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W OE DARE 3 A0 XA 29 fh gk S M o WIS 0 42, B R RKSE A ik (0. 20 t-hm > F140
thm AP R ) SR RIS 5 BMEAE ) B, BF 58 25 9 5 o it A 3%+ 3w 452 ( LRk
) JEX S I R, 2R R AR D E IS LS A (TN) | B
F (EC) ., ##H (BD) FMHE 7 it (CEC) , /il 1r9.4% ~18.1% . 172.4% ~241.1%
5.6% ~7.6%HM10.4% ~15.0%, I+ HFEET0.68 ~ 1.1 FALY L3FEpH (P<0.05) 5 LE8) 5 (1t
WEEGIN T e FIETN . HHEA PR (SOC) S EMCEC, 4T 1.7% ~ 10.0% . 3.6% ~ 48.3%
F8.1% ~37.1%, FHHBERALT HHECHBD, AEY 5 it FH 76 At FH A e b £ 3 T
0.11 ~ 0.23 ALY L 3EpH (P<0.05) , MIAENHANE A LI T, A9 B i it JHRAR 170.19 ~ 0.23
ALY T 3EpH (P<0.05) o AEW BTG IN T RMR)Z 1% (0~20 cm) MEHAEE, HER
EREAR T HoAh R LA S i AR R 0 S AR T S R (0 ~ 100 em ) MIERAR
(NH,-N) By R (P<0.05) , MMiXf 3 HIEHHASA (NO,-N) RREL R ELW, i, &
Wy B o 1 it Y B 8% ol 5 3 1 5 RUIC A A 7 00 43 R 1977 % ~ 43.8%F121.8% ~ 43.8% ( P<0.01) , JF
P S+ IR R I ZR A AR Ay . ARBEIE R, W OAEAEFCAEA0 ¢ hm AR A T Ak Ab B BE A O A Sk Hh 5%
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HE Wy S5 SR v A ) O A R A B A
AR A 1 — R R E . MERR IR HLBR (C) rudk
B, AR L P A 0 T T 3k 30 ek
DA K il B AV AR ) AR o A
TEAR 2275 T L A9V 7 . FEARV R 7 T, AR W5
ST B 2 e S, - A T M b 4 R O
X EMEE S BE LIS Y . BRI 2
AL ARG LI G B T, R — R O
H; A RERS PR B L O T R A AP E R R
FHA, 8 L b RS, R L EpH, R
s L UTAESKE, AR W T IR HE B R 1
B 2 i A T SR, AR R R R
PR —Fh7E A X R SE R, R
B TR R R B T A A R L
5L W B B T B AT o3 R 9 A 5 A T 2
S, EREE B FERRAOMER, I B AEAS IS/ i 1
HERE e

A R T, 02 B 8 2 B0 A 4 i e %
TRUE VE R R b e B PRAL M S, AN AR S
A% MEMAEBRG N &, BAUE DTS
R TE T AW AR X I SE M A A L SRR T R A
fsgm 2 R, A ARSI E R
[i) 7K S A 0 I e 5 R M X 30 4 24 A 48 1 S b 1
A 3 A BRI . VEER R IR (TN) | A LR
(SOC) . Wk (pH) %5 Hefb2238 45 U K +
M E (BD) -y Bistr, 8B RE R
FH AN 43 BT, g 7 R0 TG S T i £ 9 55 3¢ 114
T TR AR IR R, SRS LE W T
ARy S R A P AR, R SR Ak R SR AT
FREe b PR A B AR E

1 AR5k

L1 W5 XA

L oa = VA R NP N W B =R T W K S e
(32° 01’ N, 118° 52" E) ., ZXHikt KT h
W, JE BRI M FE R, AR K L
107 mm, 4EFHIRE15.4 C, i X 4L LRk
BRI P S AR R A . TE A AR EYS (R
KT, — R A3 ~ STEE R, SRRk
B, FEEm, b E AR e R O X
AR

