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TEEREEL A AT RS BEEE A o
1 #REFZE

1.1 B

K o7 WD K 56 N7 F 2013 4FE 9 H, fu
T A K A BB 0 Sk R (25°33'027 N,
118°1628" £ ), iR 50 s #E 47 85 5% - /K Fd 4 A e
B (O (ER T WL A T WL . L) |2 = A
i, AE 4 [ 7K B 1200~1400 mm, 4F 2 I JF 24 °C
fidio RIS AR, O At
56 T LA w0 AT (4 LAl MR A LT 19.96

| e |

BEET

gkg. 4 A 225¢kg. & W 131 gkg. 4 H127.86
gke. TR 107.73 mgke. A RUHE 60.35 mekg, H
AR 116 mg/kg, pH 5.54, B LIOZE G (9 £ 11
) RHE—ZEY, e (R22RFE3H ) NEH
CBEY, KREEETIE (4ETH) AE =FME
Y, WRUAEFD 3 Z=AEYN | AN RAERAE, 2 FhgefE
Jr:anE L RTR, B LA s - 3R - FERRAE, A
M R 32 - 2 - R AE, 5 50 7E 2020—2022 4 2 4
AR IR RS TR, I E AR AR LR S
an PR AUE B, JFEAEYIICR I E & 2= E Y Y
i

| e )

BEET

B 1 RIS SE - 3 - FEAN3E - 3¢ - SRREAK

12 et

I I R, K26 m, P& 9 m, B4
W15 R NX, BANXEK S m, FE2.8m, /D
X 2Z [A] 2R FH 7K 8 S BRI, /N DX A3 A T HE 7K
o AR U JE A 1 m GERR BT R
e - -F (URE - - KRG F-F-
X (UEG - P -85 2 MR E R, Bk
FHAEAE TN A 2 Foloita AT A 380, 77 it A Ak 350 P
R X0 o5 A SFE A B RN 5 T R AE ST 1Y
FERERLRIAS AR SR FH DL i3 =G ) S
AT AC 22 40, 23160t A Ak Bt AL 2 AR 9 224 s A

FIORRRE AR, A A HE AR AN 1 R, A
MR A 3 AN E, RBP4 A T
N FIEREF R R (N 46% ) . B RE it FH 2 %
RS (P05 12% ) . B ARt FH &L 4T (K0 60% ).
FZAEY i BRI 23R VESEAE, . BRI 45
BB C 5 e A e 40% ) B AR (&t AE & 60% ) i
Mo MEGHELGA . WRBICT 2 Wi, &k
di i AE I Y 30%; JTSEA. BRI AL ST 3 YKt
FEVR it I 5 1Y) 20% 5 KRR KB IR 2 2 Wit H
I BERE it & Y 50%, FEAE St & 10%, £
FIBAE K 1 Yt IR ) 60%

(T

x 1 KOREEMAIEDHNERAXRIEEE (kg/hm®)
VLYY AT
e A ‘ 3 ESYE) %i% 7J<f§’ ETEL
A AR 2 (5F—2F) (%£=F) (5F=%) (5E=%)

N P,0; K0 N P,0;  K,0 N P,0;  K,0 N P,0s K0
T1 - -H Eilzzeaioi[ut 1500 450 1050 2700 750 1500 750 00  60.0 —
T2 -k -K et e 150.0 450 1050 2700 750 150.0 — 150.0 450 105.0
T3 K-K-H Ry o 171.0 675 675 2865 2040 189.0 1410 450 0.0 —
T4 K-k -K A 171.0 675 675 2865 2040 189.0 — 201.0 1350 135.0

e BEEEY T T3 B, T2, T4 AHEHTIE,
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1.3 REEE

RIS TF LA AT AR 1 AN/ XA M AL TR R 4E S
AR, HIHORAE B E Y 2 ke il MHA L
I E IR S i AR RAE N EEDIR
WIRAEMIR . TSR o DU GO B R SRR R
2750 DU GRNEL G RS ST RGE 1 H A&
A, BSR4 R B B g0 /N DR SEARE
e SRS i TSR FUK R R SR A ok
FES IAEAED A 1 UCRICGE R
1.4 ke 5 507k

