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Abstract: [Objective] To provide the theoretical support on the mechanism on the sustainable production of maize under future
climate change and give suggestions on associate parameter adjustment for crop models, the effects of elevated atmospheric CO,
concentrations (eCO,) and nitrogen application on the content and dynamics of different carbon and nitrogen metabolites after
flowering of summer maize were studied. [Method] Based on the free atmospheric CO, enrichment (FACE) platform, a field
experiment was carried out with Nongda 108, a summer maize variety, as the experimental material. Two nitrogen levels (ZN-zero
nitrogen and CN-180 kg N-hm™) were set under the ambient atmospheric CO, concentration (aCO,) of about (400+15) pmol-mol™
and high CO, concentration of (550+20) umol-mol™, respectively. The following measurements were monitored in the experiment:
the maize yield and its components, accumulation of dry matter, content and dynamics of carbon metabolites, including
non-structural carbohydrates (ie. soluble sugar and starch), total carbon and nitrogen metabolites including soluble nitrogen (ie.
nitrate nitrogen, free amino acids, and soluble protein), and insoluble nitrogen compounds (ie. cell walls-N, thylakoid-N, and total-N),
and the carbon to nitrogen ratio. [Result] (1) eCO, and nitrogen application could promote the accumulation of biomass of summer
maize, however the effects on maize yield and yield components were not significant. (2) Under eCO,, the concentration of soluble
sugar, one of the components of carbon metabolites, showed significant increase in the functional leaves after the flowering stage, as
well as the C/N ration at the late seed-filling stage. (3) Under eCO,, the concentration of essential functional N components did not
show obvious variation in the functional leaves after the flowering stage, but the content of some structural nitrogen components
were decreased: The content of soluble protein, the functional N component, was not affected by eCO, in the functional leaves. The
concentration of free amino acid, one of the simple N components, only showed increase at the flowering stage and then showed less
change at the later growth period compared with that under aCO,. However, the content of cell wall-N and thylakoid-N, the
non-soluble N components, were significantly decreased at the late period after flowering stage. (4) Nitrogen fertilizer application
could increase the concentration of non-structural carbohydrates (soluble sugars) and nitrate-N significantly in functional leaves from
tasseling to the later stage of filling, as well as the content of cell wall-N and thylacoid-N. However, the content of soluble protein
was not affected in functional leaves without nitrogen application under the medium soil fertility. In comparison, the content of
thylakoid-N and cell wall-N showed decrease in the functional leaves in the treatment without nitrogen fertilizer application,
implying that nitrogen was usually preferentially supplied for the soluble protein to meet the necessary requirement of crop growth.
(5) The interaction function of eCO, and nitrogen fertilizer showed difference for varied components of the carbon and nitrogen
metabolites, usually exhibited at different stages: combination of N application and eCO, improved the concentration of simple
carbon and nitrogen components, such as soluble sugars and nitrate nitrogen in the later stage of maize functional leaves, and
increased the C/N ration. The content of cell wall nitrogen could be increased at the early stage of grouting for summer maize. For
total nitrogen content in functional leaves, it showed decreased only at the later stage of seed filling grouting, and there was no other
impact on the total nitrogen at other stages in summer maize growth period. [Conclusion] eCO, had a certain effect on the biomass
increase of summer maize, and the carbon nitrogen ratio of ear to leaf increase significantly in some stages, but had no significant
effect on the yield. Under eCO,, the content of unstructured carbohydrates in ear leaves increased, but the total nitrogen and insoluble
nitrogen compounds decreased to different degrees after flowering. Therefore, it was important to increase nitrogen application level
rationally under the future climate change scenarios in which eCO, would be one of the characteristics.
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Fig. 1 Mean value of CO, concentration in the FACE plot and ambient atmospheric CO, concentrations during maize growth stage
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Fig. 3 The above-ground biomass of summer maize under different treatments
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Table 1 The yield and associated compositional elements of summer maize under different treatments

