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Abstract Field cultivation experiments on white sesame 
(Sesamum indicum L.) seeds implanted with low-energy C 
ion showed that different dosages of C ion implantation pro-
duce different biological effects. Sesame plants in 6 different 
dosage groups with C ion density respectively at 1x1011, 
1x1012, 1x1015, 5x1015, 1x1016, 5x1016  ion/cm2 were 
superior to the control group in plant height, leaf number, 
stalk diameter and leaf size. Further, sesame plants in these 
groups flower and seed earlier than those in the control group, 
and single plant yield also increased. Of all the groups, the 
5x1015  ion/cm2 dosage group yielded the best effect, whereas 
the 1x1017/cm2 dosage group showed an evident inhibitory 
effect of ion implantation on the germination and growth of 
the sesame seeds. 

Keywords low-energy C ion, ion implantation, white 
sesame (Sesamum indicum L.), biological effects

1 Introduction

The application of low-energy ion implantation technology 
in the life sciences is a new research area which Chinese 
scientists have explored. In recent years, important progress 
has been made in this domain, contributing to the advance-
ment of national economy and technology (Su, 2003; Yu and 
Huo, 1994).

The ion injection method of breeding has the characteris-
tics of high variation rate, spectral width variation, short time, 
ease in carrying out, stability and so on (Chang and Zhu, 
2004). The sesame (Sesamum indicum L.) seed is a yearly 
growth herb on a flax branch. The seed is characterized by 
rich fat, and the fragrant oil is used as cooking oil. Sesame 
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seed grain is small, and the seed shell is thin enough to easily 
implant through to the seed (Zhou, 1999). The biologic effect 
of implantation can be evident. In addition, sesame is a 
high-quality oil crop with a huge economic value. However, 
its output is low because its seed is small. We attempted to 
apply the low-energy ion implantation technique to inject the 
sesame seed as a possible new method for enhancing its 
output and improving its quality.

2 Materials and methods

2.1 Materials

White sesame seeds were taken from the suburb of Tianjin, 
China. The evenly-surfaced, full, mildew-free grains were 
chosen as the experimental samples.

2.2 Methods

2.2.1 Low-energy ion implantation

The seeds were separated into 8 groups at the Institute of 
Low-energy Nuclear Physics, Beijing Normal University, 
China. We used an ion implantation machine to carry out C 
ion implantation. Under a scanning microscope, and using 
Φ = 0 as the blank comparison, 1x1011, 1x1012 1x1015, 
5x1015, 5x1016, 1x1016, 1x1017/cm2 implantation (the 
energy of 50  Kev C ion) were uniformly implanted into the 
white sesame seed samples vertically. 

2.2.2 Expediting budding and germination rate

Fifty grains of seeds from each of the 8 groups given low-
energy C ion implantation were taken respectively. After 
immersing them in warm water for 12  h, they were set on a 
culture dish with moist filter paper and raised at a temperature 
of 20°C–21°C. They were observed every 24  h, maintaining 
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moistness of the filter paper with clear water as needed 
(Wu et al., 1980), and the status of the germinates were duly 
recorded.

2.2.3 Field cultivation experiments

The same quantity of white sesame seeds from the eight 
implantation groups were taken after they were soaked in 
lukewarm water for 12  h. Then the seeds were sown into the 
soil according to their respective groups before 31 May, 2004. 
Fourteen days after budding, 25–30 (25 were found to be 
insufficient from all selected) well-developed seedlings were 
selected for field planting with proper spacing of seedlings. 
Cultivation was the same as in conventional planting (Fan 
and Wang, 1977), and the plants were harvested on 29 Sep-
tember, 2004. Field investigation included plant height, leaf 
number, stem thickness, the area of the fifth pair of leaves, 
any present flower buds and their time to seed and number of 
seeds produced, and the thousand-seed weight. Mean values 
were also chosen for the control group.

3 Results and analysis

3.1 Influence of the low-energy C ion implantation on the 
seed budding potential and the germination rate of the 
sesame

Analysis of the data showed that the quantity of C ion 
implantation Φ variously affected the budding potential of 
white sesame seeds in terms of their germination (germina-
tion seed number in 50 grains of seeds are expressed as N 
germinates). The germination potential of the Φ = 5x1015, 
1x1011/cm2 groups and the control were the highest on the 
first day, followed by the Φ = 1x1012/cm2 group. On the 
other hand, the germination potential was apparently reduced 
in the Φ = 1x1016/cm2 group. The Φ = 1x1017/cm2 group 
had the lowest germination potential (Fig. 1).

The influence of different densities of C ion on budding 
rate was varied. Statistical analysis of the differences between 
germination percentages among groups showed significant 
differences (P = 2.09x10−5). Budding rates of the Φ =  
5x1015/cm2 group and the control group were the highest at 
90%. The germination percentages for the Φ = 1x1011/cm2 
and Φ = 1x1012/cm2 groups were also high, reaching 86% 
and 84%, respectively. The lowest budding percentage 
(Φ = 1x1015/cm2 and 5x1016/cm2 groups) was 6%. From 

these, we concluded that Φ = 5x1015/cm2 was the optimal 
implantation quantity for our experiment. When Φ reached 
5x1016 and 1x1017/cm2, the budding rate became 
significantly suppressed. 

