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Changes in aggregates stability and organic carbon content of black soil following the use of different long—
term nitrogen application rates

YAO Junhong"?, WU Junnan®’, WANG Chengyu"?, CUI Yantian"?, GAO Yunhang', SUN Jialu"? LIU Shuxia"*"

(1. School of Resources and Environment, Jilin Agricultural University, Changchun 130118, China; 2. Key Laboratory of Sustainable
Utilization of Soil Resources in Commodity Grain Base of Jilin Province, Changchun 130118, China; 3. Institute of Agricultural Resources
and Environment, Jilin Academy of Agricultural Sciences, Changchun 130033, China; 4. School of Animal Science and Technology, Jilin
Agricultural University, Changchun 130118, China)

Abstract: This study aimed to determine the effects of different nitrogen fertilizer application rates on aggregate composition and stability,
and organic carbon content and distribution within black soil aggregates, and to elucidate the response mechanisms of black soil organic
carbon stability to these different nitrogen application levels. Samples were collected from long—term pilot plots with different nitrogen
application levels in Lishu County, Jilin Province. Five treatment groups with different nitrogen application levels, T1(0), T2 (160 kg -
hm™), T3 (240 kg+hm™), T4 (280 kg-hm™), and T5 (320 kg hm™), were assessed to analyze the corresponding influence of nitrogen
application levels on the organic carbon content of acidified black soil. With an increase in nitrogen fertilizer application level, the content

of soil alkaline hydrolyzable nitrogen (AN) and total nitrogen (TN) first increased and then decreased, with the highest contents being
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observed in the T3 treatment group; AN and TN were 24.90% and 10.28% higher in the T3 group than those in the T1 group, respectively.

Nonetheless, the content of soil available phosphorus (AP) showed a decreasing trend with increasing nitrogen application levels. With an
increase in nitrogen fertilizer dosage, soil aggregates exhibited an overall transition from large to small particle size aggregates, with a
corresponding 14.55% decrease in aggregates with a particle size > 2 mm. The total amount of soil organic carbon exhibited an initial
increasing trend followed by a decreasing trend with an increasing nitrogen application level; the highest organic carbon content was
observed at a nitrogen application rate of 280 kg + hm™. The organic carbon content in aggregates with particle sizes > 2 mm and those
ranging from 2 mm to 0.25 mm was relatively high. Further, the correlation between organic carbon content and the aggregate stability
characteristics average geometric diameter (GMD), aggregate failure rate (PAD), unstable aggregate index (Eir), and soil chemistry
properties was high across the different nitrogen application levels. Throughout 13 years of continuous application of different levels of
nitrogen fertilizer, with the continuous increase in nitrogen fertilizer application, the soil organic carbon content exhibited a trend of
initially increasing before decreasing. Overall, an increase in nitrogen fertilizer application significantly reduces soil pH; additionally, soil
aggregate organic carbon is primarily distributed within particle sizes ranging from 2-0.25 mm in size.

Keywords : nitrogen application rate; black soil; soil physical and chemical property; aggregate organic carbon; soil aggregate stability
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Table 1 Fertilizer dosage of different treatments

wm o mEN e ek PRI
Treatment (kg- hm™) (kg +hm™) (kg +hm™) et IZ::P(:ES(;(A ton

T1 0 100 120 ZE R AR 56 I
T2 160 100 120 AUt A (GRS

BB 1:2) 18
e 240 100 1200 e gt 1 0 A 5
T4 280 100 120 B IR AR — VP 1
T5 320 100 120  AEREA

HERAEAE ;PR 5 R 46% , IR 4% 5 R 16% , Wk
HE & T4 — W 48% , AALEN & 31 60%
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KT 5 3 FLBREE (SP) R4 s L3 ML
fise R FH B R A A0 I B 5 - 498 4 R0 (TN >R AL I
FE R BIEEEE (AP) R 0.5 mol - L™ NaHCOs 3%
P&, EHEAPT HLE  HBEHAUH (AK) R NHLOAC 37
P&, ARV s IR A (AN) R 7 #0: ; 135
pH R pH it (OK: £:=2.5:1) 5 T3S HPERR A2 4t
HFIAS 4Pk AR S A S8 4 ik 5 I Se 4tk Ca™
Mg 2R i WIS 43 60 B s 5 I A8 4Pk Na™ (KR
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Table 2 Changes of soil physical properties at different nitrogen

