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ARIGAE FEKEEBERREKT
Xt -+ by 24 5 L 7 B SRR 52

BORE ', sk, i R, A AR, EM, 8 fiF
sk WL T, M, ANERET, BRI

(1. ILTERIBEGERHER AT, L7 Tk 110161;
2. WA R B SR A B, 107 TEFH 110866 )

& E: AR T SRR RGP EYFR AR AT ERAER R E . TR R o A
R MFEM, T 20192020 4F, FI K E M ik X80, 58 3 ViU (NO: Okg » hm™, N150: 150 kg hm™,
N300: 300 kg + hm™) AbHRFN 2 FFPAEAL S ( FORAEARIME: M, FOKRHAE: SM), DAERRIBFIEXT S, sprafE
REPAFITERTERRH . i TR K X AR RN . ZERE RGP TR it ) 3
SRTAEA, (ERARAEE R EKRAT (IM1) SR T (IM2) [RIEREES, R ERE LSRR T 1, b
HArE ik 15% ~ 23%, BATVEMLS; WikiE AN, FoRTERREHR, IR &R T k™, M1
PR dge SML AL B iR R 37.8% ~ 65.3%, IM2 % SM AL i 26.4% ~ 56.1%, 2019 4F % IE it FH £ A 150 kg + hm™
Ak oK i Y i LR B AT RN . BRSO N1S0>N300>NO, il %60 0T 388 il T R FoRi 50 TR d )
AR 28 5 M AR ASORI AR 0N S e = ek, T R0 3 5 5 M AR 5Ok s i = ko TR ROR BB AR 22RO LA oK
HET 92.4%; N300 ) 5K AR 220K H N1SO Ik 60.4% ., 16 KA RERSG D, EEiE S (150 kg - hm™)
FIRERT B E M AR AT . TR, 15 A B MAENER AR, R  r iy, (HF%EH
FEIHH FEF A TR0 o

KEEE: ME; ZAE; FPRISES; it e

it SR X A R AR = i R e 4 VR TR E AL GOl i ZR . RAFY

HARZMEN, ERE I R 2 il
FAMRHRCR I, BRI, BIEAESRGR
7255 — ZR 9 A ASFR B I ] 48 g U A
AR A RIS A= i, R E R R
FRAEA AR R R AR, TR R AN
SRR, AR AR R S
B AR 2K R R R GE rh AR RT3 R R 48+
o G LA R TTEC, TRt e AR R
GeRNEA AR B e A

i B 2022-05-20; FAHHA: 2022-07-14

HEWBE: FRAKFAEES (31901124, 32071551 ) 5 [ #A
JE R4 (2020M670788 ) 5 1L T4 i+ Ja ) (2019-BS-136) ;
I TFELROREBE R KRS (2020MS0502 ) 3 AL T4 “XLTHA T
I WH (XLYC1908013, 3205304 ).

