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Effects of/ Modlﬁed Dlstlller s Lees B10char on Nutrlqhts andr Enzyme Act1v1t1es in
Purple Soil ¢ f J ’J j :

YOU '!:e hn" XIE Yong hong WANG Zi- fang YANG Wen na GAO _Mlng =

(1. College of! Resources and Environment, Southwest Lm\elslty, Chongqmg 40(5'715 China; 2. Fruit Research Institute, Chongging Academy of Agricultural Sciences,
Chongging 401329, China) "

Abstract ; In order to investigate the effects of distiller’s lees biochar and different modified distiller’s lees biochars on soil properties, pot experiments were conducted to study
the effects of different soil amendments ( CK; no amendment, JZ: distiller’s lees biochar, Ti0,/JZ: Nano-TiO, supported by distiller’s lees hiochar, and Fe/TiO,/JZ:
titanium dioxide supported by iron-modified distiller’s lees hiochar) and the application rates of different amendments (1%, 3%, and 5% ) on the characteristics of soil
nutrients and enzyme activities under imigation-drought rotation. The results showed the following; (D) the modified distiller's lees hiochar significantly increased soil pH and
CEC (P<0.05). At the 5% Fe-Ti0,/JZ addition level, the soil pH reached 7. 95 during the rice season, an increase of 2.3 units compared with that in the CK treatment;
the CEC reached 12.06 cmol-kg ™", increasing by 21. 38%; the soil pH reached 5.99 during the cabbage season and increased by 1.5 units compared with that in the CK
treatment; and CEC reached 8. 91 cmol-kg ™" at 3% Fe-Ti0,/JZ addition and increased by 13. 11%. ) At the same time, the contents of soil total nitrogen and available
phosphorus were significantly increased (P <0.05). Compared with that in the CK treatment, the soil total nitrogen of 5% JZ, 5% Ti0,/]Z, and 5% Fe-Ti0,/JZ increased
by 20. 56%, 85.04%, and 59.61% in the rice season and 12.39%, 22.68%, and 23.70% in the cabbage season, respectively. In the rice season, the increase in soil
available P under 5% Fe-Ti0,/JZ was the highest, reaching 10.49 mg-kg ™", which was 1.64 times that under CK treatment. In the cabbage season, the soil available
phosphorus (P) reached 90. 15 mg+kg ™' under 5% Ti0,/JZ addition, which increased by 93.38% compared with that in the CK treatment. &) Modified distiller’s lees
biochar increased catalase and urease activities and decreased alkali-hydrolytic nitrogen content and acid phosphatase activity. At the 3% addition level, catalase activity
increased by 12.19%, 48.17%, and 37.30% in the rice season and 5.95%, 8.34%, and 17.42% in the cabbage season, respectively. In the rice season, the soil urease
activity reached the maximum under 5% Fe-Ti0,/JZ addition, which was increased by 40.90% compared with that in the CK treatment. In the cabbage season, the soil
urease activity reached the maximum under 5% Ti0,/JZ addition, which was increased by 58.53% compared with that in the CK treatment. The activity of acid phosphatase
decreased by 5.39%-24. 66% in the rice season and by 54. 46%-61.40% in the cabbage season. Distiller’s lees biochar and modified distiller’s lees biochar could effectively
increase soil pH and soil nutrient content, thus affecting soil enzyme activities. The application of iron modified-titanium dioxide-loaded distiller’s lees biochar of 3% to 5% in
acidic purple soil is more suitable.

Key words: lees biochar; modification; soil nutrients; enzyme activity; purple soil
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it A - SR Y DR I X 2 = VDR e 41
BEUR B IR BES Rgh R 4 0 ~ 20 om LR A
Y R T 1T R AL, 220 AT R | S BRI T
AN T K TR 2 mim 05, H T 4R
T A R BEA PR UL 1.

