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(57) ABSTRACT

The invention relates to a method for simplifying hybrid rice
seed production procedure and improving the working effi-
ciency of seed production. The method comprises the follow-
ing steps: (1) breeding small grain CMS or GMS line and
corresponding hybrid rice having characteristics of rice
(Oryza sativa) ZH-sg (Zhonghua 11 small grain mutant) with
the accession number of CGMCC No. 2741; (2) hybridizing
the small grain CMS line with large grain or normal grain
restorer line hybrid rice for seed producing; (3) carrying out
mechanized seed production of mixing sowing and mixing
harvesting by utilizing small grain CMS line hybrid rice; (4)
seed cleaning and separation after mechanical harvest. The
invention can save a large amount of seed production field,
reduce the investment of labor force in seed production, sim-
plity the operation procedure and reduce mechanical admix-
ture, storage and transportation cost and buying cost of hybrid
rice seeds for rice farmers.

11 Claims, 2 Drawing Sheets
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1
HYBRID RICE SEED PRODUCTION
METHOD

TECHNICAL FIELD

The invention belongs to the field of plant life science and
particularly relates to the technical field of hybrid rice breed-
ing.

BACKGROUND ART

The utilization of heterosis of crops must be premised on
obtaining F1 hybrid seeds at low cost, so that a user can buy
hybrid seeds and plant hybrid rice to obtain yield and benefits.
Said hybrid seeds are produced by two parents having heredi-
tary stability and different genotypes through sexual hybrid-
ization (hybrid seeds F1 has genotype heterozygosis and
completely identical expressivity). Plant heterosis has univer-
sality, and whether the heterosis can be effectively utilized
largely depends on the cost of hybrid seed production and the
purchasing capacity of users. Hybrid rice has been widely
popularized successfully for over 30 years in China, and in
order to obtain higher yield potential of hybrid rice, improv-
ing the grain weight of rice is commonly used in present,
which increases the seed quantity (weight) and therefore
increases the seed buying cost.

Since heterosis utilization of hybrid rice is successfully
realized in China in 1974, the method of interval sowing of
male parent (restorer line) and female parent (CMS or GMS
line) and respectively obtaining the male parent and the
female parent has been used all long, which not only has
complex operation technique but also increases the labor cost,
and during seed production, the male parent which is higher
than the female parent after gibberellin (GA;) treatment for
better cross pollination, the higher male parent is liable to
lodging, and lodged plants or a minority of tiller ears are
difficult to clear away in firstly harvest of male parent result-
ing in reduction of the purity of hybrids (mixed with a part of
restorer line).

In the present hybrid seeds F1 production in China is
according to period from seeding to heading between CMS or
GMS line (female parent) and restorer line (male parent),
interval sowing and interval or simultaneous transplanting are
carried out, the male parent is immediately cut off after the
completion of flowering, or the male parent is firstly cut off
about 25 days after flowering (even the male parent is imme-
diately cut off after the completion of flowering for prevent-
ing hybrid mixing with the male parent), and finally hybrid
seeds of the female parent pollinated from restorer line are
harvested after being grown. This hybrid rice production has
been used for 35 years since 1974, and laborers for the seed
production are more than common rice production by 3-4
laborers per mu (1 mu=0.067 Hectare) in merely interval
sowing, interval or respectively transplanting of male and
female parents and interval or respective harvest of the male
and female parents.

