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Abstract

Using a paddy field FACE (Free Air CO2 Enrichment) platform, with the su-
per rice hybrid ‘Y Liangyou 2’ that holds the world record for high yield as
experimental material, CO2 treatments were set at two levels: ambient CO2
concentration [(382.5$+$2.0) mol - mol 1] and elevated CO2 concentration (in-
creased by 200 mol-mol 1). At the full heading stage, source-sink manipulations
were established as control, flag leaf removal (removing 1 leaf), removal of all
functional leaves (removing 3 leaves), and alternate removal of primary branches
(spikelet thinning), to investigate the effects of elevated CO2 concentration on
rice yield and its components under open-field conditions with different source-
sink treatments. The results showed that for rice without leaf removal or spikelet
thinning treatment (i.e., the control), elevated CO2 concentration increased the
grain yield of ‘Y Liangyou 2’ by an average of 12%, which was mainly associated
with slight increases in both spikelets per panicle and seed-setting ability. Ele-
vated CO2 concentration increased the yield of rice under the remove-1-leaf and
remove-3-leaves treatments by 26% and 57%, respectively, which was mainly as-
sociated with substantial increases in both filled grain percentage and average
grain weight of all grains. For rice subjected to spikelet thinning treatment at the
full heading stage, the yield increase caused by elevated CO2 concentration was
similar to that of the control rice. Compared with the control, the remove-1-leaf
and remove-3-leaves treatments at the full heading stage reduced rice grain yield
by 17% and 52%, respectively, both reaching highly significant levels, which was
mainly associated with significant decreases in both filled grain percentage and
average grain weight of all grains; although spikelet thinning treatment at the
full heading stage significantly increased rice seed-setting ability, the yield de-
creased substantially ( 29%) due to halved spikelets per panicle. The response
of final grain yield to elevated CO2 concentration was significantly positively
correlated with the responses of filled grain percentage and average grain weight
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of all grains. These results indicate that artificial alteration of the source-sink
ratio at the rice full heading stage (particularly leaf removal) can modify the
responses of grain filling ability and final yield to elevated CO2 concentration.
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Abstract

Using a Free Air CO, Enrichment (FACE) platform in paddy fields, we
investigated how elevated CO, affects rice yield and its components
under different source-sink manipulations in the super hybrid rice com-
bination Y Liangyou 2’ , which holds the world record for high yield.
Two CO, concentrations were established: ambient [(382.5$+2.0)umol -
mol{—l}]andelevated(ambient+200,umol»mol{_l}).Attheheadingstage’fou,rsou,r,ce _
sinktreatmentswereimposed : control(nomanipulation), flaglea fremoval(LC1), removalo fall functionallear
increased grain yield by 12% in ‘Y Liangyou 2’ , primarily due to slight
increases in both spikelet number per panicle and grain filling capacity. For
LC1 and LC3 treatments, elevated CO, enhanced yields by 26% and 57%,
respectively, which was mainly attributed to substantial increases in filled
grain percentage and average grain weight across all grains. In spikelet-thinned
plants, the yield increase under elevated CO, was similar to that observed in
control plants. Compared with the control, leaf removal at heading reduced
grain yield by 17% (LC1) and 52% (LC3), both highly significant, primarily
due to significant declines in filled grain percentage and average grain weight.
Although spikelet thinning significantly improved grain filling capacity, yield
decreased dramatically (-29%) because total spikelet number was halved.
The response of final grain yield to elevated CO, showed significant positive
correlations with the responses of filled grain percentage and average grain
weight. These findings indicate that artificial alteration of source-sink ratios at
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heading, particularly through leaf removal, can modify the response of grain
filling capacity and final yield to elevated CO, concentration.

Keywords: Rice; Free Air CO,, Enrichment (FACE); Sink-source manipulation;
Leaf cutting; Spikelet thinning; Grain yield; Yield components

Introduction

The continuous increase in atmospheric carbon dioxide (CO,) concentration
represents one of the most prominent phenomena of global climate change. At-
mospheric CO, has risen from 280 mol - mol™! in pre-industrial times to the
current level of 400 mol - mol~!, with the rate of increase accelerating. Projec-
tions indicate that concentrations will reach at least 550 mol - mol~! by 2050
and could rise as high as 936 mol-mol~! by the end of this century. Elevated at-
mospheric CO, directly and indirectly affects metabolic processes in major food
crops, altering crop productivity and consequently impacting food security.

