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Abstract: Rising concentrations of near surface ozone ( O,) has become a major pollutant in many areas of China. As a

strong oxidizer, O, has been proved to have many negative effects on photosynthetic physiology and carbohydrate
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accumulation of plants. Meanwhile, the increase of nitrogen deposition (N) is also an environment factor with negative
effects on plant growth. N deposition means the process by which N compounds in the atmosphere enter an ecosystem
through abiotic ways. China has become one of the countries with the most serious N deposition in the world. Nonstructural
carbohydrates (NSCs) , composed of soluble sugar and starch, are known as important energy substance in plants and play
an indispensable role in energy transport, respiration substrate and osmotic regulation. The difference in the amount of NSCs
in different organs can reveal the distribution of photosynthates. The contents and proportions of NSCs can also directly
reflect the nutrient supply situation under different situations. Furthermore, the dynamic change of NSCs is also able to
reflect the response of plants to the temporal and spatial variation of the environment. Soybean ( Glycine Max ( Linn.)
Merr.) is an important food crop over the world. Many studies have been carried out on the effects of individual N deposition
or O, concentration increase on soybean yield but there are few studies focusing on their combined effects on soybean
biomass, especially the accumulation and allocation of NSCs. It is still not clear whether there is an interaction between the
0, and N deposition. In this paper, elevated O, concentration and N deposition were selected as the main research object.
To explore the effects of elevated O, concentration and N deposition on gas exchange, biomass as well as nonstructural
carbohydrate (NSCs) accumulation and allocation in soybean, this study uses Open top chamber (OTC), setting two O,
concentrations of O,( AA, normal atmosphere; AAO60. Normal atmosphere +60wg/m® O,) and two N application gradients
(control; N addition) to carry out relevant experiments. A total of 6 Chambers were used with 3 as the control group and 3
as the O, treatment group. 5 repetitions were set for the control and treatment groups of N treatment in each chamber. The
results show that; (1) The net photosynthetic rate (Pn) and stomatal conductance ( Gs) of leaves were significantly
increased by 96.21% and 83.77% after N deposition, but the positive effects of N deposition on biomass of soybean organs
were not significant. The allocation ratio of soluble sugar and NSCs in roots decreased by 42.17% and 38.95%. The starch
allocation ratio in leaves increased by 41.55% and the soluble sugar content of soybean and stem was increased by 59.41%
and 95.29% after N deposition treatment, respectively. (2) After O, concentration treatment, leaf Gs increased by 94.89%
and Pn decreased by 2.34%. The biomass of leaves, stems, roots and beans was significantly decreased by 38.14%, 56.
25%, 66.67% and 25.49% , respectively after O, concentration treatment. The soluble sugar, starch and total NSCs in
beans were significantly decreased by 21.94% , 49.65% and 30.55%, respectively. After O, concentration increased, the
proportion of total starch in root system increased by 56.21%. (3) The combined treatment of O, and N deposition showed
significant interactions on leaf net photosynthetic rate, transpiration rate, and NSCs components in beans, stems and roots,
mainly presenting to be antagonistic. In summary, N deposition increased leaf photosynthesis and NSCs allocated to
overground parts, but NSCs distributed to underground roots was decreased. Increasing O, concentration inhibited soybean
growth and NSCs accumulation but increased the proportion of starch in root system. Significant interactions between two
factors were observed as the N deposition can alleviate the damage caused by O, to photosynthesis and NSCs to a certain
extent, but no similar effect on biomass decline was detected. This study helps understand the effects of N deposition, O,
and their combined effects on the NSCs of soybean crops. This also helps to understand the internal mechanism of impacts,
to scientifically assess the impact of climate change on crop quality and yield, and to provide data support for future

decisions.
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FeB TS FCRLA, HL NSCs 1Y Bh S A5 b REAS PR BUAL W 3t T 3R et 25 ARy m g %7
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) RS+ 60 wg/m® O,( FIRIE, AAGD) FIIRS+ 60 wg/m® O,+N UL B (AANGO) &b 3 5 2 6 i
52 o N TR A 30 3+d it RN R S B, MR FR ] N TR A LA B S i T 2 7 e — AR SR N
DUREIKF, 240 B 54 0.75 ¢ BAE(N15—P15—K15) % T 1000 mL /K H, 5 JE A A0 AR — Uk, o REita Jin 25
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Fig.1 Schematic diagram of experiment design
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1.3 SCEephR

