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 Background: Improvement of local upland rice cultivars is very promising and has a 

good potential. In addition, land that used for the development of upland rice is 

generally acidic soils with the main problem of aluminum toxicity and low pH. 
Aluminum toxicity resulted in low yield of upland rice in acidic soils. Planting of 

upland rice varieties that tolerant to aluminum is the most inexpensive and easy to be 

implemented by farmer. Objective: to obtain pure line of local upland rice derived from 
crossing that tolerance to Al toxicity and high yielding potential on acidic soils. 

Results: there was a high variation in the observed variables. Almost of F2 progeny 

have RRE values > 0.5 (resistant to Al stress). Similarly, the ratio of root-shoot showed 
variation among evaluated progenies. Phenotypically, in the sensitive plant progenies, 

an addition of 60 ppm Al inhibited root growth so it's very short and thin. Conclusion:  

The differences in resistance to Al among F2 progeny of crosses was caused by 
inherited genetic variation of the parental crosses. We proposed to use the progeny of 

33/BU3 as material selection in order to obtain the Al-resistant pure line.  
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INTRODUCTION 

 

 Rice (Oryza sativa L) is one of the world’s most important crops, supplying food for nearly half its 

population, especially in Asia. About 13% of global rice production occurs in acidic soils.  Acid soils that limit 

crop production have extended more than 40% of the world’s arable soils. Aluminum (Al) toxicity is considered 

to be one of the most serious abiotic stress factors that limiting plant growth in acid soils (Simon et al., 1994; 

Doncheva et al., 2005; Poschenrieder et al., 2008; Zhou et al., 2009; Alvim et al., 2012; Pandey et al., 2013). 

On the whole, rice plants are the most Al-tolerant among small cereal crop species (Famoso et al., 2010).  

 Increase of rice productivity is an important issue in Indonesia. Future rice demand is expected to increase, 

in line with the population growth. Therefore need to increase rice production by at least the rate of the increase 

of population, in order to achieve sustainable production (Muhidin, et al., 2013). Al-toxicity is one of the 

constraints in rice production. Most Al in soil is present as harmless mineral forms (Delhaize and Ryan, 1995; 

David et al., 1997, Chang et al., 1998, Goldbold and Jentschke, 1998).  However, as soil become acidic, 

potentially toxic ionic form of Al dissolve into the soil solution, inhibiting root growth and function.  Currently, 

there is no evidence that Al is essential for plant growth, although it is beneficial for some plant species (Pilon-

Smits et al., 2009). Consequently, Al-toxicity may become the primary factor limiting crop production in 

acidic soils, which account for 50% of the world’s potentially arable lands (Kochian et al., 2005), whereas this 

toxicity is often lacking in neutral to calcareous soils.  

 One effort that can be done to increase food production is to utilize the dry land that available wide enough 

outside the Java island. There are about 47.6 million hectares (32.4 %) the dry land in Indonesia that is generally 

dominated by acidic soils Red Yellow Podsolic (Karama and Abdurrahman, 1993). Previous research on Red 

Yellow Podsolic soil indicates that plant growth was generally inhibited and productivity is very low. It is 

caused due to constraints such as environmental stress levels are high acidity (low pH), the availability of N, P, 

K, Ca, Mg, and Mo are low and concentration of Al and Mn are reaching toxic levels (Notohadiprawiro, 1983; 

Baligar et al., 1989). According to Marschner (1995), this is caused by the presence of low pH and Al-toxicity 

to roots thicken and short because the process of cell elongation inhibited, so that the absorption of water and 

nutrients is reduced. 
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 Aluminum can cause harmful effects on plant growth both directly and indirectly. The most direct and 

obvious effect of Al toxicity on plant growth is the inhibition of root elongation after only several minutes or 

hours by micro molar concentrations of Al.  Therefore, relative root elongation is considered to be the parameter 

most directly related to Al tolerance in plants (You et al., 2005). Effect of Al stresses is not the same in all 

plants, even within the same species. The roots of the plants that is most sensitive to Al-toxicity. The initial 

symptoms are seen in plants that Al toxicity, i.e. the development of the root system as a result of inhibition of 

cell elongation. This is due to the incorporation of Al in the cell wall and cell division inhibition, thus inhibiting 

the absorption of water and nutrients. 