1.2 Xk

KB HBAEE (0~20 cm ) 4 55 4k
e MR, Bk (<0.002 mm ) | BykL
(0.02~0.002 mm) FIfPAK (2~0.02 mm) Y
FEHIN301 g kg™ 647 g-kg 'FI52 g-kg ™!,
KHE1.2 g-em™; pH 5.5, B FHE (CEC)
31.2 cmol-kg™', +HEAHLEK (SOC) 15.6 g'kg™',
2% (TN) 1.9 g-kg™, #AE%32.3 mg-kg, WM&
#27.5 mg-kg™',

AR50 it FH A /N 22 5 A A 1 S e M F T R A =
FITREIRA BRAF] o AW A&/ NE RS FFAES00°C
PMH0 minili i, Eik46.7 g-kg™', HAS5.6 gkg
', pH 9.4, FHERIS.9 m>g, K4r208 gkg, M
B FAs#i (CEC) 24.1 cmol-kg™; B4R A&
Bl (Cu) 13.75 pgg’, 0 (Cd) 021 pgg', #
(Ni)3.34 pgg™, 8 (Zn) 3043 pgg',
(Pb) 8.67 wgg o Jiti AT A4 25 9 o o s e -
42 mmff, HUEEFEMEERZ, K55 LER
RABEFZETF20 emiRE .

1.3 W5k

W E M Horp, 3PN AW BiRK- o1
%12HB0O (0) . Bl (20 thm™) FIB2 (40 thm™) ,
A=Wy S5 o T H TR] 56 T A i — O i A A R )
XN, ANTEH#HE~20 conBHZ IR EH 5 + 1
RAHE; 24 F A EL 5550 8 A HEAE (No ) Al
T A (Ne) , AL EHE S, H
N : P,0,: K,0=15:15:15 (JFifElt) , Mty
TN FNE ;AN il N O 4 B DU AN D 75 AH 1 B Y
BEAE (SAEBENE, &P,0, 14 % ) FHIE (& ik
B, 9K,063.2 %) . BHNRE/NXEAA3 m x
2.5 m, BB EIREL . A RR/NX ]
TR, HAA/NXZRIE T miy g
DLk G i g /N X B A

R A20124F4 H 201445107, W) # 4:
FIALOZEBR %, PMAEB AP 2N T3 ( Amaranthus
mangostanus L.) . 2503 (Ipomoea aquatica
Forssk.) . XMt ( Brassica chinensis L.) . %
% ( Coriandrum sativum L. ) F133% ( Spinacia
oleracea L.) . RFMIFEGE A FE/EI 1A B 19K
BET, IRBHI ] — B 20 dE50 A% NARIES
SRR T E IR S A R RS,
* (CE1EE) | Z03R (2RISR ) s (58
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47 ) iR e rp A SR MBS o . B TR B b
TAEFENC A 2 )5 B S 2l N X, Herp,

I Vi) A2 L 0 204 M o B MBI D7 ik AT A B,
TEREAL . BRI WEBE . BRI EE R AR

®1 ABHNRRES R EREUARMERRIFR

Table 1 Details of the farming practices in the experiment

— = ey . - [
. A = FERE O MEEKE BHEME
B TEH A AR ) )
Nitrogen Average air Total Total
Vegetable Crop Growing period
fertilization  temperature rainfall irrigation
crops Species /yyyy-mm-dd N
/kg-hm™ /° C /mm /em
F—F st T3 Amaranthus mangostanus L 2012-04-12—2012-05-09 312.5 21.3 300.9 39
P T3
5% _1E2nd 2012-07-11—2012-10-19 600 22.1 434.8 54
Ipomoea aquatica Forssk
= H3rd 2012-11-20—2013-02-28 250 5.7 226.6 30
Brassica chinensis L
5 VU 4th 7 3 Coriandrum sativum L 2013-03-28—2013-05-25 312.5 203 305.8 23
2% 003
e bk
% HAHSth 2013-07-10—2013-10-05 600 25.2 461.5 39
Ipomoea aquatica Forssk
N R
7S FE6th 2013-11-05—2014-01-10 250 6.9 179.7 25
Brassica chinensis L
P e Li
L FETth 2014-03-16—2014-05-12 312.5 20.2 183.6 31
Amaranthus mangostanus L
S
% \18th 2014-06-23—2014-07-21 250 28.9 347.7 23
Brassica chinensis L
P LS
5 JLFE9th 2014-08-12—2014-10-29 250 22.9 353.2 39

