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TÓM TẮT 
 Nghiên cứu cơ sở sinh lý và cơ chế tạo năng suất cao ở lúa lai là việc rất cần thiết nhằm khai 

thác tối đa hiệu quả sử dụng ưu thế lai. Thí nghiệm được tiến hành trong nhà lưới của Khoa Nông 
nghiệp, trường Đại học Kyushu nhằm so sánh các đặc điểm sinh trưởng và quang hợp trong thời kỳ 
sinh trưởng dinh dưỡng của giống lúa lai có năng suất cao Việt Lai 20 (VL20) với các dòng bố mẹ. Tại 
thời kỳ đẻ nhánh hữu hiệu (21 ngày sau cấy), tiến hành đo cường độ quang hợp dưới dạng cường độ 
trao đổi CO2 qua lá (CER) và các chỉ tiêu liên quan như hàm lượng đạm trong lá (LNC), hàm lượng 
diệp lục (Chl) và hàm lượng emzym cố định CO2 ribulose-1,5-bisphosphate carboxylase/oxygenase 
(Rubisco). Diện tích lá và khối lượng chất khô tích lũy của các giống được xác định ở các giai đoạn 
14, 21, 28 và 42 ngày sau cấy. Kết quả thí nghiệm cho thấy giữa VL20 và các dòng bố mẹ  không có 
sai khác ở mức ý nghĩa thống kê về các chỉ tiêu CER, LNC và hàm lượng Rubisco. Bên cạnh đó, diện 
tích lá, khối lượng chất khô tổng số và khối lượng chất khô rễ cũng không có sự khác biệt ở mức ý 
nghĩa giữa con lai F1 và các dòng bố mẹ. Như vậy, trong thí nghiệm này VL20 không biểu hiện ưu thế 
lai về cường độ quang hợp và sinh trưởng trong thời kỳ sinh trưởng dinh dưỡng. Ưu thế lai về năng 
suất hạt của VL20 có thể phụ thuộc vào ưu thế lai về khả năng quang hợp, vận chuyển và tích lũy 
hydrat cabon ở thời kỳ sinh trưởng sinh thực và thời kỳ chín.   

Từ khóa: Cường độ quang hợp, diện tích lá, khối lượng chất khô, lúa lai, Việt Lai 20. 

SUMMARY 
To further improve exploiting heterosis in rice, it is necessary to understand the physiological 

basis and high-yield mechanism of hybrid rice plants. This study was conducted to examine the 
growth and photosynthetic characteristics during the vegetative stage in a high-yielding hybrid rice 
variety Vietlai 20 (VL20), as compared with those in the parental lines. The photosynthetic rate in 
terms of CO2 exchange rate (CER) of single leaf and the related parameters were measured at the 
active tillering stage. Leaf area and dry matter weight were taken at 14, 21, 28 and 42 days after 
transplanting. The results showed that CER in VL20 was similar to that in the parents at the active 
tillering stage and no difference in the leaf nitrogen content and ribulose-1,5-bisphosphate 
carboxylase/oxygenase (Rubisco) content was found between VL20 and its parents during the 
vegetative stage. In addition, hybrid vigor for vegetative growth such as leaf area, root dry weight and 
dry matter accumulation was generally not found in this hybrid. These suggest that the high grain 
yield potential in VL20 was mainly determined during the period of reproductive and ripening stages 
rather than the vegetative stage. 

Key words: Dry matter weight, Oryza sativa L., photosynthesis, Rubisco, Vietlai 20. 

1. INTRODUCTION  

During the last several decades, the success of 
breeding rice hybrid with exceedingly high yield 
production has given a strong interest to the 
researchers. In particular, many physiological and 
morphological studies have been conducted to 

understand the high-yield mechanism of F1 hybrid 
of rice. F1 hybrids have been reported to have 
higher tillering ability, larger leaf area and greater 
dry matter accumulation than the parents at the 
vegetative stage (Kawano et al., 1969; Govinda and 
Siddiq, 1986; Pham et al., 2004). Many researchers 
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indicated that higher grain yield in hybrid rice was 
associated with vigorous root system and higher 
growth rate during vegetative stage (Yang and Sun, 
1988; Yamauchi, 1994). However, the enhanced 
vegetative growth did not always lead to a higher 
grain yield in the F1 hybrids. For instance, Jennings 
(1967) and Kawano et al. (1969) obtained heterosis 
in vegetative growth, but failed to find any 
heterosis for grain yield in the same crosses.  

