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Abstract: An experiment with a winter wheat-summer maize rotation system was carried out to explore the effects of biochar
and biochar-based ammonium nitrate fertilizers on soil chemical fertility, soil microbial biomass carbon and nitrogen, and
enzyme activity of soil invertase, urease, catalase, and alkaline phosphatase. Six treatments were used in this study :
control (CK) , biochar( BC) , ammonium nitrate control( AN) , simple mixed type of biochar-based nitrogen( CH) , solid-
liquid adsorption type biochar-based nitrogen ( XF) , and chemical reaction type biochar-based nitrogen ( FY ). The results
showed that the content of soil organic carbon significantly increased and the values of available phosphorus and available
potassium decreased in biochar and biochar-based nitrogen treatments, CH, XF, FY. Compared to the CK, microbial
biomass carbon content increased by 22.10% and 17.45% in CH and BC treatments , respectively, but decreased by
9.09% .10.86% ,1.46% in AN XF and FY treatments, respectively. Microbial biomass nitrogen content was positively
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affected by all fertilization treatments. In BC and XF treatments, microbial biomass nitrogen significantly (P < 0.05)
increased by 66.53% and 62.78% , respectively, compared to that in the CK. The increase in the nitrogen content was the
lowest in AN treatment and only reached 24.86% , compared to that in the CK. In biochar-based nitrogen treatments, FY,
XF, and CH, the enzyme activity of soil invertase, urease and catalase was increased. The effect of FY treatment was the
strongest, followed by XF treatment, while the effect of CH treatment was the weakest. Both FY and XF treatments
increased the enzyme activity of alkaline phosphatase activity, but its activity decreased in the CH treatment, compared to
the CK. Wheat yield in biochar-based nitrogen treatments, FY, XF, CH, significantly increased by 36.61% , 22.58% and
20.72% , respectively, compared to that in the CK. Thus, the biochar-based ammonium nitrate fertilizers, which prepared

with biochar and chemical fertilizer can get a good application prospect in agricultural sector.

Key Words: Biochar; Biochar-based ammonium nitrate fertilizers; soil microbial biomass carbon; soil microbial biomass

nitrogen; enzyme activity
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( Microbial Biomass Carbon, MBC ) 7F 43 4= Bt (i B AR /N B i AR AL B R, 3k 1] = 338 4k A= W o o 1) 728 1
9 42.0—2064.0 kg/hm’ AL 5 +HERBR B 2%—4% " {8 E &+ HEA HURK 53 BR A0 435 + ettt
%, ( Microbial Biomass Nitrogen, MBN) —fit H |5 + 1A &30 1 0%—5.0%" , T8 YRR 2T ISR
B S - ST 1 A i A
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S Wy B Y HE SRR, R e SRR BT R M2 R SR ST R ISR P DA R -3 T YR
EREE R AR T KEHF IR, g R SRR TS AR S 52 SR AEYIAR R i BEE
5t 25 - SR BT PR R0 A b A 2R s

AWy s HE R LR R (ESAE ) 5 ) 7 B SR B SR 5 rh 28 IR R S 7 A R TRV AS P2 1, 22 Sk AR
R A AR A B LB R R T AR A B KRR BT A R TR KARIE 3 S 2R R
TR, W LR EY T 0B IR0 R e TR ), R AT DASCGE UAE W AR AR R 8RB
PRV BB TR SAF 2 AR AR R AR P N A R R AR A 52 DG T, R T A S T
Wl o PRI K A 0 o o 5 A IR e 5 T 85 I A ) e e U S — ST ) e O 1), AR 9 7 5 3 % R /K T
2o T =R AR BEEUIE g R 53 A HOG - S A W s e | RORN RS P A 52 ], LU SR AN ] A ) de
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1 #MREFE

