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Physiological Basis on the Yield in Japonica Rice with Different
N Application Efficiency during the Later Development Stage

JIN Lei LI Xia WEI Xiao-dong LIU Xiaodong WANG Caidin ZHONG Wei-gong

( Institute of Food Crops Jiangsu Academy of Agricultural Sciences Jiangsu High Quality Rice R& D
Center Nanjing Branch of China National Center for Rice Improvement Nanjing 210014 China)

Abstract: The objective of this study was to identify the difference of photosynthesis in Japonica rice of Jiangsu
under different nitrogen applications; 7 rice genotypes including three middle Japonica rice( Wuyujing 3 Nanjing
45 02102) and five late Japonica rice( Wuyunjing 7 Nanjing 44 Nanjing 46 Nanjing 5055) in the pot experiments
were chosen to measure their photosynthesis characteristics NR GS GOGAT GDH and antioxidant enzyme activi—
ties of flag leaves at the flowering stage under different nitrogen applications( 150.0 kg/ha: LN.300.0 kg/ha: MN
450.0 kg/ha: HN ) and their yield component were investigated after harvest. The results showed that the grain
weight per plant of Nanjing 45 were 118.47% 129.11% 132.58% respectively of those in the control Wuyujing 3
under LN MN and HN while those of Nanjing 44 were 1.79% 25.10% and 29.79% respectively higher than the
control Wuyunjing 7 in corresponding treatments. With the amount of nitrogen increases rice plants increase the a—
of flag
by improving

nmax )

bility to use high light intensity and alleviate the decrease of the maximum net photosynthetic rate( P
leaves at the 21 d after flowering; Under high concentrations of CO, the rice varieties increased P

nmax

their apparent carboxylation efficiency( ACE) under MN condition. From the perspective of antioxidant capacity the
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increase of superoxide dismutase( SOD) was one of the important antioxidant enzymes. Analysis results show that
the photosynthetic capacity at 7 d after flowering was more related to the weight of grains. On the other hand the
photosynthetic ability and the antioxidant capacity of at 35 d after flowering were more related to their seed-setting
rate. The super rice varieties such as Nanjing 44 and Nanjing 45 are more suitable for the cultivation in medium ni—
trogen conditions by inducing the NR and the antioxidant capacity of different time after flowering which they resul-
ted in the high photosynthetic capability to obtain the high yield. Selection the rice varieties with high ability of pho—
tosynthesis would be an important strategy both for high yield and to decrease the N application in future. It would
be helpful to increase the yield and reduce the N application by breeding the rice variety with high photosynthetic a—
bility in future.
Key words: Rice; Photosynthesis; Nitrogen; CO,; Antioxidant enzyme; Yield
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Tab.1 Germplasm of seven tested rice

Variety Group Ripe stage Year of release Female parent Male parent
3 Wuyujing 3CK japonica 1987 1 /7951 /1
45 Nanjing 45 japonica 2004 315/ 3346 8
02102 japonica
7 Wuyunjing 7CK  japonica 1996 48/ 9121 815
44 Nanjing 44 Japonica 2004 451152/R405 NJ30125
Nanjing 46 japonica 2008 14 194
5055 Nanjing 5055 Japonica 2005 13 194
1.3 MDA ; »
o 5 ( Glutamine synthetase GS) ( Glutamate
o synthase GOGAT) Valadier
1.3.1 - a2 o ( Glutamate dehydrogenase GDH)
LI-COR LI-6400 Miyashita 7 o
6400-02B LED SOD. ( Cata—
( Instantaneous net photosynthet— lase CAT) . ( ( Peroxidase POD)
ic rate TAPR) o LED =
( Photosynthetic photo flux density . SOD SOD
PPFD) PPFD 0 50 100 150 200 ( Nitro blue tetrazolium NBT) NBT
400 600 800 1200 1400 pwmol/( m™s) 50% 1 (U); CAT
( Net photosynthetic rates P,) 4 Ao 0.1 1 (U);
( Light inten— POD A 0.01 1
sityP,) (U)o
( Maximum net photosynthetic rate P_ . ) o
1.3.2 Co,
( Apparent carboxylation efficiency ACE) .
v PPFD Fe'* Fe’*
(800 +1) pwmol/( m*es) . (32+1) C
Co, :0 20 50 100 150 o
200 250 300 400 600 800 1 000 pwmol/mol  SPSS 1.3.4
10.0 P, CO, 15 o
(Co,P,) co, .CO, . CO, 1.3.5
i Co, 250 pmol/mol FMS2
ACE * . ( Fu/Fm) .
1.3.3 ( Nitrate ®PST * .
reductase NR) ; 24 1.4

