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lem) 1.5 g (MY FA=LPrfEFF 2R H ) IR,
AP PEE T, HAXIRALFEE)ZE 0 ~ 20 cm 1 )2
FrHRIREARE SR . I FORFEFF Sk &0 356 g kg,
TRERN 102 gkg!, WA LLN 34.90, 4 HIFERFE
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Table 1 The amount of fertilizer application in long-term located fertilization experiment

it (kghm?y!) ftifiE (kghm?y™")

s N PO, B AL
) — : K,O0 Horse manure

Treatment N K& 5P/ N NG Xk ( kg hm2 y! ) (thm?)

Wheat Soybean Maize Wheat Soybean Maize

CK 0 0 0 0 0 0 0 0

NPK 150 75 150 75 150 75 75 0

M 0 0 0 0 0 0 0 18.6

MNPK 150 75 150 75 150 75 75 18.6

M2N,P, 300 150 300 150 300 150 0 372

e CK FRAHEIE, N, Py K, M (Fi) 5I30Ra0E . S50, 8. APUE; N,. P,. M, SMlF0RHEt s i iy 2 f%; CK. NPK.
M. MNPK #l M,N,P, AR, TR

1.3 SMEFE BT 2mm i b, ZEEAKPIEE 5 min J5, LA 30

IKFME A SRR 2. SR IR 09 ) £ 3 A
BARHAL (SAA08052, [ifE) dEfT IR 9.
FWREAMET, RBGE T 5 mm )T 3RS 50 g,

K min! BT EIRY 30 min, PRI 3 cm, KRS
> 250 um, 53 ~ 250 um Al < 53 wm K7 K AR,
FIRRTIRE 48 h )5, F HIHWRAS . S0 1A
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Fig.1 Changes of soil total organic carbon contents in different fertilization treatments with straw addition
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Fig.3 MWD values of soil aggregates in different fertilization

treatments with straw addition
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Table 2  Effects of straw addition on organic carbon content of soil aggregates under different fertilization treatments

ISINFEFF 60 d A AL FR A AIRIA (>250 um ) A
LR STERZ = TR ANASEFT 0. d, 53 ~ 250 pum High A 5

TENE b #E R TE] (d) >250 umPRA (gkg!) 53 ~250 pmMIRIE (gkg!) <53 ymPIR{E (gkg')
Fertilization treatment Incubation time >250 um aggregate 53 ~ 250 pum aggregate <53 pum aggregate
CK 0 9.53 Be 10.27 Bb 7.91 Ab
M 9.97 Be 10.90 Bab 7.27 Bb
NPK 11.47 Ab 9.58 ABb 7.14 Ab
M,N,P, 12.10 Bb 12.44 Aa 10.64 Aa
MNPK 12.08 Aa 12.49 Aa 7.55 Ab
CK 60 11.54 Ac 12.43 Abc 8.05 Abc
M 13.49 Aa 13.34 Aab 8.63 Ab
NPK 11.55 Ac 11.41 Ac 8.46 Abc
M,N,P, 13.80 Aa 14.23 Aa 9.95 Aa
MNPK 12.76 Ab 13.12 Aab 7.74 Ac
CK 150 10.12 Bb 8.98 Bbc 7.35 Ab
M 10.70 Bb 9.29 Cab 7.46 Bb
NPK 10.70 Ab 8.83 Bc 7.47 Ab
M,N,P, 11.92 Ba 9.58 Ba 8.71 Ba
MNPK 10.36 Bb 9.45 Ba 8.34 Aa

I KRG FHEFORE— AR SR Z MR 285, NG T RAUR R — RO R 2 ] ) 25 5

R3 AMBEFH A EEELE R EN R ER R %)

Table 3 Effects of straw addition on the contribution rates of soil organic carbon under different fertilization treatments (%)