In order to improve hybrid rice seed production efficiency,
scientific researchers have done a lot of research, for example,
the patent of China (CN200710070995) discloses a method
for improving the efficiency of seed multiplication and pro-
duction of hybrid rice by utilizing double-grain mutant,
which improves the seed production efficiency by using
double-grain mutant to improve CMS line; the patent
CN99101907 discloses a hybrid rice seed production method,
which improves the purity of seed production through chemi-
cal emasculation and weeding gene introduction. However,
these methods are essentially different from the application.
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A small grain mutant (ZH-sg, 1000-grain weight is about
20 g) obtained from r-ray mutagensis is under control of
single recessive gene sg which has no bad effects on rice plant
height, tillering capacity, photosynthetic capacity, spikelet
fertility, grain shape, etc. The characteristic of small grain is
controlled by single recessive gene sg, and hybrid seeds F1
produced by CMS or GMS line improved from the mutant are
small grains. The small grain characteristic is unsuitable for
improving yield potential of conventional rice seed produc-
tion but completely feasible for the improvement of hybrid
rice CMS or GMS line. Currently, there is not any report on
utilizing small grain recessive mutation to improve CMS or
GMS line, neither report nor invention on utilizing the difter-
ence of grain size to carry out mixed harvest and separating
hybrid seeds from male parent according to the size of seeds
by means of a mesh screen.

SUMMARY OF THE INVENTION

The object of the invention is to introduce small grain
mutant gene sg into any type of CMS or GMS line of rice
through sexual hybridization to merely minify seeds of the
CMS or GMS line but not change the size of grains of hybrid
rice, thereby reducing seed production area to improve the
land utilization efficiency and reducing the seed cost of rice
farmers to increase the income of the rice farmers. Mean-
while, mixed sowing of male parent (restorer line) and female
parent (CMS or GMS line) in seed production simplifies the
pressure of hybrid rice seed production, which at least elimi-
nates separated removal of the male parent after the comple-
tion of cross pollination of rice so as to reduce the investment
of'labor by 1-2 laborers per mu (1 mu=0.067 Hectare) caused
by separated removal of the male parent (namely, compared
with separated remove of the male parent, the labor is reduced
by 1-2 laborers per mu (1 mu=0.067 Hectare) of seed produc-
tion field by combining with mechanical harvesting), so that
the seed production cost is reduced, and the reduction of the
cost reduces the buying cost of rice farmers and increases
income of the rice farmers. More importantly, only when the
mixing harvesting is realized will it be possible to realize
mechanized production of hybrid rice seed production.

The invention is realized through the following technical
solution:

BRIEF DESCRIPTION OF THE INVENTION

A method for simplifying hybrid rice seed production pro-
cedure and improving the working efficiency of seed produc-
tion, comprising the following steps:

(1) breeding small grain cytoplasmic male sterile (CMS) or
genic male sterile (GMS, such as photo- or thermal-sensitive
genic male sterile) line hybrid rice having characteristics of
rice (Oryza sativa) ZH-sg (Zhonghua 11 small grain mutant)
CGMCC No. 2741,

(2) hybridizing the small grain CMS or GMS line hybrid
rice obtained in step (1) with large grain or normal grain
restorer line hybrid rice for seed producing.

Preferably, in the method according to the invention, in step
(1) of breeding the small grain CMS or GMS line hybrid rice,
hybrid rice having small grain gene sg mutant acting as donor
parent is hybridized with three-line CMS maintainer line
hybrid rice, two-line GMS line hybrid rice or other types of
CMS line hybrid rice acting as receptor parent, and main-
tainer line or CMS or GMS line hybrid rice which stably
carries mutated gene sg can be obtained through 5-7 genera-
tions of selection, wherein the hybrid rice having small grain
gene sg mutant is rice (Oryza sativa) ZH-sg (Zhonghua 11
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small grain mutant) which is deposited in CGMCC at Nov. 7,
2008, with the accession number of No. 2741.

Preferably, in the method according to the invention, the
1000-grain weight of said small grain CMS or GMS line
hybrid rice is 19-21 g or lighter than that of large or normal
grain CMS or GMS line hybrid rice by 25-45 percent. Gen-
erally, the 1000-grain weights of three-line CMS maintainer
line hybrid rice, two-line GMS line hybrid rice or other types
of CMS line receptor parent having normal to large grains are
26-30 g.

Preferably, in the method according to the invention, said
three-line CMS line, two-line GMS line or other types of
CMS line hybrid rice are selected from CMS line 1I-32A,
Neixiang 2A, Tianfeng A, GMS line Guangzhan 63S conven-
tional varieties/lines P13, NPB, etc.

