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Effect of straw and biochar on soil organic carbon and carbon pool

management index in purple soil under rape —maize rotation

Lu Chang', Xu Chang®, Huang Rong', Tian Dong', Gao Ming'
(1.College of Resources and Environment, Southwest University, Chongqing 400715, China;

2. Chongqing Municipal Tobacco Company, Chongqing 400023, China)

Abstract: In order to reveal the response of the organic carbon pool of purple soil to straw and biochar applica-
tion in Southwest China, this experiment quantified the content of various forms of organic carbon and the car-
bon pool management index in rape— maize rotation systems in the national monitoring station for soil fertility
and fertilizer efficiency of purple soils. There were five treatments, including no organic material (CK), straw
(CS), biochar (BC), 50% straw—+50% biochar (CS+BC), and straw+ microorganisms (CS-+D), which were
repeated three times. The results showed that straw and biochar addition increased soil total organic carbon,
microbial biomass carbon, particulate organic carbon, mineral-associated organic carbon, labile organic carbon,
and carbon pool management index as compared with those of the CK treatment. The highest content of micro-

bial biomass carbon, coarse particulate organic carbon, and soil microbial entropy were found in the CS+ D
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treatment, with increases of 104.17%, 248.57%, and 66.61% , respectively. The content of microbial biomass
carbon, coarse particulate organic carbon, and soil microbial entropy increased by 75.25%, 211.43%, and
51.38%, respectively, in the CS treatment. As compared with the CK treatment, carbon pool management in-
dex increased by 87.42 and 70.95 in the CS+ D and CS treatments, respectively. The highest content of mineral-

"in the BC treatment. Overall, the activity and quality of soil or-

associated organic carbon was 13.14 g * kg
ganic carbon improved by the addition of straw and straw -+ microorganism, whereas the stability of soil or-
ganic carbon was improved by the addition of biochar., which is beneficial for the long-term stable fixation of
soil organic carbon.

Key words: straw; biochar; particulate organic carbon; labile organic carbon; carbon pool management index
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AR FE 4 Rt FH A= 40 ¢ £ B 3 BT 25 60+ 1) - 38 AL
e J2E R B P22 257 BEL 8 5014 BF 9 30 i DL 41 . AR F 5 7
FAE A 1 HEE 75 M0 RL R % K 10 W 0 356 b O R T
¥ (Brassica napus) — EXK(Zea mays)FAE R M ]
5, 3 55 4 A 6 B CCKO L R FF I8 B (CS) it FH A 49 3¢
(BO) JFEFF + s 1+ 1 IR [ (CS+BCO) ., F
FF -+ 38 5138 [ (CS-+ D)5 Fhkb B A HLEK 41 5 L ik
VA P B R Ak B I N, T s 5 - T A BL
il s SRy B0 ARG 38 T 45 A 18 0 o 52 B A A0

1 MH55E

1.1 A5 XA

TR XA F 5 R L AET XV K 2H iRk g A 1,
FRA7 BN 30°26" N, 106°26" E, 4K 266.3 m, J& I #
M2 KL AE SR 18,3 TCLAE =10 °C FRIRE 6 006
C o d,FFEKE 1 086 mm, 4 H %L 1 276.7 h,
R AR L UNE LS R TUA KB R 5
b PR A WS, KA ETR LR . il A
FRALE B R A AL Sk 9.98 g« kg LB A A =
4 135.65 mg * kg 'L HEAABES R 17.38 mg » kg !,
R A RN 206,32 mg » kg 'L pH 6.7,

1.2 AL

R X5 1Y 77 v, T 2015 4 10 A JT iR
HEAT 5 DA S Rl 15 it DU il A 8 26 0 o R FH BB L IX.
il i E 5 MR CR D3 IREL MK A
2 m>X 1 m, Al X K R4S BRI A TR]

