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Effects of applying municipal sludge on physiological
characteristics and qualities of leaf lettuce
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Abstract: Effects of applying municipal sludge on physiological characteristics and qualities of leaf lettuce were in-
vestigated by using pot experiments. The results showed: (1) applying municipal sludge to soil did not make significant
difference for leaf lettuce to uptake Zn, Cu, Pb, Cd, As, Hg and Ni with different sludge dosage. (2) In the first phase
of experiment, determining values of various indicators of leaf lettuce growth was increased first and then decreased with
increasing amount of sludge usage. When sludge dosage was 6 g*kg™", germination rate of leaf lettuce reached its maxi-

mum, 93% . The total roots absorbing area and active absorbing area of leaf lettuce reached maximum, 1.93 em?*

!, respectively, when sludge dosage was 9 g-kg~'. When sludge dosage was 6 g-kg™!,

plant ™! and 0.88 cm® - plant~
the maximum of chlorophyll a and b and soluble sugar content was 1.39 mg*g™"' and 7.90 mg*g~', respectively; The
maximum of soluble protein content was 25.38 mg-g~' when sludge dosage was 9 g-kg™'. (3) In the second phase of
experiment , alternation patterns of all indicators by using different portions of sludge were similar to the patterns observed
in the first phase of experiment, but actual measured values of all these indicators were bigger than that of the first phase
experiment, and sludge dosage from which the leaf lettuce showed the maximum growth indicators lagged behind. (4) Af-
ter had comprehensively analyzed all the indicators, we concluded that optimal sludge dosage ranges from 6 to 9 g-kg ™!
and using sludge was beneficial to the growth and the quality of leaf lettuce.
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1.1 gidFiEM LW
REABRERAAETHTILABFIE K, NG
PRt KE BB, 5 I K [ J5 76 B i@ RUAE R T,
B, 2 mm &R, it ERAAEHERS
EEERXBEO0~20cm) LE (BB L 2), #k
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1.2 #tiRER
B Y B 3 ( Lactuca sativa L.) . JHEE
BEEHN—-FAERNZFLERTER, HEHH 20 ~ 30 cm,
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Table 1 The contents of nutrient and heavy metal in municipal sludge and soil

w8 HHE/ 28/ % 2B/% ELJR Heavy metals/(mg-kg™")
Ttems PH  Grganic matter Total N Total P Cu n P cd Ni H A
+ 5 Soil 8.15 1.26 0.123 0.113 27 78 18.1  0.158 273 0.0923 11.5
5% Sludge 7.30 38.4 1.72 1.4 46 774 5.8 1.4 46.4 0.1932 13.7
1.3 R¥git 2 R

131 -8 KBEXEMNIHEXTF, 32 mm
i EEER ISem HEBHEN, S&E 2k +,
BREBRAES 5 0.3.6.9,12.15,18.21.24.27.30
gkg, X NPT HE, BIMLEHRANER. ISR
ST BEASBEVNIEL BKERALHBEKFKE,
BE2R FLESEMNMNBIRZ &S S %
., MR ERN T EREGR T, §EY S8 20
. EREE—EL BEEX0.5~1.0 cm. B TFESH
g RIEARTER. KENEE, SEUECRE
KGR, FTHE0dEMERHRFER, ZEEH
SEAHE 3 Bk ,40 d AR 2 B 0 0T AR AR 2 IS BRI
B o} E THENE TR E A &g
Bih#FKHPESLE Zn.Cu.Pb.Cd . As.Hg . Ni &,
1.3.2 FoBAExAE F-HIARABRERE,
HRREOREBERE ABRMEE KN
BRI 7 B R 2 3, MR IR E bR T8 AR IR 5T
BRI EY IR

2.1 AESREARTHEZRPESEBHSES

iy

R —PIMEREK 404 ERE, MEHY L
M Zn.Cu.Pb.Cd.As Hg.Ni S B(F2). ZREH,
ARBREAETHEXTELE SRR Pb.Cd,
He MRIH GBI KRR TEERRREARER
LN HBEHESTEL RS EEFREHER
FHENXR, IHBEXESRIESHERERAR
ZHRBEHFHEXERAREPTESBOREH
ARERETFLRINBEELEHNLEDS, BF
ERRFEARR  ARFEEERBER, SBHEL
E— YT IBRAFEREER AREMNESE
ERVEDHEBERE, AEEIFHER LT - &
RAGTELENEEFME. WA L HPELR
MAEVERHEN S pH AR MRS 5
AERERFAX EZTHYEREMFHEEZREN
Eg“ﬁ[lﬁ—n]o
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Table 2 The contents of heavy metal in leaf lettuce at

different rates of municipal sludge application/{mg-kg™!)