Preferably, in the method according to the invention, in said
5-7 generations of selection, the separated individual carrying
sg gene undergoes background selection of receptor parent by
means of molecular marker technology, during the selection
molecular marker takes the genotype of the receptor parent
for reference to assists the selection. In the selection of indi-
viduals carrying sg gene, the individuals having more grains
per ear than the receptor parent are selected, and the number
of grains of the finally selected maintainer line or CMS line
carrying sg gene is obviously larger than the receptor parent
s0 as to compensate the miniaturization of grains and balance
the yield level.

Preferably, in the method according to the invention, in the
step (2) when the difference between the growth period of the
small grain CMS or GMS line hybrid rice and the restorer line
hybrid rice is shorter than 10 days, both are sown one after
another or simultaneously sown together, and the restorer line
hybrid rice is firstly transplanted and then the CMS line or
GMS line hybrid rice is directly sown or both are transplanted
together.

More preferably, in the method according to the invention,
in the step (2) when the difference between the growth period
of the small grain CMS or GMS line hybrid rice and the
restorer line hybrid rice is shorter than 10 days, both are
simultaneously sown together and transplanted together.

Preferably, in the method according to the invention, said
restorer line hybrid rice is carried out by mixing sowing or
direct sowing when the restorer line hybrid rice having the
1000-grain weight larger than 26 g.

Preferably, the method according to the invention further
comprises the following steps:

(3) mixed harvesting, namely when hybrid seeds F1 pro-
duced by the small grain CMS or GMS line hybrid rice are
fully grown, the hybrid seeds F1 and the restorer line seeds are
harvested together; and

(4) seed cleaning and separating, namely the hybrid seeds
F1 and the restorer line seeds are separated by size.

Preferably, in the method according to the invention, the
separation of the hybrid seed F1 from the restorer line seeds
by size can be carried out via a proper mesh screen.

DETAILED DESCRIPTION OF THE INVENTION

Rice farmers buy hybrid seeds by kilogram (kg), essen-
tially by number of hybrid seeds for a certain planting area. In
terms of the same 1000 grains, different weight of each seed
causes different final total weight. If the seeds of hybrid rice
are small grains, and the hybrid rice produce large grains (or
normal grains), the efficiency and the benefit can be improved
to some extent.

The invention provides ZH-sg (Zhonghua 11 small grain
mutant) with the accession number of No. 2741 and deposited
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in CGMCC (China General Microbiological Culture Collec-
tion Center) at Nov. 7, 2008, which is a small grain mutant
(ZH-sg, 1000-grain weight is about 20 g) obtained from r-ray
mutagensis and controlled by single recessive gene sg which
has no bad effects on rice plant height, tillering capacity,
photosynthetic capacity, spikelet fertility, grain shape, etc.
Because the small grain characteristic is controlled by single
recessive gene sg, and hybrid seeds F1 produced by CMS or
GMS line improved from the mutant are small grains (be-
cause hybrid seed is controlled by the genotype of female
parent, i.e., CMS or GMS line), if male parent is restorer line
with 1000-grain weight of 26 g or heavier, mixed sowing even
direct sowing, at least mixed harvesting (male parent and
female parent) can be carried out, especially mechanized
mixed harvesting can be carried out, mixed seeds after har-
vesting can be sorted by a proper mesh screen during com-
mercial seed cleaning to separate hybrid seeds from male
parent, that is because in the cleaning of hybrid seeds, small
seeds (hybrid seeds produced by the female parent) with
1000-grain weight less than 20 g pass through the mesh
screen, while normal seeds and large seeds (restorer line) can
not pass through the mesh screen. Being controlled by single
recessive gene, the small grain characteristic has no influence
on the rice farmers’ yield and the expression of hybrid rice.

