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摘  要

    不同类型和品种水稻的花药培养， 其愈伤组织形成和绿苗再

生能力有很大差别。用 20 Gy 剂量γ 射线辐照诱导培养约 30 d 的

水稻花药或用每升含 10～75 mg 秋水碱的分化培养基培养愈伤组

织，可明显提高绿苗的分化和再生。两者结合使用效果更好。应用

这项技术，可大大 提高 M2代突变频率和选择效率。
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ABSTRACT

The ability of callus formation and green plant regeneration was very different

for different rice type and varieties in anther culture. The differentiation and

regeneration of green plants were obviously improved when the rice anthers at about

30 d after culture on induction medium were irradiated with 20 Gy of γ-rays and

calli were cultured on the differentiation medium containing 30 mg/L colchicines.

The stimulation effect of γ-irradiation combined with colchicines was much better

than that of their single use. Mutation frequency and selective efficiency in M2 were

obviously increased by application of the technique.
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    INTRODUCTION

    At present, irradiation of seeds, organs and plants is still the main method in
mutation breeding. Lower mutation frequency and higher frequency of chimeras are
the problems in traditional mutation breeding. It can, however be improved by the
application of in vitro techniques. Among them, anther culture is one of the simplest,
most effective and most practical technique. It has been extensively studied and
greatly improved by many researchers[1 ～ 11]. Doubled haploid has long been
recognized as a valuable tool in plant breeding since it not only offers the quickest
method advancing heterozygous breeding line to homozygosity, but also increase
the selective efficiency over conventional procedures due to better discrimination
between genotypes within any one generation, particularly in the first generation. In
addition, anther culture could also be an effective vehicle for producing variation
and allows the early expression of recessive genes[3]. Although anther culture has
been already applied to plant breeding and some new varieties have been released by
the technique, the application of this technique in plant induced mutation breeding
has been hampered by the difficulty of inducing morphogenesis. The frequency of
plant regeneration was not always high and predicable for different crops and
varieties. This paper reports the improvement of green plant regeneration in rice
anther culture and application of the technique in rice mutation breeding.

1  MATERIALS AND METHODS   

1. 1  Tested varieties
    10 varieties of japonica rice and 9 varieties of indica rice were used for the test.
1. 2  Culture media
    Induction medium was N6 basal medium supplemented with 10 µmol 2, 4-D,
60 g/L sucrose and 1.8 g/L gelrite, PH 5.8. Regeneration medium was MS basal
medium supplemented with 9.0 µmol BAP, 2.7 µml NAA, 100 mg/L myo-inositol,
100 mg/L casein hydrolysate, 200 mg/L thiamine, 30 g/L sucrose, 9 g/L agar, pH
5.8.
1. 3  Methods
    Rice boots at mid and late-uninucleate stage of pollen development were
collected respectively and subjected to cold pretreatment at 7 ℃ for 5 d. The
panicles were surface disinfected by immersing it in 70% ethanol for 20 seconds and



4

in 50% commercial Clorox or 0.5% sodium hypo chlorite solution for 10 min, then
washed with sterile distilled water for 3 times. Anthers were cultured on semisolid
induction medium in 2.5 cm × 1.5 cm tubes (500 anthers in tubs per treatment) and
incubated at 27 ℃ under dark conditions. 20 Gy of γ-irradiation was performed
after 30～35 d incubation (about 5% anthers produced calli). Calli of about 1～2
mm in diameter derived from the anthers after irradiation were transferred to the
regeneration medium in 3.0 cm×2.0 cm tubes, 2 calli per tube, and then incubated
at 27 ℃ under constant light for about 40 d. Transfer of calli emerging during later
periods from anthers was done at 10 d intervals. Green plantlets were cultured and
sub-cultured on MS basal medium supplemented with 5 µmol NAA until shoot tip to
the top of the tubes, then the tubes were opened and moved from growth room to the
greenhouse under shade for 2～3 d, then added 1～2 cm layer of distilled water
above the medium and moved from shade into light for 2～3 d. The plantlets after 5
d acclimation were transplanted to pots with soil or field. Chromosome ploids of the
plants were examined by flow cytometry and estimated by observation of
morphological characters. Chromosome doubling for haploid plants were treated by
immersing roots into 1.25 mmol colchicines or 25 µmol oryzalin for 12 h at tiller
stage.

