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Abstract 
In excessive manner, mangan (Mn) as an essential nutrient can be toxic to the plant. This phenomenon often occurs 
in acid soil. Hence, it is needed gene resources to develop plant in acid soil. The soybean germplasm tolerance to 
Mn toxicity was tested in seed laboratory, using two factors experimental design. The first factor was Mn toxicity 
containing two treatments (1) 0 ppm Mn in pH 7 as control, and (2) solution concentration of 75 ppm Mn in pH 4. 
The second factor was 14 accessions of soybean germplasm. Results showed that generally root characters 
decreases while shoot characters increased in Mn toxicity condition. However, some genotypes showed different 
performance. There was one genotype having the highest root dry weight in Mn toxicity condition, i.e. MLGG 0091. 
The highest root dry weight in this genotype was also supported by the root length and number of roots. MLGG 
0091 was also capable to increase the length epicotyle that contribute to the increase in seedling dry weight. 
Therefore MLGG 0091 can be used as a gene source for tolerance to Mn toxicity.  

Keywords: tolerance of acidity and Mn, characterization, germplasm, soybean 

1. Introduction 
Mangan is an essential nutrient that can be toxic to the plant in excessive manner (Marschner, 1995). Mn level in 
a soil is controlled by Mn availability in soil, pH and electron availability (Adams, 1981; Sparow and Uren, 
1987). Soil with high Mn availability can cause Mn toxicity in soil pH below 6.0 (Hue et al., 1987). In high 
electron environment, caused by excessive watering, low drainage, or high organic manure application, Mn 
toxicity is able to arise even in alkaline pH (Hue, 1988). It is because some organic molecules are capable to split 
Mn oxide through electron transfer in reductive process (Stone & Morgan, 1984). 

Mn toxicity in acid soil is a complex trait and involving multiple physiological and biochemical mechanisms 
(Millaleo et al., 2010). Beside, at different times during the growing and in the same soil season, manganese can 
be deficient and toxic to plants (Johansen, 2005). One of the reasons is Mn toxicity relates to other nutrients 
availability. Mn toxicity also decreases due to high availability of other nutrients in the soil such as Ca (Horst, 
1988), Mg (Goss et al., 1991), and Si (Horst & Maschner, 1978). 

Plant species differences or even variety differences in a species have different response level to Mn toxicity 
(Foy et al., 1988; Reddy et al., 1991). Mn toxicity in Phaseolus vulgaris is identified at 0.5 uM if the nutrients 
solution free of Si (Horst & Marschner, 1978). In soybean, Mn toxicity is identified at 15 ppm (Heenan & Carter, 
1976). In this research, response of some germplasm to Mn toxicity was studied.  

2. Materials and Method 
Response of some soybean germplasm to mangan toxicity was conducted in Seed Laboratory of Indonesian 
Legume and Tuber Crops Research Institute, Malang-Indonesia. Research was carried out by using factorial 
design of randomized complete block design (RCBD). The first factor was Mn toxicity containing two 
treatments (1) 0 ppm Mn in pH 7 as control, and (2) solution concentration of 75 ppm Mn in pH 4. The second 
factor was 14 accessions of soybean germplasm.  

A total of 25 sterilized soybean seeds were germinated in a petridish. A gauze was put inside the petridish to 
ensure the germinated seeds to be able to stand straight up. Solution was pour in the petridish up to half of seed 
size to maintain seeds respiration. The decreasing solution due to the absorption by the seeds was overcome by 
adding aquadest up to the specified limit. Germination was conducted at 25oC. The observation was recorded on 
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root length, root dry weight, hypocotile length, number of lateral roots, seedling dry weight and epicotyle  
length at 6 days after germinating. 

3. Results and Discussion 
The results showed that genotype MLGG 0147 and MLGG 0025 had the longest root length among the 14 tested 
genotypes, where the roots length of those two genotypes were more than 10 cm. In Mn toxicity condition, the 
two genotypes also had relatively long roots. Other genotype having relatively long roots was MLGG 0091, with 
narrow standard deviation. There were two genotypes with root length longer or equal to the previous three 
genotypes, but the standard deviation were wider, i.e. MLGG 0096 and MLGG 0118 (Figure 1). High Mn 
concentration affected the roots becoming shorter (Abou et al., 2002), but the five genotypes were capable to 
maintain roots length than other ten genotypes. 

