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The sustainability of rice production depends on the development of new rice cultivars with high yield 
and stable performance. The choice of cultivar more suited to a particular environment can contribute to 
increased productivity of this crop. The aim of the present study was to evaluate the agronomic and yield 
characteristics of some breeding lines of amphibious rice. The experiment was conducted in Konawe, 
Southeast Sulawesi, using a randomized block design with four replications. Eight breeding lines were 
used as single treatment. We evaluated the following agronomic characteristics: plant height, leaf area, 
tillering per hill, grains number per panicle, 1000 grain weight, and grain yield per hectare. Significant 
variation on agronomic and yield characteristics was observed among the amphibious rice lines. Greater 
tillering, higher grains number per panicle, and higher grains yield ha

-1
 were obtained on three 

amphibious rice lines, i.e., GS16-1, GS44-2, and GS11-2. Grain yield was observed to be positively 
associated with productive tillers, filled grains and number of grains per panicle. 
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INTRODUCTION 

Rice (Oryza sativa L.) is an important food 
crops commodity in Indonesia. Ninety-five percent 
of Indonesians consume rice. Rice is capable of 
sufficient 63% of the total energy sufficiency and 
37% protein. Rice grain contains 70 to 80% 
starch, 12% water and 7% protein (Oko et al., 
2012; Hossain et al., 2015, Konate et al., 2015).  
The rice demand is expected to increase in the 
future in line with the increase population. Many 
effort have been done to reach rice self-
sufficiency (Muhidin et al. 2013, 2016; Syaiful et 

al.,  2013; Sadimantara et al., 2016; Sutariati et 
al., 2017; Kadidaa et al., 2017).  

Increasing the production of upland rice can 
be done through innovation of new superior 
varieties technology. According to Baihaki and 
Wicaksana (2005), the increase of productivity of 
crop commodity, 60%-65% is determined by the 
use of superior seeds. Efforts to increase 
production are done through improving the quality 
of rice crops such as the development of high 
yielding varieties that have high yields, good 
genetic quality, and the use of high quality seeds. 
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The appearance of a character within a population 
is determined by genetic variation, environment, 
genetic and environmental interactions (Fehr, 
1987). 

The productivity of upland rice can be 
improved by the development of improved 
varieties through plant breeding programs. In 
order to obtain amphibious rice varieties, 
Sadimantara et al., (2014, 2016) has assembled 
several promising lines of upland rice through 
crossbreeding between local upland rice and 
paddy rice cultivar.  Furthermore, these 
amphibious crossbreed lines need to be tested in 
the adaptation area of rice production centers to 
assess the potential yield and the ability to adapt 
in upland and paddy field. According to Akter et 
al., (2014), in countries of increasing population 
consuming rice, high yielding stable cultivars with 
high adaptation capabilities to diverse 
environments need to be developed. Or other-
wise, as stated by Anputhas et al., (2011), it is 
required to find out “which won where” pattern 
(Yan et al., 2001) by conducting multi-location 
trials in different locations or seasons.  

Grain yield is a complex trait, quantitative in 
nature and a combined function of a number of 
constituent traits. Consequently, selection for yield 
may not be satisfying without taking into 
consideration yield component traits (Moosavi et 
al., 2015).  Thus positives correlated between 
yield and yield components are requires for 
effective yield component breeding increasing 
grain yield in rice (Ogunbayo et al., 2014) 

The objective of the present study was to 
examine agronomic and yield characteristics of 
the promising amphibious rice lines grown on dry 
land, and to determine the association between 
yield and yield components. 

 
MATERIALS AND METHODS 

Eight amphibious rice lines (GS12-2, GS11-2, 
GS12-, GS11-1, GS44-1, GS44-2, GS16- 1, 
GS16-2 lines) and two check varieties of upland 
rice, i.e., Lipigo-4 and Ngkari-Ngkari varieties 
were used as material in this study. The 
amphibious rice lines were obtained from 
crossbreeding of paddy rice and upland rice. The 
experiment was carried out in the field of Paku 
Jaya Village, Konawe Regency, Southeast 
Sulawesi during January to April 2017, lay out in 
Randomized Complete Block Design (RCDB) with 
four replications and ten plots. The eight 
amphibious rice lines and two check cultivars 
were randomly arranged in each plot (3 m × 4 m 
for each cultivar), separated by a distance of 50 

cm between blocks and 40 cm between plots 
within a block. The following agronomic and yield 
characteristics were evaluated: plant height, leaf 
area, productive tiller per hill, grains number per 
panicle, filled grain number per panicle, 1000 
grain weight, and grain yield per hectare. 