SIS RHE R R T W WA B 292 ¥ 5 ( Glycine max ( Linn.) Merr.) , Ff &2 KD HBGE
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J#(Gs, mol H,O0 m™ s™") Jfufa] & LARIEE (Ci, pmol CO, mol™") ZEMEE K (E, mmol H,0 m™ s™") {EFrHY
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Fig.2 Effects of elevated O; and N deposition on net photosynthetic rate( Pn) , stomatal conductance( Gs) , intercellular CO, concentration
(Ci) and transpiration rates of leaves(E)
N: KN PLHIE AL BE Nitrogen deposition increase effect; O5: K 043¢ THREALHE O, concentrations increase effects; NxO5: K N LI
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Table 1 Effects of elevated O; and N deposition on soybean biomass

b3 A e R kL AP
Treatments Leaf/g Stem/g Root/g Soybean/g Total biomass/g
AA 2.36+0.75ab 2.72+1.19ab 0.39+0.13ab 6.08+0.99ab 11.55+1.61b
AAN 2.98+0.98a 3.45+1.26a 0.45+0.18a 7.28+1.37a 14.16+3.06a
AA60 1.46+0.17b 1.19+0.12¢ 0.13+0.02¢ 4.51+0.45¢ 7.29+0.48¢
AA60ON 1.74+0.28b 1.59£0.19bc 0.17+0.02¢ 5.26+0.51bc 8.76+0.38¢
Py 0.26 0.29 0.42 0.10 0.08

Pos 0.02"* 0.01** 0.00"* 0.00 " 0.00"*
Prxos 0.65 0.75 0.86 0.69 0.59

AAFRBEE 5K Ambient air; AAN; FREET 5K+ R P4 Ambient air+Nitrogen deposition increase; AA60: FFBITF 5 KT +60 pg/m*0,
Ambient air +60 wg/m®0,; AAN60; FAEETF 5K+ E AL H+60 pg/m>0; Ambient air+Nitrogen deposition +60 pg/m® 05 ; Py : B ILFEIE Jin kb 3y 22
SMTEY P {E P value of nitrogen deposition increase treatment effect; Oy : Poy : O W BEH4 I 2b B 7 22 43 M1 B9 P {8 P value of O concentration increase
effect ; Pyyos : P value of the simultaneous of nitrogen deposition increase and O, concentration increase effect ; 575 fA /NG 78 F R [Fl— 28 B A A
RhERE) L T A2 S L (P<0.05) ; KUFAT LA™ « "R 24 HTEs B P<0.05, * » = " FR Jy 240145 5 P<0.01
2.3 O RIETHE A N IR 5 NSCs 410 & B 10 5210
231 SHL

SEWLIRN, BRI ERERLLL NSCs 76 N JUREANHLS W3- TF T 59.41% 1 35.86% , O, Kb HHL i S REAR T
21.94% WY AT EPERETN 49.65% HITERS (& 3) , PRI NSCs 78 O A0 F T AL B2 FFE T 30.55%, O,F1 N ik
b 3R 3 L[] AL BT RIS, NSCs & it A B WA BEAE, R EAEHERIAEMH T 0, MM T
W, Forhn PR RS A R BB N 14.43% , 5 NSCs BT FEAVE FALIRAR 2= 27.88% (&1 3)

