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WE: [ B8] §AKTHRAAIIE GEAFH). RAER (N oa), RANIHEE LIE RARL K R4S Oryza sativa 70
B, [ Fk] 2EE R (k). FHAE (T). HIIE (T,). FHARHAELA (T;). FEIPE (T)5 ALE, RF®
JEALZR M R BB EE, BALAF A EH A 270, 75, 150 kg-hm 2, @it wbrb 5 AR 2 L3RG RBERE S
., RGFEF, KBHERBTFPHRBR TS, 44669 ARAKREHBRERERMNER, BFRA B RICK LR Y
ABEAKHR., [BR]ARRBERSZTREFE, RAVESREEFREHES S, 5 ckAark, 4 AR
He R AGHF A & 51.22%~63.41%(P<0.05), 12 4 MR Z R R FHE £ F, 5 ML RABG AL T2 A 4.91~9.56 Fo
0.70~1.35 kg-hm™?, HA KX ZFMAKRB DR ARA Too T Tze Tye cko 4L ZG R FBHHRKES>H A
0.82%~1.72% #7 0.65%~1.99%, AKEF|DMRK A Tyy Ty Ty Tyo [ 2538 ] 568 A2 F) Fo A 3G 58 A 203G An K4S =
T, RYABHAL, EARANELE L RZRKBRALE, BREEEREAREFF X, ARRY RBGALS
HFEFHE, B5K4532
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Abstract: [Objective] The purpose of this study is to investigate the effects of organic fertilizer (rapeseed
cake), conditioner (shell sand), and carbon based fertilizer on soil nitrogen and phosphorus loss and rice yield of
Oryza sativa. [Method] The five treatments of this study were no fertilization (ck), conventional fertilization
(T,), organic fertilizer substitution (T,), conventional fertilization+conditioner (T3), and carbon based fertilizer
(T4). The amount of nitrogen (N), phosphorus pentoxide (P,Os) and potassium oxide (K,0) used in different
fertilization treatments were 270, 75 and 150 kg-hm™. The effects of different fertilization treatments on
nitrogen and phosphorus loss were studied by comparing the nitrogen and phosphorus contents in soil, rice
yield, rice grain and straw before and after fertilization among the five treatments, combined with the

monitoring results of nitrogen and phosphorus concentration in runoff from June to September.
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[Result] Fertilization significantly increased nitrogen and phosphorus accumulation in rice grain and straw as
well as rice grain yield. Compared with ck, the four treatments increased grain yields by 51.22%—63.41%
(P<<0.05), but there was no significant difference among the four treatments. The loss of nitrogen and phosphorus
of the five treatments were 4.91-9.56 kg- hm 2 and 0.70—1.35 kg- hm 2 respectively, and the descending order of
loss was T,, T, T3, T4 and ck. The runoff rates of nitrogen and phosphorus of the four fertilization treatments
were 0.82%—1.72% and 0.65%—1.99%, respectively and the descending order was T,, T,, T3 and T,.
[Conclusion] The application of conditioner and carbon based fertilizer can effectively increase rice yield and
reduce the loss of nitrogen and phosphorus (P<<0.05), but organic fertilizer treatment has the maximum runoff
loss. Therefore, it is necessary to pay attention to the time and method of fertilization to effectively reduce
nitrogen and phosphorus loss and environmental pollution. [Ch, 5 fig. 4 tab. 32 ref.]

Key words: organic fertilizer; conditioning agent; carbon based fertilizer; nitrogen and phosphorus loss
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1.1 RIe SR

R AL THVT AN T EL B L 2 R (30°24'46.4"N, 119°51'13.9"E), NIl FEEX ., %
DCJE o A KA, RSB, R EE, WERT, IR E, THEK. FHREN 17 C,
HrPE AR 5.0 C, HEm RN 28.9 C, TTFEWIN 260~270 d, FFEKEH 1 153~1 864 mm, £y
AR 76% ., TIEFUHCNZ L, pH4.98, ML 33.30g kg ', AN 2.07¢g kg, &Wh 1.14g kg ',
SRIN 2.56 g-kg ', ARBE N 144 mg-kg !, AN N 138 mg-kg .
1.2 it

