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Abstract . Sewage sludge production is increasing greatly in China with the development of municipal wastewater treatment,
and agricultural application of municipal sewage sludge (MSS) has become one of the main outlets for MSS worldwide.
However, direct application of MSS and its composts to agricultural lands can lead to heavy metal contamination of soil and
food. Accordingly, application of MSS to plants that are not used for food is a better alternative. Therefore, this study was
conducted to investigate the use of the hybrid giant napier ( Pennisetum hydridum) , which has a large biomass and can
serve as animal feed or paper-making materials, to efficiently produce plant biomass while degrading MSS. To accomplish
this, a field experiment composed of small plots with four treatments, soil, fresh sludge, soil-sludge mixture at a ratio of
1:1, and phyto-treated sludge, was conducted. Additionally, Giant Napier were cultivated following transplantation of

ramets with roots or direct planting of cut stems. MSS was acquired from the Datansha Wastewater Treatment Plant in
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Guangzhou, placed in plots with a height of 20 ¢cm on the ground and covered with permeable plastic nets. The survival and
growth rate of the Giant Napier were then followed and the main characteristics of the sludge were investigated. A pot
experiment and a field experiment were also conducted to investigate the feasibility of transplanting hybrid Giant Napier
directly into fresh MSS using seedlings generated from stem cuttings in normal growth medium. The results showed that the
hybrid Giant Napier could not survive directly in fresh MSS when cultivated from stem cuttings, as indicated by a survival
rate of only 16.67% , even when transplanted ramets with roots were included in the plot. However, the plants survived and
grew well in the soil-sludge mixture and phyto-treated sludge. The survival rates of stem cuttings planted in the soil-sludge
mixture and phyto-treated sludge were 58.33% and 75.00% , respectively, and the yield of biomass of these two treatments
ranged from 19.80 t/hm’ to 22.20 t/hm’ on a dry weight basis over two months, which was 4.55 to 5.11 times higher than
that of the soil only treatment. Additionally, the hybrid Giant Napier absorbed K well, as indicated by the K content in the
plant biomass reaching about 40 g/kg on a dry weight basis in the three sludge treatments. The total N, P,0O4 and K,O
content also reached 70 g/kg, indicating that the harvested plant biomass can be used as organic potassium fertilizer. The
levels of Cu, Zn, Pb and Cd in the hybrid giant napier were below the tolerance limits of heavy metals according to the
Chinese standards of feeds (GB 13078—2001) , indicating that the produced biomass was safe for use as animal feed. The
pot experiment and field experiment showed that the survival rate of the hybrid Giant Napier transplanted into fresh MSS
with seedlings generated from stem cuttings in normal growth medium reached more than 66.67% and the plants grew to an
average of 2.6 m after 6 months. Overall, the results of this study indicate that the hybrid Giant Napier can be directly

planted in fresh MSS and produce a high yield.

Key Words: municipal sewage sludge (MSS) ; Pennisetum hydridum; phyto-treatment; seedling
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Table 1 Main characteristics of the studied municipal sewage sludge ( MSS) and soil

N AL FE RIS TRIS v R E (Y
fatn WEEERTY SR SR Ja 5T w4 Limits of pollutants in
Indexes Fresh MSS®' T Fresh MSS I  Fresh MSS Il Phyto-treated Soil sludge for agricultural use

MSS A% Class A B % Class B
pH 573:0.129  5.68+0.05 6.73 £ 0.06 6.09 +0.02 7.70 +0.10
7K Water content /( g/kg) 833.4+5.00 807.4 +2.00 795.0 £ 24.0 412.1 £1.50 233.3+1.0
HHLE OM/(g/kg) 430.7 £13.7 347.6 £ 7.40 366.1 +5.30 334.5+5.09 3.75£0.41
4= N Total N/(g/kg) 46.60 + 1.48 36.03 £ 1.61 38.80 + 0.40 28.36 +0.21 0.25+0.13
4= P Total P/(g/kg) 34.34+0.18 17.58 £3.03 23.40 £ 0.40 40.09 £ 1.19 0.24 +0.01
4 K Total K/(g/kg) 6.88 + 0.65 10.79 £ 0.65 10.30 £ 0.20 8.83£0.00 7.22+0.35
4 Cu Total Cu/( mg/kg) 389.9 +32.7 245.1£10.4 192.3£9.89 666.5 + 14.3 17.43 £0.16 <500 <1500
4 7n Total Zn/( mg/kg) 1106.0 £52.2  1005.0 + 73.1 833.2+61.2 1532 £26.8 40.76 £ 6.04 <1500 <3000
4 Pb Total Pb/(mg/kg) 64.41 £2.38 114.0£11.2 98.03 +2.01 107.1 £6.91 46.76 £ 0.72 <300 <1000
4 Cd Total Cd/( mg/kg) 4.43+0.14 3.11+0.18 2.71+0.26 5.51+£0.23 0.11+0.03 <3 <15

Ot 1T mE /NSRS  Britys Ve I T 208 5 0 52, 5 75 U8 I T 1) op ik 0, BB A TN K Vb5 K Ab B @MSS: municipal sewage
sludge ; @EHE J I bR 0 =3; @rh A RS R A ERAT AR, IREE5KAL I V5 Je b B - Ve AR, CJ/T 309—2009.

