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Effects of CO, Concentration, Nitrogen Supply and Transplanting Density on Yield Formation of Hybrid Rice

Shanyou 63: A FACE Study

LAI Shang—kun', ZHOU San-ni', GU Wei—feng', ZHUANG Shi-teng', ZHOU Juan', ZHU Jian—guo®, YANG Lian—xin"", WANG Yu-long"
(1.Key Laboratory of Crop Genetics & Physiology of Jiangsu Province, Yangzhou 225009, China; 2.State Key Laboratory of Soil and Sustain—
able Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China )

Abstract: Increasing atmospheric CO, concentrations([CO,]) generally increases yield of rice grains, but it is unclear whether such effect
of elevated [CO,] is modified by cultivation practices. Under FACE conditions, a responsive cultivar Shanyou 63 was grown under two levels
of [CO,](ambient, ambient +200 pwmol *mol™), two nitrogen rates (LN, 15 g-m™; HN, 25 g-m™), and two transplanting densities (LD, 16
hill-m% HD, 24 hillm™). The results showed that elevated[CO,] had no effects on phenological development, but significantly increased
plant height at grain filling stage (+7% ), as compared with ambient CO,. Under elevated[CO,], panicle number per unit area(+8% ) and
spikelet number per panicle (+19% ) were increased, thus resulting in substantial increase in spikelet number per unit area(+29% ). The
CO,-induced increase in panicle number per unit area was mainly due to an increase in maximum tiller number, while percentage of produc—
tive tillers reduced significantly. The enhanced panicle size in high[CO,] resulted from the increase in dry weight per stem rather than the ra—
tio of spikelet number to stem weight. Elevated[CO,] significantly increased average grain weight. Increasing CO, concentration increased
rice grain yield by an average of 36%, being 43%, 46%, 34% and 23% for LNLD—, LNHD—-, HNLD- and HNHD, respectively. These re—
sults indicate that the CO,—induced increase in spikelet number per unit area results in substantial increase in grain yield of hybrid rice,
which can be modulated by appropriate adjustment in nitrogen supply and transplanting density.
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Table 1 Effect of elevated CO, on growth stage and plant height of
Shanyou 63 at two levels of nitrogen and planting density
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HD Ambient 27/08 14/10 88.2+1.7 106.8+2.5 110.5+2.6
FACE 27/08 14/10 89.6x1.5 117.7+£3.3 121.4+3.5
HN LD Ambient 27/08 14/10 88.9+2.5 109.3+3.9 112.6+3.8
FACE 27/08 14/10 88.2+1.9 114.6+0.9 118.3+1.0
HD Ambient 27/08 14/10 88.2+2.4 105.5+5.8 108.8+5.8
FACE 27/08 14/10 89.6x1.5 113.7+£2.5 117.5+2.6
TE: LN HN 53 5l 3R U 20 LD HD 4351 375 IR B s o
s Ambient JyFREE “ LB s FACE Sy JF it < CO, kT
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Note: LN and HN mean low and high nitrogen levels, respectively ; LD

HE HE  CO,

I &

and HD mean low and high densities, respectively ; Amibient means ambient

CO; concentration; FACE means Free Air CO, Enrichment. The same below.
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Figure 1 Effects of elevated CO, concentration on grain yield per unit area(a) and per plant(b) of Shanyou 63 at
two levels of nitrogen and plant density
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Table 2 Significance test for gain yield and its component factors of Shanyou 63 in different treatments
LN CO, N D COxN COxD NxD COxNxD

LA TR 0.003* 0.515 0.283 0.167 0.814 0.436 0.608
Btk 0.005% 0.444 <0.001%* 0218 0.129 0.389 0.829
B T AR 0.078* 0.006* 0.017* 0.899 0.667 0.596 0.380
T 2R BE R <0.001* 0.710 <0.001* 0.092%* 0.547 0.570 0.346
ZEBE R <0.001* 0.040%* 0.082%* 0.033* 0.494 0.635 0.587
FRFEA ALK 0.007* 0.083* 0.770 0.869 0.984 0.875 0.488
HETE 0.013* 0.103 0.666 0.832 0.592 0.357 0.433
BT EIE AL 0.686 0.858 0.682 0.808 0.278 0.503 0.224
BN TR AR S 0.017* 0.061* 0.005%* 0.898 0.266 0.266 0.729
SRR 0.153 0.108 0.067* 0.208 0.732 0.835 0.217
ki 0.363 0.003* 0.029* 0.823 0.595 0.061* 0.761
[ap Ve 0.195 0.004* 0.022%* 0.507 0.787 0.127 0.476
ok A 0.620 0.127 0.197 0.574 0.867 0.612 0.274
- Rk 0.019% 0.983 0.112 0.932 0.695 0.126 0.776

