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m =

T B Al DAy e e 5 AR P 4 2 ) i A - E DG B T SR TR, (R

SEVERAAED) LK o IS RS AT A W s AE L O & (pH 8.30) WY IR J1, 04 3= AR Wit oy
0 (XFAE) . 2.25 (fk&) | 6.75 (hi) AI1.3 ¢ hm™ (F) (PUFRG RERES 510, 9. 27,
45.2 t hm™) 440 FE, SE S 24E/NZE - FOREE VRN XGRS, WL TR i RPRLE R . AR R +
AR pH, BE . KWL, SURER, AR AR S 0 EOR R AEN8.43%;
R A BT U AR B A 5 4.54% ~ 4.92% ., W) /NG R B R FERLER U . /N EZ R T

s 5 i MR E G

A A LA R W, R B Mp HAS AR B R JE ] AR A
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W AE PR RS FF T4 ~ 842, FIHRH A L
50%, ABL30%FEFF o EbE, AT IR IR
B KRBT Y e L SRR R R gk
H RS FF 2 Ak Ry A i ok PR AR 39, R4S AT JhE A FF
BEbe, T EL AT IR E AR, WO RERAF R RLES
FIRSEAEA RGER . BT Lk, A20114E10H /)
FEI R, VEEAEMAE X A T A DT
i A FF A5 W) i A 2 A8 FH X [T ik o I A = 8 I 7 1) 2
Wi, A SCHRIE T WA DU 28 FF A W) e % 234 T /)
2 I E KRN R W B 4 T A
(BBAMMASR) . pH. AHE . HKR MK
MIZEAE, DA MRS FF i Ak H e b D SR XA g
PEALER 3Bl H A

1 MRS Ik

1.1 T IEREYR

T 55 b A7 9T R 4 B e B [ R A B B R
WSS (35°00" N, 114°24" E) N, iZH X
s T I Y\ B R O s S O 3 K N
PEFERS AR, AFEHRIR13.5 ~ 14.5 °C (AR MRS
BRI BMEIAMTIA ), THEW214 d, 43
ZR A1 860 mm, AFEHRFEKF625 mm ( FEF &=
R A EAAET. 8. 9 ) , MIA/NE (10
H—WESH ) 15K (6 H—9H ) BIEKX ., ZHIX
T B A E R PR K R BT A, Bk B
RS> 915 22.6% . 31.1%M146.3% ., +1EpH K
8.30, &AM H0.79 g ke, AU TEHII2 g ke,
Mehlich TITH:EA 2P, K. NafIMg it 5 51
H57.3. 92,1, 17.8H1340 mg kg™', A Caly
3.92 g kg™,

B A W) e i ARE RS A i 2 TV AR AR g
HIRALIAES00 CHALE TR S, Bi4ZEY
SFEMERANT . HpHM10.5, A LRI 2% & &
H515 ¢ kg 'HI10.3 g ke, K& K371 g ke,
4P, K. Na, CafliMg& &5 5104.01, 60.4,
3.22, 10.1£13.82 g kg™', Mehlich ITIH#EEUA P .
K. Na., CaMiMg& &5 N1.71. 49.2, 2.27,
4.19F11.75 g kg™,

1.2 Rt

I T20114E10 4 /NE R IR, 2£20134E9

A FRWGRRE, B 582478 /N 1 B OR R AR

W WEANEY R, A Y RE H RS
HISH0 (BCO; R ) | 2.25 (BC2.25; fkir) .
6.75 (BC6.75; Wil ) M11.3t hm™ (BC11.3;
i) (RS ESSH N0, 9. 27, 45.2 ¢
hm™) o FAHELZIK, H12H/MX, £/hKX
AU 16 m®, BEHLHES . A3 4%/ X U 21
i it 5 % ) 2 e R ST — B0, 4r B AN
240 kg hm™ (/N4 Z) /200 kg hm™ ( EKZF) |
P,05 : 150 kg hm™, K,0: 90 kg hm™, Z&UEH it
A, BG4, BIESNE TR, 8N
WO+ HE K, BRI Rt +HE K o B A R
—WKMREA . L REYBOGR G BB A A, A
Y ABENE S ST HT E P B /N X, #IA0 ~ 20 em
TR K, KR T DI IR A /N X HE K
o VOZEMEY X A 2 S 2 i S R AN
W RH A 26, 20124F £ K F R EMG60S (HHE
K)o, 20134FEF R AR E P PR A B
#1958, HAth A5 FRA it [F] 24 b K H
1.3 WMEFR