(2) PR AR SRR — 30 AT RCEZE PN 2 R, BRI R s K3
AT AR SR A AT R 2R B AT IR aUR S AR IS B Ak 5 e A 3

G HEXF AR W H )M H RIS AR g - 2 NSRS B & i L I+,

(4) vkl 4 A MK X TEXE =44 emx31.5 ecmX16 em ¥R 45
1.2 Lkt
1.2.1  A[A5 U SRR AT 5/ N (]

RO E 4 403, 43500 T 88, TEeEi5 e, I 38+ 5 65 e SR BUR A CREBT BT 6 5 R34
RBURS) , VLA BE S (75 06 CRT B TS e i £k —ZE 5 1508 ) , b B 3 A E A, 2 2.50
mx7.00 m, FHOGHS BFEEE S —  BHRIHLAY K 4 4 2.00 mx1.20 m B/NX, B4/ NXEIFE 40 em, T PVC A
FAS/INXBISIRG AL 3 51, eI bR — B — 2 R SR 5 BT e sl Tl T R L BARS x E x i =
1.80 mx0.40 mx0.15 m, &F—FIFHE 6 FREATR ATH R 30 em,, B 2 FhAME =X, BIAR SR HEAS 4% FN B
FH6, FOh A 1.2 4R FAR YR B RS A O s EA T AR, FLAth 4 77 R A BT 73X iR BG AR iR B E] ok 2012 48
3 H 3 B 7SR AR IO R A T B (AP RS AR AR AT AR R, S A 16 B ST EONE]

1.2.2 F BRI

SRt B AR TS e R R AT R B R R R N A B AN BT 3 UK

(1) FLHEATE B AT R 25 B EL AR A A B e 5 e b B E =N

() BB BMFZEBAERFA( EO429.5 em, KL 5.3 em, 5 12.7 em) P B W BRI , 14 H
SRR AR B E S e A E N,

SEYGTF AR ZE B 2 N b — 2 RN e SR A 24 kg AOBTEERG K TS TR, AR5 R T A I BT A ZE R
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WY B AR B T e AR 3 RR AT AR A] K o3 B RS R K R A T R A A
PiielEw A K, I AERE NS T, B 2012 £ 5 H—6 H
1.2.3 & B4k R s

it — 2 RIE R 1 e B AR B AT AR S e A R 7RI FH H 2 18.00 mx8.00 m, BH G R
B — 1 RIS e H iR s 4 ANEE K5 i 4 4> 8.00 mx3.00 m [1/NX, B4~/ X [H]
PE 40 cm, FEHLIAT b RE—/NXE—)Z BN SR 1 T e T4l T R L BA% R X BE X 5 = 8.00 mx3.00 mx0.20
m, IGFFIRET B LA ( F 4R 13 em, JIEAE 9 em, 5 11 em) AT & 1 R 8 5 B 247 5P A
BARFH a5 e, B/ NX AL 65 BREAT . ATREEY A 60 em,, IR AT E] SR 2012 4F 11 H—2013 4E 5
H AR 0 0] e 1 R0 S0 T B (A AT AT AR, 1 4 D sk SO0 2 6 %) i 2R, XS0 i 2 ok v, Wi I
PR 4t
1.3 BT

(D) FEPIRES AT E ORI A ST R A 0 28 ke A BERICRIAE 6 B AT REZE 0 OROK
A B R oK AR T 2R 1wk, e e o, B FR 5 B FHEAE N 105 °C % 30 min, #RJ5 65 °C (48 h it
T il®TE, TRAHJTREM EALEAN, i 0.25 mm BYJE T, &0 N P K fIE 48 &8, MYE N 2P,
4 K RH H,80,-H,0, {47235, 4 8 & i e R A T A- R WO Bk, BRI @ ik S I ekl
fe2g o triky

