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Abstract: The Yellow River irrigation area within Ningxia was a region severely polluted by non-point sources, where
surface water quality in most drainage ditches was classified as Inferior Category V, and the primary pollutants were nitrate

and ammonium. In this region a 5-year straw application and nitrate leaching experiment had been conducted, which
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consisted of 3 treatments: traditional fertilizing without rice straw amendment( CK) , traditional fertilizing with 4500 kg/hm’
rice straw returning application (T1, semi) , and traditional fertilizing with 9000 kg/hm’rice straw amendment (T2, total).
Nitrate nitrogen leaching losses within 10, 20, 30, 60, 90 cm soil layers were measured by the resin core method. Results
indicated straw application could reduce soil nitrate leaching losses within the 30 ¢cm layer. From the nitrate nitrogen loss of
CK (15.76 kg/hm”) | the loss of T1 (13.76 kg/hm’) and T2 (13.74 kg/hm”) all showed significant differences ( P<
0.05) , soil nitrate leaching losses were decreased by 12.71 % and 12.84 %, respectively. However no significant
differences (P>0.05) was detected between T1 and T2. The effects of straw application were only observed in plowing layer
(30 cm depth soil layer), no significant difference was detected between experimental treatments and control ( CK) in
deeper layers (60 and 90 cm) and in topsoil (10 and 20 ¢cm). Straw application could increase soil organic matter ( SOM )
and total nitrogen (TN) content; SOM of T1 and T2 were increased by 0.89 g/kg and 1.24 ¢/kg compared to CK (13.78 g/
kg). TN of CK, T1 and T2 were 0.64, 0.66 and 0.69 respectively, at 0—30 cm layer, which were increased by 2.76% and
6.83%. Straw application could also increase crop yield, rice production of T1 and T2 were increased by 9.24% and

10.37% , and winter wheat yield were increased by 10.11% and 11.51% , respectively.

Key Words: Straw application; the yellow River irrigation area; paddy-upland rotation; soil nitrate; leaching

(2013 AE P EFR ARG A TRY KB, R E R s E W e, T —I2E s 71.7% , N—V & el 5
19.3% ,45 VZEELBI Y 9.0% ;61 AN S (F) o 24 445 F M2EhRHUE ; 42 B E ST B9 K KK BT ik g
AR 72.3% AT 3 ACNIK AR B4R, HU T RHKIR 10% A5 b5 s KA 2.98 AL NIKTKAR %4
1990 4 i) 7 32 BH 3 [ 18 Y5 75 YL 20 5 E5 Je i il 2/3 ) Horb Al i PR TS5 e o RS e B Y 68%—83% , 5
50%—70% 1 1 F& 7K PR 52 15 Y 5 3Z 51 5 2006 4T F- U R 5 2 W A b v 75 e i Bk 20 1 65% ', T
X TR b 7 B A HE AR X, R T3 IR K S EUR R K 5K 5 Y i B 9¢ X, HE X EHEZK I8 NH -
N ¥ B 20—30mg/ L, e i1 AT ik 70mg/L, 245 V 2K BT, Wi 7K BTk A AN 38.3% , ¥4 3E —F k)2 T
/K NOZ-N ¥ # it 10mg/L7' AEJbHIIX 14 D EIRA L A —2F3 R KRR & T 10mg/LY

