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B E CRAHEBMKIRE, PIONARICH KA AR S, TR T ek 55 R oK
MRRZWTANERKFFEMED RRAHE . 715 (0~60 cm) MIFEE R LBREN . 5832
AR T WA VECNARCR AP E B, BERFARERH; To 58 VECNFR O E R H, 15
FAEDVAEAR IO FRIER . S5 E M . K4 ERBIE, WAL BEE A FORFERL . R FF I SR &
SRR Y 2 RIR B ET A H T, AR R AR AR A rh i) SRAR RS 53 531 K 14.29%
6.7%, o3 T T 12.4%15.8% . SAED ) RREDBCRA L, T 2 A9 FSFF U3 B O R e 1 1
o ET AT AR, FEFF AR AE 1 5% B 525371 S 40.9% F173.8% , i 2k 353 1y 38.6% Fil
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[l s HT AR, RS )R FE A Oy 2R f
PR, REATHA AN ) B 20 fife 3 R R IR 0y BB
& HEE ., RERFE AL, eptE eI
FEFFHA B A i JE 0, vl BRI OMURR O RS AT 57
SR FAAT EBUEAE N R, AR T
AL R S K X, Sl R U NAR I R K
FEFFIE AL BE, BFSE T FOKRFS AT AL 5 i 11 F 20 4
MERFR (RSS2 ) FmaRpfEy 2M
WM AT e A Bk B LSRR B0, LUIBIRE
i Pt — 204 i AU S A AT i i TR RS AR R
XA R R W R S R R B R TR A AR, X
TR JRE Al iy XA T 57 4 BRFIRS AT D M) P S e L
AEERERE L

1 bR

1.1 ARXHER

ABFFEAE R A B B A AR, (41°32' N,
122°23" E) #F47 . Zul b Ab T Ii0i o s, JE iR
G HRLTAR1 E ST Nl 7 e = A M W 7SS B B 5 R W
7~8C, THWI147 ~168 d, LEMEME 21700 mm
(B KA M A EAETA . 8A ) o FiLWF
JE e AR AL X ZE R AR R X, FEAEY N E K
MUKRG, RAEW N HAL— 4 — 2],z X+
e A Ry kR L IR JF 4R T 20094F, IR AT
0~20 em EHEMEEAIMR: pHA6.3, 1T
LA A S 150 16.7 mg ke AI1.01 g kg™, #7
MU & 8 10.37 ¢ kg™, BVRL . HPRLAIZERLS: 31
15.3% . 66.1%F118.6%, 0~10. 10~20. 20 ~ 40
M40 ~ 60 em T JZEF 3 HIN1.17. 1.44, 1.45F1
1.38 g em™ o HERIEY N EK, WA ER 1S,
1.2 Rt

FH A A XA . ZE R TEI%1.6 m x 1.3 m
BIRIX, X 2Z 0% B 293 mA R AT ol X PO ]
JHPVCARFR I, AhEITEHFZ50 em¥E, PVCHR 7
T HET0 em, FEA EPVCHR B R AR B IR X
I FCA . BN RUX A 128k ok . BEE2AS
UNERICFE AP IS AL (T, MTy, ) , AL H3K
A R PNERC TR FFAE 200944 H i
R AH, HEERAE (2009—20124F ) Ik
WIR bR /ANX R P AR B BT EORFEFF (Tg,) 5 AbFE2
9. UNARICERFEFFAE20094F 4 H JE G Rl 5 8 1,
WG TERHAE (2009—20124F ) Wk IR IE /N IX

FEAE T FORFEFE, IF LUAEAR I A9 KRS ARk H
(Te) o 2AALEEL. B 40 N0 R 45 it & 43
AN 200 kg hm™, P 30 kg hm™, K 58 kg hm™.,
TEAE A BT AN 50 kg hm™>, P 30 kg hm ™,
K 58 kg hm “PERIEIE; 20GEIE (&) FEEA
R (REMe AR ) Fink 228 (KHEMTH
&), EAEHES BN 100H150 kg hm 2207, it
IR ONAR I KRS FE R O T e BT AT 9 UNAR D
FE MR B R, Aric ToRREFFAY N (ZE A
M IACERE 0 ) H31.8%, 1RSI I,
FGAR RS FFR T 5.8 Mg hm™ ( 24k BL0S7 7 FHRS
Fremi50% ) , Ho iR HFEFF P RHFREN &
55)48.3 kg hm™, TEAHFIE Fik H 19 B KRS FF K
JEZIN15 em, WWHFRNE TR,
1.3 HmEESERNE