TE:* FORIK 0.1 235 .0.05 B35 8} 0.01 KV N.D 43 53R FUIEAL BRI BEAL 34

Note: *mean 0.1,0.05 or 0.01 significant level ;N and D mean nitrogen and density, respectively.
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Figure 2 Effects of elevated CO, concentration on panicle number

LNHD HNLD

per square meter of Shanyou 63 at two levels of nitrogen and

plant density
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Figure 3 Effects of elevated CO, concentration on maximum tiller number per square meter(a) and productive tiller percentages(h)

of Shanyou 63 at two levels of nitrogen and plant density

0.059) .2.3%(P=0.152) .4.7%(P=0.059) # 1.5% (P=
0.983), J5 2253 AW, AN [ Ak 3 1) Py B A N A 1R 25
BERUOMZEBE IR 2 KG8 B K- (R 2)
2.4 SEBEHFACERFIEE

FRREF AL BT IR0 AL B A B R T 8] da, 250
R, S CO, iR EFALECT- Y 176 3 =
210, ¥R 19% , k4K i 2 /K-, Hid LNLD \LNHD |
HNLD F1 HNHD 4 4 F 43 5 84 hn 22% (P=0.026) .
16%(P=0.234) .16%(P=0.092) F1 23%(P=0.011), 1
o it ZEU RN RS Ak 2 B A (R R AR R S T B 3 H
BIRIR B EAKN- o J5 2653 W3R BT, AN [R) 4k 2R ) A%
TR AL R S e S AR i K (3R 2).0

EALASE THTRR R AR B B A7 TR 50 g R 0 A6 4
FIFFFH, 1] 4b KB, Rk B CO, iR T 5 KL
37 223 1 % 47 864, HAME A 29% , kA B /KA, Hid
LNLD .LNHD HNLD 1 HNHD %% 4 & 43 %I 34 i
25% \32% 26%F1 30% , 43k B EH BN W E K. 1
T ite U R R ARG B 5, (HG RS

250y
200f
150F

100+

Spikelet number panicle™

W
(=]
T

LNLD LNHD HNLD HNHD

1 Ambient

RV IR W N (+10% ) o 7 2250 Hr
FEHH AN [RIA 3R] (9 B AE X 1 KRB B 52 i 3
KB EKNF-(F2),

R RRAACECH 28T F A T Y A e
R, 5 KB, BWEE CO, (22T 8- H
1.89 g % 2.58 ¢, Wi K 36% , ik B & K, Horp
LNLD .LNHD .HNLD #1 HNHD £/ F B 25+ & 43 51
Bt 31% (P=0.083) .36% (P=0.042) .50% (P=0.002 )
1 31%(P=0.094) . 5 IHAR], m kB CO, i B T3
TE A L 94 Sk -g” TREZE 81 k-7, FFIEA
13%, 3:rp LNLD .LNHD .HNLD F1 HNHD 25425 43-51]
T B 8% (P=0.349) .14% (P=0.047) .23% (P=0.022) FI
6%(P=0.582) . J5 225 AR it A i AR L LA
[ AL BRI ) EAEX X A S EE To B i (R 2).
2.5 BELEEN

JIT A GERN 5 B A BV R B C O, i 25 R A
RERI T R 19.1% .9.2% (BT IK B 2K (3
2) RS, R CO, itk AR E DL BT A FT

600001 (b)

Kk

50000F

40000¢

30000F

20000F

Spikelet number m?

10000t

LNLD LNHD

LD HNHD
EFACE

4 AEBERAKFMBERBEERZGTAS CO, REFBXIML 63 STEHEL () FFFEF R (D) BIRMT

Figure 4 Effects of elevated CO, concentration on spikelet number per panicle(a) and per square meter(b ) of Shanyou 63

at two levels of nitrogen and plant density
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Figure 5 Effects of elevated CO, concentration on dry weight per stem(a) and spikelet number per stem weight(b) of Shanyou 63

at two levels of nitrogen and plant density
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Figure 6 Effects of elevated CO, concentration on average grain

weight of Shanyou 63 at two levels of nitrogen and plant density
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