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Abstract: [ Objective ] Straw incorporation is a vital agricultural practice that positively impacts soil structure improvement,
erosion mitigation, and fertility enhancement. Given the increasing pressure on agricultural systems to maintain high productivity

while minimizing environmental degradation, scientific evaluation of soil quality under straw incorporation holds significant
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implications for advancing efficient straw utilization and achieving high crop yields. Soil quality assessment can guide farmers
and policymakers in optimizing straw use efficiency, thereby supporting long-term crop productivity and ecological sustainability.
This study focuses on evaluating the effects of different straw management strategies on paddy soil quality under a rice-rapeseed
rotation system. It aims to analyze the impact of straw incorporation methods on soil physicochemical properties and elucidates
the mechanisms of straw incorporation through soil quality assessment, providing theoretical support for sustainable soil
management in rice-rapeseed rotation systems. [ Method ] To study the impact of straw incorporation on soil quality, three straw
management practices were implemented: no straw return (CK), straw mulching (T1), and straw plowing (T2). Field experiments
and laboratory analyses were conducted to assess differences in soil aggregate stability, nutrient distribution, and stoichiometry.
The soil quality index (SQI) was calculated using the minimum data set (MDS) method while pathway analysis was employed to
explore the mechanisms by which soil physicochemical factors affect soil quality. [ Result] The results revealed that (1)
Compared with the CK and T2 treatments, straw mulching significantly increased the content of soil >1 mm water-stable
aggregates. The mean weight diameter (MWD) and geometric mean diameter (GMD)of soil aggregates increased by 6.60% and
23.58%, respectively, indicating that straw mulching enhanced structural stability.(2)T1 increased the organic carbon content of
aggregates with different particle sizes, among which the nutrient levels of 2~1 mm aggregates were the highest. Notably, the >5
mm aggregates demonstrated the greatest nutrient contribution capacity, highlighting their role in long-term carbon sequestration.
(3) T1 significantly increased the carbon-nitrogen ratio (C/N) and the carbon-phosphorus ratio (C/P). On the contrary, these ratios
decreased under T2. (4) The soil quality assessment results based on the MDS revealed that T1 achieved the highest SQI, which
was superior to CK and T2 whereas pathway analysis demonstrated that the direct influence of aggregate stability on SQI was the
strongest (path coefficient = 0.681). [ Conclusion ] Straw mulching optimizes soil quality by promoting the formation of large
aggregates, enhancing aggregate stability, improving organic carbon sequestration, and balancing ecological chemometrics. It is
the most effective strategy for improving soil health in rice-rapeseed rotation systems. In contrast, the benefits of straw plowing
are limited, possibly due to carbon loss caused by disturbance. These findings provide farmers with actionable insights, indicating
that straw mulching should be prioritized over plowing to maximize soil quality.

Key words: Straw incorporation; Soil quality index; Soil aggregate; Soil nutrients; Soil ecological stoichiometric ratio
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Table 1 Effects of different straw incorporation methods on soil physico-chemical properties

BE o EX
b SFLBRIE Total FHLET Organic L% Organic
Soil bulk density / Total nitrogen/ Total phosphorus/
Treatment porosity/% matter / (g-kg') carbon/ (gkg!)
(grem?) (gke") (gke")
CK 1.26+0.04a 52.35+1.67a 16.51+0.06b 9.58+0.03b 1.30+0.02b 0.85+0.01a
Tl 1.314+0.09a 50.42+3.54a 18.15+0.86a 10.02+0.13a 1.47+0.02a 0.91+0.07a
T2 1.184+0.09a 55.59+3.42a 13.78+0.68¢ 8.00+0.39¢ 1.2540.05b 0.87+0.08a
Exal WA Alkali AU Available K Available
Aib B
Total potassium/ hydrolyzed nitrogen/ phosphorus/ potassium/ AL C/N
Treatment
(gkeg") (mgkg!) (mgkg!) (mgkg™)
CK 19.30+0.57a 111.749.15a 5.65+0.62¢ 128.3+2.89b 7.35+0.15a
Tl 19.32+0.12a 107.3+4.10a 12.73+0.63a 165.0+5.00a 7.16£0.42a
T2 19.06+0.39a 88.2+1.40b 8.17+1.42b 123.3£5.77b 6.97+0.50b

TE: CK: FFFAEH; Tl FEFFAESGEH; T2 HAFMEHEE, T SR FEH £ RER": RFE /NG FRERR AR
Qb PR ALAFAE i M 25 5 (P<0.05 ), Note: CK: no straw return; T1: straw mulching; T2: straw plowing. The same below. Data is "mean

+ standard deviation"; Different letters indicate significant differences between different treatments ( P< 0.05) .

