.97 114.29 102. 30

REH 323 3,00 6.32 121.89 146.45  132.78

Y

3114

%, TERHEHADEEYRAREENEREEE

o £ Py I — o T ” e

magkm o T WAERER/ BRERE,
KB o KB v (tohm™)  (te hm™®)
L 30,92 156,93 10. 98 8. 93
HEARZH 4584 13883 11. 28 8. 75
AH% 31.47  151.29 14. 39 11. 66
BR®H 3250 102.30 3,34 2. 60
REWH 31,42 132,78 4.82 3.88

AEERENENTREE R, AT E TR ENE R AL EE R EE
(%4), RAEBERBHZ RAEEN ERE AAE S ENHARE U
WEMEFKENRD, RERATHOETREE 7). AXEERY, =
EHRMER RN ENRALEEN T3 34~14.39t/hm2 2, FH% 8. 9
6t/hm2, NFRMDRBRE, WENBRALEESRARKE it —
B, RAAVAMBEENR AL EERE, X 14 39t/hm2, HRA4HERX
W RADAGRMMA, RA 3. 34t / hm2; BRABEENFERBA LY E
MNERBEAGEERL, BUEEHEREYNARELEE, B2EY (X4,
ERMEEMENAREEEN 2. 60~11 66t/hm2 XH, FHH 7 16t/
hm2, Ho, YAKEEYERLEERE. H 1L 66t/hm2, W4HHEBEIHK
MR A ENHREEERETK, TEMREENHREEERN, H2 6
0t/hm2,
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F*: FEZRHERLIGEYRARESREREHRXREN
R EED 3+ T
. iﬁm Q=0, 14511n(2) +1. 0465

| 0. 9812
¥RRE Q==0, 1089In(s)+1. 2720 00,9254
ROBE He s -
SHEmEH - Q==0, 1225In()+0. 7562 0.9834
FamE Q=0,1278In{s)+1. 1123 0. 9678
KOBE - L e
Ak Q==0, 13961n(2y+0. 8109 0. 9855

EamE

Q=0.1417In(z)+1. 2494 0. 9811
e  KOBE 9—0.0997In(n)+0.6312 0.9873
=3 =83 - S
EDBE  0=0.0784In()+0. 8772  0.9547
" RABE  Q=0.1020In() 0. 9323 0. 9658
AT 7 Y N -
ENBE  9=0.0864ln()+1. 2317 0.8871

3. 3 M¥4yEAIBRLOMN

3. 3. 1 WEHBKE BARRETINEDOHERKEL[9]. BXK
Friger, HENFAKERER I, MEAREEL, HFAEETRE. FERK.
HEM BARK. ZEMMFERANEEWES B BLOEETHIAELHE
RAMEM L 16, L 41, 1L 47, 1 31, 1 28(F; #£2 h YW, ek, 4%k,
MR BEMMF BN AN BERF Y ot 0B EREDTARR SR LB H
BAFEAKRET9. 04%F187. 67%, 75 98%Fu84 23%, 72 18%fu 85 3
5%, 73. 40%F182 53%, 83. 82%F190. 69%, LHMENFEMIARE
5B AR 0 L) B TR RS R AR T o Bl xR F A T A
EHFARERAREZENXEZHRTEAIN (X5), RABKESFEAH
BEEUTXZ: Q=aln(t)+b, HPFQ IFEWFAE, t ARKHE,
a, bAFREZHR. HEILEARGHEEDZALBRLN, TUEH, £0 ~ 2
h W, FREASEERFAERERE A, BEEHEYRKEEIGEK, ZA%
IR EWEIERH R, EHAK10~12hE, BimBRe, LRy
MIEERA, i B AN EHWRARE R AR D ATERE, EEEKEE
R R R BB, BRENRATRELT, BEEEFRN, AEE
L&, BARERBAEGEEHRN,

3. 3.2 WEARKER KEARLMBELSFOBEBRKERTHEHAE
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BWBAEE[ 9], B2 TN Th, T REMD 5B BT AL B
B BR BN, FOBEENRAERKTRMEEN TR EE, £
AFHERA2 b, HEWRAEEREBR, XEEBTH, FEHERA L
0~12hwERRAEM, RAEESEEGTE; 22K S5mink, FEY
BIRARBERZILA R A (3. 79g/g-h)> Z#M (3. 54g/g-0)>HAM (3. 3
Og/g-h) >4EBEMA (2 90g/g- h)>LEMM (2 52g/g-h), &
BA8~10h)5, MEWRKERERAR ELFHAEO 09~0. 185 /g - h, &
AEARER, BRBGEEDROBE . LOMETAKERE B A EAHELEE Y
EREHARZ (R6), $A&XFENH: V=0b0+blt-1, Xd: V I
FWBARREE, t FREHE, b 0fb I AFTREK. HMBEE, BEM®RT
REMEAEEYV FRMEE ¢ 25t x5 K.
Ty HEORKEZFSRBEHBXER

T HIRT REDE E3E0N HEFRS 2

RABE  v=0.996 /' + 0.068

z 0.998
AT ERME v =1.114 1+ 0,031 0.999
stigmaik OBy =0.678 7+ 0,050 0.999
EABE v =1.028 1+ 0.062 0.999

. RABE v =0,746 7+ 0. 045 0,997
¥ABE v =1.177 ¢+ 0.057 0. 999

o R RABE v —=0.586 1~ + 0,032 0.999
EOME v =0,878 1+ 0,013 0.995

Fa— REB|E v =0.880,+ 0.041 0. 999
HEAME v =1.205 ¢+ 0,034 0.999
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K 53 1% 2

* BRI WEFRERA N AR AKRHK
x G EMAK xZedERK

W ¥ W R 7K i 22/
(geg'*b")
3

s
B

R e R T S TS (R TR T332
5- =B [E)/h
- EHRE
g 4
§§=3' |
S R emmi  memmEmK apAK
R 3 xDREBHK xZEAK
%&5; :
0576 % 10 12 14 1€ 15830 337
B E/
B2 R R 5 R B X R
4 BhEHA

(1) RIP LT EFMRBABENERENT4. 76~12. 13 ¢
/hm 2, RAHERZA> BAK> Bk > T BMA > A HE, 51
XU FEA L, RILF LT EFMER LB AN EFRENTFRES 7 -
OIMPIRHE[11-13 ] TERMEBEENERE, XTELHTAT
FLBEARTEAEE TREF AR TR, mE TALEYNOR, Frs AT
L EERMERRRABENE R, AEENERRE, Frbh. 4EMd
MART A REERERTALME, ML EMMAERR 2.

(Z)F/IEPiﬁ?E%%%%ﬁéﬁﬁ%%ﬁxK%ﬁtE T4 89~18 17t /
hm?2, FHH 11 98t/ hm2, FAREEN T3 34~14 39t / hm
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2 ZF, THH8 96t/ hm2, AHRELEEN2 60~11. 66t /hm2 =
B, FHHT. 16t /hm2, TEFFERRELEDRATKE. RAEE
EMEREERETNMYE -, RAAYAMK> 4HREBM > FHAR> REHR>
LEMK, XEEHTFTLEMARENETEN, M2 LEMENEARS i
B, XABGAMRE RRARERFARECERAE MO LS K.

(3)EO0~2hA, TERMEUXBEEYFAEAFERKR, BEHE
WERAKEEWEK, BEERFHRENEBRHEMN; ERAK10~12h, &
AKELEMF, TERMERREEERRAFAEATLI02. 30%~15
6. 93%, FHH136. 43 %, RANEHA>BARKSGRBRIM >R
EA> GRMM; BROMEEDABAIBELI, BEURDBESSARE
BAR5HEFENK#EERER: Q =aln (t) +b, MHELEAES
5RAREAKXRZN:V =b0+b 1t -1, HAEEFHEXAKF(P<O0.0
01), AR 2AF BT UARBEUARIEEYHERE. BEDFAE %
WK EE R ERREA, TUFERFAA> A EY T F R B RRAE.
BHARFARERHEH[17 ],

(4) AXHALF LEFERMLXBLENERE. AN, HAIE
AT TN EHE, TERERRGHEA. WHLELL, UHERETHAHS
FHAERR, RENEUKAXESHBREEE.

5% X Wk:

[1] B2, WA, AEHE, % RIT EHEEFTE LR EDEAK
AR LT ]. KEFEEEH, 2009, 23 (3): 168-172.

[2] REH, £F5E, KIB, £ KTEBETHUREAYMRMBYERE
Kot MEAR [T ). KEFRFFH, 2002, 16 (3): 11
8-121.

[3] R24#F, @A, LBREAMREHERERAAERA [T 1. R+
REFER, 1992, 6 (1): 71-176.

[4] BE%, %kikk, Fax, & FTEARSEEDOFAEREINARELE
BEaMmRnPwm [ T]. KEFEFHFHK, 2003, 17 (2): 141
-144.
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RILP LA MAAEEEABFERESHRREETFHXR
EHE, WL, BEx, €44, AF, THK
(" REAMLFZFH R, M 510520)

¥ B ERITF LM, M 6a £MMARS. 48, KOEMEF M, XA
PSYPRO B A AH N A 4 MAEEEEREN LAS. BRAH. EXS K
HAAIBR#TTIE HRT 4 M EERERETHALBREER R AR S
ASRBETHXR. 2RFW, "ARBERAHE <28 Ais, BHERIAA
REF>KAE> 08>, EFHTALARKTESE, wABEARERE (1)
FAEHRKEL (Pe) ERBEAMRX (P<0.01), TEZRAMAEE (R)
FIREAE (O,) EMBEFHHX (P<0.01) , ARETFHEAIABTE S
AR A EEERABREADNERET KA HHEH (T.>R> P >Pr)

224 (R> D, >T,>Pi) » AF (T.> P, >R>Pg)

KEEE KB, HEET: KT Lif

Diurnal Changes of Water Potential of the Four Tree
Species and Its Relationships with Environmental Factors

in the Upper and Middle Reaches of Dongjiang Ricer

L1 Zhao-ging, ZHANG Wei-giang, YIN Zuo-yun, ZENG Ling-hai, ZHOU Ping,
WANG Ming-huai
(Guangdong Academy of Forestry, Guang zhou 510520, China)

Abstract: By using PSYPRO water potential apparatus,six-year-old Schima
superba,Castanopsis hystrix,Michelia macclurel,and Castanopsis sfissa,in the
upper and middle reaches of Dongjiang River were selected as experimental
materials to measure diurnal changes of soil water potential root water
potential,stem water potential,and leaf water potential of four tree species in
rainy and dry season,and study on the variations of water potential
gradient,and analyze the relationship between leaf water potential and

meteorological factors of four tree species in natural habitats.The results
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showed that the daily water potentials of leaves of four tree species presented
single-peak curve.The means of daily water potential of Schima superba was
the highest,followed by Michelia macclurel,Castanopsis hystrix,and
Castanopsis sfissa respectively. The leaf water potential of four tree species
was significantly lower in dry season than that in rainy season(P<0.05).Leaf
water potential showed significantly negative correlations with air
temperature(T,) and Photosynthetic Active Radiation(Pag),and significantly
positive correlations trend with relative air humidity(Ry) and air water

potential(®,),respectively(P<0.01).In addition,the meteorological factors which
had a directly effect on the leaf water potential of the four species in Dongjiang

watershed showing the following order: To> Ry >®.>Par for Michelia macclurel
and Castanopsis sfissa, Ry >$,>T,>Pag for Castanopsis hystrix,and T;>®,> Ry

>Par for Schima superba.

