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Effects of granular Baijiu sludge on soil nutrients and heavy metal contents
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Abstract: [Objective] The influence of applying Baijiu wastewater sludge to pepper cultivation on soil fertility,

crop yield, and heavy metal content is analyzed, providing a theoretical reference for the efficient resource

utilization of Baijiu wastewater sludge. [ Methods] Based on the characteristics of Baijiu wastewater sludge being

rich in nitrogen, phosphorus, and potassium with low heavy metal content, its properties were optimized through

granulation. Pepper was selected as the test plant. Granulated Baijiu wastewater sludge was applied to potted

pepper soil at rates of 1 500—6 000 kg/hm? based on the local nutrient requirements calculated from pepper yield.

Controls included soil with no Baijiu sludge application (CK) and soil with conventional compound fertilizer (F).
[ Results ] @ The treatment of 6 000 kg/hm?* (W,) demonstrated the best comprehensive effect. Compared to CK,
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it increased soil pH and electrical conductivity (EC) by 7.37% and 59.21%, respectively. Soil organic matter
(OM) , available phosphorus (AP) , available potassium (AK) , alkaline nitrogen (AN) , ammonium nitrogen
(NH: -N), and nitrate nitrogen (NO 3 -N) increased by 72.73%, 93.28%, 62.24%, 24.08%, 63.40%, and
14.91%, respectively. @ The heavy metal contents in soil under different treatments were far below the standard
limits and met class [ standards. Furthermore, the contents of iron (Fe) and aluminum (AD in the treated soil
were relatively low, making soil acidification and compaction unlikely. @ Application of granular Baijiu sludge
significantly promoted pepper growth. Specifically, the W, treatment increased plant height and chlorophyll
content by 68.84% and 65.48%, respectively, compared to CK, and the pepper yield was the highest, reaching
33 180 kg/hm”. [ Conclusion ] Application of granular Baijiu sludge can significantly improve soil physicochemical
properties, markedly enhance soil fertility, and effectively promote pepper growth.

Keywords: Baijiu sludge; granular fertilizer; soil nutrients; soil physicochemical properties; soil heavy

metals
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Table 1 Physicochemical properties and heavy
metal contents of Baijiu sludge

AL KA wi wam o0
(mgkg™")

pH 7.57+0.22 As 4.36+1.02
AEHR/(mS+cm ') 20.104+0.21 Cd 0.160.05
EKFE/ % 78.00£2.50 Cr 35.584-4.35
HRA/(mgekg ')  242.26+-18.6 Cu 28.6+2.84
AR/ (mgkg ) 162.00+12.50 Pb 3.56+1.20
AR/ (mgkg ')  288.60+5.61 Zn 180.8+20.9
HHLF/(g-kg ) 526.84+12.45 Fe 7 4864340
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Table 2 Physicochemical properties and heavy
metal contents of tested soil

AL
AL F7 il 4R e
(mg-kg ")

pH 6.59+0.18 Cr 35.80+1.25
BSR/ (mSeem ') 98.00+3.10 Cu 4.9840.33
HR¥A/(mgekg™)  75.63+£1.90 Zn 18.85+3.14
AR/ (mgekg ') 21.94+0.35 Ph 5.3140.58
A/ (mgkg ') 120.23+10.70 Cd 1.0840.05
AU/ (g kg™ 18.03+0.27 As 2.59+0.16

XoF SR WAL 1) T A RO P RO B o T O RO
FEa, 4 R (SPAD) & 2 i (SPAD-502) ] &2 4 U]
FE R A RO A7 MR AR =
1.4 HiEsE

K Excel 2024 & SPSS 27.0 % 4 X 32t 3 %k 4
HEAT 43 B Ab B, SR B B IR R T 25 43 B 15 6) B 3 2
SEOMT o AETT 2253 M s p<<0.05 B, i ] B /)N i
P25 FR 50 ok X433 . >R A Origin 2021 #4748
PR TR (AN

