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T EE 2O 70 4042 1 R R 8 B R OR 3 7 T, DL K B g kB R OR R AE 2 6. 00 T #k - hm* (CKD,
EARRTMEVERE 4 DERFEBR 5. 25 T Hkehm 2(T1).6.00 J#khm ?(T2).7.50 Ji #k+hm > (T3).
9.00 Ji#kehm™* (T4) , BEFTAS 5] [a) 75 F b 25 B XF K 1956 & 54 L SPAD (R F= R, 25 SRR, Bk
Fn PR R 568 R & 1 5 3R B HOoRT R, A [R] (8] VB % B T K , I 1] 4 %5 B 4% in SPAD {8 % i F 1%, T1. T2 Al
T3 ¥ T CKL BN 21, 49% .12, 15%F1 5. 92% , #GA M 20 & ] — A ek <AL 5B R
V] 41 25 B 1 0052 AR A1, TRDPE AL 1 T1.T2. T3 #7 T 84k CK. M=kt &, B /R AL By & 7 SR /E b 21, A B2

AR TR L B ) A R A S 0 R R R e

KB B K K RIES B GA R

AT R )R X 3 A AR
KB ZS ) R H b B R A R A
Mt FRT L OC T ARAR S SR B AE R i 1
WM E A AT ZWRARNRGE . SR 5%
FEAE P 1 18] A A58 X A7 AR 22 4 5 R -BROARLI) A
EAR-EAERAEES . AW AR R — DR R,
A BB B R 5 3T DLk 3 ORI JR A5 4 L 9 T
(] 3 R D' 26 A S = oK S PR AR
HAT LR [ B 1 4% 5 R CO, T i 25 18
L AR X TR SRR R IT TR Y
BB IE 5 S AR A O AN R 3 R I A
8 E VL KOG AR ORI 2 5 1) B U TR
WFFE R, 280 5 48 3 B ) 1 T B A
77 D0 B LB A A R TR R O A RE S
BIFESE T AR R R AMA TR W, £
A ST FRANR S R A BP0 R B i B K
IR AR GE 7 e W v TR L L 78 10,5 J7Fk+hm * %
JENBRAT T B B B OR R B T
JEE 518 T R B RR 7 A IR L (FL % B2 A 44 i
P R Ah T BRI Bk i R AT U R

R P A RS Fa A INES X3 i Fus

Y7 B H5:2024-03-21

5% BH B A (] 35k A1 28 6 K it o S () ) A % '
R ) P G e L R AE L X ST K A O R IR
SOFVHBEAR R R B EENIR TR L. RIFRAE
FK-K G R AE R G0 rh % R [ [R5, R 5 AN
[ ) VF 2 B T S [) K i B A A 2Pk O
PTG REME, DL B ™ A L DU R P A R X
TR E ) AE B 2, 2 R ROk T R R
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1 M55k
1.1 I Hh LR

R T 2022 4276 B e V148 W R 2 11 3 4 X
R3S H R IR AR B 7R 0 R 7 3 b (45750 N,
126°50'E)#EAT ., RUEEVEY) by oK, 4 e AU ik iR b
TREE SRR B AP 2. 997 gokeg ',
B A 122. 32 mgekg 'L ERLHE 27. 12 mgekg !,
A 225.08 mgekg !,

ZR S X & T il R XL Y — 4 —
B, JCVEE L Oy MR B AR R SR AR B R R AR
HIEZ W 6 A% 8 H ., ERAETH NN RN
385.60 mm, H BBAF %0 1 145 h 24, 4F=10 C
BHRHRUR 2 716.6 'C., HAESBEBIELE 1.
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Z k

b= s SR A & S 11 #8

®1 2022 FEKFHEEHSEHE

i FEAIR, MBI/ BREKE/ SFAEXNRE/
h mm %
5 15.24 255.10 65.00 58. 86
6 20.70 227.10 110. 20 75.24
7 24.08 203.70 101. 80 81.67
8 20.52 237.90 101. 70 79.02
9 16. 86 221. 20 6.90 69. 60
L2 ##

