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Effects of partial replacement of chemical fertilizer with sludge compost on maize growth in chromium-
contaminated farmland

CAO Chi', ZHOU Xiaotian', GAO Yuxin', MA Zhongwen', WANG Yao', YING Chunyang', XIE Junhao', ZHOU Fuhong’, JIANG Haoyong’,
MA Youhua"

(1.Key Laboratory of Farmland Ecological Conservation and Pollution Prevention and Control of Anhui Province, College of Resources and
Environment, Anhui Agricultural University, Hefei 230036, China; 2. Mingguang Agricultural Technology Extension Center, Mingguang
239400, China)

Abstract: To explore the rational utilization of sludge compost on chromium—contaminated farmland, a field experiment was conducted to
investigate the effects of sludge compost application on crop growth and soil chromium accumulation. The experiment included blank

controls, conventional fertilization, single application of sludge compost, and different ratios of sludge compost replacement for chemical
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fertilizers. Organic fertilizers were also used as a control. The results were examined from the perspectives of maize biomass, chromium

absorption, and soil chromium content and its effectiveness. Results revealed that different amounts of sludge compost could promote maize
growth and significantly increase maize yield, in the range of 15.24%—-36.65%, compared with the control. The treatment with 20% sludge
compost replacement for chemical fertilizers exhibited the best yield increase, with a 7.16% increase compared to conventional fertilization.
The heavy metal chromium content in maize grains under each replacement fertilizer treatment was lower than the limit values in the
standard GB 2762—2022, and the treatment with 30% sludge compost replacement for chemical fertilizers exerted the best effect in
reducing chromium content in maize grains. The amount of chromium leached from the maize aboveground was greater than the amount of
chromium brought in by the sludge when the application rate of sludge compost was between 750 kg - hm™ and 1 500 kg - hm™. The
application of sludge compost during the season had no significant effect on the total soil chromium content, and the effective soil chromium
content under each replacement fertilizer treatment decreased by 5.59% to 12.68% compared to the control. The application of sludge
compost did not cause salt damage to crops and could alleviate soil acidification, increase soil organic matter, and improve the contents of
total nitrogen, available phosphorus, and potassium. In summary, the application of sludge compost as a replacement for chemical fertilizers
on chromium—-contaminated farmland not only improves maize yield but also significantly reduces grain chromium content. An application

rate of 1 500 kg+hm™ can ensure safe and high yield of maize without the risk of chromium accumulation in the soil, as well as effectively

improving soil nutrient indicators.

Keywords : maize; sludge compost; chromium; sewage sludge utilization; soil; nutrient; crop yield
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Table 1 Comparison of tested organic materials with the standard

GB 4284—2018 on various indicators
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P e e A, TR RIS TS = AR BRRE G 1
bl T g kg™ > > —
i YRS X S HEA ST I 2 S T D
5 BCdTHEI)/(mg-kg!) <3 0.6 0.9 Eﬂi/ff " A Eﬁ% > %%fE T Eﬂiyﬁﬁﬁhfﬁ
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Table 2 Basic physical and chemical properties of the tested soil
g BEEREC AL £ R A AR R
P (mS+ecm™)  Organic matter/(g-kg™")  Total N/(g-kg™) Hydrolysable N/(mg-kg™) Available P/(mg-kg™) Available K/(mg-kg™)
5.34 0.12 22.20 1.13 130.86 10.07 119.25
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R3 AWAEBEB R AE(kg-hm™)
Table 3 Test treatment type and material dosage (kg*hm™)

FEJIE Compound fertilizer iBAE

b g6 Topdressing

Treatment JSRHEIE  ATHLIE LA R
Sludge  Organic fertilizer Compound fertilizer Urea

CK — — — —
NP — — 600 150
Srs00 7 500 — — —
NPSss0 750 — 525 150
NPSis00 1500 — 450 150
NPS:s0 2250 — 375 150
NPSs000 3 000 — 300 150
NPO 500 — 1 500 450 150

T B CK AR HA , A b S0 R0 S0 it PP A PR — 380, A i R 23
SRR R G DR S AL ET AR 78 AL AR

Note: With the exception of CK treatment, all other treatments
maintained consistent levels of nitrogen, phosphorus, and potassium
application. Insufficient nutrients were supplemented with urea, calcium
superphosphate, and potassium chloride, while excess nutrients were not
supplemented.
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A, AN AL PRS2 5 T BRI B A e, Horp
Frr FORS AR A= 9 i B35 48 0 (P<0.05) .

