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Effects of maize || peanut intercropping on photosynthetic characters and yield

forming of intercropped maize

JIAO Nianyuan'? ", NING Tangyuan®, YANG Mengke , FU Guozhan', YIN Fei', XU Guowei',LI Zengjia’
1 College of Agronomy, Henan University of Science & Technology, Luoyang 471003, Henan, China

2 The State Key Laboratory of Crop Biology, College of Agronomy, Shandong Agricultural University, Tai'an 271018, Shandong, China

Abstract ; Intercropping is a popular cropping system in high-yielding production of food and feed in the world, which is
more productive than monocropping because of the intensive utilization of natural resources, such as sunlight, heat, water
and fertilizer. As a component crop in most intercropping systems, maize can be intercropped with a variety of crops, such
as common bean, faba bean, soybean and peanut, showing an important role, and an obvious intercropping yield
advantage. Maize | peanut intercropping as an important cultivation pattern expanded rapidly in Sichuan Province and
Huang Huai Hai Plain, China. We found maize || peanut intercropping enhanced the efficient utilization of strong sunlight
by maize and weak sunlight by peanut, thus leading to intercropping advantages. To elucidate the photosynthetic mechanism
of intercropping yield advantage of maize, that is, whether the better utilization of strong sunlight results from higher
absorption and transmission of sunlight or enhanced photosynthetic CO, assimilation, a field experiment was conducted to
investigate the effects of maize || peanut intercropping on the characters of response curves of Pn to PFD and to CO,,
fluorescence, and chlorophyll content and component of intercropped maize function leaves, dry matter accumulation and

filling rate in 2010—2011 year at Henan University of Science and Technology Farm. Results showed that intercropping
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increased chlorophyll content of maize function leaves, altered chlorophyll component, significantly enhanced the net
photosynthetic rate of maize function leaves, and delayed senescence in maize || peanut intercroping system. Intercropping
significantly enhanced light compensation point, light saturation point, the maximum net photosynthetic rate of light
saturation point, apparent quantum yield and carboxylation efficiency, but didn’t obviously affect the Fv/Fm ,® s, and ¢P
of intercropped maize function leaves. Increased dry matter accumulation per plant of intercropped maize in the late growth
stage was mainly attributed to the better growth of kernels, and significantly enhanced yield compared with sole-cropped
maize. The partial land equivalent ratio ( PLER) of maize was greater than the maize area ratio of maize | peanut
intercropping system by 106. 6% —120. 3% , displaying a significant intercropping yield advantage. It suggested that the
intercropping yield advantage of maize mainly from the rise of net photosynthetic rate of function leaves in the late growth
stage, and more allocation photosynthetic products to grains, which was due to the increase of carboxylation efficiency and
apparent quantum yield, and strengthening of the ability to fix CO,, but not the increase of sunlight energy transmission and

conversion efficiency.

Key Words: intercropped maize; photosynthetic characters; carboxylation efficiency; yield formation
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FORAEA: [AIVE A2 AR AR D DL A AR 2R S AR AE TR B DU 1 ) 2R LA B e T Vg A6 b X R A e, o 1 R
AW, TAIVESR o R A A 7 R B B AT P A TR T R B X o R, 2
REM AL ORI R B 2 A VERT CO, MR IR 5 iy IR T5 it — L0 5% , Rl B) 4/ oK 7= =8 Al
5 5 R AR R R AR A X, AR LA R ABE 2:4 VRS BRI 4, EEMFST T AR B KOG
N AR FIG-CO, e h T Zeip ol 4 3R 3 i S T SRR SR R 238 R () 4 K K g 1 b > & [X ( PLER-
M) R EIE TR A FetE i — 2548 FORBIVE = LA G & LEE, S Ui R A6 A= [RIE J5 JA FR )
G, SCHUH = m R S AR
1 MR5AH*

1.1 AR S

RIET 2010—2011 -7 B R K 2FR I8 4 35 (33°35'—35°05'N, 111°8'—112°59'E) it 47, k56 b )&
TR 2R 2 T R P 2 XU, AR AR 12, 1—14. 6 C L, AE R [ K B 600 mm, 4F 2445 5 B 491. 5 kJ/
em” 4F H I8 2300—2600 h, EFE ] 215—219 d, 56 #4320 39 £, B 98, 0—20 em #F2 & 3 AUA
80. 09 mg/kg, AL 3. 31 mg/kg, ALK 14. 5¢/kg,pH {H 7. 08,

