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biological sludge) » B #iZEMIME FH & EFKEH KRR 500,000 m® » THES) AR 2
B AT BB BRI EBORZ— » SR AUNE F 2 ATAE KR ERE RS » MEFHRE
HRREF Rz £Wi5EssE 29,400,000 m® Ll E® o d

TAETGIE (sewage sludge) EEREHFEHK » —RAVRET EAEFREFE » BAK
AR AR ~ SRR B 2523040 o R EUE A TN LR » AR
HER# %S - ZEB R TACEBRERMAHR (wood chip) ¥ (composting) ERKBRRE
s BHTORR R 02 » EHEMEEBNTER » MOEEE (humus-like material) » "[RS
ER T IEE R £ A% (soil conditioner)®@®¥ « B A H (medium) T & + A ERE &I
TEEESREEEWRBIETERS « BMEEARKEEEH » @YEL (muskmelon) Fif
ESXy s BARTERRRTESRRS  THERESLBRMMYEAWE (food chain
) B2 « BILHRAGREZ TKEHR » E&BEE - 5 1,042—1324ppm ~ i 160—
309ppm ~ #4139—247ppm -~ £ 91ppm ~ #§1.89—3.8ppm®® » BELBHIE > » A EHLL
SFE > HA BB TREMEHEL  EXREMAESBEEE® o

BiELBLUARSE#RYIAERRE (sphagnum peat moss) » BEREEFUZ AR
B a0 o EESTEEBEANKERKAHEENER » BRBEGEERNTENSET TR A
A REERESEHZRMEABRADREBRERRF O R—EEAEHOREEE T
AEHRPHERY  HIEERDN07% » BETRIHER » LEEHRAREZ HEN-P0;-
K,0£#50.96-0.58-0.25% ' » AndersonV 4 2£E18EAEMFIR » N,0.97-5.96%
; P205,0.42-7.38% 5 K;0 »0.09-0.74% ; Ca,1.8-9.5% ; Mg s0.3-1.8% o Lt afiia i
IR IRE - B GREREEER » — A meT SRS RRENME » —HEeT
TSR A B B G R S Y 140293538 o

Sommers®” 547 EF150M 5 K BEEATHIR » BBAEICHE (macroelements) & iR
» M—ZELHBNE (Pb) » # (Cu) » i (Ni) » 5 (Cd) » BRMBHE ~ MBS -~ FE
BT & BB ENA » gkt (minor elements) 7 » # (Zn) ~ & (Mn) ~ 38 (
Mo) Zii (B) HHEEYE oE% Cd~Zn+Cu~Pb~Mn SHLH » HEEEEREL » B
B o FEEREYZHERS 0 ARERAYAEMAERABEN®RE > KPR Cd H
F22:25,033,3540 o FHLUBLEFARZRBEEYERZE2TA « AMESEER I » H19805FE
» TEFIAELHRALE FTAEGR » fFERZRENZRE » SLUZEB T » E5
FRAR  HGRYRTRESBEE » (HEEFATTEZ KRR » HBTEHEDEERRE -

#E 82 A&

ZHEEERLME Treasure Chest R EEESE Wedgewood i 1980~1981 4
ZHE& R EFRE (10 PM-2 AMBI00W SiERE 4 /08 TEES » EERog
12cm RHZE > ABRBATREFNLEHRZELNEH - EEBO—BHRIREBEHABET

 BEREB A MR ELET c RB— » B/EABIFATRL~LENZAR » HRoRERE
» MABZUARE LA EIEABRRRE » SARREREER » HUESRERE - SRR
4 ZRMUEY » BEEH— - RSB e ERE LI ESE -

TAREFRESH - HETERESLE @ RAUREAEHDZERESE » RigAFE
BRTRNERRYT » §7E R » 5 fifER# (KNO,)0.56g/1)&K,200ppm;N,72ppm )
@ > MEAHEMRET RN K& 200ppm MHBHA » REESEREO" » HART
FLmMit ' N,16;K» 6 5Ca» 4 5P» 2355513 Mgs 15 #ma®laMst» QICl»50
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iB»25iMn»2.05Zn+2.0;Cu»0.5; Mo +0.5; 1 Fe » 20 LA#H IR - RBE—&
BHRIE=% o AR RAEE BRI %K  FrA e » B TEBBERY o

