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Abstract: Under the background of new engineering and ecological civilization construction in the new era, the traditional talent

training mode of practical teaching system can no longer meet the current industry needs and student—centered practical teaching
objectives. Based on the professional characteristics and advantages, under the reform concept of ecological integration, this paper puts
forward the optimization of practical teaching system and attaches importance to the comnection between practical courses and
proposes to innovate practical teaching methods while emphasizing scene teaching mode, innovate practical teaching methods while
emphasizing scene teaching mode, improve the teaching assessment standards, and formulate diversified practical teaching quality
evaluation system and other reform methods. Through the reform and innovation of the practical teaching system, students” practical

and innovative abilities have achieved good results. The research has improved the practical teaching system of landscape architecture

and comprehensively improved the level and quality of practical teaching.
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Reform and Practice of Agricultural Training and Teaching
by Horticultural Therapy

Xian Lihua, Weng Shufei, Chen Hongyue, Wu Nanye, Lin Tianyi
(South China Agricultural University, Guangzhow 510642, Guangdong, China)

Abstract? The sub-health of college students is the focus of higher education. The psychological and physiological
health of students is an important guarantee for good teaching quality and level. In view of the current widespread
sub-health problems of college students, this study takes the non-agricultural major students of South China Agricul-
tural University as the research object to analyze the current situation of emotional symptoms, in order to improve
the students physical and mental health and comprehensive practice ability. Three major modules, ornamental plant
cognition, horticultural planting practice activity, and experience evaluation before and after class were integrated.
This research proposes a practical teaching system of agricultural training centering on the concept of horticultural
therapy, by improving the physical quality and health level of college students from the perspective of practical
teaching, so as to provide reference for improving the teaching level of practical training in colleges and universities.

Key words! agricultural training ; practical teaching system ; horticulture therapy ; ornamental plant planting
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2. 1. Plant litter as a heavy metal migration strategy
following application of sewage sludge to subtropical forest
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Fig. 2. Effects of treatment on cumulative heavy metal migrations (a) and proportion of heavy metals in aggregate size classes (b) under laboratory conditions. Data
are means +SE; different lowercase letters indicate treatment differences at p < 0.05,

4. Discussion
4.1. Effects of SS and litter cover on soil and water erosion

Surface runoff and sediment yield tend to be reduced by the presence
of leaf and woody litter at the soil surface (Li et al., 2014; Zhu and
Cheng, 2022), due to the interception and retention of rainfall that slows
the drainage process (Nainar et al,, 2021) and reduces detachment and
splash erosion of soil aggregates (Li et al., 2014; Felix et al., 2023). We
found decreases in surface runoff under the addition of 8S and litter in
the field and laboratory experiments; however, surface runoff in the
field was an order of magnitude lower than in the laboratory, possibly
due to interception of rainfall by the canopy in the field (Inokoshi et al.,
2023).

Reductions in the velocity and volume of surface runoff increase
levels of soil interflow that may further contribute to lower levels of
sediment yield (Sun et al., 2022; Yang et al., 2023). Indeed, data from
our simulated rainfall experiments showed simultaneous reductions in
surface runoff and increases in soil interflow volume with the addition of
litter, particularly at the rate of 1.5 kgm 2. Thus, these findings indicate
that plant litter facilitates the redistribution of water within the soil
profile, promoting deeper infiltration (Jourgholami et al., 2021).

105

We observed that the application of SS initially increased sediment
yield, before decreasing with time, possibly due to its combination with
soil that may have led to a collapse in aggregates, clogging of water-
conducting pores, and subsequent sealing of the soil surface
(Mamedov et al., 2014). Previous research has shown that the clogging
of soil pore spaces following a series of simulated rain events diminishes
the anti-erosion effects of the addition of SS (Bruggeman and Mosta-
ghimi, 1993), likely resulting in increased fragmentation of aggregates
and rapid migration of <0.05 mm aggregates from the topsoil; however,
there may be subsequent improvements in soil structure and stability as
SS becomes integrated into the seil (Maria et al.,, 2007; Da Silva et al.,
2021), thereby reducing sediment yield.

4.2, Effects of SS and litter cover on sediment HMs

Our observation that smaller sediment aggregates (<0.05 mm and
0.05-0.25 mm) contain higher concentrations of HMs (Cd, Cr, Cu, Ni)
than larger aggregates is consistent with previous research (Li et al,,
2022; Yang et al., 2023), due to higher levels of soil organic matter and
larger surface area-to-volume ratios in smaller aggregates that facilitate
HM accumulation via co-precipitation, occlusion, sorption, and
complexation (Huang et al,, 2014; Fang et al,, 2023). We found increases
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Fig. 5. Effects of treatment on cumulative heavy metal migrations (a) and heavy metal concentrations under field conditions. Data are means +SE; different
lowercase letters indicate treatment differences at p < 0.05.

Table 1
Estimation of ecological risks of heavy metals by pathway and sewage-litter treatment in the laboratory experiments.
Pathway Litter rate (kg m™?) Ei RI Risk level
cd Cr Cu Ni Pb Zn Value
Surface runoff CK 30.00 2,00 5.00 5.00 5.00 1.00 48.00 Low
0 63.12 3.98 6.72 7.26 9.14 141 91.64 Low
0.75 33.66 2.64 411 4.44 3.90 1.03 49.78 Low
1.5 5.28 0.45 0.62 1.04 0.65 0.21 8.25 Low
Soil interflow CK 30.00 2.00 5.00 5.00 5.00 1.00 48.00 Low
0 47.52 1.40 9.67 579 4.36 1.31 70.04 Low
0.75 108.49 4.40 22,69 1191 11.65 2.68 161.83 Moderate
1.5 170.73 16.94 66.59 25.65 25.65 6.54 31210 Considerable
Sediment CK 30.00 2.00 5.00 5.00 5.00 1.00 48.00 Low
) 54.13 254 6.05 741 7.02 2.22 79.37 Low
0.75 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -
1.5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -
Multi-pathway CK 30.00 2.00 5.00 5.00 5.00 1.00 48.00 Low
0 54.37 2.61 6.07 7.39 7.10 2.13 79.68 Low
0.75 6.15 0.15 0.17 0.22 0.32 0.16 717 Low
1.5 7.01 0.07 0.22 0.23 0.30 0.22 8.05 Low

Classification of Ei risk: low < 40; 40 < moderate < 80; 80 < considerable < 160; and. 160 < high < 320. Classification of RI risk: low < 150; 150 < moderate < 300;
300 < considerable < 600; high > 600.

5. Conclusion

Our experiments quantified HM migrations via surface runoff,
interflow, and sediments following addition of SS alone and in combi-
nation with contrasting rates of plant litter. While the addition of SS
increased HM concentrations and migrations in surface runoff, soil
interflow, and small-sized sediments, and increased sediment yield, the
co-addition of plant litter mitigated these impacts and changed the Cd
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migration pathway from surface runoff to interflow that further reduced
the risk of HM contamination. These findings underscore the environ-
mental risks associated with the application of SS, while also high-
lighting the potential of plant litter cover as a management strategy for
the mitigation HM pollution. Concentrations of the six HMs in surface
runoff were similar between the field and laboratory experiments,
although cumulative runoff migrations were higher in the laboratory.
We suggest further comprehensive field experiments are needed to
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2. 2. Effects of woodland slope on heavy metal migration via
surface runoff, interflow, and sediments in sewage sludge

application
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Figure 5. (a-f) show the total migration of Cd, Cr, Cu, Ni, Pb, and Zn via surface runoff for 10 simulated
rainfall events and 10 forest natural rainfall events, respectively. CK: Slope 15°+ no SS application, S5: Slope
5°+ S8 application, S15: Slope 15° +SS application, and §25: slope 25° + SS application (simulated rainfall
experiment). CK-F: Slope 15° + no SS application, §7-F: slope 7° +SS application, S15-F: Slope 15°+SS
application, and $23-F: slope 23° + SS application (natural rainfall experiment). The data in the figure are the
average of three replicates, and different letters indicate significant differences between treatments (p < 0.05).

the sediment particle size was <0.05 mm, the RI of the CK was "low." The RI of the other three treatments was
"moderate." The potential ecological risks of each treatment mainly stemmed from Cd (Table 1).

Potential ecological risks of HM migration via runoff and sediment in the natural rainfall experiment

No significant differences in the WQI of the surface runoff of each treatment were observed for R1-R3. In R4, the
WQI of surface runoff was 61.82%, 16.57%, and 92.92% higher in the S7-F, §15-F and §23-F treatments than in
the R3 treatment, respectively. The WQI of each treatment decreased from R5 to R10, and the water quality was
"excellent" for R8-R10 (Fig. 8a). Sediment was collected during only R4 and R5. The potential ecological risks of
the three treatments with SS application were significantly higher than CK-F. Consistent with the results of the
simulated rainfall experiment, Cd was the main source of potential ecological risks in sediment in the natural
rainfall experiment, and the E, value for Cd was significantly higher than that for the other five HMs. The RI
values of the sediments for R4 and R5 decreased as the slope increased (Fig. 8b).

Scientific Reports | (2024) 14:13468 | https:ffdoi.org/10.1038/s41598-024-64163-9 nature portfolio
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types (mixed coniferous-broadleaved forest, broadleaved forest, coniferous forest, bamboo forest) were selected as study
areas. Three 20 mx20 m plots were chosen for each forest type. Integrated with data from LiDAR, multispectral imagery,
and field measurements, we developed multivariate nonlinear inversion models and multivariate linear regression models to
estimate aboveground biomass. The optimal model was selected based on accuracy assessment. The results showed that;
(1) The multivariate nonlinear inversion models based on multisource data achieved the highest accuracy for estimating
aboveground biomass across the four forest types: mixed coniferous-broadleaved forest predicted biomass was 42.79 t -
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VE: D FARHIE 1, T EREE H,, AR AR H,, AR SRHREE  H, o0 AR SREETEBE H, o o AHE 1055 EH
REE H, 020 AREI0% SRR H, o5 A 0% S R, H, 50 ARE0% R ZRABE, H, o0 AR 7028 2R BB,
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RN EZTHREE 4 AR 1 BESEE 4 "B 4BATEE 4 ABSRASEE .4, "R BEEEE 4,48 10 BEEEE,
I 000 TR 909 M B TR RIRE I, o0 AR 95% SETRRRE ; + RRMREF(P<0.05), s+ RRMHFTRAE(P<0.01),
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H.d AR BRRER 4, AF 3 BAREE 4 BB S BRREE 4, 0B 6 BEREWE,do hH 10 BREEE, 1, oo WK 9% 8 E
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1.000
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Iy o0 0598 0214 0.535™  0443"  0413" 0534 0474* 0324 0423"  0973"  1.000
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HHIRIM I ¥=12.107+0.0051,, +0.004H,, 4 o5~0.001H, g gy+0.168d,+0.25d 4 +0.617 o+0.2871, 0709 13505
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Table 1 Basic information of sample plot for no understory planting of Morinda officinalis in genuine producing areas

FHARS BEE AR ERER
Sample plot number Longitude and latitude Village or town Growth year
1 111°58'3" E, 23°18'25"N [E 4] Hui Village 1
2 112°2°12" E, 23°20°49”" N 4148 Mocun Town 5
<) 112°723" E, 23°20'51"N B EH Nantian Village 4
4 112°220" E, 23°20'46" N %444 Mocun Town 4
5 112°2724" E, 23°20'47"N ZE )4 Mocun Town 2
6 112°2722" E, 23°20°'39"N 4748 Mocun Town 2
% 112°2736" E, 23°20°44" N Z 44 Mocun Town 5
8 112°5'49" E, 23°20'50" N FHHEAT Litchi Village 3
9 112°2736" E, 23°20°53” N FEHH4H Mocun Town 5
10 112°2'39" E, 23°20'59" N )44 Mocun Town 6
11 112°2'40" E, 23°21'0" N Z 448 Mocun Town 2
12 112°2'54" E, 23°21'2" N 2448 Mocun Town 3
13 112°3'5" E, 23°21723"N 434 Mocun Town )
14 111°5521* E, 23°15'55" N R Gaoliang Town 5
15 111°55'45"E, 23°14'18" N A Tanlang Village 5
16 111°55'11 E, 23°13'36" N A} Zhongxiong Village 4
17 111°55'31" E, 23°13'42" N st Zhongxiong Village 4
18 111°54'54” E, 23°15'0"N FE2 4] Nianzhai Village 5
2 RTHERRXRHESELER
Table 2 Basic information of sample plot for understory planting of Morinda officinalis
KRS é’éﬁﬁ ﬁﬁ%ﬁ o o ERKER
Sample plot Longitude Village " Growth
) Associated plant Transparency
number and latitude or town vear
1 111°55'45"E, [ A ¥R Cunninghamia lanceolata 57.59 2
23°17'37"N Jiangdi Village I, B ¥ Pinus massoniana
2 111°54'8"E, KA KABFS Pinuss taeda. 37.91 2
23°17'34"N Dalan Village 1 2 Dianella ensifolia
3 111°53’52"E, BERHE WA Cinnamomum cassia. 25.34 3
23°15'29"N Gaoliang Town F E T Bambusa textilis
4 111°55*45"E, R4 HHE C. cassia. 35.89 5
23°14'18"N Tanlang Village L BFA P. massoniana.
1% F Litsea cubeba
5 111°5531"E, HIRK P C. cassia. KIEFAP. taeda. 36.15 5
23°14'11"N Tanlang Village FAEFE Mk Ficus simplicissima
6 111°55'11"E, s K C. lanceolata. 33.39 4
23°13'36"N Zhongxiong Village & FE Blechnum orientale
7 111°55'10"E, RS WA Canarium album 79.07 4
23°13'30"N Zhongxiong Village  LLIFK# Psilopeganum sinense .
RIS EM F. simplicissima
8 111°54'54"E, 2K BAE Cinnamomum burmanni. 61.38 5
23°150"N Nianzhai Village FE G- cossin,, FAGLLitehi phinensis

5 E B. orientale
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80 daEg fRlk K2 24R (hitp://xuebao.scau.edu.cn/zr/hnny_zr/chvindex aspx) s0H

x4 BHFXEBRARRESE. ¥ 2HREESE

Table 4 Total N, total P, total K and olig haride tents of lent root of Morindus officinalis in genuine
producing areas wig-kg™
=) B r :
iizj 28 &% a9 W L-ER=E mETE : -%?iﬂﬁpﬁimﬁﬂ)%
o Total N Total P Total K Sucrose  1-Kestose  Nystose PR

