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Effect of biochar application pattern on soil fertility and enzyme activity under limited fertilization conditions
LIU Zun—qi, LAN Yu, YANG Tie—xin, ZHANG Yi—xiao, MENG Jun"

(Liaoning Biochar Engineering & Technology Research Center, Shenyang Agricultural University, Shenyang 110866, China)

Abstract: The aim of this study was to determine the effect of biochar application on soil fertility and enzyme activity. The soil nitrogen
(N), phosphorus (P), and potassium (K) contents and enzyme activity were measured in 12 treatments, including 3 fertilizer application
rates: 100%, 80% and 60% of full recommended fertilization, marked as F1, F2, F3, and 4 biochar application rates: CK:0 t-hm™, B1:2.6
t-hm?-a™, B2:13 t-hm™, B3:26 t-hm™. The results showed that biochar amendment compensated soil N decline by reducing 40% of N
fertilizer inputs. In detail, biochar caused 23.08%~52.25% increase of soil total N content and 39.39%~85.76% increase of soil ammonium
(NH;-N) concentration when compared with control soil. Meanwhile, soil nitrate (NO;—N) concentration was 1.80~2.46 times of control.
The soil P availability was elevated by biochar addition at '3 fertilization rate, e.g., the available P content in B2XF3, B3XF3 were 84.98%
and 159.23% higher than their corresponding control. Furthermore, although soil total K content was not affected by biochar, the soil avail-
able K content was 18.99%~61.24% higher than in the control. Soil enzyme activity was mainly affected by biochar application pattern :
One—time biochar application (B2 and B3) improved soil urease activity, and when hiochar was applied annually (B1), it enhanced acid
phosphatase activity, but soil urease and catalase activity was inhibited, implying that labile fraction in fresh biochar was the main substanc-
es affecting soil enzyme activity. Our results indicated that biochar application is an effective measure for soil fertility improvement and its
application pattern has a great influence on soil enzyme activity.

Keywords : biochar application pattern; soil fertility; soil enzyme activity
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Table 1 Experimental design

AbFH Treatments

H Wy it FH  Biochar application rate

e i T A AR
Fertilizer application Biochar application Year by year/t-hm™-a”' One off/t-hm™
Fl Bl 120 70 105 2.6 —
B2 120 70 105 — 13
B3 120 70 105 — 26
F2 B1 96 56 84 2.6 —
B2 96 56 84 — 13
B3 96 56 84 — 26
F3 Bl 72 42 63 2.6 —
B2 72 42 63 — 13
B3 72 42 63 — 26
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Figure 1 Effect of biochar application on soil total N content
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Figure 2 Effect of biochar application on soil NHi=N and
NO;-N content
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Figure 3 Effect of biochar application on soil total P content
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Figure 4 Effect of biochar application on soil available P content
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Figure 5 Effect of biochar application on soil total K content
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Figure 6 Effect of biochar application on soil available K content
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Figure 7 Effect of biochar application on soil urease activity
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Figure 8 Effect of biochar application on soil catalase activity

— 548 —

AT HAFFWLR.
2.4.3 W IR TR It 1 1 1 S k)

W 2 fr 7R, B AN 2.6 t-hm2-a™ (B1) 44 1
X A S PR W R T O Ik BR = AR B o 7E 100%
80% F1 60% i 77 it A 2% 14 T 43 1) ¢ AH iy Xof B 48 1y
80.00% .80.00% 1 166.67% . X1 AE— UK MEA ) it
b B e A B3XE3 kb B )i R il 1 1 v R
H B2 il B3 &b 3 2 [i) B8 2 P 1k I W 2% 25 55, I AR
Py I S 0 AN 2 S e B R Tl G M ) BRI R L Rl
P25 SR AT LA Y, AS [t e T X0l 1 Tt 1 1 52 i
55 X6 i it 2ok 4 A S T P B e R SR AN (] B AR
DAl AT AR v B IR I A 3 42 ER — R PRt A
T AT Pl 1P I S 3 R

R2 &R T EREREEE MR

Table 2 Effect of biochar application on soil phosphatase activity

A B Treatments F1 F2 F3
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Bl 0.27+0.02a 0.27£0.02a 0.2420.05a
B2 0.1420.02b  0.17£0.05ab  0.1520.01bc
B3 0.1520.01b  0.18£0.03ab  0.20£0.01ab
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Note: Different lowercase letters in the same column indicate
significant differences(P<0.05). The same below.