B AL Ry 3 i 58 o A A i 7 A K R
BE 568 K& 1 5K E MR EL 81,
1.3 At
1.3.1 X% ARKEE E KM KRG AE
AL PR A VERPAE SR A 1.3 m K28 1 1EfE,. K2E 1
SRR AE 2 AT EORA 4 AT RE L2 TRk 4 17
KGARE 1 ATERTE, B E KRB E 4 ASFAE
BR8N 5. 25 T #kehm 2 (T1).6.00 J7#k+hm ?
(T2).7.50 T #k+hm 2(T3).9. 00 J7 #fkk « hm 2
(T4) . LA E K HAE R 5 B CCKD |, B oK B4R Al 2%
JE 6.00 Jitkehm * AL FEALEE 10 K2, 2K
10 m,/pXTEIAL 130 m?,
1.3.2 wiEF® 2021 4F 11 J R HEAE, —
Ui FH 2% 45 I8 (=48 %, N-P, O:-K, O, 26-10-12)
600 kgehm ?,2022 4T 5 H 6 H E K . KT [F
N TAERR B9 2 KL, T 2 B S R 50 3 1T
WEEMW.9 A 30 H B K, KRG F A T3k
M=,
1.3.3 AEMB A FiE CHBIRME . ERE
K S AR T B L R W Tk 22 B 7 ] 3%k B AR
K5 — 80 3 Bk E oK,k Bk g &R
SPAD fH A 5 2K H R LT BT
SR R WA T I A3 5500 2 6 e AEE 8 i,
i 22 W30 R i [R]—7 EAT I E 3 RO
YE(E I B[R] A B B RS0 9:00—11:00,

T4 R R AR i B A - T USRI A% /N X

RAE 3 MEEA MR TN B KRB E K, @ 1
ZEWY B FERLM S L FE 105 C TP AT 1 h.RIG1E
75 CTFM T EMEEI AARE. IR = h
FE /M YR

PRI T K R AT S

SNy e = A AR i A < AR A AR AR () +
WS FRFE A S BRI AR X 666. 7 X [1 — ¥k & 7k R
(Y% ]+0—14%),

1.3.4 & ¥oH4 RA SPSS 22. 0 FE 8 F k47
Bl Ak 3R SE T o A R R W3 R 2%
(LSRO#AT I 2k 5 .

2 HR590r

2.1 AEEMEREX EXBEAM SPAD ER I

Hi 2 2 A1, SPAD {H Fifi # %5 A8 7K S 38 fin i
ARG, 3k 35 1 £ KRR E 568 M9ALFE AT1 SPAD {i
BEET AT4,ATI.AT2 il AT3 M4 T ACK
SRR 8. 57 % .3. 39 % 1 2. 83% . AT4 HE T
ACK FEAIE 6. 05% ; £k K&k 1 5943 BT1 A
BT2 & % & T BT4.BT1.BT2 f1 BT3 #H&R T
BCK 23 A4 5 6.79% .6. 55 % F1 0. 41% ,BT4 #f
2 F BCK FEAIL 5. 88% .

KB\ A F KA E 568 AUALIE AT 1 SPAD {4
BEET AT4,ATLI.AT2 il AT3 & F ACK
SRR T 10.52% 7. 76 % Fl 1. 03 % . AT4 M %8¢
T ACK B 5.55% s Bk K& 1 SR B BT
3BT BT4,BT1.BT2 f1 BT3 #H# T BCK 4
M 7. 97% (5. 27% F1 0. 87% , BT4 tHIL T
BCK F#AIK 2. 84 % .

223 ok 4R K 568 BUALER AT1 B3 & T
AT3.AT4 il ACK,AT2 BE & T ACK, ATI,
AT2 AT 3 Fl AT 4 AHETF ACK 35l #8155 21, 49% .
12.16%.5.92% 11 3.86 % ; E KK & 1 S A9 40
BT1 8% & T BT3.BT4 #1 BCK, H BT3 B &%
F BT4 #l BCK, BT1.BT2.BT3 fil BT4 #H& T
BCK 4581 15.00% .11, 21%.9. 55 % A1 0. 64 %,

xR2 AEEMEZEIEXK SPAD EHI N

) SPAD {8
s i Ak 34 -
B PNCULUNEE i 22 1]

