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Abstract 

Rhyzopertha dominica reduces the weight of rice production at approximately 40 %. This study 
aimed to investigate the physical and biochemical characteristics of resistance in different rice varieties at 
different initial moisture content to their susceptibility against R. dominica. The study consisted of 2 
experiments: (i) free-choice, and (ii) no-choice tests. These experiments were conducted by combining 6 
rice varieties (Vi): IR-64, Ciherang, Membramo, Cibogo, Sembada, and, Intani-2, and 4 levels of initial 
moisture content (Ki): 10, 12, 14, and 16 %. The observed variables for the free-choice test were the 
number of adult insects (male and female) present, the number of females present, and the percentage of 
weight loss. The observed variables for the no-choice test were the number of eggs, larvae, F1 progeny 
emerged, and the median developmental time of R. dominica. Results of the free-choice test revealed that 
the highest total number of adult insects present, the female insects present, and the percentage of weight 
loss appeared in the Intani-2 variety at 16 % initial moisture content, while the lowest of these 3 variables 
appeared in the Membramo variety at 10 % initial moisture content. The no-choice test revealed that the 
rice varieties became more susceptible with the increase of the initial moisture content. The susceptibility 
of rice was affected by hardness, ash content, and phenol content. Rice hardness level were caused by the 
level of initial moisture content. However, the chemical characteristics of the rice were not affected by the 
level of initial moisture content. 
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Introduction 

 Stored product pests are a biotic factor that cause product losses, especially in grain. Because of 
infestation, the estimated loss of stored products is approximately 20 % [1]. Infestation of Rhyzopertha 
dominica reduces the weight of brown rice production at approximately 40 % [2]. The larvae and adults 
of R. dominica spend most of their lifetime inside the kernel, feeding on both germ and endosperm that 
directly causes damage and changes in the physicochemical properties of the grain [3,4]. A survey in 
Indonesia revealed that the insects which are categorized as pests in rice are Sitophilus oryzae, R. 
dominica, Tribolium castaneum, Oryzaephilus surinamensis, and Sitotroga cerealella [5]. Astuti [6] 
reported during March and April 2010 in the warehouse of Bulog, regional sub-division Malang, East 
Java, indicated that the population of R. dominica was more dominant than other insects. The causative 
factors of these increase are unknown. The various conditions of rice, in terms of variety, water content, 
and physical and chemical characteristics, allow the opportunity for pests to infest stored rice. The 
research results of Astuti et al. [7] determined that several rice varieties have different physical and 
biochemical characteristics. Based on Astuti et al. [7], these varieties have different levels of 
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susceptibility to R. dominica. Furthermore, this susceptibility to R. dominica range from highly 
susceptible to resistant [7]. Astuti et al. [8] stated that the temperature and relative humidity of the 
warehouse significantly affect the development of R. dominica. The research results of Kumawat [9] also 
showed that the increase in temperature causes shorter periods of the egg, larvae, and pupae of R. 
dominica in wheat. Speigh et al. [10] and Sousa et al. [11] stated that, besides temperature and humidity, 
insect abundance depends on the availability and the quality of feed. Lower initial moisture content in 
grain can lengthen the larval period and reduce insect survival [12]. Based on the previous research, pest 
management of stored rice can be done by modifying the abiotic factor components in the warehouse, for 
example, by setting the initial moisture content of stored grain. 
 
Materials and methods 

 This study consisted of 2 experiments: (i) the free-choice and (ii) no-choice tests. The free-choice 
test was conducted by combining 6 rice varieties (Vi) and 4 levels of the initial moisture content of rice 
(Kj). Rice varieties were: IR-64 (V1), Ciherang (V2), Membramo (V3), Cibogo (V4), Sembada (V5), and 
Intani-2 (V6). The initial moisture contents were: 10 % (K1), 12 % (K2), 14 % (K3), and 16 % (K4). The 
experiment was arranged by randomized complete block design and repeated 5 times. 
 The experiment was carried out by placing 30 g of each treatment into each chamber of a preference 
cage (Figure 1); then, 360 mating pairs of R. dominica adults aged between 1 and 2 weeks were placed 
into the preference cage. The infestation was done by releasing the insects in the center of the preference 
cage to provide an equal chance for each rice to be chosen as a host by R. dominica. Adults of R. 
dominica were removed from the preference cage on 1 week after infestation. Furthermore, infested rice 
by R. dominica eggs in each treatment combination was transferred into glass tube (7 cm tall, Ø 4.5 cm) 
and wrapped in gauze material until F1 progeny emerged. 
 The observed variables were the number of adult insects (male and female) present, the number of 
female adult insects present, and the percentage of weight loss. The calculation of the number of adult 
insects present and the number of female adult insects present was carried out on 7 days after infestation. 
The percentage of weight loss was observed at the end of the experiment. 
 
