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Marginal Effects of Photosynthetic Characteristics and Yield in Maize
and Soybean Intercropping Systems

CUI Wenfang QIN Dezhi CHEN Jing LIU Jian YAN Haiou QIN Li
(Vocational and Technical College, Inner Mongolia Agricultural University, Baotou 014109, China)

Abstract; In order to clarify the marginal effect of intercropping patterns and the localized maize and
soybean intercropping technical patterns in Hetao Irrigation Area of Inner Mongolia, four intercropping
technical patterns (row ratio; 2:3, 2:4 4:3 4:4(T2:3, T2:4, T4:3, T4:4)) were set under the
condition of trickle irrigation. The changes of photosynthetic characteristics, interspecific competitiveness
and marginal effect were analyzed with maize and soybean as control. The results showed that the overall
chlorophyll SPAD and nitrogen content of maize leaves in mono-cropping and intercropping reached peak
at the large trumpet stage, and then decreased gradually, and then appeared a small peak at the filling
stage. At this time, the chlorophyll SPAD and nitrogen contents in the T2:3 mode were not significantly
different from those in mono-cropping stage, and the chlorophyll SPAD and nitrogen contents in the large
trumpet stage were decreased by 0.91% and 5.07% compared with that in mono-cropping stage,
respectively. Compared with monocropping, the net photosynthetic rate was increased by 5.09% and
5.17% , respectively, and reached the peak at the spinneret stage, but T2:3 decreased slowly compared
with monocropping. Other modes were characterized by low peak, early appearance ( large trumpet

stage) , and rapid decline. The contents of chlorophyll SPAD and nitrogen in the leaves of T2:3 mode
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and mono-cropping soybean reached a peak at the flowering stage, and then decreased gradually, and a
small peak appeared at the drum grain stage. At pod stage and drum grain stage, the SPAD value and
nitrogen content of T2:3 mode were increased by 2.32% and 5. 11% , respectively, compared with that
of mono-cropping. The peak value of net photosynthetic rate appeared late ( bulging stage), while the
peak value of other models appeared early and decreased rapidly, especially in the middle line of models
T2:4, T4:3 and T4:4. Therefore, the long post-anthesis photosynthetic stability period of intercropping
populationwas the key, which was an important reason to exert the advantage of intercropping. Only T2:3
model land equivalent ratio was greater than 1, reaching 1.38, and the relative crowding coefficient of
soybean was greater than that of maize, and the encroachment power and competition ratio of
intercropping soybean were greater than that of maize. T2:3 had obvious intercropping advantage and
competitiveness, and the relative yield growth of soybean was greater than that of maize, so it was a
competitive dominant species. The maize and soybean yields of T2:3 mode were the highest, which were
9705 kg/hm’ and 2 265 kg/hm’ | respectively, accounting for 81.08% and 18.92% of the system yield.
Maize yield, chlorophyll SPAD and net photosynthetic rate in T4 : 4 mode had significant marginal
advantage, while soybean only showed marginal advantage in photosynthetic rate, and middle-line

soybean in T2:3 mode had photosynthetic advantage. In conclusion, T2:3 model was the appropriate

2023 4

intercropping technology model in Hetao Irrigation Area of Inner Mongolia.

Key words: maize; soybean; intercropping; marginal effect; interspecific competitiveness
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Tab.2 Marginal effect of chlorophyll SPAD and nitrogen

content of maize under different intercropping modes
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Tab.3 Marginal effects of chlorophyll SPAD and nitrogen

