rRE SRR 2021 (1)

doi:

10.11838/sfsc.1673-6257.19542

BEILIKE - ERBEFERRBHRENT SN S 7757 T

skOBH, SRET, RUIEN, &E%E, EETE, KESLS

(BRI R B R ERE, BRIl KK 163319)

 OE: OMEREETRERIIRX AT - FRIERR TR, R EITA L= REILRSRHE
X AT HEERARE:, PIRE - TRRAIER RIS, AR — A5 E R B A s, TRGH 5
VR R W T 2, FORAE T SR EORE 5, SRS R AR AR A X K - FORRAERRIEY ALK . 775
SRE . FHBCOTE RATAE R, S5, SR BTG, KEFE D R0E 172 200, 345 172 £k
BRIE (S2) RNk O 1/2 KRG ENE . Wit 1/2 BRAE (M2) FERSHLsEA: B )5 IR SR 6 KAT MR T 523 i e,
PR TYFRNER, BOIRGAF R G, IR 35k 5.9% 1 11.2%, K5 - TR R & AL
PG LA B BRSPS N B Sy, HIYLL S2-M2 P AN FRERAR, 43K 3.44% . 62.69% . 0.21%. %M
P IR BRI A, BRI A B . K - TRRAE AT L S2-M2 b B 9 5 5
ik 25351 J0/hm’, ZEAEEREN, ERAEFMGAL S B AZRHSAM T, KE - TREIER R T REIE 306 S2 il
TR it M2 (14 3 42 A B AT A1 0 K RN R IR A W, BT R SR, BRI IR A0 AR B AR AR

TR S48 7 FIHE R H B9

KR KE - ToREeE; R EYER; JR Pl e

B VT A8 2 TR R R TR K A T AL b
TR K A RS 51 A 274.5 T3 RN 662 T3 hm
FE AT, AR PR 4 B 3k 4484 T5 1 2888 T 11,
BAERF A IR, FRACA = AT, $E R
RIA M EZRRE, FelERHEY S5 RARHME
WReAE L RBRSEARGE L, M ARV E R AR R R
RS A AT R TSR T K B Ll 24 AR AR
(e ., SRR ARG R R, URMEW A R
e AR I RN e 2 AR R R EOR T R AR, R
& - R B IETA KE R R —,
Bl 2016 4F o — 5 S0 R LT AR IR
BRI RS A& A A S AE AN B S, R0 -
TRASVERIA I R WY 8 R, H R T
P Az P P E TG L 7 AR IR S ER G &
KBRS, KREHEH BT - R R

KRB 2019-11-19; FABH: 2020-01-06

HE&WE: EEAREY:IES (31801303 ) ; BRITAREERE
SRR H ( HKKY190206-01 F1 HNK135-02-10-2 ) ; Sy
I\ BR AR 31364 (XYB2014-04); HIpITA HRKE
A ifi EIH (C2016042 ) 5 RS RE 34 (2016M591568 ) ;
EZIAAM M ARE R (CARS-04-PS17 ),

TEHE B KM (1994-), 5B, WmiFa A, MEst, =%
IR 2 A B ASFSE . E-mail: 2y1994611@163.com,
BIESE: kLSS, E-mail: zyx_Ixy@126.com,

AEAL T oK, AAERHRG . TS R R . X
I, ASSCNERRALEMIE , Bhoat T PR BT i A 2 1
K, il — RN B E AL, RGN
SR e R K 0 3 Rl ) — A AT A X
DI 4R — P i R IE R A0 A LR
AN EREIRGRE - EARRIERRTA.
WA N VIR, AR EZ DX R A9 A P AR
PR B AE 7  KTMIE R FR A R Ko
BRI R 0 SRR, SEA A BRIER
T v VAN (B 7/ LUV AN 22l B R (N AR O L E Sl
LIRS R ARG, PRV T ORE - ok
RAER PR BRRS B ICRA, R I RIX G
BR3P B RS HE AR SR

I SR

L1 e AR

T 2017 ~ 2019 4FAEBIETTAE IL—E R
IR SR e XA T, %R0 X8 T I8 IR Kbk
S, AEREIKEE 538.3 mm, AR 1.6°C, 4F
H R 0GR 2429.3 h, JoFEIA 119 do 056 H 13
R B A, 5@, HO0 ~ 20 em R REA
AP : pH 6.3, A MR & 134 gk, A S
i 0.78 g/kg, EBET R 0.71 gke, 28 &8 17.55



rRE SRR 2021 (1)

g/kg, WIS A & 141.8 me/kg, A BUHE & 406
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S2: FEE HUMAL I AL L, Wi 172 JAE, S 1/2
TOKBEAL; S3: 7EH HUMEAC AN I, W80t 2/3 &I,
B 2/3 T KBEAL
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78 m’ (15m K, 0.65m 2855, 828 ), KEAA.
B, AR MU ARG A 135 Bk 12 FARRURAE
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PR, Kasgmt R, Al JERz . ZERUFRRL 5 R
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1.4 Fdabr
141 FRpHHIZRTTR

