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This study was aimed at testing the tolerance of Gorontalo local upland rice toward drought stress and 
low light intensity during germination stage. The first experiment was drought stress, using complete 
factorial randomized design with four replications. The first factor was 25 varieties of Gorontalo local 
upland rice and the second factor was concentrations of PEG 6000 by 0%, 5%, 10%, and 20%. The 
second experiment was tolerance toward low light intensity using dark room in order to measure the 
number of live seedlings on the seventh (7th) day after planting. The result showed that 20% PEG 
concentration and the roots length were effective to estimate the drought stress tolerance of moderate 
and sensitive varieties. Varieties of upland rice with high tolerance to drought stress were Ponda Merah 
and Sonu varieties. These two varieties had high germination percentage, maximum potential growth, 
and long roots and plumule. Varieties that could tolerate low intensity of light were Bokungo, Yenti, 
Ponda Merah and Bulotonu, which were able to grow in a room without light for seven days.  
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INTRODUCTION 
Drought is one of the environmental factors that 
have a significant influence on the decrease of 
plant production. Within a life cycle of a plant, 
from its germination to its harvesting stage, the 
plant is in constant need of water. The extent of 
this need may vary during each growth phase. 
This is related to the physiological, morphological, 
or combination of both factors along with the 
environmental factors (Ai et al., 2008). Seed 
germination and seedling development are very 
important for the plant’s early growth under stress 
condition. Selecting genotypes for rapid and 
uniform germination under water stress condition 
can contribute towards early seedling growth. 
Hence analysis of germination and seedling 
growth traits and their responses to drought can 

be useful when selecting rice genotypes tolerant 
to drought (Islam, 2018). 
Low light intensity due to shading is an obstacle 
for a plant to grow. The light plays a crucial role in 
the photosynthesis process, plant respiration, 
opening and closing of stomata, various plant 
movements, as well as germination (Taiz & 
Zeiger, 2010).  Plants that grow in low light 
intensity face difficulties in optimizing their genetic 
ability to grow and produce. A variety of plants 
that can lessen the impact of stress and is able to 
adapt to low intensity of light is needed. 
Therefore, this study was carried out to test the 
responses of Gorontalo local upland rice toward 
drought and low light intensity stresses by 
conducting fast test during germination stage. 
Sorting the local variety is an effort to acquire 
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local upland rice which can adapt to drought and 
low light intensity stresses. These stresses can 
cause biochemical, morphological, and 
physiological changes on the plant, which in turn 
can have severe impacts on the growth of plants 
and its productivity. The efforts in developing 
genotypes of adaptable upland rice have been 
made based on morphological and physiological 
responses of the plant to drought and low light 
intensity stresses. There have been some 
identified upland rice varieties which are tolerant 
to low light intensity (Afa et al., 2012, Sasmita, 
2008). Testing and identification of morphological 
and physiological characteristics of upland rice 
varieties which are resistant to drought and low 
light intensity and their correlation with the growth 
and its production are important to be carried out 
in order to develop varieties of upland rice that are 
resistant to both stresses. The varieties of upland 
rice which are resistant to abiotic stress is 
expected to be utilized as the source of national 
prominent genes, which are used in improving the 
adaptability of rice varieties on different 
environmental conditions. 

MATERIALS AND METHODS 
This study was conducted in June, 2016. The 

materials were 25 varieties Gorontalo local upland 
rice, PEG 6000, Aquadest, NPK fertilizer, compost 
fertilizer, mica plastic, plastic trays, filter papers, 
sprayers, plastic labels, and stationeries. The 
experiment was divided into two stages: an 
experiment on the drought stress resistance 
during germination stage, and an experiment on 
low light intensity stress resistance during 
germination stage. 
  
