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Effects of river sediment as the main substrate on the growth and
physiological indexes of Agrostis stolonifera ‘PENN A-4°

XIA Honglei', WANG Lei', FANG Chaochu', WANG Minyan®, LIU Wanpeng®, SHEN Cheng'*, ZHANG Jin"*

(1. School of Environment and Natural Resources, Zhejiang University of Science and Technology, Hangzhou 310023,
Zhejiang, China; 2. College of Environment and Resources, Zhejiang A&F University, Hangzhou 311300, Zhejiang,
China; 3. Power China Huadong Engineering Corporation Limited, Hangzhou 311122, Zhejiang, China; 4. Key
Laboratory of Recycling and Eco-Treatment of Waste Biomass of Zhejiang Province, Zhejiang University of Science

and Technology, Hangzhou 310023, Zhejiang, China)

Abstract: [Objective] The dredging sediment from rivers, lakes, reservoirs and ponds can be used for the
production of high-economic value landscape plants such as turf, which can not only solve the problem of

occupying cultivated farmland and destroying top soil layer, but also solve the treatment and disposal problem
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of organic solid waste such as sediment. [Method] Based on the mixed material design and the principle of
maximum consumption of river sediment, the proportion of the three raw materials, namely sediment, biogas
residue, and biochar, was set to be 50% < sediment=<: 100%, 0<biogas residue<50%, and 0 <biochar=<10%,
respectively, totaling 13 treatments. Meanwhile, cultivated soil was set as the control, and the growth indicators
(biomass dry mass, chlorophyll, root activity) and physiological indicators (soluble sugar, malondialdehyde,
antioxidant protective enzymes) were measured to explore the feasibility and suitability of planting Agrostis
stolonifera ‘PENN A-4’ with the substrate of river sediment as the main material instead of the traditional
cultivated soil. [Result] Compared with the control, the dry weight of above ground part and underground part
of A. stolonifera ‘PENN A-4’ significantly increased by 58.53% and 17.19%, respectively (P<<0.05) and the
root activity nearly doubled (P<<0.01) when the proportion of sediment in the mixed substrate was 75.00%, the
proportion of biogas residue was 20.00%, and the proportion of biochar was 5.00%, but the content of
chlorophyll a and b in plants decreased by approximately 20.00% (P<<0.01). In addition, the mixed substrate
significantly increased superoxide dismutase activity (28.66%, P<<0.01), but had no significant effect on the
contents of soluble sugar and malondialdehyde, catalase activity and peroxidase activity in plants.
[Conclusion] It is feasible to use river sediment as the main material, mixed with an appropriate proportion of
biogas residue and biochar as a substrate instead of cultivated soil for 4. stolonifera ‘PENN A-4’ planting. The
mixed biogas residue can effectively increase the aboveground biomass and root vitality of the turf grass, while
biochar can effectively increase the underground biomass of the grass. [Ch, 5 fig. 4 tab. 25 ref.]

Key words: river sediment; Agrostis stolonifera ‘PENN A-4’; turf substrate; physiological indexes; biomass
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5 41 55 5 ) RRRES . RIIETOS W B 0BG AR A-4” AR A A BEAR A R 1077

4 HIFFER G, DUHINAE T R, EEIEE AR R AR, BT E TR S 3R G 3R T ) ) ) 5
e AN A-4T AW MR ARG ATEEPERE . TN R BrEAL RSN, ATTE e
A MLIEA R S54SR AL M RS 2 2%

1 MEE5F&E

1.1 #

T TE JEE YR B H R YEVL & BH B WA = A R s TR IR A BN PH R IR0 Y, MR IRIR S AR A
KRR TRR) G B ERE R ; AW 5ok DL IR 3 R, 2ad 500 °C iR PR A s fb 5 15
BRI s BHE L ARG e S h b R )23 1, pH 2Rtk . AL A R B L FR SR 1 TR,

F1 MREMIBIAMER

Table 1 Basic physical and chemical properties of the materials used in the study