application levels

Ak jgE T 5
g DK EAEE g ey
Treatment Soil moisture Soil bulk density/ Soil /%
reatmen content/% (g-em™) oil porosity/%
T1 22.75+1.40a 1.40+0.08a 47.33+3.13a
T2 23.18+0.66a 1.45+0.13a 45.28+4.99a
T3 22.38+0.77a 1.32+0.13a 50.30+4.93a
T4 21.57+1.37a 1.34+0.10a 49.59+3.96a
T5 23.22+0.65a 1.40+0.10a 47.07+391a

e R B F VI bR e 22 , AN TR/ INE FBE R R AN ) b 2 ) 22
3 (P<0.05), T,

Note: The data in the table are X +s. Different lowercase letters
indicate the significant difference between different treatments (P<0.05).
The same below.

®3 AEERKF L EKIREAREARNENL (%)
Table 3 Changes of soil water stable aggregate composition at

different nitrogen application levels(% )

Jb B

Treatment

>2 mm 2~0.25 mm 0.25~0.053 mm <0.053 mm

T1 34.14+1.59Ba 38.43+1.18Aab 16.14+1.03Cd 11.28+0.67Dc
T2 27.48+1.38Bb 35.81+2.14Abc 24.23+0.74Ccd 12.49+0.24Db
T3 29.36+2.08Bb 32.41+£0.96Ad 25.47+1.18Cbc 12.77+0.07Dab
T4 27.62+2.01Bb 33.64+1.55Acd 26.29+0.65Bab 12.45+0.39Ch
TS 19.59+1.66Cc 39.28+1.13Aa 27.44+1.36Ba 13.69+0.89Da

T« A 6] R 5 57 B 3 75 AR (] Ak BHAS [ R A48 ] 14 22 5 6 25 (P<
0.05).

Note: Different capital letters represent significant differences
between different particle sizes of the same treatments (P<0.05).
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Kb Treatment
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The data in the figuer are Xxs. Different lowercase letters indicate the
significant difference between different treatments(P<0.05). The same below.

Bl 1 REMEEAF T REEARE PAD LB
Figure 1 Changes of PAD and E\ of soil aggregate under different

nitrogen application levels

F4 AEEERKFLEAREREENTH

Table 4 Changes of stability of soil aggregate under different nitrogen application levels

Lb B Treatment Tl T2 T3 T4 T5
MW D/mm 1.8320.05a 1.5420.04b 1.58+0.07b 1.5320.07b 1.2720.06¢
GMD/mm 0.82+0.02a 0.61+0.01b 0.61+0.03b 0.59+0.02b 0.49+0.02¢
Roas /% 72.58+0.42a 63.29+0.88h 61.77+1.12bc 61.27+0.74¢ 59.16+1.71d

www.daes.org.an




HE3%
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Table 5 Changes of soil chemical characteristics under different nitrogen application levels

3L Bl A 2 T B B C/N
Treatment Available N/(mg-kg™) Available P/(mg-kg™) Available K/(mg-kg™) Total N/(g-kg™)

T1 97.03+2.18d 14.83+0.1a 267.00+3.00b 0.88+0.02b 17.60+0.41h
T2 107.89+.73¢ 9.42+0.1b 184.33+2.52d 0.89+0.01b 20.97+0.77a
T3 121.19+.67a 10.55+0.2b 194.33+2.89¢ 0.97+0.01a 20.37+0.76a
T4 118.52+.84a 10.48+0.2b 202.67+3.21¢ 0.96+0.01a 20.56+0.09a
Ts 112.90+.64b 8.40+0.4¢ 298.33+3.21a 0.96+0.01a 19.81+0.69a

F6 AEERKF L ERLIERITN
Table 6 Changes in soil acidification indicators under different nitrogen application levels
Jb 3 SSARIERR SEAgE HY SARPE A
Treatment ph Total exchangeable acid/(cmol -kg™) Exchangeable H'/(cmol-kg™")  Exchangeable AI*/(cmol -kg™)

