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HH 34 MURR R 2 BRI, 45 SRR 7F 0~10 em )2, HHEEAHER(TOC) | ik A PR (POC) .5 A LA Wi (EOC) kA=
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Effects of Biochar on Soil Organic Carbon and Nitrogen and Their Fractions in a Rainfed Farmland

SHANG Jie, GENG Zeng—chao”, CHEN Xin—xiang, ZHAO Jun, GENG Rong, WANG Sen

(College of Natural Resources and Environment, Northwest A&F University, Key Laboratory of Plant Nutrition and Agri—environment in
Northwest China, Ministry of Agriculture, Yangling 712100, China)

Abstract:In recent years, biochar has become an emerging soil amendment, and has multiple agricultural and environmental benefits. Here,
a long—term field trial was carried out to investigate the effects of different rates of biochar (0, 20, 40, 60 t-hm™, and 80 t-hm=)on soil or—
ganic carbon and soil total nitrogen and their fractions. The biochar used in this study was produced from fruit tree branches at pyrolysis
temperature of approximately 450 °C. In 0~10 cm soil layer, total organic carbon(TOC ), particulate organic carbon(POC) and easily oxi—
dized organic carbon(EOC) increased with increasing rates of biochar. At 60 t-hm™ biochar, microbial biomass carbon(MBC ), total nitro—
gen(TN ), alkaline hydrolysis nitrogen( AN ), NO; =N, and microbial biomass nitrogen( MBN ) were the greatest, which were significantly in—
creased by 87.22%, 33.33%, 18.76%, 94.79%, and 178.80%, respectively, compared to the control(BO). In 10~20 c¢m soil layer, TOC,
POC, TN and NO;-N increased as biochar rates increased. EOC, MBC, and AN were the highest at 60 t -hm™ biochar, which were signifi—
cantly increased by 78.05%), 23.85%, and 31.07%, respectively, over the control. Applying biochar at 40 t-hm™ led to the highest MBN, a
50.87% higher than the control. In 20~30 cm soil layer, no biochar was directly applied to this layer, but all measurements except NO;-N
were significantly higher at 60 t-hm or 80 t-hm™ biochar than those of the control(B0). Applying biochar increased soil organic carbon re—
serves and nitrogen reserves in 0~30 cm soil layer by 37.92%~108.31% and 1.05%~14.94%, respectively. Soil nitrogen reserves reached
the maximum at biochar rate of 60 t+hm=. Total organic carbon, EOC, POC, TN, AN, and NO3-N were significantly positively correlated
with biochar rates(P<0.01 ). The results show that biochar at 60 t-hm™ yields the greatest effects in increasing soil organic carbon and nitro—
gen contents and improving nutrient supply in the rainfed farmland.
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[E A 4T 8h2H 28 (International Biochar Initia—
tive, IBD) 44 4= W) 1% (Biochar ) & S —Fh A RURLIR 5¢
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R R 3 P i B 2R R
IR B g B I %) FH A) N DX, gk
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A B Hoprs il s A, SR A - S A, DL R
AW A 30 R R A 1o B (A A

M5 RHE

1.1 I X5

RIS A TR VG A8 2 7R 0 X PG JE AR R
SAREG I, A4S 34°167, 4548 108°04” , ¥k 458.6 m,,
2 X A KR S AR X, AR H BRI
2196 h, 4EYS I 11~13 °C, ToFEW] 210 d, AFE [T

1

Tt 500~700 mm, FIEAT A 125 LW, 219
+JE, E LB, RGN RER NN 1 B A K
P43

1.2 iRga bt

5% BT T AR ) i B vE A B8 R P e R RHE T &
H RS w e BRAEIR T (450 °C) H 5710
B AAASY TS, AL 1 mm G (UYL
FAVGIARMBI L K2 T /N RN VIME 22 5 ) FIZ AL
FAFP(IER 127) X G A e iy LA HE fL
PERT LR 1,

