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W E MRS XELM TR SR, BB AR AR (04 20 thm? Al 40 t hm™? A4 5 5D
S50 CRMAE-S 5 BUERAE ) B, BF 504 45 5t N\ Sl L AR 2 LR o Xt et LA 77 s =i
M. S5 RE: BRI A T 1 s 3 40 (TND. S (EC). &5 (BD) MIFHE 725 # i (CEC),
SHIEINT 9.4%~18.1%. 172.4%~241.1%. 5.6%~7.6%F 10.4%~15.0%, JHF4{E T 0.68~1.1 A fifi+
1 pH (p<0.05); £EW)J5 B Kt F (5 35 38 0 1 3 b 13 TN RHEH ML (SOC) & &Ml CEC, 43l 1 1.7%~
10.0%. 3.6%~48.3%F! 8.1%~37.1%, JfH BE KT 135 EC 1 BD. AW)5u s it 76 A it IR )= b
TR T 0.11~0.23 ML 3 pH (p<0.05), TAEHEHZ IR A EE T, A9 5R it BEAIK T 0.19~
0.23 M HALAY) L4 pH (p<0.05). A=Ak it FH 3 1 St 3 25 L4 (0~20 em) MIEHLE S &, (HRERER
I T HoA L 2 IOV S B AR 0T e 1 it FH Y 35 BRI 1 St R8I (0~100 em) RS ZL (NH,-ND [
AR (p<0.05), xSt E R HEIHAZ (NOy-N) RAURTCEAERMT . BhAh, A5 e (1 i FH Bt % A 5% 5
PR SRR AL 712 LR 7.7%~43.8%F1 21.8%~43.8% (p<0.01), FHIRFFM ISR BEHILEE1R5 -
AHF T, R REEC T 40 t h? 49 53 2 A B Rl 6% 5747 200 2 gt o T4 B St A 32 Al 1 i b E 38 SOC i
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1R 2 J7 T RLFH (78 7o TEAWREFI 10, AP0 5 Al S 3 Bt St S A e o B b s R e )
TIEEGRELNITRY . ZIATTIE. BRI RAGZFGHLIG GBI S92 — i RO 75
I RERS BT TR R TR A R E AR A A, S80S A 1, BT L pH, (e (RS
W, STAER, AR R BRI () A0S IE BRI 2 1 A T, SRR, AR R S IE A A
—BOE X R E IR, T B AR R T A S B T A R AR . g A
R T R SR AR B AR 2 4k, R RS BB B IERT, I LRSI/ 17 L3 e
EE L/

SRR T, R HERIE R AW BRSO R VR A SR A B AL B, s F A
BRGUMEZ S RGNS, BACE DR FOROE T A5 R e e (R s R o &
QRENAUA, DRI, A A TR ORIV B FE AN [ KT AR 05 3% 5 I KSR 24 e 1 S b -3
JEJIBT R I LA (TNDL ALK (SOC). BRERSE (pH) S -LIgfb 2R by A K 325 &
(BD) %5 -IBdahs, fEHHRE BRI ik, 2L RIERCHEA R & A0 i L e AT 3 i
LA PR R, RITAEVBUR M 0 L3 E 7 5 e A JI R, SR LR SE A ] R A P SR fit
HIRKE .

1 MEETHEA

1.1 X

RIS S FVLIR A B s R T L E DR (32°01'N, 118°52'E). %X AL KIT Ris, B
AR RS, PR KE 1107 mm, FPIEEE 15.4 °C o ik XS LR = 0 )77 58
KA. B eSS Tl SR AT, —E ARl 3~5 R, mEMi%L, 5
FhaAm, 2 b E R R SR Uy U AR R
1.2 iXewst

IR HIAHEZ (0~20 cm) IR : st 9% £, Fki (<0.002 mm). #7%i (0.02~0.002 mm)
R (2~0.02 mm) [1IE& 845109301 g kg™, 647 gkg* #1152 g kg, %5 1.2gcem™>; pH5.5, B
B TAC# B (CEC) 31.2cmol kg™, 34 HLEE (SOC) 156 gkg™, 4% (TN) 1.9gkg™, AR
32.3mgkg", SR 27.5mgkg’.

AR 56 it FH 1 /N2 REFT AR R R ) 2 T R = R B IR IR A ] o %AW & N RS FEAE
500°C #4390 min Tfi B, S5k 46.7 g kg™, 2% 5.6 g kg, pH 9.4, F[fifH 8.9 m? g™, /K4y 208 g kg™,
BHES 7 2c e (CEC) 24.1cmol kg™'; HE &)@ &84 (Cu) 13.75ug g™, 4% (Cd) 0.21ug g™, £ (N
3.34ugg™, 4 (Zn) 3043 puggt, # (Pb) 8.67 uggt. MHIHTFK AW B BERE I 2 mm §F, fik
EEEMIERZ, RESHERTRAEERZE T 20 cm E .