R FEAEAT AL A it FH P AR 5 - 396 LR, a0 - 39l A U 2 07 ok it P 3 A A U AR
2ot HEAE AL BEA HLY RN BEAS D RS S R RN L RE LB S A LR P R R B i
A RENS Y IR PR R it AR AE ) e S A K A DU 4.4—5.6 15, A HLICHLIR
JtiA T Y KGRI AR SRR AR TR 14, AR SRR ERS R B LRSS ER AR T
X — g H AR B BB 1970—2000 AF 5 T A HLAE | A #iite AR A it 22 B AR X i 56 22 0, A HLAE
B4R 5 TR I, e Gl A AU A sl O 1 s SR A it FH A DL C/N A T s i i %
P A ok RS A R, B R AR A L RO A A K FR B LRI AT A A A 110—140kg/hm”,
BE W DA R A HUAEE IR R A2 5 R I P S A RBUS A, & 2% = AR g
i3 11.2v/hm ™ HERE REAS HE S A PR JCHL AU fb AT R AR - SRS A8 AR 8 ™ . Mamo %5 & BRLSE 3% I A
PUIREACAL 2 B RE 5 A A RIS A5 AL 26 1 . Brinton & 3 T K FH it FF 8 S8 M A L o 8 S8 M T ) A 25 2
TR IR AEREFFHERE IS SR 19 10em 12 RS S 2 HEXTIRAIG , 20em 2 HE 10em + 2 EZS
R R EMARZ P FRsE A & B ATV AT AR 55 A A5 M B R B LR £ AR O, A SRR A R
SRR T 2 B A it A ML R RENS (2 Ut A 0 BB B, AR RS C AL AR P Fe il R Eh AU
X A AT ALt FH AN R B3 175 N kg/hm® Y — B A it P A DA ok 20 - R 245 R0 % 10 32 B2 i [ S
T 3 348 o A S LT T A AL R R R R R B A SRR I B i, B i - R A A A MR R T
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2.1 BT XS

LR D T T E S T IX B R (106°17'52"E,38°07'26"N) | J& il 15 X, JTEF& I 150—163 K, 1
B0, BE/K R 193mm, 28 % i 1763mm,, FHZE 7—9 H |, F & 70% ,4Z/038 ) ¥R 8.9°C, +1E
RAHER F2 o & K, R 2SR, 15 pH &, R R VE R S A PR AR X i X A 44 2
RN

F1 TEFEBAEKR
Table 1 The trail soil Physical and chemical properties

e , TR
Y FHUR A B . : . -
+ 1R EE . Soil available nutrients/ ( mg/kg) A SgEER Ay + 15
: Bulk densitys/  SOM/ TN/ TP/ _ = —
Soil depth/cm 3 (/ke) (e/ke) (&/kg) 5N i p K AR HEA T-salt pH
°m’ g bz
o . 8 5 A ¥ NO;-N NHI-N
0—30 1.49 13.78 0.87 0.80 93.43  27.34 14587 10.21 0.98 1.13 8.59
30—60 1.58 7.33 0.75 0.78 63.76  14.89 137.10 6.97 0.96 0.91 8.76
60—90 1.43 4.14 0.49 0.50 34.17 4.42 98.25 6.23 0.93 0.74 9.21

2.2 R

RIS T R B A, HIE/NX KSR, 1538 VAT 120em (Mo E & 40em, H T IR 80cm ) |, 74 P R 38 A}
JE, LABE /N A, 056 3 AL HE, CK A JTEARSFFAER L T1 A2 5 FFA (4,500 kg/hm?) (T2 4 fiFF
W H (9,000 kg/hm?) , HHUEACALEE, 3 REE , /NXTHFL 200m*, KFEFEFFUIRE 5—10cm i H , BIE 30cm
IR HEAL . R 2 (41 N)300 kg/hm? BERRAS P,0, 105 kg/hm?® SRALHIAE (k,0 )60 kg/hm?; 23R A0 BEH AL 5
509 bR R MEEIEF— Wit A, 4T 50% FIEHE 3:1:1 LBIGE AL, 43 3 WA BIFHI(S H R ) /rBE (6 A
) AR (7 A A A, KFEFTEE 30em , BRI 10em, JKAE 5 A HapERL, 9 A R AR, R AR KA
29120 K, @A FHIEKE 15,000m’/hm®,8 A A 1R K, NI A HEAL . FRE (41 N)225 kg/hm® B
255 P,05 150 kg/hm?® SHALEIAE (k,0 )90 kg/hm?*; FFAIBEFIAL 5 50% bR ZASEAE F— Uit A, T 4319 50%
RICHE 3:1:1 HBIMBEEIE, 43 3 WA Tl (3 A LA)) (5 H BA)) fiZgidii(e H LA A, &
INFE A K HIAE 1,350 m*/hm?(10 H FA)) G 7K 900 m*(3 A FA)) 485 1050 m*(5 J hay) ki 1,
050 m*(6 A Ffy), #&Fh 10 H 4 H,Ugk 6 H 29 H, &4 F ] 269 K, 2010 5 2013 4FEFAE /KRG, 2011 5
2013 AEFAE/INAZ
2.3 W5k

