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Effects of shredded straw and burned straw returning to the field on soil porosity and organic carbon in

cultivated layer of calcareous purple soil

WANG Yue'?, KUANG Fuhong', MA Shenglan', WANG Yangiang', LI Lan’, TANG Jialiang', ZHU Bo'

(1. Institute of Mountain Hazards and Environment, Chinese Academy of Sciences, Chengdu 610041, China; 2. College of Resources,
Sichuan Agricultural University, Chengdu 611130, China)

Abstract: To clarify the effects of different long—term straw—returning methods on soil pores and organic carbon in the cultivated layer of
calcareous purple soil in the hilly area of the central Sichuan Basin, in—situ monitoring and computed tomography were used to determine
the organic carbon concentration and storage, and pore characteristics of soil in the cultivated layer of the following treatments : RMW,
(summer maize—winter wheat rotation, without straw returned to the field), RMW . (summer maize—winter wheat rotation, 50% straw
shredded and returned to the field), and RMW,,., (summer maize—winter wheat—straw rotation, 50% straw burned and returned to the
field). The results showed that the total porosity of cultivated layer soil was significantly increased by both the RMW ... and RMW,,,
treatments, while the corresponding bulk densities were decreased. The macroporosity of cultivated layer soil in RMW . was 2.7 times
higher than that of RMW.ui. Compared with RMW,, the RMW s and RMW,,... treatments could effectively improve the centralized
distribution of soil macropores and make the distribution of interlayer macropores more uniform. The quantities of pores in all three
treatments were dominated by equivalent pore diameters of 100~500 pm. The RMW ,..a and RMW,,., treatments optimized the pore number
ratio and volume ratio of different equivalent pore diameters in the cultivated layer of soil, with the RMW ,,..q treatment having a superior
effect. RMW,,.., was beneficial for increasing the number of >1 000 wm equivalent pores in the cultivated layer of soil, while the average
diameter of >1 000 pm pores in the cultivated layer of soil under the RMW.,..i tended to be smaller. The mean throat cross—sectional area,
mean throat cross—sectional shape factor and mean pore shape factor of RMW ,.s and RMW,,.., were lower than those of RMW,. Long—term
straw returning to the field caused the pore space of the cultivated soil to change in a direction favorable for water and fertilizer retention,
and the water and fertilizer retention ability of RMW...a was better than that of RMWyu.. After 15 years of continuous straw returning, the
soil organic carbon concentration only increased significantly in the RMW . treatment. Based on a comprehensive comparison of the
differences between the two straw-returning treatments, in terms of improving pore characteristics and carbon sequestration in the
cultivated soil layer in the hilly area of the central Sichuan Basin, long—term returning of shredded straw is more conducive to improving
soil pore characteristics and more effective in accumulating soil organic carbon than long—term returning of burned straw, making it more
sustainable option for the green development of agriculture in the hilly area of the central Sichuan Basin.

Keywords : straw; returning shredded; returning burned; soil pore; soil organic carbon
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R 1 AEFENELIEREMR(ASA-10) BHHRSEE RxTLE

Table 1 Comparison of the results of different methods for determining the organic carbon content of soil standard samples (ASA-10)

I H Ttem AR ERE S TR ASA-10 pRifEfE
: ’ Potassium dichromate external heating method Elemental analyser ~ ASA-10 standard value
A5 MUBRHE BE Organic carbon concentration/(g-kg™) 9.90+0.07 10.04+0.09 —
A3 HUTHEFE Organic matter concentration/(g-kg™) 17.07+0.12 17.32+0.16 171

T - SRR BT R4 AT HLBTR (L, DR A D0 28 3 (3G 5 ) A LR JEE S5 S0 I ML BE AT RO, A LR P = A LB JEE < 1.724

Note: The soil standard only gives the standard value of organic matter, so the organic carbon concentration measured by the elemental analyzer is

converted to organic matter concentration ,organic matter concentration = organic carbon concentrationX1.724.
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Table 2 Effects of straw returning method on total porosity , bulk

density and macroporosity in cultivated layer of soil

b3 A LB FALBEE
Treatment  Bulk density/(g-cm™)  Total porosity/% Porosity/%
RMW, 1.45+0.06a 45.3+0.98b 13.4
RMW irea 1.28+0.07b 51.7+0.97a 7.0
RMW 1.16+0.06b 56.4+2.20a 18.8