FIEH LR TEREARERETENT » HERPIIA LB 2RI » FILNE »
bR 0 S REEN ) TERBRIER - Sk —EA WEEREE TSRS /Al 2R
BT » FRENES R B » DIEMKES65°CHE » BH=20mesh o Hr0.3¢g
£Rdn o MATMIRGEER » 1.5m] BAE: CARE : #§E92:8 » V/V) INBLG 5 « 28555
A~O~A~C methods of analysis 11th (2 ~ 0~49) Kjeldahl Ji:ilse o HihTELL
Kenworthy®0 5k LIEBE 48 (photoelectric spectrograph) JlsE o

MEZWEERGH  FARNENEE2RES » B—AAERR 15cm#E 30cm 2 3HE
B @R AERKRBEN  FRBES » TATEZ KL » B4/ Lok SEHEE
FLI05° CHLE24/ N TIE » LINHERE » BKORERLEE™ -

BREHR

— ELNERAGRIAZFEEZME
ABR—UD/EARREREEAPRAZELNE » A % BBRZHR » HEREHE
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Fig. 1. Effect of sand/sawdust mix Fig. 2. Effect of fertilizers on height
amended with various volume of of chrysanthemum cv. Treasure
sludge on height of chrysanthe- Chest grown in sand/sawdust
mum cv. Treasure Chest. Plants mix amended with 1/3 volume of
were not applied liquid fertili- sludge. Experiment started on
zers. Experiment started on Sept. 24, and ended on Dec. 28,
Sept.24, and ended on Dec.28, 1980.

1980.
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Table 1. Fresh weight of two chrysanthemum cultivars as influenced

by sand/sawdust mix amended with various volume of
sewage sludge and applied various fertilizers®2

CK KNO, Nutrients
Cultivars 0 1/3 2/3 0 1/3 2/3 0 1/3 2/3
gm/top

Treasure Chest 17.0a 38.9ab 19.6a 17.5a 68.4bc 86.1c 166.4c 117.1d 83.5¢

Wedgewood 15.6a 51.2b 59.8b 12.5a 104.7c 100.3c 134.3d 130.7d 106.2c

1L The experiment periods for Treasure Chest and Wedgewood cultivars were 9/24/80
— 12/28/80 and 12/12/80-2/27/81, respectively.

2. CK, no fertilizer application; nutrients, complete nutrient solution.

3. Means in row followed by the same letter are not significantly different at the
5% level by Duncan’s multiple range test.

#£2 HE-GRERRER - FIERTR2EREHAEF Treasure Chest £F2HUE
Table 2. Growth of chrysanthemum cv. Treasure Chest grown in
various media amended with sewage sludge and fertilized
with NK or complete nutrients twice per week®2.

POtting mixes Frg??o;ft. Bfea.k NO- I?;ilﬁl, cllen‘" LeafNo. Flo“é?rll' dia.

Compo- Slud- com- Com- Com- Com- Com-
sition  ge NK plete NK plete NK plete NK plete NK_ plete

0 14.8a 89.4 2.5a 4.5a 24.1 31.6 7.52a39.3a 7.5a 10.6

P/Ver 1/3 9.8c 117.3 6.5d 7.3d 33.9 34.8 55.0c 64.3c 10.7c 11.1
1/2 93.5¢c 122.2 4.9b 6.3c 27.3 34.2 41.3b60.0bc 9.7b 10.4

1/3 76.9b 93.1 5.5bc5.3b  32.7 31.1 42.8a53.3b 10.2¢c 10.4

1/2 81.3b 114.3 5.0b 5.8bc 29.8 36.9 42.8a 60.5c 10.5¢ 10.4

S/Saw  1/3 87.6bc 101.4 5.5bc 5.5b  32.3 33.6 48.0b44.0a 10.3c 10.6
1/2 86.8bc 83.3 6.0cd5.6b 31.6 31.6 44.0b 38.8a 10.4c 10.2

NS NS NS NS

P/Per

1. The experiments were started on Oct. 3, 1981. and ended on Dec. 17. Each treat-
ment was the mean of 4 replicates and one plant on each. Means in a column
followed by the same letter are not significantly different at the 5% level by
Duncan’s multiple range test. NS, not significant at 5% level.

