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Effects of Elevated CO; Concentration on Photosynthesis of Rice Leaves Under Different

Nitrogen Supply Forms
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(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
210008, China; 2 University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: In order to investigate whether the response of photosynthesis of rice leaves to elevated CO, concentration ([CO,]) is
related to nitrogen supply forms, artificial climate growth chambers were used for observing the photosynthesis of newly
developed leaves of rice cultivars (japonica rice cultivars: Wuyunjing 23 (WYJ) and Huaidao 5 (HD), indica rice cultivar:
Yangdao 6 (YD), and hybrid rice cultivar: Y-Liangyou 6 (Y-LY)) with four treatments (main treatment: ambient [CO,] and
elevated [CO,] (+200 umol/mol), and secondary treatment: nitrate nitrogen and ammonium nitrogen supply ). The results showed
that elevated [CO,] increased net photosynthetic rate (P,) of WYJ, HD and Y-LY leaves under nitrate nitrogen treatment and WYJ
leaves under ammonium nitrogen treatment, and intercellular [CO,] (C;) and water use efficiency (WUE) of rice leaves under
different Nitrogen supply forms, and the responses of P, and WUE under nitrate nitrogen treatment were higher than those under
ammonium nitrogen treatment. In addition, elevated [CO,] reduced stomatal conductance (g;) and transpiration rate (7;) of rice
leaves, and the responses of gs and T of japonica rice cultivars (WYJ and HD) treated with nitrate nitrogen were greater than
those of indica rice (YD), and the responses of g and T; of hybrid rice cultivar (Y-LY) treated with ammonium nitrogen was
greater than those of japonica and indica rice cultivars. The above results indicate that different Nitrogen supply forms can affect
the response of photosynthesis of rice leaves to elevated [CO;], and this effect varies widely among rice cultivars.
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1.1 kKBS

BEIKIK RF (Oryza sativa L)y . Rk 23 =5
(WYD). #EFE 5 5(HD). #f4 6 Z(YD)F Y-BifL 6
S(Y-LY), Hr WYJ F1 HD R ERg A, YD hAE
mn . Y-LY HAASHRE Sl
1.2 Rt

TR IR R TE AR FPICO b, A
JEZA5435124 1 mmol/L NH;-N((NH,),SO,))#1 1 mmol/L NO
;-N(KNOs), 43 5ILL NH; . NO; £ow . Ak, @3 0.59
g/L BRUEHEDCDYE R ALIIEIR, 5 mmol/L MES

fEH pH ZZihiil. [COLJubFE 438 KA [CO,] (400
pumol/mol)AbFf | F[CO,](600 pmol/mol)Ab#H , AT
It 4 A abEE, B NH; +KS[CO,]. NHj +E[CO,].
NO;+K[CO,]. NO;+{&[CO,].

IKFEM T2 10% H,0,HEE 30 min J5, FZERIK
THUE, BRI TERS D, (TR 34°ChytE
TR N EEZE, TR FHAETE 0.5 mmol/L
CaCl W P 35 % 3 d JS K R 4l i 7 etk B AR
B B RO IR AT E SRR pH N 5.5 A,
IR RELRCE AR AT . BEEARR B e
BRI T 0.25 mmol/L(NH4),SO,, 0.5 mmol/L
KNO;, 0.18 mmol/L NaH,PO,2H,O, 0.18 mmol/L
KCl, 0.36 mmol/L CaCl,-2H,0, 0.6 mmol/LMgSO47H,0,
9 umol/L MnCl,-4H,0O, 0.1 pmol/L (NH4),Mo00Q,,
10 pmol/L H3BO3,0.7 pmol/L ZnSO,4 7H,0,0.3 umol/L
CuSO,45H,0, 20 pmol/L FeSO47H,0-EDTA, kK4
SRR E N 14 W10 h(H K/, HAHRE K
70%, SRR H K 30°CH 22°C, eaA R
(PAR)Jy 800 umol/(m?s). 7 d J5 PEBUK v — 2 i 41
BAR BB T A RIE AL M [CO, 4t
B, NO, . NHACHPEFIRA IR 1. FA-be
R4, BRI dER 1R, 482845,
XK ARG R A TR T AE .

1.3 MEDHEKRFZE

M2 R AR A - RS2 (5 SPAD-502)
D B T 56 40t SPAD H, RMEEME 1 it
BRI E 8 WK, BWOFIIMAE.
z1 TEAREHREESTERRPAENHETERE

Table 1 Macroelement and microelement contents in nutrient
solutions under different N supply forms

BIRWNSY E il NO; AbFH  NH&b 3
KEITE NO;-N KNO; 1 0
(mmol/L)

