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Effects of the planting environment of lawn brick with fly-ash

medium on the growth of turfgrass
ZHENG Hai-Jin, HUA Luo", GAO Zhan-Guo, ZHU Feng-Yun, LI Jun-Bo  (College of

Resources Environment & Tourism, Capital Normal University, Beijing 100037, China). Acta Ecologica Sinica,2003,23
(10> :2009~2016.

Abstract: As our environmental awareness strengthened and living standard improved. demand for green
parking lots and lawn roadside is enhancing. But the increasing acreage of buildings, dams and roads
conflicts with the development of lawn in modern cities. In order to settle this contradiction, making full
use of lawn bricks becomes necessary. Based on the fact that the optimal ratio of {ly ash and soil as lawn
medium has been found, this experiment probes into the fertilizing and biological effects of lawn bricks
with mixed medium of soil and fly ash in their holes. In order to analyze the brick-hole environment, the
experiment also designs two kinds of contrastive planting environment, one is soil-hole environment, the
other is mixed environment of soil and fly ash. The soil-hole environment has the same holes as lawn
bricks. and is infilled by mixed medium of soil and {ly ash. On the surface of the mixed environment of soil

and fly ash, four circles having the same size as the holes in lawn bricks have been lined out.
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The pot experiment was conducted in March 11 of 2002, which was composed of 3 treatments
including brick-hole environment. soil-hole environment and the mixed environment of soil and fly ash.
Perennial ryegrass (Lolium multiflorum L. cv. Barmultra) were planted in the holes and circles of different
planting environment. Each treatment was replicated twenty-forth times. The experiment was carried out
in the green house, and its purpose was to study and appraise water-holding capacity and nutrient-
supplying capability of the thre:e- kinds of planting environment, also to investigate their influences on the
growth and quality of turfgrass,

The results show that, turfgrass tissue under brick-hole environment has higher contents of nutrient
elernents. Its contents of N, K, Na, Cu, Zn are respectively 0. 073, 0.5517, 0.5263, 4. 1287, 1. 4044
times higher than those under soil-hole environment, and 0. 103, 0.3513, 0.5037, 1-695. 0. 911 times
higher than those under the mixed environment. Their differences are obvious (P<C0.05). According to
the above results, the brick-hole environment can benefit plants greatly. Furthermore, the contents of Fe,
Cu and Zn in turigrass tissue under brick-hole environment are far higher than the fitting needs, so it
unnecessary to supply iron, copper and zinc fertilizer as usual. It also proves that the brick-hole
environment has lowest evaporation rate and highest medium water content. So it has long-time water-
holding capacity to effectively lift the menace of high temperature on turfgrass. In a word. the brick-hole
environment helps turf especially the cold-season turf go over summertime easily. During the whole
growing seasons. the clipping yield of turfgrass under soil-hole environment is higher than that under
brick-hole environment, but the difference isn’t notable (P>> 0. 05). The clipping yield of turfgrass under
mixed environment is lowest. After summertime, the qualities of turfgrass under different planting
environment are evaluated. The turf quality under brick-hole environment is the best and its synthesized
score is 3. 708, the turf quality under soil-hole environment, 2.637 scores, the turf quality under the
mixed environment, only 2. 318 scores. The diversity of turf grass between the forth and the two later is
notable (P<C0.01).

Lawn bricks with fly-ash medium in their holes used as an environment for lawn growth, can not only
increase the acreage of lawn, but also solve the fly ash outlet problem.

Key words :fly ash; lawn brick; planting environment; fertilizing effect; biological effect
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R, HXTFRRAKBEAFERNHRAERES RHRH.