At Treatment FE Ear weight (g) FHIE Kernel weight (g) THIE 1000-kernel weight (g) 7“8 Grain yield (t-hm™)
ZN-aCO, 185.2+14.7a 129.6+8.2a 264.6+8.3a 8.64+0.55a
ZN-eCO, 184.6+14.4a 129.8+0.3a 264.0+2.8a 8.65+0.02a
CN-aCO, 202.9+6.4a 132.740.2a 270.0+0.7a 8.85+0.01a
CN-eCO, 203.9+8.3a 135.6+5.9a 272.0+4.5a 9.04+0.40a
ErwFEE  COo, ns ns ns ns
Significance N s s s s

COxN ns ns ns ns

ZN. CN Z 53R AN R H A AL EL, aCO, Fl eCO, 43 MIFRH MK IE COp ALFLFNRIRE CO WbEE, ns KAZARHE. TH
ZN and CN denote the treatments of zero-N and conventinal-N, respectively; aCO, and eCO, mean the ambient CO, concentration and elevated CO,
concentration, respectively, ns means no significance. The same as below
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Fig. 4 The concentration of soluble sugar in the functional leaves after flowering during summer maize growth stage
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Fig. 5 The concentration of starch in the functional leaves after flowering during summer maize growth stage
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Fig. 6 The concentration of total carbon in the functional leaves after flowering during summer maize growth stage
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Fig. 7 The concentration of nitrate in the functional leaves after flowering during summer maize growth stage

BB 2R, eCO, M T KAE R ThfEm il
FURIEAAE R3 1] CN ACE AT, W em 15.2%. 1M
R X AE G DI RE IS Z0R S AT W 5. 7F VT,
R2 F1R3 ], CN ACHETIREH AR 2 AL ZN Ak
AN T 15.9%. 28.5%F1 16.4%.

MR 2T 2 g5 R B 7R, eCO, FIAUIEAS HAE ]
XA G D REmH A ZUR B AE R3 IR, i
RPN EERTES AN
2.4.2 WEHEAKEBRRE R IEREMEERT
HEE YR AT A RS PEES . WE 8 T LUE
o, FORTFAR: 22 J5 BEA i 2 S Rik Bt 2B

HERRROHERE, ESkeE EHInESR, IREEVEHIE 334.8
—468.3 pg-g’.

BRI Z T ZE g B IR, eCO, NI REM I A&
SRR AT — BT, AE VT WIRJE 2 R85, ER
JEIKT T, eCOy AbBE 1) Tl B8 i 125 2 S5 IR VR JE LE
aCO, WE I 16.7%:; MiZUK T, W& 21.7%.
FUEHEHTAT R3S Dy RE R B8 2 SR IR AT — s 4
i, AHARIR KT

MUK ZET7 2 W 4 R W, eCO, FIAUIE A FLAE
FHXT Iy e 3t 25 2 S M 5 45 I B3 0 A7 B 2 A8 EL
YEH



17 4] PWEE: KA CO WRPETH i 5 BRI ELAF X K AE 5 B B A A B 5 R 3655

CO, EES
N ns
CO,xN ns

600 - 0 ZN-aCO, B ZN-eCO, O CN-aCO, B CN-eCO,

500 |

400 -

Amino acid concentration (pg-g™)
W
(=3
S
T

VT

* ns
ns ns
ns ns

R2 R3

AL H I Growth stage

B8 FFBEERAFARLEBINGEMHFEIERIRE

Fig. 8 The concentration of amino acid in the functional leaves after flowering during summer maize growth stage
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Fig. 9 The content of soluble protein in the functional leaves after flowering during summer maize growth stage
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Fig. 10 The content of cell wall nitrogen in the functional leaves after flowering during summer maize growth stage
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Fig. 11

The content of thylakoid nitrogen in the functional leaves after flowering during summer maize growth stage
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Fig. 12 The concentration of total nitrogen in the functional leaves after flowering during summer maize growth stage
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Fig. 13 The C/N at the functional leaves after flowering during summer maize growth stage
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