o SPSS 17.0 Dun-
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Tab.2 Effect of growth parameters and yield component of japonica rice under different nitrogen applications

Variely

Treatment

/em
Height

Number of

ear plant

Grains per

panicle

/g
1000-grain
weight( g)

1%

Seed setting

rate

/s
Grain weight
of per plant

3
Wuyujing 3

45
Nanjing 45

02102
7
Wuyujing 7

44
Nanjing 44

46
Nanjing 46

5055
Nanjing 5055

LN

MN
HN
LN

MN
HN
LN
MN
HN
LN
MN
HN
LN
MN
HN
LN

MN
HN
LN
MN
HN

89.11 +5.29Bb
95.33 +2.52Bb
84.67 +5.10Cc
107.67 +2.08Aa
106.33 +4.72Aa
104.33 £3.51Aa
72.00 +3.61Ba
96.67 +0.58Ba
106.33 £1.53Aa
103.33 £1.15Aa
103.12 £2.64Aa
104.67 +£5.50Aa
97.33 £4.04Ba
101.67 £2.51Aa
95.33 +1.52Bb
85.33 +3.05Cc
102.01 £3.60Aa
102.67 £1.52Aa
96.33 +0.57Bb
97.02 +1.00Bb
94.67 +3.21Bb

12.61 +1.79Ee
17.21 £2.21Aa
16.33 +1.00Ba
13.33 +1.73Dd
16.21 +1.52Ba
15.86 +4.04Ba
14.16 +0.58Bb
15.21 £2.52Bb
15.07 +4.73Ba
14.21 £4.35Cc
16.00 +3.19Bb
14.37 £3.21Bb
16.69 +3.78Aa
17.11 £3.13Aa
15.01 1. 14Ba
15.67 £2.51Ba
15.36 +2.24Ba
13.33 +2.08Ba
15.33 +1.52Ba
16.33 +2.51Ba
14.67 +1.15Bb

115.00 £12. 05Ff
182.00 £15.17Cd
134.00 £15.76Ee
197.00 £10.51Bb
213.67 +10.93Bb
194.00 £10. 15Cc
69.00 +13.45Gg
162.67 +11.36Dd
222.67 £18.2Bb

205.00 +14.00Bb
182.67 +£17.01Cd
185.00 £13.45Cd
178.00 £14.63Ce
252.33 £12.09Aa
200.00 +14.63Cc
76.33 +11.01Gg
213.67 +15.53Bb
210.33 £8.38Bb

124.00 +8. 18Ee

162.67 +11.36Dd
149.33 £14.01Dd

20.08 +0.06Cc
19.83 +0.64Dd
20.13 +0.15Cc
21.57 £0.51Cc
25.61 +0.53Bb
22.55 +0.50Cc
20.36 +0.55Cc
21.24 £0.20Cc
20.48 £0.45Cc
18.29 +0.21Dd
18.62 +0.54Dd
17.52 +£0.50Dd
20.22 £1.06Cc
27.25 +0.34Aa
21.92 +0.88Cc
21.32 +0.58Cc
22.39 +0.29Cc
22.35 +0.40Cc
20.62 +2.70Be
21.61 £0.56Be
20.61 £0.31Be

86.32 +2.
87.16 +2.
84.38 +6.
86.31 £3.
90.73 +1.
92.13 £2.
73.11 8.
96.19 +1.
95.12 +1.
86.15 +3.
90.30 +3.
92.09 +2.
94.17 +1.
93.11 +2.
95.13 £3.
82.15 5.
93.18 2.
94.11 +2.
68.90 £5.
96.13 £3.
88.32 +3.