FFRAR (B, #1) ZEFRER (kg/hm®) =

S MM ETE « & (B, ) &%

LUV (%) = (AR -filE) /i
# x 100;

B(HT) (%) = (AR + RS E - i
W) SR x 100, A AR L AC B A G
i AR VRIS TR A R 2 i 0,
142 ZHREETTE

FE (JG/hm*) = A (JG/hm’®) -

A (JC/hm*)
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P = PHME (JG/hm?) /A (GG/hm)
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(em) (ANBR) Chirtk) (g) (kg/hm®)

(JEtk)

SCK  49.23b 0.55a  34.04b 14.25a  21.14a  2262.38ab
S1 53.41ab  0.56a 34.74ab 14.69a  20.44a  2209.90ab
S2 56.07a 0.84a  36.58a 15.62a  20.86a 2395.37a
S3 50.72b 0.90a  33.33b 1499a  20.80a 2176.75b

Ve S0 MCIE R A /NG 5 R A B 2 53k 5% B K F
T
214 XK A ZR R

3G IR, AR S S A B R
X G FE E R MREA TR, TR AN R BT 1 5
Mo S ORATRLE B M3 AL B AN, A U 0 s b
P 5 T MCK A3, K7 4 DA M2 4b B f

®3 FAFEMRER

A 1Rk MATE K HkE fige=
Chi/ifs)  (AT/kR) (em) (g) (kg/hm®)
MCK 29.97h 15.77a 1.77a 31.14a 11036.0b
M1 33.43a 15.71a 1.14a 31.78a 11483.5ah
M2 33.96a 16.04a 1.02a 33.71a 12275.5a

M3 31.31ab 15.61a 1.25a 30.77a 10971.0b

. BE R T MCK AL, BRIk 11.2%, £
FOKFE F3E i 12 KRG AN Wit 172 B (M2)
() 8 4 b AT R T 4R R R ORATORL R, AT R
e
2.2 FWEHPERTRE . TR R 5 1
221 XK GAEMESR 53 MR ) 52 M)
FAGRER, ROARFAEF RSB R
ZEME mEEBEMEEZR R S3 kb
Ak, ok, 5 SCK AL, S2 bHIfE K B
HRER, WIEL 182%, BiEEMBEMME S
BRI E 2R, AU, 5 SCKAH, S2 4k
PRI R K BB AR 2 BRI RN, B iE S5
ik 35.0% F1 42.6% . VR, KGFEHWwEUE 1/2 Z00E
B 172 FORBEAL (S2) A4 BB A5 1] TR
X R TR IR

R4 AESEIFKEERER. B

HERHENTMm ( kg/hm®)

- e AR (TN)  #R (TP)  #F (TK)
sy A Bl
2 il SCK 293.70h 45.62a 191.80a
S1 313.08ab 44.81a 188.37a
S2 347.27a 47.09% 208.60a
S3 280.88b 37.76b 164.81b
A SCK 193.53h 29.33ab 121.38¢
Sl 195.83b 26.98h 141.26b
S2 261.19 35.51a 173.13a
S3 154.42¢ 23.57h 103.42d

2.2.2 X KA RRSR SR 52 0]

KSHERER, EREMARZERE, R
SRR AR 2R BR B A B 0 4 5 R
foag, Hoh M2 b BRI AR AL HY, AR Rl O
], 5 MCK ML, M2 23R R 2HEMER 2
R S B, 3R 530 K 39.8% . 38.1%; TS
1, 5 MCK M, M2 B AR RFREMA R R
PR S 210, B0 3 3k 42.0% . 20.4%; B
W1, 5 MCK ML, M2 AbBR R K RFE MR R
U W B30, SOE S IR 12.2% . 11.6%. B,
FORAE Gt 12 B W 172 EoRBEAE (M2)
) R 4 Ak B R TRk R OK A S X U A
R, AT TR 8T R ARG B
Kk
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K5 AEEITERERT. B

$RE RREMNRN (kg/hm®)
- e AE (IN)  BEE (TP)  #F (TK)

