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W E RALETUNAEDEKIENERATEZ, UEZRALERE WEPAKHEN
KEEHRABTKNBEERATA IS LA A0 TN P, RN T I AAHMXAEE L
BEAFRAL , RETRERTHFLE(NRW) ZFLH+BFRLE(W) BIFLHE+Z
HAZHE(R) MEREAHFELEH(HRW) R L EFH2ELEH(ARW) 5 MLE AR
RAAHEMREFEA N L EL2ARAA P MR TN T . R KW, 5§ 2007 F4 L,
2017 £ ff NRW &34, AL B L E A A ELHEAM Y , AL HAELELAEREY
AEERE; MAXBELERA2 AN Y AL EMTHE,ARW LB L ERHA AN T A

GETHERSL, 78.09g- ke %\kfifﬁlﬁﬁiﬁi‘f\‘&ﬁfﬁEé%%;ﬁﬁ?ﬂ&l&tﬁ 10 4 & , # #F
AHAEFAAFEALECEN & ﬁ*ﬂ%iﬁ%ﬁ%é@%%)ﬁmﬁ,ﬁu&k%ﬁlﬁxz’ﬁ%
FrE A FoiL HE. ﬁwﬂ/\ﬁmmm EX M BALER N EHE, EHRANEE, &
LTI R BEA L &%ﬁ*ﬁﬂlﬂﬂflﬂﬁ’vk& +EAREEA Az B R X RL
ERLEFAE TEH%E%?T CHE A A TRALIERE AT

KB HHLE,; BAREL,; HAL; BAE

Effects of straw returning amount and type on soil nitrogen and its composition. DONG Lin-
lin, WANG Hai-hou, LU Chang-ying, JIN Mei-juan, ZHU Xing-lian, SHEN Yuan, SHEN Ming-
xing * ( National Agricultural Experimental Station for Soil Quality in Xiangcheng/ Taihu Research
Institute of Agricultural Sciences, Suzhou 215155, Jiangsu, China).

Abstract:; Straw returning to soil can supplement soil nutrients required for crop growth, fertilize
soil, and improve soil quality. To explore the long-term effect of straw returning on soil total nitrogen
and its composition, herein, five treatments including no rice straw + no wheat straw returning
(NRW) , no rice straw + all wheat straw returning (W) , all rice straw + no wheat straw returning
(R), half rice straw + half wheat straw returning (HRW) , and all rice straw + all wheat straw
returning ( ARW) were conducted in triplicate in Taihu Lake region, China. The effects of both
straw amount and type were examined. Compared with the results obtained in 2007, the results
herein obtained in 2017 showed that after 10 years of straw returning, soil total nitrogen and heavy
fraction nitrogen increased, while light fraction organic matter decreased. Among the five treat-
ments, ARW had the largest decrease in light fraction nitrogen of 8.09 g + kg™'; the R treatment
had the highest contents of both total and heavy fraction nitrogen, and also the highest contents of
ammonium and nitrate. There was no significant difference in alkali-hydrolyzable nitrogen among the
five treatments. These results indicated that crop straw was the critical material source for soil nitro-
gen, and that the effects of straw returning on soil nitrogen depended on the type and amount of crop
straw returned to soil. The changes of light fraction nitrogen were more sensitive to straw returning,
while the heavy fraction nitrogen was relatively stable, which was the key fraction sustaining soil fer-
tility. With the prolonging of straw returning, the relationship between the total nitrogen and diffe-
rent nitrogen components changed. The processing manner of all rice straw returning + no wheat
straw returning was the way that could most significantly enhance soil nitrogen content.

Key words: straw returning; light and heavy fraction; ammonium nitrogen ; nitrate nitrogen.
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FEFT & S A HLY R, 5 7T 38 B AT g EY) A=
KARLLTT 1 C N B IR, WRkE HEE <
G KPE A E NS IR B E P T e i A o A
Jtat > B, RS RS HH AR B R G I R i AR
TEWAS 7 1. — J7 T T FF 8 HO6 - 3588 7k SR B
R, Z2 B 5NN RS AR S, ) DA + 5 o
St TR0 L 5 BF5E A BRI I ]
S Bt KR FF 4 1 50 1
NH, il N, O HEJ, 600 30 3 dk Li 46 B g0
h S R EEE R T b RS AR R A LB )
fiff AR AR N | DTS A= 438 vy o 809 25 8 31K Mur-
phy 4517 B P BT A W 5T B B AF A H AT BRI Ak
BRI %, A Bl T A AR B4 i i it FH . Wang 45 7
0 P 2 IS B 130 3 %) BT 5 3R Y 400 o R P - 4 v
B HL LT 3G 0 3T LA TCHL A Y 5 A7 RE
71 AT I FH AT it e g v It S OB il 4 2 R
AR | SR TS ) 33 LT % i A W Aok
MEAFAE T &8 P 5 — Oy TR R AT A G AR A 7
TN  ZHWEE A FE H AT e &
A BTSN Ry T A 34 X A4 7 St A8 A TG 5% .
Houshyar 55" FEAR ARG AF 52 25 5L 3 B, RS FFAE e aA
FEZ 3G IR B 7 Bt A O i 22— Mu 55 ZE 3]
B SCEAREG il 5 R RS AT A HRT LSS /)N
Z# 5=t Huang L3 55 ) Meta-analysis 77 7% 55 (1
5RO  REFFIE H AL N VR - i A (A ™
SO A AT 3 FH N [ 1 228 T 35 A S AT G
FFid FH RT3 - 38 R K-, 3 2 st AT AN [ R
PRUEVEYI AN ™ | ik nT 38 I 3364 BLa 5 i U+
S AL, S AR M A BLA T A AT T A
TAERARI W WS SRR S DI/ o TG Vi
RN P I A o S S A TR S R /A AN ES SN
LTRSS i, TE R M H A S RE AR
(BN IO vS

