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Abstract: In this study, we used an open-top chamber method to control the environmental CO, concentra-

tion. Environmental CO, concentration (Ca, 390 pgmol * mol ') and elevated CO, concentration (Ce, 700
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pmol » mol ') were set from 2018 to 2019. The effects of CO, concentration increase on the activities of
key enzymes of photosynthetic carbon assimilation, net photosynthetic rate and grain yield of functional
leaves of maize and peanut were investigated, and the mechanism of the effects of CO, concentration in-
crease on the photosynthesis of maize and peanut intercropping system was clarified. It provides a theoreti-
cal basis for high yield and high efficiency of maize and peanut intercropping in the future CO, concentra-
tion increasing environment. The results indicate that: (1) compared with Ca, the activities of PEPC, PP-
DK, NADP-MDH, Rubisco, GAPDH and Ru5PK in functional leaves of intercropping maize under the
condition of Ce were increased. In particular, PEPC, NADP-MDH, and PPDK at 43 days after seedling,
Rubisco, GAPDH and Ru5PK 59 days after seedling reached a significant level of difference. Under the
condition of Ce, phosphorus application has a positive regulatory effect on it. (2) The activities of Rubi-
sco, GAPDH, Ru5PK and FBPase in functional leaves of intercropping peanuts increased by Ce. At 43
days after seedling and 59 days after seedling, the difference reached a significant level. Phosphorus appli-
cation significantly improved the activities of Rubisco and FBPase of intercropping peanut under the condi-
tion of Ce. (3) The net photosynthetic rate of intercropping maize and intercropping peanut increased sig-
nificantly under the treatment of Ce. The yield of intercropping maize, intercropping peanut and intercrop-
ping system increased by 4.4 % —52.0%, 10.3% —24.0%, and 5. 7% —47.0%, respectively, all reached
significant different level. It indicted that Ce could enhance the grain yield of maize and peanut, the key
lies in the improvement of enzyme activities of PEPC, PPDK, Rubisco, GAPDH, Ru5PK and Ru5PK of
intercropping maize, as well as the Rubisco, GAPDH, Ru5PK and FBPase of intercropping peanut, to
strengthen the carboxylation of CO, fixation ability, thus improve the photosynthetic rate of intercropping
maize and intercropping peanut. Phosphorus application has a positive regulatory effect on them.

Key words: elevated CO, concentration; maize intercropping peanut; photosynthetic carbon assimilase; net

photosynthetic rate; yield
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NADP-MDH. NADP-malate dehydrogenase; Different lowercase letters mean significant difference among treatments

during the same stage at 0. 05 level. The same as below

Fig. 1 Effects of elevated CO, concentration and phosphorus application on activities of PEPC, PPDK,

and NADP-MDH in functional leaves of intercropping maize
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Fig. 2 Effects of elevated CO, concentration and phosphorus application on photosynthetic carbon assimilase activity

in the tube bundle sheath cells of intercropped maize functional leaves
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Table 1 Effects of elevated CO, concentration on the photosynthetic carbon assimilase activity
of intercropped peanut functional leaves
WG R P K CO, KF Rubisco GAPDH Ru5PK FBPase
Days after seedling/d P level CO, level (U-gH (U-gH (U-gH (U-gH
Ca 2.237+0. l4c 7.434+0.57c 2.537+0. 23c 1.7540. 06¢
: Ce 3.11+0.10b 9.40+0. 20ab 3.8440. 24ab 2.5140. 14ab
v Ca 2.54+0.07c 8.48+0.10b 3.64+0.07b 2.29+0.18b
P Ce 3.58+0. 14a 9.98+0.07a 4.397+0. 26a 2.90+0. 14a
Ca 5.3840.29¢ 9.17+0. 98¢ 4,1140. 23b 1.7840.17¢
" Ce 6.13+0.04b 14.337+0. 47ab 4.844+0. 14ab 2.34+0.18b
» Ca 6.05+0.21b 12.28+0.94b 4.6140.05b 2.29+0.03b
P Ce 6.86+0. 14a 15.0840. 46a 5.51+0. 33a 2.80+0.06a
Ca 2.8340.01b 6.8740. 34b 2.2340.25b 0.78+£0.15b
" Ce 3.60+0.37b 9.55+0.21a 3.00+£0.51ab 1.0440.10b
" Ca 3.17+0.08b 6.89+0.37b 2.414+0.50b 0.9740.19b
P Ce 4.68+0.65a 10.46+0. 25a 3.8940.12a 1.694+0. 16a
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WFEAKE . HeAh AR AE A D) e 1Y FBPase 1 1
TE45 AL PR A AE B 3 22 57, JF RN Ce>>Ca Py,
=P, ;Ce #b ¥ FBPase {&PEAE Py Fl Pyg, KFF 4351
It Ca W 3 & 31. 5% ~43. 4% Al 22. 0% ~
74.2% ,P5 40 H FBPase 1§ P 7E Ce 1 Ca KFE T
B Py kbR TS 15, 5% ~62. 5% 1 24, 4% ~
30.9% . DL EgEHEM CO, W1 & 6Efe v 48 4
Yrge it i 5 X CO, FRAK T & it 9 X HA 5 IE
WA,
2.3 CO, REASMBEHXMEEFRPERME
AN SR EERNZM