AWFFEAE 2019 4F 3-10 H AT, 34 Far Wl TR INX, @y 15 MER/NX, /DXEFR 6.5 mx
4.5m, BEALHES], INXBEABSLHEK . KRG MAER MRS, AR 3.0 mx0.8 m. 4N 1 fr
e DIAERENARE, BEE S DANFEEIEARFE . RHGAE (ck), FHLEAE (T), AL (T,), & HiEAE-+
FRF (Ty) FIRFEAC (T,), BEHLHES, FE 37K, 20194E 6 A 14 HE#AM, 6 A 16 HHEEKME 1 kit
B, 6 4 17 Hifi®, 6 H 26 HXF T,. Ty A3 FATHEKAGEN, T, 08— PERE, T,. T,. T; 4
Iy 2 URMGAE, FEHRIA . WEMOINEARS, 7 H 30 HIFGAEEN, 10 A 5 HcEKRE IR,

*1 HIRLAENRRES

Table 1 Fertilization treatments in rice season

Ab B HERL AL/ (kg hm ) A6 A 16 H) K&/ (kg hm™) BA6H 26 H) K & (kg hm ™)
ck 0 0 0
T, 270.0 HANET50.0, F5EEBEAE125.0 PR2£293.5, Afbi24.2
T, 270.0 SEFE2700.0, FHEERERG2.5 JR#293.5, AALi24.2
T, 270.0 HANET750.0, FEEEBEIE125.0, JEPIHI333.3 JR2293.5, AAL#A24.2

T, 270.0 REENET 500.0 0
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BERAERE A E AL (my : mpjo, - mi,0 = 18:8 1 18); FHEEBEAL (FLA — B 50N 12%); RE (R
FTR AN 46%); FHALE CEALBR BT 5O 62%): SEAFUE (mn : mpyos i m,0 =5.0:2.5:1.0); JHHEEFIH
TR DL 52252 550 °C T dBobe 2 h S BFEE R 2 mm DL 7ehb, FEARPRALYER A pH 9.21, 45 57.8 g-kg',
W 119.1 g-kg™', B 2.5¢g kg', A 0.8 g kg, #122.0g-kg'; AN (% 5S4 A HICA PR wHFE
MmN : Mp,05 1 MK,0 - mc = 18:5:10:25),

1.3 HmE&ESHH
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(mytm=2.5:1.0); THEAAPLTCR HE TR A MR e ;. - 584 FUR VR B IR TH & -1 s T
FRIEIE s IR emER S EIR-FUR T 2 - B Pt e (ki 2 5 38 B0 R S AL Al - SO e e v
MSE s T 3EARWER 0.5 mol- L™ BRIR AN HE-FABAPT L (7 22 ;. 3l U >R FH G TR B4 1= 32 - KA
FEREEDE ; IR . KA RHEER -G s A e,
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133 #BAKRFSRRES > KFEAERKWIE, EREW = AR AR RN KR, THR BT K
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14 HIRAESH

T Ao M F AR R IR AR I 1 RV i A W A ) 8- TR AR T K HR R 1 o v B S AR K AR R T R
ZAL HSEAR: P= £ Cxvi b PRI (ehm); €S § YRR L, BT
WHE (mg-L™)s ¥y WA i R TR BORA (m)s n W AP 0 3 A G A 0 R 2 5
SRR AP . 3PSO = S22 100%. Joofe o WA (0): L WU
B (ke hm s Lo /R M I AR A8 Bt (e b 2). WEUIRHEY 6.5 L P 2% TR [ oAb By
RO 5 R T ot 1 R RO P H3E83008 e = D22 1009 38
e e MAERRIR (%); Ag IASTRIGEAEAL B N ED Z/B B R i (kg-hm™®); 4, A AHEARAZL B ED &/
B B (kgrhm?); F RIER 0 A/#E .

K F Origin 2018 #EE, SPSS 22.0 #EATHE T K 7 22504 .
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21 AEFEIEAIEXT IS BRI
L2 LIEN .. pH, BHR . 2. &6, AW . S 7e A )it AR AL 3 2 [0 3% % %

x2 AEMEEAENELFER
Table 2 Soil chemical properties of different fertilization treatments

4b T pH APLBU(g kg ) ®HR/N(g k') (g kg") @fg-kg!) ARBH/ (mg-kg") HAH/(mg-ke™) BAFEE/(mg-ke™)

ARG 4.98 33.30 2.07 1.14 25.60 144 138 133
ck  5.03£025a 30.00£0.75a  1.57+0.14a 0.83+0.02a  9.35:0.26b 57+3a 7245 1413 ¢
T, 519+022a 25.07+2.03a  1.29+0.16a 0.96£0.15a 10.37+0.77 ab 107+43 a 8248 a 1504 b
T, 5.14£0.07a 28.67+044a 1.62+021a 0.95+0.02a 11.53+1.47ab 8443 a 7912 a 14843 be
Ty 5.67+026a 2423+285a  1.46£026a 0.91£0.09a 15.80+3.12a 102435 a 68+26 a 205+2 a
T, 5.07+020a 33.73+8.66a  1.45+0.10a 0.84£0.04a 10.33+1.28ab 74£18 a 652 a 197+1 a