2 #HRb5ie

21 AEEXNTEpHABSENZM

- 38 pH AT B 4% 52 ) 55 4 0O AE AR RS AR
G 2 DL S - e A Rl . it URE AR 1 s U8
R A% g it A 3 38 2 A IR S+ 5800 pH (A B 42
FH(E 3,5 CKH L, W,, W, W, 4b #4114 pH {8
O3B 4.98%~T7.37% , 5 F AL, W,, W,, W, 4b 3



38 pi s U E SR

o545 %

ZH 3 pH AR 23 B4R = 1 2.54%~9.71% . 3X 15 B i
PR 1 V5 Y it A AT 3 000 kg/hm* B + 38 1 pH
B S T 2 e AR, i it 1) 2 - I D) W g 2 ff 4= R Ak
Wi 5 SO R I ¥ V8 R Y B 4 4 pH A &2 -
Tk e, I R AT fig 2 I s U T N RS A LA AT L
RICBAEAE, 58 b 0 3 0 7 K 38 4y A DL AU ik
kg NH,-N B 5L 5 o 1 il pH (B2 0 7t 0. F Ab 3
e pH EAL T CKALHE, JR N v g e Z A IR A 5 &
A 5 TR 55 0 ) I S AR R R ) T B R
S5t A R S B R R M A R IR A ) R
PO FEAS T 3 pHAE 5 1 W 4 pH AR T B 1Y
Ji R D) T i R I T U8 A A R AR L A AL
O3 R RCAE W B A Bl 23 7 A — S AT HILRR AN JE AL
B pHMEA T TR,

1 EC A AT 438 b e £ 5 SR i)
TR 22 /0 b B B N HEAY IR R o0 K R B L iR
B4 R W], 5 A FAE AT A CK AR L, B % 0kE
R ¥ U i FH e 3 H I ECE S R E T
BAEFEEC K/ANFE R W, >W,>W,>W, >F>CK,
Hod WA B EC #% i5 (Oh 546.68+25.17 pS/cm) o
F Ab B 1 58 EC 54 B 2 0 25/ T kR A
75 U b B (p<<0.05) , 5 kLR (110G 75 U6 it FH &2 4
6 000 kg/hm* A , +-HEH) EC 3%/ T HAL A, EC
b R B S U b S K K W 3R 4
off FL i 5 I 3 EC BT, 2 W A ORI
W15 U AT I 25 3G A 1 (oK T 3R 4, OF Rl
3 Ao A R P A R VR A B T e
o 5 B R T B — R 43 1 R XU .

®3 AEABFSREPNEREXN LEpHEMB SR
Table 3 Influence of different application rates of
Baijiu sludge granules on soil pH value
and electrical conductivity

4151 pH{H SR (pSeem 1)
CK 5.9140.033° 223.5946.56°

F 5.76+0.032 256.86+4.16"
W, 5.86+0.061 286.1947.81°
W, 6.2240.052" 378.33+4.41
W, 6.25+0.048" 364.67+5.33"
W, 6.38£0.043" 546.67414.53"
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Fig.1 Influence of different application rates of Baijiu sludge granules on soil nutrients
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Fig.2 Influence of different application rates of Baijiu sludge granules on soil environment
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Table 4 Influence of different application rates of Baijiu sludge granules on conventional metal content in soil

20 5] Alf i /(g-kg™") Fe&it/(g-kg™) Mg & /(mg kg™ ") Natr#/(mg-kg™ ")
CK 2.11£0.10° 5.3240.15% 128.42+16.40° 325.42+14.01°
F 2.23+0.15 6.66+0.14° 138.92+9.15° 235.50+10.35
W, 2.1140.25° 5.1940.14" 74.4246.65" 147.00+19.32 ¢
W, 1.57+0.07° 5.904+0.15" 60.9244.35° 304.33426.98"
W, 1.3740.15" 4.2540.14" 85.75+5.29" 264.17+22.75%
W, 1.23+0.14" 4.52+0.14" 57.5848.46¢ 707.17+31.55