(2) 7578 SRS ATINE 75 R AE P FNISOGR AR I, 4R T5 U AR B N KT, SBRAR R T
B 20,100 HJE b, 05 550 5 AR A7 4, 42 )8 Cu Zn Pb Cd 4% il HCI-HNO,-HF-HCIO, 14 % -
SISO 2 ¥ (GB/T 17138—1997) M 4E .
1.4 B 587

BHEFH Excel 2003 4bF SR F SAS 8.1 B AR AT £ AL,

2 HREH®

2.1 N[R)TG I 3 TR S A RN )
211 AN[EAE X EAT R A K 5

FE 2 AT 7 SAT R AR B A] R AT R R B AT TR IS U L AT R — AT SR P AR S A bR
A, BAT R A R A 2, S RN 16.67% , LW T H WA 38.55 o/ bk, X AT GEZ AT fif 15 e h /K 43 & it
e, HoAW 2 V5 IR R R B, 7 A A DLER S W AR T 2 AT R4 A K, S ANs e rh ko S e
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Table 2 Hybrid giant napier biomass and other biological indexes of field experiment

JUREES 3 SrEERT Ly St
Survival rate/% Plant height/cm Tiller number Dry weight per plant/ (/)
Ik HRIL AL A RIS A ML HRFE A MRS IHRE A
Treatments Transplanting HIETE Transplanting HETE Transplanting BT Transplanting HIETE
by ramet with ~ Direct cutting by ramet with ~ Direct cutting by ramet with  Direct cutting by ramet with Direct cuiting
Toots Toots Toots Toots
18 Soil 100.0+0.00 91.67+14.4 137.0£19.3 96.78+19.0 7.00+1.73 2.91+1.81 225.7+38.6 52.06+25.1
BTG R Fresh MSS 16.67+28.9 0.00+0.00 95.00+0.00 0.00+0.00 4.00+0.00 0.00+0.00 38.55+0.00 0.00+0.00
3+ S 8 3 e 5 AR AR
’RE 100.0+0.00 58.33x14.4 206.2+14.7 196.3+4.97 6.67+3.14 6.67+2.60 300.3+47.7 266.0+31.8
Soil-MSS mixture
MR TS
BRI 75T 83.33+28.9 75.00+0.00 213.5+17.5 176.4+15.7 7.67+1.15 3.50+1.60 472.5+23.2 236.9+35.6
Phyto-treated MSS
Bk A P b 22
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EMER B —E R EEH, I, RS SRS e L B 205, s S SRR AR,
FLEATM R R 2R A 2 BT R AR AU R R R AT R TS o PR S AT ROR A T AR A 38 S
AT5 U L AR S A3 R R AR R B B Y S 7 7 B R 8 4 ik 83.33% ,75.00% , JUH R AR Y AL 38 1Y
15 AL FEAR YR AT RRBS AR 1 AT R AE M) T 8 =k 472.5 o/ Bk, M ab HE

8+ i T 8 A5 R BT G Ah SRR R o R B R B O B A A S A R R LT EE 4 1 R 25.05,22.20
vhm? 705 AN BEAY 1.33 511 £% 403 1 iZRis e il 43 A = AT R I 16.68 kg Al 14.78 kg, #H
Yyab BRI 15 VAR SO R RS AR B T A R AT DL T E T390 39.30,19.80 v/hm®, 43 2 AR PR )
2.09 .4.55 185 AbFE 1 iz G e il o3 il AL 7 AT LT BT 26.25 ke FT 13016 kg, 77 i Al WL, M SEE AR R,
LR AR AT BERE 100, MR A T AR AR A e A R ) RO T T A A R R e A B T T e A
R =, T AT AR — B (RS B AT B E] LR AR b | 38 0 S A 0 4 BE R, N — b 42
G 7/p
2.1.2  R[RMARFRXT BAT R T 4R VS SR IC R S R R

BEMEESR SRS REY (R 3), BRI EH5 RS AR BUR G A H A AL RS 675 e Ab R 2 AT B
W Cu S I AR TR 5 YR AR B 1 v T A B, Bty s YR AL B | A 39+ e s e SRR R A b B R A
PIAb RS B TS TR AL BE RAT R P SO B 22 5 HIR T R A B X T BATE Zn Cd B9 R, A AL
P 075 U8 A BB 5 TR VS YR A B (H 22 SO B X AT REJE A AL RS Y5 R R RS Zn RS Cd
SRR TR, T R TS e A AR A AL B R FAE TS Ve TP A T K Zn I Cd B I8 A5 U Zn
Cd 2511 SRR, WY Zn Cd &8t /b | B DL 3+ 5 R A AR BUR A AL H B2 AT % Zn Cd &
AR TR 5 YR Ak BEAIAE 4 A B B TS e Ab B