Photosynthesis, one of the most fundamental 
processes related to dry matter production in crops, 
has been investigated to identify the physiological 
characteristics responsible for vigorous growth in 
F1 hybrid rice. Heterosis for photosynthetic activity 
in F1 hybrid rice was reported to be positive over 
their parents (McDonald et al., 1974; Murayama et 
al., 1987; Sarker et al., 2001a), but negative in 
other reports (Yamauchi and Yoshida, 1985; Pham 
et al., 2004). Akita (1988) indicated that heterosis 
for photosynthetic rate has not been consistent. In 
addition, photosynthetic rate of rice leaf is mainly 
dependent on leaf nitrogen content (LNC) and 
ribulose-1,5-bisphosphate carboxylase/oxygenase 
(Rubisco) content (Makino et al., 1985; Sarker et 
al., 2002). Therefore, LNC and Rubisco content are 
important factors to evaluate heterosis for 
photosynthesis in F1 hybrid rice. 

In this study, we examined the performance of 
growth and CO2 exchange rate of single leaf in 
Vietlai 20 (VL20), a Vietnamese hybrid rice variety, 
as compared with those of the parental lines.  

2. MATERIALS AND METHODS 
Plant materials 

The Vietnamese - released F1 hybrid rice 
variety VL20 and its parents in semi -dwarf indica 

(103S and R20) were used for this study. 103S is a 
thermo-sensitive genic male sterile line. R20 is a 
restorer line with high yield production. 
Characteristics of this hybrid are short growth 
duration, only 85 to 90 and 115 to 120 days in the 
autumn and spring cropping seasons, respectively, 
and a high yielding potential, 6.5 - 8.0 tons per 
hectare.  

A pot experiment was conducted in a 
greenhouse at the Faculty of Agriculture, Kyushu 
University from May to August, 2006. Seeds of 
each cultivar were imbibed in beaker containing 
distilled water in an incubator at 30oC until the 
appearance of the white tip of the coleoptiles. After 
germination, the seeds were sown on the seedling 
trays containing fertilized soil and grown with 
adequate tap water in the greenhouse. After 3 
weeks, the seedlings were transplanted in 8-liter 
pots filled with alluvial soil. One day before 
transplanting, a basal dressing of chemical fertilizer 
including nitrogen (N), phosphorus (P2O5) and 
potassium (K2O) was applied with amount of 1.54, 
2.56 and 2.56 g pot-1, respectively. Three plants 
from each cultivar (i.e. VL20, 103S and R20) were 
transplanted together in a pot for growing under the 
same soil condition. To eliminate the root 
competition, plants were separated from each other 
by using a special bag that allowed the roots to 
absorb water and nutrient but did not allow the 
roots to penetrate through out (Fig. 1).  

In addition, top-dressed N was applied at the 
panicle initiation stage at 1.02 g N pot-1. Afterward, 
plants were grown with sufficient water in the 
greenhouse, which was well ventilated to maintain 
natural temperature fluctuations. 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Plant materials, VL20, 103S and R20 were grown in the pot 
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Measurement of CO2 exchange rate (CER)  
At active tillering stage (4 weeks after 

transplanting), five plants of each cultivar (i.e. 
VL20, 103S and R20) were randomly selected to 
measure CER wherein each plant was considered as 
a replication. The top fully expanded leaves from 
the main culms of the plants were used for 
photosynthetic measurements. CER of a leaf was 
determined with a sandwich - type assimilation 
chamber and an infrared CO2-H2O gas analyzer (Li 
6262, Li-COR, USA). The leaf area enclosed in the 
assimilation chamber was 6 cm2 and the air flow 
rate through the chamber was adjusted at about 1.0 
L min-1. The environmental condition in the 
chamber during the measurement was controlled at 
about 60% in humidity and 30oC in temperature; 
light intensity applied was 500 μmol m-2 s-1, and 
about 380 μL L-1 CO2 and 21% O2 in the air 
pumped into the chamber. CER was calculated by 
the following equation (Long et al., 1993): 

     CER = (CO2in – CO2out)* F* LA 
Where CO2in is CO2 concentration at the inlet 

of the chamber, CO2out is CO2 concentration at the 
outlet, F is air flow rate, LA is leaf area in the 
chamber.  

