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b FAEAEEZEER, eiliath. Kisgik.
A A PEEH X DAL v B R — T A AN o] 2D T B
SR AR G0 B 7 A8 P AT M 4 AR A PR T 7 R ™ L T o i A
BN PR AR — TR B 2> 2~5 om JEIHHZE
B, BHEEMR L (20~30 cm) FFAEEE B R 2
s SEUR SO Sk, HEMSE. Brel,
I setpsk, B G LR A A, B ORE 3
gyl Az U A AT R R A R,
AR DA R B 22 [ AR 980 S ) 4 kg 5k JO 55 A 2 2 AH ORI 5
VIR DLBRIE . R HE S S MR TR N TE&H
ML, F TR, o — BRI HiEes, i
ALY o i LI . UG, AT CATE A L A
AR X% (Festuca arundinacea L) )%, i

A AN R TR S EP R A AR RCR 5 W, 5 2N
DRARUAC 2 ] AT A A 5 e e B B e i i A5 S Atk 4
S

1 MR57E%

1.1 R

PR BRI AT A BCE B0 S X AR BE 4 3%
AR CREFRELFEONEES) , RIS KER 61%,
ZREN 0.33 glom?, JoBCE AR NI AR T2 R
3KGy s R EEF T 60 CARIRAL T, THHES
IKEL N 10% 0, B 1 em B8N, <1 om ¥
B T, A B S ) PR A R IR [ AR 30 R ) - R 1 AL
* 1,

x1 AERZEEERLME

Table 1 Key physical and chemical characteristics of biogas residue

%
N Ne S Sl S sl KT ELYNL7] GHOp T 22
s BHE Ak il HHAE M M AL R e R AE T A
. . Total Total Total Available Available Available Organic matter Mortality of
Biogas residue . . . . Number of fecal .
nitrogen  phosphorus  potassium nitrogen phosphorus potassium content coliforms ascarid egg
VAT
SR 2 2L 1.77 6.57 1.25 0.35 1.08 44.70 <3.00 A H

Mass fraction

MR L EHMER (<20 cem) 133, A b5
MR AR R A T, RO w1, R E
144 glem® s MR IR, 407 RIS,
TR T-¥s 3 m, AR

el B Y Ik H 2 4F A W SE P ( Festuca
arundinacea L.) , #=F2 PP AL ARMERE BRIk
W R
1.2 Rt
1.2.1 #&EAHER

TR K I XA B, B 3 AL 1 3R (CKD,
MRS GBS 3 IKER (R2) , LR AER. K
FHE R 38 30:70 (Vg Vo) HEBIFRER,
FIOAW 1.08 m® 1138 2.52 m®, SEHENUIRS 4], 315
T30 L, BEASIN 30%yA s 3k . SR AR IR 77 ik
T60 K:J5UF1 T9O e it, EIVASIN 60%F1 90% vH ¥ (1) 3 5T,
CK LT A0 K 46 FH 138, AN Iy o AN RS g5
155y PRRRLE B i LA L3k 2.

F2 HBERPBEIERS LG

Table 2 Mass ratios of biogas residue to soil in culture medium
i AR Tk | R L

sl Volume ratio of ]C[d@ J.“i&&.iuj

ass ratio of biogas

Treatments b;gig]?(scﬁgf;%;() residue to soil/(g-g™)

Replication no.

CK 0:100 0.00:144.00 3
T30 30:70 9.96:100.80 3
T60 60:40 19.92:57.60 3
T90 90:10 29.88:14.40 3

TE: CK: XM T30: %1 30%IH MM T60: B3I 60% s (1 5E 5T
T90: ¥R 90% A HIHET. R

Note: CK: Control; T30: Treatment of soil with addition of 30% biogas residue;
T60: Treatment of soil with addition of 60% biogas residue; T90: Treatment of
soil with addition of 90% biogas residue. The same as below.

1.2.2 #HArHEME R

RIS TE R BEAT, KA T AL 50 74 Re s AL
IR s ARG = LS DX PR G P o R HE S UF ) CK
FEJR . T30 T T60 TR TOO K& it 43 531l #4151 T4 #E %)
MR R b, B—ANEERTTN, BEEE RS
Scm, TERE2 m, KFF 12 mo F A GURS LA AR EE S
WA G, WK 500 fEmeg AT SR, A,
FIET, B 25% =M T K@ A BE. 2013 4F 11 H
20 HAEF:, WS 4kF, RN 45 gm®, 11 H 29 H
HHi. 3~5 dHe 1 JoK, BRGNS, AR
S5 WA R 25~30°C, BilAlh 15~20°C, A
MR RE N 36%~57%, 50 M 2013 4 11 HIF4R, 3 2014
131 HER, FR2E2 60 do
1.3 EB#5RBSH

