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Effects of tillage methods on soil aggregation and aggregate-associated
carbon and nitrogen fractions in dryland wheat fields
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Abstract : The study aimed to investigate the soil aggregate stability, distribution characteristics of soil organic
carbon (SOC) and its components, and total nitrogen (TN) and its fractions in water-stable aggregates of dryland
wheat field under different tillage methods and further understand the mechanism of soil carbon and nitrogen seques-
tration under different tillage methods. Topsoil samples (0~20 c¢m) for 3 consecutive years (2017-2020) were col-
lected under three tillage methods (no tillage, subsoiling and deep tillage) after harvest in the third experimental
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season. A wet sieve method was used to analyze fractions of particle size, and distribution of carbon components
(SOC, HFOC, LFOC, EOC, DOC, POC) and nitrogen components (TN, NO;-N, NH;-N, SON). The rela-
tionship between carbon-nitrogen components was examined. The results showed that, (1) >2 mm aggregates under
no tillage and subsoiling treatments were 8.8% and 22.1% higher than that under deep tillage treatment. No tillage
was conducive to increasing <0.053 mm silt and clay, and 46.4% higher than subsoiling and 27.7% higher than
deep tillage. R,,5, MWD and GMD under subsoiling treatment increased by 2.8% , 6.3% and 9.0% compared with
deep tillage treatment. (2) The contents of SOC, LFOC, EOC, DOC and POC of soil aggregates in no tillage and
subsoiling treatments were higher than those in deep tillage treatment. The content of HFOC in subsoiling treatment
was higher than that in deep tillage, and the content of HFOC in no tillage was higher than that in deep tillage only
in <0.053 mm. (3) The contents of TN, NO;-N and NH;-N in >2 mm, 0.25~2 mm and 0.053 ~0.25 mm aggre-
gates under no tillage treatment were higher than deep tillage, and the contents of <0.053 aggregates were lower
than deep tillage. Compared with deep tillage treatment, subsoiling treatment increased TN contents of soil aggre-
gates and NO;—N contents of >2 mm and 0.25~2 mm aggregates, while NH;—N content was lower than that under
deep tillage. The content of SON in no tillage and subsoiling was higher than that in deep tillage. The C/N ratio of
aggregates under different particle sizes showed the fallow of subsoiling>no tillage>deep tillage. (4) The stocks of
soil carbon under no-tillage and subsoiling in 0~20 em soil layer were 85.4% and 86.3% higher than that under
deep tillage, soil nitrogen stocks were 48.1% and 32.5% higher than that under deep tillage, while the straw car-
bon return was higher under deep tillage. (5) Based on the structural equation model analysis, DOC and POC were
the main factors affecting SOC change through synergistic EOC change. SON was the dominant factor affecting TN.
In dryland wheat field of Loess Plateau, subsoiling improved soil aggregate structure, and increased soil organic
carbon and total nitrogen contents.

Keywords: tillage methods; dryland wheat; soil aggregate; soil carbon and nitrogen fractions
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Table 1  Stability analysis of soil aggregates under different tillage methods
Ab TR B R AR R 5 HE Aggregate fraction/% Roas ST R LT A
Treatment >2 mm 0.25~2 mm 0.053~0.25 mm <0.053 mm /% MWD/ mm GMD/mm
NT 21.33+2.19a 40.71+1.66b 24.63+1.83a 13.34+0.94a 62.03+1.60b 0.93+0.23b 0.52+0.17b
SS 23.93+4.03a 42.23+1.34a 24.73+1.92a 9.11+1.14b 66.16+3.45a 1.00+0.08a 0.60+0.06a
DT 19.60+2.49a 44.75+5.29a 25.22+2.14a 10.44+0.94h 64.32+3.63a 0.94+0.02b 0.55+0.04b

T NT. Gl SS. IRH; DT IR, R BB IR I E AR 2 (n=3) |, FIZIAR R/ NG 8 3675 R R BEVE AL 38 (1] 22 5% . 35 (P<0.05)

T,

Note: NT; No tillage; SS: Subsoiling; DT Deep tillage. The values in the table represent the meanz standard deviation (n=3) , different lowercase

letters in the same column between different tillage methods indicate significant differences at P<0.05 level. The same below.



sy = Par > =1 BH = B
%2 SR A5 BFAE 7 =0T 52 b A2 T 4 8 AT SRR R HLAle SR 353413 52 T 197
. o -
30T (a) 2o E20@©
L — 5 a Eanar=
) » a a §D§ 8 a ab i&z§ %2
w520 a b a A= .2
= [ ab @5 6 a H w g 14
LS5t b i =5 s b ab EE-AL
2o B2 V¢ b a b B0
. b 1 S =
10 . < > =5 ¢ b . =5 08
© [ A=} 2
=5 Ty 3 5 6
= =50 5
>2  0.25~2 0.053~0.25 <<0.053 T >2  0.25~2 0.053~0.25 <0.053 ~ >2  0.25-~2 0.053~0.25 <0.053
# 2% Fraction/mm # 2% Fraction/mm L2 Fraction/mm
PG 83007 (@ R
= 7 &0 5450 Ea
4 © Pt a [ =10 a
LEEG :, 5400 28
g <2 2.9350 c 208 a a
=553 <2300} 2 a a CX| aa
Bg oy E 2os0tm2a a0y hab LS E2 6
=8 = o b 0 =3 b b a
=233 = 5200 =9 4
NS 2150 s 4 I
N= 52 H3 100 = 5 P
S %7 5 52 l
R 0 | _ A £ 0 o . .
>2  0.25~2 0.053~0.25 <0.053 >2  0.25~2 0.053~0.25 <0.053 >2 0.25~2 0.053~0.25
L2 Fraction/mm L2 Fraction/mm L2 Fraction/mm
[ INT I8sS HlDT

A F/ING F BN A — R A R A ARV Ak B2 7] 22 52 1.2 (P<0.05) , T Il

Note: Different lowercase letters under the same aggregate size fraction between tillage treatments indicate significant difference ( P<

0.05) , the same as below.
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Table 2 Soil organic carbon and nitrogen stocks and

straw carbon return under different tillage treatments

AP E REEA MR T H
g Soil organic Soil nitrogen Straw carbon
Treatment carbon stock stock return
/(t - hm™2) /(t+hm™?) /(kg + hm™)
NT 35.62+2.30a 3.14+0.83a 1.47+0.21b
SS 35.79+1.91a 2.81+0.71ab 1.78+0.20ab
DT 19.21+£1.23b 2.12+0.60b 2.13+0.14a
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Fig.3 C/N ratio of soil aggregates under
different tillage methods
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Note : DOC: Dissolved organic carbon; EOC: Easily oxidized
organic carbon; POC: Particulate organic carbon;SOC: Soil or-
ganic carbon. The relationship between the line thickness and the
influence strength. The number next to the line represents the
standard path coefficent, reflecting the relationship between vari-
ables. * represents significant differences among variables (P<
0.05), and * * represents extremely significant differences a-
mong variables (P<0.01). The same below.
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Fig.4  Structural equation model for the effect of soil

aggregates active organic carbon on SOC
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5 TERARMEEERI TN ZIaEHTEER
Fig.5 Structural equation model for the effect

of soil aggregates active nitrogen on TN
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