PR T A SRR . SRS R A A
W7 S (R AT ) ), R R A R
SEAE AR T H,S0,-H,0, W TH i, R B E Ak
Sy ARAR . RS A i, SEAE R S EE L
PRI E , RS2 H,80,-HCIO, Hf#)E, 7
SR AELACE R E A S w, SHET L aik
EEW AR, JOAGETHIE 28 5. R
PRI 1 e A B i, SRR SN Rk
W HHEA RS, R CRREGR PR ENE + 45
PR i, HHEA ML A EOR A E AR TR A TR
e, 458 pH RAHAEIE (KELH25:1),
1.5 HdEibrg

K FH Excel 2020 %% B 3 56 $4 455, >k FH Matlab
2015b X} 45 4b ¥ 4] 2 8] AT 22 5 3 T o b
(Ducan’s F & W22 4T B E AT ). A E
i (kghm®) = A7 AR RS D& A x M
A, ARBGRIEE = AR R R R/
MRAEHERE . ZUIRRA T (kgkg) =RV
PAFHVE RS R

2 HEREHH

2.1 AFEEAERMACE R EY A ZE WIS B 52

& 2 2k 2020—2022 4F A5 (14 AS [ 5 1 it I Ak
PRTE 2 DN AERAE N = Z=EY R R R RSO B4
M 2 dm] g, 3 - 32 - REERVE KL 2 HRAE
JAAE N B LA (T1 AREE ) 25 RAED A
R CR R i T S B AR (T3 ZbH ), 3F -
X - FRelE R — 2B (DR 2 R A
X2 BT 25 5, TEH —ZE (3F3%) fss=
FEY OKFE) REWRPR R w2708, H24
AERAEN R MR AL R . 28 - 3% - FafefE
R T HERICAL L (T1 AL ) 45 — ZAEY R
S BEM AR Bl 41571 kg/hm®, i

FE T AER S (T3 4B ) 1Y 381.43 kg/hm’,
I 7 i A 22 27 it AR AR 5K A9 1.09 £, 2020—
2021 AEFEAE AR NS - 32 - SERAE AT, HEXE
JEAEAL (T2 403 ) EM AR W Bt m T
PR AL (T4 408 ), TWi7E 2021—2022 4F By #
PR TRV P 2 i B = 280 3 W i PR 3R o T 2 2
5o 20202021 4FFEAE JE AR N 3E - 3 - SRR ESR
TR (FFSE) M= (5LE) AR
PR, RS T BUE s, 2021—
2022 AFRCARE AR N EE AR (T3 ) MsE =2
1Y) (SL5) MAZEWICR R EAE 2 A AT
T E R,

DfF—F O % Of=F

~ 6001 2020—20214F 2021—20224F

< 500 - = . = I -—
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Za00t L L] El L

i

&% 300
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& 2001

= o= e

F& 100 sains =

&
= - S - = - S <
s} e e e e e e )
=] = =8] =2 =3 = =8] =3
o oz = = o oz = o
& £ b = & £ R
& £y & &Y # w & w
SRR F—E—K SR F—E—K

B2 2020—2022 £ AREAEREE
EATEMRERKRES

2.2 A[EECAERASE Y R R WSO 520
22 F 3 AN FEFAERAEAE R S — R E Y A

5 BER R WA AR, 5 YISk
W TAR S REirEEr, AR 4
RAEST BT, B2 ATHT, 2020—2022 4 56 1F J4
AR, AHFEEARAL R T 38 - 3% - REfefEnU =
P ZE IR SE T TR R i 2 v T8 - 5 - SR
Yo 2020—2021 FEAE JAAF T2 Ab B Y 2 5 250 F1LR
SRR N 1.33% F12.27%, W.E T T AL
B, 2021—2022 3 /EF4E T2 AbPRPYZ G 28/ &
B (1.19%) BFEE T T1AM (1.01%), i T1Fl
T2 Kb SR LA S E I 225 5. 20202021 4
VEJRAE T4 bR G 22 A S (1.44% ) B35
F T3 4b3 (1.35% ), 2020—2021 % AEFE4E, A
AR AL FE A A R WORTEEUEE 0.61 ~ 0.64 Z ],
BAFZ [RJC B E LR, 2021—2022 B AEEAE, AN
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[F] 6 A/ ot S A 34 1) R0 R BOBR R BTE 0.63 ~ 0.65 2
[E], AbPHEITC R E 2SS