1 397 026 647 5435 24.62 52.62 80.44

2 9.22 060 1161 57.72 2051 4325 57.77

3 7.32 033 9.16 50.73 12.58 27.93 46.60

4 4.30 031 6.36 50.04 16.65 4837 74.99

5 3.97 023 1182 5218 14.44 51.72 85.78

6 475 026 969  57.43 21.47 4955 7585

7 5.93 038 1320  46.25 10.64 29.77 47.46

8 4.09 0.22 828  59.65 21.73 51.75 81.96

9 5.96 056 1080 57.72 19.69 422 67.56

10 7.90 034 1064 6543 28.93 3791 55.72

11 6.30 0.42 826  51.73 18.17 4233 69.34

12 12.30 068 1319  76.16 34.97 4391 58.06

13 9.84 071 1165 56.42 21.83 46.15 72.50

14 2.81 022 647 4633 9.99 3185 53.77

15 8.77 0.47 613 34.06 40.60 62.00 95.48

16 11.70 0.61 931  46.49 46.79 65.46 97.12

17 12.33 0.54 905 4533 59.30 69.41 95.10

18 11.99 0.12 6.58  34.00 42.18 58.77 87.70

SEH{E Mean 7.41 0.40 937  52.34 26.34 47.50 72.40
#2/ME Minimum 2.81 0.12 6.13  34.06 9.99 27.93 46.60
K/ Maximum 12.33 071 1320  76.16 59.30 69.41 97.12
FrifE iR 2 Standard error 0.18 0.01 0.13 0.56 0.76 0.65 0.92
05 7 5/% Coefficient of variation  43.51  44.07 2536  19.27 51.83 24.64 22.75

®5 BEAMRSTEFASDEAMEMEIHA
Table5 Correlation analysis between Morinda officinalis quality and soil nutrient contents

Ei=1on 8 B Xl s IR iR I VR TR
Index Total N Total P Total K Sucrose 1-Kestose Nystose  1°- Fructofuranosaccharides

pH 0373 —0.027 0349  —0.505%* 0.578* 0.596%* 0.570%

25 Total N 0.012 0.246 0213 0279 -0.246 -0.223 -0.193

AR Available N -0.192  —0.079 0.345 0.712%* 0384 —0.554% —0.570%

2B Total P 0.651%*  0.424 0105  —0303 0.749%* 0.609%* 0.455

R Available P 0.700%* 0455 0241  -0156 0.650%* 0.513* 0.366

4% Total K —0.228 0.111 0.593%*  0.570* -0.363 —0.431 -0.458

JEAHH Available K 0.645%*%  0.610**  0.254 0.178 0.614%* 0.471* 0.324

FAUE Organic matter ~ —0.079 0.179 0.086 0313 -0.258 -0.193 -0.131

1) “x7 fa o6 o) K 7iK0.05420.01 4T 65 % % A0 5% (Pearson %)
D “*” and “**” indicate significant correlations at 0.05 and 0.01 levels, respectively (Pearson method)

24 AEEKFRESXOGEEETESE HERARRHNERLENERTE.

AL RE ORI FHMEITIEL 18 241 FRAEAKRFROERBEMHFHERLES
Hh o B EROR ARG IR U B e ot BHIE ThuBishinZH oAl | 7 e 8 - B B Rl R R A I B
A 6 EEMNA 1D BT 25 AR ARHsRERY SR, 2. SRR AER
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6 BERMAFIEREER SRR R B s

Table 6 Initial characteristic values and cumulative contribution rates of principal components of Morinda officinalis

quality index
HIRARFE(E Initial eigenvalue R T 7 A Squared sum of extracted load
AR R{E(E TTRREE /% Bt EIRE % FEIEE TTHREE % B TR E%
Variable Eigen Contribution Cumulative Eigen Contribution Cumulative
value rate contribution rate value rate contribution rate
X 3264 46.632 46.632 3.264 46.632 46.632
X 2.740 39.144 85,776 2.740 39.144 85.776
X3 0.776 11.079 96.855
X, 0.166 2.370 99.225
Xs 0.043 0.609 99.834
Xs 0.011 0.159 99.993
X7 0.000 0.007 100.000

10X 4 B Xo: 28 X 497, X AR X |- R 248 X AP TAE X 1T ok vl A i R 48
1).X;: Total N; X,: Total P; X3: Total K; X, Sucrose; X;: 1-Kestose; Xg Nystose, X7: 17~ Fructofuranosaccharides

® 7 BEXFEERR 2 DA EREHE
Table 7 Load values of the first two principal components of Morinda officinalis quality index

#5718 Loading value

et
Ml il B—Zs B2
The first principal component The second principal component
48 Total N 0.41 —0.15
47 Total P 0.52 0.17
44 Total K -0.42 -0.11
HERE Sucrose 0.36 0.45
1-FER =HE 1-Kestose 0.10 0.59
fird 8 Nystose -0.28 051
1P SRk M B 79 17 Fructofuranosaccharides -0.42 036
F1=0.41X,+0.52X,—0.42X;+0.36X,+0.10X; — F=0.15X,+0.36X,-0.28X5+0.40X,+0.32X,+
0.28X,0.42X-, 0.08X; —0.06X7.
Fy=—0.15X,+0.17X,-0.11X;+0.45X,+0.59X s+ HEM T S3EH TR T B R B E
0.51X+0.36X50 &S (F 8), BEIAEMME T N TEHERE
DL Ao B RS TIEE B 7 ZREUAER FEERIRBINF: 7 SR THE RS A6 5
RV AR, MR F M B R >6 SRR FHEESRRT 5

K8 4 FEBBRRBAIEF 2 P ERF B EHR
Table 8 Scores and rankings of the first two principal components in the quality index of 4-year-old Morinda officinalis

) AR PR BXM Gews
Sample Planting The first principal component The second principal component  Synthesis s
plot number method 15491 Score 4 Rank 184+ Score 4% Rank score
6 JEHE No understory -1.58 4 1.09 2 -0.36 3
#F Understory -0.33 2 1.43 1 0.48 2
7 JEM T No understory —-0.87 3 —2.58 4 =1.65 4
#F Understory 2.78 i 0.07 3 1.54 1
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FHRBIERT B . T3 58RI 7%
S 2 AR T AR L R I E R A R S
AT SRE N ETN R, RRT Ri4
WERHAT Y, HEERE T ESRARF R,
AAFABH R R A SRR R Y, R
— AR AR .

BB RRRY, KE. RERNED
SREMEZERRD, THTRERRT 40%,
EEERTHEKF, SHMRULE. KEHEY
MR EHEHEREF R, THERSRERE
PR BRI EZG BT, K RRmRxt s Es
MEBEEEREEEM, WHEfR AR F AR
MRS B ARAAS RGN,
BT RN R PR A EXER Y. A BT
RA Y PSR R B X SRR T, 1R
5] SRR A R g O, (BE H AT
WEARGER S, ROXRERNFZESFA
M. MEERERERAANUERN THRE
HERREERR R REMAES, BRI TER
ZHE. A, FEATNESRN, 555
ARBESBEEAR. B, EdEa@esEy
BE, ARTRERTESRSE, MNEMFHEE
Wl Y IE R B L. BRI SR
EHERIHEIE L.

1 MH5EZ%

L1 IEhgR

F AT INT (112°57' ~ 114°03'E, 22°26' ~
23°56'N) HALERIT =AM MA6E, T, deiT. R
KRN, BTHER/EERSES, WU
#FG—58).E (6—8H) . & (9—11 A) .
£ (12 A, 1—2 A) kR NZ; F£55E 228 C,
1 ARME, 78 HEH: WAKEE, EHRKE
1842.8 mm, FFKFEHLEPEFEI—9 H, &F
WA WEEMH, BHTEDERK.

1.2 #WREE

F 2017 4F 5 H—2018 4F 3 H B RA MK
HEERERBMAR. EEEYE. EER
Wk, =E6HE. BEMNAE. BHAHE. R
WAE. ZEBRE. BHRITAEMER 5% 12 4
ESBREENRT EAGH, WEYRE S
KR, TR R R, B

159

AR, METARERRE, HREERM I
ERK o W4E Flora of China FSSSCRRNS &
FERFEEE. R, WEREE HEX R,
AT SREAEBHRTIERRE, HORHM
TR 5 5 R RIGIRF AT 5 R L M AERRAE
BEERRE.

2 LRSS

21 RIESHWRBARS T

WHECEI M E S0 S ENAE 62 B
164 J& 302 F¢ (&ZM) , HAPHTFHEY 10 Fh,
TR 292 Fh; FRA 160 B, BEA 127 F, B
& 15 Fh. RIETREBERHNERESHAER
s HELBIKR, VTGN HH T A [ bR it 3 WL
BERFE 45Fh, RE 23R 33 B, UZ i
G20 AE, KHYIKIE A IR 5 o e
B (L3R AH; HPSHELNSAFTERE
ARG 258, KB 4B 18E (E1D, Ukks
WRL FBRASAFAE, HPFA2H, EX
4F; GHE WL EESIE AR R 20 F, R
BL2R15E (R2), USHSERAAEENE,
HApFRA 12 8, PEK 8 Fh,

MEESA TR ERF, EEH N,
B, B, UMARERRESL, F 4075,
07 88.8%: B RLEWMKZ, F2H &
71.1%, EPLEER (58 . 28 (68 . B
R 5D &, XERLBTHREE, RLAR
Wi, TMmIER QR R Q) HTHRA,
BT e R T A, SEEATAEM
AR BURH SRR R

22 RENHORESHEEE ST

HYRERE RS EE NI A, SHREE
W B B AR R B AR A R AR T
Fh. NINEZTRE, F. B. KALFHR
AHW A4 B 18, 22, 12 F1 8 F, HALESE
HEA W RE, & 48%, USETHRES 7/,
HPEEEPERE, HFFRZ, RERDOML
FHD, HEFNAAGREHHE. AREFH
LadT, TR TG WAL, WMEREE
WHEBEEHTHEEER KLERD, F. H.
KL WAR R THERFTHH 12, 13, 5M5
B, HHESUERERFARL, & 28.8%.

M E kT, RIENFEEANE. U
FHAE, WHSNH, HFWERFAE 24 7,
A 53.3%, WRMFH O, 5 20%, TR
BT, & 155%. REAEAKERRBER =4
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1 AR EESAABRHER '
Table 1 List of the main food source trees for birds in Guangzhou urban green space
= e Covh Ty Ty T Ommema S
type season site type characteristics
* (1% Cinnamomum burmanni FagE A w F D G LP
* §i% Cinnamomum camphora o) A AYW Fil D L LP/SP
KAEER Lagerstroemia speciosa FE3ER A Su S/N Ca FIVL CP/LP
4L 2 Callistemon rigidus ol e A Su N Ca Fl CP
B2 Melaleuca leucadendron BhdzinR A Y N Ca Fl CP/LP
* 158 Syzygium cumini o[ ey A Su F B G LP
* §ilibk Syzygium jambos P& iE A Sp/ Su FN B Fl CP/LP
* PRk Syzygium samarangense  BE&IRE A Sp/ Su FIN B Fl/Fr CP/LP
i RAT Nandina domestica NEER} S w F B L/Fr CP
* AN Bombax ceiba AHE A Sp N Ca FV/L LP/SP
R Erythring crista-galli TR A ¥ SIN P Fl Sp
* 2B Bauhinia purpurea HAF A Sp/wW S/N P Fl GP/LP
* B HLE P Bauhinia variegata FAR A Sp/Su S/N P Fl GP/LP
RUAA Delonix regia AR A Su N P Fl sp
* Er¥5HH  Acacia confusa EHER A Sp/Sw/At SN P Fl SP/GP
* 4% Broussonetia papyrifera E-3 3 A Su F Cf Fr GP/LP
* B 1L ¥ Ficus altissima E A Sp/Su/At F cf G LP/SP
* S Ficus benjamina 3 A SwAt F cf G LP
* /NH-#% Ficus microcarpa ZH A Sw/At F cf G LP/SP
* EBHE Ficus virens £H A Sp/Su/At F Cf L LP/SP
* #KIR, Bischofia javanica Kkt A AUW F D G LP
* B & lex rotunda £5%# A AYW F D Fr/L CP
* {EHfd Pittosporum tobira HERTER S Sp/At FIN Ca G H
* St Hibiscus rosa-sinensis [:E 72 S Y N / Fl H
* {Bi%/8 Duranta erecta LR S SwAt F D Fl CP/H

t *RZERF. L AKR: A FPA S HOR. 2 AN Sp. & Su B ALK WA YA, 3R NO7EEG R SORF. 4 REL
Ca HisR; Cf WIEHR: B.EM: Po. ZUR, D BR: P IER: [@WER. 5 WHSH: FLWIE: Fr R LM G ¥&. 6. MEHR. SP I,

CP. A#; LP.FI#; GP I H.4%. TH.

*Indigenous tree species. 1. Growth types: A, Arbor, S. Shrub. 2. Feeding seasons: Sp. Spring, Su. Summer, At. Autumn, W. Winter, Y. Year. 3. Feeding sites:
N.Nectar, FFruit, S. Seed. 4. Fruit types: Ca. Capsule, Cf. Collective fruit, B. Berry, Po.Pome, D. Drupe, P.Pod, /. None. 5. Ornamental characteristics: Fl. Flower,
Fr. Fruit, L. Leaf, G.Green. 6. Configuration: SP. Solitary plant, CP. Clump planting, LP. Lincar planting, GP. Group planting, H. Hedge. The same below.