Determination of chlorophyll content, Rubisco 
content and leaf nitrogen content 

After CER measurement, leaf discs of about 5 
mm diameter were taken from the leaf blades where 
CER was measured. These sampled leaf discs were 
frozen in liquid N, and then stocked at -80oC for the 
determination of chlorophyll (Chl) content and 
Rubisco content. Chl was extracted by soaking 
three discs of leaf in 96% ethyl-alcohol in the dark 
for two days. Then, Chl content in alcohol solution 
was estimated from absorbance at 649 and 665 nm 
using a spectrophotometer (UV-1200, Shimadzu, 
Japan) as described by Wintermans and de Mots 
(1965).  

For the measurement of Rubisco content, six 
leaf discs were powdered in liquid N in a precooled 
mortar with a chilled extraction buffer containing 
100 mM NaH2PO4/Na2HPO4 (pH 7.0), 1 mM 
phenylmethanesulfonyl fluoride, 1% (m/v) 
insoluble polyvinyl polypyrrolidone, and 1% (c/v) 
2-mercaptoethanol. The obtained solution was 
transferred into Eppen tubes and centrifuged at 12 
000xg for 5 minutes. Then, Bradford reagent (Bio-
Rad, USA) was added to the supernatant (Bradford, 
1976) for determination of soluble protein content 
with the absorbance at 595 nm using the 

spectrophotometer. The Rubisco content in the 
soluble protein obtained above was quantified by 
SDS-polyacrylamide gel electrophoresis and the 
densitometric method (Makino et al., 1985).  

The top three leaves of the plants, which were 
used for measuring CER, were sampled for 
determination of leaf nitrogen content (LNC).  The 
leaves were dried, finely ground and then analyzed 
by the semi-micro Kjeldahl procedure.  

Measurement of agronomic characters  
For the measurement of agronomic characters, 

five plants of each cultivar were sampled at 14, 21, 
28 and 42 days after transplanting. The sampled 
plants were separated into three parts: leaf blades, 
culms plus leaf sheaths and roots. The leaf area of 
an individual plant was measured with an automatic 
area meter (AAM 8, Hayashi Denko, Japan). Then, 
the dry weight of each organ was determined after 
72-hour oven drying at 80oC.  

Statistical analysis 
The data obtained were analyzed statistically 

by using the ANOVA test on IRRISTAT software 
(IRRI, 2006). 

3. RESULTS AND DISCUSSION 
Table 1 shows the CO2 exchange rate (CER) 

and related parameters in VL20, 103S and R20 
during the active tillering stage. The CER in single 
leaf was not significantly different between VL20 
and its parents. This is in agreement with results of 
Kabaki (1993), who reported that there were no 
differences in the photosynthetic activity between 
hybrid rice of japonica-indica and parents. 
However, it does not coincide with other 
researchers. Yamauchi and Yoshida (1985) and 
Pham et al. (2004) indicated that the photosynthetic 
rate was lower in F1 hybrids crossed from inbred 
varieties than that in the parents. In contrast, a high 
positive heterosis for this trait was found by 
McDonald et al. (1974), Murayama et al. (1987) 
and Sarker et al. (2001a).  

Leaf nitrogen content (LNC) in VL20 was 
similar to that in the male parent (R20), but was 
significantly lower than that in the female parent 
(103S) (Table 1). The LNC was determined by the 
balance between absorbed nitrogen amount and rate 
of nitrogen-induced expansion in plant tissue 
(Akita, 1988). The larger leaf area and larger dry 
matter accumulation per plant reduced LNC in F1 
hybrids (Akita, 1988; Pham et al., 2004). Thus, the 
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lower LNC in VL20 than that in 103S might be due 
to the higher leaf area and higher dry matter 
accumulation. 