& 3 F ARl Fe A il A AR =X K e AL Y R
WA 25 5, R 3 a1, 2020—2021 #2 1
JEVAF P9 T Ak B 25 40 0T R 2K G il
9 3.82x 10° kg/hm® 1 0.82%, . & ik T T3 &b 3§
(4.14 x 10* kg/hm® F1 1.15% ), T1 AbFR T4 &
H 650 x 10" kg/hm®, 3 & T T3 40 ¥ (6.21 x 10
kg/hm® ), PSR 2 AL B )G 3 25

2021—2022 FEAERAE Y T1 Ab B ZE -4 o £ =25
MRS 540 9k 4.13 x 10° kg/hm® A1 0.76%, &%
it T T3 4b P (4.56 x 10° kg/hm® F11.13% ), T1 4b
AR ST B AR LA & i 5 T3 A S LK
TR FEEF ., 2020—2022 4F 2 AN FAE AR T1 AL B
REWFAEET 91K 0.72 #1073, BEFEET T3 4b
B (0.62 F10.62 ), 2020—2022 4F 2 A # 1E J&] 4F
N T2 i T4 &b 325 150 & 3= W ISOR] T $8 bR 19 0 e 2%
25,

x2 AEBEEEEXTHEERIREFALER

2020—2021 4

2021—2022 4

g = Rt
Y Ykt
(x10” kg/hm®) (x10° kg/hm®)

)
Pl

A
(%)

i
i
~ ¥
2
- o
D
bl
P
=
4»(#

Q

T RS

EMRGE RN ESGE ARUOE
ﬁg ﬁ_ﬁﬁ
P L (%) (%) 9%

( x 10" kg/hm* )( x 10" kg/hm® )

Tl  432+036a 442+028a 1.23+0.03¢ 2.15+0.17b 0.64a

T2 3.73+0.07b 391+0.05b 133+0.12b 227+0.12a 0.64a

T3  442+028a 456+0.25 135+0.19b 2.12+0.24b 0.62a

T4 3.67+0.11b  3.84+0.06b 1.44+0.05a 2.14+0.03b 0.6la

386+0.07b  3.83+0.06b 1.01+0.11b  2.03+0.14b  0.65a
359+0.07c  3.53+0.05c 1.19+0.06a 2.03+0.1lb 0.63a
4.15+0.11a  4.06+0.10a  1.10+£0.28ab 223 +0.12a  0.64a

355+0.14c  351+0.04c 1.14+£0.24a 2.18+0.12a  0.63a

e VRS AR TR RR A B 25 5 i % (P<0.05). R 1A,

x3 FEREEREXTAEMIEREREF AER

2020—2021 4F 2021—2022 4
£ et ) ) ESIE st ) ) )
hbsit R . EMASE RTASE ARIGR i . ZEME S e RATASE ARIOR
o e (%) (%) Ja5 o o (%) (%) 158

(x10* kg/hm®) (x 10 kg/hm®)

(x10" kg/hm®) (%10’ kg/hm®)

