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ABSTRACT 
 
Eleven genotypes of soybean (Glycine max L.) obtained from three varieties previously induced by gamma ray irradiation to cause 

mutation were compared for its resistance to soil acidity stress. The evaluation is to classify the genotypes tolerant and sensitive to acid 

stress and to determine the level of aluminium (Al) saturation index and other morphophysiology parameters that can be used as an 

indicator for selection of soybean genotypes adaptive to soil acidity stress. The results are expected to give a contribution in the 

development of soybeaninacid soils. The study was carried out as an experimental research using Split Plot design with stress level as 
the Main Plot (MP) and Soybean genotypes as Sub Plot (SP). Four levels of aluminium stress were established to represent the 

condition of 100% Al saturation index, 75% Al saturation index, 50% Al saturation index and 25% Al saturation index, while 11 

soybean genotypes used were var.Menyapa (50 Gy), var. Orba (25 Gy), var. Tanggamus (0 Gy), var. Tanggamus (25 Gy), var. 
Tanggamus (50 Gy), var. Tanggamus (75Gy), var. Orba(50 Gy), var. Orba (75 Gy), var. Menyapa (0 Gy), var. Orba (0 Gy) and var. 

Menyapa (75 Gy), resulted in 44 combinations of treatments. In each evaluation, comparison was made with parental plant as control 

for each genotype.Based on the study, 6 genotypes found to be acid tolerant namely: var. Menyapa with irradiation of 50 Gy,var. Orba 
with 25 Gy irradiation,var. Tanggamus without irradiation,var. Tanggamus with 25 Gy irradiation, var. Tanggamus with 50 

Gyirradiation andvar. Orba with 50 Gy irradiation. On the other hand, 5 genotypes found to be sensitive to acid stress: var. Orba with 
75 Gy irradiation,var. Tanggamus with 75Gy irradiation, var. Menyapa without irradiation; var. Orba without irradiation and var. 

Menyapa with75 Gy irradiation.Al saturation index of 100% and 75% can be used as a selection indicator of soybean genotypes for 

acidity stress. In addition, dry weight index of canopy and root, root length index, root volume index, Al content index in the canopy 
and roots, grain yield, stress tolerance index and tolerance index can be used as physiological parameters forsoybean genotype selection 

related to acidity stress.  

 

KEY WORDS 
 Genotype, Al saturation, Indicator, Al content, Soybean 

 

INTRODUCTION 

 

Soybean is the third most important food crop after rice and maize and known to be rich in proteins that are 

important in food and feed industry. Therefore, soybean serves as a source of phyto-protein that is essential in 

order to improve public nutrition for health and safety due to cheap price. Soybean demand continues to 

increase along with the growth of population and the needs of industrial materials processed food such as tofu, 

tempeh, soy sauce, soy milk, tauco, snacks, and so on. On the other hand, domestic production continues to 

decline resulted in increased deficit in soybean national supply. (Agency for Agricultural Research, 2012). 

In 2013, soybean production decreased by about 63 thousand tons (7.47 percent) compared to the 2012 

production due to a decrease in productivity of 0.00069 tons/ha (4.65 percent) and a decrease harvested area of 

16.83 thousand hectares (2.96 percent). To meet the needs of soybeans in 2013 (amounted to 1.96 million 
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tonnes), the government has imported 1.810 million tonnes, a decrease of 0.32 million tonnes (14.94 percent) 

compared to 2012 (Bureau of Statistics, 2014). 

To decrease import volume for soybean, the government continues to increase the production, especially by 

utilizing marginal lands, such as acidic upland and acidic wetlands. Mulyani et al., (2009) have identified the 

potential acidic upland based on soil resources exploration data using 1:1,000,000 scale, ie.from the total of 148 

million hectares upland area, about 102.8 million ha of the land can be classified into acid soil and the rest of 

45.2 million ha as non acid upland area.In wetlands, acid soil found to be in paddy field soils that originated 

from advance decomposed mineral compound while in wetlands, primarily found in acid sulfate soil and organic 

soil (peat). Wetlands in Indonesia is quite wide covering approximately 33.4-39.4 million ha spreaded in 

Sumatera, Kalimantan, Sulawesi and Papua (Widjaja-Adhi et al., 2000). However, extensions of cultivation in 

the new opened area often face the ecological limiting factor. 