Drought stress resistance during germination 
stage  

The experiment on resistance to drought 
stress during germination stress was conducted to 
find out the extent of local upland rice’s resistance 
toward drought in a rapid way during the 
germination stage by using Completely 
Randomized Factorial Design with four 
replications. The first factor was 25 varieties of 
Gorontalo local upland rice called Sonu, Bokungo, 
Ponda Putih, Genja, Pulo Kuning, Yenti, Buruna 
Putih, Boleyara, Ponda Merah, Daa, Bulotonu, 
Saniha, Jiema, Pulo Merah, Buruna Kuning, Pulo 
Lokal, Maraya Kuning, Buruna Merah, Ponelo, 
Lauiya, Kiki, Siram, Ponda Monu, Monu, and 
Tonu. The second factor was PEG 6000 with the 
concentration of 0%, 5%, 10% and 20%, all of 
which were equal to 0 Mpa, 0.03 MPa, 0.19 MPa, 

0.67 MPa respectively (Mexal, et al., 1975).  
These 25 varieties of seeds were germinated in 
12 x 20 x 6 cm plastic trays which were layered 
with filter papers containing 50 ml of PEG 6000 
solution with different concentrations as 
mentioned above. Control sample was treated as 
a comparison and was only given 50 ml of water 
as the optimal germination medium (Afa et al., 
2012).    
The observed parameters were: 

 Germination percentage (GP) indicated the 
potential viability of the seed and was 
calculated based on the normal germinated 
seed on first (GS 1) and final counting (GS 2) 
of all the seeds tested. The seed’s viability 
test was germination test on its optimum 
condition. The germination percentage was 
calculated using the following formula (ISTA, 
2014): 

𝐺𝑃(%) =  
𝐺𝑆 1 + 𝐺𝑆 2

𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓  𝑠𝑒𝑒𝑑𝑠 𝑡𝑒𝑠𝑡𝑒𝑑
 𝑥 100% 

 Maximum potential growth was calculated 
based on the percentage of seed, which grew 
under the minimal radicle growth criteria at the 
end of the observation day or the seventh 
day. 

MPG (%) = 
number of total abnormal seed+number of total normal seed

𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑒𝑒𝑑 𝑡𝑒𝑠𝑡𝑒𝑑
𝑋 100% 

 Root length (PA) was measured from the 
base of the root to the end of the root using 
centimeter unit on the seventh day on a 
normal seed. 

 Plumule length was measured from the base 
of the plumule to the end of the plumule-using 
centimeter on the seventh day of a normal 
seed. 

 The percentage of relative reduction (PRR) of 
the root and plumule was calculated using the 
following formula:  

PRR(%):

𝑟𝑜𝑜𝑡ℎ
𝑙𝑒𝑛𝑔𝑡ℎ

𝑝𝑙𝑢𝑚𝑢𝑙𝑎
𝑐𝑜𝑛𝑡𝑟𝑜𝑙−𝑟𝑜𝑜𝑡 𝑙𝑒𝑛𝑔𝑡ℎ/𝑝𝑙𝑢𝑚𝑢𝑙𝑎 𝑠𝑡𝑟𝑒𝑠𝑠

𝑟𝑜𝑜𝑡 𝑙𝑒𝑛𝑔𝑡ℎ/𝑝𝑙𝑢𝑚𝑢𝑙𝑎 𝑐𝑜𝑛𝑡𝑟𝑜𝑙
 𝑥 100 % 

The rice varieties were grouped into tolerant, 
moderate, and sensitive groups based on the 
drought stress sensitivity index. The drought 
stress sensitivity index (S) was calculated using 
the following formula by Fischer and Maurer 
(1978): 

S=
1−(

𝑌𝑃

𝑌
)

1−(
𝑋𝑃

𝑋
)
 

YP: average genotype under drought stress  
Y : average value of a variable of a genotype 
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with no drought stress  
XP: average of all genotypes under drought 

stress,  
X : average of all genotypes with no drought 

stress. 

The criteria to determine drought tolerance level 
are as follow: if the value of S<0.5 for tolerant 
genotype, 0.5<S<1.0 for moderately tolerant 
genotype, and S>1.0 for sensitive genotype. 

Obtained data were analyzed using variety 

analysis. If there are significant differences, then 
Honestly Significance Difference (HSD) of 5% test 
is carried out. Selection of variable with high 
diversity toward tolerance group and selection of 
variable as a character for rice seed resistant to 
drought were carried out following the factor 
analysis. 
Low light intensity stress resistance during 
germination stage  

The experiment on the resistance to low 
light intensity during the germination stage was 
carried out to find out the tolerance of local upland 
rice of Gorontalo to low intensity of light in a rapid 
way. The upland rice seeds were germinated on 
filter paper with water in a petri dish for three 
days, then transferred into 56 cm x 26 cm x 18 cm 
plastic tray containing medium composed of soil 
and compost fertilizer mixture with the ratio of 1:1 
to further germinate. There were four plastic trays 
prepared, each of which was planted with 12 to 13 
lines of 25 varieties. Each variety consisted of 10 
seeds. The seeds were planted for ten days on 
full light exposure and then the seeds were 
removed into a room without light, where windows 
and any ventilation were covered with a thick 
black cloth to prevent the penetration of any light. 
Maintenance to prevent water shortage and pest 
disruption was given as needed.  