Key words: water potential gradient; environmental factors; the upper and

middle reaches of Dongjiang river;

AEREMADPRESNERER R, w2 ENRE AL AT,
EEYASF, tASRRBEAEA KD TR R BN LB, FEREH
ROTUTEM, REMASRIGGRIE, KU T A AR A T8 50 Z 3R A4
FHENHARE, RETASRADRAGBEEE, BEASEEMEKR
MEZMBRATELALABNER . BH, UK FRIELETELFTFE
i TR A SRAE " o AR EFRBEEE VST E. AAEHEY
BT RHRITRBEYABEF T LD, EFEA FATIERAA A Z 5
gk, WA EREMMALARS . BASD. ZAE. B BAAAB T,
RAERLGHREETHRR, AFARATRAD LB L5 - Y - KAELK
# (SPAC) # M ASME N Y IR RFNER BN FKE, AT ik
EMREREAHEFEL.

1 HEXBA
HRMALT AL L#E)LEE (E115° 147 117 , N24° 06’ 417 ),
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WK 160m, BTLERAFENAGR, LEAR, WERH, FHHEHEK 1704
h, %53 21.0C, FHEKE 1718. Tm, HRXLEELE, LBEEN
1.20g/cn’. RERENATLLEMA. BA. Brtid A4, 2003 FEIIAN K
Lok, EXRAR AR PR AT A TR R, R
# : K% (Schima superba) . P % ( Cinnamomun burmannii ) . X Jj 1§
(Micheliamacclurei ). s 2 #i(Sapium discolor ). 3 #( Castanopsis sfissa ).
#t4k (castanopsis eyrei ) . W& (Liquidambar formosana ) . F#% ( Cinnamomum
camphora) . KK (Manglietia glanca) . H# (Chukrasiatabularia) .
# X (Cyclobalanopsis glauca) . #14 (Castanopsis hystrix) . BB X
(Choerospondias axiliaris) . B4 % (Michelia maudiae) . HE A
(Pterocarpus indicus ). & 3 Z( Sterculia lanceolata ). b # 3#(Elaeocarpus
sylvestris) . R &M (Syzygiumcumini ) £, MoK EBERTHEB A H K
/K (Rhus chinensis) « #k4# (Rhodomyrtus tomentosa) . E#F (Melastoma
candidum) . % ¥ (Smilaxxchina) . ##47 (Cicycra Japonica) . & F
(Ilexasprella) . FH3EHk (Ficus simplicissima) . 3 F 2 ( Tadehagi

triquetrum ). #8F 7. ( Gardenia jasminoides ). ¥ ¥ (Dicranopteris Dichotoma )

%.

2 HRA®
2.1 dietE

TE 6 FEAEMTPELAE . KR BEFTRFA D E RS, AR A 0.65, EX N 1650
FR/m?, WE 20m X 20m #FHATHE, SRFIEZE 3 MEY, BERETNRAKS. B

®1 B ERRD

WRZTR W/ a B B/ m Mi#Z/em fEIE/m X m
AR 6 5.0 4.0 1.8x2.0
KIIH 6 6.0 4.6 2.0x2.5
I 6 4.6 6.0 4.5%4.8
AR 6 54 6.0 3.0x3.5

22 WRFE

49



PTR PD 294/04 Rev.4 (F)

2.2.1 K#H

FE 2009 428 F 20 H -2009 £ 8 H 28 H (WZ) #2009 48 10 f 23§ -
2009410 A 31 B (%), AP RA, RHLEFH PSYPRO B S AR,
A 6:00~18:00, #WE 20 ME—k. AR BERT L. BroETHH
FEAH RIFWRA LB H, FTLERY, BNEAKBRC - 52 25
£, & Smin BR—KHE, BOPHEAERZTHAN AR, ZABNR: 2R
BEHEKLEEY EAMERHENI, THEASHBEE S, BE, &
BAPHHRKEL 3 ML, EFC -2 BEESH, & L0nin BF—%HK
1, PR G0A Z AR RABNZ: E 20cn F0 S0cm & B 1 3 Foif
B, #BEKEENER, FAKES dm, BT C-5 REZH, &
10min JER—KHIE, BTEHMEMEN LD RAL, EABIE: A5 BEA
AT ImAB L, BAEREAH N 20cm o 50cm, BF C - 52 HEE, 4 15nin
R KB, BTHEME R L2 8 LA,

2.2.2 KAA#E KEABRALTAR
¢ . =4.6248 x 10°T1nR,
R b ——— KA T———BRBAEE: R —— S SHARLE.

2.2.3 AERET KABE (Ta) HAEE (R) FASHKIEH (P.) £5
KETFRA/NE &L (HOBO) FHATHA.

2.4 28AKS EEBHRBAET ImABWE, WLEFEN 100cn, & 20cm
H—E, RARTHENE,

2.3 HHEHHE
B LU AR Bxcel 203F7 SPSS 160, KA BEEF £ 44, SHF—
WA EASZRNEEN.,

3 EREAM
3.1 AREHETFAHT

50




PTR PD 294/04 Rev. 4 (F)

8 F, &, TaWE A2 MR “HI&” g%, Ta TWEEA B7-400C
SWEARM, B, BTREMBEENRER T EARR, 2| 40EALE
BEEE, LEMELBHBENRE, Te 2B TH; R EAESS Ta i
B, & &WEL RH &K&EN N7% WG, ME Ta WA BFTRETHE, 2| 40E£
BB RGE 46.3%, ZEHE Ta W THESCHATE A, £ 1800, MEF5| 648%
PARZE & 00-1& 00 & 89 & L 96 B 4 108 0~14%5.9uml/ (ni-s) ME B &00FF 269 F i,
PR 5% 8uml/ (nd-s) HEMEFHRENIES, Po BN, £ 12:00 £HLE
HEEME 1 435.9umol/ (nd-s)), ZEZRHTHE, Z 18:00 BARMEME, A
108. 0 umol/ (md-s)).

100 1600
3% X -
" 80 % 27 1200
g 50 & BE g
§ 27 S i
o 0 f«; ggﬁ 400
1550 To:00 12500 1400 16:00 1800 20 0§56 "T0°00 12:00 14:00 16700 18:00
e " Hrﬂ s n:ffﬁj
- FEE - WERIANEN —— WERAEREY BRI

—— R e S IR S M R I
H1 A&ETHRAL

10/, 8%, BHEP.EHE A, £ 12: 00 A B FAME, 2B XBHH
N, BEMIBEN 34.0~1222.4umol/ (nd-s); Ry BRBRE, ZEEF P
R ER T, WABTRS TS, £ 14: 00 HEZRME, 2B iT Pufn T.0H T,
Re XEHFAR; Ta THEEN 19.4~30.1C, 8:00 £ZAH KM, W5, BT Pu
WA T b B, B 14: 00 AE SRR RE, LEHE PaRE, AR
TE.

3.2 FEEMMAAEE RN

FERE, 4 A LEEESKEN 27.03% ~29.85% , KRR EFR —AF.
WE 2-3 AN, 4 ARft AR E T EA - N EWIEE, ERER
A, BEKXZHEREIAETF 14:00 £4, B L4 6:00 2, BRAAH
BEHATHMAY, XIERMTREAERREMBEN LA, KABETE, *Th
REEAREZER, "THEBIAKWE, TEH R EARERERFZ TR A 5K
FERAFHE, £ 12:00-14:00, BRMrHEBEH—FH A, BUERE
RK BN FHEE R, Brr h ARG —F R, R HREE 1400 £45 23
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RAGME, BFRRM R RS R X ABNRES—, 2UFARBEHELE N
W RAEFEZ R AR B HERINARE( - 1. 53MPa ) > K H#( - 1. 55MPa )
>414 (- 1.61MPa) > ( - 1.65MPa), FEZNHMWARLRLY, £FE,
A MR AREREREER (P >0.05),

8 15 B )
oS00 8:00 10:00 12:00 14:00 16:00 18:00 6:00  B:00 10:00 12:00 14:00 16:00 18:00
2
S 0.4 & .04
E 0.8 — 5Tk ?‘: 0.8 e T 2
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*% -1.2 ebyene P % -1.2 meneen L
é -1.6 = -6
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H3 WHEasb TS ZH

3.3 EEHAMAALE L

RS A RRALRERAKEN 19.57% ~ 20 54% , AR —AT.
KB 4 FF S OB, 4 RRA LR S > A > Bk > shkd, E8 0T
A A IARH 2 B B T B0 17 5 BOE M o B 0K B 16 TR K2, A MG T AR
K#. REELRP AN ERGH AN EENRRT, HANREA 52
I B SR B A TR TR R MAE 8 M, T A A B o DL Rt
FRBRA, AR BET, MAAEE B A A/ B R 3 A g
SHAS> AR, REALSLBAN G BERERAAALLER, JE 4
SSTMEN, ABEELEANE LR 600 FREREM, T4 16: 00 %
IB/ME, % 18 00 AR, HAELTNE. k. HASfortks—
BETHE. BB, AR E LA, 2, BAREZE 6 00 FRIEHK,
THEEATLAS, TF16:00 8, 5. X hBAAhsh M, mak
AT 14:00 BHABIR/ME, 5% 18:00 BAAT; 6: 00 2 HoA Aot A2
RURMBEM, WEAEERE RS0, RARAR T, & 14: 00 24
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KB BRME, 2 —HRBEME, EL1: 0 XEFABESEA, XFERZHTFMN
BRI, MEARBENE I, REAE, WM EEED N o h R BERH
e NBH R, ELEXDHATERGERT, —F £ BHAAHE ik &AL
MREKRENTH, Z— A EEKEEEKENE LA, BRAAE T AEH
B 5WEML, EFEEEMMMATREEHBRME, TABRINK
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BRFTESM TR (K 2), BEFRAFTHASGRAS. RAH. A2
A8%F (P<0.05), HABSHRALZRTEE (P >0.05), MARKSE. B
BELAXBZREE (P <0.05) KAMfoirdg RS, RoAKH. BKEfor

K$#ZEZREZE (P <0.05).
X2 EEEMRMFAREEHE

BWHEE B XL a3 ER:

TERS —0, 5850, 144 —{, 7670, 07d -0, 7840, 03d -0, $8::0, 044
BERKH 1. 2540, D5he 1. 270, 08e w1, 4D £0, tde 1,210, 0dbe
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KRN EERL, RRENEEKRFFENAEE L THREARD> A SRR ARE
L ARBETRYWEN T ASE T UAENEERE. AT ARE RS
RUFBEBDEH AN MY, XM EMAES AANEE. BF. LEE
ERRAASHTEEERUENHX. EFE, UWHARAELE, AQBE.
AR AAMABERAAARSE NG LE, #ATHELF, X 3.