Spinacia oleracea L

1.4 L IERE il SR AR B 5 Ty 1k

FEF R 38 560 i SR B X6 Ry /N X P ) 398, SR AFE RS [
F20144E10 H30H , R T A H 485 B i 5w
INKBEZE (0~20 em ) +HE, 3REREFE, A—
F b LA TR A T AR o BT A A Bk AR R A
SRy, WS 2 mm R A B BT &
F s BEAAEER B BB, — 0 K
pH. TN, SOCH& &L KX +HECEC, Ji— {5 Bl
EHIEANH, -NAINO, -N& i, IAh, e+ 1
FEAE A 2L HA B UCRE, 510 ~ 20 cm
20~40 cm, 40 ~60 cm. 60 ~80 cm#I80 ~ 100
emo SRFET A BETIORE, AR/ X 3 i X
BEALVEE =S RARE i, Rk B R A 3R A ) )2 = 05
T HER A5 E 132 mmifi .

- HERE TR AR ] N S B - 3ENH,-N

FMINO,-NF &, W@ kT . RAE R B + #F
312 mmfE, 2 mol- L' MIKCUEHE, UEW Y%k
AA (NH,-N) KRB ®E LaRNE, mME
A (NO;-N) R %46 (U-2900,
Hitachi, HA) W, BLob, RAFIIENE
H A6 5 45 A B S i 345 . BIETNR
FH 2P o s JF R 2 5 £ HESOC R I 5 4% R 4
(K,Cr,0,) Fiklw; +HpH K% pHIT
(PHS-3CHI, L) ME; HEHRFHE (EC)
FKHAKEHS =1 (viv) , SR (Mettler-
toledo, FE30-K, [ ) 7 ; HIEHE T3
it (CEC) RASMAS (0.1 mol-L™', 20 mL%}
WioE 18 ) —R R PRI . T A
I TR S 0k [13 ] .

hoR I E . R — ROk Z e,
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ANFEAR b T ARSI USRS /N DX PR ZINATE B
ST, AT RIBGRZ IR 203, IR
H O SEPrFrRE ™. BEIWAE P J1 (Partial factor
productivity from applied N, PFPN ) 5507 % A1)
NERL T RE A 7 MR = i, THRA R

PFPN=Y/F, YWl &G Frikigny i, FIUR
RNER A .

B F F 8o o 0T 0 £ IRy B O A B
Fo U S M A Ak B G 84 - M TR AL R IR 4 A
( :3ETN, SOC., CEC. EC. BD. pH. #&XA
SR ABUEREEAT R T, EECRE
SRR TET85%M M T, Pk B s 1
FRAE A R R, TR R A A B4
FRAT A, TR A2 T I RRAEAE BTk A AL
BOHAT AR AR, B2 40 P15 - AT ) o 25
B
1.5 FdEab e

KHIMP 1058 0 408 X #di iF 47 B 7y
ZH (Two-way ANOVA) , /N EZER
(LSD) #kifFfrZH ki (P=0.05) , SigmaPlot
12.0L) &z Microsoft Excel 2013 #E 17 KL W], 45
UL OPEME + brifE 2" B FER . RASPSS
18. 0] 52 M 3 1, - AT g Jo bk 1) 45 IR R it AT 2
3BT LA BB AL A A BT, IR [ b 3 - 48 0
Fii LR A1 53 o

2 4 R

2.1 AW A RIE AL B 4R 294k 32 3 36 2 + 4

FRAE M BT

wmE TN, 5 A AR 4 B
W, AUNE Y bt FH 2 3 =2 - TN &
EC. BDFICEC, 4ril3in19.4% ~18.1% .
172.4% ~241.1% . 5.6% ~ 7.6%H10.4% ~ 15.0%
(P<0.01) o SUbAd R, ZNEREH 8% REALE
i+ 4EpH (P<0.01) ; EARMKNFI7 25587 s
S A it S 5 B T S R SOCH , H R
AR A FH A= i sk AL B (NcBO ) T 3¢ + 3
SOCEH®IEMK T17.3% (P<0.05) . 7 FHLEY
Jo R A A 3, U AR it PR S - 8 SOCHE in T
9.8% ~ 23.4% (P<0.05) .

