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Abstract: Aggregates are the basic units of soil structure and are important factors affecting soil quality. Their formation is influ-
enced by agricultural management practices and environmental conditions, leading to variation in structure across different regions
and soil types. Brown soil is one of the main soil types in Hebei Province and understanding the influence of long-term wheat-maize
rotation on the formation of soil aggregates is essential for improving soil quality and enhancing grain storage in the ground. This
study was based on a long-term experiment involving straw return and nitrogen application in a brown soil region, aiming to determ-
ine their effects on the water stability and composition of soil aggregates, as well as the soil organic carbon (SOC) and total nitrogen
(TN) content at different particle sizes. Four treatments—straw returning without nitrogen fertilizer (CK), traditional nitrogen fertil-
izer with straw returning (CON), optimized nitrogen fertilizer with straw returning (OPT) and traditional nitrogen fertilizer with straw
removal (CON-S)—were selected to study the effects of nitrogen application and straw return on the water stability of brown soil ag-
gregate composition and soil organic carbon (SOC) and total nitrogen (TN) content at different particle size levels. Four types of ag-
gregates with different particle sizes were obtained using the wet-screening method. The SOC and TN contents within different ag-
gregates sizes were measured, and the composition and stability of water-stable aggregates under different treatments were analyzed.
Additionally, the contribution of each aggregate size class to overall SOC and TN content was calculated to evaluate their respective
roles in nutrient distribution. The results showed that soil pH and calcium carbonate content were positively correlated with the stabil-
ity of soil aggregates, which significantly promoted the formation of soil water-stable macroaggregates and improved the stability of
water-stable aggregates; however, nitrogen application had no significant effect on the stability of water-stable aggregates under straw
return. Under the same nitrogen application conditions, the SOC content of the soil aggregates was significantly increased by straw re-
turn, and the SOC content of the water-stable soil aggregates was significantly increased by nitrogen application. Nitrogen applica-
tion significantly increased the TN content of aggregates at all levels, and straw return significantly increased the TN content of water-
stable aggregates at all levels under the same nitrogen application conditions. The SOC and TN contents in the water-stable aggreg-
ates decreased with decreasing water-stable aggregate particle size. Compared with straw removal, straw return significantly in-
creased the contribution rates of SOC and TN in water-stable aggregates >2 mm and 0.25—2 mm, while reducing their contribution in
the 0.053—0.25 mm and < 0.053 mm fractions. However, nitrogen application had no significant effect on the SOC and TN contribu-
tions of the water-stable aggregates. There were no significant differences in the water-stable aggregate composition and SOC and TN
contents between optimal and traditional fertilization treatments. In summary, in brown soil areas, soil stability and fertility can be im-
proved by optimizing nitrogen application under straw return measures.

Keywords: brown soil; water-stable aggregate; straw returning; nitrogen application; organic carbon; total nitrogen
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Table 1 Fertilization amount of different treatments in wheat and maize seasons kg-hm™
bR /N# 7% Wheat season F K2 Maize season
Treatment N P,05 K,0 N P,0s K,0
CK 0 180 30 0 60 90
CON 270 180 30 225 60 90
OPT 210 180 30 150 60 90
CON-S 270 180 30 225 60 90

CK: FiFFif HIREAUIL; CON: 4L iE LA FF AL H; OPT: ALALiE ZUILFSFF i B ; CON-S: BH i ZUILFEFFF£KR . CK: straw returning without
nitrogen fertilizer; CON: traditional nitrogen fertilizer with straw returning; OPT: optimized nitrogen fertilizer with straw returning; CON-S: traditional nitrogen

fertilizer with straw removal.
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Fig. 1 Effects of long-term different management on distribu-
tion of soil water-stable aggregates
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FouE PR 5 A R AR 53 A BT AR TR a3, #1561 Ak
HEKBREAREREERAREES, AR
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Table 2  Effects of long-term different management on stability of soil water-stable aggregates

IS o FETALEREMWD) FEJLTEA(GMD)

Treatment . Mean weight diameter /mm Geometric mean diameter /mm
CK 87.88+1.67a 1.14£0.03a 0.92+0.04a
CON 88.41+1.47a 1.13+£0.08a 0.93+0.05a
OPT 88.76+1.44a 1.16+0.05a 0.95+0.06a
CON-S 65.91+1.59b 0.87+0.05b 0.55+0.07b