2  RESULTS

2. 1 Improvement on the technique of callus induction and green plant
regeneration
2. 1. 1  Relationship between number of callus formation and concentration of 2, 4-
D in induction medium
   The best concentration of 2, 4-D for the formation of calli was about 10～15
µmol. Higher or lower than the concentration,the number of calli derived from
anthers decreased (see Fig.1).
2. 1. 2  Relationship between number of callus formation and time of anther
pretreatment at 7 ℃
    Boots cut off from rice plants were wrapped with aluminum paper, then put in
cold room at 7 ℃ for different days before culture. The results showed that the
number of calli increased with the increase of pretreatment time and reached the
highest on the fifth day (about 0.5 times higher than that of non-treated control), and
then lowered down rapidly with further increasing of time. However, the ability of
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callus formation almost lost after 11 d (see Fig.2).
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Fig.1  Relationship between the number of callus
formation and concentration of 2, 4-D supplemented in

the induction medium (Tested variety: Taipei 309)

Fig.2  Relationship between the number of callus
formation and time of anther pretreatment at 7 ℃

before culture (Tested variety: Taipei 309)

2. 1. 3  Effects of anther stage on the formation of calli and regeneration of green
plants

The formation of calli and regeneration of green plants for the anthers at mid-
uninucleate and late-uninucleate stages were investigated respectively. The results
showed that the anthers at mid-uninucleate stage benefited callus formation. The
time of callus initiation and number of callus formation from the anthers were 10 d
earlier and 36.6% higher than that of the anthers at late-uninucleate stage, but the
anthers at late-uninucleate stage favored differentiation and regeneration of green
plants. The number of calli with green plantlets and regenerated green plants were
3.1 and 4.1 times higher than that of the anthers at mid-uninucleate stage
respectively (see Table 1).
2. 1. 4 Relationship between regeneration of plants and the time of anther incubation

3000 anthers at late-uninucleate stage were cultured on the induction medium.
Transfer of first group calli to the regeneration medium was on 35th d after
incubation. The transfer of calli emerging during later periods from anthers was
done at 10 d intervals. The results showed that the number of calli with green
plantlets increased with time of anther incubation (35 d, 7.7%; 45 d, 10.6%; 55 d,
16.7%), but the differentiation ability of green plantlets lost for all calli after 65 d,
The differentiatjion of green spots were not very different among differet time of
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anther incubation, only after 65 d, it lowered down greatly. The highest ability of
green plant regeneration were those calli transferred at 35 d incubation and
differentiating green plantlets at about 25th day after transfer to regeneration
medium, it reached 443.6 plants per 100-anthers cultured and was much higher than
that of the calli transferred and differentiating green plantlets later (see Table 2).

Table 1  Effects of anther stage on the formation of calli
and regeneration of green plants (tested variety: Taipei 309)

Anther
Stage

Number of
anthers
cultured

Time of
callus

initiation/d

Formation
of calli

No.     %1)

Calli with green
plantlets

No.     %2)

Regeneration of
green plants

Total No.    No. of
          100 anthers

Mid-
uninucleate

500 25th 340 68.0 23 6.8 481 96.2

Late-
uninucleate

500 35th 250 50.0 70 28.0 2459 491.8

Notes: 1)  Total number of calli transferred / total number of anthers cultured ×100;
      2)  Number of the calli with green plantlets / total calli transferred to regeneration medium ×100.

Table 2  Relationship between regeneration of plants and
 the time of anther incubation (tested variety: Taipei 309)

Anther
Incubation

d

Calli
Transferred

No.