232 MR

N UTREAT O, 4 B2 % it AT MBS A1 NSCs 4 T0 250 0m (1] 4) o 10 O, R FE T+ AL LS 38 2 i 1Y
TEM ST E TR 5.31%, TEESM AP, N UM O3 — 38 Z R L R E S EAEH (A 4) .
233 2%

N TREAT O 7 B2 s S HIR N 255 2 i 2k B 3 52 M (181 5) o N DLRR A 3 o &7 25 100 W] 35 i
FLEL NSCs 203l 2 2 ETHT 95.29% 11 35.32% , {H O, 4b Hifi #5 & 2L A0 AR NSCs 75 5 i 3% F I T 58.83% Al
36.46% , XTZEVEN B AT U E T, T LR AL BEXT ZE TS A S R A B S B, &
MRS T N U O MR BT S B iEm S i PR (KT S) .

234

N JIREAR XS B E AR ZR NSCs j= 48 WM, (0 O, % rI AL, NSCs & 3 i T 8 35 1y T g i, il
HE#@ a0 THET 66.21% 50.34% (& 6) , —#F AR &I M AR NSCs & AL W2 B AR
(K6),

2.4 OMRPETFE AN N DUFRALBEX; NSCs 20 /075 85 A5 25 B /0 FC 2R I S i)
241 Ay E ATIA TR R 2R
N UURRAL P 2 ARG T AR R A MERE ) 0 Be, SR REME L, LB 2 T % T 42.17%, X HEH S AT
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Fig.3 Effects of elevated O; and N deposition on soluble sugar, starch and nonstructural carbohydrates (NSCs) of soybean beans
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Fig.4 Effects of elevated O; and N deposition on soluble sugar, starch and nonstructural carbohydrates (NSCs) of leaves
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Fig.5 Effects of elevated O; and N deposition on soluble sugar, starch and nonstructural carbohydrates (NSCs) of soybean stem
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Fig.6 Effects of elevated O, and N deposition on soluble sugar, starch and nonstructural carbohydrates (NSCs) of soybean root

2.4.3 NSCs 7EA BRI E 43

N UL/ T NSCs AR R AL, WD EE R 38.95% , O ALBRFRAE T 25 NSCs T 4 kb, BRI
FEfil R 51.14%, O, F1 N UL BN L BEXTHR R NSCs 2Bl EA B E WL BEAEH, — & LFEAAS B M T X R &
NSCs Y FFEMEH (£ 4) , & ABEXE Sk H NSCs 1920 B R & WL B 221k,

3 e

3.1 O AhFEXTE G oL h AHARA Y NSCs 75 0 A1 40 T A9 52 )

O, —Fhim AL, e FL B A 2 e, SR A A TR T B S 235 W R A 6 Bl 103 3
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Table 2 Effects of elevated O; and N deposition on soluble sugar allocations proportions among all organs

Qb7 #5F Organs

Treatments 4L Bean 2 Stem i Leaf 2 Root

AA 65.60+16.40a 0.97+0.49a 14.46+0.73a 18.97+6.68a
AAN 68.97+9.09a 1.18+0.03a 20.95+12.00a 8.90=1.80b
AAG0 74.60+2.16a 0.300.07h 14.12+1.35a 10.97+2.07h
AANGO 71.02+3.59a 0.340.11h 16.76+1.07a 11.88+2.79h
Py 0.96 0.27 0.27 0.02"

Po, 0.21 0.00"" 0.58 0.17

Pyxo, 0.44 0.54 0.63 0.01""

£3 O,REASHNIEENESBESEERNZMN

Table 3 Effects of elevated O; and N deposition on starch allocations proportions among all organs

b 4 Organs

Treatments TR Beans 2% Stem M Leaf 2 Root

AA 63.66+11.69a 2.05+0.25a 14.68+0.47h 19.96+6.31b
AAN 56.07+17.99ab 1.53+0.22bc 20.78+2.21a 21.63+1.79h
AA60 51.69+13.79ab 1.48+0.48c¢ 15.65+1.03b 31.18+6.83a
AANG60 44.61+6.52b 1.92+0.07b 20.74+1.41a 32.73+6.17a
Py 0.24 0.77 0.00"* 0.53

