
Volume 15(3), 39- 48, 2011 
JOURNAL of Horticulture, Forestry and Biotechnology 

39 

Aluminium (Al) tolerance variability in seven wheat cultivars 
            

 

 

Mohammad Mostain Kabir1, Chayon Goswami2 and A. K. M. Zakir Hossain3  
 
1
Department of Agroforestry, Bangladesh Agricultural University, Mymensingh-2202; 

2
Department of 

Biochemistry, Bangladesh Agricultural University, Mymensingh-2202; 
3
Department of Crop Botany, 

Bangladesh Agricultural University, Mymensingh-2202 
 

 

*Corresponding author. Email: chayon.goswami@yahoo.com 

 

Abstract       A petri dish and hydrophonic culture experiment was conducted 
at Crop Physiology Laboratory, Department of Crop Botany, Bangladesh 
Agricultural University, Mymensingh to investigate the effect of aluminum on 
seed germination, morphological characters and growth of wheat seedlings. 
The experiment comprised two levels of aluminum concentrations viz., 0 
(control) and 250 ppm

 
and seven wheat varieties viz., B1064, Sonalika, B20, 

B1059, Kanchan, B21 and B19. The experiment was laid out in two factors 
completely randomized design with three replications. Application of 250ppm 
aluminum had a profound influence on hypocotyl and epicotyl length, 
germination percentages, root and shoot length and fresh and dry mass 
production in wheat. Results indicated that germination percentage, hypocotyl 
and epicotyl length, root and shoot length, leaf length, fresh and dry mass 
plant

-1
 were greater in control than that of aluminum treatment indicating 

wheat seedlings are susceptible to aluminum stress. However, among the 
studied varieties, the reduction of dry mass due to aluminum was minimum in 
Sonalika (3.31% reduction over control) followed by B1059 (6.19% reduction 
over control) indicating that Sonalika was more tolerant to aluminum toxicity 
than the other varieties while the varieties, B20 and B21 were more 
susceptible to aluminum stress.   
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Wheat (Triticum spp.) is a grass which is currently 

second to rice as the main human food crop. 

Alluminum (Al) is the most abundant metal in the 

earth’s crust, comprising about 7% of its mass. Since 

many plant species are sensitive to micromolar 

concentrations of Al, the potential for soils to be A1 

toxic is considerable. Fortunately, most of the A1 is 

bound by ligands or occurs in inert forms such as 

aluminosilicates and precipitates. However, 

solubilization of this A1 is enhanced by low pH and A1 

toxicity is a major factor limiting plant production on 

acid soils. Soil acidification can develop naturally 

when basic cations are leached from soils, but it can be 

accelerated by some farming practices and by acid rain 

(Kennedy, 1986). Strategies to maintain production on 

these soils include the application of lime to raise the 

soil pH and the use of plants that are tolerant of acid 

soils. Cultivar tolerance to aluminum can be assessed 

by the relative performance of that cultivar in 

conditions of varying degrees of A1 toxicity (Kerridge 

et al., 1971). Fleming and Foy (1968) suggested that 

the inhibition of root development may be a useful 

indicator for selecting plants for greater A1 tolerance 

and for use as a biological indicator of Al toxicity in 

acidic soils. Al
3+

 toxicity inhibits plant growth by 

interfering with the regulatory process of root growth 

and development (Foy, 1988; Taylor, 1988; Kochian, 

1995). To overcome the situation Al
3+

 tolerant wheat 

germplasm may be helpful for the expansion of its 

cultivation in the areas of acid soil. Excess of Al is 

generally considered to be responsible for inhibiting 

growth and depressing yields on acid soils. Therefore, 

the present research work was undertaken to screening 

out the resistant variety(s) and to investigate the 

aluminum tolerance variability among the different 

wheat varieties. 

 
Materials and Methods 

 
The experiment was conducted at the MS physiology 

laboratory, Department of Crop Botany, Bangladesh 

Agricultural University, Mymensingh. Cleaned and 

dried petri dishes were taken with filter papers. The 

black coloured pots were prepared by taking water with 

macro and micronutrients and a water pump was 

attached to supply oxygen into the water. Seven 

varieties of wheat seed (B1064, B20B, 1059, Kanchan, 

Sonalika, B21, B19) was collected from the 

Bangladesh Agricultural Research Institute (BARI), 

mailto:chayon.goswami@yahoo.com
http://en.wikipedia.org/wiki/Poaceae


 40 

Gazipur, Bangladesh. The experiment was laid out in 

two factors Completely Randomized Design (CRD) 