F AP RTE 4 871~6 656 kg-hm 222 i), 5 CK A
FE L Sysoo 20 T 2K 7= B 3G 1 15.23% , L9 b b B 7 o
2550 0 3%, U WA it TS VR HE AR A B TR e R oK
o AN HR ] PR 2 BN A5 AL IR Ak B AR 5
T NP 4b 3 % OK )7 5 3 IR 7E -2.24%~7.16% , H h
NPSso00 20 #5555 NP AR B R T 2.24% , (A 22 H R B
5 NPOnso A0 FR K 7= 1 3K B e i, HL 5 NPOsoo 420
PRAR IO 2 25 5 o VIR R bl A T U ME A AR
A NE LA B 2 e, T OK ™ i S ARG S BRI Y
B IF g Je HE AR R AL AR EL A9 o~ 30% B %o K 7=
AR F RO R .
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Table 4 Biomass yield of different parts of maize and output under different treatments

Ab P A=Y/ (g #K') Biomass/(g-plant™) s
Treatment FLZ Root FEFF Straw Tl Cob FERE Seed Yield/(kg-hm™)
CK 10.6+1.0b 182.5+5.8d 24.3+2.3b 90.3+6.2¢ 4 871+43e
NP 13.4+1.0ab 238.1+11.3b 34.4+2.9a 114.7+5.7ab 6 211+63be
Sis00 12.0+1.5ab 210.1+4.4¢ 27.7+3.4ab 103.6+3.7b 5613+61d
NPSss0 13.4+1.4ab 240.1+9.8b 30.7+3.1ab 114.7+4.7ab 6211+71be
NPSis00 14.1£1.9a 258.7+6.6a 32.4+4.3a 116.4+3.6ab 6 305+61b
NPSxso 15.0+1.3a 262.4+9.8a 32.0+4.2ab 122.9+6.0a 6 656+106a
NPSs000 13.9+1.8ab 234.8+5.5b 30.9+2.4ab 112.1+7.9ab 6 072x115¢
NPOis00 14.3+1.8a 259.2+6.3a 32.8+4.1a 119.5+4.8a 6512+83a

T [F AR NG FRER R AL PR E] 22 57 8.3 (P<0.05) o R 1o

Note: Different lowercase letters in a column indicate significant differences among treatments at P <0.05. The same below.
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R EB S BRI 25 . PR
R SR TE I M 0.613~1.117 mg kg . S HE(E
i A [ AR ME 5 TS Y BR D) (GB 2762—

250 O 3 Ear stage O AU Maturity stage

b a b b
c —lI)— _2_ _h_ 1 = I —=—
- B ; 8 8 .
e 20T b ] 2 A A S
= rH
=
'z 150
-~
g
z 1001
i
*®
e 50 F
0
CK NP Ssse0 NPSz50 NPSis500 NPS2250 NPS3000NPOi 500

Kb F Treatment
AHFEAEF B AN RNG RN A 3R] 22 5 18 35 (P<0.05) . R IAl.

Different lowercase letters above the same column indicate significant
difference between treatments(P<0.05). The same below.

| FEEAFR AR E B ER BTN
Figure 1 Changes of plant height of maize under different

treatments at ear and maturity stages
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Figure 2 Changes of leaf number of maize under different

treatments at ear and maturity stages

2022) " A1, BRERACAL AR AL BE , LAY R4 R T KRR
434 5 kB o PR (B (Cre< 1), {H I A 20 (il e
TAFRUEY (GB 13078—2017) Y B 485 (Cr<5) ,
AT A AR

A FER KK B CK B AR I B2 7E 3.58%~
40.07% , 156 B it HE e 38 72 g [ Bisf tho P AIG 1 T K ks o
e, A5 R R AL B S NP AN FEAR E
P B AT A B AG R KRR R B8 I R, L NP S50 &b
PR FOKFPRLES & SRR, BRI K 40.65% ., AN
AH ¥ U M A B AT MILAE 5 £ RS TE i fi R R 22 e A1
FORFFRLEE T i, T s Y HE A B AL IE L 1R 30%
BE EARATRL B 5 e B R e e o