3 iFig

3.1 E s 1528 1 B9 F N

A=W iR —FhLBR S5 A 5 0 & e o, i A 1
B J5 2338 ok Wy AR B AR VR s ) 3T g, el
TR A RCHE AR B S5 14 R it ok 2248 I 1) - 8 5
Ba et 1117 N 0 I N s S T A S e
X B S A R SR SR . R
AR R I B, X 5 Nguyen 55" 1 25
H Ay M A 25 SR TR] , Nguyen 45 5145 & B0 A= 9 i
(R 755 C/N R BT A BT T 400 ot 5 | A A o v - 3
WA [, RS T A R AR . A0,
B o 22 B0 90 02 2 7 I (<1 4F) M5 SR A
I e 5 RIEEVE R 448 TR YN AR T E
YERZ B % B IR R [F4518 . 34, Ding S5
1 Laird 55"/ 55N 0 A2 9 0 v BH B 1~ A 4 RE ) 5
WG B NHG =N 8 J158 F NO3-N, Wi A 57 245 3 /R A=
Yy e %t 1 3E NO3-N iy 4 = /E HI v T NHI-N, filan 5
XA EE , NOZ—N 35 f 78 = Fliti JE 45 14 %3 2 %) R
() 2~3 £ , % NHI-N 7% & 55 KIS IR R 85.76%. 7

http://www.aed.org.cn



XUERT , 55 DAL A A it FH 7 30 SR I B i P B 5

202078

Az X — 45 A% S R AT B Bl B (RIHERS , A= W e
B TCHL AU B 2 VR R & A T O T AR 1Y
J PR [R5 A 0 it A - R A B R) A 56 2R, R R R4
Jita I B A A e R 1 RE AL R BH B T ac e fig
58 T 8 R AR ) A= W, X NHE-N IR R BE 7 4
7 B Ak A 9 e AT ) 3 & B FLBR &5 5 NOs=N 7= 4=
W B RO, DRI B o A 4 o A 3 b i BR AL, NOS-N
W B RE 1B R . A A e A s g Akt
P ECE R LR A SRR LR, e e R L
T AR JE NOS-N & £ 48 PV AE S RS-, e v
AR T R 4R 0.19~0.39 g- kg, b X A - 45
SRR 24.68%~52.70% , SEF NN T R AR
1 DTERAT B VR B A R A HLAR SR R AE R
R A - 5% SR N0 o B v AR W e S A T AR e
Jo AL AR R 240 L e i A BILZRL DT 4t e - S A
o i, AP Y R K ARG AR SR L B
A] DL S AR A LA R R 4 R IR R NHI-N &%
i, Reverchon 8™ F [ 28 7 5 4% R & BLA= W e
AT PO R AR 5 2 |, 39850 PR U7 338w 0 [T 22

A=y - B A A B VR R BRAE 60% R
B AR 45, P 13 t-hm #1126 t- hm > A0 R s
Xof I A FH A ) 58 7K, 302 R SRR R
FEPSR IR TR 2 700 CHY A TR IR #5 &, AR 56 ff
R0 2 ) e AR R 500~600 °C, DR M Ay e v 4o
T (0.38%) LB AT WL, FEBE 5 - 8 Bl % U7 TR
FETRBAEF . Ao 4 358 rp s el 2 i AR R IR
Jit JIES 2 A [] 1 AN [R] 78 1009 HE 77 5 A0 244 (F1)
1o e A SRR AR T A A AR o T AR 60% HETF
Jit A Ak B e, A At % kB ot e B N T 4R R . Y
NN e i A 5 A R — A R - DT E L 2, +
ST Bl (%) W At 5 A R e RO T B e i A
Yo AE e R E T B 0V R - DTE L AR, T R
SO Rt B A 7K P T SRR 5 %o A 40 e i iy A —
S T DR A AR 100 A i A N T AR B, 2R i R
W 3R 9 R BEE A P 8, AN 0 A 80l 35 1, T > A
TS BN AL B, Az W) e R B sl — SR R Y
8 ) 2 i W B ke A 280l 2 1 T X — 4 SR R A
HBLTE Xu 525G T A 1) o 5 i B P - el Rk 1)
WFFE . H AT IEIA R A 9 il 3 5 i) - S A
FETE D25 K8 AN TG P | DA T 44 12 - 198 o 5 e 0 ot
T W it P 3 1, RV 3E Ao A i R 2R A - e AL fk
AR = R AR AR R A R R R B R
SR, A B 45 SR 573 TR A ol 2 I 5 o Al 1 o

