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Effects of municipal sewage sludge on physiological properties of
three varieties of maize in Lanzhou
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Abstract: The application of sewage sludge on agricultural soils is a promising disposal and utilizable method to im-
prove soil properties and increase plant productivity. The experimental results showed that three varieties of maize( Feng-
shi 88, Shendan 16, and Fengshi 9713)could grow well and the miaze biomass increased significantly after sewage sludge
application (the dry weight ratio of sludge to the mixed soil of 5%, 10%, 15%, 25% , 35% ). With land application
of sewage sludge, the total chlorophyll of three varieties of maize increased at first, and then decreased. The leaf proline
content of three varieties of maize showed a big increase after sewage sludge application compared with the control treat-
ment, but a threshold value did not appear. The leaf MDA content of three varieties of maize all increased. However,
‘Fengshi 88” had the largest increment, while ‘Shendan 16’ increased the least. Maize hightened the protective enzyme
activity and the content of adjusting osmotic substance to alleviate the oxidative damage to membrane lipid by sludge. The
contents of Pb, Cu, and Zn in the soil increased with the increase of sewage sludge application, but not exceeding the
standards of soil environmental quality for Grade II (GB15618 — 1995) . The contents of Pb, Cu, and Zn in the soil had
significantly positive correlation with the contents of proline and MDA in the leaves of three varieties of maize. When
sludge application rate was less than 25% , maize showed strong adaptability and tolerance.
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Table 1 Contents of nutrients and heavy metals in sewage sludge and soil

TH IR/ (gkg™') 28/ (gkg™") 28/(g'kg™)

pH

HZ /R Heavy metal/(mg-kg™!)

Ttems OM TN TP Cu Zn Pb
{51E Sludge 286+ 16.5 13.1x1.7 15.4+0.9 6.82+£0.34 354.11+29.12 420.65 + 32.02 157.84+£24.76
+ 3 Soil 20.3+1.8 1.6+£0.2 1.5+0.4 8.09+0.2t 18.21+1.22 55.89+1.21 3.22+0.91

L RPRIE T « BRERE,

Notes: Data are reported as mean + standard deviation.

1.2 WMRAE

KB T 2010 FEAE LML EBRFAEGSHE LT
BB N R T #17. ARARAEZRAR,
R4 N2 30 em, FIEN224.0 cm, & 25 cm, iR
B3RO 2 om, B 6 FLHE, RS
RAERBELEPNTELHSIN 0.5%.10% .15% .
25%F 35% 4 B #ATIRED, iCfF CK.S1.82.83.84,
S5, A EERE 3R, BRERITKES HERS
B, AR BREFRE4.0kg, BREHH
T MHERMENK, 4 A LARMEX, EH
Bk YA K 120 d 5, RS R VB R B
PRI E o

43 pHE R E R ARAIR, T EMBRAN
FReERAESRAET, TELRRRLHEI
RERE" ., HHELBRA=R (MR - RER -
SHEMMEE, A aE., SRALERH
8. e g Rk A HCL - HNO, - HF -
HCIO, IH & - R A S E TR (ICP - AES)T
%&[7]0

HEREBHNERANRZBESBED,
Bt B 0.5 g By HERA=MAMRS, A 50
mlL 1:1 ZENRBEASREF R TIR, EHYAR
TH, BERASEERBE BN R, 42
FEHETHTE 663,652 nm I 645 nm FE K AL H R,
(D (QFB)KGHHEHRE o HEEK b MEMH
FRENETE,

MG E a WEE (mg-kg™') = (12. 7D663 -

2.69D645) V./1000 x W (1)
HGE bR SHE (mg-kg™!) = (22.9D645 -
4.68D663) V/1000 x W (2)

BMHREESE (mgkg™!) =D652V/34.5x W
(3)
FRE IR & B E R A A KBRS, BUg &
MR 0.5 g BIRRARE P, A 3% E KGR
¥ 3 mL T K78 P32 10 min, B 2 mL 2B T
REH,MA 2 mL 7KEEBEFN 2. 5% BEMEE =R 2 mL
EWAKBFBE 40 min, A 4 mL FEFR, R -
YEVRAE 3 000 romin~ '8 F B0 5 min, 4 EEE
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B:F 520 nm PR AL LB, ARIEBRAE R LR EIE
BY=0.0512X + 0.0132 kHERLTHERS
'