EYiA E0 SR

KREWUTH  MCK 83.32h 13.58h 150.3ab
Ml 116.12a 16.50ab 169.92a

M2 116.47a 18.73a 161.90ab

M3 105.56a 13.58b 146.24b

) MCK 113.68b 37.43a 202.29h
Ml 123.23h 38.36a 201.98b

M2 161.37a 40.63a 243.47a

M3 120.01b 3231la 221.88ab

st MCK 210.52bc 76.27a 231.14b
Ml 197.16¢ 64.10b 214.57b

M2 236.24a 77.72a 258.00a

M3 219.74ab 69.54ab 233.01ab

2.3 FBEREEEXT KRG - FORRAER R £HEFR L
ST R S

- SR 43 WO T A R A R 4y iR B AR
Py SOR I e bR . 2 6 25 R, fERE 2%
FFAH, EXRZEFABHEGHELT, A, B 6
RBP4 A3 F 0T 348 Ul 2
AFI R IEAE; Forh S2-M2 A FENAL (N) AR
192 ke/hm®, YEWH H A 464.70 kg/hm®, HE S
Bk 58.68%, % iE + HEAE A (288.68 kg/hm®) |
RE BLA3.44%; W (P) jifi A & K 75.32 kg/hm®
( #14 F P,05172.5 kg/hm® ) , 1F ¥ %y H 9 107.92
ke/hm®, WEZE 5k 30.21%, W% e dtpa, W
FRA 62.69%; 1 (K) AR 62.23 kg/hm® (H
T K,0 75 kg/hm? ), A5 9% 51 364.66 kg/hm?,
B Tk 82.93%, W E A R, WRESR
0.21%. B& SI-M1 ZbBERE R B ARFIN, HAAH
IR A BRI R B AR SCK-MCK 4t
. UL 3 AR IR AR S S2-M2 Ak B 11 I
R A R TR 805 IR TR M, Mk
L NREER FE X IR AR

Fo6 AEMEWNAE - ERBIELER. B, HERUTLEHZN

AT

BT

PRFRIP-f

ik WA Wb 0T AA WA
(kg/hm®)  (kg/hm®) i (%) (%)

iy FWT Bk LTPN fay i
(kg/hm®)  (kg/hm®) i (%) (%)

E VR S PS
(kg/hm®)  (kg/hm®) 8 (%) (%)

SCK-MCK 192 379.77 -49.44 2657 75.32
S1-M1 192 367.45 -47.75 30.81 75.32
S52-M2 192 464.70 -58.68 3.44 75.32
S3-M3 192 342.13 -43.89  40.50 75.32

101.54 -25.82 72091 62.23 308.68 -79.84  18.38
87.86 -14.27  99.85 62.23 317.71 -80.41 15.02
107.92 -30.21 62.69 62.23 364.66 -82.93 0.21
89.84 -16.16 9543 62.23 301.32 -79.35  21.28

2.4 FHOCHE T
241 KETYEE., Fodaa. 70 PES ™
SEAAH DG S BT

H 2 7 MSEtE A nT i, REER S H R
B WS- A7 1 0 A 25 3% UL A 1 43 ) S A
(P<0.01) FIEFE (P<0.05) A XX R, SHtk
TYA R E A, B, AR R R B ENIE
HHHERKFR (P<0.01), 53wk R P (f 2
AERAOG. UM, R LA HR A U R 45 n] A A
BT IR, NI R 2T s, R~
AP P HEY T

242 EBARTYFE., Fode. FoTHEES ™
A AH I S A
TR/, EK7EYE LIRS FRUT
BE A TR AR R AAAR S, 5 R &I IR I 2 1E
G, Ho kAR BRE 57 5 R EAHC
(P<0.05), VLB F KM AR & 20 REUZ M £
KyEat ) — A EERE,
2.5 ABFREITKE . RGN
FLOLER R, 5 SCKAFMIL, KGN
S2 b B B AR R, R R AR AR X A 5
5 MCK AbHUAH L, FOKAE M2 Zb A ™= {H . ]
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R7 FEALEXEEHRTHRRR. ZHRMNE. FHOTEESFENAEXME

DW TN TP TK BN BP BK Y
DW 1
TN 0.96”" 1
TP 0.87" 0.88" 1
TK 0.98" 0.97" 0.85" 1
BN 091" -0.93" -0.80" -0.92" 1
BP -0.38 -0.43 -0.53 -0.35 0.07 1
BK -0.84" -0.817 -0.70" -0.91" 0.76” 0.34 1
Y 0.89" 0.89" 0.83" 0.82" -0.82" -0.38 -0.59 1

TE: = FORREADE (P<0.01), * FREFEML (P<0.05), DW N THIBT, TN MRAR R, TP WRIMRBER RBUE, TK WHIHRETER £
B, BNOWERMHEL, BP BRI, B OMEIFFEL, Y i, TIE.

