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Effects of reinforcement materials on the quality and turf-bed
performance of turf in a mobile sports field

CHEN Jiabao', JIA Chenyan’, LI Fucui', SONG Guilong', FAN Zhihao', TANG Bin',
DOU Weihao', ZHANG Ya’nan', HAN Liebao', CHEN Yufeng’
(1. Turfgrass Research Institute, Beijing Forestry University, Beijing 100083, China;
2. Inner Mongolia M-Grass Ecology And Environment (Group) Co., Ltd., Hohhot 010010, Inner Mongolia, China;
3. Institute of Ecological Protection and Restoration, Chinese Academy of Forestry, Beijing 100091, China)
Abstract: The ‘Titanium 2LS’ variety of Festuca arundinacea was used as the test material, and the mobile sports field turf
without reinforcement material was used as control (CK). The performance of turf-bed and quality of movement was
investigated by simulating medium intensity trampling with a tramper so as to study the effects of curing agents and plant

fibers on the quality of mobile sports turf. The results showed that 2 weeks before trampling, 0.4% fiber mesh (XW)
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treatment significantly improved the color, normalized vegetation index, and turf quality evaluation parameters (P < 0.05).
There was no significant difference between results for the quality evaluation analysis of Jipingguan and CK (P > 0.05). 1%
polyurethane (WOH) treatment could effectively maintain soil compaction, (0.4% coconut silk + 0.1% polyacrylamide)YP
significantly improved surface hardness and torsional friction of turf, whereas YP treatment significantly increased the risk of
head injury in players (P < 0.05). After 4 weeks of trampling, the structure of the turf-bed was disturbed by trampling, and
the reinforcement performance of each reinforcement material treatment decreased significantly (P < 0.05). To summarize,
under moderate trampling intensity, the use of WOH in the reinforcement material in the turf-bed of the mobile stadium can
effectively ensure the stable structure of the turf-bed to reduce the risk of player injury and meet the quality requirements of
high-quality stadiums.

Keywords: mobile turf; turf quality; turf-bed performance; sports quality; plant fibers; curing agents; head injury criterion

Corresponding author: HAN Liebao E-mail: hanliebao@163.com
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Figure 1 Diagrammatic representation of a mobile turf
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Table 1 Analysis of particle size of reinforcement materials

&3t Kifz o

Type Particle size/mm  Content/%
%5£1 Fine gravel 2.0~34 0.84
FFH 7P Very coarse sand 1.0~2.0 1.33
) Coarse sand 0.5~1.0 0.67
1¥) Medium sand 0.25~0.5 64.55
217> Fine sand 0.10~0.25 31.27
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2.5~3.5 cm. A 3 TA] it A SR IR R} (B R AR ),
BB B =18:5:18, | H MM — &, HHEN 30
gem 7o BRI )T 9 Ik 4 DA R 5T A 42 4
Py SR 0 TR B R B v B A

AR5 B A5 AR UL R B 2 AR P Kowalewski
VOV 2 A A A0L B S % e o) R o AR ADL B S K MR
ol BRE Bh 5 7E 52 B B 38 b Bl I PR A R 5
- 257 B T 0, AR AH S ABE 0L e S 2 1) SR AT
TH, 5 1 Ah A AU AL i S s Ak SRR R o AR Bk i
M 2020 4 10 H 16 HIFUh, AR50 4% 18 o B B B o
FEE AR AOL e B, WL e FH B s % B 40U g S AT P 3 2 BR
Eb 2% 1 B B 5 5, 0 ok 0 4 4 B BR ER A UL, X B
WL B P PRV BE AN E B B AT I E .
1.3 MEEHRSHZE
131 FRUE

T ) e B AR 45 R S, W AR EEE. SR
— A HE #% $8 21 (normalized difference vegetation index,
NDVI) HEER 5T & vF o 73 #r ik 47 W 5E , B4/ X E
SE 3 k. B EE NDVI R A TCMS500 5 H
R AT DCEEAT I 8 o B SE UL & VAN 43 # R
UG HIAT 733, W BEPEEAT 25 & VP o BPR 3R FE R
FH X 3 33 AT 0 52
1.3.2  HERERME

PEPR AR DU 5E 2 ) F R B 1. 24 34 4 e,
ANEE/NXELNE 3 K. FIEEH B A 3 5% s
FEE A FH B PR 498 5 S B A TISD-750 113k 473 5,
AL A kPa, I 5E VR FE A S A 10 cm. 3% T AE {4
CIST/883 ! Clegg 35y ol A3l 5 , 4y [54) 4 0F
Ji N 2.25 kg, B4R 50 mm, 7E 60 cm & S &R
W%, Sk BLPRAE T U R BUE, AL Gm.
133 E3hfiE

TEAF BB Ja , 6 BPE IS B T B AT I E
ANNXEZ W E 3 K. 323 W e AR R
H1 Bh BE ¥ % 3k &6 7 15 $8 %0 (head injury criterion,
HIC) Bl 58 o F A B i 28 1)l o % FH A2 BRI i,
FRERM 2 m W m B AL B BB R BRTE T, W
SE & BRI AR v B, L P {2 Bk R O I B

http://cykx.1zu.edu.cn



&1

WrE =

5 N E R RN I8 337 % Bl 3 BE T R B PR BE I 5 61

ARONIE L 28 & Bk, SN 0.6~1.1 NMKAE (18
A T I 8 o /AR W T

SR = R /R i X 100%.