EHIHE S 10 K (2013 4E 12 A 9 HD . %5 20 £ (2013
fE12 19 H) FI55 40 K (2014 4E 1 F 9 HD 43 5l5E %
ANKCEET, B AN RS £, B ZhTEE CHRm®) |
em (em) « ghEMTE (em) , DLACEL Y R A
BHE: R (%) SR EESEGRR R —E.
B A AR 40 K, FrlESER R RbR G, SR RGHUE
TERE/NRETT (1 mX1 m) , RS 355
HEAT X, B R 1.00 em, TEHE EAEYIR (kg) .
MR AYE (kg) « BERREE (em) , [FIN, X
JRZRE . BB YRR bR AT IR VR, IR J%%
FUA 100 cm®s H5dh BAE N A R AR LI E, 2
FIHHELZ) 200 g FEA, 7E 68 CHLAE R Mt EIE B S FR &

RIS LG, X TR, BERJZE IR Al Hl
SR, BT ERACRRPERL I . TR S AL R
FHEAR RN 2% Byl 2 P2, AT R ] Nay,COs 32 42-4H
BRptb ik, SRR YLK e 2EP
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1.4 HEMOWAZE

Y (BR/m®) « Bk Cem) + gh 58 Cem) o
Y EERE (%) RN B S RN R 3 — T S vk
Zx i e N ISR [ [ bR Ut AR i A g 5
7 - EEE (GB/T 18247.7-2000) ) 347, Bz
Jor V5 0, 5 AR 2R RN R I JEL R, SR L R
e MR T2 — 0 R TR E. BRI S . &
BB Y B T o T S b e NIRRT
MAAT AR HE CRRAR T80 B 538 o H0ds o3 B R
SPSS17.0 %M, KM H K K J7 2 /0 7 ( One-way
ANOVA) Flig/N 3% 2 ik (LSD) LA R £ 41
I f) 22 57

2 GER5HH

2.1 FRIEFIBUFFIEIL

H3& 3 W, ASFIECEE v 0 LR AE TR &
Fto LIEFPEAG MR ATHLB. K R
BOBOL R R AEKEER 7. ANRKE R UE
H, BEE BRI, H P AR IR A TR
IR, JE pH EROFREE T 7, ARNKEIRIT
RO RN, T T, % ik, WGP

JIUE P HOH AT T60, ity T30 ZERAE, XnlEE
FER T R A SIS R, AR T90 i
O BUR ERRRE R . TOO R, HAG. HR5
T B AR T T60, FHZLEF FT# pH H %/ T
JEAIE RN, X 5 AT AR AT A 0,

Bl 5 VT R TR R I, R B TR A W
WA UL T90 e I%, T30 e, /- Al bk CK FBE T 7.75%
Ml 5.43%, T60 Fl T9O A EZEMAHE; THEL
T60 5 A, T30 ¢ 5> 23 73 B CK RN & T 13.92%F11 6.33%,
T60 1 TOO T 7 Z A . SALBRELL T60 H&1K,
T30 i, 7l b CK 80T 3.88%F1 2.35%, T60 Fi
TO ZEHIARBH R . NIBHLL T60 i, T30 Ak, 5%
Et CK 407 2.81 f540 2.15 1%, T60 A1 T90 2 j| A1
2.

AL, 3 W EHITE A EE AU RS =Y,
RENS 78 i AL IR AR KT ) 3 AR A FETW
FRRFPE TR A E R E K, NBEMLSLE
S W, RAKPER R, X BTN T E S
B A B AR Rn R, BRI R AE RN
FRACRFPES, Y B A P A R, LB VH v
OB, SRR B WIS o

®3 "MESERSHIEBEUSER L
Table 3 Comparison of physical and chemical properties of three kinds of compound organic substrates and soil
28 g el AR MmE R AP KR WAL TAE BILEUE Ini‘l\liiin
Qb = Total Total  Available Available Available Organic Soil water pH{H  Wetbulk Drybulk  Total
Total . . . . . . rate
Treatment nitrozen/% phosphorus potassium/ nitrogen phosphorus potassium  matter content pH value  density density  porosity J(mLemin™-
BEWTO T oy, % /mgkg") /(mgkg') /(mgkg") content/% 1% Agrem™)  /(grem™) 1% )
CK 1.38¢c 1.26¢ 6.4b 156.01d 103.21d 100.32¢ 13.60c 13.00b 7.86a 1.29a 0.79a 70.34b 0.26¢
T30 2.18b 2.70b 6.61b 456.21c  302.31c  209.12b  22.22b 21.01a 7.59b 1.22a 0.74a 71.99b 0.71a
T60 2.99a 4.01a 7.02a 882.31a  523.35a  38542a  30.4la 20.61a 7.37¢ 1.19b 0.73b 72.57a 0.73a
T90 1.95b 2.49b 6.61b 509.40b  426.43b  268.08a  26.02b 20.38a 7.10c 1.17b 0.71b 73.07a 0.56b
T RFAFREERR P=005 KTV LEREE. TR,