 The use of Al-tolerant rice cultivars is an effective and environmentally friendly. Various methods can be 

used to obtain rice genotypes having Al tolerance, among other conventional hybridization, induced mutations, 

somaclonal variation, and in vitro selection. 

 The best way to address the soil problem of Al-toxicity and low pH is through the assembly of varieties that 

tolerance to acid soil conditions, so liming to increase soil pH can be minimized. Accordingly, research on 

tolerance test of some cross combinations of upland rice against Al stress needs to be done to determine the Al 

stress tolerance of some genotypes of F2 progeny from rice crosses grown under acidic conditions. 

 More efficient approach and environmentally friendly way to overcome these obstacles is through plant 

breeding to improve crop cultivars to environmental stresses, in addition to having a high productivity and 

quality. The results of previous studies indicate that resistance species/cultivars differently to Al (Van Sint Jan  

et al., 1997).  High genetic diversity is one of the main factors in the improvement of plant traits. 

Conventionally, increasing of genetic diversity can be done using a variety of genetic material available in 

nature and then performed conventional crossbreeding. 

  

MATERIALS AND METHODS 

 

Plant materials and growth conditions: 

 Eight rice (Oryza sativa L) progenies from local upland rice crosses, and four their parents were selected for 

this study. Prior to germination, all seeds were surface sterilized in 5% sodium hypochlorite (NaClO) for 15 

min, rinsed thoroughly with distilled water and allowed to imbibe in water overnight in the dark at 25 ± 2
o
C. 

 After imbibition, two pieces of filter paper were placed on each of 12 Petri dishes, 6 per progeny, with 20 

seeds sown on each dish and moistened with 5 mL of distilled water.  All Petri dishes were covered by lids and 

placed for 24 h in a germination chamber at 30
o
C under 12 hours photoperiod. Subsequently, seedlings were 

transferred to a framed net floating on 0.5 mM CaCl2 (pH 4.5) for 2 d before use. Then, seedlings were grown 

hydroponically in Yoshida medium containing: NH4NO3 2857 μM, NaH2PO4.H2O 129 μM, 1023 μM K2SO4, 

CaCl2 1000 μM, 1645 μM MgSO4 7H2O, (NH4) 6Mo7O24.4H2O 0.05 μM, 9 μM MnCl2.4H2O, H3BO3 18.5 μM, 

0.15 μM ZnSO4.5H2O, CuSO4 0.16 μM, and 0.36 μM FeCl3.6H2O.  Nutrient solution was then added with 60 

ppm Al from AlCl3.6H2O. Every day pH nutrient solution was controlled at pH 4.0 ± 0.2 with 1 N HCl, and 

replaced every week. 

 

Root elongation measurement: 

 The roots of 2-d-old seedlings were exposed to 0.5 mM CaCl2 (pH 4.5) with or without 60 ppm Al for 24 h. 

The root length of each seedling was measured with a ruler before and after the treatments. Eleventh rice 

cultivars were used for root elongation measurement, and ten roots of each cultivar were measured. Relative 

root elongation was calculated as: (root elongation with Al treatment)/(root elongation without Al) x 100 (Zao, 

et al., 2013).  Because different rice cultivars vary greatly in the absolute root elongation under no Al 

conditions, the relative root elongation was used here to compare the difference in Al tolerance of different rice 

cultivars.   

 Root length observations were then used to calculate the relative root elongation (RRE), follow the standard 

RRE value of Khatiwada et al. (1996), as follows: RRE > 0.5 = tolerant / resistant, and RRE< 0.5 = sensitive. 

Data of root length of F2 seedling population in Yoshida solution containing 60 ppm AlCl3 used as phenotypic 

data. Nutrient culture method in rice seedlings stadia is one effective method to evaluate the level of resistance 

of some progeny from crosses against Al. 

 Observations were made at 15 and 30 days after growing in nutrient solution, 3 plants each per replication. 

Observed variables include: number of roots, root length, roots dry weight (70°C), shoots dry weight (upper 

plant parts) of each phase plant sample, and root-shoots ratio. 