B 3 Wow, [RIVE MR & KR A6 2 Dy e v o

B RS AL B R AR AL R AL 3R BN Ce
b BRI R AR T Ca A0 B, Jiti 5 A B (P, ) N [F) A2
=T BE AL (P,

TS 2018 4E . 5 Ca #H I, — S8 AL R ok 1 T
i (Ce) M (P ) 35 10 2 2 1 /R £ K 5 62
dFEAE M A EFR (P < 0.05), KN
CeP,4, > CaPyy, > CeP, > CaP, (& 3, A), f£ 2019
AL Al — 8K F L Ce &b BRI T K B 06 &
BUORTE G 37.58 #1 68 d W B EE T Ca, Wi 4>
HA 14, 8% ~18. 8% (P,) Al 18. 1% ~ 18. 4%
(P FETE S5 95 d BFN FE Ca FEAR T 6. 4% ~
8. 0% AHALAE Py, AbFE T 3k B i 2 K 75 7] —
CO, WBEF Py, A0 B AE £ K D e O & 3 %
g T P, AL, B9 E AE Ca I Ce Ab 38R 43 51 ik )
8.8%~28. 2% 8.5%~26.1%.

HK L2018 4EW 5 50 d #1170 d BF, B AL B T
JETE R (Ce) FIERE (Pog, ) ¥ 1 35 82 3 7 48 4= Th R ntr
ot AR (& 3,B), 7E 2019 4, [H— @K FE T,
AEAE D RE M G A BURTE RS 30 .50 d 170 d 1y
KA Ce BFEMT Ca, HlH B R 24. 2% ~
32.3% (PO 8. 1% ~14. 4% (P ) s fETH T 95 d
AU F B Ce I T Ca, BEIE A 5. 8% ~15.3% s 7F
[f]— CO, ¥eEEF . [ AFE A8 A D fig i ¥ 0l & 3 38 4% i
W F N Py, & T Py, Ca Hl Ce (3 05 2 51 K
15.0%~21. 7% M 11. 6% ~22. 4%, H K Z ik 3|
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FHARK-o L, CO, Y BE T i %o (8] 4R A6 2E 2 fig i
A B 2 A A AR S it X A I ) o 4
YEH .
2.4 CO, REASMEHXBIEERRPEXRME
A TR 2 RN

Ce AbBESAS R R FE 4 i T AR B K L RIEAE A4
)R AR 2R kR 7= i, HOOUR 28 25 4 W 45 1
7 BB AN T CO, Vi B X [B) A KK | ) £ A6 4 i
[ VEAR 2 7 5 W S, 8K 5 CO, MR EE X [H]
FEE R FNR AR R R 7 5 BoA W3 0 0 10 22 BAE A
(£ 2), Hrp,Ce kb T RIMEE K™ HTE P, il Py,
KT 435 b Ca B 242 & 4. 4 %0 M1 52, 0%, i@ b

0 CapP,
401

37 58 68

CeP,

2019
T Ji K # Days after seedling/d

FRA]VE F oK P2 i 7 Ce F1 Ca KT 43 91 LS Jits
ACERR R 24, 2% FN 67, 2% . TR AL Ce A B 0] £ 4€
P ETE Py AP, KR L Ca 2b #4300 $E 5 T
10. 3% 1 24. 0% . Jita Bl Ak BE T[] R A€ 4= 7 i e AS e
BRALHR L T 17, 1% ~19. 3%, Ak, Ce kb3 [H]
PER R RA L Ca 4818 T 5. 720 ~47. 0% . il B Ak
BT[] 1 4 & /Y 7 B 5 A il B A B o SR T
23.3%~58. 4%, H¥ ik B FEEZF (P < 0.05),
UL CO, ¥ BE T im DA K it Wl 24 BB 28 1) 4 0K
[ VEAE A RIAVE IR R i, S A X i 45 R
7N, K AE A BIVEAR B KPR 5 5 Rubisco 85 5% [
0 DG B it 3% R I 5 R B M TE A DG R 3,