2010 4E i H E K ( Zea mays L. ) KBHE- 958 & iff 661 , 164 (Arachis hypogaea L. ) £ E 16 ik Fa#r Bl %
H B 058 BAME BRI 661 BAME B 958 fEA: [ MEFIEE 661 fEA MR, Jha SAb AL BRE A 3 ik, k12 4
AN EEAS/NXFE 6 m A5 3 ANHETE 1K 10 m, A 60 m?, FEHLHES , e dbAT 10 Fae . B4k RATHE 60 em, bk
PH 25 em, % 67500 M/hm® ; MIVEIR R 2:4 (2 17 £K 4 1746248 ) VRN, B R SEAE AT R, 21717 HE 160
em, FEATATHE 40 em , BRIE 20 cm , AEAERFT T 9847, 475 30 em , #RIE 20 em, 5577 2 ki FOKRAEAEH]HE 35 em,
FHi AL 75 kg N/hm®  BEAE 180 kg P,O;/hm* , 7E ER K BT 150 kg N/hm®, 6 H 13 H¥EF,9 A 30 H
sk,
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1.2.2 JERGHER
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T T K] | 454 B B AT AR M AY 4m XTSRRI R , 0 5 XU A
1.2.4 /S EIE
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1200pmol »m ™ +s™" R, 435 2 CO, ¥ K 400 350 300,250,200 150,100 .50 400 400 ,600 800 1000 1200
wmol/mol 653 2 ( Pn) , W ] photosyn assistant 2K {F 53T E G M2 5 (LCP) JEIRAIS (LSP) G Al
IAEA R (LSPn) R TR (AQY) .CO, MM (CSP) JRILBHR (CE)
1.2.5 MHRISCSEINE

B AZLAU Y E Hansatech 28 5] Az 77 1) FMS2 ik il il 2058 A g Yl N T e K9S (Fm) ik
N R R ST (Fs) MG IE Y 30min J5 B K2 (Fm) HIERDEE (Fo) , 15 PS T A KOB AL 2R 850 %
(Fo/Fm) SEBREAL2ERCR (DPS D) AL 2E R K 2B qP A58

Fv Fm - Fo Fm' - Fs Fm' - Fs
1.2.6 MZxERTHE
K Arnon 350 E LY R K AR DU RE
1.2.7 fmtiYE L PLER-M=Yim/Ymm
A, Yim F Ymm 50512 R EE TR ABAE K2 E . PLER-M>F([RI/E/K 2 v T K BT m AL EL ) b Tal 1
PR PLER-M<F N E/Ef= i % ARk F 4 0.4,
1.3 BdEgeitotr R DPST. 5 835 #4725 5 i F AR
2 ZER551
2.1 FRAEAE ST ToROE AR
2.1.1  [AEFKIRERT R (2 2 B i B K
2 ZEAEARAR IR N 1 SEOCRE MR AL FFE AL, 2880 88 b 2 HATGREII R MO GHESR B 1 P KT 6E , 76
AYEA P REIEF EEMERT . MR 1 ATLE I, 5 500E TRA L, B E FRFEO A TR a i 2K
B NREGE MR R/ bR MR/ MR T3.69% 6.52% 2.67% Fl4.17% , 2 53k 5|

F1 EEXNERBAMHHERSENTIN

Table 1 Effect of intercropping on chlorophyll content of maize ear leaves

b3 M4 a 4% b T bR 4% a/b FKE PR/ R
Treatment Chl a/(mg/g) Chl b/ (mg/g) Car/(mg/g) Chl a/b Car/Chl
SM 2.98 bB 0.88 aA 0.46 bB 3.36 bB 0.120 bB
M 3.09 aA 0.86 aA 0.49 aA 3.45 aA 0.125 aA

[ EHRE R R NG FhE4 13878 25 5% .35 (P<0.01) AL 3 ( P<0.05) ;SM; SAPEE K IM . [AIVEE K
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e it KA XU AE BAGE L 4R i AR 2 a SR FIM4RE a/b (R HECRERI WL, R 388 fin ki & N R %
PSRN VAU RS &8 L R E/N I AR b e s 2
2.1.2  [HEEARIIREM RSO EREE

