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Effects of Waste Crumb Rubber Filled n Turf M edium on Biological
Character istics of L olium perennelL . Before and after Trample Stress

ZHAO Shu-lan, DUO Li-an’ , and WANGL i-li
(College of Chamistry and L ife Sciences Tianjin Nomal U niversity, Tianjin 300387, China)

Abstract: The biological characteristics such as the number of nodes, branch length, coverage, the
nunber of leaves tillers overground biomass and root growvth of Lolium perennel. before and after trample
stresswere investigated by establishing turf system with waste crumb rubber asmedium anendnent After lavn
retuming green in the second year, the number of nodes and coverage of L. perennel. increased with the de-
crease of crumb rubber size, and all crunb rubber treamentswere all distinctly higher than the treatmentwith-
out crumb rubber (control) before trample stress, but the branch length showed the opposite trend, increased
with the increase of crumb rubber size Under trample stress the coverage, overground biomass and tiller
number of ryegrass (L. perenne) diplayed the same rule All of the paraneters increased as decreasing
crunb rubber sizes The treament with 1 - 2 mm appeared the highest, and all treamentswith different
crumb rubber sizeswere better than control Trample stress damaged the number of nodes and leaves greatly.
In addition, the root biomasswith 1 - 2 mm crumb rubber treament under tranple stresswas the highest, and
was higher 138. 77% than control S the waste crumb rubber filled in turf medium as anendnent could en-
hance tranple resistance of lavn based on above comprehensive analyses Thiswas directly correlated with
elasticity of crumb rubber In the three treaments, the size of 1 - 2 mm crumb rubber was the optimum
medium anendment for gorts lavn under tranple stress, and the lavn characterwas clearly better than that of
other treatments
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M icrooft Excel 2003  SPSS513.0
2.1 2
2 : . , 1 2mm
: (1, 35d
, 7 14d , 1 2 2 4 4 6mm
55.67 51.34 46 48 - 100an’’ , 54 d
1
Tablel Thenumber of nodes of L olium perenne before trample
/d /mm Crunb rubber size
Days after retuming green Control 1 2 2 4 4 6
7 32.67 £1.15d 45.33 +1.53a 42.33 +£1.53b 36.67 £1.15¢c
14 80. 67 =3.06¢C 101. 00 3. 00a 93.67 £2.08b 82.67 £1.53c
21 110.00 +2. 00c 134.33+3.21a 126.33 £3.06b 123.67 £3.06b
28 131.33+1.15d 163.33 £4. 16a 153. 00 £4. 00b 145. 00 £4. 00c
35 157.67 +1.53d 195.67 £1. 15a 192. 00 +2. 00b 187.67 £1.53c
42 185.33 +5.03c 217.67 £2.52a 212.00 £5.57ab 204. 00 £4. 00b
47 192. 00 +2. 00c 224.00 £1.00a 219.33 £4.04a 213.00 £2. 00b
54 194.67 +1.53d 226. 33 0. 58a 223.00 +2. 00b 217.00 +1.00c
: (P <0.05)
Note: Different snall letters in the ssme column indicate significant difference at P <0.05 The sane below.
, 4 6mm , ,
( 2 54 d, , 3 34.01%
21.21% 7.13% , 21d
2
Table2 Branch growth of L olium perenne before trample /an
/d /mm Crunb rubber size
Days after retuming green Control 1 2 2 4 4 6
7 8.22 +1.42b 9.19 +1. 54b 10.76 +1. 32a 10.93 £2. 02a
14 9.63 +1.76b 10.43+£1.32b 12.40 +1. 65a 12.74 £2.28a
21 9.99 +1. 65¢C 12.06 £2.08b 14.23 +2.50a 15.30 £2. 10a
28 12.57 £2. 40c 15.59 +£2. 46b 18.94 +3. 05a 19.09 £3. 14a
35 15.00 £3. 00c 18.04 £2. 40b 19.25+2.61ab 20.69 £2.91a
42 16.79 £3.87c 19.31+2.12b 20.87 £2.98b 23.66 £3.55a
47 19.15+2.17c 21.93 £2.67b 22.16 £2.09b 26.26 £3.28a
54 21.17 +£2.60c 22. 68 £2. 63c 25.66 £3. 32b 28.37 £3.79a
; ; ( , 2002) 21d
: , : ; 21 424, :
1 2mm , 2 4mm 4 6mm , 42 d, 70%
, 3 26.56% 15.11% 12.50%,
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3
Table3 Coverage of L olium perenne before trample 1%
/d /mm Crunb rubber size
Days after retumning green Control 1 2 2 4 4 6
7 2.67 £0.58a 3.67 £0.58a 3.00 £0. 02a 3.33 £0.58a
14 8.67 =£0.58b 10. 33 £0.58a 9.33 £0. 58ab 9. 67 0. 58ab
21 16.33 +0.58b 19.67 £0.58a 17.67 £0.58b 17.00 +£1. 00b
28 29.67 £0. 58¢c 34.33 £0.58a 32.67 £1.15b 31.33 +£0.58¢c
35 40. 33 0. 58d 47.67 £0. 58a 45.33 £1.15b 42.67 0. 58¢c
42 64.00 £3. 61c 81. 00 +1. 00a 73.67 £1.53b 72.00 £1.73b
47 81.00 1. 00c 91.33 £1.53a 86.33 £0. 58b 84.00 +1.73b
54 92. 33 £0. 58¢c 96. 00 +1. 00a 95. 67 £0. 58a 94. 00 +0. 03b
2.2 2
2.2.1 , , 1 2mm
1 ( P < 0' 05) ) 1
( 4 107 163 d, ,
54.58%, 1 2mm , 33.91% , 1 2mm
56. 26%, 1 2mm
4
Table4 Coverage change of L olium perenne under trample stress 1%
/d /mm Crunb rubber size
Days after retuming green Control 1 2 2 4 4 6
107 91.00 +1. 00c 95. 33 £0. 58a 94.33 £0. 58ab 93.33 +0.58b
121 80. 33 £0. 58d 90. 00 +1. 00a 85.33 £0. 58b 83.33 +0.58¢c
135 65. 33 £0. 58d 79.67 £0. 58a 74.67 £1.53b 70.67 £0. 58¢c
149 53.00 £ 2. 65d 70. 33 £0. 58a 64.67 £0. 58b 61.00 £1. 00c
163 41.33 +1. 15d 63.00 £ 1. 00a 54.00 1. 00b 51.33 +1.15¢c
177 37.33 £2.08d 58.33 +1.53a 51.33 +£1.15b 47.33 +0.58¢c
2.2.2 , ,
(P<0.05), ;1 2mm , 192 d ,
: ( 5
5
Table5 Change of overground biomass of L olium perenne under trample stress / (g m™2)
/mm /d Days after retuming green
Crumb rubber size 100 130 161 192
Control 103.82 +1.22¢ 70.08 £1.17d 47.72 +£0.43d 34.13 +0. 60d
1 2 113.45+2.87a 80.33 £1.27a 75.28 £0.67a 64.16 £0. 71a
2 4 111.08 +1. 55ab 76.28 £0. 45b 53.74 £0. 82b 44.20 +0. 45b
4 6 108.74 +0. 88b 74.05 +0. 67c 50. 79 +0. 46¢ 36.84 +0. 80c
2.2.3 , 130 d ,