FEf MmE  HSHR/(mS-em") FHE/Agrem®) WEILBE/% AR/ ke LFNgkg) £Bi(g-kg") &8/(gkg)
e 7.48 0.15 1.05 58.02 84.07 0.60 0.69 10.67
TRt 6.54 2.49 0.51 72.41 309.50 15.23 24.69 3.71
EWIBR 9.40 1.26 0.63 59.85 699.63 20.83 2191 14.50
HHEL 6.39 0.45 1.23 40.28 33.39 1.51 1.59 15.67

RIS RO RAPHS M PP B R B B AR A-47 L R EAT CHEZEY M3EE, Y
T S R D BB e (R R R, T N T RERE . A TSR R, R R R BRI &
PR, A ARSI R PO RE D R B RE T .

1.2 iRt

ARG SR F MR o T 3 F, SR E e . VAR . AR R A TIR AR, B BCh 21 B TR e Bk IH
FEIF I S Z M iH gh B R U ), 8 3R 3 P BT A AR R L 51 43 0 S 50% < K6 <100% . 0<H
H<50%. O<HWIFR<10%., BB LWL 2, B (o) SATIR G . IR H RS AR Pe AR R
FAAC ARG G A A 2, e & 2 EVE 2 £ (0~20 cm) X IR 4H (ck).

®2 BRHEHAZR

Table 2 Scheme of a mixed material design

Ll JRA JEEI/% THi/% A% S ey JER/% /% A AR e

1 1= 50.00 50.00 0 8 WO A 70.00 20.00 10.00
2 Y=Y 50.00 40.00 10.00 9 HLb s 72.50 22.50 5.00
3 oA 100.00 0 0 10 L)Y 61.25 36.25 2.50
4 Y=Y 90.00 0 10.00 11 LISy 61.25 31.25 7.50
5 XRE 50.00 45.00 5.00 12 L)Y 86.25 11.25 2.50
6 MR A 95.00 0 5.00 13 LISy 81.25 11.25 7.50
7 MR G 75.00 25.00 0

Bl BN IRRRA L.

I AE W TR A IR B (30°13'317N, 120°01°30"E, 4F H IRIFACK 1522.4 h) #47. BRIR
KA HEAFL RS A 40 emx40 emx7 em B9 B4, IRIERE 30 g-m? LAk RS, BBy 3.0 em,
LA R 0.5 cm, ARARBATESZ 3 UK, RRFPEIEN 120 gm?, REFRTRERVEK 1, KIFG 7dBE
RA~2 0K, e WL DL A SO0 R RS BOMGAL , FELh AR 10 d ZE AT, BRRIE 10 em
Ja R U3 RN B, ABRSRAE T I A AR P TR, 2022 47 10 A 15 HERA, 3L e0d, 7E5
60 FRHUEE, M F P ELAL AR AR o
1.3 MEIEIRRTT %

PR R FORER SN AR L, AR AR QBRI AR, T ERER Rt (e, TN R
MRE bz, oSSR M Ik, A B A RER R DU, e AR R
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WAIRm Y, RN JIRHEM =R, A T A A TR T a0, AR Rk F EE )
R o ERINE J7 k22 (R AR B2 S e g )
1.4 HELE

PR 0 B 5 A Excel 2013, JFUEATRH, F SPSS 26 43 #fr A [] 4b 34 1] 22 & i 2 P, Origin 2023
il 1
2 HERG0
2.1 ERELEXEERA A A-47 L EEBS AR
211 R EFHRSTFRFGYm HE IA T F 1, 42, 4P 10 MR RE AKE A47 b
EEAT R ok 22 R i B (P<<0.05), 43dillbb ok WER S T 172.98% . 185.07%. 189.27%, {H
SHEZMESARE; A3, P4, LI 6 M ST RTRE B EL T ok (P<<0.05), A7 ok Hi b
TR Y 12.46% ., 45.19% . 28.50% (¥l 1A), FLJARUEALIE 3, AbFE 4, PR 6 RUSINTAME . FlETRAE
FE T P LB B, R M A A I (B 1B).