 

 
Figure 1. Root length of soybean germplasm in control and Mn toxicity conditions 

 

Genotype MLGG 0233 was the genotype with shortest root length in Mn toxicity condition. However, in 
condition without Mn toxicity (control), this genotype was able to grow its roots up to 8 cm long. Other 
genotypes having the shortest root length in Mn toxicity condition was MLGG 0121. In normal conditions, this 
genotype was remain able to perform roots length almost 10 cm. Therefore, based on root length these two 
genotypes were classified as Mn toxicity sensitive genotypes (Figure 1). The highest percentage decrease in root 
length was shown by MLGG 0233 and MLGG 0121, i.e. 68.65% and 55.71% respectively. Genotype with the 
lowest of percentage of root length decrease was MLGG 0984, where the percentage of root length decrease was 
3.45% (Table 1). Root resistance to Mn toxicity was the environmentally sensitive quantitative traits (Kaseem et 
al., 2004), that affected by the environments. 
 

 
Figure 2. Number of lateral roots of soybean germplasm in control and Mn toxicity conditions 
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Genotypes with the highest number of lateral roots was MLGG 0083 and MLGG 0086 in the control condition, 
while the least number of lateral roots was shown by MLGG 0233. In Mn stress conditions, MLGG 0083 also 
showed the highest amount of the root followed by MLGG 0984, MLGG 0091 and MLGG 0118 (Figure 2). 
Similar to the root length, number of lateral roots decreased in Mn toxicity condition. The highest decrease of the 
root number was shown by MLGG 0233. Other genotypes showed a decrease in relatively high number of lateral 
roots were MLGG 0035, MLGG 0120 and MLGG 0086. Even though MLGG 0086 having a relatively high 
reduction in number of roots, but in stress condition the number of lateral roots was still relatively high. The 
interesting thing about this study is that there were several genotypes which have more number of lateral roots in 
stress conditions, three of them were MLGG 0984, MLGG 0091 and MLGG 0118 where the number of lateral 
roots increased 27.59%, 28.90% and 15.33% respectively (Table 1). 

The highest root dry weight was shown by MLGG 0091 in Mn toxicity followed by MLGG 0035 also in Mn 
toxicity condition. It mean, root dry weight of some genotypes increased in Mn toxicity condition (Figure 3). 
Genotype having the lowest root dry weight was MLGG 0233, occurred in both of control and Mn toxicity 
conditions. For this genotype, it seemed that root dry weight was more affected by genetic factor than 
environmental factor, because root dry weight in different solution conditions were not significantly different. 
Other genotype having equivalent root dry weight in both two conditions was MLGG 0120. However, generally 
root dry weight decreased. The highest root dry weight decreasing were shown by MLGG 0025 and MLGG 
0086, i.e. 23.69% and 23.38% (Table 1). Izaguirre-Mayoral and Sinclair (2005) also reported the decreasing of 
root dry weight when soybean grown in Mn solution from 60uM/L. Khabaz-Saberi et al., (2009) also reported 
that the increasing solution Mn concentration decreased root dry weight. Increasing root dry weight of Heliantus 
anuus in lower Mn concentration and then decreasing in higher concentration was reported by Hadjiboland et al. 
(2008). Soybean tolerance to Mn toxicity related with roots necrotic marker (Kaseem et al., 2004). It indicated 
the dammage of the roots caused by Mn toxicity. The increasing of root dry weight presumably was caused by 
the increasing root diameter such as root dry weight of cultivar IAC-15 increased by 63 and 116 % with the 
increase of Mn (Junior et al., 2009). 

 

 
Figure 3. Root dry weight of soybean germplasm in control and Mn toxicity conditions 

 

Hipocotyle length in control condition was higher than in Mn toxicity condition. In control condition, the highest 
hipocotyle length was achieved by MLGG 0121, followed by MLGG 0233, MLGG 0185 and MLGG 0086 
(Figure 4). The decreasing hipocotyle length was achieved by MLGG 0233, while the lowest was achieved by 
MLGG 0096. However, there were some genotypes which had hipocotyle length higher in Mn toxicity condition 
than in control, i.e. MLGG 0086, MLGG 0984, MLGG 0083 and MLGG 0096. Therefore, the hipocotyle length 
increased in those four genotypes, with the highest increasing was achieved by MLGG 0984 as 17.17% (Tabel 2). 
In shortening of shoot, the high Mn concentration was also involved (Abou et al., 2002).  
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Figure 4. Hipocotyle length of soybean germplasm in control and Mn toxicity conditions 