, 1 2mm , )
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6
Table6 Tiller numbersof L olium perenne under trample stress
/mm /d Days after retuming green
Crunb rubber size 100 130 161 192
Control 134.67 £6.11a 117.00 £5. 57a 98. 00 3. 00b 78.00 +2.00c
1 2 132. 00 +4. 00a 118. 67 £4. 16a 109. 00 £5. 57a 94.00 £3. 6la
2 4 137.00 +£1. 16a 119. 67 £2.52a 108. 00 £2. 00a 86.33 £1.53b
4 6 139. 00 +2. 65a 121.33 +2.08a 102. 67 +2. 52ab 86. 00 £2. 00b
2.2.4 , 1 2mm ,
, (P <0.05) ,
3 d ) 1 1 1
(7
2.2.5 , , 1 2mm
, 138. 77%, ,
1 2mm 2 4mm , 4 6mm (P <0.05)
’ ’ ( P < 0 05! 8)
7 8
Table7 Thenumber of nodesand leaves of Table8 Root growth of L olium perenne under trample stress
L olium perenne under trample stress Jrmm / / /am
Jmm Crunb rubber  (number- plant™*) (g m™?) The longest
Crumb rubber sizz Node number L eaf number size Fibrous roots Root weight oot length
Control 81.67 +2.08d 63.67 +3.51d Control 169.7 +31.2b 14.01 £0.51b 6.67 +0.87c
1 2 119.00 +1.00a 92.00 +2.00a 12 405. 2 £60. 9a 22.44 +0.98a 7.56 £0.53b
2 4 106.33+1.53b 84.67 +1.53b 2 4 235.0+5.7b 23.54 +£0.28a 7.89 +0.60b
4 6 94.00 +1.00c  74.67 +1.53c 4 6 186.9 +20. 6b 14.52 £2.62b 8.56 +0.53a
2 y 4 ] 1
, , 1 2mm ,
1 2mm>2 4mm>4 6mm > ,
; , 1 2mm
) , 1 2mm ,
, 1 2mm , 192 d , 3
) 1 2mm , 2 4 4 6mm ,
: ( , 2002) ,
. , 1 2mm , 1 2mm 2 4mm
4 6mm , 4 6mm ,



