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WE: [ B8 ] KT KBRS ES TR B R E REER LG Hoh, [ Fk ] AR KA Oryza sativa -@ ¥ Brassica
pekinensis FAEE 7] ) KX 3, % B RAEHE (ck). LALIE (FP), FHARAHUE (50% A HEHER, CM), #IHE (CO)4 Mt
®, OMAARRALAETABRGE TS, MHEBFBRKSFEHRARETOTN, [BR] 5 ckink, Hmiefsd TRE
FEREW T 33.5%~42.5%(P<0.05), X FEFREEZEMT 26.0%~31.8%P<0.05), KERBAKERZEFRZT
41.9%~57.4%(P<<0.05), BB K TR ERZ T 22.8%~41.7%(P<0.05), {23 FIe@ A AR E£F, 5 ckAa, 3F4
st T akERBKERS T 33.8%~53.6%, CM &2 2 5 & T H A4 (P<0.05), HFOKEFRZH T 163.5%~267.8%, ¥t
MK E]MRE H FPL CM, CC. ck, RRELAEF £ 5% B F (P<0.05), #5F 3AwELEG A HFBARAXL TS 1349~
1532 #2 2.19~2.61 kg-hm™?, 2R EH 3.5%~4.2% = 2.0%~2.4%, ¥ FRAAZ KX FH 6.33~6.82 = 0.35~0.44 kg-hm >, #
RER 1.3%~1.6% F= 0.1%~0.4%, RREECLELEZFREHF (P>0.05), (LR ] HEAZS>SSHAT, S, 4%
RAPNE, 5t xd 45 EAPHAE R R 2 BB ARR AR LY rh. B3 K 44525
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Effects of different fertilizer types on nitrogen and phosphorus nutrient
absorption and runoff loss in rice-vegetable rotation system
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Abstract: [Obejective] This study aims to explore the effect of different fertilization on nitrogen and
phosphorus content in farmland in Xianju County, Zhejiang Province. [Method] A rice/Chinese cabbage
rotation experiment was conducted to study the change of four fertilization treatments to crop yield, fertilizer
absorption, runoff-driven N and P loss. The four treatments were no fertilizer application (ck), pure chemical
fertilizer application (FP), 50% organic fertilizer replacement (CM) and carbon-based fertilizer application
(CC). [Result] Compared with ck, the yield of rice and Chinese cabbage under three fertilization increased
significantly by 33.5%—42.5% and 26.0%—31.8%, respectively. But there was no significant difference among
three fertilizer treatments. Compared with ck, nitrogen absorption in Chinese cabbage increased by
33.8%—53.6%, whereas those of CM treatment were significant higher than others. Phosphorus absorption
increased by 163.5%—267.8%, and the increase between different treatments was CM>FP>CC>ck. However,
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there was no significant difference among each treatment (P<<0.05). For rice, runoff volume of nitrogen and
phosphorus under three fertilization treatments was 13.49—15.32, 2.19-2.61 kg-hm™, and runoff rate was
3.5%—4.2%, 2.0%—2.4%, respectively. For Chinese cabbage, nitrogen and phosphorus loss was 6.33—6.82, and
0.35-0.44 kg-hm™, runoff rate was 1.3%—1.6%, 0.1%—0.4%, respectively. However, there was no significant
difference among three fertilization treatments. While maintaining the same nutrient equivalent. There was no
significant difference betweenpure chemical fertilizer application, 50% organic fertilizer replacement and
carbon-based fertilizer application. [Ch, 3 fig. 4 tab. 25 ref.]

Key words: rice-vegetable rotation system; nitrogen; phosphorus; absorption; runoff water