TERHAE (2009—20124F ) AR, Wik £k
FERLFRS FF S BENL R — 843, 7E65 CHEAR ht
EEHE, RIF, ERT0.15 mmIH & H . EH4
R (201249 H i) SRAE LIRS, L3
RS B3 em ) -4 REL, #0 ~ 20500 ~ 10
10 ~ 20, 20 ~40L4 }240 ~ 60 cm/yZRK4E, Bt it
T2 W B 1k 2 PNARIE X R R A TE YL
BTG SR AT, IRATH L3R 2 mm i
IR LT WA R SRR AR &, SR U — 84 2%
BHRAE T4 CUKFRHEAT W] 28 3 28 T LA RN AR 9 A
P . AAME, AR KT AFES0.15 mm
2 LA EAT A AR SCHE bR i I E o

- B RVRE B AR A A A B R N TR R 4
JLE MY ( Model CN, vario Macro Elemental
Analyser System, GmbH, Germany ) Fl[d{ 2 [t
B 3E4% ( Finnigan MAT 251, USA) M., 11
WSR2 mol L7 KCHRHE (K4 1), B
20 ml KCHZPEW FZEMIM T, I AMgO#EFT 7818
(MR ZERM 2SR ) |, FERSEERTG,
AR A &M B A BIMgO 28 18 P 7 Ik 25 1%
(ULBTZR IR R AR ) |, A Z8 R iR
Felle, H,SOL M o 115 P U3 W 28 BRI &
FEE mghrfEN, SRIG M6 mol L™ H,SO, ik
AL, K BmAE6OCHAT FHEE2 ~ 3 ml, &
Jei TEAIL MR 28 W 1 N B A v R A Bt et
WRFE AT . RHERUE A R . B A
LR EAR I FJHTOCHHL (multi C/N
3000, analitikjena, Germany) e, HIERER
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FHER T30 % o FIFEFF ) B2 550 5] H48.9 ~ 49.0F147.1 ~ 47.7
1.4 HFELEBS5HR Mg hm™, AEEH = 0 9EAE T 12.2 ~ 12.3F1

Tl FF N A AR A A HERE b g [BRCR 2 0 F 11.8~11.9 Mg hm™, ¥R FURS AT (1) B F = 5 F4R

[T IORAS: Wi ey o - A

i UNEICER (%) = (BER PN/ PNt
HI# ) x 100

FEFFONTE LR R G i B R = F
FEUONTEA B b g BEURICR + RS FFUNFE £
(0~60cm) Hriy IR

HFELSANERKREG, #IIRE H Y NRD
A e dim, Wik, M4 At aRs
FEONfg e R 2

FEFF NG = 100%-F5FF "NTEML bR AP iy 2
FRIRTSC A -FEFFONAE LHE (0~ 60 cm ) g [l

FEFEAT DAL TS5 Bk 347 0 B3 A R - HERE Y
UNEREY . RAISPSS 130347 84400, B
EER B P < 0.05, K SigmaPlot 12.0/E K],

2 4 R
2.1 1EMIMFEEMaEzRitE

P 2 1A [R) Ak B XA 0 B ™ 5 AR R U
B, 4N EKFER, ERFER

S35 7 R AR RS AT AR (T, ) NG S27% FF 38 1
(Ty,) FEFHWABE (p>0.05) . [EIEEH LU
B ARG FF 2 AN 2 7R A 3 38 AR 9 g B AR A Ab
HE M 2ZFBAREE (p>0.05) . ST ARRTBAL
= Em s, MRS ESREE, WEE
1.03 ~ 1.04Z2 1],

St A K F G, APRDRAS FF B RBTA R W)
0 i55654.0 ~ 664.5 kg hm*H1324.3 ~ 334.5
kg hm™, 4735 A ZE W 5 51 163.5 ~ 166.1
kg hm > HI81.1 ~ 83.6 kg hm™ (F1) . KPR IR AT
RAEW R BN ZEFHIARE (p>0.05) .
I B, R R AR W R RS AR 1,95
i~ 2.054% , FFRL Y 0 E I EE R KA AR T
MAEWI B EIN66.2% ~67.2%, A H 5
32.8% ~34.8%. ZildaNERKFNE, EYH R
X AR AU R A S WSR2 35 5118.2% ~ 20.9%
kR UL T 12.4% ~ 14.2% 3 5 #b | 3B F5
FFAEWIEMER67.9% ~68.0%, Tg kb
9 6 7 AT R 1) B BRI % 0 35 i T T Ak 3
(p<0.05) .

