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T HEpH, EH TR TIEN SRR SRR,
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N ¥ R e 3 IEEL /b o F X sk
T ELA G AR 10T R A T U 35 1
FAGEREN IR ARG — 1 R i B 45
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R, JiaXy S A ) o i BF 5 32 B A X iR 2 AU Y
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HLRYZRG MUHIROPFE RS2 il i I A 5 1Y
W BEEPE R B 1 AR DL R Ak S - 5 B
FEME, LI/NASONBELAEY), i S A= Py g% ik
BT FEHRTHESRHE  RR O 5% 1 &+
BHEACA . T EpHAER W, RREEYREBINGER
PeREEY X R AW . IR R R B s O 2 iR
Ak, LA A ) A R A3 Ml - M 1 g 1o ] R A3
Py ST RIS A

1 ARSIk

1.1 g 18 5 iR

AR ) R b X VT 9548 H 2 T R TR
Bebo BHERAECHA L, B 2EFREKRE, 5
Figh 2P B PE R =47 . IR AR AN T
pH5.32. AHLIF30.26 g kg™, 4%(1.83 g kg™,
HALAS4.71 mg ke BAR10.68 mg kg ' IHAE
44.03 mg kg™' . AELWE (Olsen-P) 73.04 mg kg™,
HEAAS2.13 mg kg™'o BEIEY N/
( pakchoi, Brassica chinensis 1..)
1.2 Rt 5HEEE

R ZERIRLS , TEVLIRA RO B B 5 b e
KA EAT o IR G0 B B A A . TRk e KAk
JEEALHE (BC+U) . HUEALICELLEE (U) | B
AEYIRAL I (BC) Kezs (AR (NO) , BA-Ab3
WONTELE, WEHNLHED . AW nch/NEREFE e, 450
CHERE, HEMMATIT m® ¢ FLE0.01 em’ g,
fL426.25 nm. MEK503.1 mgg . MA12.52 mgg .
BASH3.02 mg kg AHAAL1.82 mg kg'o fLAE
Aok SR E . RHABEK TR (28 emx 15
emx 10 em) , BHEFEL2 kg, Xif oAb B A= W) o E
) ey 25 4% L 9% LU P A -8, A% Ak B B IE it
FHEAIE, #P,0, 150 kg hm™. K,0 100 kg hm™

MUR I — W PEMEA o IS RS, R IE A
W (-2 =F) RARNEE (BUERZE) W
A B S — By BOW I Ab BEAE T E S I MAL IR A
55 B BT AR BN PR IR . SRR
TR EET . 14K PRI R DR E B AR B4 R 20,
BISKALIEN 100 kg hm i IR RIH W ({LRT3
F) , HE3SKRUK. IR T20134E6 4 T A1, 5
FLALE R N20144E3 A FA).

1.3 #HmEESHH

S A A BRI S « SOIR AT — R AT R
SPADfE I, ML AR08, fHMNSE
MEAL ( HARSPAD-502) 43535, S BU8UE
KPRz PR FRAE . ORI HUN S bk
FE, PR E R bR . AR R St AR . Ry
ERE PR AR AE, T i R 4k M s e 1 1
HAT M (60CHZHE ) |, R EGKE, 4
FMEY Y, RIS 100 B, e AR S
i M BIRSEEE ARy, bR T EAE A P
NG Y, MR =M A T b
3T H x 100%.
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INHERR GBS AP RN TRBENZE/NE N A
R IR M S SR & I B ORI A, TR
RS, IR ER & = R FHGB/T5009.33-2010E /i
RS R 55 A R AR B e ik, AR S R
BT 0

AR E . BRRNERIBOR R, R
+HERA G, B RHEEERE, RHI2 mol L7 KCI
WWORE . R, BUE R W WO 3 A
MEHAPNH-N, NO;-N&&#, JRE105CHT
T 5E 45 L HERE L KR, TR R A9 T R
T
1.4 BUEtESAE

N SR A AR 5

FAELIA HZ (Nitrogen recovery efficiency )
(%) = [ (HZEAEI/N SR R - ANt A AL 2
INARR SRR A E | x 100%

AL A 2= R R ( Agronomic nitrogen
utilization efficiency ) (kg kg™ ) = (i & ALFH/NH
e i - AN R AN ) iR
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o, TAEALBEM R TR, B R T
30% /A7, M BCAL = 5 3 e 4] 77 i KO 22 AN
W, BNOAFR SR I T 48%F32%, HEKU
AEEEIETIN T 39%M25% . IS —3RMEEY RS
JEARFESE R AR BC+UANER | 75 3% 2227 A it ZUIE
Jo . HEORRERS 452 A0 BR A5 ) 1 7= KT, B UAb
B e R — A