TI 3.82+0.24b 6.50+0.59a 0.82+0.05¢ 1.25+0.09b 0.72a

T2 135+0.14¢c 144+0.14c  1.79+0.16a 4.50 +0.26a 0.73a

T3 4.14+0.14a 6.21+0.51b 1.15+0.15b 1.27+0.10b 0.62b

T4 133+0.15¢ 1.34+0.16c 1.88+0.25a 4.39+0.05a 0.70a

4.13+0.26b 6.84+044a 0.76+0.09¢ 1.21+0.03b 0.73a

1.01 £0.04c  0.90+0.04b 2.51+0.18a 4.67+0.11a 0.62b

456+0.19a 699+029a 1.13+0.06b 1.22+0.03b 0.62b

098 £0.04c 0.86+0.01b 222x0.25a 4.49+0.44a 0.64b

e TL. T3 LRSS =ZAEW KRG, T2, T4 AbBSE =Z/EW her e, DLF2ER.,

2.3 N[ AE it AR AR =X 1R 9 7= e R RN A 7=
FIHZ

3 4 R 2020—2022 FEAE I AF N AS [R5 A it e
B R 4 AR = A A= 1. i3 4
BRI, 2 NERVERAE NS — e it : T1
SEPR R T T2 AbFR, AR RN 9.8%, T3 4b
PR ST T4 0B, ARSI 12.0%, 2 4>
AR NG B EY) s T1 AR 5 1 T2
AbFR, AR PR 12.1%, T3 AR T T4
AbER, AR RN 9.6%, 2 DMEAERIAENE =
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ZAEY, T1 AREKAE 1 T3 AL 3AH b e i 3%
25, T2 YT 755 T4 AFAH LT i 2% 22
So 3R - K - MR TN EE | SRR,
IKAE BN R A= T3 008 T T3 b3 3% - 3% - 3¢
BAET T2 0B EG . IR, 9L AR m L
FENYIET T4, 2 MRAERIENZ - - R
BAE A TIPS G JF3E . KRR
P A 7= 1243 5 Ee 2T 15 IR 5 11.71% . 8.99%
8.59%. 2 AMHEAEFAENE - 3¢ - R4 XM
FERMEACAE PO =T Jv3 . UL RIE R AE 7 T3
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F4 20202022 EARBERIERR TESENNTERRREET S

F—Z (UFED) B (IER) =2 (KM ILE)
. - .
ﬁﬁ ﬁ e iﬁﬁ e iﬁﬁ A iﬁﬁ
(%10’ kg/hm®) ( x10* kg/hm*) (x10"kg/hm®) (x10° kg/hm®) (x10" kg/hm®) (x10° kg/hm*)

(ke/kg) (ke/kg) (ke/kg)
2020— TI 7.14 2206139  3.09 12.86 4976+180a  3.87a 3.57 762:063b  2.13a
2021y 7.14 19.48£026b  2.73b 12.86 4571£1.07b  3.56b 714 1216+1.19a  1.70b
T 8.14 22211200 2.73b 13.64 4941+126a  3.62b 6.71 798+072b 119
T4 8.14 1928£0.28b  2.37h 13.64  4631:268b  3.40c 957  12.19:145a  127c
2021— TI 7.14 19.00£029a  2.67a 12.86 62.86+2.14a 4.8 3.57 857+036a  240a
2022 7.14 17.57£025b  2.46b 12.86 5274090 4.10c 7.14 764£031b  1.07b
¥ T3 8.14 1977 £048a  2.43b 13.64 6024+ 1.96b  4.42h 6.71 839+054a  1.25b
T4 8.14 17.62£021b  2.16¢ 13.64 5250£223¢  3.85¢ 9.57 7.87+0.14ah  0.82¢

Ay S B 5 14.47% . 5.73% ., 32.25%. 2 Ff
WA T 2R R it A b 3 R A 4 R 3 M 4 v 56
=AY E IR A T .
24 AFFAERACE T MEY L 3T A it 54
SEPE R OE AR

ARV ES Rt AC Ak P DU 25 G S5 1 R R
WO BRI ARG R (B 3), TED RS
REWMA R BAFELM R, 4 PPk

241 SESR-TERAEMEARRAL (T1)

. y=99351x+7.509 o

% 23 R?=0.9556 ®

ook

2

X 21

il

ﬂ 20 -

o

@19

=
18 | | | | | |
011 012 013 014 015 0.16

H R RSB R & (x10° kg/hm?)

247 SE-SE-REREIBUEAL (T3)

o y=58.17x+12.94 °

g 23¢ R?=0.9339

0 [ ]

)

o 22}

"

w2l

=

| 20,

iy

=
19 | | |

J
0.10 0.12 0.14 0.16 0.18
Ho IR AR R & (<10° kg/hm? )

PELAPEE R AE 0.9339~0.9687 Z ], A4 1EE
NERZE X R AR RATELE R, WA RS E
RERE R PO GRS X AT R E 2= 5. LUK
B /N 2 5 A 7 H AR 7 i 30 kg AT, TIL.
T2. T3, T4 ZbFRAFE" 30 kg PUZERL, WLAIA R
4 0.196., 0.217. 0204, 0.262 kg, FWI3K -
3 — TEFSVEHEAE A AL FRAE A RAT A R VR = i 2%
P IS A R N T A AR A