 

 
Figure 1 Chambers of preference cage. 
 
 
 The second experiment used no-choice test; 6 rice varieties were combined (Vi) with 4 levels of 
initial moisture content of rice (Kj) as in the first experiment. The no-choice test experiment was carried 
out by filling each glass jar (7 cm tall, Ø 4.5 cm) with 30 g of each rice variety, according to the 
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treatment. Each jar was infested with 15 mating pairs of adult R. dominica, 2 to 3 weeks old, and was 
wrapped in gauze. Sterilization of rice, water content measurement of rice, and R. dominica that was used 
in this experiment were the same as in the first experiment. This experiment used complete randomized 
design and was repeated 5 times. Adult insects of R. dominica were removed after 1 week of infestation. 
Furthermore, infested rice with eggs was incubated until F1 progeny emerged. 
 The observed variables were the number of eggs, larvae, F1 progeny emerged, and median 
developmental time of R. dominica. The number of adults was calculated from first emergence until all 
the F1 progeny emerged. The susceptibility index was calculated using Dobie and Kilminister [13], while 
the susceptibility category was based on the Dobie method [14]. 
 The recording data were subject to analysis of variance (ANOVA) and means were compared using 
Duncans Multiple Range Test at 5 % level of significance. Regression and correlation analysis on the 
various variables of R. dominica, initial moisture content, chemical content, and hardness level of rice 
variety was computed [15]. 
 
Results and Discussion 

 The results of the free-choice test experiment showed that the number of adult insects (male and 
female) present, the number of female adult insects present, and the percentage of weight loss showed a 
significantly different interaction (Table 1). 
 It can be seen from Table 1 the increasing of initial moisture content in each variety from 10 % to 
16 % could increase the number of adult insects present and the number of female adult insects present by 
different patterns. This showed that the number of adult insects present and number of female adult 
insects present in 6 rice varieties were in line with the increase in initial moisture content. The lowest 
number of adult insects present and number of female adult insects present at 10 % of initial moisture 
content was recorded in the Membramo variety, followed by the Ciherang, IR-64, Cibogo, Sembada, and 
Intani-2 varieties. It also appeared, in other levels of initial moisture content, that the lowest number of 
adult insects present and number of female adult insect presents were recorded in the Membramo variety, 
followed by the Ciherang, IR 64, Cibogo, Sembada, and Intani-2 varieties. The lowest total number of 
adult insects present was in Membramo, at 10 % initial moisture content (16.6 individuals), and the 
highest was in Intani-2, at 16 % initial moisture content (42.2 individuals). Similarly, the lowest number 
of female adult insects present was in Membramo, at 10 % initial moisture content (8.6 individuals), and 
the highest was in Intani-2, at 16 % initial moisture content (22.6 individuals). Based on the response of 
each variety by increasing initial moisture content to the percentage of weight loss, the lowest percentage 
of weight loss due to R. dominica infestation was in the Membramo variety, at 10 % initial moisture 
content (0.35 %), and the highest was in the Intani-2 variety, at 16 % initial moisture content (17.87 %). 