PR CSTEAE T el 32 R R b 2 2, 5 B R A 3 o 2 3B IR K 1 45 R AR —
., AR R G R IS0 76mm ( AR ) x0.82mm (45 BEJEEE ) IR B (15 BEAR B A 2H ) .60
H e e M 7E ) 8x8em WIARAS (A 15g M, S LR B FHEAR ) AW A LA R T4mm (48 AR (475984
LATAH 13 AEAER 3mm B/NL) A8, R B WK 2, WARLS NP 9B AR LA L F 2 X AR 41
1Y BRI E/NL RIS N A IR 25 S A RE BATHL, JETF BT REE Dy (E R IR A R, R A
TIT*BISRFRPE IR 0 Z2 BH B 3SR R , 28— SC #ARS BE LA 38 75 462k HI GB/T5476—1996, %2 2Ltk 2 Ab 44
PUAE— 2 BURE R BE R I, 500 90cm ; SR BUREAR I I HAS 3R + 3 45 4, BeAR s B s 55 3%, BRI
JEA 22,3242 .72 F1 102cm 3£ 5 NS 2050 FHF I 10.20.30.60 F1 90em + 2 FHAS R AL 2, WISE
JREZHED, B0 2m , B/ NIRRT AZE 3 A, BB T umER AT 10em K, 55 YA 1 By 1l 5 v
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ITT IR, SOR IR T A 3, P48 H 5 i i S 42
17 _E 2em 38 (e R [B1I) | =T B BB AR
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SEHG A DR AR RAT, IF A HT B IR 4R T IR T — B Bt

HiR,

B SR AR I B A 25 U Tmol/ L KCL ¥ 12
2 SRR AN O LI E . AR A= K

SRMK BT AR,

I BHE 2 BHSR T SPSS 19 F1 Excel2010, i 5 P

RE5 («=0.05) R I0] 7 2250 H11k (ANOVA)
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3.1 EAEMEE

37 %
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_ W4
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1 WEERETEE

Fig.1 A device of resin-core for soil nitrate loss determination

A )2 SRR AR A R S AR R W3 2, 30em 12 HUALBE 5 X BEAH LL | Al 25 Uk 2 s 20
Bk 2011 4E A/ RIR 25 R e 3 AR AR R IR A 51 i 35 22 K (P<0.05, FIR)) ,H T1 5 T2 25 R
PR NE I B 0.83—11.95 kg/hm®, X565 A N 16
30em VI E 2 BR T 2012 425 2013 4F 1 10em 122 2B (T1 F1 T2) 53X 8 CK MRS ZUR R A A3 i
FE25, 30cm HJZLUN  ALE S IR AR A ZUMR S AR B 0 2 25 S, REFTIA HA B AIK 30em + 2 Al
BRMKE 53 (15.76 kg/hm? ) M H, T1(13.76 kg/hm?) F1 T2(13.74 kg/hm?®) iK% 1 W& 2 5 ik &>
AR 12.71 % 1 12.84 % 3 SR ML IR Z R A 10 5 25 5