1.3 ®HxE%E

WRIGIEWE 6 MbEE: b, 3AEMFURAKT 258 BO (0 thm™). B1 (20 thm?) Fil B2 (40
thm?), AEWFE R T HIERRE TG — KPR SR8 NX A, AN TEHEE 0~20 cm #HEFRE IS
IR A 2 MEIEAIES AL (NO) A FHAENE (No), FiBALEE 240, H
N: P,0s: K,0=15:15:15 (JFifEbt), Ml o 0; A% NO ALER A #b 7o AH B8 & (1 B AR (45
BEREIE, 2 P,0s 14 %) FIARAE (AL, 7 K0632%). fMNRK/NX A 3m<2.5m, &4
IR E 3IRES . T IR/ XL T — AN EE RN, HS/NX Z I H 1 m 1EE 5 DL ix
B /NX HAR T

IR 2012 4F 4 H % 2014 4F 10 H, HIRIELLAIE 9 1 558, i sk S Fh 2 9 i =% (Amaranthus
mangostanus L.). Z¥/[»3% (Ipomoea aquatica Forssk.). =%k (Brassica chinensis L.). ZF3% (Coriandrum
sativum L.) Fl7>2 (Spinacia oleracea L.). &5 7E i PHAEFC AF A A 528 BRI,  ORP A 7]
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— BN 20 d £ 50 d ANEE . N PRIER A K T BN IR BRI AN BRI, s (5 179),
s (5 2 M55 6 2F) MAESE (55 45 MR A R B . SR it a3t
LT 2 5 B ki N Do e, B ) AR IR A RO AR 7 I AT B, A
M. BHE. M. BRI EE IR 1.

& 1 AIHIARIE S REFRIEUURMEIEEIFE

Table 1 Details of the farming practices in the experiment

BRIEECAR URIEUES AR RACH= PR MBKE S RERE
Nitrogen Average air Total
Vegetable Crop Growing period Total rainfall
fertilization ~ temperature irrigation
crops Species (yyyy-mm-dd) (mm)
(kg hm?) (0 (cm)
1 st BiZE Amaranthus
3125 213 300.9 39
mangostanus L 2012-04-12—2012-05-09
% —# 2nd e
2012-07-11—2012-10-19 600 22.1 434.8 54
Ipomoea aquatica Forssk
=% 3rd S
2012-11-20—2013-02-28 250 5.7 226.6 30
Brassica chinensis L
FVUTE 4th
=% Coriandrum sativum L 2013-03-28—2013-05-25 312.5 20.3 305.8 23
2B H A Sth BTN
2013-07-10—2013-10-05 600 25.2 461.5 39
Ipomoea aquatica Forssk
S/NHE 6th P
2013-11-05—2014-01-10 250 6.9 179.7 25
Brassica chinensis L
#-L7E 7th e d
2014-03-16—2014-05-12 3125 20.2 183.6 31
Amaranthus mangostanus L.
5\ 8th S
2014-06-23—2014-07-21 250 28.9 347.7 23
Brassica chinensis L
HILHE 9th P
2014-08-12—2014-10-29 250 229 353.2 39

Spinacia oleracea L

14 TEMMRERMNESE

FH 1) 058 i SR AT B2/ X PN B 438, SR E] 2 2014 4F 10 H 30 H, RAE T A0 A EE
B/NXHE (0~20 cm) 3%, 3 RESEIRE, SRS H TR ST . B APk AR AN
AR, AFESEE E 2 mm R RN B R AR LR S, — KT
€ L3 pH. TN, SOC &Ll +:4% CEC, J— 2 RIWIE 480 NH,-N 1 NOg-N & & . 1h4h,
S 3 TETRE 3 2 AN EUCKAE, 435 0~20 em., 20~40 cm., 40~60 cm. 60~80 cm 1 80~
100 cm. SRAET7 SO LEIURE, RSN X 3 i it S BE AL B =N RAE i, (R EH [R] A 21 [ )2
= RAEFREYA G 2 mm §i.

