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Abstract; Biochar made from crops straw is widely used as a great soil ameliorant that improves soil properties, protects soil
environment, and enhances wheat growth. In this study, a potted wheat experiment was conducted to study the effects of
corn straw and corn straw biochar on wheat nutrient uptake and utilization, yield, and enzyme activities in brown soil. Six
treatments were set up with three replications as follows: control ( CK), biochar (B), straw (S), urea (U), Urea+
biochar (UB), and Urea+straw (US). In this study, the biochar was made from corn straw at 500 °C under anaerobic
conditions. The results demonstrated that compared with the treatments of CK and S, the yield of B treatment was
significantly increased by 99.4% and 77.7% , and the amount of accumulated N, phosphorus (P), and potassium (K) in
the wheat aboveground biomass significantly increased by 94.1%—140.9%, 55.4%—66.3% , and 53.1%—72.6%,
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respectively. However, application of N fertilizer significantly increased the yield of UB and US treatments by 8.2%—8.8%
and the amount of accumulated N, P, and K in wheat aboveground biomass increased by 14.3%—27.8%, 19.6%—
30.9%, and 24.4%—40.9% , respectively, compared with the treatment of U. The efficiency of N use in treatments of UB
and US increased by 21.4%—41.7% compared with the treatment of U; however, the enhancement of N use efficiency was
higher in US than in UB. Biochar application significantly increased the content of organic carbon (C), NH;-N, NO;-N,
and available K in soil. Only does soil NO;-N content have significantly increased in straw incorporation. In the mature stage
of wheat, the organic C content in the soil under the treatments of B and UB increased by 34.9%—54.2% in comparison
with other treatments without biochar application. Meanwhile, there was no significant difference in soil organic C content
under the treatment with straw. In this stage, NH}-N content in soil of UB treatment was also increased by 10.9%—23.5% ,
which was higher than in other treatments. From heading stage to maize stage, compared with the treatments of US and U,
NO;-N content of UB treatment increased by 30.9%—85.3% and 67.5%—126.7%, respectively. From seedling stage to
mature stage, the available K content in soil of UB treatment increased by 23.3%—86.0% in comparison with US treatment.
Nevertheless, there was no pronounced effect of biochar and straw on the available P content in soil. Moreover, straw
incorporation significantly improved soil dehydrogenase, catalase, urease, and neutral phosphatase activities. Biochar
application significantly enhanced soil dehydrogenase and urease activities, but it inhibited soil catalase and neutral
phosphatase activities. The positive correlation between soil urease and organic C and inorganic N indicated that soil
enzymes reflected the soil fertility level. In conclusion, a long term in—situ study is of great importance to investigate the

long—term effects of straw incorporation and biochar on soil properties and yield of crops.

Key Words: straw biochar; straw incorporation; soil nutrient uptake and utilization; soil enzyme activity; yield
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BFE]A 2012 4F 10 H 2 2013 48 6 A, Al 85800 [ I AR AR K2 m 4% X R B 0—20 em #2138, 1458
T I AR 3 R G i 44 o0 - ) B IR IE KIS £ (Typic-Hapli-Udic Argosols ) , J5i 35 Sk 45 32
(KL 10.5% ,BPHE 35.5% , KL 54.0% ) . TIEFEARBIIE R AP 12.1 g/kg, 2% 0.5 g/kg,NO;-N 8.4
mg/kg,NH;-N 11.3 mg/kg, F 3005 38.9 mg/ke, MALHH 78.7 mg/kg, pH {H 7.28, A R E MR FE (& N
46% ) IIBEIRES (% P,05 14%) EALH (& K,0 60%) , A=Wl FKRFEFF R A (500 CBAABEH], 4 N 18.1
g/kg, 4> P 11.5 g/kg, 2> K 27.5 o/ke, BHLBR S 621.5 g/kg, KB Ty 20:11 7 52 pH (K 9.6) o & HFEFT
SRR FORFEFE BAEFFI T ATHE R 1 em ZE47 /B A0S (0 A A9 B 1= 28 B4R R 31 em, 155 36 em, Z5)1%
ZEETD 5 ke, BAEEE T 25 kg, HE/NEE SRR CBEEE 227 A E I 240 d A, BEAL/INEE B 30 RL(/NEE R 2ER
H 98% ,Fi T 10 kg #EFh) |
1.2 ikt

I E 6 LI, 43500 1 1) 25 AR CK;2) BRARANEE B;3) R FFA AL EE S;4) IREFEALHE U;5) IRE
+ B RAEIE UB;6) IRE+HHFFA HANEE US, BEAREAH S F2 1 h il &40 N it H & R 450 kg/hm?, £ 4b
FRBEAL B0 ALt FH Y AR R, R (P,05)0.107 g/kg +(P,0,240 kg/hm*) 4 (K,0)0.08 g/kg 1 (K,0 180 kg/
hm?) ALY 3 RE , £ 0K ERAEFE R R M AT HE R FORFEFE 5 LIRS 5 e A Zh b A B 0 76 46 Fh i
— MR, PR Ab P PR ZE A I 2T i A 43 W U, 50% VE FEAE AERE BTG | 50% £ /N2 31719 W it
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®1 DERBRBELAR