The mutation characteristic can introduce small grain gene
sg into any different material via sexual hybridization. If the
small grain characteristic is introduced into three-line CMS
line hybrid rice, two-rice GMS line hybrid rice or other types
of CMS line hybrid rice via hybridization and backcross, the
operation procedure of hybrid rice seed production is simpli-
fied and therefore the seed production efficiency of hybrid
rice is improved. The small grain characteristic is unsuitable
for the improvement of yield potential of conventional rice
seed production but completely feasible for the improvement
of CMS or GMS line of hybrid rice.

In order to compensate the decrease of yield caused by
small grain, in the selection of individuals carrying sg gene,
the individuals having more grains per ear than the receptor
parent are selected, so that the number of grains of the finally
selected maintainer line or CMS or GMS line carrying sg
gene is obviously larger than the receptor parent. The yield of
gramineous crop usually has three factors including number
of productive ears of unit area, number of filled grain per ear
and grain weight. Among the three factors the increase of the
ratio of only one factor can possibly improve the yield. How-
ever, the increase of one factor generally decreases the other
or other two factors in various degrees, and the increase of
final yield is very limited. Therefore, if rice CMS or GMS line
is improved by means of small grain mutant ZH-sg, the num-
ber of grains per ear or the number of tillering, namely the
number of productive ears must be increased when the grain
weight is reduced.

The small grain mutant sg can be used for improving
nuclear-cytoplasmic interaction sterile three-line CMS line
(A or B) as well as on the GMS line of photo (thermal)-
sensitive genic male sterile line (S) induced by environment
interaction and hybrid seeds produced by other ways (such as
chemical emasculation).

The method of the invention generally comprises the fol-
lowing steps: (1) breeding small grain CMS or GMS line
hybrid rice, for example, small grain mutant ZH-sg with
1000-grain weight of 19 g acting as female parent is hybrid-
ized with P13 with 1000-grain weight of 25 g, small grain
individuals having small grain mutant gene sg are selected
from F2' and is planted to become F3', the successive genera-
tions are of small grain type, and then the substantially stable
small grain line is hybridized and backcrossed with three-line
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CMS line hybrid rice such as I1-32A, and two-line GMS line
hybrid rice such as Guangzhan 63S and the like to obtain
three-line CMS line hybrid rice, two-line GMS line hybrid
rice and other types of CMS line hybrid rice having ZH-sg
small grain mutant characteristics;

(2) mixed sowing: the CMS or GMS line hybrid rice con-
trolled by single recessive gene sg is used for seed production
and matched with restorer line having normal or large grain
and proper growth period, the male parent and the female
parent are sown one after another or simultaneously, or the
male parent is firstly transplanted and then the female parent
is directly sown, thereby simplifying and saving labor com-
pared with the present seed production; (3) mixed harvesting:
there is no need to individually harvest the male parent after
flowering of the male and the female parents, which is replace
by mixed harvesting with a reaper; (4) separation with a mesh
screen: in the procedure of cleaning harvested mixture of the
male parent and the hybrid (F1) before packing, the small
grain hybrid produced by CMS or GMS line is separated from
large or normal grain restorer line by using a mesh screen to
separate grains according to different 1000-grain weights,
namely different sizes.

Specifically, said small grain CMS or GMS line hybrid rice
breeding adopts the following methods:

(A). hybrid rice having small grain gene sg mutant acting as
donor parent is hybridized with three-line CMS maintainer
line hybrid rice, two-line GMS line hybrid rice or other types
of CMS line hybrid rice acting as receptor parent to obtain
hybrid F1', the hybrid F1' is planted to obtain F2' generation,
when seeds produced by plants of F2' generation express the
1000-grain weight in the level of three-line CMS maintainer
line hybrid rice, two-line GMS line hybrid rice or other types
of CMS line hybrid rice, a quarter of individuals carrying the
small grain gene sg are separated from the F2' generation, and
the individuals carrying the sg gene are planted to become F3'
generation which still is small grain, wherein said hybrid rice
having small grain gene sg mutant is ZH-sg rice (Oryza
sativa) which is deposited in CGMCC at Nov. 7, 2008, with
the accession number of No. 2741; and

(B) individuals carrying small grain gene sg and having
similar appearance to the receptor parent are selected from
F2' generation and backcrossed with the receptor parent or
backcrossed according to the procedure of the step A, and in
the case of a quarter of small grain individuals still can be
separated after first backcross with BC1F2' generation and
secondary backcross with BC2F2' generation, individuals
having similar appearance to the receptor and smaller grains
(namely carrying sg gene) are selected to obtain CMS line or
homokaryotic maintainer line, or GMS line, hybrid rice
which stably carries mutant gene sg and small grain charac-
teristic after 5-7 generations of selections.