A FH U It R R AR TR TS G ) R 2R IR Al A== rh, RN & Bt FH 2 Ak FH R0l It 2k 1) 32 %2
R, MEAskitE FH IS A BB VR P WM )38 43 R Bl 2 AR e AT A K AR, 1 R i kD, R, A
P G IE B L R OB 2SR el A U I R TR B T FE R . SR RO AR AR 4 rh X
A 553 T R W R W . AH b T 2 B AR (R AE), A HLIE 50% B A &8 AT sk 2 A5 2= B A
(5.49%) . S\ (23.32%) AR R B, W R AT S - R AR SRR AR I T 2K B (45.66%)), T K FE Oryza
sativa PPERA T E TECL, FRT R BEE AV BRI N, R AR AR SRR Haifkie
L, BETR D 1.77~6.96 kg-hm™, JiK R TR 0.29~3.62%, Sk &0 0.32~0.51 kg-hm ™,
MR TR 0.12~0.44% ., Haifb s aia VLM, AHUEFILAL RG] &8 s Ey =&, Yk
7 5 B A i A A ) B B P DA R 3, AR HEVEY AR RS, RIS ok A
XA RIVEIHE =38 25 AN RN, ] 2K Zea mays H477 10.029%~24.32%, KAGHIT™ 11.54%~13.00% . H i
T AU TN fre 5 NS P i 52 Wi 4R FH LRI 2 A IS 3570, A TR E AR XS ARl T 5 75 % 1) 52 i 32 1 A A
o AT PR AR R Bt A5 F T, g . REAHUIE . SRIENE 3 B[R] AL}t FH X 7K A5 -
3% Brassica pekinensis 377 WS S B A 52, i Al m s ettt 2 2%

1 #MEEF&®

1.1 KGR

IR H AT A M T ANE R R R (28°46'9.32"N,  120°28'49.04"E) J& SRV $HF 78 KU 6k
SRR 17.7 °C, AR FIHEKER K 1796.8 mm, 44ETCFEW] 240.0 d, +IEERI KRG+, 3 pH
499, HHLF . &R . SBEFRESEUN N 4439, 278, 0.51 g-kg™', BRfRA . ARHE . HRCH Ry
oy h 83.90, 19.90, 97.30 mg-kg '

1.2 Rt

KHABENLX 40T, 44 abH, 3REE, 12 MAKB/DX . /K 30 m?, FEHLHES], 4%/)
X ] 50 em B 35 em (@Y7K I8 FUERR ES LAR K BE B I o [R5 /MRS 1 MR, Wk 1.3 m, K
3.0m, 9 1.0 m, KEHIAME B OR Y. 5T 2019 45 5 H & 2020 4F 5 H 647, fEUKRE SR R
w2 %, AEMFN RS S5.

BWARHEAL (k). T BHELLEAE (FP). BFRRAHUIE (50% B, CM). HRILAE (CC) % 4 MAb3 . &
A FEIERHAE LAt , PRI R AR AL BEAR [ 3550 i, S5 YL A wE T IR A, &/ XAEREA
W A 510 270.0, 75.0 kg-hm ™, SREEEBEBA S0 184.5, 51.3 kg-hm >, A[a] Zb 2 AL kit FH
O RE A R A0 1 BT R . REZRKARE T 20194E 5 H 8 HIGAh 4, 6 H 8 HE &M, 7 H 16 HIl
M, 8 H2 HEI/K, 10 H 13 HYgk, RFEARTF 2019 4510 H 3 HEEF, 2020 4F 5 H 10 HIGK.

1.3 HHRERERNE

1.3.1 MRk R RASISENEAR/NKRE . A7 5. AREEYBGRET, B4 /NX
AL B IEYIRE 5 Bk (M), IR SEERE, APKIEVEE, & 105 C THFREE T 30 min, FE T 75 C
BEAA LT 48 h, ZEREEHLT TS I 0.149 mm i, FFH. MY 2ERAYLIKEZENE, SRk
AL (NaOH) 45 ml-FREAPT L 750 5
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Table 1 Rice-vegetable mode different fertilizer application amount and time
KRG/ (kg hm ™) F3%2%/(kg- hm™2)

AbEg
FAL 2019456 H5H) HBIEQ20194E6 H23H) HAE 2019410 H23H) JBAE(2020451 H5H)

ck 0 0 0 0
FP B AE750.0, 45EEBEAL125.0 JR%290.3, A AfLH24.3 fic 7 AE450.0, ABEEREAE127.1 JR2225.0, AAfL#A34.7
CM SEFFIE2700.0, FEEEREANG2.5  JRZE290.3, S1LAT198.4 KPR 620.0, FHEEREANA2.7  JRZ225.0, HAfLAF135.6
CC HRFEAL1500.0 WIEAL1025.0
B . W7 A m(N) :m(P,05) : m(K,0)=18:8:18; SIFHEAEM(N) : m(Py0s): m(K,0)=10:5:2; #FEALm(N): m(P,05): m(K,0):m(C) =
18:5:10:25; SALHI MK OF /I EUN62%; FRE PNFH 3 ECHA6%; FHEEREAC PO 438 12%