EBC+tU BU mBC @NO

ERES
4th crop

BN
Sth crop

FhkEZAS Growing crops

{E: BC+U: BMAYREMILALL; U G BC: ALY RAM; NO: 24 M; TIH
Note: BC+U: Application of biochar and urea. U: Application of urea only. BC: Application of biochar only. NO: Nothing applied. The same below

BT 8 = FoAE AN [ AR 2/

i (B 2k

Fig. 1 Variation of yield (fresh weight ) of pakchoi during the 5 croppings relative to treatment
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NEBFE A IS, A4 R R 3R AR A AR HAS f
F. M SPADMH [ 4R, S ER
TEMARSEBVIMEG, EYREINTEA Tk

AU T 595K 6 SPA DA 3 1 25 52 0

2.2 EYIRRINE AR R R RS B RN
INARRE R EN LB S e (F

3), HESEREFH. RS AW I HE N

XNESR A R HEEH 3%, BC+ULL B A

FRPURTEA P 238 B & m T HAb b 3 . B4R,

T8 0 1 4 2 95 W

R/S ‘ R/S

26.14%2.32% ab 27.96%+4.15% a
SPAD k. SPAD. Y

4226+534 a 41.71+£3.81 a

NO 4

\‘» =
BC : o
R/S R/S gt §
32.81%+4.1 21.577%+2.20%2 .
SPAD e SPAD Séeer ———
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K2 A SR AR /A R SPADE AR E I (R/S)

Fig. 2 Leaf SPAD and root-shoot ratio ( R/S) of pakchoi relative to treatment
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Fig. 3 Nitrogen accumulation in pakchoi of the five croppings relative to treatment
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WZmyg K. TR AET, AYaciini
EROM T /NARPRSIREKE, A FE, BC
A FRAENOAL BRI 12% ~ 44 % 1 JERF RIS N 45 14
T, A At A AL (UANEL) NSRS IR SR
RS TAEYREIMPABC+UAHE, J5 W15
IERERLAEE, Z5ARE; FIIEEERmE, U
Ab PR R K R R, 5 BO AL FEER(E 4
R B G SRR AR, BIREH LT
oo YRR ER S T/NARNEAER S &,
BC+UALFAL UL P2 FE IR & 542 5 17 20% ~ 34%,
BCHINOIE 5 T20% ~ 63%.
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Fig. 4 Variation of nitrate (a) and amino acid (b ) contents in pakchoi ( fvesh) of the 5 croppings relative to treatment

2.3 HYIRAMAERENBENEZME

MR LA LLF 50 S5 i NEORE R T 258 A8 A A
i, WA HRAE0.01% ~22% 2 0], BT
A L X R S B AR P L . AR W T I A
BHAFIHRRARR R E (K1), ELMIESE
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Table 1 Apparent nitrogen recovery and agronomic nitrogen utilization efficiency of pakchoi with urea addition in different growing crops
s SR % B2 R I%
e Apparent nitrogen recovery efficiency ( % ) Agronomic nitrogen utilization efficiency (kg kg™)
Growing crops
BC+U U BC+U U
F—Z
12.85 +2.33a 6.99 +2.13b 1.31 +£0.16a 0.88 +0.35a
Ist crop
ot
13.32 +2.43a 0.01 £0.97h 1.66 = 0.23a -1.04 +0.20b
2nd crop
H=F
2222 +1.10a 1.37+0.98b 1.66 +0.10a -0.60 = 0.04b
3rd crop
Total 33.93 +£2.20a 5.30+1.39b 3.48 £0.20a -0.15+0.14b
ota

REIREAL ™ B, T2 BRTEM b, Xl
K4 UL H/N F RIS TR L & R s R o 255
TR A NE A TR E A, AT, AR R AR/
FISEA I IE R R B2 HEAE T, s H S ol
R E /N S AR A
2.4 HEYRAMMTIEERYERREHFM
F2AT LA Y, RERHRAS I 1 43 b 3L
R o, HPai A0 (ULLEE ) B2 —2
Jo S A SR S5 mg kg FFFE118 mg kg,
IR BRI mEaSE; FIEEREARAE, U
Aib P R R R R T AR W e S Ak P

(U+C) BaF e 7 OB AK T, 5= 1k AE R
BAPIEG, #5640 mg kg KF EF . LR
BHAB AL EE ( BCKENOALEE ) 3 w3 & =A%
F20 mg kg™, TAEWRZMAET (NOAHE) 2K
TR