238 36

1 2mm
, ; (1 2mm) :

References
AdamsW A, GibbsR J 1994 National turf for gort and anenity science and practice Cambridge Great Britain University Press 208 - 248
AldousD E 1999 Intemational turf management handbook M elboume Inkata Press 231 - 263
BignozziM C, Sandmlini F 2006 Tyre rubber waste recycling in self-compacting concrete  Cement and Concrete Research, 36: 735 - 739
Chen Chun-ge 1992 A sessnent and cultivation techniquesof* TIFTON419' used as a turfgrass in football pitch A cta Horticulturae Sinica,
19 (4): 358- 361 (inChines)
1992 419 \ , 19 (4): 358- 361
DuolLi-an, Zhao Shu-lan, Gao Yu-bao 2007. Probe into several ecological issues related o the establisment of urban turf systens Acta Eco-
logica Sinica, 27 (3): 1065 - 1071 (in Chinese)
s s . 2007. . , 27 (3): 1065 - 1071
Luo Jun-giang, HanLie-bao, ChenBao-shu 2002 Relationship betveen underground biomass and turf character Joumal of Beijing Forestry
University, 22 (2): 77 - 80 (in Chinese)
s s . 2002 . , 22 (2): 77- 80
Lu Yong-gi 2005 A survey of abroad waste rubber resurces utilization Recycling Research, (1) : 16 - 19 (in Chines)
2005 . , (1): 16-19
Mastral A M, Murillo R, GarciaT, NavaroM V, CallenM S, LdpezJM. 2002 Study of the viability of the process for hydrogen recovery
fram old tyre oils Fuel Processing Technology, 75 (3): 185 - 199
MNittA S Landschoot PJ 2001 The effects of il reinforcing inclusions in an athletic field rootzne International Turfgrass Society Re-
sarch Joumal, 9: 565 - 572
Qiu Xian-hua, Cao Qun, Sun Hong-yan, Xiong Gui-nan 2006 The scrgp rubber povder hastens using the present situation and the develop-
ment Jiangxi Science, 24 (3): 262 - 264 (in Chines)
s s , . 2006 . , 24 (3): 262- 264
Song Gui-long, HanLieban 2003 Research progressof effect facorson the playing quality of sccer pitches China Grassand of China, 25
(1): 54-62 (inChinex)

s . 2003 . , 25 (1): 54-62
Song Gui-long, Xu Ze-rong 2004  Progress about traffic tolerance of gorts turf  Joumal of Sichuan Grassland, (8): 6- 9 (in Chinese)
s . 2004 . , (8): 6-9

StevartV | 1994 Forts turf science, construction and maintenance London: E & FN Soon: 227 - 244
Sukontasukkul P, Chalkaewv C. 2006 Properties of concrete pedestrian block mixed with crumb rubber Construction and Building M aterials,
20: 450 - 457.
Sun Ji-xiong 2002 The guide for practical technology of turf greens Beijing Jindun Press 344 - 358 (in Chinese)
2002 . : : 344 - 358
Sunthonpagasit N, DuffeyM R 2004 Screp tires crumb rubber.  Feasibility analysis for processing facilities Resurces Conservation and Re-
cycling, 40: 281 - 299
WangLi-li, Zhao Shu-lan, DuoLi-an 2007a Substance release of waste rubber granules in extraction lution and effectsof seed sakingwith
the extract on turfgrass growth  Chinese Joumal of Ecology, 26 (6): 886 - 891 (in Chinese)
, , . 2007a . , 26 (6): 886- 89L
WangLi-li, Zhao Shu-lan, Liu Yu, Lian Fei, TengMeng, DuoLi-an 2007h Turf ot 2z2nemedium amended by waste crumb rubber and ec-
ological reponsesof turfgrass Bulletin of Botanical Research, 27 (2): 233 - 237 (in Chines)
s s , s , . 2007h
27 (2): 233- 237
Zhao Guang-xian 2005 Development and utilization of recycled rubber China Rubber Industry, 52: 632 - 636 (in Chinese)
2005 . , 52: 632 - 636