R X R EHE R E " X2 —, %@ T
AT X, K AR R X AR AR
o DI 22 50 4 e o L. T8 HEAT AR A2 7 1 T
B, 77 AR T K R RS AT, Anfar IR | & B kb A AR
Az b R AR RS R SR OC R DX s 2R 7 R
ST AR T OCHE. S it ASBIF S DL ORI 1 IX A 22 R
G AR DX - SR T XS G2, 38 2o X L 43 B A 22 RS AT
22 AR H 10 4R TR A R S AR E 2 50 A
ERRIRAFE AR W CRE, 18 75 R FF ik X
TR R AR, DU A 12 X S it B A AT
i FAE B (4t T S R S P R B R

1 HARMXEHARTE

1.1 {5

RIS B AE VL5 A b X AV B2 5% i [ R AR
MR 2 A 458 5 A IR OUE I 3K 56 3 (31°27745” N,
120°25'57" E), % XA BB 15.7 C, KW &
1128 mm , 4346 I 3039 h, > 10 °C A SR
4947 °C , R7KFE-2 /N2 Be VR A 1 B2 AR X9 4 T
2007 4 6 H/AKFEA K 2, R @ s i £,
RN 0~20 em HIEAHL 33.0 ¢ - kg™, 2R 1.7
g - kg MR 111.2 mg - kg, H AW 35.3
mg - kg™, HAE 82.0 mg - kg \AFFE 1.1 g+ em™,
pH {H 6.1.

1.2 it

W ik s ML A A e EieH
(ARW) ; FEZFE T 342 i ik I (HRW) ; R RS AP
ST AT AR T (R) s Z RS AT i id T R RS FEAS
WHI (W) 5 FEZZ FEFF RIS B (NRW ) 1 Rt B ; Bl AL
XABGT, B EE 3 R, /DX 5 mx6.5 m.
TRl FE AR A P ) A 34 5 =R FH DR S5 6l
SOERF. AT Kb PR 22 MR A 43 I o7 3 L R A v
5 emZEA,2007 4 6 H N —Z/NEREFHLH.

HERKAE SR R EHE 1S, N TR T
9 23.3 em KRIE 13.3 em, 550 3 1,10 A 20 Hik
AR (AR WEIE (e ) FERIE
(SAALAN) F &0 500 225 .90 ,180 kg - hm ™, &E
FEIEAR - AYEEAE - R =4 : 3 : 3, BEIE— K
P SLE , A AEAE L NE AR AL 5 , B3R 50% , 43 BEAE
FIRAE 50T 6 H A 8 H 401 4% it . /K A5 A K 393 el
KA R AT K (6 HIKRE 7 HJE) (i
M7 HEZE -8 A LA) JEM TR (8 Hia 2
WORHT 15 d) B9 BEASE X s P 1) A5 460 it ) —
T H.

B/ N SRR 5% 3 5 ALIE oA 4 N
225.0 kg - hm™,P,0, 90.0 kg - hm™*, K,0 150.0
kg « hm™, JIrG AR/ INX AW A FH 2 4 (). 4 H 37t
JRE 42.5 kg, HiorP LA 20.0 kg, 43 BEHE 10.0 kg, K
FIAE 5.0 ke, BEAE 7.5 ke. AL Iz 235 24 390 Hir 3
i, FLEENE 65% ~ 70% , W NEAE JE 8 — U kit A B
HESEAE AL A — .