The variances of the data were analyzed 
using analysis of variance (ANOVA) with the 
Statistical Package of Social Sciences (SPSS) 
program version 20 for Windows (Chicago, IL, 
USA)., the means were compared using Duncan’s 
Multiple Range Test (DMRT) at the 5% level. The 
correlation of yield components and yield was 
analysed using Pearson’s correlation coefficient 
analysis. 

 
RESULTS AND DISCUSSION 

1. Plant height and leaf area 
 The result showed that various 

amphibious rice lines and check varieties were 
differed significantly in the plant height and leaf 
area at 14, 28, 42, and 56 days after planting 
(DAP) which were grown in upland condition. The 
diagrams of plant height growth and leaf area 
shown in Figure 1. The check variety Lipigo-4 
(LV4) observed as the tallest rice plant with the 
widest leaf area, followed by Ngkari-Ngkari variety 
(LM) at all observation times. Whereas, the plant 
growth development of amphibious rice lines was 
appeared similar. 

The result of DMRT test indicated that the 
LV4 variety recorded as the tallest plant height 
with the widest leaf area at 28 and 56 DAP, and 
significantly different from all tested amphibious 
rice lines, but was not significantly different with 
LM check variety at 28 DAP. Eight amphibious 
rice lines presenting lower plant height compared 
with two check varieties at all observation times. 
Plant height as quantitative traits is considered to 
be affected by environmental factor. This is 
consistent with Aide and Beighly (2006) statement 
that plant height is affected by many factors, such 
as plantation method, plant density and fertilizer 
application. On the other hand, plant height has 
positive correlation to lodging, the displacement of 
culms from an upright position, which is often 
associated with yield loss (Navabi et al., 2006; 
Hui-jie et al., 2000). However, Hairmansis et al., 
(2010) found that plant height has negative effect 
on grain yield. Plant height was affected by many 
factors like plantation method, plant density and 
fertilizer application (Gozubenli, 1992; Beser and 
Genctan, 1999; Aide and Beighly, 2006).  
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Figure 1. Diagrams of plant height growth and leaf area of amphibious rice plant at 14, 28, 42 and 
56 DAP. 
 

 
Taller plants tend to be more susceptible to 

lodging. Therefore, plant height reduction is a 
specific interesting in breeding programs to 
overcome the lodging problem (Nurhasanah et al., 
2016). 

2.Number of productive tillers and grain 
number per panicle 

The result shows that amphibious rice lines 
and the check variety have high significant effect 
on the number of productive tillers and grain 
number per panicle. The diagrams of productive 
tillers number and grain number per panicle of 
amphibious rice lines tested, are shown in Figure 
2. 

The highest number of productive tillers was 
obtained in the GS11-2 lines which was not 
significantly different from the GS12-2, GS44-2, 
GS16-1, GS16-2, and GS44-1, but were 
significantly different from GS12-1, GS11-1, and 
LV4. On the other hand, the highest number of 
grain per panicle obtained from GS16-2 lines was 
not significantly different with rice lines of GS44-1, 
GS11-2, GS12-1, GS12-2, GS16-1, GS44-2, 
GS11-1, and LV4 check variety, but it was 
significantly different from the LM check variety. 

The productive tillers are considered to be 
positively related to grain yield. Tillering is one of 
the most important agronomic characters for grain 
production in rice (Smith and Dilday, 2003; Wang 
et al., 2016). It was observed that number of 
productive tillers per plant exhibited significant 
positive association with panicle length, number of 
filled grains per panicle, spikelet fertility, biomass, 
harvest index, 1000 grain weight and grain yield 
per plant (Hasan et al., 2013; Aghamolki et al., 
2015). Other researchers also reported a strong 
association between productive tillers per plant 

and grain yield per plant (Bhadru et al., 2011; 
Parimala and Rukmini, 2016). The formation of 
the number of grains per panicle is thought to be 
due to the genetic differences of each breeding 
lines or varieties. This is consistent with the 
statement that the nature of each genetic and the 
growing environment of the cultivars, will affect 
the density of each item, the number of grains per 
panicle will also affect the amount of filled grain 
(Prasad et al. 1988; Ranawake and Amarasinghe, 
2014; Thippani et al., 2017).  