PR IBRIERAL, TR URAF AR Y DL
‘A, EWIEHNEAREE N, A
5528 W R A 37 B B AL BE RS IR0 LR
FRRELIF. B, £, RELDSESE
RIERE X A B RAE; TR K
PO CAESRMOAE, BHRFKZ, LRRD
FEHRMKEHR, AFTRRSBFMHELN
g, BERGH . ARSIz,

23 RIFRMEELE T

g T e Ve e b WU WS B oS
X, ANKXFHEEEANFE Q1F) 588 8
D, BERAAFEEIECFELAE Q78D . IH
A5FD « B (7R o EERSTNEHRHM
MABEEEPRATHAMETR, KEHEE
R ERERT. HIERRK Handroanthus

chrysanthus. SETH R AHE Ceiba speciosa %%, TR
FEEEREREEGE RN, EHETHEYFHEME
i, EIEEPRATHEBORBZE.
Y EEERGMMAERRTSE—, 7%
B BEE, TR EYIUSr R gER,
BERBEWERS, BmGEYEFE. £
RAME P, RERFEZHTHESRAR, KTAH
FeAR. PEREEARE U A AN E N E
WHEYAE, RAHHBLFRS L NBGERFD
Y8 B A Schefflera chapana. # A Eurya japonica-
LAY Psychotria asiatica %, 0T W& M EBAL,
TEERRENERD, ERRERFFHERE—,
AFTEERTRMEDE M. WA, BEARD
B, BEBRSUSERAMERE, KT
ATBEMGELE R, MRS N ESEY
Wik,
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#®2 IMET RS EESRARFERMER
Table 2 List of the main bee and butterfly food source trees in Guangzhou urban green space

. ax:]

ARA O REFH O RAE REEM AR

Spociss Family Growth Feeding Fet?ding Fruit ?mamental Cfsﬁiuifcn
name types seasons sites types char
* 18 M Dimocarpus longan FETR A Su N D Fr LP/SP
* BB Litchi chinensis TETH A Su N D Fr LP/SP
* #tHe Eriobotrya japonica R A AYW N Po FI/ Fr CP
E#1B8 Rhododendron X pulchrum HESTER s Sp N Ca Fl CP/H
* H-BY Rhododendron simsii HLRSIER s Sp N Ca Fl CPH
* WEF Citrus reticulata =EH S Sp /Su N/1 B G H
* JL A 7K Antidesma bunius KERF A Sp N D Fr CP/ SP
* EIEA Bischofia polycarpa KERA A Sp N D G LP/SP
* 23] Triadica sebifera KERRH A Sp/Su N/1 Ca L sP
KB ¥ Elaeocarpus hainanensis HER A Su N D Fl CP/SP
* {5k Mangifera indica HwE A Sp N D FV/ Fr LP/SP
* 113k Camellia japonica [ify:3 23 S Sp/W N/1 Ca Fl [

* K Schima superba Jilg:5 = A Su N Ca Fl CpP
L% Eucalyptus exserta Hhaioht A Su N Ca G sp
KM% Eucalyptus robusta B A Sp/Su N Ca G LP/SP

885} Lantana camara IR S ¥ N D Fl Cp
HAET B} Lantana camara ‘Flava’ LR S Y N D Fl GP
& T8} Lantana montevidensis Rl S Y N D Fl GP

* {7 Osmanthus fragrans AEF S Y N D CP/H

* BB Schefflera arboricola HimEt S At N B L GP/H

IMm g R B ENE ERE LS
HEEE, SHEYREREDIFRESHAE,
{HSERREE )T RERR B 4 2 R 25 M o L B4R L
b, BAHBRAEY, FERARBNTHES
3, FrAREFIEAE B 5 44 A0 2L RS X A S5 B 5
ERIGEEER T MFATYRAEL 10m
I, 5528 R IR R R A T BT, B Utk
W B R R R O R R A T SRR RN
AU, EAREEATEEODFREEE, FE
BEGRABRAEREEN 4~ 5 BERENEE
WA, RAEMEEEEEMERZ
s FERATRII SR S, T AR,
RIBHEESMRMR T, 99K R EHSR
PR A SIS .

REEYM B R G ESE, URER
RERWR, EHEEEANNEY, BdaX
5RExM LS, FEE53%, BREhE
EFE, AR AT S R IER A,
BRERETE, BHERLOEDBEERA . &
BAESTFARRBENFEAE RN, RERHE
B EREIRMR, AT BT R AR S D
FEARRBEMMENR T HREY, IFUREE
AR ARETRBEAREYD, FEEDHRE
HMRAZMEAERR BRRASESHEE

161

MZBREYREE, BeEgErnEy=n, &
REYBEESHERTTRIEB B R, £—8
FREE LB AR 1A, ARIE LR T
2R, HEBHEBAEHDLEE, RHLIT6
BAERRUMARBI R E

D G+ AR - BEA+BHEF + 3855
A - LA+ B4R - 5 TEEF LT - MR Ixora
chinensis+ % TR 4. Hippeastrum rutilum- i B &
Axonopus compressus .

2) b # E + K ¥ Manglietia fordiana-
B+ MK - AR+ AU+ RSEF - M+ T
Gardenia jasminoides- 1L1% % Dianella ensifoliat &
FEEL Reineckea carnea.

3) K # + A = Michelia alba- % % F + X
EEE+EREET - &R+ 1L FE X Liriope
spicata+ 2 Zephyranthes candida.

4) EBR+ G- HAKR + LS - HERA
FBEAR +UFF I8 - HAE D 8BS + #172 Melastoma
dodecandrum

5) fh i+ BT - &P R4 Koelreuteria
bipinnata+ & ¥ M B - ¥ 7 Bk + ¥ Bk Averrhoa
carambola- 7L B & + % ¥ - ¥ % 2= Hymenocallis
littoralis+ & L2},

6) B8R+ REA + MM - KIEFAMER Dillenia



146 SERNEE, . JOMBRT ARG IR R S R A S R

a2l

turbinata+ B [ A& - 1) %% + £ H & £ Mussaenda
pubescens- IEEH .

3 WRS4IL
31 RRZIRIERFZE

I aR R R IR A BREE, £ 300 F,
AELH L5 28 F I 28 B YR AN S 18%, ERIR T 4%
HWEEAFHEREENETEASRE, M
I Pk g LI 45 Fh R VR R, £ AR 3s
M, 5 77%, FERFABRERK HNEFZM
#BoLpM, BTHERAMREREESESY, M
RBRIRSEENZHEFH. REL LB E
VR R E R Uitk HUR A (8 DU T B o
ikt 20 FREE RIFHFARFIANRN S L &F
W#: ¥4 K Cratoxylum cochinchinense. HFT1E
Woodfordia fruticosa. kA Rhus chinensis. 1%
161 Sapium discolor. %41 Holmskioldia sanguinea.
¥ B Melia azedarach, 588, |1H-3E Elaeocarpus
sylvestris. ¥4 Celtis sinensis. . B K. A
. BB, 1L A Acronychia pedunculata. Bk
% 1 Rhodomyrtus tomentosa. F1 B/ Rhaphiolepis
% 1% B #t 4 Melastoma affine. B 3%
Fi Clerodendrum chinense var. simplex. i
Wi Clerodendrum japonicum. ¥ E % Uvaria
microcarpa. HH, SEEFRWF 18 F, BB H
Ao 2 S 2 S B U B R

S HERFFRFALAMSE: Bk %
LR —BOE N S AN R, TER T A
FIAR g, Ho ok, S, ERm+
BN ARE, THETIEKIL I,
By gL R, BRERTREERFRRMN
DU REE, TTHETFERERMY, R
BAER, REESHE, RANREAGHE. AT,
P E RN HIK, 2L RENMLR
fE Ny, HMEH, BRIENESN, HERH
WL R R R T ER, RS RSER R
B A 5 0 208 e M 2R A U Py S B B B —
B KEARBRENERFETELRFEE, H
AENFANEREEEED TERESE, KEEM
D, RAFMN AW 2 ]I F Lk
ARKERF, HEK HARKIEE L£FF4
BEERANSRBEFEERE, FYRENNZ
ST R, KA R AR B R A
. sk, FEmFnER S8R, RF—
SEREAREES, W LAHIG KR R ERR:

indica.
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S MAERMEMAR EEARREM, HARL
5 R/ B R S SRR AR, AT
WRERE, RETHEWOGIER, ARTSE
HEYH T IR R,

32 ARENARESRUEE

RIEWF A HEERA B T8 5] B2 R
%k, MURFEMAEGKHE, HBALER A
HMIBERAEMER. EEMLLHA, FEHA
MBEAR, BRREHESERFN", E5
TR AW AES B SR E ",
WA BT SR RN AR ABCR, KREXAM
NAMER TR LT KB HFMHET R,
WTFARESE, ES5SREAGHR, HEUHESY
RRWEEIIA TR, HH BT R 5 % )
MEFRTR, WHEHPEYSENE, ELINF)
VRERFHIIFE. B, ATEENARR
WA, BEREEYS. EERE SR X
FER RS REEESEYRM, RHUBTIL
REBL:

1) BEEWHPMRRN, SRFGRIENHE
b g EARA BRI AA ", B REA R
BB EREEE, AHEXRKELEREFEH, £
BT EEREREYRE. Wl S, EFEEE.
K. ERRE. BEEKX, HERG EEX
BB, HIENTER, SR FARRHIEE,
KAFRLRBITR, HE & w5
MTSE, RS LRERMEY. EAR IR
BT, REEESMERTHTRE T —HH
RE X SIEY WAL R R LY ERT
KHIMT S, #— SRR =010
AN LA B R Ak AR R B 1 L

2) WRFWHEM YRR, RN
MBZ 5 EaRENER, 7. ¥ B4,
FEREERATSEEHEMBESN, R
EHRRME, SRR EIRER AL H KR
B, T Y S A 0 5| MR AN i
B, BRE, URUSKEHE. KSSHFMRE
High. B R, BELH. ARAXRTHRN
AEWMEH, MARNESRANETE. W
HURDAERMEREARGEERRAR, &
2| RIFIRLE S REEER.

3) B A TRE B Ho Sk RS IR
£ B RERBUR LR RN L#AT “EER” &
WA, X% AR & 2R AR g AL 4 i
BB RE R, EBERAEBE IR A
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FTEEZZ—. WIOMH 4ANAE S M EREDERRTIHARSF. EAEEETHE
(SBE)ITEUIFN. SRFH. MEXEDENTAED 1TH.EE LR I7TE.SF L AME
¥ A 1E B F (Quisqualis indica) . A1 il R BE (Mucuna birdwoodiana ) & 58 £ (Lonicera japon-
ica) ;EFAMEHHEAM £R EEL BANUREMSAEMNE. ERLGRELEA MR M
NESRBINEESFMRHNES AT R )78 “8 “ )78 CTUR REE SREL R
EREHNEREMSN U T AENHEMERS. SNTNERRP. 2REERMEE
WEKSER ARRLASWMEEFHAMBREEDEN. AW EEH— R Bk H 42
EYHEARER, AMEXEDRNEENEEREER KBNS E.
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Evaluation of Scaffolding Plantscape in Guangzhou Park

XIAN Li-hua, WENG Shu-fei” ,LIN Xi-di, FENG Zhi-jian
(College of Forestry and Landscape Architeciure ,South China Agricultural University ,Guangzhou 510642, Gungdong , China)

Abstract: Scaffolding greening is a common application form of vertical greening,and scaffolding plantscape
is one of the main ways to enrich urban three-dimensional landscape. In this study,14 Guangzhou park in-
cluding 45 scaffolding plantscape sites were analyzed,in which scenic beauty estimation {(SBE) method was
applied for plantscape evaluation, According to the results,there were 17 kinds of common plants, belong-
ing to 12 families and 17 genera, and the most common kind of scaffolds was Quisqualis indica , Mucuna
birdwoodiana s Lonicera japonica. Commonly used scaffolds were wood, metal,concrete, masonry and other
composite structures, According to the characteristics of its appearance,the scaffolding structure was divid-
ed into “777,“T17, “medium”,“ 77, “hit”,arch, and special types and so on. Most of the scaffolding used a
variety of special type structure, “JT” type structure set-up was in the greatest number, According to the
landscape evaluation method, people preferred the vegetation landscape with woody vines and overall coor-
dination. This study summarized the application forms of scaffolding plants in a series of garden land-
scapes,and provided theoretical and practical references for the scaffolding plantscape,

Key words : scaffolding plantscape; landscape evaluation; scenic beauty estimation; woody vine; Guangzhou

park
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MECERE 2R 540 5 AR AR A M AR B SR LA 3R
ATERBRFHNTERE, EANEEZEEHRE
MEREL. AW RAMEXEDRRETESN,
B TABERSERBAEYMRREN, BN
HWEEETAESMBREIENENEFINLES
B,

MAZWMERENRUTENF RS RIERE
I BRAHEBERKSERCT EEELD
RV ESE MR AR AL SRAEY
EEFERAMEXNENEN. FHRAEHH
£, KMFEIMT LA ETLOEMBRIEDNSR
MATRRAEDIME WRMEBERBEHMBE. R
AZREITME T MHEHEE PO RED
RAHTEN RANZLOAREENMEIEDRN
MARX. UHAREH TEREUEENRER.F8
EfEDRAN S ESE, AMREDRARITR
HiRERMSE .

1 MB5HEX

1.1 AEMEE

F2016E6 8 2017TE B MTHEL
EREHL2E. T HEZEBAE. ERAE. . HKIL
E. XA E KWEDNSE. FHRANE BEEAE.
FEX2E . AFILEAHE.ZRERE.T MXHLE.
HEMAELE 14 MAE 45 R B ENHT
A0 S5 it i BF L X R A HE AR 2R R X R UM AR MR L 2
B #iE EHITERE I,
1.2 MRAE

% 8 E M % (Scenic beauty estimation, SBE)
E—MAEYAE TR SREBTH M HOFAN
EMTEMAED . AFRAFEW R ED S AR
REA M HA, SE&EEEDME MREHSH
RERE . BRHEAUSNES .  BATFAENIHE
BN 45 MR EDSRPERY 20 688K
FHMSNEARE. SLSWMETEN 3 KBH,
BEARAI—ROTE., BIT& LEHiLiTFHER
ETRUNERET S THAZHIEFRIERER
HEUBERFEY, BIAZRESE—HEMR
METHEETS, TS FRERH 7 98,803~
LHEML . FRAKNEME . HES/ N ETHAEH
ETHEREN R —BRESMANERE BEERK
ABBEREESKE—TS. AREEUK 120 4@
3 . Z2RBMEARIE IRITHNEAE, BHREE
ANTH, EPEREEETEEXARE SOA,
AR 2. 7%, FEEARE ST A, 557.3%. K
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2 BR5SH

2.1 AEMEEDHEARS
SHMRBAEER, AR TLEEEMRENE
TH.EELZBUEGERD. IRENHEAE
ERUARBAEDAE. AU THATEDRELS
B EEFAAOEHRBRCHREDSTUMHEY
EFPLEEZER.CAARES . LANLEYE
gL, FEFTESMTREEAL 15 R ERAME
Bk 33.3%. BERRBRURZ E6 MoEEA
fesn. HEH17.8%. EP . EBEFHLLED,
EEMFREEASNECASRANBEEE,
BEHEMHR . HEE EHK.FE5 ATERFH
THHR . AFNRBAMRL EEKER. W
BERIE RECERS, B, £ MAEMWER
EOHHMFEEHANKEYE. CEARBODEER
E.ERDAEAE . BREFRRR. EHU—RA
N RERHNE, ERBREESE BHANE, R
BEFIrMAOEHEKRAEERMEASML. Kt
THRER—MRESFIPFOARBEAEY, £ T8
EHEHERFREIAGELE EEX HESES
B . ARGMEAREE ML.%5.8.8%.1E8
K, +oH0.EBS TFERENEGS, BRESER
SRR,
AREYWERENRNNERA—MHED. B
RIEGIAE 2 FfEi 2 # )l EEMRITREER, A
HINEREEYNE— LW RN T RENEATR
R, BEOH B R ASIHMNRE T, URBRIT
RAEF-LXBERREAENEZLME. OMHE
SZHFURELIET AMBRETHROERE T,
ETEEUE.
2.2 AEMWREEWEI MRS
MEMESHERAETHRAEDRANY
BE HASERMMRARAE THRXEDRAHRE.
RBWIERMT RN AR RETIEERD.
2.2.1 WASRIESE KSHMRAEAMLE. B
MREFEANBIENE SELRK, SHER, 5
WER  ARFIMRIES LT, RERE
A s ER RS % TR T
BB )ELCTVR BB R, B
AMRMBESHEH FEFHE FE.NSE. X
FEMRAZESHEHRGIE, AHRIFIEmAM R
HWEXRBEAEHRE. HREENSELEK, EMH
EME—REHERTE AEPVCE BHLERE,
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Table 1  Analysis of plant species in Guangzhou parks