with three replications having 2 treatments. Thus, the 

total number of petri dishes and water tanks (12 L) 

used in this study was 42 and 8, respectively. All the 

experiments were conducted in a growth room at 25ºC 

under a 12h light and 12 h dark regime, 70% relative 

humidity. The experiment consisted of two treatments 

comprising Al application and one control. Each 

treatment received an equal amount of macro and 

micronutrients. NH4NO3 (500 µM), Ca(NO3)2 

(500µM), MgSO4 (125µM), KH2PO4 (2µM), FeCl3 

(2µM), H3BO3 (11µM), MnCl2 (2µM), ZnCl2 

(0.35µM), CuCl2 (0.2µM), (NH4)6Mo7O4 (0.1µM) were 

used as nutrient source. Al solution of 250ppm 

concentration was sprayed to the seeds on petri dishes. 

250ppm Al solution was also added to the water into 

the tank. The solution was changed at 5 days interval. 

The pH of the nutrient solution was adjusted everyday 

using in NaOH and HCl solution. The seeds were 

washed and soaked with distilled water and kept in 

refrigerator for 24 hrs. Twenty five imbibed seeds were 

germinated on filter papers (Adventec Tokyo, Japan) in 

each petri dishes containing 100µM CaCl2. 

 

 

 
Fig. 1 Petri dishes showing germination of wheat 

seeds (Control) 

 
Fig. 2 Petri dish showing germination of wheat 

seeds (With Al) 

 
Fig. 3 Wheat seedlings grown in hydrophonic culture 

solution (Control) 

 
Fig. 4 Wheat seedlings grown in hydrophonic 

culture solution (With Al) 

 
Simultaneously 25 germinated seeds were placed in 

each tank supported with sponge and cork sheet. 

Management was done as and when necessary to 

ensure normal germination and growth of seeds. 

Germination percentage, hypocotyl and epicotyl length 

of germinated seeds on petri dishes were collected at 

selected stages (4, 6 and 8 days after sowing). Root and 

Shoot length, Number of roots plant
-1

, Flag leaf length, 

Fresh and Dry weight of seedlings on hydrophonic 

culture were collected at selected stages (10 and 15 

days after sowing). The seedlings were collected and 

prepared to study the fresh and dry weight. The 

weights of 5 fresh seedlings were recorded and the 

seedlings were placed in an oven for 48 hrs at 80±2ºC. 

Then the dry weights were measured using an electrical 

balance. Data were statistically analyzed for analyses 

of variance (ANOVA) using the M-STAT Statistical 

Computer Package Programme in accordance with the 

principles of Completely Randomized Design. 

Duncan’s Multiple Range Test (DMRT) was used to 

compare variations among the treatments. 
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Results and Discussions 

 
Effect of aluminum levels on crop characters of 

wheat grown in petri dish 

Length of hypocotyl 

 
The effect of aluminum levels and variety on hypocotyl 

length at 4, 6 and 8 days after sowing was significant 

(Table 1). Results showed that hypocotyl length was 

greater in control plant than Al treated plants at all 

growth stages. This result is consistent with Sivaguru 

and Paliwal (1993) who reported that wheat root length 

decreased grown in aluminum concentrated solution 

than control. However, at 8 DAS, the higher hypocotyl 

length was also observed in Kanchan (8.58 cm). 

Genotypic variations in root length were observed by 

Ma et al. (2004) in wheat that supported the present 

experimental result. 

Table 1  

Effect of Al level and varieties on hypocotyls length in wheat grown in petri dish 

Treatment Hypocotyls  length (cm ) at 

4 DAS 6 DAS 8 DAS 

Al level (ppm)    

    0 

    250 

5.895a 

5.514b 

7.362a 

6.748b 

8.095a 

6.981b 

F-test ** ** ** 

LSD (0.05) 0.352 0.488 0.592 

Variety    

B1064 

Sonalika 

B20 

B1059 

Kanchan 

B21 

B19 

4.733 e 

5.600 cd 

6.650 a 

5.283 d 

5.617 cd 

5.583 c 

6.167 b 

7.083 cd 

7.433 bc 

7.667 a 

6.233 e 

7.650 b 

5.833 f 

6.583 de 

7.550 b 

8.417 b 

8.667 a 

6.900 b 

8.583 a 

6.733 b 

7.317 b 

F-test ** ** ** 

CV (%) 6.95 7.79 8.89 
 

In a column, same letters (s) do not differ significantly 

at P ≤ 0.05; ** indicate significant at 1% level of 

probability. 