1.1 350 XA AL SR B k3
1.1.1 5 XA

AR50 Hi 15 A B PG A48 4 2 s 3 DX P T AR MR R 2E 00 T 32 Ml X AR 34 H BB 45 2150 b 4R 723
12—14 C A FBIRE R 0 621 mm, F i £ 2L TPAE 7—9 H A, B 20K w0, J& T Wz 4 > 1 i ok = f
TeREI N 200—220 d, I TF LR I IR EEACHE B A HLET 14.69 ¢/kg, pH {EN 7.53, 2% 0.83 g/kg, 2
1.01 g/kg, 450 21.23 o/kg, A RLHE 24.50 mg/kg, HAHH 211.03 mg/kg,
1.1.2 K5k

Bk A Py R B TR P A S E M RR IR B T KA FRA B, B 57 1 SRR A 5% BT
S FRAFREE R (450°C ) FAG R A, L pH (B4 9.99, L EE R 1.11 g/em’, LR THIALUN 86.70 m*/g, JK4r %
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R 13.98% , SR BN 1.19% , SHkEN 72.38%,

HEAER}: (1) 3B alimg i el (AR AN) , SR E N 35%, (2) BIRBAY) ILEN K 65 iy Lkt
Imm G LEY S 35 343 BT 2h RIS IR B & THhedEas th 7 i bR &), RIS & /a0 12% 0 B s B A
B (3) [F -3 B8 AR i B RN < 4 35 A3 A3 AT SR R i 7253V i T 100 15 ZE1RK H  FRIA 65 433 1 mm
i (A Y o, S I 3 FE 30 min , HESE UG PV 24 h SRR C NGRS R R ) A=k SRR T E
FHEFT (60 C) LT, RIS RN 12% 0 BRI R0 . (4) f2f I g 8 A= W) e S il T e RN < 1) S
B 9.5 17 30% WIRHBRIA I, BEIS A 6.5 A=Wk, S nihi 44 15 min; Fia] B3R W 2 HmA 7 4y
15% BYZOK IR, RS RE 30 min; PS8 UG 07 24h J5 0835 AR = 0By pH (88 e 85 SR P B AR KL
TECE THEFT (60 °C) WML, BIFR & A& h 12% 0 HbRE R EE
1.1.3 it

RET 2013 4F 10 A 2 2014 4F 6 A k4T, 8 E 6 ANALFE, 4350 K. (1) XF BR (i #0E, CK) ; (2) BC
il PRICFIEEY 7% ) 5 (3) AN (it BRIEFIRS R B4 ) 5 (4) CH (il SR IE B IR A A W) i L AUIE ) 5 (5) XF
(it A S AR I] — R o TR A= g o BRI ) 5 (6) FY (it B AES R s g BB AE e S RUIE ), BN Ab B DU vk A
E/NX R 1.2x3.5 m* R AEPEEEAE X (hE-F0K) o I A3t FH sk BIE (B — 2085, &
P,0; 56% ; FRER , % K,0 54%) , Hjiti AR R, A= 9 FH R 1232 kg/hm?® |3 Fofoe 56 A Ay it FH 2 AR W], Jorr
A RERHAE R FE AL — PR, 2 B B IR kit FH S T & 2l 97 43 N-P,04-K,0 f 225-150-180 kg/hm*,
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1.2.1  fhit -5

TN RBWIR)E (2014 4 6 H 8 H) R4 0—20 ecm +J2 +4E BA/NCR 45 5 SBREES1E R
— AR, AR AT S E A AR IR SO N R R G2, 1 2 mm G —EB R AR AR T 4°C
UKFE T T R E i he  RIE  HA I AR XTSRS A ek 0 TR AT B H
1.2.2 AEAIE TT