CaPlXO . CeP]XO
40r1
B
st 30
e
41 . a
REPS
& g 20t by bg
g" 0 d V] 3: a
al Y] I
/ .’
/ Bl A
/ Bl /
1o LLEZ A 17
50 70 95
2018 2019

it J& K ¥k Days after seedling/d

3 CO, ¥R BE T+ 5 E] 1 T 2K CA) FiE] 7B A6 A4 (B) B BE I 1 ' A 1 10 5% i)

Fig. 3 Effects of elevated CO, concentration on net photosynthetic rate in functional leaves of intercropped

maize (A) and intercropped peanut (B)

K2 CO, REFABMEXR LEBEEEFRIFH~ENZIM

Table 2 Effect of elevated CO, concentration on yield of the system of maize intercropping peanut
NN ST e e L il A
?Jﬁ E ﬁj\f‘ezl coO L;(())jcie;{fl?r_ation Intercl‘?o{f/)l_p?ti\jmaize Interclrt?)l;izfgjzeanut IntercEg;i{fg%;ystem
g /(kg « hm™ %) /(kg « hm™ %) /(kg « hm™ %)
P Ca 4 725443, 30c 950 +28.87¢ 5675+72.17d
! Ce 4 9334136. 42¢ 1 067+44.09b 6 000+E115.47¢
w018 P Ca 5 867+ 36.32b 1 133+33.33b 7 000+66. 14b
ISO Ce 6 292422, 04a 1 250+28.87a 7 542430. 05a
P Ca 3910458, 95d 856 +14.90d 4 766445, 05d
' Ce 5 9434201. 69¢ 1 06259, 54b 7 0064230. 81c
2o P Ca 6 5394186. 83b 1 011+20. 70bc 7 5504+193.92b
" Ce 8 203453, 75a 1244+66.52a 9 447470, 74a

CO, e B 15 Elevated CO, concentration

K- P level

CO, e JE T X 7K F Elevated CC ), concentration X P level

52.377
20.0""

47.6"

HexFRP <0.05, % FRP <0.0l.ns ®ANLEWENZLR., TH

Note: * indicates P <Z 0. 05, ** indicates P <C 0. 01, ns indicates that the difference is not significant.

The same as below
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Table 3 The correlation analysis of yield, net photosynthetic rate and photosynthetic carbon assimilase
activity of intercropped maize
i H Item 7= Yield P, PEPC PPDK NADP-MDH Rubisco GAPDH Ru5PK
FeiE Yield 1
P, 0.914 " 1
PEPC 0.607" 0.615 1
PPDK 0.772"" 0.599 0.551 1
NADP-MDH 0.852"" 0.7217" 0.502 0.585" 1
Rubisco 0. 646 0.533 0.564 0.638" 0.627" 1
GAPDH 0.693 0.498 0.551 0.815"" 0.712"" 0.680" 1
Ru5PK 0.945° 0.923"" 0.661" 0.638" 0.823"" 0.556 0.582" 1
x4 BQEREFESAEGEEMASHRRENEBFEEAHEXEST
Table 4 The correlation analysis of yield, net photosynthetic rate and photosynthetic carbon assimilase
activity of intercropped peanut
i H Item 7o Yield P, Rubisco GAPDH Ru5PK FBPase
FEhE Yield 1
P, 0. 905" 1
Rubisco 0.577" 0.682" 1
GAPDH 0.614" 0.647" 0.668" 1
Ru5PK 0. 469ns 0.619" 0.769" 0.760"" 1
FBPase 0.793" 0.727" 0.587" 0.774"" 0.638" 1

LB CO, He B TH 5 Al 25 5 = Bk W) £k 5 B g 1%
P AR R BRI TR A o & BUOR 4R
B TR B R R R .
33
3.1 CO, REASHIRSEIEARZDPERMEE
B S & Rk B 1L B iE 1