Main characteristic of acid soils is low in land productivity for several plants particularly the main food 

crop such as rice, maize and soybean. Improvement in the land productivity is limited by low pH (< 5.5), low 

cation exchange capacity (CEC), susceptibility to erotion, poor biotic elements (Mulyani, 2006) and high in Al 

content (Utama, 2008). High Al content can cause detrimental effects for plant such as toxicity and root damage 

which decrease the ability of plant in absorp water and soil nutrition. In addition, low essential and non essential 

soil nutritients eg. N, P, K, Ca, Mg, and Mo is sometimes related to soil with high Al content which in turn 

inhibit plant growth, even bring death to the plant (Ma et al., 2001; Sutjahjo, 2006).  

Aluminum (Al) is rhizotoxic ions that inhibit the growth and productivity of plants in acidic mineral soil 

(Rengel, 2000). 67% of acid land is affected by Al toxicity (Hede et al., 2007). Al toxicity can inhibit root 

development (Budiarti et al., 2004) causing stunted root growth in the subsoil layers, there by reducing the 

absorption of water and plant nutrients, resulted in a reduction in crop yields (Ferrufino et al., 2000). Main 

consequence of Al toxicity is reduced plant biomass. Al accumulated in relatively small concentration will be 

transformed into shoots (Watanabe and Osaki, 2002). Diversity in soybean genotypes is indicated to be 

significant in their response to Al stress showed by morphology characterics of the length of primary root, root 

dry weight and canopy dry weight (Ojo and Ayuba, 2012). 

Efforts to overcome the acidic soil can be done by improving the physical and chemical properties of the 

soil by liming, fertilization of high-dose P and the use of acidity tolerant genotypes. Manipulation of soil 

physical and chemical properties through liming and fertilization is very expensive and temporary so that 

farming becomes uneconomic. Therefore, improvements in the production of high-yielding varieties developed 

on acid land could be as an exact method because the results are permanent (can be passed down to the next 

generation). One way to improve the varities is by using the induction of gamma ray irradiation technique on the 

seeds that can cause a change in the nature of morphological, anatomical and genetic that in turn expected to be 

useful for soybean genotypes that can tolerate acidic soil. 

Tolerance of plants to Al is an important factor for adaptation to acid soils. Identification of plant growth 

inhibition due to an increase in the concentration of Al in the nutrient solution is a parameter for selecting 

genotypes based on the level of tolerance to Al stress (Utama, 2008). Results by Hanum et al., (2007) stated that 

the genotype Willis, Sinyonya, and Lumut is able to adapt to drought stress, and only Wilis is able to adapt to 

the stress of aluminum, and double stress of aluminium dan drought. 

To select soybean genotypes resistant to acidity stress a preliminary test has been done. The preliminary 

trial was carried out by exposing induced gamma rays soybean seed to 4 concentrations of PEG stress and Al on 

the germination phase. The result showed that the tolerant genotypes varieties namely Menyapa with gamma ray 

irradiation (25 Gy, 50 Gy and 75 Gy), var. Orba (25 Gy, 50 Gy and 75 Gy) and var. Tanggamus (0 Gy, 25 Gy, 

50 Gy and 75Gy) (Widiati et al., 2011). These varieties from the first test then selected again with PEG and Al 

treatment which gives the greatest diversity in germination rate, the result showed that the tolerant genotypes are 

var. Menyapa ie. 50 Gy; Orba 25 Gy; Tanggamus 0 Gy, Tanggamus 25 Gy and Tanggamus 50 Gy while 

genotypes moderate were Menyapa 75 Gy, Orba 50 Gy, Orba 75 Gy and Tanggamus 75Gy, for sensitive 

genotypes namely Menyapa 0 Gy, Menyapa 2.5 Gy and Orba 0 Gy (Widiati et al., 2011). However, these results 

require further testing to see the consistency of the results of the evaluation of mutated derivative plants (M2) to 

test the descent by using an Al saturation index (%) based on agronomic traits and physiological adaptation of 

soybean to the level of the Al saturation index (%). Based on the previous findings a study on the mutation 

induced soybean genotypes by gamma ray is needed to test the resistance of the soybean genotypes against acid 

stress.  

 

MATERIALS AND METHODS 

 

The experiment was conducted at the experimental farm, Faculty of Agricultural Science, University of 

Hasanuddin during wet season from February to May 2014. Evalution of the genotypes at the field level was 

carried out using 10l polybags. Growth medium used in the study was acidic soil originated from Maros 

Regency, South of Sulawesi with pH of 4.7 and Al-dd of 1.75 me per 100 g soils. Various levels of aluminium 
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stress were established using dolomite (CaMg(CO3)2 with content of CaCO3 = 74.83%, Mg = 19.49% and Mo = 

3.24% to determine the Al saturation index.  