Seedling percentage was calculated based 
on a number of live seeds in each observation. 
Observation was calculated on the 7th day. The 
damage score value was as follow: 1=0-10% part 
of dried leaves, 3= >10%-30% part of dried 
leaves, 5= >30%-50% part of dried leaves, 7= 
50%-70% part of dried leaves, and 9= >70% part 
of dried leaves. Score ≤ 3 showed seed vigor was 

relatively fresh. Meanwhile, ≥ 5 score showed 
dead seeds, which became the base of the 
observation for percentage of live seeds and 
damage score of the seeds which were calculated 
during the seven days in the room without light 
(Sasmita, 2008). The categorization of line 
tolerance was based on the percentage of live 
seedling by considering the seed damage score 
(Table 1). 
Table 1. Classification of line tolerance of the 

upland rice toward low intensity of light 
 

Persentage 
of  live 

seedling 

seed damage 
score 

Category 

≥ 60 < 5 Tolerant 
  = 7 Moderate 
  < 7 Sensitive 

40 - < 60 < 5 Moderate 
  ≥ 5 Sensitive 

< 9 1 - 9 Sensitive 

 
RESULTS AND DISCUSSION 

Drought stress resistance during germination 
stage 

Germination percentage of Gorontalo local 
upland rice in various PEG 6000 concentrations is 
presented in Table 2. Germination is an initial 
seedling growth, which is started by absorption of 
water or imbibition. Variance analysis shows that 
there was an interaction between variety and 
concentration of PEG 6000 on germination 
percentage, maximum potential growth, root 
length, and plumule length, and thus there were 
differences in responses between observed 
variables. 

In 0% PEG concentration, 23 varieties 
showed germination percentage between 8.99% 
and 9.90%. Rice seed germination decreased as 
PEG concentration was increased. Meanwhile, at 
20% of PEG concentration, Ponda Merah still had 
higher germination percentage (8.82%) than other 
varieties. This result was not significantly different 
with Sonu variety with 8.66% germination 
percentage. 

Table 2. Germination percentage of Gorontalo local upland rice in various PEG 
concentrates  

   
Germination percentage (%)* 

PEG 0% PEG 5% PEG 10% PEG 20% 

Sonu 9,43 a-d 9,14 a-f 9,00 a-f 8,66 a-h 

Bokungo 8,99 a-f 5,31 l-o 6,99 e-l 2,78 pq 
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PondaPutih 9,90 a 8,77 a-g 6,07 i-m 2,92 opq 