Note: Different letters in the table stands for significance at P=005. The same as below.

2.2 ARERMEEFHHEERKNEN

WK 1a Fros, WikJGEE 10 K, BA7 AR Sh I ARE L
TOO i, L] 22 242.00 #/m?, ZHETERELL T30 B 4R
11 33.82%, b CK W13 E T 54.77%, {H T30 M%)
FRBUE: CK W& B R G 55 20 K, A7 T AL 4 i AR K A
T90 5 5, 153 30 616.00 #k/m?®, ZHETHREEL T30 B B4R
T 37.63%, Lk CK WIEHER T 92.01%, T30 M%)k
BAE CK W EIE 8 T 39.51%. WK 25 40 %, B AR
LHTRRELL TOO fm, iK% 31990 ¥h/m?®, #igkkEtt
T30 BB T 34.74%, Lt CK HIB4R % T 91.09%, {H
A& T30 NN TR CK 3 T 41.83%, s .

Wik 1o Pros, WiAJGEH 10 K, Zhiivkes bl T90 &
H1s AR 4.00 cm, FhEibkELE T30 BERES T
44.37%, b CK BEHF T 86.36%, {HIE T30 [MI%hTHkE
5 CK AN Wik 55 20 K, Stk s L T90 AT T60
B, YtitkmiAE] 8.00 cm, Hkmilt T30 WEEE T
46.62%, b CK &R T 83.10%, T30 AR
CK ¥ T 24.88%, AR . Wik G5 40 X, 407
FEEILA T9O F1 T60 i, 1A% 10.00 em, 47 #K = LE T30

WERT T 48.57%, tb CK W T 85.71%, {HJ2 T30
M4l ek CK B T 25%, S A .

Wik 1c i, WikJEEH 10 K, Zhlin 5Ll T90 #
s ZNTETEN 134 om, ZEHTELL T30 EERES T
48.89%, Lt CK BEHF T 50.56%, {HIE T30 (M%) kE
B CK Bg R (1.12%), BE AR . #5 K55 20 K,
I 5 LA T90 i, 4 P 5818 2] 1.81 cm, M98 LE T30
ST 45.97%, L CK BERE T 67.59%, T30 (1)
T EES CK B T 14.81%, Mm A E . A5G
40 K, ZhHgELL T9O A T60 fef, 1A% 1.87 cm,
Gt gE e T30 BER A T 48.41%, L CK BE#HRS T
94.79%, {H& T30 M4 848 CK 3% T 31.25%, 1
SLET

3FHBEGITR, AL AR LD RR R T R
JTU, R g AR PR VA ) A R T T e R R TR
AR, R, X5 RERBERYT EAERTER
UK B T BRI FR 0 MR e Z A K, 5ok, Dtk
ron S L e AR A A AL D84k, AR 20 KIFLA,
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Fig.1 Dynamic of seedling number, height and leaf width on three
kind of compound organic substrates and soil

2.3 ARERBEESEFEREWMEKFE

WiEl 2a s, MasBEkE, HEEE 108, 3ME
G IR 5 B CK fmy, B VRV R Ay A I, 5 a6
FEtyhn, ZRARE: HEEH 20 K, T60 FEZE
FEf i, IAH) 81.21%, # T90 N mit 10.06%, %5
AR, X2 FEERR, ORI E AT T30 5 CK
L RS 30 K, T60 JEJ5 N o i, 2l T90
T30 N 15.32%H0 20.41%, 2553 . T90
T30 F, #GEZERAUE, A5 T CK.