R S R AR A 0] 5 P LB E 133 NH,T-N FINOg-N & &, M B R RENHEE R
i 2 mm#, FH 2 mol L™ KCHIZHR, IR ISR (NH -N) SRHIBE A L Ok E, AR
(NO3-N) KRS+ (U-2900, Hitachi, HA Mg, thah, RAFR 1N E H a5
JE AR R AN . R TN SRR R T VAN E ;. 14 SOC R ERIRM (K,Cr,07)
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BEENE; T3 pH {E RS pH 1F (PHS-3C B!, i) dilw; TR 5% (EC) RA/KLI 51

(viv), HHFHRC (Mettler-toledo, FE30-K, HED #47eE; THIEMHEFZHE (CEC) KH
S (0.1 mol L™, 20 ml AE# 7 +35) —BRERPUHEEN 2 . FrAT HIE AL R I T 3 5%
SCHR[L3]-

B B . E—FERBOR G, BAMER I IR, RIS /NX P /M HE B
B ML TH, WAHOGR 2 IR 03, R B SRR E T . BIE R AE 7 77 (Partial factor
productivity from applied N, PFPN) $§ AL BN IR R AT REAE P2 IED = &, 1HE A N:

PFPN=Y/F, Y J9lti &5 rikfg i)=&, FAERELKHANE.

BT AT 6 SRR 0 R BTN AT 0 0 S A AR TR 8 AN AL MEARFE AR TN,
SOC. CEC. EC. BD. pH. #&RSHER) HBRMMEIEAT E Y 98T, IR H 4% =85%
B R, FREECE S FIRHE R B A & S R, THE A RS R 7 s o,
F 25 PR (R AEAE DT R A WA AT INBCR AT, B A58 A BE S kb -3 R 7 i B 45 54555
1.5 HIEAIE

K H IMP 10 GevE 30 B g AT SR 707 2240 (Two-way ANOVA), f/MNi & 75 (LSD)
EHTZ EELE (p=0.05), SigmaPlot 12.0 A2 Microsoft Excel 2013 #H4T KIZR 4, 45 5 DL 1Ml
HrEZ R R E R . B SPSS 18.0 Xt §umisich + AT Jy 5 & (0 & BRI 34T R 0 DA R GE B
[EH T, FEH A E A AR SR B2 A 1547

2 4 R

2.1 HYIFRRMALELIBEEANIMRE DIFBUW MR

WE 1 Fow, S50 ZIRRAABA L, ZURRF b 28 g 1-3% TN &%, EC. BD I
CEC, 75I¥InT 9.4%~18.1%. 172.4%~241.1%. 5.6%~7.6%#1 10.4%~15.0% (p<0.01). St
M, Bt F 525 PR S 38 pH (p<0.01);  BRARXURI-F- 77 22 40 #r Sl s SR 1 e ) 48 25 186
T SEH 118 SOC & &, {H 2 it FH ZUNEAN it FH 2B i ok AL BE(NeBO) >t 1138 SOC & 2 411K 7 17.3%
(p<0.05) .. 1M 78 il FH A= 470 e PRI AR B A, 5 1 e FH 48 S b 1338 SOC 34T 9.8%~23.4%(p<0.05) .

MR35 2 3 W 45 - A=W 5 ()t P 5 25 18 m 1 R B8 3 ) H38 ) TNL SOC & & A+ 35
CEC, Z»5HI#in T 1.7%~10.0%. 3.6%~48.3%A1 8.1%~37.1% ([& 1, p<0.01). #RiM, A¥HE KK
AR EAE AT, 53 AR 7RIS Sk +3% EC F1 BD (] 1, p<0.0D). {HEEENAZ,
BARIUA T 5 2253 et SR B, AW 0R (it 538 PR T 2398 pH, (EZE AN BB b E A, 2B
Y R e FH IS0 7 0.11~0.23 AL 438 pH (& 1 (d), p<0.01), Tfi7EHFH ZAE AL, A4
W5 5% e FH A T 0.19~0.23 AN Ep i3 pH (B 1 (d), p<0.01), X —45 BEMAYIFR R 55
JEAEGRIE HH A 0 2t 35 pH (2mAZ7EAS BAE R (p<0.01). BhAb, AEWJ5 i 5 U S i 3% TN,
SOC F1 EC fyszmassifEre 2 HAEM (B 1, p<0.01).
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b B: wee E 250 B: wee .- NXB: =
¢ I NXB: #%% 5 NXB: ##* ¢ 150 - ¢ LS. b
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='. "T_ d
5 O 200 g < d
el = o0 -
Ez a . e &g
&= T ¢z wd
"3 f I 2 gg' =
A ] d HE 1o
4 +H g 10 z & 3
= f 24
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& 2075 -
550
3
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@ 0 0.50
NOBO NOBI NOB2 NcBO NeBl  NeB2 NOBO NOBI NOB2 NcBO NeBl  NeB2 NOBO NOBI NOB2 NeBO NecBl  NeB2
Yb38 Treatments U3 Treatments KL Treatments