Seed cleaning is a necessary procedure after hybrid seed
production in China, aiming to clean away straws, soil blocks,
weed seeds and the like. China has been made a series of strict
laws relating to the production and sale of crop seeds, and
general hybrid rice after harvest needs to be cleaned, namely
impurities such as straws, soil blocks, weed seeds and the like
is removed by a screw screen (main way). In the present
invention, the separation of hybrid seed F1 (small grain) from
the male parent (large or normal grain) can be completed only
by additionally providing a proper mesh screen on a cleaner.
If using the current universal hybrid rice cleaner, mixed har-
vesting of the male parent and the female parent can be
realized by separating the seeds with different sizes, thereby
greatly simplifying the procedure of seed production.

The key of the present invention is small grain mutant
(ZH-sg) being controlled by single recessive gene, contem-
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porary seeds produced by F1 plants is controlled by female
parent genotype to present small grains, while rice grains of
hybrid F1 planted by farmers are controlled by male parent
(restorer line) gene, so that the grains of hybrid F1 is normal
in size so long as the gene of the male parent for controlling
grains is normal. Contemporary hybrid seeds produced by
small grain sterile parent are small grains and can be sepa-
rated from large or normal grain male parent by a specific
mesh screen, namely by a commonly used rice grain cleaner
in China, and when mixed seeds (hybrid seeds F1 produced
by CMS or GMS line+inbred seeds produced by restorer line)
are cleaned by the mesh screen, so long as a specially
designed mesh screen is mounted or replaced on the cleaner,
hybrid seeds F1 and the inbred male parent seeds can be
completely separated because small grains ofhybrid seeds F1
can pass through meshes, and large grains of the inbred male
parent seeds can not pass through the meshes.

The invention has the following advantages:

The invention is mainly applied to the hybrid seed produc-
tion link of hybrid rice and can not affect hybrid rice produc-
tion. The 1000-grain weight of mutant rice (Oryza sativa)
ZH-sg (Zhonghua 11 small grain mutant) is 20 g (original
parent of 24 g/1000 grains), while the 1000-grain weight of
common rice CMS line such as “Jin 23A” (trade name) is 25
g, the heavier 1000-grain weight of rice such as “Neixiang
2A” (trade name) is 30 g. Provided the weight of the hybrid
seeds F1 produced by one mu (1 mu=0.067 Hectare) of hybrid
seed production field is 200 kg, the number of seeds of F1
generation with 1000-grain weights of 20 g, 25 g and 30 g are
10,000,000 grains, 8,000,000 grains and 6,660,000 grains,
respectively. In China, farmers plant hybrid rice by one seed-
ling per pit and then 15,000 seedlings per mu (1 mu=0.067
Hectare), and counting by sowing 20,000 F1 seeds per mu (1
mu=0.067 Hectare), said three hybrid seeds with the same
weight and different 1000-grain weights can be planted for
500 mu, 400 mu and 333 mu, respectively. The amounts of
seeds per mu of said hybrid seeds with different 1000-grain
weights, converted into weights, are 400 g, 500 g and 600 g,
respectively. If the prices of seeds (weight, kg) are same 16
Yuan/kg, the costs are 6.4 Yuan, 8.0 Yuan and 9.6 Yuan,
respectively.