B R Wy WS AR ) e /N DX BT B, BREE
KR (80 CRMET48 h) DL H T K
BRI AF = 8, JFHORE T T % A & 1 SOFFRL b
JRA BT o AE P RFRL ARG FF 42 /% 5 FHH,S0,-H,0,
HE—YURE LM E o N B AR
JoT 5 i ¥ BEAE ) o BT 3E ) 5 5 5 4 i) FH AH O R
BARTE (%) Flls5.7 (/) 56.25 (FXK)
PR3, /N ZE 10 T A O B O 21 A A3 R R 2 A A
(Infratec™ 1241, FOSS, I+ ) M. /NEFR
REMEEL (HGT-1000A, LilH T HiesA R
ovwE], E ) ME . A R A ) e AR
JRAE FRt% Zhao% 1) J5 gl A o

TEAED AR — e i W ] (bt I 8 T =0 o
BORAE ) B /NX AT AT (e IR
HORE 45 HL0 ~ 20 em 2 T REZH UM I 4% /N X
RAF) o BUCRESE LR E PSR E, 40
Wiy, —O Tk & (EREE, 105 CHET48
h) W, 53— AT A (2 mol L™ KC;
FARBT AL - 55 B h) o REUECR %
AR B AENE R (220 nm 1275 nm ) T E
LM E AR EE , RATSEM i 2% (625 nm )
W S SRR EE o SBIUZRAEY) (20134EF0K ) Whosk
J IR T334 S0 5 4% /0N DX 2 - 18 75 B 0 [ ¢
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1.4 HiEE

B A B0 R I Microsoft excel 20108k F 347 4b
PR, Origin 8.08K #7418, SPSS 19.0%K {4 #E 4T
Blgeit ot . HhRh 8RR FEE (AVE)
+ bR 2E (SD) , BIhiRZELF bRl 22 .

2 4 R

2.1 {EMIFFRIF- 2SR

5 OR it A= W ok 6P BR AL BE (BCO ) AL, it
Wb ¥E (BC2.25, BC6.75MIBC11.3) F
i = e =i (2011/2012/84 . 2012 FE K K&

2012/2013/N4 ) AUAH G fadh, IR geitas 2
5 (p>0.05) ; 20134EFKZE, BC6.7540F R kL
PR AR R, WIE N8.43% (p<0.05) . BC6.75
FMBCT1T.340FE T PUZAEY) B 7= i 5 0 BEAH L i 5 42
T 4.54% ~ 4.92% (p<0.05) (F1) . H20134F
T K SRR R RO BA0S8 [N A% b B R L
TR ARSI T 201 248 FOK Z= 1088 40 FI s 13605

RBC11.340 3 T 2012/20134F /N4 ¥Fbi 48 A i
S8 . BC6.75MIBCT1.340 3 R 2011/20124E /N4 Hf
LA H 50 RO LU A B2 = 4h (p<0.05) , JithnA:
Yo Xf /N RN EOR PR R (A & i (82) . /NE
T 5 A2 T JE R R (£3)

F1 EMREFTESETEMNNEFERTR =R

Table 1 Effects of successive biochar application on grain yields of wheat and maize in the two cycles of wheat/maize rotation (t hm™)
AbH 2011/2012/8% 2012 K 2012/2013/N 2013 %k DY 2 ™
Treatments 2011/2012 Wheat 2012 Maize 2012/2013 Wheat 2013 Maize Total yield
BCO 5.72+0.17a 10.74 + 0.54a 5.78 £0.24a 7.24£0.33b 29.49 + 0.95b
BC2.25 6.00 = 0.23a 11.12+0.23a 5.81£0.02a 7.72 £0.37ab 30.65 +0.71ab
BC6.75 6.14 £ 0.26a 10.91 +0.67a 6.04 +0.07a 7.85+0.28a 30.94 + 0.44a
BC11.3 6.01 +0.33a 11.34+0.18a 5.70 + 0.36a 7.79 + 0.19ab 30.83 £ 0.39a

He F—FF R AT R RA BEZES (p<0.05) , FIE Note: Values followed by different letters within the same column

mean significant difference (p<0.05 ) . The same below

R EVMREBTESTHMNNEMERTHEARSENZT M

Table 2 Effects of successive biochar application on protein content in grains of wheat and maize in the two cycles of wheat/maize

rotation (% )

VgL 2011/2012/N 2012 F K 2012/2013/1N5 2013 %K
Treatments 2011/2012 Wheat 2012 Maize 2012/2013 Wheat 2013 Maize
BCO 14.61 + 0.84a 8.73+0.41a 16.05 £ 0.33b 8.51 +0.86a
BC2.25 14.93 + 0.30a 8.65 +0.82a 16.09 + 0.18b 8.25 +0.30a
BC6.75 14.87 £ 0.12a 8.60 = 0.30a 16.78 + 0.71ab 9.18 £2.07a
BC11.3 15.10 £ 0.24a 8.65 +0.34a 17.16 + 0.38a 8.59 +0.53a
#3 HYREBTEGELAMNNDEFHIEEH S EMSE/FM
Table 3 Effects of successive biochar application on wet gluten content and bulk weight of wheat grain
4b 3 2011/2012/NAZ 2011/2012 Wheat 2012/2013/NAZ 2012/2013 Wheat
T T i Wet gluten 2 H Bulk weight YT 7 Wet gluten #X H Bulk weight
Treatments i -1
(%) (gL™) (%) (gL™)
BCO 29.40 + 0.44a 792.7 + 0.88h 35.10 £ 0.87a 765.5 +2.35a
BC2.25 29.07 +0.61a 792.6 + 1.36h 34.87 + 1.30a 770.5 £ 6.81a
BC6.75 29.73 + 1.80a 796.0 £ 2.19a 34.97 +0.38a 769.4 +5.23a
BC11.3 29.87 +0.81a 796.4 + 0.86a 34.93 +0.49a 765.9 + 1.73a