fEZ R B (1990-), FIBFFT AL, i, FZNFHFRSHE
PSR IS . E-mail: zfysyau@163.com,

BIVEE: PhEH+E, E-mail: sunzhanxiang@sohu.com; %K 111, E-mail:
fenglsh@163.com,

TR RAR A = i WA AR, 1%
BE E Y A S IR I E A O, K.
Feoras ) KoM S RHE D B RV g, W]
382 12 B R AR R Y B b, R b R
R BRI T RAR TR
BAEEFEY (RAR) b, L RAEARES
@], HHAEA L, KB AR VR T S R A A
SR OGO RE 1 AR A IS OCIAE J1, FROBEEE.
JEREA R TR 5 R T R AR A
WA AR SR, R R RRAEY, T
FRERBAEY, W RZ IR G AN, R,
KA A= [ R 2R AR AT A K35 4 A A T 5 1Y
RZE, RMMAZFMGR " R, ®
KAE A= IV T i s LU BRI R, R A
BRIk T2 I TR AR R e T AR & A
PR, AR R AR B AR BRI, A
SR ZE AL Z I 283, A5 AT WA A T A 1Y
jﬁ? [13—14]O
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T H XL B TR A SE A, iR R
AR Z R EAR, WEARTT 325 55 m 2 2k Tk
WEARAT, ARRIAATRON, B AR R
BOTHRE o i T AT RN ORI TR Z 6] Y
HAE, I, W4T RN R R R R 19 T 1
W R R AT RN ) £ .
SNE It JH [RIRE BT LS AS R 22 1) B4 E A ™ A 5
mel, 5] i Y ZEUNE AT LA 2 s VR W 2 T R
FIze ' Rk, Ak U it 2 5
AT RN R BN R 55— 7 W, 4B A [ E 1Y
ERARMHERERLT, MO ERANS
SR, g2 TR B AR A AR £ v RIS A R 2
JER =z — T R, AR RAT 22 0 K 6 SR A A
AREMMHBRN 2S5 (X BRATE L H R
FIBATRN Do AHIE A6 AR [ 8000 AP IR0 2 A0 B
S, AR s i P I AR 2 AR AR AR A4 T U RE
Sy AR L RURE IR B SRR IR I E R AR
FAMERONL, I LA SR 5 i) 1) 580 3R FH AT 200
IR, Z AW 2R PAERIPERE L | AR SE1E
SERS PR IATRRN R T T, TR AL BT
SIRIATRIN (R B AT RN A AE A T4 T
ROV ) 7R A T TR, DR PR T i ok
R RACDATRN LA B AR B 5T RUE YA AR R
55 B ) A = A AR T RO (b A= L3
RIEF LS ) BAERENE L., BT, AT
PRGN Rt S0 KAL) R G 14T 5 4 )
SHCYE LTI, ERAEREE . TYRER
PR AR, DARR I T R 10 A A% R it 2 4 T
BE, AP SEEMIE R e e e Ak A3t
B

1 #REIZE

1.1 B H AR

I T 2019—2020 FAEIL T L BH T L T4
Al k2 B 1) B R AR A [ E 7 i X 5 4 (b
75 41° 82' 53", R 123° 55 ) #HAT. ENMRILE
T 2015 4F, ASHFFE e HL 2019—2020 4E %04 #1745
Mro ZH X8 TR A — R A A, 4R
IR 7.0 ~ 8.1°C, A 148 ~ 180d, 10°C L) |
R 3350°C, 4F 478 K& i 1440 mm, 4F YK &
600 ~ 800 mm, FE/KiEFEEETAE 69 H, Adise
AR RPEIK LY 85%. NI TFIARTHER H 22
H138g-em”, AHUE 1528 kg', A 062g- kg,
— 130 —

R 254 mg * kg_1 , AT 64.3 mg * kg_l o
1.2 SR

ARG RHH R (3 it EUKE x 2 R
B BEHLIX A, K598 0 kg » hm™
(NO) . 150 kg - hm™(N150) . 300 kg - hm (N300 );
FIAR AL 2 3 51 FOK AR (SM) i K A6 A ()4
(IM, ERMAFFERTS ), 6B, HA-abH
3WEE ., /NXHEMAHN80m® (40mx2.0m), A
IRI BT B R BAE LS RN X (R YRR 3
HsEIm, PRI A /N X R FHTR B 1 m AR SRR
aeg, Biik/NXERER . FRaHUK A H . EKA
AEAE SRR BRI DX 43 IR 4 47 E KA 4 11464,
T K AC A [AIVEALBER ] 2 47 KRN 2 4546 TR VEAR
K, FARFEAFIHE AR b7 50%. BT Ab 34T
Y178 50 em, FEKRFREER 33 em, HAER 13.3 em
(—7OBE ) (1),

K FNAE A S A4 I AR B 9587 Al ¢
710167, i F IR & (N46% ) . i W FR 45 (P,0,
12% ) FIBIRAD (K0 50% ) VE A, Wifamie,
JIE 14 A it FH 243551 >~ 90 11 105 kg - hm™,  Fr A5 AR
BT REF BT — R AR, B NS,
G 1) B — S, 20194E5 H 18 H & A, 9
H 24 HWr3k; 2020455 A 16 H#&Fh, 9 A 26 H
sk
1.3 et S E AL
1.3.1  MEFEbR