A AL PR FEAT AR R N 0.764~1.396
9.350~14.080.,36.820~51.013 mg-kg'. #H4 T CK, 4%
b PRI REA SRR E KR RIS % i, O HAE TS T
HE B ACALAE H A 7E 10%~40% I, K 20 21 i) %
T 55 NP AL A E 3 B KR B I REAR , 156 B V5 e
HERE 55 40 A it 7T L R ARS R R ARl A T AR 2R %%
BRI AAC , e NPS poso b BEXT FOK TSN AEFF MR AR i

5 AEAMBTEKEHEESE (ng kg

Table 5 Chromium content in different parts of maize under different treatments (mg-kg™)

AP Treatment HLZ Root T HF Straw 8%l Cob FIHE Seed
CK 51.013+2.497a 14.080+0.883a 1.396+0.016a 1.117+0.012a
NP 46.217+0.574bc 13.257+0.772ab 1.278+0.032a 1.033+0.009b
Sas00 48.767+1.422ab 13.473+1.093a 1.373+0.016a 1.077+0.012ab
NPSzs0 44.247+1.199¢ 11.487+0.782hc 1.056+0.077h 0.847+0.062¢
NPSis00 40.390+1.835d 10.427+0.981cd 0.949+0.116bc 0.755+0.059d
NPSxso 36.820+1.651e 9.350+0.859d 0.764+0.031e 0.613+0.025¢
NPSs000 39.710+0.615de 9.977+0.787cd 0.902+0.031cd 0.727+0.025d
NPOis00 37.720+1.105de 9.500+0.939¢d 0.810+0.039de 0.648+0.031e

WWW.Qes.019.CN
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O I R SR B 4, B R 43 900 R 40.22% .29.47%
20.33%.
23 AESLEMTEEANESEHENTM
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A2 BB A SN (R UG
24 AELAEXN THIESEREFRENZME

122 7 A0, AN TR AD 3 4498 B B ik 254.78~
256.70 mg- kg™, {H AL P H] JC i 2 25 7 (P<0.05) , B
24 75 5 e HE AR it FH A 750~7 500 kg - hm 2 i %f 4 38
SRR O A S R (Rt TS TR S A
- 58 v () % AR R IR AT R T R 24 3 22 R R 0k
— WL,

ANTa] A BER 4 AG ROS % T B 7E 0.561~0.643
mg ke Z[H . 5 CKAR LY, it 0 Ak 3 1 AT R
O YN [F R B R R, A AR B AR B NPS s
b FRXT A ST AR B i RO R AT, S A Ab
P25 B AT CK, BRARIE R 12.68% , 156 B 78
AR FR 43t F K, 35 Ve HERE 2% 5 i A ALIE 5 1R e

xo AEINETHRBAESEXM EAEBHE(g-hm™)
Table 6 Chromium amounts input into soil and aboveground

chromium content of Maize under different treatments(g+hm™)

7 FARALETHERESEUSEEE (mg-kg')
Table 7 Contents of total chromium and available chromium in

soil under different treatments(mg-kg™)

b3 pets AR
Treatment Total chromium Available chromium

CK 254.85+0.37a 0.643+0.008a
NP 255.29+2.58a 0.617+0.003ab
Srs00 256.70+1.78a 0.635+0.004a
NPSss0 254.78+0.60a 0.607+0.002b
NPSis00 255.18+0.69a 0.590+0.003be
NPSz250 255.87+1.82a 0.561+0.012d
NPSs000 256.09+1.83a 0.595+0.010b
NPO 500 255.39+1.12a 0.567+0.028cd

; LY B4
b3 . . .
Chromium amounts input Chromium uptake by
Treatment . . .
into soil maize

CK 0 150.115+10.744b

NP 0 183.824+7.232a
Sas00 688.5 165.183+10.111ab
NPSss0 68.9 160.671+15.626ab
NPS;s00 137.7 156.264+15.030ab

NPSxso 206.6 142.049+16.285b

NPSz000 275.4 136.299+12.911b

NPOis00 39.2 142.723+16.057b
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c it Xof 3 A A AR A B A PR ISR
2.5 REGEX L IEE AR R RN