http: //pedologica. issas. ac.
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2.2 EMREREINLIEHET RE

DU Fofr A= 4 i A BT B 2R AR b TR 4y (AT KL
+TEF) MR ZE W R AE158 ~ 247 kg hm™’
TR o, PRI AR W R 99 ~ 178 kg
hm™, 558.9% ~73.5%; FE5AFARZE Wl EFE
948 ~ 84 kg hm™, [i26.5% ~41.1% ., =Y
RE BB RS LB LS5 (p>0.05)
(E1) o MHZEEY M - 8/ FE Wl B

5.2 B N accumulation (kg hm™)

1000
900
800
700
600
500
400
300
200
100

&2

829 ~ 886 kg hm YL, Jifi A 4 ok 45 Ab H K ok E b
FRE] L JCHA B 2253 (p>0.05) o [HIEZEPIZBC6.75
FIBC11.34 9 s 4b P15 DU ZRAE 1) BFF R A R B
B 5 it A= 4 e %o JE A BB C O Eb A1 BH B 2
6.55% ~7.98% (p<0.05) (&2) . 20134F £ KZE
M EER AR WA B EAR T 20124 F oK, HE
KI5 i A5G (L)

AL FET DU AR A K AR LIRS A

RRRA kit Grain V /A %A Straw
300 : .
20112012 k% & 2012 Fk (20122013 /% ¢ 2013 Fxk
275 120112012 Wheat, 2012 Maize 120122013 Wheat } 2013 Maize
a : a !
TEZSO-aa . 2 a a )"zv’
= 225 = o NS %’4 : }"4 P": SN }04 }”‘ :
2 o | BRI ¢ PORRRS ¢ RSARRISIRS
= 200 f‘ A & %‘4 %“ O KA DI a
2 o L EIRIRES ¢ RSIRIRARS] | kAR 0 o T2
E 175 - RARIRARSA + A K1 RIRARARY ¢+ 2
N s R
3 150 EIRIBIER + KRsAA] + RIBIEIR ¢ RRIRARE:
g IR @ KA Y BIRIKRAY & KA
= 125 | RARIKAKY & K K ¢ RABYIIKA & RAKAKA
ORI KA C R T RAKIBIRA + IRAIKA
- SRR & 1S X4+ RARMKAIY ¢ BRIRIRA
2 100 [ EIRSIPIRY & K K 1 RIRIRIEY ¢ KUK
= b ¢S S J + RSIKAKARA - KIKA
S| RIS RITIRS | BRI ¢ RIS
o "'i? L AR ZE AT RIS
® L] p ] AR
W
A 7 A |
D B b D Q I QD 5 H > D H AP
TGS FAES TGS T
> D Sy D

FiktiZ/ kb PE Crop seasons/Treatments

3 AFEFERFRFE Y ZEp &P A B 25, FE Note: Different letters indicate significant difference at p<0.05 in the same

season. The same below

AW A BT AR/ N R R M B AR AR W R B

Nitrogen accumulation in plant shoots of wheat and maize as affected by biochar application

A1
Fig. 1
FEFF Straw ¢ ¥k Grain ;. AE¥E Biomass
L . a3 a g:_
: : + L&
' a
B N ab a
e Eils
-
L m a 3 a -
1 m m H ; 1 1 1 1 .l 1 1 1 1
Ry VRN o RRND o D12
PN TR Sl
Kb P Treatments

AW AL BT DO b R R R R

Fig. 2 Total nitrogen uptake by plant shoots over four crop

seasons as affected by biochar application

BARANTE MBS —, FE7E6.22~75.7 mg
kg ' F10.29 ~ 52.0 mg kg ™' YL Jifi W A S
AL B2 % (p>0.05) (K3) . KT k—
A 5 A W Bt N S 75 6 - ST A R,
I TR]ANAF- 35 5 158 1 BAEY) 221 Y 2 A B
BAEGE (E4) , (B8R LW WA A ) s kb P 8]
RG22 5 (p>0.05) o FAFTF 3T A
IR ER R E, FEMALE ORI — 8 HAs
RINAAE NN 5 PR A e WA, KR 43 Bf ] 34
{535 765.00 mg ke ' AT ([E3) .
2.3 *iEpH. BRE. kHSEMAEFKE
R R FFAEY =B pH (10.5) & F A K
PEW A5 (pH 8.30) , {HAEY B in I A W
PEE R L EpH, B REmEAY R (BC11.3)
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-40- BCO —e— B(C2.25 —a— BC6.75 —w— BCl11.3