FERR R B R R LT B g0 88 20 A 4 B B — T
. o . $ax LEHE
£,8 12 RTM7EMM REHRILBEFHARES EET T =
EVHERKEENNROEA, MR ELHROM 75 8 5
REARS, A 1T R, BERELOMRART M4 T 3 3
BRFZBFRAK . EIES, B HIH b & M 3E (Areabotrys hexaperalus) 3 2
£ EAEHNISHAME S EMRN37.8%, >t B RS (Philodendron erubescens) 3 2
5 S L 1t 3R (Clerodendrum speciosum) 2 2
FHREMRESER. GO TEAERITH RSN e .
e L T8 (Pyrostegia venusta) 2 2
ﬂﬁug.&'miﬁﬁsﬂﬁﬁﬁué;t 3 &tul‘jéﬁm 58 (Wiszeria sinensis) 2 2
%ﬁﬁmﬁ?ﬂmiﬁﬂﬂ?&ﬁﬁ%%iﬂo B, ﬁgﬂﬁ 8 B B (Cissus verticiliata) 2 1
BHRABESUMEREEE—EMELHT. 0 8 88 (Anzi gonom Lepio pus) 1 1
CEETEEMTREIBEEH L —EME, BED M F I8 (Bougainvillea glabra) A} 1
SE—EHREMEERHMRERN S~y e :
3 etrea voluotiis
MELE BHEABEEANMRESHRELH & F 3 (Solandra mazima) ; i
*ﬁvﬁﬂWﬂ'TfEﬁii’EﬂJ Eﬁﬁﬂiﬁﬂiiﬁgiﬁ & BF (Syngonium podophyllum) 2] of
M, “TT BB ARAREE, 826 7%, BH# B E (Terrastigma planicaule) 1 1
gﬁm;‘ﬁﬁiﬂ;ﬂgm%*)j—iﬁqg KT W2 4 ( Thunbergia grandiflora) 1 1
F2 THHARMRTRRAERR
Table 2 Analysis of the materials and construction types of the park scallolding in Guangzhou
HRZR T HL “mrH “TI”8 “frel “1rE - E#E R &t
REEW 1 0 0 1 0 o 2 4
=RLEW 0 2 0 2 1 4 3 12
EREW 2 0 3 0 0 0 2 7
b8 Sk g ) 7 0 1 0 0 0 9 1
Rt E&LEH Z 0 o £ 0 1 1 5
&it 12 2 4 4 1 5 17 45
2.2.2 WRMESN —MUREMNEELE ZEETE-—ENER.

NEW . cEEH EREN . RRIEHREME
EEWE. EREWMRES, BRETEHMRSEEN
MR ERS DA SEE 7. 8% 26. 7%, H
MERHEIEE, RESEMERMELRT. 2 EET
AR mEE M EuMmAEBRRE2 AN
BEEAANRR. FE5HMEHERHEINAE.EH
FrMEREEE BRETREES  BIEEMEN
HMEMHNESRITHERBRFEEMG MAM &
BE.DHESERES.EEMNEPTEANZRE
& MAEHHMEHESD.
2.3 WMREAENENERESN
BENRWETIRE SBEER R Y. SR £
SEHF(ED . FAETLEMEXENEAF
MARXEEMNEST AEHRBR. BENELEXR
EEAMNER. MERHIEN RO NBRE . K
WES WS EETEMEESNESEEINRS,
TEFERREEAEDN LSS EKBEYF,
MAEREN R, RS, B, EXEPEN
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EMEEENNIN, T4 Z8198 RE SRR
TREBEHEMT. BT TABEMN TR EHE
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SREZEEMASMMABIABRET R AUFTE.RE
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ARARAEREF G 12 DE R . BRSTERR, FURH SRR 4 Fh, L0 MEAAHER S%KES
MAHESENEEE 77, BT CAEBHESEE . AEAR RUEE AW LR Al P EHRTE 6
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Fire resistance of 28 tree species in fire-prevention belt

XIAN Lihua', CHEN Jigjie’, CHEN Hongyue', LIU Xiacling’, LU Zhigiao', GONG Junfan®
(1. College of Forestry and Landscape Architecture, South China Agricultural University,
Guangzhou 510642, China;2. Forest Resources Protection Center of Zhongshan,
Zhongshan 528458, China)

Abstract: In order to explore the fireproof ability of tree species, select tree species of fireproof forest
belt scientifically and improve the species diversity of biological fireproof forest belt, the physical and
chemical indexes of 28 species of fireproof forest belt tree species were measured in this study. Factor
analysis and cluster analysis method was used to rank their fire performances. The results showed that
the calorific value was significantly correlated with ash, volatiles matter and fixed carbon, and the calo—
rific value was significantly correlated with volatiles and ash was significantly correlated with volatiles.
Comprehensive ranking indicated that 12 species, Schefflera octophylla, Nertum indicum, Mytilaria
laosensis, Acacia auriculiformis, Michelia maudiae, Castanopsis fissa, Schima superba, Camellia japon—
ica, Ilex rotunde, Acacia confusa, Michelia macclurei, and Delonix regia, had good fire resistance.
The results of clustering analysis showed that four kinds of trees, Schefflera octophylla, Nertum indi—
cum, Acacia auriculiformis, and Ilex rotunda had the strongest fire resistance. Seven kinds of trees,
Castanopsis fissa, Mytilaria laosensis, Michelia macclurei, Acacia confusa, Michelia maudiae, Schima
superba, and Elaeocarpus sylvestris, had stronger fire resistance. Six kinds of trees, Schima wallichii,

Sapium sebiferum, Delonix regia, Schima superba, Aquilaria sinensis, and Cinnamomum camphora,

i B A 12020 — 04 — 17
HEm A plh B A ERRS LT E (F18372)

e e shmmd (1987—), Zo, F&R T LA, K360, 8 a5 4, A BEHIER N B S hE E R PR THE.
SIS BRELER (1964—), B, I RIMISLA, 68, i+
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had general fire resistance. Eight kinds of trees, Liquidembar formosana, Eucalyptus citriodora, Ficus

lacor, Acacia mangium, Michelia odora, Rhodoleia parvipetala, Castanopsis hystrix, and Sapium dis—

color, had weaker fire resistance. Three kinds of trees, Garcinia multiflora, Cleidiocarpon cavaleriet,

and Sterculia lanceolata, had the weakest fire resistance.

Key words: fire-prevention belt; fire resistance; factor analysis; clustering analysis

hLH RERFEWE T Z—, MATH=AE
REWWTE, EFMHNBEREX. ZHH ALK
HENATI AWM RBEUA24E HR B
FLURERMERM MRS, MAHEARBHEER
BH R AR Schima superba~ BiE E Acacia confu-
sa~ ¥F45 & Eucalyptus citriodora~ W& B 7K Schefflera
octophylla, BE R EH A FMERKE—. K2
I S B R T A A, SRR BE AR R R
TSR ERENERZANS, FHHARRE, FAH
RNHEERER" . HEEAFA EARES
PRRENER S, BA FR AN R BB T EEN, KD
SE BEY . EAEAMHEBERNEENEEZR
F U BT R R R UE T E e A
B EF FRHEHAESRY . AWRHTEM
HHEFEARFATFARERE FRSAZNGSH
. HRBREERHAAEERMNIEMWEA
£ AKEDHAREOTRT LD REITME
HEARBEREURBESERTAHARBERY
BV mARAREMIET R AR A
BAF EER PR NI B L R iEIE B A E MBS
KRSEEIREEE D Y, B4 X B R R R LR
RETMFTENRGARED . EHAHTHRER
R, 07 PR AN FAE T A REH5R BRI AR R AR MRBS K AY
%Y . AEFS e L B AR B R B T T
R, REHFWNET 28 NELARAREHH A #

B EFEFEMF FEE ENERE AE.
BT R, EREFAMMRES TS
ik, BN R R R ITREHE R, R A
B AR ER, AR LTI EEERLT
X SRR AR AR ERIRRESE .

1 HERERL

a7 (113997 ~ 113°46°E, 22°117 ~22°46735"
N)RFREDELE RELE REFE, £F
B#HATRH BHWEBEER28.4 C, BWREED
83%, S KAEHEREAT A XBEEA
710 B, BEHRGEERNSME, AR, EHEE
IBHATERHENEREHME, FHREEERE
23.08%, M EAA A 2.87 F ho’, S FHEHEE
EH96.70%, HHBEM T EE Y, WX
o 411 &, B4k 591. 8 km.

2 MBSk

2.1 REEHR

2018 £ 6—8 A, RF LT EMWBENHTE
179 B 2 P DU LR BR = A B AR S T R L B 1R
ERUMAEER THRLUTHENURES &E
BItE R AR R 28 #h, LS LR E X, SRR A
A EATE 15~20 0 28, ik MERR
=1,

*1 HkmwaER

Table 1 Species list in the experiment

L [EE] 30 BiEh FEE HER

Tree species Family Life form Tree species Family Life form
KB Acacia auriculiformis a8 BEFR PRE D Hex rounda RER BT
A BB Acacia confusa o8 BEFKR HE Liguidambar formosana SN ZEHFAR
5 #8R Acacia mangium =K WEFAR BEF & 5K Michelia macclurei RZER HERFAR
T E Aquilaria sinensis In 5554 BRIA RIS SE Michelia maudiae ARZR EEFAR
4k ZE Camellia chekiangoleosa UiZEF HRIFTE ARIMIIK Michelia odora R=H FERFAR
B Castanopsis fissa bR HEFFAR K EH Mytitaria laosensis e HEFFAK
415 Castanopsis hysirix 37 FRFR F Ak Nerium indicum FrTHbR A &
B Cinnamomum camphora &R BEIFAR 41 B 7K Rhodoleia parvipetala SR HEFAR
W% B Cleidiocarpon cavaleriei AT HEFAR 1 B4 Sapium discalor KRR EEFAR
FBZR Delonix regia TR BRI 548 Sapium sebiferum KRR EMHFAR
W4 3 Elaeocarpus sylvestris HEF BEFR PSIAR Schefflera octophylla FhnFs HEFAR
¥r 4% Eucalypius citriodora ke RE WEITAR AT Schima superba Ui R BEFR
BB Ficus lacor B EIFRA PAA AT Schima wallichii [ITE-3 =% BEFAN
T F Carcinia_muliiflora [t BRI SR Sterculia lanceolata AEHRE BEBFA
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B4m
2.2 RAEHE
2.2.1 WAMREERBHEKENE Sk

Wi g3 i, SEWAEREREEEREN R
SH REFFRMEMEHNEE. THEENE
R.REMNE, BERSTEHEEINE, A TEx
SKRERIE, HABEHEKERAETFHREIZN
E, A EE L FEREKRBRAREELE G #T,
FREUM 5853, (R A BEFA 105 CHRB 1 h, £80 T
THFEEE, HRTE. HEHABANESKE,
2R T
EXEKE = LiE s} Eﬁfﬁ_gg; T 100%

2.2.2 AENE RER3EN.SEMS FR
MBS HOREN A, HITHRE RS EL S RE
EHEMNESITE. RH105 CHTIESL #ak
80 CEETH 16 h RIEE, AHBHNBEE. &
MESELG o, EANERE, BHER. MEREE
IKA C2000 BEIEHN, RAMFEES B XL-18
AATRPAE, 2 EERFHE GB/T212—2008

R T AR 7 AE BEBRRA LT
R E BER =100% - K5 - BES .
2.2.3 HiE4IE F B Pearson REFHITHEES
7, S& F Factor Analysis #1T £ R 5 9#7, L LS
¥R SPSS 19. 0 it i, BIREE. HHESE
= ¥FE B Microsoft Excel 2007 #{4i# 1T

3 BR5SM

3.1 28 PR R R ERAN S KE ST

HER2 AH, HREEMALIERE, £0.36
mm, EXR SHUHF. IR AERHARE
HMEEEWE 0. 16 mm, LXZERAAR. LA
A LEBH HAAWNEKEESHR2ER LY
F.iE58%, HARLGH. RZ2H MER A
AREKERRNERERE, R25% EX2LR
B ORAAR KA. HHAEEMTESKEHN
ER R RE, R EEEX, HEKENS,
R B BRI A, BT RO

F2 28 FRF R AR

Table 2 Fire prevention ability of 28 tree species

H 2 ;ﬂﬁ_ﬁ:fcsf% mﬁ/(u:g*) 5y 1% 4’%&9}_/% mR %
N kit T i Eas elative moisture Calorie Crude ash Volatile e
content Va]ue content matter
A48 Acacia auriculiformis 0.24 39 21.57 532 73.28 21.40
A EHEE Acacia confusa 0.27 34 21.59 4.51 75.48 20.01
O & 488 Acacia mangium 0.27 42 21.35 5.05 72. 14 22.81
F I Aquilaria sinensis 0.22 26 19. 06 T.21 75. 46 17.33
Y148 25 Camellia chekiangoleosa 0.36 44 18.77 6.05 73.81 20. 14
B Castanopsis fissa 0.19 43 20.77 3.01 78. 67 18.32
Y14 Castanapsis hystrix 0.20 45 18. 08 3.43 72.38 24. 19
¥t Cinnamomum camphora 0.20 37 19.76 7.13 74.76 18.11
W R Cleidiocarpon cavaleriet 0.21 47 18. 97 4.54 73. 88 21.58
BB Delonix regia 0.18 46 20. 02 4.36 71. 12 24.52
W4t 3 Elaeocarpus sylvestris 0.20 37 18.70 3.36 75. 64 21. 00
R Bucalyptus citriodora 0.24 45 20.32 5.30 69. 61 25.09
E B Ficus lacor 0.16 25 18.25 8.81 70.53 20. 66
£ U F Garcinia multiflora 0.35 58 18. 98 3.59 80. 64 15.77
YA E llex romnda 0.24 38 19.89 6.49 78.28 15.23
WF Liquidambar formesana 0.23 35 17.40 9.22 70.38 20. 40
B 755 55 Michelia macclurei 0.26 39 20. 60 4.05 75.59 20. 36
SRS 5 Michelia maudiae 0.27 38 21.66 4.30 76.73 18.97
FIA Michelia odora 0.22 28 19. 96 5.49 76. 93 17. 58
sk &4 Mytilaria laosensis 0.23 47 21.04 2.86 78. 40 18.74
FAHHE Nerium indicum 0.35 33 20.51 7.64 80.28 12.08
418 AN Rhodoleia parvipetala 0.33 34 20. 89 1.97 TL2Z 20. 81
W 481 Sapium discolor 0.19 48 19.30 3.13 73. 61 23.26
B30 Sapium sebiferum 0.22 37 17.%2 5.:07 75. 55 19.28
WSHIZR Schefflera octophylla 0.28 40 21.71 4.74 82.27 12.99
IR Schima superba 0.21 45 19. 80 3.96 74. 05 21.99
B AN Schima wallickii 0.17 38 19.78 4.16 73.23 22.61
{63 358 Sierenlia lanceolara 0.25 35 18.03 9.96 73.42 16.62
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3.2 28 FRERM HRE SR F.E2EH. AEA.DHEE. EUH L PEER

FTRENME EHANEE. BNEKE
BB R, SREHR T E, KR A HHE) H>EJ.,
F2. MK LERFR, 28 M AIRIERE 17.40 ~
21.94(kJ » ¢ ') @, FHEH 19.90 (k] -

),,.:P?MEE‘,—L@H’JE%%##E, 21.94 kJ «
g ‘.,,mz%ﬁ-‘%ﬁﬁﬂ?!&psm%%\:::;E*E,.,J:HHE
BmERDHENE, B17.40k] - ¢
=t ENEEE- .- LN
3.3 28 MR RS EESREEHRSHT

EMRBREREP WS EE—EREE L
BENERBEEREER ROSEES, AR
MAMERE. MR2 TUEH KoERER
1.97% ~9.96%, RN ESERSHNRBEREE X
9.96%, HXZWME - BEBH UK. LREF XS
CERENROBEA, A 1.97%, ik 2 KEH.
B, LB, L.