XU F 5 22 43 e v A5, A= 49 05 e 14 it

RN T TN, SOCT &= fil -1
CEC, 233N T1.7% ~ 10.0% . 3.6% ~ 48.3%F1
8.1% ~37.1% (K1, P<0.01) . #Rifi, "W
(9 it T ZEAS [\ (9 B AR, 2 2 BRI T 50 )
WM+ HEECFIBD (&1, P<0.01) . {HEHFE
MY, BARBUA T 250 s SRR W], LY Rxn
Jiti FH . 2 AR T 3 pH, {HAE At FH 2008 A9 Ab B
e, AR B REIN T 0.11 ~ 0.23 4 B Y £
HepH (1 (d) , P<0.01) , e H & e i ik
b, AW B A T 0.19 ~ 0.23 D FA A7 Y
+3EpH (E1 (d) , P<0.01) , X—&5RFEH A&
W I e 55 R AE 3 6 3 D % 5 b = B p HLAY 52 i) A7
EZHEAER (P<0.01) o AN, AW K5 Z A
XM+ HETN . SOCHIEC 52 Wi Y47 48 32 HAE
(K1, P<0.01) .

2.2 AW A AR AL BG4 294k 3 b 9

THLE Ak

&2 R T 48 204k i 3 H ) 00 i e A A 9
J& A% Ak B A B IR LA S A DL AR
. HHENH,-NFINO, -N Y48 1k 75 Bl 43 51
6.6 ~59.3 mg-kg™' (LANif, FIA) F123.8~51.3
mg-kg™'; S ALHURTE £ )2 TTHLE & = A AE L R AR
S R ES, BIBEE R W, Jol
Ao mam (K2) o b, A
A BG4 Ab 38 4 30 T A R 4 )2 R TEHLA S &
WhEZ I, I BAE& A LEBRH T WK
(P<0.01) . #AbFEAHHEHH (0~100 cm ) NO;”
-NAHINH,-N# E W FE 308 125.3 ~419.9
kg-hm>F1356.9 ~ 548.4 kg-hm™, H. &N it FH
FHAIN T M R (0~ 100 cm ) B EHLA R
Hia (E3)

A= W i 4l P T S i 1 S ) AN [ - 2 R
MICHLR & AR 2 m (K2, P<0.05) .
XK F T 22 0 e a5 e ml 0, A W) ot o i it FH 7E
20~40 cm. 60 ~80 cmf180 ~ 100 cm="A 12
EREREMT RENH, NS &, BRI E
4.9% ~47.9% (E2, p<0.01) ; 144 % 1) i
FHAE R e 25 2 B T N0,
NERAE, BIZE0 ~ 20 cm+)2NO, -NF &1
NT2.4%~29.8% (P<0.05) , WEHAbTZER
FHREMTNO,-N & it (K2, P<0.05) , X5
AW I ek b HE ) A ] 42 )2 NH, =N & 1 520
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Soil total nitrogen (TNY g-kg?!
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- 2PN
o
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Soil organic carbon (SOC)/g kg
oW
3z
Cation exchange capacity (CEC)/cmol kg

NOBO NOB1 NOB2 NcBO NcBl  NcB2 NOBO  NOB1

() N:*xx a ) N:==x
. b B: %
20 | Bx . l_ 1.50 NXB:n.s. A b
o <1 b
d

NOBO NOBI NOB2 NcBO NcBlI — NcB2 NOB2  NeBO  NeBl ~ NeB2

@ N: ##%
a B: %%

< 1 T NXB: ***

TG

Soil electrical conductivity (EC)/puS-cm'!
Ll E
Bulk density (BD)/g-cm™
8

E}

d
t e
f
50 -
3
NOBO NOBI NOB2 NcBO NeBl  NeB2 NOBO NOBI NOB2 Nc¢BO NcBl  NcB2
AL Treatments 4b3# Treatments