*3 EMEESESE
Table 3 Heavy metal contents in the plant of hybrid giant napier

Cuw/ Zn/ Pb/ Cd/

gl .
4L Treatments (mg/kg DW)  (mg/kg DW)  (mg/ke DW)  (mg/kg DW)

14 Soil 5.54+0.25¢  21.04x0.87b  0.65+0.08a 0.06+0.01¢
HHEETG IR Fresh MSS 10.3£0.59a 45.17+0.40a 0.59+0.01ab 0.34+0.02a
IR BTG Ve F R FUR A Soil-MSS mixture 6.29+0.24c  30.69+2.27b  0.55+0.04ab 0.22+0.04b
AL FEF AY75 R Phyto-treated MSS 7.26+0.44b  49.45+12.0a 0.49+0.07b 0.38+0.00a
e T A AR #E Chinese standards of feeds( GB 13078—2001) <5 <0.5

B g P b7k 22 AR Duncan GRS (P<0.05) | [ —3 AR [RS8 2R Ab BN 22 53 .35, n=3; DW: T

4 A PREATER P Cd F KT B KRR B AERRHE(GB 13078—2001) FRAE, Ph % & 5 B ., 2t
MR TFHRAERR(E 11 Rl A=A v WA P Cu Zn & B ICRRE , 4575 I A 30 % B A7 B Al VR i) 35 4 |
F RERE YT EE,

M 4 LA TS TR S A W WA PR AR 4 E RO R SRR AN TS B BATR N P LK
AR AR B S S Ve S A RUR A AL EE P A RS T AL AN B TS YR AL B e S
PAERBURA AT MY AL FS 175 PR AL FR AT N P K (& 834 3 T A3 A B X AT R Je i T 3
P W& EBAR, SRR A, B I B S AR, LSO T iy PSR, 56 3 A4k
PR K & IR T BN 4% ,N P,0, K,0 M E 538 7%, It R RN Fi5 08 iy ST R #1184
YEAHLIERL, A=A L K A, M5 3 b B 5 AL PR 2 AT 8 K % &5 15 46.87 g/kg(DW) , N,
P,05 . K,0 MR ik 9% , Ja WAHE— 25 insm bk o B A3 5 e Al AT R A — e L
2.1.3 AFEAHIGRESE S EMAEL

X5 PR RE A8 S A T AT e B (36 5) | AbEIS RIS e B K A s B RN 5 R MR 4, 1
Gl ESE SRR ST, MmO EE S RS VAT LR KRG Je b =48 19 & &, A F 5
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IR G156, AR Cu Zn Cd W& E WAL, P & & BT E  (HAB 5, 3 AT BB 2t T AT H R 4
J& Cu.Zn Cd FHZL Wi FEENE Lt v 45, A BF FIR A5 78 Cu Zn Cd F B3R, PR Y15
PeAR B Koy S ik, AR A i, (H 28 A 3G A iR, AR YRS e M e g, Ve P o ekl 2 477
1SR HE A B Cu Zn Pb.Cd & 240 T K F

FR4 ENEASNEBHSE

Table 4 Water and nutrient contents of hybrid giant napier

Kb PR Treatments FOKAL (g/ke) N b/ K/
Water content (g/kg DW) (g/kg DW) (g’kg DW)
+-3E Soil 807.2+25.6b 13.1921.58¢ 2.4620.33¢ 25.17+2.83c
IS8 Fresh MSS 857.2+2.10a 34.84+2.60a 5.22+0.18a 46.87+3.29a
T 5 Ve R FUR A Soil-MSS mixture 841.2+21.5a 20.55+1.61b 2.61x0.48¢ 39.27+1.39b
FEY AL B S5 (197508 Phyto-treated MSS 845.6+4.81a 19.25+1.92b 3.89+0.40b 38.66+3.46hb

B J - AR HE2E RS Duncan [CHRE5G (P<0.05) |, [l — S HUORF] FRE R AL B 25 57 3 n=3

x5 MEEYMESRESRAETN
Table 5 Changes of heavy metal content in MSS after planting
e Cu/(mg/kg DW) Zn/(mg/kg DW)
Treatments AR AbERR AR AbEER

Before planted

After planted

Before planted

After planted

+3HE Soil 17.43+0.16 dB 24.83+2.88 cA 40.76+6.04 dB 54.19£2.22 dA
Bt 158 Fresh MSS 389.9+32.7 bB 552.9+15.7 bA 1106.0+52.2 bB 1481.0+37.7 bA
A+ IS PR E R FUR A Soil-MSS mixture 57.71%3.55 cA 45.80+0.98 cB 176.4+14.0 cA 164.3£24.7 cA