IR AR RIS . RS A 2 T T 2 2 B AR AL A BT 1 R 9E Y A B (SOC)
SR FH R A% R B AU A AN BRI (180°C TR ) 5 42U (TN SR FH - et L IR e R0 o 5 kA4l (AP ) & iR
0.5 mol/L NaHCO, = 4&- BT L (I 7E 5 80 (AK) & R ] NH, OAc 42— K I GRS R & |

e A Y RAIAE . B8 Vance ML R EN AR, G BB E AR
ZREFEZ ZPRPIRE K, =0.38 Fil K =0.54,

T HEEEE PRGN E SRS B vE . RIEERE R VE 3, S-SR IR L ikl LA et
24 h A AT ETHE ( Glucose ) 22 st 83871 IR 176 4 FH 6 B i LU 60305000 5 , LA 5 £ 24 h P2 AE 1 NH,-N (5T
it (mg) F7 s DI PE WL BTG PR B R A0 L L 5 |, DURE5E £ 24 h 77 2E 9B (PhOH ) 2 580 3R0R ; i 41
A S P P 1 S BR A 10 5E , LA 72 9 E 0.02 mol/ L KMnO, R Z THERR
1.3 Hdnabs

R K FH Excel 2007 1 DPS v7.05 etk 41 5K 3 7 225381 (One-way ANOVA ) , Z 8 LR H
/N EZERE(LSD) , E MK E R 0.05,

2 HREHS

2.1 HHEFRS

FH 2 1 AT U il A= 90 e S A 0 o 5 RUNE I8 25 5 i+ A BILBR 9 B i, Horp, BC AR B BILAK 7 2 A
=L, FY AR BAA AR S ER ., H BC M FY Ab3AA LK & & 0 35 = T A AT AL 38, AN \CH  XF Zb39 A HL
i S AR (H34 5 CK AbPE2E 5 1 35 AN AR & i =, (S CK b3 22 5358 B K7, 5 HAth b 34
22 CK BC FY AbFA R0 & 514 10 255 T AN XF A0 ; & A S0 7 5 22 5 4R 1 35 CK ik
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Table 1 Effect of different treatments on soil nutrient contents

Lb EERiIRT A EERC R HHLR 25
Treatment S0C/ (g/kg) TN/ (g/kg) AP/ (mg/kg) AK/ (mg/kg) SOC/TN
CK 8.33 d 0.60 b 35.83 a 123.71 a 15.52 a
BC 9.19 a 0.69 ab 3597 a 115.12 a 14.19 ab
AN 8.70 c 0.86 a 24.78 b 109.97 a 10.31 b
cH 8.68 c 0.78 ab 28.76 ab 120.96 a 11.14 b
XF 8.55 ¢ 0.77 ab 25.52 b 116.84 a 11.10 b
FY 8.88 b 0.79 ab 34.35a 110.31 a 11.29 b

CK X R (AR A ) s BC: ZE ¥ % Biochar; AN fil§i 2 % Ammonium nitrate; CH ; #5315 24 #) 7% £ ZUIE Simple mixed type of biochar-based
nitrogen ; XF ; [& -V W b 751 4= ) 5 S M0 Solid-liquid adsorption type biochar-based nitrogen; FY ; 2 W % 4= ) ¢ 5 A Chemical reaction type biochar-
based nitrogen, T[] ; SOC ;A HL#% Soil organic carbon; TN ;42 Total nitrogen; AP .45 %¢HE Available phosphorus; AK; JEAZ#F Available potassium, [
BB I T 4 AR R S R Ab 3R] 22 52 1 3% (P<0.05)

Note: Values followed by different letters in the same column mean significant at 5% level.

22 HHEMAEYRER A
221 HIEERUAEYIRR 250 -

P T T AT D A [ it A A B G0 2 A e e 15 R/ £ ab a
F¥ 4 CH>BC>CK>FY>ANSXF, 1 CK ALBR LR, o 2 o be T i .Y
CH .BC AbFR4>HIHE AN 22.10% 17.45% , i FY (AN | XF ;gg 150 | e IL
UESAY BT/ 10.86% 9.09% | 1.46%, ik — %5y BE |
EEFA T AR AR AR AR R Bk, B3
CH ALFEIR 5 BC AbBEE A W Sh, It smy it £ f
W E RS HABAL B 22 52 2 AN 2% . N 2wl 0
R L HE A 90 - 5 1 9 0 8 17 S0 WL F) L £ i Ferilmoeatmonts