LA Bl o I (ER e s IR T RE R AL B A 2 5 35 (P<<0.05)
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5 (P>0.05), Ty AZbBRA) £ 8280 i 0 BT ck 38 T 68.98%(P<<0.05). A [ it A Ak BEAH 45 T
ck YJREHE TN 4.96%~45.39% L IFERRAR A, Hrb Ty, T, BB EET T,. T, 4b# (P<0.05).
2.2 N[EHEARALIE X {E 4 7= B B 2400

F P TR A [ AE skt T 35 S 25 58 1 /K A 10000 - X .
R B (P<0.05). 5 ck ML, T,. T,. T Fl T, = 000 | HoHoe 2
Kb BB K R 243 B2 60.16% . 63.41% . 52.84% E )

FI 51.220%, 4 AN [F i AL Ach 25 i) 5 7= gk 9 A5 0 5 g 0000
25 (P>0.05). T 4000 |
2.3 AEIHEAEARIE X 7k 78 E R IR 4 R ) AR 2R B 200 gzwoi

W 3 iR fEKRERPRL, AN ]t HE Ab B IR
BB B B E (P<0.05), Hd DL T, 4b P &« T, T, T, T,
., 1093 g-kg', HIKE Ty A8, L) ck 4bFifx shsm
165 Bl S MUK B3 22 5 (P> 0.05), 55 ok A A N T AL 25 18 (P<0.05)
e, Ty T Ty ARBEABSHUTRE; #1502 HON B 1 REEAEL 2 6 KA H = &
FURHI T ek Too Ty T, il Ts, AT i A Ak P E5 Figure I Rice grain yields of different fertilization treatments

BB KRR, AL T; B

B, BT ok, ¥INT 107.35%, 22553 (P<0.05); 5 ck A, I T, 08Ak, W52 5
AN, HZERARNEE (P>0.05); # RS EA A B MR A, Hh Dl T, b PR, 4 31.64 g-kg ',
T, AbHUR AR, S AbHZ B8 %225 (P>0.05),

®3 KEEKTHNEBRRESH

Table 3 Contents of N and P in rice plants

Frhi/(g ke ™) FEFT/(g kg ™)
QbR
ck 8.41+0.18 ¢ 3.74+0.07 a 4.63+0.08 a 2.45+0.14 b 1.70+0.09 a 31.03£0.65 a
T, 10.93+0.36 a 3.710.14 a 4.15+0.14 be 3.99+0.44 ab 1.3740.05 a 29.11£1.50 a
T, 9.22+0.40 be 3.7340.11 a 4.51+£0.22 ab 428034 a 1.53+0.09 a 28.22+0.17 a
Ty 9.98+0.67 ab 3.63£0.08 a 4.03£0.06 ¢ 5.08+0.94 a 1.39+0.15 a 31.64£1.47 a
T, 9.69+0.18 abe 3.77+0.08 a 4.16£0.09 be 4.22+0.10 a 1.90+0.39 a 28.12+1.51 a

UERH . B IR s R F R R A B) 25 5 ) 25(P<<0.05)

WE 2 fin: ERREFRT, AR R NSRRI T, Ts. T,. Ty, ck, H T, AbBAHET
ck BEHEIT 106.9%(P<0.05); 5 ck AHLL, B RmA R EHIN (P<0.05), HAS [ AL AL 2 [H] JC i
FESF (P>0.05), TEKFEREFT, FREED T, A ER K, % ck AP T 29.48 kg-hm ™2, T,
T,. T3 Al T, A0 B R ) B3 & T ok (P<0.05); BB E AT ck, HA T, 4B 8 FHm eP<
0.05), iR 4.39 kg-hm?, HABJGACAEE MBI BRI ER . BAERFEIEAAIET , AKFFR AR
FXTRA R T, bR T, AFEAN, T, Ty Al T, A ELYE MR AR A ke ghe s oAl R, B T, A ERAN,
BIA AR RS, WS EMIKIR S T, Ti. Tse

WA 3 R . A [l HE A 3 ) ZUIE A FH SRR 20.749%~26.59%, DL Ty Ab BRI, Ta ACBREAR, AR
AR E BRI R Ty Tyy Ty Ty, ANFEACFRRIIEA B35 24 57 (P>0.05).