100 : :
201172012 /3 L2012 F% g 2012/2013 /N3 L2013 ok

=~ gl 2011/2012 Wheat L2012 Maize 2012/2013 Wheat ' 2013 Maize

2 : : 1 :

on : : A

L * * |

: ; 5 :

NO;;
R e

\

-

NH}-N(mg kg™)

F 4] Date (yyyy-mm-dd)
Wik 8R4 AE Y Z= Z 0 FH ] The arrows indicate N fertilization
K13 AWy Ah BER DU 2 A1) A T ST I M 2 ORI B A A e 1 2
Fig. 3 Effects of successive biochar application on soil NO;—=N and NH;=N concentrations ( 0 ~20 ¢m soil ) during the 2 cycles of

wheat/maize rotation

50 .
201172012 /32 : 2012 ok : 201272013 /2 ; 2013 Tk
40 2011/2012 Wheat : 2012 Maize : 2012/2013 Wheat : 2013 Maize

-N (mg kg™)

3

NO

a : 3 i
8- a T ; : '
%:0 6L 2 a N : : a d :
= \ L a : a :
g ' ' :
> 4t § : Poa 3 :
& : : ;a2 7 24 a
. NINNINNE ; ) A WNINNINNINN
RN RIS NEIRERE R ERE
oC %Q'LTL %Qbf\ %C\\ oC %Q'LTL %be\ %(;\\ o© %dlﬁ’ %Qbf\ %C\\ o %C;LTL %067\ ?’Q\\

FhkiZE/ 4B Crop seasons/Treatments
El4 WA T & ZEY L B IR T S A MESA T '

Fig. 4 Average concentrations of NO;—N and NH;—N in the topsoil (0 ~20 cm ) during each crop season as affected by

biochar application
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HELERM YA (AP R 18452 thm™) T,
HHEpH T BRI, MR, ARG ERNAE
FERARALBE, AW it A T3 - A %A K
BCIL3hFE LM, HHEA TR AN
ViR i IR B AR 1T 10.4% (p<0.05) (F4) .
BT 4 BAEY) A H ) A K S UL HH g
[Nk oy Sl A& (ES ), mis 24 4b
PHIE IR AT B B 2200 5 (RS =2 (2012/2013/)

), mEAEYsR (BC11.3) kbR 43K & &
Bl 3ghn (p<0.05) 5 EHMUE (2013FK) , 4
YR AR (BC2.25, BC6.75FIBC11.3) +HEK
SRR E S T AY AR (p<0.05) ,
RS> M 5.16% . 10.3%F120.2% ., PUEVEYZE 45
- 8 T [R]REK dth Bif AE  it A SR BE I RG n ( k%
4) . BC6.75HIBCI1.34b BT H + 3¢ [ el #5 K 2 5
X BRAH L IR T 14.5%H115.0% (p<0.05) .

*4 BTHEYRESETLHMNOSFFHELIEpH. TIRAFEMHEFHFKEHFIT

Table 4 Effects of successive biochar application on pH, soil bulk density and water holding capacity of topsoil (0 ~20 cm)

fib +HEpH +Hezs FH ] 45 7K
Treatments Soil pH Soil bulk density (gem™) Water holding capacity (gkg™)

BCO 8.3210.06a 1.34 £ 0.05a 160.4 + 1.8b

BC2.25 8.31 £ 0.06a 1.33 +£0.07a 161.5 +9.0b

BC6.75 8.34 + 0.06a 1.30 + 0.07ab 183.6 + 16.1a

BC11.3 8.41+0.06a 1.20 +0.05b 184.5+2.7a

20
19F
S gk
5
S 17f
3
2164
5
2 15F
(=}
E sl
z - 0- BCO ~ ﬁd
1 13F _e—BC225
41 12 —&—BC6.75
R —v—BCl11.3
2 1}t
10 1 1 1 1
20112012 /83 2012 FHR 20122013 /hEE 2013 %

2011/2012 Wheat 2012 Maize 2012/2013 Wheat 2013 Maize
FhAiZ= Crop seasons

K5 AW pAE IR R A KR 2 PR o5 e il
Fig. 5 Effects of successive biochar application on moisture
content in topsoil (0~20cm) during the 2 cycles of wheat/

maize rotation
3 0F i

AWy e BA MR R BRAE PR 5, A S
PETHRRE PEBR R R A1, A2 B 0 0 4 s HLAt 3
A2 2 P 0 T e R 2 K A e 1
Py 5 T T PR PR £ AN A ] b G £ 7 - SR %,
AER O AT 3 1R 7R EL , T PR R fict Y 5 AT
P 0 o SRTAER N AL TR B il Al - 3 |