1.3 Mh4EdR

H T3 AT 2007 4F 6 H 35640 4f i i) + 1
FES, ILABFZE I 2 T 2007 4 10 H F12017 4F 10
HREM 0~20 em HIELE BHS AT A .
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A BB A i, 2007 4 10 T 3R T AE i
BR(NO,-N) FIEZ A% (NH,"-N) , 2017 4R %E 1
TIEM S AMES A, IR ECRHEME LR,
A R PR 3 IO | B S B R TR i L (8%
THSECR S AM OB, M 7 2% (1%
A=Ay BT 7 ) P e 4 ML P R A
RCR ek 1 b TR Ay (/N T
1.8) M4 (L E KT 1.8) Frl ™ A AR
FHBILR I E 24 53 A BLBT h &R B ST 3R 4 B A
W %E (Analytik Jena AG Multi N/C 3100, Germany).
1.4 Fdnsab s

K FHERL R 2R 77 22 3 HT Fll Duncan ¥4 46 56 7% #1318
PR G T2 A KA Z 25 (a=
0.05) . Pearson AH 3¢5 A1 FH 4 56 %% #1340 HH AL P 5
TIERE S R o Z 18] 1 56 F B Ak BT A
1 SPSS Al Excel #AFHEAT, B2 84 2 4 {H +
Bt i 22
2 #ER5iR

2.1 FEFFA B - 56 HLT A 53 A8 A 52

2007 4F-5 2017 4EFEFFI6 H 056 45 Ab B HL BT
AN 1 iR, 5 2007 4EM e, 280 A Al A
FRIE AR PR |, -3 ALt B3 (F2 14 i
JE 58 HASFF 2R A AA H o O R E YRR E R
ANIE a2 FFIE AN B R | 3 HUT & i As
A G, HoAth b B R 496 LT BRGNS
FR¥ 4t id AL SR H e LT i 2, 0 11.4
g« kg S FPALEE T EA A LG G RHAS -
HERA PR SR —5, 2017 4R A LAY R 41
Sy HILTE e S I 0 ) e A (B RS R AT 4
R AT 4l A WL S =i . TR
SRS AR W, R 20 A ALB T Y L

F1 AEFREFITHLLETEFVRAS K

2007 4EHY 11.9% 341 % 2017 4EH4 13.8% , AL/ 47
BUBE T b7 19 L T T B, A8 22 S AT e iR F AR HE T
HAHUTT S L | 2007 4EHY 88.5% [ & 2017
AR 82.6% , T Wi Wk 3. 5 AT I 04 AH SCBIF 5T 45 SR A
oL, FEFFIA B A5 T 384 0 4 A WL & Y eleas
ats R ING A )
2.2 FEFFRA B 4 e m AL R

W 1 s, 20t 10 R 2 ke W s
FrAN T FEREAT A 2 R FH 28 A ) s Bl ) 22 5
I+ A EUT B & 2007 4R 1.38 g - ke 1
hnE] 2017 4EH9 1.73 g - kg™, SEEEE AN T 0.35
g - kg AEIHIR K 3.5% , 25 5 W A AL BRI AL
JEAHER,NRW 148 2% 2007 4FAY 1.62 g - kg™
AR 2 2017 4K 1.57 g - kg', BEIK T 0.05
g - kg FHIAEREIR 0.05% ; W R . HRW 1 ARW Ab
R + 4 /P Y& & il i 2007 AR 1,25,
1.32 1.32H1 1.39 g - kg™ ' #h0F] 2017 4E 14 1.7,
1.97 1.52 F1 1.89 g - k™", 3T =, 20 4 m 1
0.45.0.65.0.271 0.5 g - kg™", H4iE 0.45% .0.65% .
0.2% 1 0.5% , FEFT 434 H i 22 FF A6 (R ) FiF
HREFTE A T (ARW) Ab B R 384 A & HE 1
it .3 . 2017 AFAS[A] Ab #4458 4 & HE 2007 4340
T 1.6%~98.1% , 344 25.4% , 5 T Zhao 25> 1y
WFFE 45 T R AT 4355 38 FH 1 22 AT R 348 H b B R - 4
SRS R, H S EE B R B (HRW) &b
PRAIAAAE 1 35 25 5 LU A 22 6 1 34 4 ik H Ak
P A B, A R AT AN A b3 1 1 4
EaRe 3 R N AT WU 25 o S s /5 A B wk e e
B K BB RO TR I B SR B R AT N
Z2 FFAA HXF - 498 4 U AR Ak ) 8O0 A7 AE 25 57 Xl 22
S—J IR T H S RA 2R, S —
AT 252 AR K | R ICR L E 4 A it A 25

Table 1 Composition of soil organic matter fractions under different straw returning treatments

Ab3 SOM LFOM

HFOM

Treat- (g- ké';]) 4 Content (g kg’l)

fi Lt Percentage (%)