content in soybean under different intercropping modes
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A T2:4 CKM T4: 431 T4:3vh T4d:4vp T4:33)
T2: 3, st isf B4R 5 ] 4R (906 & FR v R 3R 0 W3 I
ok 22 ) CKM \T2:3 T2:4 T4: 4311 T, .G, P Fi
KELEAREZE(P>0.05), 25T T4: 3,
T4:4 1 (P <0.05) 8K H] PRI KB/ PMMRIK A
T2:3 CKM T4: 43 T2:4 T4:331 T4:3 T4: 4+,
Hop  T2: 309 P f i, 353 35.77 pmol/(m’-s) | #%
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CKM., T4:43h . T2:4 4 & 35.70% . 51.06% .
105.57% , OGS AR T2:3 \T4: 4101 C, 2K
TH BRI, T4: 330 T2: 309 T, .G P KX
) 22 5 AN 2, W& T T4:4(P <0.05) , fiX
[a] P KRB/ IMER N T4: 330 T2:3 . T2: 4 . T4: 43)1 |
T4:359 CKM T4: 49 o T4: 35400 P i, 1A%
43.20 pmol/(m*+s) , 4% T2: 34 & 26. 69% , 4> 5

27 A L FE (P >0.05)  H I3 & T I e
(P <0.05) , tbmf SAE £ K P EH B TT2:3,C
TR R, 158 W] A 6 oK DA ik 22 00 38 94 R 091 1 0
HREJIRE T2 3T WY WU 55 , I A, T2: 316 P AU
35.77 pmol/(m* +s) K [ %] 34.10 wmol/(m’ +s),
Ui BRI T2: 385 A F) T K 5 0% 45 45 v 19 0
aRe .
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Tab.4 Photosynthetic characteristics of maize under different intercropping modes

Al H nt: 22 3] TR
T/ G./ P/ C./ T./ G./ P/ C./ T/ G./ P/ c./
Fof e A5 2

(' mmol - ('mmol - (umol + (L. (mmol « (mmol - (mol + (L. (' mmol - (mmol « (pumol + (pL-

m?s ) mPsTH) m P L) m P mPsT) m ™) L) m ) msT) mts) LT
CKM 8.33"  317.64" 13.30" 336.95°  6.65°  320.47° 26.36° 248.92"  7.06°  440.24°  4.07°  394.83"
T2:3 2.19"  102.09°  1.83%  407.00°  6.94°  354.23% 35.77° 208.94"  6.20°  422.76" 34.10° 266.73"
T2: 4 5.96°  312.71"  16.81"  346.97°  4.92*  196.69" 17.40°* 250.39"  3.03" 145.37" 11.03" 303.72"
T4:33) 1.19¢ 38.72' 2.50"  318.01¢"  3.44"  144.69" 10.07" 281.52"  8.85a  403.23° 43.20° 232.11"
T4:3h 3.23°  116.64" 11.54% 265.30° 3.13" 132.87" 7.08"  308.01" 5.95" 241.29"" 5.43°  387.45"
T4: 434 7.31%  377.94*  12.49° 378.61"  4.61" 186.12°" 23.68" 186.41" 2.92" 144.67" 8.50"  348.59°
T4: 4+h 5,61 220.19°  10.63° 347.75° 2.66" 101.75° 5.64"  390.81*  1.57°  75.33° 1.83°  406. 60"

[ Bsf LA T4 44855 R 1], S W 11 22 ]
KW T, .G, P 3R B AT AT, Hik 3] &
FKF(P<0.05), Kul w1 #3047 4 3 T o AT
30.30% \71.64% 17.50% , 22843047 4% 3l & F op
11 73.31% 82.92% 319. 86% , #E 3 130 15 4% Bl v
Fr4T 85.99% ,92.05% .364.48% , Ui WA & FEVE Y
FOKIEVE T4: 41X 2R WG iR AL E Gk S
R LA B 1 0 PR AL

Xof A [ o R A 3K 4% I DO R P R AT 20 B
(R5) , KB AMRNAEE —EZ T, T2:4 . T4:3
T4: 4 3 A EER W AT B oA i PR e
WK B TR, 2 5 RS R IR B T R AT e 45 3

