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Variation in sequestration of organic carbon associated with differently sized aggregates after organic manure
application
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Abstract: A data set on soil organic carbon (SOC) was set up based on 319 pairs of data collected using the same soil organic carbon frac-
tionation method (the wet sieving method ) and presented in 43 published papers. We conducted a meta—analysis to quantify the response of
different fractions of organic carbon associated with >2, 2~0.25, 0.25~0.053, and <0.053 mm aggregates ( Age—OC) to manure (Org—M) or
chemical fertilizer (Min—F ) application compared to that without fertilizer (Non—F) application under different cropping system, farmland

type, and soil texture conditions. Results showed that SOC in bulk soil and Agg—OC in the >2, 2~0.25, and 0.25~0.053 mm aggregates were
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significantly increased by both Org—M and Min-F compared to by Non—F. As for total SOC (TSOC ), compared to Non—F, the improvement

rate of Org—M over Non—F (38.0%) was 4.3 times higher than that of Min—F over Non—F (8.8%). As for the Agg—OC in different aggregates,
the improvement rate of Org—M over Non—F (39.7%~72.3%) was 4.6~9.2 times higher (P<0.05) than that of Min—F over Non—F (4.3%~
15.8%), respectively. There was no significant effect of Min—F on the <0.053 mm Agg—OC, whereas the effect of Org—M was significant. As
for different size aggregates under the same conditions, compared with Non—F, the increase in applying Org—M on the 2~0.25 mm Agg-OC
was significantly higher than those in the >2, 0.25~0.053, and <0.053 mm aggregates for double—cropping, upland, sandy, and clay condi-
tions. In the same—sized particles under different conditions, compared to Non—F, Agg—OC was significantly increased by Org—M applica-
tion. The orders of the increment were as follows : sandy > loam, clay, upland > paddy, paddy—upland for 2~0.25 mm; monocropping > dou-
ble—cropping, upland > paddy, paddy—upland for both 0.25~0.053 and <0.053 mm. The effect of Min—F over Non—F on Agg—OC was simi-
lar to that of Org—M application, with no significant difference between them. Moreover, Min—F markedly decreased the <0.053 mm Agg—
OC by 16.4% compared to Non—F in paddy. There was significant positive correlation between >0.25 and <0.25 mm Agg—OC and TSOC. An
increase of 1.00 g+kg™ in TSOC resulted in a 0.61 g-kg™ increase in >0.25 mm Agg—OC, which was higher than that of <0.25 mm Agg—OC

(0.23 g-kg™). In conclusion, manure application benefits accumulation of soil aggregate—associated organic carbon, especially in >0.25 mm

aggregates. Manure application is recommended for soil carbon sequestration in aggregates, especially for upland and light texture soil.

Keywords: fertilizer; aggregate—associated organic carbon; farmland uses; soil texture; meta—analysis
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Table 1 Sample numbers for the meta—analysis on the effect of fertilization practices on TSOC and water—stable—aggregate fraction
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Figure 1 Frequency distributions of response ratios(InRR) for TSOC(a,b),>2(c,d),2~0.25(e,f),0.25~0.053(g,h),

<0.053 mm(i,j) responses to Org—M and Min—F in comparison with the control group Non—F, respectively(The solid curve

is a Gaussian distribution fitted to frequency data)
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Continued figure 1 Frequency distributions of response ratios (InRR) for TSOC(a,b),>2(c,d),2~0.25(e,f),0.25~0.053(g,h),

<0.053 mm(i,j) responses to Org—M and Min—F in comparison with the control group Non—F , respectively(The solid curve
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Numbers near the bars at the positive side of x axis are the RR.. and the numbers at the negative side of x axis are the numbers of comparisons. Error bars

denote 95% CI. P<0.05,when error bars do not overlap zero
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Figure 2 Different particle size aggregate—associated organic carbon affected by Org—M (left panel) and Min—F (right panel) compared to

Non-F in different cropping systems and soil texture
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Table 2 Difference of the similar fertilization practices in the increments (%) of water—stable—aggregate organic carbon in

different cropping systems and soil textures

T H Ttem it HE VR AR >2mm  2~025mm  0.25~0.053 mm  <0.053 mm

BRI Cropping systems —4E—2 Mono—cropping HHUAE Org-M  49.7aA 74.2aA 50.9aA 24.5bA
—4E B2 Double—cropping 43.9bA 71.1aA 32.7bB 6.8cB