The 1000-grain weight of mutant ZH-sg (Zhonghua 11
small grain mutant) is 20 g (original parent of 24 g/1000
grains), while the 1000-grain weight of restorer line of China
is more than 26 g. In the present invention, the hybrid seeds
(small grain) can be separated from the male parent (large or
normal grain) by replacing a proper mesh screen on the cur-
rent common cleaner, mixed harvesting of male and female
parents ofhybrid rice can be realized by separating seeds with
different sizes, thereby greatly simplifying the procedure of
hybrid rice seed production.

Rice CMS or GMS lines carrying small grain gene being
used for seed production can save a large amount of rice seed
production field for country, reduce the investment of labor
during seed production, simplify the operation procedure and
reduce mechanical admixture, storage, transported amount
and cost for seed companies, and reduce the buying cost of
hybrid rice seeds for rice farmers.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a flow diagram of embodiment 1;

FIG. 2 shows maintainer line improved by small grain
mutant (the upper part of the figure is maintainer line with
1000-grain weight of 20 g, the left part shows unpolished rice
grains, and the right part shows rice grains. The maintainer
line is hybridized with three-line CMS line hybrid rice for
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nucleus substitution to form corresponding CMS line), and
restorer line hybrid rice grains which are common in present
production (the lower part shows the restorer line with 1000-
grain weight of 27 g, the left part shows unpolished rice
grains, and the right part shows rice grains);

FIG. 3-1 and FIG. 3-2 are photos of mesh screens for
cleaning seeds after rice seeds are harvested and dewatered,
FIG. 3-1 is a round-hole mesh screen, and FIG. 3-2 is a
strip-hole mesh screen.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

The invention is further specifically described by combin-
ing the following embodiments. It is to be understood that the
invention is not limited by the following embodiments, and
all equal replacements and/or changes are seen to fall within
the scope of the invention.

In the invention, all devices, materials and the like are
available on market or commonly used in the industry unless
specified.

Embodiment 1

Breeding of Small Grain CMS Or GMS Line Hybrid
Rice

Rice (Oryza sativa) ZH-sg (Zhonghua 11 small grain
mutant) is taken as donor parent (the accession number of No.
2741, deposition date at Nov. 7, 2008) and is hybridized with
main CMS or GMS lines for present hybrid rice seed produc-
tion in China including I1-32A (three-line CMS line with
1000-grain weight of 28 g), Neixiang 2A (three-line CMS
line with 1000-grain weight of 30 g, Guangzhan 63S (two-
line GMS line with 1000-grain weight of 28 g) and the like to
improve the miniaturization of CMS line seeds.

The embodiment of the invention is herein described by
combining FIG. 1, wherein small grain mutant ZH-sg acts as
donor parent, and II-32A and corresponding maintainer line
thereof of 1I-32B (receptor parent) are taken for example.

1. The corresponding maintainer line 1I-32B of 1I-32A is
hybridized with small grain mutant ZH-sg to obtain F1' gen-
eration which is similar to II-32B (normal grain) in seed size,
and F2' generation can be obtained by conventionally plant-
ing F1".

2.1 A quarter of small grain individuals are separated from
F2' and backcrossed with 11-32B once to obtain BC1F1' gen-
eration. Before backcross, the separated individuals having sg
undergoes background detection of 1I-32B by means of
molecular marker technology, or the individuals which are
similar to [1-32B as much as possible in morphological char-
acters are selected.

2.2 F3' generation is obtained by conventionally planting
F2'and so on, F4' generation, F5' generation and F6' genera-
tion can be obtained.

3.1 If the backcross is carried out once, BC1F2' generation
can be obtained by conventionally planting BC1F1'and so on,
BCI1F3' generation, BC1F4' generation and BC1F5' genera-
tion can be obtained.

3.2 individuals having sg gene can be selected from
BCI1F2' and are backcrossed with II-32B for the second time
to obtain BC2F1' generation. In the backcross, background
selection or similarity selection to I1-32B is carried out again.