Rl FRELEMN ERFRUMBFHRV=EMNRZREEZIM

Table 1 Effect of maize stalk mulching on accumulative yield of grain and stalk and N uptake in grain and stalk relative to treatment

LYV HAR W FEFF AR FIHIR
. Accumulative yield Total N uptake Recovery rate of N in mulch
B
ihA (Mg hm™) (kg hm™) (%)
Treatment - X -

FFHL AT KPR & FF HFHL F& T
Grain Stalk Grain Stalk Grain Stalk

Ty, 489+3.6 47.7+4.3 654.0 £47.6 334.5+23.8 14.21 £0.63 6.72 +0.49

T, 49.0+4.0 47.1+£3.2 664.5 £55.8 3243 +£26.9 12.36 £ 0.71 5.80+0.32

e Te: EHVECNFRICEREEH, HEHFAEH; Ty 68 VESNFRCEREIFEE, WESEIRERRC TS
[, FF Note: Treatment Ts,, mulched with “N-labelled stalk only in the first year; and Treatment Ts,, mulched with “N-lahelled

stalk in the first year and then with unlabelled stalk in the subsequent years. The same below

22 BHAREARBXRLTENEE

HE a0, fFELE4NERZER, 70~ 10 em
TE2MUNEERS, MELZmME, LHEHCN
F B F AR, MFE20 ~ 60 cm )2, HIERUN
F A AR A AR R A T AR B o FE T AT o, Ak B
1, 0~ 10 em LEZMFFHAR G220 0112/

23.7 mg kg™ (KEl1b) , XA & =i sk
B FEN1.7%HM2.0%; 1610 ~20 em T2, FEFFA
EH BB ERE, 29N1.403.8 mg kg™ 1
BIREJE (20~60 em) , FEFFRR &R AN >
(0.32~0.77 mg kg™ ) FFORFFMHXTRE . 750 ~ 10
10 ~20 emt )2, TOAEHANEEMFEFFA RS

http: //pedologica. issas. ac. en

S

(T

2016-7-1 9:50:09 ’7



W +Hiindd 966

966 + e

Eird 53 %

3

1

AN ERFEA L2 ONTRE () MIRFFAR S (b)

Fig. 1 Distribution of "N abundance (a) and content of the nitrogen brought in with mulch (b ) in the soil profile after 4 crops of maize

HREETTGAI (p<0.05) , BEE L ZME,
DA HRE N FEFE M ARG EER AR
(p>0.05)

2.3 BEHREAIIZE-EVMRSEPHEKRERERIRER

Zd AR FBE, ETGEHT, EYH# B
WIS RS AT LR (i A RS FF AL 1920.9% (E2)
Hrh FEamfEfbg (14.2%, £1) ; 1
TETHAHT, FAFARNAEY R FE R
18.2%, KT Ty b3, T AT B, FFFA
RAELE (0~60 cm) HHYEREZ535°840.9%
M73.8% (K2) . 5T B, Tk 5
ERE TR M ARE LR E R
(p<0.05) .

T FF R A - 5 rh 1 5% B3 R RN ZE AT Ak . L3R 1
RRFHRZ MR ARE - RS0
SR, LA ERKER, f61.4%~91.9%
RSP AR AR LY R G, FRFFARE
e R AR B AR TR A R e B R Y
66.6% ~ 80.3% ., TETLAEERT B BISCREL T AL H T
#30.5%, AR ZE SRR E (p<0.05) , If
HEZE MR AR R A 0P A 2 e Y
ZidartEREE, WG OHBFCEELER,
T 2 22 Pk T A A A AR R R RS AF AR
TETG A B 3L 5038.6%, B FH 7 TTAHYS. 1%
(p<0.05) .

24 TELNEERMEVEMER. T2

HEBanf W, ZdantERKEFR, TP

B2 N[EABRRSFF 28 AE TR v i Tl 3 R i 2k %
Fig. 2 Accumulative recovery rate and loss rate of the nitrogen
brought in with mulch in soil-plant system relative to treatment in

the experiment

FIEXHA SR (0~60 cm) KF111 kg hm ™,
MAETLET, FETXH A LG (0~60 cm)
H102 kg hm™, A0, #LEREFFE SR H ( Tk
) - BE ERBRAT AR SR, R
TAHLA M NEEE LR m D (0~20, 20 ~40
140 ~ 60 cm ) PRI H T AbH R 3 & T T b
(p<0.05, EI3b) . BLAh, FET AbBEH, FEFF
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K3 AREAPEE (0~60 cm) THLE SR (a) . "NEE (b) DIEREHARBELHIASTE (¢)
Fig. 3 Content of mineral N (a) and N abundance (b) in the soil (0 ~60 ¢m ) and content of mineral N derived from mulch (¢ ) in