Rice (Oryza sativa) is one of the world’” s most important crops, serving as
the staple food for over half of the global population. With continuous pop-
ulation growth and decreasing arable land, demand for rice will continue to
increase in coming decades. Therefore, quantitatively assessing the impacts of
elevated atmospheric CO, on rice is crucial for ensuring long-term global food
security. Due to its importance, research on CO, and rice began 40 years ago us-
ing various fumigation systems, including greenhouses, Soil-Plant-Atmosphere
Research (SPAR) units, Temperature Gradient Chambers (TGCs), Open-Top
Chambers (OTCs), and later, Free Air CO, Enrichment (FACE) platforms in
paddy fields. Extensive literature indicates that yield increases under elevated
CO, vary widely, reaching up to 400%, and are significantly influenced by cul-
tivar, cultivation practices, and environmental factors. In terms of yield com-
ponents, CO,-induced yield increases are typically associated with increases in
panicle number per unit area, spikelet number per panicle, or both, while grain
filling capacity usually shows minimal response.

Source-sink interactions play a crucial regulatory role in crop yield formation.
Previous research has extensively investigated how source-sink manipulation
affects rice yield, with general consensus that high-yielding rice populations
are characterized by high sink-source ratios (grain-leaf ratio). However, few
studies have analyzed the effects of elevated CO, on rice yield formation from
a source-sink balance perspective. Recent large-scale FACE studies in paddy
fields have shown that rice cultivars with greater yield responses to elevated CO,
are typically those that maintain strong responsiveness during the mid-to-late
growth stages, which is often closely related to larger sink capacity. Therefore,
we hypothesized that altering the source-sink balance could change the response
of a given cultivar’ s final yield to CO,.

Developing high-yielding crop varieties that are also responsive to elevated CO,
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represents an essential adaptation strategy. China’s super rice breeding program,
initiated in 1966, has achieved remarkable progress, reaching its first through
fourth phase targets for single-season rice yield (10.5-15.0 t-ha™!) in 2000,
2004, 2011, and 2014, respectively. This study selected the phase-3 super rice
pioneer combination ‘Y Liangyou 2’ as experimental material. Using a large-
scale paddy FACE platform to simulate mid-21st century atmospheric CO,
concentrations, we investigated how leaf and spikelet manipulation at heading
affects rice yield response under elevated CO,, aiming to provide insights for
adaptation strategies in rice production under future climate scenarios.

Materials and Methods

1.1 Experimental Platform The field experiment was conducted in 2014
at the China FACE research platform located in Jiangdu District, Yangzhou
City, Jiangsu Province (119°42 0 E, 32°35 5 N). The experimental field soil is
classified as Qingnitu (a type of paddy soil). The region has an average annual
precipitation of approximately 980 mm, annual evaporation exceeding 1,100 mm,
mean annual temperature of 14.9°C, annual sunshine hours exceeding 2,100 h,
and an average frost-free period of 220 days. The cropping system is single-
season rice followed by winter fallow. Soil physicochemical properties were:
organic carbon 18.4 g-kg™!, total nitrogen 1.45 g-kg™!, total phosphorus 0.63 g+
kg1, total potassium 14.0 g-kg™!, available phosphorus 10.1 mg-kg ™!, available
potassium 70.5 mg-kg !, sand particles (2-0.02 mm) 578.4 g+ kg1, silt particles
(0.02-0.002 mm) 285.1 g+ kg~ !, clay particles (<0.002 mm) 136.5 g« kg1, bulk
density 1.16 g+ cm ™3, and pH 7.2.

The platform consisted of three FACE plots and three ambient control plots
(Ambient). FACE plots were spaced >90 m apart from each other and from
control plots to minimize CO, cross-contamination. Each FACE plot was de-
signed as a regular octagon with a diameter of 12 m and area of 102 m2. During
operation, pure CO, gas was released through peripheral pipes toward the plot
center. A computer network system monitored and controlled CO, concentra-
tion, automatically adjusting release rate and direction based on ambient CO,
concentration, wind direction, wind speed, and CO, concentration at canopy
height, maintaining CO, concentration 200 mol - mol~! above ambient through-
out the main growth stages. Control plots had no FACE pipes and remained
under natural conditions.