CK: FEFFIE R UIL; CON: (L5t ZNLREFTAA H; OPT: bt ZUILAEFFI& H; CON-S: MR AR FFRE MR . RIS R)/ING F R R R AN R 4k 28
] 2% 57 i # (P<0.05), CK: straw returning without nitrogen fertilizer; CON: traditional nitrogen fertilizer with straw returning; OPT: optimized nitrogen
fertilizer with straw returning; CON-S: traditional nitrogen fertilizer with straw removal. Different lowercase letters in the same column indicate significant

differences among different treatments (P<0.05).
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ated by soil aggregate. Different capital letters indicate significant differ-
ences among different treatments of the same particle size, and different
lowercase letters indicate significant differences among different particle

sizes of the same treatment (P<0.05).
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Fig. 2 Effects of long-term different management on soil or-
ganic carbon of soil water-stable aggregates
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lowercase letters indicate significant differences among different particle
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Fig. 3 Effects of long-term different management on total N
of soil water-stable aggregates
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Table 3  Effects of long-term different management on contribution rate of soil organic carbon of soil water-stable aggregates

%
KbF BiMk# Contribution rate
Treatment >2 mm 0.25~2 mm 0.053~0.25 mm <0.053 mm
CK 19.28+2.30a 71.30+2.32a 6.34+0.21b 3.08+0.11b
CON 15.84+1.89a 75.34+2.61a 6.07+1.02b 2.76+0.19b
OPT 17.67+0.64a 74.10+1.75a 5.75+0.27b 2.48+0.18b
CON-S 11.41+0.75b 57.83+3.15b 24.96+2.17a 5.80+0.33a

CK: #4FT ik I ATEZAL; CON: £ 5E il ZALFEFFid HH; OPT: (UL AR FTi4 H; CON-S: M8 ZALRSATRERR . RIS/ ING F- 1 Fom A TR b B
[A] 22 5 i 3% (P<0.05) . CK: straw returning without nitrogen fertilizer; CON: traditional nitrogen fertilizer with straw returning; OPT: optimized nitrogen
fertilizer with straw returning; CON-S: traditional nitrogen fertilizer with straw removal. Different lowercase letters in the same column indicate significant

differences among different treatments (P<0.05).

®4 KEAEEEREX T HEKRERAREE R TIEIFN

Table 4 Effects of long-term different management on contribution rate of total N of soil water-stable aggregates %
KbF BiMk# Contribution rate
Treatment >2 mm 0.25~2 mm 0.053~0.25 mm <0.053 mm
CK 16.44+1.35a 73.02+1.42a 7.06+0.52b 3.48+0.14b
CON 15.35+1.85a 73.96+2.06a 7.02+1.02b 3.67+0.19b
OPT 17.29+1.83a 74.26+1.83a 5.84+0.21b 2.61+0.52b
CON-S 10.31+1.05b 58.91+1.59b 24.79+1.52a 6.00+0.37a

CK: #4FTid I ATEZAL; CON: £ 5E il ZALFEFFi4 HH; OPT: (UL AL AT H; CON-S: M8 LR AT RERR . RIS/ NG F- 1 Fom A TR b B
[A] 22 5 i 3% (P<0.05) . CK: straw returning without nitrogen fertilizer; CON: traditional nitrogen fertilizer with straw returning; OPT: optimized nitrogen
fertilizer with straw returning; CON-S: traditional nitrogen fertilizer with straw removal. Different lowercase letters in the same column indicate significant

differences among different treatments (P<0.05).
3 itie
3.1 FEFEAEMERI TEKIEERARERERME
TE 14 B9 52 im 1 7
S KRS A SR A 18 A e R M RAE L
i Y AR bR . AP SRR, AT H R
BEANT A KRS R AT R AT/ AR 5 6, A2
HERLAE<0.25 mm -3 KRR P SR AATE WS K A 2R