The no-choice test experiment showed that the interaction between varieties and initial moisture 
contents of rice significantly affected the number of eggs, larvae, and F1 progeny of R. dominica      
(Table 2). The results showed that the increase of initial moisture content in the same rice varieties from 
10 % to 16 % could increase the mean number of eggs, larvae, and F1 progeny at different increasing 
levels.  
 The response of the rice varieties and the initial moisture contents to the mean number of eggs, 
larvae, and F1 progeny emerged showed a certain pattern, i.e., the Membramo variety was the lowest, 
followed by Ciherang, IR-64, Cibogo, Sembada, and Intani-2. The same pattern occurred at all initial 
moisture content levels, which were tested at different increasing levels. This showed that the effect of the 
initial moisture content on the mean number of eggs, larvae, and F1 progeny had different increasing 
levels. 
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Table 1 Mean number of adult insects (male and female), number of female adult insects present 
(𝑋𝑋 � ±  SE) of R. dominica, and percentage of weight loss (𝑋𝑋 � ±  SE) in 6 rice varieties with different initial 
moisture content levels in free-choice test experiment. 
 

Varieties 

Mean number of R. dominica adult insects: 
Initial 
moisture 
content 

Number of adult 
insects 
out of 720  

Number of female 
adult insects  
out of 360  

Weight loss (%) 

(%) Arcsin  
IR-64 10 % 

12 % 
14 % 
16 % 

20.4 ± 1.04 bc 
22.0 ± 1.05 c 
27.8 ± 0.54 g 
32.4 ± 1.00 hi 

10.4 ± 0.80 abc 
11.2 ± 0.93 c 
13.8 ± 1.02 f 
16.4 ± 1.05 gh 

  1.64 ± 0.06 
  2.01 ± 0.05 
  2.22 ± 0.07 
  2.61 ± 0.05 

  7.36 f 
  8.15 gh 
  8.57 hi 
  9.23 jk 

Ciherang 10 % 
12 % 
14 % 
16 % 

20.6 ± 1.02 bc 
22.6 ± 1.11 cd 
24.0 ± 1.07 de 
26.8 ± 0.65 f 

10.6 ± 1.00 b 
11.4 ± 0.95 cd 
12.0 ± 1.09 cdef 
13.2 ± 0.96 def 

  1.05 ± 0.05 
  1.21 ± 0.06 
  1.34 ± 0.05 
  1.88 ± 0.04 

  5.88 cd 
  6.30 de 
  6.66 e 
  7.87 g 

Membramo 10 % 
12 % 
14 % 
16 % 

16.6 ± 1.01 a 
18.0 ± 1.18 ab 
21.0 ± 1.10 c 
24.8 ± 1.15 def 

  8.6   ± 0.80 a 
  9.2   ± 1.11 ab 
10.8 ± 1.01 b 
12.8 ± 1.09 cdef 

  0.35 ± 0.04 
  0.39 ± 0.03 
  0.51 ± 0.05 
  0.59 ± 0.03 

  3.19 a 
  3.59 a 
  4.07 b 
  4.50 c 

Cibogo 10 % 
12 % 
14 % 
16 % 

22.6 ± 1.10 cd 
25.4 ± 1.05 defgh 
33.2 ± 1.01 hij 
37.0 ± 1.07 klm 

11.8  ± 1.05 cde 
12.6 ± 1.08 cdef 
16.4 ± 0.90 gh 
18.8 ± 0.85 i 

  2.45 ± 0.05 
  2.81 ± 0.06 
  3.23 ± 0.04 
  3.90 ± 0.06 

  9.02 ij 
  9.66 k 
10.34 l 
11.39 m 

Sembada 10 % 
12 % 
14 % 
16 % 

22.8 ± 1.04 cd 
26.0 ± 1.10 efg 
31.8 ± 1.00 h 
39.0 ± 1.12 m 

11.8  ± 1.06 cde 
13.4 ± 1.07 ef 
15.6 ± 0.93 g 
20.6 ± 0.85 j 

  3.17 ± 0.05 
  3.62 ± 0.06 
  4.88 ± 0.07 
  7.32 ± 0.05 

10.25 l 
10.96 m 
13.15 n 
15.66 p 

Intani-2 10 % 
12 % 
14 % 
16 % 

34.6 ± 1.15 ijk 
36.0 ± 1.20 jkl 
38.8 ± 1.00 lm 
42.2 ± 1.05 n 

16.6 ± 1.02 gh 
18.0 ± 1.00 hi 
19.2 ± 0.88 i 
22.6 ± 0.90 k 

  5.60 ± 0.06 
  7.28 ± 0.07 
11.20 ± 0.06 
17.87 ± 0.09 

13.69 o 
15.66 p 
19.55 q 
24.99 r 

 
*The mean in the same column followed by the same letters are not significantly different (p < 0.05) 
 