1.2 Plant Material and Cultivation The super rice variety Y Liangyou
2 | which set the world high-yield record in 2011, was used as experimental
material. This two-line indica hybrid combination was developed by the Hunan
Hybrid Rice Research Center, using Y58S’ as the female parent and ‘Yuanhui
2’ as the male parent. Rice seedlings were raised in dry nursery beds, sown on
May 20, and transplanted on June 21 at one seedling per hill with row spacing
of 25 cm and hill spacing of 16.7 cm (24 hills per m?). Total nitrogen application
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was 22.5 g+ m ™2, with 40% applied as basal fertilizer (June 20), 30% as tillering
fertilizer (June 28), and 30% as panicle fertilizer (July 25). Phosphorus and
potassium were each applied at 9 g+ m~2 as basal fertilizer (June 20). Water
management consisted of: maintaining a water layer (~3 cm) from June 21 to
July 20; multiple mild drying cycles from July 21 to August 10 (natural drainage
followed by 3 days dry — 1 day flooded — 4 days dry — 1 day flooded, repeated);
intermittent irrigation from August 11 to 10 days before harvest (3 days flooded,
2 days dry), followed by drainage until harvest. Pests, diseases, and weeds were
controlled promptly to ensure normal rice growth and development.

1.3 Experimental Treatments A split-plot design was employed with CO,
concentration as the main plot factor and source-sink manipulation as the sub-
plot factor. CO, treatments consisted of ambient CO, concentration [Ambient,
(382.58+£2.0)umol - mol™{-1}]andelevatedCO{2}$ concentration (FACE, Ambi-
ent + 200 mol+- mol™t). Source-sink treatments were imposed at heading stage
(when 80% of plants had headed, September 6). Based on average tiller numbers
from plot surveys, uniformly growing plants were selected and tagged for four
treatments: (1) LC1: removal of the entire flag leaf; (2) LC3: removal of the top
three functional leaves; (3) SR: removal of alternate primary panicle branches
(spikelet removal); and (4) CK: control (no leaf or spikelet removal). Each
treatment comprised 10 hills with three replications, with all other conditions
held constant. COy fumigation ran from June 28 to October 26, daily from sun-
rise to sunset. During the fumigation period, the average COy concentration in
control plots was (382.53+2.0)umol - mol "{-1}, whiletheactualaverageCO{2}$
concentration in FACE plots was (581.9$40.3) umol - mol”{-1}8.

1.4 Measurements and Calculations At maturity (when 80% of plants
reached full maturity, defined as >95% of grain husks turning yellow or >95%
of spikelets and secondary glumes turning yellow), panicles from each treatment
were harvested in the field, bagged, and the number of harvested hills and total
panicles were recorded. Panicles were manually threshed and dried in mesh
bags to constant weight. Filled and unfilled grains were separated using an FX-

winnower (Hangzhou Huier Company) at an air flow rate of 1.2 m? + min~!
and air pressure of 400 Pa (approximately 100 g per winnowing, 90 s duration),
followed by manual inspection and tactile separation of any remaining unfilled
grains. Empty grains were separated similarly. Filled grains were counted using
a seed counter, while unfilled and empty grains were counted manually. The
following secondary parameters were calculated:

2 = (Number of harvested panicles / Number of

e Panicle number per m
hills) x 24 hills - m~2 (1)

o Spikelet number per panicle = Total grain number of sample / Number of
panicles (2)

o Filled grain rate (%) = (Number of filled grains in sample / Total grain
number) x 100 (3)
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« Filled grain weight (mg) = (Weight of filled grains in sample (g) / Number
of filled grains) x 1,000 (4)

o Average grain weight (mg) = (Total grain weight of sample (g) / Total
grain number) x 1,000 (5)

o Grain yield per panicle (g) = Weight of filled grains in sample / Number
of sampled panicles (6)

 Grain yield (g+m~2) = Panicle number per m? x Spikelet number per
panicle x Filled grain rate x Filled grain weight (7)

2

1.5 Statistical Analysis All data were processed and graphed using Mi-
crosoft Excel 2013. Split-plot ANOVA was performed using SPSS 19.0 with
the general linear model, treating CO, and source-sink treatments as fixed
factors and plot replication as a random factor. Treatment comparisons were
made using the Least Significant Difference (LSD) test. Differences exceeding
LSDy.91, LSDy.o5, and LSD,,.; were considered highly significant (or significant
at P<0.01), significant (or significant at P<0.05), and marginally significant (or
significant at P<0.1), respectively.

