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composition of soil aggregates in farmlands of North China

SUN Xue'?, ZHANG Yumingl**, ZHANG Lijuanz, HU Chunshengl, DONG Wenxu', LI Xiaoxin',
WANG Yuying', LIU Xiuping', XING Li"?, HAN Jian"?
(1. Center for Agricultural Resources Research, Institute of Genetics and Developmental Biology, Chinese Academy of Sciences /
Hebei Key Laboratory of Soil Ecology / Key Laboratory of Agricultural Water Resources, Chinese Academy of Sciences,

Shijiazhuang 050022, China; 2. College of Resources and Environmental Sciences, Agricultural University of Hebei, Baoding
071000, China)

Abstract: Soil organic carbon and aggregates play an important role in soil fertility, crop yield, and the farmland environment,
all of which are key components for sustainable agriculture. A wild long-term organic material and mineral fertilizer field
experiment was initiated in 2003 at the Luancheng Agroecosystem Experimental Station of the Chinese Academy of Sciences.
The experiment sought to investigate how different fertilization patterns affect the soil aggregate composition and the levels of
organic carbon in the aggregates to better understand how different agricultural management practices serve as physical
protection mechanisms. There were six treatments: no fertilization (i.e., conventional, CK), straw application alone (S),
organic manure application alone (M), mineral fertilizer application (NPK), NPK plus straw (SNPK), and NPK plus organic
manure (MNPK). The contents of total organic carbon (TOC), soluble organic carbon (DOC), acidolytic active organic carbon
(AC), resistant organic carbon (ROC), and labile organic carbon (LOC) were examined within the aggregate fractions,
including the total soil, large aggregates (>2 mm), small aggregates (0.25-2 mm), and microaggregates (<0.25 mm). The
results showed that fertilization had a significant effect on the distribution and stability of soil aggregates. SNPK significantly
increased the amount of >0.25 mm aggregates. The contents of DOC and ROC were positively correlated with the amount of
large aggregates and promoted the formation of large aggregates. Compared with NPK, SNPK and MNPK significantly
increased the contents of SOC components in the aggregate fractions, and SNPK addition improved the SOC content compared
to MNPK. In the aggregate fractions, the content of each organic carbon component was in the order of small aggregates > large
aggregates > microaggregates, and more than 70% of the organic carbon came from the >0.25 mm aggregates. The LOC/TOC
ratio in the MNPK and SNPK treatments increased to 14.95% and 15.70%, respectively, which was 11.94% under CK
treatment. MNPK was conducive to LOC storage in large aggregates, which improved the soil fertilizer supply capacity; while
SNPK promoted LOC migration to the small-sized aggregates, enhanced its stability in the aggregates, and improved the soil
fertilizer retention capacity. In conclusion, long-term organic and inorganic fertilizer combined application improved soil
carbon storage and stability. The study provides a theoretical basis for a nutrient management strategy with partial substitution
of chemical fertilizer by organic manure and straw.

Keywords: Long-term fertilization; Soil aggregates; Organic carbon fractions; Chemical fertilizers; Straw; Organic manure
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Microsoft Excel 2007  SPSS
MWD GMD  Ry»s, D
N D ’
2 FHRES
b
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F1 KHETEERLIET &SRR L IRIE KRR
> noes
BNE=E
1 > CK > Table 1 Percentage contents of soil non-water-stable ag-
>2 mm (P<0.05), gregates with different sizes under different long-term
<0.25 mm (P<0.05) M fertilization treatments %
>2 mm , SNPK >2 mm 0.25~2 mm <0.25 mm
Treatment
<0.25 mm SNPK CK 34504034 38.88:0.70a  26.62+0.42a
MNPK 0.25~2 mm s 4027+0.72b  36.45+0.42c 23.27+0.92¢
CK M 42.64+0.36a 34.50+0.17d 22.86+0.24¢
MWD GMD  Ryas NPK 38.63+0.06¢ 37.61%0.53b 23.76+0.59bc
5 SNPK 40.55+0.28b 38.77+0.84a 20.68+0.57d
5 ) ’ MNPK 36.87+£0.84d 38.27+0.22ab 24.86+0.80b
(13] 2 , CK , CK: . M: . NPK: :
MWD GMD RO 25 D MNPK: ; SNPK: ; SCK:
3
(P<0.05) s M) , o o
P<0.05 CK: no fertilizer without organic materials; M:
MWD (P<O'05)9 P single application of organic manure; NPK: application of chemical
fertilizers; MNPK: combined application of chemical fertilizers and
organic manure; SNPK: combined application of chemical fertilizers
NPK , SNPK and straw; SCK: single application of straws. Values are means+S.E.
o (n=3). Different lowercase letters within a column indicate significant
MWD GMD Ro.2s 3.17% differences at P<0.05.
6.12% 4.04%, D 2.02%,
(P<0.05), 2.2
1
, >0.25 mm (TOC)
NPK , MNPK MWD GMD  Ryss R CK ,
D R TOC , R
F2 TEKHEELET LIEIEKZ AR KRR ENE
Table 2 Stability of soil non-water-stable aggregates under different long-term fertilization treatments
(MWD) (GMD) >0.25 mm (Ro.25) (D)
Treatment Mean weight diameter (mm)  Geometric mean diameter (mm) Content of aggregates >0.25 mm (%) Fraction dimension
CK 1.19+0.003¢ 0.92+0.005¢ 73.38+0.421d 2.52+0.006a
S 1.27+£0.014b 1.00+0.018bc 76.73+0.920b 2.47+0.014c¢
M 1.30+0.005a 1.02+0.006bc 77.14+0.243b 2.47+0.004c¢
NPK 1.26+0.006¢ 0.98+0.009¢ 76.24+0.593bc 2.48+0.009bc
SNPK 1.30+0.003a 1.04+0.007a 79.32+0.568a 2.43+0.010d
MNPK 1.23+£0.014d 0.96+0.016d 75.14+0.797¢ 2.50+0.012b
CK: s M: ; NPK: ; MNPK: ; SNPK: ; SCK:
3 P<0.05 CK: no fertilizer without organic materials; M: single ap-