Genja 9,02 a-f 6,38 g-l 5,49 k-n 1,00 q 

PuloKuning 8,99 a-f 8,12 a-j 7,12 c-l 1,00 q 

Yenti 9,53 ab 8,99 a-f 7,46 b-l 6,77 f-l 

BurunaPutih 9,22 a-e 8,99 a-f 7,48 b-l 1,99 pq 

Boleyara 8,99 a-f 8,89 a-f 8,12 a-j 1,00 q 

PondaMerah 9,36 a-e 9,41 a-d 9,05 a-f 8,82 a-f 

Daa 9,00 a-f 9,33 a-e 5,51 k-n 1,00 q 

Bulotonu 9,10 a-f 8,89 a-f 8,59 a-h 7,47 b-l 

Saniha 9,08 a-f 7,07 d-l 1,00 q 1,00 q 

Jiema 9,16 a-f 7,93 a-j 1,00 q 1,00 q 

PuloMerah 9,16 a-f 8,70 a-h 5,33 lmn 1,90 pq 

BurunaKuning 9,19 a-e 8,58 a-h 6,33 h-l 3,69 m-p 

PuloLokal 9,11 a-f 8,31 a-i 1,00 q 1,00 q 

MarayaKuning 9,05 a-f 8,54 a-h 7,13 b-l 3,28 n-q 

BurunaMerah 9,08 a-f 7,94 a-j 7,81 a-k 5,33 lmn 

Ponelo 9,49 abc 8,83 a-f 8,60 a-h 7,35 b-l 

Lauiya 9,04 a-f 7,51 a-l 6,38 g-l 1,00 q 

Kiki 9,05 a-f 7,79 a-k 5,74 j-m 1,00 q 

Siram 9,00 a-f 1,00 q 1,00 q 1,00 q 

PondaMonu 1,00 q 1,00 q 1,00 q 1,00 q 

Monu 9,03 a-f 7,77 a-k 7,00 e-l 1,00 q 

Tonu 1,00 q 1,00 q 1,00 q 1,00 q 

HSD 5% 2,04 

*Number followed by a similar letter has no significant difference in α = 5% 

 Have been transformed by√𝑥 + 0,5 

 
At 20% PEG concentration, there were 13 
varieties with low germination percentage, namely 
Genja, Pulo Kuning, Boleyara, Daa, Saniha, 
Jiema, Pulo Lokal, Lauiya, Kiki, Siram, Ponda 
Monu, Monu, and Tonu.  Ponda Merah and Sonu 
varieties were two relatively drought-tolerant 
varieties, which were shown by their germination 
percentage, regardless of various concentrations 
of PEG. The differences of germination 
percentage of various varieties are suspected as 
due to imbibition duration, seed quality, size, 
seed’s skin thickness, and permeability of seed’s 
skin.  According to Louf et al. (2018), imbibition 
duration depends on certain inherent properties of 
the seed, e.g., hydratable substrate content, seed 
coat permeability, seed size, and the prevailing 
conditions during hydration, such as temperature, 
initial moisture content, water, and oxygen 

availability. 
Addition of PEG concentration decreased the 
germination percentage of seed. The higher the 
PEG concentration, the lower the germination 
percentage of the seeds. This was due to the 
different abilities of the seeds to absorb water as 
the main instrument for germination. PEG will 
increase solution concentration and decrease 
water concentration; thus, water is imbibed to the 
seed decreases. PEG is given to rice seeds to 
simulate osmotic stress. According to Widoretno 
et al. (2002), the decrease of germination 
percentage is due to the increase of osmotic 
pressure by PEG in a germination medium. This is 
suspected as obstructing the cell split, cell 
lengthening, or both due to drought stress 
simulated using PEG. A research by Zou et al. 
(2006) used PEG in a glass tube to identify the 
locus of quantitative nature (QTL) related to rice 
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seed tolerance to drought. Kato et al., (2007) used 
the PEG solution as an effective treatment to 
analyze drought tolerance in the germination 
stage in hydroponic culture. Sabesan and 
Saravanan (2016) in their research stated that 
PEG-induced drought stress reduces germination 
percentage as well as shoot and root lengths 
while also increasing the root/shoot ratio intolerant 
genotypes when compared to the susceptible 
ones. 
Saniha, Jiema, Pulo Lokal, and Siram were 
varieties that were not able to germinate at 15% 
and 20% PEG concentrations. This was due to 
the fact that the thicker the PEG concentration, 
the more ethylene sub-units that bind water 
causing plants to experience drought stress 
(Verslues et al., 2006). Osmotic stress examined 
in this work reduced the germination percentage 
in respect to the concentration of PEG used 
(Sidari et al., 2008). Germination percentage trait 
is affected by drought stress less than the other 
traits and it also is strongly influenced by the 
environment in which the seeds develop, as well 
as the seeds’ age and storage conditions (Jajarmi, 
2009). 

Maximum potential growth is the benchmark for 
the total viability which shows the ability of seed to 
live, either directly due to growth phenomenon or 
due to metabolism signs (Sadjad, 1999). The 
maximum potential growth of Gorontalo local 
upland rice in 0%-20% concentration of PEG is 
shown in Figure 1.  
At 20% PEG concentration, Ponda Merah variety 
had the highest maximum potential growth by 
90.00%, whereas Tonu variety had the lowest 
maximum potential growth by 51.00%. There was 
no significant difference on maximum potential 
growth of Ponda merah and Sonu varieties at 0 % 
and 20% PEG concentrations. According to Irsam 
et al. (2016), there was no effect of using 0, 67 
MPa PEG concentration in maximum potential 
growth at drought tolerant varieties. 
Figure 1 shows that Bokungo, Boleyara, Daa, 
Jiema, and Ponda Monu varieties experienced a 
steady decrease of maximum potential growth 
from the 0% concentration of PEG to 20% 
concentration of PEG. 
 