T2 30 R FH T 2 — KB PR 2 AR o B L B . S A%
G/ N (Triticum aestivum) — E R AER A [,
SR 3 — EORERAE 4 T 5 06 228t A i oy A
PRI 24 . WSET 2015 48 10 A 11 HE 1 ,2015
11 H 3 HEBE R (R Ml o6vad, BE N 8 1
¥k« hm %),2016 4F 4 A 19 HUkgk, EAKT 2016 4F
AHIOHEW.4H 20 HRERGRRF 9 5 %A
M4 Ttk e hm ?),8 H 1 HYK. £ &b B jitE AE & A1
[] o 32 2 45 A0 B R OND LB (P, O5) B (K, O) IR A
BIPAE FH &2 5353124 150,90.90 1 15 kg « hm™*, 80,
WA .70 %6 ZAEAE R FEAEF 2015 4F 11 A 1 HIjE H,
30 % AHEAE M ZARF 2016 4E 2 A 20 HitifH . EkZE
BALBEA R (ND VB (P, O V8 (K, O) B FH &2 43 58
180.60.90 kg « hm™* fE N AL F 2016 4F 4 H 20 H
JiE . B BRI IE A 0 S IR (N 46 26) (i
BEMRAS (P, Os 12 %) FIR R 8 (K, O 51 %) il ab
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Table 1 Treatment designing in the experiment
ez Ak 3 jiti A it Application rate/ RNy
Code Treatment (kg « hm %) Concrete measurement
D i BR anic materia A 706 1 A Tk . P
CK X1 No organic material 0 SRS ST FHLI T AR 2 cm 747 9050 10 mom 0575
Cs FiAFIL H Straw 8 000 AN SEHT 3 d W FEFF B Wy e 1 20 B 5 T bR AR R R AT
BC Jiti F = 1 ¢ Biochar 5274 10 em B
SEE MR 1 | R The straw was crushed to pieces of approximately 2 ¢cm by
cs+Bc T g ' {tbﬁ = 4 000+2 637 a pulverizer. The biochar was sieved using a 10 mm mesh.
50% straw+50% biochar .
The straw or biochar was evenly covered on the surface on
o T LS A the third day before transplanting rape, and then 10 cm
cstp AT EBEAE 8 000+16

Straw+ microorganism

deep tillage was carried out.

(B 12%) . B a]4S B it 45 24 3t > L 47.

R A A 2 5 B 0 3l 3 b L3 0 A A L O AR
TEN 392.05 g+ kg ', BRAL N 41.56, AWk H
VU1 A8 A AR L AT B BT A 2 B L, DAy S0 R AT Ol i
BHE 500 °C s MK AT it 2 b Beil, Hoik & &
H962.58% A A 45.52, pH N 8.9, FE FF HE
K H H b 5t R TR 2 0 A= MR R PR A W R A HENE &
FH TRl s 8 0 B A A AT SR 0.2 %6

1.3 M J5 i
1.3.1 Zy¥i5EE 2016 4F 8 H E kW ik s, F +457F

FEA/INX P ST RUR 4 5 AL AY 222 B BURE IR
B 20 em, IR A 1E N IZ /D KOR A B 2 A KT A B
88, —FRES ST RV 4 °C KA AR A7 F ke £
ST AE W A W R T — T 0 R R T L 5 B A )
VRN H Al 2%y, T 9 vt 3 XA B R B AT 0 2
mm i %5 H .

T HEWOR A HLER (POC) Y #2 BUR H 2 % Sk
C13JM 7, BRI N . FREL 10 g 3 2 mm i A9 XL T
FHET 250 mL =AM I 50 mL 75 8 IR A PR
VL 16 h AR BB 53 pem B L 07 LR b WKL A
BUBR 0 F 38 20 (<53 pm) N B ¥ 45 & &4 HL %
(MOC) ; - H1 0.25 mm G B F 43 25 Sy BLASURE 245 A Bl
it (coarse POC, Bl CPOC,250~2 000 pm) il 40 0 ki
A HLER (fine POC, Bl FPOC,53~250 pm) , 4% 4143
L S TP S N S T e (NS0 o O O D Wl = o VA e
SRR BE R 0.149 mm B IR0 HA HLAK &=,
B F R FH A D0 5 5 + 588 HLER (TOC) FSURL
A BB SR FH 45 R B — YR A R A0 i AR e s
5B BA VUK (MOC) 2 B A HLER AR A DIk Y 22
1B s T PR MLAK (LOC) SR FH 55 4 R A0 S Ak vk i
A W A i e (MBO) 2R F &5 TR 28 — K. SO, 421K
e,