Results

2.1 Effects of Elevated CO, and Source-Sink Treatments at Heading
on Grain Yield of ‘Y Liangyou 2° The effects of FACE, leaf cutting, and
spikelet thinning on grain yield per unit area of super rice ‘Y Liangyou 2’ are
shown in Figure la [Figure 1: see original paper|. Compared with Ambient,
elevated CO, increased average grain yield by 173 g+ m~2, representing a 23%
increase (P<0.01). Specifically, yield increases under CK (no leaf or spikelet
removal), LC1, LC3, and SR treatments were 131 g-m~2, 215 g-m~2, 238 g -
m~2, and 108 g - m~2, corresponding to increases of 12%, 26%, 57%, and 15%,
respectively, all reaching significant levels (P<0.01). Compared with CK, leaf
removal at heading reduced grain yield per unit area by 192 g+ m~2 (17%), 579
g-m~2 (52%), and spikelet thinning reduced yield by 324 g-m~2 (29%), all
highly significant. ANOVA indicated no significant interactions between CO,
concentration and leaf or spikelet removal treatments for grain yield per unit
area.

Dividing grain yield per unit area by panicle number per unit area yielded grain
yield per panicle. Figure 1b shows that elevated CO, increased average grain
yield per panicle by 0.8 g, a 22% increase (P<0.01). Under CK, LC1, LC3, and
SR conditions, increases were 0.8 g, 0.8 g, 1.1 g, and 0.6 g, corresponding to 15%,
21%, 55%, and 16% increases, respectively, all significant at P<0.1. Compared
with CK, LC1, LC3, and SR treatments reduced grain yield per panicle by
0.9 g (18%), 2.9 g (53%), and 1.7 g (31%), respectively, all highly significant.
No interaction effects were observed between CO, and leaf or spikelet removal
treatments.
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2.2 Effects of Elevated CO, and Source-Sink Treatments at Heading
on Yield Components of ‘Y Liangyou 2’

2.2.1 Panicle Number per Unit Area and Spikelet Number per Pan-
icle The responses of panicle number per unit area and spikelet number per
panicle in ‘Y Liangyou 2’ are shown in Figure 2 [Figure 2: see original paper].
Elevated CO, had no significant effect on panicle number per unit area but
increased spikelet number per panicle by an average of 17 spikelets, an 8% in-
crease (P=0.02). The range across different source-sink treatments was 4-14%,
though none reached individual significance. Compared with CK, leaf removal
or spikelet thinning had no significant effect on panicle number per unit area.
LC1 and LC3 treatments did not significantly affect spikelet number per pani-
cle, but SR treatment reduced spikelet number by 103, a 37% decrease, highly
significant. No interactive effects were detected between CO, concentration and
source-sink treatments for these two parameters.

2.2.2 Filled Grain Rate, Filled Grain Weight, and Average Grain
Weight Results for filled grain rate showed that elevated CO, increased the
average filled grain rate by 9% (P<0.01) compared with Ambient (Figure 3a [Fig-
ure 3: see original paper]). The increase under leaf removal conditions (>10%)
was substantially greater than under CK or SR treatments (~3%). Compared
with CK, LC1 and LC3 treatments reduced filled grain rate by 14% and 47%,
respectively, while SR treatment increased it by 5%, all highly significant.

For filled grain weight (Figure 3b), elevated CO, increased the average filled
grain weight by 0.5 mg, a 2% increase (P<0.05). Across different source-sink
treatments, the increase ranged from 0.4-0.8 mg, equivalent to 1.4-3.4%, with
CK and LC1 reaching highly significant or significant levels. Compared with
CK, LC1 and SR treatments increased filled grain weight by 0.7 mg (3.1%) and
1.7 mg (7.4%), respectively, both highly significant, while LC3 had no significant
effect.