BT 568 AT1 44.8740.87 a 47.0041.20 a 51.2741.92 a
AT?2 42.73+2.15 ab 45.83+2.48 ab 47.3342.26 ab
AT3 42.5040. 94 ab 42.97+1. 37 abe 44.70£1.49 be
AT4 38.8342.53 b 40.174+1.77 ¢ 43.8342.42 be
ACK 41.33=£1.83 ab 42.53£1. 48 be 42.20+0.57 ¢




11 WA B KK AR LB AT B R A 4 LT 6 EEig: %3
*2 (&)
i e SPAD fi
£/ tR U] PR E: 22 3

Kik1% BT1 44.67+1.22 a 45.6740.90 a 48.53+1.03 a
BT2 44,57+2.67 a 44,5340, 83 ab 46.93+0.33 ab
BT3 42,0042, 48 ab 42.67+2.19 ab 46.2340.91 b
BT4 39.37+1.51b 41.10£1.04 b 42.4740.41 ¢
BCK 41.834-1.58 ab 42.304-1.49 ab 42.2040.57 ¢

A R/NG B R R 45 AL B 7E P<<0. 05 KF 2253 3%,

2.2 AEEMEZEMEXXESHNEIE

HH 2% 3 AL, Bl AR A A A, 25 A Y
S A B (Pr) RALF B (Gs) L LR CO, R B
(C)FZE B (Tr) B 5 38 Dol #a 35, [1) 1 Ak B 1)
T1.T2.T3 $8brfhmE T £ K RAE(CK) AR,
2.2.1 Ake®AE TERTI LR E 568 gt
SHBERI NI ATI M AT2 BE 5T ACK
1 AT4, 45 [B)AF &b 243 50 8 ACK 5 18. 64 %,
16.39% .11.29% F1 8. 67% s K& 1 S 1EIRk T ]
FOL AR EM N BT1 B & T BT4 #l BCK,
BT2 1 BT3 B # & T BT4 {55 BCK &b B 2% 57
ANEZE,BT1.BT2 f BT3 &b ¥ 4% %% BCK @&
20.84% .17. 61% M1 14. 79% , B A3 BT4 #HAE
BCK [&AIK 1. 39 % {H JC g & 2 57,

et 22 ] R K 568 L A R R I ATI
WEE T HAL R, ATT AT2 Hl AT3 AbFE 43 5
o ACK 1 24.93% .15. 90 % Fl1 12. 60 % 5 1 Ab 3
AT 4 #Itb ACK IR, #H# F ACK Ab BEREAR 3. 76 %05
K& 1St 22 Bt G R RN AL BT,
BT2 fil BT3 &% & F BT4 il BCK,BT1.BT2 Fl
BT3 #H#EF BCK 4 5l #& 5 31. 18% .26, 21 % Fll
16. 83 % ;s Ab ¥ BT4 S i B AIK . AH#E T BCK Ak #f
R 1. 24 %,
2.2.2 AILFE EHRVAIEEE 568 EXR
LSRRI LI AT B2 5 F ACK f1 AT,
AT2 1 AT3 & F ACK H2: 3 IR B 3%, M fE4b
BATLILAT2 fl AT3 88 AE ACK Ab 2 251 =
25.71% . 11. 43% 1 8. 57% ; AT4 % B AE &A%
8.57% ., FARKE 1 SHER T BRI FERIAN

T

AP BT1 2% T BCK #l BT4,BT2 #il BT3 &
F BCK H2 I AR, b BT1.BT2 Al BT3
& BCK A3 5] 75 12.50%,9. 38 % Hl 6. 25% 5
BT4 # BCK [%{K 3.12%.

FEM 22 ] B 568 B FL S 3 BLOh Ab
AT1 B & T AT3.AT4 #l ACK, &b ATI,
AT2 Al AT3 % ACK 43 35 43. 48 % .26. 09 % Al
4.35% ; AT4 B & ACK FEAK 4. 35%, B 8 &
R, TRKE 1 SERZMS LS EEH L
1 BT1 #1 BT2 & 3% T BT4 #1 BCK, 4h ¥ BT1,
BT2 1 BT3 % BCK 43 ## & 47. 62%.38. 10% F
23.81% ;BT4 B4 BCK [ 28.57% B &3
=5,