21
o R SRARTEERRAL (T2)
£ | y=109.04x+4.5528
» 20 R>=0.9687
o [ ]
2
X 19r
%E\H
o 18
&b
=
17 | | |
0.12 0.13 0.14 0.15
H R RSB R & (x10° kg/hm?)
200 L ,
—~ SRS VE UL (T4)
£ y=57.185x+10.745 o b
E) R?=0.9348
= 19t
(=]
"
s
®h )
=
1 1 1 J

17 L
011 012 013 014 015 0.6
Ho R R R & ( x10° kg/hm? )

3 FEREERLEN FMARRKRRESHFEE~ENXA
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Bl 4 3% - 38 - REfe s = ek 5
M LR AR B M R, 2 Rt It Aab
PR /KR AR R R B LA LR R
I3 0.8947 F1 0.9423, HERVEA MR B2, L
RIS/ N KR A = 1) B AR =5 10 kg 47015, W
WEFERAL AL BE (T1) Mo L EBF WA 0.173 ke,
B RE AL B (T3 ) b HTE U 0.176 ke,
PEAAENE2ZES. B5HE-F-FRIER=
TR G S i o R R WOR 2R e

O s (T1)
y=47.674x+1.2364
R?=0.8947

KAGFEEE (%103 kg/hm?)
~

6 | | | ]

0.11 0.12 0.13 0.14 0.15

i IR R R 8 (x10% kg/hm? )

KF, 2 Pl AR AL R ELE R S A X W &
L YERIA L R 40 518 0.8348 F10.8881, H.
RPEM e . DR /N XL B AR 7= () H bR =
i 15 kg HEATIHEE, MIHERAMENCALEE (T2) Hb E3F
REWMWCE 0.138 kg, JHEHEACLLFE (T3) M 35
REWICE 0.145 kg, i A H o0 ol S04
Jit T &b 3 R 8 28 A I ) U R WS AR AR e 1 H A
PR, 2 WA A R Ak B R T AR A WA
RO,

| SRR (T3 e
y=66.546x—-1.2039
R*=0.9423

KRG R (x10° kg/hm?)

5 ]
0.10 011 012 013 014 015
o EIRGEGER R & (x10° kg/hm? )

4 AERAEHELE FHRRREURRESKB=ENXER

07 S se-SErplEmeteiie (12)
14+ y=122.32x-1.4163
R’=0.8348

LR (x10° kg/hm?)
oo}
T

iz

4 1 1 1 |
0.06 0.08 0.1 0.12 0.14

o EIREFIBLR R (x10° kg/hm?)

167 SE-SE—sRbete > BUtiie (14)
o ¥=86.998x+1.7109
E l4r R*=0.8881 °
)
A
B 12r .
X
—10F
]
R [ ]
m 8+ @
=
6 | ]
0.06 0.08 0.1 0.12 0.14

b EFRE IR E: (<10° kg/hm? )

5 AREREHRELE FMARXRKURRESHE~EBHNXR

2.5 AEFEMEACE S E IR A S P g i
5 WARFFAEEIA N AR AR 4
GERk s ahT, FEiRge b, VA A i e R
TR, SARmEEN, SRERAFE
Y= B AT A TR O AT 38 - 2% - Fade AR
T2 7 it A Ak 3 A o8 R ACH 84.00 T,
AR A 50.91%, 2 AMIGAERE P - 277
B A 1795 > M5 0 A 33 T AR E IR K 110.50

— 186 —

S

JG, i AERE AR AN 55.39%, 2 MIRIGAE N T
B4 el 147, 3% - 3% - S5etE . HEf e
AR FEAE N R E AN 106.00 7T, (5 ALELSIEAR
55.79%, 2 PB4 BE N B b R 1.56;
P AL B R AR AR A N 132,50 76, (HIERLE
AN 60.36%, 2 AN B FE R oy
136, 2 Fpge A X HEA R R AR A = 7 45 b s
UL AR X B B 1 ™ e e AR
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x5 AEREREEXTREERRANNTELSZSN