The study was carried out as an experimental research using Split Plot design with stress level as the Main 

Plot (MP) and Soybean genotypes as Sub Plot (SP). The aluminium stress treatments consisted of 4 levels 

namely a1 = 100% Al saturation index; a2 = 75% Al saturation index; a3 = 50% Al saturation index; a4 = 25% Al 

saturation index while 11 soybean genotypes resulted from mutation induction with gamma rays used were g1 

(var. Menyapa, 50 Gy); g2 (var. Orba, 25 Gy); g3 (var. Tanggamus, 0 Gy); g4 (var. Tanggamus, 25 Gy); g5 (var. 

Tanggamus, 50 Gy); g6 (var. Tanggamus, 75Gy); g7 (var. Orba, 50 Gy); g8 (var. Orba, 75 Gy); g9 (var. Greet, 0 

Gy); g10 (var. Orba, 0 Gy); g11 (var. Menyapa, 75 Gy), resulted in 44 combinations of treatments. Planting and 

harvesting of the derivative mutant plant (M2) were done separately from each number of the derivative mutant 

(M2) and dried. Morphophysiology characters of each M2 plant mutant were identified for resistance to acidity 

stress. In each evaluation, comparison was made with parental plant as control for each genotype. 

Observation variables observed in the experiment were as follows: root length (cm), root volume (ml), dry 

weight of the canopy/root (g), canopy and root dry weight (g), days to flowering (days), the content of Al in the 

canopy and root (ppm). The morphophysiology characters of each M2 mutant plant were expressed as index by 

comparing the mutant to control plant (Farid, 2006)  and calculating the stress percentage index using equation: 

 

 

 

where IP = stress percentage index, 

     c  = result in stressed condition 

     n  = result in unstressed condition 

 

Hence, the index data was analysed for the variance components of genotypes, treatments and their 

interaction using the analysis of variance by Gomez and Gomez (2007).  The significance of variance 

components was determined by an F-test. Individual comparisons of genotypes and stress treatment means were 

determine by a further test using Least Signifance Difference (LSD) Test at level 0f 5% or 1%.  

 In addition, Tolerance Index, Adaptation Index and Stress Tolerance Index were calculated to determine 

the resistance level of the genotypes. Analysis of Stress Tolerance Index, Adaptation Index, and Tolerance 

Index were carried out using formula: 

 

(1) Stress Tolerance Index (STI) Fernandez, 1992 

 

 

 

 

 

(2) Adaptation Index (AI) Howeler, 1991 

 

 

 

 

 

(3) Tolerance Index (TI) Fernandez, 1992 

 

 

 

 

Description : Hc=results on the stressed conditions; Hc=average results on stressed conditions;Hp=results 

on normal conditions; Hp=average results on normal conditions; Hct=the highest  yield on stressed condition. 

 

RESULT AND DISCUSSION 

 

a. Vegetative Growth: 

1)  Canopy and Root Dry Weight: 

Observation on growth of soybean genotypes in mineral acidic soil of Maros regency, Tanralili district, 

Baku villages shows an increase in the canopy and root dry weight index of soybean genotypes when Al 

saturation index falls from 100% to 25%. This is in consistency with study of Utama (2010) which stated that 

the performance of plants based on their agronomic traits observed in unstressed (Al saturation index of 0%) 

condition are better than the plants grown under Al stressed condition (Al saturation index of 100%). 
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Table 1: Mean of Canopy and Root Dry Weight Index of Some Soybean Genotypes at Different Levels of Al Stress. 