The interaction effect of variety and aluminum level on 

hypocotyl length at 4, 6 and 8 DAS was significant 

(Table 2). The longest hypocotyl was recorded in the 

treatment combination of B20 with 0 ppm Al at all 

growth stages.  

Table 2  

Interaction effect of Al level and varieties on hypocotyl length in wheat grown in petri dish 

Interaction 

(Variety × Al. level) 

Hypocotyl  length (cm ) at 

4 DAS 6 DAS 8 DAS 

B1064 × 0 ppm Al 

B1064 × 250 ppm Al 

Sonalika × 0 ppm Al 

Sonalika × 250 ppm Al 

B20 × 0 ppm Al 

B20 × 250 ppm Al 

B1059 × 0 ppm Al 

B1059 × 250 ppm Al 

Kanchan × 0 ppm Al 

Kanchan × 0 ppm Al 

B21 × 0 ppm Al 

B21 × 250 ppm Al 

B19 × 0 ppm Al 

B19 × 250 ppm Al 

4.967  fg 

4.500  g 

5.700  b-f  

5.500  def  

6.867  a       

6.433  ab      

5.500  def  

5.067  efg 

5.767  b-e   

5.467  def  

6.100  bcd    

4.967  fg  

6.367  abc     

5.967  bcd    

7.500  cd      

6.667  c-g   

7.700  bc       

7.167  cde     

8.833  a         

8.500  ab        

6.533  d-g   

5.933  fgh  

8.500  ab        

7.200  cde     

5.667  gh  

5.400  h  

6.800  c-f    

6.367  e-h 

8.033 b    

7.067 bcd  

7.000 bcd  

6.633 cd  

9.533 a     

7.800 bc   

7.667 bc   

6.133 d  

9.367 a     

8.200 b    

7.533 bc   

5.933 d  

7.533 bc   

7.100 bcd 

F-test * * * 

CV (%) 6.95 7.79 8.89 
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In a column, same letter (s) does not differ significantly 

at P ≤ 0.05; * indicate significant at 5% level of 

probability. 

 
Length of epicotyl 
Aluminum and variety had a significant influence on 

epicotyl length at 4, 6 and 8 DAS in wheat (Table 3). 

Results showed that epicotyl length was higher in 

control plant than Al treated plants at all growth stages. 

The variety Sonalika showed longer epicotyl at 6 and 8 

DAS whereas B19 showed longer epicotyl at 4, 6 and 8 

DAS. The shortest epicotyl was recorded in B1064 at 

most of the growth stages (4.32, 8.63 and 10.43 cm). 

This variation might be due to the fact of genetical 

character of the varieties. The interaction effect of 

variety and Al level on epicotyl length at 4, 6 and 8 

DAS was significant (Table 4). At 8 DAS, the longest 

and shortest epicotyls were recorded in the treatment 

combination of Sonalika with 0 ppm Al (13.50 cm) and 

in B1064 with 250 ppm Al (11.20 cm), respectively.

  

Table 3  

Effect of Al level and varieties on epicotyl length in wheat grown in petri dish 

Treatment Epicotyls  length (cm ) at 

4 DAS 6 DAS 8 DAS 

Al level (ppm)    

    0 

    250 

4.633 a 

4.243 b 

9.495 a 

8.948 b 

12.162 a 

11.552 

F-test ** ** * 

Variety    

B1064 

Sonalika 

B20 

B1059 

Kanchan 

B21 

B19 

4.317   b  

4.267   b  

4.100   b  

4.550   b  

4.383   b  

4.083   b  

5.367  a   

8.633  d   

9.300  ab  

8.533  c 

9.367  ab  

9.550  a   

8.833  bc 

9.333  ab 

10.43  d 

13.35  a    

11.68  bc  

11.70  bc  

12.72  ab  

11.27  cd 

12.50  ab   

F-test ** ** ** 

CV (%) 9.15 5.93 5.96 
 

In a column, same letter(s) do not differ significantly at 

P ≤ 0.05; *, ** indicate significant at 5% and 1% level 

of probability, respectively for 4, 6 and 8 DAS, 

respectively).