AT e p HORN 33 20 s ARG A i FH A 4 e Xt
VEY A K I 5 i A 85 82 555 1 AT 7 IS R 1k 1 43
FEE S B Y B S 8 S p Had 5 DT+ 3 57
DA BERRAR Y SIAREIRIE ST FRSA
BLIG Y RN B 4% 2 o 4 B 7 A a3 0 LA
5y A3 S AT LB 2E 73 DT 5| R 4 98 fole Ay o 4 2 4%
M4, FIREXHE A K = A W . SR, ASHiE
SR EATEEICE R+ (pH 8.30) FIFRER L
WA BINFEIEY A KNS (£1) . X—AFH
ZE AT RE IR T AR A R A R A R 22 5 O
A T SR FH B A M T A B % ok BB A
W (pH 10.5) Jifi AXF 13 p HIF JC B & 52
(F4) o WAL, kB A EFSFFH & 09 A9 e
A AL B 4 TG e Y B AR T AL A B Y
Ay e U BT A B R R E
PEU D RS WM ISR . Bk, R A
pei A G S pHIt & L 5 Y B E s A W
R AEXED) A= K 30 1 IR G I AR AE A58 op B
L, MEFAYRAEREMNE6.75~11.3 t hm™
(P2 A : 27.0~45.2 t hm™>) B, #+
O A R AN it A B e ke R Ak B T
4.54% ~4.92% (p<0.05) (F1) . REX—FH
VR T AR T A2 ) e o W AT 21338 E AR 7 ) £ i
FREE O (Rt T A W X IS g A e 0 IR
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W+ EEYAR A —ERTHER . RIS R 5
IRAEY AL B RS VE Y A E R T A (B
SEAMEER ) SRS L MNAEY Z -1
Rk S5 XA O E W E 225 (K3, E4)
AH I A 90 b 1 35 3 20 3R WA SR B et R A ] el 3
moCE2) o XEW, ARt AEREEE EAE
FR AT R BE R AT . Wangs 7 TR 2R b &
20 ~ 50 t hm *HF 72 WA W) e kb B R Bk (pH
7.8) BREAAE SR (NEWSRE ) SxFE (1.88
mg kg™ ) LR 0.8 ~ 1.14 mg k™', SCPRIG N =
AR, XWEN, FEAMNERZMN e (AR S
Ah PR GG A . /NEEFE240 kg hm™, oK
200 kg hm™) MHHT FEK R (E3) %
T, AW nont EHER R W ARSEVE I IEAZ M8 HAE
Py 7 ik N R SE  Ji A

EASF8 0, FRATTA 2 X 5 A A R E Y
A W K O i DL R R AR DU Z= AR Y L
FE 7K B WL & 30, A [R) R AN A S R R
2.25 ~11.3 t hm A RAC LR 3 45 F 35 5%k
S50 B A TR e, ELBEVE Y 3 A S A )
FH 2 1 3 i Ok B B (B, F 201448 £k ZR 0]
HEN5.16% ~20.2% (E5) 5 ££6.75~11.3 t hm™
A=y e Ak R HH ) R K i R v 1 14.5% ~ 15.0%
(£4) o X—S5RATRES B A B 1L 5
w Y B BRI WK RE T (ASBIRST BT RS AT AR
Yo A R K B AT 1K 695% 5 R R FHERL ) , A
SR T LR D, AT A RO
KB iZ 5 ML & KRR A 6. |
A 5T G AN [ 8 1k B A W)k B 0 3
e K o PR RE ) TR SR A K. il
UzamaZf (25] KI5 ~ 20 t hm W5 2R 28 4= 1) o7 i A
W R, EREYKS R R ER ST
91% ~ 139% , =225 R &A= Wy o B S o /> 1 4 3
KBTI Herath 2% %5 53295 dffgH; 371K
95 K A R AL R £ BREAT7.18 t hm™ (LU
Wit ) T ORAGFF A= o S b SRR 5 K B B B
i, B SRS KEEIN T 19% ~ 33%, AN
AR B IINT  SEFL B DA T 4 5 - K o
ARFTJEA, T 5K R R A b SRl A= 7 1 G
SR, VEIE R 35 00 R T RCR AR VR P 8
) BRI G  K o DR BE ) 4 R T RE
AR FE A 0 A A 0 A A /I 38 7 1) T2 B i
N Bbah, AEWmciti A G - Heaht ikt (A