the soil profile relative to treatment

KR T AAE LI (0~60 em) MYEEIERT TP FiAF241 mg kg™'c 5 HKFEFFEH (T,
409 ¢ hm™, §HELH A BER0.37%; MAAET,  AAF) ML, SRR (T ) 7F—E /R
AbEEER RS FEORIE A CHLAE B AN 110 ¢ hm™, JE FARE T0 ~ 20 emd 20 - A W W m ik
di BEETHLA S E0.11% (El3e) i (53%) o TETMTL AT, HIERAYEY

hE4ar] WL, 4 HERKRF)G, BTG SR EESHN29.1/131.6 mg kg™, T AT,
T, RMERAE YA YRR AR 228 mg ke, THAE AbPEIRE T78.6% (K4b) .
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ATFEAEFRO ~ 20 em 1 JZ A AEY AR EER (a) AR YRR (b)

Fig. 4 Contents of microbial biomass C (a) and N (b) in the 0 ~ 20 c¢m soil layer relative to treatment

3 i ®

CPR%E R, GRS FRAA XYY
B8 7 2 SR o o AT BR ) 9 A ROk AR &, il
JINFE TN R K ZE AR A TH 24F 5 26 B 3 A R A
o K 2 L AR AR L IR 1 3AR B RS AT 3R 06
Ok BRI RE SR, AR B T /N2 A oK™
. MAEARMT T, FRFFRAFSF a9 RE ™= &=
AR WO A YCRE SR SR H T 22 53
AN AT RS O AR v E AR A RS Y 4 i
HRBAR L, AW R TAE R E, WS
PARAE AL AR LG, SRS AT 8 HX VR 3 7= 3%
RN . BEE LR RS A 2 2, iES
i FE 34 F X AR 40 7=t 149 52 i) 2 32 T P A

FEAF R R AE I AR H 3 A PR .
SRR R AR, 4R AT R R R LR
BT AR, W40 o AV R R SR
A REB AR WA . AR, fida ik
Z, BHARNEY ERFHER18% ~21%, =
T AE R AR T R i M X (G RN A i X ) 1
SRR (12%~16%) 727 @rog ],
A A A = Ak . W B 3 RS AT Y o £ 4R
WA CIREEFIRERT ) At 7 20 fh i AR
fi t2 2 TR R L R E RS AT (E ok
N FUKFERSRT ) W5, 7ERER MR IR
WX, FEFFMEEE . AR K . Bah,
FFBE 36 10 AR F 3R E o) SRS AR i, e —
SEFRRE b AR RS AT O 20 i 5 7 ) ATl

SEREAT B9 o i MR B, el 1A K (Y
150K ) Ja RS AT A 23 i RAL R 25% o« ABFFELE R
W1, A R AL i X, RS T A 2t A0 B A £ i B A
W ek FRAR SR TR AT IR 0 BRI, R A A T RS
FRARMEYRAAT, IR TR RREY
FHAMMAR, 24 ERF)E, HUFEH PR
FEARGE I . ELERSAT I T W1 iR 8 A AR AR
MFED) REFI A (18.2% ) AR T Sy R A8 H 4k
H(20.9% ) o XENNESWRAT LR, 46T
R IR AMIR R S T RCEY AR,
M TR R R A R (K4) , miAkE
AT RN AZE R T 9463 RS A 0 23 i 4k o
ot HR 3 B A AT R RS AT B R AR R TE
S, AR A R IR S AR WA A LR S
R h PGS RIS, TR R L
HE P BB ) AR O T R0 R
AT, fEZd 4N AR F R AR LD
(4 DSCRATI AR AR IR K-, i) R AR I SRS ATl
AR BT 3 4 B IRt DA AR f) A fe i 46
WAM TR RRAE LR R h TR
W H, AT AR A ERIZ R R R T
W2, SR, 710 ~20 em )2, FBHFAREA
W AR, K R WIS AT R A L e 1l & T W
BRI EITR . ARFTAM, fE LR A R
P EE G Al B TR T BA L, Fenl e s
AP FERRIEFE R, T B A B
BHFFSEALNT , RS FF SR A9 BE Yy 18 1 Tl
M I JCHLAR R & 1 5 T R AR SR ik
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PR 20 T AT AR AR R L R AR mi7E
AIRERAE RO, PR H RS- R 7E
THERNE (0 ~20 em) PUEFFEREAT . SRR
FATIR AR L, PSRRI T 2 AR T ) i
H R ik FURS AR RO HL R &, e — e R
EARE T RUEM AR MA, KRR SRR AT
i FHRIIER it A Dt 1 G T A Bl 2B 0 e fe 14
[F) B $R 8 1 A P R AE O PO R R
P, 7EJEZERS T30 R R A A5 AT 208 LAAH 2473
TE ML BAERIZ PR