Canopy dry weight index (%)     MP(a)   
 

    

Treatment a1   a2   a3   a4   

SP(g) Index value   Index value   
Index 

value 
  

Index 

value 
  

g1 50.00 ab
w 61.67 ab

vw 64.75 ab
vw 71.54 cdef

v 

g2 61.17 a
w 67.28 a

vw 75.65 a
vw 86.04 ab

v 

g3 48.43 abc
v 54.31 abc

v 57.19 b
v 65.11 def

v 

g4 47.73 abc
w 51.72 bc

vw 58.83 b
vw 70.69 def

v 

g5 50.56 ab
w 54.31 abc

vw 57.58 b
vw 72.75 bcde

v 

g6 34.93 c
w 45.93 c

vw 57.78 b
v 58.79 f

v 

g7 45.81 bc
w 49.13 bc

w 60.25 b
w 89.78 a

v 

g8 43.06 bc
x 55.67 abc

wx 74.42 a
vw 84.71 abc

v 

g9 36.99 bc
x 53.49 abc

wx 62.72 ab
vw 74.20 bcd

v 

g10 37.16 bc
w 50.21 bc

vw 54.74 b
vw 59.96 ef

v 

g11 42.56 bc
w 66.15 a

v 75.60 a
v 78.39 abcd

v 

Root dry weight  

index (%)   

 

  

 

  

 

  

g1 56.29 a
v 57.92 ab

v 62.51 bc
v 63.17 c

v 

g2 52.87 ab
w 68.79 a

vw 72.61 abc
vw 83.44 a

v 

g3 53.50 ab
w 60.50 ab

vw 74.00 abc
vw 81.00 ab

v 

g4 47.16 abc
w 62.50 a

vw 73.30 abc
v 75.00 abc

v 

g5 60.34 a
v 74.30 a

v 77.09 ab
v 84.92 a

v 

g6 33.09 c
w 48.40 bc

w 76.06 ab
v 83.51 a

v 

g7 57.32 a
w 75.00 a

vw 87.20 a
v 88.41 a

v 

g8 44.80 abc
w 59.65 ab

w 82.46 a
vw 89.77 a

v 

g9 36.69 bc
w 45.22 b

vw 56.69 c
vw 64.33 bc

v 

g10 36.67 bc
w 48.00 b

w 87.33 a
v 92.13 a

v 

g11 38.24 bc
w 44.71 b

w 60.59 bc
vw 74.71 abc

v 

 *) Different letters indicate differences at the level of 5% 
 

The genotypes 1, 2 and 5 show the canopy dry weight (CDW) index higher than the other genotypes on 

100% Al saturation conditions with value of 50.00%, 61.17% and 50.56%, respectively. While the root dry 

weight (RDW) index shows that g1, g5 and g7 obtained a higher yield than other genotypes with a value of 

56.29%, 60.34% and 57.32%, respectively (Table 1). This is aligned with the study of Hanum (2007) which 

showed that the Al stress treatments with Al saturation index of 25% and 50% decrease the root dry weight of 5 

soybean genotypes and increase RDW in Wilis. The magnitude of RDW decrease varied with genotypes. This 

indicates that the genotypic diversity of soybean has a significant effect on the level of aluminium stress the 

plant can tolerate showed by some traits including primary root length, root dry weight and canopy dry weight 

(Ojo and Ayuba, 2012). 

 

2. Root Length and Volume: 

Genotypes 1 and 2 are the genotypes that have the highest root length index with a value of 67.37% and 

64.14%, respectively, while genotype 10 is a genotype that has the smallest index value (35.89%) compared to 

other genotypes tested (Table 2). Kuswantoro et al. (2010) reported that the effects of acid soils showed a 

different response in root growth, where the tolerant genotypes have long roots while the susceptible genotypes 

show a depressed root growth. Table 2 shows that Al stress treatment resulted in different response in the root 

volume of soybean genotypes. Genotype 2, 3 and 5 provide the largest root volume index of 54.52%, 62.88% 

and 54.08%, while the smallest root volume index owned by genotype 6, 9 and 10 with the value of each of the 

following 34.91 %, 34.34% and 33.18%. Tolerant genotypes have a greater volume than the roots of the 

sensitive genotype, it is in line with the opinion of Ciampororova (2002) which stated that in addition to 

morphological changes, Al toxicity can cause a reduction in fine root branches and root hairs. 

 

3. Content of Al in the canopyandroots: 

Observation on the content of Al in the canopy and roots of soybean genotypes showed that Al content 

index in the canopy and root of soybean genotypes decreased with Al-saturation index from 100% to 25%. Al 

stress treatment gives a different response to the Al content in canopy of soybean genotypes. Genotypes 4 and 6 

gave the highest root Al content index in the canopy with values of 155.31% and 162.13%, respectively (Table 

2) while the highest Al content index in the root showed by genotype 4, 6 and 7 with the value of each of the 

following 439.62% , 436.65% and 457.46% at the 100% saturation level of Al (Table 4).  
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Table 2: Mean of root length index (%), Root Volume Index (%), Al content index in Canopy (%),  and Flowering age index (%) of some 

Soybean Genotypes at Different Levels of Al Stress. 