http://'www.aed.org.cn

2 [0 I 0 i 2 A0 2 56 & (7=0.306, P=0.069) . F L 7]
L, AW AR A W DR 38 06 - S 1 5 i A S 25 2
Mo AT BRI G INR , A W) J il 3 52 i A3 M- TEAL
T8 525 0 W I — fge W o 2 0 1T 5 T ol 3R 1 - 0
RO A % A 5 e Y CEC /b - MRk RN A <8 48
R A AR R A i AR A 4 pH B
M) = 98 Ml 1 WA S — e WO 2o A 61 G A F 9 ke LA 9
SAFRE A B () W B RE I R DA (A 00
B e

AT K B PR KT 4 3 4 5 i I AN B
HURT DA S 25 1 v R B 1 o, 3 R 20%~
40% , 45 JE 51T B0 — 20, AW e T A RO
TN 10~100 mg- ke, FE =W, 0] RS L
EHUCE 0 i AU BT AR W R A RO R
287 mg-kg ™, LA R, B1 . B2 B3 Ab B A= W) e E 4% 1)
R N 1.16.,1.44 .2.88 mg-kg ! (FF)2 1
HE),M7E F1AE 4575 F B1.B2 B3 4b B &% 40 25 it
B2 A 31 28.67 ,30.00,52.67 mg - kg™, 136 BH A= W 7%
AL ) TR SRR A . 2 I U N
K B A kT FE AR (1 i 45 B xof - SRR 1) 3 b A5 1
FHEY, R AE A IS it I 60% . 80% 1 100% B
B3 Ab B 43 51 45 55 43 %08 20.00,30.67 ,52.67 mg - kg™,
AT UL W) e A B8R A5 ) i v e i o ot I 3 7
B, 1) 22 2 BH A W ok AECRLAR AT EREVEF
3.2 E£Hmxt +IEEE R R0

- 358 Hp TS A 5 - SRR K B TR O DR
225+ R R B EEK R, T R R R
K B, FETE PR T LR AE 3R AR . iRk
SIS M AT DL ZRAE A 3 4R e R DA R A 1 T Ak
B BERR R — 2k R A UL A AR Y
LT = A ) A AL ) o3 e Ak S AR A
Pho ARIRZE R BoR, BAR LIS RA S /i
FHE L (UEIREE S H e A SR A EE
RO (6 3) o T A (1) — ol iV 1 34 27 it
eI I B AE N 2.6 t-hm™ - a A ¥ eI}, 135
JOR TG -5 3ok A A SR 1 S PRI, T - S P P Tl
TGRSR . — MR 13 t-hm” F126 t-hm ™2
Py ¢ - SRR IS 1 S | o A SR R M
Mg TGP AN B2

H 117 56 it ¢ I 2% - 18 il 35 2 1) 5% 1 BF Y A
LB A D  — PN Ry A 0 o 3 o A A TR 255 ) - S g 1
Wt BRI ZE R B R AW e S R
AT DA 348 g SR B 2o A A T, 9 H ok
— 549 —



R FRSMEFIR-HE37E5-F4H

R3 IEER BER HERSESREEEMEXKR()

Table 3 Correlation coefficients(r) among soil total N, NH:-N,

R4 TEMERCELIRHE
Table 4 Effect of biochar application on soil pH value
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