2.2.3 R CORE  FEHCT I 224, £k
B E 568 AbFE AT 34 5 3 & T H A AL PR, £E 35T
197, 4% 18] 7 4k R 1) CO, #e BE % ACK 23 3
70. 74% .48. 33% .38. 73% F1 36. 32% , £ Itk 2
19, 4% 1) 7 A R ) CO, #e B % ACK 43 3 &
67.92% .31.77% . 14. 24% FN 6. 7T1%., EXK L 1 &
R WIAL 3 BT1 W25 F BCK, & i 37. 91%.,
nh22 3 BT1 3% & T BT4 Fl BCK, 4r 91l &
39.47% 1 67.86%,

2.2.4 AM#EFE ERTWIEKEE 568 4B
AT] BZEE T AT4 1 ACK 43 34255 15. 13 % 1
19.73% . 223 AT1 W2 & T AT4 1 ACK 43
B 59.06 %M1 62, 64% ., EARKE—STEHRT
W] BT1 W%/ T BCK. #5519, 38% , 7F i 22 ]
BT1 % 2% T BT4 Al BCK. 4 5 #2 55 38. 78 % Fl
A7.76% . 45 [ VEAL B35 & T 204

®3 AREEZEEMNERXLESHNZIG
o o ok a2/ [pmol+ (m* +s) '] SAGE/ [mols (m’ +s) 1] J ) CO, ¥ I/ (pmnolemol ) 75 # A /[ mmol* (m’ »5) ' ]
P 223 AT 223 P 22 WA 22 4]

BE 568 AT1 45.83+2.08a  40.54F1.79a 0.44%+0.07 a 0.3340.02 a 162.5447.98 a 172.2548.67 a 5.40+0.10a  5.79%0.16 a
AT2 44,96+1.86a  37.61E1.50b  0.39£0.01 ab  0.2940.04 ab  141.21£8.84 b 135.1740.62 b 5.03%0.13 ab  4,60£0.51 ab
AT3 42,99+1.84 ab  36.5440.82 b  0.3840.02 ab  0.2440.02 be  132.0748.33 b 117.19413.10 be  4.9140.45 ab 4,530, 45 ab

AT4 41,98+1.04 b 31.23£0.74 ¢ 0.3240.01 b 0.2240.03 ¢ 129.7848.29 b 109.4647.16 ¢ 4.6940.29 b 3.64+0.92 b

ACK 38.634+2.64 b  32.45%0.61 ¢  0.3520.05b  0.2340.02 be 95.2046.96 ¢ 102.5845.77 ¢ 4.51£0.09 b 3.56£0.71 b

3



A AR I 2 A T R L A F 11 %
3 ()
af m Wt %/ [pmol+ (m” »s) '] SALFE/ [mols (mf +s) ] Hifa) CO, W/ (pmolemol 1) ZEME R/ [mmol+ (mf +s) ' ]
P It 22301 v A5 1) IRz B ik 22 44
Kk1%5 BTl 45.28+1.19a  41.23£1.83a  0.36£0.02 a 0.31£0.03 a 123.304+7.84 a 89.42+9.45 a 5.0540.04 a  5.9440.49 a
BT2 44,07£2.79 ab  39.674+2.58 a  0.3540.01 ab  0.2940.08 a 119.774+6.52 a 87.78+6.17 a 5.04+0.31a  5.6040.53 a

BT3 43.01+2.27 ab  36.72+1.75a  0.34£0.01 ab  0.26£0.03 ab  115.84£3.47 a

BT4 36.95%+1.32 ¢ 31.04%1.66 b  0.31£0.02 b

BCK 37.47+1.07 be  31.43+1.32b  0.32£0.01 b

0.15£0.02 b
0.2140.01 b

81.25+8.82ab  4.84%0.37 ab 4.95£0.37 ab

114.25£7.74 a 64.1144.91 be  4.5720.37 ab  4.28%0.72 b

89.4045.53 b 53.2749.94 ¢ 4.23+0.22b  4.02£0.24 b

M2 3 2022 R 45 AT L M A B
P, & b B Ot A R AL S L (E]
CO, e B FIZE 5 3 232 B 52 3o il e 3, () £ Ak 34 1Y
T1.T2.T3 fatnfhim THAEA A, HAEA ¥
(P<<0.05)PE2E 5% . &K 48 4naE WAL & i 8 {4k
KW R TI>T2>T3>CK>T4, H, T1 A1k