(MBC/SOC) AL L B R 1.75%—2.40% , Hoh CH 1)
. 1 AEHEBLEREVERSE
=] A 5
MBC/SOC ﬁ%m?ﬁﬁﬁﬂ‘lﬂ ,BC E,j MBC/SOC ‘ﬁ AN, Fig. 1 Content of microbial biomass C of different fertilization

XF\FY ﬁiiﬂ%ﬁﬁ%,XF\FY\CK\AN 4 /I\ALI‘IEB/‘J treatments

MBC/SOC 2% S 34K g 2 CK: X (ANt AL ) 5 BC: A=) ¢ Biochar; AN: fif i # Ammonium
o - nitrate ; CH ; #31R Y 4= 1) e FL AU Simple mixed type of biochar-based
Jai fi B trate ; CH p yp

222 jj ﬁ@b’(ﬁi%iﬂ N nitrogen ; XF ; [&-J% W Fff 780 A= 49 o 3 AL Solid-liquid adsorption type

A R R R T DLZR S S AR 0 biochar-based nitrogen; FY ; 2 Jif 7 A= ) 7 5 AL Chemical reaction

RREMTALFIE RS VR, L3 b B 43 A L Bk type biochar-based nitrogen T il AR/ 57 R m AN 4 3 0 5
(4T AR R B R R R R 2y (P00

EEORIE, P 3 AL, A% HE Ak B AR A R

CK A FRYA N AR B g #iims , Herp BC ARBR I IR iR, O 66.53% , XF AR BRI IR 2 283 T 62.78% , AN
Kb BRI R /1N, R 24.86% . BC AL B MBN BR15 XF (FY 422 57 A 3%, 5 AL Ab B L Wk 2 5 i
Pl 4 AT R, 25 A Ak IRl A i o R AR SR LE A ( MBN/TN) B9 2 RIS 1.00%—1.93% ., Hirdr BC Ak 3
i) MBN/TN Hefilfe ke, ih %) T 1.93% , B35 T AN CH FY 3 MA0BH 4% At 4k 331 + 1 MBC/MBN Lt %%
SULEL 'S, CK ALHEAY MBC/MBN K, bR CH ARHEZZ 52 A 254, S A AN B BAT o 5 k22 5 XF A3y
MBC/MBN f5/]\, CH AL 3 i) MBC/MBN 5 BC XF,FY &b B3y H 52 3 V22 5 1fii BCLAN XF FY Ak 3 i
MBC/MBN 25 53R 3,
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HE 6 AT, 3 A AL FY XF  CH AbBRREREEG IS P25 35 T AN AR S A RERE B IS M, FY A0 B AY RE
W 6 S35 R T BC AN A T Al b P ) 25 SR S S 3 5 Ach L V)RR A 0% 1 1) A AR B FY >
XF>CH>CK>BC>AN, FY XF Hl CH &b 3R IREEE M 2 & T A AL BT, BC b BRIR GG P W 2% & T AN Al CK
RIS &K ] R M 8 R NI Y R FY >XF>CH>BC>CK>AN A [ il AT 4k 350 06F - S5 6 e 1l 1% ity 1%
PERISZ IR I, FY A S0 Bl 2 0 3% 1 5 Lt A B 35 ) B S M 2 5, 4% A B S R RRRE AR K R FY > XF >
CK>AN>CH>BC, BC A B {10 B P4 18 T 7% 2 e A1, 7™ A AR 80 19 i PRI T B by 26 9 i EL AT A3 1) K
PE,BC Bt AAH HE A AL BRI N T B2 3 Ak R, SRR K B2, P A SR A 1
TR, FY Ab B A A UG I M o e T A AL 8 B XF AL BHAN ) AN Ab B 5 H Al A B 3k 1) b 2 2
S, 45 A B AR SIS P S SN AR A FY >AN>XF>BC>CH>CK,
24 fEWr-E