T A F/ING AR R A AL BRI 7E 0.05 K7 L HAT WK, R,

24 ARELGEXNHMERKFA=EH I

AN (7] Ab P B A A R A B B R i (R
6), W, e . 5CKME, BERET
54.05%~68.86 % (p<<0.05) , jifi JH TRtk H 8 15 e Xt
BB A AR B T — s AR R 1 X BB =
P KT FALFRA CK, H XU 4 K Oba 1
B m A T A R R . AR 5 Pearson AH 2 4 4
B, L 77 i 5 3 AK, AP, OM, TN 25 5543 4
Fe M (p=<0.05) , Bi B 5 U6 Hh B 3% 88 37 43 ) A 4 7

AR R A EEAE . SR R 2B At R AR
520025 0 B, OB R FE I U O TR it
R BB R ) O AN S R ORE 7 A T
TLLW S et

N Tr] A B FHORRURR: 55 A 5% i LA B B 25 5 (1 3D
2% 4 BB i 7E 31.7~52.3 em He P D)L CK Al i
Wik i, 5 CKAM LR 1 31.16%0~39.49% . M
Pearson A e 70 B i 45 3 & 81, AK &% & 5 SPAD |
PR 5 22 18] Y R P A 5 (p<<0.01) , 6 Bl 11 175 75 ¢
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AK A8 ZAR #E B SPAD IR 5 B #2745 9L 3%
HH it FF) R AR T 35 T8 BB A AR AR 1 BRRURR A 1
i, gt B R 3000 kg /hm® IF 250 0 f W 8 o 4% Ak B v
W 2H (4 it 2% 38 SPAD {8 fi (w1 117 CK SR AR, 76 it FH J5UR:
A VG AL B2 8] B9 SPAD {E 22 7 IF A B3 (p>

0.05), 5 CK A L 42 @ T 32.99% ~34.52% , H.#6 &k
FE T F AL, i A FORLIR S e 5 T R A
I R 9 A S P BB AR M T s L R AR
5 | - S AR R S P A DL Rt R K
GERALOE =T R =

®5 ARBESREFNERAENLEFESRSENHMT

Table 5 Influence of different application rates of Baijiu sludge

granules on heavy metal contents in soil AL :mg/kg
4 51 Cr Cu Zn Pb Ni As Cd
CK 32.50+1.52 2.83+0.33 17.17+2.55 4.2540.57 — — —
F 42.834+2.83 2.50£0.12 18.334+1.96 4.83+0.35 — — —
W, 32.33+3.05 2.17+0.24 23.4243.45 4.67+0.61 — — —
W, 40.75+2.16 3.00+0.36 20.42+3.68 4.67+0.58 — — —
W, 26.17+1.28 1.42+0.18 17.0842.67 3.6740.40 — — —
W, 28.08+2.36 1.4240.20 20.7541.96 5.00+£0.69 — — —
I E 33.7842.20 2.22+0.30 19.53+2.71 4.51+£0.53 — — —
GB 15618—2018 <90 <35 <100 <35 <40 <15 <0.2

T "R R S AR TS PR 0.01 mg/kg.

F6 AR RAIBESRMNERSX R~ E8 %M
Table 6 Influence of different application rates of
Baijiu sludge granules on pepper yield

215 P/ (kg + hm?)
CK 10 333.80+536.7
F 10 815.30+699.45
W, 29 380.95+1 960.64
W, 22 487.85+1720.5
W, 32974.354+1537.2
W, 33 185.70+2 648.4
01 —um
| EEEE
40t »
§ 4
i 30 g
* 20 %
10} =
0
CK F W, W, W, W,
kb 72 45 2

B3 A[EBIESRBAER SRS
Fig.3 Influence of different application rates of Baijiu
sludge granules on pepper plant height
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Ui B - 309 pH X 3% 43 % 7 AR LR 7E R M R 1
T, A WO B R T (H DR X Rl R 4
A # T NH, -N 9 F € #7176 ; T3 AN 5 NH, -N,
NO;-N &2 52 1M X (p<<0.05), 1A £ £ 8ok
F B HUTORES I A AL R X S ALY &
MW AR AE I 30 77 A2 NHL -N BE 25 7 48 B NH, -N
WL SR NH -NMANK & BT, M+
B S5 RIS AT, A AR AE A RS 58, NH, -N ) NO;-N
S ARG I AR T g U Y A A X AR
3R AN Y B 2 R R 3G AT NH -N
NOy-N DL AN 2 [a] 52 B — 52 A9 A0 56 P 5 A+ 5857
A3 G HMUE KB LR AKX SPAD bk /5 14 52 1 12
35 (p<<0.01), Ut B AK J2& 52 Wi 5B AE < 1Y O 2 A
0T R O I, AP, AK, OM #R 5 H & B
HR A = AR DG s AN NHL =N, NO;-NOWEBRBU™ & 1)
TUERIE AR R IEM X, £ TN, TC, TP 5
SPAD ¥ 7 f 22 8] 2 3 1E A G (p<<0.05) 5
26 ERHHOMH