£ Content (g - kg™) i Lt Percentage (%)

ment

2007 2017 2007 2017 2017 2007 2017 2007 2017
NRW 32.0£1.1a  35.1%1.0a 3.740.8a 5.4+1.5a 11.4+2.2a  15.7+4.6a 28.3+0.7a  29.6+2.2a 88.6£2.2a  84.3+4.6a
W 33.3+l.1a  36.5+1.0a 4.0+0.1a 4.0+0.6a 11.9£0.7a  11.1£1.7a 29.3+1.1a  32.5+0.9a 88.1+0.7a  89.0+1.7a
R 31.0£0.8b  38.3%1.2a 3.2+4.5a 4.4+0.9a 10.2£0.7a  11.4£2.2a 27.820.9b  34.0+1.0a 80.8+0.7a  88.6+2.2a
HRW 30.9+1.3b  36.7+1.3a 4.5+1.3a 5.0+1.1a 14.3£3.5a  13.7£2.9a 26.4+0.2b  31.7+1.5a 85.8#3.5a  86.3%2.9a
ARW 27.7+3.5b  39.120.9a 3.1£0.2b 6.8+0.8a 11.5+1.8a  17.4+1.6a 24.6+3.5b  32.3+0.2a 93.4+3.3a  82.6x1.6b

SOM: +IEH L Soil organic matter; LFOM . B A LR Light fraction organic matter; HFOM; 4 A8 LR Heavy fraction organic matter.
NRW : FEZFEAF YL H No rice straw + no wheat straw returning; W, Zf5FF 250 B FEFEFFARIE H No rice straw + all wheat straw returning;
R: SRR H | EZFEFFANIE H AL rice straw + no wheat straw returning; HRW; T EFEFF 2 A H Half rice straw + half wheat straw retur-
ning; ARW . FEZEFEFFH4 4218 [ Al rice straw + all wheat straw returning. [R]F7R [f] 752678 [R]— 4L BE 2007 4E 1 2017 4F (8] 24 55 .3 (P<0.05)

Different letters in the same column indicated significant difference between 2007 and 2017 in the same treatment.
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Fig.1 Contents of total nitrogen, light fraction nitrogen, heavy fraction nitrogen and available nitrogen in soil under different treat-

ments in 2007 and 2017.

NRW : fEZFEF AL H No rice straw + no wheat straw returning; W Z 52tk I FFF5F AL I No rice straw + all wheat straw returning;
R. FEFSAT 2wt M, ZFEFF AL E All rice straw + no wheat straw returning; HRW . FF22 F5FF3 2 538 M Half rice straw + half wheat straw retur-
ning; ARW . FEZFEFFI 2 EIA M All rice straw + all wheat straw returning. T [i] The same below. AS[A]/INE 528 75 AR [G4FE ffy 8] 25 5 . % (P

<0.05) Different small letters meant significant difference among years at 0.05 level.

R R BLER R0
2.3 FEFRA BT R A A DL A S AR
b=

TEANZ JERE AT H A R AL R0 T 386 +
HERR A oy A ML A 5 A 2007 AERY 15.15
g« kg FEMEF] 2017 4519 10.39 g - kg™ PR IEAE T
4.76 g » kg, FEAEFRAR LY 0.48 g - kg, IR N
4.8% , T I 3. N 2007 4F 2] 2017 4F, A [F) F FFi0
FE Ab 24+ 4942 20 43 LT T 280 5 1 1 A2 AL TR AN AH [
(1) ,NRW W R HRW F1 ARW AbBHAY + 55240
AL TR R iR S S R 2007 AR 16.66
14.55 14.34 14.17 F1 16.05 g - kg ' F&AKF] 2017 4E
(7 10.81.11.26 .11.94 .10.01 F17.96 g - kg™', F-344%
MIFER T 5.85.3.29.2.4 .3.16 #18.09 g - kg ' . [RF
FiFFeaid H (R) RS, HoAh kb 3R - e 20
AHLTP RS B E, 2 2017 4, AR
SR H (ARW) A0 B R R HER A A LR PR A
TR R AT 43R4 T AL B R + e 4 oy A AL R
Rofmmm, HR Em THREBMHY2ELH
(ARW) Ab3E T H MR A E LT A& =

