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Effects of biochar application on the distribution of soil aggregates and active

organic carbon, Kinetic parameters of soil invertase, and wheat growth
JI Qiang' , MA Yuanyuan®, LIU Yonggang', WANG Rui', SUN Quan" "

1 School of Agriculture Ningxia University, Yinchuan 750021, China

2 Ningxia Rural Science and Technology Development Center, Yinchuan 750021, China

Abstract: This study was conducted to evaluate the effects of biochar ( BC) application on the active organic carbon and
microbial activity in the soil, and crop growth, as well as the action mechanism between biochar and water-stable aggregates
(WSA) in the soil. Biochar and straw were added at 1%, 3%, and 10% in straw treatments ( Str,,, Str,,, and Str,,,,
C,,, and BC

respectively) and 0.8%, 2.4% , and 8% in biochar treatments ( BC respectively ). With biochar and

0.8 8.0

straw applied at equal C rates, the wet sieving method, scanning electron microscope, and kinetic model equation were used
to investigate the responses of enzymatic activity, soil structure, active organic carbon, and wheat yield. The results
indicated that the proportion of macro—aggregates (> 0.25 mm) was significantly increased by 16.9% - 45.8% in biochar
treatments, while the proportion of macro—aggregates was double that of micro—aggregates in the treatment where straw was

applied in excess. Soil microbial biomass C content was increased by 9.7% - 33.6%. However, the dissolved organic C
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content was decreased by 12.6% - 27.5% in BC , and BC,,, while the reverse was observed in BC;,. The kinetic
parameters of the enzyme ( michaelis constant, maximum enzyme velocity, and velocity constant) were decreased by 17.
3%, 17.0% , and 16.1% in biochar treatments, respectively. Compared with the control, wheat yields were increased by
14.9% - 19.1% in BC; and BC, ,, while it decreased by 37.3% and 90.1% in Str, and Str,, , respectively. In general, soil
structure and wheat growth were promoted by increasing the formation of soil WSA fractions that were >0.25 mm and
invertase activity. Biochar applied at the rate of 2.4% was beneficial for improving the soil structure and crop growth, and is

effective for the utilization of excess plant residues in the study area.
Key Words:; biochar; soil aggregates; organic carbon; soil invertase activity
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1 ARMREHRAE

1.1 5 XML

TRIG 5 7 T PEACA MBI K 2F AL IX B IR 356 X (34°15739.17"N, 108°04'0.55"E) , %M X 2+ RS,
fige , AR 13°C, Z8 50 1200 mm, 42 [ FR 2 550—650 mm, +3E b MR, I E 1.32 g/em’,
SOC 7.25 g/kg, T4 4% 0.89 g/kg, AL 8.5 mg/kg, HALA 160 mg/kg, CaCO, 58 g/kg,pH 8.17,
1.2 Rt

R i /N2 R AR A T P AU R MBI R A — il R AR A ERAL 1y - €, 40.4% 5N, 1.5%;H,6.3%
TR0 W) 57 ok ZE BT A R BT = AR R FR A w R AR B/ NS FEAE 700°C T PRSI 2 h fil%5 . B9
JF BT R . C,51.1% 3N ,1.7% ;H,3.1% ;K ,0.16% ; Ca, 1% ;Mg ,0.62% ; L L 0L, 139.7 m* /g, IR K:
TR T 2 mm G, 2B R SREFPR AT 0.15 mm 5, IR ERIEAT B S IR MRS S A, e
Hefu & 7 AL B Hod  FEFFRINK AL 0 1% ,3% ,10% (Str, , Strs o, Stry ) » AAFIEAA R C R0, A8 Fiox
WMAKF-4:0.8%,2.4% ,8% (BC, 5, BC,, ,BCq,) , CK NICAMERRAS AL, 56 A 58 2 REHLIX 2 1 31, 45 4b
HEE 3K,

RIS MG . EA% 25 em, &5 17 em, 5345 5 3.5 ke (T 1), M E A 20 i T, R FFEH
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10 Bk, gt F g IR K A BLLART (kK 3 Tihae . BB AE T 0 R - IR R 0.53 ¢ BEIR — A5 0.35 g AL
0.35 g,
1.3 HEARAE