PR RS S Al AL 28, 2k G R — A A 1
IKFE T

PR/ SE R T 536, 45 Bk 3%, A 5C
2K FI P 9 i S A T

BRI A= 9 o - AR SR I TN T
HEPIHY T 500 ~600°C T EA7 IR SR BE il v i
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Table 1  Basic properties of the tested soil

J5h7 . CEC w(OM) w(TN) w(TP) w(TK) w(AN) w(AP) w(AK)  ©(NO; -N) w(NH, -N)
YR P /emolkg™' /g-keg™' /gekg™'  /gkgT!  /gekg™! /mgekgT! /mgekg™! /mgekg ! /mg-kg ™! /mg-kg ™!
BAE 4.45 32.68 15. 19 1.02 0. 68 7.90 184. 83 1. 60 432.69 6.04 464. 86

TR AR e P, S IRSCHk (18 ], Bt
0. 15 mm i (RS AR ) By A (1,000 g) , H4 HA2
15 10% (ARBH0) iSRS WK 24 h )5, U8 LA AR,
ZEMR K VR AR, TE 100°C HEA P T4 1 he BUT R
RIFE AW % 16. 4 ¢ T AF] 70. 00 mL Jo7K £ P
o, 8K e Sk T A K 20,00 mL KR DY TR
[Ti(OC,H,), ] % Wi i 218 & 9 . & T 200

remin " BESIBEFERS TR A 20 min, 13 BV ALK
2.40 g BiFR B 7% A 60.00 mL /K )5 28 18 fin A )
20. 00 mL Jo7K Z B[R Bk A 8 70 4 P 2 18 R %
RAY 320 B. 205K 2. 40 ¢ BREREL I 2. 40
g MM ER Rl A 60. 00 mL 7K "1 )5 22 18 fin A £ 20. 00
mL JC/K . B IR I B 7B Pk i b 22 18 i
FEW A P, IFEFE IR (25°C) T 400 remin ™'



4532 7

Moo 14 %

W I FE AR R FE 2 h, HI75 Ti0,/JZ IR B e
24 h J&5,F 100°C '~ T 115 2 T 3% B ok, 98 )5 8
XTI R B T 500°C S rp gL 2 b A
SREHT, #1453 Ti0,/JZ. £ 200 r-min ' H T, 18
TINAEW C B A P fEEIR(25°C) F, M

B F 400 remin T IFRREEBERE 2 b, H145 Fe-TiO,/
J7 B BRE 24 h 5, T 100°C F TR IFEEE | )5
F500°C Dap gt B 2 h, AR A, H S Fe-
Ti0,/JZ. =W & JE A AL 2k o DL 36 2, A
Jot W2 3.

#2 Ti0,/JZ F1 Fe-TiO,/JZ E B EU W R H =/ mg-¢ !
Table 2 Loading of metal oxides in TiO,/JZ and Fe-TiO,/JZ/mg-g~!

BHEL 2 T G JEITR g S e A /NE s
N = " = —
Bk (Ti) FIE B (Fe) EEIME CEAE(TIO) P HB(Fe05) FHfE
TiO,/JZ 135.016 135.077 —b — 225.370 225.471 — —
135.137 225.572
Fe-Ti0,/]Z 149.299 149.336 22.437 22.483 249.212 249.274 31.991 32.057
149.373 22.529 249.335 32.122

1) “—" FRIRA S B FE S H e

#£3 JZ. TiO,/JZ 7 Fe-TiO,/JZ E MR
Table 3  Basic properties of JZ,TiO,/JZ, and Fe-TiO,/JZ
EiEta

Ak HL 34 (EC) w(JKIY) CEC
/mS-cm ! /% /cmol +kg ™!
1z 0.303 30. 54 10723
Ti0, /JZ 0.921 42.94 24.54
Fe-Ti0,/)Z o_, 852 42.97, 25,03 _
# Fll F .f—-- )
1. 3 IﬁgARVF f -~ r