HERL R RN 2R, NOS-NFT (5 350 He 1 48
Ko UMLK E AL RTF I, NHI-NZ sk
AMEZE; EoMiLEE, HEISAES
PINOF-NA F . ARG T HIE#E S A T NO-N
o b, 2 A e TE IR R RS N 2k T T
iR

F2 ARALEEMHESTHIERYESERBESR LA
Table 2 Readily available nitrogen (N) content and proportion of NO;—N in the soil relative to treatment and cropping
T 255 BC+U U BC NO
Growing  WMR® WERLH®  EHES WSRO EER  BERLE®  EHES  BSRL®
crops (mgkg™) (%) (mgkg™) (%) (mgkg™) (%) (mgkg™) (%)
.
98.73 £9.49a 61.92 100.56 +2.26a 69.11 14.45 £ 0.57b 34.64 13.10 £0.17b 19.40
1st crop
EHmEE
99.19 +9.48b 60.56 118.57 +5.62a 42.55 13.40 + 0.54¢ 37.23 11.16 £ 0.14¢ 18.81
2nd crop
E=F
103.16 = 1.64b 62.68 115.50 + 8.22a 61.43 19.73 £ 0.70c¢ 71.82 9.98 £ 0.77d 40.14
3rd crop
EHIES
45.83 £ 0.40a 91.37 28.27 + 1.63b 87.72 17.83 £ 1.05¢ 86.80 4.94 +0.24d 60.73
4th crop
o
s 39.80 +4.36a 94.87 11.06 = 0.50b 83.41 17.66 + 1.10¢ 89.44 5.69+0.41d 74.10
Jth crop

@Readily available N, @Proporlion of NO5-N
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O AR IREN T, AR LE L P A
VR A, T sk 5t FH A R0 Sk 17 1 S R A A5 R 8
WA 25 AR A 5 A O A A A - SR AR 1Y
Fagh L ORISR, B =R A
U pHE A 55.32 F 2 4.61, TMBC+UANHE
pHAS5.12, W& TULAR (£3) . HETEHE
s T PR AR AR, DR Z A 3 J5 7K i A
KINHG-N, FEUFRSME T KA RN, A=A
mol NO;-NF¥:Ffi2 mol H' MBI ( NHi+ 3/2 0, =NO;
+2H" + H,0; NO; +1/2 0,= NO3) , Ti/E W i
BABUHFEL mol H', U341 mol H'FR A TE 11
Hr, AT S 3R IERR AL, B tn] UL, Bl A AR R

M F A B S8 (10 + A B SR pE, DR g4
IR Z RS LR A 5, A K23 8
ERW ., AR, FRALA TR AN
3 H S R bR AR N A E R B TR (I
3), AMLFEAARMMAM (F1) , PEK
RT30%h L CE) o SR A 9 i el
FIERR ARG B —E AR, /SRR K B A
e, Sroaifsniteb A (UAEE) ALk, BC+UA
PRAESANFIAE 235 0 540 & T /N SR P , aX
BEN AT TGS A SR L A, M R
HALFE, W BRI T /NFRIR R & & (4
10% 247 ) , FFEm TEEmR S & (20% ~38%)
(E4) o RPAYREINARSGE R T/ E XTI
W OR FARSCR A B ™ H, 52 T A
EWAAE (MR maEaEm) .

NS ERAEY, Bt R NOS- N

R3 TRABFMLBRRRIEATE L EpHAE

Table 3 Soil pH before and after the experiment in treatments applied with urea

w4+ HepH

2 =S5 £ HEpH Soil pH after 3rd crop

Original pH of soil BC+U

BC NO

5.32+0.26 5.12+0.21ab

4.61£0.39b

5.42+0.33a 5.17 £ 0.47ab

KR 2 L P, Bt AR AR A S
FEAERKMER, Wim T/ iR &
T AR A R AR £ 85% ~ 90% 3% | Fiise 1Y),
T 2 A W AN N AT AE N SE R /N SR P R A R T
/N SRR R R AR 7 2, SE T s A R AR R R AT
REXT AARMR B M8 F . WFST B R PEPIAR 2256 TH &+
S REREp HTF s T A e, BB A 0L R
A B E . IR R G, DR i PR AR
[ 1R = AN B R N R el as]
PR R ARV HE S B T R A . EERRYE /A
FEHARR I — A, ROk H FXNH-N
B B IR [F AL, ok B FARAINOS-NM [Ffkid
O [ = B 9 B 7 S P v L s = e N
B FE I AW RSN R BN S
R & A R Eh B B IR, nTREZ I et T
ENES A SR, RS 35 pH
(8 AL HAT — 22 I IR

3.2 AMRFMMEBERERANT HIBERF

A1)