24 AREHEELLETZERABR XN

ME 40T DIE Ty AR A AR R E RS, 7H 2 HMS B, T, b SE R EHD
AL AN, KFEZEIARE T, T,. Ty AbBEM SR EWEA BRI, k. T, b8 E
WAL S22, SR TRE. IWEISTTLUER: 6 H 26 HFI 7 J 29 H B4R I SV T & vk 5 B 8
1o LA [R], AN AAE Ak 2 Y SR A O itk P AR A F AR ], (R 2B TRRE -

ME 4R LLEL: 5 ck M, T,. T,. Ty M T, 4 FEAY R 2 1 B 8 (P<<0.05), HdLd
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% % Figure 3 Nitrogen and phosphorus fertilizer utilization rates of rice
Figure 2 Accumulation rates of nitrogen and phosphorus in grains and with different fertilization treatments

straws of rice with different fertilization treatments
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Figure 4 Changes of total nitrogen concentrations in runoff from Figure 5 Changes of total phosphorus concentrations in runoff from
different fertilization treatments with time different fertilization treatments with time
*4 FMBNERREEFREE
Table 4 Nitrogen and phosphorus runoff loss and loss rate
MR/ (kg- hm ) AR/ %
piseil
ck 4.91+0.01 ¢ 0.70+0.05 b
T, 7.83+0.17 ab 1.03+0.08 ab 1.08+0.07 a 1.03£0.37 a
T, 9.56+1.22 a 1.35+0.12 a 1.72£0.46 a 1.99£0.50 a
T, 7.64+0.77 ab 0.96+0.19 ab 1.01£0.29 a 0.79+0.71 a
T, 7.13£0.49 b 0.91£0.14 b 0.82+0.18 a 0.65+0.38 a

T, b PR, HEINT 94.70%, T,. T,. Ty F1 T, AbBEABEIR L B4 MBI T 47.14% . 92.86% . 37.14%
#130.00%, o T, dbBEG R R EET T A BERI RSN 0.82%~1.72% . 0.65%~1.99%, ANIH)
ALFRR] YT 35 22 57 (P>0.05) AN [R]ifi A A B SRURAR 37 2 ot B 488 i AR R SR ) R/ VAR A Y8 52 BIURH [R] ) R

3 3t
31 REIRAHE X LR KRR R R

AWFTER A - A (R Rt 240 B8 {8 7K A Sk 25 3, (HL 4 b AN [ it AIE Ak B 22 1] 7= R DGk 3 2% S
(P>0.05). M1 ck IR AR R 0 B ERT Ty Ty T, AEPERTR, AN [R5 AE AR BE A4 R 7 RO 2 A
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Jite A Ak B A 38 35 A3 R AN SR T 8. A ALIE, REHE R 3 pH MR ST AR EA R
K, FLBREERAFRR S, BB T PR R, AL 35505 s EENERER SRR OE A ERD, MR
T, HOKRE AR R R, AR [ it AR A BE K R R R PR BR T T AT, A - S e
RBEET T, A1 T, L BEAN (P<0.05), ARIACFEZ MR 3 pH, HHURASR SR 0B e 255
(P>0.05), M S20 1 AR AR Ak B 2 Ji) B K R AT = i G i 35 25 5% (P> 0.05)
3.2 AREBERE A EY R BRI R R 2 K BERF A = MR

AR . AN A I AL B R R R . Wl T A B RS AT AU i A B W R T ok (P<<0.05), X
SR DAEP s 25 R — 3 M SERE RIS T AR RS A E R R, XA RRSE T AE A
PN B T AL RE T, RIRFE R TAEOG AR, BB AT AL B Re AT R B R T
BIFRGY o BRI, 4 FRAS )i N Ach 2R %) /K o Ul R 2 i R IEDRE R SR 24 T .35 22 5% (P>0.05), 1l RS2 AN
Jiti AT A B A (AL AT BE ) 22 S A/ NI B
3.3 A REABEHE TR R Sk B 00 K L

T, b EAR R R i K, HORTF T, 438, RIABGEINA LA A S R A m e, X5
HUSAINPY B 5E 85 R . T RESE BT 6 A 26 HXF T, AbBEGEATIBAR, MREEH, P4 THRR, SE08
HE ) R A B = SRR R SOl W K B el 72 T AR TR h i R i ik s 7 1 29 B, B
K, SEG A TERABETUKE ., X5TEEEP g R—8, BN EERARNEZERNT, SREM
R AATE BE IEA DG, I, T, AbBH™= 2k T i R & .