 

Table 2 also showed that the lowest mean number of eggs (147 eggs) was in the Membramo 
variety, at 10 % initial moisture content, whereas the highest (548.33 eggs) was in Intani-2, at 16 % initial 
moisture content. The lowest mean number of larvae (86.33 individuals) was in Membramo, at 10 % 
initial moisture content, whereas the highest (398.33 individuals) was in Intani-2, at 16 % initial moisture 
content. The lowest mean number of adults (15.33 individuals) was in Membramo, at 10 % initial 
moisture content, whereas the highest (60.67 individuals) was in Intani-2, at 16 % initial moisture content. 
 The statistical analysis of the median developmental time and susceptibility index of R. dominica 
showed a significant interaction effect (Table 3). Based on Table 3, it could be seen that the increasing 
initial moisture content of rice from 10 % to 16 % could reduce the median developmental time of R. 
dominica in the same rice varieties and increase susceptibility index. This showed that a decrease of 
median developmental time and an increase of susceptibility index was in line with an increase of the 
initial moisture content of rice. 
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Table 2 Mean number of eggs, larvae, and F1 progeny of R. dominica in 6 rice varieties with different 
initial moisture contents in no-choice test experiment. 
 

Varieties 
 Initial 
moisture 
content 

Number of eggs Number of larvae Number of F1 
progeny emerged 

IR-64 10 % 325.67 ± 15.16 cd 155.33 ± 10.50 cd 26.33 ± 1.30 d 

 12 % 346.67 ± 20.14 cde 166.67 ± 8.67 de 30.67 ± 0.47 gh 
 14 % 365.33 ± 18.18 def 212.67 ± 5.38 f 36.67 ± 0.54 l 
 16 % 369.33 ± 20.15 def 242.33 ± 10.85 g 39.00 ± 0.60 nop 
Ciherang 10 % 262.00 ± 10.15 b 148.33 ± 9.35 c 27.00 ± 0.25 de 

 12 % 324.33 ± 20.18 cd 160.00 ± 10.06 cde 29.00 ± 0.48 fg 
 14 % 343.00 ± 24.16 cde 209.67 ± 10.05 f 31.67 ± 0.80 ij 
 16 % 362.00 ± 18.16 de 222.00 ± 8.95 f 37.33 ± 0.70 lmn 
Membramo 10 % 147.00 ± 10.25 a   86.33 ± 7.50 a 15.33 ± 0.25 a 

 12 % 176.00 ± 15.15 a   91.67 ± 9.25 a 18.00 ± 0.50 b 
 14 % 257.33 ± 15.35 b 112.00 ± 7.54 b 24.00 ± 1.25 c 
 16 % 298.00 ± 20.16 bc 156.00 ± 8.53 cd 28.33 ± 0.30 ef 
Cibogo 10 % 353.00 ± 17.18 de 175.67 ± 5.78 e  31.33 ± 0.45 i 

 12 % 358.00 ± 15.15 de 210.67 ± 9.80 f 34.33 ± 0.86 k 
 14 % 370.00 ± 18.16 def 227.67 ± 8.50 f 38.67 ± 0.75 mno 
 16 % 416.33 ± 20.18 fgh 247.67 ± 6.78 g 40.00 ± 0.95 p 
Sembada 10 % 357.67 ± 16.10 de 211.00 ± 8.65 f  31.00 ± 0.30 hi 

 12 % 365.00 ± 14.85 def 220.67 ± 7.50 f 37.00 ± 0.65 lm 
 14 % 384.33 ± 17.90 efg 247.33 ± 7.05 g 39.67 ± 0.90 p 
 16 % 441.67 ± 10.52 hi 274.00 ± 6.54 h 41.33 ± 0.85 p 

Intani-2 10 % 387.67 ± 20.18 efg 282.67 ± 8.53 h 33.33 ± 0.35 jk 

 12 % 433.67 ± 16.17 ghi 320.67 ± 10.40 i 46.00 ± 1.05 q 
 14 % 478.00 ± 10.24 i 358.00 ± 8.95 j 51.00 ± 1.18 r 
 16 % 548.33 ± 20.15 j 398.33 ± 10.23 k 60.67 ± 1.80 s 
 
*The mean in the same column followed by the same letters are not significantly different (p < 0.05) 
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Table 3 Mean of median developmental time of R. dominica, susceptibility index, and resistance category 
of 6 rice varieties with different initial moisture contents in no-choice test experiment. 
 