SRR, MEREARN 0 ke B RFEN TR BT e s
H13%. FHIRIHRK P& AT R R meals  Natond) vegetable - Comentvange - Mean
SE IR EAA L E Sk &R k%
AFE—BRE, BRKERARESRE—CBE o <20 SrEoms 0
R T i R AR AR R 575 VR o <10 324758 >0
o £ 25 3 0 4 R A7 — R R R o P <02 O.10-0z 08
5, 5 B G T X S % A PRI RRAEG e <o0s (KBE-OTL oo
EEERGTELE - HmERNEK, BRBH SR - 0,316
ERYRLTHENRBEDHARM, BE LR . <7 Nodecaed-0.316 1
FESEAETHRE, SBEFRERAMSEHEATRE Hg <0.01 deﬁeie;?':.lgls 0.008
16090, 95 IR X Fh T 95 5 10 5 0 2 95 U oP 4% R 4 . s os0m oo
GAERMHER® Y, SRINEAILESRE, —
%3 APRRBPERNEFE
Table 3 The germination rate of leaf lettuce in two phases of experiment/ %
1% V5 A AR Rate of municipal sludge application/(g-kg™')
Treatments 0 3 6 9 12 15 18 21 24 27 30
First fa;ﬁiiﬁn'mem 75 83" 93 63" 58" " 50" 40" 38" 40" 27 i3°”
FOHRHAR
The second phase of residual 65 67" " 73" 68" " 63" 50" " 47" " 47" 55" 27 40" "

effect experiment

H:» RR5BREKF, » » XR 19REBEKFE, TR,

Note: * represents the significantly difference at 5%, * * represents the significantly difference at 1% . Hereinafter the same.
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BEERBBREAEIEL. ARATUBL ., $—H
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F—HARP FRASHEZTYERBoHHmE
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HRTENBAZYRANEAB AR, SEMEY

B EHTARERT LRPAEYRNEEEYD
A PR (A8 R B A B AR AR R, R R
EHARKER,

R4 AHARBIRBFAEFMUELER

Table 4 The root activity in two phases of experiment

{5 & Rate of municipal sludge application/ (g kg™")

L] W E 7 E
Treatments ltems 0 3 6 9 12 15 18 % 27 30
L EY-L T
W/ (m'- )
Total roots 1.63 1.73" " 1.20"" 1.93"° 0.99"* 1.01"" 0.92"" —_ - -
F—-HRK absorbing area
The first /( mz'plam‘l)
phase of
experiment T BR R B o B
/(m? Bk~

0.47 074" 0.65""

Active absorbing area

0.88°° 0.72°° 0.31"" 0.26"" - - -

/(m®+plam =)
BRBRK
_ R/ (m %)
£=M Total roots 4.09 —_ bt 4.40 — 5.89 5.76 4.64 6.32 5.33
B E absorbing area
The second /(m?plant 1)
phase of
residual 5 KR b R
effect experiment /(m* ¥ I
B - - et 1.84 . 3
Active absorbing area 69 1.83 1.99 1.6l 1.55 0.82
/(m?* plant ")
E:"—"RREkME, TH. Note: — means not measured. Hereinafter the same.

24 FEZREEARMNBEXNHERSRNEN
FE-HRABP ANXBRBFREHRE N 18
gk ' WT AL EFMHER 2+ b NS ERTMHEN
0.98~1.39mg'c MBA1PALIEFEL HEEa+
bEREHREHEMSMER L EF B ERIKLY
B ERERRESREHERN 6 g- kg 'HLRE
P, 139 mgg M BABHHGEEa+b SR
1.04 mg g  "EMT 33% . Rt BELES, 5XF
BHLABTREEZR, YERAEHN 15 g kg !
it HEZEE a+bEEBMNF1.02 mg-g !, EFHKRET
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TRALMR, £RURE P, MEXHRE a+b
& B E A2 P B S TR F B A K e A A S MR
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Fig.1 The changes of chlorophyll in two phases of experiment