okt 2020—2021 4F 2021—2022 4F
i FHRA 5. B = B-= =om —————— AR
e ST S S e S TV O s S s S PO 117
(J) (78) (58) (78) (78) (78) (78)
T1 84.00 165.00 123.56 139.34 21.34 1.72 106.88 176.00 24.00 1.86 1.79
T2 106.00 190.00 109.08 128.00 68.08 1.61 98.40 147.66 42.80 1.52 1.56
T3 110.50 199.50 124.40 138.32 22.34 1.43 110.72 168.66 23.50 1.52 1.47
T4 132.50 219.50 107.96 129.68 68.28 1.39 98.68 147.00 44.08 1.32 1.36
3 AR AR g 45 R R 8 - 2% - R R R
o

FAEMAE R T 1 MU B ARAT 2 T FE o A
M, B REFREERR, b T LRSS
i, ARSI, JCHR RN, 2+
B FE IR o WS fe k.l e ALt ey =X
R Hi e VR P 6 R 3R 40 1R W R FH 2 ek /D R R AR
SRR BT B TR AL 4 A 1R Y R AT e
XS T B AR R A AR LA KR S gk e de A i<
W AR, 20 e T A 2 43 R F AT
TR AA A5 e it AT ASE 2Rn A P ek FH A =T 153 it
NEREAGHATHENE AL B e X = 22 LIVEY)
X 2R 28 BT A o St 2t IS, Pl it
FHBEALAEPAL . AAHSE PR R AL, 2
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Effects of fertilization strategies on annual nitrogen uptake and crop yield in vegetable-rice rotation systems
ZHANG Li-cheng, LI Juan', ZHANG Ming-qing ( Institute of Resources, Environment and Soil Fertilizer, Fujian
Academy of Agricultural Sciences, Fuzhou Fujian 350013 )

Abstract: This study investigated the impacts of various fertilization strategies on the annual nitrogen uptake and crop yield
in vegetable-rice rotation systems. Field experiments were conducted on crops across different seasons under both vegetable-
vegetable-rice and vegetable-vegetable-vegetable rotations within a long-term positioning test. Two fertilization strategies
were established in the two crop rotation system: recommended fertilization and practice fertilization. Nitrogen content and
crop yield were measured for each season from 2020 to 2022, providing a basis for understanding differences in annual
nitrogen uptake and accumulation, nitrogen fertilizer production, and their effects on economic benefits and crop yield under
varying fertilization strategies and rotations. The results revealed that the recommended fertilization strategy led to a higher
average annual nitrogen uptake and accumulation in the second ( mustard leaf ) and third (rice ) crop seasons over the two
rotation years, with a value of 415.71 kg/hm’. This was notably higher than the 381.43 kg/hm’ achieved under the practice
fertilization strategy. The nitrogen harvest index for kidney bean crops ranged between 0.61 to 0.65 on the first and second
rotation anniversaries, and no significant differences were found between the different treatments. In contrast, the nitrogen
harvest index for rice crops was significantly improved with the recommended fertilization strategy, with values of 0.72 and
0.73 for the first and second rotation anniversaries respectively. This showed considerable improvement over the practice
fertilization strategy, which only achieved values of 0.62 for both rotation anniversaries. It was found that the recommended
fertilization strategy significantly improved the nitrogen uptake of the third crop in both crop rotation methods. Furthermore,
a correlation analysis between nitrogen uptake and crop yield suggested that the recommended fertilization strategy enhanced
crop nitrogen uptake and utilization efficiency. The recommended fertilization strategy, combined with a vegetable-rice
rotation, resulted in a higher annual output-to-input yield ratio of 1.79, compared to the value of 1.47 achieved with practice
fertilization. Similarly, the average annual output-to-input yield ratio for the vegetable-vegetable rotation was higher when
using the recommended fertilization strategy ( 1.56 ), compared to the practice fertilization strategy ( 1.36 ) . The findings
indicated that the recommended fertilization strategy resulted in a higher annual nitrogen uptake, accumulation, and crop
yield compared to practice fertilization. This fertilization model could improve crop yield and nitrogen fertilizer efficiency in
vegetable-rice rotations, leading to superior crop yield benefits.

Key words: crop rotation; fertilization mode; nitrogen uptake; nutrient manage; yield effect
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