T1 6.54+0.02a 0.31+0.02d 0.13+0.02d 0.17+0.01d

T2 6.03+0.17b 0.40+0.02d 0.17+0.04¢ 0.23+0.04¢

T3 5.72+0.34bc 0.61+0.02¢ 0.21+0.03b 0.39+0.02b

T4 5.44+0.24¢ 0.77+0.12b 0.25+0.03a 0.51+0.09a

TS 5.32+0.22¢ 0.84+0.03a 0.28+0.11a 0.56+0.07a

F7 TEHEAEE T EAFEROBEXESH
Table 7 Correlation analysis between the amount of nitrogen applied to soil and soil chemistry properties
T W W A Py ,
ltem pH Available N Available P Available K Total N N
RS 25U Correlation coefficient —0.893%** 0.854%% -0.865%* -0.088 0.841%%* 0.679%*

1422 5 3 (P<0.05) , #2253 (P<0.01) o

Note : *significant difference(P<0.05) ,** extremely significant difference (P<0.01).
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R8 FRBEAKELEZMEEEFFAEMNETNL (cmol -kg™)

Table 8 Changes of content of soil exchangeable base cations under different treatments (cmol - kg™)

IS SRR SEHetE Na SEHetE Ca” Sl Mg SEHPEE B
Treatment Exchangeable K* Exchangeable Na* Exchangeable Ca™ Exchangeable Mg™ Total exchangeable base cations
T1 0.65+0.26a 1.54+0.13a 13.18+1.04a 0.78+0.10a 15.91+1.88a
T2 0.61+0.05a 1.32+0.14ab 10.79+2.68ab 0.78+0.15a 13.34+2.49ab
T3 0.42+0.04a 1.25+0.21bc 8.29+0.40b 0.76+0.03a 10.78+0.55hc
T4 0.45+0.03a 1.06+0.16¢ 7.67+0.59h 0.65+0.06a 10.04+0.74¢
TS 0.48+0.01a 1.07+0.07¢ 7.52+2.07b 0.65+0.04a 9.83+0.89¢

ot Ca® & w4351 e T1 AL PR % 5.66 .5.51 emol - kg™
F14.89 cmol -kg™, T FEMRE 7351 hy 42.94% .41.81% F
37.10%;T5 . T4 . T3 H1 T2 b B 52 # ¥ Na* 25 543 51 e
T1 AR R [T 30.52%.31.17% . 18.83% F11 14.29% .,
F O] AL it R K ST e 3 S e B R i RN A ek
Na* M Ca™ & = 52 M4 S B i
2.4 AEERKFETTEEFNBRTHISE
24.1 BEAPLIK SR

MATEL 2 BT L, AS [ Ak B A= 38 HILRK % v R
15.52~19.79 g- kg™, B it B K V-1 88 & , 1384 BLax
T EISET R R R

it 0 15 3] 280 kg - hm™, 343 HLER & 2
PR , ANl b B A A LA o i HAAR SR IR T4>T3>
T5>T2>T1, HHp T3 T4 . T5 A HLAK & & & T T14b
B, T3.T4 . T5 23 [E] T i 3% 22 5 (P>0.05) .
2.4.2 T IEFAREA WK AR 1

A [ it 2 et Ak 3 - MR [ A% [ SR A MLk B
AT 22 5, WK 3 R :2~0.25 mm F1>2 mm KA
BUBS 5 4, 6 T T2 A B AP 2~0.25 mm K7 A2 47 AL
e B W T2 mm B4R (H2ZEF AN B FET3. T4,
T5 &b B 2~0.25 mm ki 4245 HLAR & 2 B & @ T >2
mm K7 4% 5 <0.25~0.053 mm 5 <0.053 mm ki 2 A HLEK

N
\S}
1

&2 b T - ab
i & *
du f‘_,:-:’ 18
K3
=25 16 ¢
&=
S o)

<
i

* 12t

=}

z OTl [ 1 1 [ |

T1 T2 T3 T4 T5
Kb Treatment

2 AEERKELEFNHRESENETN
Figure 2 Changes of total organic carbon content of soil under

different treatments

TR A, <0.053 mm K AR ALK 5 I R T <0.25~
0.053 mm ki 4%, HL7E T1.T4 b B b A7 W 35 2% 5 (P<
0.05) . TEA[A] &b 3 &R AR A HLRR & i s MR
2~0.25.>2.<0.053 mm F1<0.25~0.053 mm.