AR &H - EBNAR, &G

PEFR I S AE YR FH , AH X B2 B 7 2> i A7
1E3Erh B AR BRELARBE ST I 2 45 R L RS T
MRS PRS00 7.91 A1 12.35 g - kg™', ZFF
MR A S0 4.50 F117.61 ¢ - kg™', 5B
AW RARR R AR A S R, A
el R LR G AR A A =Y
T Ew ik HIE R AL TP R S &,
wo it HE S, S R R A A H L
Jo R R BRI T ELRS A B R, 3R ALy
AP RS AR D) R DB ILRE S o
T A e g i O LLVE SR O S AR TR
TP g e Y SOR] . e 25 R B AR A A
BT v 26015 S A 340 L 19 i 7 U, BB 8 AR e
i S WA FEAA G 3 R AR AL A M
2.4 FEFFIE B+ A AU AR A
TEARH FEFE AT MR AR R 52 R 38 +
B 2 A 2007 4R 0.91 g - kg BN E
2017 411 0.96 g - kg™, FXIH I T 0.05 ¢ - kg,
AFELIHANE A 0.52% , B9 IAS 2.3 (K] 1) . 2007 47 %]
2017 4 , AR FS FFa4 FH A R 27 ) + 398 7 20 50 & 1)
BN R W NRW AL B L3R A A 0.92
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g - kg 'FEMEZE 0.83 ¢ - kg™', W R .HRW I ARW 4t
PRI A A F & 53i 0.89.0.92.,0.87 F10.95
g - kg "HIME 0.96.1.03.0.95 F11.04 g - kg™,
M5, BRAEZE R FF YA S H (NRW) Ab B + 38 8 20 A
FHFERT 0.09 g - ke A, HABFEFFIL HALEE T +
B A S AT .

IKFE /N FEFT 27 4 28 5 3 Sl 249 39.7% Al
51.2% ,ARJRZE S /A58 25.2% 1 23.9% " RG24
TR B IS S 5 B AR W W e R T 5 87 4k 4 il 1Y) £F
HR AKREESAYR, S U EHASRRWIE
T4, IF BREUE K. B 25 RS FF I8 H ] () 28
K, B E L EAR S, A [
FHAMTREEESHEATRANBER(E 1)K
WFFEAEI AL BE 2007 F1 2017 4 HIEHR A A S &5+
BAREEM 40% UL EH R, 2007 4F BT AL
HEEEHA S &S TIHE2A T E 68.4%,2017
AL P IEEARA SRS LR EAETEDN
56.9% , T K b 2 3 B 45 S U RS AR 34 T 2l 4 4
R A3 A LR 2 43 A AL TP i L R AR
BRSNS M EH AR TR, B
Mo A LB N B T 4l e A LT, R 1 0
o en e IR =Y B E 1N R = Ws g |
VL] et A R B v, A B T e R
FWED = 5. 3 Rl A AL R B AR
TR AT, REAZAR T 1l S WA F 340 FH X 3 R 3R AR
A1 SR 5 17 2 R R AR O R sy, % 1 4
JEJ7 0y PR B A e MR .

2.5  FEAFIE B A S i AR Ak ) R

7 A e R[] S FF 8 T AL B YE B AY 22 57,2007
AEFN 2017 Ak g b g e AT B = A ol
160.89F1 162.47 mg - kg™, H-BEA A 45 b 7
Tl R AR AL I AN AR R (B 1), #F 2007 4 ARW Ab
PRI - HER AR A o i s, S W ORI R Z [0 22 5
.3 2017 4 ,NRW W F1 R Ab BRA A 205 38,
R ALHBE I £ (B &3, HRW F1 ARW 4b B 6
il FEAR , ARW AL 33T o B 35 X s 45 R W] Fg 22
T FF YA A FH i A — A 30 L 359 ] 458 i - S i i
Ao, HAGH 8 H A SCRIE T 22 #7134 - HRW Al
ARW PHAb BB A 8 & 1 T B, H ARW AL BT
TRl L I 2 R R A T G 4 el U AR Ak 1 52
e 55 R AT 2SR B R 22 ] Y ¢ R IE A T i —
AR
2.6 FEFFIS BT 4 B A RURAN S R A R B2 )

1T 2007 4F 38 RE 5 B I A A RO B S

Rorg, NI 2 R R T 2017 AEAS R Ab P A + 39
HSAMES A S AERMERAEHAR T, +
SRR S R R, N 4.89 mg - kg™, HFEFT
AL AR, W R HRW F1 ARW &b 3 + 38 4%
SRASESHE 1.28,1.93, -0.74 il 1. 67
mg « kg™ ,R Fl ARW AbBF NH,"-N & it &, 4
H146.62F1 6.56 mg - kg™, X Ui S A1 4 HA BY T
e NH,"-N & 5 AER AR ARG s R 22
FEFFF a0 AL BT IS A S B, N
0.67 mg - kg™ ,W R Fl ARW 4Zb¥+ 1€ NO, -N &4t
B THREAF AN I FAL 3, 4351755 0.09.,0.27 #10.11
mg - kg™' AL PR A 11 NO,T-N FrEWA W2
IR R Y Rt ) | T W= 5N e T [
NH,*-N F1 NO,™-N & 1t , {H AN [m] 26 B FF 68 it P 1l
1o B R S s A = B I T 44 NH, T -N
FNO,™-N BB SR A0 ORI b X+ e
TRV RS AL i T SR R AR AR Th e 18
S AN E R S0 RS AL
F AL 0 K H FF 8 HA AT 80 S
BAFE2733 L2 3 R A5 2R 2 B 2 5 30 R i i) )
JISNIIMEER
2.7 HHESASEA S ZRIMHEIEER

FEFFIE FUAR R AL BT + 2/ 5 R4l 5r Z Y

101

a

A

AR
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Fig.2 Contents of ammonium N and nitrate N in soil under dif-
ferent treatments in 2007 and 2017.