DUFER R ER A B L R AU . FLBR R R AR, FLDLFe Mok M mdi vk, REff 3 pH i, AAT
o R HESR S, SRR ARRERI A, S IR AR S0, A W e AT ol T FLRRRR B 45 R R B AR I
AT LA i A S RV E DR K Ay 3R 53, SESRSR R, IS5 HAE e i B L AR 1™, $ e
AR XSRS R 8 AR EY: T; M T, YRR 4% pH T, AT
I 398 v RO A I B A 2 B, DB AR B E IO R, DT R R R D R .

5 TS 9 3 5 N 3 8 s w7y L WO 57 02 R e =<9 AN [ M e < N [ =
56 8 K T 5 SR AR TR U R e I o AR KRS AR A BT & B M AR IR B, SRS & B A
P, PEHIRE AR, TS U I A R A R T P

4 ik

4 FpAS )t A Ach R Y BE 0 2 R R KRS e, G RO 51.22%0~63.41%, (BN [RIAE R 2 (8] 38 7= TE
EXEF (P>0.05), EMBEAIT LRSS N T 4.91~9.56 F1 0.70~1.35 kg-hm 2, A [R142b 314 37 2 1t 24944 4
TWF#EW: Ty Ty Ts. Ty. cke BFBERIHK 550 0.82%~1.72% F1 0.65%~1.99%, K/ N
TP : T,. Ty, Ty, Ty, ARGEICAEZ B TC R 2 5 (P>0.05), T, B2 F K iR,
Ty Fl Ty A BEREA SO/ ARG o PIIL, B A AR AC 7 U RN fa], DA T a2 U It 2K ek o v T
PG g

5 ZFXH

(1] 283, fhuge)™, JEH, 2. SRR AL it f e S i J5t B8 43 Ak K@ 3wl (7). 1 AR BE U ~= 41, 2013, 28(11): 1869 —
1878.
LUAN lJiang, QIU Huanguang, JING Yue, et al. Decomposition of factors contributed to the increase of China’s chemical
fertilizer use and projections for future fertilizer use in China [J]. J Nat Resour, 2013, 28(11): 1869 — 1878.

(2] Boki, k50, sk F 45, BRI S A s i i s (0], 1233, 2005, 37(1): 48 - 51.
DUAN Yonghui, ZHANG Naming, ZHANG Yujuan. Effect of fertilization application on nitrogen and phosphorus loss with
farmland runoff [J]. Soils, 2005, 37(1): 48 — 51.

(3] ke, L, FURAN, . b E A TS Y Bfiliih Rz x5 (1) 21 2240 v [ Al i 35 G i I8 Ak
T P RRE, 2004, 37(7): 1008 — 1017.
ZHANG Weili, WU Shuxia, JI Hongjie, et al. Estimation of agricultural non-point source pollution in China and the


https://doi.org/10.11849/zrzyxb.2013.11.004
https://doi.org/10.11849/zrzyxb.2013.11.004
https://doi.org/10.3321/j.issn:0253-9829.2005.01.009
https://doi.org/10.3321/j.issn:0253-9829.2005.01.009
https://doi.org/10.3321/j.issn:0578-1752.2004.07.012
https://doi.org/10.11849/zrzyxb.2013.11.004
https://doi.org/10.11849/zrzyxb.2013.11.004
https://doi.org/10.3321/j.issn:0253-9829.2005.01.009
https://doi.org/10.3321/j.issn:0253-9829.2005.01.009
https://doi.org/10.3321/j.issn:0578-1752.2004.07.012