IR WEAA I BRAE 5 T2 345X DA I 46 11 3] 45 5 101
S B, A AR SR A B W, X T RE S CKS |
T2: 3P AN A FH (1] /)N A8 0 B8 2% 1 3035 1, [ s
SORL I R AR 1 [ 1R T 38 4 SR AT G I AR
HERRHATZES . 5 P, JF e, T2: 4
o T4: 3 T4 4rh iy P OB B AR, W = T T2: 3
(P<0.05),T2: 3% 2% F CKS, %53, CKS [
PR, AR, ¥R ES T HERA
(P<0.05),T2:45 [ T4: 351 [ T4: 4503 I, B 29 3% 1) i
{E,T2: 3R 4, B BOR ], T2: 381 CKS 1 P 1y
IR EAE , B R B /MR IR Sl T2: 3 (CKS [ T2: 331 .
T4:45f T2: 4 T4: 4 T2:43h T4:3 [ T4:33,
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Tab.5 Photosynthetic characteristics of soybean under different intercropping modes

FrAE 4532 ORI
T/ G./ P,/ C./ T/ G./ P,/ C./ T/ G./ P,/ c./
o e A 2

(mmol- (mmol - (mol + (L. (mmol - (mmol- (mol + (L. (mmol - (mmol - (pumol + (pL-

m?s) m?sH) m?s™) L) mTPsT) mTPesT) m sy L) mPsT) mPsT) mPsT) LT
CKS 7.35°  337.91%  13.29" 338.74% 14.00* 1071.01" 32.22* 318.39" 11.00" 937.27* 34.27" 319.00"
T2: 33 8.96°  459.45°  1.52%  403.92° 5.91¢  302.23" 5.16" 360.67" 5.42'  350.82" 12.30° 358.94°
T2:3th 10.88"  643.80"  1.65'  400.07° 7.27"  403.69°  6.24* 364.62° 7.51°  533.11° 52.42° 233.55°
T2: 43 8.25%  474.07°  7.20%  406.58"  9.09°  410.82°  9.52" 358.72*"  7.40°  446.86° 2.93°  430.67™
T2: 4+ 14.45" 1098.69" 37.64" 349.91°" 11.66° 584.74% 18.24% 340.95" 9.99"  723.91"  3.76°  436.35"
T4: 33 8.19%  323.52¢  4.89°  377.86" 12.65" 907.60" 24.45" 334.07° 6.72% 287.48%  1.00"  418.29"
T4: 3 8. 13" 328.49%  9.16° 364.52" 9.93¢  611.62° 515"  378.69"  4.91%  202.83"  1.49"  409.31"
T4: 43h 4.26"  154.07"  4.61° 376.03" 11.13° 608.54" 22.68° 323.58“ 6.10°  383.84°  6.97' 416.17*
T4: 4rh 7.15°  286.14° 37.18% 196.24° 12.32" 751.50° 14.13° 359.28"" 6.42%  394.57° 3.57° 428.11%
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Tab.6 Effects of intercropping treatments on land equivalent ratio, relative crowding coefficient, crop invasiveness and

invasiveness ratio of maize and soybean in maize soybean intercropping system

Flopt R LER, LERg LER Ky Ky K Ay Ag CRy, CRg
T2:3 0.71 0.67 1.38 2.96 1. 66 4.92 -0.04 0. 04 0.89 1.12
T2:4 0.53 0.28 0. 80 1.67 0.25 0.42 0. 05 -0.05 1.28 0.78
T4:33) 0.35 0.32 0.67 0.36 0.71 0.26 0.08 -0.08 1. 64 0.61
T4:3rh 0.26 0.33 0.59 0.24 0.74 0.18 0.03 -0.03 1.20 0.83
T4:43) 0.35 0.25 0.61 0.48 0.38 0.19 0.07 -0.07 1.56 0. 64
T4:4+h 0.28 0.33 0. 60 0.09 0.54 0.05 -0.01 0.01 0.95 1.05
WS 2.2 m(T2:3) BN 3.0 m(T4:3)MER PR sl BRI, BRI TS5 Hh
I, 00T FORATILAC &, LER, (LER, (LER K, K. 2.5 ERABTEEREHE.THEESX~E

