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1 #RERZ®

1.1 R AL

R AT B I VT M R E T 22 X
(126°34.8' E, 45°54' N), ZXSERAE T
T R R 2= XA, AR ISR 3.3 €, AR F%
JKHEH 500.4 mm, FAEHIE Ny FORFIR G AR, +
AR R R A 5T A LK 19.05 g/ke,
2R 179 gkg, WA 134 mg/kg, pH6.02,
1.2 it

WG T 2015 FIF 4R, FRMFIERH “FK6
57, R SR 60000 ~ 75000 Fk /hm®, AFAEFK
WOR RS FER TR R 2 em BYIBURL, $2 1R 7500 kg/hm’
AT M, i HEEE R 30 em, 5 R R X%
I, RGN X AN 24 m?, OREFFIAH
TR I A FH JC it 1 700 R R R 2R, it R i K S
HWE, 3EL ., KE AR 4 DK (N):
(0. 135, 180, 225 kg/hm® ) ; i I Jiti F & 4 90
kg/hm’; 49 B i JH 44 75 ke/hm, JE R R 2 1 3%
Iy AILNIRE (N 46% )5 WAL At w B s
(P05 12% ) 5 FRAEMBRERER (K,0 50% ), H %
NEE 173 S BN, FAy 2/3 78 FOKIR T WIiB i,
WEAE AN A I S FERE — R P o AR (Rl A T
NTBRRL HEEH,
1.3 FRECREE . ABFRAIFE AR E

20194F9 A 30 H, Xf & A4k B9 /N IX #E 47
THERAE, H AR /NXIE S” B HIR AR
0 ~ 20 em RFE 10 ~ 12FEAL, IBRAWAERA

VU5 B IR A 1 kg e F BT 000 %, R
AE AR Il S8 % 5 — AR BT 4 COKAEIRAE,
T TS A LI s AR AR
T, EERMRAR LA A, DS, T AL
W, ISR RAAHLIR . PRCAHLK . Bk
ALK 34T, A PR . % A T
Elementar 2> 742 77 vario ISOTOPE cube TG & 73 B
A s A iE e TE I I HGE AL, SR RRIE
PABPTIL OIE s LRI B AIBTRLAT B
ik 41 338 5t 15 HE TOC—-SSM-S000A 5 43 H7 {0 i 5 5
T3 5 AT PlaE i o EE T, SR Ko MnO,
AR - O s TSIV A HLARE L 5k
ST E
L4 Bl ARG o ik

K Excel 2007 X§ 846 #4701 0 BB 0,
% H Sigmaplot 12.0 Z: ] K158, SR H] SPSS 22.0 X4k
L R [N £ <Y TN S A LR s T R
IR SCEE oA

2 HBREH
2.1 ANt R B AT g X A B LR e 5%
I3 BRI

FAFR A HIRA LR . 2R . SR
AW 1 iR, BRECHE N 180 kg/hm® 41, F FF I
PV Tt R N T A ML . S R AR A L
{8, HEHRH 0.61% ~ 1.55%. 2.39% ~ 4.55% Fl
1.47% ~ 11.25%; TEAN[RNiZEKF T F5FFERHEA H
Bei AR T2 &, BRI 3.74% ~ 9.55%.

1 AEERKETHEMEANKEHELTEREFSHZME
AbFR i KT (ke/hm®) HHUK (gkg) 25 (gkg) 2 (gke) AL
TR FF ik 0 19.15 +0.02g 1.82+0.01bc 0.73  0.02¢ 10.52 + 0.06d
H 135 19.58 + 0.05e 1.85+0.01ab 0.84 + 0.04d 10.58 + 0.05d
180 20.83 +0.03a 1.88 +0.01a 0.87 = 0.02cd 11.08 +0.05d
225 19.90 + 0.06¢ 1.87 +0.05a 0.92 = 0.03ab 10.63 +0.27d
Fifricm 0 19.44 + 0.03f 1.74 +0.02d 0.77 +0.03e 1151 £0.31a
135 19.70 + 0.03d 1.67 +0.02e 0.86 % 0.03cd 11.77 £0.15a
180 19.93 + 0.04¢ 1.77 + 0.05¢d 0.90 = 0.02be 11.24 +0.27be
225 20.18  0.06b 1.80  0.04he 0.95  0.02a 11.19 + 0.23¢d
XUHZESHT (P1E)
AR <0.001 0.001 <0.001 <0.001
Fifria 0.005 <0.001 0.010 0.126
WEEUKF x FEFFA H 0.000 0.022 0.946 0.116