MAHKELSSEHTELRE R 69.61%
~82.27%, EENBERSHNEBHK, & 82.
27%, ERZ S UM T L8B3 K2 8
ENBERENRTER A 069.61%, BAR

hE
LERE

EAUBESPHBANSERMERARESEK
FARRRTRATHNEZAR Z—, AN A
BEmE T EEH 12.08% ~25.09%, B E K
SEEDNRITEE, %25 00%, EXX2REAR.
i LSH.EEHmEERMAZRIR, K12,
08% , ERRBMA.KEE. SH LM T BEE.
3.4 28 MMM NESEEHRF

HEES BT R A RS g, 36 A
T E2H#ITHERLST, ST SREBRMMAAXERNR
3FIR. MRITUEN HESKS . EELESS
Bz EREERXLR RESELESZ
B RO SEESZEEBEEREXE. ATEH
B Fz R FEEXE, EE Ti#iITE RSO,
HRMEF 4 FiR. ERATOOANAEEEF SR
REMNEAT—HES HPRERTIMEEAFAHE
B3 1SR THETREGEREYT
79.725%, ATBBERSHEXY, FHT Kaiser
HEMERERE EERRAFABAEFRETH
B, EAEATFRERGEEAKE N EELIE
7S SRS, BRMES Fiw.

F3 28 FERFRI A AR S B K B F ) MDA AR

Table 3 Pearson’s correlation coefficients between growth index and

fire prevention factors for 28 tree species

=g HREE e EAkE A sy o [ 52k
Variable Leaf thickness Moisture content Caloric value Crude ash content  Volatile matter  Fixed carhon
I B Leaf thickness 1.000
183f& k& Moisture content 0.319 1. 000
#{H Caloric value 0.469 0.170 1. 000
4y Crude ash content 0. 067 0.499 0.002* 1. 000
12 & 4y Volatile matter 0.313 0.226 0.024" 0.050° 1.000
[ E#% Fixed carbon 0.074 0.225 0.400 0.053 0.000 * 1.000
i vor FORAE 0.01 kP EBEMX, * KR 0.05 kF L REMHEK.
Notel Yk means significant correlation at 0. 01 level; * means significant correlation at 0. 05 level.
*4 28 TN E A TR
Table 4 The eigenvalues and contribution ratio for principal component analysis of 28 tree species
=) E = ki i t
MVEAASERE Tnitial eigonvalues RMMOATREWE | HRETAREA
Extraction sums of squared loadings Rotation sums of squared loadings
- 2tz it ik
e W ERRA REA BER R %% B ARG RI%
Eigen Contribution 1% Eigen Contribution  Cumulative Eigen Contribution  Cumulative
values Tate Cumulative values rate contribution values Tate contribution
rate rate
& 2.048 34.134 34.134 2.048 34.134 34.134 1.950 32.494 32.494
2 1.727 28.783 62.917 1.727 28.783 62.917 1.750 29.164 61.658
3 1.008 16. 808 FOFT2N 1.008 16. 808 79.725 1.084 18. 067 79.725
4 0.828 13.800 93.525
Sy 0.388 6.475 100. 000
6 0.000 0. 000 100. 000
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Table 5 The matrixes for principal component and rotating principal component of 28 tree species

B4+ Principal component

Jie#: £ RS Rotating principal

AR Evaluation index

1 2 3 F, £, F,
HEBIZE Leaf thickness 0.186 0.576 0.433 0.497 -0.255 0.49
#831& K B Moisture content -0.329 0.083 0.853 =0.171 0.009 0.902
#{H Caloric value 0.586 -0.551 0.155 0.206 0.788 -0.087
24y Crude ash content —-0.300 0.855 -0.239 0.191 -0.917 0.008
1F4%4+ Volatile matter 0.946 0.054 0.089 0.829 0.455 -0.103
[ 5E#: Fixed carbon —-0.759 -0.592 0. 061 -0.952 0.122 0. 098

e P, EEEREL S EMETRX
MTEEZEER ELZSEFR WAL
L IBERS I GER Yy THS F, ERSMME
ERHEEEX AT EIESRSAAER TER
BILNMERE , BERS 2R A v ERS F &
BHEKENHREE LHHTER FHTEE
FEE KB AR ERE TR WA AR «,
BEHAIGEHA .. MBRIMNKSER HH
H3INERSHBS v, 1,1 UREEES 7.7y =
0.324 9y, +0.291 6 v, +0.180 7 y,, B J5 F 424 3T

SHEITHR, ERNEK6 iR. NEERNERH
M RARILSE ST, X3 28 S RIF T i
HEFF NSy 25, SRR FRIA IBBIAR . RATHR. KB HE. K
HAZ.RUSE-BE AW OEHE-BEE5.8
THEE BESE. RERATUERFHMA, R
BHREAR AN 3S5EE AR LR E
7 B BIES 0 ELBERIE, A UM RS AR L
AL LB, LRE T SRAT IS E R
Fh, FEAARTT ME AR B LT
IRRISHBIRIE, A AR ERRF.

# 6 28 FMEFEMREES

Table 6 Score of living leaves of 28 tree species

B N FRS RS , fm?"%ﬂﬁ %’%ﬁk-ﬁ
. Principal component scoring Comprehensive Comprehensive
Jaes spesies i Vs ¥ evaluation ranking
BSHIAR Schefflera octophylla 12312 0.7520 0.5151 0.7125 1
FA4HE Nerium indicum 1.383 6 0.044 0 0:923°1 0.536 9 2
KEH Mytilaria laocsensis 0.367 6 0.9852 0.657 8 0.5256 3
AMABE Acacia avriculiformis 0.679 7 0.426 0 0.4795 0.431 7 4
WA % Michelia maudiae 0.404 4 0.662 4 0.5277 0.4199 5
) Castanopsis fissa 0.2925 0.818 1 0.4720 0.418 9 6
IRT Schima superba 0.033 0 0.905 8 0.600 7 0.383 4 7
L17kH S Camellia chekiangoleosa 0.692 8 -0.066 0 0.8205 0.354 1 8
KA Hex rotunda 0.680 4 0.160 9 0.4527 0.3498 9
AR Acacia confusa 0.269 8 0.580 8 0.437 8 0.3388 10
BT &5 Michelia macclurei 0.1452 0.491 6 0.5714 0.293 8 11
AR Delonix regia 0.216 0 0.336 4 0.5572 0.269 0 12
5 EFAR Acacia mangium -0.193 8 0.394 6 0.7100 0.180 4 13
418K Rhodoleia parsipeiala -0.016 9 0.186 5 0.650 7 0.166 5 14
Wit 38 Elaeocarpus sylvestris -0.1327 0.3211 0.416 3 0.1258 15
B Cinnamomum camphora 0.158 5 0.013 8 0.3852 0:1251 16
B Ficus lacor -0.171 9 0.558 5 -0.036 3 0.100 5 17
IR Michelia odora -0.1509 0.368 6 0.2170 0.097 7 18
WIS48 Sapium discolor -0.4857 0.430 6 0.713 6 0.096 7 19
R Aquilaria sinensis 0.336 6 -0.126 4 0.1333 0.096 6 20
L1 Casianopsis hysirix -0.2913 0.176 9 0.649 6 0.074 3 21
B4R Sapium sebiferum 0.038 6 -0.083 1 0.469 5 0.073 1 22
P BT Schima wallichii -0.198 3 -0.0126 0.383 1 0.001 1 23
M Liguidambar formesana -0.520 9 0.2690 0.470 9 -0.0057 24
% Eucalypius citriodora -0.654 2 0.1550 0.779 5 -0.026 6 25
R 3ELE Sterculia lanceclata 0.299 0 -0.734 8 0.483 2 -0.0298 26
WM T Carcinia multiflora -0.105 9 -0.948 2 1.410 8 -0.056 1 27
R B} Cleidiocarpon cavaleriei -0.360 7 -0.578 7 0.766 1 —-0.147 6 28
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Fig.1 Dendrogram using average linkage
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EsBSR T ENERENESRAR AN AR REHE

vemneE R EE0 RIEE BR4ER
(ATl ks Mo SRBEAED, 7 M 510642)

WE Tk REFATEFRRIIARMLEFTLLEFTEFNMOARH, LERFERETHYE %, F
FEMAESM L EERORRABREREGRFPIE, WG IRARARGL ELET L LEG A
MR, RTEARHESEAFLEALTHTRARMIER, WHB IR REFLF. £&, KR SHRE
BRIRA A BB FLA, CRAK S FEREGFEME, FlE N ORI, AEE Ak
HpBAEFLEF L LEABRNTFARARETTRESERE, AEARHEBSL I LR T LENRA. T4
BEE ARG TFL, MBS LR RS LA FF @t T S5 RN, R 28
FEEERGABNTRATT RA,

KR HAkM; TAETEIR; BEEMAY; HBTELREHA

FESE(S. X53  XEIRES. A XEHS: 2096-2053 (2021 ) 03-0124-09

Remediation Technology and Its Application of Landscape Plants for
Heavy Metal Contaminated Soil

XIAN Lihua LIANG Dengyu FENG Jiayi

WU Daoming CHEN Hongyue
( College of Forestry and Landscape Architecture, South China Agricultural University, Guangzhou,Guangdong 510642, China )

Abstract The environmental problem of soil heavy metal pollution caused by industry, agriculture,
transportation, etc. is becoming increasingly prominent. The situation of soil environmental quality is severe,
and ecological remediation and treatment of polluted soil have become an urgent scientific problem to be solved.
Phytoremediation technology is considered as an effective approach to remediation of soils contaminated by heavy
metals. Based on the enrichment and absorption of heavy metal elements by landscape plants, phytoremediation
technology has become a research focus of scholars for its advantages in economy, ecology, environmental protection,
small damage to the environment and beautification of the environment. In this paper, the landscape phytoremediation of
heavy metal contaminated soil in recent years and the research achievements in the field were studied by summarizing
and analyzing the consult literature in the following aspects: 1) landscape plant repairing technology of soil heavy
metal, 2) heavy metal enrichment of landscape plant selection, 3) jomt application of phytoremediation technology. The
development prospect of phytoremediation of soil heavy metal pollution was prospected.

Key words landscape plants; heavy metal contaminated soil; superenriched plants; joint phytoremediation
techniques

*REME: EREABEESNE (41807112), FMMASRERTE (h20210335), EERKFARSEE A AL % H T E
(2019002 ),

E—1EE: kM (1987—), &, LWIE, MEEWIEYEASRMELHAE, Email: xianlihva@scan edu.cn,
BEEE: LK (1964—), B, ¥, TEAHRHFHRITFEF 5P, E-mail: chenyue@scau.cdu.cn,
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REERE TIESSELRAE L EESBESR
AL, BEHEELEHEERBSRCA IR
s

KRB TREEZESRITRMG L,
AR R T REE, WERaSEbs
S. EWHHE, BAESENSWEEIEA AL,
WRAES LKA, RELHKELME %K
ZREH M TE b RS T T E ME IR, A 0T R
HEABHHEEEMEY . FEREDER IR
FEFRE 18 B AR 7 T R s R T R AR &0,
AXGIEM T FEYEEESEGTY L FUE
fe—&&itik, LU vEMREDE L RESRE
B RIS RS,
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1 EMEHEEEERESRIRRA

Bl bRAE 6 R T E AR SR AL RO Y, T AR
EWEY. TEM. A BEHY. RES
Y., MY . SR RHEYS Y, Bk
PR YRR R, WME ., 2w, SmsnE. B
. EHS, EEETESESREMNEEZAR
nE, EEREih. tERE. SBEAT. &5
LS % AR E AN SR E . HYE
BHEABHBRREREY, S0EdEETEF
BSEEREY, ML EESRIERHETBERN
—BEARMBIE, X—EARTHBEEYRRAAS
HHRRRCE R RIE L . EE R E P
ME2E, ZRRESEHESESROEARER
HLE AL R L s N, e E
ESEFEMNEARATECEAEYEIER. MY
R AR R AE Y B =R G R s H
RHA R, SAEBEERRKA, BR
HIE MR B MA R R AESH AT, B
EHE SRS R BT R
1.1 EHRE

Y SRR TR 0 B R AL T, fE A
FAHREEEMRARERR +EPHES B
JEF(He bR AT A FIER Sy, 8 e MR Y B
MR ER T EPHESE, DiARBEES
Bisg+HER AR, ERTESRBERE™E
BEEAELRESR RN TE. BEEEYSH
W wEHREEE S EEY. BHE
AYEERET N EEESE, HSHEREY
BRERERYE, B2 d8uEFREREBTESH
WA REEE . MYRRHWERT MERN, H
KBRS
1.2 HEWEE

TEY 5 2 R — S A AR 2 il 0 R ik
Ji, sl T A CENE R SR IRRuE S R FAE
A, PR E S B R T R R
wagEF e Y, HFER P E SRR
B3, (HE FnT R R AR S e R b
LR Hg FAH (Se) U, MYIE L BARBENS
T BERE SR NS S ENPEE, BRI XSS5
JE B ERES, B ISR R W 8 2 B R A R
et/ N T RERATR &M, DI as IR
T HEE
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1.3 HEWEE

TEAE E R AR R, ik, Bk
HeE, BRBEERPESBEMEIE, B
H¥emAm; S0 AR REAERHESET
=, EHEETFEDENSEE, #FmE LR
EEBIERMEYBEREA M. ZERXAERTR
EEEESR L., FHTEYEE AN YA
BAERPIRE, RES WS TIIE. W
FELRE, FESEMBRIZFMTHEREME ",
R, EYEE NS EhEEESE, TG
HMN R AR, —HERFENRE, R
EEBEEHEG MK ZEE, BILE Y E
EBEEARNFRE.