Calli with
green plantlets

No.    %

Calli with
 green spots
No.     %

Calli with
albino plants
No.     %

Regeneration of
green plants

Total No.   No. of
        100 anthers

35 312 24 7.7 49 15.7 109 34.9 2218 443.6

45 404 43 10.6 66 16.3 109 34.9 103 20.6

55 450 75 16.7 75 16.7 113 25.1 524 104.6

65 272 0 0.0 18 6.6 28 10.3 0 0.0

2. 1. 5  Effect of various varieties on callus formation and green plant regeneration
    18 non-irradiated rice varieties were used for the determination on the ability of
callus formation and green plant regeneration in anther culture. The results showed
that in 9 varieties of japonica rice, 8 varieties had various ability of callus formation,
but only 3 varieties regenerated green plants. Among them, the best variety was
Wang shi-bo, in 9 varieties of indica rice, only 3 varieties had various ability of
callus formation and 1 variety regenerated green plants (see Table 3).
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Table 3  the ability for callus formation and
green plant regeneration of various rice varieties

Varieties
Formation of calli

No    %

Callli with green plants

No      %

Green plants regenerated

Total No.  No. of 100 anthers

Japonica rice

   Wang shi-bo 152     30.4 5        3.3 24              4.8

   Zao jing 26 148     29.6 2        1.4 7              1.4

   Zhe jing 26 139     27.8 2        1.4 5              1.0

   Zao jing 12 131     26.2 0        0.0 0              0.0

   Zao jing 19 126     25.2 0        0.0 0              0.0

   Liao jing 10 102     20.4 0        0.0 0              0.0

   Yue guang 89     17.8 0        0.0 0              0.0

   Zao jing 28 45      9.0 0        0.0 0              0.0

   Zao jing 15 0      0.0 0        0.0 0              0.0

Indica rice

   Zhing shi 2 127     25.4 1        0.8 3              0.6

   Zou you 6 116     23.2 0        0.0 0              0.0

   Zhong you zao 2 39      7.8 0        0.0 0              0.0

   Jia xing 13 0      0.0 0        0.0 0              0.0

   Zhe 9248 0      0.0 0        0.0 0              0.0

   Hang 93-1 0      0.0 0        0.0 0              0.0

   Zhou 903 0      0.0 0        0.0 0              0.0

   G93-8 0      0.0 0        0.0 0              0.0

   Jia xing 35 0      0.0 0        0.0 0              0.0

2. 1. 6  Stimulation effect of γγγγ-rays and colchicines on the formation of calli
and regeneration of green plants
2. 1. 6. 1  Effect of γ-irradiation doses on the formation of calli and regeneration of
green plants
    Almost all of the doses from 10 Gy to 50 Gy of γ-irradiation favored the
formation of calli and regeneration of green plants. The best dose for the formation
of calli was 10 Gy. Under the dose, the number of callus formation was 81.7%
higher than that of non-irradiated control. For green plant regeneration, the best dose
was 20 Gy. Under the dose, number of the calli with green plantlets and regenerated
green plants per 100 anthers cultured were 22 and 306 times higher than that of non-
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irradiated control respectively. Besides, the differentiation of green spots was higher
and albino plants was lower at the doses ranging from 10～50 Gy of γ-irradiation
than that of non-irradiated control ( see Table 4).

Table 4  Effects of γγγγ-irradiation doses on the formation of calli
and regeneration of green plants (tested variety: Taipei 309)

Doses Introduction
 of calli

Calli with
green plantlets

Calli with
green spots

Calli with
albino plants

Regeneration of green
plantlets

Gy No. % No. % No. % No. %
Total
No.

No. of 100
anthers

0 164 32.8 2 1.2 16 9.8 62 37.8 8 16

10 298 59.6 27 9.1 45 15.1 70 23.5 214 42.8

20 250 50.0 70 28.0 26 10.1 35 14.0 2459 491.8

30 230 46.0 32 13.9 35 15.2 64 27.8 80 16.0

40 252 50.4 2 0.8 44 17.5 61 24.2 6 1.2

50 244 48.8 9 3.7 42 17.2 67 27.5 78 15.6

2. 1. 6. 2  Stimulation effect of γ-irradiation on callus formation and green plant
regeneration of various rice varieties

Table 5  Effects of γγγγ-irradiation on callus formation and green plant
regeneration of various rice vatieties in rice anther culture