BT LB - M B B T (R P R TS R R K I (WHO™ Dyl K
B RAF IR, AN MR ER ST EBMBE IFHEYFEZNRELEBBEER TR, €07 LIF X
EHEK  EXRBEGSRC., ERRRFTESHE - EHEENTHRELEXENBRESATR HER
AAgENERARERARER, AERERMNABRERD®E, T RBRERERF LR Ae.
W WK R R F 3 5P L T (U8 % D R M TP A B9 o b 5 PR R [l T L AT LA B R ol fh 3 £

HROBFEF L.,
MERTRA@E . ERmBE A AR SHEEAFT . BRREE . H5.RN5 0¥



10 38 WSS BEKER- EEEREFANFEERNEN 2011

ST E BOFRTE AR —— EEHGE AL P EER. ERPHRIEONMMFEE. BR
WMABRA BEHSEDLEFRGHE. BAXTARBNEROEYRNERAKUFRSKBRE. H
. AXECHARRKEREFRERSEANEMR L. - RITHERBRAER- BRI —RE
R 3 P A K G Ok 0 3k T 4 i TR T R IR ORI R B i AR R E R S AR TR

1 ¥H5R*

1.1 iXBHH
SR A LT EERAECHANESIE . RTRAGR L. @ THTANES —-BRARELNIEN

BRENBRAYME S TEEEEREER . FARFEANIARBELR Im ZH  BRKR BT A
RIDAHETWSAAAHE  RRWEBBERER PALALRUBRL pHE., T HSREKESE
BORHEKEE. TRDNBSHARUAEESFRARERIYREMEEH  LIXBEEHZREKES
BALHMT AL IWMER ISR, LKER. LI R RAOBIEEREER 1. B THRITRKKRMAY
T2 AREFANBKEENEERE, AL ERTER T 7R, FOEERR 30 cmX30 em X 10 cm,
k4 MBEIL. LB Sem, AR MBS FEREFSE BHFE R (Lolium multiflorum L. cv, Barmultra),fi

W LR M B 2 B 8 O ST AT ROt
®x1 HRALWM.OAKR. L AEENDBLER
Table 1 Physical and chemical properties of tested soil, fly ash and mixed medium of soil and fly ash

EIHRN EEAER AXARTER LEIR e DL 1, ( 7 ) Particle sizes
Types of pH (mg/kg) (mg/kg) (g/kg) (g/kg)
medium Available N Available P Total N Total P ~0.05 0.05~0.01 < 0.01 (mm)
by ¥ 70 8.2 32,2 22, 8 0. 284 0. 135 62 29 9
bt &2 8.18 22.4 26. 9 0. 532 0. 104 39 48 13
BRKS 8. 63 12. 6 0. 51 0. 145 0. 140 87 13 0
AR 5 I 7T X macronutrients(g/kg) BT X trace elements(mg/kg)
Types of medium K Ca Mg Fe Mn Zn Cu Cd Fb i

K EEC 3.113 6. 950 5.013 25120 319. 1 38. 3 14. 6 0.3 1.5
4 @ 2. 843 1. 880 3. 508 24660 357, 2 42.5 11. 1 0.3 —
BAKS 5.258 7. 210 5. 508 25310 186. 5 24. 5 19. 3 0.5 4.5

(D) mixed medium of sail and {ly ash. @ soil. @) fly ash

1.2 kR FE

HEEERTEREREAARESHBEREALTTEAXBREH#HT. ATHEIREXKER-T
B e RN SBEARE, L@t THARIFFE., SHBFEREN I MMBNEREFEOT .

FAKRE BTFEMFEEBAPREE—BMRGELRE L FUATRAEEN S KFE KRG HF 5
oM AR EEEEPE L NS.5kg, TMEBREZE L 2g/cm®* ., RERERKFERTFLE L BRE
bk, B EERSEP T RRLXEM. EHUHEMLEE . ZAATFES L. RASARKALKER
140 g AT N 1.2 g/cm® X, MR ER,

TRTE EBHNEPFELIIRSHBEKBSERNEKERS. 5 ke HHFX 1.2 g/em’ KX, WHA4
TERBEKEALRNREREARAN YHBEER.

