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ABSTRACT

Field experiments were conducted at Taiwan
Agricultural Research Institute Experimental
Farm (Wufeng District, Taichung City) in
2013-2014, with two cropping seasons for each
year. The objectives are to assess the varietal
differences in yield components among rice high
yielding potential near-isogenic lines in aid of
productivity improvement in japonica rice in the
future. The introgressions of four yield-related
loci, including high grain number gene (Gnl),
semi-dwarf gene (sd1) and high photosynthetic
efficiency genes (gCARI1 and gCAR4), from
variety “Habataki’” were transferred to cultivar
‘Tainung 71" by marker-assisted backcross
selection  respectively to  study  their
contribution to and yield. The
characteristics of plant height, biomass, yield
and yield components were investigated for
assessment.  Effect of different nitrogen
application rates on grain yield was also
examined. Results showed that plant height of the
line “TNG71-sd1" was lower than the recurrent
parent “TNG71” under differential nitrogen rates
in both cropping seasons, suggesting that sdl
gene has been successfully introduced. Except
treatments of 132 kg N hain the second crop of
2013 and 180 kg N ha' in the first crop of 2014,
the line “TNG71-gCAR11" had larger biomass (dry
weight) than “TNG71". For yield components, the
line “TNG71-Gn1" had higher spikelets per panicle
than its recurrent parent and the line
“TNG71-qCAR11” had the highest percent filled
grains among others while the line “TNG71-Gn1’
had the least. The 1000-grain weight in the lines
‘TNG71-qCAR11" and ‘TNG71-qCAR4" were
superior to “TNG71’ in the first cropping season of
both years. For First Crop, yield of the line
“TNG71-qCAR11" was the highest and “TNG71-sd1’
and “'TNG71-Gn1” were the poorest. Increases in
nitrogen fertilizer application rate had only
slightly —improved grain yield of these
near-isogenic lines but it did not reach statistical
significance. The better yield of the line
‘“TNG71-gCAR11" in First Crop may be attributed

growth

to a higher photosynthetic rates in seven to ten
days prior to heading and in the early stage of
grain-filling. As a result, with the increase of
spikelets per panicle plus an introduction of high
photosynthetic efficiency loci (JCAR11 and gCAR4)
in future, the "TNG71-Gn1” would be the potential
line for a possible increase in rice productivity.
Key words: Japonica rice, Near-isogenic line,
High yielding potential, photosyn-
thetic rate, Grain yield.
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Table 1. The information about high-yield potential lines selected for this study.

Genotype Characteristics of target locus Reference
Tainung No. 71 TNG71 used as recurrent parent. Lai et al. 2001
(TNG71)
TNG71-Gnl Gn1 locus located at short arm of chromosome 1 and Ashikari et al. 2005
provided 44% PVE for grain number in main panicle.
TNG71-sd1 sd1 locus possessed 30% PVE of plant height and would be Ashikari et al. 2005
beneficial for lodging resistance at long arm of chromosome
1.

TNG71-qCAR11 The genetic region on chromosome 11 was estimated to Adachi et al. 2011a
increase the leaf photosynthetic rate by 15 to 30% and
associated with higher activity of mesophyll photosynthesis
due to higher leaf nitrogen content and greater stomatal
conductance.
TNG71-gCAR4 The genomic regions responsible for the rate of Adachi et al. 2011b
photosynthesis within a 2.1 Mb region on the long arm of
chromosome 4. The T4-8 region was responsible for both the
increase in the nitrogen content of leaves and hydraulic
conductance in the plant by increasing the root surface area.

PVE, phenotypic variation explained by each QTL

2008 11 Habataki x TNG71
'
2009 1 F, x TNG71
'4
2009 I1 BC,F,x TNG71
Gnl locus ] Other loci
J '
2010 I BC,F, x TNG71 BC,F, x TNG71
| |
2010 11 ® BC,F, ® BC,F,
| |
20111 BC,F, ® BC;F,
#TNG71-Gnl |
I
v
2012 1 3 selected BC;F, 4

#TNG71-sdl, # TNG71-gCAR4,
#TNG71-gCARI1

2012 11 Seed Propagation
2013 Field trials
2014

Fig. 1. The breeding scheme of introgression for four yield-related loci (Gnl, sd1, qCAR11 and gCAR4) from
‘Habataki’ to “Tainung 71’ by marker-assisted backcross selection.
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Fig. 2. Parental polymorphism survey identified 118 InDel and 39 SSR polymorphic markers between “TNG71’
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Table 4. Effects of different amounts of nitrogen fertilization on grain yield (Mg ha) of “TNG71" near
isogenic lines ('TNG71’, "TNG71-Gnl’, “TNG71-sd1’, ‘'TNG71-gCAR11" and ‘"TNG71-qCAR%)
selected for this study, grown in the first and the second crops of 2013-2014.