T TEFFAHEL HACHE )

fAiFR “FEATIAH”, FHIIARE/NG FRFOR2ZER B3 (P<0.05). T,
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TREFFA AL B, FHEA MR, A &M
i 2R b Bt 2 T 2K T B 1 o 2 B SR s i 1)
t, 76N 180 keg/hm® KPR EIR =, HER5 31 0
226% ~ 8.717%. 1.65% ~ 3.30% F10.60% ~ 5.30%:;
LTl O it I A il UK T ARG I 38 )
e, 16N 225 kg/hm® AKCOPEF A e, BEIN0R B2
14.09% ~ 25.00%. T f FF 2R L G it & 75 Ak
PN, A B RN 4 5 i A B A i EUK P Y
S0 R R e, #E N 225 kg/hm® 7K -
BF 38 B f e, BGI0A R BE 43 0 R 1.32% ~ 3.79% .
11.74% ~ 24.35%; 45 &8 N 135 kg/hm® KFE T
W/ 4.02%, BlJS R RUKE- RS g i, 7E N
225 ke/hm® KPR IR BB, BEINAYIREE R 1.72% ~
344%; BRAAE N 135 ke/hm® KE FHGAN 2.29%, Bl
JE B KPS ARG, 76 N 225 kg/hm® 7KF
IR SR A, FEARIREE R 2.34% ~ 2.75%:

XA 2R 43 A 2R W it R K S Lk . 4
A ST EMRALEAR R ZEZN (P<0.01);

FEFF A OO A B . A0 B HA S 5
(P<0.01), X4y &% (P<0.05), Xf
PR A LRI N 825 it EUKF S RS FRA A58 B AE
FHXT A5 MLk & A e B 5 (P<0.01 ), Xf
SREEADELW (P<0.05), 4w, A
AN TE N

2.2 AS[ALit & KT RS AR A FOG - BT AT MLAR
FA) 5 M)

FAHT I R R A Lk . BORLAT HL
fik. B ACA DL, AT AT HLAR & 2 a0k 2 B
TN TEAN[R KT T RS ARSI FH i 721 751038
TRAAIK. 58 AA LA A PR 5
i, BRI K 2.85% ~ 45.31%., 2.23% ~ 4.08%
F146.42% ~ 88.63%, HI¥HMHEA HLIK S = 4E N 180
kg/hm® 7K 3B oh 3, BT 88.63%; i
A MUBSR & B ANIE ZURE N 225 kg/hm® 7K R 43
48 T 2.82% F1 7.56%, 1E N 135 il 180 kg/hm® 4k
PR 235080 21.32% 1 14.69% .

®2 AREERATETHEFREETBEERTIXREE L FIRAS N

e it K B ORI Bk S BT B AT DL
(kg/hm®) (glkg) (glkg) (g/kg) (glkg)
TCAEFF I 0 208.87 + 8.22ef 45.31 + 4.47ab 491.13 + 11.55b 15.08 £ 1.77d
135 257.50 + 10.16h 46.07 +9.85ab 465.29 + 4.89cde 15.90 + 0.85d
180 225.40 + 5.82de 37.85 = 7.34hc 463.43 +5.83de 18.38 + 1.32¢d
225 191.68 + 4.99¢ 48.29 + 8.28ab 44774 £2.79 15.81 £ 1.90d
FEFHa 0 303.50 + 15.89a 46.59 + 4.56ab 511.17 + 17.74a 22.08 +2.77he
135 264.83 + 14.87h 36.25 + 3.26hc 481.98 + 10.38bc 25.44 + 4.47h
180 251.37 +9.14bc 32.29 +2.80c 478.14 £ 10.27bed 34.67 +2.28a
225 237.39 + 7.32cd 51.94 + 8.40a 457.72 £ 1.42¢ 26.69 +3.51b
XS (P1E)
it K <0.001 0.007 <0.001 0.001
FiFra <0.001 0.348 0.001 <0.001
AR x FEFFA H <0.001 0.303 0.832 0.044