Table 1 Fertilization design for potted maize experiment

G pis] ﬁ% ' N/ (e/ke) 2)%/% FEFFIE H /%
Number Treatments Abbreviations Biochar Straw
1 AALE I Y CK 0 0 0
2 PR, ANt AL B 0 0.5 0
3 FEFFIE ANt U8 S 0 0 0.4
4 PR Ab U 0.2 0 0
5 PREZ A+ R A 3 UB 0.2 0.5 0
6 PREE +REFFI0 b 38 Us 0.2 0 0.4

BRI K RE AT A HH i FH A i Y ; CK . AUIEZS (XS Control ;B BRIRALFE Biochar;S: FEFFIE HIALFE Straw; U JRFEALHE Urea; UB: JRE+HE
RALHE Urea+biochar; US: JRZE +A5FFE AL B Urea+straw

1.3 WEmH S %k

- SFEEURE A T S IR) A N T (2012 4E 10 A 31 B IERE RS 23 d) GRFEWI(2013 453 A 16 H,
JEAERERN S 159 d) &5 (2013 4E 4 H 8 H L HEF 5 182 d) JFAEI] (2013 4F 4 H 27 H i iCHEM 5
201 d) FEFHI(2013 465 A 11 B EAEERT 215 d) 82U (2013 4E5 H 29 B AC#EM S 233 d) . BURE
T5 R AR /N AR TR I AT B 3 A 050, R 2R 0—20 em B HAEFEAM IR SIAF MISCR %, — 4
f 37 B A VKAR 4 CAR-AE, TI5E 13 NOS-N NH;-N b - 3E S0 , 76 REEfT 48 h INIIE 52 5e , — 8B4 F AR
KT BB 35F 2 mm & 0.25 mm 5 .

PR A I R i . 3 pH AECRA pH 11 (PB- 10, Satorius AG, 2 [#) & , /K - b 2.5:1; T3 T
R (EC) RHHE TR (DDSI-308A , LI AEH LA UAF A 7)) M, K 4 ol 2.5 15 4 38 o b SR FH S0 45 1k
(LR 5 B ECR AR A LR Z A E ; T ERE T ICHLA A 0.01 mol/L CaCl, #2HLY 115 NO3-N |
NH}-N —F2Zfil, + 382 HE 1 NO;-N NH;-N & 5% F sh 3 51409118 (AA3 , BRAN+LUEBBE , &% ) ] 5& ;
AT AL R R ) R TR A 5 s A R 0.5 mol/L NaHCO, 72 #2415 H (032 5 139 e o)
pH {8 7.0 BERREZARE- SO GEE TR e ™ I T ER B - G 1 | - e A ok AR e U DRI
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PEBRERR R I £ 73 0 R ] =R R LUk | R IR A2 5 ORI L 0k BRI R A b @k
INAEWOIR S AEARFE AT S/ N2 RPRLE T HEAE 105 CR/TE 15 min, 65 CHEEIEEFHRE A, 730k
FHELICE B PUH B L (7 K OB E BT R I RS FT JORP R b 2 2 2 o™,
UK Excel 2003 I SAS 8.0 A FREAT AL BRI G 730#r , AN[RIAL BE PR 1T ANOVA J5 ik #0475 22
AT, AR AL B ] A9 22 7 LU 3R A Duncan’s Multiple Range Test 5 6 06 45 A BESE M (ETE P< 0.05 /K92
S ENE,

2 HRE5S

2.1 FEFFEE I SRS FFIA HXAE) = S S 0 W L 52 i)

UM RB I SRS FEAE H X RERL FEAR P 5, A o BRR A o s i SRR AR AR B (K 2) s
RO, UB AbHS US AbBFFRL™ 25 5 R 35 38 U Ab B i 35 2 5 8.2%—8.8% ; TAE L T, B AbHEAT
i HAS CKORN S Kb B4R 5 99.4% 1 77.7% ,CK Fl S AbBRFFRI P~ i 22 S AN 3% U UB Ml US kb BEFS AT
PR ESANEE AR CK B FI S ZbFE 5 4 5 16.2%—152.1% ; B AL FRASFF P~ 848 CK A1 S Ab BRI B4 5
67.9%K1 54.3% |,

A IR E I M . US> UB> Us> B> S> CK, UB F1 US Zb¥4F U B.S . CK b #4351 3545 =
14.3%—242.1%F1 27.8%—282.5% , B W B4 U B .S CK AZbFH 73 5 i 24 5 19.6%—99.0% F1 30.9%—
117.8% , AW YAr i Fe 40 01 S 25 45 78 24.49%—120.8% F1 40.9%—150.0% ; B AL B, W BRI I B4 S Fll CK
AEFY ) B F R 94.1%—140.9% ,55.4%—66.3% F1 53.1%—712.6% , %A FH & R F) MK K K . US> UB>
U,US 1 UB AbBR R AR U Ab T 24 7 41.7% F1 21.4% ; US Kb PR K A FH 3R EE UB AL BRI 25 42 0
16.7%.

