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Abstract 

Aluminium (AI) toxicity is a major limitation to leguminous crop production in acidic soils and 
fertilizer treatment could ameliorate the condition. In this investigation, direct and residual effects of 
different fertilizer materials on the growth and yield of soybean grown with or without Al treatment 
were evaluated on an Alfisol. The investigation involved a greenhouse (5 kg soil/pot) experiment 
conducted at the Agronomy Department, University of Ibadan, Nigeria, with two factors: fertilizer 
types - control, organic fertilizer (OF), inorganic fertilizer (IF) and OF + IF mixture at ratio 1:1 and Al 
treatment (0, 50, 100 and 150µM AlCl3). Sunshine organic fertilizer and single superphosphate (SSP) 
were used as OF and IF respectively. Treatment combinations were replicated three times in a 
completely randomized design, giving a total of 48 experimental units. Data on growth parameters 
(plant height, number of leaves and stem girth) as well as yield parameters (biomass and pod weights) 
were analysed using ANOVA (p=0.05) while treatment means were separated by Duncan’s Multiple 
Range Test. High Al rate (150µM) reduced the growth and yield of soybean while moderate Al 
application rates (50 and 100µM) enhanced the performance of crop. Combination of OF +IF enhanced 
crop growth and yield even when 100µM Al was applied. However, it was only sole application of 
organic fertilizer that promoted crop performance at 150µM Al concentration. Organic fertilizer had the 
highest residual effects among the treatments confirming that organic based fertilizers could be used to 
minimize the deleterious influence of aluminium toxicity on the production of soybean in acid soils. 

Keywords: soybean, fertilizer treatments, aluminium treatments, alfisols. 

Introduction 

Aluminium (Al) is the most abundant metal in the earth’s crust and occurs in a number of different 
forms in the soil. Its toxicity is a primary factor limiting plant growth on acid soils (Kochian, 1995). 
Toxic effects of the element on plant growth have been attributed to several physiological pathways, 
but the precise mechanism has not yet been understood. Proposed mechanisms include Al interactions 
with the root cell wall, aluminum disruption of plasma membrane and membrane transport processes, 
and AI inhibition of mineral uptake and metabolism, especially that of Ca and P (Rout et al., 2001; 
Akinrinde, 2006). Besides salinity, Al toxicity is among the widespread problems of ion toxicity stress in 
plants. Deficiency of P, Ca and Ma coupled with presence of phytoxicity substances (soluble Al and 
Mn) are responsible for the fertility limitation of acid soils as aggravated by industrial pollution and 
nitrification. Poor growth in acid soils could be related directly to Al saturation (Akinrinde et al., 2004). 
In acid soils, Al toxicity limits plants’ growth due to series of chemical factors interactions including 
toxicities of H, Al and Mn. Estimates of soil limitation to plant growth in developing countries show 
that an average of 23% of the soil used is constrained to Al toxicity (Oluwatoyinbo et al., 2005). The 
restriction of plant growth by excess soluble Al in acid soils may arise from either the direct inhibition 
of nutrient uptake or disturbance of root cell functions (Kochian, 1995). Aluminium exists in soils in 
many mineral forms, including hydrous oxide, aluminium silicates, sulphates and phosphates although 
accumulation and distribution of many mineral elements are often strongly affected by aluminium. A 
common symptom of aluminium toxicity is P deficiency symptom (Haynes, 1984; Huang et al., 1992). 
Acid soils result from leaching of basic cations (in areas of high rainfall), having behind the more 
resistant Al3+ which predominates. Inadequate farming practice as further acidified agricultural soils in 
developing countries. Continuous use of ammonia fertilizer under intensive agriculture further acidifies 
the soil (Hoekenge et al., 2003),. Soil acidity is normally corrected by calcitic and dolomitic lime. Liming 
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has a beneficial effect on plant growth under Al stress and alleviating Al toxicity of plants (Bessho and 
Bell, 1992). However, in many developing countries where subsistence agriculture prevails, the lack or 
high cost of lime effectively prevents its use. Liming may also have some negative effects on plant 
growth and soil properties (Ahmad and Tan, 1986). Deficiencies, for example, of some nutrients such as 
P, Sn, B, and Mn can be induced by liming. Data obtained from liming experiment in cool humid Zaire 
(Rutunga and Neel, 1980) in Africa (Wey et al., 1987) and in the world (Adams, 1984; IBSRAM, 1989) 
showed that addition of lime alone is insufficient to rehabilitate poor or depleted soils.However, a 
number of workers have shown that the addition of green manures and animal wastes to acid soils can 
reduce aluminium toxicity and increase crop yields (Bereket al., 1995., Hue, 1992). Additions of organic 
residues increase nutrient uptake and crop growth on P deficient soils (Hue, 1990; Hue et al., 1994). 