1.3 5%t

AR T 2012 4% 4 J —R M0 F 5858291
EHFZ(0~20 em) HHERES), TR 5 7K X ]
BO(O t-hm™) .B20(20 t-hm™) .B40(40 t-hm™) .B60
(60 t-hm?) B80(80 t-hm?), RAAMIHLIX 4 1KIT, &
ARbER 3 RS, /NK RN 1.35 mx3.50 m, £E4/)N
X Z[E 0.30 m By o BRAEY A A RSN, &
Wl EPRE (433 R 2R R — BRIERER ) YRR F
BRI — MR, R & At F: o
N-P,05-K,0 ~f 225-180-150 kg-hm™,

HENR O T TS, T 2012454 A2
2014 4 6 J i 47 5 £ K (Summer maize ) il & /N 32
(Winter wheat) AJ4E1E . FESS PUZRAEY) (4 /N OR
Ja(2014 4 6 A 7 H )41r/Z(0~10,10~20 cm #1 20~30
em )R AE AR, B 100 ¢ Z2 45 i+ F 4 COKAR
PRAF, T 3RS AR RAE Y A Y ik AR E
Hoa L HEF B K5 A e AR I E
L4 MEIERRTT %

A Yk A BAE M S B (g A
A3 )RR, b AR )k ) DGR A R
JA1E [E Elementar 2 5 4E 771 Vario EL I % 51 25 43
M1 (Element Analyzer )l % , Hb 3 1 BLU% F mMK -
ASAP 2020C BI4: { B fb 27 W B A 25 FvE e L AR
i BET W R AR 80 A Wy e tb R A, T3
A HLH% (Total organic carbon, TOC ) : K,Cr,0; 4 fk-4b
Tk s 3% 24 (Total nitrogen, TN) « 1R A 4k 577 -

=1 il TR YR EAREL SR

Table 1 Chemical and physical properties of soil and biochar used in experiment

pH(12.5) /ﬁﬁ/z LB R = ) NO;-N/ NH{-N/ %W s/
4352 Soil g cm” g-kg g-kg g-kg gkg! mg-kg™ mg-kg™ mg-kg™ mg-kg™
7.33 1.30 14.99 0.71 0.43 19.64 18.20 15.90 12.38 193.00
W pH(1:10)  HERHEIFY/m* g N/% 0/% C/% H% S48 E PR/ g kg”  NO;-N/mg-kg” NHi-N/mg-kg
Biochar 10.43 86.70 1.19 23.81 72.38 2.62 73.59 0.52 1.86
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B4 B30 5+ 3R A7 2L ( Alkali—hydrolyzable ni—
trogen , AN): B8R4 HZ 3 NO-N: 1 mol - L' KCI 32
PRS0k s AR Y AR YRR VA
ANTEZR-KS0, 12581, Horr, - 34 Wy A= W ek
(Microbial biomass carbon,MBC) % A & # TOC -
5000A 4TS, MBC=FC/0.45(EC g i il i
+ AR 0.5 mol - L™ K,SO, $2HUA ik 2 2, LA mg-
kg™ TR ), B IERMA Y A ) i A (Microbial
biomass nitrogen, MBN ) % FH % %2 ¥ 8l 43 #71 AL 2=,
MBN=EN/0.25 (EN 83 A5 3 - ££F] 0.5 mol -
L' KSO, #2HUAINH -N Z 22, Dl mg-kg” T L3R );
+ HEUR A ALK (Particulate organic carbon, POC) ;
5 g+ L' (NaPO;)s L, KoCr0, A -k ; 5 41
B HLIE( Easily oxidized organic carbon, EOC) ;333
mmol - L™ SR FRBR AL -0 R R 3
IR
1.5 #ELIE

K] Microsoft Excel #1474 B BN L ] [5615%,
SPSS18.0 %t T 1 X K e k47 H I 2K J5 22 0
(One-way ANOVA ) FIAH 5307, 2 5 HACR H /)y
BEZEFL(SD), BEVEARFBER 0.05, Z2R LAY
BE+brifE "R, TR PR AR, A PR A
figt i B o X5

A PR Z % E (t-hm™)=C B, H;(1-G;)x0.1

A PR AR (- hm?)= Z C.B;H,(1-G,)x0.1

KGN | EHEB ARSI SRS &, g kg B,
F RN g em ™ H N 12 T IRIERE, em;
G ol i 2P T 2 mm AR AR E 4
B, % AT G ;0.1 R i R A