132 HHEHSREAMNE  BIEEHUE, BAVNKII S SRR RE LR R (0~30 cm) 4 1 kg
WSS, R R AT , it 2 58 0.149 mm 6, M. +HE p HOR LAY, AHLFCR AN
AT R IR AR, RECRAREMIETT IR, 2R TIBRRR- w5 W - S B TT L, A R
0.5 mol- L™ S AL - A i 12 3R 4R B P b 63, TSR FHT 1.0 miole L v i i 352 B2 - I JA 43 M
SE, AR AR AR
133 ZAKHREZMNE UKW SGEESW N ERRE, MEARm AR E, b rKE
59, JSRPEZERAE 1000 mLAKRE, HISHE; RS, BB B FARRMIE T T — 2wk ri
B o KR REUR PR B B0 A 28 MO B A, AR IR B 43 M BE o
14 HELRESHH
ﬂ%&ﬁM=§GWﬁﬁﬁ%@ﬁ%;E*:Mﬁﬁ%%ﬁ%%&gmﬂ;qﬁ%iﬁﬁﬁm¢
B BRI (mge LY VR85 £ DR OB (L), IR FH = A% G Ak B 9
(W) (kg hm ) — X R WO (B ) (ke hm )/t A (B i (ke hm ?)x100%. 72 3 451 2%
R = N[5 it ML b B A% 3 R (B ) WAL i (ke hm ) — X IR AR VA (B) 0% Bk (kg hm D))/ AR (B it
(kg-hm %)x100%
TR SPSS 22 HEAT 7 20 W AIGE i K86, i ] Excel 2016 AbFRE R H-AER

2 HERGAHHM

2.1 AEIHEAEA BT + 1R 10 M RO 20

ME2MA: B-ERESYEERE, RRGHETEpH, AR, 28 . &2t xR
(P>0.05) 3 it 0 Ach 8 4 HE AR A R0 . A 0B T i 0 B 3 T ck(P<<0.05), AN [t AE b BTG I 3 2=
55 FP. CC AbFE -3 i o it 40 800 3 = T ck(P<<0.05).

x2 B-RFLERELEMER

Table 2 Soil properties after the rice-cabbage season

Ak pH HHLF(gkg)  SHAgke!) &Wilgrke!) WFA/(mgkg')  HRBH/(mg-kg')  HAH/(mg kg )
ck 50440222  44.50+1.10a 276£0.05a  0.49+0.04 a 94.50+9.83 b 16.10£1.36 b 76.10+7.77 b
FP 497+0.13a  45.0043.71a 2.81£0.32a  0.4840.02a 101.30£13.11 a 22.70£2.98 a 88.45+18.17 a
CM  5.07#024a  45.10+1.12a 278+0.16a  0.48+0.02a 98.60+15.67 a 20.30+3.00 a 81.60+14.57 ab
CC  491£020a  43.00:4.43 a 2.80£0.15a  0.50+0.02a 104.30+15.18 a 20.6042.26 a 91.35+16.37 a

VLA . Bl R bR 2s s RIS W) ik F R Ab B R 24 5 B 24 (P<<0.05)

2.2 AN[EHERAEALIE X E Y 7= 2 1Y 20

3B B0 5 5B A7 0t (1 1), 13 ok AFTHE AR 5 N 33.5942.59%(P<0.05), I
S LRGN 26.09%~31.8%(P<<0.05).
2.3 R AR AL RS E 4 S R B0

5 ek HIFG, AR 5 5 4 25 K R M b 3 40 RO iR (P<<0.05), AR [t 1] G B8 35 25 5% (P> 0.05).
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FH T 2 AT R 2 AN [ it S A 3 g 7K A 280 A 2
79.89~125.38 kg-hm™?, [t ck i & #2 5 41.9%~57.4%
(P<<0.05); 7K FeF Hb 1= ¥ 53 W W Wi it ok 23.78~33.69
kg hm™?, [t ck i E 45 22.8%~41.7%(P<0.05).