The relationship between Chl content and 
photosynthetic rate was not always consistent by 
researchers. Uchida et al. (1982) indicated that 
there was a high positive correlation between Chl 
content and photosynthetic rate. Besides, Makino 
et al. (1983) and Saitoh et al. (1991) reported that 
there was no correlation between Chl content and 

 

photosynthetic rate. However, many studies 
revealed that CER of a rice leaf is mainly 
dependent on LNC and Rubisco content (Makino 
et al., 1985; Tagawa et al., 2000; Sarker et al., 
2002). In this study, Chl and Rubisco content were 
not significantly different among the three 
cultivars (Table 1).  

This explains the lack of difference in CER 
between VL20 and the male parent (R20) at active 
tillering stage.    

 

Table 1.  CO2 exchange rate (CER), leaf nitrogen content (LNC), chlorophyll content (Chl) 
and ribulose-1,5 bisphosphate carboxylase/oxygenase content (Rubisco) in VL20 and 

its parents at the active tillering stage 

Cultivar 
CER 

(μmol m-2 s-1) 

LNC 

(g m-2) 

Chl 

(g m-2) 

Rubisco 

(g m-2) 

VL20 11.31 a 1.02 b 0.42 a 3.77 a 

103S 10.90 a 1.26 a 0.40 a 3.92 a 

R20 11.28 a 1.10 b 0.39 a 3.87 a 

Mean values within each column followed by the same letter are not significantly different at the 0.05 level by 
        Duncan’s multiple range test. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2.  Changes of leaf area in VL20 and its parents during vegetative stage. 
Vertical bars show standard error of five replications 
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Fig. 3.  Changes of total dry matter weight in VL20 and its parents during vegetative stage. 
Vertical bars show standard error of five replications 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.  Changes of root dry weight in VL20 and its parents during tillering stage.  
Vertical bars show standard error of five replications 
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It can be seen in Figure 2 that leaf area (LA) 
increased during the vegetative stage in all cultivars 
and the rate of increase was accelerated from 28 
days after transplanting. The LA was significantly 
larger in VL20 than that in the female parent 103S, 
but no significant difference in LA was found 
between VL20 and the male parent R20 during the 
tillering stage. The same trend of LA was observed 
for total dry matter weight (DW) (Fig. 3). Higher 
LA and DM in VL20 than that in 103S would 
explain lower LNC in VL20 than that in 103S 
(Table 1), because the larger leaf area and larger 
dry matter accumulation per plant reduced LNC in 
F1 hybrids (Akita, 1988; Pham et al., 2004). These 
results also indicate that F1 hybrid VL20 failed to 
show heterosis over the male parent for LA and 
DW during vegetative stage. Therefore, this is not 
agreement with the positive heterosis for these 
traits in F1 hybrids reported by many researchers 
(Yamauchi and Yoshida, 1985; Sarker et al., 
2001b; Pham et al., 2004). However, positive 
heterosis for LA and DW were not always found in 
all F1 rice hybrids. Among seven F1 hybrids, only 
two of them showed LA values higher than the 
higher-parent, although five of them exceeded the 
mid-parent (Murayama et al., 1987). In other case, 
positive heterosis for LA was only obtained by 
doubling the fertilizer dose, but was not found at a 
normal fertilizer dose in two F1 hybrids (Sarker et 
al., 2002). In addition, four of twelve F1 hybrids 
failed to show heterosis over the better parent for 
DW during active tillering stage, although positive 
heterosis for DM was obtained in almost F1 hybrids 
(Sarker et al., 2001b). Also, Sarker et al. (2002) 
reported that DM in one of two F1 hybrids was 
almost similar to the higher parent in both normal 
and double fertilizer doses. Thus, it is necessary to 
carry out the experiment under different growing 
conditions; and the heterosis for LA and DW in 
VL20 at the reproductive stage should be further 
investigated.  

