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Characteristic substances and photosynthetic characteristics of Lolium perenne L.

with waste crumb rubber filled in turf medium under trample stress
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Abstract: A field experiment was performed to investigate responses of crude fibre, soluble sugar, chlorophyll content,
stomatal conductance ( Gs), intercellular CO, concentration ( Ci), net photosynthetic rate (Pn) and transpiration rate
(Tr) of Lolium perenne to trample stress under conditions of waste crumb rubber with different sizes being filled in turf
medium. The results showed that under trample stress, Lolium perenne with 1 —2 mm crumb rubber in medium had lower
crude fibre content than that with 2 —4 mm and 4 — 6 mm, while the control had the highest crude fibre content.
Chlorophyll content differed markedly among the treatments, decreased in the order of 1 =2 mm >2 —4 mm >4 —6 mm >
control. Soluble sugar content of Lolium perenne was the greatest in the 1 —2 mm treatment, followed by 2 —4 mm, 4 —6
mm treatments and control. The net photosynthetic rate ( Pn) and stomatal conductance ( Gs) were improved with the
addition of crumb rubber, and they all reached the maximum in the 1 —2 mm treatment. However, the intercellular CO,
concentration (Ci) decreased substantially. This indicates that turf medium filled with 1 —2 mm crumb rubber has higher
photosynthetic ability than other treatments. Based on the above analyses, the size of crumb rubber filled in turf medium
was found to be correlated with trample resistance of turf. In the present study, turf medium filled with 1 —2 mm crumb

rubber was higher in trample resistance than that filled with 2 —4 mm and 4 —6 mm.
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R FIE SR YA IR EIFREE BRI —RkEE Y. SHGERRRERET .S
WARR RS, BRI UK RARM7E 2 W B SR A IE A, ™ B I 1 IR AL, R e 2
B B 3E HUK T RAFE R G FOoMARS o SR BSOS MR HRA , B SRR A, XTF
ARG vh i) T35 3037 SR B BT 75 B A M SEHRaE ™ 18 MO A0 AR B B TR ) R TR B IR
i WREREN Ka s R B FER R, 0 K THiE K FmERE RS . N T Mok R % s i, B
SFRN SRR R AT RESE TR R. BAN, BT EREERENRIEAAE 11.5 {21, HE
ORI FAAR 5 17% 3 S ARSI R B R HE ™ 1 o A O s B YRR 3% , T LS ok o
FH b R 5 SR K R B 2 1R S, IR IFAGE 2 4 b B R SR IR AL R B R iz e i ™ . 3k E R Iok:
HEPEER B 4 B S RS R Tk — B30 5 . ARSI BE ST R, — A, BEEA Y
Tt BB S F B AR R DI, o IS e R ST R C 2 B 7 BAh, R E SR LA
B 11 SR B v L B B I —BRE ™ . B G RAE S TSR B2 3 5 2 T R PR R
IR TR [RIRLAR IR JEORE , IS R B FpAE T S EPAR ) E BRE R D& PERE S IR ORI AR Z (B B N TESR R , R
S P TTR ARY BE AP R IR SR TR OB g R A A BB X
1 HREH=E
1.1 A5 ags

R A T RIBITFE R FUBE e N , JL4h 38°34" 2 40°157 , /R4 116°43" & 118°04", P 12. 33
C,1 A&, FARK -4 ~6 C;7 AhE#H, FHRIR 26 Co FFBHBKEHN 550 ~680 mm, B[
K& G EERKER 80% , TN 200 d, 47 H RS 2610 ~3090 h,