Doses of γ-
irradiation Formation of calli

Calli with green
plants

Regeneration of
green plants

Varieties

No. of
anthers
cultured

Gy No. % No. % No. +%
Japonica rice

500 0 161 / 6 / 28 /
Wang shibo

500 20 191 +18.1 31 +417.0 1056 +3671.9
500 0 143 / 3 / 9 /

Zao jing 26
500 20 160 +11.9 11 +267.0 127 +1311.0
500 0 129 / 2 / 5 /

Zhe jing 26
500 20 145 +12.4 7 +250.0 81 +1520.0

Indica rice
500 0 120 / 1 / 4 /

Zhong shi 2
500 20 135 +12.5 5 +400.0 52 +1200.0
500 0 111 / 0 / 0 /

Zhou you 6
500 20 125 +12.6 3 + 19 +
500 0 45 / 0 / 0 /

Zhong youzao 2
500 20 52 +15.6 2 + 7 +
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    The number of calli, the calli with green plantlets and regenerated greenplants
for the anthers of 6 varieties irradiated with 20 Gy of γ-rays was 11.9%～18.1%,
2～4 times and 12～36 times higher than that of non-irradiated controls (see Table
5).
2. 1. 6. 3  Effects of colchicines concentration on regeneration of green plants

The calli from non-irradiated anthers were inoculated on the regeneration
media containing different concentration of colchicines. The effects of colchicines
concentration on differentiation, regeneration and fertility of green plants were
observed. The results indicated that lower concentration (no more than 50 mg/L) of
colchicines was very helpful to the differentiation and regeneration of green plants
from calli, but higher concentration (more than 75 mg/L) was obviously harmful to
inoculated calli and regenerated plants. When the concentration was more than 100
mg/L, almost all of inoculated callli and regenerated plants gradually died. The
survival rate of regenerated green plants lowered down with increase of colchicines
concentration in the media, but the fertile rate of the green plants increased with
increase of the concentration. 20～50 mg/L was better concentration for all
differentiation, regeneration and fertility of the green plants from rice anther culture
(see Table 6). In addition, the regenerated green plants have to be transferred to MS
basal medium without colchicines on time, otherwise the plants would die gradually.

Table 6  Effect of colchicines concentration in regeneration
medium on green plant regeneration

Varieties
Concentration
of colchicines

Calli
inoculated

Callli
differentiating
green plants

Total green
plants

regenerated

Mean green
plants per
100 calli

Survival
plants

Fertile
plants

Mg/L No. No. % No. No. No. % No. %

0 150 2 1.33 11 7.33 11 100.00 1 9.09
10 142 3 2.11 39 27.46 39 100.00 6 15.38
20 162 5 3.09 78 48.15 71 91.03 18 25.35

Zao jing 30 150 6 4.00 82 54.67 74 90.24 21 28.38
26 40 124 5 4.03 54 43.55 45 83.33 13 28.89

50 166 7 4.22 68 40.96 55 80.88 18 32.37
75 114 3 2.63 21 18.42 5 23.81 2 40.00
100 158 2 1.27 5 3.16 0 0.00 0 0.00
200 148 0 0.00 0 0.00 0 0.00 0 0.00

0 132 1 0.75 7 5.30 7 100.00 1 14.29
10 140 2 1.43 18 12.86 17 94.44 3 17.65

Zhou you 30 142 4 2.82 45 31.69 40 88.89 9 22.50
6 50 140 4 2.86 38 27.14 30 78.95 8 26.67

75 132 2 1.52 12 9.09 2 16.67 1 50.00
100 130 1 0.77 2 1.54 0 0.00 0 0.00



10

2. 1. 6. 4  Stimulation effect of γ-rays combined with colchicines on green plant
regeneration
      20 Gy of γ-rays and 30 mg/L of colchicines had obvious stimulation effect on
green plant regeneration from rice anther culture. The stimulation effect of γ-rays
combined with colchicines was much better than that of their single use (see Table
7).