Treatment combination Median 
developmental 
time (Day) 

Susceptibility index Resistance category Varieties Moisture 
content 

IR-64 
 
 
 

10 % 
12 % 
14 % 
16 % 

62.50 ± 0.25 g 
61.17 ± 0.35 j 
58.50 ± 0.30 i 
56.17 ± 0.25 h 

  5.23 ± 0.03 gh 
  5.60 ± 0.05 h  
  6.16 ± 0.04 i 
  6.52 ± 0.03 jk 

Moderately Resistant 
Moderately Resistant 
Moderately Resistant 
Moderately Resistant 

Ciherang 
 
 
 

10 % 
12 % 
14 % 
16 % 

72.17 ± 0.18 n 
70.83 ± 0.35 m 
69.50 ± 0.20 l 
67.50 ± 0.15 k 

  4.57 ± 0.04 e 
  4.75 ± 0.02 ef 
  4.97 ± 0.03 fg 
  5.36 ± 0.05 h 

Moderately Resistant 
Moderately Resistant 
Moderately Resistant 
Moderately Resistant 

Membramo 
 
 
 

10 % 
12 % 
14 % 
16 % 

86.17 ± 0.19 r 
85.17 ± 0.20 q 
84.17 ± 0.18 o  
82.83 ± 0.25 o 

  3.17 ± 0.03 a 
  3.39 ± 0.04 b 
  3.78 ± 0.03 c 
  4.04 ± 0.05 d 

Resistant 
Resistant 
Resistant 
Moderately Resistant 

Cibogo 
 
 
 

10 % 
12 % 
14 % 
16 %  

53.83 ± 0.75 g 
49.50 ± 0.42 f 
47.83 ± 0.45 e 
47.17 ± 0.50 e 

  6.40 ± 0.04 ij 
  7.15 ± 0.05 l 
  7.66 ± 0.05 m 
  7.84 ± 0.06 m 

Moderately Resistant 
Moderately Resistant 
Moderately Resistant 
Moderately Resistant 

Sembada 
 
 
 

10 % 
12 % 
14 % 
16 % 

50.50 ± 0.45 f 
49.83 ± 0.50 f  
47.17 ± 0.45 e 
44.17 ± 1.08 d 

  6.80 ± 0.04 k 
  7.25 ± 0.05 l 
  7.81 ± 0.05 m 
  8.43 ± 0.06 n 

Moderately Resistant 
Moderately Resistant 
Moderately Resistant 
Susceptible 

Intani-2 
 

10 % 
12 % 
14 % 
16 % 

39.17 ± 0.85 c 
37.83 ± 0.50 bc 
36.83 ± 0.35 b 
33.50 ± 0.53 a 

  8.96 ± 0.05 o 
10.12 ± 0.06 p 
11.18 ± 0.06 q 
12.26 ± 0.05 r 

Susceptible 
Susceptible 
Highly Susceptible 
Highly Susceptible 

 
*The mean in the same column followed by the same letters are not significantly different (P < 0.05) 
 

