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1.1 HREER

R = VA R NP N W B =R T W K S e
(32° 01’ N, 118° 52" E) ., ZXHikt KT h
U, JE AR W T R KRR, AR R RO
1 107 mm, 4EFHEE15.4 Co M X E L Fh
Tl B S (4 Dy SRR B T4 L il o 7R €Y 2R ful ]
BERMBEATIG R, —4ERIFPAE3 ~ SHBESE, BRem
KEZ, ERadum, 2 EARR AR =
BRI R

1.2 RIEme

R HHAEE (0~20 cm) + 85 fb 1k
e MR, Bk (<0.002 mm ) | BykL
(0.02~0.002 mm) FIPAK (2~0.02 mm) Y
R HIN301 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',

AR TR 50 it FH A /N 22 A A A e M F T R A =
FUBREIA FRA H . ZEW B I/ N EFEFFAES00°C
PIM#90 minffi i, HBR46.7 gkg™, MAS.6 gkg ',
pH 9.4, F£MMH8.9 m>g", K208 g-kg™', MHE
T2 #ix (CEC) 24.1 cmol-kg™'; &4 & & H4
(Cu) 13.75 pgg’, # (Cd) 0.21 pgg', #
(Ni)3.34 pgg™, 8 (Zn) 3043 pgg', #
(Pb) 8.67 pwgg o Jiti AT 4425 9 o o s e -
42 mmff, HUEEFEMHERZ, K55 LER
SHRABEFZETF20 emiRE .

1.3 #ARFGE

R E MR Horp, 3PN AW BiRAKF- o1
%1SHB0O (0) . Bl (20 thm™) FIB2 (40 thm™) ,
A=Wy S5 o T H TR] 56 T e i — O R i A A )
XN, KNTE#HE~20 conBHZ IR EH 5 + 1
RAE 24 F AL 5550 0 A jEAE (No ) Al
T AN (Ne) , A FEHE S, H
N : P,0,: K,0=15:15:15 (JFifElt) , My
P 5 AN it EUN 0 4b B DU A Kb 78 AH R %R
MIBEIE (E54EREAE, & P,0, 14% ) FIHIAE ( &4k
B, HK,0 63.2%) o BAE/MXIAA3 m x
2.5 m, B EIREL , Fra /N6
T =B KA, HA5/NXZRIE T mry e
A sk G e /N X B AR T

REGI A20124F4 H 201445105, )4 4E
FRAEOA G %, FIAHER RS UK ( Amaranthus
mangostanus L) . 55.03 (Ipomoea aquatica
Forssk ) . 3¢ft ( Brassica chinensis L) . &
¥ ( Coriandrum sativum L) M3 ( Spinacia
oleracea L) . R MITEG MR AVE M RIA 8 1K
BET, ORBHI ] — 20 dE50 A% NARIES
AR T E IR S A R RS,
F(E1FE) | SO (2EMEsE) MEE (5
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Table 1 Details of the farming practices in the experiment

— = ey . - [
, FEH & PR BROKE SR
B U EUEN AR ) )
Nitrogen Average air Total Total
Vegetable Crop Growing period
fertilization  temperature rainfall irrigation
crops species /yyyy-mm-dd 5
/ (kg-hm™) /°C /mm /em
—F st B3 Amaranthus mangostanus L 2012-04-12—2012-05-09 312.5 21.3 300.9 39
o 20K
Z%i2nd 2012-07-11—2012-10-19 600 22.1 434.8 54
Ipomoea aquatica Forssk
o = H3rd 2012-11-20—2013-02-28 250 5.7 226.6 30
Brassica chinensis L
55 VU 4th 7 3 Coriandrum sativum L 2013-03-28—2013-05-25 312.5 203 305.8 23
. 503
%5 HAHSth 2013-07-10—2013-10-05 600 25.2 461.5 39
Ipomoea aquatica Forssk
A AR
7N FE6th 2013-11-05—2014-01-10 250 6.9 179.7 25
Brassica chinensis L
o i
HE-LAETth 2014-03-16—2014-05-12 312.5 20.2 183.6 31
Amaranthus mangostanus L
H
5 \18th 2014-06-23—2014-07-21 250 28.9 347.7 23
Brassica chinensis L
P LEs
25 JLFE9th 2014-08-12—2014-10-29 250 22.9 353.2 39
Spinacia oleracea L
1.4 TEERRERNERZE FINO; -N& &, MEIIEMT . RAERHEE L4