FEP AL PR B 75 U Phyto-treated MSS

666.5+14.3 aA

692.1+47.2 aA

1532.0+26.8 aA

1555.0+39.1 aA

Pb/(mg/kg DW)

Cd/ (mg/kg DW)

'ﬁ:imenls Kb BRI AL PR 5 82N ) AP
Before planted After planted Before planted After planted
44 Soil 46.76+0.72 dB 60.37+2.42 cA 0.11x0.03 dA 0.15£0.04 bA
B I5YE Fresh MSS 64.41+2.38 bB 90.94+1.59 bA 4.43+0.14 bB 5.620.53 aA
I+ TS VS AR FR A Soil-MSS mixture 54.66+1.41 cA 55.76+2.39 cA 1.08+0.35 cA 0.65+0.28 hA
FEP AL PS5 )75 U8 Phyto-treated MSS 107.1+6.91 aB 129.1+10.9 aA 5.51+0.23 aA 6.12+0.69 aA

KO 7 T (B b2 A Duncan [OREEe (P<0.03) . [i]—91 R ) /INE 7 R 8 % b B0 i 22 5 52 | )7 A ) A 55 7 B 5 )b B
AbBHRJ 2 5 63 0 =3
22 AARAEWIEER

P T U b R R ) AR AN T VR AR i B o] AR PR AL KR {E A R SR A, H L,
T S R A Ak B T U A A 7 AR — 0 B A D R S Ul b R A LT A A
T,

M 6 ATAT SRECE RS AR Iy sCRP A S A 5 MR ) 5247 R Iy i m R AR AR 2R T 1) 86 5 1) DR 4 A
FHANE SRR B @ N, BT R IE R ik 66.67% , H R & Wk #k r 2UAE 60d J5 , AT R R 0 BEBU
AR T E N E AT B, 455 e rT R B AT R LT E TN 70.59 ¢ TR N BTG AL B R
PR BTG % (44.44% ) BAR T2 N EF BN HE (A il 7 H 3 a5 e b AR S S S E o 0
FAIMERL 3 32 2 5 5 e Hh A 7K B Bl O, T 2 R U PN R ] A 35 8 o A K 43 B e, LR SR TS TR IR L &
BESS I AT AR
2.3 BiERBAR R RS

FARE BRI TR BT R E N DA F W R B R ER S R AR (AX T 24T R SRR 4
B WA BARIEE I ES  FIEE AR E . iR K IR KB, & 85 AT R TR
fif V5 e _E A EATRE A TG 2 35 (96.54£0.77) % (brifE 2 ) , 29 6 1 A e P34 HRm ik 1] (2.60+0.68) m,

am>  amd>
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PR EIA (1.42+0.23) kg (M4 T 38.54 t/hm®) . HHA]RE A9 B0 2R LU A — 204k a0 A g 1) S DR ] B AE T AR
WHE R R 8 T AR R4 4l R R A

R 6 BRFHENENENEMEYFER

Table 6 Biomass and other biological indexes of hybrid giant napier in pot experiment

i RIES MR Iy BERL A
Treatments Survival rate/% Plant height/cm Tiller number Biomass/ ( g/ % DW)
BT Direct cutting 44.44£19 3a 63.67£5.13b 1.67£1.15b 13.13£4.45b

B HI A Transplanting with seedling 66.67+33.3a 78.50+4.95a 9.00+2.83a 70.59+15.8a

B A BT A S I AR E 2  HRE Duncan [CK B (P<0.05) |, [i]—5 FPUAR [ F Rk s Ab 3R H] 25 5 B 25 n=3

3 &g

(1) FEH 508 b ELAERME SAT R BT 4 0 S AT ROME T 471, R 2 AR Y0 o R A AR S 7 il i R Al
LA 16.67% , Mi7E -3+ 8415 I SR BUR A AL BLS (75 U L, RO R B 344 5 5K, AT B A0 K
43 HIAT K 58.33% .83.33% , Wi~ H TR 843l ik 22.20,19.80 v/hm® 2 +3E B 5.11 .4.55 £%.,

(2) R B EBR A 20T LATE bt 15 e - 247 500 G %k 66.67% LA 1,

(3) BEPTE I K BB 1508 LA R AT K B9 & &8 4% (T8E) ,N . P,0, . K,0 R &EKT
7% (THE) , il ERAHL K BEJEE, 550, BT R ESJE Cu Zn Pb Cd & & IFF G B KAk AR ME (GB
13078—2001 ) , W AIVE AR R4 3 AF R 2 s W ny ikl
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