+AFE TN EPELNSS kg, AT 1. 2g/cm® X, RBREKZALHRLCHERER
MERNIL SHKLKEFE 140 FEH 1.2 g/em’ , i RFE,

WEARIANMEEEN 24 K. F2002FE 34 1l HER M FAERBERF),3H 17 BEEAY F,3
R2rBHEE.GILE20%. #TRMAFTEKFEHFIETHE,
1.3 MEARZLF®
1.3.1 RIFFVEEBR RAXAKFEERNEXABR. FHRKEL2 UdRTEHRE REEA#ZT. X
aBUTKE FNESHEENATIEN T KREEESIEAZE . HAER 1. 2g/om B .G HY
REAKELEH I BER I con KRR . SMEHEEN 3 K3 G ERKIERHNERE .S/ EXA
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MEBE DM TFEKEE 1.1.5.2.3.4.5.6. 7.9 KEPHREF IHEABE.
1.3.2 FTRBA4LE FELBTSHZBBHENITHAPERIBZEINEE ST TEME. BHIFEK
350ml! [ LK IERFE O, BR2WMELRERSKBENLAKE HMEFRAERKIFRL. Kb HAH
EAXBERBRBTE L AKABPHERERHK L.
1.3.3 ENER TFTOHIH#EFEREE . EE . Fh. S0k BN ESES., &4 8E
VLR 3T ER RAEFRUT . A EAVRABHBRER ENEERAEENRE . FELRAREA
BR.FIUHEGAENEH G M ERTER 0K JIBRHFBRELMHE. BRIPYECERBAENME. &
BERKSEAHMUER BEREAFEMUSHENRMESRREER.
1.3.4 BERER M TeHA17TH.7A208.9815HMICA 20 HBEWENR . HAERKEN 6em, B
WEvLHEREREESRTERRTE, BEHEFRERBEEI TV EN.
1.3.5 HEXNGIARIE HYLRMERARER - RERE- SN AaE: 28K ER
i HTKMES R T X Cd,Pb %X HCI-HNO;-HCIO, 5 #& . B J5 Fl WFX-1F2B % B T 1 W 43 ¢ 3%
FEiH AL E S RS £/ E.
2 BRSW
2.1 ARBEAEREIARENHER

EHEMNIBESFPERAG T FEAS TS IREENTRFESUNENART SR, KR
RIFFPE PRI T TEEERE 2,

2 AESEEROMHREHFEREAREER

Table 2 The concentration of different elements in turfgrass tissue under different planting environment
BEXN X Ik 7T X Macronutrients (g/kg) WM or X Trace elements(mg/kg)
Types of turfgrass N P K Na Ca Mg Fe Cu Zn Mn Pb Cd
T RIF MBI RRED 13.49b 0. 68a 13.55bB  2.70bB  11.31a 4.24a 926.17a 9.83b  57.67b —* — —
BRI PHRAET 14,882 0. 68a 18.31aA 4.06aA 9.17b 4. 11a 935.50a 26.5a 110.2a @ — — —
T AR AD 13.87b 0. 66a 11.80bB 2.66bB 9.64b 4.50a 1008.3a 5.167b 45.83b — — —
¥ B {H Average 14.08 0. 67 14.55 3. 14 10.04 4.28 957 13. 8 71.23 - - =

R EEEEENEF/ER P<005,. KEFRER P<U01,ISDBRE R The comparism uses LSDIn &

colum,small english letters indicate significant difference at P<0. 05,and capital letter suggest significant difference at P

< 0. 01 ;()Turfgrass under mixed environment, (2)Turfgrass under brick-hole environment » @Turfgrass under soil-hole

environment; * KM H means are not detected

HENMEEBIH . EFAFREPHERE N K. Na.CuZn EERTEHN SRR . L AT B HE
AN TR PIRE 7.3%.55.17%.52. 63%.412.87%,140. 44 % L T K AP IFER P T K S B2 5
B 10.3%.35.13%.50.37%.169.5%.91. 10%, & %3 HEARBNFERRSBEI
FIEE R X KT (P<0.05)., EINBEAFBELIE Table 3  Sufficiency concentation range for nutrients in
BEB . IEARMANEERKBERENKSITLR, turfgrass tissue