 

 
 

Figure 1.Maximum Potential Growth of Gorontalo Local Upland Rice 

The expansion of root and plumule in all 
tested varieties showed a similar pattern, with a 
tendency to decrease along with increase of PEG 
concentration. Sonu, Ponda Merah, Pulo Merah, 
Buruna Kuning, Maraya Kuning, and Ponelo 
varieties showed the increase of root length, and 
in Sonu, Buruna Putih, Ponda Merah, and Ponelo 
varieties showed the increase of plumule length 
(Table 3). 

At 20% concentration PEG, Ponda Merah 

variety had longer root by 3.13 cm and Genja, 
Pulo Kuning, Boleyara, Daa, Saniha, Jiema, Pulo 
Lokal, Lauiya, Kiki, Siram, Ponda Monu, Monu, 
and Tonu were no longer able to normally 
germinate; hence, the produced roots were 
imperfect. Ponda Merah variety had longer root 
growth compared to other varieties by 28.93%.  
This shows that Ponda Merah variety was able to 
maintain the metabolism within its germ normally, 
regardless of limited water available.
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Table 3.Percentage of relative decrease (%) of root length and plumula length 

Varieties 

Root length (cm) Plumule  length (cm) 

PEG 0% PEG 20% 
Relative 
reduction 

(%) 
PEG 0% PEG 20% 

Relative 
reduction 

(%) 

Sonu 2.36 d-i 2.69 a-f (13,98) 2.32 b-g 2.39 a-g (2,99) 

Bokungo 2.30 e-i 2.12 g-j 7.98 2.25 b-h 1.89 f-i 15.69 

Ponda Putih 2.38 d-i 2.02 hij 14.97 2.19 b-i 1.70 i 22.44 

Genja 2.36 d-i 1.00 k 57.54 2.18 b-i 1.00 j 54.17 

Pulo Kuning 2.33 e-i 1.00 k 57.10 2.19 b-i 1.00 j 54.35 

Yenti 2.34 e-i 2.03 g-j 13.32 2.29 b-h 2.05 d-i 10.56 

Buruna Putih 2.25 e-i 2.14 f-j 4.78 2.13 c-i 2.23 b-i (4,72) 

Boleyara 2.23 f-i 1.00 k 55.11 2.20 b-i 1.00 j 54.61 

Ponda Merah 2.43 c-i 3.13 a (28,93) 2.34 b-g 2.45 a-e (4,52) 

Daa 2.25 e-i 1.00 k 55.56 2.21 b-i 1.00 j 54.79 

Bulotonu 2.30 e-i 2.23 f-i 3.00 2.36 a-g 2.08 c-i 12.11 

Saniha 2.23 f-i 1.00 k 55.11 2.31 b-h 1.00 j 56.63 

Jiema 2.39 d-i 1.00 k 58.11 2.40 a-g 1.00 j 58.42 

Pulo Merah 2.19 f-j 2.30 e-i (5,15) 2.32 b-h 2.07 c-i 10.59 

Buruna Kuning 2.27 e-i 2.32 e-i (1,90) 2.24 b-h 2.04 d-i 9.02 

Pulo Lokal 2.34 e-i 1.00 k 57.23 2.22 b-i 1.00 j 54.96 

Maraya Kuning 2.25 e-i 2.32 e-i (2,81) 2.39 a-g 2.02 d-i 15.48 

Buruna Merah 2.22 f-i 2.11 g-j 4.76 2.35 a-g 2.24 b-h 4.61 

Ponelo 2.28 e-i 2.34 e-i (2,69) 2.12 c-i 2.14 c-i (0,98) 