FH ) BE $2 % FH 4 2 BE 480 A, i A s R AZE
ok AR~ F AP, 2 8 E xR 2 B (International
Federation of Association Football, FIFA) #x ¢ #i 7 Il
o SkERRSTEEL (head injury criter, HIC) 5% H] HS2005
Tt i FEE WU SO 7
1.4 BUESH

R 18 H Excel 2010 #E47 %34, ff ] SPSS18.0 it
17 ¥R R 7 % 9 BT, One-Way ANOVA J7 v2: i $i 4
HEAT 5y M, IR f /s B 35 22 51k (LSD) A% 56 A ]
K 20 R 1) 22 S 3 M, {8 Origin 20196 HEATAE .

2 FRE50Hh

2.1 AREMEM BT Eh N E s EIFIEN &R
= 92

211 HEJE

W6 5 I K IS A) K 28 hn, 4% A P B B 25 R 4 2
TR (8 2). fEEES 4 5, CK. YS. WOH.

Ock OYS A WOH HXW

100

80 ‘\ <

N N

S S N

5 60t § §

2 N N

: N N

J;é 40 § §
HE N

N N

S N

20 | N N

N N

S N

0 N N

F1HE H2H
The first week The second week

XW. PAM H1 YP &b 35 FEAHER T 28 1 A BB ) 0
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WOH. XW. PAM A1 YP &b ¥ 55 F& A1 E T CK 43 731 $2
THT 21.80%- 23.14%. 23.67% 8.01% F120.86%.
2.1.2 EPR@EFE

B A R B T [ P 84 00, RO RS RILT R )
& (K 3). fEEEE 4 i J5, CK. YS. WOH. XW,
PAM & YP AL ERARSR T35 1 Jo] B s Jo v PP € e i 2
FEAK (P < 0.05), 4 3 T B# 35.12%- 34.41%- 37.59%-
33.94%. 34.39% Fl 35.23%, % &b FE N 08 B A0 4 T
CK L& # %% (P>0.05). B2 E, YS. WOH.
XW. PAM. YP RLER A AR T 28 1 o) e i Jo B 3
T % (P <0.05), i CK 58I 555 1 B %
FEALE (P>0.05). BEESE 3 HE, $AHEA CK ¥
PR T 56 2 R BB 5 1 B T (P < 0.05),

PAM HYP

<

Y.

%3
The third week

%4
The fourth week

B ES I H] Trampling time

2 A[ERE A L0 B B B (8] 3 B 2 R IE s BT 5 B B9S2 0
Figure 2 Effect of different reinforcement materials and trampling time on turf coverage in a mobile sports field

AN ) 2R 5 = B 2 7S AR () B 4 T 16 AS [0 00 [l A4 e Ak 380 (i) 22 52 12 3% (P < 0.05), ANIR] /NS 5 B 3R 7 A [0 T8 A Rk AN [ B 45 BT ) 2 S W62

(P<0.05); CK: XJ[;
W% R

YS: 0.4% fi22; WOH: 1% RZ&BE: XW: 0.4% £F4EM Fr: PAM: 0.1% R B YP: 0.4% B2 +0.1% RN

Different uppercase letters indicate significant difference between the different reinforcement materials for the same trampling time at the 0.05 level; and

different lowercase letters indicate significant difference among different trampling times in the same reinforcement material at the 0.05 level; CK: control;
YS: 0.4% coconut; WOH: 1% polyurethane; XW: 0.4% fiber mesh; PAM: 0.1% polyacrylamide; YP: 0.4% coconut and 0.1% polyacrylamide; this is

applicable for the following figures as well.
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Effects of different reinforcement materials and trampling time on the color of mobile turf in a sports field