The application of organic residue to acid soils to minimize the need for lime and fertilizer P would be 
beneficial to resource poor semi-subsistence farmers (Hayness and Mokolobate, 2001). The most 
important legume grown all over the world is soybean (Glycine max), a member of the family Fabacea, 
subfamily Papilonidae (Kochobor, 1986). It has high protein and oil content both of which are adapted 
to the nourishment of man and livestock. Thus, world production of the crop has been stimulated by a 
strong demand for edible oils and protein feed supplement. It is also a source of vitamin B. Leguminous 
crops have soil enriching ability as they fix atmospheric nitrogen (N), serving as mulching materials 
thus protecting soil against direct impact of rain, conserving soil moisture and reducing soil 
temperature. Poor growth of soybean in acid soils has been attributed to various factors including low 
pH, low levels of Ca, Mg, P, K, micronutrients like B, Zn (Fageria, 1994), low population of beneficial 
micro-organisms like rhizobia, vesicular arbuscular (VAM) fungi and inhibition of root growth. 

This study investigated the short- and long-term (residual) effects of organic, inorganic and mixture of 
organic and inorganic fertilizers at ratio 1:1) on the growth, yield of soybean (with or without Al 
toxicity inducement) on an Alfisol. 

Materials and methods 

An experiment was carried out in the green house at the Department of Agronomy, University of 
Ibadan (7o 24’ N, 3o 54’E at 234 m), Nigeria from February to June, 2012. The experimental soil was an 
Alfisol. A sample of the soil was taken to the laboratory for pre-cropping physicochemical properties. 
The soybean variety used was the early maturing type TGX 1987- 62F and the treatments were: 
Sunshine organic fertilizer, Single super phosphate; Mixture of sunshine organic fertilizer and single 
super phosphate at ratio (1:1). The experimental treatment also involved the application of four level of 
Al (0, 50, 100 and 150µM) using AlCl3.6H20. Sixteen treatments combination were arranged in a 
Completely Randomized Design (CRD) with three replicates. It was a factorial experimental with two 
factors; Aluminium at four level, (0, 50, 100, and 150µM) and four fertilizer treatments (control, organic, 
inorganic and mixture of organic and inorganic at ratio 1:1). The total treatment combinations were 16 
as given above: Control; Al0 and OF; Al0 and IF; Al0 and OF+IF; Al50; Al50 and OF; Al50and IF; Al50 
and OF +IF; Al100; Al100and OF; Al100and IF; Al100 and OF+IF; Al150; Al150 and OF; Al150 and IF; 
Al150 and OF +IF. The fertilizer were applied at the rate of 100 kg P2O5 ha before planting while 
Aluminium was done along with irrigation. Soybean variety TGX 1987- 62, obtained from International 
Institute of Tropical Agriculture, Ibadan (IITA) was used as test crop. There were 16 experimental pots 
(polybags) per replicate, giving a total of 48 polythene bags. The soils were air dried, sieved with 2-mm 
sieve and filled into 5 kg polythene bags. The polythene bags were labelled according to their respective 
treatment combinations. They were randomly arranged on metal table within the green house complex 
and they were watered to 60% field capacity.The seeds were pre-germinated for three days in 
moistened filter papers placed in germination boxes in the laboratory to enhance uniform germination. 
About 95% of seeds germinated. Three pre-germinated seeds were later transplanted into each 
polythene bag in the green house. Thinning was carried out after 9 days of transplanting, thus making if 
two vigorous seedling per bag. The first hand weeding operation was carried out at four weeks after 
transplanting and other subsequent operations done as necessitated by weed occurrence. Cypermethrin 
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was applied fortnightly at the rate of 2 ml per litre of water to control insect pest attack from two weeks 
after transplanting and continued until podding. The experiment was carried out twice. Aluminium 
and fertilizer treatments were used only in the first experiment. The second experiment was used to 
evaluate the residual effects of the treatments on soybean. Both experiments were terminated after eight 
weeks. The parameter measured during morphological growth includes plant height, number of leaves, 
stem girth, leave area and number of branches per plant. At final harvest, the soils were moistened for 
easy removal of roots and the plants were partitioned into shoots and roots. All the pods and their 
grains produced per pot were counted and weighed to obtain the respective yields per treatment 
pot.The plant parts were dried in a forced air tight oven at 650C until constant weight was obtained. 
They were weighed on an electric top loading balance and their respective weights recorded. 