There was no significant difference in root dry 
weight between F1 hybrid VL20 and the parent 
cultivars at the vegetative stage (Fig. 4). This is not 
consistent with other researchers. Kobayashi et al. 
(1995) found that the root dry weight of F1 hybrids 
was several times heavier than that of inbred 
cultivars. Also, Pham et al. (2004) reported that 
root dry weight in all F1 hybrids were significantly 
higher than that in the parent cultivars at the active 
tillering and flowering stages, which might be due 
to the positive heterosis for the number of roots, 

root length and root diameter (Govinda and Siddiq, 
1986). 

In this study, the enhanced vegetative growth 
was not found in VL20. However, the shorter 
growth duration in VL20 than that in the parents 
(data not shown) indicated that F1 hybrid showed 
vigor for crop growth rate at the vegetative growth. 
On the other hand, our further study showed that 
VL20 exhibited higher CER and larger panicle 
growth rate than its parents during the grain filling 
stage (Tang et al. 2008). These suggest that high 
grain yield potential in VL20 was mainly 
determined during the reproductive and ripening 
stages rather than vegetative stage. This is also 
indicated by Saitoh et al. (1993) and Murchie et al. 
(2002), who emphasized the importance of the 
amount of photosynthetic product after heading for 
high grain yield in high-yield rice varieties. 

Acknowledgements 

This work was supported in part by the Asia 
and Africa Science Platform Program “Science of 
hybrid rice: breeding, cropping pattern and the 
environment” from Japan Society for the Promotion 
of Science. We thank Dr. Nguyen Van Hoan, 
Associate Professor of Plant Breeding Department, 
Hanoi University of Agriculture for supplying seed 
of VL20 and its parents. 

REFERENCES 
Akita, A. (1988). Physiological bases of heterosis 

in rice. In: Hybrid Rice. Intl. Rice Res. Inst. (Los 
Banõs) pp. 67-77.  

Bradford, M. M. (1976). A rapid and sensitive 
method for the quantitation of microgram 
quantities of protein utilizing the principle of 
protein-dye binding. Anal. Biochem. 72: 248-
254. 

Govinda, R. K. and E. A. Siddiq (1986). Hybrid 
vigor in rice with reference to morpho-
physiological components of yield and root 
density. SABRAO J. 18: 1-7. 

IRRI (2006). IRRISTAT for Windows, VERSION 
5.0. Intl. Rice Res. Inst. (Los Banõs). 

Jennings, P. R. (1967). Rice heterosis at different 
growth stages in a tropical environment. Intl. 
Rice Comm. Newsl. 16: 24-26. 

Kabaki, N. (1993). Growth and yield of japonica-
indica hybrid rice. JARQ.  27: 88-94. 



Tang Thi Hanh, Takuya Araki, Fumitake Kubota    

180 

Kawano, K., K. Kurosawa and M. Takahashi 
(1969). Heterosis in vegetative growth of the 
rice plant. Genetical studies on rice plants. Jpn. 
J. Breed. 19: 335-342. 

Kobayashi, M., F. Kubota, K. Hirao and W. Agata 
(1995). Characteristics of photosynthesis and 
matter partitioning in leading hybrid rices, Oryza 
sativa L., bred in China. J. Fac. Agr., Kyushu 
Univ. 39: 175-182. 

Long, S. P. and J. E. Hallgren (1985). Measurements 
of CO2 assimilation by plants in the field and the 
laboratory. In: Techniques in bioproductivity and 
photosynthesis. Second edition. (Coombs, J., D. 
O. Halls, S. P. Long and J. M. O. Scurlock eds.). 
Pergamon Press, Oxford, pp. 62-94. 

Makino, A., T. Mae and K. Ohira (1983). 
Photosynthesis and ribulose 1,5-bisphosphate 
carboxylase in rice leaves. Change in 
photosynthesis and enzymes involved in carbon 
assimilation from leaf development through 
senescence. Plant Physiol. 73: 1002-1007. 

Makino, A., T. Mae and K. Ohira (1985). 
Photosynthesis and ribulose-1,5-bisphosphate 
carboxylase/oxygenase in rice leaves from 
emergence through senescence. Quantitative 
analysis by carboxylation/oxygenation and 
regeneration of ribulose 1,5-bisphosphate. 
Planta 166: 414-420. 