2 ExREEREMENNIFE
NRHEY I B E SRS B G T
BEEMEESEEY. KB ESREAYRE
KEAMARETLTTR, HAEEDENRER
Bl —E S RIS MY AR TR, PR
T B0 IR G AR PR AR, A TG B Z B )
SEHUEN, MY HZRES BRI &N
R N, B R e S A A A
HAEREE IR, R TR BT SR L
ZMEY, EESRELHPERHABUR
W1 FIFE T, T G JE X A A T R R 2
PR A B BRI, AR B BRI B
REJ7. X &8 TR W 2 7 X P RE ) SR 55
BUEHER T MA THEYEZNEE R,
WG R WY R FE R =R L
Tl (1) WEMEEEEEEYNINES TR
B EREER. RAGAR. YRR BA
BRRMPRMERTSEM: (2) BTBRE
BEFERZ, TERBENEENESERR
HEREN LEFENDEER, SENESRERZ
g p Y Y, R R A SR A HEE AR A
BE R 0 (3) FERER B A RIS e
& HEYTEE, RIS, RS
FlESREY A RS FEM AR, WIREERSR
EHPFAT Y (4) KA R A EY RAES
HAEYRMAERE, EPERENESRITRLIE
TREIEFER, B ERERESENHIFE,
AFEP R EAEYEAY Y, 2 En 5
WA TR P RRE, ST ET &
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YbrvE: Cd 100 ug - 87]: 4. Cu. Cr300 ug g'l;
Pb. Nil1000ug-g"; Zn3000ug g’

HAl, BF5E O B AZ 500 Fhl =AY,
Hepgg®, HFEER. A, wERL HEE.
R, SER. BER. RAeR. EFER. K8
B, #B IR EZHET. BN cd BE LR
Vi W Salix babylonica., %M 5K Sedum alfre-
dii., KA Nandina domestica., #1858 Rhododendron
simsii, H ¥ Cedrus deodara., 5 W Morus alba.,
B9y Ginkgo biloba., HEEAFE Viburnum odoratissi-
mumt var. awabuki., 7535 Phragmites communis %5 ;
W UL Po M & SR AR BEAE Osmanthus sp.. 41
15 e K Sedum alfiedii, W ¥4 Nandina domestica.,
B, REAE. MR, B Myrica rubra, 5
4% UL He R EENEY A HE. 5 Bux-
us sinica, % % Ilex chinensis. % 4 Ipomoea nil.,
Wi# Ulmus pumila %55 & L Cr &£ EHMWHEE
ENE Canna indica., 7. 4., 5% Epiprem-
mum auveun . [ 45 = M-E Trifolium repens %; %
UL As M B & E WY G 55 W Armeniaca vulgaris.,
R, #at. PR, Hh i, BERT. A
. &5, B TEMEMNESEARENE
LWAEE Ty, EAEE SR L8 A BRI 2
H, BB SHRES SR, HkEERSRES
B+ FEIE A oAl i ek

IAESk, EMAEYFLETESETERIK
R SR RRAL 5 M W o Rl B DL, XS AT
EEBELEAMNHEY R RO T —EMNHEE (&
1), 344 7 g 2 BUERI P E 45 Dendranthema
morifolium ¥ Cd BT 2Z 88 O AE SE6E ok,
VERBEM LB cd BB EMY. EREYH
FRI, FotoH Verbena hybrida 3t Pb BT 52 pgk
iR, AT EEBE L EPy IS, ERE N
ARSI A, EFRESRRILTZ MEER
&8 Hg, Wk BARAFEHLE, 7T LHER
Hg 153 + M & Y e T KB B 2
F. Cui % “J B 35 18 5E 7% Celosia cristata % 3 Ff
FHYIRT Pb B 32 PO BAFIE, ZREWREEILRE
132 Pb HO O AR, B okukEs ™ B o5 B o2 oF
Ipomoea purpurea 1 5 F . Lolium perenne Xf Cr
P BRI TR, SR ERY, CHBEER
{EBE Cr 54+ R TR .
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1 HERLEKEY L0 S & TR R AE REHE

Table 1 Characteristics of absorption and enrichment of heavy metals in soil by common landscape plants in China

B Hh CHEE T EESE B RN
mEmENEy EERTR gemas  gmwons oo o8 REEAE Teuy g
The applied landscape st Heavy metal con-  Experimental verage verage Average SCHER
metal aboveground underground
plants tent method ; i transport ~ References
element enrichment enrichment Ficient
coefficient coefficient AT
1L cd 10~100mg - kg HEFE 2.83 3.99 0.7 [38]
R UERG cd 0-80 mg - kg AR 6.76 5.04 139 [39]
g Pb 1000 mg - kg ok anvi) 026 — 0.23 [40]
= Hg 20mg - kg ko an vl 1.47 - 1.13 [41]
Comfifhuwx cd 0~150mg - kg ZEIRE 2.69 = 0.53 [44]
bk Pb 0~10 mmol - L' sk#B & e — 0.13 [45]
BiE=TE Cr 0-400mg - kg' AR 122 1.54 0.78 [46]
Tt Mf‘ai;”{dm“m Cr 0-400mg - k' EEIAE 1.16 1.44 0.78 [47]
Cym?;?ﬂi st Cr 237542mg - kg'  FAEAE 033 0.98 0.34 [47)
AR Cr 2840mg - kg'  FFERE 092 == — [48]

Meliosma yunnanensis

3 EBEEsRFHIENENREY
Rz R R

PR M 1 T S 2 R (R I
AR R S R IR M g, RED
FmEH B EEARET T RAESBE. Bk
FHI IR AR S T AT T 23R, ez
HBHE. RESR. WL SN TH S
HHB S LR TP (FR2), Hebi
FREMA Y b FRARE . AR, R,

4 RREMEERREE M
Ak, HHEWHESRBERLEF RS
WA LRGN HC RN ENH RS R
A, BEBRALGNE B EREARN S, B
RAHYHE R ESRT R LRI~ MR ETR
MR BT, EERiEREEY, B EE
HESHRERE. BEeAER. ARABE. &
A1 B AL TR O BRER R - AT
W (£3), AFTEYY. WERLESHES
TECEEERMECR, BENGHEENER.
41 EEF -EWESR
EeMELEPHESEMES, TREL
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FEPESEMNSE, WMEEYRICESEE
HEIBEAL P, Komarek 25 “ FFFER M, Mz
TR RERSANSESBELED
BOE i, IR T A ACH AT E S BRI Liph-
adzi 25 VP 5T & Bl R A 2. 2 R 2. B S
6] B 2 Helianthus annuus Hb 508 Pb & &0 B4
i, REEEER WA ENESRNES 4 6.,
42 EHETIE - #EYiES

ERREEEAREARMEDENFARAHE
EREHRINERE, FiA HIE LRI T
N, B Y BgT i BN T 2R S P RO S
P IZRE /) A B, DREBIA 3 R E
FExF Po R ALH, HIHIR T & E AT Pb U
ZH R FEGE S Tang & R BB Pinus vir-
giniana A CaPF1 E£H 5, X 48 Cd. Cu, Zn
FIBLE A TR A .
43 fHHEY - EWES

FIFH— LR A 0 SR TUE. Bl &
FAERSER, BE4 BRI ATER
BE G, KL LR PEEBEATEER ",
Wang 25 3% £ 4% Populus deltoides HF5E
WG, HlliE % As FERE T 1-3 fiF; Poli
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®2 RATEEESRFRIENEMENREIZERR

Table 2 Landscape plants applied to remediation of soil contaminated by heavy metals and their remediation effects

ZE

ERESR  ERHE

[ s el % o ;i . ERAR BTk
i;%i The applied landscape plants Chc;];t\}a;nrlnrelasld E:lp;];?heo:tl_ Remediation effect References
50% {FIRAL B A3 AR L 25% 15
KEH Cynodon dactylon, EAFE  7n, Cd. Ni  #FREE  BAEPEREEX Zn, Ni flCd§ [49]
ERBRERT
[ 3 FEIHA Schefflera octophylla, /i
#4% Buxus sinica var. parvifolia., 4 S EER. 2l AHRIHEE Cd;
R Duranta evecta *Golden  Cd, Cr. Zn RAEEEE  AHEIUR. @508 ARABE Cr; [50]
Leaves’, 236250 Codigeun HSHA ., /et EE 2 E Zn
variegatum ‘ Chrysophyllum’ 254841
o ; ’ AR Pb, Ni B9 S SR RE T E
K2 Magnolia Grandifiora, ; ; .
f%ﬁ Pittosporum tobira. 9@1"]’%‘5 Nerium Zniy .Pb\ Gus %ﬁﬁﬁ E’ i&fﬂ%ifﬁn\ o ﬂ@@il{ﬂ'{g%ﬁﬁ [51]
e Ni, Cd h¥eE; TEZA Cu, Cd. Pb#IH
W ERESER .
s SEX Cu il Zn MIEEHCERE, M
s R B CHoORoI COMOTI Cu, an, 00 EMEE A Cd MBIEEER, B (9]
P In BB E R R
s s ; MR Zn B9 FEMR BT, % Pb &
T m= Zn. Pb 2y am el A AR AT [53]
: e — N FLEER Cd MBEFHSHRB RN
K FLEEE Tagetes patula Cd- ZHFE ZHRAK AL AT R A B A S AR [54]
H1JIE Ficus tikoua Pb 5 f&m#’éﬁﬁ{é%‘%ﬁﬁ Po 55+ 1 [55]
FBHLLIEHFE Camellia 529 sy
P polvodonta. ¥315 Rhapis excelsa . Cd e et 3 Pl Ciﬁ?%%ﬂ%%ﬁ‘ﬂgﬁ AEA [56]
TBEIRINE Camellia gigantocarpa
=T i 5 A% Mn QUTHEERSR : FEMLTER
AT, FEHLIEMZE Mn e e o] BT Y b i (X [57]

% IS EFT EXK Zea mays QI EFETE
200mg - kg B Cr (V1) 53t i, Fokp4d
BHEINT 57%, LEREAEYIRIECr SETR
T 96%.
4.4 BE-HEYES
RSB (B Y+ R VA GE ST L R AR P T R A
2N, SEESEAEOERRE, BintE
TEREMNSE, MmEEEDESENHRER
e L, e A T R AR R RS BN ARY
BE cdisgLEEM, HiidAHER T AR
MR R, BEAEREEFSR Cd mRIE £E
HHBES.
45 EHRF - EWES
ELFERIABRE,., AR, HERELE
Bl BRI AT AR - g A R OB R, B
2 OV BiE g o B A A e Pk . 254 Koelreuteria pa-
niculata., #OAF] Paulownia fortunei 17k Boehmeria

nivea I, SREHLHPHESESTELE
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T REMSGRASENESESE, EYT Pb
F Zn WHE 5 E R LA — R .

5 BESENRSLESAZNA

HEREEYURE, HRETEBLL000
B, HOKPE A EE SR RS o A E I #5R
B, ERCUER. EER, KEEE T
H T —RABAE DB E SRR,
FHEAT S ARA SRR, S0k, HiRs
k. WA RO 00% A b, WoFERCE
AEA & BIFHARE, SR E, B
BILHAE (£ 4).

6 RE

YRy B E AR ERELE, BAT K
MAACE. WEBERTE, REAMFEFEE,
Sy [ AT I U A S PR T R S
Hfth. X HERMTE. hE, YEEEEFEAR,
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Table 3 Combined application of multiple remediation technologies to remediate heavy metal contaminated soil

L R B A4 ERESR LR BN EE B
Applied landscape plants ~ Contaminated heavy metal Experimental method Combined application of technology References
S| Pb Fak ant EENZ R mR [60]
1w B3 Pb KHEZR Epi Y31 [61]
EEF Pb KRR DREBIA %7 [63]
2N Cd, Cu, Zn =% JilN=v Ca PF1 B [64]
FWEH As ZRAE R [00]
B S Cr I HER [67]
R cd AT Hii S [69]
SEATHE, ZER. WEEE. 2SR Pb, Zn AR MR [70]
R4 BEEENRSLAET ERERRA
Table 4 Safe disposal methods of superenriched plants and their advantages and disadvantages
MBI s (2= S5 30
Disposal methods Advantages Disadvantages References
WEALTE 90 % LU L, [EFEMMETT, #HiEg FHER, SaREs, KoELidE
Belbss W, RS, B %&;‘%&EWEL&. FEHEA] e *%?&ﬁu%t%;ﬁglé WA BB HER [72]
o a4 =] o
WEALTE 90 % LA b, BE R EAE R SRR 30 %, BRESD
AR SAHER, BESRAESMAEE, ExEn AR AESES, RAEER (73]
= BREH, FSEYUEKESR, RRTR B RERE. WLk REndg
M. &S,
B AR, BMELAT 2% BETRE. L et A RETHRE oy
3 WEART 900%, CKEA/N, HEREA. HR J .
RiE g, anmEEkeE, emuEl, 0 BT e
BARTHE, BALTEENTESRE
g ipest b WEA AT 50%, 2@ E, [ J G =y b B R TE [76]
R, ST, KTl
AR Wi REAL, 2B R, . [77]
e RIS, SRTEL. e e T oy
PG E B E. BAEM S, REMAEY  WE L RARELIER; (2) 5IREE. #EE

MAEAR. RZWIBREEMNS T4, WKE
TR ThAE, BT AR ARG, MR
ERE, HYUEEEA SRR HEE, SH
SRR, BEUS(RIEWIRAEES, A4 TR R AT
EBRG. MREREYEEEE LHESRTS
RE—FER. B, WHEENESBERR.
BAMMEMEYEEESREE R LHAS
WE AR RENIE. 2. Haan, BHE
SR A AT AEE—E R RRE: (1) MEiREY
BAL FEHESREYEY BRI, MkEER
A, ERGEERE, BARMEE TRERE,
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YK Z A A, HEBEABORR KBS AL,
ALy, A, HRE. HE. BMEMESER
A —ER IR, ETIFREZBRE; (30
LSk BERHEESEMEYEE RA RS
FEH—FIFEMERETE, SHEES RN
S EiER, FULEEY G 2 ARG L A E
ERLNFREFTERISAZFIRE; (4) 78
IR RTAE R, PRI R R
Bl A PRI, R i B R R T R
HEHE IR, AT R