SKAERF A HE Lancashire 1 BBCH fEMRRI S e /N3E 4 AN RIAE .l B (leaf development) . #&
Jﬁ,ﬁ;ﬂ( stem elongation ) \%%%ﬁ(ﬂowering) N8 (ripening) TE/NE ) 4 A B R AR e A , id 2 mm i
JEORAE T 4°C URFE R . /INZZ ORI SR 4R - /KRR PR SR AA 3 2 i FH DR -, T e m il i, {8 A2 T
PG ERLAR b R g, R P RIAT SRR v, B R R R N R TE R B B0 2 TR & kA i
FHH 0] 200 28 SR A
1.4 i Jr kS EdE A

TR RO R e SRR SR Six AR 07 1 AT 3, R HR WSA >2,0.25—2,0.05—0.25,
<0.05 mm 4 MR, PRI 100 g MR AAE, 980T 2 mm §ff BRI 10 208, B 38 2 3R AR 7 A4Sk
FT5380, A3 AR 30 PR/ min, J34F[8] 5 min, RRGHJ5 , WCHEA [FPRL A RAKTFAE 50°C T HET FRE

A=Wy Bt a5 AN [ RE 2% 1 3B /K ARV A SR AR WSA AR B AR A 000 R I H 45 49 4 WL € (JSM-6360LV Scanning
Electron Microscope , JEOL Ltd., Japan) , S 9 AEH 4 30 kV,

FARPEA LR (DOC) KA Ghani 702" FERL 10 ¢ HHEEERET 100 mL 41K 723 30 min, K
J& F 10000 3 T #2500 15 min, B0 J5 B9 15 EIRTE 6 kPa [T i 0.45 wm GALUEEMTE . f3UE )i
(MBC) R FHEEZE L 22 - MBC. % 3 o) F 28 5 AR JR 28 T3 P (W A A PILBR 22 (63153 (BR L 0.45 %% . DOC
5 MBC 4350 382 $2 W I TOC {2 (TOC-V .y, , Shimadzu Scientific Instruments, Tokyo, Japan) Il %& 45 HL Ak
T,

- S AT TG A DN 2 SR PR — SN — SR W L B R 2 5 - S 3h 71 2= A LA Michaelis-Menten J7 2
SR B 2 AR S B 1 G

Vo Vi X8
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AEME 05 ZF A ] T T M0 5 5 12, G vk B B B R TR B B2 4339124 :0.005,0.01,0.05,0.1 mol/L Y 7EE
PR

INEANRE B IEOCA R LI-6400XT Y6418 ( Protable Photosynthesis System , 3¢ [E LI-COR ) #47il
JE 3 /N TR (13.5% W) &K ) 1R/ E AR e FRESETT,

GBI R T Excel 2007 9125004 , B8 28 B2 70 A K 36 I B 07 22 400 L 2 1 FU AL (LSD 6 ) AH M43 B
K H SAS 8.1 Fff M REE 261 R Origin 9.0 5 Excel #4F,

2 HREHS

2.1 MRS T A R AR (WSA) 43 K 5 2 A EAE

HMEIRE ST, LI RGOKE M B R AR A G oL 1 s, AW iR (BC) A AL EE T, 1R
R AT R AR (>0.25 mm ) A X BEERA T3 n, i /NBURL A SR 44 ( <0.25 mm) W2 BUAH IR FLAEE . AR 90 J o 7E
BRI MK (BC,, M1 BCy ) , FIURE A R A4 B 8 43501 S E 38 0 T 16.9% F1 45.8% 5 5 Z AH I, A= o e 1)
KAt A (BCy o) BEAR T 38/ INBURL A SRAAR B 43 A, BRI R 13.5% A5 FFfe 1) o AL 0] Jed 25384 ™ 4 g v R
o AT R AR A TE B R, A 3 AT (AT SR A 5 R R T X BR AR R S B 8 0 T 65.19%—208% 5 7Nk [T SR A A
B B E AR T 19.2%—61.5% , HAS A8 B 5% 52 B Str, , <Str,, <Stry o BB, 2485 FF 8% 3 B2 5 A B
(Stryo) , HELERE RS LA -3 RI0RE A SR A4 Ry 32, B 5 249 R/ INFIURE A SR AR 1 2 4%