K3 EREMHAIASEAZETEEXR

TREER SE: S
K7W D= 8210, 057 T, +0. 070Ry 0. 00013 P ap — 0. 0278, 0. 882 56 45,313 0.000
=% @y= 7, 152~0, 081 T, +0. 104 Ry 0., 00015 P e ~0, 0320, 0. 855 56 35, 337 0. 000
a% @y =8, D400, 057 T, +0. 104R 0, 0002P a — 0. 133D, 0. 821 56 26.946 0,000
KFH == 1, 0180, 057 T, =0, 004R s+ 0, DDU2P g D, 0014, 0, 893 56 51,079 0,000

R4 ERBERMBAHASEARETFZEMEZHK
= i HNEE EeBms AKE

T, RH PAR @,
K7W —0.822"* 0.719** —0.608"* 0.706™*
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M _0.699%* 0.737** —0.619%* 0.722%*
RE —0,857** 0.807** —0.628%* 0.810**

x% Eo 01 KFLEERRE

AT 3-4 TUEE, KARE. SAHEAEE. te&ARERASKS
REHZHR EZEMRHM T RENAKET, BAAHEMAAE, THAL
HF AN EZEMRM A E RUHTHE ", AR XL BEREEK
BHERBFHAAMRX (P<0.01), MERAMAEBEMAREALEREL TN
*k (P<0.01), ARREFHATHREZEERMMAH AL ERERA RIS
R K #fdE i (T,>R> @, >Py). 214 (Ry> ©,>T,>P,) Fuk# (T,
>®.>R>Pu), WAKIM. BARAREHAERGZKABENEH, G
Er AR SR G B AR ERDH.
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Ay AR EHERIAARE (-1.53MPa) > K H# ( - 1.55MPa) > 414k ( -
1.61MPa) > ZE3H ( - 1. 65MPa); 4 MM KB B HELREZR (P >0.05),

(2) £EBZF, 4 MMM LAE. BRAZ. HAS It ABRIABE. hE,
BB E R LA, KB EHERIAN ARG S BRAE > BAE > RS, F
EOMER, BPRARTHASERARY RAL AL ZFEE(P <0.05),
BAEERABZRFTEE (P>0.05), MRASE. BABRELABLERES
(P<0.05); KAt A%, MAE. AR AP EALREF (P
<0.05),

(3) B HABERRRE. KEESH. KAAHABRERRAREEAR
FWHAKXRR, AR5 RAREMEGHARERERBEAAX (P <0.01),
MEEAMABERAAKSERBZEMRX (P<0.01); SEETFAEER
MR RS EEERA RN KRR (T.>R> D, >Py), 44 (R
SO, >T,>Pg), AfFF (T,> D, >Ry >Py).
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FRILHF b £ E AR AL & £ B AT

KI® E4% TN BFz AT FEF KA
(FRERLBFF BT RN 510520, )| B LB FHF BT R A 517300)

WE: EXRIF W, D6 FA£EMKF A Schima superba. 2148 Castanopsis hystrix.
K F7 6 Micheliamacclurei. A3 3H Castanopsis sfissa A, FIF 1i-6400 LA&1EHA
M ZF, AFILF LA RAEEERRMAR. 4. KIHREHATAALEE R
AR AT T RE. BT A ARAELSE REFE TR LML, ERXNA: ARH
RPN EF CIHRME “BIE” WLk, KABPOESNEAER P)IRLE “Nig”
%, 4 MRELEEE P)RAMH AL 10: 00 £4F, 25K 8.73. 6.00. 6.68.
7.917 ; 4 PR ARG E (P) B HERIANRE> K >8> H, BBERT)HHY
ERIANLESRT>KA>EH, RORAKE V) B HERIAA R EF>K >4
#, RHEHAG A BARDPMAREGEERSESE, NIOREN AR, 4 Fa At N
SHEEEE AT ZHEE ®R>0.98) P A R'>0.98), RAFEAN &R LW
AR BRAEHEEE P o) BPRERE Q) FEAETRE @) XXG TFREEAHELN
Pota, BEWRENE, B2 RERARSHA GRS KT EEANE. EFHBRTBE, K.
L4 K R EF R R R EHETE (1) BIRR S AME A (L) B RN ETRE,
ERBBNE S, LB BRERAE — S WER o TEME, MBS RLHNA
ARG, BEHFRERIFALRBABERERRIT. WA FERFFREELSE.
REF: AECEERE, TEEMRBF, Ko L

The photosynthetic physiological characteristics of main tree speciesin the

upper and middle reaches of Donjiang watershed

ZHANG Weiqiang, ZENG lingai, WANG Minghuai, YIN Zuoyun,
ZHOU Ping, 1I Zhaoqing, CHEN Guangsheng
(Guangdong Academy of Forestry, Guangzhou 510520)
Abstract: The upper and midd1e reaches of Dongjiang watershed is the important water
source protected area of Pear1 River De1ta and HongKong. Situation of water resources
not on1y impact the economic development and peopie's 1ife in Pear1 River Detta, but
as1o in HongKong. Guangdong Provicial has stared water conservation forest
construction project in the upper anda midd1e reaches of Dongjiang watershed so as to
construct an important ecologica1 security sysem of water source protected area that are
expected {o protect water sources and purify water quatity. Whi1le the probiems of
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afforestation design, tree species selection, cultivation and management appeared in
water conservation project by field investigation. By using 1i-6400 protable
photosynthesis system produced by 11-COR company, six-year-o1d major broad-1eaved
tree species for afforstion, Schima superba, Castanopsis hystrix , Michetia macciure1,
and physioiogical parameter characteristics, such as photosynthesis, transpiration, and
water use efficiency, as we11 as the diurna1 changes of photosythetics and response to
1ight intensity of the four tree species in natura1 habitats. The resuits showed that the
diurnat change of net photosynthetic rate (Pn) of Schima superba and Castanopsis fissa
displayed a two-peak pattern, while Miche11ia macciurei and Castanopsis hystrix
displayed a one-peak pattern, and values of Pn of a11 the four tree Pn occurred at
10:00 , with 8.73,6.00,6.68,7.91umo1 m-1 s-1 respective1y. The daily average vaiue of
Pn of Schima supeba was highest, fol11owed by Michelia, macciurei, Castanopsis
hystrix, and Castanopsis fissa respectively, as for the order of magnitude, the
transpiration rate(Tr) in a descending order of Castanopsis hystrix, Schima superba,
Michetlia macciurei Castanopsis fissa, and the water use efficiency (WUE) in a
descending rank of Schima, superba, Castanopsis fissa, Michelia macciurei, and
Castanopsis hystrix. Schima superba thus had higher photosynthetic abitity, water sue
efficency, and high adaptabitity to the environment. The photosynthesis-1ight response
curves of the tour species cou1d be we11 simuiated by the non-rectangutar hyperbo1tic
mode1s(R20.98). For rache of the four species, the predicte vatues of maximum net
photosynthetic rate(Pmax), dark respiration (Rd)and apparent quantum yie1d (a)by the
non-rectanguiar hyperbotic mode1 were greater than those be the exponentiat curve
respectively, the moreover were closer to the corresponding observations , while the
predicted 1ight saturation point (1SP)bye each of the teo mode1s was far 1ower than the
observed. The young and midd1e-agd the four trees were photophitic and shade-to1erant
with high 1ight saturationg point, 1ow 1ight compensation point (1cp) and 1ow a, and thus
had high adaptabitity to high 1ight and high abi1ity to use 1ow 1ight and high 1ight.These
physiological studies may be helpful to planting design, tree species selection,
tending of water source forest.

Key words: photosynthetic physio1ogical characteristics; main p1antation tree species;

the upper and milddle reaches of Dongjiang watershed

FIE) AEEENEAKRZ—, BAFEFARE. BN KE. N FI
UBRERIL 4000 FANAEF. £, EXAK., FKILERAK BRI ETR,
FEAHRBNEFREABRIPARET ARHEAY W, MEXEESHEAME,
FE b ATRBAREBRMERP K LIRIE, AERIARTE, AFEENAEDS
BafafFga". FAMBEHETREA TARILE L ARkER, 258
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NRIF EHERARFEESHFE, AELA, I AKFERER P HFEENRELIT
WHARESRFTEEETEWEAY. LA EARMYAEKLTNER, LEM
Wik BRI B &, AR AG R ARG, HATHEY S 4 FIBER
REBTAEEA A EEERRESENBNH G ERREY BH, tAHK
Schima superba. #14f Castanopsis hystrix. X fj#§ Micheliamacclurei #n3g
i Castanopsis sfissa WX EZERFALEWS U, BELEWBE™. &
FABET. LRBARRELEIRCTEFTEFRT S ZNHE, Exths
EEASREARED ", AR BRI RATRR EZ SRR 2248,
KAERERCERERTHNEG. EBRADFARRE LS Y B TE A
AN RABRESENEZR, FWTERM S £ B R ATE AN ER
P, AFRITFBABREAREMZ . MR FEfoR T € EREERRE.
1 AR5 %
L1 BRI