  

Table 4  

Interaction effect of Al level and varieties on epicotyls length in wheat grown in petri dish 

Interaction 

(Variety × Al. level) 

Epicotyl  length (cm ) at 

4 DAS 6 DAS 8 DAS 

B1064 × 0 ppm Al 

B1064 × 250 ppm Al 

Sonalika × 0 ppm Al 

Sonalika × 250 ppm Al 

B20 × 0 ppm Al 

B20 × 250 ppm Al 

B1059 × 0 ppm Al 

B1059 × 250 ppm Al 

Kanchan × 0 ppm Al 

Kanchan × 250 ppm Al 

B21 × 0 ppm Al 

B21 × 250 ppm Al 

B19 × 0 ppm Al 

B19 × 250 ppm Al 

4.533 bcd 

4.100 cd 

4.333 cd 

4.200 cd 

4.333 cd 

3.867 d 

4.733 bc  

4.367 cd 

4.633 bcd 

4.133 cd 

4.300 cd 

3.867 d 

5.567 a    

5.167 ab   

8.933  bcd    

8.333  d  

9.400  abc  

9.200  a-d 

8.800  bcd 

8.267  d 

9.667  ab   

9.067  a-d 

9.900  a    

9.200  a-d 

9.133  a-d 

8.533  cd 

9.633  ab   

9.033  a-d 

10.67 ef 

10.20  f 

13.50  a      

13.20  ab     

12.03  b-e  

11.33  c-f 

11.97  b-e  

11.43  c-f 

12.00  b-e  

11.43  c-f 

11.53  c-f 

11.00  def 

12.73  abc    

12.27  a-d   

F-test * * * 

CV (%) 9.15 5.93 5.96 
 



 43 

 

In a column, same letter (s) do not differ significantly 

at P ≤ 0.05; * indicate significant at 5% level of 

probability. 

 
Germination percentage 
Effect of Al: The effect of Al and variety on 

germination percentage at 4, 6 and 8 days after sowing 

was significant (Table 5). Results showed that 

germination percentage was greater in control plant 

than Al treated plants at all growth stages. This result is 

consistent with Aniol (1984) who reported that wheat 

germination percentage decreased when grown in Al 

concentrated solution than control. The highest 

germination percentage was recorded in the variety 

Sonalika (99.7%) followed by Kanchan (98.83%) with 

same statistical rank. 

 

Table 5  

Effect of Al level and varieties on germination percentage in wheat grown in petri dish 

Treatment Germination percentage at 

4 DAS 6 DAS 8 DAS 

Al level (ppm)    

    0 

    250 

98.81 a 

95.00 b 

98.81 a 

96.06 b 

98.81 a 

96.31 b 

F-test ** ** ** 

Variety    

B1064 

Sonalika 

B20 

B1059 

Kanchan 

B21 

B19 

96.17  c   

99.33  a     

97.00  bc   

97.17  bc   

98.83  ab    

94.33  d  

97.50  bc   

98.00  ab  

99.70  a   

97.33   b  

97.50  ab  

98.67  ab  

94.67   c 

97.33  ab 

98.50  a  

99.7  a  

96.67   b 

96.67   b 

98.83  a  

96.17   b 

96.83   b 

F-test ** ** ** 

CV (%) 2.48 2.89 1.61 
 

In a column same letter (s) do not differ significantly at 

P ≤ 0.05; ** indicate significant at 1% level of 

probability. 

 
The interaction effect of variety and Al level on 

germination percentage at 4, 6 and 8 DAS was 

significant (Table 6). The highest germination 

percentage was recorded in the treatment combination 

of Sonalika with 0 ppm Al at all growth stages (100%). 

The lowest germination percentage was observed in 

B20 and B1059 with 250 ppm Al (94.67%). 

 Table 6  

Interaction effect of Al level and varieties on germination percentage in wheat grown in petri dish 

Interaction 

(Variety × Al. level) 