B, MR MK R 14.06 —18.12 kg/hm

AELESAELETHHEAMRKE

Table 2 Nitrate loss at different soil layers and treatments in the trail period

TR fb A A2 & Nitrate loss/ (kg/hm?) [f—+ 2 ¥
Soil layers Treatments 2010 2011 2012 2013 IR~ Mean (.)f fhe
Mean of treatments same soil layer
10cm CK 16.81a 12.85a 15.08b 14.39b 14.78a 15.83a
T1 17.65a 12.83a 17.81a 18.17a 16.62a
T2 18.57a 12.36b 17.47a 16.00a 16.10a
434 Mean 17.68a 12.68b 16.79a 16.19a —
20cm CK 16.59a 12.52a 16.47a 16.40a 15.49a 15.20a
T1 15.94a 11.54a 13.84a 18.34a 14.92a
T2 16.38a 11.40a 16.31a 16.65a 15.18a
434 Mean 16.30a 11.82b 15.54a 17.13a —
30cm CK 18.12a 11.95a 17.01a 15.98a 15.76a 14.42b
T1 14.45b 11.69ab 14.84b 14.06b 13.76b
T2 14.33h 10.83b 15.08b 14.71b 13.74b
434 Mean 15.63a 11.49b 15.64a 14.92a —
60cm CK 9.47a 9.00a 8.34a 8.20a 8.75a 8.59¢
T1 9.79a 7.26a 8.53a 8.30a 8.47a
T2 9.11a 7.96a 8.96a 8.12a 8.54a
A1 Mean 9.46a 8.07b 8.61ab 8.21b —
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EN= b3 YA & Nitrate loss/ (kg/hm?) [l — 4 2 (i
Soil lz T ] — A 4 {8 Mean of the
Soil layers reatments 2010 2011 2012 2013 . L
Mean of treatments same soil layer
90cm CK 9.17a 8.00a 9.19a 8.65a 8.75a 7.99¢
T1 8.01a 6.26a 8.46a 7.98a 7.68a
T2 6.82a 6.65a 8.43a 8.22a 7.53a
4] Mean 8.00ab 6.97b 8.69a 8.29ab —
S+ EHE
L 13.41a 10.21b 13.06a 12.95a — 12.41

Mean of 5 soil layers

Notes: a #1 b /8 a=0.05 22554k

3.2 EERASAMR R
321 FEHS5EHBSEMKEANZER

Ff FH 55 2 - 498350 17 (10.,20,30,60 1 90 cm) BIAHAS E LK FE 30em + 2 DL LR3I 2 5 (L3 2
PAERE  ARRAED ) B 22 5 ) , R B i AR AR G 1 K T 242 5 60em 42 )2 22 5 R E AR B B . &/
30cm + ZALAS A ZUM R SR T 1) 74.64% , RS 2R RS AR5 D0 X IS A AR . 3 APk Rt
e R WS R TG AR EE M,
322 AR+‘ZEER

2 T LA H,30em 2 ARAMA S H FE R TR RENMSZMRKERE T EEZER;10ecm 5
20cm ,60cm 5 90cm YIRB BN B M2 R, X — 245 R R 30em 12 REMS I A 1E 2 T A 28 Ak 2R 1 1
I B ARAE 3 2 30em EHHE)Z 5 AR 2190 F 4
323 2AEM S ZR R RHE

RIS - BEBUREI [ A [ 2 5.6.7 .8 .9 H T ), M2 B, fFH 30em 1JZ LA E 3T 80% MU AHAS A
PR KA 6 A FAZAT (a., d.fle.) ;30em HJZLITR,50—60% RIS A A B & 47 6 A FAZHi (a.,
d.fle), Z&/NEH, ZARZ 0% MR M AW AT 6 HZHi(b.) , MR/ NZ W Z S5 1 4 4~ H it
RETTEAEN , WEARZEHB T 70%(c.) . AR, HEEME FELETKRE S/ NENAETI R T
it A 5 KPR A  VE AR Z2 /0N TR 43 1R 5 SR /N, S 25 SR W AL AR P 3 0 {1 A 2 o R [N /K Ak A 40 BB
5 NEHEAEEII LS | B TR R -3 53 o m G, 1 3B A8 UM R i T SRR AR