NEVNG FREFRRAS F AL BRI 22 57 8 35 ( P<0.05) Different small let-

ters meant significant difference among treatments at 0.05 level.
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Table 2 Correlation coefficients of the contents of total nitrogen and its fractions in soil under different treatments in 2007

and 2017

EA e NRW W R HRW ARW

Year Parameter

2007 BHAMHA Light fraction N -0.949 0.998 * 0.745 -0.322 1.000 *
2 A Heavy fraction N -0.850 0.951 0.314 0.030 1.000 *
% Al Available N -0.974 0.976 0.996 0.229 -1.000" * *

2017 BHAGYLT P A Light fraction N -0.998 * 0.729 -0.996 0.430 -0.996
FLHA Heavy fraction N 0.881 0.012 -0.548 -0.856 -0.413
B Available N 0.685 -0.851 0.371 0.715 -0.458
B 5% Ammonium N -0.954 0.994 0.395 0.952 0.943
A Nitrate N -0.270 0.521 -0.845 -0.736 0.991

# P<0.05; = % * P<0.001.

FRMEANER 2 FT7n.2007 4FA1 2017 4F H3E2 R 55
43 ML H R F 2 R e R ) A R S
AT BRAR 1 HLAS [R) A% #3484 AR DG4 AR 1k
2 SR ANTE 2007 4F , NRW Ab B 20 73 HLT
A S E SRS EENRE NG, 253 10 45/
FEFFIAH 2017 R4S A PP A S E S 2R
P W SO OC, Y SRR 52 A D R T R R
T A8 B A — 2 it B AR Ah, iR 288 1 X £
R R WA A=A T 5 5 L A R RS AT A Ak
PR 45 R Ay Z A G ) AR At e B £
B 5 R B SZ 34 RS FF 0 2R RS
S RZA , 3852 HoAth PR 2 04 e [R] 5 ) (EL7E 5 T4 H
15 N AR LA A 0 i B ALE A
AR
2.8 FEATIE HIXF KA = i A S

2007 4FF1 2017 AEAS[R] &b B 8] 7K R 7= 5t B A
25 (K 3).5 2007 4FHI L, 2017 4F 2 FF 25
i FH A P K A 7= B T B 175.6% ,NRW \R \HRW
101 a a 2007

a a a2 e EuY

KREr=g
Rice yield (t-hm™)
IS o )

[
T

NRW w R HRW

AbFE Treatment
B3 2007 12017 4FA )4k BEK A ik
Fig.3 Rice yield of different treatments in 2007 and 2017.

NEYINE FREFR RS R AR 18] 22 5 .35 ( P<0.05) Different small let-

ters meant significant difference among years at 0.05 level.

ARW

HIARW Ab3R 7K A5 7= 2 43 5138 N T 3.3% .9.8% .
1.5%FN11.4% , F&f 22 6 #1425 38 AL 3R 7K A 7 i
B LR AR 1 AT RS FTAA G v) 385 o it s o 1
B ANURR S &, WA AR M = i 4
RO EIGER ST EI I EY R KR 21
IR0y, EAA F RN Bl T R 0y A
RAEH Loy fff st A b BB BT Hp 2k RS MR IV E D A
KAVEFICER KA.

3 & i

10 4EFRE AT A HIR 5645 SR 2 BH , FE AT 2 H IR
F I Y FORIR B FF 8 S £ 384 RO 23 i
T0.35g- kg BAHMAPRINT 1.46 ¢ - kg',
TR T 4.71 ¢ « kg™, FEFFIE H 400
A GURI B A S T th A 48 o, (L34 o 0 SR R 26
RUFIIA FH & (1 A [R) A7 7E 22 5 F FFa8 H AT LA+
bR A AL T AR A A O T
AR5 R A DL A R 3 B
KT 4.76 ¢ - kg, BAS A FEF T
0.05 g - kg ™' HEMRER &, R4l o A AL P R
TR AR AT 3 A 5 07 B 6. s P A 388 T
b AR S R SRR VR 2017 AERE A Y
FF4 a4 FH AR PR KR = et f e, B 2007 4R35 T
11.4% ,ZZFf Atk W5, K FE 77 5 PR 15.6% , 2%
AR REFT 4 f A FE 48 w55 4 4 A B R ok
7 i AR e