Germination percentage at 

4 DAS 6 DAS 8 DAS 

B1064 × 0 ppm Al 

B1064 × 250 ppm Al 

Sonalika × 0 ppm Al 

Sonalika × 250 ppm Al 

B20 × 0 ppm Al 

B20 × 250 ppm Al 

B1059 × 0 ppm Al 

B1059 × 250 ppm Al 

Kanchan × 0 ppm Al 

Kanchan × 250 ppm Al 

B21 × 0 ppm Al 

B21 × 250 ppm Al 

B19 × 0 ppm Al 

B19 × 250 ppm Al 

99.33  ab    

93.00     d  

100.0  a     

98.67  a     

98.67  ab    

95.33    cd  

98.67  ab    

95.67   bc   

99.33  ab    

97.33  ab    

97.33  abc   

91.33      e 

98.33  ab    

95.67   bc   

99.33  ab  

96.67  b  

100.0  a   

99.50  a   

98.67  ab  

95.00   b  

98.67  ab  

96.33  ab  

99.33  ab  

98.00  ab  

97.33  b  

92.00    c 

98.33  ab  

96.33  ab 

99.33  a   

97.67  a   

100.0  a   

99.50  a   

98.67  a   

94.67   b  

98.67  a   

94.67   b  

99.33  a   

98.33  a   

97.33  ab  

95.00   b  

98.33  a   

95.33   b 

F-test * * * 

CV (%) 2.48 2.89 1.61 
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In a column, same letter (s) do not differ significantly 

at P ≤ 0.05; * indicate significant at 5% level of 

probability. 

 
Effect of Al levels and variety on crop 

characters of wheat grown in pot water culture 

Root length 
Aluminum and variety had a significant influence on 

root length at 10 and 15 DAS in wheat (Table 7). 

Results showed that root length was higher in control 

plant than Al treated plants at both the growth stages. 

The genotype B1064 showed highest root length both 

at 10 and 15 DAS (15.50 and 16.73 cm) whereas the 

lowest was in B21 both at 10 and 15 DAS (13.08 and 

13.80 cm). The interaction effect of variety and Al on 

root length was significant (Table 8). The highest root 

length was observed in the treatment combination of 

B1059 with 0 ppm Al (17.43 cm) and the lowest was in 

B21 with 250 ppm Al (12.23 cm). 

 

 Table 7  

Effect of two levels of Al and variety on root and shoot length in wheat 

Treatments Root length (cm) at Shoot length (cm) at 

10 DAS 15 DAS 10 DAS 15 DAS 

Al levels (ppm)      

   0 

250   

14.74 

13.66 

15.85 a 

 13.97 b 

21.36 

17.50 

26.23 a 

24.32 b 

F-test ** ** ** * 

Cultivars     

   B1064 

Sonalika 

B20 

B1059 

Kanchan 

B21 

B19  

15.50 a 

15.08 ab 

14.10 a-d 

13.30 cd 

13.10 d 

13.08 d 

14.53 abc 

16.73  a   

15.62  b  

14.40  c 

15.38  b  

14.00  c 

13.80  c 

14.65  c 

19.03   b  

22.43   a   

19.05   b  

17.72   bc 

16.77   c 

18.80   b  

22.20  a   

21.47  c 

28.73  a   

26.80   b  

27.05   b  

27.25  ab  

22.78   c 

26.38   b 

F-test ** ** ** ** 

CV (%) 7.68 5.02 7.90 4.99 
 

In a column, figures bearing same letter (s) do not 

differ significantly at P ≤ 0.05 by DMRT;    * and ** 

indicate significance at 5% and 1% level of probability, 

respectively. 

 

Shoot length 
Aluminum and variety had a significant influence on 

shoot length at 10 and 15 DAS in wheat (Table 7). 

Results showed that shoot length was higher in control 

plant than Al treated plants both at 10 and 15 DAS. 

This result is consistent with Foy and Fleming (1982) 

who reported that wheat shoot length decreased grown 

in Al concentrated solution than control. The 

interaction effect of variety and Al level on shoot 

length at 10 and 15 DAS was significant (Table 8). AT 

15 DAS, the highest shoot length was recorded in the 

treatment combination of Sonalika with 0 ppm Al 

(28.97 cm) and the lowest was recorded in B1064 with 

250 ppm Al (19.67 cm).  

 
Root number 
The effect of Al and variety on root production at 10 

DAS was significant but 15 DAS was non-significant 

(Table 9). The root number at 10 DAS was greater in 

control plants (5.10 plant
-1

) than Al treated plants (4.71 

plant
-1

). However, at 15 DAS, there had no influence of 

Al concentration on root production. This result 

disagrees with Ryan et al. (1993) who reported that 

excess Al inhibit root production in wheat. 
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Table 8  

Interaction effect of Al levels and variety on root and shoot length in wheat 

 
Interaction 

 