55 38 55 6 1] J7 fREEAE  HARAE BRSO B AR U 2 X AN [ HE ARk i £ i 17 1193

(4]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

alleviating strategies ( I ) Estimation of agricultural non-point source pollution in China in early 21 century [J]. Sci Agric
Sin, 2004, 37(7): 1008 — 1017.
CARUSO B S. Integrated assessment of phosphorus in the Lake Hayes catchment, South Island, New Zealand [J]. J Hydrol,
2000, 229(3): 168 — 189.
IQBAL A, HE Liang, ALI I, et al. Manure combined with chemical fertilizer increases rice productivity by improving soil
health, post-anthesis biomass yield, and nitrogen metabolism[J]. PLoS One, 2020, 15(10): e0238934. doi:
10.1371/journal.pone.0238934.
FIESR, JETME, A, S5 R B 0 i 2R DA Fel 3857 70 AR T AL 2k s i (7). rh e~ T 41z, 2021,
37(11):95 - 102.
WANG Xiaorong, TANG Wanpeng, FU Tian, et al. Effects of different management practices on soil nutrient and nitrogen
and phosphorus losses with runoff of citrus orchard in the Three Gorges Reservoir area [J]. Chin Agric Sci Bull, 2021,
37(11):95-102.
BORM, TR, TR, S5 ORI AC A OO 5™ B L AR R 7 B S S BRI ki (D] 7K AR 4R, 2008,
22(5):5-10.
HUANG Dongfeng, WANG Guo, LI Weihua, et al. Effects of different kinds of fertilization modes on yield, nitrate’s content
of vegetable and loss of nitrogen and phosphorus in vegetable field [J]. J Soil Water Conserv, 2008, 22(5): 5 — 10.
BRI, 2R, AR, A5 KACAE BEREE X KRS i . SRRSO e BRI R s (D). K R AR, 2013,
27(2): 62 — 66.
HUANG Dongfeng, L1 Weihua, WANG Limin, et a/l. Effects of water and fertilizer managements on yield, nutrition uptake
of rice and loss of nitrogen and phosphorus by runoff from paddy field [J]. J Soil Water Conserv, 2013,27(2): 62 — 66.
RS LGNS P T ™ i PR RE S T RE V] RS TR S IR AR, 2016, 22(1): 1 7.
ZHAO Binggiang. Modification of conventional fertilizers for enhanced property and function [J]. J Plant Nutr Fert, 2016,
22(1):1-17.
TREKTT, 22 b3, AT HUAEXT B AR SAR X A= WAV g s L] Wi IR Be 7412, 2000, 17(4): 22 - 26.
XU Qiufang, JIANG Peikun. Effects of fertilizing on biological properties of root region soil under Phyllostachys pubescens
forest [J].J Zhejiang For Coll, 2000, 17(4): 22 — 26.
GUO Wei, ZHANG Qingzhong, LIU Jinhua, et al. Studies on changes of soil carbon and nitrogen dynamics under long-
term fertilizer in the black soil based on DSSAT model [J]. Int Conf Energy Environ Sustainable Dev, 2015, 3702: 1743 —
1750.
SR, EME, AL, 45 DIekxhis g 23 Po. Zn, Cd IERE IR 1), BRGTS QL S5 BIA, 2016, 38(1): 14— 18.
ZHANG Zhuo, WANG Mei, REN lie, et al. Effect of sea shell powder on the stabilization of Pb, Zn and Cd in
contaminated soil [J]. Environ Pollut Prev, 2016, 38(1): 14 — 18.
HEYMANN K, XING B, KEILUWEIT M, et al. Influence of dissolved organic carbon from natural and synthetic fertilizers
on phosphate leaching from a sand-based golf green [J]. Int Turfgrass Soc Res J, 2017,13(1): 103 — 112.
I, AR A, XA, A5 A HLICHUIE FCAE XS 5K ™ e K A S AU ) 52 i (O] AR5 95 S IR, 2015, 21(2):
326 —335.
XI Bin, ZHAI Limei, LIU Shen, et al. Effects of combination of organic and inorganic fertilization on maize yield and soil
nitrogen and phosphorus leaching [J]. J Plant Nutr Fert, 2015, 21(2): 326 — 335.
ZHENG Yu, HAN Xiaori, LI Yuying, et al. Effects of mixed controlled release nitrogen fertilizer with rice straw biochar on
rice yield and nitrogen balance in Northeast China [J]. Sci Rep, 2020, 10(1): 9452.
-t HL SR M]3 ji dbst: RO H i, 2000.
QASWAR M, CHAI R, AHMED W, et al. Partial substitution of chemical fertilizers with organic amendments increased
rice yield by changing phosphorus fractions and improving phosphatase activities in fluvo-aquic soil [J]. Soil Tillage Res,
2019, 20(3): 1285 — 1296.
FARHA A, AKHTAE I. Interactive effect of potassium and flyash: a soil conditioner on metal accumulation, physiological
and biochemical traits of mustard (Brassica juncea L.) [J]. Environ Sci Pollut Res, 2019, 26(8): 7847 — 7862.
U R TR S S IR N AR KRS A B2 R (D] Kb Wl k2, 2016.