&% 3k

[1] Cheng Y, Zhang JB, Miiller C, et al. "N tracing study
to understand the N supply associated with organic
amendments in a vineyard soil. Biology and Fertility of

Soils, 2015, 51. 983-993



434

TEORBRAE . FAT I FH ek 1 08 8 80 K% R A G H B 52

1149

[10]

(11]

(12]

[13]

[14]

Shan H-X (BAESH), Lu C-A (S E ), Zhang J-T
(7%4:95) , et al. Effect of maize straw applied with N
fertilizer on nitrogen adsorption of winter wheat under
different soil fertility. Plant Nutrition and Fertilizer Sci-
ences (THYEFSNEIFH) , 2012, 18(1): 35-41
(in Chinese)

LiJ, Yang H, Zhou F, et al. Effect of maize residue
return rate on nitrogen transformations and gaseous los-
ses in an arable soil. Agricultural Water Management,
2019, 211. 132-141

Li XG, Jia B, Lv JT, et al. Nitrogen fertilization decrea-
ses the decomposition of soil organic matter and plant
residues in planted soils. Soil Biology and Biochemistry,
2017, 112, 47-55

Murphy RP, Montes-Molina JA, Govaerts B, et al. Crop
residue retention enhances soil properties and nitrogen
cycling in smallholder maize systems of Chiapas,
Mexico. Applied Soil Ecology, 2016, 103. 110-116
Wang J, Sun N, Xu MG, et al. The influence of long-
term animal manure and crop residue application on
abiotic and biotic N immobilization in an acidified agri-
cultural soil. Geoderma, 2019, 337. 710-717

Singh G, Bhattacharyya R, Das TK, et al. Crop rotation
and residue management effects on soil enzyme activi-
ties, glomalin and aggregate stability under zero tillage
in the Indo-Gangetic Plains. Soil and Tillage Research,
2018, 184 291-300

Mwafulirwa LD, E Baggs LM, Russell J, et al. Com-
bined effects of rhizodeposit C and crop residues on SOM
priming, residue mineralization and N supply in soil.
Soil Biology and Biochemistry, 2017, 113. 35-44
Pinheiro MEF, Boas de Campos DV, de Carvalho Balie-
iro F, et al. Tillage systems effects on soil carbon stock
and physical fractions of soil organic matter. Agricultural
Systems, 2015, 132. 35-39

Li X-H (Z=554E) , Guo H-H (3(HtHE) | Zhu Z-L (K
PRI , et al. Effects of different straw return modes on
contents of soil organic carbon and fractions of soil active
carbon. Transactions of the Chinese Society of Agricul-
tural Engineering (A0 T. #2242 H#t), 2016, 32(9) .
130-135 (in Chinese)

Houshyar E, Esmailpour M. The impacts of tillage, fer-
tilizer and residue managements on the soil properties
and wheat production in a semi-arid region of Iran. Jour-
nal of the Saudi Society of Agricultural Sciences, 2018,
Doi: http://creativecommons. org/licenses/by-nc-nd/
4.0/

Mu XY, Zhao YL, Liu K, et al. Responses of soil pro-
perties, root growth and crop yield to tillage and crop
residue management in a wheat-maize cropping system
on the North China Plain. European Journal of Agrono-
my, 2016, 78. 32-43

Huang S, Zeng YJ, Wu JF, et al. Effect of crop residue
retention on rice yield in China: A meta-analysis. Field
Crops Research, 2013, 154. 188194

LiJ (Z #), Tian X-H (HEM), Wang S-X (E

/L&), et al. Effect of nitrogen fertilizer reduction on

(15]

[16]

(17]

[18]

[19]

[20]

(21]

(22]

(23]

(24]

[25]

[26]

[27]

crop yields, soil nitrate nitrogen and carbon contents
with straw returning. Journal of Northwest A&F University
(Natural Science) (PYILAARBREE K 2E 2441 . H R F)
“FL) , 2014, 42(1): 137-143 (in Chinese)

Niu D (4 7). Effects of Full Rice Straw Returning
on Soil Nutrient and Greenhouse Gas Emission in Wheat.
Master Thesis. Yangzhou: Yangzhou University, 2017
(in Chinese)

Zenebe A, Getachew A, Lulseged T. Effects of tillage
and crop residue management on runoff, soil loss and
crop yield in the humid highlands of Ethiopia. Agricul-
tural Systems, 2019, 168. 11-18

Bengtsson G, Bengtson P, Mansson KF. Gross nitrogen
mineralization-, immobilization-, and nitrification rates
as a function of soil C/N ratio and microbial activity.
Soil Biology and Biochemistry, 2003, 35, 143-154

Li W-G (ZECH), 1i Q (ZE ), He X-X (B{/)
7). Progress in straw mulching research. Hunan Agri-
cultural Sciences (WIFAAZMLFF2%) , 2006( 1) ; 46-48
(in Chinese)