S 7B A [] it S Ak B %) 1 3 b R 0 U iy
75.67~116.20 kg-hm 2, I ck i 4% 5 33.8%~53.6%,
CM Kb PR A i k2 = T HLAAR B (P<<0.05), 1%
Hb b A BE WO AR B/IMKIR Sl : CML FP, CC.
ck, ARACHZR BF (P<0.05). 5 ck M, it
Aub P A VR O 3 ) 267.8% . 217.9% . 163.5%

‘Ock WFP BCM mCC

b

/(< 10° kg - hm™)

TKFE
1EW)
ANF) AR OR A — VR AS [F) A B B] 22 5 5. 25 (P<<0.05)

FE-RHe MR E B A R R N3k 3. R R
M 13.0%~16.8%, ANRILCHTC R E 2SS, BICH
%R 72%~132%, Hh CM & # & T FP. CC
(P<0.05). FZERMHAHEN 13.9%~22.0%, CM B2E =T FP, CC(P<0.05), BHALFIFI#A 23.79%~38.8%,

MREIMEI N FP. CM., CC, AR4bHiE 25 5% (P<<0.05).

B 1 RRE®ELHE TS5

Figure 1 Crop yields with different fertilization

150 40
g 120 £ 30
= 5
%0 90 %0 0
1) 1
= 60 =
= = 10
& 30 sy
0 : 0
IKHE F3¢
e
Ock ®WFP aCM mCC
AP RERR IR VE YA [FI AR BE A 22 57 8.2 (P<<0.05)
A2 RREZEIEL T AG-E 0 L350 RS0 Z
Figure 2 Amount of nitrogen and phosphorus absorbed in different fertilized rice-vegetable land parts
x3 AREERLAETRE-ELFPRBNF AR
Table 3  Utilization rate of nitrogen and phosphorus fertilizer in the whole rice-vegetable season
phEL
/% /% /% /% /% /%
FP 13.01+0.98 a 8.39+1.04 b 14.32+1.53 b 38.84+1.65a 13.85£1.97 b 27.66+£2.11 a
CM 16.83+1.03 a 13.24+1.12 a 22.02+1.27 a 31.57+1.37b 19.72+1.45a 22.44+1.67b
CC 11.76+£0.96 a 7.23+0.88 b 13.94+1.07 b 23.71£1.41 ¢ 13.17£1.08 b 16.85+1.37 ¢
Ui BRI RS RIFIR IR TR FoR AL BRI 22 55 .35 (P<<0.05)
24 RBiRKPEBERERENEWL
AR AT B 10 WA, AR 7K, 369 3 0, ARIRIMERIK TR . B Rk 1

U . HE 3R CCARHI K& BB ERIE DL 2019 4F 6 H 21 HWARH N, i FP, CM 4k
FK A BB EREEILL 6 A 26 H BRI iy ; BEE BT HHERS , ASEEAL A PR oK AL, B
SR R T RO RO R R s ORI PR LR B VR B AE 2020 4F 3 H 16 H XA T BT, R EI5
2ANE(E, RS ERT I TR AL, ANFEERFERE ok AFRAR A A B AL, Wi v B AR X AR
FE, 4N 0.91~2.35 F10.11~1.57 mg- L',
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A (- H-H) A (- H-H)

~o-ck -0~ FP -~ CM -o-CC
A3 REGIEAIEZRK P RN RERE
Figure 3 Nitrogen and phosphorus concentrationins in different fertilization treatment run-off waters

25 WB-ERERAZREBREAERREE

W 4 fin . FZEA[E] A AL B R 5 13.49~15.32 kg hm™2, LK 3.53%~4.18%, Wik
TN 2.19~2.61 kg-hm?, JiKHH 2.04%~2.37%; AN[FEALHLE] 255 A 5% (P>0.05), 2 [R]jiti AL b #
R KRN 633~6.82 kg-hm?2, W HRKFN 1.31%~1.62%, Wik N 0.35~0.44 kg:hm>, WK FH
0.09%~0.39%; A~[F)AbF[A] 2% AL AN B 3 (P>0.05).