T ARG PR R AR PR 22 53 2.2 (P<0.05) o
Note: Different lowercase letters indicate significant differences
among treatments ( P<0.05).
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Figure 1 The number and porosity of macropores in cultivated soil under different treatments
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column under different treatments
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Table 3 Pore morphology and connectivity parameters in cultivated layer of soil under different treatments

Jb T Y- 4% 5 S 7 T R - A AR I T AL AR I T Rl MbAST
Treatment Mean throat cross—sectional area/pum>  Mean throat cross—sectional shape factor Mean pore shape factor Mean coordination number
RMW, 0.22 0.41 0.81 0.68
RMW e 0.13 0.36 0.70 0.53
RMW b 0.20 0.36 0.75 1.10
T, 10T a 1001 b
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Different uppercase letters indicate the significant difference among treatments of the same year , and different lowercase letters indicate the significant

difference between years of the same treatment ( P<0.05)
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Figure 4 Effects of straw returning method on soil organic carbon concentration and storage in cultivated layer of soil
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T RMW o RMW, 2020 12 - 5EA HLAR Al 55 2006
AEHE N 5.1% , RMW e 35 11 30.9% , RMW i 98 20 T
16.1%.

23 TEABEBRNBHNXER

A LB 5 L BR 4FAE 18] B9 Spearman A ¢ 2 %I
T4, LAV E 5V B LB R B 7 #0111
I T TR R LB B0 =2 T A A A i 2 97 R OGO
F ARG FE LA AL BRSO X A LR 2 52 e R AN
], A ML & JE 5 100~500 wm LR FCE S0 B 2
FISE R, 5 500~1 000 wm FLEEBCR S 4% B2 15 A1
FKHKFR,5>1 000 wm FLBR = JC W AR R F
BIRCAL B S A AU P TC B G R . B2 LI
100~500 wm FLER AR ALBREE 5 L3845 2 A B 3 1E
HHKCR 5 1 8 B FLBR B S 0 5 A OCOE &R

3 e

3.1 BFFEBEATXXHE T IEFLRRI NG
AW FEAE TR, RSB Al A BE g ik

AT, #H2 B AL B i s RIL k& L L
H 100~500 pm L Bl e /0 BT G X kR R
DEXTER &™) g0 45 R — . WFPid H 7 X35 18
FXM T REE RS PR T LA XS
SASAL %P9 WUEST™! ZHANG 252 fi4 #ff 5% 2% i —
o MR RRS AR AL Ao it R rp G 4
A R A AR i 5 A e RIORE A SR 4R T 8 4
BRI AR A SR AARBS R , 1A TT RS 0 B LB KA L
Jo T, AT AT RGN R IR B A M M B R 24
RE N5 - e 4 R B 4, 02 U A 3L Bt 1) B KL
b= N | NS 1 W51 = S 1= O KU R T 7/ TG T
P F 4 3 A R AR & T, HJ2  NEARY S5 45 31
EIARIGAH S, BVRSFHAE R I LA T . X R
P Sy e ek 20 - SR 25 0, BELAS: A B GO 141 2R W)
EF S T A e e 4 1) K 4318 263 0 FL IR BRI T - 238 1L
Bt DT B A F 0 0 5 HARS AR b ™ A 5
YA S5 e 3Ok [, e T e K A
TR S 3R Il W IR - RS54, KENNARD 465
R B S5 - UKL (1T A DA T S B
TR P P X U] R B R AT A ek - AR
FEIREEW, R R 225 TR H T AR b
WS B A TR AT AR BRI SR E  RRSR I A] AN

S BB A0S e TR e o K e S IR R 2 A, IR
5 BRI AR IR R AN
FRRIF 5% A S /S 8 P P AT e s - R 2 4y, i 1 AT AT
SERITE B, B0 -3 R ALBR R, REFT AR be A AT
e B KA LR PR DL & AL