4 itig

4.1 FEFFIE S 4 SR A AR ARk

IR S AR RS AW I E RN . RS 30em RS EREEHELMES AS56 A, 5HE
B LR B T B 25 5 &/ IS S A S R RN 4 A H S AR ER Em THEAh, +
B A MR R AR AR S - A A O B = W VR R U R R, RS R AR EE (TT A T2) 5 X REAH
o, TS RRBETE 4 A 5 AR 6 HAF W3 22 7 (2012 4E T1L 19 5 A3 4h) ,TL T2 767 H 5 8 A
AR 325 5 (2010 45 2013 4F 7 H 1Y T2 146 ) H AR - Sl A AR B = TR, 2010 4R 9 H LAk
PR AS AR R T T 5 T2 AR B E LR, 7EKREA R, #EFHE AT 56 TR A% 1
A MR B (ER A v 5 AN i sl R 34 S A R X AT T B KR b B LIRSS, X+
ZONENF L AEF(TL S T2) SXT A, R 4 55 Al E 2%, TI 52 X8 TREES, FES
T2 W, e RS 1340 FH B A% 00 35 M A0 A 28 ROk B2, i EL S RS AR A H B R R 567 A AR 24 S5 e AL 2
FEIX 1) 16 AR FF 6 HHR 56 5 0 138 0—200em 42 59 3 A2 B B HHOCHLEGR B B S
B, AT RERRR A L = RS AT, AR — BEist ] A A T RUE gt R R e, R R
TCHLE IR BB A IR, BR AU AR B RS FRREME S e b AL B R R LA T BRI A
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The ratio of nitrate leaching loss during the
whole growth period in 2010(rice)
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Fig.2 The ratio of nitrate leaching loss during the whole growth period in 4 years

42 BB SRR AL

AT a0 T ALk B Sy - H 95 U R JBE IR T 0o B, e S Bt 2 I S B R a3, T M T2 S % IR B, By
KB EZESF (KRS H) o Gollany SEHIFFT & BUREFTI4 HI REAS 125 K AIK - 3835 B WA 25 80U BE A D i S A
RO VTR AT A R R FE I P B 08 Wi AU FE FE T K S B RO A5 0 5 L S UK 2, T RE R A S 1R 4
S BRI EIR ™ Keeney & BURSFFIA H BERG AT HLBK , B L3 TEMLA( | I BEAR AR & BURS AT 1A H R
AR -5 B A UM B, /KRR A K 0 5 0 RT3 1 ok 3 0 S 25 R0k BE 37, Beaudooin 550K
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- S Y S R B SR TR S AR AT Y Zha S5 A g R TR e A B HLER IR T A S A
B R | SREAEIE T 45 AR RS R I S JOHL G N | B JE e 25 7E g 0 e T & RS 348 1
P nl g S HOE Z A RRA
4.3 1+ TN B9k

2013 AR 45 552 , 10em )2, XFIE T1 A1 T2 B9 TN 435152 0.86, 0.89 and 0.90 g/kg, 4b ¥ 5 X} i
AR T 3.25% M14.31%;20em +)Z2 5 0.78, 0.82 and 0.89 g/kg, b3 5 %F AR L 55 T 4.83% Al 13.
89% ;30cm 1 JZJ2 0.64, 0.66 and 0.69 g/ke, AP X REAH LR S T 2.76% and 6.83%, F5#Fik HA F T2 5
+HETN, SR EE A TR OEEEMR, i T EEAR FEUAEIS AL RAATE, TILEN S &
AN 1%, REBARUME AN AT A R ACHT A . e+ R R ik 500
FE A B R LA DG A SRS T ) e 2R LG R o A W e RO L, AR R WAL - 4 v A T ML R e A
T 301 NSRS Iy JoT 1 e 8L LU /S T 0 2R 0 0% e R L 2R R aE e B A AR BRI R R 1S i - 3 TEHL A

A~ L[ 41
HE

4.4 AP E

IEE A (2013 4F 9 AT A)) WZE 30em HIEAPLET, 5XF R (13.78 g/kg) AHEL, T1 F1 T2 (9 HHEG P
S IN0.89 ¢/kg 5 1.24 g/kg, AbIE T1 A1 T2 KB RAK 3R 7.4% 5 12.8% , F5FFi8 HEE & A HL
T, A B TR R R AR A, 1K A R AR RE S AR R R s b TR Lk 8 4R Y2 O IR 56 3 W FORFEFF
W AR - HEA MR ) 4.9 o/kg'™™ . FEAFIA HR R AR AU R, 18 35 080 /Uit A AR Rk &, b
AR RTG Y TR ER IFEFT IS R 50% , SRERFA L2240 40 240 F 40510
4.5 fEP-E