FEF R 38 560 i 2R B2 X6 Ry /N IX P 8 18, SR AFE RS [
F20144E10 H30H , R A H 485 MU i 5w
INKBEZE (0~20 em ) +HE, 3REREFE, A—

i 28 R AR A T B R AR R A B
LAYy, A ISR E 2 mmi e A B B4
s BEASAEER B R, — 0 K
pH. TN, SOCH & LK +HECEC, Ji— {53 Bl
EHIERANH, -NAINO, -N& i, IbAh, e+ 5
FTE AR AR AN B OGRS, 43080 ~ 20 em
20~40 cm, 40 ~60 cm. 60 ~80 cm#I80 ~ 100
emo SRFE A BETIORE, AR /N X 3 i X
BEDLVEE =S RBE A, Rk B [R] A 3R A ) )2 = 05
THER A YA R L2 mmiii .

A SR AR A M1 Y a7 BDN S - 3ENH,-N

312 mmfE, 2 mol L' MIKCUEHE, UEW Y%k
AR (NH,-N) R H & B i b kil E, s
A (NO,-N) RHEAIOERE T (U-2900),
Hitachi, HA ) W&, SLoh, R TIE E
H A6 5 45 A B S i+ %5 . HIETNCR
FH 2P s JF R 2 5 £ HESOC R ] 5 % iR 4
(K,Cr,0,) Fikilia; +HpH K% pHIT
(PHS-3CHY, L) ME; HEMRFE (EC)
FKHAKES =1 (viv) , HESRE{ (FE30-K,
Mettler-toledo, i) MEATIE; HIEHE
et (CEC) mﬂqzﬂ%@” (0.1 mol-L™", 20 mL%f
Wi oE 18 ) — R R PRI . T A
E‘J‘(D‘ﬂmﬁ‘@ti@ﬁ%xﬁiﬁ [13] .

B RIIE . e —TH ROk Z )R,
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SRR b 1 ARSI ISR, ARERLAS /N DX PR ZINATE B
ST, XA RIBORZ IR 203, AR P
HCEPrFRE ™. AW J1 (Partial factor
productivity from applied N, PFPN ) 5507 % A1)
NE R RE A 7 AR = i, TR AR

PFPN=Y / F, YWiti &G i ks ny =i, FIQ
KA

B F F 8o o T 0 £ IR B O A B
g2 U 3 M A Ak B G 84 - M TR AL R IR A A
( :3ETN, SOC. CEC. EC. BD. pH. #&XA
SR ABUEREEAT R T, EECRTA
I RRTET85%M E M T, Pk B s 1
FRAE ) A R R, TR AN R A A
TR E, A A T I RRAE (R 5T kSR A AL
BOHEATINBGRAT,  RIAS2% Ak B b+ AT ) o i 25
B
1.5 #EAE

K HIMP 1058 T 5144 % Ficdi i 47 S+ 5
Z0 ( Two-way ANOVA) , /N EZER
(LSD) #kifFfrZH ki (P=0.05) , SigmaPlot
12.0L) &z Microsoft Excel 2013 #E 17 KL W], 45
UL P EME + brifE 2" B FER . RASPSS
18. 0] 52 M 3 1, - AT g Jo bk 1) 45 DR R it AT 2
G3HT LA BB AL A A0 B, IR [ b 3 - 418 0
Fii LR A 153 o

2 4 R

21 HYIRARMARLLIBEEYHEMRELIE

MR

wmE s, 5 A AR 4 B
o, AN A9 it G 3 1 e b+ HETN Y i
EC. BDFCEC, 4ril3in179.4% ~18.1% .
172.4% ~241.1% . 5.6% ~ 7.6%10.4% ~ 15.0%
(P<0.01) o SAHR, ZEEARY I 3% RS
i+ 3EpH (P<0.01) ; HEARXAF I 208 s
S A it S5 B T S R SOCH E, H R
FHRUE At FH A= 40 s AL B (NeBO ) T 3 b+ 1
SOCEH B T17.3% (P<0.05) . Ti7EMELEY)
Jo e A AL 3, U AR it PR A S - SO CHE in T
9.8% ~23.4% ( P<0.05) .