8 ARLEBEXREKRTURE. FHERE. FHTFEHESFEHNHEXME
DW TN TP TK BN BP BK Y
DW 1
TN 0.51 1
TP 0.42 0.41 1
TK 0.57 0917 0.42 1
BN -0.27 -0.70" -0.52 -0.59 1
BP -0.45 -0.43 -0.36 -0.49 -0.24 1
BK -0.57 -0.91" -0.42 -1.00" 0.59" 0.49 1
Y 0.14 0.59" 0.06 0.34 -0.33 -0.23 -0.34 1
*9 ARLEMKE. EREFFUE
KE Tk JHAF
IS P RA P A A P A A
(JG/hm*) (JG/hm*) (JG/hm*) L Ot/hm®) (JG/hm*) (J6/hm*) S (JG/hm*) (J6/hm*) (JG/hm*) S
SCK-MCK 6787 803 5984 8.5 18761 1409 17352 13.3 25548 2212 23336 11.5
S1-M1 6630 1051 5579 6.3 19521 1312 18209 14.9 26151 2363 23788 11.1
S2-M2 7186 1440 5746 5.0 20868 1263 19605 16.5 28054 2703 25351 10.4
S3-M3 6530 1879 4651 35 18651 1214 17437 15.4 25181 3093 22088 8.1

e 2017 F12019 4E KRG MAK I 3 JC/kg, 2018 4F T KA A 1.7 Ji/kg; 2017 ~ 2019 4E AR AR 23 BN K % 2.0, 1.9, 2.0 JC/kg; 4% 3.1,
3. 3.1 JC/kg; EASYIA 3.1 Jt/kg; BRAREN 3.8, 3.6, 3.8 Ji/kg.

TR =R e, HANEEA 19605 J6/hm°, M
AR RAES R K E, S2-M2 AL A 7= (e Fn A1)

yiktmey, SHMBGEACAEL, SE0R 50 9.8% 1 RE RIS .

8.6%, F LB T HUMGAC AL HIAH LB, (H2E 5
AR WAL, S2-M2 YA db PEAR 3 AE SRA5-AH
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3 itig

FAEA R T 77 B3 RN L3R SR AL
TR G RHMEY S5 RABME e 1E. AWFEIRkE,
SRS RARMEWRAER R T, RARHED W
WL 5% ~ 34% Sk B T E O RHE AR BriT R
G (R R AR O A B A 4 1 AR
WO, NERRI SRR AR B S . Wik, A SO 4
VEI A 75 IRAERAE, $2HT R G 7E F1 sl /U il N
OKAE P 1S H080 s 1) — R ALt AR A=, Bl i K
GHEDDBHER, SR S AR E A TIRE,
DASE R R — FORFEAE R G0 7 it SR 2 A1 AL
R, LHMARGEE . W AR, KEHO
S2 Aib BERA RESE fin K ) T 4 A R, i HL 4
K S R R, (R E ™ 5.9%; Eok
T M2 A B BERE I TR T A B, 1 HL
P TR TRIEL, N K, il ORI
11.2%, BT H MG, Fr, KREfEd
MERFEOAEBTEHAOA. 8. #HRZBEYS2
M2 Ab A, UEBZIAER R T, AL . M
For oy LR A B, PR SEEYI IR A T, Sk
B PR S D R T 2 S3 AL B AL
PR R Y L A BRAR AR, TTRESE i T AU
it FE LU 5] 2 B, X R Rk G 35 43 I A A T G
AR

TR AT S T AR - SR A SR
SEERRAL , XTI 3R 5 IR A BRI SRR S BT
St R A 0 AT E 3 E R
Jite A 2 5 A 58 A AR T £ e i AE, AT AR HE AR
PR = i B IR AR R . ARWFS Y, H I
A H MR R (%) = (R - i) /5
X 100 R FHE FR A AR 2 KAk A
W BRRFW AR TUE . BB X A,
FRAX, HHhFES R, AR LR
5 R S TR AR IR ST K, ANRESE
DR ESPRTE . L, AR S ) a4 1
PR b i ISR A () (%) = (i A SR
gy - B IR + BEIEFR Sy ) /3R % 100 3k
J W+ e TR bR T R, IRl
fits N2 (LB S S5, AT, R 1SR Tt
BRiE, KE - FRBEKRRTA. . BRZ8R
RYONIEME, H S2-M2 HEAF A, B, #1R
AR HE SCK-MCK &b BEAEAIG, 43510 3.44% .