Py, 0.07 0.57 0.60 0.00**
Prxos 0.97 0.00 ** 0.57 0.98

R4 O;REFSH N FEXNEEMEBRKLEY (NSCs) ERREHFEEAIHM

Table 4 Effects of elevated O; and N deposition on nonstructural carbohydrates (NSCs) allocations proportions among all organs

i S5 Organs

Treatments K Beans 2% Stem M Leaf R Root

AA 64.87+14.76a 1.31£0.30a 14.53+0.34a 19.28+6.45a
AAN 72.01£4.65a 1.37+0.06a 13.79+9.67a 11.77+1.42b
AA60 67.08+4.44a 0.64+0.15b 15.51+1.25a 16.95+0.99a
AANG60 63.35£1.72a 0.75+0.08b 18.78+0.45a 17.34+1.63a
Py 0.69 0.54 0.16 0.03 "

Py 0.89 0.00 "~ 0.64 0.31

Prxos 0.50 0.39 0.63 0.02"

O A ORI B R M, AT LIS O, X 5 M AR S M 32 22 R AR ALBR I A 45381, AL R i 7 X il =
(Brassica napus) " FEW ( Catalpa ovata )V | % /N FF ( Tritcium  aestivum L.)""% 73 4 ¥ ( Betula
platyphylla) " 25 IRFFE R 354G REE, AESFLRR 0T GE A SR R R SR 38 40 BEAR T6 a2 26 sz
A AL ETE O, MR B FH R Ab B 1 B0 S 253 hn , nTRE Y SR A2 Mk B O, i S8 A RN AR R BUR AL IS
Jeik B, RIS R e MR SR T A iR S SRR AR OB (90pe/m’ 2247 ) FEHT I A
JeB TR TRAR T 2.34%, T RERRREEF B B RAEMEAR, WIKFE (15.67%—27.26%) ", & /NF
(19%)*, # 5 (40—60 pg/m’, 10%) >, JRERYJE R S5aA MR I RS, 0, BRI IR AE 15 ™ & L
MARMEVERA G, HEKSEX T B AMEE R, RIATESLE 5 Wt 7 NSCs & = JF R &k 4Bk
(B 4), 36T O, A ™A THAHEN . B2, T O, s A b PEx i i BAA B3 B, b3l
B AR AR A I R BT AR R P DR R B A (R 1) A LT R 2R BT O vk B T R N AR PR R
LS R s g AN iy N D R AL i OB e I

O, TR FECRIEY - & TR C &I R T RENIR, mEN RS RESE TR OLEGHERET
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B R Bl b | T RRAR AL R K A A B B A 5T RIS R R N IR X B AR AR Y
AR R EA (L E I EER A IR B K- (Bl Tk SR RZ IR, 0 EA &5 SAEY = T
T 36.88%, MiT R EWHEE I T 25.49% , MRAFZER T REE R T 5ok, XS5 Morgan S57E 2003 4F (1)
Meta 43HT SCRRAYZE S (BRI R % 38% , TR NI 24%) AR, AIBER MBS B 4k A rp, —4F
AR TR IE I 25 F R ] TIHFE S 2 AR R AZEh oK AL G4, hAEX 5 52 B 2 1 43 il
FRAERIFp 7, DR T — R fe 0