A B
250 |
—~ a —~
K a i
: o, ] '
2 b b 130 2
i 150 1
1o L
’ C
TE - . 90 'ff
= od dr, 70 &
-1 50 =
= 50 30 o
= e e 10 =2
. KdAdm
3456

7 8 9101112 13ck KT /%
oS
A Hb BT R EACIRE: B, H B30T R E LK. ARG FRERR AN F AR 2 5 B (P<0.05).

A1 FRLEMHGHTRA K5 A4 R EHR>EHTTREN YA

Figure 1 Effects of the different treatments on the aboveground dry weight of 4. stolonifera ‘PENN A-4’
212 etk FmEs ey ¥ea R 3T AALBEIHE B AR A-4” SRR a, b BT
S35 1.25~1.65 F10.35~0.50 mg-g ™', T cko M TIRIGIER ST TR+, dlktiE I Ie e Bl a3,
M4 3R B AU B (ARSI 8 FIALTE 9 4% K a/b Bk T ck, {HY5 ck ML, ZERARE.

®3 ARLEEERERA A A4 HEIHNRESH

Table 3 Chlorophyll contents in different treatments of 4. stolonifera ‘PENN A-4’

e l&ﬁ%ﬁ H%%?/ wﬁ%ﬁb/ sHazan | b wﬁ%? Hﬁ%y nﬂ%iﬁw v
(mg-g™) (mg-g™) (mg-g™) (mg-g™) (mg-g™) (mg-g™)
1 1.33+£0.01%*%  0.45+0.02%*%  1.77£0.03%*  2.97+0.17** 8 1.49+0.04%*  0.42£0.01%*  1.91£0.04**  3.54+0.06
2 1.38+0.08%*  0.46+0.03*  1.84+0.11%*  3.00+0.04** 9 1.49+0.05%*  0.42+0.05**  1.91£0.09%*  3.54:0.41
3 1.65£0.10%  0.53+0.04 2.18+0.14%  3.10+0.08* 10 1.40£0.06%*  0.44+0.05%*  1.84+0.11%%  3.20£0.21
4 1.28+0.02%*  0.41+0.02%*  1.69+0.03%*  3.10£0.11* 11 1.50£0.03*%  0.47£0.01*  1.97£0.03**  3.20£0.03
5 1.28+0.09%*  0.45+£0.03%*  1.73+0.12%*  2.87+0.04** 12 1.59£0.01%*  0.48+0.01 2.07+0.02%*%  3.30+0.06
6 1.25£0.06%*  0.37£0.04%*  1.63£0.09%*  3.36:0.28 13 1.40£0.04**  0.45£0.02%*  1.85+0.07**  3.14+0.10%
7 1.3340.18%*  0.40+0.06**  1.74£025%*  3.30£0.08 ck  1.81x0.10 0.53+0.03 2.33£0.14 3.42+0.02

VA * R A RAL PR 5 ki) 22 5 BE(P<<0.05), **F/RA[RIAMHS ckii] 25 5% .3 (P<<0.01).

22 EREEMNEEHEA A A4 HTESERKPZME

221 MRTFHRSFREGY M HE AT 5k Hth, 4 MMEH ALEA-4" HTH
St AR, ook WEEHEE T 48.05% (P<<0.05). AbRE 4 SAbFE 13 3L B BB CARKE A4
TEST RO 2R, (H 2 bR T HAAN I (P<<0.05), FHREE AL Tk LA EE
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B2 REREG TR A A4 BTG DT FREY
Figure 2 Effects of the different treatments on the underground dry weight of the 4. stolonifera ‘PENN A-4’
222 MR FFAGHm HE AT WA DRIEAEEIE 7 095 AR A4, H
0.03x16.67 nkat*g ', Lt ck (0.01x16.67 nkat-g ') =24 2.4 f5; AbPE O, AbFE 10 R, b ck M2y 2.0 1%
5 ek LG, AP 12 MR IR E2E S A 6 MR 13 MR RTE I B ELT ck (P<<0.05), 153l
M ok 1 65.84% . 83.69%. BfAETRIE LBIEER . KR LBIREAR (B 3B), LA ERWIFEAL, WA %
Wik, AE KL TR CE 20 T R KR e IR AR K, XS R 1B H R I B 25 TR AR 3
HVEE OB RS, MRS R ANE A-47 M B SR T i T o — B0 o TRRHE AR ) B
FeA 28 A o R B BRI “ARE A-47 AR AR TE IR B 2
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B3 AR GTRA A A4 RARFEHGYR
Figure 3 Root activity of 4. stolonifera ‘PENN A-4’ in the different treatments