W B EARZ RS S Z R RE (p<0.05). ***FIREFEM p<0.001; **FIREEM p<0.01; *FREEM p<0.05. nsERAE
#. N: FAH; B: AMFIRAE; NxB: AEVFURSENEZE. NOBO: At ZRCA A AEY T R: NOBL: At i U it i AE i
2R 20 thm?; NOB2: it F VIt A A W05 5% 40 thm; NCBO: #HUBAL A FI A0 5% s NeBL: 3 LR Bt 4E 5 5% 20 t hm®: NcB2:
"W BN A FE ZE 0 5 5% 40 thm. R [ Note: The different letters in the figure mean significant difference between treatments at 0.05 levels; ***
means the difference being significant at p<0.001; ** being significant at p<0.01; * being significant at p<0.05; n.s. stands for not significant; NOBO
for treatment applied with no N fertilization and no biochar, either; NOB1 for treatment applied with no N fertilization other than 20 t hm™ biochar;
NOB2 for treatment applied with no N fertilization other than 40 t hm biochar; NcBO for treatment applied with N fertilization at a convention rate
and no biochar; NcB1 for treatment applied with N fertilization at a convention rate and 20 t hm biochar; and NcB2 for treatment applied with N
fertilization at a convention rate and 40 t hm biochar. The same below
Bl 1 AR AL & Ab PR A3 R AL P
Fig. 1 Soil properties of the intensive vegetable field relative to treatment

22 E£YIFRRMEELEEEANI HERm AT

2 R TAELER H R RIS SRR O 25, & AL BE IR T 1) e & o A DA S R AL
TR0 3% NH,-N F1 NOs-N 381678 43 51 4 6.6~59.3 mg kg™ (BA N it, F[E) il 23.8~51.3 mg
kgl B AL R LHURS AR R R (fa sy, BIEEE 2R N, TR S &
S D RN (B 2). Al BEE AR 3G, A A 2 3 A R 2 0 AL R b 2
n, 3 HAEZSALERIER T B EKTF (p<0.01). FALFE 4351 (0~100 cm) NO5-N F1 NH, -N
() SRR [ 43 51 A 125.3~419.9 kg hm™ 1 356.9~548.4 kg hm™?,  H. U8 i FH 53 39 hn 1 S 1
BT (0~100 cm) MIEHLA R E (E 3.

AR I3 PR it FH T S 385 T A [R] L SRR FE R TEHL R & B3 AR R s (& 2, p<0.05).
MUK T 5 2253 ek B ml 0, AR R Bt P 7E 20~40 cm. 60~80 cm A1 80~100 cm =4+ 2 E &
ERRAL T I NHS N S8, ARG RN 4.9%~47.9% (|8 2, p<0.01); 1M 2E4 )5 % it F 78 S H
LIRS LR B T L NOs-N S &Rk, BIfE 0~20 cm )2 NOs-N &&EHm 1
2.4%~29.8% (p<0.05), Tfi7EHAD 12 E3E KT NOs-N & & (K 2, p<0.05), X554V RN
FIEHIHAE LZ NH N SR8 Bhah, AW % (0 A ) S 2% A T St 1 43 )
il (0~100 cm) [ NH,"-N ) REUE (p<0.05), Xt 351 NOs-N REUE LR Eim (&
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2 SRLIA S 5 40 FE A e T TEH LA ) Bl A4
Fig. 2 Dynamics of concentration of mineral N along soil profile in the intensive vegetable field relative to treatment
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Fig. 3 Accumulation mineral N along soil profile in the intensive vegetable field relative to treatment

http://pedologica.issas.ac.cn

NOB2 NeB0O
4LI Treatments



B
Acta Pedologica Sinica

23 EANEHMBRREATESERREESD

VEV = LA R FL RO F 230 & RAE R M R bR, TE VPN AS RO 5 it T T 388 8 7 i &
UM HEEE R . [ 4 SR LB G S A B R S S i BUIE A 72 77 DL R HE O kA
PRIGHIESE R LERANRIG W], S4B BRSO B AR L A 317.1~475.5 thm™, 1 £ 95 % 1)
Wi B P e R, IREIEE 7.7%~43.8% (& 4 (a), p<0.01). Bisgr & S5AE Bt
B D IEES TR P E=250%TN+14.7>80C-264.3 (p<0.01, R?=0.726), mf41ti%E TN &5
SOC & @i HIEE H M BN EER R, Mg -E5 T2 (K4 (o) 5HMmEE (K4
(d)) R R EF KRR R (p<0.01). BEAk, 5 NcBO AbFEAHLL, NcB1 A1 NcB2 AbHE gk = &4y
T 21.8%FN 43.8%, 1B A5 s P it FH A 0% 5 25 1Y 0 AR 20 A SR A P I B R AR T

