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Abstract : [ Objective ] Aim to reveal the growth patterns of 4 street tree species and how they adapt to the change of

relationship between soil structure, nutrient and water condition. And to explore the management model of soil
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structure and nutrients suitable for the street trees in Shanghai, so as to improve their growth in Shanghai. [ Meth-
od ] Plantingsubstrate experiments were carried out by orthogonal design with three factors of soil content diameter,
the proportion of structure soil and soil moisture, each in four levels. The growth of aboveground parts and the root
expanding of these trees under different conditions were analyzed. [ Result] The results showed that the planting
substrate had significantly influences on the height of Platanus orientalis. The height in treatment 3 was 4.42 m and
significant higher (11.90% ) than that of the control group. In addition, different treatments significantly influenced
the trees root expanding and biomass accumulation. The results indicated that the most suitable condition for roots
growth of the four tree species were totally different, Cinnamomum camphora had the best root growth with treatment
8, the root length, surface area and volume were 162 564.21 c¢m, 42 370.89 c¢m” and 833.98 cm’, which were all
significant higher than that of the other treatments, respectively. While the total length of Ginkgo biloba root reached
the maximum (26 498.01 c¢cm) under treatment 4, and the other root indexes reached the biggest value with treat-
ment 7. The root length, root surface, root average diameter and root volume of P. orientalis are significantly higher
under treatment 2. All the root indexes of Magnolia grandiflora reached the maximum under treatment 6. Further-
more, the maximum root biomass value of C. camphora, G. biloba, P. orientalis and M. grandiflora were 1 029.52
g, 871.93 g, 1294.84 g and 1 025.62 g and appeared in treatment 8, treatment 7, treatment 2 and treatment 6,
67.08% , 61.

respectively. Through fuzzy membership method, the appropriate substrates selected for C.

respectively. Moreover, they were significant higher than that of the control group by 80. 44% ,
21% , and 81.36% ,
camphora, G. biloba, P. orientalis and M. grandiflora were treatment 8 ( granule diameter 3 c¢m, formula soil 80%
and soil moisture 50% ) , treatment 7 ( granule diameter 3 c¢cm, formula soil 60% and soil moisture 40% ) , treat-
ment 2 (granule diameter 5 ¢cm, formula soil 40% and soil moisture 60% ) and treatment 6 ( granule diameter 3
cm, formula soil 40% and soil moisture 80% ) , respectively. [ Conclusion] It proves that the growth of C. cam-
phora is more sensitive to water and nutrition condition of substrate and the suitable growth conditions are moderate
soil moisture and rich soil nutrient content. G. biloba should grow in soil with medium nutrient and ventilation, and
likes lower substrate water moisture; P. orientalis is suitable in well ventilated, medium water content and nutrient
conditions; And M. grandiflora demands higher substrate moisture. Therefore, the conservation of the 4 tree species

should be based on the demand characteristics of growth as far as possible to control soil conditions of street site in

Shanghai.

Keywords : Shanghai ; street tree; planting substrate; phenotypic growth; root development
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Table 1 Treatments of orthogonal array test
e _— W% Factors _
¥ TABUMURRRE B AU O Fomula C LRI
Granule diameter/cm soil proportion/%  Soil moisture/%
1 5 20 80
2 5 40 60
3 5 60 50
4 5 80 40
5 3 20 60
6 3 40 80
7 3 60 40
8 3 80 50
9 1 20 50
10 1 40 40
11 1 60 80
12 1 80 60
13 fi5iE 1 Street site soil 20 40
14 518 1 Street site soil 40 50
15 #5381 Street site soil 60 60
16 18 1 Street site soil 80 80

T < SRR IORL A — i (4 8 S5R39 AR 5 45 1) T 3F0E A BT :50%
d +50% HEREZEA BT, Horpe O B SR LR A Pl AR 30em L) b
£ HH A EAMEH S M0 0.42 5 - kg ™' H10.38 5 - kg ™',k
R AR A R A A 471 mg - kg ™' 46.9 mg - kg ' FI
1.37 mg « kg ™' ,pH {H 5. 32, HLIR A RN 6.57 g - kg ™' HEMEK
S BRI S G A B A R R T B AT A AR R AR
N OE R