McDonald, D. J., J. W. Stansel and E. C. Gilmore 
(1974). Breeding for high photosynthetic rate in 
rice. Indian J. Genet. 34: 1068-1073. 

Murayama, S., K. Miyazato and A. Nose (1987). 
Studies on matter production of F1 hybrid in rice. 
I. Heterosis in the single leaf photosynthetic rate. 
Jpn. J. Crop Sci. 56: 198-203. 

Murchie, E., J. Yang, S. Hubbart, P. Horton, S. 
Peng (2002). Are there association between 
grain-filling rate and photosynthesis in the flag 
leaves of the field-grown rice? J. Exp. Bot. 53: 
2217-2224. 

Pham, V. C., S. Murayama, Y. Kawamitsu, K. 
Motomura and S. Miyagi (2004). Heterosis for 
photosynthesis and morphological characters in 
F1 hybrid rice (Oryza sativa L.) from thermo-
sensitive genic male sterile line at different 
growth stages. Jpn. J. Trop. Agr. 48: 137-148. 

Saitoh, K., H. Shimoda and K. Ishihara (1993). 
Characteristics of dry matter production process 
in high-yield rice varieties VI. Comparisons 
between new and old rice varieties. Jpn. J. Crop. 
Sci. 62: 509-517. 

Sarker, M. A. Z., S. Murayama, H. Akamine and I. 
Nakamura (2002). Effect of nitrogen fertilization 
on photosynthetic characters and dry matter 
production in F1 hybrids of rice (Oryza sativa 
L.).  Plant Prod. Sci. 5: 131-138. 

Sarker, M. A. Z., S. Murayama, Y. Ishimine and E. 
Tsuzuki (2001a). Physio-morphological 
characters of F1 hybrids of rice  (Oryza sativa 
L.) in japonica-indica crosses. Heterosis for 
photosynthesis. Plant Prod. Sci. 4: 196-201. 

Sarker, M. A. Z., S. Murayama, Y. Ishimine and E. 
Tsuzuki (2001b). Physio-morphological 
characters of F1 hybrids of rice (Oryza sativa L.) 
in japonica-indica crosses. II. Heterosis for leaf 
area and dry matter accumulation. Plant Prod. 
Sci. 4:  202-209. 

Tagawa, T., K. Hirao and F. Kubota (2000). A 
specific feature of nitrogen utilization efficiency 
in leaf photosynthesis in Oryza glaberrima 
Steud. Jpn. J. Crop Sci. 69: 74-79. 

Tang, T. H., T. Araki, V. C. Pham, T. Mochizuki, 
A. Yoshimura and F. Kubota (2008). 
Characteristics of CO2 exchange rate of flag 
leaves in a Vietnamese hybrid rice cultivar and 
its parents during grain filling stage.  Trop. Agr. 
Develop. 52: 104 -110. 

Uchida, N., Y. Wada and Y. Murata (1982). Studies 
on the changes in the photosynthetic activity of a 
crop leaf during its development and senescence. 
II. Effect of nitrogen deficiency on the changes 
in the senescing leaf of rice. Jpn. J. Crop. Sci. 
51: 577-583. 

Wintermans, J. F. and A. de Mots (1965). 
Spectrophotometric characteristics of 
chlorophylls a and b and their pheophytins in 
ethanol. Biochim. Biophys. Acta 109: 448-453. 

Yamauchi, M. (1994). Physiological bases of 
higher potential in F1 hybrids. In: Hybrid rice 
technology: new developments and future 
prospects. Intl. Rice Res. Inst. (Los Banõs) pp. 
71-80. 

Yamauchi, M. and S. Yoshida (1985). Heterosis in 
net photosynthetic rate, leaf area, tillering, and 
some physiological characters of 35 F1 rice 
hybrids. J. Exp. Bot. 36: 274-280. 

Yang, H. and X. Sun (1988). Physiological 
characteristics of hybrid rice roots. In: Hybrid 
rice. Intl. Rice Res. Inst. (Los Banõs) pp. 281. 

Yoshida, S. (1981). Fundamentals of rice crop 
science. Intl. Rice Res. Inst. (Los Banõs) pp. 
195-251. 