Data were subjected to analysis of variance (ANOVA) using statistical analytical system with significant 
means separated using Duncan multiple range tests (DMRT) at 5% probability level.  

Results and discussion  

Pre-cropping soil fertility status 

The physical and chemical properties of the soil used are given in Table 1. The particle size distribution 
of the soil indicated that the slightly acidic (pH 6.0) and the organic matter content (17.21 g kg-1) was 
below the critical level of 26 g kg-1 (Adeoye and Agboola, 1985). Exchangeable Ca (2.21cmol kg-1) was 
below the critical level proposed by Agboola and Corey (1973) while Mg (1.37 cmol kg-1) was high 
compared with 0.26 cmol kg-1 proposed as critical value. The Aluminium content of the soil was 0.003 
mg kg-1, while total N (0.73g kg-1) content and Available P (8 mg kg-1) were marginal in the soil. 

Physical and chemical properties of soil used for the experiment 

Parameters Values 

pH (H2O)  6.0 

Org C (g/kg) 9.98 

Org. M (g/kg) 17.21 

Total N (g/kg) 0.73 

Available P (mg/kg) 8.0 

Exchangeable base (c molkg-1)   

K 0.4 

Ca 2.21 

Mg 1.37 

Na 1.51 

Exchangeable acidity 0.2 

Extractable micronutrients (mgkg-1)  

Mn 134 

Fe 76.4 

Zn 2.24 

Cu 1.8 

Al 0.003 

Particle size distribution (g/kg)  

Sand 789 

Silt 91 
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Clay 120 

Textural class  Sandy loam 

 

First cropping 

The immediate or short term effects of fertilizer application (Fig. 1) revealed that soybean performed 
better under inorganic fertilizer application on height of soybean. There was a general increase from 4 
to 7 weeks after planting with the highest height obtained from plant treated with inorganic fertilizer 
and this could be adduced to the fast release of nutrients, by inorganic fertilizer. This is in consonance 
with the study of Mokuwunye and Vlek (1986) which revealed that the judicious use of N and P 
fertilizer can bring out substantial yield increase in West Africa. 

 

 

 

Figure 1: Effect of (a) fertilizer and (b) aluminum on height (cm) of soybean at sucessive weeks 
after planting (error bars on graph represent standard error) 

 

Alumininium did not have (Fig. 1) significant difference among the various treatments when compared 
with treated and untreated plants on soybean height. However, the highest height was obtained from 
control. This suggests that Al had no significant effects on height of soybean. 

The result (Fig. 2) of the effect of fertilizer applications on number of leaves of soybean shows that there 
was no significant difference in term of number of leaves for soybean irrespective of fertilizer 



Joint proceedings of the 27th Soil Science Society of East Africa and the 6th African Soil Science Society 

 
Transforming rural livelihoods in Africa: How can land and water management contribute to enhanced food security and address 

climate change adaptation and mitigation? 
Nakuru, Kenya. 20-25 October 2013 

5 

treatments except at 7WAP. However, the results showed that soybean performed better with 
application of organic fertilizer at 6 and 7 WAP when compared with other fertilizer types and control. 