Root length (cm) at Shoot length (cm) at 

10 DAS 15 DAS 10 DAS 15 DAS 

B1064 × 0 ppm Al 

B1064 × 250 ppm Al 

Sonalika × 0 ppm Al 

Sonalika × 250 ppm Al 

B20 × 0 ppm Al 

B20 × 250 ppm Al 

B1059 × 0 ppm Al 

B1059 × 250 ppm Al 

Kanchan × 0 ppm Al 

Kanchan × 0 ppm Al 

B21 × 0 ppm Al 

B21 × 250 ppm Al 

B19 × 0 ppm Al 

B19 × 250 ppm Al 

15.40  abc  

15.60  ab   

16.00  a    

14.17  abcd 

14.17  abcd 

14.03  abcd 

13.67   bcd 

12.93   d 

13.33   cd 

12.87   d 

15.07  abc  

12.50   d 

15.33  abc  

13.73  bcd 

16.74  ab 

16.03  ab     

16.50  ab    

15.73  b  

14.57  cd  

14.23   cde  

17.43  a     

13.33  def  

14.83   c    

13.17   ef 

15.37   bc    

12.23   f 

15.53   bc 

13.77   def  

20.10   bc   

17.97   bcde 

25.60   a     

19.27   bcd  

20.40   bc   

17.70   cde 

20.20   bc   

15.23   e 

17.97   bcde 

15.57   e 

20.83   b    

16.77   de 

24.40  a     

20.00  bc   

22.27  cd 

19.67 d 

28.97  a    

28.00  ab   

27.40  ab   

25.20   b   

27.63  ab   

25.47   b   

27.40  ab   

26.10  ab   

23.63   c  

20.93   cd 

26.33   b  

25.43   b  

F-test ** ** * * 

CV (%) 7.68 5.02 7.90 4.99 
 

In a column, figures bearing same letter (s) do not 

differ significantly at P ≤ 0.05 by DMRT;    * and ** 

indicate significance at 5% and 1% level of probability, 

respectively.

 

Table 9  

Effect of two levels of Al and variety on root number and leaf length in wheat 

 
Treatments Number of roots plant

-1
 at Leaf length (cm) at 

10 DAS 15 DAS 10 DAS 15 DAS 

Al levels (ppm)      

   0 

250   

5.10 a 

4.71 b 

4.95 

4.95 

13.10 b 

17.10 a 

20.23 b 

21.42 a 

F-test ** NS ** * 

Cultivars     

B1064 

Sonalika 

B20 

B1059 

Kanchan 

B21 

B19  

4.500   c 

5.167  ab  

4.500   c 

5.500  a   

4.833   bc 

4.667   bc 

4.833   bc 

4.833  bc 

5.167  ab  

4.667  c 

5.670  a   

5.000   bc 

4.833   bc 

4.833   bc 

14.92    c  

17.48  a    

14.57    c  

14.62    c  

13.07     d 

15.72   bc  

17.07  ab   

16.67  d 

23.47  ab   

22.18  b   

24.70  a    

24.77  a    

15.62  d 

18.37  c 

F-test * ** ** ** 

CV (%) 9.33 8.08 7.64 5.57 
 

In a column, figures bearing same letter (s) do not 

differ significantly at P ≤ 0.05 by DMRT;    NS = Not 

significant; * and ** indicate significance at 5% and 

1% level of probability, respectively. 

 

The interaction effect of variety and Al on root 

production was significant (Table 10). The highest 

number of roots plant
-1

 was observed in the treatment 

combination of B1059 with 0 ppm Al (5.67 plant-1 at 

15 DAS) and the lowest was recorded in the treatment 

combination of B20 with 250 ppm Al (4.33 plant
-1

).
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Table 10  

Interaction effect of Al levels and variety on root number and leaf length in wheat 

Interaction 

 