N-BEBMERARAE LLZ R (TBA)
B0 B F 0.2 g IR MARE H, A
2ml 10%TCA IV BAED , HEZSK, Hin 8
mL TCA #—5HF B, 51 B> 10 min, EIFR A
AR, MEE LM EE® 2 ok, A 2 mL
0.6%TBA ¥, IR A1 T ¥ /K& £ R B 15 min, B
ERHEEEL. B EFERNE 532,600 nm 1 450
nm FKTFHFELE, ARG REHEMRPREIE
532 nm AbEITESEEME Yz, FASLEI 532 nm MTHIEEE
B2 600 nm AERE R BT E R ZE Vs,
HEAE R ERE S P MDA-TBA B F=417E 532 nm
I EREE . ¥ MDA £ 532 nm b ZEEERIENFK
¥l 155 B BEoR B IR BUR P MDA ¥ E ., BIEAKX
(5)iTEWE &+ MDA S &,

Ys3 = — 0.00198 + 0.088D,s5 4)

MDA(gmol + g=! FW) = MDA ¥ (pumol - L™') x
BBV (mL) /HYHP S E (g) (5)

J8 STATISTICA( Version 6.0) F1 Microsoft Excel %
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ARG REARY L#E S Cu.Pb.Zn S B
A RIR B EEFKE(ER2), ARTGRERE
TEIMELBHNSENEERTHR,INES
REBRSHREMBHERERLEE LR, AR
BRENMETEPHNELREBEZMAHEREE,
4bFE S5 +3EH Cu.Pb.Zn FEYA B KM, 37
HEBABRER LT EBROK/NRFR: Zn >
Cu>Pb, BAGRHBARN 3HESET PPWE
BESXEEEMEMERL, 2B TIE 248,
WEHEHN 3,545, Zn BUIRIE N 2.4 5,
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Table 2 Effect of sewage sludge application on the concentration of heavy metals in the soil/(mg-kg™')

15 est

Sludge treatment Cu In Pb

CK 18.21 +0.83f 55.80 +1.22f 3.22+0.25

s1 23.83+£1.29¢ 65.2010.1e 8.41 £0.99

s2 33.37+1.92d 75.29 £2.53d 13.64+0.72d

s3 45.30+1.3c 87.97 +2.82¢ 19.6511.25¢

s4 62.95+4.2b 106.33 £ 1.81b 28.59+1.31b

S5 81.17+1.36a 132.68 + 3.85a 38.42+1.12a

F {H F-value 373.92" " 429.15* % * 508.89° * *

IR R B — SFRAE(GB - 15618 - 1995) 1)

The environmental quality standards 100 300 350

for soils for Grade II (GB - 15618 — 1995)°!

R PRI ST + R E , A—F P RR/NE FBRR %R B (Duncan BB, P=0.05)c *xFE P<0.05 k¥ «fKE P

<0.01 KF; * = » f3F P<0.001 K¥E, FH,

Notes: Dala are reported as mean + standard deviation. Followed by the different lower-case letter in the same column inicate significant difference, according
to Duncan’s Multiple Test, P=0.05. * mean significant, P<0.05, * * mean significant, P <0.01, * * * mean significant, P <0.001, respectively.

The same as in the following tables.

2.2 GiREAXEXEHRERE
3INEXRGMHEFREMELEEREDET
EYETHEMB(E3), £ B EFREMEN
3.4 R RAEYRER ER TX R, RE&n
BEESWRERALE, BRREYRAEGREMERN
S4 BB KA, 5 X BB A L% IE R 60.85% . Ih
¥ 16 ZETSTRMEINER N S1 A kA P 5% BAE t
ERARE, HEBFREMENBEER TR, &
S2 BT B BRAE M B R BB KAE, 5% B e Y