4. BC2F2' generation is obtained by conventionally plant-
ing BC2F1' and so on, BC2F3' generation is obtained.

5. I1I-32A is taken as female parent and hybridized with
individuals carrying sg gene and having excellent agronomic
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shapes, namely F4'-F5', BC1F2'-BC1F3' and BC2F2', i.e.
namely nucleus substitution. Then the individuals carrying sg
gene and having excellent agronomic shapes are F5'-F6' gen-
eration, BC1F3'-F4' generation and BC2F3' generation. Such
nucleus substitution hybridization needs to be carried out at
least five times to obtain novel CMS line (A)/maintainer line
(B) or GMS line carrying sg gene and having similar gene
background to 11-32. (Note: if the improvement is desired to
be faster, lower generation such as F4' can be hybridized and
backcrossed with I11-32A for nucleus substitution, and there is
no substantially difference in essence)

The novel CMS line/maintainer line or GMS line has the
characteristics that the 1000-grain weight is 20 g or under 20
g, and the appearance is shown in the right part of the upper
part of FIG. 2.

The receptor parent can be three-line maintainer line, or
two-line GMS line or other types of CMS line hybrid rice,
which all can be taken as female parent and hybridized with
donor parent ZH-sg, and grains produced by first-filial gen-
eration hybrid plants are similar to the receptor parent. A
quarter of individuals carrying sg gene are separated from F2'
generation, and because genes of the receptor and the donor
are recombined after hybridization, if the later generation is
hoped to be similar to the receptor parent as much as possible,
the receptor gene background selection can be carried out for
the individuals carrying sg gene by means of molecular
marker technology, which can improve the selection effi-
ciency. If the later generation is hoped to maintain sg gene and
be similar to the receptor parent in genotype as much as
possible, the individuals carrying sg gene can be selected to
backcross with the receptor parent 1-2 times or 3-5 times, so
that the genotype of the later generation can return to the
receptor parent rapidly.

When the separated later generation carries sg gene, it is
should be noted that the type having larger ears than the
receptor parent is selected to compensate the decrease of
grain weight of the maintainer line (CMS line) or GMS line
by increasing the number of grains per ear, thereby balancing
or keeping original potential of yield.

Embodiment 2-1

Seed Production of Small Grain CMS Or GMS Line
Hybrid Rice

When small grain CMS or GMS line hybrid rice is hybrid-
ized with large or normal grain restorer line hybrid rice for
seed production, (1) if the difference between growth periods
of'the CMS or GMS line (with shorter growth period) and the
restorer line (with longer growth period) is 10 days or more,
the present production mode of hybrid rice seed production
(transplanting restorer line male parent and CMS or GMS line
female parent one after another) is stilled be used, and there is
no need to separately harvest the male parent after the
completion of flowering of the male parent (restorer line) and
the female parent (CMS or GMS line), which is replaced by
mixed harvesting with a reaper.

Embodiment 2-2

Seed Production of Small Grain CMS Or GMS Line
Hybrid Rice

When small grain CMS or GMS line hybrid rice is hybrid-
ized with large or normal grain restorer line hybrid rice for
seed production, (1) if the difference between growth periods
of'the CMS or GMS line (with shorter growth period) and the
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restorer line (with longer growth period) is less than 10 days,
mixed sowing can be used in the way of not accelerating
germination of the CMS or GMS line and accelerating ger-
mination of the restorer line, or mixed sowing or mixed trans-
planting is carried out directly. There is no need to separately
harvest the male parent after the completion of flowering of
the male parent (restorer line) and the female parent (CMS or
GMS line), which is replace by mixed harvesting with a
reaper.

Embodiment 3

Cleaning And Separation of Small Grain CMS Or
GMS Line Hybrid Rice

The harvested seeds are treated in the present dewatering
mode of hybrid rice, and when the water content of the seeds
meets the requirement, as shown in FIG. 3-2, a mesh screen
with proper meshes according to the width of seeds of the
CMS or GMS line is selected and mounted on a seed cleaner
by selecting. On the basis of the principle that small grains of
the CMS or GMS line (F1) can pass through meshes, and
large grains of the restorer line can not pass through the
meshes, the qualified dewatered seeds (CMS line and restorer
line) are put into the seed cleaner for separation hybrid F1
from the male parent (restorer line).