1.3.2 IEARK
A W = A W A e R i/ B R A LR
RN,

AN [RRL AR A S UR AT HLAK & = AN AR AR - e 5
) AT FLRR XA [RRE AR 0k 9 5 e E 4 e

AN Ta) R A28 4 38 UKL AT LA 43 BC LL 9] = A [R)RE A
R A HLRR 5 i/ 4B LR & R <100 %60,

DI B A B A S 255 1 4, T e A A B 4
Bk s a0,

BRIFEFEEC(CPD = £ dh B A Uik & /5 % 4b B
+ R LR

T 235 B CAD = T PR LA & o /JE 36 M A MLk

il FoE 1% B 4R B CAD = B LBk P20 2/ 2 %5 - Sk
VI B

T J2E 78 B £ (CPMD) = Rk J3 45 £8 (CPD) X ik J&
TR BUCAD X100

T HLER AT ROCR (ER) = 16 VA7 WLBR &5 /3%
BAE YRS &

TG A HLER SE AL AR E R (Kos) = AR 16 A ALK
/TR LR A
1.4 Bdiaend

IR I B0 K ] SPSS 19.0 Fl Excel 2013 ¥ F7E17
AR EE L RIEI R, A R 3 e 4
B R . AN A Ak B 2 n) ) 22 B LR A LSD
/NI 2= R0k (P <C0.05 ),

%\E

I

2 ERESH
2.1 REFFIE R A W e T o d oA HLRR B 120
ol 21 0 i e

5 CK ARFRAR LE , 25 0Kk ik 1 Ab 21 2 BE 52 i 4 3
APl SR (R 2) . SALHT LA HLER & R RN
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BC>CS+ BC>CS+ D>CS>CK, H ' BC 4b B %
CK AbFR i Z 35 T 45.48% (P<C0.05), [ CS A4b#
Hh, HoAab 334 5 CK AR A 1B 3% 25 5% (P<<0.05), AJ
Ul FH A= 0 e B e A S A ML A % i A ROCR W WA T
FEFFia H .

2 Wk A A B S R B Y T CK Ab
L, H PR ERE T 28.64%~104.18% (P <C0.05) (%
2), Hr CS+D A& &, R 227.69 g« kg ', HK
9 CS b3, CS+BC A ¥ 5 CK 4b# 8] 22 5 K B &
(P>>0.05) , Ui, B A% FF 38 H A A F 4 3504 P i ik 149
I INNERT Y BAIESE BT (N

ARG HA CS+D AL g 2 1N 17+ ek
Y1 (P<0.05) . 1fif BC AbBE + S A Wy Wi A7 78 — 2 12
R FRE. A CK b 22 R AR % (P >0.05) (£
2),
2.2 SRR HFE I P T s ok A Lk

K PRLA B AL BT BORL A AL AR AL 55URE A HIL
AN R A HLAk & & 5 CK b3 22 7 W % (P <
0.05) (£ 3), A ALFLT £ He WOk A VLI & & LB N

CS+BC>CS+D>CS>BC>CS, CS+BC fil CS+D
AbFE L CK AP 3 = T 89.93 % 1 88.81 % (P <<
0.05); CS+D,CS fil CS+BC 4 F + 5 CPOC &
B0 CK 4K 3.49.3.11.2.94 £, Hi# 5 BC
b 25 5 5 2 (P <C0.05) ;5 CK 4b AR Hb L 45 90 B
M Ab R+ 58 FPOC & & i & #E m 0.98 ~1.74
g+ kg '(P<C0.05), H:H CSHBC 4 F 19 + 3 FPOC
TR