The effects of Al treatments on number of leaves of soybean (Fig. 2) show that there was no significant 
difference among the various treatments when comparing treated and untreated plant except at 6 and 7 
WAP. The highest number of leaves obtained when Al was applied at 50µM. 

 

 

 

Figure 2 : Effects of (a) fertilizer and (b) aluminium treatments on number of leaves/plant of 
soybean at successive weeks after planting (error bars on graph represent standard error) 

 

Data summarizing the effects of interaction between fertilizer and Al application on soybean number of 
leaves (Table 3). During the first cropping indicates there were significant differences at 4 to 6 WAP 
among treatment means of soybean. At 4WAP, the highest number of leaves (33) was obtained when 
100µM AlCl3 was applied with inorganic fertilizer. However, this trend was maintained throughout the 
duration of the experiments. The result could be attributed to fast release of nutrients by inorganic 
fertilizer coupled with the growth enhancement ability of Al at low concentration .In addition, it was 
observed that Al application reduced the performance of crop when applied at the highest rate (150µM) 
with the highest number of leaves (79) obtained from organic fertilizer. This confirms that Al limits 
plant growth at high concentration Kochain (1995). This observation shows that organic fertilizer 
application had a beneficial effect on Al detoxification as it had been established by many researchers 
(Ahmad and Tan, 1986; Hue and Amien, 1989). 

The influence of fertilizer treatments (Fig. 3) on shoot dry weight of soybean indicate that inorganic 
fertilizer had the greatest dry matter yield when compared with organic and OF + IF. However, 
inorganic fertilizer proved to be most effective fertilizer type for soybean production. 
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Table 3. Effects of each fertiliser types (at different levels of aluminium application) on 
number of leaves/plant of soybean 

Treatment combination No of leaves/plant at successive weeks after planting 

AlCl3 Application (µM) levels   Fertilizer  types 3 4  5  6 

0 

 

 

 

Control 

Organic 
(OF) 

Inorganic 
(IF) 

OF+IF  

17 

18 

18 

16 

24ab 

26ab 

27ab 

27ab 

47bcd 

59abc 

58abc 

57abcd 

69abc 

83a 

80ab 

79ab 

 

50 

 

 

 

Con
trol 

Org
anic 
(OF
) 

Inor
gani
c 
(IF) 

OF+
IF  

16 

17 

16 

19 

24a
b 

21b 

21b 

31a
b 

47b
cd 

52b
cd 

45c
d 

60a
b 

63a
bc 

82a 

56c 

75a
bc 

 

100 

 

 

 

Con
trol 

Org
anic 
(OF
) 

Inor
gani
c 
(IF) 

OF+
IF  

17 

17 

18 

17 

25a
b 

30a
b 

33a 

28a
b 

43d 

56a
bcd 

70a 

59a
bc 

60b
c 

82a 

79a
b 

78a
b 

 

150 Con
trol 

Org
anic 
(OF
) 

Inor
gani

17 

18 

18 

16 

ns 

22b 

26a
b 

28a
b 

22b 

47b
cd 

50b
cd 

49b
cd 

47b

70a
bc 

79a
b 

66a
bc 

73a
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c 
(IF) 

OF+
IF  

cd bc 

 

Means with the same letters in the same column are not significantly different from each other, p=0.05 (DMRT) 

 

The results of the sole application (Fig 3) on soybean indicate that application of Al at 100µM AlCl3 
enhances the shoot yield when compared with control, 50 and 150µM AlCl3, though there were no 
significant difference between control, 50 and 150µM AlCl3. This confirms that Al limits plant growth at 
high concentration, it is also in line with the submission of Kochain (1995) which reported that Al 
toxicity is a primary factor limiting plant growth on acid soil. 