2. P, peat; Ver, vermiculite; Per, perlite; S, sand; Saw, sawdust; NK, fertilized with
200 ppm N and 200 ppm K from calcium nitrate and potassium nitrate. Complete,
complete Johnson's solution (Epstein, 1972).
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#&1) - MEBAVRIEGE - FHIE - R RBRIRIE - RS RR  BREr =1
BREAET(H 2) -BAA B PR MG £ =A% 5 T 5154 EHE » HRGouindy
Shanks®Vs ZEWFHT ~ HTEFM—LIERMPETHE BAER - R198045 9 A24 B iRy Treasu-
re Chest @l » FREFRIEFRBRBEME 2 FERKHGE » FEL » RALBERD/EABS
B EXHEHRT » AEHERSRELTZ AR » ERARBRERSBLEETRE » ®E
EERMFRA 3 MAKHREE=EAHEARERBEZRABE » RI2F12ARE Wedge-
wood Rl » FRAYRALEMAIEIR » ETMEIET » HEBEZ IR 5 Siis2mitn » o
FBGERAEH Treasure Chest » BMELHTMAEHRE » BREKE (aging) WERGER
Wedgewood @il » SHREMER ) » EHRALBRSEE » 1E2KbEE (1 W3 -
4) - ARMABRAD » BHERSEYE » D—FNMEBAZ SRR M BN RE MR A
GREHERE » 816RLHREMNMES0.82 K 1.17mmho/cm » BEBHEFERUTE
IERRRE » EER—BIEHT » S ABRAE T » THEASEES (ammonium toxicity
BEFREAR (R4 > SREG6) BT o 8% © RO0—117 MIAKREREBRSN » &
TiHEBE (NH-N) 3,332ppm » BE7E 5,525ppm » #MBE%S » BEESYKGSEET
 FRAEEE  AEHRERSETAESY » L TRMEY Wedgewood 57 » Tl HEAR IREL
RGWEASHEET » WEFANFTREKE=EA » ¥ NH-N REMEEDERD » TmRE
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Fig. 3. Effect of sand/sawdust mixes amended with various volume
of sludge and fertilizers on top and root fresh weight of
chrysanthemum. cv. Wedgewood. The experiment started on
Dec. 12, 1980 and ended on Feb. 27, 1981.
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Fig. 4. Flower number of two chrysanethmum cultivars as influenced
by sand/sawdust mix amended with various volume of sludge
and fertilizer applications. CK, no fertilizer application; Nutrients.
complete nutrients solution. B, bloom; SC, show color; BV, bud
visible.