5 CK AL BEAH LY . 25 P kA AL 3558 RE 42 = B0k
AL AR ITURL A AL B A0 A1 UKL A BILAR (14 43 T EL ] (3
3), CPOC/TOC £ MK CS+D>CS>CS+ BC>
BC>CK, 5 CPOC & it iy #a Al [, Hh CS+D fil
CS 43N CPOC/TOC 435l /& CK Ab 3 fY 2.83.2.68
B, PR AL FE ) CPOC/TOC % % T CS+BC &b
(P <C0.05) (38 3) 5 (7 3L A7 1) J5URE AT ML g 248
i AL, &AL BT FPOC/TOC #£19.44 % ~26.25%
Ak s 5 CK 4R FEA H ,CS+D.CS .CS+BC b Fi 4
FIE T POC/TOC, ¥4 43 51 8 54.49 % ,42.38%
40.33% (P <C0.05),

R2 FRLEXNTEEVBRMMEY R M

Table 2 Effects of different treatments on soil total organic carbon and soil microbial biomass carbon

Qb PR Treatment TOC/(g+ kg ")

CK 11.94+0.36¢

CS 13.76 £0.30bc

BC 17.37%2.57a
CS+BC 16.32+1.26ab
CS+D 14.69+0.96b

MBC/(g » kg ") MQ
111.5249.21¢ 9.35+0.85bc
195.44+81.21ab 14.15+5.68ab
143.464+21.61b 8.3841.72¢
128.614+27.47bc 7.994+2.21c

227.69436.53a 15.58+2.85a

SEHE L FRAERE (n=3) , R FI R [F) 28 e 7m A B IA) 22 53 8 35 (P <<0.05) . TOC, A HL#k ;s MBC, it 4= W) A= W e ik s MQL Sl i . 3% 6 [l

Data show as Mean®SD (n=3) . different lowercase letters within a column indicate significant difference at the 0.05 level. TOC. total organic car-

bon; MBC, microbial biomass carbon; MQ, microbial entropy; similarly for Table 6.

R 3 AEAIE X I 15 HkE YLk B R

Table 3 Effects of different treatments on soil particulate organic carbon

POC/ CPOC/ FPOC/ CPOC/TOC/ FPOC/TOC/ POC/TOC/
AL PR Treatment
(gekg H (g kg ") (g kg ™) % % %

CK 2.684+0.25¢ 0.354+0.06¢ 2.324+0.21c¢ 2.954+0.41c 19.44+1.13¢ 22.3941.40b

CS 4.3940.28ab 1.09+0.04a 3.30£0.27b 7.91£0.02a 23.97+1.50abc 31.88+t1.37a

BC 4.23+£0.53b 0.69+£0.03b 3.5440.55ab 4.0540.77¢ 20.58+3.56bc 24.62+4.03b
CS+BC 5.094+0.28a 1.03+0.03a 4.064+0.28a 6.36+0.53b 25.0643.70ab 31.42+4.19a
CS+D 5.06+0.56a 1.22+0.23a 3.83+0.37ab 8.34+1.51a 26.25+3.78a 34.59+4.96a

POC. Uk A ALk s CPOC, MR A HLER s FPOC. 40 ik A HLEk . 35 6 7).

POC, particulate organic carbon; CPOC, coarse particulate organic carbon; FPOC, fine particulate organic carbon; similarly for Table 6.
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2.3 FSFRE RGP0k F LRy g A AL
fie