Figure 3¢ shows that elevated CO, increased average grain weight (including
all filled, unfilled, and empty grains) by 1.9 mg, a 10.1% increase (P<0.01).
By treatment, FACE increased average grain weight by 1.3 mg (6.3%), 2.1 mg
(11.1%), 2.9 mg (24.1%), and 1.2 mg (5.4%) under CK, LC1, LC3, and SR
conditions, respectively, all significant at P<0.1. Compared with CK, LC1 and
LC3 reduced average grain weight by 1.8 mg (8.2%) and 8.3 mg (38.3%), respec-
tively, while SR increased it by 1.8 mg (8.6%), all highly significant. Despite
substantial effects of elevated CO,, LC1, LC3, and SR on filled grain rate, filled
grain weight, and average grain weight, no significant interactive effects were
observed among treatments (Figure 3a-c).

2.3 Relationship Between Yield Component Responses to CO, and
Final Yield Response Correlation analysis between grain yield and its com-
ponent responses to elevated CO, under different conditions is presented in
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Table 1 . The response of grain yield per unit area to elevated CO, was not
significantly correlated with responses of panicle number per unit area, spikelet
number per panicle, or filled grain weight, but showed highly significant positive
linear correlations with responses of filled grain rate (Figure 4a [Figure 4: see
original paper]) and average grain weight (Figure 4c). Similarly, the response
of grain yield per panicle to elevated CO, was significantly positively correlated
with responses of filled grain rate (Figure 4b) and average grain weight (Figure
4d), but not with the other three yield components.

Discussion and Conclusion

Previous rice studies have shown that elevated CO, typically affects panicle num-
ber more than spikelet number per panicle. However, our results indicate that
spikelet number per panicle responded slightly more to CO, than did panicle
number, primarily because panicle number showed almost no response. Pani-
cle number is the product of maximum tiller number and tiller survival rate.
Observations of tiller dynamics revealed that elevated CO, had no significant
effect on either maximum tiller number or tiller survival rate in this variety, in-
dicating weak tiller responsiveness to CO,, which differs from previous reports
on hybrid rice. We also found that source-sink manipulation at heading did not
alter the responses of panicle number and spikelet number per panicle to FACE,
because both tillering and spikelet formation processes were complete by the
time of manipulation. This confirms that the samples selected for source-sink
treatments at heading were representative.

Numerous studies have reported on the effects of elevated CO, on filled grain
rate and filled grain weight, but few have addressed average grain weight. These
metrics reflect grain filling capacity from different perspectives. Both cham-
ber and FACE studies have shown that elevated atmospheric CO, generally
increases rice grain filling capacity, though the magnitude is typically small.
Under control conditions, we found that elevated CO, significantly increased
filled grain rate, filled grain weight, and average grain weight in ‘Y Liangyou
2, with filled grain weight and average grain weight reaching significant levels,
consistent with previous FACE studies. Under leaf removal conditions, how-
ever, the increases in filled grain rate and average grain weight induced by
elevated CO, were 2-4 times greater than in control plants. Heading-stage leaf
removal did not change total spikelet number but reduced photosynthetic leaf
area, thereby increasing the sink-source ratio. This change may help sink organs
(grains) actively extract photosynthates from source organs (leaves), creating a
“pull” that enhances the CO, response in leaf-removal treatments. In contrast,
spikelet removal drastically reduced sink capacity, resulting in minimal CO,
response for filled grain rate (Figure 3a) and filled grain weight (Figure 3b).

A meta-analysis by Ainsworth showed that increasing CO, concentration from
365 to 627 mol - mol~! increased rice grain yield by an average of 23% (n=97),
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with only a 13% increase under FACE conditions (n=20). Our experiment
demonstrated that under natural growth conditions, elevated CO, increased
grain yield by 12%, nearly identical to the meta-analysis results but substan-
tially lower than previously reported CO, responses for hybrid rice. This dis-
crepancy may be related to the minimal panicle response to CO, in this hy-
brid combination. Further source-sink manipulation revealed that leaf removal
significantly enhanced the yield response to elevated CO, compared with non-
manipulated plants, with greater leaf removal producing larger responses, while
spikelet removal had no significant effect on the CO,, fertilization effect. These
responses were largely consistent with trends in grain filling parameters, partic-
ularly filled grain rate and average grain weight. Correlation analysis confirmed
that the response of final grain yield to CO4 was primarily related to responses
of these two parameters. Average grain weight, which includes all filled, un-
filled, and empty grains, largely reflects grain filling capacity and thus showed
similar response patterns to filled grain rate. Grain yield per panicle excludes
pre-treatment differences in panicle number among samples, more accurately
reflecting how source-sink manipulation modulates the CO, fertilization effect.
Similar to yield per unit area, the response of grain yield per panicle to ele-
vated CO, was substantially greater in leaf-removal treatments than in control
or spikelet-removal treatments.