FEFFE AL S TVEY = a0, 50 B 1L, 2010 4E /KRG RS T1 5 T2 43 B3 7.79% F1 14.56% ;2011 F4/)
ZIMT1 5 T2 535344 10.11% and 11.51% ;2012 4F/KFEH T1 5 T2 73051354 8.17% #110.35% ;2013 427K
FEEY T1 5 T2 453+ 9.45% 1 9.26% ; /KA 3 AF-F- 3448 7™ 9.24% F1 10.37% , 2012 4763856 H (s e 7
FEATFIS AT 783, ARy T A 1/5hm?, Hodo) BE 2 34 B R4 38 F T A4S 1/15hm?, /N BUR 0 45
TP 5250 H Y 30em 12 B9 R 5 X AR L2 518> 12.13% F1 18.02% ; - 4988485 & AH Lt 4y
UGN T 48.24% Fl 65.84% , AN FLBIAR K, (0 HHEE SRS HAMERMN 1710 224, RS AR
Stk . 2013 4EAE T B BT HE T R AR FH 2.3hm?, o 1.9hm> 258 H, 0.4hm> TTREFFIA H . 45 5B %
W, RS AR RS2SRk Ok > 15.449% , KRG = 3R & 7.23%, B ARFESE AN, T B A0 RS FF 0 I K 27
1500—9000 kg/hm?, V-1 4611 kg/hm?® , 347 M8 HE 1.7%—15.8% , V2357 15.17% %), 2555 A ZERF5E 3 | 2%
FHitFH 1L 3000 kg/hm?* B, /NAZ 9™ 470 kg/hm?, EKIE ™ 60 kg/hm® 3™ 4 7.16% F1 0.91% , W= A B 2
MZEFF i 6000 kg/hm? B, /NAZ V™= 262 kg/hm” | 1] ERIGFZ 113 kg/hm® 377 3.29% , 5 FF 6 B 19K
NSRS AT — T B A 00 3 W RS R 4 R R A I, R R 4 i 1 i 16.68%
12.28% , 3 77 R BE 138 S M 5 7K OF- ) ZRAR SR AR A A et FH RS AR FH 199 R0t FH 2 180—240 kg/hm® B3R
P AR R

5 #ig

TET E G S DR A8 b AR 25 M G B AR 12.71—12.84% , AT HLIBTHR 5 0.89—1.24¢/kg, TN 4275
2.76%—6.83% , KR = 42 5 9.24—10.37% , KIVIFG ATk B o A ME Dol et B9 Bty 3 — 25 0ol A A R i 9075
Qo T B DA - A WL ol i 1, ELRS AT EHRBR A B L, A R AT H

5% 3Lk ( References) :

[ 1] P NRSEAEPE AR, 2013 sPRFREDRBLA MR, Jnt. pae NRSEREPRE A, 2014,
[2] TR®E, SR ERSMOL IR ROTLRE. PR, 2008, 24(HT)) : 180-185.

http ; //www.ecologica.cn



8 G 37 %

[3] XIER, HitE. TE%I;&(@E?&E ROKT5 Y BUR 3. EMEHE K 2541, 2010, 29(1) : 104-108.

[4] skeesp, SEE, STEN, Kolbe H. trE AR IR T5 YU Sl TH B A= hIxT e 1. 21 22 9 40) ob = il T I 75 e I Seqib it b B el At
2, 2004, 37(7) : 1008-1017.

[5] Ew, B, EEkl, BaI7, sk, IVEL YIS ZUEEEXT H 6T 2 8RR 3 e dh & it i 2. 3@, 2007, 38
(3) . 472-476.

[6] BRI, Wk, MUIEE AT L P57 KR YT 4 LI ) Bl A5 R R AP SR S 0BT, 2009, 15(6) : 1273-1279.

[ 7] B3R, folk, IR, B8 R EEe R LA 5T, RO K244, 2007, 34(2) : 262-264.

[ 8] SPEZE, HHK, RIVE, e, IREYE, IR, 5KEZ, B, XAz, RN, Bt S EHEIER A T AT R 3RS
R FAEBTIE. K LR FR2AA, 2007, 21(2) : 53-56.