Fo JEARIHIM A K53E NJ5 Y6 A R 40 PS I 058 &P 9 Y EsR i, e 7 PS T RER R Z L 5 I H
TP 5 Fo JeARY) e 18 N R v A B K AT AR DGRBS I T QA MR JEAE L5 Fo/ Fm J2 PS T KA
OBAE) b2t 208 RWTFIOY PS TN HG B RE A IR B0R 5 @ gy SV E DG AERT PS T SEFRIG AL
SR TRCR RO T B TR AR e B A PS I AR Ry FL ], AL MDOG A BE T I — A T B 45 b5
qP RICAZE VR B, B PS TT R 2t R i Y REH Tl P 8, k2 i, S8/EE
KAA L, REREAR T FRDIREM R IR | AT AR DA PRt A A ke (0 22 S 380 I 25 Ml VE XS £ oK 1)
REMT F B RCAL ORI F I K RBGE WA . X R | [AIVE FROE A R 03w A & h T H D)
RE X GRefL s A BeR AR S S R

F2 EMEXEXRFESHBEM
Table 2 Effect of intercropping on fluorescence parameters of maize leaves
WIR Y RO PSTT E O30 PST SEFRLib s AR FAEL
QbR Minimal Variable Maximal photochemical Actual photochemical Photochemical
Treatment fluorescence fluorescence efficiency of PSII efficiency of PSII quenching coefficient
Fo Fv Fv/Fm [ qP
SM 155.3 a 285.0 a 0.784 a 0.607 a 0.742 a
M 153.7 a 275.3 a 0.784 a 0.581 a 0.745 a
2.1.3  [AEFORINREM RG-S ~ 40 OsM B IM
P 1 R WY RPEI] B4 T KT REM i ot A %Na 30
SR FETES I RIFLII S BRI T 27.7% M49.8% , HE 2
I N | 2 N R 2
L RIYIRF BE K, R LA, e Ok A R E
[RG5S A, H AR B2 200 35.5% € o S L B
I FLAH

M 24.3% . X FIFRAAMNE B ZR S T R S5 Measurement period
AR RGE F R KSR A TR

3 FTLUE Y, S5 RE TORM L, RFER S T &
KIIREI R A2 8 6 A A S s ) d5 R
G HUR R FROR AR ABOR, ol e T
26.7% \53.1% 33.1% .61.3% .8.5% 1 22. 5% , 2% 571K 3| g 25 b 2 35 /K7, A B B PR AR T CO, #MET,
R UIEE EAOGE R SR T3 T X OER A FHEE T COo, ke

F3 EEERESSBHHM

Table 3 Effect of intercropping on photosynthetic parameters of maize leaves

B 1 EMEX ERIEEM RS ERNZM
Fig. 1 Effect of intercropping on photosynthetic rate of

maize leaves

. e FEA R - o e N
wm owgsice  otwRise OCONEERR pwpen mrser coms mms
Treatment /( umol-m™+s7") /(umol-m™2-s7") .\ /(pmol-m™.s71) AQY CSP ( pmol/mol ) CE
/(pmolem™+s7")
SM 54.0 bB 1144.8 bB 22.21 bB -2.12 bB 0.047 bA 28.73 aA 0.227 bB
M 68.4 aA 1753.2 aA 29.57 aA -3.42 aA 0.051 aA 16.29 bB 0.278 aA

2.2 FRAEAE IR K= B A5
2.2.1 [EEARBRR TP

PARRT W BT R A i FOKAE ORI B E AR bRz — . DL 2 W45 78 FOKR K mI WL E 122 i, B 5K i B
PR 0 0 it 5 B A 25 A B R, 2 ) TR oK BBk T 40 I o i T v T B4 ORI R 7. 64% —
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30.9% . JuH 2011 4E A F 5 A EI/E F K L BAVE K5 H 20. 9% —30.9% , 2% ik B i F K, MEAREZE
MR A BIE BRSSP B R 22 R A,

350 SMLT 350 20114
300 | IM-T 300
% 250 % 250
£® =)
T 2000 EE 200
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ﬁ E 150} £ E 150
> o
S 100t 2 100
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B2 BEMEEKRBHETUERRRE
Fig.2 Dry matter accumulation of intercropped maize
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2.2.2  [EEFKHESGHE R

FORFEE AL R TR HORAE bR —, MBI 3 ATLUE Y, H ERBM 25, [BE oK AR
Wi AR K Bl R R 25 OB B B 20 20 d ), TRDAE B OK A BRLRE T A B VR oK
8. 8% —32. 8% ,TEWUHR IV 22 IR BN W /K X R AIVE FK S /R ORI BT 22 55 R EORIRA JE 4
R PR BRI o P 4 R, L R A Y R 2R e 25 R