FAC BT W 4SS DL SR RS A L
WA R/ — (£ O, AKX N BC>CSH
BC>CS+D>CS>CK, HiH, f i iy BC 43, & CK
REFR G ERN T 3.88 g » kg ' (P<C0.05), CK Hl BC
Ah R W) 2 G A A LR o T L B S e A il
77.61% F1 75.38% . POC/MOC Al 7 — & & ¥ | 57
A LA 0 R R LA MR, - A LA I M
Fo S R e LA /N DU - A DL AR E L N )
AR A, CSHD A CS A B POC/MOC
T BC FI CK 43, W] CK f1 BC &b ¥ F + 34
Pl R PR &, LA DAk BEAR & AR R .1 CS+D
L CS AT AT HLAR IS 1 = o SR A el
2.4 RSFFE HRUE A 9 0% & b B8 6 PR A BL RS B i
VR PR AL

XF s A LB I F L 45 P RHA B AL 3 4R CK
AE PR ES 0.56~1.21 g« kg ', Hirp BC AbFR I K, N
3.08 g+ kg 'L HIK N CS+D AbBR, {H 4% 4b B 7] 22 55
ANHE(P>>0.05) (£ 5); BC.CS+BC A4b B F 3k 1% 1

R4 FRALENTETUES

BEHLIK & & B4 CK 4 B &8 % 2 5 42.05% .
38.07 % (P<C0.05) ; CS+D, CS &b B 3% 1A Lo A
RO CK AL PR 70.28~0.30 B, {H 45 4b
P )G L3 2 5 (P >>0.05) ; CS+ BC &L B F G M A
HURK B AL R e R B i 2 CK AR PR 1.44 %, 1 H
flb b BRI /N T CK A B 2% 40 BT ik 2 48 2148 B3R B
5 CS+D>CS+ BC>BC>CS™>CK, & 4b B 43 31l 1t
CK 4P 25 87.42% .83.68% .72.86 % F170.95% ,{H
WA B R B E K (P>0.05),
2.5 RIEATHLER A OGS br Z ] 1 AH OG5 B

- A LB AH OC 48 bR 22 18] A A G an 2k 6 Jir 81,
POC 5 TOC Z[a] 2 & Z 4 & (P<C0.05) , Ui F1 ¥ Kl id
FE A 3 8 LA 1 B o 3 0 mT R o R 0 4R
T IEWOR A LA R LA . MOC 5 TOC f£ 78 & &
FEAXME(P<<0.0D), BLEA A B 5E X0 W 45 &5 &4 Bl
S LA VR ARV ML CR, CPMI 5
TOC A H A 5 (P >>0.05), 1 5 LOC Z [i] %
e bk 35 AF DG L 3% I B PR A L9 B0 ( R 06 46 R - A AL
B B4 T PR AR AR 0 T X A 398 A ML B K5 AR Ak i
KRR,

=Rk 4R

Table 4 Effects of different treatments on soil mineral-associated organic carbon

AbFE Treatment MOC/(g kg D MOC/TOC/ % POC/MOC/ %
CK 9.26+0.11b 77.61£1.40a 0.29£0.02¢
CS 9.37+0.06b 68.12+1.37b 0.474-0.30a

BC 13.14+2.42a 75.38+£4.03a 0.332£0.07bc

CS+BC 11.23+£1.53ab 68.58£4.19b 0.46£0.09ab
CS+D 9.63+1.22b 65.41+4.96b 0.5340.11a

MOC. ¥4 &8aG . &6 .

MOC, mineral-associated organic carbon; similarly for the Table 6.

x5 TELEXNTEFEFNRERETEEHNZMW

Table S Effects of different treatments on soil labile organic carbon and carbon pool management index

Ab ¥ LOC/ NLOC/ ER/ % NLOC/TOC Kos/ % A CPMI
Treatment (g kg ) (g+kg ") /%
CK 1.8740.68a 10.06£0.81c¢ 15.73+£5.90a 84.27+5.90a 594.12+237.60a 0.19+0.09a 100.0040.00a
CS 2.76+0.17a 11.0040.19bc  20.064+0.90a  79.94+0.90a 399.27+21.84a 0.2540.0la 170.95+64.33a
BC 3.08+1.11a 14.29+2.06a 17.60+4.79a 82.40+4.79a 499.39+174.41a 0.22+0.07a 172.86+48.07a
CS+BC 2.43+1.55a 13.89+2.81ab 15.43+1.90a  84.57+£10.90a 853.944711.04a 0.2040.16a 183.684-188.10a
CS+D 2.994+1.18a 11.7041.57abc 20.444+8.12a  79.56+8.12a 466.184290.85a 0.2740.12a 187.424+112.36a