F 2019 4 9 F 24 H F12020 459 A 26 H ik
FORFIAEA o RFHL L [IE A /N XK R A A Y F
FPHURE, [ VERE ML, M2, TP1 AT IP2 17 3 L
FE, R BOKRAEAE BEE 1 A7, BEATREFF/NX
N WERE S 0.4 m, FOREATEN 1.65 m 17
K5, AERITER T m 7K (6 73), Ffh
)5 (ERESKEA 15.5%, 42 19% ) #1T
PRI, ST ORI AR AR ARk, T
DA ERS ) W S TR (S B /T I ol A T 2
FE N 50%, H—17H 25%, [RIVE 44T B i FL
F i N T R SE B B AR R Y 25%, BIEE—1k
JRL
132 EAX

FHXTSE4r LA R LRI BIE R EY) 5e 4 iie
JIf—FdEbR, AU
ACRm= (Yim/Ysm) | (Yip/Ysp) x (p/p,) (1)

ACRp= (Yip/Ysp) | (Yim/Ysm ) x (pu,/pm,) (2)
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® EXRIPUER

B1 DMEEBRETEE
TE: Mo PAMSIBORTR, A4, IMI, IM2 435I R ARFIL B AL B I EORAT, IPL, 1P2 S35 s &AL B KA A AEAEAT

K, ACRm 1 ACRp 53 5 3% 7 [BIE R 48 £ K FI AL
He X 35 4 R Ysm, Yim Fl Yspo Yip 43 5 7R
B [EEE R PRI EAEAEAE R w, B
O35 F o (A 22 G2 B oK RN AL A= bR e A oy b, 24
ACRm>ACRp I, FoREVER G EAKFEFRESI IR T
A, RZWEARTEREET) 55 TAEA:

2 b SR R R RCR A A
Z—, NRUTF

LER=LERm+LERp= ( Yim/Ysm ) + (Yip/Ysp) (3)
K, LER +H44E b, LERm 1 LERp 433/~
(TR B S/ S | P e o o L B o | L SR VAT A (ST (TR
PRI E, WO, # LER>L,
FKon A RAEOLS, $&m 7 A TR0, 25
LER<1, BAMIEL S, BEAIRT L HFHACE,
ARG VERL A £ OK B — 4528 LERm>0.25, FIR
EERR R T K™, HARPERE RZIMA.

RMEA 205 3R B 7 T AR it 280 2 185 m 149
P, MR R AR WA G, AR
s

RIAFRCE (kg kg ) = (Yn=Y,) [Fn  (4)
K, Yo B Y, 53 SRR it 0/ DX B T R R OK ™
i AN Il 280/ N DA TR R B OK ™7 i, Fn R8N BT
TR AR it 2 i

1.4 Hdikba

K Excel 2010 X Jr 15 i 4 #F 17 38 2 A1 1E
&, 3z 1] SPSS 23.0 #4777 2253 B A Z L [ 5 4347
Duncan 172 8 AL,

2 HBREH

2.1 Jifi A R RIE R GE B OR AR AR R ] 5 4 T 1)
AU

A 3 X AS [l it A A A T EORAE A [AE R G¢
ol [E)AH X 5 4 LR A B 6 BT, 2019 Fi1 2020 4 3 A4~
Jiti KR TRIE 2R 80 b oK 1 58 46 0 3 0 3
FAE (P<0.05), AHXTE 4 R AR Ak IM1>
IM2>1P2>1P1, HPEEE AN, FATEFHE 13
5, fEATERRE TS (K 2), RHERERSH
TN, A S BAVED
2.2 Jit g AR AR O 4 MY i A s e

HEANRVE R G0 Y L AT e R, 2019
F12020 4E 5 A T, AIVERI 1 MY & L3R
T 1, NO. N150 F1 N300 -+ #1244 1 2 4ESF {4
SIA 1,15, 1.23 F1 1,18, AS[RI AL it FH & F G i 2
Ak ( 3A B, P>0.05). UaMHE/ER S T
A=, EFEPR A
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400 (A) 20194
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XS FEG LR
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0.00