 

Data analysis: 

 The data were analyzed so parental genotypes and upland rice derived from crosses (F2) could be 

categorized into groups of plants that are resistance and/or sensitive to Al stresses. 
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RESULTS AND DISCUSSION 

 

 The average number of roots, root length, relative root elongation (RRE) value from some crosses progeny 

and their parents are presented in Table 1.  

 
Table 1: The average number and length of roots, and relative root elongation (RRE) value from local upland rice cross progenies. 

No. Progenies and Parents Roots number Roots length (cm) RRE Criteria 

0 ppm 60 ppm 

1. 33/BU3 (1) 4 11.12 6.65 0.598 tolerant 

2. 33/BU3 (2) 3 14.35 9.10 0.634 tolerant 

3. 33/BU3 (3) 3 13.74 8.63 0.628 tolerant 

4. Cigeulis/BU5 (1) 5 14.25 6.90 0.484 sensitive 

5. Cigeulis/BU5 (2) 3 11.95 5.75 0.481 sensitive 

6. BU3/33 (1) 4 12.75 8.20 0.643 tolerant 

7. 33/BU3 (4) 4 13.83 7.30 0.527 tolerant 

8. 33/BU3 (5) 4 10.65 4.10 0.385 sensitive 

9. 33 3 10.84 4.60 0.424 sensitive 

10. Cigeulis 3 13.75 6.26 0.455 sensitive 

11. BU3 3 11.85 7.25 0.612 tolerant 

12. BU5 4 13.50 8.06 0.597 tolerant 

 

 Observations showed that the addition of Al on nutrient culture medium does not give the same effect on 

the number and length of roots and RRE of all evaluated progeny from crosses of upland rice. Analysis showed 

that the addition of Al was not significantly affecting the number of roots, but influence the root length and 

shown great variation between evaluated progenies. 

 

Plant root Elongation: 

 Relative Root Elongation (RRE) rate and the progeny of each plant parent are presented in Table 1, and the 

effect of Al on root elongation in some progenies is shown in Figure 1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Effect of Al on root elongation in some progenies derived from local upland rice crosses.   

 

 The results showed that generally the new progenies have different tolerance after tested in nutrient culture. 

It is seen from the value of RRE which were almost in the new progeny derived from 33-line and Wagamba 

(BU3) cultivar has a rate of RRE > 0.500 which indicates that the progeny plant is resistant to Al and low pH 

(Khatiwada et al., 1996). RRE rate from the parents showed that 33-line and Cigeulis cultivar were sensitive to 

Al with 0.424 and 0.455 RRE rate, respectively. Wagamba (BU3) and Wangkoito (BU5) cultivars were the 

tolerant plants that indicated by the RRE rate of 0.612 and 0.597, respectively (Table 1). Highest RRE rate was 

obtained from the BU3/33 progeny (0.643), while the lowest RRE rate derived from the 33/BU3 progeny (5) 

(0.385). The RRE rate of parent plant indicates that 33-line and BU3 cultivar were the Al sensitive and Al 

tolerant rice plants, respectively.  

 Tolerant rice plants seen have long roots, white color, and has a lot of new tillers, otherwise sensitive plants 

have short roots, a little, and brown (Figure 2). Yamamoto et al. (2001) reported that in peas (Pisum sativum), 

prolonged treatment with aluminum caused the formation of cracks in root surfaces which allowed the metal to 

reach inner root tissues, leading to loss of plasma membrane integrity.  
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 According to Anas and Yoshida (2000), one of the symptoms of Al toxicity is the root cannot grow, cannot 

be branched to normal, and the roots break easily. Visual appearance of the roots seen that the condition of 60 

ppm Al progeny-tolerant plants have dense and long roots compared to without the addition of Al. This suggests 

that the genes controlling resistance to Al induced and become active. At the root growth of tolerant plants seem 

unaffected by the presence of Al. On the contrary occurs in the root growth of sensitive plants, in which root 

growth at 60 ppm severely hampered so very short and thin (Figure 2). 