Note: The granule used is general building stone grain; Formula
soil: 50% loam + 50% compost medium, and loam was got above 30c¢m
soil from ground of planted site in Shanghai Chenshan Botanical Garden,
and the soil nutrient content are as follow: total nitrogen and total phos-
kg™'and0.38 g -
vailable potassium and available phosphorus were 47.1 mg - kg~', 46.9

phorus were 0.42 g - kg ™", hydrolytic nitrogen, a-

mg - kg~ 'and 1.37 mg - kg~', pH value is 5.32, the content of or-
ganic matter was 6.57 g + kg~!; composting medium is maturity medium
from leaves et al. ; And street site soil was collected from plant pit of road-

side trees that in bad condition in Shanghai.
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Table 2 Variance analysis in effect of different planting substrate on growth and root development of

the 4 kinds of street trees

S ' [, {H F value
Variation df HI Mtz WAL HRA I AP HR AR EEt7/hiy
Height DBH Root length  Root surface area  Root average diameter Root volume Biomass
% C. camphora
A 3 2.09 0.23 18.25 ™ 260.22 " 94.42 778.59 ™ 11.47 ™
B 3 2.02 1.25 27.87™ 198.02 ™ 41.03 455.56 ™" 4.39™
C 3 0.67 1.43 10.37 ™ 102.79 ** 115.45 ™ 294.73* 0.27
AxBxC 6 0.98 0.73 24.85™ 269.50 ™ 107.93 ™ 670.12™ 6.74™
A G. biloba
A 3 0.89 0.89 281.39™ 161.18 ™ 131.04 ™ 763.54™ 15.52™
B 3 0.55 1.48 40.38 ™ 30.65 " 31.79 ™ 181.57 6.12*
C 3 1.04 4.417 126.02 * 33.74™ 49.75 ™ 109.17 ™ 4.67™
AxBxC 6 0.86 1.82 228.53 ™ 38.01™ 19.99 ™ 76.39 ™ 10.28 ™
HESK P. orientalis
A 3 6.62™ 2.58 305.29 1 093.68 ™ 3023.19 480.19 ™ 12.33
B 3 4.30" 0.64 67.60 " 3 688.10 ™ 5 000.76 ™ 1022.58 ™ 9.15™
C 3 3.37* 1.62 13.05™ 2 144.25™ 3173.88 660. 18 ™ 5.54*
AxBxC 6 4.30™ 0.97 27.01 ™ 839.54 ™ 1233.84™ 172.46 ™ 4.91™
J"E % M. grandiflora
A 3 0.81 2.06 598.00 ™ 157.62* 110.62 ™ 164.94 ™ 9.79™
B 3 0.84 0.43 51.89 10.49 ™ 56.56 " 142.45 1.19*
C 3 0.06 0.88 504.99 ** 278.29 " 201.20 ™ 1306.42™ 8.12*
AxBxC 6 1.90 1.28 140.94 ™ 51.84"" 26.89 ™" 166.52 2.43

T A SOEBORCRAS, B 250 B, C 3BT, A x B x C Oy = B AC TR 5 © = " 7 AR B ) sl 52 TSR 3, o 7 /R AR B B A T

Note: The capital letters A, B and C indicates filled grain diameter, ratio of soil structure and soil moisture respectively, and A * B * C is for the

interaction of three factors; "

teraction effect or different intreatments.
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Table 3 Effect of different planting substrate on growth of the 4 kinds of street trees

Vogsiil FHE C. camphora AR G. biloba

BMAK P. orientalis JTE% M. grandiflora

Treatment 1% Height /m  Jf§#2 DBH/em 5 Height /m  J{§4% DBH/em & Height /m {42 DBH/cm 5 Height /m g2 DBH/cm