RIFHBTEREAKREF/TELSARNEE 7. K 4 BR . EHRESAR

W, E2S5B 3 AL FARBFRBPIEEEA P | Mineral Sufficiency cancentation range
K.Ca.Mg & RHERARS A RBML ARMH, " 8 TT0 LT

R TR KR RA RN MR N
KMERFEROBHET . HEFEABERIEE atcium (Car (%) o 51 5
BIRML, L HMEMHA 0.67 g/kg B T HEHKE W magnesium Mg} (%) Q, 20~0, 60

B RSBERRE. TR, 4FEKBNZHAREME ron (Fe)(mg/kg) 35~100

BE, e Ah . FEFLIF R B BE B 2 20 5h Fe .Cu $0 Zn [ Manganese (Mn){mg/kg’ 25~150

zinc (Zn)(mg/kg) 20~55
copper (Cu){mg/kg) 5~20

WRER . YR EEEREY 26~9,5.3~1.3,5.5~
2. Bt RFZRER . SRBELAFEPHERELR
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EmERNSEE . EEASE. FFEFRYCI. P EEERTEARY WHAFKBRRET RBEFH R
XEBERMTREHDEARRE D,

2.2 TRRBHABEHBRSFRKERNER

2.2.1 FRKBHFBAERBOLE ANE1AUEL 3 HFRERRS FILFHEOEBEHB /DT LK
FHEMLIAAEAOAHE., R RCRENAEERTE _EP<0.05) ARXMAZ R E N BRI
BHEENBE., SITHEIX. IKFEMLILFEFHSKERD ARBRILEAT . BREALFEFHAE L
BAKDFERE D, UL EHBHSEMBEKASET FILAEERE HRAKFIBEL BIILAEYE
HHEBHKS, B LAREMLKAREBEEEZR  HWEGKIEE ML B K5 L AR R
A, HRARR . EAFETUESR P KTERTESHY B RET.

2.2.2 ARBEFRRAKENER SHPTHAREILEBXAREBNG FFEEE™EREWENOL
REVEAEANEK. XZSBEFXERAT. A . RERBMEKEAREFREARI T WL
RERFTAEENEL. YW THHRHAHNARREFRRYFRAER. FZXRE 8 A 28 BEMNFRIFHKE
R RHTT RO, FFE od. TRAEME LT KEFTESKRERLE 2.
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0 l L 1 L L | | | 1 2 3 4 5 6 ? B 9
1.0 1.5 3.0 5.0 9.0 8K k5 i) X 3K Days after stop (d)
R X ¥ Days of evaporation (d) ~&— 1 X 4% Mixed environment

—o— 1 X Mixed environment —a— ¥ L3R Brick-hole environment
—a— F¥JL.55 % Brick-hole environment —i— 1 F.3F ¥ Soil-hole environment

—y— 1 1.3 5% Soil-hole environment
A2 AFRFTEFEAESSKE

Fig.2 Water content of mediums under different

P 1 P IE 88K S A R 3R 25 Bl a9 2 AL

Fig.1 Evaporation rate of different planting : .
planting environment

environment after stop watering

ME2 0.3 HREARPERSIARTHLBRAHE.BFHEATHNERSKERK. TELES ]
RKEBESK.EBSXHKILFAHPHREBI KRN 30.378%.23.762%.16. 959 %, L R IRH P py B i &
KB4 HIR 21.507%.17.096% .3. 413% , L AL FH RN E A Z KR53 5 23. 916%.13. 507%.3. 406 %,
Bt ERELXRPHNERAIABRUBRTLIRKABALILAHEPABEREAR. ERER
(P<<0.05); + RAMAML LI PHEF S KEEFAKP>0.05), XiIFHEAFERKIERIE EE
HEBREAAN L KERNFFKE.