1.2 RIS R

B PPAE Y I 2 4R A R B (Lolium perenne L. ) o FEFUHFEY) NIE LKL, B2 539 1 ~2 mm 2 ~4 mm
4 ~6 mm, BFFFENBIRAENE , FEA R, FIFIE X 30 em x 30 cm, FEE 40 om , 3 I8 iR
WFEBUAR , 5 RSN E AR, X5 4 DACIE N B BN TR RO (Cof BR) A AIEFE 1 ~2 mm 2 ~4
mm 4 ~6 mm FER ;3 WER, EREAEHBITR: TEHN 15 cm FEF 3, PEN 15 om YR AL JBORLH)
RaY, EERS em RGBS W SHENL ; T B FR ALEL B R : 10% HEAE + 8% kL + 82% b, %
H10% AL + 90% VD, RIEFEBHRL, FIFTHFREM , FEFhE 89 o/m”, I IR] 4T IE % 24 FEBT bR 5 M
W, 0 T ZeRAREM Y EANER , FEPEME NN AR, BRI T 2 T, BRI R E G5
95 K, Z G BREEIRA A 1 W/ FA, 48 12 W, Pt 2 2 H 5 BRIER R KE 60 kg 1955 4, 2min P34 5) BRI
100 #,

1.3 $8hnlsE R o7k

FELEF4E AT PR B4 K 3 Bl e M BRI 52 UG 36 21 R BRBSSERUR 26 6 RIMEM hot & 645 ; %18
PREENRE 3 Ko LA 4o B R BRI AR L AR 1.0 g UTHEBIA 500 ml BeARH , fn A
5% H,S0, %K 50 ml, iNZ&ME/K 28 200 ml 1 1 IEFEE, 78 1 min PYANFAEE PR , SRAF00 30 min, 451110
SR I st E . BRACEEE 25 ml H,SO, i rh vt =ik, A 15 ml ZEEBLIR . Kad U8)E
BRIETE 130 C T RIEE, AR5 FA 550 C Rt s 2yke 30 min, THR&Fh R R , DI fofLEF
e, ATVETERRS RIE T RBUBRE M THEO. 1 g 246 BT 10 ml iR+, il 82% ks 4 ml, BT
80 C/K¥# 40 min, [RIIAWHRY ; B0 J5 , WE EIE W, HERWE N 82% WIAEE & 20 min 7K¥A 2 K, &3 EIEW
HERZE 15 ml, B0.2 ml FEREELEZE0.05 ~0.1 ml, il 5 ml BEENRRF, 7K & &= M 10 min, ¥E 620 nm &b
MisE OD fE R VKRE . B 100 pg HZGHERIEISE , BIVEARMERDZR, LAUE AT G & B . MR SENIE
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SEEE AN Y AR 2 v 6E 43 2h BB & R A 26 LI-COR A 7] ) LI-6400 Y64 f0EA
T%E &Gt N 7:00 £ 15:00 455 2 h JE— UK, FrEOE A EIECS 2 A 7RSS 2 RIT I E 2ot 5 S 4UE
WOt E @A (Pn) Ml COMKEE(Ci) FRBHER(Tr) MRILREE(Gs) .