B2 Farmland types 7K H Paddy 53.0aB 20.5bC 12.7bB -16.9¢B
4 Upland 32.5¢B 100.0aA 51.3bA 28.6¢A

K548 4 Paddy—upland rotation 84.0aA 37.8bB 24.1bB -13.9¢B

325 Hb Soil texture b+ Sandy 26.7bB 140.4aA 60.2bA 24.2bA
HE+ Loam 59.3aA 65.2aB 38.4bA 7.8¢B

# 1 Clay 34.0bB 64.8aB 35.7bA 29.1bA
A Cropping systems —4E—2 Mono—cropping AEAE Min-F  17.3abA 21.9aA 12.9abA 5.6bA
—AE W Double—cropping 6.8abA 13.6aA 1.1bB —2.8bA

HFH12E 2 Farmland types JK HI Paddy 17.8aA 1.6bB —0.1bcA -16.4¢B
2 Upland 1.7bA 23.6aA 6.2bA 8.6bA

K F5AFE Paddy—upland rotation 25.6aA 5.2aB 1.1aA -2.2aA

-3 Soil texture b 1 Sandy -3.4abA 41.7aA -6.6bA 13.6aA
4 Loam 12.7abA 19.5aA 6.8bA -3.4cA
Bt Clay 8.6aA 9.0aB 3.3aA 8.2aA

TE - ANRVNG TR IR [] — 2 AN R AR 2 i) [ — i AL of b SR R P AL SR A LB 35 4k B2 T IR L (90 ) 1E 5% KF B2 B35, RIR'S 7
YR ) — R AR AN ) 2 P ) — Bt AL Xk SR B AR AT LB 5 i B TR JEE (9% ) 78 5% /KK |28 5 3%

Note: Different lowercase letters are significantly different on the similar fertilization practices on the increments (%) of water—stable—aggregate organic

carbon in different particles under the same condition at the 5% level. Different capital letters are significantly different on the similar fertilization practices

on the increments(%) of water—stable—aggregate organic carbon in the same particles under the different condition at the 5% level

Y15 TSOC S i 35 IEAH G R R RMELA R R4
A2k 0.61 F10.23, R W Y45 LAk & & &350 1.00 -
kg™ i}, >0.25 F1<0.25 mm b 72 A AILAR 7 2 4 ) 38
0.61 g-kg ' F10.23 g-kg ™'

3 e

- A WL 1 8h 45 A8 Ak 32 BT R GuRk 1 4
A H KO A - AT HILRR B i A T2 B R
SEARAT I RTE FEFE R MU SES, A4
SRR, SORHEAEAH e, i FH A FUIE AL IR ¥ RE B
F2TFTSOC . >2.,2~0.25.0.25~0.053 mm i 4% F A4
MLk & i, FL3ETHIR B A VUIE B FAee. 7EA
L S5 AR 43I S AR R R g A IR F 2R
T, H T AR o W 1 R VR R e
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PR 2, 5RAE AR EE it FH AL R AE 38 1 Ve
s R RS T Ve ak A R B 0 R AR ) i
FIVAR 43 106 9 0% 16 22, AT 384 i = 358 45 BIL A A i A

PO i A HLIE AN ASCA] [] - 58 E EACA AL
fie , HREAS B0 T 38 55 MR ARAR L, 3 5 - S (7%
JIASRT HHEAE Y 2R T AR R 4 T + 3
A B ) S B >0.25 Fl1<0.25 mm FLFE A HLAK
TS TSOC B FH IEA X C R, 2 TSOC & it
AN 1.00 g- kg B, >0.25 F1<0.25 mm K424 HLI%
AT RN 0.61 g- kg A1 0.23 g-kg ', fili AE X >0.25
mm 7 A AT SR BB 7 Sk (9 52 R R e T <0.25
mm AR o U HT>0.25 mm A% A I Ak it A4 PR
Jiti 5 Ry B, FLR AR A B it T A LA AR AR 1 B
TR X ULRA T A MUES IR R b, AT DL R
A U IR SRR OIS B BGE | (R B B
HA RIS S, BRI RO & B TR, -
ey A BN BGE | Re R = LR R kg
RE T SEINVE 7 s SR A0 AR 7 T R AL R R 1Y
A R
3.1 fhiEH EXBAREE RS =N
AR, 6] — A BEAS [PRLAR Z 6], R
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Figure 3 The relationship of TSOC with >0.25 and <0.25 mm

aggregate—associated organic carbon(Agg—0C)
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