23 ERELEXNBEHIRAM A A4 EEIERAFT
231 MTEBERESHGYm HEAATHL: 5 ck M, AN 4 RMEBTRGE AR A4T ATV
PR RO, ok BEIRE T 70.95% (P<0.05), {HS5AbH 1, AbFE 2 ML 2E AN B35, bR
3IRZ . ALHR S RS AR A-4” AT ERE T AU R T ok (P<<0.05), HARALHLE ck
o JE i3 22 5 (18 4A). TIEJB LK 50.00%~100.00% B, Bl S Ve L BB 5, ) & 3T Es < A4 A-
47 ATHSPERE SRR SRR R B T m n R R, TR BT I i B AR 2 T B
FOYRGR KR A-4 AT TERERT R S EOT R, AW BTk LB AR AL S T S BN R BT R ARR A-
47 ARSI o AU R A — 3 (8] 4B).
232 MARZEBREERRES A BE SATH: LB 7 AREBY AT CANKE A-47 TN TR AR
W e, M 20.65 nmol-g ', AMFE 1Rz, A 20.89 nmol-g™', /I ck WEHRE T 24.16% . 25.60%
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Figure 4 Soluble sugar of 4. stolonifera ‘PENN A-4" in the different treatments
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Figure 5 MDA of 4. stolonifera ‘PENN A-4’ in the different treatments
STRBMRYEEERG Y HEATI. 5 ck Mk, P4, P8, AbFE 13 9 F) & 5Y B
REE A4 R EEE TEEE R T 42.33% ., 44.54% . 46.45% (P<<0.05), TMiAbFH 7. AbFR O, AbEH
11 3t EAL SV BT T 35.02% ., 40.66% . 25.23% (P<<0.05), %W bifi 25 TR i v A= 0 I ¢ L 491
BT, FEB A CAEE A-47 i A S T

F4 ARLEEEETERA K A4 ELFRIPEEEE

Table 4 Antioxidant protective enzyme activities in different treatments of 4. stolonifera ‘PENN A-4’

Al yE MR/ (mg - g )

fi%/(nmol - g™

[

ik 1 S A Sl AL AL 1 ALY s FUE R ey A AL B AL o At
(x16.67 nkat-g™')  (x16.67 nkat-g')  (x16.67 nkat-g") (x16.67 nkat-g)  (x16.67nkat-g')  (x16.67 nkat-g ")
1 21.40+1.01 367.554+36.93%* 697.92+42.87 8 12,4342 .48%* 373.57+18.29%* 594.51+£39.24%%*
2 21.40+5.14 395.48+31.95%* 793.27+£21.60* 9 31.54+3.38%* 430.98+18.62** 708.82+16.03
3 20.28+0.96 256.49+10.25* 659.04+28.40* 10 24.38+3.40 398.58+16.95%* 764.31£29.50
4 12.9340.79%* 304.48+15.89 613.16+£27.51%* 11 28.08+£0.98%* 415.114£27.08** 828.98+36.13%%*
5 20.84+0.64 378.02427.12%* 715.14£27.55 12 18.19+1.71* 316.05+£37.78 574.14+£25.23%%*
6 17.81£1.89* 292.52+19.37 676.58+42.97 13 12.01+£1.22%* 319.52+15.16 787.36+43.58*
7 30.27+1.86%* 392.23+10.75%* 785.75+41.48 ck 22.42+2.64 304.96+£29.18 729.52+34.36