TR E, WEAME; R4 WOTREN TR
Py BRSO B A S RS, B T RIS
JEEE BRI RE 1, BETEHEAE A K T,

PRI/ INZZ FORBCVERI , AE2211.3 ¢ hm RS FF
A= W % i N\ I AR BLVE 8™, R T e 3l 2o
e T HEK o3RG5 AL R A HE A T IR T, /iR
RIHEY R K K= 8, R SRS RORL S A &)
YER . HIBE & R ORI RS ATLE Y B (7 1 1309
TR, B3 ¢ h SRR A 0 ¢t P AR 24 T I 44
T37.7 t hm™ (A4E2 500 kg ) FEFFEME, &
SR, AP 7R M AN R R A
W RARTTRESCELN o MR, RS FE Ak 38 H )
55 — R BN o X7, ok A [ e A IE g 4
FEON, FEFF Ak % L2 B it T et A AT B2 U AR
LA Zouibss & PN A R R, R4
Wk, AR AR ARG IR S 9 25 R 2
BN (W= 23R Rs . BRRIRHEIEH . 37
Sy R R A ) AP 2k 4 309 A I i — 25 Bk 2
EA

4 4

AEAZR /N /B OKREE AR H )N D6 235 5
AR, 6.75 ~11.3 t hm F5 FF A= W) i 4 25 3% 4234
N, ARV EAEYAA NEIS T, EORPRL R BT
ANZFHW . PG —BUKIEAE BT, AW
o7 it 0 5 R B B2 T R A A R AR e
TR KBERE, M, 6.75~11.3t hm 4 ¥H5%
i S it FH DU 2 S B2 R A A T RRAIL, 3Ky
B e R [ Rp K e SR, [ 2 I it FH A )
Jei A M SRR K 43 AR I B4 AR 1T R A )
i EEAE R EER A, Hik, T2
FAR G & I FEFF Akl A IHIRES, IRAESR
AT R - R A AR W e B 2 A H AR AR K
Iy SR B R RAE R A B AL MR SR A K = 1)
M ZR, INAEW) i s i = 3ENE 3 61 5 M DA R FF ok
i N FH A0 S s s HE B S o3 B e
AR

& % 3 #f

[1] Schimmelpfennig S, Miller C, Griinhage L,
et al. Biochar, hydrochar and uncarbonized

feedstock application to permanent grassland-Effects

http: //pedologica. issas. ac. cn



856

+ B

i 52 %

[10]

[11]

on greenhouse gas emissions and plant growth.
Agriculture, Ecosystems & Environment, 2014,
191: 39—52

Lehmann J, Joseph S. Biochar for environmental
management: An introduction//Lehmann J, Joseph S.
Biochar for environmental management: Science and
technology. London: Earthscan, 2009: 1—12

Glaser B, Lehmann J, Zech W. Ameliorating physical
and chemical properties of highly weathered soils in the
tropics with charcoal-A review. Biology and Fertility of
Soils, 2002, 35 (4) : 219—230

Jeffery S, Verheijen F G A, van der Velde M, et al. A
quantitative review of the effects of biochar application
to soils on crop productivity using meta-analysis.
Agriculture, Ecosystems & Environment, 2011, 144
(1) : 175—187

Haefele S M, Konboon Y, Wongboon W, et al. Effects
and fate of biochar from rice residues in rice-based
systems. Field Crops Research, 2011, 121 (3) .
430—440

van Zwieten L, Kimber S, Morris S, et al. Effects
of biochar from slow pyrolysis of papermill waste on
agronomic performance and soil fertility. Plant and
Soil, 2010, 327 (1/2) : 235—246

Wang J Y, Pan X J, Liu Y L, et al. Effects of biochar
amendment in two soils on greenhouse gas emissions and
crop production. Plant and Seil, 2012, 360 (1/2) :
287—298

WIGE, WA, XM, S RO FORETIEK
Fr 53 W B & e AL 2z PR A5 R . A 2SR IR AR A,
2010, 19 (11) : 2713—2717. Zhang H Z, Huang
Y, Liu G, et al. Effects of biochar on corn growth,
nutrient uptake and soil chemical properties in seeding
stage (In Chinese ) . Ecology and Environmental
Sciences, 2010, 19 (11) : 2713—2717

Zhang A F, Liu Y M, Pan G X, et al. Effect of biochar
amendment on maize yield and greenhouse gas emissions
from a soil organic carbon poor calcareous loamy soil
from Central China Plain. Plant and Soil, 2012, 351
(1/2) : 263—275

XA L RORUEE AR SR s ) AR S 50 ) 25 50T
Mr——LURM T ). bt b E Ol B2 B Al B
P8 540 K RIWFFEFE, 2011, Liu D H. Study on spatial
variability of farmland nutrient and comprehensive
evaluation of soil fertility at county-Scale case study in
Shenzhou County (In Chinese ) . Beijing: Institute of
Agricultural Resources and Regional Planning, Chinese