Dalal RC, Allen DE, Wang W/, et al. Organic carbon
and total nitrogen stocks in a Vertisol following 40 years
of no-tillage, crop residue retention and nitrogen fertili-
zation. Soil and Tillage Research, 2011, 112. 133-139
Bakht J, Shafi M, Tariq Jan M, et al. Influence of crop
residue management, cropping system and N fertilizer on
soil N and C dynamics and sustainable wheat ( Triticum
aestivum L.) production. Soil and Tillage Research,
2009, 104 233-240

Lu R-K (& 403 ). Soil and Agricultural Chemisry
Analysis. Beijing: China Agricultural Science and Tech-
nology Press, 2000 (in Chinese)

Syam KD, Wang JJ, Delaune RD. Characterization of
labile organic carbon in coastal wetland soils of the Mis-
sissippi River deltaic plain: Relationships to carbon
functionalities. Science of the Total Environment, 2012,
435-436. 151-158

Dong L-L (#EMAK) , Zhang H-D (3KiE %), Yu D-S
(FZ%T), et al. Effect of cultivation and irrigation with
sediment laden Yellow River water on SOM composition
in profile depth. Acta Pedologica Sinica ( 1-Y¥E2£4R) ,
2017, 54(33) : 613-623 (in Chinese)

Chen JH, Gong YZ, Wang SQ, et al. To burn or return
crop residue on croplands? An integrated analysis of crop
residue management in China. Science of the Total Envi-
ronment, 2019, 662. 1141-1150

Zhao SC, Li KJ, Zhou W, et al. Changes in soil micro-
bial community, enzyme activities and organic matter
fractions under long-term straw return in north-central
China. Agriculture, Ecosystems and Environment, 2016,
216. 82-88

Liao P, Huang S, van Gestel NC, et al. Liming and
straw retention interact to increase nitrogen uptake and
grain yield in a double rice-cropping system. Field Crops
Research, 2018, 216 217-224

Arcanda MM, Helgason BL, Lemke RL. Microbial crop

residue decomposition dynamics in organic and conven-



1150

B A

i 30 &

[28]

[29]

[30]

[31]

tionally managed soils. Applied Soil Ecology, 2016,
107 347-359

Yang Y-D (#E4), Song R-K (RIEEL), Zhao J
(B  7A), et al. Effects of long-term different fertiliza-
tion regimes on the abundance and community structure
of ammonia oxidizers in paddy soils. Chinese Journal of
Applied Ecology (i FH A% H), 2018, 29(11) .
3829-3837 (in Chinese)

Xie Z-H (), Li Y-S (Z=EZ4), Yu Z-H ( T44
1£), et al. Impacts of residue return on nitrogen utiliza-
tion in crops: A review. Soils and Crops (+HEE5E
Y1), 2016, 5(4): 261-268 (in Chinese)

Zhao M-M (iX%¢5%) , Jiang M (3% ), Zhou Z-W
(JH%EJ7). The components analysis of several kinds of
agricultural residues. Materials Review (85 #),
2011, 25(8): 122-125 (in Chinese)

Huang T-M (#‘fﬂ%ﬂ'ﬁﬁ) , Zheng X-F (36‘[3 53 [ll%) , Wang
Z-H ( EHI#E) . Nitrogen release of returned maize straw
and its effects on loess N supply and nitrogen uptake by

winter wheat in Guanzhong Plain. Scientia Agricultura

[32]

[33]

Sinica (HEAIVFL:), 2015, 48(14) ; 2785-2795
(in Chinese)

Salazar O, Balboa L, Peralta K, et al. Effect of cover
crops on leaching of dissolved organic nitrogen and car-
bon in a maize-cover crop rotation in Mediterranean Cen-
tral Chile. Agricultural Water Management, 2019, 212,
399-406

Cong R-H (AAHIR), Zhang L (3K #H), Lu Y-H
(BH641), et al. Adsorption-desorption characteristics
of soil ammonium under long-term straw returning condi-
tion. Journal of Plant Nutrition and Feriilizer (F¥ 8
FHRER A ), 2017, 23(2): 380-388 (in Chi-

nese )

EEE T

MK, 2, 1979 AR A W BIESE B EEA

H R AE R 5 2 ERASLHFST. E-mail; jinjindoudou2005
@ 163.com

RiEHE KR

HORAR, TR, RICEE, A5 AT IS BRI A0 138 S A A A A2 A2 2741, 2019, 30(4) @ 1143-1150
Dong L-L, Wang H-H, Lu C-Y, et al. Effects of straw returning amount and type on soil nitrogen and its composition. Chinese Journal

of Applied Ecology, 2019, 30(4) . 1143-1150 (in Chinese)