NI150 N300

4.00 -
3.50
3.00 -

(B) 20204F

250 |
2.00 |
150
100 | []
050 |1
0.00

HAXI SRR

B2 AEEEAKTETEERSEERFIEENBEXN TR EER
T B EEA TR + AREDR; iRV AR NS T ER A AL B 22 57 2 (P<005 )., Tl

1.é6r

16r1

(A)20194F N P=0.290 (B)20204F N P=0.290
14t 14t
A3 A
i i
sm 121 sm 1.2 +
£} £} t } —
= -
1.0} 10}
0.8 0.8
NO N150 N300 NO N150 N300
0.6r  (cy20194 N P=0.002 =ML 060 (pyogno4 N P<0.001
p  P=0.126 =IM2 P P=0.198
ﬁi:?; 05l NxP P=0.820 E?n%ﬂ 05l NxP P=0.793
H 041 04t
= &
H 03} 03}
0.2 0.2
NO N150 N300 NO N150 N300
~ 40r ——IMI ~ 40
2 (E) 20194F =M X (F) 20204
S . >
£ st £ 35t
e i
kS S|
i 30 i 300
gl N  P=0.001 M N  P=0.001
ﬁ 55l P P=0.206 _}3‘3 »sl P P=0.240
= NxP P=0.670 & NxP P=0.828
20 20
NO N150 N300 NO N150 N300

B3 ARERAFTEEREI YRR, FRIETHYEMETERE L S B L TTaK R
T NL PN PAGIFORENKY- . AL RUEACH AR S AR

Jith Z ) KA 2 A R (1] 3C
D), 2019 4E N150 F1 N300 fy fiws + M 4 &2 1
FZE T NO (P<0.01); 2020 4F N150 (194 1 H >4
It 525 = T NO FIE N300 ( P<0.01) 5 - Hb Y& 1k
2 4E S Y {E 22 B H N150>N300>N0, 43 51 4 0.40
0.38 F1 0.33, 2019 F1 2020 4F IM1 F1 IM2 [A] s + Hf
M2 RS, 2 A 4 Y i A (E S

— 132 —

}9 0.38 F110.36,

X AR 0 A — A7 T oK i = b 22 a2 HE X 3 A4 (]
VERGE M Y b sTlkR S 700 (1B 3E FlF ),
2019 4 N300 F1 N150 1) 4 4 H > &2 b o1 ik R g %
=T NO (P<0.01); 2020 4F N150 f)fi + 3 24 & 1
Tt Bk L T N300 FINO ( P<0.01 ), i 1 24

0 DT 2 AR {H R BN N150>N300>N0, 43
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Wk 32.3% . 32.1% Fi1 284%, 2019 F1 2020 4F IM1 Fl
IM2 [E)f 3 S i L oTk R 2 A 2 (P>0.05), 2
A b Y 5 L DTERA T SAES R 31.9% F130.1%,
% 2019 4F it A &~ 150 kg » hm™ BF, IM1 {1 Hb >4
TR = T M2,
2.3 i SR AR AR X 7 R ) R i)

52T R, FORY b i A2t A ol
MRS, ARy Mt U S A AR SE B B
M) (1, P<OO1), 2019 4F K 7 it 76 AN [] it 240 it
T 1y 78 1k #a ¥k N150>N3005NO, 2020 4F 22 By
N300>N150>NO, 75 Jir A it 2 2 Ab 2, M1 A1 IM2
TR T SM 1 25%, BIEWE BEn T 1k
i, Hih M2, (HZF 225, £ N0, N150
HIN300 ZLFE R, M1 1 IM2 2K 2 4R #4472
{8 53 7 L6 SM 1Y 25% & 15 T 37.8% F126.4% . 65.3%
M153.7%. 60.0% 1 56.1% ( 3% 1), i BITE [F) 25 P
TR L A K ™ i TR, oK™ R AE ]
VA R e 3, FUZE R 150 kg - hm™

R1 AEEERKETE, BEEXF"E

ALK (N)

P (P)

Tk (gem?)