LG5 R PRI K AL B P SR A ) 1A N EE B R R B A AN s S AT . AR A PR AR K AL B W AR P A5
(g i | 3 BOR AT LUF R AR R R B 7 R TR PR 58 45 00 A RRAIE I AN TR R 2 Seab 25 5L R 0, b3
Ji, BRZBAR R R E M TC AR AAN, GORLRI 7 3E ks 0 T FE AR FE 2 R Tl i b (18 3—6) , FTREY
R — RO, AT, M TR NSCs B2 EE R E . BOlEh—F4mY, KRR
FZERAE BRI REIE A AR TREAA I a B, AR T SR A o2 A T A RO S E SR B, B
DASS B UE M AT BB A B AT A MR P T I R N R i DL RR IE RO S B R O, Wi DL R R it DL
— R, X —AMEE S X A SRR AN A ) SR R R 52 (Glycine max (Linn.) Merr.) S BF5E (45
R—2, St GRS RI I, O,AbBE 5 AR 2 FIZEAT ihomT i o 2 i 0 25 T R e A 7 R L dp 5
Z5r, O W ERE TR P yEh G S AEARE L (3 3) , FTREM R SR AR ZEAS By AR W T B A
TR AWM THEWE, Ba L% i -T2 A EE L, ARt ] RERG fhis fnad e sz T
3.2 N UUFEALEEXT i O GG AR A )5 AT NSCs 5 12 153 BL A 52 1R

N EHEARE RS E RS, ARV EITE, N PSR A it & R DL A
1A R, N ULRERTEY) A= Wi ARG AL B W) & B2 2 O IR T AE #F . N JTREAL 308 25 1T
I Fy 25 EURE G AT I PR AR NSCs & B, X — 25 5 5 X 9B BR ( Quercus nuttallii) P 2T 1Y ( Reaumuria
soongorica) " Z5B ( Camellia sinensis) ™ SAHYI I ST G5 ARST . — A, N AGTR N2 0k ffi b 0f o5 22 1)
ARKE DN TR R L, BOHRERN A & NSCs Ho, A8 Rz, N AF R EH I 7t Ay
VER O R KN T R v S AR E R SRR LI (BT 4, K3, R 4), R TARBY RIS etk E
e, X 5 X% BEME ( Sinocalycanthus chinensis) ™ 2E-35 ( Bothriochloaischaemum (L.) Keng) '** ZEHF 5% il 2%
AL, 2 N UUREA A T3 EER 5 NSCs FRERMIRBL,
3.3 N5 O, AR E 2t oG MERA: Pt F1 NSCs 75 1 A1 53 TiE 1Y) 52 1

0,5 N UL BAE AR Y AR B 52 e B AT s 80, B T Z R 22 5%, 0,5 N Uiz
) 522 G B & D A E SR AEAE R, B 5 N DR At NE AR F Re i R AR 06 & 1E 5 Hb 134 iy A=
K, XATRRTE—E L LoRkah 1 O XTHEYDGA R MIHIFE, 1 N IS 200y & ik B G R i <AL 2
T AT RE S IRIED R X O, ML, w5 FE G A M XK Ay B 2 753K, T O, B2 287 Sk i X fL %
il £ S5 TRV FH ) T R s LA A 070 ) 78 s R FH RS R 2 1 7K o AN TRTINED O, it 3, HARSS BAR 2 & 47
FE, AT B T SR SRS OC, WHRS O, F1 N TTRE IS P 28 A0 1A 5 B2 FVE s ], ARG
FEHT, O, N UUREIL [FIALHEXT Tt G 3 | GORLRIZE A NSCs 4153 7 it DL SR R ATy P A e 2 25 e
MR R NSCs (4 BLARAEIA B BAER, R N UIREALEEXT L I8 bR BT 32 202K B O, i 353
BRMVER, X5%F 54 ( Populus cathayana) '™ (B FT 45 R — 5L,

4 it

(1) O, 18 £ ¥ T2 M SR A9 TE N LA AR O T A PERE &t 2 A T W3 T, JTRFRAIK T 35 5 SR 2 1 [R] s
FAR T Ak . 5 —J5m N @ b0t T30t b 35820 69 A My 535 i 7 b 1 2200 50k: A8 AT I T
DI % M NSCs &,
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