250 .
e SM 20104 20 20114
— —a— —_
\5 200 % 200
oD oD
e 150 5 150
] o
By =¥
& 2 82
g 100 5 100
] ]
g 50 g 50
0 L L ZD L 0 L L L L L )
0 10 21 57 0 14 20 31 45 67
Bk a RE Bk RE
Day after pollened/d Day after pollened/d

B3 EMEERERER

Fig.3 Filling rate of intercropped maize

2.2.3 [EEEARE S EH Y&
M4 ATLIE SRR EL VR 28 4w T K i TR K A B i 2 a2 i T A

x4 BEEEXRFESRIMLEL

Table 4 Yield and partial land equivalent ratios of intercropped maize

=N . 2 = L S . .
7= Yield/ (kg/hm?*) WCRFEEL Harvesting index , .
Efy b7 g/hm) : -t R
Year Treatment e Ik A e N PLER-M
Sole-cropping Inter-cropping Sole-cropping Inter-cropping
2010 ZD 9879.2 B 20409.4 A 0.562 B 0.591 A 0.826
DH 9451.5 B 19870.8 A 0.545 b 0.554 a 0.841
2011 ZD 7706.8 B 16979.8 A 0.526 B 0.592 A 0.881

) — AR AT B 5 AR R NG TR 2331 R 22 5 8 2 (P<0. 01) FLE % (P<0.05)
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Tk, Hofw 245 (PLER-M) FEHT 5 R AR EE (F=0.4) w106, 6% —120. 3% , X R I7E KA
EVEAR 2 b R T A R AR B s b AT EC , 280 B B AY el VR P= A3, A8 958 Y PLER-M Ik %
661 ,{HJZ , FREL 958 R AEEAN ™ 358 T80 661,
3 itig

TH BV = B B SRl . ABIFSE KB, [RIVE TR Bk T A fE 2 B 5 A B T B oK It
HIEZEMEERSE TYRES N AT ZE R AR AT —P a2 R e, XEEHN
[ EVEA R TG S AEY AR T S 2 A 4R T I BENT F gl & 3R S gt kR 3 fiol
GV AR IS 5 G, PR, TP R KA S WO A8 4, PLER-M LY TR K T o [B) VR 44 2 o i B2 LG f51)
(F=0.4) 1 106.6% — 120.3% , R B A EE- LR, X 528000 B0 80 45ie, 5HAME
WIRIVERT , TR ELA B ) = A7

-2 ZLAEARARAR 9 10 SEOCRE MR A GG AL, 888 N AT 6 REH AR FOC Ik SR B A W K T fig
EATECATE AR E AR EE VA, o 8 R A2 S AR5 R W, 78 K AE A A
R VRS FOKRAE T G DGR , AR S e R B i U T MR A, F R 4R a
FZEEHE MR SRR EEIN, R o/b FEEHE MR/ R M LEY B, B, e mAE
FOKIE R R TR 2 JEHE N R A ORI R N G R IR RS OB RE AT RN, $ e Ak
R A N R B CRE IR RO IR B B W KT RE , I R A B TR mOCHIR P EE ) M

JEIARBE R BRI P G A RRE)  7E FORAE AR RIVEIR ZR b, TV ORI BB R 232 19 % BRI B 1 T BA
Tk, HFOLEHERIER T 27. 7% —49. 8% VeI LS SRR FOE A3 RIASCR B &, 0]
YEFKIREN B PS I A S R fh A i T RIOR A SE B e fb 2 i AR A i e, Lk 2 PS T O oo i
M efbsas iR ik me b b A PS 11 EHCE RERY LU B B B . TRIVE B RO AR 0 48 5 2 th T I
PR R EE CO, TRAULRE R, FRAL CO, #MEAT, A 4 M TR AR U FR0R , #m T CO, I 2 fg
J1, X G ARICEYT BB g B AR S5 VRS S m A E IR AL BE 1. 31X 1T -5 06 IR A5 (R 52 0 - S A 73
GEAST A B VR RDG A IR R A A 36 AHRF RIVESS A R VR D REIT (4 I S (A R e 25 48 A WIS 1k
oA FE P Gk A K 3 B AR A T i — 2 5T
4 it

FEFRAEAE R EAR R TR KR EAT B 8 (A1 VE 7= A 3 J2 th IR VERS SR T FOR X s FI e ), 42 &
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