https://doi.org/10.3321/j.issn:0578-1752.2004.07.012
https://doi.org/10.3321/j.issn:0578-1752.2004.07.012
https://dx.doi.org/10.1371/journal.pone.0238934
https://doi.org/10.11924/j.issn.1000-6850.casb2020-0350
https://doi.org/10.11924/j.issn.1000-6850.casb2020-0350
https://doi.org/10.3321/j.issn:1009-2242.2008.05.002
https://doi.org/10.3321/j.issn:1009-2242.2008.05.002
https://doi.org/10.11674/zwyf.14470
https://doi.org/10.11674/zwyf.14470
https://doi.org/10.2134/itsrj2016.05.0364
https://doi.org/10.11674/zwyf.2015.0206
https://doi.org/10.11674/zwyf.2015.0206
https://doi.org/10.1038/s41598-020-66300-6
https://doi.org/10.1007/s11356-019-04243-w
https://doi.org/10.3321/j.issn:0578-1752.2004.07.012
https://doi.org/10.3321/j.issn:0578-1752.2004.07.012
https://dx.doi.org/10.1371/journal.pone.0238934
https://doi.org/10.11924/j.issn.1000-6850.casb2020-0350
https://doi.org/10.11924/j.issn.1000-6850.casb2020-0350
https://doi.org/10.3321/j.issn:1009-2242.2008.05.002
https://doi.org/10.3321/j.issn:1009-2242.2008.05.002
https://doi.org/10.11674/zwyf.14470
https://doi.org/10.11674/zwyf.14470
https://doi.org/10.2134/itsrj2016.05.0364
https://doi.org/10.11674/zwyf.2015.0206
https://doi.org/10.11674/zwyf.2015.0206
https://doi.org/10.1038/s41598-020-66300-6
https://doi.org/10.1007/s11356-019-04243-w

1194

RN/ NI NI e 14 2021 4F 12 H 20 H

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

FAN Xinglu. Effect of Carbon-based Compound Fertilizer on Physiology of Oryza sativa L.[D]. Changsha: Hunan
Agricultural University, 2016.

PURAKAYASTHA T, BERA T, DEBARATI B, et al. A review on biochar modulated soil condition improvements and
nutrient dynamics concerning crop yields: pathways to climate change mitigation and global food security [J].
Chemosphere, 2019, 227: 345 — 365.

WEI Haiyan, CHEN Zhifeng, XING Zhipeng, et al. Effects of slow or controlled release fertilizer types and fertilization
modes on yield and quality of rice [J]. J Integrative Agric, 2018, 17(10): 2222 — 2234,

FEBTTL, SRk, w862, A5, KA Rt A Ak BHXT 2T 3% FH - S o R M et i 5 it B AR 52 ) (). AR B AR 741, 2019,
34(6): 190 - 197.

CUI Xinwei, ZHANG Yangzhu, GAO Jusheng, et al. Effects of long-term fertilization treatments on soil properties, rice
yield and quality in reddish paddy soil [J]. Acta Agric Boreal-Sin, 2019, 34(6): 190 — 197.

AR, UK, BRI, S5 R BRI AKGR 0 KRS AR I R AL SRR SZ I L] VLR RRF, 2019, 47(14):
139 — 142.

SHI Hua, WU Bingjie, CHEN Shuang, et al. Effects of biochar and water retention agents on chlorophyll and
photosynthetic characteristics of Flamoea sinensis [J]. Jiangsu Agric Sci, 2019, 47(14): 139 — 142.

HUSAIN A. A s 5 /A R AN [l ACASS O I8 Bl 242 A RO 2R 5 (D bt vp AV B2 Be,
2019.

HUSAIN A. Analysis of Nitrogen and Phosphorus Losses in leached and Surface Runoff Water with Application of
Different Fertilizers and Management Strategies under Typical Crop Rotation System in the Erhai Lake Basin, Yunnan,
China[D]. Beijing: Chinese Academy of Agricultural Sciences, 2019.

8, BERA, REAR, 5. (ORI & X AR AR I ARE (0] WA A274], 2018, 35(5): 802 — 809.
WANG Ying, LU Rongjie, WU Jiasen, et al. Nitrogen and phosphorus loss in runoff and sediment for a closed zone of a
Carya cathayensis stand [J]. J Zhejiang A&F Univ, 2018, 35(5): 802 — 809.

HONG S H, LEE E Y. Restoration of eroded coastal sand dunes using plant and soil-conditioner mixture [J]. Int
Biodeterioration Biodegradation, 2016, 113: 161 — 168.