®2 BREBFEEINEFER TS RBHIME

Table 2 Effects of biochar and straw incorporation on the yield of wheat and nutrient uptake

fb g FEA Yield (g/%%) FEAMLU i Total amount of nutrient uptake (g/%%) HER %
Treatments FEHRL Grain FEFF Straw N P K N use efficiency
CK 37.83d 36.41c 0.92f 0.38¢ 2.03d —
B 63.50¢ 72.59b 2.23d 0.64b 3.50¢ —
41.15d 40.85¢ 1.15¢ 0.41c 2.29d —
U 70.99b 84.37a 2.77¢ 0.64b 3.60c 36.85¢
UB 81.96a 91.77a 3.16b 0.76a 5.08a 44.74b
Us 82.19a 91.28a 3.53a 0.83a 4.48b 52.21a

1 [ — 3 P S RE, LR A AR F R FoR e 2 278 3% (P< 0.05) ; AR R (%) = (Ol 20X 1E W R - 202 FEDI TR
) /et A X 100%

TS IR FRS I8 B /N AR RS FF i 3 0 S i B — e 5 (3K 3) o AR A S AR
US> UB.U.B> S> CK, US 4hHUFFRL & & i H p Ab B R 3 3R 5 8.8%—61.3% , B AbFRFFRI A & 548 S .CK A4b
PR30 0 PR 15.6% 1 38.3% ; - A FRAFRL B B S22 ORI . US bR AR A S AL B S CK Ak
P R 47.99%—138.0%, 5 UB U AbFH 22 50K i 3% S AL FRAS FT b il (0 & B e vy, 50 U b i 4R
56.9% ;S UB Fil CK AbBEAEFT 40 & 2 W B 42 50 12.7%—33.9%, S b FRFEFF b & & 8%, U b FRAS FF rp
B B AR,
2.2 FEFFIE S KRG FFIA B X 38R 43 1 52 )

RIS HT, e s, R IR & BN, N - FOR AR & T RIEA MR S R (B 1) o B
RS T AU T /N T IR R R AL B B S UB AR B - S oA LA i L b B
R 34.9%—54.2% FEFFAIETCY RS InAL 3 - S A DLk & 2 22 A
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Table 3 Effects of biochar and straw incorporation on the nutrient content of wheat grain and straw

Kb FFAE Grain F&FF Straw
Treatments N/ (g/'kg) P/(g/kg) K/ (g/kg) N/ (g/kg) P/(g/'ke) K/ (g/kg)

CK 19.84d 5.87a 12.58a 4.80cd 4.42ab 42.71a
B 27.44b 5.11a 12.47a 6.70bc 4.29ab 37.34b

23.73¢ 5.14a 11.64a 4.164d 4.87a 44.33a
U 28.71b 5.28a 11.41a 8.66ab 3.11¢ 33.11c
UB 29.40b 5.32a 13.25a 8.17ab 3.55be 43.47a
Us 31.99a 5.47a 12.45a 9.91a 4.19ab 37.89b

e —F h fF M8, FLR SR AR FRER BN Z M 225 23 (P< 0.05)

IR SN T E S A W e I Ik Nil 0.
A 2), BIERCN, R UB MR ER 2 ek
BT R A R AL T U AR RS 5 )

e So% WHERMILHP AR S REFRB U EE | g +

J US RS- P S R A RS SR B IR B TN

i, UB SIS S R A R e T8 sl A PG
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EAAETWES R, SR g f Y

AN & RIKKC  UB> US> B U> CK S, K © A O 25 IO I £ I
3, UB> US . U> B.S.CK, B LW, B 4B+ B s v us U8
MRS SR AR CK S AT 5 6 s VR 5 1 | B R LA B

BI], UB Zb PR -3 A S A S US U ZAb #4535 Fig.1  Effects of biochar and straw incorporation on soil organic
B E R 30.9%—85.3% 1 67.5%—126.7% (&1 2) , carbon content
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Fig.2 Effects of biochar and straw incorporation on soil inorganic nitrogen content
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Fig. 4  Effects of biochar and straw incorporation on soil