R FRITF LA )| LS N24° 06’ 417 . E115° 147 117 ), T3
B 160m, BTERTENAER, RBALE, WEAMN, FHH Bk 1740n,
FHAIR 21.0C, FHBEAE 1718.7 mm, FREEXLEBHE, LBREY
1.20g - em”. RBKXEHATLLEM Pinus massoniana. A Cunninghamia
lanceolata. B ™ 4% Bucalyptus urophylla BYB AR, 2003 457 Xk Fask 4k iF
LR R AR, RS EEROKRE, TEEMRAE: A% 4
. K M. . BF Cinnamomun burmannii. L B4 Sapium discolor. &
# (castanopsis eyrei) . & (liquidambar formosana ) . &F#¥ ( Cinnamomum
camphora ) . &K% (Manglietia glanca) . Bk#E (Chukrasiatabularia) .
#F W (Cyclobalanopsis glauca) . £I4% (Castanopsis hystrix) . FEE
(Choerospondias axiliaris) . FH &% (Michelia maudiae) . HJE A
(Pterocarpus indicus ). fH ¥ Z(Sterculia lanceolata ).\ A #(Elaeocarpus
sylvestris) . ¥R Mk (Syzygium cumini ) %,
L 2RI H
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R IR M 4 KR I
Table 1 CGeneral situation of tree species in the experiment
BRHERE BWHm  Weem E@Em
KF Schima superba 54 60 3.0615
198 Castanopsis hysirix 50 4.0 LBx2.0
K F1HR Michelia macclarei 6.0 46 2.0%25
88 Castanopsis fissa 4.6 6.0 4.5x4 8

T LM, RBAK. B, ST XAHARBHHE, #F 200
x20 m BAHTHE, GHMEE 3 ALY, AERFARE. BE. TiEL
PR ERERORI, B3BY FHME, SRAEK L. RSWHE 0.70, BAKE
BEA 1 500 £ /0%,

L3RR i
13,1 JEF %

2009 4 8 A, AABEHAA, FIHEE 11-COR A8 1i-6400 &4
A%, MERILE LBEEZEERRAAET. 0%, KT REHEFHE LS EESK
B fu Aot B AT T U BBV WAL B 3k R T R A e B R AT
BHRMNE, FMEWER 3k, SHIE 3 Aet, EEUM3d. kesELEY
BAWREREE 8: 00-18: 00, €/ 2 h Wl 1 K, HEIEREM AL
AMBEEATIM, ZRENETRRATEE,. FRTEEL 2 Fo AN
HE SRR R BEREH R AT 9: 00-11: 00 #4T, #JH 6400-2B 1ED
HAEARFH A HIBHEHE 072 000 pmol. o™ s” B W, 2% 13 MR,
KK 2 000, 1 800, 1 500, 1 200. 1 000. 800. 600. 400. 200. 100. 50.
200 Opmol.o™s™; LERIRFEEB A AR CO, BRLHKA (360 + 10) p
mol.m™ s7, HAAMIBLH A (1190 + 200) pmol.m™ s™, KKBEH 36+ 1)
C, "TRIREHN (7 £0.8C, ZAMABE 1 £5) %, LELKEH Q7+
L) %zE. MESHA: $HEERC). AAEEGC). EBEZET). B
[l CO.ERDH(C) . KA CO,ERLHC) XRBE Q). "HEEET). =
AHENER R)%E, *THBEAXDFAARE V) HrHHEREAEE P) 5 KBR
E(T) Wy tfE, B: Wu= P, / T.

1. 3.2 BAE o4
R SE I IR 2 0 A1 1 By e BL i 4 (PPy) , 20~ BI R 36 B A1 W i
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B, HTHE, TRERASHEEE @ ). RAETHE ). #FRE
% () E 58

() AR BB

FEAREAEERN:

_ Py + P ~J(@Pag + Py ' = 480P Py

£ 28

—-R,
(0

P =P~ R 2)
_;ﬁt#j7 Pnjbj%%éjz$7 PAR%%%%&&%%’ a yg%ﬁh%%’jﬁﬁ, Pmnx}b?ﬁj{lé‘%
BEE, P W —HERAELESEE, RABERER, 04 XS HETHREE
WA bAMEE St fo B R Photosyn Assistant HEE#IEKE.

Q) wBHER

B =P X(1=Cpe¥n/ Py (3)

B =P, x(1-Ce R, (4)

Ad, CAEEHATH#LCEEMETRENEF. LIMEA umol.m™ s™
WA lyumol.m”. s7 R U T AKX E™:
Ly =P In{C)la
Ly =P Ln(100C,)/a (s)
RF 1, ARAME A, 1,0t fo
1.3.3 AEETFME
ARETFRHA HOBO BN AKMERTEMK, ANBRELHEZREE T). &
AAEAEE R . KFEEHEE Q). LEEREH CL 4.
L3.4 23 RENELESRKERARTENE,
1.3.5 RIE 438
X A Photosyn Assistant #{4Fz SPSS16. 0 #H4#H4T404r, KB one-way
ANOVA 3 4T 7 £ 447 .
2 ERE 44
LIKXEGERE
2.1.1 RRETHH
EHRREHRA, JIENEEAE 33.7 40. 0C 28, 8: 00 A&, HE,
W& Pu i LA, £ 1400 EERBKHEE, ZEEF PRE, .2

K
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BTH; RERAAESES TAHR, £8:00 £ REFHH 90.7%, Wi, MHE T,
MABTRETHE, 2| 14: 00 ZEEBRAGM 46.3%, LEM#H W THLA
FrElF, % 18:00, Ry EF 5| 64.8%, PutE 8: 00~18: oo HjE ML E &
108. 0 1435. 9 umol.m™ s™ Z &, \EB 8: 00 M B, Py 536. 8 pmol.m” s,
ZJe PuB A fu, FE12: 00 EAAE KM 1435 9umol. ™ 57, BRI TR,
£ 18: 00 B &AKE, % 108. 0pmol.m™ s™,

2.1.2 kA EBESHE LA

B LT, RFAES P E AR R W, PIRAMH M IAE 10: 00
A, ARK 87341 6. 00 umol. m™. 57y KA P EH B E “HIE”
%o PE10: 00 A IR AMAE, 250 % 6.68F17. 91 umol. m™. 57, RJE#H%
T, 7 12: 00 4 W IURAE, TR BBE A, 4 14: 00 M5 HAE 2 154,
EI1800AE PARRMME. A KAWMEH T EME <2 g,

. 100 |

e 80 %

g 6.0

=40

§ 20 [

4ﬁ 0.0 — it

6.0 [ 3.0 [

25

20

15 -
£ 888 88
W@ O NN W B

A EER/ (mmolm? ')
£ e A2 W b A
SOLDOH D
@ ; g
RGFHHE
Apmolmmol!)
& -
w o

R £ 8888 8 g8 28888 2

& ® & & & & g8 g egx 000 xddw 8 ow
B W w @

e R il T8 ——KE - —— e 4T

e K Fy 1 e BB ke R ST e B —h— K1 -

Bl AP GHEE, KBEEMRQAARENE 2R
MiTee T.HAE Wi~ @ Vel BRAN L5 Ve B B0EIY L 4o
BV THEREETTFEE, WeREEHIAAE 8:00710: 00 |, e, 35
W 5 7 18 M L 8: 00 RUJE, 4 2. 04 pmol.m™ s, TAH. LEFKH %5
B AAE 10: 004, 2814 2.52. 1.84 % 1.90 umol. m™ s™. M3k 2 T
FWH, 4 MR P ERERIANARE> K IR, Tr EHEEA N8>
RE>KAREH, T Vo B AERAAAREEF >R IO E, AT S
RATAKDR R BRER G Fa%. KIBER, RABSES. BRFANE
R, FEGMEN, AT PEAES LT IRMELERZE R (P0.05), X
NEELREPAZRTEE P>0.05; A Tr EHEER Y IHAELEREZE
5t (P<0.05), W44k, KAMMEH Tr HHEETHEERZLR (P>0.05; K
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BB VN E5UEEEREER (P<0.05), WAK. LEMKIE WLERF
BEC0.05); AFGEAESER Y IMMFERELER (P<0.05), WLk
5k A 6 B HERFERFER (P>0.09).

2 4 ARANESH

R#EH FR A A (ot s ) FEBER umotw s AS MK quobmmol) AR (mmolm?s)
A% 547£019¢ 328£0.45b 1674£005b 0.293 #0.007 ¢
aK 433£003 b 33120132 13140058 0262 0.008b

C k7 4540120 30940438 1.47 £ 0.03 ab 0.256 £ 0.007b
5 330% 0078 2840128 162+007b 0,240 0.001 &

% RARESENNTRFRRREREE (P0.05)

2.1.3 A EREREZETXZE

BZRETEAEEBRE, oM T ALABREIEERRAELEGERCP)E
38 (T) . HE(T) . EEMSERE R) . KB RES Pw Fa A 5 €0, ER L
BC)SANMEEETFZHENMEAXZ R I . AEITUEH, AH. a4, X
SRR Pn 5 Pu X A B AT, 2MEFZEMK P<0.01), Z¥WPHE
EETF. AR RESMER, A, SEP.E5RERBF MK P.0D, T
KA REgFEH P E GABEXTBE (P>0.05), 4 WMHP.ET. .. CELE
Mx, ¥, AHAHEHE G PLFWRKT Po, EREFEMK P<0.0D), @
214 T, 3t PR AR T Pu EREFIEA X (P0.01).
2.2 KA i

FUF 2 MR AN EUBERTNUE, ABRIARFUUGRR, HE
FHRIHE 0.98 UL, RAEEARHEERYEGH T EENMMR AEN
AEFE Pu) s RAETHE () o PRER (L) XX EHTHEUERBEE
k4.