PRI, O kg itﬁ?ﬁﬂﬁtﬁ ﬁ%ﬂﬁm@@dﬁ
WIBRAIZ,) | SR A 5 S B oK %Lﬂﬁﬁ(aTlO /
Jz)ﬁﬂ’fﬁg‘tﬁ@@@ﬁz%ﬁﬁﬁ%ﬂé %ﬂﬁﬁi(l’ew
Ti0,/17) S 53 9 H 0 1%, 3% 1 5% (f'f:é%f
2%1%)*%@%%%%%#&@%( N W
45% 1.6 g, FHBEEREE (& P05 N 12%)1. 184 g il
FALBR (% K,0 24 60% )0. 832 g IRAB IS E, ek
EA0 FA 2 em BK)ZE. LR E 10 S0 EE, B 4b
M3IAEL, 30 A BR300 d A4, K#HBK
IN— HLIJGHR 3 B #f Lt 28 JKFE Y, BRAE 2 0%,
72 KR, 45 kb BB LA KRS AR K I 1A St R 2
W, KRB BERT AR G0N IR 2 (7% N 4 45%)0. 8
g, IR LI R AR R (& N S 45% )0. 8 g il
SALET (5 K0 N 60% )0. 832 g. A K A H:
b AE B R ) — 50, KRR A K S TR ANt R AR 2. 7K AR
ARG R A R

FKAEWCER 30 d J& , AT hn 4 B IR AURAE,
w(N) K 0.2 g-kg™ . @ (P,0;) K 0.15 g-kg ™" il
w(K0) R 0.2 g kg™ 3B VAR ER | o B R 55 A4
A RIE A R A5G, Bek = Bk B ] 5K
HIGHHE 24 h, B A% 20 B ASEM T, —E 5 E
B PR 4 BRR/NEI AT B/ SR 4 . 3R 2R
— AR, — 5 B KA B 22 d A FE K 4y
R4 709% WA KR, 310 ASAb PR A4S0 BE 3 A

4 330 4. B H TR SRR A AR
T AR A DG I 2] iR %W{MEZF”’FEJT‘
20 ~30°C, A=A JA 4 O 40 d. /b EIWLIM%’FW%
LR —i
1.4 mﬁ/z*i ' g |
141 hHEpE N
5 773 SO 09 ), pH. (A9 R FPDMP-

%Nﬁﬁﬁwtﬁwﬁrds>Ecw R LS
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mﬁﬁ%;fﬁﬁMﬁ@mumE*mﬁ%&%@
ik AR (DOC) I %E SR TOC 1%

S SR D OH,S0, T8 & -UILIGE AL TP iﬂﬂ%%ﬁﬁ
NaOH % fili-4H 86 Pt b €k TK I 22 R Al NaOH ¥
- KGR T s AN I SR FH BB 0 s AP
K A NaHCO, 32 #2-41 5 e A3k, AK I 22 R
NH, Ac- kIG5, NH, -NIUSE R KCl 2 48-
BERY R L A7k NO, -Nll 22 R A KCl 12 $2-45 50

JOCRET.
1.4.2 3k SR UM | 19 A0 1 R IO 1% 1
e

48 55k E AL Sl (S-CAT) | 2 Pk W R il ( S-
ACP) FlIK ( S-UE ) T & $45% H1 43 606 BE s, Bk
ERVEH BN NI AL W H AR IR R AR 7= 1 1
SR U TG P R B U B S | MR M B R
T A 2 R0 B B 5 A0 - S R e A il 1 v 0
R & UL A5 AT
1.4.3 PR RS AW ok I SR A | BBk . Bk AR
Wantolhes

XRD & JH BrukerAXSD8 Advance BiLgh X SR AT
SHSCAY B, F14 £A R 100 ~ 90°, 471 4 3 N
5(°) -min~" - SARUER ST EL X BRAEK RN Bk 1Y
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mL ¥ H,S0, Al 5 mL 1.0 mol-L~" (NH,),S0, iR &
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(CLHEAR 5110) AMPRIEINE 3 Ko i 52 4 A 1 o
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1.5 Hdkab
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2 HRE5HH