Academy of Agricultural Sciences, 2011

Rt , WAEE, b, B EAMLRRAF T ML

[12]

[14]

[16]

[17]

[18]

[19]

[20]

[21]

W X R HUR R B AE R, 152, 2009, 41 (5) -
709—714. Zhu A N, Zhang J B, Yang J S, et al.
Changes of soil nitrogen under intensive crop production
in typical fluvo—aquic soil regions (In Chinese) .
Soils, 2009, 41 (5) : 709—714

Zhao X, Wang J W, Xu H J, et al. Effects of crop-
straw biochar on crop growth and soil fertility over a
wheat/millet rotation in soils of China. Soil Use and
Management, 2014, 30 (3) : 311—319

Wang Y, Hu Y T, Zhao X, et al. Comparisons of
biochar properties from wood material and crop residues
at different temperatures and residence times. Energy &
Fuels, 2013, 27 (10) : 5890—5899

Zeng X Y, Ma Y T, Ma L R. Utilization of straw in
biomass energy in China. Renewable and Sustainable
Energy Reviews, 2007, 11 (5) : 976—987

Wang S Q, Zhao X, Xing G X, et al. Large-scale
biochar production from crop residue: A new idea and
the biogas-energy pyrolysis system. BioResources,
2013, 8 (1) : 8—11

iy R e T dbat: P EAR LR
MR, 2000. Lu R K. Analytical methods for soil
and agro-chemistry (In Chinese) . Beijing: China
Agricultural Science and Technology Press, 2000

rhA RS ANE AR . R I — 522905 . 4
T [ fF B A I E — 3R 03 dEat. sl Rt
2010: 1—2. Ministry of Agriculture of the People’s
Republic of China. Soil testing-part 22: Cutting ring
method for determination of field water holding capacity
(NY/T 1121.22-2010) (1In Chinese ) .
Beijing: China Agriculture Press, 2010: 1—2

Peng X, Ye L L, Wang C H, et al. Temperature-

in soil

and duration-dependent rice straw-derived biochar:
Characteristics and its effects on soil properties of an
Ultisol in southern China. Soil and Tillage Research,
2011, 112 (2) : 159—166

Zheng R L, Cai C, Liang J H, et al. The effects of
biochars from rice residue on the formation of iron
plaque and the accumulation of Cd, Zn, Pb, Asin rice
( Oryza sativa L..) seedlings. Chemosphere, 2012,
89 (7) : 856—862

Cle, KRmZAK, T, & EYRRPHTS Y &K
JH I ] i P 9 P 0 GBS B0 Al TR %44, 2012,
28 (15) : 163—167. Cang L, Zhu X D, Wang Y,
et al. Pollutant contents in biochar and their potential
environmental risks for field application (In Chinese ) .
Transactions of the Chinese Society of Agricultural
Engineering, 2012, 28 (15) : 163—167

Liang F, Li G T, Lin Q M, et al. Crop yield and soil

http: //pedologica. issas. ac. cn



4 1] X R A REAT AR W 6 T A R SRR Y R 857

properties in the first 3 years after biochar application [25] Uzoma K C, Inoue M, Andry H, et al. Effect of cow
to a calcareous soil. Journal of Integrative Agriculture, manure biochar on maize productivity under sandy soil
2014, 13 (3) : 525—532 condition. Soil Use and Management, 2011, 27 (2) :
[22] Hossain M K, Strezov V, Nelson P F. Thermal 205—212
characterisation of the products of wastewater sludge [26] Herath H, Camps-Arbestain M, Hedley M. Effect of
pyrolysis. Journal of Analytical and Applied Pyrolysis, biochar on soil physical properties in two contrasting
2009, 85 (1/2) : 442—446 soils: An Alfisol and an Andisol. Geoderma, 2013,
[23] Park J H, Lamb D, Paneerselvam P, et al. Role of 209/210: 188—197
organic amendments on enhanced bioremediation of [27] S, MEE, BT, & AWk LS REE
heavy metal (loid) contaminated soils. Journal of PEIFRRR S &R . L HEEH, 2012, 49 (4) @ 796—
Hazardous Materials, 2011, 185 (2/3) : 549—574 802. Dou S, Zhou G Y, Yang X Y, et al. Biochar and
[24] Downie A, Crosky A, Munroe P. Physical properties its relation to humus carbon in soil: A short review (In
of biochar//Lehmann J, Joseph S. Biochar for Chinese ) . Acta Pedologica Sinica, 2012, 49 (4) :
environmental management: Science and technology. 796—802