4 BB )5 CK. YS. WOH. XW. PAM & YP &b
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Figure 4 Effects of different reinforcement materials and trampling time on NDVI of mobile turf in a sports field
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Turf performance quality score analysis
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Figure 5 Effects of different reinforcement materials and trampling time on the turf performance quality and

its score analysis in a mobile sports field
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SO RE R E RN, M CK. YS. XW. WOH 4 #f + 1
KSR E AL (P> 0.05). BB 3 AR,
CK Ff1 & 4L ¥E 5— 10 cm + )2 T3 K sZ FE A EL T 28
2 E AL (P> 0.05). B 48, CK. YS.
WOH. XW 1 PAM 4B 5— 10 cm + /2 138 B 5L fF
FIEL 25 3 E B 3% 2 5% (P> 0.05), 1 YP & 35 1 [%
ik (P<0.05). BRELEZE 1 i, WOH AbBE & 3 v T HoAth
AH (P <0.05), T CK 5 YS. XW. PAM F1 YP Ab#
T EZ R (P> 0.05), BB 3 H B, YS. WOH,
PAM. XW J YP ¥J 5 CK &3 Z 5% (P> 0.05). B
P 4R, 5— 10 cm 2 L HEE S CK 5 & 40 F
o Z 5 (P> 0.05).
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Figure 6 Effects of different reinforcement materials on soil compaction by 0—5 cm under mobile turf in a sports field
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Figure 7 Effects of different reinforcement materials and trampling time on soil compaction
by 5—10 cm under mobile turf in a sports field

2.2.3 KA

B A i 4 B ] F 38 im0 P (%) 2 1 A R 2 B
T G E A (K8). BRESEE 1 AN, YP AL B
FAE T B ST CK. XW M PAM 43 (P < 0.05),
M YS. WOH. XW. PAM 5 CK TL&EEZ 5 (P>0.05).
BB 2R, FAHE CKELEEER P>
0.05), HAHHE T B BE 28 1 i, 5 AbBE K CK 3R 1 fifi i
AN (P <0.05). BB 3, % AHE A CK A
o B B 2R 2 R A O B 2 (P> 0.05). BRI
54 JEIE, YP A 32 T AR T BB AR 3 R
B (P < 0.05), T oAt 4 B A1 CK 26 1 16 ) G BB 3%

Ak (P> 0.05). BESES 3 FH, XW Ab 2 2 (i il 5
& FE T WOH 4 ¥ (P < 0.05). BRI 4 1, YP Ab
PR E & T YS. WOH K2 PAM &b 2 (P < 0.05), YS.
WHO. XW. PAM 4P 5 CK Z 55 A &% (P> 0.05).
2.3 AN[EA0E 4R E wh XS 5 3 B E B R
ERFMm
230 R

B S T T PR 18G hm, Js E R  E B  JS B
IS (B 9). M RE, 4 BB 5 CK. YS.
WOH. XW. PAM F1 YP &b 3 2 5 2 55 7 $& 7+ 28%.
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Figure 9 Effects of different reinforcement materials and trampling time on rebound rate of mobile turf in a sports field

53%- 51%. 58%-. 38% Al 26%, YS. WOH. XW.
PAM L 7t 08 fE & % & T CK (P < 0.05). B %
1 /&, YS. WOH. PAM M1 YP 43 [ 1% 5 CK & &
= Z R (P> 0.05), M XW AbH f 5 % I 2K T CK
(P <0.05). BRBEE 2, & AbFEAT CK J 5 2 AH 5
T B 1 %8 NN (P < 0.05), YS. XW
PAM 4k BRAE 55 2 Ji Je 31 2% S AL T CK (P < 0.05).
BREE S 3 RIS 4 8 YS A FE 5 CK Jx 3R B %
A5 4k (P> 0.05), PAM 5 YP Jx 3 K 1E 2 3 J& i ik 2
W AH, 72 BRI 2R 4 F PR B N BE (P <0.05). Bk
B4R, SR EYE CKZE £ /AR E
(P> 0.05).

232 HIBhEEE

W6 A i B B 1) PR 38 0, HH 20 AR i 5 B T R B
(K 10). Bl 4 B 5 CK 5 XW. YS b2 H 3
BEEEA BT 25 1 J6 o 2 % % = (P> 0.05), 1 WOH.
PAM F1 YP #i 22 8L T FE &% . BRI 1, WOH
Qb P A Bh BE R W e T H Al Ak B (P < 0.05), YS.
XW. PAM 5 YP 4 ¥ 5 CK Z R A& (P> 0.05).
BREE S 2 B, WOH &b ¥ 41 50 BE 45 A0 45 BR B 26 1 ) &2
FH R (P<0.05), HALKEEARESE 1| Fl EREE 7
(P>0.05), BREEFE 3, $MAEHECKLEEER
(P>0.05), %40 BE 5 B 5 2 AR T B 2 AR 10 (P>
0.05). BB 4 F, YS. WOH. PAM Al YP 4k # 1
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Figure 10 Effects of different reinforcement materials and trampling time on rotational resistance of mobile turf in a sports field
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2.3.3  SkESHHE 2L (HIC)
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B i 35 (B 11). AMIFTEI SR &, CK M YP Ak 2 7E
4 A 1 B s e 0 B 3 R AR (P> 0.05), FLR H A B
TE5 2 Al HIC 33 2L % E E T+ (P < 0.05), BB
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Effects of different reinforcement materials and trampling time on HIC of mobile turf in a sports field
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