JBR (NOs-N) #Him » 58S Wedgewood IR leikit Treasure Chest RS
(GR1EE3 » 4) o mValmis 54738 FAGKEHIR » NH-N 3% 2000ppm » 25 — 5
¢ » NHe-N (3| 300ppm i NOs-N Rl 500ppm ##ZF] 2,500ppm » ffERABHEE
R FAGEHBE » BHE (composting) “Oi® (aging) —HEHE LBEFEESEE
cHARUTBHLENWERNERE (E1» 3RE3 > 4) RE—DB/EAEZELNE
TEATHIR » ﬁﬁﬁﬁﬁﬁﬁﬁ?&ﬂﬁi&% » BAE PR » HHREFIH > ARG HBEES
I BERATSHIEZFRS™ » MGG » 8 TEBUEEES » LIRS —SsEkE
HTEIRIEAE L » HEMTRAE BRM T2 IS RS o MM (0.56g/1) » P35 200ppm 4§
& 72ppm {95 » TG REAFTEE  HESHOEE (EL > 4 7EH3 » 4) RB—
HE=HEARE LN BEAKBRLBRERBERLZ5R » # Treasure Chest W[z
B EBREE > BIEE=TSA5WE » 166 10cm BLE » B0/ » 574 200ppm SE—%
» FTGAHA.9~6.51E28 (MIBIMENTER ) ;5 e RMEETE  —RgTEERELES
HNER (F2) - RAENBREYANKSRIIZAER (P/Ver) Rf%® (P/Per) S/
"o AEAMEEEAEEREHER 2D REEABBNMAL » BABRY—168 453k
BHE » EXERK | ERHAATMAZBRRERABER » MEARMEYRIE » EMzE - 3
BoaBEEY (R2) » BRBETENE (medium) » JRATHAREME » SEREE ~ 38~ &5 -
BRYETRE » DEEERAR @023  FRATHENTZ DEER » ED/ERBE
HARRE » @RREKIEN  MBREAEGRAKDHNEBE » LEABERER (&
21 3) B/EABBRATRTARESTHABMMZEZE » AVEELGREREEEY &
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£3. BATRITRZRANEDERMERS VS
Table 3. Physical properties of soilless mixes amended with sludge!.

Potting mixes dBulk Air space Water holding Total air
ensity
Composition Sludge g/c.c. % capacity %  space %
T:d (by volume)

0 0.93 9 52 61
S/Saw 1/3 0.69 16 57 73
1/2 0.75 21 52 73
0 0.11 15 76 91
P/Ver 1/3 0.42 16 68 84
1/2 0.50 14 72 86
0 0.11 24 49 73
P/Per 1/3 0.27 26 46 72
1/2 0.31 28 54 72

Note 1 as same as Note 2 in Table 2,

B RS AV TR S IRIRE R » RECERB S L TR B - (A5
HEPEIER o
=~ FAREBRNAERY TR B

GHFELZWHTHE » N~P~K~Ca f1 Mg $AKELHE »B~Zn~Cu-~Mo S ETHE
RAHRE S RIEIN > Cd~Cr - Ni 1 Pb £HS B R » 3P0 Zn SHIGNES »
il Fe~Mn~Co~ Al BI& RS RIEHSRAME (24 5 ~@H6) o

BRAGFERY P Cafl Mg T » £FMEIET » BBERFEKIEED » ARETFHES
i (ionic balance) RIkEAERAT » AR EBMCa f1 Mg XA A ESHE
HESREAIF (354) °B Fe-Mn-~Cu S BRINARSHZ EESEEES » T Zn &3
BAREMFEESE » &% 10ppm &% » & Petal %A Y547 Bright Golden Anne R
M - BIRABRE - EAREE843—2280ppm (54) cFTEZEERSG » Zn S RHE
» BREUBD/EABERATGRS » 8 Zn ®%E (H6) » TEEKEZ RIHERETTRED
KSR TERE » TERKEIERHZn ERiSEES 2 i - Gougue 1 Sanderson®® 33
REBRED Zn RAELKERRRDZAHN » EFFRHES Zo HiE 2280ppm HETHY
HEE (8 1) RIESHEER » 7% 1980 45 Sanderson %%, Suntar HIELENSHRSA
H » H3E Zn 7R 1200ppm » 1ok AT PEER® o £MmBESHm Cu~Cr-Ni & Pb
&R5E Kirkham®® ZHEXEEZA » K4 Wedgewood RfiteieA %IMBREACd
R (83~ 4) LA BEHTAUHRBESBHEE » RERNEZHRYE » B
REERENBENRTHD RN » AHLRISHSZIN  BEpEERET S RER
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grown in sand/sawdust(1:1) mix amended with 1/3 or 2/3