AN [ A T - 18 pH AT BT B Ul B 5 a5
M D, ¢ 8 , AN [) b 34 B 4438 pH Y Ty 5.30~5.37 , #HEK
T CK, 5 ARAL A AL 21 1 358 pH B 5 4R . Bt vs U8
AR FR 5 415 TR HENE A AL I b FRAR 458 T NP Ab FR
1398 pH 2 5 0 I TE 0.05~0.07 By, ELFE % 75 Ve HE
JE R A IE A5 (%) AS BT 4t 1, 148 pHL St B2 T
SO EE IR PRV LB b b Sved | I B, & M AR oS 15
REERAC AL A A PR B X6+ 38 pH A S8 BURAE T,
eV TR AL, S B T LA YLE S RN
20.57~27.10 g- kg, A F N 1.18~1.52 g+ kg, 5
NP &b BRAH EE , AN 5] A7 e 3k JE 2 A G AL I Ak B R £
A P A2 R 0 B4 5 5.93%~31.75% 1 15.13%~
28.57% , I HLIf & 2 A L i 34 i 36 m . 5 CK AR
Fb , AN TR A5 AL A 0 A A AL Ak R 47 E 34 o - 398 5 4
BB RN A O B, FLBEE AR e i
By T P T Ho it P TS T HENE Ak
PR -0 & 1 B = T CK, Bl 2 R A
A BB 4 9 e CK 4R ) 11.86%~33.91% | 33.44%~
58.92% H1 6.34%~33.57%. A [a) &b B[] 4 398 ey § 2%
55 CKAH He TG 48 38 22 5, U BH 5 U6 1) e PR A 0 1 38
PR,

3 g

3.1 FiRHEEERLIEX T pH RF5 & ERIFNT
TEAWETE R, AR HE B HLR A AR AR S A A
T3 pH A ML RS RGR S ER T AE
Ik AR RE Tt B[R] St RS NE g o EFR IR, 3R
fefdifs LR Rl B F 4R T T b SR
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Table 8 Effects of different treatments on soil pH , organic matter and nitrogen , phosphorus and potassium content

fb S EC/ ﬁMFE o B 20 ﬁiﬁ@? 52:57&%‘13

Treatment pH (mS-em™) Organic matter/ Total N/ Hydrolysable N/ Available P/ Available K/
(g-kg™) (g-kg™") (mg-kg™") (mg-kg™) (mg-kg™")

CK 5.32+0.01b 0.12+0.01a 20.77+0.29d 1.18+0.01e 131.09+0.045f 9.96+0.22d 158.44+0.57f
NP 5.30+0.02b 0.12+0.01a 20.57+0.36d 1.20+0.01e 132.06+0.070f 10.09+0.22d 163.59+0.56e
Sas00 5.37+0.01a 0.13+0.01a 27.10+0.29a 1.52+0.02a 196.25+0.64a 13.36+0.47a 246.45+0.45a
NPSss0 5.35+0.01a 0.11£0.01a 21.79+0.31¢ 1.37+0.01d 163.10+0.28e 10.57£0.33¢ 208.45+1.31d
NPSis500 5.36+0.01a 0.12+0.01a 22.47+0.50¢ 1.40+0.02cd 175.84+0.46d 10.91£0.59¢ 219.92+3.22¢
NPSz2s0 5.36+0.02a 0.12+0.02a 24.63+0.78b 1.42+0.01¢ 178.69+0.80¢ 11.36+0.31b 229.72+1.71b
NPSz000 5.37+0.01a 0.13+0.01a 25.14+0.07b 1.46+0.01b 180.89+1.13b 11.70+0.38b 232.31+0.67b
NPO 500 5.35+0.01a 0.12+0.02a 24.33+0.14b 1.40+0.02cd 174.80+0.08d 10.78+0.28¢ 217.57+0.43¢