 
Furthermore, it could be seen that the mean of the median developmental time of  

R. dominica in Intani-2 at 16 % moisture content was the shortest (33.50 days), whereas the longest 
(86.17 days) was in Membramo at 10 % initial moisture content. Based on the median developmental 
time variable, it was shown that R. dominica rapidly developed in Intani-2 at 16 % moisture content, 
whereas the slowest was in Membramo at 10 % moisture content. Based on median developmental time 
and F1 progeny variables, the susceptibility index of 6 rice varieties which were tested at 4 levels of 
moisture content could be calculated [13]. From both variables, it was shown that the lowest susceptibility 
index (3.17) was in Membramo at 10 % initial moisture content, and the highest susceptibility index 
(12.26) was in Intani-2 at 16 % initial moisture content. 
 Following the developed criteria by Dobie [14], the rice varieties tested in this study could be 
categorized into (a) resistant varieties, which consisted of Membramo at the initial moisture content of ≤ 
14 %, (b) moderately resistant varieties, which consisted of Mebramo at the initial moisture content of 16 
%, IR-64, Ciherang, and Cibogo at the initial moisture content of ≤ 16 %, and Sembada at the initial 
moisture content of ≤ 14 %, (c) susceptible varieties, which consisted of Intani-2 at the initial moisture 
content of ≤ 12 %, and (d) highly susceptible, which consisted of Intani-2 at the initial moisture content of 
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≥ 14 % (Table 3). Nonpreference mechanisms of grain are complex. They depend on the 
physicochemical and biochemical properties of grain, as well as the capacity of insects to adapt to the 
stored product conditions by biochemical and physical adaptation [2,16]. Developmental rate of R. 
dominica was fundamentally influenced by the physical and chemical contents of rice [17]. Chanbang et 
al. [18] stated that grain characteristics, including silica content, thickness of husk, relative hardness of 
grain kernel, phenolic, protein, and amylase contents, were associated with different responses of insects 
to stored products. 
 The results of the free-choice test for the number of adult insects present, the number of female 
adult insects present, and the percentage of weight loss showed that R. Dominica more preferred to the 
Intani-2 at 16 % compared with the other rice varieties at different initial moisture contents tested. On the 
other hand, R. dominica less preferred to the Membramo variety at 10 % initial moisture content. This 
could have happened because of the different physical characteristics and chemical contents of milled rice 
varieties [7]. Noris and Kogan [19] stated that plant defense against attacking insects uses its physical 
characteristics and chemical contents, such as phenolic compounds. 
 The no-choice test (Table 2) showed that the highest number of eggs (548.33), larvae (398.33), and 
F1 progeny (60.67) was in Intani-2 at 16 % initial moisture content. On the other hand, the lowest number 
of eggs (147.00), larvae (86.33), and F1 progeny (15.33) was in Membramo at 10 % initial moisture 
content. These results showed that the highest adult insect preference in rice varieties which was more 
susceptible was Intani-2 at 16 % initial moisture content. On the other hand, Membramo at 10 % initial 
moisture content was less preferred by R. dominica and it is categorized as the most resistant variety. 
Antunes et al. [20] and Perisic et al. [21] suggested that the insect population and weight loss of grain can 
be used as characteristics of insect preference to grain. Hence, based on the data presented in Table 2, it 
could be concluded that the Membramo variety was the most resistant variety, and Intani-2 was the most 
susceptible variety to R. dominica. 
 The rice susceptibility to R. dominica showed that the susceptibility on each variety changes with 
the increase of the initial moisture content (Table 3). Rice susceptibility will increase with the increase of 
the initial moisture content. The Membramo variety at the initial moisture content of ≤ 14 % was 
categorized as resistant, while at the initial moisture content of ≥ 14 % it was categorized as moderately 
resistant. Similarly, Sembada at initial moisture content of ≤ 14 % was categorized as moderately 
resistant, while at the initial moisture content of 16 % it was categorized as susceptible. Furthermore, 
Intani-2 with the initial moisture content of ≤ 12 % was categorized as susceptible, while at the initial 
moisture content of ≥ 14% it was categorized as highly susceptible. 
 The regression analysis on the number of adult insects present, female adult insects present, and 
percentage of weight loss in the IR-64, Cibogo, Sembada, and Intani-2 varieties showed that there was a 
significantly different effect (Table 4). It also showed that the initial moisture content did not 
significantly affect the number of adult insects present, female insects present, or percentage of weight 
loss in the Membramo and Ciherang varieties. The number of adult insects present, the number of female 
adult insects present, and percentage of weight loss increases with the  increasing of initial moisture 
content. The highest effect of the initial moisture content was in the Intani-2 variety, and the lowest was 
in the Membramo variety. 
 The relationship between the initial moisture content of rice and the hardness level of rice, phenol, 
and ash content in each variety showed that the increase of the initial moisture content tends to decrease 
the hardness of rice (Table 5). On the other hand, the effect of the initial moisture content on the phenol 
and ash content in all varieties of rice was not significant. The highest hardness effect on the initial 
moisture content appeared in the Intani-2 variety (b = −22.37) and the lowest effect was in  the 
Membramo variety (b = −6.44). The increase in rice moisture content caused a decrease in the hardness of 
rice. Conversely, if the moisture level is low, then the hardness of rice is increased. 
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Table 4 Regression (b) and correlation (r) coefficients between the initial moisture content and the 
number of adult insects present, number of female adult insects present of R. dominica, and the 
percentage of weight loss of rice. 
 