Treatment 
Root Length 

Index (%)  

Root Volume 

Index (%) 

Al Content index in 

Canopy (%)  

Flowering Age Index 

(%)  

SP (g) Index value   Index value   Index value   Index value   

g1 67.37 a 41.10 de 128.88 cd 86.99 b 

g2 50.41 abc 54.52 ab 139.53 bc 86.78 b 

g3 64.14 ab 62.88 a 141.65 b 87.90 b 

g4 58.43 abcd 52.39 abcd 155.31 a 90.24 ab 

g5 54.05 cde 54.08 abc 121.61 d 87.60 b 

g6 46.63 e 34.91 e 162.13 a 93.50 a 

g7 59.10 abc 51.95 abcd 132.77 bcd 88.98 b 

g8 48.67 cde 44.06 bcde 124.77 d 87.20 b 

g9 48.44 de 34.34 e 129.22 bcd 93.50 a 

g10 35.89 f 33.18 e 131.42 bcd 93.60 a 

g11 55.96 bcde 42.42 bcd 129.15 bcd 86.99 b 

*) Different letters indicate differences at the level of 5% 

 
Table 3: Mean of root length index (%), Root Volume Index (%), Al content index in canopy (%),  and Flowering age index (%) of some 

Soybean Genotypes at Different Levels of Al Stress. 

Treatment Root Length index (%) 
Root  Volume index 
(%) 

Al content Index in 
canopy (%)  Flowering age index (%)  

MP (a) Index value 
  

Index value 
  

Index value 
  

Index value 
  

a1 
53.55 d 45.98 d 136.04 a 89.39 d 

a2 
60.57 c 56.40 c 133.97 b 91.72 c 

a3 
66.41 b 66.45 b 126.61 c 93.78 b 

a4 
76.60 a 77.62 a 117.41 d 97.00 a 

*) Different letters indicate differences at the level of 5% 

 

Table 4: Mean of Al content index in root and pod number index of Some Soybean Genotypes at Different Levels of Al Stress 

Al content in 

root 
MP (a) 

Treatment a1   a2   a3   a4   

SP (g) Index value   Index value   Index value   Index value   

g1 389.76 bc
v 257.28 c

w 202.56 cde
w 135.68 e

x 

g2 369.51 c
v 297.76 bc

v 195.52 de
w 145.74 e

w 

g3 369.55 c
v 294.65 bc

vw 232.51 bcd
wx 179.01 cde

x 

g4 439.62 ab
v 341.98 ab

w 266.51 ab
wx 203.77 bcd

x 

g5 424.92 abc
v 332.83 ab

w 265.35 ab
wx 207.45 abc

x 

g6 436.65 ab
v 337.10 ab

w 301.81 a
w 262.90 a

w 

g7 457.49 a
x 359.42 a

w 306.76 a
wx 257.49 ab

x 

g8 414.83 abc
v 327.75 ab

w 255.98 abc
wx 246.41 ab

x 

g9 237.82 c
v 174.94 d

vw 157.08 e
w 149.65 de

w 

g10 247.80 c
v 168.50 d

w 161.89 e
w 157.49 cde

w 

g11 400.98 bc
v 318.05 abc

w 207.80 cde
x 153.66 cde

x 

Pod number 
 

  
 

  
 

  
 

  

g1 53.52 bc
w 57.98 cd

w 71.36 bcd
vw 75.30 def

v 

g2 53.89 bc
v 56.85 cd

v 59.07 e
v 62.78 g

v 

g3 58.98 ab
w 71.84 ab

w 89.58 a
v 93.79 ab

v 

g4 52.60 bc
w 59.12 cd

w 66.98 cde
w 84.69 bcd

v 

g5 55.11 b
v 57.43 cd

v 60.68 de
v 68.11 efg

v 

g6 37.07 e
x 43.48 e

wx 57.44 e
vw 65.45 fg

v 

g7 66.73 a
w 72.21 ab

vw 80.18 ab
vw 84.42 bcd

v 

g8 51.65 bc
x 63.58 bc

wx 67.49 cde
w 91.36 ab

v 

g9 48.75 bcd
w 75.21 a

v 81.62 ab
v 87.47 abc

v 

g10 39.96 de
x 53.64 cde

wx 59.38 e
w 77.26 cde

v 

g11 43.24 cde
x 51.00 de

x 72.51 bc
w 95.79 a

v 

*) Different letters indicate differences at the level of 5% 
 

High content of Al can impair the growth of soybean and damage plant roots, resulting in inefficiency in 

nutrients and water absorption by roots (Ma et al., 2000). Nevertheless, normal root growth shown by Willis at 

the condition of severe Alstress is thought due to the ability of the genotype to produce root exudates that in turn 

accommodate the roots to obtain nutrients, so the plants do not experience nutrient stress (Hanum et al., 2007). 