 

 

Figure 3: Effects of (a) fertilizer and (b) aluminium treatments on soybean shoot dry weight (bars 
on chart represents standard error) 

Application of fertilizer significantly affected the soybean pod dry weight (Fig. 4).The control plants 
had the least pod dry wield (4.2 g pot-1) while organic fertilizer 5.5 (g pot-1) proved to be most effective 
followed by OF + IF (5.0 g pot-1). This could be adduced to the fact that organic fertilizer improves 
moisture availability and nutrient supply. 
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Sole application of Al on soybean at (Fig. 4) different rates in different from each other. Plant treated 
with 100µM AlCl3 gave the highest value. The least pod yield was obtained from plants treated with 
150µM AlCl3. The confirms that Al limits plant growth of high concentration, it is also in line with the 
Kochian (1995) who reported that Al toxicity is a primary factor limiting plant growth on acid soils. 

 

 

Figure 4: Effects of (a) fertilizer and (b) aluminium treatments on pod dry weight (bars on chart 
represents standard error) 

The effects of interaction between fertilizer and Al treatments on soybean (Table 4.5) were not 
significant. Application of 100µM Al along with OF + IF gave the highest shoot production (13.53g 
/pot). Also, application of 50µM and 100µM AlCl3 enhanced the performance of crop, while high 
aluminium concentration reduced the crop performance which organic fertilizer sustained shoot yield. 
This is in support of the submission of some researchers which states that the addition of green 
manures and animal wastes to acid soils can reduce aluminium toxicity and increase crop yield (Berek 
et.al; Hue, 1992, Hue, 1990, and (Hue et. al, 1991). 

There was significant interaction between AI and fertilizer treatments (Table 5) on soybean pod dry 
yield. The highest soybean pod dry yield (6.08 g pot-1) was obtained with 100µM Al with OF + IF which 
could be adduced to the fact that combined benefits of organic manure such as nutrients supply, soil 
structure improvement and inorganic fertilizer (high and fast nutrient release) that enhanced yield 
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production. Also, at high Al concentration, there was reduction in the performance of soybean and 
organic fertilizer proved to be most effective, which could be adduced to the fact that organic addition 
also supply N to the legume crops which could be limiting factor for the grain legumes if biological 
activity is low. Carsky (2003) observed that organic additions substantially increased soybean pod 
yield. 
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Table 4. Effects of fertilizer type (at different levels of aluminium application) on soybean dry 
shoot weight 

Treatments combination   

AlCl3 Application (µM) level  Fertilizer type Soybean dry shoot  

  (g pot-1) 

0 Control 10.20ab 

 Organic (OF) 10.58ab 

 Inorganic (IF) 12.09ab 

 OF+IF  10.57ab 

50 Control 8.50ab 

 Organic (OF) 9.72ab 

 Inorganic (IF) 12.12ab 

 OF+IF  11.79ab 

100 Control 8.86b 

 Organic (OF) 12.27ab 

 Inorganic (IF) 13.00ab 

 OF+IF  13.53a 

150 Control 9.20ab 

 Organic (OF) 12.34ab 

 Inorganic (IF) 10.00ab 

  OF+IF  9.69ab 

Means with the same letters in the same column are not significantly different from each other, p=0.05 (DMRT) 
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Table 5. Effects of each fertilizer type (at different levels of aluminium application) on 
soybean dry pod weight 

Treatment combinations Dry pod weight  

AlCl3 application µM level Fertilizer type 

 

0 

 

 

 

 

Control 

Organic (OF) 

Inorganic (IF) 

OF+IF  

 (g pot-1) 

 3.86bc 

 5.67ab 

 4.92abc 

 5.67ab 

50 

 

 

 

Control 

Organic (OF) 

Inorganic (IF) 

OF+IF  

 3.46c 

 5.57ab 

 5.00abc 

 5.00abc 

100 

 

 

 

Control 

Organic (OF) 

Inorganic (IF) 

OF+IF  

5.00abc 

5.67ab 

5.49ab 

6.08a 

150 

 

Control 

Organic (OF) 

Inorganic (IF) 