2 HBRE5SMW

2.1 REYRETIZESANREERASSE

TOC & it N S A — A 28R,
Jiti A= 0 %k - 438 TOC & g m . gl 1A Jr
7, B A= peit FH A 3, 78 0~10 em A1 10~20 cm
2 iR AL FERY TOC 7535431 FXT B BO {238 in
65.14%~180.80% F1 54.70%~180.68% ; TE 20~30 cm
+ )2, 13 TOC ¥ f7F B60 F1 B8O LbF s i Z 4 i,
5% BO 340 37.41%F1 35.90% .,

EOC J& 7 + et L W o fe Ak i A ALk , %
Y FR 5T LA A HHEAE A, 5 5 TOC A2 fbAH
L, EOC i A 9y o Tt FH 2t A 385 o A2 Ak s B BH ol 570

( 1B), 7E 0~10 cm +JZ,B40.B60 F1 B8O L BO 4>
TR0 43.75% 68.33%F1 79.58%; 1E 10~20 cm
+J2,B60 Lt BO 2141 78.05% , HiAsAb P4 BO
P, H 2 58 5.2 #F 20~30 em +)2,B80 L
BO & 4N 32.96% , Hoaxab P4 BO Jo i % 25 5
POC J24575 138 TOC 85 A b 8 38 it
Wi 107 P4 BRAELFE AR, R R 1€ AT, 550 B BO A EL , Bt
AW it R A B3 N, 72 0~10 em A1 10~20 em )2,
it o AL BE Y POC 5 53l 2 25 389 4.14~12.88 g+
kg™ F1 1.98~9.67 g-kg™, 7 20~30 cm 12, 13 POC
B TE B60 1 B8O Ab BRI 43 5] 2 14 96.00% Al
98.40% , 5 1-1E TOC [yAsfh a3
MBC J& - 3E0E A Ml g —3 4y, wIVE N 15
TEVEA LR A BUSFR R . Bl AR ) it FH o P 3
i, 7€ 0~10 em F1 10~20 em + /)2, 13 MBC &1y
AN VS, 20~30 em 12, MBC & & 200
(I 1D), 7 0~10 cm FI 10~20 cm + )2, Ji AL FE
MIMBC & 45 5 b BO f2 251811 30.54%~87.22% Fl
9.03%~23.85% , H.YJ7F B60 b PR 35 F £ K 78 20~
30 em 2, JimANEE . BO Y 2.25%~58.60% , H:
H,B60 F1 B8O 15 BO AbHiA] 25 Fk | B % .
Ty L, Al —Ab PR 358 TOC #1 POC #
1EH % 1 2 (0~10 em F1 10~20 em) ¥ & FF 2
(20~30 c¢m) ;55 B8O [ MBC & 7F 10~20 cm +2/)N
T 20~30 em +JZ4b, [Al—AbFEf) 158 EOC 1 MBC
SEHE 0~10 em 1 )2>10~20 cm 1 /2>20~30 cm 1
2. UL 2R AT 3 EOC A1 MBC % &4
20, RN [Rl—AbFEE EOC A1 MBC & 5t b + )2 iR
WD X AT RS I Y TE M E R EIAR R A A
X, PR g GEREE R FERE AT
AV AEAEFWEYIAR R A, T DA o
VI /NRY S R AR 23, 4 R E A
TR, L 38 EOC Fit MBC 5 &4k -+ JZ iR
T .
22 AEYMRELEERREGESSE
A=W e £ 3E TN B BR B2, N 2A B,
Jiti o AL FEES TR BO A3 IR 7 0~10 em 42)22 il
JRADFE G BO B4 11.59%~33.33% , Hirp B20 . B40 #1I
B60 5 BO 4hFH[H] 22 7k 2 W2 78 10~20 em 1),
it e Ab B F BO 384111 3.03%~25.76% , H:rfp B40 . B60
F1 B8O 5 BO AbFH ] 2= Fik B 5 1E 20~30 em |-
JZ,B40.B60 #1 B8O 43 %] Ht BO i 2 4 il 15.69% .
27.45%%F1 31.37%.
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Different letters within a soil layer mean significant difference between treatments at 0.05 level. The same as below

B 1 3R sRx 13 TOC EOC,POC F1 MBCHISSNE
Figure 1 Effects of biochar on TOC, EOC, POC and MBC in soil