BRI 1 | ARl A 7= s i P 0 TR 2 T 37 B R B 2
BT o AR 2N BiF 9 45 SR 2 B 30 it FH 1k 2%
NEEN T8 pH A N R, 3 A T LR L. T S
S0 3o T SR K A RS & B, 1SR 10 a it AR [R]
FH AT U 5 0] REHH L BB £ /& 12338 pH 0.58~0.71 1~ B
A7, Wan S5 BIF 5 (R 22 BH 76 15 G 3 b it JFH 75 e 4
NE B2 & 2 i3t ISR IR O 48R R pH L, X 54
WFFREE R — B AEAHIEFE it 5 Ve HENE S8 25 4 &
T 88 pH, 3 AT RE I 50t FH 114 75 18 HE R S At B
THREA VYT, fee 5 = T A BBk 2% vh PR
T4 e -39 pH, [RIERE FH 35 YR S R A L B —
Eb 38N P it A - 398 )5 RE ARG A o, el 4
S ELEIR 2 SRR O IE s e S A
BB IR it TS e REE AR s R AL
RS R AR R s, RIS
MU 4 1 B 45 A R B 3 e 8 B T e HE M A Ak
JIES b 451 F 255 I T 800, 35K 5 % A A OO it FH 7 TR HE
JEL A 8 7 T - R AR 7 A 5 A B 0 485 SR — 3,
B it PR ¥ e HE R BT el 2 S A R A o, 9
DOV R NV e 10 N A (178 =1 w31 w7 R 1 B 1 A
FFY - 8 R B 30 o 5 e 40 B P Y AR S T S
TR A B pHAE A2 + A 3 R R
R e R IAE - S0 WA Y, A AN TR B4
15 VR HENE it P S 4 e T R M N pH A, IF AL
A 0 S TS R AR A A L B IE A DG, X S
FpHEm | LgErh T AAAEIE A IF His e ok
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WG BRFAE s, , BRI A 8% sh ke | i0E— 25 8 i A Ak
Delibacak &/ 5% 7E 00 B 8 1 b 34 it A [ B 45175 e
FEYIRVE Y R AR, &I AE Y 3 pH A1 A
R SR AR R B E R . Veiga FUE

1 2 v X ARSI Y e HE A X R OK A A
TR, 45 SR 5 v R it AR B A L it
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B, LIRS WS O L AR RE S TE 4r
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T i A ML S A A B R, T LR RS
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T A R AR T X EE SO AR 2R Y
IR F o HA 250 56 IS I Ak I Xt
BN SR A RE Bt IR D) Rkt - R
T A E ™,
3.2 SiRMEBERLE TEE R EFRIENF T
M TATE TG UERR T At (AR IR 350, [R5
A& E S B L 8 A F T, BT DTG 15 R TE
I E NG L 25 5 1 R b EE 4 R 1) R,
15 Ve I A TS A7 AE — S V5 7 11 1= S PR 85 75 L XL
5y S8 B ) ARG Sy B AT A T g DR R FH RS K5
IK AL T 40% 14 A 18 15 e FEA 7 4 S HERE b 2, ) FH
15 VR HERL Py A TSR] L A AR B8R 43, Forp
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SO, 5 H 4 A RS i b s YA
SB[ B ph T = B A U P Ak PR 5 ) BRI R
W, b E4 B S et AR, B4R SEE Ml
AN, B L AR F it P S e e it i i 4
J& BTE A 43 A7 7= A g el %A 4 A A A
SR A B A (A B A S e R
il 3% 7 3R AR TR IR AL I A R AR
pH {EL 0T i AU Ab I SR HL A A HL ST L BH S 7 28 4 i
5. AW IR B 3% 2 22 A it TS Ve MENE 25 i 25 0 n
TIE-HY RGP ESE G, TSR Y R E
G Jm TR S e A i R B AR, 1 A AR g rh
75 78 HE A it FF 2 7E 750~7 500 kg - hm 2 %) + 3 4%
T EIEIE A B X s R KA AR AN [ R AL
XK 5 R T I5 Jedis A P B I S i (3R 6) .
X1t B V5 U A 1 A B R T DA PR A 3R 1 CRD
i A ) PO Tl S 1 S (AR ey 7/ ol ) A
W 4w 5 A fEFIFRFHEY %27 . MR
FER5 e A A HE A 7 it FH 2 E 30 ¢ hm 2B, R 2+
9 T 4 J % e 0 BEA HL G B 2 22 R TR R R
IKEET G A T YR HE I 7 A it R 3.6.12 ke -
m” ST A8 B — R TE 20~40 em JZ R R i
2, MXF0~20 em JZREME /N RAE I, 15 Ve HEAL
B U it FH A T ZE R M . 4 R A e R T
FEVEAR N, N RE WA E W i, 76 e rh RO Bk
P CE S, il B e AN BV A S
TP H PSR A S R S R R A
R0, AR 6 %5 L 2R B it P 8 HE RE X A A AR
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