AT, 4 FPSER, LR o AR R AR R Y,

JEAEH B m S EEAE R SR B K. T 20
KW, REFFOS i AN, 20 d Ja, xfi 8
Wi TFAE B, JELL T60 fAsE Nk v fe by B2, 5 v

WA v T A 3 ML ST, AL, Te0 MUK Bt
120~

v CK
1001 < T30

s
(=]
T

Turf coverage/%

20 40
T Seedling age/d
a. B ARRE
a. Turf coverage

EN . - =
T T T T

B 4025 4% Turf color grade
[\S]

(=]

Tit% Seedling age/d

b. R
b. Turf color grade

& o o =
T T . 5

B #5)—PE Turf uniformity
0o

(=

THj#% Seedling age/d

c. WLRZ¥—1k
c. Turf uniformity
B2 Wit RReFERLEE. REfH—Hah sk
Fig.2  Dynamic of turf coverage, turf color and uniformity on
three kind of compound organic substrates and soil

WK 2b fim, HEESE 10 8, 40K, 20590
BRI EE BES 20 X, T30, T60. T90
R, HZEEERRE T CKs S 40 X,
Rt Ll T60 Kb K s, B =T T90 AT T30,
Ao, BRI ARG, SRS AR RS RN,
YA GO I . HAREIUR, WSS T
T TAEILR, HEL T60 FEF N, febr i
KW G T60 74 b A4 38 5 57 THASUR
et X5 EFHWEMIPTTE A5,

Wil 2¢ Pron, 7EHTEESE 10 K, DL T60 73—
Phfgmn, W m T AL 2 ML, S A 20 RAIER 40
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O, FEARFPAKE ], BL T60 N iz 35— fedh,
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DL T90 f % . T30 F1 T60 F, 2 40 KEF I —1 B2k
T35 20 K, EHBERTH 10 KIS —%,
TOO FLF R, 45 10 K. 5 20 KFIEH 40 KT 1B 34—
PEZERA . nT WL, BEE RN, BB
B, T60 T, H—kE B T HAREE . T90 Tz,
AT e VE i 2 B0 KRG T3 S R S i
2.4 ARERBESEFEREVENRSHE

2t 40 d )5, T60 &, HEZMEAEYERE AT
il 3 BT, Ok T30 Bl CK R, T90 MY E
k. T60 ~, WZEEIES] 1.98 cm, I EETHAL 3
P, CK F1 T90 ~, MRZEEAHZEARN T XUl
T6O HA| Tt st F M AERK SEYERE (R .
T60 T, B TR B g Ml bR H R A 4 5 3 v T
Jit, e Ll 3.94, 4303l CK. T30 55 T90 1) 28.10%-
14.53%1Y5 7.94%. " W,, w25 o0 T B RE R s H N
R AR TR R, AR IR s, x5
2 N7 2 SR STAABL o 1T L 2 PR SRR S BT A 1T
T, ATRERH RN, AR R I K AL A A TP AR K,
My b A=y ) AT 0 5 A R T T R R A
o

x4 FRERMESFFEREYENTNE
Table 4 Effects of four kinds of substrates on turf growth of F.
arundinacea

AR N AEYRE BEYR
IEFEKAY Aboveground Underground — Total

WRZERE W
Root length  Root shoot

Treatment  biomass biomass biomass .
gm?)  fkgm?)  kgmD) M ratio
CK 1.13¢ 6.19d 7.32b 1.18¢c 5.48a
T30 1.27b 5.85b 7.12b 1.42b 4.61b
T60 1.60a 6.30a 7.90a 1.98a 3.94c
T90 1.20ab 5.14c 6.34b 1.16¢ 4.28d

2.5 BMERTHIE

gE BT, W 60%EE IR, AR k.
B MR HUSRE . OSUE . VU R, 1%
RN, HOR SRS rEREm, SRR RE
Yrie . BRI AR R DL RO JE R I KT At
T, MR LR o BRI 90% A (1) T, 4T
FREC. Kk e T 60%H 3L, HEERAEE.
MR 2E 2 G AT IPRE SRR, N 60% YH 1 1) 5
SRR IE TR A R S R

3 &

D EEREHEENAYREFRYR, e
I R R AR KT . RN 60% A (IR,
AR AW AL R . HURBR . A PR
Tt RS THAL 3 RELR. BEE HE R E S
Perm, AR pH (W F G, T WA E WK,
NBHMBFLBRE B W m, ROKMERR, X P s
B30I o A 9 VR T R T B A1

2) 3 BhST A IO s 2 S 4l AR KA A
W A5 55 20 K, BRI 60%FIR I 90%VH M LR K, 4
WikEE A 8.00 cm, ELXTHR GRS T 83.10%, 4

40 K, TN 60%FIZ N 9O0%IHE [IFE T R, 4h T bkl
910 cm, LU AR T 85.71%.

3) 3 B A A IO B A ) TR AE A I R
HFJEEE 10 K, 3 B G AR 5B o FE RO I mys
HIJG 50 20 K, SN 60% H ¥ FBE 1 55 7 56 i e, ik
2 81.21%, AR PR S EEIENT 13.47%. HHE 5
40 K, WIN 60% A IR T a5 S e e, O U 25
WE I 53.85%. 3 MG, HORBESS S
T, LU 90% H ¥ (38 R FF e iy o BlAE 2R
KT RE K, B R 3 — PR TG I, 80 60% 71 ¥ 1
SRR, P BRI I .