KEWETREBER YW H 2.5 m(T2:4) %
3.4m(T4:4) W Jm T £ K47 LWL &, LER, | LER |
Ky K F Syl 3, 1 LER (K W& A5 35 5 >4 F [
PR RAR M SEH 2.2 m(T2:3) B % 3.4 m(T4: 4)
i, LER, .LER, LER K, K. K ¥J 5y /N #a $ ;4 55
H2.5m(T2:4)#4 % 3.0 m(T4:3) i, LER, .LER .
Ky S/ i LERg K36 K . X R, K|
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Tab.7 Output of different band width and row ratio configuration modes

S 6] 1 R 487 4/ (kg-hm ~%) o7 AR 2R 487 4 il % (] A/ o T R L 31/ %

ESP N KE RY ESP N KE ok KE
T2:3 9705° 2265 11 970" 81.08 18.92 45 55
T2: 4 7 185" 930° 8115¢ 88. 54 11.46 40 60
T4: 33 6285° 1095" 7 380¢ 85. 16 14. 84 60 40
T4: 3 51154 1125° 6240° 81.97 18.03 60 40
T4:43h 6315°¢ 870° 71854 87.89 12.11 53 47
T4:4+h 52651 1110" 6375° 82.59 17. 41 53 47
CKM 13 650°
CKS 3 405"

Sf AN TR RIS 2 R4 45 1 34, Ay 2 B R
AT R A A B AR, [ s SR PO R A
PG, 3 5 O A W B )20 B AR AR 25 AR 1)
A VR AR S RE = B A s R . (EWEESS
[ 1 BSR4 52 & U 3 OB e e )
AR, VEWIE R G TE AT IS R IR AR
AR A 25K ARG A A o AR, FOK
R G AR B AR T, JE R e J2 2548, A R T 48
S IO A A B R A, R R R R 2o A
EAFEY R 2 C3 VEY), fe f% 0 4 1 3 3K )20k
fE, oo A 8506, R 46 T TRV BE AR i D6 e AL, 2
w TS RRORREE R EREMGAE R
RALAE L T8 5 25 TR K S RAEDF 55N R, 3 Fh
[ VER S (R 2: 1.2:2.2:3) LUK R ™ 5t FE Al i
LER i 25 K 4 W (¥ 3 in 07 38 i, £ oK K 54 e
202 20 3FPAELA VR A P . A SC s X E
FLHUARAL (4 5K K AT L 2 41 4= 47 Fh ] 7E 455 X
R 7 RN 28 B R 2 EAT IR ST, O 20 4B T
4:4, X ATRERR A /MTIEAS A 9, BOoR K E ¥ RE & 45
HBRAEL , H R T RE 6% #AK FR) 2 5908, R AR
WET RS, TR BESE T 50 0% i
XF ok K G E] R R B R A A T
2.4 m KT R A %5 BE R 67 500 ~ 82 500 #%/hm’ i,
REICEREME, B . X ] e /M 5E
TR T R R B, o T R SO &
AL T RS A5 B A KR B R 2 R
SR BER Z (8] 0 7 &, NI 3R AR 7 . H
SRV M X 4T 8 5 1 T K R A A
WFE B R 98 2.4 m A7 EG 20 4R A A =X BB 4 4
PRRAVE YRR 8] OC Z , 4 b 7= R AR 8, 28 U Ak 25
e, TR S VPG b X 2T 18 52 3 R R OK R AR
X, VAN OORT % W5 & W, 1A 14 52 28 F 4 5
ANE 3 m, R ZAF TR AE Y 4 AL
ff o X PR AT B 20 4B F KB BE /N, 2 47 oK
Xof R B B A AR X AT L 40 485 55, B Tl

FUT K 7 i TR D, K 7 W A A (LTS i
iR Ge 7k, B R 2 55 2 56 40005 K T 204 B ok ek
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