Lauiya 2.25 e-i 1.00 k 55.56 2.16 b-i 1.00 j 53.68 

Kiki 2.25 e-i 1.00 k 55.60 2.20 b-i 1.00 j 54.50 

Siram 2.28 e-i 1.00 k 56.14 2.15 b-i 1.00 j 53.46 

Ponda Monu 1.00 k 1.00 k 0.00 1.00 j 1.00 j 0.00 

Monu 2.23 f-i 1.00 k 55.16 2.21 b-i 1.00 j 54.81 

Tonu 1.00 k 1.00 k 0.00 1.00 j 1.00 j 0.00 

*data have been transformed by√𝑥 + 0,5 in bracket data showed a relative increase (%) 
 
 

 
Quantitative study on root’s morphological characteristics is helpful for understanding the 
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relationships between their morphology and 
functions. Rice plant tends to increase its lateral 
roots to get more nitrogen and water uptake to 
support assimilation in an environment which has 
limited nitrogen and air contents (Gu et al., 2017). 

At 20% PEG concentration, Ponda Merah 
variety had longer plumule by 2.45 cm.   
Regardless of Ponda Merah having the longest 
plumule of all, the highest relative plumule growth 
belonged to Buruna Putih variety by 4.72%.  
According to Pirdashti et al. (2003), there is an 
evidence that for drought-sensitive variety as 

water potential decreases (i.e., water availability 
becomes limited), the plumule growth is reduced. 

The length of the root variable was selected 
as a criterion for rice variety’s resistance toward 
drought stress. This variable had a higher 
diversity by 9.17% compared to germination 
percentage (84.4%), maximum potential growth 
(40.8%), and length of plumule (91.2%). Variety 
classification based on the tolerance level to 
drought was based on the selection of variable 
with the highest diversity obtained from factor 
analysis (Table 4). 

Table 4.  Sensitivity Index Value (S) and Classification of Drought Stress Tolerance Level 
  

Variety S Classification based on Sensitivity Index 

Sonu 0,28 Tolerant 

Bokungo 0,79 Moderate 

Ponda Putih 0,59 Moderate 

Genja 1,20 Sensitive 

Pulo Kuning 1,07 Sensitive 

Yenti 0,79 Moderate 

Buruna Putih 0,52 Moderate 

Boleyara 1,98 Sensitive 

Ponda Merah 0,16 Tolerant 

Daa 1,52 Sensitive 

Bulotonu 0,68 Moderate 

Saniha 1,55 Sensitive 

Jiema 1,13 Sensitive 

Pulo Merah 0,67 Moderate 

Buruna Kuning 0,58 Moderate 

Pulo Lokal 1,06 Sensitive 

Maraya Kuning 0,53 Moderate 

Buruna Merah 0,81 Moderate 

Ponelo 0,61 Moderate 

Lauiya 1,02 Sensitive 

Kiki 1,11 Sensitive 

Siram 1,17 Sensitive 

Ponda Monu 0,00 Abnormal sprout 

Monu 1,01 Sensitive 

Tonu 0,00 Abnormal sprout 

 
The prediction on the tolerance level of 25 Gorontalo local upland rice varieties based on drought 
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sensitivity index (S) was suggested by Fischer and 
Maurer (1978). 

As seen in Table 4, Sonu and Ponda Merah 

varieties were considered as tolerant varieties, whereas 
Bokungo, Ponda Putih, Yenti, Buruna Putih, Bulotonu, 
Pulo Merah, Buruna Kuning, Maraya Kuning, Buruna 
Merah, and Ponelo varieties were classified as 
moderate varieties. On the other hand, Genja, Pulo 
Kuning, Boleyara, Daa, Saniha, Jiema, Pulo Lokal, 
Lauiya, Kiki, siram, and Monu were classified as 

drought sensitive varieties. 

Low light intensity stress resistance during 
germination stage 

Rice resistance test to low light intensity during the 
germination stage was varied. The ability of Gorontalo 
local upland rice to resist low light intensity was 
presented in Table 5. 