XU F 5 22 43 e v A5, A= 0 05 e 14 it

RN TR A TN . SOCE =t il + 45
CEC, 233l T1.7% ~ 10.0% . 3.6% ~ 48.3%F1
8.1% ~37.1% (K1, P<0.01) . #Rifi, "W
19 it T AEAS [ 1 B AT, 3 R AIR T 5 0
W3+ HEECFIBD (&1, P<0.01) . {HEHFE
MY, BIRBUA 5 250 4 SRR W], YR
Jiti FH . 2 AR T 3 pH, {HAE At FH 2008 A9 Ak B
L AR W FH RGN T 0.11 ~ 0.23 4 B 1Y £
HepH (1 (d) , P<0.01) , e H &0 i b
b AW S T AR T 0.19 ~ 0.23 A7 Y
+3EpH (1 (d) , P<0.01) , X —Z5R KWL
Yy 5 ¢ 5 2N A 3 56 30 PN T 2 = 38 p HLIYY) 52 10 £
AR HAER (P<0.01) o BB, W FRS 2R
XM TN . SOCHIEC 5 Wi ¥ 4778 28 TAE
(K1, P<0.01) .

22 £YRRMABLIEGFEA LM HIENET

THRETK

&2 R T 48 204k % 3 )00 0% 4 A A 9
J& . 54 B A S E T R TE ML S o A DA AR A
. HHENH,-NFINO, -N Y48 1k 75 BBl 43 51 by
6.6 ~59.3 mg-kg™' (ANif, FIA) F123.8~51.3
mg-kg™'; 5 ALHURNTE £ )2 TTHLE & A AR L R AR
SEIAHFE R ES, BIREE R, Joil
A& mam (K2) o b, A
A 3G, 4% Ab 38 4 30 T A R )2 M EHLA S =
WhEZ I, JF BAE& A L EHERH T WK
(P<0.01) . AP HHEHH (0~100 cm ) NO;”
-NHINH, -N# Z B Fl 5 8 125.3 ~419.9
kg-hm>F1356.9 ~ 548.4 kg-hm™, H. &N it FH .
FHAIN T M R (0~ 100 cm ) B EHLA R
Hiat ([E3)

A= W 5 i )i P T S e - S ) AN (] - 2 R
MICHLAR & AR 5 m (812, P<0.05) .
XK F T 22 0 e a5 e ml 0, AR W ot o Y it FH 7R
20~40 cm. 60 ~80 cmf180 ~ 100 cm ="+ 2
EREREM T RENH, NS R, BRI E
4.9% ~47.9% (K2, P<0.01) ; Iii4%y 5% Wi
FHAE SR 44350 1w 4% 12 B 252 T H3ENON
SR, BIE0~20 cm+JENO, -N& &1
NT2.4%~29.8% (P<0.05) , WEHAL 2R
FHREM TNO-N & it (K2, P<0.05) , X5
AW T e = 3 TS [R] £ 2 NH,-N B 1Y 52
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S
o
3
G

Soil telectrical conductivity (EC) /(uS-cm™)

o
n
S

o
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AbBE Treatments

e Bl EAFTRERR &AL R 2 5 % (P<0.05), ***FRI/R W FMEP<0.001; **FR/R B FHMEP<0.01; *FR W ENEP<0.05, n.s. 3k
ARARBE L N HAE; B: YT NxB: EYFHRHSG R E . NOBO: AN ZAEANHEL A s ; NOBL: A A
JIOJit A AR R 5620 t-hm™; NOB2: ANt FH &I A ZE 9 5 5640 ¢hm™; NeBO: & MUMIE A it A A= 9 A 5 NeB1: 3 HUita AT it 2
Y20 t-hm™; NeB2: # MU AL FH A=) JFi #: 40 t-hm™, 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 SRS A b T SR A o

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

A —3. BAh, AR R i ) SRR AR T
M I (0 ~100 cm ) BYNH, -NAY 2 &
(P<0.05) , X1+ R MNO, - N R T
B (E3) .
23 EARFEHERRTESAREBESH

FE 4 7= 1 DL B H ROE A 0% R A £+ e
I B bR, 7RV N [ M 15 it %k S8
i s P AR AR L, B4 B R LR R
A J 45 Ak BRBR S S o L BRI AR A= 7 T DA R
AR AR R . TEBEAMRE I, #5403
BT R A EVE B 3171 ~475.5 t-hm ™, i
A B e ) R SRR B R T L, 4R R
7.7% ~43.8% (K4 (a) , P<0.01) . i3E/-&
R g (ED) IR
P Y=250 x TN+14.7 x SOC-264.3 ( P<0.01,

R*=0.726) , 41 +HETN S5 SOCH &2 352 i + 13
JES i EE AR, Mg s HES2R (K
4 (c) ) SAEMBKSE (K4 (d) ) ¥l % 1E
MHREKR (P<0.01) . BLAh, S5NcBOAFEEAHLL,
NcB 1 AINcB2 4 3 g 25 7 2 43 38 I 1 21.8% il
43.8%, B A5 W) 5 Ak 1)t FH RE A% B 2 3 A 29 1k
bR P AR R A 7=
2.4 SEANFMIREHREITFN