Varieties 
Number of adult 
insects present 

Number of female 
adult insects present 

Percentage of 
weight loss 

(%) 
b r b R b r 

IR-64 
Ciherang 
Membramo  
Cibogo 
Sembada 
Intani-2 

1.40* 
1.25 NS 
1.10 NS 
2.48* 
2.55* 
2.72* 

0.90 
0.85 
0.49 
0.96 
0.97 
0.97 

1.04* 
0.72 NS 
0.61 NS 
1.29* 
1.42* 
1.65* 

0.82 
0.82 
0.33 
0.94 
0.94 
0.96 

0.17* 
0.13 NS 
0.04 NS 
0.24* 
0.69* 
2.04* 

0.90 
0.84 
0.52 
0.87 
0.94 
0.96 

 
*= Significant at (p < 0.05), NS = non significant (p > 0.05) 
 
 
Table 5 Regression (b) and correlation (r) coefficients between the initial moisture content and the 
hardness and phenol content in each rice variety. 
 

Varieties 
Hardness Phenol Ash 

b r b R b r 

IR-64 
Ciherang 
Membramo  
Cibogo 
Sembada 
Intani-2 

-10.72** 
  -8.53** 
  -6.44* 
-16.35* 
-11.59** 
-22.37* 

-0.85 
-0.81 
-0.81 
-0.86 
-0.86 
-6.92 

-0.14 NS 
-0.01 NS 
-0.02 NS 
0.13 NS 
0.14 NS 
0.08 NS 

-0.07 
-0.02 
-0.02 
  0.05 
  0.07 
  0.06 

-0.05 NS 
-0.10 NS 
-0.12 NS 
  0.14 NS 
  0.16 NS 
  0.15 NS 

-0.06 
-0.03 
-0.03 
  0.07 
  0.08 
   0.015 

 
*= Significant at (p < 0.05), NS = non significant (p > 0.05) 
 