W B EAREFRERR &R 22 55 B % (P<0.05), ***F/RWEMP<0.001; **F/RWEFHP<0.01; *FRBEMP<0.05, ns.®
ARAREHE . N: JALH; B AYTURLAM; N'B: AYFURSEMILE. NOBO: A HEAMARMAENFR; NOBL: AiEHA
FE it F A2 ) B 4620 t-hm™®; NOB2: ANt fH EUIT M FH A= #5640 t-hm™; NeBO: MU AEAHE FH A= M5 5% s NeB1: % Bt AL it i 4
IR $c20 t-hm™; NcB2: UM AL At FH 2B 9 % 40 t-hm™, F[A]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

0.50
NOBO  NOBI ~ NOB2 NcBO  NeBl  NeB2

KL Treatments

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 SRS A b B S B AL o

Fig. 1 Soil properties of the intensive vegetable field relative to treatment

FUEE—E0 BeAh, AW sk i e FH ) S S R AR T R’=0.726) , Al +IETNSSOCH & &350 1+ 45

M I (0 ~100 cm ) BYNH, -NAY 2 &
(P<0.05) , TiXf %1+ R mINO, -NRFE T
B (E3) .
2.3 AR B S R R )

P4 7= i DL B H ROIE A 0% R AE £ e
T B bR, 7RV N [ M 15 it %k = S8
JEE R P AR R L, B4 B R LR R
Fme J 45 Ak BER S S o L R AR A 7 T DA B
AR PRI R . TEBEAMRE M, 25 4b
BT R A EVE I 3171 ~475.5 t-hm ™, i
A BT e ) R SRR B R T L, B R
7.7% ~43.8% (K4 (a) , P<0.01) . iR3E/&-&
AR g rE: i (E1L) IR SR
P Y=250 x TN+14.7 x SOC-264.3 ( P<0.01,

JES B EE AR, Mg s HES2R (K
4 (c) ) HAMREE (K4 (d) ) Pk B iE
MHIRKR (P<0.01) . ILAh, S5NcBOAHEEAHLL,
NcB1AINcB2 4 3 g 35 7™ 5 43 38 hn 1 21.8% il
43.8%, i B A5 W) 5 1) it FH RE A% B 25 3 I SE £ 1k
bR P AR R A 7=
2.4 SRR M A AT ) SRR A

Ay WEEETN, SOC, pH. EC. BD,
CEC. NO, FINH, %8~/ b il & 5i¢ 1+ HENE 7 it
RO K BT E R K T A T 85 %A N HE L
JE, A E NS, REGTERE N 90.6%, KT
VAT R T2 R4 AE (R 4 590 A 5. 17F12.08, BT Rk 2R 5 5]
}64.6%M26.1% (F£2) . EW/SHF1 (F1) 5
TN. EC. NO, &XBD& #4845 by REECR, F
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H4%% NO, content /mgkg’' B A% NH," content/mgkg’
04 6 8 100 12 14 16 18 20 22 24 020 24 28 32 36 40 44
(@) (b)
20 ¢ o o 201
=40 | = 40t f VOB
& 60t 3 60+ R
I 80 g 80 F
H i H
O NOBO O NOBO
100 - B ~O- NOBI 100 | = L e Q- NOBI
- NOB2 ¥ NOB2
120 - i i e 120 -
0 A% NO, content/mg kg % % NH," content/mg kg’
010 20 30 40 50 60 70 036 40 44 48 52 56
(c) (d)
20 o D 20 - H—ftovB—i 1 "
sS40 PR AR O = 240 v 00—+ w 10—
= i i et
Ik 80 [ - K80 F W O @ =
H S + S Py
y @ NcBoO R ~O- NcBO
100 wH—@—H - O NcBl1 100 + I
¥ NcB2 ¥ NeB2
120 - 120 L