A, BA I T £ KA B R K Ry, MWD 1 GMD,
il TN E . X — 45 ST AT 4G
J— 3, AAERSFF I F 4510 T it 280 i 4] -+ ek Ak
PH 3 A 1) A B AN B M T I B S R ), X — &5 2R
L5 RS R T 45 SRR A, (H S Yan 255" FETR L
WM K 3 RIS RS LR R IR
T At R FL AT 4, T 485 R A6 T il it e 31 o
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MR EE I, AEAS ] 3 p R 45 25 AR ™Y ISR
WS AR HBE I T 5 oA L, A PR
R 25 AR T A HEK RS RO B, Hn T
KR A R R R e Y X — W R T AR
AF 5 A FF A FH A 3 4 38 K B ik AT SR AR e 1 v TG
PR BR AL FR A 45 3R, (B AWF5E CK 5 CON-S 4k B -
BEAALET S T 3 25 5, {3 CK A3 - K AR v A
B R G M B T CON-S Ab B, F5 FF 36 H 4614 T
AN [R] it 6 A A P A 25 5, (B R KRR M
MR EME TR 2R (2, K5, HIEAVR
i ) 3 KRR P SR AR R P ) O A TV
N e R B O ESE O SR IS Re) R e )/ e e L
A AL A R e F 0 A SR AR5 ), Bk R S 3
S A SRR ATE L A B 5T A R T A 1 A R
TR TE B 114 5 ZE R 25 90 0 R b R 5 AR 5 i 71X
Iof, 4 S8 Sk MR ST A I VEAE 1, P R A Y
A W AR R B (R 6), KA L R
Ha M5 1 pH Al CaCO, 2 54 i 2 1E A1 5%,
55+ B ML B T A P, R I LG X 4 1E K
Rtk R RAAIE ) 32 2257 - CaCO; Fr s, [
A 13 CaCO, & &5 T4 pH 5 B 3 1EA G, £+
2 pH A8 Ak 2 5 Wi 3 CaCO, & i, 51 e s 45 0
+ 1€ pH BEAK AT B 15 AL 1 48 CaCO, 4 . KEAIK 145
CaCO, F AL R —B. FEFFR bR AL B 145
pH FCAS AT 34 AL 33 ARG 3.13%~5.16%, 1% — 45 5 5
AT FE 45 5 — 30, R ARS FF AL R 38 o B 1K + 58

xRS

pH AT FEAI% 1= 48 CaCO; & i, 1M FAIK 3K A2
AR AR RS E Tk
3.2 BFTEAEMERTTEKEEARERERS S

Fn STk B 5 0

AHIF 5T e IAE A5t R e A T RS AT 2 3
T &R T R KA A R 1k SOC F i, fH CK
AbFEARIAR T LKA A R & SOC i 5 CON-S
AbBREAT 2 S, X — 5 RS R AR kg
GiR—3E, —Wi Meta 7T 5E R, R AT 34 M AE
R A R AR SOC A Y it &0 nT L i 4 A
MR Kb A i, S GE ot M . R R R
FAS AT 30 FH A5 A B 3 v (i 7 B, ARG i+ 4
AP Bt A T B BRI A AN [R5 4 e
A HLERAZ AN, S AR I 4% A 2338 - SRR A W i
PR 24+ e v 1) JEHLRUTG TR T U W R B,
Aol HIEA DL R, W A
MLag & 25, ARWESE  CON-S 4b A HLAR & 548
%, J2& i TR FE RS B I AN B s A ANCSE UR V& ) AR
FRERH, SR A A D TR A AL B, CK A AT
MURR &5 it i 2% K T CON 1 OPT 4k F U 2 iy AP A%
A H AL A 3 R AR e i . Six
R PR SR AR 2 IS A R R A A SR AR S /N A
BRAA 55 Jie &5 790 2 445 i R, A ML B S 1 B R
2 B /N T BEAG, AABFE 45 R 5 ixX — it — B A
Foe HIEPEEMEFRIOCER, AU K A B E
HIMBR B RO R KR HI R A 2/ & i, X
— 45 R SRR AR BB IT A I A— B FEE A

KEAR B EEEHET L EF VR (SOM). pH FRRERSS & 2 RIS 00

Table 5 Effects of long-term different management on soil organic matter (SOM), pH and CaCO; content of soil

Q¥ Treatment SOM /(g-kg ") pH CaCo, /(g'kg ")
CK 16.46+0.65b 8.26+0.08a 107.1145.53a

CON 22.43+0.38a 8.09+0.06a 109.43+2.69a
OPT 21.63+0.71a 8.12+0.03a 104.13+6.88a
CON-S 15.97+0.53b 7.84+0.05b 85.83+4.31b

CK: FFT i A ZAL; CON: AZSE il ZALFEFFi4 1H; OPT: (LML AR FTIL I ; CON-S: L5 ZALFSATREBR . RIS /ING T 1 Fom A Ta] b B
[8] 22 5 1. 3% (P<0.05), CK: straw returning without nitrogen fertilizer; CON: traditional nitrogen fertilizer with straw returning; OPT: optimized nitrogen
fertilizer with straw returning; CON-S: traditional nitrogen fertilizer with straw removal. Different lowercase letters in the same column indicate significant

differences among different treatments (P<0.05).

*® 6 KRMARGIRENLS LEERBX ST

Table 6 Correlation analysis between stability of water-stable aggregates and soil property

MWD SOM pH CaCo,

MWD 1.00 0.60 0.817 0.78"
SOM 0.60 1.00 0.16 0.49
pH 0.81" 0.64 1.00 0.59°
CaCO, 0.78" 0.49 0.59" 1.00

#F1*%3 | F 7R P<0.05FIP<0.0 17K F- i 405, * and ** indicate significant correlations at P<0.05 and P<0.01 levels, respectively.
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