5HETN S fbaaiel, 5% AN &
TEft %+ 2L BO i 3 (&l 2B ), £ 0~10 em 1
J2 it A FREE BO S HE AN 14.59%~18.76% , {HJiti
AW R AL BRI) 25 N B 25 7R 10~20 em 2 ik
AEFR I BO BN 5.619%~31.07%; 7E 20~30 cm +-
2 ,B60 F1 B8O 43 %Il Ft BO & & M4 17.95% Fn
20.68% ,1fii B20 F1 B40 4% BO WA 530 F1E25

NO;-N ZEYWIS R AR FERA, HE
2/ HAE A - R AL R RE 7. B 2C WA, B
AW R R RGN, 135 NOs-N &g fE 3 N 1)2
1 BN, E 0~10,10~20 em 1 20~30 ecm + 2, Jifi
AL B EE X BE BO 43 1) S 2 3 i 46.64% ~94.79% |
57.31%~101.43%7%1 28.87%~44.63% , 1it.W it FH 2 )
RN 1338 NOs—N A3 B I Ay W o Ak B8V FH

+3 MBN %55 MBC &4 fbia®h—ak, bl
A=) it FH A 3 I, MBN 5 52 7E 0~10 em 1 10~20
em HJZHPRSEEINE N, 75 20~30 em 1)Z RGN
#H(E 2D), 1E 0~10 cm F1 10~20 cm + 2, Jiti seAb
HEXsT BE BO 4351 S 2 18 58.06%~178.80% F11 36.47%~
50.87%; 1F 20~30 cm )2, B20 B40.B60 F1 B8O 434l

k. BO 1 /i1 35.26% ,22.73% \91.60% 198.19% , H:+
B20.B60 Fi1 B8O 5 BO 4b3lin] 24 FikFI i 2,

FH AW, B B8O AL TN & EAE 0~10 cm
+J2/NF 10~20 em +)24b, [Fl—4b B 1-33 TN AN
1 MBN & HEIYE 0~10 em 1+ )2>10~20 em 1 /Z>20~
30 em 1)2;NO;-N S8 E3I PN LETEEFA K.
T AEY R . RIS RN AE W T A S 5 e 3
TN AN NO;-N il MBN &) F 2 K&K, HimEH
AN L 2 22
23 MERAEYRETIERA LT

Jite FHAE W . 3500 T 398 TOC 5 TN MBC 5
MBN () FUAH , 4155 2 7R . TOC/TN #E 0~10 cm F110~
20 em - JZ Bl AEY) R B RGN A AN, 78 20~
30 em )2, Bk B40 4bFRAN, HAR AR FREL BO iR 5 4
i, MBC/MBN 5 TOC/TN By b A # A, A |5
MR RS, 78 3 A L Z R IR BO B3 w5 T H At
fiti AL B, FE 0~10 em +JZ, MBC/MBN 7£ B60 i} Ft
A, DECT AR 32.48%; 7F 10~20 cm 12,
MBC/MBN 7 B40 B o {H £ IX, B & K F X B8
24.52% ;7% 20~30 cm + )=, MBC/MBN 7& B60 Hi FL (B
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Figure 2 Effects of biochar on TN, AN, NO;-N and MBN in soil

e fik, BT X R 28.52%

AWy s o AU R L SRS A (A ML, 7T LA
BN 58 TOC (B 1A) A=W B HAT W b
AR R R WAE RS, i T LEP e it A, Ao B2
T R R SR, AR R X g
C/N HEATIRYE , Fe 203k BIRaUE 1 HUAE , X &A= 1 e 4
R R A — A E BN — B A
2H B B R ] 2 S 3 MBC/MBN 1748 4k, A< i op
MBC/MBN Fifi 4= 41 ¢ F B (0 86 A T R ka5, 55 h

ORISR AT 25 R — 2, HEAAL A T8 i — 2
AW
24 EREYRETIEFER RZENTH
THEEHIRR . B R LA A LK
A mUuE™, TV s BB H B —E
BAERS AR A R AR, LA EAE—E
225 HE 3A W] I, B Ak it P RGN, 1-3EAE
AR T2 BEEAL, H 0~10 em F1 10~20 cm
+)ZH /N F 20~30 em 1=,