OF+IF  

3.83bc 

5.00abc 

4.69abc 

3.91bc 

Means with the same letters in the same column are not significantly different from each other, p=0.05 (DMRT) 

 

Second cropping  

The residual effect of the interaction between fertilizer and Al treatments on number of leaves (Table 6) 
indicate there was a general increase from 3 to 6 WAP with the highest number of leaves of soybean 
(40.7) obtained from treated with organic fertilizer at high Aluminium concentration and this could be 
adduced from the benefits of organic manure such as nutrient supply and soil structure improvement 
that enhanced vegetable production (Olaniyan et.al, 2006) 
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Table 6. Residual effects of each fertilizer type (at different levels of aluminium application) on 
number of leaves/plant of soybean 

Treatment combination weeks after plating 

AlCl3 Application (µM) level  Fertilizer type 3 4 5 6 

0 Control 

Organic 

Inorganic 

0F + IF  

21.00ab 

22.33a 

23.00a 

23.00a 

26.00 

26.33 

25.00 

25.33 

28.00ab 

31.33a 

26.67ab 

30.00ab 

32.67 

38.33 

32.67 

34.00 

50 Control 

Organic 

Inorganic 

0F + IF 

21.00ab 

22.00ab 

23.00a 

23.00a 

25.67 

27.00 

25.67 

25.33 

26.67ab 

28.33ab 

27.67ab 

29.67ab 

29.67 

32.00 

36.33 

38.67 

100 Control 

Organic 

Inorganic 

0F + IF 

20.00b 

22.00ab 

21.00ab 

23.00a 

23.67 

24.33 

26.33 

27.00 

26.00b 

27.67ab 

30.00ab 

28.67ab 

33.00 

30.67 

42.67 

34.00 

150 Control 

Organic 

Inorganic 

OF + IF 

20.00b 

20.00b 

22.33a 

22.33a 

25.33 

26.00 

24.33 

27.00 

29.67ab 

26.67ab 

26.67ab 

28.33ab 

32.33 

40.67 

29.67 

37.33 

Means with the same letter(s) in the same columns are not significantly different from each other, p = 0.05 (DMRT) 

 

Table 7. Residual effects of each fertilizer type (at different levels of aluminium application) on 
soybean shoot dry weight 

Treatment combination  
Soybean dry shoot weight 

AlCl3 application (µM) level Fertilizer types 

0 Control 

Organic 

Inorganic 

OF + IF 

(g pot-1) 

7.74b 

8.05ab 

5.72b 

7.08b 

50 Control 

Organic 

Inorganic 

OF + IF 

5.00b 

7.19b 

7.03b 

7.40b 
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100 Control 

Organic 

Inorganic 

OF + IF 

5.88b 

6.92b 

6.09b 

7.43b 

150 Control 

Organic 

Inorganic 

OF + IF 

5.25b 

10.62a 

6.92b 

7.62b 

Means with the same letter(s) in the same columns are not significantly different from each other p = 0.05 (DMRT) 

 

There was significant interaction between Al and fertilizer treatment on soybean (Table7) dry shoot 
weight. The highest soybean weight (10.62 g pot-1) was obtained with the high Al application 150µM 
along with organic fertilizer while the least shoot dry weight (5.00 g pot-1) was obtained with 50µMAl 
without fertilizer. These results show that organic fertilizer enhanced the yield of soybean in soil with 
high Al concentration beyond 100µM. 

Conclusions 

It is evident from this work that Al toxicity (induced with 150µM) reduced the growth and yield of 
soybean while low and moderate Al application rates (50 and 100µM) enhanced the performance of 
crop. Combination of OF + IF enhanced crop growth and yield even when 100µM Al was applied. 
However, it was only the sole application of organic fertilizer that was able to increase the growth and 
yield parameters of soybean at 150µM Al concentration. Also, organic fertilizer proved to have the 
highest residual effects among the various fertilizer treatments confirming that organic based fertilizers 
could be used to minimize the deleterious influence of Al toxicity on the production of soybean in acid 
soils. 
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