VA . *FR A RIAb T 5 ok 25 F BB (P<<0.05); **F R [RIAb TR 5 ek 8] 25 5% .35 (P<<0.01),

A PR3 RO R CANEE A-47 PR SR A W T T I T I AR, B ok B T RE T 15.89%
(P<<0.05); HUCZALHL 6, (HHE BT ARE A-4" (8 S04 B0 I 5 0T BEZH AR LU RAIRAS
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(P<0.05); {HAbEH 3, 4bHl 4, AbFE 8 FIAbHEE 12 5 ck AL, BB A% A4’ ALY EEE M
FRE, Hoh A 12 FRiRRR, A E KT (P<0.01). B IRRIEL R v id i Lo a8 hn , /) 9 A%
FOOARNE A-4T SRS IR AR S I B D k. YIR T LLBITE 30.00%~40.00% B, HE
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3 it
3.1 EREENEEHEA A5 A4 ERKHEIE
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A4 IR RAK, REVEY R FEE Z LA — & B LU TIRE5H, X5 XIANG %51 B
G Bt FH BE B B INAR R AR Y B i &5 A — . A, PEI A BEGRRI  A 9Bk B InRE i 1
IR R WY IR, R . Y AE KR EMBIE RS, XL R ie i ik — 0 (2 F AR & i
K, MAPRAEEE R E KA, JF A RERE BN S, RRWE B, AR, TRE
FRAEARTHME L, RULFEME. LML . BAMY, ARATHEYA K. EIUMRRREE L, X4
T LB 5.00%~10.00% B, SRR AKE A-47 MU B RE S, RRWE R K
Je LB A 75.00%~100%, I8 i Ll R 0~25.00% 1), A B F b R 84K R LB 50.00%~
75.00%, TR G 20.00%~50.00% I, HE R TG S EIER

BN K AR A, AT DM SO . PFIRCZEBVER], PR FLIERL AL M s B
a8 7/h =123 2 S0 7/ o O D) U G i 1 B 0 o O T PR .2 9 s R AN i o
YIOoR FRREC EL B, o AMRAL R R B A, fR il A R bR AR K .
32 EREENEEHETA A5 A4 ERIEFRIEIE

ATV PENE R R RSB AT Y. BT DO B B e e, SR AN B R T, XA
R, AR, SRR A A-4 AT TR R 3 TR I T R v s AR W R e
Fo B 3, SR SRR AR R B ke R, RIS INGE XY L] (2.50%~7.50%) BIAE e, BERS R IGIH:
A PERE U 0, B Z BRI MR, X5 HAFEZ 2521 fF55K 0 Whie A= 9 oo A BRREAR T
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KF Hordeum vulgare W] ¥ PR BT B 0 B 25 RAHIT . [RIBS, AP 4 R B/R . FEE KU L i 3
hn VR LGB R B, PTESPERE T R AR R AEIRRHEE BT EC Le SR L 50.00%~
75.00%, R I 25.00%~36.25%, AW LR 2.509%~7.50% B, R R AT R I Bk
ST L

VA A ) B G  E A B 2 LT BRI Wk B T D S WA 4 T A2 38 )RR BT, AR SR
o, BEE TR LLBIREAL, T LB, BEBTRGE CANKE A-47 PUEARERTE A T LT, TR TR
RIS TE MR A RS, (AR R A R, SURBIREL/ER, I SEBON R [AT,
ARWFFEEE AL BN IRHE P e W ok B B, BENS A SRR T B IR R EE R . X 5 X5
EB AR S RIS, HE B YR S AL B RIS K Zea mays TH I R S IR M FE AR . (H242E 9
JoT A TS N A AR (0~2.50%) B, AN fE & #5 FLREAIR TN IS M R0R o FETRBHSE T BC te b, XSS EL ik
75.00%~100% . VR LAk 0~30.00% . A=90 J c HL BBk 2.509%~10.00% B, H) &) BY R ARRE A-4” T
TR I A R IRV R R