EAEK, MREEYHHESNR, 27E
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BEAKBREM. 2T &Y T BRAN A%
EYBENEERE E., AEEEeEEE
WHEEEMEESITHEEEY R, THES
SETAMIEY S A DO BN AR B R B, X R
MR E A AT R e U R A R
WA LSS THEYEFRAS, FIREEETAR,
TEAE SRR 2R IR 42 B (A R 52 Bk R e AL 2 A K
B, EYBHRANEEBK S TENEN, &
AL, RARBIFERBESEHEY. M
e oy DR 1 2 TR 1Y B T L T R PR T AR A 4
A, WHREeEMED RN G
58 BT O S A R B S A L TR R
HHFARH AN, ERE R FE TSR R
MR AR R E L

HE SRR R —E R E EWZ g
EWMELRE, TREARSROLE FEFER,
ARHPAIHZNESRALR, B -HE2R
BRELTHMEMESELNFRELT, H
TEEENEERWARAER. HiTHE £HE
AR X 22 < S T P A ST T RO S
Hx ok, TE R — IR RN, ML
HATEMB, EHRETR o EET 053
BHA—ESFHHNESRE B FEAR, 4
MY AR BTSSR . R
Y. RLALSE A PR BRSSO A A AL B B
FAE B, #5 BEAR 85K Bris Ju 1B B s 308 & 7 Bk,
TEBELBEEEBRIRPETEHEEGNA, B
R REH L. B EEARBREE—EH
JRRRE, BEEEEEE LNHITRTE, SR
BF TAEH B B — ST 9E, e B I N5 A5 B b
SRS RIS 4+ B SRR, AN g0k
My, #ETHWEEESRETRIENRE, X
SRR B R R AT SRR 52
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Evaluation of Campus Plant Landscape by UAV Aerial Photography
Taking South China Agricultural University as an Example

XIAN Li-hua, WU Nan-ye, CHEN Hong-yue, LIANG Wan-ying, HUANG Zi-hang, GAN Hong-xu
(College of Forestry and Landscape Architecture, South China Agricultural University, Guangzhou 510642, Guangdong China)

Abstract: Based on unmanned aerial vehicle (UAV) aerial photography, plant application status
investigation and questionnaire survey, eight kinds of plant landscape types of South China
Agricultural University were evaluated using beauty degree evaluation method. Results showed that
plant community stratified structure in South China Agricultural University was clearly visible, space
layout was abundant, overall level of plant landscape was good. Plant color richness and plant
diversity were significantly correlated with plant landscape, which were effective factors affecting the
landscaping value of campus plants. The research results provided a reference for the evaluation and
construction of plant landscape.

Key words: UAV aerial images; campus plant landscape; scenic beauty estimation; South China

Agricultural University
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WIRARA—M 2 RANSEMFE PN A MFRRENARRRE S, BT2REAN, F5A
AT BN S 2 0 4 = ) AT kit U ASCE TR ANAABRAAR, wEmRlR¥ & EEY
SOMBTHE, SREEYNEANRETRE DL RSRE, BENEESEITH T B
S, AEKEDETENEARREERESE.

1 ARMREHFE

1.1 BARHR

B AR K AATE TR A T M (AL R 23.16°N, 113.34°E), 5 A4 500 B A £ 05 50 A |
AR, RERBEREZ—. Hp R R A LS L ST 203.8 hm®, ¥R M “ 0
B RAHRERRE” WS, BRFAS5AXRRAEER. SROGEDTERE U R LHF
Bauhinia variegata . ¥ 1t W ¥ K Handroanthus chrysanthus . X € Camellia japonica. 3t F 71t
Bougaimvillea glabra JFFFERFFMF, 5 “HH” MR, FFFERATMB—FERLRF. &
RHEMF AT L AL RE 1\ EEBR R AR R, FARITERSN. KERT. BHRRN.
FFRW. WAORM. HER. ERUAEEHFER.
12 A
121 £FHERME  FEFEF T %(Scenic Beauty Estimation Method, SBE #), E&EEHH. T K. &
B, TR ALY BRI ERATRREARN. BWESK. ANSA. KFRK 2N,
WY W% T A 25T, SBE R INTHFIRIEAD R T, AEak. &E. BE.
R WE. R, RS A, s KRR SRS 10 A FEHTIERY. B
PAAA G IRAE, MARKIEEDME FPH, B EaEN R WA schre¥ndE, EREELEY
XA RER A TR HATAR AL AR IR, o R o E B .
122 FMBA R BRIPHERHET 2016 10 AR 2018 4 H, HEFERKL: HETE
9K 38 PHANTOM 3 Professional J5 ALK KE81E Inspire Pro AN, BF 1600 . HEEHHNE
RHATIEE, FL3R15 274 5kEBFr, GEHU 36 SREARREREITM MR NA TR, HpFR 20 %,
Hiemk, &K, £R%5%K. W36 kB HITHS, /T 1. 24AHEN. BIIHAARR,
S 3~ IRUCHATEUERT . S, vEE . BRI, HEl . BNHERTEEDEN, K5 9~121K
UORATBOE. R, MTHENG . FRECERT BEMRN, HS B~1TRECHTER. FE. BHE.
FEIHFE. EAAFBOERENEN, %9 182 KIKARRE., B2, F2. BEZED
M, BT 22~26 KRN, B BRI, B LT, BHAEEAEDRR, B8 2731
R “HERERSER”  ATBUEILTT. BRI, PR 5 RGR E AR B A S SRR, RS 32~
36 IKUCHTBURE . ITEUE AR, ERESH. Hi¥EEsho. BREEEEHHEm RN
123 #HAR KT REATA SBE HAFFR, Tle53EE 0 2B T B AReTs BEE
B EUE, Hh B s A Bl s A — S E L R AR 207 ZiRHE S S, Hob 33.82%
M, 66.18% 9 REAE & 82%, HAh AR & 18%.
124 FAER AREEH 6 KBFP, TFREMBEAORRE 3%, HAEYRMLRE 5K,
BHREFRESUEZESBTARBTITHED. RUEREFEEYERFERRE. B S5ER W
A, mREEE. BURRTRRERETFEURA RS ERE. PHATRIKE 207 HEE, 4
WA .
125 BERAE BT MEF RIFNAREAR—, HE RPN & FEAZ W, B HES PR AT
M E . BEARIT: Z,=®RyR)/S. K, 2z, ¥5F jiFHABENE i MRMATPHIFEMLE: R,
NER jIFHIEAE i MROMBITHIE: RONE jIPHE G TPAUER T IE: S A% ITHE TR
WHEZE . Z= Y72y Nio HP, Z 95 i DM BIFRAEALISSMENE, 5 SBE {8; N ASE i MRERITHA
REHE.
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1 RUBRSWIEDE

Table 1 Landscape elements decomposition

it TE SR RIS fetr  TH P RRAR IR R
e X1 ST 4 EYR X4 BEREE1S)
FBEE X12 GBEE, SHAFH. BEE D) W X42 FE - B S EWEEREQ )
EXL X3 &BEE, S5, KEGH) BE X4 FEEBRE—, EUHK, £E5OEEYGC D)
X4 By, SHERESLEREA D) EREX4 XM FEks, FRRRHESEYE ARG 9)
XI5 EREE, EHEEIMAREEECH) X45 ZEHEM, THEE, BEXEE, SEWEN
HWE X2 BAFRWRANESE, RIL, $@THEURIA 5 #HE(5a)
WHRR X22 BERFEMEEIRR, SRR ) TiEY XS1 FREWA 4
WA K23 RERSEWG ) M X52 FAFERCH)
#X2 XM H5ERFENMEES, BEHEE D) HEEE XS BERERHTEREG 9)
X5 LHmmENENEE. BEREGCH X5 X54 —fREWME 1)
EYE X3 HEYEEAE, RTFREAL, HEEREQ D X55 REWKGS 4
e X382 HWEE, EMEREE), AHEFHREC S
X3 X33 EfbhEHE, BENEBE, RiEDRS—G )
X34 P#EE, BAZRSYE, RELERTHEW )
X35 pEE, EmMBRa, REREREEC S

126 $ASMDERNGES  FIH SPSS 19.0 #ATEIEE T4 T, BBEITER, B ZNEA
FISBE {EEANEZE, UZWEANINSNEZNEEEARLTZE, ST ESNNESES
HEMEBERNXA, BIREHERANERET.

2 HBRESWH

21 FEYSRNETEREE

2 MERMRIVREREASEMFERNETEREE. WK 2 JLEH, 36 MREMATHEHE 194
(52.78%) ) SBE {E NHE 3L, 7 17 N(47.22%)FEE [ SBE {E A5 %, i, SBE L A{EA 9 S # (A
1:A) 070811 HUGE 3 S(E 1: B), L SBE{E A 0.57772; AR 14 S(F 1: ), H SBE {549 0.48830;
36 S 49 SBE {H&/), H-056904(A 1: D).

IR EREERS NRITEEE Bail, MERGSTEDRAPEREERSNE 1
A)o HEBREPEGAREZERERE, BN AR, ZhEEME S Ficus virens REZEMHM. M
BOAG R R E, TEUBMAREGH. FREMEHEEF. FIEMET B OEERERSFHET
HESANNEERMEREE. BB ZBFY—MRKEMT Roystonea regia FBIGHE Phoenix
sylvestris ERIFEIE M, BEEN K

SRR A PR TR
R S BB R o A% B B R B T s R R e

Table 2 Each plant landscape unit scenic beauty numerical in South

ki e B KFEHE FE C%;maAgﬂC:;M;;;;:gig gL S
; i s 3 M4 SBE ; Tt S SBE
SRbRsEE, ASARAELE—. 1 9 070811 19 27 0.00844
TTBURRITTIEM R E R AL S 2 3 0.57772( 20 7 -0.02643
“ REARAE G REOE 1 - | = N o
B). FEATIEMME EERSAREEH. 5 19 037526 | 23 33 -0.09850
WFEREHRRE, BRIGERASE s ol 5 s
HeRETEM N7 FHEF, BAESR 8 25 028833 26 29 -0.16302
wew, smupmnEonsTen, G, L, muln @ 1w
T mme, R fIEMkit oA 11 4 0.26460 | 29 35 -0.27693
Khava senegalensis TTIHEHW/ERNTE 5, Tk ;: 21 g:fgﬁi ;? ;f j;g;ﬁ%
TR A TR AVE T, SRR RLT. 14 2 011087 | 32 12 033758
FEHRABMRREEAILE=, £ 0 n | w0 o
BFEFM P REAE L . LT 17 18 0.04136| 35 17 -0.50512
iﬂ%mfﬂéﬁﬁﬁg‘ﬁﬂjﬂigﬂﬁ, Eﬁiﬁ 18 15 0.02633 36 36 —0.56904
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15 223 B vh = BB R R RO AT BT S 223 U 1 E). 2 500 LU AE KR AR AT IE W AT
P, TR T KABIE RS . BOKBRLY, AEEZRSY, fREESH T, Si—H tw e
T, 0B R AL B R I AR o

AREEWS, RREARESWAGEARE L B. S8 EAE TEELEL Cerasus
campanulata. 3T Acer palmatum SRy FEIEF S, BIPREWE SR, M7 FOAREIH 50
AR, WETE, SWTAIEE, AIRER A TR, RIS R R R
M EEZ —.

HE T SO 5 AR B e N R T TN SR 1: G), 15 LA E A B ey AU B R E B 7
PEEN T HIEEM S Ficus pandurata NATEW » HEECVEM TR AANE Bombax ceiba, 1A FHEFE 1115 ALK
TR A2 Araucaria heterophylia 5 K FIKAAMBHELRE 3 Chrysalidocarpus lutescens; B R 3 MH L HEAR,
WY ZEkE Osmanthus fragrans. SEW I Jatropha integervima, JERE1E Ivora chinensis; AT Rk —
SIFA ARG AL Celosia argentea. KAk Catharanthus roseus. —H 4L Salvia splendens “5— — 4
EIFAEss, BEHZRBEEEMHEAD RN, BEEY RS mEXSY, ERmREEES, 4
TRORAY, R, ROMACRAE.

PUMAR K SR SRS A R = (B 1: H). SRR AR o, (8RR B Y+ 54
FH, FACE ARG Livistona chinensiss &M WIRIXS EEAE Plumeria rubra; 57K BIE % #2550
WZ AT Callistemon viminalis, AR T, EiF 7B LE. ZRWEEEYHE:E
MEA, HEZ =S, HEE SRS AL,

22 EYEESEYER I

EHLHT 36 SRR o R AR A 121 B, S00E 59 B o8 JB, s R SRR Fe 2, R
BRI B . CEM . A, EEABAR R, RS WEARRMAHEZNEN
H-71E. 8 Duranta repens. 2TAEHEAR 18
Loropetalum chinense, 2 14T |2 ARTE s
RH] Fagraea ceilanica % ; A F8H 12
HEE B Axonopus compressus 16T R 2%
Alpinia  zerumbet  ‘Variegata’ . M F
1’ Cynodon dactylon Wk = Taeniophyllum
glandulosum . — 4 W 0 Wt % Wedelia
trilobata. & Wk Nephrolepis auriculata <5 (F
2). EREEENSW, HEYEES BA
ORI R AT, Bt %%, mRdlvE, Has
MR, (RFEE, RERWAR AR
Rt VU2 AT RHE A e A R, R
W7 R g ' 2 _E%%ﬂﬁi#ﬁmﬁ;ﬁi%ﬂ%ﬁ%ﬁ% .
23 EEETNENEEETNH Fig. 2 High frequency of plant application in plant landscape units

DIEM GRS EE. EY SRR EYERE. BSOS E IR E B R
105 2R AANERE AR, SBE FNHARMETZngEE NS, SREY, BEYEEEE
J£(Sig.=0.000<0.05) 1Y Z FE(Sig=0.032<0.05) 5 F 1A R EMLE, MRS ZKF 8
(Sig.=0.246>0.05). 455 52 B 4 (Sig.=0.197>0.05), BPHE Y 5L A4 & 52 2 (Sig.=0.523>0.05) 5
FRE TR EMSEGR 3). D, 358 20 i o | A 2 A el 55 T 5 5 M B A/ A R A
P w P> H A A R s W 5 R UL O e O 2 N 2 R s R R L

B ST RN AN E R G, EEMT U @R 3 R 2 R P R
Az, SBE N H AR S 2 Ju R E B304, w5 mI977 82 Y= -3.916 + 0.433X]1 + 0.667X3, FH X1
NEMERETRE, X3 NEMZNE, Y v SBE {H(E 3).
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Table 3 Analysis of regression to landscape elements in scenic beauty evaluation

B ARl . [EEE TRl .

s M EEEK Sig. na Z¥  pnzrx | S®
€3] 4372 35666 0000 [E3 -3.916 -30.873 0.000
EEEEEE X 0265 0279 4374 0000 HEVIEEEEEXL 0433 0.467 8176 0,000
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IFHEZFUEREBERFRIPR AL TH
XTI + R M R RN

Kalt  TETR seEEfE R BR4ER

(el k2 MESREERER, 7% M 510642)