A0 H A RARA PR & AR bt AT 22 5%, 7E>2
mm FAE TS A FEAT HLAR & R B R T T
T4 4bEE, T2 T3 T4 4bHL R JC B % 22 5% (I B ¥ 5T
T1 AP 7E 2~0.25 mm 742 H T3 4b BEA HLAK 7 o e
L A AT T2 T4 TS5 AZb 3757 8.86% . 4.18% .6.26%
H13.83% , HIA71E 3 25 5, B IR 2 B Je 1 1= J5 B AIK
B FA A 7E <0.25~0.053 mm Ki 8 H , 454 B A A5 HLAR
T U 2 5 KO XHZ R AR A AL
FLMEL /N 16<0.053 mm kL4211 AL BRAT HLAK % &
i AE it FH 3G 0 23 %415 <0.053 mm KL A=A MLk
i, T1 AR ALK & 5 8 m T A A B 4
o T2, T3.T4.T5 4b B &5 3.40% . 2.32% . 2.95% F
4.04% ,T2 . T3 . T4 . T5 b 3 [3] <0.053 mm #i12A HLAK
TEILEEES

FHOGE 2 B4l SR 3R B < it Sk 5 38 ML s

O>2mm [O2~025mm [4<0.25~0.053 mm <0.053 mm

187 Aa

. Ab , Ab
z A i Abc
e 16[ABe Al Ba Bh o=
o 147 BCa 5BP CaCab .Ch CaCh
= 1k =2 7“3\ ;}é\( =T A
18 5 % N 7N N\
LR N A | A
o
N 7 \ 2\ \
=2 % N 7N
RN VA
2 4t | P N N
g 7 N 7N\
LI | P N\ 7N
S 7 N 7N\
0 /. N /AN,
T1 T2 T3 T4 TS5
R Treatment
ANFRE B3R A [ b BEOS [R) R A% (8] A9 22 57 8. 35 (P<0.05) o

Different capital letters represent significant differences between different

particle sizes of the same treatments ( P<0.05).

3 AEERKFEFARGANKRESENTN
Figure 3 Change of organic carbon content in aggregates under

different treatments
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22 At 2 T G, BR<0.053 mm R AR A HLAR 75
-5 A i AR R] 2 A 556 R AN, Hothokr gt - 4
RUA LIRS 2 SR 2 AR,
2.5 TEEAMER ARGREEMBFESHIRER
RIEEHRMTE X ES T

Pl 4 Sy A 398 it S FRALPE B L A SR AR S5 M R AT
X i A K A TR AL o i B TUAR A0 BT o ATt SR
FERH AN [l it SR KT S B PR SR AR A MLk & A8 Ak 7
S K52 M K, 55— R R i 81.25%, 4
AR RN 7.30%, Bt R 88.55% , o A s i
R C/N A EO A WL B P SR A A AL e 1% o ff o
& (P<0.05) , 43 %10 67.7% . 12.6% .5.3% , HLH fift A& .
C/N 4= XF<0.053 mm i 15 F ARG WLk 5 5t f Bt
SR C, XA A K PR R AR ML 5 2 i R Lt 1 A
o 5 A it U R RO X A HL A A A SR AR AL
B 0 AR B B 3 ) M 2.9% . 2.5% (P<0.01) , 33 Ui
XF <0.053 mm R4z A1 AR A LA 75 2t i 8 i 5t 1 A
5, JEUIR - R HAthokr A2 MILA 75 A R S SR O

3 itig

SRR A R R R L 1 R AR
Z— IR A R R W R KX 3 A~ IR o 2

10F e

¢TIl
A1-S0C

RDA2(7.30%)

M1-SOC

-1.2 kb . . i . .
-1.2 RDA1(81.25%) 1.0

A1-80C . A2-80C M1-SOC M2-SOC 4}l /R >2 . 2~0.25 . <0.25~
0.053,<0.053 mm KA HLER % 1. NAR Fm L5t i
A1-S0C,A2-S0OC,A3-SOC, A4-SOC represent the organic carbon
content of particle size >2,2~0.25,<0.25~0.053 mm and<0.053 mm,

respectively. NAR represents the amount of nitrogen applied to the soil.