A ARG A R . o A R AR N PR R R . e, R
FO UG R S5 T Bt A Ao S A A T 1 336 2 5 A A A2 W R R S AE AR OGP, AR g rh, G T
FREzR G+, DRy FORRR AR P 0 e i 56 I 1 T SR R R BT R AR A-47 WSz R . BEE TR
WALy, o AL SR . A AL . o SR B AT PR AR L AR, R RS B
i, (EHSR & FRBH ARBIAEN AT, HEBESAN - EYR, 88, PR, WK
A=) SRS A TR LB A NI S 0 . X LA E W) B AR P 2 AR R, T RE SRR AE S I LR B il
ARG, FEEGTEEREAL, MED AR AR, R, 78 SEBRAE = Al FVE i s 2 Hr
A EYFTIATEW , DS AR A K . SRR R TR I REE AR R BT AR A-47 (RN
TR U B R B Y IR, R I Ao A A R R AR A B AR A T 1 . X 55 FARHANGI-ABRIZ
S I IE 4 AT, R B IR P 5 e A R AG ER W8 K T Glycine max %1 B B AL BT P B R
o &Y BRI . T FAY) BT A RE RS I8 o G S B R PR B, AR ) 2 i AR B, i RE pe A=
KB4, ERBFEFE T, SRR G N 72.50%~100% . 781 ) K 0~20.00% ., A=) 5 L
2.50%~10.00% I, HIEBIA AFF A-47 ARG SIRE LR 81.25%~100% . THIE L
B2 0~11.25% . A=Y A LB 0~7.50% B, RIS A%E A-4” A AYEALBRE S s )8
Ve LU R 81.25%~100% . T8 LLFIR 0~22.50% . A=40) JBt i< LU AFI R AE 0~10.00% B, HREIBY A ARE A-
4" o E A BRSO E
3.3 EMEREERLRIERE

MIRBHRE O A KBS 8, LB 75.00% BT, XTRIEIBTREE AR A-4 ML B
BB Wi KR R T T (A B A s IIRBHEE O AR B AR R o, SAEGHHE AL, KR
VER BRI F b B B B e ANdr A-4” AR RA S ARF . DX AN &, IR HGIR T
75.00% % HiEH -

AW R H R 5.009%~10.00% BYTRAENEE BT, X M) R Y AT CASHE A-4” M EERSr . MR ERAr AR
i MR R TG S0 AT (BRI EI YT AR A-47 RTEEMERE . T8 AP A S A B AR Y
WE, YRR 2.50%~5.00% AT .

Uk, WSRRESLRLUKRT . BBk . HEIRA, IR IR 75.00%, A9 5 sk ik
5.00%, WAL 5 H IR LU R 20.00%. FEBLECEL T, MIEIBYREH AR4E A4’ M LR T i i
B R R T 58.53% M1 17.19%, 5 ck AL IR B 25 F K, RATE T TR
1% (91.55%), {HHE BT AFE A-4” M43 a. b i 0500 BIKEAR T 21.52% 1 19.49%. 534,
5 ek MHF, TRBHEE RS AL R 0 RS AR A-4” R AL A BRSPS (28.66%), X E Y
AR A-4T FTEEVERE TR S0 . DY I O R RV B Rk AR A S A I AR A B R ) S e AN B
o LR BT, TEMECHT, RRHEFARA TG HHE X M E B ARE A-4” ARKEA B ERE
HAEH, RIS, BRI ANE A-4” AR/
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4

&b
PURTE TR, BIRIE Y BRI A . IR 0BV LT M s 7B A RF A-4” Fh

RJETATHY, BIRIEBEES A SUE S B E TR AR A-4” Mo LAY m AR R3E S, Yok nT
HROR S E R B AN A4 W EY R . SEGEHMELAE, SRR TR S 75.00% .
At 20.00% ., HEYIFE R G 5.00% B, BRI CARRE A4 FERKRIIR L.
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