fERMAEBRG D, Mt lG, AR
AR a1 SR AEAE ORI AT L PR EFAE LR
B R A SR i e 1) AR
A DN E T AT A R A AR A R B, (HR
WA TR AR R, B AREL L4 E
KRG R AR (8.1% ~38.6% ) , BLHIZEAR
BRI 2 PR B i A TR RS AT R AR FL AT AR 19 7 fie ik
AR, ARXAE—E TR R TR AR R
HRRFFEHAA L, LR F L H W R T )
fiid FIRS AT R ARG, T 5 1 R AT R R A
e AR ST A0S IR o 8 T TR 3R B A i
RHABRGF, A& S R AT B 2k B n]
PEERE AT R R AE L P AR, X e A0 AR e
ARG RN EERAREEME L.

4 %5 B

FER AR X, Sl aig i T A AT A 0 A
AR, ARG R, RS R AT 6
I TN T RAFRL . AT A9 RABU™ i S R R Wl
R 22 5 A 25 5 (R B AT ik H R 28 R 1
YRR XS AT AR 0 R A SRS ORI AH
o, EZ AT R RIS B e b 7
BELERSFRR T, i P e A iR ik RS AT R R A
P BRI R, NTTREAR TR MRS, fe 4
o LA b e R G L R
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Fate of Nitrogen Contained in Maize Stalk Mulch in No-tillage System

HU Guoging" *> LIU Xiao" > HE Hongbo'" ZHANG Xudong"*
(1 Institute of Applied Ecology, Chinese Academy of Sciences, Shenyang 110016, China )
(2 University of Chinese Academy of Sciences, Beijing 100049, China )

(3 National Field Observation and Research Station of Shenyang Agro-ecosystems, Shenyang 110016, China )

Abstract [ Objective] With increasing concerns about sustainability of agroecosystems, the practice
of no-tillage in combination with crop straw/stalk mulching is getting widely used in China. In this scenario,
large amounts of maize stalk were therefore left as mulch in the fields under a no-tillage cropping system.
However, little is known about fate of the nitrogen ( N ) contained in the mulch of crop stalks in spite of
the fact that they generally contain significant amounts of N. [Method] Therefore, a four-year field-plot
experiment was conducted to explore effects of mulching of maize stalk in fields in the agroecosystem of
Northeast China on accumulative plant uptake, recovery and loss rate of the N contained in the maize stalk
mulch over four experimental years. The experiment was designed to have two treatments. In Treatment Ty,
the plots were mulched with "N-labelled maize stalk in the first year, and not with any in the following three
years, while in Treatment Ts, the plots were mulched with "N-labelled maize stalk in the first year, and
with ordinary maize stalk in the following three years. [Result] Results show that over the four experimental
years, the two treatments did not vary much in accumulative yield of maize grain or stalk and total N uptake.
However, in Treatment Tg, about 14.2% and 6.7% of the N in the mulch was recovered by maize grain and
stalk, respectively, and significantly higher than that ( 12.4% and 5.8%, respectively ) in Treatment Tg,.
Compared to the accumulative amount of N recovered from the mulch by crop, more of the N in the mulch was
retained in the soil, especially in the top soil layer in both treatments. About 40.9% and 73.8% of the N in
the mulch was retained in the soil (0~ 60 cm ) in residue form and about 38.6% and 8.1% lost in Treatments
Tg, and T,, respectively. Compared to Treatment Ty, Treatment Ty, was relatively higher in soil microbial
biomass C and N, but lower in mineral N derived from the mulch, which indicates that continuously mulching
the fields with crop stalk significantly increased the microbial retention rate of the N in the mulch, while
decreasing the leaching risk of the N in the mulch in the soil-crop system. [Conclusion] All the findings
listed above suggest that long-term practice of no-tillage in combination with crop straw/stalk mulching
can effectively enhance accumulation in the soil of the N brought in with mulching, which may have some
significant implications for raising and maintaining the content and stability of soil N in crop fields.
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