Ak RASCR A 4
2.3 AREMEZEEXNERTFYRRERMUIRE
A

M 4 A R T (R6 D, KRR E

568 [ B KR AF R TR OAT2 BFE T AT4 M
ACK, 235 24, 20% 1 35. 14% ., Mtk Y)
P AT3 B T ATILATA il ACK, M3k
FRBORE AT 5 35 = 1 At 8] £ b 38, HL {4 HE
¥ AT1>ACK>AT4>AT2>AT3,

Tk K& 1 SR (R6 BFD , A VE E ok
FURRATRL B BT2 3 T H b3, skkAEy)
o BT2 W5 T BTL A BT3, 40 3 1 19. 94%
A1 14.87% ,BT3 B E & T BT1. MR 48 Fok
F BT1>BT3>BT4>BT2>BCK,

R4 TRABEZENERFYHERBRBRELHB R0

i A pis: | HRRAT R 3/ g kA7 i/ g KK 4R %

R E 568 AT1 250.16+13. 24 ab 449. 73+30. 22 be 55.62%+0.0 a
AT2 270.27+12.86 a 515.90+33. 14 ab 52.39%+0.0b
AT3 264. 0026, 32 ab 539.46+34.61 a 48.94%+0.0 ¢
AT4 217.60+6. 28 be 413.004+17.71 ¢ 52.69%+0.0b
ACK 200. 0028, 61 ¢ 376.46+43.91 ¢ 53.1. %+0.0b

kKE1% BT1 254, 50+16.36 b 453.73+33.87 ¢ 56.09%+0.0 a
BT2 279.70£7.83 a 544, 20+6.80 a 51.40%+0.0 b
BT3 249,805, 90 b 473.77+13.88 b 52.73%+0.0 b
BT4 258.03+2. 69 ab 496. 87415, 31 ab 51.93%+0.01 b
BCK 240.83+8.84 b 509.17+24.79 ab 47.30%+0.02 ¢

2.4 AEBEMEZEXREXRFENF N

H 3% 5 AT, ()1 25 00 R 4% R 6 oK 7 4 #8
ARV EE R, b, KR K 568 AN R IR 1E
BRI AT ¥ B F & T ATL Ml AT2
AR, 4y ) v 21, 5190 1 16, 57 % . HL AR Ab B
ACK & 2 % F a] £ 4b BE, 4% &b B 7= B HE 5 R
AT4>AT3>AT2>ATI>ACK,

FokKK 1 SMfEE R BT4 4P 8 3% & T
BT1 1 BT2, 4395t 23. 49 % F 18. 77 % , BAAE
A3 BCK i AR T MR AL 3L, 45 Ak 37 5 HE 7
BT4>BT3>BT2>BT1>BCK, #—#iH] .,
PR A T oK B4R .

4

x5 ARAEMEZEEXNEXRFEMNH N
B {7 :kgehm™*

b # HE 568 R E b 3 KE157E

AT1  16561.28%994.12 b BT1 16839.61421000. 19 ¢

AT2  17263.78+1154.51 be| BT2 17508. 024988. 84 be
AT3  19530.52+439.83 ab | BT3 19258. 6742161. 37 ab
AT4  20124.28%2090.33 a | BT4  20794.5341512.69 a

ACK  12872.76+=1144.99 d || BCK  14252.68502. 99 d

3 Wig
SPAD i 1E Sy 2 BAE By i F 05 22 45 ik 19 48
L. SEYRAERREAMFEEZS ML, EYHK
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T 5 % B n] AR s MR W i SPAD R, 28 1 2 1 A
YR AR R R, R SRR RO A ER R
Ao 2%, A A S nT LR AR O A AL
RN LG A BRI R VR A e
. BRI Y ]V % A T DL R VE Y
LR EAE T S g . AR L5, 25 T
6.00 J7 Al 7. 50 J7 &k « hm * [a] /F &b B & 2k 9
SPAD 1,355 F 6. 00 J7 #k « hm ? BAE AL, 3%
Lk g A 0 W oY — B0, K B ) VR RO AT A R
7 E ok SPAD 14,