1.4 Zdegeit
$HE 4347 R i Microsoft Excel 2003 1 SPSS13. 0 4t #k /4
2 #REiR

2.1 FIFEYPHELE ATFEERE SRR TR

HEY AR M BE R AT E ) ERORTR , AR R A4k LT 455, TR ML 4E XA B 2 MO 54 4L, 1R
HHLBSN I PR K™ o EREP2ch 45 B P R B VERHIE MR 0 b+ Y B B, E R AR 4 5 7]
VW ERE PR Y, HoR e RS B SHTHARL R A , AR SR X B 5 PR MR . AR 1 TR,
(RIS BB SR BE T , A R4k B AR 2 RORL T 4 5, AR IIBORE f 3o 8y f5 v , 3 R DA e A 52 8 B S L T L 24
VERITIAG ST, B BI0S , S HAT R S W ZERFTARXTIN 22 o RLAT 2 5 B B TR JBORDRL AR A 80/ T AT 5 BB RRE
TN AT 4 B T 22 0 R, R R B R AT 4 S B A R AL B W) 22 53 (B (P <0.05,
1) AIEMERETERY A (I B RS ) MBS A R UHEN S EMYRUL, T 4B
ZHTRERBAMAD I FERET ™ . EERR LA R =), TR AT el & B 5 AR R
RTINS A — 58 KT S BRI 22 BB IRV 5T o K FT o Ml 5 82 F) 28 AP Dy B P T B S PR ALE
YRR HE W B RS, X R Dy, BT AR A v P o B R (T R B B AR R R AR RE T, ATV
B X ESP A BRI JG M  BEE R B A ERE S AR E v RN B BT YR, BEB B TEM,
AR R RN NENER BRTRES, SRESFES e R R Z G E R LR; TRl SRR
ARty & B ER S LY N R AR R , AL PG P T o-TER B TS 1 A K
e BRFTRE  AT VAR A R BORDRL AR A B AN TRIREAIR, A 1 ~ 2 mm RCARALEE AR , xed B 1.7 4%,
AR B8 B AT I MEE  BON R D7 22 0 AT R B, BR X IR A 4 ~ 6 mm Kb 2 ] TC B 3 22 S 2 A, B AL B A 2
ZHBE (P<0.05,% 1), EFHFTEMIG, TR & BT, W RER i TR Z B0, YR,
HEANDEbEE. S8, A AT v S B30, aEZIS ER T KRR, B—F B RIFTHLH . &IGH
ZHRH IR, TEDTE P, 2P 45 6 REF R BT AL T AR R ATy b & B 0700, 7 RETE 52 B b S R B Bk
ARPET PRI F A R & B S HI BRI M AR R . MHERR B OLRERE R, F XL RER (LY
A AR A RO BERES A F B A2 B, DRI, i SR RAER Y M B A = AR iR IR . sk 1 AT IR, 3R
FEIBALF) A B - 2R 5 B X B X R, ELBORORLAR R/ , I 3R 5 B AR 5 $RBORL Fh /N B R P , SELTE JEAE
FRIAL B4 551 X B H 37, 12% \24.77% (18.90% , % AL PHIF] 225 B3 (P <0.05) o 5 bik 3 815, 2R
ST FRORLAL B B B S B2k s B 0 BER T R FE ORI AL 2], T HL A 1 ~ 2 mm JEORE AL B i 5 5 5 B 3 RE 0
R

F1 HAA%E TREENHERSE
Table 1 Crude fibre, soluble sugar and chlorophyll content (mg-g~' DW)

H TR FE ORI A2 (mm) HLLT e it AR S R LIRS Sty s
Crumb rubber size Coarse fibre content Soluble sugar content Chlorophyll content
i i Control 379.67 £3.51* 60.01 +4.65°¢ 79.45 +2.52¢
1~2 329.67 £3.21°¢ 99.24 +5.53* 108.94 +3.53*
2~4 341.67 £6.51" 84.49 £2.23" 99.13 £2.09"
4~6 344.67 £12.10° 64.17 £3.40° 94.47 +£0.87°¢

FIFNEIEFRAFR/NEFRER2ZEFBE(P<0.05); FH Different small letters in the same column indicate significant difference at P <0.05;

The same below
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2.2 EIPHEYIEOLAEZR(Pn)