15Ba
67Ba
69Cc
1Bb

64Ba
09Ba
74Ec
07Ba
09Ba
80Bb
13Ba
14Ba
53Ba
12Ba
78Aa
90Ce
32Ba
10Ba
11Ee
12Aa
11Bc

35.27 £0. 68Ff
44.07 £2.14Cc
45.60 +0.90Cc
40.60 +3.02Dd
56.90 +2.64Ab
55.50 +1.89Aa
32.77 +0.73Ff
47.07 £1.95Cc
56.13 £2.99Cc
34.46 +1.56Dd
46.61 +1.34Cc
51.61 £2.10C¢
43.22 +1.38Dd
58.31 +2.62Aa
58.60 +0.42Aa
40.13 +1.26Dd
50.06 +2.02Ab
54.00 +1.50Ab
40.73 +1.51Ke
55.66 +0.19Bb
55.26 +1.28Bb

among different rice varieties.
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Tab.3 Identifications of characteristics of photooxidation and shade of rice materials

Photooxidation Shading
/( kg/hm®)
Variety Nitrogn Treatment /Fv/Fm (ol ms) ) %
N . ! Photooxidation The maximum Filled-grain ~ Tolerance to
/(kg/ hmz) Max photlochemlcal ®PS grade photosynthesis rates at  percentage shading
efficiency .
’ booting stage P
3 300 0.83 0.74 2 19.34 87.16
Wuyujing 3 0.70 0.60 17.04 51.31
/ 0.85 0.81 0.88 0.66
45 300 0.87 0.73 1 24.50 91.31
Nanjing 45 0.76 0.62 25.25 78.32
/ 0.87 0.85 1.03 0.86
02102 300 0.87 0.75 2 27.65 9. 19
0.76 0.63 15.95 66. 05
/ 0.87 0.84 0.58 0.69
7 300 0.86 0.76 2 25.25 90.30
Wuyujing 7 0.74 0.65 15.16 73.79
/ 0.86 0.86 0.60 0.82
44 300 0.86 0.75 2 31.93 93.11
Nanjing 44 0.69 0.55 19.25 82.88
/ 0.80 0.74 0.60 0.89
46 300 0.85 0.75 3 26.25 93.18
Nanjing 46 0.73 0.64 16.16 73.79
/ 0.86 0.86 0.62 0.79
5055 300 0.86 0.75 3 21.25 9. 13
Nanjing 5055 0.73 0.63 16.16 73.79
/ 0.85 0.84 0.59 0.77
: 1 2 1/3 3 172 4 5
Note: After photooxidation all green is grade 1 tip yellow is grade 2 1/ 3 leaf yellow is grade 3 half yellow is grade 4 whole leaf yellow is 5.
4
Tab.4 Correlation coefficient between physiological indexes and yield components of different
rice varieties under different nitrogen applications
7 % 0
SOD activity of
Number of Crainls per IOOOgraill Grain weight ~ Seed-selting P w7d ‘ P w3sd [}.le flag leaves  Photooxidation
ear plant panicle weight of plant rale e - in 35 d afer grade
after flowering after flowering Novert
owering
Height 0.180 0.610™  0.470™  0.630™  0.490™ 0.140 0.170 0.181 0.094 0.150
Number of ear plant 0.310™  -0.190 0.650  0.340" 0.430" -0.310 -0.261 0.312 0.210
Spikelets per panicle 0.500™  0.630™  0.530™ 0.320 0.0100 0.120 0.249 0.250
1000-grain weight 0.220 0.370™ 0.550™  -0.020 0.521™ 0.340° 0.350
Grain weight of plant 0.450 ™ 0.070 0.010 0.462™ 0.413 0.440"
Seed-setting rate 0.070 -0.220 0.513 0.499™ 0.370°
7d
P,....in7 d after flowering 010 -0.212 0.314 0.170
NR 0.211 0.258 0.383
354 sk ok
0.538 0.629

P, .. in 35 d after flowering

max

SOD  SOD activity of the

flag leaves in 35 d after flowering

0.567™

*

0.05 () LR 0.01 ( )

Note: * . Indicate significant difference at 0.05 level; ** . Indicate significant difference at 0.01 level.
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