ZEOAIH. A BOEATARRBEAMPHHERMNERL. T KARPHRER 2 2HRER
HEHHEH{ERTEBAFEPHEELBESES  BEREE. LIFRTHEREHERH
PEGE, ATHEIX T KFRALAFKPHIFEC LR EER - EAGEAREEE K FEILIHH
FHRENBESR . EXRRAGT (EARGEY 6. BMEEH 1 FHZR A BCOOHIXRIFHFR
BARPHERS KRR LKFEA 26. 9% . FEFLIABEN 56.49% , TALEHER 22. 5% s LK FEh Y
BERSHNH L RIFW K —5. 686Pa, FEFLIA W Xy — 5. 2904Pa, L FLIFBE R — 6. 078Pa, M fLIFHE PR R
ETRERA . ERLERR BURENERHARX AL A AEAVRRGERELRATEMAC. BN
R+a8B.

2.3 FRREFEFAMITFRERKYER
2.3.1 AMBHEFRMEREAARFABRNOER HEZTKE . LHAXPFERAFSAXRKGERE K,
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ESHBAFPEE -BNFGT . FHENEHRENEY —REFHEATENRAKREPNEREES.
AMRANMETRERAEERMALWEMERKRENTIELARRR . HESREWNEAREIBREITD

% 4,
4 3HPEBXRRPERGRARRAEREZRERHEER (TE DW. g/m?)

Table 4 The clipping yields of turfgrass and its diversity prominence under three kinds of planting environment

BT A B TR PR B B 5 7L 57 B o G BB RS LT L P

Clipping time Turf under mixed Turf under brick-hole Turf under soii-hole Mean
(Month) environment environment envirponment

6 58. 068b 117. 144a 119, 002a 98. 071

7 75.159b 90. 12%b 122.811a G5. 9668

9 76.433b 128. 503a 128. 5564 111. 164

10 64. Z78a 82.272a 83. 174a 75.574

2K Total 273.938b 418. 047a 503. 344a 398. 387

x AT RBEEHREARFR . RALERAHER 5% 2 X K ¥ In a line,means with different english letter are

significantly different at P<C0. 05 among ireatments

FEMREREVN . ERIMEKEP RETETATERPOEERPER L, ) 503. 344 g/m’, TR
AFEPHERRELERA 418047 g¢/m , KL T AREPIHERRELRREK.ERNEERFEX
(P>0.05), B+ KHEHINEBRHLERK . A HEAMLTI RPN EREE LRKE 34. 47% R
45.58% £ RMBEF(P<0.05), TR, BEHRA LT AFESHARBPELRBER. ABRABRLURE.,

ANELAZTES E7AZIAGRX—BEERBNN. EFALEKTH AR EFEMAANEBEN S
R K 111,164 g/em? L 6 AP B 7 AT A1 MHANEBEWRNRE 15.84%. EXBRENM,
BAREPRPFENENENNBEE L ERMENRRE 412.58% Mt KRR LA FHE PR IREE Y
HAHmMEL. 2P R 1. 7% 4.85% ., HECAT R, LA BEME KA ETHERZ R BEOE W
T FE AKAEMEAARRPHRRZANEMAESES. XA —FBRELRABILAEASE RN
HEMENER. XEF-RAFEEBR/N RAKMEERTFUMHX,

2.3.2 HEYAEAREFENEFRENEE BFIHREEEFEAEROER THRRTMH AW
LHTENGESAA, ATHEITEZRAMRT ATHZI AR TARBERREN E R RAE N, FIL
REHEG FE. R TRGEAE EAYRFEHFFMER, X5 MERBRES SR 0.25.0. 20,
0.25,0.10,0. 20 b F A BB FESEF DEPIRAKN S KREIREER B E . TR Beard B 1
WERBE  EPREHFTNNBENS SR, AEERFSTERAXBHERELRS. 24 —BXERE