2019 4F: 2020 4F:
NO SM 7029 +42.9h  596.7 + 14.4h
IMI 264.6+227a  183.1 £6.6a
M2 2352+150a  175.6 +4.6a
N150 SM 10324 £112.7b  933.0+ 15.9h
M1 4615+252a  350.6+5.9a
M2 4244£272a  331.0x153a
N300 SM 995.6+51.1b 10432 +51.9h
M1 466.0+157a  349.5+83a
M2 4518 +104a 3437+ 183a
P{E AR (N) <0.001
Rl (P) <0.001
Ay (Y) <0.001
NxP 0.003
NxY 0.602
PxY 0.476
NxPxY 0.263

i, A

R2 AEEERAKFTE, BEERTEMHEERNEL

T =BG 5 R — I A 2 PR B AR ] 22 5

¥ (P<0.05),

HIZR 2 A, FRAEAEE S, ARy, AR CH
AR 22 HAR RT3 K AR R 5 e ik 1) 2 2 K

Ay HAOIKF Tk R R - BT TR Rz - D TFHiHE (g)
2019 NO SM 1.00 0.00a 397.5+32.6a 346.0 £ 5.5a
M1 1.33+0.33a 400.4 = 46.5a 4142 +6.8b
IM2 1.00 = 0.00a 291.4 +30.6a 367.3 £ 10.6a
N150 SM 1.1320.13a 4833 +45.2a 369.3 + 10.8a
M1 1.60 +0.23a 529.7 +42.9a 3744 £17.1a
IM2 127+027a 511.7 £50.9a 376.1 £5.4a
N300 SM 1.00 £ 0.00a 492.0 £49.1a 386.9 +22.4a
M1 1.73 £0.27b 549.9 +41.1a 395.7 £ 12.8a
M2 1.47 +0.13ab 479.1 29.6a 391.0 9.6a
2020 NO SM 1.00 = 0.00a 336.5 +40.2a 285.4 + 14.6a
M1 1.00 = 0.00a 406.4 = 35.0a 317.9£12.9a
IM2 1.00  0.00a 380.7 £ 17.9a 302.2+12.9a
N150 SM 1.00 £ 0.00a 476.0 +32.7a 340.6 £ 15.1a
M1 120 £0.12a 563.7 £34.1a 376.5+0.8a
M2 1.07 £0.07a 552.1 £35.4a 355.8 £10.2a
N300 SM 1.07 +0.07a 4783 +32.4a 366.7 + 1.6a
IM1 1.130.07a 587.5+21.6b 374.8 +3.0a
M2 1.07 +0.07a 466.3 + 34.8a 356.5+8.1a
PE AN (N) 0.066 <0.001 <0.001
AR (P) 0.003 0.005 0.001
Gy (Y) 0.002 0.477 <0.001
NxP 0.753 0.406 0.134
NxY 0.480 0.909 <0.001
PxY 0.050 0.266 0.965
NxPxY 0.761 0.641 0.282
— 133 —
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(P<0.05) ; Jite 2 2 A AR A O R, B R i) 6 i 2
K (P<0.01) ;5 A, MR 0. A
ARG 2 H AR X TR A B E 0 (P<0.01),
2019 F1 2020 4F N150, N300 4t FE Ay E >k f# ki
B TR0 2 AR S 800 0 R 519.4 K7 - B TR
3655 g, 508.8 ki - B M 378.6 ¢, ¥ EET
NO Ab ¥ (368.8 K7 - ™' 1 338.8 g) ( P<0.05 ),
{H N150 F1 N300 &b B 0] J¢ & 3% 22 5% (P>0.05) ;
B ECAE A it A A B R R 22 % (P>0.05),
76 NO HI N150 Zb ¥R, 2019 F1 2020 4 SM il IM1

IM2 () RSREE . FEARIEOY TC W35 25 5% 5 #E N300 AhF
T, IM1 R R 2 AEEA R A SM
11 38.2% F1 17.2%. 14 2019 4F NO &b B A1, Hi A &
ALEE SM AT IML, IM2 [ TR TC i 35 25 5%
PIT-RiE, BB SO AR, PR A
A AT RN HE (£3), Z5REM, JiESE 2019
AR, I 2020 4F,  BURRERCR G i pT kAR i R T
(Pyy=0.001, Py;=0.004 ), TR (Pyys=0.004,
P,y0=0.005 ), MREX R otk . H 2019 4F,
TR EE X P AR AN B (Pyg=0215, Pyy=0011 ),

x3 FEMREELREARESTER

SEAy 24 i tE FrifEiR 18 Pia F R
2019 THE (g) 327 2.56 1.28 0.215 8.81 0.474
SRR (R - BR ) 619.9 171.4 3.62 0.001
TR Chr - B ) 1.52 0.467 3.25 0.004
2020 THE (g) 3.67 1.335 2.75 0.011 27.32 0.752
R (Rl - BR ) 1110.6 345.0 3.22 0.004
FRIEL Chr - F71) 1.11 0.362 3.08 0.005