2.1 SCPETE RS AR PR 1 B X S ERATT ST (XRD)
FAE

Ti0,/JZ Fl Fe-Ti0,/JZ ) XRD £ Il 2% 5 0[]
1. ARHEFRUE R PDF#73-1764 ,Ti0,/)Z Fl Fe-Ti0, /)7
7E25.367° , 37.908° 1 48. 157° 4 tH BLATI I 2417
S0 5 RO, AT S A ELAT B B — SO T it
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Table 4  Effects of different amendments and their application rates on soil nutrients in rice season -
- i w(TN) w( AN) w(TP) w(AP) w(TK) g w(AK) =l
/% /g-kg ™! /mg-kg ! /g kg ™! /mg kg ™! ] /g-kg™! /mg“k
CK 0 0.48 +0.00h  81.88+07T4a  0.51£0.00bc  6.38£0,04d | 12.13 £0. 13¢ 80.82/40.56h
1 0.50£0.0l1g  76.22 = 1.4, 0.50 =0.0lc 6.41/x0.14d | 15,28 +0.30d 94,81 +;, 631
1z 3 0.56£0.00f  74.950.60bc  0.52£0.00ab  6.54 £0.04d | 18103 +0.07h 113, 3200. 55¢
5 0.580.00e | 74.67£1L21bc  0.51£0.0labe  6.43 £0,06d" 17,17 £0.18be  123.68/= L00al"
Fi 0.55+0.01f | [75.32£1.60h¢” _0:51 £0.00abe  7/19,£0.92¢  §17.40 +0.00bc 91762 +1450e
Ti03/)7 '3 0.580.0le  |73.20/1.39c4" 0.52 £0.00abc 7. 57 zO I8¢ 20.80; %1.19a 84.82 +0.77¢,
. 50 0.89:0.01a | 68/10#0.650— 0.5350.0lab  8.37+0.12b| M6.34+0.54ab  88:34x140f
| 1 0.69 +0.01d 74, 15,£0. 30hes0.53£0.0la 7,43 .£0.26c", 46.19.+0.43cd 83,76 +0.9x |
Fe-Ti0,/JZ | 0.73 +0.0lc! (6} 8;1 +1.5066 0,51 +£0.02bc  8.06%0.19b 11.76 %0. 55b 96.41 £0. 774
4 0.77 £0.01b 62 %2+o 6e 16.29£0.51cd  118.96 +0.71h
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BRAY 1. 64 f%; JZ ., TiO,/]Z Ml Fe-TiO,/JZ #2757 +
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Table 5 Effects of different amendments and their application rates on soil nutrients in cabbage season
o W0 »(TN) w(AN) o(TP) w(AP) »(TK) w(AK)
/% /g kg ! /mg-kg ! /g-kg! /mg-kg ! Jg-kg ! /mg-kg !
CK 0 0.69 £0.01c 103.00 +0. 66a 0.46 £0.0b 46.62 £0.07¢g 10.11 £0.03d 415.06 +0.63g
1 0.69 £0.01c 99.25 +£0.70bc 0.47 £0.0lab  73.20 £1.63d  10.51 £0.09abc  423.06 =1.89f
Iz 3 0.76 £0.00b 89.27 +1.58e 0.46 £0.01b  64.49 +0.90f 10.38 £0.04bed  458.23 £1.61d
5 0.78 £0.01b 89.61 +1.67e 0.47 £0.0lab  79.45 +0. 84c¢ 10.23 £0. 14cd 532.82 +0.33a
1 0.62 £0.01d 100. 64 +0.53ab 0.49 £0.0lab  85.30 £0.65b  10.16 £0. 14cd 499.70 +0.75b
TiO,/JZ 3 0.74 £0.01b 94.90 £0.21d 0.50 £0.00a 86.56 +1.23b  10.32 £0.15bed  438.14 £2.27e
5 0.85+0.01a 81.09 +1.32f 0.50 £0.02a  90.15 +0.93a 10.69 £0.01ab 473.18 +3.11c¢
1 0.70 £0.00c 100. 88 +0. 89ab 0.48 £0.0lab  64.65 +0.58f 10.82 +0.28a 499.62 +2.38b
Fe-Ti0,/JZ 3 0.74 £0.01b 96.98 £0.32cd 0.46 £0.01b  72.64 £0.76d  10.65 £0.17ab 435.94 +0.74e
5 0.85 +£0.04a 78.34 £1.78¢g 0.48 £0.0lab  69.08 +0.22e 10.68 +£0.26ab 455.96 +1.53d
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Fig. 7 Effects of different amendments and their application rates on soil nitrate and ammonium
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A SR, L 3% W 21 1 RS A 4 o R e T
AR ) e - ST PR 34 1 T D3 AN TR . KR
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g ok A A S TS 4 R 2,34 3..09 2. 86
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Ti0,/JZ E 3% W I T 1Y+ 380 01k S0 s M
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R 6 TREIM R FGERE L REEEEH