B3 ZBErEBEFIEMNTEFAELHRSENZN

Fig. 3  Effects of biochar and straw incorporation on soil
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Table 4 The correlation analysis between soil enzyme activities and soil nutrient
i BN TRLER  BM TN gy RRR HHE R
Ttem Dehydrogenase  Catalase Urease Org. C Inorg. N Avail. P Avail. K
phosphatase

& Dehydrogenase — 0.6205***  0.6800***  0.6433*** 0.1449 -0.0638 0.1580 -0.3463
A HEIL A Catalase — — 0.2020 0.2146 0.1820 -0.4014*  -0.1146 -0.2791
WX Urease — — — 0.5091 ** 0.4152* 0.3372*  -0.0628 -0.1418
e Bl R i

— — — — -0.2344 0.3245 0.1071 -0.2063
Neutral phosphatase

Org. C VERIR Organic carbon; Inorg. N. THLE Inorganic nitrogen; Avail. P . A% Available phosphorus; Avail. K. #0480 Available potassium ;
n=36; % , % # fll * % % SPHIFIRZEFIR 5%, 1% M 0.1% B /K-

3 itig

RIS R BN AERERSE T, St 0 KRS FFAA FH Ak B R 3R A BB 4331 5 2 448 7= 8.19% F118.77%
HERRRSGME T, BB N ECFE A K CK AL PR KRS FEY 3G 77 2 5 0 A6 0 ik 9 36 ARG a4
BERINT £ T RPN & IR R AL S S R N 9.0% , B O AR AR BFIY &
IR A L P A R o BEE RN T R ALK TCHL A S B SO AR A O N O AR
- BEF R /N S PR R + Bk MR B RS FE AL B/ IN A R A R B 0, VR M A A Al
BT PRI A ARt 0 R, PR R A AR A B I S R /N b R B W R {H B R AT Ak
P TRE 76, 5200 T BRI, bn B ERARAR TR R A MRS E R (B RS FT e S RN BT Y
SRR, TR B Rt 0 SR e B e R B S i AR AR L S R WA 23 R T R 1) W AR
ROV SRR IR AR CK S S AbFRARSFF op A Y B B v A R A Ak B AR R RN A 4R
AR DU A RR AR N R R s di A AR

T INASFE R iy A AU B iR 3.1 o/ke, BESE R T P A MR & &, AP RRERC A
A= Z5RE AR AL, AR AR, BB R O AE T 3P R T R HERIE R E Y REAFERRA G AR
ZR PSR S AR A Iy B A - R N P K 2 il R 0.091,0.058 ¢/kg Fi1 0.14 g/kg, it
T PR T R RS A A AR AL S i, U AR P RS A AR S0% AL St b T
HaE (HHASA SR B EMET UB A US 43 {560 UB A1 US 4b3 + 3P B A S A SR mE, JFENA
A 2 0 2 i RS T RE A% e 36 S48 4, k2 5 43U 2% T Rl e o R0 1Y) 4 T e e T HG X = /K b 1
NH;-N NO;-N P K %5E 0% LA R AMHER, Laird 2 FERTE W5 LB, T8I0 28 5 RE A% 1 3%
WA N FIRT R PR A AR AOR W, kR AR AT R RS AR S A M E C N
BB Hanm it S e RS R A A0 5 A 0L JE AR, D PR T R A SO TS S A e LR R AR B A
R slte i

ARG SN e KRS A T S 2 4 o T S S Al A TR A M R A T i S R T R R R
g AT PR R BTG RS AT IO TR T HERR AL, o 3 W SR AR T A A MR, (et T ik
YU Sa > R LB S 25 B R AR BV, 25 3 W A AR B BT fn g 07 s Bt +
S8 b AR S AR T P BT il O 1 D) SR A — o BRI X AT R R SRk pH (E B WS IR R UE T
T IEFRORIASE , M T 3 S A S A PR R G R TG 1, SR (R A OGP 15 I - S AR -
YE A RA 1 10 R Ry — 7 0 et s T35l 55 5% 0 22 18] B AH OGP 36 B - S9 ilg m SR A 38T T K7 K+
BRI I 2
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AT B RE AT SN 7INAE %03 W MSOR T B A S P HAT W358, JCARE R | PRGN I Ak R AS AT %

25 AL PRI = 99.4%—T77.7% ; iER AT, B B RS FF I8 FOFPRL = i 5 2 3 T 8.2%—8.8%, ifli FH 2R 7 ik
TP TN A B B B RS FE AR R RS A R AT RS A R R N A R
IR E LR 21.4%—41.7% , o in o E 8t m 7 138500 & 8, fFHA B AU 3 & 3% NOS-N &
i, B R R S R IO, ST AR R RIS R A FEOGS A B S R A 7 R A B ARONE , 3 e % i
TR AR IR A 5%
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