P Z2 Z=Et=E S-M
#4 BREERGEHFETTRTREEZEE

Table 4. Essential elements in leaves of two chrysanthemum cultivars

sludge (by volume) and fertilized with KNO; or complete

nutrient solution!2

-

Ele-
ments

Ca

Mg

Fe

Mn

Zn

Cu

Mo

Fertilizer

CK

KNO;
Nutrients
Mean

CK

KNO;
Nutrients
Mean

CK

KNO;
Nutrients
Mean

CK

KNO,
Nutrients
Mean

CK

KNO,
Nutrients
Mean

CK

KNO;
Nutrients
Mean

CK

KNO;
Nutrients
Mean

CK

KNO;
Nutrients
Mean

CK

KNO;
Nutrients
Mean

CK

KNO;
Nutrients
Mean

CK

KNO,
Nutrients
Mean

Treasure Chest Wedgewood
1/3 2/3 Mean 1/3 2/3  Mean
Sludge (by volume) Sludge (by volume)
%
1.07 1.8 1.9 1.61 2.06 3.20 2.99 2.75
2.27 1.7 2,56 2.19 2.37 3.69 3.33 3.13
3.33 3.21 2.89 3.14 4.11 3.24 3.62 3.69
2.22 2.25 2.45 2.66 3.41 3.31
0.21 0.39 0.39 0.33 0.30 0.52 0.69 0.50
0.39 0.22 0.30 0.30 0.09 0.39 0.8 0.45
0.36 0.38 0.35 0.3 0.79 0.70 0.80 0.76
0.32 0.33 0.34 0.39 0.54 0.78
3.29 1.20 1.01 1.83 457 1.3 1.10 2.34
1.12 5.78 4.60 3.83 4.28 8.26 7.24 6.59
6.08 558 394 5.20 8.39 7.78 7.95 8.04
3.50 4.19 3.18 5.7 5.80 5.43
1.39 2.62 2.70 2.34 0.25 3.31 3.16 2.91
2.90 1.76 2.26 2.31 0.70 2.04 2:.75 1.83
2.04 2,15 2.57 2.25 2.26 2.33 2.65 2.43
2,11 2,18 2.34 1.74 258 2.8
0.42 1.18 1.08 0.89 0.37 1.82 1.68 1.29
1.14 0.29 0.37 0.60 0.16 0.29 0.44 0.30
0.59 0.44 054 052 0.33 0.38 0.40 0.40
0.72 0.64 0.66 0.31 0.83 0.84
ppm
32.8 52.3 544 46.5 353 59.3 59.7 51.4
51.9 26.0 35.6 37.8 30.4 26.1 36.6 31.0
27.2 30.6 38.8 32.2 21.4 23.1 23.1 22.5
37.3 36.3 42.9 29.0 36.2 39.8
348 374 501 408 483 309 306 366
332 330 488 362 321 274 271 289
381 337 423 380 254 273 246 258
354 347 47 353 285 274
299 295 220 27 220 198 222 213
225 153 220 199 280 153 282 238
165 178 205 183 184 211 267 221
230 209 215 228 187 257
141 2151 1781 1358 — 2280 2183 2232
— 1190 2008 1599 116 1385 1939 1147
60 843 1561 821 70 1239 1884 1064
101 1395 1783 93 1635 2002
13.6 22.3 20.8 18.9 20.8 20.1 19.7 20.2
17.5 17.7 21.1 18.8 17.3 17.2 235 19.3
6.0 18.9 17.5 17.5 13.5 19.0 25.0 19.2
15.7 19.6 19.8 17.2 18.8 22.7
1.91 1.61 1.06 1.63 3.31 1.36 6.79 3.82
0.71 1.47 7.26 3.15 2.37  2.79 1.72
0 0.68 0.95 0.54 8.30 2.24 3.66 4.73
1.05 1.25 3.09 3.87T 1.9 4.4

Note 1 and 2 same as Note 1 and 2 in Table 1.
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#=5 HREERGEEHFEFFTRTHRESEZ VS

Table 5. Nonessential elements in leaves of two chrysanthemum
cultivars grown in sand/sawdust (1:1) mix amended with
1/3 or 2/3 sludge (by volume) and fertilized with KNO,

or complete nutrient solution.?