[9] X, mFE, XM, MRS, AHUACXBERE - ERE AR M0 R, 0 AR A543, 2008, 19(7) ¢ 1501-1505.

[10]  @&fh, MEAE, =€, BRIEDR, b, 5k 02, HENLAL B R PR 2 DL M Sh B ALFRE. BREERL2:, 2006, 27(5) : 986-990.

(1] R, #38 RAET:, TR, 300 AR PR ER B0 (. R IR 224, 2007, 26(H4T) : 146-149.

[12]  FEHEME, BRA, @3k, PHSE AHLICHUILARECME X R g 3 A A SRR PRS2 . R B0l A2z, 2006, 29(3) : 44-48.
[13] Kramer S B, Reganold J P, Glover J D, Bohannan B J M, Mooney H A. Reduced nitrate leaching and enhanced denitrifier activity and efficiency in
organically fertilized soils. Proceedings of the National Academy of Sciences of the United States of America, 2006, 103(12) ; 4522-4527.

[14] Oelmann Y, Kreutziger Y, Bol R, Wilcke W. Nitrate leaching in soil: tracing the NO3- sources with the help of stable N and O isotopes. Soil
Biology and Biochemistry, 2007, 39(12) ; 3024-3033.

[15] B, BEfe, R, e NRBIBSA PR T HERBR R M. FRER2E 5HAR, 2011, 34(66G) : 51-54.

[16] HHR, FIER, ¥, WM, skmPL AL 3 NO;-N BB m. 3558, 2000, 9(3) : 197-200.

[17] Adams P L, Daniel T C, Nichols D J, Pote D H, Scott H D, Edwards D R. Poultry litter and manure contributions to nitrate leaching through the
vadose zone. Soil Science Society of America Journal, 1994, 58(4) . 1206-1211.

[18] Maynard A A. Agricultural composts as amendments reduce nitrate leaching from soil. Frontiers of Plant Science-Connecticut Agricultural
Experiment Station, 1989, 42(1): 2-3.

[19] Mamo M, Rosen C J, Halbach T R. Nitrogen availability and leaching from soil amended with municipal solid waste compost. Journal of
Environmental Quality, 1998, 28(4) ; 1074-1082.

[20] Brinton Jr W F. Nitrogen response of maize to fresh and composted manure. Biological Agriculture & Horticulture, 1985, 3(1) ; 55-64.

[21] Takahashi T, Inagaki H, Fukushima T, Oishia T, Matsuno K. Increasing nitrate removal at low temperatures by incorporating organic matter into
paddy fields. Soil Science and Plant Nutrition, 2010, 56(1) : 163-167.

[22] Konohira E, Yoshioka T. Dissolved organic carbon and nitrate concentrations in streams; a useful index indicating carbon and nitrogen availability in
catchments // Kohyama T, Canadell J, Ojima D S, Pitelka L F, eds. Forest Ecosystems and Environments. Tokyo: Springer, 2005: 125-131.

[23] Szli-KovacesT, Torsk K, Tilston E L, Hopkins D W. Promoting microbial immobilization of soil nitrogen during restoration of abandoned agricultural
fields by organic additions. Biology and Fertility of Soils, 2007, 43(6) ; 823-828.

[24] Canter L W. Nitrates in groundwater. New York; CRC Press Inc. Lewis Publishers, 1997 204-204.

[25] Z9E%%, TIEMR, 2P, TR B sci M e e ARk e L 3Eh 128k, ol TRES4R , 2007, 23(2) : 71-76.

[26] BRfRA:, BFEEL, JEF, BRI, Singh A N. VPSR A AN CAK I A R (b B B R RGP, ZE2S 244, 2006, 26(2) : 341-348.

[27] VEZE, TAg, 5kRI, T #ELem R H SRR E AR H 0 005 m. K EARFFF, 2010, 24(5) ; 40-44, 62-62.

[28] MR, VR, SR, Ml SCHE. KIIRFFIE FX St H S A1 5 BRI . ARdbfes 4, 2013, 28(3) : 179-182.

[29] SRERYE. SOl TR Z R R A S R M SRR L R R UARBI R [ D], dbnt.: PELRY, 2007.