London: Earthscan, 2009: 13—32

EFFECTS OF SUCCESSIVE APPLICATION OF CROP-STRAW BIOCHAR ON CROP
YIELD AND SOIL PROPERTIES IN CAMBOSOLS

Liu Yuan" > M. Jamal Khan® ® Jin Haiyang' Bai Xueying' Xie Yingxin'" Zhao Xu’'
Wang Shenqiang” Wang Chenyang'
(1 National Engineering Research Center for Wheat, State Key Laboratory of Wheat and Maize Crop Science, Collaborative
Innovation Center of Henan Grain Crops, College of Agronomg, Henan Agricultural University, Zhengzhou 450002, China )
(2 State Key Laboratory of Soil and Sustainable Agriculture, Changshu National Agro-Ecosystem Observation and Research
Station, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China )

(3 Department of Soil and Environmental Sciences, The University of Agriculture, Peshawar 25000, Pakistan )

Abstract Annually about 0.6 ~ 0.7 billion tons of crop straw is produced in China, however nearly
half failed reasonable use, causing a series of problems such as resource waste and environmental pollution.
Biochar, a pyrolyzed biomass high in carbon concentration and stable C, can improve soil carbon pool
rapidly when applied to soil. The application of crop-straw derived biochar does not only increase carbon
sequestration, reduce emission of greenhouse gases and improve soil quality, but also serve as an effective
way to realize diversified comprehensive utilization of straw resource. Nevertheless, owing to its unique
physico-chemical properties, biochar, once applied as a soil conditioner, would certainly alter soil property
and then influence crop growth. In order to assess the potential of biochar in application to farmland of
cambosols (pH 8.30) in North China Plain, a two-year field experiment (4 croppings or two cycles of
wheat and maize crop rotation beginning in fall of 2011 ) , was conducted in the Fengqiu Agro-ecological
Experiment Station, Chinese Academy of Sciences, Fengqiu, Henan Province. The experiment was designed
to have four treatments in biochar application rate, i.e. Treatment BCO (0t hm™; as control or CK) ,
Treatment BC2.25 (2.25t hm_z; low level ) , Treatment BC6.75 (6.75t hm_z; medium level ) and
Treatment BC11.3 (11.3 t hm™; high level ) . The total biochar application rate of the 4 croppings was 0, 9,
27 and 45.2 t hm™, respectively. Each treatment had three replicates and the plots of the treatments were laid
out in randomized complete block design (RCBD ) , 16 m’ each in area. For wheat N 240 ke hm™? (urea) ,
P,0 150 kg hm™ (triple superphosphate ) and K,0 90 kg hm™ ( potassium sulfate ) was applied, while

http: //pedologica. issas. ac. cn



858 + b1 2 il 52 &

for maize N 200 kg hm™ and the same rate of P and K as for wheat were. P and K fertilizers were applied all
at once as basal dressing, while N fertilizer was applied in split dosing, i.e. 60% as basal and the remaining
40% as side dressing at the jointing stage. The fertilizers were broadcast into the wheat fields, and applied
in pits in the maize. The crops were irrigated after fertilizer application, and their subsequent water demand
was met by rainfall. Crop yield, grain quality, N uptake, mineral N ( NO;-N and NH;-N) in soil, pH,
soil bulk density, water content and water holding capacity were monitored for all the plots. Results show
that for the first three crops ( wheat-maize-wheat ) no statistically significant difference ( p>0.05) in yield
was found between CK and the other three treatments. When it came to the fourth cropping, the crop of maize
increased its yield by 8.43% in Treatment BC6.75. The yield of the four crops were also increased by 4.92%
and 4.54% in Treatments BC6.75 and BC11.3, respectively. Biochar application had no negative effects on
protein content in wheat and maize grains or bulk density of and wet gluten content in wheat grain, however
Treatment BC11.3 was found to have increased bulk density of and protein content in wheat grain. Although no
significant effect of biochar addition was observed on nitrogen uptake and accumulation by shoots of the crops
and soil mineral nitrogen and soil pH, nitrogen uptake and accumulation of the grains of the 4 crops increased
by 6.55% ~ 7.98%, soil water content in the plough layer by 10.3% ~ 20.2%, and soil water holding capacity
by 14.5% ~ 15.0%, yet, soil bulk density decreased by 2.99% ~ 10.4% in Treatments BC6.75 and BC11.3.
All the findings suggest that successive application of crop straw derived biochar does have some positive
effects on crop yield and no negative influence on grain quality, and that biochar has no significant effects on
mineral nitrogen content in the topsoil or N uptake and utilization by crops. The beneficial effects of biochar of
improving soil physical properties, like in bulk density, soil water content, and water holding capacity may
be the major cause to yield increase after the application of biochar in cambosols. It is necessary to do some
further in-depth studies on effect of long-term biochar application on soil water and nutrient dynamic and some
other physico-chemical properties of cambosols and nutrient translocation in plant in the hope that the study
may provide some scientific data to support extrapolation of the application of crop straw derived biochar in
upland of North China.
Key words Straw-derived biochar; Crop yield; Grain quality; Mineral nitrogen; Soil bulk density;

Soil moisture
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