3. Yield and yield components  
The panicle length, number of filled grain per 

panicle, 1000 grain weight, and grain yield were 
differed among rice breeding lines and check 
varieties (Table 1). The longest panicle length was 
recorded by GS11-2 line which was 29.18 cm.  
The highest number of filled grain per panicle 
among amphibious rice lines was recorded by 
GS44-1 line and significantly different with check 
variety LM. The GS11-1 lines recorded as the 
highest weight of 1000 grains and significantly 
different from the GS44-2, GS16-2, GS12-1, 
GS44-1, GS12-2, GS11- 2, GS16-1 lines, and 
check variety LM.  Furthermore, the GS16-1 
recorded as amphibious rice lines with the highest 
grain yield and significantly different from both of 
varieties check LIPIGO4 and LV4. 

Panicle length showed significant positive 
correlation with number of filled grains per panicle, 
spikelet fertility (%), biomass, harvest index, 1000 
grain weight and grain yield per plant (Liu et al. 
2016). Earlier researchers, Patel et al., (2014) for 
biomass, Ramanjaneyulu et al., (2014) for harvest 
index reported similar results.  

The trait number of filled grains per panicle is 
considered as an important component for 
realizing high yield, because it exhibited 
significant and positive association with number of 
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productive tillers per plant, panicle length, 1000 
grain weight and seed yield per plant. Similar 
results were also reported by Gopikannan and 
Ganesh (2013) and Zhao et al., (2006).  

The weight difference of 1000 grains of each 
treatment is genetically derived from each of the 
different lines or varieties. This is in accordance to 

those stated by Yoshida's (1981) that the weight 
of 1000 grains of pithy rice is more determined by 
its genetic properties. The studies of Aghamolki et 
al., (2015) found that the grain yield had a positive 
and significant correlation with the number of 
grains per panicle, the number of filled grains per 
panicle, and 1000-grain weight. 

 

 
 

Figure 2. The average number of productive tillers and grain number per panicle of amphibious 
rice plant

 
Table 1. Yield and yield components of the amphibious rice lines and check varieties 

Rice 
lines/varieties 

Panicle 
length (cm) 

Number of filled 
grain/panicle 

1000 grain 
weight (g) 

Grain yield 
(t.ha

-1
) 

   
  

GS44-2 28.19 a 103.63 bc 30.71 b 5.39 a 

GS16-2 27.52 a 126.57 b 30.62 b 4.78 ab 

GS12-1 29.11 a 129.30 ab 30.49 b 5.23 a 

GS44-1 27.42 ab 133.63 ab 30.28 b 5.10 ab 

GS11-1 27.16 ab 114.05 b 31.71 a 4.70 ab 

GS12-2 27.46 ab 117.53 b 30.65 b 5.35 a 

GS11-2 29.18 a 127.00 b 30.45 b 5.33 a 

GS16-1 28.71 a 113.47 b 30.42 c 5.57 a 

LIPIGO4 23.82 bc 158.22 a 31.47 ab 3.99 bc 

LM 21.83 c 78.92 c 24.52 d 3.44 c 

Remark: The numbers followed by the same letters in columns indicate no significant 
difference in the DMRT α = 0.05. 
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CONCLUSION 
The present study highlighted the existence of 
agronomic and yield characteristic diversity 
among the eight superior amphibious rice lines 
which were cultivated as upland rice on dry land. 
Greater tillering, higher grains number per panicle, 
and higher grains yield ha

-1
 were obtained on 

three amphibious rice lines, i.e., GS16-1, GS44-2, 
and GS11-2. Grain yield was observed to be 
positively associated with productive tillers, filled 
grains and number of grains per panicle.   
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