2.4 it E AR A FOR R AR
M E AR AN R = HRE, 2019 F1 2020 4 A

JIES R = 25 23R 357 i i 2 2k 494 0 RIS, e G

300 kg + hm™ [ 2 4F 57 ¥ {4 Hifi 0 &= 150 kg - hm™

01 (A) 2019 OSM

i oMl

- mIM

on

=< 50F 7
2 92552
—  40F 55555
R
5 95555
X aA | 5555
R O30F : 95555
N 199999
g %554
SRR
o L 95555
o 20 9222
o= A
95525
Jlra'é’ 10+ LA
44048
SRR
SRR
95522
0 22222

N150 N300

1% 60.4%; [A] 45 1] i i B K RUIL A& 22 20K, 2 4F
TRFNEAEROCRF H AR AR R B IM>SM, - 4y
B R 330 172 kg - ke, IM %5 SM 4k B 45 5 92.4%
(F4),

700 (B) 20204F
60
50+
40

301

201

RUILL R (kg kg ™)

B4 ARBERKETEXRBIERZERER
e SML IML, IM2, IM 4350368 TREAAE | IRIVE R GUI LIS 2 A0 A7 ) B R AT . IMIL R IM2 2 i ) it R 2 F AR IR K S o7

FHORRL R EZERRE (P<0.05),

3 it
3.0 [AMERCHE UL 26 15 T B 8] 52 4 56 2R A0 Ll
By iy i

T [R] — AR 358 A S — VR ) 1) A 0 38 4 LR
RS W I S 7R 1 3 4 R 1 o0 FEARR
56 v T KA A R A 2R G K R T 3 4 BE R

— 134 —

TAEAE, FRETSERIS (B 2), XalfEZN
Shy A AE G BE R O LA 3 2 (H R 4
FELEAF TOKAT (IM1) 195a 5 RE T Sk B AE A7 AT
(IM2) BB F2S, X4l LA R £
RATHS + o448 HE A STk (&3), X r]RE
J T B AL AR AT TR R BERE AT R EAEA MR AR
6, TLARI AR A
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AW T, bt Z AL R AR, KA
SR HBHY K (K 2), SR E K& 170 EE
FRYGURER 1 Hb > o L DTIRR 1Y) 2 S B A it 2R
hnmiREAL (& 3), FRIAREE TR AEA: [ A &
MR IR ( BAURMEE AR B 55 ) 7, B
AT AT REMEROR BAIK, X e A e AR
WO R T A 5 38500 A B BRI 2 — o

i Y R AR MR ORI B bR
T 298 e W B ORAE AR [ VE BEAS 12 3 + b XY i
A A= 0, B R AT IR 1.08 ~ 133, &
B I A RE A3 T FEARRRSE R, 2019—
2020 AE [ /ERL S R Y ol 1,15 ~ 1.23, 1
FITRELE 15% ~ 23%, BEARAVEHE, BiZ40
PRBEE A T T E (B 3D, XUl e 4R
YN A2 it R R, 2019 AE AT KR Hb Y
s Fb B o1 kA it A RO s bt A T W e T
JERERRAT, e BHAEMEIE B AR T it F A AU
FEFERE NATRN o 3K 1T RE 2 7 F5 A% 0N it FH 24 5%
T, X R BRI E A B AR, 1
B 4B AT B K AT 3 AR R ZE A, IROCHE AR T R
%, A BRE, TR B AT A L T
it AU A S A, R AN B A BRI
%, WIGHITRON S . e Y B WG
%] Y A B B R EEER, 24 [RIEREER
T H S AR N >N Ny, 208 [AFERLR 14
i BN No>Ngo>Nagy,  BI AU it FH 5 52 v %t
- b RIS R
3.2 [AMERCHEENE A& 1F T TR RS o b