TCREFFR AT, B PR & bl A it
ROKF 38 205 5 b e, 7EN
135 kg/hm® KA R 8w, BT 23.28%, #EN
225 kg/hm® KSR, 98/ T 8.23%; FURIAT HLAR &
HAE N 180 kg/hm® /KF-HH /> T 16.46%, 7E N 135
1225 ke/hm®, 4338 011 1.68% F1 6.58%; 5 Ak
A BB P i Bt it AT 3 e B2 ek 1
O REE N 5.26% ~ 8.83%; T VETEA ML
et i il R K T B3 o 3 S 0 e R

HETIERE Ny 4.84% ~ 21.88%, FE N 180 kg/hm’ 7K F-Hif
HOMT 21.88%, TEASFFEREIA H AL B 770 240 T
A S AMERAAL . AR AN ) E A DL S
o B A it KT (ARG B s kR, b
W8 43530 A 12.74% ~ 21.78% F15.71% ~ 10.46%:;
+ 3 R AT HLAR 5 B AE N 135 Fl1 180 kg/hm B 43
W > T 22.19% F130.69%, FE N 225 kg/hm® i}
BT 11.48%; FIEVEA LK & 5 B A i 2K
PR G T, B S S e B S, SER E
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N

1522% ~ 57.02%, 7EN 180 kg/hm’ if ik %] £ i,
WY 57.02%.

MR R, HERKERER . Bk, 5
AL LT A LR S R B AR & (P<0.01)
FEFFR XL . Z S S T s A Ml & 2 2
Wi (P<0.01) , XF Uk AILER &5 52 i A
W25 MR SFFA | a2 BAE X R4 AL
RS EAW T EEm (P<0.01), XFaliEHEA Pk
SEA BFEYm (P<0.01), Xk, 5% 4HHL
kAR E (£2),

2.3 A[AEEOKE B S AL O AR R RIS PR
BLIRZ 5355 A LA 22 [R)AE DG A 52

MR 3ATH, LRSS HAET, A EK
5B R B E IEA R (P<0.05), A
VA LA & S A ML i 0 IE A OCE R
( P<0.05 ). Jiti ZIK - S 45 1 A HLAR A o0 7% s % F

A LB Btk (8 ELEEAE FH RN S« it 28 f 7K
(1.016) > 5y 8L MURR > i HEA HLER > 5240
BLBK > TR A HLER (-0.064) ; I TEA HLEK & &
SEUNE RIS E SORER IR a=s NN EE 2 (SN
h0.267, 5 E AL LK S 3E A F Al R R A AL
B & f 1 A IRV E R, o -0.942, FEFFIR
HUA MBS RIS, AR KO 5 P &
B BEFEMELR (P<0.01), BRAEAHHLE. 5
LA LR & 5 A DL A R ek
R (P<0.01), JiliZ K KA WAk 25 453 2 2 X T
A AU B 0 ELREAE F R/NUT - it 28 K
(0.915) > Fki A HLEK > ) A AL A VLK > A
BLER > B4 A HLR (-0.101) 3 AT VAPEA DL & &
30 o Al R 2R A ML % 1 ) A ) (R R
90.462, Gy FALAT HLAR i 38 A A PR ZR X AT AL
T O 0 A7 ) (BB E R, R —0.889,

®3 BEKFREEENRAS SEVNRENER R

YRR BRRN ) FiE A HR A (AR )
st A5 Y
MERE (HIEEER) X, —Y X, Y X, Y X, Y XY &
A X, 0.636" 1.016 -0.110 -0.001 -0.384 0.114 -0.381
X, 0.028 0.294 -0.379 0.007 0.054 0.052 -0.266
X, -0.370 -0.064 0.011 -0.032 -0.048 -0.237 -0.306
X, -0.510 0.432 -0.904 0.037 0.007 -0.082 -0.942
X; 0.674" 0.383 0.303 0.040 0.016 -0.092 0.267
B X, 0.993" 0.915 0.090 0.005 -0.014 -0.002 0.079
X, -0.896" -0.101 -0.813 0.001 0.015 0.002 -0.795
X, 0.169 0.034 0.138 -0.002 -0.003 0.003 0.136
X, -0.872" 0.016 -0.790 -0.094 -0.006 0.001 -0.889
X, 0.458 -0.005 0.439 0.046 -0.018 -0.005 0.462