600 200 r
(a) N *#®% (b]
500 B: = T T !
I NXB: ** + 2160 I
a b 2 b 1
Ea00 | be  «d  d _z T
e L WE 120 ¢ :
= — _I_ k2 I
& 2300 f 43 |
] =Oa
e =2 =
3 wg
£ 200 &
> =
=]
g 40
(=%
100 >
0 0
NOB0  NOBI NOB2 NeBO NeBl1 NeB2 NeBO NeB1 NeB2
4bF Treatments 4 Treatments
600 600 )
©) ¥ 311.3x- 1253 (d) y=1831x+76.38
R =0473 R=0472
p<0.01 o 2<0.01 o
~ 500 ~ 500
: & d o°
Ly @] H = Q-
2 400 L2 400
o o O &3 P
e e 27 o ek o of. o
[ % i QO
= 300 o) - 300 F O
200 i 1 1 1 i J 200 1 ' I I J
1.3 1.4 1.5 1.6 1.7 1.8 1.9 11 13 15 17 19 21
R S LA HLAR
Total nitrogen (g kg™) Soil organic carbon (g kg™)

4 Hr . B I AL S S i e i AL B A A S
Fig. 4. Vegetable yield, N partial factor productivity and their relationships with the soil chemico-physical properties key to
vegetable yield

2.4 AR ARETFEN

AR TN. SOC. pH. EC. BD. CEC. NOs Al NH, %% 8 Mg bRy 35 AE /1 7
AR 4 BARTTHR E 7 2 =85%1E ARSI, 193] 2 MESr, RMATTEREN 90.6%, KT 1
FEEF 2 PHFAEAE 737008 5.17 A1 2.08, TTikZe5) 54 64.6%F1 26.1% (5K 2). FRsrHF 1 (F1)
5 TN. EC. NOz /& BD Zfekr L#E M /AN, FHAHET 2 (F2) 7E SOC 1 BD HI#7 R 4L
K JBIE FL A F2 43505 & D7 BRAEAE A 2 22 E R BCEOHAT IR AN U545 HH 4588 7 g 245
gy (R 3). FALECLHEAEY) UK e M3 st H3RAC ) e,  HBEE APt = hn, Seth+
HEAR A RIS, NeB2 AP 4R G155 fe A -
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2 b HIRAL I FRE MR A I AR 43 SR BB e B F AT RE B

Table 2 Principal component extraction and rotated component matrix of soil fertility quality

i H 1 (FL FEHEH2 (F2) IRE| Esr 1 (FL ES 2 (F2)
Principal Principal Principal Principal
Item Item
component 1 component 2 component 1 component 2

TN 0.92 0.20 NOs 0.99 -0.02

SOC 0.13 0.93 NH,* 0.71 -0.53

pH -0.95 -0.14 FEiF{H Eigenvalue 5.17 2.08

EC 0.99 -0.13 64.60 26.10
Percentage rate (%)

BD 0.93 -0.18 64.60 90.60
Cumulative rate (%)

RIFMZLEBLEERFEHRITIRBNRESS

Table 3 Scores of principal components and general scores of soil fertility quality relative to treatment in the vegetable field

LbFE ey Ab ¥R LEE15y
F1 F2 F1 F2
Treatment The total score Treatment The total score
NOBO -0.90 -0.49 -1.66 NcBO 111 -1.68 1.10
NOB1 -1.01 -0.22 -1.73 NcB1 0.66 0.68 1.36
NOB2 -0.96 0.54 -1.32 NcB2 1.10 1.16 2.26
3 I ®

3.1 FERAREBXEAL I IEIE D RERF N

BEALNWAE R REENMLF IR, ZIEMEH SEV M EAEEVIRR, RN H2mRlk
AP R R g A R O AR, U S R n T R TN I SOC AR (&1
(a) ME 1 (b), p<0.01). X2 H T AN 7 eth HIEP AR, 525 7Y
SR TTE R A 70, (BEAE AR, BIRUE TI7 22404748 R m], SR B0 M H B4R
TR 3% SOC S, (HRfEAA AR AL (NcBO) 1, ZUIEM I &3 BEA% 1 SEHh 1
#ESOC &= (K1 (b), p<0.01); TifE e HAY & PR F, SASHZ AL A, AT
i FH 5 N 7 3% SOC it . A g R K it FH TE ML U AR AR 1 38 C/N, i [ 3 i
A SOC 4M i, SFCLEHE N soC M R, thsh, S0 HEIERIAEARE, ZBE i
SERCT 23 pH (B 1 (d), p<0.01), X 52 B4t il B8 -5, H 2 B2 o T2k
RN T AR A NH, B T, e TRSLAE AT, i 7 agedh 1 BAR0E, ek, i
TR AL P A S HE L 5 ORI NOg ke, RIFEINR 1 et LIt #2. R, ZARM
KEHESE T L SRHE BT (B 1 (e), p<0.01), X2l TRIERHEHSER pH T
Mo BRI S REE T A RN BT, RN APTE TR E T, M R+
B SR, Ak, FIERREiH R0 732 3% BD (K 1 (), p<0.01), P T FLBEE, X
RN EACIE RN S 135 SOC L™ F B2 S 1 S g AR 45 45 T 45