W84 EEEFRNMREAENRREITIE S,
X5 ERBERSERREK

Table 5 Graded range and weightness of indices for turfl quality

M 155 W4t Grade RE

Measuring indices 5 4 3 2 1 Weightness
B & Colour -3 E S x i | E- 3 0. 25
#% B Density (8/19. 625 cm?) =235  30.5~35 26.5~30.5 22.5~26.5 =22.5 0. 20
i it Texture(mm) <1 1.L0~20 2.0~30 3.0~4.0 2=24.0 0. 25
BB Height of rurf(cm) <6 6~9 9~12 12~15 =15 0. 10
W F 4% Yields of upground (g/19. 625 em?) =3.0 3.0~2.5 2.5~2.0 2.0~1.0 L5 0. 20

* respectively suggest deep green,green,laurel-green,yellow and green,withered and yellow;the same below

HE TN ERERRFTAAFABRIAR MTRFAFUIERRP) BARRBFIFRMIHE
HEREREX. RP.RAFKPHFRAECREK FEX AMEE, KERE.ZEHRN 3. 708 72
TAFRPHFECFRR . BAB2NRTRXEC . ERARE . AERA. SRy 2.637 2, K TRA
WP R, T KARP RIS MHHG. A RS RE,. U 2.318 73, KH 0 HER
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FW R FLIRE o B B SR A R R L L R ISR B P R B L A B AR B E KR (P <C0. 01 X 5 LK 5D

BREATARREAMPARERNSEREER—F.
Re FAHNBERDERNKENRAREAERR

Table 6 Measuring values of indices and synthesized quality of turfl under different planting environment

.  ERARTHEN R AL AP W LASFHTHERS
oo Replicate Replicate Replicate Replicate Replicate Replicate Replicate Replicate Replicate
Types of indices
1 2 3 1 2 3 1 2 3
M Color W 4 L ¥ ® B4R ;B 4 E 4 W & K
@& Density (H/19. 625 cm?) 20. 25 18. 25 18. 75 20.5 18 30. 25 21. 25 21. 50 15
M ¥ Texture(mm) 1. 68 1. 83 1. 40 1. 35 2.0 2.0 2.0 1.6 2.0
M 3¢ B X Height of turf(cm) 15. 25 16.13 10, 25 5.8 17.75 8 10 8.5 10
AR Yields (g/19. 625 cm?) 1.72 3. 18 1. 12 3. 06 4.32 2.17 2.12 2. 08 2. 09
£ 618 43 Synthesized scores (43) 2. 318b 3.708a 2. 637b

FliTEIFRERERB ¥ (p<0.01)In a line,means with English letter are significantly different of p<C0.01:)

Turf in mixed environment. @& Turf in brick-hole environment. (3) Turf in soil-hole environment

3 itig

FEEFEAERN LN EEYRERENER R T EFERD AN ERTRER
RIS ORERAERAGBENRR  ERRANSKSHPEARMT REFZHHAAPHTES
EURBRARBREFRMASARBENER . FERFAERRD HAFEHHHE N K. Na.CuZn
FARLIEARAMTARRPOFEHN TR SRR ERBE RO EAFRFHFERBAH,
BARE CERG. GHAREGRO SARMHFSENALHEX. KM FAFRTAFIEIFTH Fe,
Culn RERZRTRIVHNETKRE . FRABTEATEE . AERFIE.

DHREBREFERB R T MERGEHEAKR, REROFRSAFRSARIEUMER, BRI
ERESMHHRABESRESS, AREROVAETR D AR B RERENRBEE DY KERMR
BHSEEHRY, ERANAE AR REFENAEATEFEBRARARER HE. AAEN
WIBERROEBERE LR AKEE. IRV AN EFRERE I ERETEIRTHIL TR AN E
B ARRER EHRGSBOEKEAGT RILARHENRER/NME D AAXRRIAKRELME2),
FEMEKELR EAHAREFRBEFELKNbE.

MERELAFKPIUEFAFEPEKBRR. EERARBR.BERELRARE PSS
TRFAFPHEAABREALERBE RO, AERENFEAKBEFHAFRARBEBE® T LA
TRAR PR AFAER LANEANL KRN EFFARERTEE (RO,

B AHALRRE. MERFAPRARELAN LR ERKESERRBHOERER]

WK .
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