 

 
 

Fig. 2: Performance of rice progeny derived from upland rice crosses under aluminum stress condition in 

Yoshida solution without (0 ppm) Al (B) and with 60 ppm Al (A).  

 

 Marschner (1995) stated that the high Al accumulation in root cap cell nucleus that inhibit root growth is a 

result of damage to the root cap cells function as sensors to environmental stresses. This causes the root surface 

yellowish brown, mottled and brittle. 

 According to Matsumoto (1991) Al binds to DNA in the root tip region so that it can inhibit cell division. 

The results Delhaize and Ryan (1995) showed that the sensitive plant, root growth is inhibited by Al in 24 hours 

even though Al was only detected in rhizoderms layers and cortex. 

 Plants that are tolerant to Al toxicity have the ability to suppress the bad influence of Al toxicity. Several 

criteria tolerant plants are (1) the roots can grow steadily and root tip is not broken, (2) to change the pH in the 

root zone, and (3) has a specific mechanism by which Al is not able to inhibit the uptake of Ca, Mg, and K so 

that the plant can continue to meet the needs of nutrient elements. 

 The average value and the observation variable, i.e. root fresh weight, root dry weight, shoot dry weight, 

and the shoot-root ratio from the parent cultivars and tested progeny resistance to stress levels of aluminum at 

the age of 30 days in Yoshida nutrient solution was shown in Table 2. 

 
Table 2: The average of fresh weight, dry weight and root-shoot ratio from some progenies of local upland rice crosses. 

No. Progenies and Parents Root Fresh weight 

(g) 

Roots dry weight (g) Shoot dry weight Shoot-root (S/R) 

ratio 

1. 33/BU3 (1) 0.40 0.004 0.022 5.50 

2. 33/BU3 (2) 0.70 0.010 0.040 4.00 

3. 33/BU3 (3) 0.40 0.016 0.061 3.81 

4. Cigeulis/BU5 (1) 0.30 0.013 0.032 2.46 

5. Cigeulis/BU5 (2) 0.40 0.023 0.057 2.48 

6. BU3/33 0.70 0.009 0.050 5.56 

7. 33/BU3 (4) 0.50 0.016 0.078 4.88 

8. 33/BU3 (5) 0.50 0.021 0.104 4.95 

9. 33 0.40 0.029 0.073 2.52 

10. Cigeulis 0.60 0.027 0.139 5.15 

11. BU3 0.70 0.025 0.109 4.36 

12. BU5 0.75 0.030 0.135 4.50 

 

 In Table 2, it appears that there was a difference between resistances to Al among the evaluated F2 progeny 

from crosses. Those variations caused by genetic variation that inherited from parental crosses. 

 On the progeny or sensitive parent, the presence of Al at a toxic rate will inhibit root growth that indicated 

by decreasing the length of roots. The decrease of roots length occurs due to the inhibition of cell division and 

elongation, thus the roots shortened, thickened and easily broken and does not function well in absorbing 

nutrients. According to Tan et al., (1993) that Al-toxicities plant roots are formed short and cause abnormal root 

system occurs. In this condition, the ability of roots to absorb nutrients is lower and plants will suffer from 

nutrient deficiency. Therefore, in the sensitive cultivars, the decrease in root length also directly affects the ratio 

of root length. 

 

Conclusions: 

 Based on the results of the study could be summarized as follows: (1) There are differences in resistance to 

Al among F2 progeny of crosses evaluated results, caused by inherited genetic variation of the parental crosses. 



5                                                                 Gusti Ray Sadimantara et al, 2014 

Australian Journal of Basic and Applied Sciences, 8(10) July 2014, Pages: 1-6 

 

(2) Genetic factors play a greater role than environmental factors so that the selection will not be effective if 

done in the next generation, but must be selected in early generations. (3) The addition of Al in the nutrient 

culture medium does not give the same effect on the number and length of roots and RRE of all progeny from 

crosses of evaluated upland rice. Highest RRE values obtained from the progeny BU3/33 (reaching 0,643) as the 

progeny of Al-tolerant crops, and lowest RRE values obtained at 33 and BU3 (5) progeny (at 0.385) as the 

progeny of Al-sensitive plants.  
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