®3 AMMMELLEEZSHEETFIENMEXERK

gt BT HRREC B4 CO» AR5 B umol-mmol ) ARHRE % B S (umotm s
*% 0,085 0210 0610 0059 0.789"
Fig. 3 034" 0411™ 11 £403" 0.816"
KT 0177 0.257" 0235 £0.156 657"
%5 0.033 0.105 0.320" £.107 0,725”

W TEOOMAFLEMELF, TS KTLLLREE

ME4Th, XA LABEEREART P 508, KA. EFEAREE
F (P<0.05), 448, K Wi FEH P [l Z A B (P>0. 05, PuuRIK A AFT
SK AL EREFE, 4RO ZRTEE P>0.05), a&E, BFXMK &
AAEBRABTLEXNER I EGTARE. KAWHHEN, EFARA, L89K
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1% BIANAEFHHFEA, L% B R TR TR XA W #,
AMTTFURHRE. 4 R 1o(7—23 umol. n™ s7),
&4 4%1‘?’7‘%“@&&1%%%5%&

BRBALHE RARFHE BERE RSP fAce

b RHER f{molm™sT) {imol-pmol ™) F{umol sy Hpmolm™5Y) J{pumobai®4y
SEE RN KE 15.69£121 b 006120005 5 0.65:002a 119121090 107138
g 9.15:1.022 0.066:0.011 x 0.5120.11 2 £92+139 b 304232
KITH 10.26:0.418 . 0.05540,001 » 0.66:0.18 3 681417 & 13.34354h
EH 8921198 0.055:0.001 & 0.9850.00 8 5974133 8 1875135
bt b R 14342139 b 0.05020.008 2 0.30£0.048b 1322414 b 20172
as 17940928 0.059+0.002 & 6,130,038 929+101 ab 70:192
K 9.3340242 0.656+0.006 & 0.45+0.06ab 78874 & L5425 4b
3. 7.80£1.05 8 0.04940,003 & 0.7240.06c 763£137 8 2274125

#: FMFRSRINARZRRFERRE (P005)

A, BF Lo 5AT. ZEAFBELZRP.05, 5k HERTEE
(P>0.05), WAR. LAEMKXAH lo HZRFEF (P>0.05, lo ki HEH
KATDARF> L, TARTAMAE le X I EHEEBEZR P>0.09),
FURTHEERELZR P>0.05), 4. KAEHEY o2 AFEERELE
(P>0.05)  LletRIR N ARF>L4E> K S 4> 55,

B2 UESE, PoatE 0~200 umol. m™. s” JE B K, A, 4148, K HHi%n
RY PME PR EE R LAY, BEART Px Puf B ERE, % P4t
SR, PHAKILERENAS, £ Pud 1 2000 1 200, 1 500 F2 1 000
pmol.m™ s” EEKB T A, 5K (14.52 4+ 1.36). (7.91 4 0.99). (9.76 +
0.32)#1(8. 06 & 1.11) pmol.m™ s, Py# 0—1 800 umol. m™. s B, A%, 41
. KA WMEH T.HEE P MEEL FA, Peikz 1800 umol. m™ s 4
i, THARRME, 250K @954 0.53). (2.97 + 0.83). (2.79 % 0. 36) #=
(3.22 & 0.83) pmol.m™ s7, K#. 4. K HEFEH V.M P W BHE
LR RE 2

£18.0 :;; 6.0 [ 3 6.0
¥ 15.0 5.0 . 5.0
£12.0 F §§§&§H *g 4.0 ﬁffff;i $ §f‘;40 E i

9.0 | ' £ a0 iii £3.0 Sun® ﬁ
360 f!!fiit! < 20 ﬁi%i%i EE2o0
¥ N ® 3
W 3.0 m L0 & 51 0
g 0.0 OO £ 00 ° ’ : P *:’0’6 OODOOOOD
&0 "RSEREREEEE *  °g88gsgssgss L0 Lssggga‘z%gg

FAE R molm?s') KEHRE/ (wmolm?s?) HAEH R/ (pmolmist)

—o— ki = g ~o— A ~w i —— ke
& K1 X B ~h— RO o 3] —A KA - EH

B2 4 MM, BB AR F 2 oy 5w 5L 4
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SGREMED, XTEZHTHRABRBREEABNEA PLEMNEZAT T.
B, TR AR Ef A UE, BLENER, T T. ML B KL LRk,
B Ve 2WMAWEREA, Ve EREN BRI Po B B A K, U Puik
2 600 — 1 000 pmol.m™. s™ B, WudkB|HRAME, 441K (3.21 £0.67). (4.16
+0.74). (4.274+0.52)F1(2.88 4+ 0.13) umol.m™ s™, SR/EHE P th Sk EEIE 35
T A T, EEELRNAR TR AR AREHRE.

3R 5HH

DEHEAEEFESEURRTEIHEGERAMETE R MR EN R,
REMAN B ETRELAMFNENER, RTHEHP.EELE “B2E” B4k, WX
AP ERLE X" the, 4 MMM P RAMEHEIE 10:00 £%,
4B 8.73. 6.00. 6.68F17.91 umol. m™. s7; Kristina AN & P.FOE Wu B ¥
TR EF ] ZQA RN BENRME, EREANNRGERRETHEIS
KERT, HEMARLAGT, BXEEXNENAERN LSRN P ENE
MEES, TAGRAREETFENARMNAKSORES, WEMRFET, Ao
MAREGNEANIERAR, FHEEW, 4 fA P B HERIAARE>K
HR>LE>EH, T BHERIANDE RO K NR>EHR, Ve EHERIAAK
FORFO>KNE>LLE, KREHEENRIANAREHNEGTaE. KAERE
W, ZABEAE. BRAKNEEHE, MR EN G E.

DIt Nt RN EAEE LB R WR N R KM &, XAl
SEMEATHEEYA RSN EEHA, BREATUEF AR
RKE)AGER, RUETHRE., FPREE. MahERAIME RS, ELH
BARAFNSHRARTRE, RA L HEENESBZAFENRER, GFEA
W SRS WARFT 4. KA EFRASELGER. BPREF X
MEFHREER LG THEYEAN S, HERENE; B2 ERNUEHHE
AR ETEEANE, SEEARERRBML, FEER NG Efnm EER
K. MARAKENEEE P R RAEEH AN EEHF, PuRKA R
FOKNW>LEFRY, RERALBRENBELEGRN. 4 FRAENT
0.05~0.07umol. umol™ 2, X GHEMEERALEWLR LKAT. LEHE.
FAEMEN ZHafE 0.05~0.08 umol. pmol™ thHEH., HAMEATKNET
BEZBIEPEF ARG TASERG O EREERLRF, —RRH, EHH
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FAME SRR, RAETFREMA, WIFEME; [ LY AR
B B LA R R AME R, (B — S A B R M A B T R4 e N R A
B> WX FAEYBER A AR A DI AL B R MR B R B ERIE; @ 2 MR
PENAT. L8 KA EREAXAETRE. AhfA. BAMEETUEY,
THRRAFAR . B KRR LR &R R R IME K
BRERAETHRE, AARBRNT R TSN, LB RERAY — S ER
AT EYE, NHEAERANAT I BRE, EREART AR AR,

5% Xk

(11 B, x4k, BREAE. RIKBEATERZ LMLy f g
KEEAFII]. AR, 2006, 15(4): 796—801.

2] JE, KR, 48 FILAFERIREZE S AERH. 5 AARLR#,
2009, 25(4): 79-83.

B3] M&EkE, TER, EAEE. ZHA—REL6KFHEEFRLH 4
S B RAAET]. EYEH R SFEFR, 2009, 18(2): 62-67.
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WE: AR L, H6FERN. a8, K. EH. AAERWENELEHEE P
EBEE(T). AR FARKEWE)ELEAL ARG RANFAE, FFEW: 8H, 6fi
MAXRARBEEE ). RETRENELEGEESEBEE; 104, oA THEMEL
2. ABMEEASARARERENES. SHPHPAT.ELI0AMMELFIBTL.86% o
129.22%, 10FWUEH E th8F 4 {4%525. 78% . 6MAP.. WUEH THEFHMEHESF, HEAH
ARFOLE. BF K AEONFREAARE, PARTERBHIOCRER AR EZEA, £
RALE. XKAHHmEH, TRAEANERK.

REH: FHAEE KPR FRKE ErtF KL+ L

Comparison of Photosynthetic and Physiological Characteristics in Six
Broad-leaved Tree Species

Chen Weiguan Zhang Weigian LiZhaogin Zeng Linghai Zhou Pin ZhouYi Chen
Guangshen
(Guangdong Academy of Forestry, Guangzhou, 510520)

Abstract: The photosynthesis rate(P,), transpiration rate(T;), and water use
efficiency(WUE)of six-years-old Schima superba, Castanopsis hysrix, Michelia
macclurel,Castanopsis fissa, Manglietia glauca and Liquidambar formosana were
measured by Li-6400 portable photosynthesis system manufactured by LI-COR company
in the upper and middle reaches of Dongjiang watershed.The results showed that all six
tree species performed well and maintained higher P, and T, under better hydrothermal
conditions, when hydrothermal conditions were becoming worse, six free species were
able to adapt by reducing transpiration and increasing water use efficiency. There were

large seasonal differences for these parameters, with higher net photosynthesis rate, and

transpiration rate higher in August than in October (71.86%and 129.22%, respectively),

while WUE higher in October than in August(25.78% ). According to the value of mean net

photosynthetic rates, mean water rise efficiency, in both August and October, the order of
the six tree species was Schima superba > Castanopsis hystrix, Castanopsis
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fissa,Michelia macclurei > Liquidambar formosana and Manglietia glauca. Schima
superba has higher adaptive capacity to dry environment, followed by Castanopsis hystrix,
Michelia macclurei and Castanopsis fissa, and Liquidambar formosana and Manglietia
glauc has lowest adaptivity.

Key words: photosynthesis rate , transpiration rate , water use efficiency, broad-leaved
tree species , the upper and middle reaches of Dongjiang watershed

AeERAREMEKRENER, REENEFHEAD, AFELETLRERD,
HITENACEEREFERBF T ARG AL A EREESE RN A A %R, B
Bl XtAR# (Schima superba) . 214k (Castanopsis hystrix). X 4% (Michelia macclurei) «
#3 (Castanopsis fissa) . &K K (Magnoliaceae glanca) #9#% (Liquidambar formosana)
WX EERFEEME M AP B Rk H 00, BELEMBET, 553 AEED
ERBAMTE LHPRVE T E, B REEE R T RS A R B R B
SO R RBLWRE TR ETRARMAE. 2. K. EH. WEREA
EEAREFTHN S, EBRALAARE LTS YN ERBRASERNBEZR, Kit
EERMACEERERNTELA NI, AETRYEEANS AR LR REDKIE.

1 M5 7%
L1 FFRHHA

HAHALFARS AL, BB %24°06'41"N, 115°14'11"E, %8160 m, BF T
REFNAGRE, KEAR, WEAN, £H0 B, 704 h, FHAE21C, EHHEA
L7187 m, HERLERLE, LHEAEN1.20 g - cm”.

L2 B HH
ABRIU2004F L EM . BARERARKEMEH AT . . 4248, X WEH
RREONMMAFR L, HAERRABEAN B RN LEEKE NEL

%1 REAMERRIRZAIRR
PR FHEE(m)  FHER(en)  PHEE(n)  SATEEAE(%) 10 ALEEKE%)

aw 5.0 4.0 1.8x2.0 27.34 20.95
DYt ] . 6.0 4.6 2.0x2.5 28.65 19,57
¥ 4.6 6.0 4.5x4.8 28.01 22.54
g 4 5.4 6.0 3.0x3.5 27.45 21.23
& 5.2 4.5 2.5x3.0 29,85 20.46
KAE 3.5 5.5 2.0x2.0 27.03 21.04

1.3 AR
F20094-8F 20 ~ 28 El #120094E 10 23 ~ 31 H (4 A BA B X 5), # £ EFLI-CORA
B £ FHLI-6400 6 EAME RS, XAF. BH. KM, a8, WEFLAELEE
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1.4 HELHE
LXK FSPSS 16. 0Kt Tk, FHATH Z04H7.