65.74% . WH. 16 FEISRHEME K S2.53.54. S5 B
HEBREYPRZBIEZRARBE, Fik 9713 ER
FEAnNE S $4.S5 Bt kA B S REKER AR
EFHEIMENESEES TR, EGREME
S S3 IR B KAE, 52T BRAH LI 58.26% .
2.3 SiREAXEXAHEHSESRERN
3AEKRMBFAHRE a FRAAFBREHAE
MHETHERALBRBEER(P<0.001),i5)/E 3
AMERGHHZFEE HIEBIRTHR(EL. A
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Table 3 Effects of sewage sludge application on

maize height/(g'phmt‘1 DW)

SR E FiA 88 L 16 K 93
Sludge treatment  Fengshi 88 Shendan 16 Fengshi 9713
CK 2.58:0.19p  1.08+0.09c  1.15:0.13d
sl 2.9420.23b  1.32£0.16bc  1.540.17b
2 2.83:0.13b  1.79:0.14a  1.45:0.07be
$3 3.61:0.41a 1.64:0.15sb 1.82+0.12a
4 4.15:0.39a  1.57:0.23ab  1.28+0.08cd
S5 2.90:£0.24b  1.69:0.12a  1.38:0.04bed
F {8 F-value 8.63" " 6.01" " 9.17***

SRR B & AXEE 16 ER o713 WHEE
bHERMEMZBIREEERKE(P<0.001),
ExtEX S HERDHWITBRLBEE R, HIRX 3
AERGHHEFELTENENY LRI REEER

KFE(P<0.01), 5% 3NEXRBFHFHFEER a/b
HYERH AR EEERKE(P<0.001), 75
EHEMEERH FHEELASRENEE., EXE
i 88 ML 16 AR RMEMBR MM RELTE
BRER TR, Fik 9713 FESREME N S1 i
HEEATESNBEHKERABE, HEBRE
MEMHSELSTEYEES TR, FEFRKEMN
BREM 3N ERSHHZREOTEREMERE
K, ZEGRENE R 4 W RBRKMHE, Fik 88
ERGREARNOHEFE ob WEBEES TX
R WH 16 ZEHRKIFRIEMER S5 FHEE ab K
HEER TR, HEBREMNER 53 B E
RABE, ERX 9713 EFREME N S1 AHFE
bREBER TR, HEEmENYEERKT
pay:i: 8

R4 FRIBFA 34, FKRAFERBROLN
Table 4 Effects of sewage sludge application on physiological indexes of three kinds of maize

4% Chlorophyll/(mg-g~" FW)