WE AHNTHROCZBAATGDARRPRARESAANBIZNTRBELZ—, £ AZTLE
FHARRYRERET S, Bl B@ LA, @8, ReABREZFI4NTREVG LEAFE
SR, HAANATHT LERE T, RAR RO AL, SRAN: LRELERRETHLE
FHARFZEMXM, KEFRTHEGLEHRERST; DRELRATSSE LRET R ZIR M
X R HEFRTORFELEAD, S0, ReFRTORELELMERE, LEHRERN

FHT > R T3> MR, Aash 28 dain il BMA g, PAERRES, LPans>
Ttk

KR ARRPRE; ANTFH; REEAOHR; EAER

hESES: X53 MERFRERG: A XEHMS: 2096-2053(2023)02-0037-09

Effects of Human Disturbance on Soil Physiochemical Properties in
Yunkaishan National Nature Reserve, Guangdong Province

OU Zhuoxian WANG Ziyu XIAN Lihua

/ZHU Huanan CHEN Hongyue
(College of Forestry and Landscape Architecture, South China Agricultural University, Guangzhou, Guangdong 510642, China )

Abstract Human disturbance has become one of the most important factors affecting the natural ecosystem
of nature reserves. In this study, a large number of soils disturbed by planting, road, wind power, and tomb
interference were selected in Guangdong Yunkaishan National Nature Reserve as the research objects. In order
to study the changes of soil environment under human disturbance, the soil physiochemical properties were
determined. The results showed that: there was a significant positive correlation between soil capillary water
holding capacity and capillary water holding rate, and the capillary water holding capacity of the sample plot of
tomb disturbance was the best. The change in soil total porosity was inversely proportional to the change in soil
bulk density. The environmental soil under the interference of tombs was loose and structurally good, while the
environmental soil under the interference of wind power was structurally poor and the soil water holding capacity
was poor. The two indicators of total nitrogen and alkali-hydrolyzable nitrogen showed a consistent trend. The
overall performance of the two was control point > interference point, in which grave interference > planting

interference > wind power interference > road interference. Available phosphorus and total phosphorus index

CHEWE . JRA Ml EME (4400-F220050, 4400-F21095 ),
F—feE: KW (1995—), B, FTENFHLEZMMIRHHF, E-mail: 986486867@qq.com,
AiEEE: Semee (1987—), %, LRIA, FEMEEFEYS54EME, E-mail: xianlihua@scan.edu.cn,
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showed a certain degree of positive correlation, but the variation was not obvious, the control point > interference

point.

Key words Nature Reserve; human interference; soil physiochemical properties; ecological degradation
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Fig. 2 Comparison of soil capillary water holding capacity and soil capillary water holding rate under different human
interference disturbance
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Fig. 3 Comparison of soil total porosity and soil capillary porosity under different human disturbances
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Fig. 5 Comparison of seil pH and soil organic matter under different human disturbances
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Fig. 6 Comparison of soil total nitrogen and soil alkaline hydrolyzable nitrogen under different human interference
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Fig. 7 Comparison of soil total phosphorus and soil available phosphorus under different human interference
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Application of Health-eare Plantsto Residential Areas in Guangzhou City
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(College of Forestry and Landscape Architecture, South China Agricultural University, Guangzhon, 510642, China)

Feng Zhijian

Abstract: The paper analyzes and summarizes the species and functions of common health—care plants in Guangzhon
City after the investigation of 9 residential areas built in different years. The result shows that though there are a
varieties of health-care species found in the residential areas, recorded as 80 species belonging to 55 families, less
species have been commonly applied, only 50 species belonging to 33 families. In terms of the functions, most
species fall in omamental, aromatic and environmentally-friendly categories, while the health-care plants with
auditory, kinesthetic and bacteriostatic & oxygen release functions are rarely used. It is suggested to strengthen the
scientific popularization and outreach, and increase the application of the health-care plants to the green spaces in
residential areas, so as to provide ideas and theoretic basis for the application of health-care plants to the urban
residential areas.
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Appendix  Edible plants selected in the study

200 species, including varieties, forms or cultivars)

fzE/EE] ZF o6 e RE X6 b=k 2] ZY e A BE X6
E&(Lilium brownii var. viriclum) &E % B K £ |5k (Brassica pekinensis) HE B B X X
H B F(Stachy sieboldii) H#E & 4 &K & H % (Brassica oleracea var. capitaa) H% % X 0OA& 3
B (Pachyrhizus erosus) 5E % ®| Fk KX |FEWEUsaisindigotica) HE B K K x
& (Platycodon grandifiorus) HH # % £ L |SEZOrigouwn mgorand) % # B £ =&
(A rctium lappa) %2 % 4 £ F |EEFThymus mongolicus) K& ®# a4 £ 0E
%5 2 (Helianthus tuberosus) #E #®% ¥ X F |BHEREUowdiaagustifoia) BE f % XF &
3% F(Bleocharis dulcis) (2 % % K K |REE(Saviajaponica) e # % £ &
¥ Hi(Dioscorea oppositifolia) £#E B B K K |BEFFHFE(Tagetes lemmonii) [C- S - S A
T (Nelumbo nucifera) #E % 4 K K |EE(Glebionis coronaria) e ®# ® X A
Rl (Saginria trifoliavar. sinensis) HE  H  H K R |FEOmathe javanica) 2 ®# B X &
% E (Vicia faba) #H % B % K |EE(Coriandrum sativum) e B 75 £ A
KE (Glycine max) HFE 8 B 8/ K |KF(Petroselimum crispum) & # B £ &
i 5 (Lablab purpureiis) £E & = 5 T | BR B (Petroselinum crispum) £.C:3 7 =] *x *x
41153 5 (Phaseolus coccineus) (H % a4 % K |EE(Foeniculum vulgare) FC T S S I
43 5 (Vigna radiata) HE &% & &5 K |§FE (Anethum graveolens) e B # £ X
7 5 (Vigna umbellatea) #E &% ¥ & & |[FHEAlium cepa) SE 87 B % 7
H 5 (Vigna unguiculeata) HE H# % H K |Eklium chinense) 2F Hf % X X
TKFE(Oryza sativay #E B & #® L | KEAlium fistulosum) EI-U - = %
#HiF(Avena sativa) #E & % ® E |ShR(Porndacacleraced) 2FE g K £ &
F A (Coix chinensis) £E & 5 # T |ZEHE (Diplazium esculentim) =2 7 *E *x
EH(Zea mays) £ % & & L |JE B4l Schoenoprasi) &% & 4 A x
% /I(Frichosanthes anguina) ®#E @& B &% K |&RZ(Vaillafragrans) 2% #f B % &
# JIN(Cucumis sativus) #E &% B & & |#&@EEH (Persicaria odoraia) &E OB *x
# I (Momordica c harantiay H#E 5 B & & |EZM(Pandaus amaryliifolius) £® K #® EF F
& IN(Cucurbita moschatdy #E &% & & & RS E(Centeliaasiatica) L= B B X x
T JIN(Citrutius lanatus) #E # # % K |EFUKRObrtus communis) £E G B % x
T #75 (Cucurbita pepo) #E &% #® % % |Atawusnobilis) & G g *# *x
44 [N (Luffa cylindriea) £ & # 5 T V% anihot esculentay LE F g X %
2 [W(Benincasa hispidavar. cliehqua)  %E 8 K # & [EF(Comaedulis) &F 4 O F 4
WM Cucurbita moschata) #E % & 8§ KL |¥F(Colocasiaesculenia) &E H 5 £ O£
1845 8 JN(Cucumis sativus) %#E # & £ X |&EWEZEUpomoea baiaias Marguerite’) =% ¥ 0% R x
M Hi(Hibiscus sabdariffa) #E % ® 4 4 |E&E0usabasioo) &E &K 4 K *x
4 B S (Hibiscus coccineus) #E # & 4 49 |FEMusanana) &F K % # X
K (4Abelmoschus esculentis) (2 % ¥ % K |EATwnaindus indicd) 2% f BH # X
B H#E BRIEHLE %E % ® k£ K |EARK(Caricapapaya) 2% f B K X
(Helianthus anmaus) R A (Ananas eomosis) & K K #% X
i A S AN R Heliomtis o) BE. 8 K K K| RQdangifera indica) 2% 7 &K H X
@ B R A (Helianthus avuns) &8 8 B £ L |MACEriobotrya japonica) LE G =] -1 x
T B ST B (Helianthus annuus) &E & # it T |3 i (Cyphomandra betaced) LiE 574 = 4 *x
B H 2 EAN S Helianthus anvus) £E % B K K & L(Solanum muricatum) &F f % # K
3 (Fagopyrum esculentun) 5E # B # 4 |EFE(driccarpus heterophylius) £E 7 % % &K
3 (Trapa bispinosa) H#E % B £ L |EERFcuscarica) &E K F R &
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(EMiR)

Ea ZH e fE R 26 [EEZES ZP offe fifs RE kKM
BAS(Capsicurm ) HE #& B 4 E |BE0orus dba) 2% 7 B % X
E i lycopersicon esculentum) #E % #® 4 K |\ NuRWMmilkaazapota) &% # {7 # &
HeAT 8 & & # K |5WPunicagranatum) 2% K 4 4 &
(Physalis alkekengi var. franchetii) 4T R AT (Bugenia uniflora) 2% 4 B 4 x
T (Solanum melongend) HE H % % K |EHEMSzgium sanarangense) ECA g4 4 x
153 (Hemerocallis citring) #E &% # K K |[ERSzygiumjanbos) 2% ®H B85 # =&
Z1¥.(Hedychium coronarium) #E % B K K |FEZERWPiniacadiffora) £F #Kf B % x
2 H (Zingiber striolatum) £E % ® K 4O |EEUitchi chinensis) &F f # g X
EATH TEL £ #H % B Kk K |LEFWVephelium lappaceum) &E 7 # 4 &K
(Ocimum gratissimum) 7% B8 ( Dimocarpus longan) 2% #F A A X
[ (Zizania latifolia) #E & & £ R VBFESterculia lanceoiatd) &E & aq & x
& H2E (Ineris polycephala) k2 % B K K |58 R(Passiforaedulis) &E % % *x
3 (Spinacia oleracea) £#E & 4 K K |KER(Hilocereus undatus Fon-Lon’y 2% £ H 4 &K
K H 3 (Baselia alba) EFE & % X F£ W (Citrus reticulata) SE 87 B ® *x
A (Amaranthus tricolor) HE 4 4 K 4O |B(Citrus sinensis) &% f A # X
2023 (Ipomoea aqueticad) H#H % B8 £ L |WCirus maxima) 2 B 7 # E
B 7 (Clerodendramthus spiceatus) FE # A £ FE |&iEFornmeliamargarit) 2% # 75 # X
REL REE (Salvia guaranitica) H#E /& ¥ X F |HERCitrus limon) 2% # B #® =X
TR R E (Savia farinaced) %% % ¥ k£ K |BF(Cocosnuciferay XU - 5
& F(Agastache rugosa) #E #® % K K |FEbtkverrhoa carambola) 2% & 4 ¥ &K
S B(Trigonelia foenum-graecum)  HE % B K K |EB(Wisteria sinensis) 2F fF ®K £ X
5 M (Bletteria cardamomum) HE % B8 % 4 |PSEW Plumeriarubracy. acutifoliay &% % H K K
B Z(Alpinia officinarum) #E & =) 4O PRi&Bombax malabaricum) &= B g F *x
1) 2 (Kaempferia galanga) H#E # B F 4 |&5Zwacheliaalba) &8 # g X &
£ #(Curcuma longa) H#HE 2 ¥ £ 4O |ElEOsmanthus fragrans) &E G B * x
EF & B (Amomum koenigii) (Y % B % 4 |&RiEoenicerajaqonica) E O S S *
R - (Eryngium foe tidum) £ # H X XK |ketBoi 22 # B X &
-+ 5 (Solamim tuberosum) & & % K E |Mesembryanthemum crystailinum)

HE b(Daucus carotavar. sativa)  HZE H B K K [EEABEGELEM) &% 4 B X &K
HE h(Raphans sativus) & 8 % £ X |Lactucasativavar. ramosa)

W b Be # B £ E |EFRDBHGED 2% /# K £ &
(Raphanus sativus var. radculus pers) (Lactuca sativa var. ra@mosa)

B 5 (Pisum sativum) ®e & 4 &/ K |WE(Cichorium intybus) £F # ®H K &K
4 R S (Lablab purpureus) HE &H B K B IR 2% 4 4 X 4
EH(Fragaria ¥ ananassa) K& ®m B 4 & |Betavuigaris var, cicia “Vulkan’)

J &% (Tropaeolum majus) e #m® # K F JEEHEBeta vulgaris var. cicla LE & a * a0
LB (Chrysanthemum morifolium) % % @A &  F |Bright Yellow’)

&R % (Calendula officinalis) BE & &/ £ K |EERWaswrtium gfficinale) &% % B A &
TEARH (Brassica oleraceavar) &2 % B X X |EREGEucasaiva) <% K B X &K
T B 18 (Brassica oleracea var. italicy K% 4 iF * F | (Amaranthus tricolor) LE  §F S g * *
= A %(Orychophragmus viclaceus) & 7 % K |=2HAEpomoea wriloba) 2E  F ¥ X 4
HiH & (Borago afficinalis) e H OB E FE |SErEEUpomoea batatas ‘Black Heart”) 2 % % A 0&
I (Mabvaverticillat) K& # B K K |FEUsparagus oficingis) 2% K B X£ &
qWFEE K2 4 & & K |rElionfisidosum varcaespitosum) % % #  E &
(Lactuca sativa var, longifolia f.) 85 = F (Mentha spicaia) & # B#H X 4
EF B e g4 & XK K |EE0entha canadensis) 2% f BH £ &
(Lactuca sativa var. ramosa) 17 1 b5 (Melissa officinalis) LE H B * x
LB E (Lactuca sativa) e g B K E |PHEEOrigamm wigare) 22 # B £ X
¥ B (Sonchus oleraceus) e & B X FE |IRBEH T H(Basil genovese) 29  f g & x
4T Rk EE B (Rumex sanguineus) e @& o4 F 4o VLEEOcimun basilicum) L G B * x
HEEF BE & K R K EEEResmarins officinalis) 2% # ® X X
(Foeniculum vuigare var. duice) T % B #(Ocimium gratissimumm) 2% H# £ X %
I (Brassica juncea) e 4 B X E [HEF 2F #F % X X
b Bx & B F % |(Plectranthus hadiensis var. fomentosus)

(Brassica campestris var. purpuraric) 52 75 (Perilla frutesce ns) &F ¥ 4 X £
3 (Brassica chinensis) K& # # X Kk |£BY E T T %
HREE #& B #® K K |Ocimum basilicum ‘Purple Ruffles’)

(Brassica oleracea var. acephala) T 3 (Cymbopogon citratus) 2E £ R E &
I+ ¥ (Brassica dboglabra) K& # B K K |E(Zingiber officinale) & H# H £ A
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