2 &R 5441
2.1 FEHETFEEAA
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EE B RK1E46.3%, F18:00, RHLEA2/64.8%; PARE AN FERB BIEWME, X
108.0~1435.9 pmol - m™” - s™. 10F B RT. RH. PARH % H1E58F #F, PARE K%
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420 ¢ 4 100.0 = 1600 ¢
38.0 } { 80,0 £ 400 }
i F ®
_ zg.g §{ s § o 1200 b
o %80 ¢ 4700 & g o000 }
= 300 g0 = =
) 1., 2 g sor
P a0 b 4 50,0 X ‘é so0 b
210 4 400 ~; = 400
180 } { 300 € 2ot
15.0 TSP, S——— 20.0 2 g
§ g8 ¥ & 8 ¢ 2 & % 3 &
# ol B
— 851 i —— 1075 “(#
B IR M 0H KB e 8 F f AR 10 RO G N

Bl FHETH R R

2.2 BREHERE XA

FACEFZBRUNES, FREW, 8A, WNF. KAKRE. AR HP.E X HEAE
“RIE” Wk, MEFEI2:00MEPLERAM, H4.39%umol -n”-sT, WRKE. Kk
FEHP R AL IAEL0:004%, 25| %3.65, 8.73f16.00 pmol - m” - s K AgfuLr4kP,
HAMEHE R ghk, PEL0: 00X
HHEBEA, 25 %6.68%07.91 wmol - m” - 57, REHLETH, £12:00%4 HAEAME,
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2 A5, 49%95. T1 pmol -m” -5, TR BEA, £ 14: 0087 /5 B AL 2N E &, 251 45. 89,
5.88 pmol - m” - 7. EFBA H FHPH RO K HEOLEOEI DA REAME, FELHH
GRERY, ARSLUSHMAE THP.2RE# (P. 05) (£2).

%, RAEAMEHEL0:008 BEPA R AM, HMEAH H3. 6742. 69unol - m” - s7,

BEAEERP (ool m 25y
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O]
e KW KA

i T ol Ky il §
B2 #reEEEE LR
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AFPIR A FLAEL0:00£4, 25| 43.80, 4.70496.30 pmol - m? - 7, WK H4GP. &
AMEHIAEL2: 0085, HMEH3. 63 pmol - m” - sy RAFEREHP. BAMEHA “<Rigk”

%
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FBERETH, £12:0024 HIEAE, 2. 32/01. 83umol -n” -s7, SRS EE LA, #14:00
BJE W IE2REE, 25142, 54402, 15umol - m? - 87 6RM M H FHPH AB UL EOME
DKARDKANESES, FEMNRE, AE5L USSR E THP.EREZ (PO, 05).

£ FESHHEBSETHRBTUHE

FEHIESE

W A# BRAEEP, EEEET, KRB R WUE SAREC,
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e 232 20.11a 2.47 % 0.03 ab 0.94 £ 0.044a 0.207 + 0,005 b
P&t | 4.54 £ 0.12¢ 3.09 £+ 0.13¢ 1.47 £ 0.03 be 0.256 & 0.007 ¢
KA 8 A 2.51 2 0.04a 2.83 £ 0.07)b 0.89 % 0.03 a 0.172 £ 0.005 a
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KA1t 1.87 £ 0.12 ab 0.99 £ 0.03b 1.89 # 0.06 be 0.103 2 0.006 b
KAE 108 1.83 £ 0.17 ub 1.88 + 0.05 d 0.97 £0.07a 0.051 x 0.002 ab
g 2,19 £0.10b 1.05 £ 0.04 b 2.07 £ 0.08 ¢ 0.126 £ 0.001 ¢
K 3.63 £ 0.06 ¢ 1.53 £ 0.04 ¢ 2,37 £ 0.074d 0.105 £ 0.001 b
] 1.55 + 0.08 s 0.84 x 6,035 1.85 % 0.07 be 0.076 = 0.007 a

H: FURE S RO AR E SRR LS B E(P<0.05),

L8R, 10H6FAMP. A BEM, SAWNE. KU, KAE. a4, KEOEH
PRI KNI0A L. 17, 2. 43, 1. 37, 1. 98, 1. 51402, 13fF, X EMAM ALK ¥ EHER
RKFZ, BARRFUEFOSARRALLKNES, kb REEENEA.
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Annex 2 Presentation Document

1) Presentation given by Prof. Zeng Linghai during the Advanced Research and Study
Class hosted in Nanning, Capital of Guangxi Zhuang Autonomous Region, in October

2010.
Title: Sustainable Management of Secondary Forests in south China

Reporter: Professor Zeng Linghai
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AFTUBEAATERELELEL , ERASBAIRET , MEER AN TEYERE ABHF
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Ak, BETARTHEN , £FIAN 1) RERRYBBERETRAEFTNARE
B, RBMERBAIN R ERT A, REEAB2WRHETRAEHNER
KE;2)ITTO(2002 ) EEUNREE L ib E B4 HEMAABRETRY  BHBRTEMN
é%m%ﬂkm,A%%k%ﬁ?ﬁ—ﬁﬂ*i?&ﬂﬁﬂ;3ﬁmspw%)%iﬂm§

RRETFH  ESRAFLE , —AEBHBEBRERTRNRE

REM. Bt , HEEX

N BBEARZIANREREAERTE , KXREHHAERLEREL AL

®1REMENX
EIKIR FE4

ITTO (2002) : R/ HECE SR RN BELY L ( FRE
BRERE 10% X T JEEHRNRRES, XHREEERUNBRNER MR A A
EHRERML, RARL, BURERTRIOK -, SRBETERE | AREBESE 10%UT
MEE,

European Community Biodiversity { 1993 ) . RIAHE SAXRN TR | B R
WER. ARVFREEREE , AREROHKD )

CIFOR (Center for International Forestry Research ( 1998 ) 7 R4 o
PSR AR SR B0l R b BT S SR AR Ko T

PETEE (1990 ) &£ CGEME) PREMRNEN : R EHHETR
&, FEB, ARRECERRERRE , EIXREH. BRATETLRHN 58 A R
REBE, BTREMBRAAETRN , XEXHLLM,

ZEWR (1992) | REHHBT ERBFAN FHBLF G LEEY
( BREKB TR EM ) |, EER E RO HERERRIREMR, BIA R
RARREMGET , RANFEEATE.

REMILIFS (1994 )  REKBEBHAZIALH , EARRERE
RWBRAZE , REAANEGELE  BHERAHIBTERRN XA FRHEHBEAIR
o

BABE (1994) : REMZIAERLEEHFE , EEHRERE
FEFRERBERNIARERE  HERRCAEZREMRNZRMKINE | BIRFRHEH
RENERSEHSTRERERAE,

HEESR -

o MERBTAMMNBEHMEAEREEHEA.

o YRHEBEI D,

o ZWYNMPHTFNE , MER , EEELXES. £IBLE, AFAENMERBELE,

o WFHFEENYNRS  MIHEKLE , ERE , EHE , ETHEETAEM,

2. ERNRERZERY

EITTOMEHRS , RNt RATFREMNLELZRBJITTRASENLESE, &

LLEAR b, #—SHFTEMMOT -

() BVARRFEK BAABARFENER KRPEGHEENHNAMESRENK T
BHREE, REOPHE. REBRARFXFEEATRRRY . NEHE , 065RTX

BIRBFE5T o
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(i) HUBEH REFKNEFES , CARRGEENLR , SOTEHHL , BB,
B, REFEAROEETS |, LIRS RHERN —REAL R,

(i) WDESRBHREE BRSHEFPNRELESHE REESTE RELYSH
HEBRARUYLNES, HEBRATHRERE N THIIEE , TEIREAAM, o
M RS RN, AR, MBS NESLBNREE, XBIHAEELE B
RESHKE , TURP , HBRANMIBTIEEA T —ENIME. RARKRP  ERET
X—3E8,

(iv) "RIEFEX" (extravisme ) EXWNHFM—HFEANESNSLX , ©RH JP. Lescure &
A. de Castro I SIMERXPHLXT HEFREN , TEINOAM, Wig. 4. B2
X, BE. FEDY. TUSEARTRORBCES ., EMEREEATEARHRESRS |
REBBHPHRIRAT R, EEAELEETAEROMEX TSN, “TEX ",
BRIAR=RELE S, ERAFHK T EERGREERMTREEY. ARZHE
AR mi&S (Kamara 1986). #EEH , babau palm kernels BUKER I T T 534
i EERATWAR 39% M2 TBREV A 34% (May et al. 1985),

) BRERE REEH XRUYSERDENHE. BUFEN RS ES R MAE
R REBEFNBER - MEXENERERS -~ ENRSBERWIRT  £KEAT
REE , BRELAHREEREERHRE,

o) "M=Et" % DREYERERNE  R=RBtH. PEBESEAT R=Et"H
MEFR W%, AENRELYREAN , REESNSMESREH R hE,

(vil) “RIFAEME  HEX B R RGP RS Mk, #8) , BUBHE K, &R
WHELEF  R—IMHEREENREANME, ZENAFTEENRR , tEFORD
MEIT. WEME , BE/IRANS D  EEERTREBNESIE  EXAKEE
ELRER MRS , NEEMEH &K,

(i)ESEEZ ENESKREMUTECN TR , EHBHET , ARRREMEEH T,

(i) BPRERE XREWBRI Palacagu RREBIHRIPRITH —Tb5 %, DXHHH
THARER 3T 100~ 300m , #IEMRE 150m BIMAR, BRER 5HD EIRG 46% |
RN 30~40 F, ARERFAREHNENSHMER ST 8385 , EFE2EY
K. —FEMARY , Z—FEXIRENEERIRR .