Table 7   The stimulation effect of γγγγ-rays, colchicines and
both combination on green plant regeneration

Treatments
Differentiation of

green plants
Regeneration of green plants

Varieties γ-rays Colchi.
Calli

inoculated
Calli with

 green plants
Total

Mean per
100 calli

Survival Fertile

Gy Mg/L No. No. % No. No. No. % No. %

0 0 150 2 1.33 11 7.33 11 100.00 1 9.09

Zao jing 0 30 150 6 4.00 82 54.67 74 90.24 21 28.38

26 20 0 164 9 5.49 118 71.95 113 95.76 14 12.39

20 30 160 12 7.50 156 97.50 140 89.74 30 21.43

0 0 132 1 0.76 7 5.30 7 100.00 1 14.29

Zhou you 0 30 142 4 2.82 45 31.69 40 88.89 9 22.50

6 20 0 136 5 3.86 67 49.26 61 91.04 10 16.39

20 30 136 7 5.15 79 58.09 68 86.08 16 23.53

2. 2  Application of rice anther culture in mutation breeding
2. 2. 1  Chromosome doubling and variation in M1

       In total, 3369 green plants were regenerated from irradiated anther culture of
the rice variety Taipei 309. Among them, haploid 70.7%, diploid 19.3%, the others
were triploid and mixploid. While 31.0% of haploid plants treated with 25 µmol
oryzalin were doubled, only 11.5% of haploid plants treated with 1.25 mmol
colchicines were doubled. In total 636 haploid plants were doubled and fertile. Some
variations were found in M1. These included early and late maturity, short and tall
stem, plant shape and habit, chlorophyll off types (striata), panicle and grain size and
etc.
2. 2. 2  Mutations in M2

     Total mutation frequency in M2 was 43.71%, among them, mutation of
heading date 22.33%, of plant height 9.43%, of the characters related to high yield
3.46% and of deformity 8.49% (see Table 8).
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Table 8  Mutations in M2

Doses Plant Mutations
lines

Hading date Plant height
Characters related

to high yield
Deformity Total

Gy No. No. % No. % No. % No. % No. %

0 67 2 2.99 1 1.49 0 0.00 19 28.36 22 32.82

10 220 51 23.18 8 3.64 4 1.82 7 3.18 70 31.82

20 118 48 25.53 8 4.26 10 5.32 11 5.85 77 40.96

30 161 41 25.47 43 26.71 8 4.97 17 10.56 109 67.70

mean 636 142 22.33 60 9.43 22 3.46 54 8.49 278 43.71

    The mutation frequency of heading date and plant height increased with
increasing doses of γ-irradiation (0 Gy, 4.48%; 10 Gy, 26.82%; 20 Gy, 29.79%;
30 Gy, 52.17%). Among the mutations, the mean value of early maturing mutation
14.47%, of short stem mutation 9.43%. The highest mutation frequency of early
maturing and short stem were the treatment irradiated with 30 Gy of γ-rays (24.22%
and 26.31%) (see Table 9).

Table 9  Mutation frequency of early maturing and short stem in M2

Doses Plant lines Early maturing Late maturing Short stem Tall stem Total

Gy No No. % No. % No. % No. % No. %

0 67 2 2.99 0 0.00 1 1.49 0 0.00 3 4.48

10 220 43 19.55 8 3.64 8 3.64 0 0.00 59 26.82

20 188 8 4.26 40 21.28 8 4.26 0 0.00 56 29.79

30 161 39 24.22 2 1.24 43 26.71 0 0.00 84 52.17

Mean 636 92 14.47 50 7.86 60 9.43 0 0.00 2.02 31.76

The mutations of deformity included the change of plant shape (0.63%), leaf
shape (0.47%), chlorophyll (2.99%) and sterile (4.40%). All 19 lines of tetraploidy
plants in total 67 lines of non-irradiated treatment were sterile and had awns (see
Table 10).
2. 2. 3  Selection of useful mutation lines in M2 from anther culture
     In total, 40 lines of useful mutations were selected from total 636 lines in M2

for further observation and selection. Mean percentage of the selections was 6.29%.
Among them, mutations of earlier maturing, 8 lines (one of them was 2 weeks
earlier than that of untreated control); shorter stem, 10 lines (mean value of plant
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height was 67 cm shorter than that of untreated control) and the characters related to
high yield, 22 lines (most of them were selected from the treatments irradiated with
20 Gy and 30 Gy of γ-rays). The percentage of selections increased with increasing
doses of γ-irradiation (0 Gy, 0.00%; 10 Gy, 5.00%; 20 Gy, 6.38%; 30 Gy, 10.56%)
(see Table 11).