LA LR R, HiEANREZ S TEMEWNFRE. AR H, SB35
(0~100 cm) NO5-N ZEFIEJEH A 125.3~419.9 kg hm? (& 3), 3 T 5 R 2 SEHh AT 8 L&
AERS BHEK, AMUTHS R G EEAR N KRB, B/ eh Hedh KRR, 50 H IR
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WAEREEWE ST AR H. TomesPmri i, 55 K3 200 cm 12 R %05k ¥
MEAIA 1359 kg hm2, W4AE KMy 1 412 kg hm?, T — R FAL A 245 kg hm2. B SE/EI
MR A R, Bk B A S b 38K 2 R 2 2O DARE BB ORI, N2 TS B XA 5 1 - 8 i Ak
W B, R R K FEEME K R E R AW m) TR 208, 1502 X It /KRS, thal, £EZ)
B SEAE = RGUR RIS, EBE R, X XINK T 1458 NOg-N s R . AiieH, &R
it FH [ S35 B 7 et HAE RN BRI TR SR (B 2, p<0.05), #EmisEhn 1 =t i e LA
FHE (K3, p<0.05). Hik, &FEHMEREMN, BOEANEMAESRE LIREARNERE,
S SR 2 R S v R AR 7 1Y) B B i
32 MEREYIRRMEANIMTIER I RENFI

AW TR BT AR ) 07 B RS MR AN 2 FLI S50, IR SR 2 R T &2 50, DR
T A T A FH AR e RAE IR ARG b, AR R RSN T 3 TN SR (]
1 (a), p<0.05), HELFKEZEHTAEMIRTEH A BENEY, M LI R e
RED, RRSRAM AR R TN S8 M5.9 g kgt &3 TN SEmp EEREr —; b, 4
YFUR BN GRS IngE e e & (8 4), RSN R 0wy, R ER, BR;WY
B AR B 790, R, PR AR PR FOSE R g rh, 13 TN S B S I I N a g
Brutz A, VORI N T 3% SOC & &, JFH 13 SOC BN & Fti = AE W) iuw it F &
iR (B 1 (b), p<0.05). Biederman 1 Harpole® 2 2/ WrifF 58 b4 H, 5 it I A= 42
R AL ERAR L, AEW) 5 R 1 it FH AT 12338 SOC & &6 010 61%, X5 ARG I 70 45 SRR A— 3K
HE B R AL T AV TUR & A KERIEYEIR S, XL g R R 7 T DA by 4 AR 7S R4t
B [E R BOR, T H AT CAgE R LR 5 L 4R, Xt 3% SOC #4hn b -4 5 e &4 n
TN . Laird 25290560 38 [N ANAS R 3t 25 08 A5 398 5t A= 0 ok (T Fe 8 0, ZE R e 1)
it FH BE 0% 70 AR 18] ROEE & 7 48% ) 33 SOC & &, M MEWAEKBIRHIK 2. thab,
TEAN R A R AL EE v, IR FH FRAR 1 33801 SOC & &, M7 A iR i ab#vp, U
[Pyt FH U3 n 7 338 SOC &, X Bon AR 5 ZAEXT 138 SOC HI=2 HAEH (p<0.01). A,
AW R R VR it ) BE A% 22 i e IR e P AT e AR i 3 SOC R F%, & —Fh & BRI R +F 1% SOC fae
HIfE . BEAh, AW it FH R 2 28 0 7 S8t 3% CEC & (1 (¢), p<0.01), HEZEJH
R AP R LE R THAR K, HAMAE B30 0 7 BRI & f e se ], M3 5Exd BH & 5 1
B aE S, BRI, AR R P RS PR IR e, S A EIREY TR . R R TR
VLI B CEC, BEWSAN[FIRR AL B4R mfk H L8522 AR WA Ak, ik B L3R 0 R ER (1 2805