F4 TEANRSFLIRSHEREX M

Table 4 Correlation between soil organic carbon and pore characteristics

RALBE 100~500 pm
Number of macropores 500~1 000 wm
>1 000 pwm
KFLBREE Macroporosity 100~500 pwm
500~1 000 pm
>1 000 pwm

KALBR A HE Total number of macropores (>100 pm)
SERFLBRIE AR B F- Average pore shape factor
-5 18 K AT AR L7 Mean throat section shape
ST 24 AT 1T B Average throat cross—sectional area
P-4 Mean coordination number

AL E R SALBREE
Organic carbon concentration Bulk density Total porosity
—1.000%*
1.000%*
0.500
1.000%* —=1.000%*
-0.500 0.500
-0.500 0.500
—1.000%:*
—1.000°%*
-0.866
—1.000%*
-0.500

T+ RN B PRI A (P<0.01),

Note: ** indicates an extremely significant correlation between the indicators (P<0.01).
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SER I R A BT R O R AR 3 T 3 AL
Bl M REARZS T, REFFAE e A vpr , 398 7L B i B
T IR BRY, Z) i L A R A ZEBARALBR , 3X
0,77 Bl T 35 AL B R B S 2 T AR, MATAILX
SN B K e 7 BB (I il — IR ke A K b I st [i) ) sk
J 1 - g K R RN B R, FLE A 3 25
B AR ez LR UK R A R B SRR
R RE SRR, S T 3G A PR R AR FS i R, AR
RIS /INX AR RIS FF AT R, BRURRS AT 5 e dep L2 i) i)
BT KAWL AR AR, BE B XT LS M IR /N
ARWFFELAF T FEFFEAE S H A 10 H ik HiZ X 5
5 TN AE W FE 6—9 H , 5 H RN 10 H & A= 5 K 1Y A 4
AT/ FEFFAEREE FH AL B DR A 1 1 i v 309 £
8 PH R ARG M3 in o] BB B 201KV L3R 18 05 R
IR iR e IS

PIRNRSFRAE H O 203 e i B2 e FLBRRAE .
RS FE R 6538 B AL FRAE B2 1 3 AL B R ik 5 A
FAREEAR S, (H AL 3 PR 22 5 K RS FF 5 1808 H
AR IR T AEAER R, BF )2 AL IR % E v 3 dT
A FFRY B AL BB P 5 sS4, (R 0] BB A 57
SrIEERE .
3.2 FEFFERL BB KR 3T T EE YRR T

AW R FE R 7 X RE B2 14
HHUBRASAL , FEFER AR H 5 4T T #R)2 T AL
T T B T i, 35 A0 AF IR 25 SR — 30, R AR AE
i B2 3 AT AR o FAIG AT DR PV B W A
S N (SR N N S S N Y
FF it A =498 5 35 43 F AR LASA: P 5 AR sl AR P I
FEA L3S B[R] AT S i A 3 o 4
HE7 2 ) LA A2 HE A 3R RE Pt 4 3 )5 HILT Y
ST R GRS FE R A G R TR E s
BURR o R FF AR b 7™ A 0 $A S (e R 1 rh R 40
TR T AE SE N b BT R o A0 R T B 3 Bl
PR TRT R TR A5 A P pE T, S S AR - 4
A P BB O 3 ok R 2 Y, T s ) - A
BB 53 ST G PR, DR 1 22 BT 5 32 BH A AT 35 be il H i
FRACHEE e LR & i . AR PR R
HHE)Z B DL T BEFA ML B T . X
AT RE DR A HE 2 AT ARV 3 3 i AN T - 3%
FRRACIRE R, R FEHE LA PR T
R B2 A ML T 58 FARRR A ek
SR R B B R S R A TR 3 A K

IR, J I KB e A AL IR B 25k

KM kobeh T KiE S IR A AR Y1k
TR RIS, Tl - HE AT B B A T B Y, e
WRAA R T 180 H A LB B, ey o B A A e Tl
2B ERRAR A MU B, AT AEbEfE R AT 1
S AR W 1 () B A 3 T B R R R I A
P AR HE T 8RB A W i R SO U E I R R, —
SERREE T LSRN i S B0 o b, H
PR A2 175 150 D) TR A it B b R AE B 1 00 R AR
I AT 22 57, 48 0 AT DI SR 8501425 peid JLAS H A8
REVK A2 1) 55 B8 B T AH 24 1 KPR,