Felix and Donald (2002) reported that the ability of plant to maintain growth in the high Al content soil is 
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attributed to the ability of the plant to produce root exudates (in the form of anions of organic acids, sugars, 

vitamins, amino acids, purines, nucleotides, inorganic ions, and so on). These compounds help the plant roots to 

avoid the harmful effects of Al ions;therefore the roots can perform its function in absorbing nutrients and 

water. 

 

Flowering age index: 

Al stress treatment gave different responses on flowering age index of the soybeans genotypes. Genotype 

g1, g2, g11 gave the smallest flowering age index of 86.99%,86.78%, and 86.99% (Table 2), respectively (Table 

2). Overall, the flowering age index showed that early flowering was induced by aluminium stress condition 

from Al saturation index of 25% to 100% (Table 3).  

This is consistent with the opinion of Blum (2011) which stated that most constitutive properties that cause 

the resistance effects against drought particularly through avoidance of dehydration and effective use of water 

(EUW). These properties, for example,are the depth of the roots, the plant leaf area determined by the size of 

leaves or tillers, earlier flowering, leaf surface properties and the morphology of the reproductive system which 

fertility level is affected under conditions of stress. In addition, study of Retnowati and Surahman (2013) found 

that early flowering in jatropha plant could be related to stress condition such as soil acidity that induced 

senescence process marked by earlier flowering. This variation partly caused by genetic potential of each 

jatropha genotype and other variation in growth and production of the plant is determined by environmental 

factor including acidity of the soil.  Genotype 1, 2 and 11 showed relatively low flowering age index compared 

to other genotypes which could be related to the genetic and the effect of soil acidity.  

 

Index of Number of pods,number of seeds and seed weights of  Soybean Genotypes: 

Genotype 3 and 7 show the highest number of pods index of 58.98 % and 66.73 %, respectively among the 

11 genotypes tested, while the g6 is a genotype that has the lowest number of pods index with a value of 37.07% 

(Table 4). Genotype 2, 3, and 7 show the highest index of seed number with each value of 57.22%, 55.56% and 

63.53%, respectively compared to the other genotypes (Table 6). As for the seed weight index, the values that 

are not statistically different at 100 % Al saturation level index shown byg1 , g2 , g3 , g4 , g5and g7 with values of 

53.78 % , 58.11 % , 64.59 % , 52.79 % , 66.47 % and 55.49 %, respectively (Table 5). Aluminum toxicity is one 

of the main factors that limit the plant growth and the effort in developing soybean in acid soils. Main target of 

Al toxicity is the plasma membrane of the root cells, especially from the root tip. Forms of Al which can be 

poisonousfor plant is Al3
+
 (Mossor - Pietraszewska ,2001). Sustained root damage causing disruption of water 

and mineral nutrient absorption (Barceló and Poschenrieder, 2002). Inhibition of root growth due to acidic pH 

resulted in inhibition of the uptake of plant nutrients and water, resulting in lower yields (Ferrufino et al., 2000). 

According Kochian et al. (2004) the limiting factor for plant growth in acid soils is the poisoning of aluminum 

(Al), manganese, and iron (Fe), as well as deficiency of some important elements, such as phosphorus (P), 

nitrogen (N), potassium (K), calcium (Ca), magnesium, and several micronutrients . 

Content of aluminium in root and leaves of soybean genotypes affect grain yield reduction in acid stress 

condition. Chen et al. (2005) states that increase in root and leaves Al content cause concentration of Mg in both 

organs decrease causing photosyntetic active radiation (PAR) absorp by the plant also decrease.  Michael et al. 

(2012) states that a normal root growth and high plant yield in low soil pH can be caused by high uptake of 

essential mineral. Therefore, ability of the soybean genotypes to maintain a normal growth in acid stress 

condition is the effective parameter to be used for breeding program in the future. Moussa (2011) states that 

treatment with low doses of gamma rays (20 Gy) in soybean seeds before planting can be used to improve 

tolerance to drought and minimize the yield loss caused by water deficit. In addition, Hanafi (2011) states that 

the highest average value of soybean seed weight per plant was obtained with treatment with a dose of  50 Gray. 