TAMA  BRAE mEm =R
Mie  Sudge B a gy o BHRE  wexe Prolie MDA
varieties  treatment  Chlorophyll a Chlorophyll b content Chlorophyll a/b ~ /(pgeg™' FW)  /(pmol g™ FW)
CK  0.087:0.005c  0.037£0.005ab 1.993:0.063c  2.373+0.44lc  14.553:2.721d  0.580+0.113¢
s 0.119£0.003b  0.033£0.00lb  2.244:0.083b  3.638+0.057a  33.926+5.012d  1.207+0.09b
2 0.115£0.004b  0.040:0.002a  2.343:0.048b  2.920+0.265b 64.521+3.959¢ 1.163+0.132b
Fi:isgs s3 0.125£0.014b  0.035£0.005sb  2.302:0.281b  3.535:0.076a  65.662+7.942c  2.177 +0.486a
4 0.138+0.003a  0.039+0.00lab  2.739+0.052a  3.498:0.021a 106.670+12.491b 1.827+0.564a
S5 0.117£0.002b  0.034£0.00lb  2.290+0.038b  3.406+0.016a 130.448+19.080a 1.945+0.127a
FA{H F-value 19.487"** 1.992 10.849* * 15.643% % * 41.260" * 10.643* **
CK  0.036£0.005f  0.01+0.002d  0.640+0.082d  3.631:0.125b 27.087+3.791e  1.145+0.052b
S1 0.051£0.008¢  0.014:0.002d  0.973:0.16lc  3.579+0.094b  58.177£5.720d  1.180+0.249
2 0.077£0.013c  0.02:0.003c  1.444:0.184b  3.566+0.15b  112.712+24.655c 0.846+0. (49
Sgillﬁm s3 0.114£0.002b  0.033+0.001ab  2.184+0.080a  3.473+0.038b 166.081£15.573c 1.172+0.086b
4 0.122+0.001ab 0.035+0.002a 2.367+0.116a 3.527+0.19b 150.620 + 12.681b  1.217+0.161b
ss 0.129£0.003a  0.029£0.003b  2.278+0.09a  4.51:+0.36a  208.893:20.049a 1.548+0.119%
F{H Fvalue 101.433*** 58.804° " * 101.285" * 12.974" ** 53.756* * 7.839**
CK  0.107:0.003c 0.029:0.0000d 2.092+0.059%  3.549+0.016b  23.010:3.98le  1.092+0.113c
S1 0.110£0.002c  0.030+0.0012d 2.164+0.059de  3.615:0.051a 51.994:22.432d 1.819+0.079%
s2 0.111£0.002c  0.032+0.0008d  2.188+0.052d  3.474+0.032c 123.445+25.600c 1.808+0.197b
Fi:;fg% s3 0.138+0.001a  0.041+0.0003b  2.633:0.033b  3.389:0.040d 126.040+13.811b 2.289+0.580ab
4 0.138£0.002a  0.048:0.0012a  2.829+0.036a  2.863+0.02¢ 216.215£23.934a 2.439+0.331a
S5 0.12£0.003b  0.035:0.0005c  2.300£0.05lc  3.428+0.017cd 162.836+15.971b  2.057+0.42ab -
F{l F-value 49.774*"* 53.055* " " 107.348* " 209.597* 57.917** 5.808" "
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EnkRHR B EERKF(P<0.001), %L E 16
MERITBHAA_BIENERABEEEE
FAKF(P<0.01)(F%4), £k B EFIGRMINE
RHAR_ESEHBES TR, EREME
H 3. SSHERTAA_BREERARE A
SREMEN S3RM AR _BSRXIREKRAE,5
Xif FEAR HL I WE D 275.3% . TEEA 16 FEVS TR R N
SIS3HMARHAA_BSRESYBEHELERA
BEHEERT QAN FR_BEER,ER

AERENENH AR _BSRABRAME, 53
AL EEN 35.2%, Fi 9713 KI5 M2 K
gt AR RSB ER TR, EB RN E
H51.82.83. S5 R IR REBZEERAE
. FR 3 EFRENE Y S4RH AR _BES
BABIBAE, S RALLIEIER 88.3%, 347 E
kEfhER S HAR _BERES5X BM LAY
IR, 8 16 8 mE R/,
2.6 THRESESEMNEXRERERNER
BHRESLHS Cu.Pb.Zn HERE3/MEKXK
SRPAY 3 MR EREMXRR(FES). =
BPIHESRNSBRESFABHERLTERL
BEMEM; L HPIMESRIBSHA 16
FKELSEYHERRBEFHECHE; 2P Cu f Pb
HEES5FERITBHERLSBEEEMXYE, Zn
HERSFERITBMHZRLSEREREMXHE(P
<0.05), +HEFIMELBRSEST I PRBHEX
HANBERYEABRBEEHRXRXR(P <
0.001), T EFPIHELRLENIESIAEX
A _BRESENEREFEMRXYE, P Zn.Pb
HEBRS5FEABH _EIRAITERBFHR
(P <0.001),
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Table 5 The correlation coefficients among contents of heavy metals in the soil and chlorophyll, praline,

MDA content in maize leaves

EREF A BERR

T+ EL /M X E Heavy metals in the soil

Varieties Physiological index

Cu In Pb

HEELsE
Chlorophyll content

g

Praline content

A_ESE
MDA content

Fik 88
Fengshi 88

0.447 0.384 0.281

0.777*** 0.718" " * 0.875***

0.688" * 0.755*** 0.760* * *

HEXLEER
Chlorophyll content

HMEREE

Praline content

RIESE
MDA content

L 16
Shendan 16

0.825*** 0.873*** 0.953***

0.955" "~ 0.895"** 0.806™ "

0.5297 0.595** 0.612"*

HERLEE
Chlorophyll content

HERSR
Praline content

HoBSR
MDA content

*iR 9713
Fengshi 9713

0.382 0.470* 0.232

0.909* ** 0.951* " 0.960" * "