JaAE b2 BRIt a] >250 um HEfA 53 ~250 pm PRI <53 um HIERK
Fertilization treatment Incubation time (d) >250 um aggregate 53 ~ 250 pm aggregate <53 um aggregate
CK 0 69.08 £ 1.30 ABb 20.35+0.49 Cd 9.57+0.87 Abc
M 65.30+£0.77 Cc 26.31 +0.60 Bc 8.4+0.20 Be
NPK 55.31 £ 1.50 Bd 34.14 +£0.86 Ab 10.55 £ 0.67 Bab
M,N,P, 51.40 £ 1.46 Be 37.64+1.72 Ba 10.96 £ 0.42 Ca
MNPK 7521 +1.25Ba 20.66 = 1.06 Bd 5.13+£0.21 Bd
CK 60 69.49 + 1.07 ABb 24.47 +0.86 Bb 6.23 +0.26 Bb
M 81.39+0.43 Aa 14.63 £0.44 Cc 3.98+£0.22 Cc
NPK 81.65 £ 1.35 Aa 14.70 £ 1.31 Cc 3.65+0.05 Cc
M,N,P, 42.29+1.16 Ac 37.57+0.76 Ba 20.29 +1.33 Aa
MNPK 82.68 £ 1.31 Aa 14.63 £1.29 Cc 2.69 £ 0.04 Bc
CK 150 63.99+0.78 Ca 27.53+0.49 Ac 8.48 £0.41 Ad
M 53.56 +0.38 Bb 34.15+0.11 Ab 12.29 +£0.28 Ac
NPK 55.14 £ 1.61 Cb 32.64 +0.93 Bb 11.22£0.73 Ac
M,N,P, 37.77+0.43 Cc 47.05+0.75 Aa 15.19 £0.33 Bb
MNPK 55.12+ 1.64 Cb 27.59 +0.89 Ac 17.29 £ 1.42 Aa

I REFHFORE AR IR ] 225, /NG T EER7R R — RO [ Ah B ) 22 5
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Effects of Straw Addition on Stability of Soil Aggregates and
Contribution of Organic Carbon Under Different
Fertilization Treatments in Black Soil

SHI Yan-xiang', CHI Feng-qin®, ZHANG Jiu-ming”, KUANG En-jun?
TONG Yu-xin?, MA Xing-zhu?, ZHU Ying-xue?, YUAN lJia-hui?
(1. College of Resources and Environment, Northeast Agricultural University, Harbin 150086, China; 2. Heilongjiang Black Soil
Conservation and Utilization Research Institution, Key Laboratory of Black Land Protection and Utilization,
Ministry of Agriculture and Rural Affairs, Harbin 150086, China)

Abstract: [Objective] To explore the effect of straw application on stability of soil aggregates and their contribution
to organic carbon (C) sequestration can provide a basis for the protection of black soil in northeast China. [Method]
Based on a long-term (43 years) experiment of black soil, five treatments, no fertilization (CK), single application of
organic fertilizer (M), single application of nitrogen, phosphorus and potassium fertilizer (NPK), organic fertilizer
combined with nitrogen, phosphorus and potassium fertilizer (MNPK) and high amount organic fertilizer combined
with chemical fertilizer (M,N,P,) were selected. The same amount of straw (equivalent to the amount of full straw
returning in the actual production) was added into silicon tube and was incubated in the field. The soil aggregate
stability, organic C contents of soil aggregates and their contribution rate to soil organic C sequestration were analyzed
by sampling on the 0, 60" and 150" days of incubation. [Result] The application of straw promoted the formation of >
250 pm macro-aggregate and increased the proportion of macroaggregates. The contents of macroaggregates increased
significantly in the treatment of MNPK, which was higher than that in other fertilization treatments. However, the
contents of large aggregates decreased with the increase of incubation time, and the stability of aggregates decreased.
The straw addition increased the contents of organic C in > 250 um aggregate, especially in the treatment of M2N2P2.
The contribution rates of the added straw to soil organic C of > 250 um aggregate were more than 80% (P < 0.05) in
the treatments of M, NPK and MNPK. The contribution rates of added straw to soil organic C of >250 um aggregates
was decreased gradually with incubation time. However, this contribution rates to 53-250 um and < 53 um aggregates
showed increasing trends, and organic C would accumulate in smaller soil aggregates. It further indicated that the
addition of straw would affect the proportion of aggregate distribution and the contribution rate of organic C.
[Conclusion] The application of straw can improve soil aggregate stability and organic C content. The high fertility
black soil combined with straw addition can improve soil organic C sequestration.

Key words: Black soil; Maize straw; Water-stable aggregate; Soil organic carbon; Long-term fertilization
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