25 AEARREARSMEXRTREENZW
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HESETAFARBA LA BEEN 7.9
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Fig.2 The changes of soluble sugar in two phases of experiment

EFE _HERBOGAKH (B 2), mEXRFITEHE
WEREDIEKX MBRAHE., ZBRBEHAENR 9
gke ML BT A BEHBEEEBABNTEKRE, N
16.07Tmg-g™'s AR 24 g kg ' ZERET
B, BARBEPEARTEUBREENITE W

RE. RAKESREABNEN, SRIPHRE
AEYRERBAA HRENEREEZRTH
W AMIBEKENSRZBEW, ESRER
BRKE, FEYEENOMBERAER, B/ Tt
EERHIT, IR EBENRESERNE R
EREHFFARED,
2.6 ARASEREARNMERTEEEQANEN
F-HAER AMBRFRERAER O
grkg MRS HEESRAENA, TAHEAY
BRI K, kg WA BRATEHEALT
BmA,N25.38 mg g BN BAHENEREASE
9.14mg g 'MW 2.815(FS), ZRHEBRAEN
B IAEEHSRTR ESREHRENR 18
grkg B AT BB SEN N 17.66 mgrg ' B
ETXELAE, ARZAES M EBAFRERE
H 27 grkg WAL E P BN EASREAZR b
FAWMEE FEBRERAEN 27 mg- g 'NAIBHEERS
ERKME,H25.26 mgeg™ s ZFMEEST,ATE
HEASESHEZERSRAIREZFMARX, HXAR
Bh0.7326, HAERMAKS,5ROGBAES
WMERMEREMARIN SREEDBRESL, EBEK
EREm, EEEFET A TEARDHEMR, &
RERME  EANENEE RS REE,

£5 ARARBHELBTAMEASR/ (mgg™')

Table 5 The soluble protein contenis of leaf letiuce in two phases of experiment

PO¥: ]

5 RHE B Rates of sludge application/(g-kg™")

Treatments 0 3 6 9

12 15 18 21 24 27 30

iR
The first phase 9.14
of experiment
B oBRRAK
The second phase of 12.38 14.44 16.88 16.84
residual effect experiment

20.38" " 24.00"" 25.38°°

18.83" "

18.42" " 17.66" " - - - -

16.73 13.05 17.48 18.34 18.97 25.26 17.69

2.7 FiRAEKEARNEKS

Gt FES CEARERERAEN MERXE
FERBRREN HER EEEATAEEON
HHEERSXNBATTEZEUR. FRRH.H
FiERAEEFAH AR HEXRNEFERAR
BEEWGREHEN 6 gk 'WEFERARR,
YESREHENO g kg 'BNEFETE, AFLRE
Z A E R B 2 5 AR R TR TR I BR TR ik
HRAEGREAERNI g-kg” ' W ARE, ZEE
BARLGETHERE TR, BISBERNEN 9
gkgT'5 12 gkg "WML BZEAREEER,
B REAEET 9 ¢ kg 'LIE, BRERK S @

BAMERREEAY TRHEEREEN REIHE
EHEE a+b MABHBESBAEBREAREL
6gke " REBETH, ARKEEATRESRIEN
BEI9egks 'ERBEETR. SAOBHIEER
ARTHEREKMAGREGHERERBEERN
6~9g-kg s

3 4 #

DARBRBEXHZERES Zn.Cu.Pb.Cd.
As Hg Ni BB EW AR E.

2) RERMHEREABRMEMAFIRES &
REHEN6 g-keg "B, REEZXBBK,H 3%,
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3) H—HRBF, HE S REHE KM, W
EXWABRUAEFMERRKERELALHR
B THRER, WIEIRESRERR 9 g kg "M
BEK, BAABRPELBEMERBRRLREE
RIGERBRREBRES TE—#.

4) B—HABRP, MEXKHEE a+b AR
HRESEERELAEFREHREY 6 g-kg™ 4L
B 2R 1.39 mgeg™',7.90 mg-g Al BHRE
HEBERXELAESREHAEN 9 g kg ' HLHE
F,425.38 mgeg™ s HRBRE P, ISREHEN
27 gokg B M ERHEE 0+ b TR UBASE
BRI RKE; TS RERNEHR 9 g-kg ' F
KR T ERKE,

5) B A FIERMGE S, TR LS RA
MTMEREKMGFRERAMRERALE N
6~9g-kg s
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