TER SRR 2R G0, B A 5 5 R 8 o 1
Iv) 5 1R 25 D' 6 B4 43 A7 AR 3 XU Ol 36 85 9 1
& RPGEEY KRB K )
HERATRPTREM, E R KT 4 4] 0t
kMR ROEARE A BERTHER . Ak
RN 7 s R R R B e AR 5 i 2+ 3 ) A A5 X )
MRGEAERE A B EMRIEEM. KR s
WFFEHE s FOR AL AR (B R W38 o3 7 52 KoKW
MRS R T BRI E )2 B R R TS
HOR P E TOLA R R T A T kR
B e RS N TR TR\ b=y 2 SN W e -
JE M) CO, ¥ BE K 7% 15 3 5% h PE M 6 A 3R 1)
AATEEFEART . FEARWE G B, 75 S [ 1) 4F 2%
O AR R M) CO, W R AL
SRR W R 22 1 45 A B R OK O A R AR
b R 7] L 35 52 0B 2 o I K B 8, S
W9 —%, Horb, [E4E 5. 25 J5 bk« hm 2 &b B i
A RS R MR CO, W AL T
P WI E KAE, H R & T 6,00 J7 Bk ehm
BAEALFE (P<<0.05) ,

FERFRZFZ N E R LR T SR E SR
R RN RGN T IRBE A R A 2
Xof Hep= A — g g AT oY B R VE R i T
BT K, FLRE RO L X S A
AIRF 25 B —3, Hdr,9.00 i bkehm 4B Ay
PR R R 568 FOKTTIk 20 124, 28 kgehm *,
K& 15 EKAiE20 794.53 kgehm *, fx ELIAE
ot BT L 0] /E b B AE $2 5 T KUk 45 5L
Hrp 5,25 i kkehm 24P R B K W 348 B 5
B £ 568 W[k 55.62%, K&k 1 5 Ak 56.09%.
4 e

AW, EOKRBE BN 5. 25 J1,6. 00 J1 il
7.50 Ik hm™" 5 KRG MAE LB SPAD i, ¥ &

T EAK 6.00 J7 bk hm > HAELL I, [E] VR AT A
A K SPAD ., fER[FIFES BE R Eot &
R ZEWE R R CO, MR BE AL BETES T I

Al 2235, % Ab PR KOG G 3R AR A LA [R] L 2 5

PR BE S R AR Ko 3, (VRS n T FoK 7 4, B

BEPEOR B, Hod, 9. 00 J7 Bk e hm 2 A B R 177

R RLE R 568 EOKATIA 20 124, 28 kgehm *,

K& 15 FE Kk 20 794. 53 kgehm *, & H i)
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Effects of Intercropping Density of Maize and Soybean
on Photosynthetic Characteristics and Yield of Maize

LIN Qinggiao' , CHENG Meng' . HAO Yubo’, YU Yang’, JIANG Yubo’, LU Guoyi’, JIAO Feng',
QIAN Chunrong’

(1. Agricultural College, Heilongjiang Bayi Agricultural University,Daqing 163319,China; 2. Institute of Crop
Cultivation and Faming, Heilongjiang Academy of Agricultural Sciences, Harbin 150023, China)

Abstract: In order to fully tap the potential of intercropping density to increase yield of maize, maize monoculture
was taken as the control in this study, and the planting density was 60 000 plants+ha ' (CK). Maize and
soybean intercropping were set up with four planting densities of 52 500 plants=ha ' (T1), 60 000 plantseha '
(T2), 75 000 plants+ha ' (T3) and 90 000 plants *ha ' (T4). To explore the effects of different intercropping
densities on photosynthetic characteristics, SPAD and yield of maize. The results showed that the main results
were as follows: the trend of maize Qianyu 568 and Changfa 1 was the same, and the SPAD of maize with
different intercropping density increased, and gradually decreased T1, T2 and T3 were higher than CK,
increasing by 21.49%, 12.15% and 5. 92%, respectively. Net photosynthetic rate, transpiration rate, intercellular
carbon dioxide and stomatal conductance decreased gradually with the increase of intercropping density, and
intercropping treatment T1, T2 and T3 were higher than CK. In terms of yield, intercropping significantly
increased maize yield, and the yield gradually increased with the increase of intercropping density.

Keywords: maize; soybean; intercropping density; photosynthetic properties
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