 
Table 5: Mean index of Soybean Seed Weight(%) and Stress Tolerance Index(%) of Some Soybean Genotypes at Different Levels of Al 

Stress. 

Seed weight index MP(A) 

Treatment a1   a2   a3   a4   

SP(G) Index value   Index value   Index value   Index value   

g1 53.78 abc
w 66.88 bcd

vw 78.20 abc
v 84.45 ab

v 

g2 58.11 abc
w 69.97 a

vw 77.47 abc
vw 85.61 ab

v 

g3 64.59 ab
w 73.17 a

vw 87.69 a
v 89.34 a

v 

g4 52.79 abc
w 67.86 ab

vw 71.02 bcd
vw 73.66 bc

v 

g5 66.47 a
v 66.92 ab

v 70.96 bcd
v 84.66 ab

v 

g6 44.48 cd
w 48.87 c

w 64.06 cd
vw 81.37 abc

v 

g7 55.49 abc
w 65.11 ab

w 73.28 abcd
vw 90.85 a

v 

g8 37.44 d
w 53.78 bc

w 82.75 ab
v 87.56 ab

v 

g9 51.04 bcd
x 61.23 abc

wx 78.65 abc
vw 83.16 abc

v 

g10 51.44 bcd
w 60.50 abc

w 68.11 bcd
w 90.95 a

v 

g11 50.20 bcd
v 54.22 bc

v 61.68 d
v 68.67 c

v 

Stress To   
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lerance Index (STI) 

 

g1 0.54 abc
x 0.67 ab

wx 0.78 abc
vw 0.84 ab

v 

g2 0.58 abc
x 0.70 a

wx 0.78 abc
vw 0.86 ab

v 

g3 0.64 ab
w 0.72 a

w 0.87 a
v 0.89 ab

v 

g4 0.53 abcd
w 0.68 ab

v 0.71 bcd
v 0.74 bc

v 

g5 0.66 a
w 0.67 ab

w 0.71 bcd
vw 0.85 ab

v 

g6 0.44 cd
x 0.49 c

x 0.64 cd
w 0.81 abc

v 

g7 0.56 abc
x 0.65 ab

wx 0.73 abcd
w 0.91 a

v 

g8 0.37 d
x 0.54 bc

w 0.83 ab
v 0.88 ab

v 

g9 0.51 abcd
w 0.61 abc

w 0.79 abc
v 0.83 abc

v 

g10 0.51 abcd
x 0.61 abc

wx 0.68 bcd
w 0.91 a

v 

g11 0.50 bcd
w 0.54 bc

vw 0.62 d
vw 0.68 c

v 

 *) Different letters indicate differences at the level of 5% 
 

Stress Tolerance Index (STI) and Tolerance Index (TI): 
Tables 5 and 6 show that treatment genotypes 1, 2, 3, 4, 5 and 7 provide stress tolerance index (STI) and 

tolerance index (TI) that were statistically different from the other genotypes tested with stress tolerance index 

(STI) values of 0.54, 0.58, 0.64, 0.53, 0.66 and 0.56, respectively at the Al saturation level of 100 % and the 

value of tolerance index (TI) of 0.504, 0.548, 0.613, 0.529, 0.620 and 0.504. Kuswantoro (2010) stated that the 

identification of soybean adaptive to tidal area can be done by evaluating grain yield in tidal land directly, 

because basically grain yield is what to expect from the development and the construction of improved varieties. 

The evaluation criteria that can be used in the assessment of tidal land tolerances can be done based on the 

evaluation of tolerance as in other environmental stresses , namely (1) the adaptation index (Howeler 1991), (2) 

stress tolerance index (Fernandez 1993), the higher the value of the ITC a more adaptive genotype strains,both 

environmental suboptimal and optimal environments, (3) an index of tolerance with the highest yield in stress 

conditions  

Evaluation criteria used in the assessment of tolerance in the tidal area can be based on other environment 

stress tolerance evaluation, namely (1) adaptation index (AI) (Howeler, 1991), (2) stress tolerance index (STI) 

(Fernandez, 1993), the higher the STI of a genotype the more adaptive the strain, whether in the suboptimal or 

optimal environment condition (3) tolerance index (TI) with highest yield in stressed condition. 