Y - 338 R M B R W TS M R R AR IR 57.27%
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BN R T RS M. AR OK R
JZ.. Ti0,/JZ F Fe-Ti0,/JZ % T CK Ak 343 51 i
- 338 R il PR B N 1. 67% ~ 27.82% ., 10. 88% ~
39.10% 1 12.25% ~ 40.90%, H: b Fe-Ti0,/JZ 1E
5% Vs 0 A IR B S M S B R K, 332,29
pes(deg) ', B CK AL PR 235. 84 pg-(d-g) ' 42
= 1 40.90% . /N 32 2 A e IR s MR AT
KAEZ= )2, Ti0,/)Z Fl Fe-Ti0,/JZ FI%: T CK AbH
A3 WA A S R W S PR B O 1.69% ~ 12.53% .
30. 52% ~58. 53% 1 2. 67% ~37. 31% , H:+h Ti0, /)7
TE 5% WS T 4 388 Ik i 3% 1 38 2 5 K, O 58. 30
pee (d-g) ™', 5 CK AbHR () 36. 77 pg-(d-g) ' #25
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Table 6 Effects of different amefidments and their application rates jon soil enzyme ‘activities

ron L % o b S G P/ umol - (d - g )7

PR PEBE R IS 1/ wmol § (d-g) ! “

PRAEIEPE/ wg (d g) =

e IR KR NS EE 7 EE]
CK 0 2.09£0.05¢ | 15.39 £0,06e  6.17+0.06a  19.98 £0.27a = 235.84 £1.56e  136.77 £0:776"
1/ 2.26 £0.00de | 15.55 £0.63de” 5.84 £0.08b ©.10+0012by 239.78 £1.47¢  41.38 £0:80d
Az /3 2.34+0.05cd | 16.8040. sgbcdr 75.78 +0.03b '8 58 +0zl3be 301, #6+2.39b  38.13x0:08¢
' i 2.17 £0.03de; 6! 09;-6 31:«1.3 5.61£0.05¢ 8. 55 0. 16he o 241 02 £0.77¢ 37.39 +0. ose"',_,.
= 18 2.23£0.16d6 71616 #0.29¢dg= 5.56 +0. 11c 866540, 10be 328405 +2.38a  48.00 % 1: 14hr
Ti0, JZ 3ff 3.09+0.04a | 16/67 £0.36b¢  5.37£0.06d  8.281x0,09cd" 261.50 £4.15d  56. 1T 1. SOa
s 5 2.52 +0. 15¢ 16 40+O*i6bc 5.02£0.01e 800 £0L10cd  301.02£3.67b  58.30 +0.35a
e U i 2.17 £0.01dd 16“‘.‘89 £0.23be A.8810.06¢ 8.54 +0. 54hc 292,09 +0.62c  37.76 %0.62¢
Fe-Ti0/IZ | g 3 72.8640.04b - 18.07 50, 080 4566 +0.13f 7.96 +0.65cd  264.74 £0.66d  50.49 +1.48b
Fa P s 2.32+0.08d 17.11 £0.805"" 4.65 +0.05f 7.71+0.17d  332.29£3.09a  47.74 =2.38¢
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