TE:* FORTE 0.05 KF OO ) F WA FURTE 0.01 AP ORI ) 1 ARG A RFEREFFIEH , BACERFHEH, X, [ORIEA K,
X, [URBAAIR, X, RBRA U, X, ARG EA, X AERATAEA LR, Y ARA .
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TS, RV A HLY B LR AT
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s FHSF o e e R I 1Y i R R AR E 1
BRAS R Oy b AU AR FFR L,
THERACA PRI, IR IR AL, (et REFT
BRELAL D e, B0 R MR AR, £
SRR A LR AR . RS IR P APIR DL AR B
X EIERR . ORI B L el
FERW, TR AT AN AR R B e LR . R
M - HEAERURE ST, o e i 8 AR e 2 o
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JEAF A R 4 A e AR R n] R 22 kR 1 A AL
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Effects of straw return on nutrients and labile organic carbon in arable mollisols under different nitrogen
application levels

LIU Bi-dong', CHEN Yi-ming’, SUI Yue-yu’, JIAO Xiao-guang' (1. College of Modern Agriculture and Eco-
Environment, Heilongjiang University, Harbin Heilongjiang 150080; 2. Northeast Institute of Geography and Agroecology,
Chinese Academy of Sciences, Harbin Heilongjiang 150081 )

Abstract: The purpose of this study was to reveal the effect of straw return with decomposition-promoting microbes on
soil nutrients, labile organic carbon and the behind mechanism in mollisols under different nitrogen application levels.
A split block design method was used to conduct the experiment on the mollisols farmland, in which no straw return and
straw return with decomposition-promoting microbes were the two main factors, with four nitrogen application levels, i.e.
0, 135, 180 and 225 kg/hm” as the side factors. Soil organic carbon, total nitrogen, total phosphorous and labile
organic carbon fractions were tested. Labile organic carbon fractions were indicated by dissolved organic carbon, readily
oxidation organic carbon, light-fraction organic carbon and particle organic carbon. The results showed that under different
nitrogen application levels in straw return with decomposition-promoting microbes treatment, soil organic carbon, total
phosphorus, light-fraction organic carbon, readily oxidation organic carbon and dissolved organic carbon contents increased
by 0.61% ~ 1.55%, 2.39% ~ 4.55%, 2.85% ~ 4531% 2.23% ~ 4.08% and 46.42% ~ 88.63%, respectively,
while total nitrogen contents decreased by 3.74% ~ 9.55%. In no straw return treatment, when compared with 0 kg/
hm’, the application of nitrogen increased soil organic carbon, total nitrogen, total phosphorus, dissolved organic carbon
by 2.26% ~ 8.77%, 1.65% ~ 3.30%, 14.09% ~ 25.00%, 4.84% ~ 21.88%, respectively, while decreased readily
oxidation organic carbon by 5.26% ~ 8.83%. In straw return with decomposition-promoting microbes treatment when
compared with 0 kg/hm’, after application of nitrogen, soil organic carbon and total phosphorus increased by 1.32% ~ 3.79%
and 11.74% ~ 24.35%, respectively; while light-fraction organic carbon and readily oxidation organic carbon decreased by
12.74% ~ 21.78% and 5.71% ~ 10.46%, respectively; dissolved organic carbon increased by 57.02% under the level of
N 180 kg/hm®. Straw return with decomposition-promoting microbes combined with appropriate amount of nitrogen fertilizer
could increase labile organic carbon fractions soil organic carbon and improve soil nutrient supply capacity, but the effect of
excessive nitrogen fertilizer was not obvious. Straw return with decomposition-promoting microbes combined with N 180 kg/
hm’ performed the best among the four nitrogen application levels, which was expected to be a practical and effective way to
improve mollisols fertility.

Key words: straw return; nitrogen application level; arable mollisols; nutrients; labile organic carbon