T R A Wy OR AR S5 R BRI R AN R 2 R FLBRES M B L A E R LR A, AR A
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Fig.1 Water-stable aggregates distribution as affected by exogenous carbon applications
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Fig. 2 Scanning electron microscope picture of biochar £ H

particles! '] Fig.3 Adsorption-chelation between soil aggregate and biochar

particle in soil macro-aggregates fraction
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Fig.4 Microbial biomass carbon and dissolved organic carbon contents affected by exogenous carbon applications in different wheat

growth stages
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AR AN RS 5 3 ARG 2 ) A S8 AR — P e T DL B g5 IR (% 2) o AR X IR ORI
YIRS K, R T 15.3%—19.7% ( BC, ,<BC, ,<BC, ) , BNEEY) 5 7 1 1l 35 F1 B8 ARG s A5 FTBoc i A

http ; //www.ecologica.cn



6 S % 39 &

AT K, NIRRT AP oc, R iR B BERS AR I 0 G Inmi s oKk . 2880 v, SRAE T FIXE I IS 4 7 A
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4.8%M19.6%, ZHV,, /K, T LR EEHEILEE J1 05855, 7F BCy o M BC, 437l N T 4.7%H1 3.7% , 7€ BCy,
AEBEN R R T 7.3% ;Str,  Stry o Stryg JEH R V. /K HA1T 15.9%—30.6% ., Z8% k 22 HE B BN 97 5 b
AR, 7E BCy g \BC,, BCy ALHAFHI TR T 21.3% ,1.7% 25.2% ; 1E Str, o Al Str,o JAEEE R 43503800 T 31.2% Fl
9.3% . MK XS TX5 BR A= 90 T e i AR A 1 1 398 v 5 s PR A DL B 1) e AL T3 B T e A L
Yy i SRR RS AF D s A o S AAH LU B A RE ) TR R S R AR TR A LAY B i A A 3
B AR R B AN S BOR ML 5T 5 e AR ST RN EERRATS , A AT 20 i ik R 2%

F1 SHMNEBBATNERDESTHLERUEFE (ngg' b))

Table 1 Soil invertase activity affected by exogenous carbon applications in different wheat growth stages

Jb B fliet35 P iR ] e8]

Treatment Leaf development Stem elongation Flowering Ripening

BCy¢ 188.6b 300.1c 938.6b 918.8bc
BC,, 217.1¢ 327.1¢ 951.5b 883.0b
BCy 233.3d 378.1d 845.3a 841.9a
Str o 176.6a 209.0a 1011.4¢ 949.9¢
Stry 170.7a 356.7d 1003.4¢ 1027.0d
Stryg0 171.6a 198.0a 1155.7¢ 1187.2¢
CK 176.4a 267.3b 1050.2d 902.6b

BC0.8 .BC2.4 BC8.0 43 I K EE W B IR AE 0.8% 2.4% 8.0%7KF- NS M5 Strl.0,Sur3.0 . Str10.0 235 A RS FFAE 1.0% .3.0% ,10.0% 7KV F %S 5
CK X R Ab 2

R2 MNERBATIERUBNNFESH

Table 2 Invertase kinetic parameters of soils as affected by exogenous carbon applications

A F Treatment K,/ (mmol/L) V,./ (mmol L™t h™!) VoK, /b7 k/h™!
BCy 4.248 0.872 0.205 0.1623
BC,, 4.480 0.910 0.203 0.2027
BCg 4.384 0.797 0.182 0.1542
BC #4J{H BC Mean 4.371 0.860 0.197 0.1731
Str) o 3.731 0.918 0.246 0.2705
Strs 4.782 1.086 0.227 0.2047
Stryg0 4.435 1.135 0.256 0.2253
Str & Str Mean 4.316 1.046 0.243 0.2335
CK 5.288 1.036 0.196 0.2062

O N 7 b b N A5 BT SN F QIR L S 5

2.4 MBS AXT NG EAE S 7 B

A5 e SRS RIS I T /N2 o AR, 5 AN RN S A (B S) . AW e A 4w T
INZENA TR (18.9%—66.1% ) , H. 38 i il A= ) 0T ¢ S 0 Sk A9 186 T i 185 K, A= 0 o2 e 3 iy A\ 45100 T
(BCoo M1 BC, ) , AN T B /NAZ P 20 0 i S 38N T 14.9% M1 19.1% , i AE Wi sead i A S E R /N 7
AN 3