ZHU Haoyu, GAO Ming, LONG Yi, et al. Effects of fertilizer reduction and application of organic fertilizer on soil
nitrogen and phosphorus nutrients and crop yield in a purple soil sloping field [J]. Environ Sci, 2020, 41(4): 1921 — 1929.
HIGEF. HWioe LIV RO O LA L AEYMRIRZ R B TSE (D], 55 5 P R, 2004,

DONG Xiaowei. Effect of Oyster Shell Soil Remediation on Soil Physical-Chemical and Biology Character of Plastic
Greenhouse[D]. Qingdao: Ocean University of China, 2004.

W2, BEAE, AR, 55 AW RO TR e R BRI R RS DF T R [I]. AR S R AT A1, 2014, 30(4):
409 —415.

CHU Jun, XUE Jianhui, JIN Meijuan, et al. Review of researches on effects of biochar in reducing nitrogen and phosphorus
losses with agricultural non-point source pollution [J].J Ecol Rural Environ, 2014, 30(4): 409 — 415.

WRIHL, REZRR, VTPV, 5. SR E TR L ImE ZOIRDL SR T RE L] Wi LR MR 22741, 2011, 28(5): 687 — 693.
CHEN Wen, WU lJiasen, XU Kaiping, et al. Soil phosphorus and potential loss in Phyllostachys praecox stands with
intensive management [J]. J Zhejiang A&F Univ, 2011, 28(5): 687 — 693.

ARISL, SO, XL, 45, KA T B DI ) 2 o A A 5 75 2800 [ Rl T2 412, 2016, 32(3): 86 — 91.
ZHU Chengli, GUO Xiangping, LIU Minhao, et al. Reduction of nitrogen, phosphorous and runoff by coordination
controlled drainage with basin and ditch in paddy field [J]. Trans Chin Soc Agric Eng, 2016,32(3): 86 —91.

YANG Shihong, PENG Shizhang, XU Junzheng, et al. Effects of water saving irrigation and controlled release nitrogen
fertilizer managements on nitrogen losses from paddy fields [J]. Paddy Water Environ, 2015,13(1): 71 — 80.


https://doi.org/10.1016/j.chemosphere.2019.03.170
https://doi.org/10.1016/S2095-3119(18)62052-0
https://doi.org/10.7668/hbnxb.20190052
https://doi.org/10.7668/hbnxb.20190052
https://doi.org/10.11833/j.issn.2095-0756.2018.05.003
https://doi.org/10.1016/j.ibiod.2016.04.021
https://doi.org/10.1016/j.ibiod.2016.04.021
https://doi.org/10.3969/j.issn.1673-4831.2014.04.001
https://doi.org/10.3969/j.issn.1673-4831.2014.04.001
https://doi.org/10.3969/j.issn.2095-0756.2011.05.001
https://doi.org/10.11975/j.issn.1002-6819.2016.03.013
https://doi.org/10.11975/j.issn.1002-6819.2016.03.013
https://doi.org/10.1007/s10333-013-0408-9
https://doi.org/10.1016/j.chemosphere.2019.03.170
https://doi.org/10.1016/S2095-3119(18)62052-0
https://doi.org/10.7668/hbnxb.20190052
https://doi.org/10.7668/hbnxb.20190052
https://doi.org/10.11833/j.issn.2095-0756.2018.05.003
https://doi.org/10.1016/j.ibiod.2016.04.021
https://doi.org/10.1016/j.ibiod.2016.04.021
https://doi.org/10.3969/j.issn.1673-4831.2014.04.001
https://doi.org/10.3969/j.issn.1673-4831.2014.04.001
https://doi.org/10.3969/j.issn.2095-0756.2011.05.001
https://doi.org/10.11975/j.issn.1002-6819.2016.03.013
https://doi.org/10.11975/j.issn.1002-6819.2016.03.013
https://doi.org/10.1007/s10333-013-0408-9

	1 材料与方法
	1.1 试验地概况
	1.2 试验设计
	1.3 样品采集与分析
	1.3.1 土壤样品采集与分析
	1.3.2 作物样品采集与分析
	1.3.3 径流水样品采集与分析

	1.4 数据处理与分析

	2 结果与分析
	2.1 不同施肥处理对土壤养分的影响
	2.2 不同施肥处理对作物产量的影响
	2.3 不同施肥处理对水稻氮磷吸收及利用率的影响
	2.4 不同施肥处理对径流氮磷流失的影响

	3 讨论
	3.1 不同肥料施用对土壤性质、水稻产量的影响及机制
	3.2 不同肥料施用对作物氮磷吸收积累量及肥料利用率的影响
	3.3 不同肥料施用对径流氮磷流失的影响及机制

	4 结论