B AT R — A HOR R — MERRTEN R, E B IR B AT R R AR R AR (H
M BT E AR , BRI R 10 BN SR BT RE RN RGEE B , T 2 B0 7 630 2 I il 52
BB FEFRREVEH AT RN o BRIt , 35T B s BB 3 B B S ARL ) O & A B I RE MR 17 B A8 AL , AR
7] 2 A S I R L R JEL e, R B X Ay i R R A K B B AR Y A SR RE S M B B R L BF
REW R FIE A FRARE BRI, BEEN F b A HE H R 2 D" i (B 1) , %
ANES U BIZE 9:00 A1 13:00, 7 11:00 HBUEEAS , BI“4K" BLA , X 50 B4 s 45 R —3. A
FE RSB ERR R B E F RN EBERSASE TP Wi, BEEHLE “F K7 WRThE
5 RRRBEBINE X, BEFCEIERR IR N —Fh A3 o 58, X BB b 1% 5 Y
TERARA 2510, B ARl 1 v 2P 3R ALY S B, T B S 7k 4 3 BE R DG A B B IO IR . PR
FLER 43 5Pt AT BB XS M G A 6 1 (20 RuBP 3R ALEGE 1 ) FEAREY PP IR 3 = 5 | A (8] CO, ¥R BEFH R 1)
M7 5 DR 8, B 5 X A L TR (5 A AP AR ko R IR P — A 2 B A S N A TR T LA R B, A
P, TR B ERE TR 3 ML A B R B R T X IR, H BERCRRLAR A3 I T8/ , 1 ~2 mm 4038
HEAEBNRER, X— A ST GFESRBIES R, BT SRE SRS SN2 — R ERE,
FREEBNRIKEE WM FFYEA BT 5 TG G 3 3R M3 At 0 8 S PP ) BR B J5 32 Pk 2 B 7385 o

12 - 14 ~

*FH8 Control 1~2mm
10 12 +
L 10 |
8 [
6 -
6 [
T 4+ 4L
g 2 2t
S
£ 9 ! ! ! ! ! 0 L L ! ! L
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R
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4+ 4L
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B BRESEE BURTEA FDRAR R BB 55 PR Rl B AR H AR K

Fig.1 The diurnal courses of net photosynthetic rate in L. perenne under trample stress with different size waste crumb rubber filled in turf medium

2.3 EIHEYSILTE(Gs) SHIIE CO,¥KEE (Ci)

ALY SHF AT ARSI TP AL B R, 2R, R, 2855 . —oh o, LT
BRSPS R ERE R~ mR 2 ALAEH, I 11:00 FFig,4 b33 BE R A SIS
FERRTTIRFEAR, 7E MR T , BE F X R AL 2 EERERI G 2 M 7 ALIFBEWS , RL A R B 1k 7K 73 Uk,
SRR AR A 2538 O DA B TR R AR T SR BRI AL R B SRR RS BRI R B, Gs BEESR A
L BE R SIS o, TE AP R TS PRIF— R P IR 0 s AT T 2 A0 B AL B 7 :00 FFAG3E AN, LA 1 ~2 mm 43
B NR BE fe o B3, 11:00 KB K, Z R4 TR A 11:00 2] 13:00, L 1 ~2 mm A3 FREMREE &R, 7
LA R B 1] 35 A2 AL B SAL B N e oK, X AR R ) BB JE R A KA
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Table 2 Stomatal conductance
3 FHFEBORDRL A2 (mm) ff ] Time
Crumb rubber size 700 900 11:00 1300 15:00
i # Control 0.084 £0.012% 0.149 +0.003¢ 0.186 +0.003° 0.139 £0.001¢ 0.124 +0.001¢
1~2 0.098 +0. 008* 0.200 +0. 002° 0.254 +0.010* 0.197 +0. 003* 0.174 +0.002°
2~4 0.075 0. 004> 0.161 £0. 002" 0.203 0. 002" 0.157 £0. 002" 0.131 £0. 002"
4~6 0.072 +0. 002" 0.156 +0. 003¢ 0.195 +0. 003> 0.150 0. 002°¢ 0.127 +0.001°¢

Ci 5 Pn Z [0 BEH M, AL A R R THERNEEER 2~ 764 Bk,
Jfa1E] CO, W BEEAALMARAK(FK 3) o Ci 7E7:00 2] 9:00 H BT %, mifE 11:00 KR _EFH,13:00 XIF4EF
W, ZJ5 Ci X2 EFEaS . WREFFH Ci KRR BT AT LR 5 RG-S “ AR 1 ER R H ZIEALIR
i, BR R ROt A AR T M) B R YA B BORALEE PR T I, R Ci {EDR: B RTHIB R AR <L
BRI — N EEAE BRI, 1 ~2 mm ZbFE5HA 3 MEHE] G227 B3 (P <0.05),1 ~2 mm
AL FRAAAEIE] CO, ¥R BE N Bl o