3. BARENEE
3.1 EHERERN EERR

EFE, REMGHELYANLE , A HLERMERG 46.2% , FHRLBRNEN 233
%  BABIMXEER 4 , SHUM  EURAHNHERS  MEER , TR, BARE
ERKERE , MRTR , MANEE (EREH » REMLRE  BELERRHIEE, £
FLRRMEBLERET | 2EFAKSAHERE N 85 . 88m3 , SLHFEHEKENR
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3.85m3 (0.25/@ ), FTAMAR FHE S , AT REMBEFBERSHERSS5.01% ;
AR FHREKR , A TFRERBSIATERBENERE 94 .99%, EESH , URT, TRTE
REBRAE , FHRE 4500°C-8000°C2d , FHAKRT 800 BXK, HEARREHF  RE

B, BExN, HRNEK , FWERFEE , MS, JTREEWRE 7055 ZH , AKX
A 4000 27, BEUT S FRALERRPEABLEEREY 217 R 769 & 1639 f, HhE
FEYW IR EIE113H, BFEYOIN11E 148, HFHEW 17286958 1512 f,

AL | PIRENE TS  MANRKRERFHHAEKPHNRBEHL | ENRRRKE
e, FEERREBHRERI U EBHREBRTI M. RIEWRI LB, FH
AR , EEBEAE R UR G, B4, KR, ERS. ki, S8R, B W
R E MR AR M,

REMER —RERMEE | 5. EHEURFRAANHEEX  BNRALESR
SR, NAIBERERE B —MNEFENEE, X5 RERHBER  BEENRESEN
Eff ERZHFESELE, NREMHNLENS A LEM Mo HFEZBIRUBERZEN
BE, BEXEMD X AIEANNANBENTREMNS FEETE , —BREUAT/LHMS 5%
() #EHH. MEZESXD R RESREGACH, XEEZRAHBEK, XEZEHMH.
REFEARM, RED RN Pinus massoniana) Bk, JREFRS K (Cunninghamia lanceolata)
A, REHTEXIHMETIREHHTH ;

(i) BERXERBRENNE, 9 HEH. FEHABEREMN ;

@iy BRTHEE ., U2HBRETH., PETHNEETIREN ;

(v) BERIS , MREERNKER, REFRBRENR (RROREHAH) & ;

(v) BRI, 05 BRF G XN RO EERREPEN —RKE,

3.2 REMSERR

£S5, ATKREHEE , Rkl +5 %%, BEIT, 2002F FREMTHE
ENBES  BNERXIRE K. 'H. BE. BH. cHZERNIEENNT2E
o FHE AR 23X B126075 hm2 , B BUEE10 ~ 207 hm2iy & B2 18 ¥ 2 A i @M R E
MEFERBERSD , #AEAIHZE, Bt , REMEZEENREIR ERBN LN
MEE, ZEFRNURTPRIE , HNREMEEDS U LR A EE B WIS g, 200745 ,
ERMLBE REXRBALELERBRENNLE I R, /'H. BESLEXAH
ENYRHMNRE  BREEXNATERE , GEDENERTH,. REMBELERRE
EH:

(i) BLEK

IR 20 42 90 FALN , REHLT T AMEEMN IR T/ , HILEHRRE THRE
BEENER , AMZARETR, BESRRENER, MB. I'FR JTEFE (K), 58y
ERNAAER2BELH ILEMARAZCRIRN, —RENT HFHER , EEHEHBERR
Bk, TR EH  BETRMNAER, ZRAE TESHR. B LEMRE RN,
EE&H EXEARA N SHT, SHhir, 2RIR, 5, B EHCEBRIA , HREL R
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SHEN, RELESHRNESE , SUWLEIRBALNEFKORNER. BRES4IT
ZERITHEANRERSE 3338.1 T, SREAHKGERN 21.7% , hEEREHZMK
AEETMI6 T EIR.
(i) REBRXAMRRFIE

1998F R REFEL EF AN RAKRP LR , REHTEHLURS AL G

WA, ERODRRFPANRBRRXAMER , URPESHREABSTE, B , RAKRSF T
BEREMARTF XAMELR5002 F 2,

(i) XMEESLBMRELE

EXRNBEM , RTEXHBRNDTLLENTY , SRANRF TRRSHHKEL |
EBRHEMBEETFRNREE UNRF AR, £ (FLARKNERNE) EVR 85
18 B AR BB B IRRAR, MORHIREAL | SIEATURFM , KR, BBR
B, RE, BUABPH ; SRR —DEF. FERP. I¥IRERTEAMN
RARMMMAR , SIEEBHR, SBRA. SHE FERPK. REHK, SESTAEHES
BERA , BRRFEHHM. BESLALEFNEREERANBTREST , £52
BSHERE 5241% , BRA , $RES , RESRERRFALENEIENR,

IERBEEREAXBRHASXLERZNER, 1994 FRRFEHSEEIE 33337
hm2 EXRRNBHRE | 1999 FELERERBED D BMRBIMESE., 2 BERUL
EXRBEMEREMNE 5815 REMNTE , S0l AHERN 35.3% , IMEFARBIRS
F257 2010 FEF/H 14 T, FREE 21 N 1867 ME(KF). 13567 MTEAA 10 4
ERERME , ER2¥ 2561.8 TAO,

(iv) SKRHEM S s

MER , ARERAFRT AARNRS RETE, 2007 £, I"FEHENSEER
BFRENIHBMS BETRE | 1A 14 FRAESEFEN 21 MR LK 119 4
SRR RE 4283. 51 7w , HPESLUWMMS YL 2245 Fig, TE , "REF
#A 1000 FRBEENESRNBEMREERLE . M 2010 £ ,F 10 ENEEL EHEER
HKi& 6000 77 & K=k, "+ = H"#iR %% 2000 778 5 2020 FEARTRER 4000
T SOE, B A THEEN A ERTEERENRMETRE , TR FRARE 1755 H 2R
MEERBRRR B R E R RN — Mg R % RIS B4 4R T Re
k. BHr RETRERDEE EMARR—RIGRTE , X EHAERIENREM T
R &M, HIEEERN EXWNRERRTEE.

3.3 REMNLE RN

20 42 50 F£RB 70 FRKY , AFHBACONLSFEENEXRE D, Bt , BHS
NHERELFRENZREF , ADNRESKFTIBENARNEELER GRS
M. M 1949 £35] 1981 F 32 FHHNEER , AOM S5 ZERI 102 , BT —8. AH. N
BAAKRANEREFH ZKEME, A EF T RENERIERSERTR A ERETE
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o MAUSERRAUAMFAR PO BEESREFSAM UEHATHNEFESHFT
REMZVEAREREER  MEHTEE  TAARERTR  MEREABBEX AT
FURRBE LFHES , BERRAETESRR. 37 90 R , BETELFHRENS
BN ENXE  REMNLERATUESHRAREZRPHLE  LETFRUFLENN
. REMEERAREHRALESHEFIRESHTRELEER. REFTASEHRM
BRRFERAMBRRARITER , 2 EFAKELHAEREN 85 .86m3 , FLHFHE
KE¥H 3. 85m3 , BLMKHN 916 £k , FIHFMAEN 0. 56, RERMKEREETE.
RETS , E5VETBORBKARRYE , TEMREFRFHHMAS, AHRD , BEEMKS .
EEMD  AaNS, BXMD , DML, FRAD  BHS, AAMKIPEHELREIH
AKMABE. Bt , REMEERIEKX,

(i) EBHERDDHT

EF 20 4 80 FRUH , RERENERFRE—ELTRLERE , FNESTEE
LFBWEMRES , KEMBREFHEER , KERATE, B REEHKIT . 8 1993
FLSR , Tkt 4L 8 4R340 , F 2000 234 56.7 77 hme, Lk 1999 &30 2966 hm? ;
2000 & , HHo B UERLHERETRE2EFEEN —¥ , FEKBHLEFGHD 1/3,
KEREKERME 1.4 FFEELR ; T 2001 &, REMF , —EMHHERNRE 16.7% , M=
EME 47.2% , ERAXEZESHEFRRNERME. THERBEXHE—BIRE : I'k¥
39 4 FHFUER, EMEE. REXE, BREH,. RaF R  £EESMEROHT
WHBEMRL , E5DEEFRS, BFRKFENIIHHEYFIERT 1000 24 100 7T m*H
BERMKE , MEREKLE, BREW, BER, FHSE. ZCHRESER  HYTHE
HIR AR 15 £

(i) MREFRBODH
BNBEX T FHaGLAMKREFARG 20 ~ 30 FEREB LR EME TR
HE , SFFERN 100m2 , HEPERENERKTERARL TR 1.

F1 T HEHEE 20~30 ERAEERERBEEE A~ HTR

FARRBEEFH ) 3em BB WE) 5SmEIHREK

=3
FTARY T
#y EAIER W £ B4 . B A% .
o Ait &it  BB(@m) (%)
= Ry & A ~ (em)
1 HHUBMI0E 53 42 5 31 13 36 10 59
2 HUBM30E 14 48 5 26 21 25 14 84
3 HUBHK220EFE 14 52 4 17 7 10 6.5 47
4 HUBHM20F 1 47 6 18 19 17 1 49

ALEHY , £ 30 FERREHIREM , EXT 3cm WHRERNSHS BHREH 31% ,
HEAT 5m BERBR S0 SHRBE 36%. Mo F , HARZEARE 10~ 14m , E 13~
21cm. MXTRNRBILREMBBZHLERNMIBELERER , KEF 3 FEBH 45 7
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2 LETRR , R EE 3.75m , B 6.55cm,

BES  ERNEEFLNBTRNERAESERR , EREMNSERZM , EX
EMEREERNREFRESED,

34 HENEERRANZLE
(i) RRREMITFHEEETRRS

1992 FH AR R AR FEBRF T2 EAHRMN THELERT AR FH Tz
ZEROEMMNER  FRT —RINESHERP SR EMNHLAESTE, KB &S
TENER , BEEED TATREKRERNER, NEHEIAXRKRIENEERY
2402.6 7 hm? , 5% E E L ERE 60.98% ; BREE SRR TREF R R AHH K 4
MER 45.9 77 hm2 ; J"% 5815 e , Akl s EIREY 35.3% R 4EM (4 ) RIfEERL
BHRETRFMEE,

(i) NRFREMEENEEME TEMENIAR

KEXREMLEEY 7TEKWER TSR 3 N BEN R, BRMER. BHEK
Bo EMEE 50~60 R , TEEIBEN R, EXNNE , MRERTRI ERML
EFRERNMEEHR , BEHTHUBKERE , BABREINAEZLEREH ; 70~80 F4
PHARENE  RRRERRERR  SFNE  BERR , FRNRNEZERETRR
W XTRBUYETERREMANERENROER EHESSA , FHIAEEMNE B
B, B 80~90 FANREMRMNBLAFEYEENEENRET RANEE |, HREMNY
ZEATTREVEILEM, 90 FRTIEUEDLIENESESEBRIRE , BEUEHH
EYTRFZNRMENEEREFUNER , $1iT T ERLERRK.