Although the present invention has been described in detail
and cites embodiments, various changes and/or supplements
or replacements in similar modes for the embodiments will
become apparent to those of ordinary skill in the art.

The invention claimed is:

1. A method for simplifying hybrid rice seed production
procedure and improving the working efficiency of seed pro-
duction, comprising the following steps:

breeding providing a donor parent line, wherein the donor

parent line is a small grain rice (Oryza sativa) ZH-sg
(Zhonghua 11 small grain mutant) deposited under
CGMCC No. 2741,

providing a receptor parent line, wherein the receptor par-

ent line is a male sterile line hybrid rice;

hybridizing the donor parent line and the receptor parent

line to obtain a F1 generation rice;

hybridizing the F1 generation rice to obtain a F2 generation

rice;

selecting a small grain CMS or GMS line hybrid rice car-

rying ZH-sg from the F2 generation line;

and hybridizing the small grain CMS or GMS line hybrid

rice with a large grain or normal grain restorer line
hybrid rice for seed producing.

2. The method according to claim 1, wherein the receptor
parent line is selected from a three-line CMS maintainer line
hybrid rice, and a two-line GMS line hybrid rice.

3. The method according to claim 1, wherein a 1000-grain
weight of said small grain CMS or GMS line hybrid rice is
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19-21 g or lighter than that of a large grain or normal grain
CMS or GMS line hybrid rice by 25-45 percent.

4. The method according to claim 1, further comprising:

at least one backcrossing to backcross the small grain CMS

or GMS line hybrid rice with the receptor parent line to
obtain a successive generation line rice; and

selecting individual grains carrying ZH-sg gene from the

successive generation line rice, wherein, the individual
grains of the successive generation line rice undergo a
receptor gene background selection by a molecular
marker technology.

5. The method according to claim 1,

wherein when a difference between a growth period of the

small grain CMS or GMS line hybrid rice and a growth
period of the restorer line hybrid rice is smaller than 10
days, the small grain CMS or GMS line hybrid rice and
the restorer line hybrid rice are sown one after another or
simultaneously sown together, and

the restorer line hybrid rice is firstly transplanted and then

the CMS or GMS line hybrid rice is directly sown or
both of the small grain CMS or GMS line hybrid rice and
the restore line hybrid rice are transplanted together.

6. The method according to claim 1, wherein when a dif-
ference between growth period of the small grain CMS or
GMS line hybrid rice and a growth period of the restorer line
hybrid rice is shorter than 10 days, both of the small grain
CMS or GMS line hybrid rice and the restorer line hybrid rice
are simultaneously sown together and transplanted together.

7. The method according to claim 1, further comprising
sowing the restorer line, wherein the sowing of said restorer
line hybrid rice includes mixing sowing or direct sowing
when the restorer line hybrid rice has a 1000-grain weight
larger than 26 g.

8. The method according to claim 1, further comprising:

when hybrid seeds produced by hybridizing the small grain

CMS or GMS line hybrid rice with the large grain or
normal grain restorer line hybrid rice are fully grown,
harvesting the hybrid seeds and the restorer line seeds
together; and

separating the hybrid seeds and the restorer line seeds by

size.

9. The method according to claim 8, wherein separating the
hybrid seeds from the restorer line seeds by size is carried out
via a proper mesh screen.

10. The method according to claim 2, wherein a 1000-grain
weight of said small grain CMS or GMS line hybrid rice is
19-21 g or lighter than that of a large grain or normal grain
CMS or GMS line hybrid rice by 25-45 percent.

11. The method according to claim 5, wherein when a
difference between a growth period of the small grain CMS or
GMS line hybrid rice and a growth period of the restorer line
hybrid rice is shorter than 10 days, both of the small grain
CMS or GMS line hybrid rice and the restorer line hybrid rice
are simultaneously sown together and transplanted together.
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