A MEHETN, SOC, pH, EC, BD,
CEC. NO, FINH, %8~/ i i 5 b+ HENE 7 it
RO K B TTER A 73R K T4 T85%1F L
B, AR E Sy, REGTERE N 90.6%, T
VR R T2 R4 AE AR 43 50 A 5. 17 F12.08 - BT Rk 2R 53 5]
}64.6%F26.1% (F£2) . EW/SHF1 (F1) 5
TN. EC. NO, &XBD&484n by REECR, F
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A% NO, content /(mg kg™) B % NH," content/ (mg-kg™)
04 6 8 10 12 14 16 18 20 22 24 020 24 28 32 36 40 44
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20 O RO 20 +
: L :
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5 5y
S 60t ) & 60t HH e
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100 + RO ~O- NOBI 100 + A | @ Q- NOBI
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120 - R ) 120 -
THA % NO, content/(mg-kg™) B A NH," content/(mg-kg™)
010 20 30 40 50 60 70 036 40 44 48 52 56
(c) (d)
20 + o D 20 = ~ov-o — ns
£ e 5
sS40 . oM oOH =40 -
Z 60 ox & 60
m Y =
8 : 5
i 80 | A2 I 80 |
+H cl H
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100 | -+ - O NeBl 100 |
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120 - 120 L

K2 SR 294 Mo A b B 4 S T C LA B A28 AL

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

500 600 a
(a) B0~20cm (b)

~ B20~40 cm =500
= 400 =
= B40~60 cm =
on on
= B60~50 Z 400
. cm
I = 300 . M2
gé& = B80~100 cm 7 & B
ME %é JlEZE300
B s :
2 2 200 K 3
] B ] ﬁ 5] RS 3
=3 I < 200 S
“ =N Z s
L f K]
" 100 Z 100 B

......

)

NOBO NOB1 NOB2 NcBO NcBlI  NcB2 NOBO NOB1 NOB2 NcB0O
AbFE Treatments AbBHE Treatments

K3 AR Kb BE A S T LR R B

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

JErNT2 (F2) 7ESOCHIBDHI M R KRR 38 SIS HCHE AR W) o o RE g 3 =ity L AE 1y ke, HL
HEFUHIF28400 5 2% N7 BRI B 20 R AR ARG BB A=W St T B A3 0, St 30 g i e
FTIMAGR AT EAG e Ty i A0y (383) RIS, NeB2Ab ML A5 e o
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iju 200 F E
k|
100 | z 7
0 0
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600 1 0T 1831x + 76.38
=311.3x-125.3 d y=1s.alx .
(C) . R = (J)C.473 ( ) R2=0.472
P<0.01 —~ P<0.01
L 500 ¢ O £500 f ©
- 8 : o
= N © s i = @]
"3 @ %ﬂ% 2, Q.
sS40 b oy e %5 S
g 0. .® " o of. So)
i CO..= o 5, oo e
P 976 O ?® 2 O & ©0o
~ 300 | - 300 | ~Q
O @
200 - - - : ; 200 s - - - ;
1.3 1.4 1.5 1.6 1.7 1.8 1.9 11 13 15 17 19 21
THELA TIEAE N
Total nitrogen (TN)/(g-kg™) Soil organic carbon (SOC)/(g kg™)
K4 Bk, AICR A 77 DL 83 5 5 DT T AL P o 1) AH DG 1

Fig. 4 Vegetable yield, N partial factor productivity and their relationships with the soil chemico-physical properties key to

vegetable yield

R MM NREMRE TR DRI hEHE E F G E R
Table 2 Principal component extraction and rotated component matrix of soil fertility quality
it H FE RS (FD FE A2 (F2) gE| FEHAT (F1D 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 FHIF{E Eigenvalue 5.17 2.08
EC 0.99 -0.13 64.60 26.10
Percentage rate/%
KPUT 2 TR
BD 0.93 -0.18 64.60 90.60
Cumulative rate /%
R3 FWELBETRATFESIRETERNORESS
Table 3 Scores of principal components and general scores of soil fertility quality relative to treatment in the vegetable field
bR RNy bR Laar
F1 F2 F1 F2
Treatment The total score Treatment The total score

NOBO -0.90 -0.49 -1.66 NcB0 1.11 -1.68 1.10

NOB1 -1.01 -0.22 -1.73 NcB1 0.66 0.68 1.36

NO0B2 -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 (I[pomoea 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 NO5- 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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