 
 In the experiments using the free-choice and the no-choice tests, it was shown that the highest 
preference was in Intani-2 at 16 % initial moisture content, because it had the lowest phenol content, 
lowest grain hardness, and highest ash content. On the other hand, the lowest preference was in 
Membramo at 10 % initial moisture content, because it had the highest hardness level, phenol content, 
and lowest ash content. 
 To assess the above results, Astuti et al. [7] calculated the correlation coefficient between ash, 
phenol, and rice grain hardness with the number of eggs, the number of F1 progeny of R. 
dominica emerged, the median developmental time, and the susceptibility index. Furthermore, Astuti et 
al. [7] showed that ash content has a positive correlation with the number of eggs, F1 progeny of R. 
dominica emerged, and the susceptibility index. On the other hand, ash content had a negative correlation 
with median developmental time. Nation et al. [22] and Parra et al. [23] said that ash content in rice 
contained a few kinds of minerals, including Fe, which has an important role in some biological 
processes, such as enzymatic reaction, ecdysis hormone production, cuticle growth, and other metabolic 
processes. Furthermore, Astuti et al. [7] showed that phenol content and rice grain hardness have a 
negative correlation with the number of eggs, F1 progeny emerged, and rice susceptibility, while the 
phenol content and grain hardness have a positive correlation with the median developmental time. These 
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results show that higher phenol content and rice grain hardness will decrease the number of eggs and F1 
progeny emerged, as well as rice grain susceptibility. 
 The combination of factors between grain hardness and nutritional value have influenced the 
resistance of rice varieties against S. oryzae [20,24]. The varieties which have low ash content could 
increase phenol concentration but reduce amylase concentration. This condition make the varieties more 
resistant to S. cerealella [25,26]. McGaughey et al. [17] examined the reproduction of S. oryzae and R. 
dominica on several wheat classes and concluded that kernel hardness significantly affected S. oryzae 
reproduction, while R. dominica was not affected. A wide range of differences in kernel hardness caused 
different results. The resistance of each wheat classes was correlated with the physical and chemical 
properties. Insect development preferred both harder seed and lower starch content less.  
 Resistant varieties show that physical and biochemical characteristics can change the behavior 
response (nonpreference) or impact poorly on the pest development and the ability to survive of the 
through metabolism deviation [27]. Noris and Kogan [19] stated that plant resistance mechanisms against 
pests can be through by physical and chemical properties, such as phenolic content as a secondary 
metabolism. Especially, phenolic acid and ferulic acid on rice could act as antifeedants [27,28]. Perisic et 
al. [21] stated that the developmental rate of R. dominica on grain was significantly influenced by 
physical and chemical properties. Keskin & Ozkaya [29] stated that grain hardness was one of the factors 
that determine the infestation of R. dominica. Katz et al. [30] stated that the hardness of hard wheat 
decreases with the increasing of moisture content. The hardness kernel of soft wheat was not significantly 
changed in up to 13 % moisture content, but it showed a rapid decrease in hardness when the moisture 
content was 13 % over. 
 Moisture content affects dry matter losses, quality of the grain, and biochemical reactions of cereal 
grain in storage [31,32]. Maize with high moisture content will deteriorate quickly and is usually 
facilitated by insect infestation [33]. Insects in grain also prefer these conditions. Manu et al. [34] said 
that the role of initial grain moisture content could make stored products safe. The level of grain moisture 
content of 13 % over could encourage the growth of microorganisms and the activity of grain insect pests. 
In addition, insect infestation is greatly developed at 10 - 15 % of grain moisture content with favorable 
temperature. However, insect development will be inhibited with low moisture content. This is in line 
with the results of the population of T. castaneum being reduced with low moisture content of wheat 
grain. 
 From these results, it can be said that the different preference level of rice varieties is predictable 
because of the differences in the hardness level, phenol, and ash contents of each rice varieties at different 
kinds of moisture content. This resistance of grain is correlated with the physical and chemical properties: 
phenol, ash, and hardness level of grain. Varieties of rice with the lowest ash content, highest phenol 
content, and lowest hardness are not attractive for insect species development. 
 Intani-2 at 16 % initial moisture content can be considered as great nutrition for  
R. dominica development and it is also the most susceptible to attack, as Intani-2 has the highest grain 
moisture content, the lowest phenolic content, and the lowest hardness levels. On the other hand, 
Membramo at  ≤ 14 % can be considered as a variety resistant to R. dominica, as Membramo has the 
highest phenol and lowest ash content from the rice varieties tested. Furthermore, one of the physical 
characteristics, the hardness of rice, showed that Membramo had the highest level of hardness compared 
to other rice varieties. The rice hardness level were also caused by the level of the initial moisture content 
of rice. The increase of initial moisture content in rice causes a decrease in hardness level. On the other 
hand, the increase of initial moisture content in rice does not significantly affect the phenol and ash 
content. 
 
Conclusions 

 It is concluded that R. dominica more preferred to the Intani-2 variety at 16 % initial moisture 
content, and less preferred to the Membramo variety at 10 % initial moisture content less. The same 
results from the no-choice test revealed that Intani-2 at ≥ 14 % initial moisture content is categorized as a 
highly susceptible variety. On the other hand, the Membramo variety at  ≤ 14 % is considered as a 
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resistant variety. The preference to the rice varieties and susceptibility level of rice is affected by the 
hardness level, ash content, and phenol content of grain. The rice hardness level is caused by the level of 
initial moisture content of rice. However, the chemical characteristics of rice are not affected by the level 
of initial moisture content. 
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