*3 HaE CO,RE (wmol-mol ')
Table 3 Intercellular CO, concentration

e TR BORORL A (mm) fif ] Time

Crumb rubber size 7:00 9:00 1100 1300 1500

% B Control 335.7 £8.0° 261.3 +5.5° 299.7 +£10.2* 246.7 £5.0° 269.3 +7.8°
1~2 308.7 +5.5" 222.7 +6.1° 255.3 £7.0° 206.7 £3.1° 238.7 +4.2°
2~4 336.0 +5.3° 241.3 £4.2° 275.3 +8.0" 232.7 £9.5° 259.3 +1.5%
4~6 336.0 £11.0* 242.0 +3.6° 288.0+11.1% 241.7 +4.0% 263.7 +3.8"

2.4 FEIPHYIZEREHE R (Tr)
SR S R T SEL TR [RPRLAR SR OB F 5, PRS2 B 5 K S R H AR (L 2 B B il 48 (181 2) , BP#E 7:00 |

14 16 1~2mm
12 | 14 -
10 L 12 +
10 |-
8 -
6 5T
L ol
A st
TE 2+ 2L
'—6 0 1 1 1 1 1 0 1 1 1 1 1
g 07:00  09:00 11:00 13:00 15:00 07:00  09:00 11:00  13:00 15:00
S 14 - 2~4mm 14 4~6mm
@ 12 12
% 10 | 10 F
8 - s |
6 6
4 4+
2+ 2L
0 1 1 1 1 Il 0 | I | 1 1
07:00 09:00 11:00 13:00 15:00 07:00  09:00 11:00  13:00 15:00
it i) Time

B2 R BRSRCE R RDRL AR B JBORE RS 57 R 22 R 1R H ARk

Fig.2 The diurnal courses of transpiration rate in L. perenne under trample stress with different size waste crumb rubber filled in turf medium
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11:00 2 [E) KB H B AN A AEHY, 11:00 BHEEIEAE , 2 J5 1A TR, BEE BB R AL, K R R 5
SILFE e EBM MBS SILREKR, ZEM B SR AR, i R dob & H R, X 53;ME %
HIBFFE 4 R —3 Y . KELBTF, HE— R Bk T RS , DT T B0 A i e B R o
3 HiE

BRI M B RO TR ORI RS , RAAR R AR R EF A AR S B S AR, P 2 ~4 mm 14
~6 mm FAb B ERAREEERR, 1 ~2 mm ISR, MARERER N BARR S EER, FBOLA 4
RHER N EEFEFERENE FHEYT A RGEE, ZFNEEANRR, SRR EFERA XN, B
BEE T, AR FEIF R TG EREZ RN GRS EERBNAE, HANFZ1~2 mm>2 ~4 mm >4 ~
6 mm > X, AIEMREEZREE, BARIAR 1 ~2 mm M AEER & B&S ,2 ~4 mm F14 ~6mm 4
HIRZ W BREAR . MeAh, BEEMSILTE BB EE 5 A B RRI LA AR e, RIS BObRL R
HIN, AL IN, ZE S R LA R R, X SRR RN ESE R -3, EP L1 ~2 mm
AEFR A BE T R ER , N TR ER B fE IR E B A A U 1 ~2 mm (A SIS M ERR . 25 BT
T AT, BT 1 ~ 2 mm EORCRAR B PP IR R AT B 1 RE A T H B A BORR AR AL 38, FOb A
A 7t 5B 5 106 I R B O L 70 S (R AR P I JS L 5 e 1 i 8 s e L A DR 1, (L3 — A S ) PR ZE L
[ R A i T — 25T o
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