Table 10  Mutations of deformity in M2

Doses Plant lines Plant shape Leaf shape Chlorophyll Sterile Total

Gy No No. % No. % No. % No. % No. %

0 67 0 0.00 0 0.00 0 0.00 19 28.36 19 28.36

10 220 0 0.00 0 0.00 4 1.82 3 1.36 7 3.18

20 188 3 1.60 0 0.00 4 2.13 4 2.13 11 5.85

30 161 1 0.62 3 1.86 11 6.83 2 1.24 17 10.56

Mean 636 4 0.63 3 0.47 19 2.99 28 4.40 54 8.49

Table 11  Relationship between the selections of mutation lines and doses of γγγγ-irradiation

Doses Plant lines Early maturing Short stem Characters related to high yield Total

Gy No No. % No. % No. % No. %

0 67 0 0.00 0 0.00 0 0.00 0 0.00

10 220 5 2.27 2 0.91 4 1.82 11 5.00

20 188 1 0.53 1 0.53 10 5.32 12 6.38

30 161 2 1.24 7 4.35 8 4.97 17 10.56
Mean 636 8 1.26 10 1.57 22 3.46 40 6.29

2. 2. 4  Evaluation of selected DH mutant lines in multilocation trials
4 DH mutant lines with good agronomic characters have been selected from

40 of original selections in M3 and named Atom-1(Am-1), Atom-3 (Am-3), Atom-
11 (Am-11) and Atom-12 (Am-12). Am-1 and Am-3 were used as early season rice
and planted at The north, middle and south regions of Zhejiang Province. Yield of
Am-1 and Am-3 in multilocation trials was listed in Table 12.
    The yield of the lines did not reach reasonable level. The reasons: (a) Sowing
date was about 2 weeks later than local normal sowing time (end of March) since the
seeds were got back from Hainan-island on Apr.10; (b) Harvest was too early,
particularly in Linhai county, because farmers hurried to transplant late season rice;
(c) At the site of Hangzhou, Am-3 just met vile weather of heavy rain and low
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temperature for long time when it was in the key period of head sprouting.
Otherwise, the yield of Am-1 and Am-3 would be higher.
The result of yield comparison among the two lines and local spreading variety Zhe-
733 (control) by plot test was showed in Table 13.

Table 12  Yield of Am-1 and Am-3 in multilocation trials

Lines      Locations         Sowing time   Complete heading     Harvest     Area      Yield

                               M/D          M/D             M/D      Mu1)      kg/Mu

          Hangzhou (north)       4/14           7/01            7/30       0.8        417

Am-1     Dongyang (middle)      4/15           6/29            7/27      20.0        430

          Linhai (south)          4/16           6/27            7/23      21.0        365

          Hangzhou (north)       4/14           7/11            8/08       0.8        399

Am-3     Dongyang (middle)      4/15           7/09            8/06       5.0        475

          Linhai (south)          4/16           7/07            8/01       6.0        420

    Note: 1) 1 ha = 15 Mu.

Table 13   Comparison of plot yield among Am-1, Am-3
and local spreading variety Zhe-733 (control)

Line
No. of

replications
Plot yield1)

kg
Comparison with

control / ±%
Significance test
5%       1%

Am-1 1 9.80

2 9.30

3 10.00

mean 9.70 ± 0.36 + 9.23 a A

Am-3 1 9.50

2 9.25

3 9.75

mean 9.50 ± 0.25 + 6.98 a A

Zhe-733 1 8.50

(control) 2 8.90

3 9.25

mean 8.88 ± 0.40 ± 0.00 b A

      Note: 1) A plot area was 13.4 m2.

Mean yield of Am-1 and Am-3 was 9.23% and 6.98% higher than that of
control variety Zhe-733 respectively. Both of them reached 5% significant level.
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The main agronomic characters of Am-1, Am-3 and control variety Zhe-733
were observed and listed in Table 14.

Table 14  Mean value of main agronomic characters of
Am-1, Am-3 and control variety Zhe-733

Growing
period

Valid tillers
Plant
height

Length
of ear

Total grains
per ear

Setting
percentage

Thousand
grain weight

Lines
d No. cm cm No. % g

Am-1 115 3.0 93.1 19.8 125.0 83.9 22.8

Am-3 128 3.7 100.8 20.0 157.5 68.51) 28.4
Zhe-733
(control) 115 2.4 78.7 19.1 97.1 72.5 26.2

     Note: 1) Am-3 just met the vile weather during heading period.