(i) 2ZEEHBSHY , EANELFRUBERNEE,

HTREXEMARSAMEROLEERR , TU—ELCENEZERRES U8
MAMBERE. BT XHHNR REKLEBZURBAM A BN TERRPESKTE
RPUHSHMSHFENDENETRAENNE, XHLEER, B 20 42 50 FR—
EELE 80 £, 15, BERAMNATFEEL , HHRARFENEARESRTHEA
WRE  REMEEXRATESER R , B0 TE2F0EER. RENSRIFFHIA
NE , EREMZELESHEFTYRNREESEE,

(v) BENEHEZZSIHEE , BFEAEAK,

BRZZBESRITRE |, 1985 FI HREH CGAFHREMASR , RREMLLEHR
), B0 FRARILHRE | 1991 FERELEEREMRL , #RPR, BSKEET
‘CERILEMFLE-EBHR , RHBEZEN 26.7%RED 47.4%, BREMNATRSE
WER  MEEETHEETTMER, RRREZLESMERS W RN FTHERREM
T ZBRBBEE ENENRSEM. HaSeTFENEBREISHKIRETE | F
REERZRESE  #EERRER, NHPE—-0ER , NYIRRNVEEED.
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35 EHFREMSEHEN

B FRREARMAL (ITTO ) #ith4TE4E B.C.Y Freezailah %&£ 1991 FHE , FMNEF
SFAR—MEEEENRE , BMERBRT , BIERZEN ALEHTEHENTR.
BT REMTELREXR  HEESYNETURANRR , —ELFLEYSHMPZE =
BEEHEFHE, IR, KB ABARITRE , TEHE , J7RKIFREH 3409 M. 70
T, 332 FAREAD , B|X. AR, EEE 8 MULATREIMIBAAIGRE 1833 7t

6 REMLE RN EEFE

ITTO NARMARLZLERNRE MRS MARNEELEERNELETIER , &N
KBNEZRIETIERLENENENRREF D UEN BRPENHSTRRT~EN
ENTAZEWEIRT  BENHRA 2 NERSEETHER, AERBERENZEEIN
PRFERIREMZET RN LNARHEE  —RELFNTRENEX  BEHHERER
HRENRERKEEYHNRFNELE  QFRFAATHENE  ERtNERZES HRE
BAR  LIXEREHNSEERBARMNETEE  —RERGERFHERZINZHEE
X MR 2 PESLEREFIEER  BTRTHARPATIEE , EX T AR
SIBTFBEFEFRESAEMNELE | ZRBRXETE , RETEHEBRMESF B,

7 REMELERYHBEHREK

BEREMZERABE LRNESABHFARELE ESLBEMEENERENER
*%Wl*iéﬁ'é/AiM%EH@ﬂ&ﬁoéﬁu HTEENEZSENERR ES508MN 2
FRETRERA, B, BIELEEDEF  EHR. 2 BN UNECHNETE
M, ERRERME, %iihﬂ’gi,mix‘ﬁﬁ“éﬁﬂm#&ﬁ—%ﬂé?$ JEBRBEAET AR

]2 PRENBPDEESDBMREIE

AMESSE RS B=+—% (—) : BRPAANBRAEMETERERE FEEERA KL
HERKBUEKE., HUEHXAHHKRNTEBZEIMRREITIE

FREESVBHER | B4+ K £RLBWRAKRERIREKOFR | ATHH 40 FUEL , KHEH
EBRANJIMRIE 20 FLE | REFHMR TN EXH 50 FUL, BEMERAZTERL, T
EER BRENEFESETET 70%.

FIELBNERSE | FTERTIHLBEMBUERE : (— ) BESENEGLSSBHMNK ; ()
ERARP XA OEMERROMAK ; (=) ZE EZAAEELFREKN.
BTN&K FTIBK 2 —WLBMHRARTERRE  BREELTEE
T EETHS B 26% , A—NERFREARTEEY 1 240 (—) TEH
M SFERBTRBHME ; (=) BEAED 30%8 ; (=) KpLgHE—,
FEEHITRENH M,

IHEEESABKEE | EHN%  ESLBMEE, EMERNXEKESETTINE : (— ) RER
& BHREERATHILEN, CEEMTRRSRH , SURRE 25 BT
HE, REXRRE , RREZHREBMK, REHK, FERFROBAETET
0.7 ; A THFIXRE - BEBHETET 0.6, BIEXBEA, SHANEHAET
BT 0.5, (=) ENMERBRKR ZEHFH FHRI LT DT EF
I — TR, BIRES IR, PARRECREFRERF =, BRE
HBAETET 0.5, EEKNEXKEFRTAT 5 44,
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MANKR , TREFMEALNE RN —LHE, Bt , BMBEESABMRARPE KT
MANRK , B ZE4NERRREXBEEN,

3.8 MABIENFESENMEXBEEMN
() EBLBHEERAREEN

3 &5 52.41% M ERM ESLSHRY | RERA , SRE, HENFCELEE
EBE , NRERLENBR AR, RENASHLEE, AE 2 THUEH SHHR
ERRANES  ABLRTZ. ERFYHELRE 1, NPOEA | SOAKEBHR
ER—FN FURERZESNEYSHMEERNRETREXZSUE=S  UASME
MULHBNSSLERE , RELATNEBYRNER,

(i) RAREMZEBR
SATHEL , RRREMNELEREX , SHRRE. SERAERZE G

B EEE BRI KNERCLSERENNERE, T MRIEE R ERERER
W, BEBAEREFEE,

(i) HEERBIEWR | BUHKREER,

BENRERTHRELERE , SREEANBE LY , BRSEEIFENENL, 52
RATEHE-—NMEYSHEFE HRRETEXRSHBR BT R ERZE N RBERA
TSERAR IR RAER T HELENSABARANBEEAS HEFR CLEE 58,
WESNBHRLEBREHR (H ) RBESENAE , SH2ERX , UFEERS NS T
B,

3.9 £FRN

REEN—TERE  RREKAREB R HibEYS NSNS T NS RS
BHEFBHENES , RRERTHELZENRAZAL,

3.10 2E %

REMERFERENESHNLTNR  KABLERLRNLEE, NAFLEERK
BANEENS G B TUREHA R BYRNMEE LI RBMHR, 254, HHE
W, W KRHRAT LB HAES/I A BRI, AR DY TLIRSE 15%%E% |
FHRIRESIAS R D R R . RIESFIMIE 4 ITTO M H 8138 B2 S — kg
BARR , HENR, MASHE 5 FETTEE 300 BRFEREERHKRA , EIANLR
W BRI EBEKTE 1.3m,BEK 1.5em M b, M ABT -2k , 30 £ 5
BARRZERNEH TS,

(i) BAMLELTE
BR#LEETRE ERSHAMNRESERERSWRE | BN S EEATERLSH
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MEEAESLRNREMBUERESE | WTARL DIFRE—. —RXRARE  ER
HEMAEKES—BILELUAR T 1000 KEEN ; ABELE R LFAAR i
1000 KLA ; TERECFEBXNKXAKRMBAE 0.2 A EWDERIER, DEBX
MEMATESEFHRER 2 2RLA ; BLUT 500 KEKJISAE 2 L2HA ; ILE
BEEE I EULLERE, EERE, ANEREEUERRFMESHEENREN R
M, AR B BEEBEAR). BRARFZE-RLEURZEFH 100 KE
ER  AESEZ 20 AEEEAREHEFESERXA ; ERFARRFERACEERRY —
X, —FHEHEYREFS LN RANFESNXBARRF RS,

(i) HLEZESWRMEEE
BEHHXERILELELUSEERNIHNEESALBSMUABNRENRNELE LIE

ERFARELE  AEBFLEERMINNLER.

(iii) HXHAMR
&Eﬁﬁ&%ﬁiﬁﬂ%ﬁﬁ%,m%&wm&%&%miw,tﬁMWwﬁﬁﬁmﬁ

HKE  BXMFIEMEELEBRF=REE  EXEMNTRELENIE, BEEHEXE

XE K BFEEELEN , 8FF4, Y, AMETAERRSE.

311 8E#EE

REMHWLZEREXBEEBTEN WIRNESQARMKRE BFSTTREHBRINE.
IENESAEMEE M ZRERERBE B EERRE . RABXMEERH, RE
. FERPAHBAETET 07 ; ATHAXRAGHHYBAETET 0.6 ; EFHER
HISRR E BT S0 A M R EN T A =R FERB N —MRE. EMRERINRE,
PRRERREFTRERESR |, BRENBAETET 05 ; ERPHEXKERTAT S
B, BEEINN , REERANEE  KEMLETFEFRRKEESHWERRRERE TN
ZREE 10 2 KREBTS T 2500 K , SERERETEYSHERESRITER , X
BUTLERDY  THEERS.

3.12 SEER

BEEMHRE, HNE. XEIR. RERANMLBNETFTRNS , IR BUIHE
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1) Mo EE, EFWRRBHMS

M B, EXDETRNMS  SEREMEEENREEENSE , BHRENE
MEFRET 0.7, RFFAERLEGAL , REWR. B, EEXEZWHNRE , B
=X/ 2o

2) REEZENNS

BEANERSEZANREN , ENREE -, EEREH -, JTEHOMK
%, BB 0.7 LEM R N RANRRERFETREREFSR | HAEHBAEA R
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BARERT 0.7 sy , THIERS| AMH S THIMIERE=R YW,
3) ENMRFEE XM

IENHRFEM XA it 24 XAARTUBSETRER B Y458 EW S Y ik
ZENRENFARTRYHNERFBHSIA ERREBERENNEERBREREN
Wz,
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RESHERE, AAREE. AMFSAANEEERRY  RANENERANHRE

RESER, ARTEBFEE, JASTAY REERNENSE NN EEERRER

MFES B AEKREF RYTHAL BRI,

4, &g

1) BAKRRGE  ARMAEFEE , REMNKAEIBEEESNSHNE

2) BTAOBEXR , RAMREAHZRABRAE REKSEERERE , ESHLFUSRS
KEBOK ;

3) MARRERMYMER  WHFE  REMZERUEEYESRERP AR BHER
ERURFNETFH R

4) FRRTRUTNLRUHHEIARRERZEFESNLFUBNRIFLS 2R
SLENER,

5) MAREMZETRNETEATRREAR, MLEZECLNSSE  NEaBOBES
ERLGFZ 2.

6) MIEMBRENTHELENRHANBERSENT , B Kt RE~R,
7) EBRBEMBEPRAADKER—MRK , BB EXREAATENRHES,
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