R2 FEBEFEAA R LIRIMEK

Table 2  Effects of different straw incorporation methods on soil
mechanical composition

b ki Sand /% kL Silt% Bk Clay/%

Treatment (2~0.05mm) (0.05~0.002 mm) (<0.002 mm)

CK 42.00 +2.00a 48.67 = 1.55¢ 10.33 £2.08a
Tl 13.33 +2.31b 7333 +231a 1333 £231a
T2 20.67 = 1.15¢ 64.00 + 4.00b 14.67£2.31a
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Fig. 1 Soil aggregate size distribution
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Fig.2 Effects of different straw incorporation methods on the distribution and stability of aggregates
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Fig.3 The effects of different measures on SOC, TN, and TP contents ( a-c ) and stoichiometry ( d-f) of soil aggregates

C/N LA 0.5~0.25 mm Fiiz g A, A 78.16%,
BT RSAT BBRA AL BE L >5 mm R ARG IRRR, A
50.35%; F& AT 7 210 AL P C/N ££>5 mm A ik 5]
R M TFREFFALH, FEFFE 554 H A2+ 1
B C/P LA 0.5~0.25 mm RiARIG IR ik, MET
FEAF BIHEL FH AL P D) >5 mm AR 3G iR ok . RS AT
TIb RS FFBIHEA H AL B A N/P HLAE>2 mm T 1~
05 mm K &S5 ANLHZRERDE,
PI>5 mm R BEIR K, 05028 15.77%F1 17.66%,
T FF 78 55348 AL HLY) C/P. N/P HLAE 0.5~0.25 mm
TR EB V| By .
23 BHEHAXNTIEARGCFESREERR
I 4 i, RRERE T EAREK C. P RFF
feJ15 C. P STHREES R AHML, HRSFHE 5 8 1 b
PRTE>S mm B E C. P EYPRAFRE ) Al oa ik
R, K 4a MK 4d 250K, SACHME,
HHE AR R SOC RAEfE T mEW A, L
5~2 mm KARIE IR K, FEAFEARL H AR SOC ff
TERESI/E>5 mm. 2~1 mm ke 5 H AT 2 7 2
=, WRFETE, hE 4, K 4e aJH, 5~1 mm

RARFEFFE S0 AL EE TN (RAERE ) 08 o T RS FF
AN RS FF BIBEA B 5 5~2 mm BiAR RS FF 7 35 18
HARFE TN BTk 0 3 TR AT AN A RIS A B A
WH AR, Bl 4c. B AF RSN, BRT 0.5~0.25 mm
bite, HACRARFE AT 3510 AL TP B PRAFRE T
TP DUk 3 = T RS FF AN FHRURS FF BB Ak
B, SHEFARHAML, FEFFEPHCHE TP sk
ALAE>S mm R AR L 22
24 ARBEHEAAXTLEREFM
/NVEEEE (MDS) J2 5 ik 4 38 i i 1 i /D 4R
FRBHES Bt 7 MDS 1 DL % H 50 B0 1
BT Aa A, AT/ EE T4y . AR R4,
w4 A% SOC, TN, TP, TK. BD, AP, MWSSA
ANV . TR R UL 1.5, X MDS i
PRI T, B5813% 3. Rk 3 aTA, s E
AT B TR IE 73.53%, R BT STk E>70%
MR o S — E T TR R 55.49%, IWEERKE
HHlLk ., &R . @, FE. A, FYEEk
T R EAEE 0.5 Db B Fln
TUHRR A 18.05%, 4Bl Ay 3 s i (E W 7E 0.5 LU
o BREM, AR, 2R, 2. 2. AE.

http://pedologica.issas.ac.cn



1658 + ge i 2 Eird 62 &

10.0
a) OCKmTIET2
e 8.0F P P
2 |3 2 2
2 & &
Q = E
2 g =
%f a 8 (o'f a
=z a Z Z

o
=2
(=3
()
(>
o
[N
(>
o
[
o

z =
% 5 3
Q
Z Z
£ a & & a .
a a
% b3 by 4% bdb aaa dda 4.4 % FI% %) afa
0 AN 5 5 5 2D 5 5 ) AY 5 5
5 s \/Q Q.‘JHQ} 7 5 v \HQ' QF_J/QQ‘ 5 g \HQ' Q,‘DHQ?/
IKALTE B R A LA 55 1 KA VR AR 7321 IKFTE B R A R4 55 1
Water-stable aggregate fractions/mm Water-stable aggregate fractions/mm Water-stable aggregate fractions/mm

IE: NPC-SOC, NPC-TN, NPC-TP: LMEfiblik. 2% . 2BNIFRMRAFGES); PNC-SOC, PNC-TN, PNC-TP: A LG .
R B FE ST E 43 b o Note: NPC-SOC, NPC-TN, NPC-TP: Nutrient conservation capacity of soil organic carbon, total nitrogen,
and total phosphorus; PNC-SOC, PNC-TN, PNC-TP: Percentage of nutrient contribution of soil organic carbon, total nitrogen, and total
phosphorus.

Kl 4 AR AN AR T e R AR TR MR RE ) (a-c ) FIFRZPTIHRR A 20 1L (d-f) BRI

Fig. 4 The effects of different measures on nutrient preservation capacity (a-c) and percent nutrient contribution ( d-f) of soil aggregates

®3 ITBRREEREESNEI T

Table 3 Dimension reduction and weight analysis of Soil Quality indicators

B0
e /N B 4R UNCRIP HE/%
Load of principal component
MDS Index Common factor variance Weight value
PC1 PC2
+HEA Pk SOC 0.835 0.241 0.756 15.81
2 A TN 0.922 —0.083 0.857 15.47
L TP 0.485 0.201 0.276 14.54
24 TK 0.085 0.969 0.946 14.67
% # BD 0.786 0.207 0.661 15.57
5 AP 0.844 -0.087 0.720 15.20
S A LA MWSSA -0.873 ~0.410 0.930 8.74
il e 55.485 18.049
Variance contribution rate/%
ES Wil 55.485 73.533
Cumulative contribution rate/%
FRATRHEA 3.884 1.263

Principal component eigenvalues
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* P<0.05; ** P<0.01.
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Fig. 5 The direct and indirect effects of each factor on soil quality index
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