0.542* 0.606" * 0.698 *
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MIER E AL TGI8 P I5 Y s e (GB4284
-8 fE+ 3% pHIE KT 6.5 &4 T, REMEA
BRAGEYHEEEGFSE PbH 1 000 mg-
kg™',Cu 2 500 mg-kg™',Zn 4 1 000 mg-kg™ ', A<Bf
REXFRA I HELSBIEETRE. &M
BERESTEPIHELETIENSTEORTR
| - SEF I R B T AR (GB15618 — 1995) M0 g
P+ AR FIVEAR AR, (EAE T £ 3 S E KRR
F+,Pb FSREXEE B EMIEAR Tk 12 1,
BRI , SRR [R)— Bk b 2 YK R 75 e A 20 2 T 4 8
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B, ARG RAHET K 88 £ YR E TILH 16
MFER 9713, XEH ERERAGHEM 75 %
BEREE X, WASHEYMNFEIRRAESRS
- BEEYRMTHEARFRERKHXER,

YR EEERAREEARBSR, HEEX
WA A K RIS RA A EENE W, i
FETENBRARKEE LR THEENAERR
SAEAMEA, AR ERFRMMEMNEEE
W T EXM R ROAAEAE R, Tkt h &R
SREEAR CAEHR MR, 4K Z PR,
MEXRA PR LBIESE TX— M. RREELL
3 AEKGAMSESENZERALE B0
M EGROERENEMEANEZELEER
A ERAES X RERSFRENEITR
FELBENBRYME THEEEY A BREES
JUREBREE, AT RSB HRESBN TR, )
EEEE LA RE o/b R R EZ SR
8RR AR R — A A BREE AR, B B A & 51
MY R HEE ab R/, AR 3ANEXRE
Fheb B iR 9713 HEE o/b EAETSRIEIE 5
Xt BB A LA B/ MIB BRI FRAR, ik 713 MR AR
SHERAE EYROEREERTHERAN S

BERE—MEMEBERTY R, LA
PR EERRPARBRS, R RNBNS
1, B MR R R R E IR T RS
St Bt a s Em4E . ERNRARED
MR — R BE RN, AR, 3 M ERS
Fh ik A IR R AR B & B R 15 Te N B 3 Rz F
L REREMN R ENERS DRTEERF
SiyREEmtT FER T EREN A B ER A
FHHER T BRI R R R AR, W
BARBRETZ O E BRI e HE R, XS
Khatun'®1 5 2 19 45 4 300 2 40— B, S T i 2
5 VR 5 B AR 1 A TS R BB (B H R A Y PR
AZEMHMERZ—, LEFIHESRRES
EXm AP EER S BYEREFEMR, HHE
EREFFHERSEHEMNEZSRYZ—. &
ABR ISR AEE N ERT A REAR TR
a2k 0K 2 BRAR i 4 R R Y BRREL,
BRI ABEF IS TG TG E IS R 55 M R %
ERM R MEEE B EBAGE, BEEK
A BERAER AT RERZA,

AR AR YT SR A T 40 A R AT
FEAERIYIR, ER L SEY RN SRS THRER,
FEBRABERLS WU, THRAMK) IE ¥ £
3, A RINE W R e Y 40 AR R R O R B
AR 2], AT R U B 15 TR HE I 2 8 0K
DR tTHhEGREBIEM,3 AT REMH
N_BEERE L% IR THYESRTE
S BESFA FYRE R HE & T AT EA
TERINGE, AR 2 B —E R E Bt . BEME
HOIE,3 S ERMFM AN KR _EEBRE LA
g HE EIHREIFA—B, AR MR E R I 5
VIR EER. R I6H AN _BRNESRE
Xt BEAH EE ETHIRBE /D, U5 TR FP A W R R Xt
om0 B A R B9 A, 3 A B R AR R
HITL B 16 BEiE & 7E Pa bl Xk i 15 YRR L3
B

TERE SRR O A AR AR AR REAT L IRTT B3
BIRIBRSE , RS2 ARG E TR R B NE
Bk, RN E LN LR S TG RNE
FAFE B ABFST RIS VR X E K B
BETR HEARSBENN_BISBYFEEY M,
4 MIERME SN BRALE A RER M. &R
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