 
Table 6:  Mean of number of seeds Index (%) and Tolerance Index (TI) of Some Soybean Genotypes at Different Levels of Al Stress. 

Treatment Number of Seeds Index (%)  Tolerance Index (TI) 

SP (g) Index value   Index value   

g1 44.44 cde 0.504 abc 

g2 57.22 ab 0.548 ab 

g3 55.56 abc 0.613 a 

g4 46.31 bcd 0.529 abc 

g5 35.28 def 0.620 a 

g6 35.42 def 0.407 cd 

g7 63.53 a 0.504 abc 

g8 34.58 ef 0.357 d 

g9 43.11 def 0.495 bc 

g10 46.66 e 0.503 bc 

g11 32.00 f 0.468 bc 

*) Different letters indicate differences at the level of  5% 

 
Table 7: Correlation value between Soybean Genotype Seed Weight Index (Y) against Index of Canopy and Root Dry Weight, Root 

Length, Root volume, Al Content in canopy and root, Flowering Age, Pods number, seed number, Stress Tolerance Index (STI) 
and Tolerance Index (TI) 

  Observation Parameter Regression equation r   

1 Canopy dry weight index y = -0,0115x2 + 2,1899x - 19,101 0.761 ** 

2 Root dry weight index y = -0,0031x2 + 1,0715x + 12,622 0.809 ** 

3 Root length index  y = -0,0035x2 + 1,2026x + 6,1328 0.644 ** 

4 Root volume index y = -0,0048x2 + 1,0689x + 22,701 0.683 ** 

5 Al content index in Root y = -0,0002x2 - 0,0071x + 83,239 0.656 ** 

6 Al content index in Canopy y = 0,0089x2 - 2,8362x + 284,77 0.533 ** 

7 Flowering age index y = 0,184x2 - 32,229x + 1471,5 0.580 ** 

8 Pods number index y = -0,0111x2 + 2,188x - 24,915 0.772 ** 

9 Seed number index y = 0,0015x2 + 0,5195x + 30,409 0.797 ** 

10 Stress Tolerance Index (STI) y = -0,9114x2 + 101,37x - 0,4764 1.000 ** 

11 Tolerance Index (TI) y = -29,03x2 + 135,13x - 5,3357 0.984 ** 
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Fig. 1: Relationship between seed weight index and root dryweight index, Al content index in root, root length 

index of  Soybean genotype(%). 

 

Correlation test is intended to determine the relationship between the parameters of the soybean seed weight 

index and canopy and root dry weight index, root length and volume indexes, index of the content of Al in the 

canopy and root, flowering age index,  number of pods and number of seed indexes, stress tolerance index (STI) 

and tolerance index (TI).  

The correlation value is based on the ability of plants to produce soybean seed undervarious Al saturation 

level, in other word, it is a figure of the ability of the plant to growth in stressed conditions. Table 7 shows that 

the values of all the parameters have a very significant relationship to the grain weight index of soybean 

genotype at Al saturation index. This suggests that the increase in the parameter of canopy and root dry weight 

index, root length and volume index, flowering age index, number of pods and seeds indexes, stress tolerance 

index (STI) and tolerance index (TI) will be followed by an increase in soybean seed weight index and contrary 

to the content of Al in the canopy and roots index. This can be seen in Fig. 1 which shows the relationship 

between seed weight index with the root dry weight index, root length index and the Al content index of in the 

roots of soybean genotypes . 

 

Conclusion: 

Based on the analysis it can be concluded that:  

1. Six soybean genotypes classified as acid-tolerant are var. Menyapa (50 Gy), var. Orba (25 Gy), var. 

Tanggamus (0 Gy), var. Tanggamus (25 Gy), var. Tanggamus (50 Gy) and var. Orba (50 Gy); and five 

genotypes are classified in susceptible genotypes, namelyvar. Orba (75 Gy), var. Tanggamus (75Gy),var. 

Menyapa (0 Gy), var. Orba (0 Gy) and var. Menyapa (75 Gy). 

2. Al saturation index of 100% and 75% can be used as an indicator of selection of soybean genotypes to 

acidity stress.  

3. Parameters of canopy and root dry weight index, root length and volume index,  Al content index in the 

canopy and root, grain yield, stress tolerance index and tolerance index can be used as indicator of selection of 

soybean genotypes tolerance to acidity stress. 
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