 

Unlike root length and hipocotyle length, epicotyle length in Mn toxicity condition was higher than in control 
condition. The highest epicotyle length was achieved by MLGG 0096 in Mn toxicity condition, followed by 
MLGG 0096 in control condition. Genetic factor also more affected in this genotype than environmental factor, 
because the difference of epicotyle length between Mn toxicity and control conditions was relatively low. It was 
different to the genotypes of MLGG 0035 and MLGG 0254, where in these two genoytpes epicotyle length in 
Mn toxicity condition was relativlely higher than in control condition (Figure 5). In these two genoytpes 
increasing epicotyle length achieved up to 163.89% and 113.16% respectively (Table 2). 

 

 
Figure 5. Epicotyle length of soybean germplasm in control and Mn toxicity conditions 

 

The highest seedling dry weight was shown by MLGG 0091 in Mn toxicity condition, while the lowest was 
shown by MLGG 0233 in both Mn toxicity and control conditions (Figure 6). Generally, seedling dry weight 
decreases in Mn toxicity condition. The highest decreasing was shown by MLGG 0025 that achieved 21.87%, 
while other genotypes had relatively low decreasing percentage. Some researcher also reported similar results, 
where increasing solution Mn concentration decreased shoot dry weight (Izaguirre-Mayoral & Sinclair, 2005; 
Khabaz-Saberi et al., 2009). Some genotypes did not experience seedling dry weigth decreasing. Even, there 
were three genotypes that experienced seedling dry weight increasing in Mn toxicity conditions, i.e. MLGG 
0091 and MLGG 0035 up to 7.32% and 8.14% respectively (Table 2). Reis and Junior (2011) reported the 
differences among the genotypes in leaves ultrastructural parts. Presumably, it also affected in whole seedling 
dry weight in addition to the difference due to seedling dry weight.  
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Figure 6. Seedling dry weight of soybean germplasm in control and Mn toxicity conditions 

 

Table 1. Decrease percentage of roots length, number of roots, and root dry weight of soybean germplasm in Mn 
toxicity condition 

Genotypes Root length (cm) Number of lateral roots Root dry weight (g) 
MLGG 0025 22.69 10.04 28.69 
MLGG 0083 26.11 -0.52 0.88 
MLGG 0984 3.45 -27.59 -4.04 
MLGG 0086 16.52 15.35 23.38 
MLGG 0091 19.28 -28.90 -7.81 
MLGG 0096 11.39 6.28 8.67 
MLGG 0118 18.60 -15.33 14.33 
MLGG 0120 27.56 30.90 1.46 
MLGG 0121 55.71 19.73 9.61 
MLGG 0147 25.43 -11.46 16.91 
MLGG 0185 36.52 -2.75 6.55 
MLGG 0233 68.65 61.48 5.26 
MLGG 0035 40.13 28.48 -10.06 
MLGG 0254 38.12 -5.97 17.82 

 

Table 2. Decrease percentage of hipocotyle length, epicotyle length, and seedling dry weight of soybean 
germplasm in Mn toxicity condition 

Genotypes Hipocotyle length (cm) Epicotyle length (cm) Seedling dry weight (g) 

MLGG 0025 0.05 -20.84 21.87 
MLGG 0083 -1.25 -32.14 -0.84 
MLGG 0984 -17.17 5.68 -1.65 
MLGG 0086 -2.36 -31.16 17.21 
MLGG 0091 -1.85 -16.47 -7.32 
MLGG 0096 0.88 -2.61 5.98 
MLGG 0118 5.45 -18.56 10.98 
MLGG 0120 12.87 -38.81 -1.84 
MLGG 0121 10.96 9.62 7.78 
MLGG 0147 10.76 -11.33 8.98 
MLGG 0185 6.56 -18.65 4.18 
MLGG 0233 17.39 -72.31 5.04 
MLGG 0035 7.13 -163.89 -8.14 
MLGG 0254 0.46 -113.16 8.54 
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4. Conclusion  
In Mn toxicity condition, the highest root dry weight was achieved by MLGG 0091. The high root dry weight in 
this genotype was also supported by the root length and number of roots. Decrease percentage of the root length 
in MLGG 0091 was classified as low if compared to other genotypes. In addition, MLGG 0091 was also capable 
to increase the length epicotyle that contribute to the increase in seedling dry weight. Therefore MLGG 0091 can 
be used as a source of Mn tolerant genes. 
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