LOC, i M A HLex s NLOC, A 16 P MLAKk s ER ., 1E YA LA A80% s Kos, i YA AL E AL AR E RE: AL B PEIE BE ; CPMIL, fic R B P46 4L, 3% 6 [,
LOC, labile organic carbon; NLOC, no labile organic carbon; ER, effective rate of labile organic carbon; Kos, the coefficient of oxidation stability

of labile organic carbon; A, carbon pool activity; CPMI, carbon pool management index; similarly for Table 6.
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Table 6 Correlation coefficients of related indicators of soil organic carbon

F8 45 Index TOC MBC POC MOC LOC CPMI
TOC 1.000
MBC 0.011 1.000
POC 0.545" 0.441 1.000
MOC 0.908" * —0.234 0.143 1.000
LOC 0.252 0.330 0.535" 0.030 1.000
CPMI 0.064 0.280 0.457 —0.304 0.676"" 1.000

* FIRNTE 0.05 K- LB EM K, x » FI/RTE 0.01 KF LBEMHLE=15.

* and * * indicate significant correlation at 0.05 and 0.01 level, respectively (n=15).

3 Wi
3.1 REFRIZ HRUGE A 90 ¢ % - 54T BLES . 3% A4 R
B 5 2 5 PR B 56 i)

A HLYEHA B A BE B4 3 + 38 A Bl & &,
B I A e A W RO S T M I AR O A A PR ER
PR Y ARBF ST LS R R L 5 YR A X
FC 4590 kA FE A ) i Gl 2 08 - 9 B DL i
X5 SRR AR Ok AU B A O S R AL, RS FT
IS P it ] A 0 e B A A P A B XL TR O R
oK B T A FH - 55 [ s Wl HE Tk g 5 IO 32 e RS AT R ZE )
B . A LR B Ak 27 4Tk s 40 i 0 AR 0
1R P 5+ A LR A BB L RS FTRZE W) e
VR 25 B 0 I 4L G L 9] 58 4 AN T P A ML R S DRI G
FE55 A4 ¢ 30 T XF - 1 Rk A0 [ Bk v ) 19 52 e S —
., AT R A Y e KBS A 5 U HURR & R
B G T RS AT ARBIEST L it FH AR Pk )+ R
BB 2 8 TG AT 38 Ak B 5 S (X Ok 2B W o vh 5
B BT o BB e KT T i, DA T B A e AR
At BN 5 0o i 45 5 K A7 F - e v T RS
FE& OB BEA MU it AT 5 51 & 96 HLRR (9 38 %
RN s RS FF i

Tl 2 0 i %) 28 A i e b R ke H - SRR I £ 7
AVE PR, SO DL A RR US4 = £ R Y
T A FE R R FF A EORRS AT - S R A Ak B
TR W A X S e B AT T — B, T
FE 2 DR Ay i) 4 48 v D93 RS FF R A W B8 T T B9
I FH A U5 L 48 8 T B B R AR T A
[ 78 AT LR o A R A — AR b R R0
Yk, — Oy . TR R LA S A 2 AL 3 T AR
iR B BH B - 28 4 dk 20 oo 55 e oL AT O U R
R A A S — L AR A FEE B R

JBt s Sy (ol A 0 A 3 T A ) 3R 0 R R A 2 Rl A W Y A
R VBT I PR A P AR W v A TR S R
FIEBUE R (R ARBIT ST o 2R W A A B
AR WA T RS AT 8 B AR B R R AT REAT < A
HATTRE WA DL L 25, 304 W0 F ] A 9 3¢ b AT BILik
14 R 7 B8R 5 A5 0y o 1l 3 I AR P 2 R A1 8
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