 

Table 5.  Percentage of Living seeds/plants (PLS)  and Seed damage score (SDS) in the darkroom 
for seven days based on a quick test in the seedling stage 

 

Variety PLS (%) SDS Remark 

Sonu 32,5 8 Sensitive 

Bokungo 62,5 3 Tolerant 

Ponda Putih 60 9 Sensitive 

Genja 5 9 Sensitive 

Pulo Kuning 0 9 Sensitive 

Yenti 60 2,5 Tolerant 

Buruna Putih 7,5 9 Sensitive 

Boleyara 20 7,5 Sensitive 

Ponda Merah 72,5 2 Tolerant 

Daa 15 9 Sensitive 

Bulotonu 62,5 2,5 Tolerant 

Saniha 22,5 9 Sensitive 

Jiema 17,5 8,5 Sensitive 

Pulo Merah 7,5 9 Sensitive 

Buruna Kuning 5 9 Sensitive 

Pulo Lokal 2,5 9 Sensitive 

Maraya Kuning 7,5 9 Sensitive 

Buruna Merah 12,5 7,5 Sensitive 

Ponelo 2,5 9 Sensitive 

Lauiya 15 8,5 Sensitive 

Kiki 2,5 9 Sensitive 

Siram 2,5 9 Sensitive 

Ponda Monu 0 0 Sensitive 

Monu 10 9 Sensitive 

Tonu 0 0 Sensitive 

 
 
 

 
Ponda Merah variety had higher percentage 

of seedling by 72.5% compared to other varieties, 



Ahmad et al.,                                                                                            The Response of Local Upland Rice 

 

    Bioscience Research, 2018 volume 15(4): 3942-3951                                                            3950 

 

followed by Bokungo and Bulotonu varieties which 
could live in a room without light for seven days 
with seedling percentage at 62.5% and seed 
damage score of 2 to 3; hence, they were 
categorized as tolerant varieties. Meanwhile, Pulo 
Kuning variety had the lowest percentage of 
seedling at 0%. This variety was unable to 
continue growing when it was moved into a room 
without light after having lived in a full-light 
exposure room for ten days. The high seed score 
damage in varieties that were sensitive to low light 
was due to the limited stock of food available 
which was caused by minimum photosynthesis 
process related to lack of light.   

Several low-light intensity tolerant and low 
light intensity-sensitive genotypes of upland rice 
were subjected to dark condition. All the low light 
intensity-tolerant genotypes were highly tolerant, 
and all the low light intensity-sensitive genotypes 
were sensitive to dark condition. Exposing 
seedlings to dark condition for three days resulted 
in the decrease of starch and carbohydrates, the 
decreases of which were much lower in low light 
intensity-tolerant genotypes, indicating a more 
efficient respiration. From the evaluation of 200 
accessions, dark-condition quick test was able to 
come up with 14 of 15 selected low light intensity 
tolerant genotypes determined by paranet test. 
Thus, this quick test is a reliable method to be 
used for screening shading tolerance in upland 
rice (Soepandi et al., 2003). Tolerant genotypes’ 
response to low light intensity was indicated by 
the decreasing of the chlorophyll, carbohydrates 
and fat content, as well as the increase of nitrogen 
content, much less than those of susceptible 
genotypes (Syafruddin et al., 2014). 

The rapid test method during the seedling 
stage by using a room without light was expected 
to be able to provide an early estimation to select 
the resistant plants that would grow under the 
shade in the field. Several studies showed that the 
result obtained using this method had the closest 
similarity to the result in the field. For instance, a 
study by Sopandi et al. (2003) reported that a 
rapid test in a room without light showed the 
highest compatibility (93.3%) with the test under 
50% of artificial shading and had moderate 
compatibility (56%) under the rubber tree. 
Similarly, Sasmita (2008) also noted that ex situ 
screening of double haploid upland rice tolerant to 
low light intensity is conducted to acquire new 
upland rice lines tolerant to shading by using 
quick test method at seedling stage. The 22 
doubled haploid lines and two tolerant cultivars 
were consistently tolerant to shade on two 

methods used, namely quick test method at 
seedling stage and paranet method.  In addition, 
having been applied in rice plants, this method 
was also tested on corn. Syafruddin et al. (2014) 
revealed that rapid filtering of corn tolerance 
toward low light intensity could be done by 
growing corn in a room with low light intensity and 
light obstruction of 99% for eight days after 
germination stage. 

CONCLUSION 
This study found that Ponda merah variety was 
tolerant to drought and low light intensity stress, 
Sonu variety was tolerant to drought stress, and 
Bokungo, Yenti, and Bulotonu varieties were 
tolerant to low light intensity stress.  
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