4) VNI 60% 7 155 5 AT R Tk i o 28 HE AR &R
ARKEEYER R BTG 40 K, I 60%7H 1%
FUN, mEr s S e . RS AR R DL
HE 2 R W2 T ILAh 3 BRI SN 60% YA (1) 3 5
T, FRMREELA 3.94, RAXTL S0 30%. 90%
TR AL PRI 28.10% 14.53% 5 7.94%. 71 60%74
)35 5 2 AR T TR A b R R R AR ) R 43 A
Jas AT RN R A . R S A AR KR T
FRAESRE, I 90%F 60% A [ 4L il T d At v 25
B, LUE#H AL

(& % x #
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Chinese Academy of Agriculture Engineering, Beijing 100125, China,; 2. Tianjin Vocaltional College of Bioengineering, Tianjin 300074,
China 3. Tianshui National Agricultural Science and Technology Park, Tianshui 741030, China)

Abstract: Biogas residue is a kind of high quality medium, being with comprehensive nutrition and rich in organic matter. In
order to select new type of non-soil culture substrate, in this paper, the experiment for single factor randomized block design
was carried out to study the effects of the mass fraction of biogas residue on physicochemical properties of compound organic
substrate, growth characteristics of seedlings and grass turf traits of Festuca Arundinacea. In this experiment, biogas residue
was used as raw material to compound organic substrate to plant tall fescue turf. The results were as follows: 1) For the T60
matrix (volume fraction of biogas residue was 60%), the total nitrogen, total phosphorus, total potassium, available nitrogen,
available phosphorus, available potassium and organic matter content were the highest, and more than the other 3 matrices,
which were CK, T30 and T90 (volume fractions of biogas residue were zero, 30% and 90%, respectively); with the increase of
mass fraction of biogas residue in compound organic substrate, pH value of the compound matrix decreased significantly, both
dry and wet bulk density decreased, both infiltration rate and total porosity increased, water retention increased, and this
amelioration effect of biogas residue decreased with the increasing of mass fraction of biogas residue; 2) All 3 compound
organic substrates had significant promoting effect on the seedling growth of F. Arundinacea. The seedling number per unit
area growing on T90 substrate was 22242, 30616, and 31990 for the 10", 20™, and 40" day after germination, which was
increased by 54.77%, 92.01% and 91.09%, respectively, compared with CK. For the 10" day after germination, seedling height
on T90 substrate was the highest, 86.36% higher than that on CK substrate. For the 20" day after germination, seedling heights
on T60 and T90 substrate were the same, which were both 8 cm, 83.10% higher than that of seedling with CK substrate. In the
40™ day after germination, seedling heights with T60 and T90 substrate were both 10 cm, 85.71% higher than that of seedling
with CK substrate. Seedling leaf width on T90 substrate was respectively 1.34, 1.81 and 1.87cm for the 10", 20" and 40™ day
after germination, and it respectively increased by 50.56%, 67.59% and 94.79% compared with that of seedling on CK
substrate. From the point of view of seedling growth, both T60 and T90 substrate were suitable for the cultivation of tall fescue
turf; 3) For the 10" day after germination, turf coverage on 3 compound organic substrates was higher than that of CK
substrate; for the 20" and 40™ day after germination, turf coverages with T60 substrate were respectively 81% and 100%,
which were the highest and increased by 13.47% and 53.85% respectively compared with that of the CK substrate; the turf
color and uniformity with T60 substrate was higher than that of the CK substrate; 4) For the 40" day after germination, total
biomass, aboveground and underground biomass and root thickness of turf under T60 substrate were significantly greater than
the other 3 substrates; root shoot ratio of turf was 3.94 on T60 substrate, which was only 28.10%, 14.53% and 7.94% of that
under CK, T30 and T90 substrate, respectively. T60 substrate significantly changed the distribution of aboveground and
underground biomass pattern of F. Arundinacea, and significantly promoted the biomass allocation to the aboveground.
Therefore, T60 substrate was the most suitable compound organic substrate for the establishment of tall fescue turf.

Key words: substrates; growth; physical properties; chemical properties; biogas residue; turf grass; soiless culture
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