K2 SR 294 Huas Ak B 4 ) T LU B 284

Fig. 2 Dynamics of concentration of mineral N along soil profile in the intensive vegetable field relative to treatment

500 600
(a) H0~20cm

B820~40cm
400

B40~60cm

B60~80cm
300

B80~100cm

BEHBRE

HERBME
NH,*-N accumulation/ (kg-hm=2)
S
Lo

NO,™-N accumulation/ (kg-hm=2)

NOB2 NcBO NcB1
AbBH Treatments AbHE Treatments

K13 24l il 25 Ak P 4 S T JE WL SR AR A

Fig. 3 Accumulation mineral N along soil profile in the intensive vegetable field relative to treatment

JEr T2 (F2) 7ESOCHIBDRYZ M R iR s il AL ECHE A W) Bk RE g 08 s st AT g e, HL
I FURIF295% 50 545 I 1 AR AR (EL (1 20 A9RGBl A=W Bonoiti FH B A3 n - =il + S IE 0 i
FEMABGR AT EAG e T i A0 (383) RIS, NeB2Ab L A5 5 i o
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600 200
(a) N; *%% (b)
B: *x* 4 . a
300 F NXB: # + “160 | 1
. b = b T
==
Ea00 | q be cd cd —I— a’ I
i S 5 ﬁéno- T I
N 1 4
& 200 | [T & e 1
b ] E =
> R =3 gyt
H "2
3 200 | =
£
2 a0l
100 } s
0 0
NOBO NOBI NOB2 NcBO NcBl  NcB2 NcBO NcB1 NeB2
Ab3# Treatments Kb Treatments
600 1 600 1 1831x +76.38
c 3113x- 125.3 d y=1831x+76:
5 " R =0.473 @ R=04T2
<0.01 o p<0.01 )
. 500 £500 |
E e = o
e o i = @)
s @ o 3 e®.
D= - ey e o400 F e
fé 5 400 o @ é 2 (9 ............ 6 8)
3 o5 o @ © oo oo ©
= =@ © " 300 Qo 8
300 0 - o
200 1 1 1 1 1 J 200 1 1 1 1 )
13 1.4 15 1.6 1.7 1.8 1.9 11 13 15 17 19 21
TEAE TIAE I
Total nitrogen (TN)/g-kg™! Soil organic carbon (SOC)/g kg™

B4 sy RIS A ™ 0 LS B s 5 Ok b s PR o B AR DG A
Fig. 4 Vegetable yield, N partial factor productivity and their relationships with the soil chemico-physical properties key to

vegetable yield

®2 MR NREMREER SRR ER E FHEER

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

it H F R4 (FD F A2 (F2) gE| FHAL (FD F 2 (F2)
Item  Principal component 1 Principal component 2 Item Principal component 1  Principal component 2
TN 0.92 0.20 NO;- 0.99 -0.02
SOC 0.13 0.93 NH," 0.71 -0.53
pH -0.95 -0.14 FH{iF{E Eigenvalue 5.17 2.08
EC 0.99 -0.13 64.60 26.10
Percentage rate/%
RPUT Z TR
BD 0.93 -0.18 64.60 90.60
Cumulative rate /%

R3 FHRLABLREFSAIRIBEENRESS

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

AbFH LA AbFH LA
F1 F2 F1 F2
Treatment The total score Treatment The total score
NOBO -0.90 -0.49 -1.66 NcBO 1.11 -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
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Effects of Biochar on Soil Fertility Quality in Intensive Vegetable Field

LI Bo"? LU Ying' XIONG Zhenggin®'
(1 College of Natural Resources and Environment, South China Agricultural University, Guangzhou 510642, China )
(2 Jiangsu Key Laboratory of Low Carbon Agriculture and GHGs Mitigation, College of Resources and Environmental Sciences,

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,0;) : (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 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 NO; -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 NO,-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 c¢m and
80 ~ 100 cm soil layers by 4.9% ~47.9 %, while increasing NH,-N concentration in the 0 ~ 20 c¢m soil
layer; Meanwhile, it also significantly increased NO; -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
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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 NO; -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; NO; -N leaching; Principal

component analysis
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