C Treasure Chest Wedgewood
Ele Fertili
ments ertilizer
0 1/3 2/3  Mean 0 1/3 2/3  Mean
Sludge (by volume) Sludge (by volume)
ppm
CK 1770 3000 2753 2508 2041 3000 3000 2680

Na KNO, 2027 1789 2048 1955 859 2020 1639 1506
Nutrients 1268 1603 1711 1527 798 1308 1421 1176

Mean 1705 2131 2171 1233 2109 2020

CK 454 415 663 511 720 316 288 441
Al KNO, 413 526 723 554 446 340 286 357

Nutrients 495 442 521 486 280 368 263 304

Mean 454 461 636 482 341 279

CK 3.03 2.9 2.83 2.94 2.89 1.61 1.20 1.90
Co KNO; 2.69 2.15 2.96 2.60 1.61 1.61 1.94 1.72

Nutrients 2.42 2.28 2.76 2.49 1.81 1.94 2.01 1.92

Mean 2.1 2.46 2.85 2.10 1.72 1.72

CK 1.09 1.70 1.49 1.43 2.88 1.22 1.10 1.73
cd KNO; 1.08 1.65 2.88 1.87 0.81 1.02 4.61 2.15

Nutrients 0.80 1.91 2.81 1.84 0.54 3.53 7.31 3.81

Mean 0.99 1.25 2.39 1.41 1.92 4.36

CK 6.01 4.83 6.61 5.82 9.99 5.03 4.78 6.60
Cr KNOs 5.03 4.27 10.30 6.53 3.33 3.66 4.56 3.85

Nutrients 5.92 4.84 5.36 5.37 3.96 4.17 4.27 4.13

Mean 5.65 4.65 7.42 5.76 4.29 4.54

CK 8.1 22.1 14.9 15.0 12.8 8.6 8.1 9.8
Ni KNO; 14.4 9.7 12.9 12.3 3.4 4.6 5.1 4.4
! Nutrients 4.5 6.0 9.6 6.7 3.6 4.9 5.7 4.7

Mean 9.0 12.6 12.5 6.6 6.0 6.3

CK 27.6 20.2 20.1 22.6 43.2 18.1 16.1 25.8
Pb KNO, 17.9 22.8 43.0 27.9 14.3 15.8 16.7 15.3

Nutrients 24.0 24.7 26.7 25.1 13.2 15.7 15.7 14.9

Mean 23.2 22.6 29.9 23.6 16.5 16.2

Note 1 and 2 same as Note 1 and 2 in Table 1.
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@0 o kT AHERA S » RFSERBREHE » BEAEE (composting) FKRR%&
HAESES » TRALES—BHMUKE (aging) FRAKRRKE -

1600
C P/ Ver
E= P/ Per
[ S/ Saw
1200
E
a
B
a 800
N
400
o ﬂ : ;
Sludge o] 1/2 o 1/3 1/2
Fertilizer Nutrients NK

6. AVE-~HRSRRMEE Treasure Chest HEHSEZHE

Fig. 6. Effect of media, sludge, and fertilizers on Zn content of
chrysanthemum cv. Treasure Chest leaves. The experiment
started on Oct. 3 and ended on Dec. 17, 1981. P,peat; Ver,
vermiculite; Per, perlite; S, sand; Saw, sawdust; NK,”200
ppm N and 200 ppm K from Ca(NO;), and KNOs.
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Summary

Two cultivars of chrysanthemum were grown on sand/sawdust (1:1),
peat/vermiculite or peat/perlite mixes amended with ;{“""2’ volume of
digested sewage sludge and fertilized with complete nutrients or NK
fertilizers. Sludge supplied much higher amount of N, P, K, Ca, Mg, B, Zn,
Cu, Mo, Cd, Cr, Ni and Pb than control. Although the high Zn content (up
to 2280ppm) in leaves, they could not show the visal toxic symptom in the
leaves of cvs Treasure Chest and Wedgewood chrysanthemum. The sewage
sudge was found tobe an effective ingredient and as a low analysis fertilizer
for potting media for chrysanthemum when nutrients or NK are applied
from chemical sources. The results suggested the sand/sawdust mixes could
amend half volume of sludge for plant growth.