T4 B-RBEAALEZREBRAERFRRAR

Table 4 Amount of nitrogen and phosphorus loss and runoff loss in different treatment stakes in the rice-cabbage season

FfE AR T AL bR
Wi/ (kg hm™) BIHI% Wi/ (kg-hm™) I %
FP 14.24+0.86 a 3.81£0.92 a 2.33+0.64 a 2.11£0.68 a
e cM 13.49+0.64 a 3.53£0.79 a 2.19+0.62 a 2.04+0.94 a
cC 15.3241.01 a 4.18+0.88 a 2.61£0.89 a 2.37+0.83 a
FP 6.33+0.46 a 1.31£0.21 a 0.44+0.21 a 0.39+0.11 a
e CM 6.51£0.87 a 1.49£0.37 a 0.35+0.13 a 0.09£0.07 a
cC 6.82+0.72 a 1.62+0.48 a 0.36+0.17 a 0.210.09 a

VAT B P RS s [ISIAH IR B2 R R R AN R A ) 22 548 3 (P> 0.05)
3 4tk
30 REIHARAIEN (4 7= 8 T MBI B0

ATHUIEHS S BT AT LA B R SR RS, GREAE O RO I, SRR Y. )
TN LA R K R TN 1 TSR ARV B0 RSN £ s B 00t A
T e ) T T S O, IR PR B ABFGEA] - 3 P 3T P
PRGBS BRI B At R BB 3 A B K AR B 35 0 Tt
ISR, SIS BT R AR R = R R IR 2 S

DR 5 G i S LR T LU B SR U RE Ty (XTI L, 3 FRBEIE AR SEY) b 1353 L%
WOKCRE AT UM R K, WA RAR B, 5 EATIEAY | B
WFGEAE AL, 3 FIBGILAREE (s 1 SRR G 32 5 3 R 0 BFGEA HARAL.

R DA SR 035 0 TP ISR, SRR G0 P 3 B I TG R B 1Ay
BUIE 35555 3 511 25 5 0 M P55 BLARE O S AR B £ TS il
bR, R R T SRR RAOR 2, R R 0 S T HABAR I, LR WA A 7
FHXA LR T



55 38 55 4 1] K EAE [ AL - S AR A B AT B AR WAL T R B S 789

3.2 AEMEREXTZ R R B K B2

FEZE B IRAR UL, CC A FHL A4 0B o o vk B I 25 o LA b B (P<<0.05), 7% 2 IRARUi, FP. CM ib#
R T VR B 3 = T CC(P<<0.05), 3 m T AR (P<<0.05). 322 Jit PRz il NE Ak 38y =X i NE
BRI CC AR ABEIL T 6 H 6 H —RMEiA, SRR, 28 IRARTK U8 T &k
T HABALFRA R, 0 FP. CMARFET 6 A 21 HIBE, 6 A 26 H = AY4R K i & i vk i
IREE(E H 0 2 T CCo $7R s AL R IS L S At DARE SR AR T 1 IR 4 i 2k o

3 FORTRNEAE 2l A e 2 AR M A A R TE B 22 5 . ML AR L. A HL-JCHLREC i mT LA
WD E B R, (A HL-TEHLECEAE IR B — o LB, AU B B R TR AT AL A B s,
A ML RIS I U R A KU o AR5, SR FEAEM B , Y1 R KA R BT, &
Jo TR B BRI E A RN A TR . WP X B L 20, AR r AR A 2, it A0 e G i o6 [
SERFESRERTARD, FIT AR TR &M, EEAE IR E

SAEIEAHEL, ERRA AL . BBl 2% i RS AP S5 22 520, nT LA R D Ae R 433 o A 0 P2
FYPRESE, WG, BRI A ERbRERRIEIE b, FEFF AR 16%Y, Rk
MR R, TEDIRSFE S sh 2Ry T i R, R RH R R AR AN K, HER A PR .
FEREXF I BB R A A, 5 XEER RO IE T AR AR I R AR T S AR AE , A A
TR B R T BT A E5 R AR

4 4

RGBT, aifbit . ERACHYUE . SREENEXIEYI R BRmSCRT AL AR A TG 2% 22
Sts 3 FHAEAHAE TR A I P RS A R R R A 22 5 AN B3 . MR AR, 3 RIS
KRHABR KL MR ZEFA R .
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