62.69%. 0.21%. F JHa% 2 BT, iR
FIRGT, B TR FES T REEES,
IR 43 B L ) 75 SR 48 = AE D iRt , R4 R gR 4y
WS FERECEBE RN XREREAR 2 S8+
FOAPEHFERZ, WA S LIRS ERM R
B bk OB, R AR BAR
L 20% B, T RE 5] L G FRBE 0 9 7E JEUb
EHENEIA TN 10% ~ 25% W, R BAT IR
FRTE 20% LI AR HBEH B ENBLT, HER
TG LAY 30% ~ 50% W%, H AT A ST
H, S2-M2 AL BRI, PR BARRIIER, B
RARRGER WG, WHKE - ERBIEERRT
S2-M2 WAL PR A . B R WA A, R
B A, Wit —P 8 B, R X
MBI, SCbr b, EAE R, FRaaaE. -
R 5 7= IR RIS AAAE ), B
(BRI T — APV, BIARAFGE ) iR 3 Ty
HEATFHOC AT BT, A by i — 20 i REAE 1 i 7 1 TR
EHLHRME S %, ZREW, ROF-25AER
MERERFEHE, A RSAXERELER
FIEAE, ULBIA MR A R BRI EY 3k
BN EERE, X SBHRE Y WL R
FHAL

GRMEDFAE T A B b PR E Y =
B R RS A R it . ASIFgT 5w it e
L, KRGFED S2 AR T R =5, B
Taves, HPRREAL ARG, 25 R A
i ToRAED M2 ARBERAE N T 229 lkss, HAR
REBASAHXS B, AT A i 3. AR R4
LV G KT, S1-M1 Fll S2-M2 kb B ity 258 5% 1) i
Y H R AR, o S2-M2 AhER A A B
&3k 25351 JG/hm’,

4 iR

2017 ~ 2019 FF5LJ R G - FRFCVEIHE IR,
HGAE 1 S2 A B A i 33 T AR AR X 57 23 1) W AR
M, TR, kG &, 8w
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The yield response to N and P regulation and nutrient balance under soybean-maize rotation system

ZHANG Yang, ZHANG Chun-yu, ZHANG Ming-cong, JIN Xi-jun, WANG Meng-xue, ZHANG Yu-xian~ ( College of
Agronomy, Heilongjiang Bayi Agricultural University, Daqing Heilongjiang 163319 )

Abstract: In order to explore optimal fertilizer management mode under soybean-maize rotation in Heilongjiang reclamation
region, field positioning experiment was carried out in Heshan farm science and technological park of Jiusan administration
bureau of Heilongjiang province, soybean-maize rotation was taken as the object and the total amount of nitrogen and
phosphorus fertilizer was ensured the same during rotation period. The field experience was conducted to reduce nitrogen
and increase phosphorus in soybean season, increase nitrogen and reduce phosphorus in maize season, and the effects of
different nitrogen and phosphorus control treatments on plant growth, nutrient accumulation, soil balance and economic
benefit of soybean-maize rotation were studied. The results showed that compared with conventional fertilization, the
application of reducing 1/2 nitrogen of soybean and increasing 1/2 phosphorus of maize in soybean season (S2) and the
application of increasing 1/2 nitrogen of soybean and reducing 1/2 phosphorus of maize in maize season ( M2) promoted
the nutrient uptake of soybean and maize plants in latter period and the dry matter accumulation. The yields of soybean and
maize increased by 5.9% and 11.2%, respectively. In soybean-maize rotation, the balance of N, P and K of all nitrogen
and phosphorus regulation treatments were surplus, and the lowest treatment of S2-M2 were 3.44%, 62.69%, 0.21%,
respectively. Soil nitrogen and potassium balance of S2-M2 treatment were basically balanced, but phosphorus still had
surplus. The maximum annual economic benefit of soybean-maize rotation was also obtained by S2-M2 treatment, which was
25351 yuan/hm’. The above results showed that the application of S2 and the application of M2 can promote the absorption of
nutrients by soybean and maize plants, increase dry matter accumlation, decrease the adverse effects of nutrient residues,
thereby achieving the purpose of increasing yield and increasing efficiency.

Key words: soybean-maize rotation; nitrogen and phosphorus regulation; plant growth; nutrient balance; yield