NH;-N (NH4),S0;4 0 1
K KClI 1.18 1.18
P NaH,PO,-2H,0 0.18 0.18
Ca CaCl,2H,0 0.36 0.36
Mg MgSO,4-7H,0 0.6 0.6
HIHITE  Mn MnCl,4H,0 9 9
(umol/L)
Mo (NH4),MoO, 0.1 0.1
B H3BO; 10 10
Zn ZnS047H,0 0.7 0.7
Cu CuS0,-5H,0 0.3 0.3
Fe  FeSO47H,0-EDTA 20 20

http://soils.issas.ac.cn



5 2 39

B COIREEXIA A B R ML T KR Aot AR IR =20 267

MR EEERTIE . SR Li-Cor6800 {H#50k
G RGO R KA BT I 58 A i R
(P) JIE] COL MR FE(Cy) RAL T (g) MIZE G (T,
F A K R IR (WUE) : WUE= Py/T, Il
FE B RA[CO I [COLIFTEE I S Lh CO, W EE 433
J& 400 1 600 pmol/mol, JEHRIBEE A 1 500 pmol/(m?s),
T E N 500 m/s, MHRIE R 30°C, FHXTEE 1K
FETE 50% ~ 60%. F—M R e 3 HBCFI4ME, B4
AE PRI E 4 IR
1.4 #iE4AE

FIH SPSS Statistics 23 #EATEHE /4T, Origin
2018 PRI, SR IR/ 3 22 59k (LSD) A T A B ] (1Y
ZE 5 WENEI T

2 HR59WH
21 SCOIMABREHRAESTKENR
SPAD {E K0
HE 1 A, TIEMMERMLAEEST, &
80 e
E ]j\:[égc?] NO; kb3
60+
g
2 a0t
(=™
w2
20
0
WYIJ HD YD Y-LY
/J(*ﬁlllélﬂ

(B A 6 T8 o I fHLbRiEDE s .

[CO, % WYT . HD 1 Y-LY M F () SPAD {H#R TG i &
S5 R [CO AR B FEL T NHy Z4bBE T YD i
f) SPAD fH, {HFEIEAY 3.7%, i, BAME, &
[CO, IR KRG B SPAD {52 M A K
22 BICOIMARREMERST KB &
KB ER(P)HIF M
HH I 2 AT, S [COLME#E T NOAREE K FERt
P,, f# NO; 4:FEF WYJ. YD I Y-LY MK P, 4354
h24.1%. 43.2% F130.9%, Z5kE 8 &K (HX}
HD A P, CREM. ML NO, 4bH, B5[CO. X}
NH, AR AE H Py s AR, (R M T WY
MR Py, N 22.2%; XFHAKAGH A TC D
Wi AH b NO; AbH, NH,™ AbHUKAEH - P, T NO; 4b
L [COIMAFRIEAXS P AE W& EHAEN], Sfh.
[COJFIRFELANS P, AT BEMIEHAEH(ER 2).
23 BICOIMARREMERETKEH G
&) CO, iR E (G
HiEl 3 AT, (R[CO, M 35 M T 45 A it

80 .
1 KA[CO,) g
= (CO) NH, 4b ¥
60
=
ok
2 10
[~y
%)
20+
0
WYJ HD YD Y-LY
IKAG b

R 3 1) R [l — KRG S RPN ] CO, AR B A) 2% F-7F P<0.05. P<0.01. P<0.001 7K 3)

1 B[COMARIRAEZMRLERISTKIEMF SPAD HBIF T

Fig. 1
“r xeucol NO; 4h$
B 5[CO,] 3
45t
E
3 30F
g ' .
g % w%
-
| ﬂ " d ’_)[
0
WYJ HD YD Y-LY
JKFE A

Effects of elevated [CO,] on SPAD values of rice leaves under different N supply forms
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Fig. 2 Effects of elevated [CO,] on P, of rice leaves under different N supply forms
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Table 2 Variance analysis of effects of elevated [CO,] ,N supply forms and varieties on photosynthetic parameters of rice leaves
ESES SPAD fH  #otEHRP,)  JME COME(C)  ALFE(g)  EBERT) KIFIHAE(WUE)
iy sk XS sk XS ke sk
[COZ] 0.582 sk ®xk sk *kk ®x%k
Bh i <[CO,] 0.090 0.051 *rk ** 0.083 *
TR B IES ** Hokok Hok *okok okok sk
[COXEIEZ 0.392 ok 0.330 0.113 0.326 *
A ATX[CO,] xBTS 0.561 o o * 0.056 0.352
Hox L RRIER S FRRAE P<0.05. P<0.01. P<0.001 7K F52Mm i 3
600 = 6001 L=
1 KA[CO,] b CIRTUCO] N pygpam
H 5(CO,) NO AL 5 [CO,] A
4501 sk wkeok ek oAk 450k sk oK
% % sk ok Kook
£ £
g 300r 2 300}
g g
&) &)
150+ 150+
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wYJ HD YD Y-LY wYJ HD YD Y-LY
LY IK A
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Fig. 3 Effects of elevated [CO;] on C;of rice leaves under different N supply forms
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Fig. 4 Effects of elevated [CO,] on g; of rice leaves under different N supply forms
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Fig. 5 Effects of elevated CO, on T; of rice leaves under different N supply forms
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Effects of elevated [CO,] on WUE of rice leaves under different N supply forms
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