plication of organic manure; NPK: application of chemical fertilizers; MNPK: combined application of chemical fertilizers and organic manure; SNPK:
combined application of chemical fertilizers and straw; SCK: single application of straws. Values are means+S.E. (n=3). Different lowercase letters
within a column indicate significant differences at P<0.05.
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organic materials; M: single application of organic manure; NPK: ap-
plication of chemical fertilizers; MNPK: combined application of
chemical fertilizers and organic manure; SNPK: combined application
of chemical fertilizers and straw; SCK: single application of straws.
Values are means£S.E. (n=3). Different lowercase letters indicate sig-
nificant differences among different treatments for the same aggregate
size at P<0.05.
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Values are means+S.E. (n=3). Different lowercase letters indicate sig-
nificant differences among different treatments for the same aggregate
size at P<0.05.
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Fig. 3  Active organic carbon contents of soil non-water-
stable aggregates with different sizes under different
long-term fertilization treatments

CK: ; M: ; NPK:
; MNPK: ; SNPK: ; SCK:
3
P<0.05 CK: no fertilizer without

organic materials; M: single application of organic manure; NPK: ap-
plication of chemical fertilizers; MNPK: combined application of
chemical fertilizers and organic manure; SNPK: combined application
of chemical fertilizers and straw; SCK: single application of straws.
Values are means£S.E. (n=3). Different lowercase letters indicate sig-
nificant differences among different treatments for the same aggregate
size at P<0.05.
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Fig. 4 Resistant organic carbon contents of soil non-water-
stable aggregates with different sizes under different long-
term fertilization treatments
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3
P<0.05 CK: no fertilizer without

organic materials; M: single application of organic manure; NPK: ap-
plication of chemical fertilizers; MNPK: combined application of
chemical fertilizers and organic manure; SNPK: combined application
of chemical fertilizers and straw; SCK: single application of straws.
Values are means£S.E. (n=3). Different lowercase letters indicate sig-
nificant differences among different treatments for the same aggregate
size at P<0.05.
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Fig. 6 Enrichment coefficients of total organic carbon (A), dissolved organic carbon (B), active organic carbon (C), resistant
organic carbon (D) and labile organic carbon (E) in soil non-water-stable aggregates with different sizes under different long-term
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manure; SNPK: combined application of chemical fertilizers and straw; SCK: single application of straws. Values are means=S.E. (n=3). Different
lowercase letters indicate significant differences among different treatments for the same aggregate size at P<0.05.

EC

EC
EC

(oD,

ROC

LOC(
EC

6E),

2.5

>(0.25 mm

>1

>

M

, SNPK  MNPK
,CK SNPK EC<1,
M MNPK 2 mm ,
ROC
, EC<1, s
; SNPK ,
>1,
2.6
EC , DOC
LOC 0.25~2 mm
, <0.25 mm
(P<0.01),
(P<0.05) (
7 )
74%

http://www.ecoagri.ac.cn

, S M >2 mm
(LOC ) 0.25~
SNPK  MNPK
3 ,>2 mm
ROC (P<0.05),
AC
DOC ROC LOC
3) DOC ROC

>



8 : 1393

@ <0.25mm B 0.25~2 mm @ >2 mm

100 100 B
90 90 .
a
80 80F |-
70 70 >
60 60 S
-
50 50 i’

TTHkA Contribution rate (%)

40 40
30 30
20 20
10 10
0 0 0
CK S M NPK SNPK MNPK CK S M NPK SNPK MNPK CK S M NPK SNPK MNPK
KbFE Treatment Qb Treatment Qb Treatment
100
~ 90
<
~ 80
]
e 70
£ 60
2 50
g 40
© 30
B
& 20
= 10
0
CK S M NPK SNPK MNPK CK S M NPK SNPK MNPK
Qb HH Treatment Kb FH Treatment

B 7 ARKHAERBLETAERZETEEXBEABRKRBENRWA). AR
Hl(D)F1 5 &AL B HLER(E) B9 STk =
Fig. 7 Contributions of total organic carbon (A), dissolved organic carbon (B), active organic carbon (C), resistant organic car-
bon (D) and labile organic carbon (E) in soil non-water-stable aggregates with different sizes under different long-term fertilization
treatments
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single application of organic manure; NPK: application of chemical fertilizers; MNPK: combined application of chemical fertilizers and organic ma-
nure; SNPK: combined application of chemical fertilizers and straw; SCK: single application of straws. Values are means+S.E. (n=3). Different low-
ercase letters indicate significant differences among different treatments for the same aggregate size at P<0.05.
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Correlation coefficient

Aggregate size Equation of regression R’
(mm) DOC/A AC/B ROC/C LOC/D
>2 0.546" -0.002 0.589" —0.082 y=40.897X5+2.920X5+10.869Xc+10.723 X 0.762
0.25~2 0.195 0.263 0.107 0.372 $=32.958X,+4.138X3+13.533Xc+22.191Xp -0.035
<0.25 -0.503" -0.596"" —0.500" —0.493" y=41.112X2+3.980X5+13.590Xc+19.147.Xp 0.400
*. P<0.05; **: P<0.01. DOC: ; AC: ; ROC: ; LOC: DOC: dissolved organic

carbon; AC: active organic carbon; ROC: resistant organic carbon; LOC: labile organic carbon.
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