A TR A AL ik B L CO, 1R AR B, He vk i X
Y G A — R, CO, ¥ E T+ KR
T K f1 - S 25 (48 105 L v o6 A R A L okt
T AR 18 B KT, A5 BF 98 3 W] Rubisco, PPDK,
FBPase %5 )} Je U gt =, 2 5645 L 1 T4
NN CO, W BE T R REE — 25 4 i TR K X i
I 1 A6 25 %k 55 0 g A . AR g 45 SRR W CO,
W B TF R AR 3G [E] 4 £ K T gt PEPC. PPDK #1
NADP-MDH &P, X B CO, ¥ BT+ = fe i &
(] E 2K - PR 240 6L 9 6] ' B JES 40 1 0 25 R Ak T E e
J1sMmiE CO, e BE T+ 444 T, Rubisco. GAPDH
1 RuSPK 4§ 3 AN 15 PE W 25 35 m L W] CO, ik B
Fh i SR #E T H A T OK 2 8 HOHE A0 i b o CO, 19—
WAL . xR RGeS R 5ok

%

[Fi] £ O 5 g 0% 1 1 4 DG M 20 A AT L O S R
PEPC.PPDK, NADP-MDH #1 Ru5PK £ fiff i ¥ 5
WFEIEM I, CO, W JE T+ & 68 #F — 2 1 o (8] 7 &
K 5O B R L 4R ot Al R, B T
PEPC. NADP-MDH . PPDK ., Rubisco. GAPDH #
Ru5PK 45566 ik 7] Ak O 5 Wl 0 Mk i 38 . i+ 3R
SEIN R R T B G 3R DL TR Bl
H CO, U P38 = 103G KRS R MR T BRI AR 22
FHARBEY, FATEWNNE CO, WEKMREE
T KRG B VO A R S bR BT R Y R
JUBF5E R W A& /N2 B O RE e i 6 B CO, ¥R B2 T 15
A, AT R CO, e BE Th v BE 12 w5 6] 1
fEE£ 1 Rubisco, GAPDH , FBPase fil Ru5PK [iff {if
PR X UL CO, #k B2 T) & R 02 F 18] /E 48 2E T g
Rubisco ¥ CO, MR .1.3-PGA [ 3-8 iz H i ik
AL, R BE-6-1 R (F-6-P) i 4= i, & RuSPK i
f& RUBP (#5283 W] 4k . 38 52 A 5C Pk 43 B AT
IR A6 4 ¥ 0% & % 5 Rubisco, GAPDH ., FB-
Pase Fil RusPK 45 fik [|] £ 3¢ 5 il 15 P & 25 A OC . B
LA CO, e B2 TH 55 R E — 25 48 & 8] 4 46 2 X 5556 1)
FIHT 48 5 VoA R OCHEAE T MR A6 A= D RE 1Y
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Rubisco.GAPDH, FBPase #l Ru5PK 5 fif¢ [d] 1k X%
T T AR
3.2 CO, REASEGT, o EMEEXFEE
SEHmENBEETHEEGSHEERERN

MEREMYAEKETLTFHICRZ —
AR AL R R % 2 O AR AT ik R Ak N
T FRAH T A B R Ak 7= A Y RE R AT B
IEL P i P TR 308 A R 1 06 A B R Ak s I L
7T AR A Al [ Ak A . A B 8 A5 DA D it gl T 4 i R OK
M AR B L & SPAD H, B AR Ot A T
RESY . AW R E M. CO, W T 5 . 1 it B
JIEL E AS it 9 B 42 0 [0 £ R oK Th g A9 PEPC. PP-
DK.NADP-MDH , Rubisco, GAPDH #l Ru5PK #
[a]{E 1€ 4= Rubisco. GAPDH ., FBPase #ll Ru5PK 4§
A ik [R) A G Bl 0 1 3 1T B 2 R Oy it ol e A
HABETR AL AT 2 ATP, R 64 R 4R gt TE £
8 TR £ 3 o 4 T I8 R D16 5 e T A O S T O P, 4 o
K AEAERIMES RE X CO, mRILE 2. Ik, 78
CO, WRBET: R 4 F T L it v 5 35 42 5 F oK (62
[i] VE iy e - 8 4 G 3, AT AR HESG A AR T
3.3 CO, REASMERF RS BIEERFE
EMFRTE

CO, e JE Th i X B4R TR 19+ 4 i BUR K™
BAAMRIERY . FEAE B TE R CO, W B

S XK
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