FE Al A SR RS FTER ISt A3, /INZZ2 ¥ o 3 o 25 IR T AR W R VS In A 34, LRt & 5
AN, /INE A SR B (R 5) o FEFFAYIE S5 A SR T (Ste, M1 Stry ), /N2 VGG R 43 31 i
FEWEINT 26.0%—29.9% F1 18.7%—22.4% , 10 f& FF () 3 2 55 A (Str,o ) W2 35 FEAR T /022 10§66 B R
(20.4%) , FEFFERIGAAERAMR R A SR T (Stry ) , SE & T /N2 77 1 (6.0% ) , 1 Bt 2 o FF T oo 70 340 34
B /INAZ P I AR T (37.3%—90.1% ) , = WAREFFANAE 1% 1 /b s A BE AT DU 2088 /N A2 77 it i
By I IURA 1 I VAN 2 R o Vil i35 SO
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Fig.5 Wheat yield and net photosynthetic rate in different wheat growth stages affected by exogenous carbon applications

2.5 HMEBREA T TSGR A 5 VR A AR AR R AR DG

AW RRS FF B A S5 T, K ER A IR 4K \MBC \DOC 5 + 5856 (Ll 16 M /N2 e R R /)N
PR RIAHDCE SR 3 Fin, b AEW R BN Z5E T, L HE WSAS2 mm 55+ HERE A0 B T 14 A 103 1E AH
X I MBC S5/0A2 P i 8 IEAR G ; 14 WSA 0.25—2 mm S5/NE R R B FAEE R, FFAFREm
FAF T, £HE MBC \DOC 5 /N 7= i S B 3 R DG OG22 5 148 WSAS2 mm 55/NEZ P bl (i 2 Tk OG5 /2
HOLHE R S+ WSA 0.05-0.25 mm 2 W EFRALELR,

treatments (n=9)

R3 MERBATLESFRESENERKIEREAEXRER(n=9)

Table 3  Correlation coefficients between soil water-stable aggregate distribution and crop growth indicators in exogenous carbon applied

HE W i AMBEE Biochar applied treatments

>2 mm 3 0.25—2 mm T3 0.05-0.25 mm 1 <0.05 mm 13 ., .
. , i , s Vi
KRR KRR KGR kb CCCPRBE R L
JE LAY il Y
i.}?‘.*“tﬁﬁ(ﬁ E _ 0.7961 ** 0.5634 -0.4162 0.5782 0.3126 0.2487
Soil invertase activity
A N
LR , -0.5984 0.2638 0.3155 -0.2361 0.1277 -0.3357
Net photosynthetic rate
JNZZ 77 i Wheat yield 0.1639 0.7448 * 0.1025 0.5422 0.8169 ** 0.5418
FE PR AALEE Straw applied treatments
>2 mm T HE 0.25—2 mm 3 0.05-0.25 mm T <0.05 mm + 3 . N
MLt HE AT B
KRR KR KRk ket CCCOREE IR
ek H15

,i,%%{mi(ﬁﬁ 0.1885 0.4557 0.4210 0.2487 0.2617 0.4551
Soil invertase
Vi i R
O . 0.1352 0.4267 -0.6797* 0.2231 -0.1146 -0.3458
Net photosynthetic rate
/NFE FEhE Wheat yield -0.9407 ** 0.2271 0.6165 0.7246 -0.8697 ** -0.8697 **

# P<0.05; = % P<0.01
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A=W RAR X TR AT 55 A GE A DL, FLAT B g 040 0 P A 2 B P, X e 38 5 A R0 52 g S ¢
T ARG A SR AR AT (AR SR T 139D >0.25 mm (9 KURE LS AT SRR AR AL (EL AR
W I Xk AT ALY 5 0 BT 3R A RIVERE A A B SR B i AR, PR A > 2 mm AR AORE
SEVTRAR M2 ML >0.25 mm KUK AT R A 209 L HEES A, A=Wy e fim AR SRS AG R B L B 4138
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