KRG A I8 A R THEZ 508 Ml 47
T AR FF 58 be ik AR 82 - 59645 AL A 20%
i, HAE R 0 HBeik IER B Rk ek
I ) 452 8] 28 %o Aol R A 08348 FH 25 SR IR 5K, 2P H
RO AT e SR 4 A 22 K
3.3 TEABEMEFINBRIXER

ABFREE AR AT AR B 5 A LB B
W B 2 M 56, 5 LIANG 2559 TOOSI 2557 5 2k &
SRR SY 45—, 5 100~500 wm FL B R S 0%
WERMA KL ER, 5 500~1 000 pm FL B E S0 5
FIEM KL FR, 5>1 000 pum FL I EL R TG 122540 5656
X 0] e 5 AR 24 f LA FL R oA MLBR AR HL A
[ A 5, KNICKE ZE68% PG P A LA 40 25 1 XEf
il (1) 22 RARFN B B8 I K AT I N 25 254 v i K 24
Gy 53 AT WL o0 A AL B R, R e K A A g A
FH AT RE 2 K AL B A ML R AL 22— T
AR A4 (<250 pum) A9 FL R ALK AT R4 (5250 pum) 1
FLBR/IN , S B B i o, BELASA P 5 B
F2 e, AR AR 0 43 = AE R AT g2 /LB A
HLAR B PR HIL] o A R A BRI AL 76 AR R] 24 m LA
LB R Bt 23 AR [H] , JASTROW 25161 % Ji A [4] 58 44
AE A% [ 72 T 2 1A Bl , /N SR AR A oA Bl (H
KARE.

ARFTREER B , A VLRI E 5 LEIE
PR DR 11 5 e G T R AR B B A G 16 B X K
FLBRRHEA B F K 53 T8 K i B i FIF4 Bl
B B ER o EP- S5 2505 A LR VA I J 5 A DG OG
ZR Ut B L st ) % 2 0 3 A A ML VA
FH M . KRAVCHENKO 25 % B -5 KA i 1Y
FLBRE 43 Lo S5 A BB R B E A DG OC R  BIFLIE <
PR AT A R T A DL G . X B AR A R —
FEZE5E, ATREJE R A FLBRE M BR T 2 A me A A B
R AMNE Z HEFLBE S KN R R R, =3
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FEAE TR R , [ IR i A ) 3 5 1A PR 235
W] e AR b AT LB 23 A 5 T 1 AR 23
VER T L FLB, 1Y R e AL B A B B 215
ABFFEE R, LIERALBECE 8 LBUBOR a8
SR fE—E R B AR T A HLAR Y AR
2, TR BRAS H ] #9698 A i L A 5 K, A3 )
TR AR A b 45 B 1], E —E R AT fE

AR F A YLK E
4 #Eig

COFEFPB R ANBESE 8 T XA F T34 k= 135
GFLBREE , Rl —E 2B B LR ALBE S A A
TR , WA F T i I GROK AR IERE )

(2)FEAT BE b ids FH Ak B4 = 4 38 AL B RE
K3 is MmN, AR T K R B T, (H
= L SR AR T A PR AR R, [RIA L5
O3 Y COL A5 A 5 I IR R S e J8 67 I
R o

(3) R AT Ay i Pl 0 J2 - 3 R L B RE AR, B
BF AL ST A, folf L 3K HE £ 35 RE 1 B BE be kb 2
S5 TRy P P A 3 R/ INFL B C G 5 3 HLAL
B ) 90 Jor S 48k S SO I B8, A R T Tk 2 1
APURTAR

(4) 255 LB PRI 7 sUAE BROK PR AL fe it
5 R AT BB 1 77 25 5 THT B 28 5 A B, RS A A) 1 s Y B
AT UG RIS B LA AL BRI, B0
A 1 H B XA B PR RO 2 0 K i
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