Il 7 AT, AN 3 Pl A 9 e BRI AR /N2 7= i 1 B 25 = T CK BC b ¥, Hop FY XF CH AN \BC 5
AN FE RS CK R 7= R33N 36.61% 22.58% 20.72% .10.49% .6.03% ,FY XF CH 3 AL Hi%: BC
B3 P= U LR 660.71—1375.16 kg/hm® 3 £ BB A B AR AR 4 e il DA R 48 (B H A B & B B e
JRICER , OIS P RORAN WL TR A= 1) 2 5 R R i 1) 5 e SR BUIEG ok b 13X — BB R B 1 S A 1
PR 53 Ao e US4k B Y /N2 77 6 X W 3R T AN AR B 3 73 i FY 23.64% , XF 10.94% , CH
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Fig. 6 Enzymatic activities of soils under different fertilization treatments
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Fig. 7 Yield of different fertilizer treatments
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A MBN 935 £, IR AR = AR 3 — G 19 D PR ] RS PR T R S ML AL S e B VE T 2 8, 7k 1
25 Al g 5 U - BT A A AR Y R SR A DL SRR IR R A N R B VI G, AR AR WoR
A= 1 TN A ) e o RN P it FELASASC R DA in sl A= 4 A i T L3 T LA 4 i - ST 2 | 3 — D T A PR R
YA 10 ZALE5H R U E B L T AR AR S5, D — 7 Tl RS2 N AE Wk B B s BT LI i 9
AL T A RR IR Ta] At A 49 5 5 G0N T O T 2 i TR et the M L 224 b b 78 20U, it A T DA R e AR 2R A i 1
FARZ A, WiAR s e B A ) AR g b SRR W AN T) it A Ak BEE X - 33 A 1 Bl 5 ik A AN
FsZ RN, b AN b PR AR ik 7 i IR T CH T BC AbEE 15 XF FY AMBEARGT , X 0T RE 2 R0
A=W BA W R AL BE | 1 R 1) 3 T RRURITAN 5 R BT PE R , T LU AR 7K 43 FNR 43, i A At 7 AR 4 vt
BT, T XF Y 2 B A 9 i S R XA R B () W B4 CHL e, 08 A 40 e 118 L B R 22 o g o %) A T 8 o5
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TR A B , 575 AN PT RS2 R T AR W 5 A AN INAE — AR B R T3 o i W G s v 20 DA fofi
AR Wy YT Bl R0 A 1 BB XA X I B 4%t A A B MBN/TN 4728 46 78 BB R 1.009%—1.93% , 3% 55 J& 2 5k
AR S S ATE 3 RAIE(Lm By 1+ s ) BB ES R, (HAE K T Anderson AN
Azam 25T N BITFFTAE R 3k T A5 R - e A0 I R R A E I Rh SR TR A 6

THEMAEY RS L Y YRR B A AL R R S S e iR 2 E R
St R, IR SR I AR R L AR AL A REREG S — b BB A R AR K A A R 1
A LU0 SE A+ Sk RGN, IR S 3 N A5 A0 3 VIAHOG Bl e IR 5 P 4% Ak 25 DI AE G, T LA F A HILk
B o, it B AL SR RE L 3 AL S R KRR, A R T bkt FAL R dE AR ARSL g gl )
FH A Bt NE A BT + SRR IE M s e AT 2R S A A BT TR DR AT A 1 S e 5 1 38 Sk =
FEANL BTG PR, H FY>XF>CH BB iR B At S0 R B FY 0952 ma %00 i ok , 1 XF A CH A FEF L
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A DAWRE SRR AR 527 A 5 A 67 A, DT 400 o) T e ST 0, ) A 77

4 Zig

(1) LE WS B R TR A ) o R SR S 5 8 o - S 2B W i i 55 | ELJS 3 RS INSCR A TR, ik~
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