Artificial source-sink manipulation at heading had no significant effect on panicle
number or spikelet number per panicle, but profoundly affected grain filling
capacity. LC1 and LC3 treatments significantly reduced filled grain rate and
average grain weight, ultimately decreasing yield per unit area by 17% and
52%, respectively, with greater reductions following more extensive leaf removal,
consistent with previous studies. In contrast, spikelet thinning significantly
improved grain filling parameters, but final yield decreased substantially due to
halved spikelet number, a finding also reported in earlier studies.

The super rice combination ‘Y Liangyou 2’ selected for this study achieved an
average yield of 1,049 g+ m~2 (approximately 700 kg per 667 m?) under control
conditions. A 200 mol-mol~! increase in atmospheric CO, concentration had no
effect on panicle number but increased other yield components, thereby enhanc-
ing final yield by 12%. We also found that artificially reducing the source-sink
ratio at heading (e.g., through leaf removal) could enhance the CO, fertiliza-
tion effect, primarily through enhanced responses of grain filling parameters.
Rice cultivars exhibit various source-sink types, such as source-limited, sink-
limited, and source-sink interactive types. Therefore, further research is needed
to investigate differences in CO, responses among different source-sink type rice
cultivars and their underlying physiological mechanisms.

chinarxiv.org/items/chinaxiv-201711.00938 Machine Translation


https://chinarxiv.org/items/chinaxiv-201711.00938

ChinaRxiv [$X]

Acknowledgments

We sincerely thank Mr. Liu Gang and Mr. Tang Haoye from the Institute of
Soil Science, Chinese Academy of Sciences, for their daily maintenance of the
FACE system, which provided essential hardware support for this experiment.

References

[1] Dlugokencky E, Tans P. Trends in Atmospheric Carbon Dioxide. (2016-03-
07) [2015-03-05]. http://www.esrl.noaa.gov/gmd/ccgg/trends/global.html

[2] IPCC. Climate change 2007: The physical science basis[C]// Solomon S, Qin
D, Manning M, et al. Contribution of Working Group to the Fourth Annual
Assessment Report of the IPCC. Cambridge UK: Cambridge University Press,
2007.

[3] IPCC. Climate change 2013: The physical science basis[C]// Lisa V A, Simon
K A, Nathaniel L. B, et al. Contribution of Working Group to the Fifth Annual
Assessment Report of the IPCC. Cambridge UK: Cambridge University Press,
2013.

[4] Yang L X, Wang Y X, Zhu J G, et al. What have we learned from 10 years of
Free Air CO, Enrichment (FACE) experiments on rice? CO, and grain yield[J].
Acta Ecologica Sinica, 2009, 29(3): 1486-1497.

[5] Amthor J S. Effects of atmospheric CO, concentration on wheat yield: Re-
view of results from experiments using various approaches to control CO, con-
centration[J]. Field Crops Research, 2001, 73(1): 1-34.

[6] Wang Y X, Yang L X, Manderscheid R, et al. Progresses of free-air CO,
enrichment (FACE) researches on C, crops: A review[J]. Acta Ecologica Sinica,
2011, 31(5): 1450-1459.

[7] Yang L X, Wang Y X, Zhu J G, et al. What have we learned from 10
years of free-air CO, enrichment (FACE) experiments on rice? Growth and
development[J]. Acta Ecologica Sinica, 2010, 30(6): 1573-1585.

[8] Ainsworth E A. Rice production in a changing climate: A meta-analysis of
responses to elevated carbon dioxide and elevated ozone concentration[J]. Global
Change Biology, 2008, 14(7): 1642-1650.

[9] Kim HY, Lieffering M, Kobayashi K, et al. Effects of free-air CO,, enrichment
and nitrogen supply on the yield of temperate paddy rice crops[J]. Field Crops
Research, 2003, 83(3): 261-270.