4 TIRBAMER ARGREEFHESENBRIT RN
Figure 4 RDA between physical and chemical properties of soil ,

aggregate stability , and soil organic carbon content
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Ml o et R (3G B 2L 4 R s o, A
KA BT R W, LR AN 2/ S = S A
IOV Z (B AE 8 25 B IEAH G 56 3R, X 5 VI8 2R PO e
AR5 H3E pH St EK OV 2Z [ 7718 2 2 A
K Z, BB AT 4 v, 38 pH 2 R R
SRRV 5T 25 SR 2 B, A it FH A2 RO S ok
ST AL Y S B it R R R M 2T 3 R L ) 32 2
SRR Z—o 534, bifi A 398 715 AU A AR A R] 1
HEINANGEA | 3 pH 1R BRI B3 K™, Goulding
LGN SRy A A 3 R b 1) di T B PR it FH B S R
NEFIR % .

TR it FH 2t 0 Mo 2o 38 {1 e Akl B o, R OG
PEAHT 45 B, Rt FH 7K -5 A e o 5 A7
FERE AR X AT RESE T pH TR
PR DY [ 0E 5Ak R G2 0w SR P AU g
RS RIS A SRR 2 R R B R I [ e, AR 2 SR R
FUFY i ot 22 2 184 T AR S G 0 o B SR it K
R, R I 1 (0 R M S Car R I R
HH S A R A A, 3 AT R A I R it P e g 14, 138
pH TR, 28 ek Ca® Fl Na' 18 2192 A 45 5

T3 pH FRE SR A PLERBLR>), 45 R 55 %0
FIF 5%t [ & BRAE C/N 388 (>15) s i M (pH<6.5)
e i AUE A MU R R Ry g
pH FEAIE T B0 3 sc bk AP 38, 2 T8 g Pl
B A R B e TR R b, DT BRI kA L
(4 43 FR7 5 [ B - 48 pH R AIC 25 0 o) - 3 AR 0
PECS DA LB 53 A, ) SRR, S B A
HLIRA B, AR B0 25 S F B - il /I it FH /K- 1 32
A PR SR R ST RO S 228 T R
B A ) R A AR A ML T e Tk i R 4R R OR
()01, i RN - 9 2% R 3R 119 28000 AR G 56 Fr 4 b
2R+ 8 T I A i R AR ) KUK 28 b 4 &R (pHS.0~
6.2) , - R Ak nT DL 2k 400 62RO A
Yy~ ML AH BLAE e 14 A ML R e B s /b ik
Bt MeAh, B A SR E Y AR KR V&
RIS, VAL R HLAR AR 2R (it S A RS 1 s
HRAE A W S TR S A BB 2R A WL 4 i
s, DT AR PR 5 1

3 A SRARAE Ay - HE L AL () S AR BT, LA A
O3 A B T SR R AR AR R
AR ) ) BRI, AR SR Ab B A A R
R FFELI>2 mm 1 2~0.25 mm R0y 3, Bl AU it T
KOV B $ v K TSR A A r T B, 3 v e RUIE it
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FA SR SRR AL Ca® S 3 BB T A B MR
SERN I D AN F T B RIRRSE o

RUA PR S 30 A Pk & =% DIAI G 78
ANRIRLAR B R AP, A IR 1) o] 2 1 3 S 0 2R 35
ANHRTRI, 3% 2 5 i) -+ A HLRRAS 8 M i T2 R 22
— o I SR AR AL P 0 R R TR 22 S AT DL 45 9 I
F/IN TSR AR B T it ™, X 5 AR I 2~0.25 mm
LA R AARAT BLRR & B = P 25 SR, B AU e
FH KT B 32 2 K T SR R L A9 B ARG, 3 ] B Tk
VKRB IR BT 25 % (R e i B2 /N R0 A (2 A ) AR
ZA RN ARR . <0.053 mm KL FH Bk g Bl
Tk 2 W 55 F<0.25~0.053 mm A1 443X AT RS2 K
<0.053 mm i 12 A1 R AR ELAG B 1 LR TR, AT Do
] i R B A AL,

UKL I 5E 2 WA A HLAK % A5 MWD .GMD
5P IE ARG AR SCTUAR A W 45 R 3 B GMD
PDA . Eu 5 5645 HURK 22 [0 A7 76 3 B AR C 56 R o
R IR Fa 2 46 i GMD 5 B A7 HLBR & B A6, 1X
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4 £t
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