The result indicates that Am-1 is a promising line since its agronomic characters
are much better than that of control variety except thousand grain weight. Am-3 can
only be used for single-cropping rice Since its growing period is too long to be used
for early rice. Neither of them infected rice blast by the test in a special pathogenic
region.. The grain quality of Am-1 and Am-3 reached the standard of second grade
rice, which was issued by Chinese Agricultural Ministry (NY 122-86). Protein
content of them was up to 11.8% and 11.7% respectively, which were 25.5% and
24.5% higher than that of control variety Zhe-733 (9.46%). Am-11 and Am-12 were
used as late season rice and planted in our experimental field at Hangzhou (north
Zhejing Province). The result of yield comparison among the two lines and local
spreading variety Xiushui-11 (control) by plot test was showed in Table 15.
    Mean plot yield of Am-11 and Am-12 was 6.12% and 2.04% higher than that
of control variety Xiushui-11 respectively, but only Am-11 reached 5% significance
level. The main agronomic characters of Am-11, Am-12 and control variety
Xiushui-11 were also observed and listed in Table 16.
    The main agronomic characters and disease resistance of Am-11 were much
better than that of control variety Xiushui-11 except lodging resistance. So it was
kept for further observation.
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Table 15  Comparison of plot yield among Am-11, Am-12
and local spreading variety Xiushui-11 (control)

Lines
No. of

replications
Plot yield1)

kg
Comparison with

Control/ ±%
Significance test

5%         1%

Am-11 1 10.40

2 10.60

3 10.20

mean 10.40± 0.20 + 6.12 a A

Am-12 1 10.30

2 10.00

3 9.70

mean 10.00± 0.30 +2.04 ab A

Xiushui-11 1 10.10

(control) 2 9.60

3 9.70

mean 9.80± 0.26 ± 0.00 b A

      Note: 1) A plot area was 13.4 m2.

Table 16  Mean value of main agronomic characters of
Am-11, Am-12 and control vatiety Xiushui-11

Valid tillers
Plant
height

Length
of ear

Total grains
per ear

Setting
percentage

Thousand
grain weight

Lines
No. cm cm No. % g

Am-11 3.6 103.4 19.9 96.2 92.3 30.5

Am-12 4.1 90.9 18.1 82.4 87.3 27.1
Xiushui-11

(control) 3.0 86.0 17.7 80.4 84.7 28.1

3  DISCUSSION

 The effects of γ-irradiation of anthers on plant regeneration in rice anther
culture have been reported by some researchers[1～3]. Our results showed that almost
all of the doses used in our experiment ranged from 10 Gy to 50 Gy of γ-irradiation
favored  the induction of calli and regeneration of green plants, but the best dose
for green plant regeneration was 20 Gy. At the dose, the induction rate of calli with
green plantlets and the number of green plants regenerated per 100 anthers cultured
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were 28.0% and 491.8, being 22 and 306 times that of non-irradiated treatment. It
could be attributed to the suitable dose of γ-irradiation which stimulates the
formation of ultrastructure and promotes the division of cells[12].

A large number of different visible genetic mutations were observed in M2

generation. The total mutation frequency reached 43.71%. Among them, the
mutation of early maturity, amounted to 14.47%; short stem, 9.43%; and the
characters related to high yield, 3.46%. It was much higher than that of induced
mutations by traditional method. So irradiated anther culture is a very efficient way
for plant induced mutation breeding. Besides, it was also found that some changes of
characters in M1, such as heading date, ear size and etc., were not hereditary in M2.
Those changes might be caused by environmental factors, such as earlier and later
differentiation of plant, stronger and weaker growth of plant and etc. But some other
changes in characters in M1, such as short stem, chlorophyll deficiency, awnedness
and etc., were hereditary in M2. These were actual genetic changes. Besides, some
recessive phenotypes in M1 became dominant in M2. So it is better for observation
and selection in M2. The observation and selection will be easier when the seedling,
which derived from the same plant in M1, is planted closely in a line.
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