TR - A A b XA FH G 3 (R SE
SARLIL) , MR R A 5471 mg ke
T 12 M DX [5) R - 358 24 89 T K e ol R ) 9 5 Ak
O IUR16.79 mg kg™ P B ELEITIY RN
W, HHEE A S BN E 100 mg ke, ML
TIRKAE 1, SR H 7 AR T AR
3 o 7% L R IR 9 16 PR A 0 KU T A R 6
P RO A 2 IR T 24 B3 K. g 1)
XU X S M R Rk R A R, LR AU
FIEETE360 ~ 400 kg hm B, 946 U5 (5 20t 2
128.1% ~ 37.7%, W70 kg hm & AKX, i
ML AT, EYRINES — . =TT
10% UL b+ s R B (%2) , XS54-R
R B L 2 T FR 5 R A W M RE A e T L (A
TR, R RN A E I E /R T BAE
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4 45 it

AR S I GE RS T VE 22 1 /N A SR =
MR ZE BB, W T A E i A R 1 - pH
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T E R SR, AT TR R,
TARNE AUt S T - AR & s . A
TR ZIN 3 A A B MR AR 1) FH 238 A 4 5 A5 SR A5 DAIE
52, AH PR Ak s R B HEAE T, OGS - 4
FREE UL IR 1 5 M) v AN B A
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EFFECT OF BIOCHAR APPLICATION ON PAKCHOI ( BRASSICA CHINENSIS L. )
UTILIZING NITROGEN IN ACID SOIL

Yu Yingliang Xue Lihong'

Yang Linzhang He Shiying Feng Yanfang Hou Pengfu

( Institute of Agricultural Resources and Environment, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China )

Abstract

Excessive application of nitrogen ( N ) fertilizer is a widespread problem in vegetable field

in Taihu Lake basin, which would not only cause severe non-point source pollution, but also induce soil

acidification, and hinder vegetable growth, too. A number of studies have demonstrated that having a

strong N adsorption capacity, biochar is able to affect N recycling in the soil and regulate soil pH in various
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ecosystems, but little is known about effects on vegetable soils and vegetable production. In this study,

impacts of biochar application on vegetable growth, N absorption N utilization, N transformation, soil
readily available N and soil pH are explored. A pot experiment was carried out using acidified garden soil
collected from Taihu Lake region and biochar prepared out of wheat straw under 450°C. The experiment was
designed to have four treatments: biochar and urea (BC+U) , only urea (u) , only biochar (BC) ,

and no N fertilizer treatment ( NO, control ) and 6 replicates for each treatment. Five continuous croppings
of pakchoi ( Brassica chinensis L.) were planted. For the first three croppings, urea (N 100 kg hm™)

was applied into related treatments, i.e. Treatments BC+U and U; and for the following two croppings, no N
was applied soil N as designed as N depletion period. Biomass of and N accumulation, nitrate and amino acid
contents in pakchoi and dynamics of soil readily available N was measured during the harvest season. Soil pH
was determined at the end of the experiment. Results show that application of biochar significantly promoted
vegetable growth, and yield of and N accumulation in the vegetable of the 2rd and 3rd cropping was increased
by over 70% and 60%, respectively, in Treatment BC+U as compared with that in Treatment U. In the last
two croppings without N fertilization, the yield of and the N accumulation in the vegetable in Treatment BC+U
still remained quite high, almost twice as high as that in Treatment U, thanks to the presence of biochar in
the soil. N application increased nitrate and amino acid contents in the vegetable, while addition of biochar
could effectively decrease nitrate content and significantly increase amino acid content in the vegetable. The
apparent N recovery rate of chemical N fertilizer is quite low, ranging from 0.01% to 22%. The application
of biochar obviously improved N utilization efficiency. The comprehensive average N utilization rate of the
five croppings in Treatment BC+U reached 34%, 6.4 times as high as that in Treatment U. Treatment BC+C
remarkably lowered the content of soil readily available N left in the soil and the proportion of nitrate-N after
the crop was harvested. However, during the N depletion period ( the last two croppings ) , Treatment BC+U
still maintained a quite high content of readily available N in the soil, which was much higher than that in
Treatment U. Continuous application of N fertilizer put soil pH on a declining trend, while addition of biochar
dulled the declining trend effectively. Soil pH in Treatment BC+U was 0.5 higher than that in Treatment U.
The findings of the experiment indicate that addition of biochar can optimize nitrogen supply of the soil by
regulating nitrogen adsorption and release, stimulate N uptake and transformation by the crop, and uphold
high yield of the crop. However, as for long-term impacts of biochar application on soil N recycling and crop
growth, more in-depth work needs to be done in future.

Key words Nitrogen utilization efficiency; Soil acidification; Pakchoi; Biochar
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