Number of roots plant
-1

 at Leaf length (cm) at 

10 DAS 15 DAS 10 DAS 15 DAS 

B1064 × 0 ppm Al 

B1064 × 250 ppm Al 

Sonalika × 0 ppm Al 

Sonalika × 250 ppm Al 

B20 × 0 ppm Al 

B20 × 250 ppm Al 

B1059 × 0 ppm Al 

B1059 × 250 ppm Al 

Kanchan × 0 ppm Al 

Kanchan × 250 ppm Al 

B21 × 0 ppm Al 

B21 × 250 ppm Al 

B19 × 0 ppm Al 

B19 × 250 ppm Al 

4.667   bc 

4.333   c 

5.000  abc 

5.333  ab  

4.667  bc 

4.333  c 

5.667  a  5.333  

ab  

5.000  abc 

4.667   bc  

5.000  abc 

4.333  c 

5.000  abc 

4.667   bc  

5.000  abc 

4.667  bc  

5.333  ab 

5.000  abc 

5.000  abc 

4.333  c  

5.667  a   

5.567  a   

5.333  ab 

4.667  bc 

5.000  abc 

4.667  bc 

5.000  abc 

4.667  bc 

15.83   cd    

14.00  defg  

19.40  a       

15.57   cde  

15.60   cde   

13.53   efgh  

17.07   bc     

12.17   gh  

14.37   def  

11.77   h  

18.47  ab       

12.97  fgh 

18.93  ab 

15.20  cde  

17.17  def 

16.17  ef 

24.47  ab    

22.47   bc  

22.43   bc   

21.93   c   

25.20  a     

24.20  ab  

25.77  a     

23.77  abc  

15.87  ef 

15.37  f 

19.03  d  

17.70  de  

F-test * * * * 

CV (%) 9.33 8.08 7.64 5.57 
 

In a column, figures bearing same letter (s) do not 

differ significantly at P ≤ 0.05 by DMRT;    * indicate 

significance at 5% level of probability 

 
Leaf length  
The effect of Al and variety levels on leaf length at 10 

and 15 DAS was significant (Table 9). Results showed 

that leaf length was higher in control plant than Al 

treated plants both at 10 and 15 DAS. This result is 

consistent with Sivaguru and Paliwal (1993) who 

reported that leaf length decreased grown in Al 

concentrated solution than control. The interaction 

effect of variety and Al level on leaf length at 10 and 

15 DAS was significant (Table 10). The longest leaf 

length was recorded in the treatment combination of 

Kanchan with 0 ppm Al at 15 DAS (25.77 cm) 

followed by B1059 with 0 ppm Al (25.20 cm) with 

same statistical rank. On the other hand, the shortest 

leaf length was observed in B21 with 250 ppm Al 

(15.37 cm at 15 DAS). 

  

 
Table 11  

Effect of two levels of Al and variety on fresh and dry weight in wheat 

Treatments Fresh weight (mg) plant
-1

 at Dry weight (mg) plant
-1

 at 

10 DAS 15 DAS 10 DAS 15 DAS 

Al levels (ppm)      

   0 

250   

733.1 

707.6 

1123 b 

1057 b 

160.0 a 

148.6 b 

233.7 a 

207.8 b 

F-test ** ** ** ** 

Cultivars     

B1064 

Sonalika 

B20 

B1059 

Kanchan 

B21 

B19  

717.5 

734.0 

706.5 

721.0 

730.0 

709.5 

724.0 

1140  ab    

1056  cd  

1014  d  

1095  bc   

1156  a     

1138  ab    

1030  d 

148.0   bc 

167.0  a   

148.5  bc 

156.0  abc 

160.0  ab  

144.0  c 

156.5  abc 

222.0 a 

221.3 a  

202.0  b 

219.0  a 

224.0  a 

211.0  ab 

206.5 b   

F-test NS ** * * 

CV (%) 3.00 3.53 7.52 6.06 
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Fresh weight 
The effect of Al and variety on fresh weight plant

-1
 at 

10 and 15 DAS was significant (Table 11). Results 

showed that fresh weight plant-1 was greater in control 

plant than Al treated plants both at 10 and 15 DAS. 

This result is consistent with Dethaize and Ryan (1995) 

who reported that fresh and dry weight decreased 

grown in Al concentrated solution than control. The 

interaction effect of variety and Al level on fresh 

weight plant
-1

 at 10 and 15 DAS was significant (Table 

12). The highest fresh weight plant
-1

 was recorded in 

the treatment combination of Kanchan with 0 ppm Al 

both at 10 and 15 DAS (743 and 1204 mg plant
-1

) 

followed by B1064 with 0 ppm Al (730 and 1180 mg 

plant
-1

 for 10 and 15 DAS) with same statistical rank. 

 

In a column, figures bearing same letter (s) do not 

differ significantly at P ≤ 0.05 by DMRT; * and ** 

indicate significance at 5% and 1% level of probability, 

respectively. 

 
Dry weight 
There was significant different between with and 

without Al on dry weight plant
-1

 (Table 11). Results 

showed that dry weight plant
-1

 was greater in control 

plant than Al treated plants both at 10 and 15 DAS. 

The dry weight was higher in 0 ppm Al than 250 ppm 

Al might be due to increased root and shoot length in 0 

ppm Al than 250 ppm Al. This result is consistent with 

Dethaize and Ryan (1995) who reported that fresh and 

dry weight decreased grown in Al concentrated 

solution than control. 