R 2 EREWRT LIERE LR

Table 2 Effects of biochar on ratios of soil carbon to nitrogen

A L

KbF Treatments

Carbon: nitrogen ratio RIRIRIE Soil depth BO B20 B40 B60 BSO
TOC/TN 0~10 ecm 12.59+1.11e 15.83+0.34d 20.44+1.21¢ 25.09+0.41b 31.36+1.96a
10~20 cm 11.46+0.61¢ 17.31+0.50b 18.44+0.22b 25.82+1.54a 25.89+0.95a
20~30 cm 13.88+0.50b 15.14+0.72a 13.50+0.52b 15.80+0.14a 15.09+0.54a
MBC/MBN 0~10 cm 14.93£1.95a 12.23+0.96b 10.7+0.14bc 10.08+0.66¢ 12.35+0.14b
10~20 cm 15.09+0.31a 12.07+0.25¢ 11.39+0.25d 12.73+0.50b 12.08+0.24¢
20~30 cm 16.90+2.29a 12.64+0.73bc 14.72+0.41bc 12.08+0.34¢ 13.48+1.02bc

T« [T G AN )/ ING B R Ah i i 22 55 1 25 (P<0.05)

Note: The different letters peer data of same indicator indicate the significant difference at P<0.05.
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Figure 3 Soil bulk density and organic carbon and nitrogen

density under different rates of biochar
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H ] 4 AT B AR P it FH AR BS i, 3 L
B U I A . Y AR it A A 20,40 .60
80 t-hm™ B}, A HEA HLERAE & 2 I8 2] T 41.68,
48.92 .62.07 t-hm™ H1 62.95 t-hm2, 435I Fb X} BE BO 75
 37.92% .61.88% .105.39%F1 108.31% ; +HEA At
ARIEEF]T 2.58.2.75.2.77 2.62 t-hm2, 4p51155% BE
BO &5 1.05% .14.11% 14.94%F1 8.71%., 1] W, 1-13
A AL 5 LE A ) it FH 24 80 t-hm ™ B 35 B
K, A AR A i T A 60 t-hm™ Bk
FER A

A AT AU it 2 A9 3 EL 3 A1 ok L 1E 0~10 em
F110~20 em 2 (it )2 ) , it oAb BRAY 3584 4L
i ot 0 o) o #3122 (0~30 em ) 9 41.02% ~
44.01%%01 33.21%~38.19% , 156 B it A= Wy vt + 3
MRG0 1) DT RRAS A Wit A= e vt PR 2 19 34 o, 13
ROA AT B AT E WA —E LA, 78 0~10 cm il
10~20 em + )2, i RANBER) -+ HERE R4 7] 0~30
em 121 31.30%~42.63%F1 31.01%~35.50%, 35
Jiti FH A 40 e o T - B AU e ) BS IAG B ik

3 He

3.1 &t HIE R EVHREERAS N

BT B, it AR Wk Tl LA 2 A e A
TOC .EOC .POC I MBC 4, X5 HAh 2= F 05T 45
TP IR &R, A= Wit FH &R 60 t-hm™
5y 80 t-hm™ i, LA E4&BR41 A0S kiAo K. HATSC
AYBTRIAL, ASBFGE R -3 TOC & i 25 A Wy it
ST R R, DR A AR B R
J5 B AL GE A 2 A A B AL 2 P SRR AR, A
FIETETERR I, 7E R AT 55 s i A2 E R
ke M, FLVE R R/ N A= Wy e 1) P o R e
N0 AR, A= it RT BB AR T 3R A AL
AL AR, T2 b Bcha e i 3 AL . A it
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Figure 4 Distribution of soil organic carbon and nitrogen

reserves under different rates of biochar
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Table 3 Pearson correlation coefficients between soil carbon and nitrogen fractions and biochar rates

$84% Index TOC EOC POC

TN AN NO;-N MBN

H:¥)% Biochar 0.958%* 0.702%* 0.952%*

0.473%* 0.397* 0.890%* 0.317

TE:* FORZEF IR RN B ERF(P<0.05) , ** FoRZERIBEIR R EKF-(P<0.01),

Note: Correlation coefficients with * and ** indicate significant difference at 0.05 and 0.01 levels, respectively.
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