XF A 38 % 4 45 4 A AR B A BT B ) 3
SRR R T 103k 44 IR 3H 58 2% 43 19 DTR
By 1,2, 3,4 % U7 2 8y BTk % 4 il ol 45.89%,
15.91% ,13.83% 1 9.04 % , 1 4 4~ 3 B3 (1 DTk 3 R
JFIRE] T 84.67% , i WA 44~ F W 4 vl MR L T A +
B R EE . L TN,EC,OM, AP,
pH, AK 55 PC, iy 1 5¢ & £ # K 5 £ NO;-N, TK,
AN 5 PC, W #H G R B8 K ; 1 8ENH, -N, TC 5 PC,
A 6 BB R T TP 5 PCRY A 6 R B K.
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Fig.4 Pearson correlation analysis on soil physicochemical
properties and pepper yield
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Fig.5 Principal component analysis of soil affecting
indicators under different application rates of
Baijiu sludge granules
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Table 7 Scores of principal components of soil affecting

indicators under different application rates of
Baijiu sludge granules

ity
b T 2H Hey
Y, Y, Y, Y. Y
CK —804 —0.73 —048 —1.07 —397 6
F —418 274 092 061 —130 5
W, —161 —15 0.95 1.2 —1.00 4
W, 405 —205 209  0.19 1.84 2
W, 3.37 032 —0.32 015 146 3
W, 6.87 1.08 —1.26 —1.08  3.05 1

TE Y A bR A 5 Y SRR o] ek 5505 o P AR Y e B

3 45

(L) JUREAR I 75 U8 i il A 42 & 1 338 pH (E A
EC. 5Kt At it 538 &2 & AT (9 40 33 A L, 24t
o 3 000 kg/hm* B} + 38 pH {2 A #, H 42
w7 4.98%~7.37% ,EC #£ F+ T 22.03%~59.21%,
& W ITURLIR IR T3 U8 T A Rk st 4 8 A AR I

(2) JOURLAR 710 15 U (9 it G 2 3 T - 3 h
SR IR 4 i A L6 000 kg/hm’ (9 W, 25
A% o de e, B A S U A A SN, 2 it R i
3 000 kg/hm*J5 , + 3 AP, AK,NO;-N & & JF 4 F
K% ,NH, -N, AN, OM B % jiti FH & /9 & T+ iy b7, 78
Pearson #1 & YE 40 BT I 4538 1, AP, AK, OM 7 &= Xt
R K F8 AR 0 32 & 0 o B % 8809 TC, TN, TP
B E RN (p<<0.05) , & CK 2» W42 T+ 52.17 %,
38.99% ,64.26 % .

(3D JOURLAR 11709 15 U (4 it FH AT 1Y 4 412 AR Ay
A KR ORI 3 MR O . e W Ak Y R
HURR 5 A1 4 R SPAD # CK 43 51 3 fin 68.84%,
65.48%0 , B 2 5 CK 14 i 68.86 %6 (i i1 35 33 180
kg/hm*) , M 1% g8 09 & & I8 (F) &b 3 5 fm 1
66.77% ;F H T+ & )@ & ik 45 R R W], & b at
AR O 5 K A o R R 3k B R BT T
A1 M A 8875 e XURS 48 45 bR E(GB 15618—2018) 11
T 2bm o, 7 38 i 0 35 U8 it P 2 A9 [ B el DL & B
R E SR SRR T A, AR g
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