ZHERIG AW FUR it 2 W I N A3 pH,  IX A& BT AEY SR K S i) 2 R
of - B PR R R A7 AE e FH T, Wi AR S b, 7E AN P B A AL B b, AR5 o 4 it 54
T 358 pH, TR it A SRR Y g e B PRI TS 5 pH, BRI TUR S5 & UAEXT 124 pH
A HAEA (B 1 (D), p<0.01). EEJFHEALLTI LA F—, MEABHZRMLE, £Y)
R 5 R ARSI 2 A A8 i E =& (B 4), NRIKCE 210 NH, 37, X2 m gk
R HSR R R - e P, Rtk 7EAEM TR 5 RIS [t P AR R A, A=W 5 1 it P i 25 B
6 7 333 pH. 35—, i T KWK EIEIE S ECE IR L, Faemiim R mt0 BaRAy
RN N AL FE P, E A AE i\ S 33 1w 39 e T LB A 1 F R — 35 o0 B IR ) 40 i 2=
(EFESEH S VER, SEOEEMSE LI pH B2 R Mok, AR it A& B 5 75 [E 2
FE EAERIT MRS LR . B LB SLRE A, A m$e s IR AR K E A YUK &&=
(321, 33c0h T W AN AE AR 2ok LK 0 FKVE PR BSR40 R AR A B L. ARG, W
JOR R P it FH S5 3 PRI 1 12338 BD, - HAE S %UK-F b, 1358 BD Y3 AE 453 % it FH = 1R 385 i 52 300
RS (1 (P, p<0.01), HFERF R 7 AEYTURE Bk, BA—2MmBEEHS, 5
F S 3 IR e M e B A S 33 B B3 B T A A3 A AR B K A

ARG, 0 A SR IR T LA S E AW R el DUE L, AR TR i FH RE 8 S0 25 5
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M) % Ak PH S+ SR I LU S B A . K 2 FTRLE Y, AEIBUR F it HT % > 0~20 cm £
JZH NH, N & 8T B, M{E 20~40. 60~80 Ml 80~100 cm +JZ & 3 FFHK T 38 NH,-N &
B (p<0.01). AW 5 S %5 Ab FE L3RI T NOg-N HISZ I 5 NH, -N 2B LI R . £
JRRTE 0~20 om L2 B EHE T NOg-N &t (p<0.01), {HFEHARPIA -+ /2 5% M6 T NOs-N ]
TR (& 2, p<0.01). HAZHJE R AR BUR RS (it S i R R AR R AGIE S, Rk n 1 3%
JZ I NO-N Fr & i1 T AW o H ML R B 2 A FY, — 3 oL Sk i ek
R, SEEYIFURN ST ROV R RIS 3R R BB A
3.3 TEREMIRRFAARLE TRALIS TIRIENRELESTN

TIEFE LG VRO RN H bR A AT RS e, TR B e ) 5B ) B A
Bl BT, WREBRATEY R BRI 4N, 2R P A AT ok B PR A g g 0,
LT AN E SR R bR 5 T S E TR SE A, FUBUR R AL P Elh XA 3 E )
Bfl. FEARBITTH, VIR B R E RS T s S B RN w A ) (K 4, p<0.01),
VI AEYIBUR it I RERS ARGk st R34 g AN, 3TN (&4 (¢)) 5 SOC (K 4 (d)
B S5EYE B BPINE E IEMIEE R (p<0.01), TiAEYIF R i FH REWS B & 1 m 13 TN 5
SOC & (p<0.01), FUIH N FHREW A X & LIRSy jLAh, FR 85 R EW], VBRI
Jiti P B 4 v s BT ) B B A 15 4, B B AKPAEMIF R 5 BL /K P EL AT & ZUIE it FH A
A A R IR R LR A1 (3D, I, AHFCHEREH MUBALAC i 40 t hm™ A=) 5 b
HR O v e b SR T g o B ) B A AL B

4 ZE B

L B 4 % TN. SOC. EC. CEC. BD Azt H3E#H & L 2N EHL A RS &,
I H B AR T 18 pH; AW 00R i e 8 535 38 n > th 3% TN SOC Al CEC, - H & (K
S +3E EC 1 BD. AR BURAE ANt IR G a3 b B R T S 3% pH L (E AR IR
g BB T R pH. AT R e FH 3G N T SR - 3R 2 -4 (0~20 cm) ¥ NOs-N & i,
{E2 B3 PR T HABPUA 200 NOs-N . AEWFUR At B 35 BRI 1 S8 H 383501 (0~100
cm) [ NH,'-N I R2FIE (p<0.05), ifixf e+ NOs-N B EL R E WM. thih, VR
R IRt FH e % 35 1R m R e S AR A= 71 (p<0.01), JH HAR St 71 R B 2R & 157
Uk, A5 R TC B 0t L i ) i — - R (Y 2 v S b - 39 D o R (Y 4 i
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Effects of Biochar on Soil Fertility Quality in Intensive Vegetable Field