[10] Yang L X, Huang J Y, Yang H J, et al. The impact of free-air CO, enrich-
ment (FACE) and N supply on yield formation of rice crops with large panicle[J].
Field Crops Research, 2006, 98(2/3): 141-150.

chinarxiv.org/items/chinaxiv-201711.00938 Machine Translation


https://chinarxiv.org/items/chinaxiv-201711.00938

ChinaRxiv [$X]

[11] Liu H J, Yang L X, Wang Y L, et al. Yield formation of CO,-enriched
hybrid rice cultivar Shanyou 63 under fully open-air field conditions[J]. Field
Crops Research, 2008, 108(1): 93-100.

[12] Yang L X, Liu H J, Wang Y X, et al. Impact of elevated CO, concentration
on inter-subspecific hybrid rice cultivar Liangyoupeijiu under fully open-air field
conditions[J]. Field Crops Research, 2009, 112(1): 7-15.

[13] Lai S K, Wu Y Z, Shen S B, et al. Effect of elevated CO, concentration
on growth and yield of Shanyou 63 with source-sink manipulation at heading[J].
Acta Ecologica Sinica, 2016, 36(15): 1-12.

[14] Wu J X, Zheng X S, Zhou G H, et al. Effect of leaf cutting at different
growth stages on growth, yield and physiological traits of two rice cultivars[J].
Chinese Journal of Applied Entomology, 2013, 50(3): 651-658.

[15] Yu H L, Wang B L, Wang S, et al. Effects of different position leaves on
grain plumpness in rice[J]. Seed, 2009, 28(2): 1-5.

[16] Li J W, Zhang Y Z, Wu J, et al. High-yielding cultural techniques of super
hybrid rice YLY 900 yielded 15.40 t/hm? on a 6.84 hm? scale[J]. China Rice,
2014, 20(6): 1-4.

[17] Yuan L P. Conceiving of breeding further super-high-yield hybrid rice[J].
Hybrid Rice, 2012, 27(6): 1-2.

[18] Wu J, Deng Q Y, Zhuang W, et al. Breeding and application of the pioneer
phase super hybrid rice combination Y Liangyou 2[J]. Hybrid Rice, 2015, 30(2):
14-16.

[19] Liu G, Han Y, Zhu J G, et al. Rice-wheat rotational FACE platform . Sys-
tem structure and control[J]. Chinese Journal of Applied Ecology, 2002, 13(10):
1253-1258.

[20] Lai S K, Wu Y Z, Shen S B, et al. Effect of elevated CO, concentration
on growth and yield of Shanyou 63 with source-sink manipulation at heading[J].
Acta Ecologica Sinica, 2016, 36(15): 1-12.

[21] Yang L X, Liu H J, Wang Y X, et al. Yield formation of CO,-enriched
inter-subspecific hybrid rice cultivar Liangyoupeijiu under fully open-air field
condition in a warm sub-tropical climate[J]. Agriculture, Ecosystems & Envi-
ronment, 2009, 129(1/3): 193-200.

[22] Tu N M, Guan CY. Effects of leaf-cutting treatments on source-sink relation
of rice during panicle initiation[J]. Journal of Hunan Agricultural University,
1999, 25(6): 430-437.

[23] Yuan J C, Ding Z Y, Zhao C, et al. Effects of sunshine-shading, leaf-cutting
and spikelet-removing on yield and quality of rice in the high altitude region[J].
Acta Agronomica Sinica, 2005, 31(11): 1429-1436.

chinarxiv.org/items/chinaxiv-201711.00938 Machine Translation


https://chinarxiv.org/items/chinaxiv-201711.00938

ChinaRxiv [$X]

[24] Yuan J C, Ding Z Y, E S Z, et al. Effect of source-sink relation on grain
filling properties of rice[J]. Southwest China Journal of Agricultural Sciences,
2005, 18(1): 15-19.

[25] Wang F Y, Huang P S. Study on source-sink characteristics and high-yield
cultivation strategies of rice population[J]. Scientia Agricultura Sinica, 1997,
30(5): 26-33.

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-201711.00938 Machine Translation


https://chinarxiv.org/items/chinaxiv-201711.00938

	Effects of Elevated CO2 Concentration and Leaf Clipping and Spikelet Thinning on Yield Formation in Rice ‘Y Liangyou 2’ Postprint
	Abstract
	Full Text
	Effect of Elevated CO_{2} Concentration and Source-Sink Manipulation at Heading on Grain Yield Formation in Rice ‘Y Liangyou 2’
	Abstract
	Introduction
	Materials and Methods
	Results
	Discussion and Conclusion
	Acknowledgments
	References