[30] Gollany HT, Molina ] A E, Clapp C E, Allmaras R R, Layese M F, Baker ] M, Cheng H H. Nitrogen leaching and denitrification in continuous
corn as related to residue management and nitrogen fertilization. Environmental Management, 2004, 33(S1) . S289-S298.

[31] IKEME, j530, Z20nM. FEFFERAC LR SE I i 35 4 R A SR DAL ARARBHE R 2 4. AARBI2A I, 2007, 35(11) : 146-150,
155-155.

[32] RZRF, R, TEW, DUARAT. FEAFIE HXF 4260 3Bk 7 0 M AR 2 . 7K H AR F524 4, 2006, 20(1) ; 30-32, 36-36.

[33] VIGKLL, FHRR, Dok K. FEFHE xR H A S R LAEY AR ASE M. 38R, 2001, 32(5) : 209-213.

[34] Keeney D R. Nitrogen management for maximum efficiency and minimum pollution // Stevenson F J, ed. Nitrogen in Agricultural Soils. Madison,
Wisconsin: American Society of Agronomy, Crop Science Society of America, and Soil Science Society of America, 1982; 605-649.

[35] Amesk, Birse, BT, DM, sk, ST, REATIE XK RE A 5 400 ) e vl b SR A 2. ARAbAOl KA 2E 4, 2010, 41
(4); 43-48.

[36] Beaudoin N, Saad J K, Van Laethem C, Machet ] M, Maucorps J, Mary B. Nitrate leaching in intensive agriculture in Northern France: effect of

http ; //www.ecologica.cn



9

Wttt sa A ST REAT AR T A PF T B0 B DR S A b Al A SO R R T S 9

[37]

[38]
[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]
[47]

[48]
[49]

farming practices, soils and crop rotations. Agriculture, Ecosystems & Environment, 2005, 111(1-4) ; 292-310.

Zhu J G, Liu G, Han Y, Zhang Y L, Xing G X. Nitrate distribution and denitrification in the saturated zone of paddy field under rice/wheat
rotation. Chemosphere, 2003, 50(6) ; 725-732.

SR, TR, Tl ISR AR R RS e A A SR A A B, 13, 2008, 40(4) : 591-595.

B, FUNNL, BRE., G, 2588 sk AR, BRVERS I ANAS FF IR B 02 FE I+ AR IR s . Rk T/ 2542, 2011, 27(10) .
174-179.

Recous S, Aita C, Mary B. In situ changes in gross N transformations in bare soil after addition of straw. Soil Biology and Biochemistry, 1998, 31
(1): 119-133.

Hodge A, Robinson D, Fitter A. Are microorganisms more effective than plants at competing for nitrogen?. Trends in Plant Science, 2000, 5(7) :
304-308.

TERIA, WREESC. FEFHE HIEAL LS oE. L3, 1991, 22(4) . 171-173.

TS, BB, TR M 3eE AL & R 5. 1ILPERL AR, 2009, 37(10) ; 42-45, 63-63.

Watanabe T, Man L H, Vien D M, Khang V T, Ha N N, Linh T B, Tto O. Effects of continuous rice straw compost application on rice yield and
soil properties in the Mekong Delta. Soil Science and Plant Nutrition, 2009, 55(6) : 754-763.

WO, RO, M3, SPERS. AR X LA LS A ZCR A RO ma B LRI OF 5T s S, rh [ A 28 0 25 4, 2013, 21(5)
526-535.

BORKE, T2, SULEL, kBN, E 5, RN, BB T, HAE. IE 32 XFEFS HREG 8L +86EH, 2002, 33(5) : 336-339.
ZESEON, BT, A0, AR, BHACE, WA, H UK. REFTE G HX Y R RON. LR RN, 2000, 28(4) ¢ 450-
450,457-457.

BT, Sk B, BRI, /N E R 2 R A A O R RIRCR. IR, 2003, (3): 34-37.

Zeok, oT, FAA, BE. REFRA H T ZUE A XA i A R WIS, BEE 5SS, 2010, (2): 10-11.

http ; //www.ecologica.cn