  

 
Table 12  

Interaction effect of Al levels and variety on fresh and dry weight in wheat 

Interaction 

 

Fresh weight plant
-1

 at Dry weight plant
-1

 at 

10 DAS 15 DAS 10 DAS 15 DAS 

B1064 × 0 ppm Al 

B1064 × 250 ppm Al 

Sonalika × 0 ppm Al 

Sonalika × 250 ppm Al 

B20 × 0 ppm Al 

B20 × 250 ppm Al 

B1059 × 0 ppm Al 

B1059 × 250 ppm Al 

Kanchan × 0 ppm Al 

Kanchan × 250 ppm Al 

B21 × 0 ppm Al 

B21 × 250 ppm Al 

B19 × 0 ppm Al 

B19 × 250 ppm Al 

730.0  abc 

705.0  abc 

742.0  a   

726.0  abc 

725.0  abc 

688.0    c 

732.0  ab  

710.0  abc 

743.0  a   

717.0  abc 

724.0  abc 

695.0   bc 

736.0  ab 

712.0  abc 

1180  a  

1100   bc   

1060   cde 

1052   cde 

1040   cde 

 988   e 

1136  ab 1054   

cde 

1204  a 

1108  bc   

1178  a 

1098  bc   

1064  cd         

  996  de 

156.0  abcd 

140.0  d 

172.0  a 162.0  

a-d 

152.0  a-d 

145.0  cd 

164.0  abc 

148.0  bcd 

168.0  ab 

152.0  a-d 

148.0  bcd 

140.0  d 

160.0  a-d 

153.0  a-d 

236.0  abc 

208.0  def 

242.0  a 200.7   

ef 

221.0  a-f 

283.0  fg 

226.0  a-e 

192.0  f 

228.0  a-d 

200.0  e 

226.0  a-e 

186.0  g 

218.0  a-d 

185.0   g     

F-test * * * * 

CV (%) 3.00 3.53 7.52 6.06 
 

In a column, figures bearing same letter (s) do not 

differ significantly at P ≤ 0.05 by DMRT;    * indicate 

significance at 5% level of probability 

 
The effect of variety on dry weight plant

-1
 was 

significant both at 10 and 15 DAS (Table 11). The 

highest dry weight both at 10 and 15 DAS was 

observed in Kanchan (167.0 and 221.3 mg plant
-1

) 

followed by Kanchan (160.0 and 224 mg plant
-1

) with 

same statistical rank. The interaction effect of variety 

and Al level on dry weight plant
-1

 at 10 and 15 DAS 

was significant (Table 12). The highest dry weight 

plant
-1

 was recorded in the treatment combination of 

Sonalika with 0 ppm Al both at 10 and 15 DAS (172.0 

and 242.0 mg plant
-1

) and  the lowest was observed in 

B20 with 250 ppm Al (688 and 988 mg plant
-1

 for 10 

and 15 DAS, respectively). 

   
Per cent decrease over control for dry weight  
Considering the decrement of dry mass production 

under Al results showed that the decrement of dry mass 

due to Al toxicity was minimum in Sonalika (3.31% 

reduction over control) followed by B1059 (6.19% 

decreased over control) indication these two genotypes 

were more tolerance to Al than the other genotypes 

with being the highest tolerance was observed in 

Sonalika (Table 13). On the other hand, the maximum 

decrement in dry mass production was observed in B20 

(17.19% decreased over control) and B21 (17.90% 

decreased over control) indicating these two genotypes 

were more susceptible to Al toxicity than the other 

genotypes in wheat. 
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  Table 13  

Per cent decrease over control for dry weight 

Interaction 

 

% decrease over control 

10 DAS 15 DAS 

B1064 

Sonalika 

B20 

B1059 

Kanchan 

B21 

B19 

10.30 a 

5.81 c 

4.61 d 

9.76 ab 

9.52 b 

5.41 c 

4.38 d 

11.86 b 

3.31 d 

17.19 a 

6.19 e 

12.28 b 

17.90 a 

15.14 a 

F-test ** ** 

CV (%) 4.32 3.62 
 

In a column, figures bearing same letter (s) do not 

differ significantly at P ≤ 0.05 by DMRT; ** indicate 

significance at 1% level of probability. 

 
Conclusions 

 
Based on the experimental results, it may be concluded 

that  

i) The Al concentration of 250 ppm had 

tremendous negative effect on germination percentage, 

growth and development of wheat seedlings; and  

ii) Among the varieties, Sonalika had the highest 

tolarence to Al toxicity in respect of growth and 

development. 
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