1 2.76 £0.11 3.00 £0.42 3.33£0.16 2.59+0.20 4.00 £0.03abed 3.98 +£0.10 2.38 £0.03 1.81 £0.08
2 2.86 +0.12 3.20£0.17 3.20+0.10 2.80+0.11 4.14 £0.34abed 3.84 +0.18 2.35+0.06 1.61 £0.10
3 2.91 +0.16 2.94 +0.06 3.30£0.16 2.75+0.42 4.42 +£0.07a 3.96 +0.62 2.50 +0.08 2.07 +0.11
4 3.01£0.10 3.06 £0.10 3.45+0.30 2.61 £0.24  4.25 +£0.24abc 3.86 £0.32 2.48 £0.08 1.92 £0.12
5 2.80+0.14 3.24£0.13 3.21+£0.22 2.61 £0.13  4.16 £0.19abed  3.58 £0.27 2.42£0.11 1.98 £0.45
6 2.90+0.19 2.95 +0.06 3.87 £0.87 3.15+0.16 4.38 +0.09ab 3.59+0.21 2.51£0.15 2.25+0.14
7 2.90 £0.04 3.07 £0.11 3.37£0.24 2.64 £0.34  3.89 +0.28cde 3.66 +0.35 2.47 +0.05 2.07 +0.31
8 2.91+0.18 3.15+0.13 3.38£0.11 2.70 £0.14  4.17 £0.2labed 3.67 £0.39 2.39£0.13 2.23 £0.81
9 2.84 £0.04 2.98 £0.29 3.38 £0.15 2.65+0.21 4.06 £0.23abed 3.64 £0.29 2.49 £0.18 2.15+0.32
10 2.82+0.17 3.23+0.28 3.37£0.13 2.59+0.05 3.93 £0.20bcde  3.95 +0.14 2.38 +0.10 1.87 £0.20
11 2.94 £0.09 2.90 £0.24 3.41 £0.23 3.05+£0.40 3.79 £0.41def 3.42 +0.59 2.40 +£0.04 1.69 £0.13
12 2.97 £0.08 3.17£0.23 3.28 £0.30 2.47 +£0.23  3.51 +0.27ef 3.55+0.37 2.48 £0.06 2.10 £0.05
13 3.00 £0.12 2.91£0.11 3.18 £0.23 2.88+0.14 3.94 £0.24bede  3.96 +0. 14 2.39 £0.06 2.01 £0.15
CK 14 2.92+0.04 3.10 +0.10 3.28 £0.21 2.86+0.26 4.11 £0.18abed 3.36 +0.21 2.34 +0.09 1.86 +0.28
15 3.22+0.42 3.03 £0.28 3.33+0.35 2.56 £0.08 4.38 £0.25ab 3.67 £0.15 2.42 £0.03 1.99 £0.20
16 2.92£0.13 3.10£0.23 3.26 £0.05 2.94+0.18  3.39 £0.26f 3.36 £0.15 2.42 £0.04 1.85+0.11
HJ{H Mean 3.02 3.04 3.26 2.81 3.95 3.59 2.39 1.93

T AP/ NE T RER [ R AR BRI 22 57 3, 4 [R) 75 Ak B IR) 22 7 A SB35 5 3 P I B o AR Ao Ak B A R fRL 5 T[] o

Note: different letters in the table means significant difference between treatments (P <0.05), and same letters indicate no significant difference;

The lineation value in the table is the maximum growth value among all the treatments of the tree spcies; the same as fellow.

R, MBFAM)” B 22X I8 0 T KA A% HIS
PIFATIER AR KA 2K . 7500, BORR &
SEFLRE LA R 33 LB K PR E T B AR R Y

A XL AR 2 ZRAF T B AR R AW R R
AR Z —

x4 FRELEN4MTERRREVENZD
Table 4 Effect of different planting substrate on biomass of the 4 kinds of street trees

A3 Treatment Fte C. camphora/ g R G. biloba/g BAK P. orientalis/ ¢ J7 2% M. grandiflora/g
1 798.83 +42.72abc 472.65 £51.62de 985.62 +128. 68bed 571.23 +218.21bc
2 625.83 +47.13cde 529.96 +49.29cde 1 294.84 +43.65a 612.48 +87.28bc
3 442.56 +133. 16e 735.63 +153.17ab 975.28 +188. 85bed 541.50 +£83. 12bc
4 681.80 +69.32cd 824.26 +107.56a 1 098.92 +74.31bd 528.59 +173.60bc
5 589.33 +£193.46cde 617.31 £71.78bed 561.09 +£250.75e 723.160 +57.91b
6 620.22 +54.13cde 824.05 £51.97a 948.71 £94.39bc 1 025.62 +71.77a
7 923.45 +137.54ab 871.93 +59.86a 591.48 +70.84e 562.13 +79.50bc
8 1.029.52 +189.54a 557.38 £65.61cde 743.35 +74.54de 718.95 £104.02b
9 433.3] +53.28de 640. 66 +85.03bc 539.69 +£167.93e 612.21 +86.21bc
10 502.25 +72.40de 544.41 +78. 46cde 607.95 +115.69¢ 521.64 +178.86bc
11 466.70 +46.43de 497.99 +49.74cde 1 048.91 £94. 63abc 683.58 +58.73hc
12 687.01 £126.51cd 508. 14 +75.56cde 791.02 +250. 83cde 510.62 +£29.12¢
13 498.82 +£52.10de 473.80 +£52.29de 729.39 +86.05de 521.11 £53.51bc
14 635.16 +51.39cde 409.10 +12.00e 940.00 +116.50bcd 499.95 £29.70¢
CK 15 597.28 +232.48cde 613.90 +94.90bed 939.37 +111.73bed 575.93 +64.54hc
16 550.98 +146.04de 590. 63 +100. 96bed 603.95 +194. 12bc 665.11 £59. 16bc
148 Mean 570.56 521.86 803.18 565.53

2.3 AEFHEERST 4 MITERRELFRIZIT
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Fig. 1 Effect of different planting substrate on root development of the 4 kinds of street trees
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Note: The numbers in the box represent the ranking of the membership of each character index.
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Fig.2 The mean membership of different plant substrate on the 4 kinds of street trees
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