2013 2014

Genotype 132 kg 180 kg LSDy 05" 132 kg 180 kg LSDy s

1% Crop
TNG71 6.79+0.03abA  7.27+0.48aA 2.07 4.59+0.08abA  5.05+0.82aA 3.55
TNG71-Gnl 3.26+0.30cA 3.36+0.34cA 1.95 4.35+0.54bA 5.53+0.14aA 2.32
TNG71-sd! 3.98+0.81cA 4.40+1.04bcA 5.69 4.29+0.38bA 4.05+0.44aA 2.51
TNG71-gCARII  8.3240.33aA 8.70+0.69aA 3.29 5.50+0.25aA 5.60+0.85aA 3.82
TNG71-qCAR4  6.53+0.38bA 6.344+0.70abA 3.42 4.05+0.02bB 5.66+0.25aA 1.07
Mean 5.78+0.64 6.01+0.68 4.58+0.20 5.18+0.28
LSDg o5 1.63 2.52 1.13 2.11

2" Crop
TNG71 4.02+0.45aA 3.96+0.26aA 2.25 4.28+0.37aA 5.36+0.44aA 2.50
TNG71-Gnl 3.42+0.12abA  3.83+0.08aA 0.62 4.34+0.25aA 5.03+0.05aA 1.09
TNG71-sd! 3.54+0.03abB  3.80+0.00aA 0.13 4.14+0.18aB 5.13+0.12aA 0.92
TNG71-gCARII  3.84+0.13aA 3.62+0.28aA 1.32 3.67+0.40aA 5.194+0.16aA 1.87
TNG71-gCAR4  2.72+0.14bA 2.84+0.17bA 0.95 3.47+0.26aB 4.63+0.06aA 1.15
Mean 3.51+0.17 3.61+0.15 3.61+0.15 5.07+0.11
LSDy 05 0.83 0.69 1.11 0.80

Values are expressed as mean * standard error. (n = 8)

x At the same nitrogen fertilization levels, means with the same small letter, within a column, are not

significantly different at 5% level by LSD test.

v At the same variety with different nitrogen fertilization levels, means with the same capital letter, are not

significantly different at 5% level by LSD test.
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Photosynthetic rate (umol m? s'1)
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32
1st m 132 kg nd
Crop . . F‘ 180 kg 2" Crop .
7-10 d before heading (April/May 7-10 d before heading (October)
o4 | Light intensity: 700-950 pmol m?2 s™! | Light intensity: 1000-1250 pmol m? s~
16} aAabA ap aA Apa abA | ah
bB bB
cB
8 - -
0
32
Heading (May) Heading (October)
Light intensity: 700-950 pmol m? s™ Light intensity: 1100-1350 umol m2 s~
24t -
aA aA aA
16 bAoA -
bB o O A o abA aA
cB abB| bcA cA abA
B oA b8
8 - -
0
32
21-28 d after heading (May/June) 21-28 d after heading (November)
Light intensity: 700-950 pumol m? s Light intensity: 700-950 umol m2 s™
24 -
16 -
aA aA aA aA  gA aA
bAps DB bA bA bB bB papa  bA b
8r - cB cB
cB
TNG71  Gn1 sd1 gCAR11 qCAR4 TNG71  Gn1 sd1 gCAR11 qCAR4

Genotype

Fig. 3. Variations in photosynthetic rate of “TNG71’ near isogenic lines (‘'TNG71’, ‘TNG71-Gnl’, “TNG71-sd1’,

“TNG71-qCAR11" and ‘TNG71-qCAR4’) in three periods, 7-10 days before heading, heading and 21-28
days after heading, grown in the first and the second crops of 2013-2014. Error bar is the standard error.
(n = 8) At the same nitrogen fertilization levels, means with the same small letter, are not significantly
different at 5% level by LSD test. At the same variety with different nitrogen fertilization levels, means
with the same capital letter, are not significantly different at 5% level by LSD test.
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