BIRMIE i ZUKTRE, AT ER =52 (A
WA WEES, R EARFEFAERE (A
I FRAT ) XK= R (R 1), HF
R RN UL 2 (B A7 7 EAERN ( Py ,p=0.003 ) ,
TR A A TR A R . X AT g
PRI Ay 3 e A A 1) MR AR AS R IR R g oK
AR AR 4. AR EINEA R
B, BARARAKFEARERBIEA B RS S, 2
W YRR, fE—E W EUIE B N, i
RUEAFI T RIVE AL AR B 4 S [ AU A i A K
B, IR A R RS 2 Rt Rt
MR MTEm AT, B R K R A
T, FORAER M AZ BN S AT a1 4ot
BUBBORT TR, WAERERIE Y %), i
FRAR T R A AN R

X 7 A A T AT, SRR WA AR
Xof RS . AR BOR TR A RE AR (P {H
BT 0.01) , HRFEAC MR Z [BIFBA 52
HAR (R2), 45a W) (R3), R
AN ) Fop ARARE 2 ek 52 ) SR SO RO ROR R iy =
i, T RUIE JE R R AR O R
3.3 [AMERCHE LA 1F T RACA R T

RUIEA AR PO VR R W RE T R 1
FUERI IR — 0 s O B,
Bt 2 RN (F 70 % 350 kg - hm™) , FKRAUE
PEFRORIEAR, TR AR, B s ALK
FROR, R W I AR, T e R e P AU
AR NEAERCRAR, 1 B A SRR 27 A 17
AL . ASBFFESE R R, A i 150 kg - hm™
I 4 ) RO A 28R S o Tt 4 300 kg - b
IAYAC AR, XA IR SR —5 7, X
] BE -5 e UL It P 241 A A A AR R AR T A G
TAEA T BRI RI, KRR S R TR R
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Contribution of different maize rows to land equivalent ratio and yield of maize and peanut intercropping under
different N application rates

ZHAO Feng-yan', ZHANG Yong-yong’, FENG Chen', BAI Wei', ZHENG Jia-ming', CAI Qian', ZHANG Zhe', YANG
Ning', XIANG Wu-yan', SUN Zhan-xiang'", FENG Liang-shan'" (1. Institute of Crop Cultivation and Farming System,
Liaoning Academy of Agricultural Sciences, Shenyang Liaoning 1101615 2. College of Land and Environment, Shenyang
Agricultural University, Shenyang Liaoning 110866 )

Abstract: The effects of interspecific interaction on growth and development, dry matter accumulation, yield and yield
composition of maize in different rows in a maize and peanut intercropping system with different nitrogen application rates
were evaluated. In 2019-2020, based on a long-term micro-area experiment and using maize as the research crop, three
nitrogen application rates (NO: 0 kg + hm™, N150: 150 kg * hm™, N300: 300 kg * hm™) and two planting patterns
(IM: maize and peanut intercropping; SM: maize monocropping ) were set up, the responses of competitive advantage,
land equivalent ratio, dry matter accumulation and yield of maize in different rows to nitrogen applications in intercropping
system were analyzed. In the intercropping system, the competitive ability of maize was significantly stronger than that of
peanuts, but there was no difference between the maize row adjacent to the peanut belt (IM1) and the distant row ( IM2 ).
Maize-peanut intercropping had an intercropping advantage with land equivalent ratio greater than 1 and 15%-23%
increase in land productivity; while maize competitiveness increased with increased nitrogen application. Intercropping
significantly increased maize yield by 37.8%-65.3% in IM1 over SM and 26.4%-56.1% in IM2. In 2019, 150 kg * hm™
nitrogen fertilizer showed a land equivalent ratio border row effect. The trend of maize yield was N150>N300>NO.
Nitrogen application increased maize ears grain number and thousand grain weight. Intercropping affected yield by
affecting number of ears and number of grains, while nitrogen fertilization affected yield by affecting number of grains.
Nitrogen fertilizer agronomic efficiency of intercropped maize was 92.4% higher than that of monocropped maize; nitrogen
fertilizer agronomic efficiency of N300 was 60.4% lower than that of N150. In the maize-peanut intercropping system,
appropriate nitrogen application rate ( 150 kg + hm™) significantly promoted maize growth, dry matter accumulation, and
improved maize yield and showed a yield border row effect, but not a nitrogen fertilizer agronomic efficiency border row effect.

Key words: intercropping; nitrogen fertilizer; interspecific competition; land equivalent ratio; yield
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