LI Bo* LUYing' XIONG Zhenggin?
(1 College of Natural Resources and Environment, South China Agricultural University, Guangzhou 510642, China)
iangsu Key Laboratory of Low Carbon Agriculture an s Mitigation, College of Resources and Environmental Sciences,
2 Ji Key Lab f Low Carbon Agricul d GHGs Mitigation, Coll fR d Envi I Sci

Nanjing Agricultural University, Nanjing 210095, China)

Abstract [ Objective] This study was carried out to investigate effects of application of nitrogen (N)
fertilizer plus biochar varying in rate on soil physico-chemical properties for 30 months (9 consecutive vegetable
crops) in an intensive vegetable production system. [Method] During the observation period from April, 2012
to October, 2014, nine crops of vegetable were successfully planted, including Amaranth (Amaranthus
mangostanus L.), Water spinach (Ipomoea aquatic Forssk.), Cilantro (Coriandrum sativum L.), Baby bok choy
(Brassica chinensis L.) and Spinach (Spinacia oleracea L.). The experiment was designed to have three biochar
amendment rates, namely, BO (without biochar), B1 (20 t hm®) and B2 (40 t hm™) and two N application rates,
namely, NO (No N applied) and Nc (1 233 kg hm™? a™, the same as in conventional vegetable fields and a typical
case of N overdose), thus forming six treatments. In the experiment, compound fertilizer of (N):(P,0s):(K;0)
being 15:15:15 in ratio was applied at 313 kg hm™ to Amaranth and Cilantro, 600 kg hm™ to Water spinach and
250 kg hm™ to Baby bok choy and Spinach as the local farmers usually do. Soil samples were collected from the
0~20 cm, 20~40 cm, 40~60 cm, 60~80 cm and 80~100 cm soil layers of every treatment for in-lab analysis at the
end of the experiment or right after the harvest of the last vegetable crop on October 30, 2014. [Result]
Comparisons between the treatments with and without N show that N application significantly increased soil
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total nitrogen (TN), soil electronic conductivity (EC), bulk density and cation exchange capacity (CEC) by
9.4%~18.1%, 172.4%~241.1%, 5.6%~7.6% and 10.4%~15.0%, respectively, while significantly decreased soil
pH by 0.68~1.10; Although two-way ANOVA shows that N application significantly increased the content of soil
organic carbon (SOC) by 9.8%~23.4% in all the Nc treatments, except treatment NcBO where the content the
content of SOC decreased by 17.3%, which indicates that biochar helps SOC accumulation in the soil. Besides,
amendment of biochar significantly increased soil TN, SOC and CEC by 1.7%~10.0%, 3.6%~48.3% and
8.1%~37.1%, respectively, while significantly decreasing soil EC and bulk density. Meanwhile, biochar
significantly increased soil pH in the three NO treatments by 0.11~0.23, while decreasing soil pH by 0.19~0.23 in
the Nc treatments. In addition, interactive effects between N application and biochar amendment on soil TN,
SOC and EC were significant according to the two-way ANOVA analysis. Soil NH,*-N and NO3-N content in
the experiment varied in the range of 6.6~59.3 mg kg™ and 23.8~51.3 mg kg™, respectively. N application
significantly increased NH,*-N and NO3-N concentrations in all soil layers of the vegetable soil profiles. They

varied with soil depth, and mineral N concentration, too, in a similar trend, that is, declining first and then rising
with soil depth in the soil profile; Meanwhile, application of biochar significantly decreased NH,™-N
concentration in the 20~40 cm. 60~80 cm and 80~100 cm soil layers by 4.9%~47.9 %, while increasing NH,*-N
concentration in the 0~20 cm soil layer; Meanwhile, it also significantly increased NO5-N concentration in the
top soil layer by 2.4%~29.8% while did reversely in all the deeper soil layers. Moreover, biochar amendment
significantly increased the vegetable yield and PFPN (N partial factor productivity) by 7.7%~43.8% and
21.8%~43.8% (p<0.01), respectively, and a significant and positive relationship of crop yield was observed with
soil TN and SOC during the experimental period (p<0.01). [ Conclusion]As biochar amendment combined with
N application can improve soil fertility and reduce the NOs-N concentration in vegetable soil, the practice may
serve to guarantee healthy development of the intensive vegetable production system, and the treatment of
amending 40 t hm™ biochar to application of N at the conventional rate is recommended to be an optimal
treatment in this study.

Key words Intensive vegetable field; Biochar; Soil fertility quality; NOs-N leaching; Principal
component analysis
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