3.2 Influence of the low-energy C ion implantation on 
nutrition upgrowth and growth of white sesame individuals

Table  1 shows the individual plant height, leaf number, stem 
thickness and the blade area of samples from the experimental 
groups (seven types of implantation quantities) and the 
control group. Within the experimental groups, the influence 
of the different C ion implantation quantities on the nutrition 
upgrowth of sesame seeds and plant growth also varied. 
Among the groups (Φ = 1x1011, 1x1012, 1x1015, 5x1015, 
1x1016, 5x1016/cm2), 6 groups showed values higher than 
the control in terms of individual plant height, leaf numbers, 
and stem thickness. On the other hand, the nutrition upgrowth 
indices of the seventh group (Φ = 1x1017/cm2) were lower 
than those of the control. The area of the 5th pair of leaves 
on the main stem was smaller than that of the control for 
the group Φ = 1x1017/cm2, while the other groups were 
bigger. The results above indicate that in the groups with 
Φ<1x1017/cm2, the growth of the white sesame seeds sur-
pass the control, and the group with Φ = 5x1015/cm2 showed 
the best results, while the group with Φ = 1x1017/cm2 had 
the worst. Three of the 4 biologic parameters were lower than 
those of the control.

3.3 Influence of the low-energy C ion implantation on 
procreation growth and upgrowth of the white sesame 
individuals

Similarly, the influence of different implantation quantities of 
C ion on the white sesame seed’s procreation growth and 

Fig. 1 Variations of the grain number of budding seeds

Table  1 Influence of the different note quantities (Phi) of low-energy C ion implantation on nutrition upgrowth and growth of the white sesame 
individuals

Φ/ cm−2 1x1017 5x1016 1x1016 5x1015 1x1015 1x1012 1x1011 Control

Individual plant height/cm 127.0 159.6 162.5 174.1 157.3 157.1 158.2 144.6
Leaf number/piece 31 39 43 55 39 38 41 33
Stem thickness/cm 1.0 1.2 1.1 1.2 1.1 1.2 1.2 0.9
Area of the fifth pair of 19.8x12.4 22.5x13.9 21x13 24.8x13.7 24.3x13.4 23.7x13 21.7x12.9 20.4x11.8
 leaves in main stem/cm2
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upgrowth was varied. For the initiation of the budding and 
seeding periods, six of the experimental groups (excepting 
the Φ = 1x1017/cm2 group) developed earlier than the 
control. The group with Φ = 5x1015/cm2 showed the earliest 
flowering and budding (5.5 days earlier for flowering and 
4 days earlier for budding compared to the control). On the 
contrary, the initiation of flower budding and seeding of 
the group Φ = 1x1017/cm2 were the slowest compared to the 
control (Table  2).

From sowing of the seeds to harvesting after 122  d of 
growth, majority of the adult plants have completed their life 
cycle. From observations and statistical analysis groups 
implanted with various dost of C ion implantation showed 
varying outputs (Table  3). The fructification numbers of the 
experimental groups were more than that of the control except 
for the Φ = 1x1017/cm2 group. Fructification numbers 
from a single fruit producing the largest seeds were seen in 
groups (Φ = 1x1015 and 5x1015/cm2), while the group 
Φ = 5x1015/cm2 and the control had similar values. Lower 
values were found in the other groups compared to the 
control. The group with the lowest implantation 
(Φ = 1x1017/cm2) produced the lowest number of seeds. 
The thousand-seed weight of the groups Φ = 1x1011 and 
1x1015/cm2 were lower than that of the control, while the rest 
were similar to it. A single output of the fruits of the 5 groups 
with lower implantation quantities were evidently higher than 
that of the control, especially the group Φ = 5x1015/cm2, 
which showed the highest output (13.99  g/ind., 1.5 times 
higher than that of the control). However, single outputs of 
the 2 groups with higher implantation quantities were lower 
than that of the control. The single output of the group with 
the highest implantation (Φ = 1x1017  cm2) was the lowest. 

4 Conclusion

Different injection quantities of low-energy C ion on the 
white sesame seed influence its growth and production.

1) A Φ = 5x1015/cm2 injection quantity for white sesame 
seed induces a fine biologic effect, apparently producing 

Table  2 Influence of the different note quantities (Phi) of low-energy C ion implantation on the beginning of budding and growth of the white 
sesame individuals

Φ/ cm−2 1x1017 5x1016 1x1016 5x1015 1x1015 1x1012 1x1011 Control

Beginning budding time/d 47 43 43 38 39 39 39 43.5
Fructification time/d 61.5 58 58.5 55 59 58 54.5 59

Table  3 Influence of the different note quantities (Phi) of low-energy C ion implantation on output of seeds of the white sesame individual plant

Φ/ cm−2 1x1017  5x1016 1x1016 5x1015 1x1015 1x1012 1x1011 Control

Fructification number of individual plant 31.83  41.29  31.91  48.14  31.79  42.50  43.00  33.00 
Seed number of individual fruit 53 73 118 94 126 85 88 98
Thousand-seed weights/g 3.2014  3.2837  3.1411  3.1002  2.9944  3.1903  2.9943  3.2258 
Output of individual plant/(g · ind.−1) 5.40  9.86  12.66  13.99  12.01  11.46  11.31  10.39 

better growth indices than those of the control, such as higher 
seed germination percentage, quicker vegetative growth, ear-
lier flowering season, a larger number of fruits, and a higher 
single output.

2) A Φ = 1x1017/cm2 injection quantity showed an inhib-
itory effect on the germination percentage, the vegetative 
growth, the florescence, the number of fruits borne, and the 
single output of the white sesame seeds (Jie et al., 1994) .

This experiment confirms that, the C ion injection quantity 
Φ = 5x1015/cm2 is suitable for the improving the quality of 
the white sesame seed.
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