
INTRODUCTION
Ultisols and Oxisols in Malaysia have the same clay mineralogical composition. 
This means that these Ultisols and Oxisols are highly weathered, with pH ranging 
from 4 to 5 in the B horizons. The areas where the soils are found are subjected to 
extreme weather conditions such as high temperature and high rainfall throughout 

Using Ground Basalt and/or Organic Fertilizer to Enhance 
Productivity of Acid Soils in Malaysia for Crop Production  

 
J. Shamshuddin*, C.I. Fauziah, M. Anda, J. Kapok and 

M.A.R.S. Shazana

Department of Land Management, Faculty of Agriculture, Universiti Putra 
Malaysia, 43400 Serdang, Selangor, Malaysia

ABSTRACT
The pH of mineral acid soils in Malaysia ranges from 3 to 5, with the pH of 

have a pH < 3.5. Under this condition, Al is present at a toxic level for crop 

while acid sulfate soils contain jarosite and/or pyrite, mica, vermiculite and 
smectite beside kaolinite. Studies were conducted in the laboratory, glasshouse 

and/or organic fertilizer on the chemical properties of the three soil types and on 
the growth of cocoa and rice. The results showed that basalt application improved 
the chemical fertility of the Ultisols and Oxisols by way of increasing pH, Ca, 
Mg, K and P as well as cation exchange capacity. The increase in pH lowered Al 
in the soil solution as it was precipitated as Al-hydroxides. The pH increase is 
attributed to the hydrolysis of silicate released by basalt. However, basalt takes 
time to disintegrate and dissolve completely. Basalt application decreased pHo. 
The increase in pH and the concomitant decrease in pHo increased the negative 
charge of the soils and further improved soil productivity. Results from glasshouse 

cocoa. The critical Al and Mn concentration in soil solution for cocoa growth was 

improve soil productivity and this was observed when basalt was applied on an 
acid sulfate soil. Basalt dissolves more rapidly under very acidic conditions. The 
increase in pH and the decrease in Al as well the release of nutrients resulted in an 
increase in rice yield.
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resulting in low productivity. Due to low pH and high Al, cocoa does not grow 
well on these soils. The problems of soil acidity can be overcome by liming 
(Shamshuddin et al. 1991; Ismail et al. 1993; Shamshuddin and Ismail 1995; 
Shamshuddin et al. 1998; Shamshuddin et al. et al.
by applying basalt (Gillman et al. et al.

-1 

-1 -1 -1 -1 S 
(Gillman et al

Most of the Ultisols and Oxisols in the tropics lack organic matter which 
can supply plant nutrients as well as improve the structure of mineralised soils.  
Compost is the organic matter usually applied for alleviating the infertility of 
Ultisols and Oxisols (Anda et al.  et al.

Acid sulfate soils in Malaysia with a pH of < 3.5 contain kaolinite, jarosite 

having pyrite are drained for development (Shamshuddin and Auxtero 1991; 
Shamshuddin et al. 1995; Shamshuddin et al et al.
become extremely acidic due to pyrite oxidation. Acid sulfate soils are distributed 

et al

cocoa (Shamshuddin et al. et al.
success. Some acid sulfate soils in the country are low in organic matter. The low 
productivity of the soils can be improved by applying basalt in combination with 
organic fertilizers (Shazana et al.

The objective of this paper is to explain the effects of applying basalt and/or 
organic fertiliser on the chemical properties of Ultisols, Oxisols and acid sulfate 
soils and on the growth of cocoa and rice.

Mineralogical Composition
The mineralogy of Ultisols and Oxisols can be determined by XRD analysis. 
Figure 1  shows the XRD diffractogram of the untreated clay fraction of Segamat 
Series, a common Oxisol in Malaysia. Segamat soil is derived from andesite 

the country contain gibbsite at high amounts. The mineralogy of Ultisols in the 

soils. Such soils are infertile due to low pH, low basic cations and low available 
P, but high in Al. The productivity of the soils can be improved by applying 
appropriate amendments such as ground magnesium limestone (locally named 
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The fertility of acid sulfate soils is controlled by pyrite and this can be 
determined by XRD analysis and electron microscopy (Shamshuddin et al. 
1995; Shamshuddin et al.
(Shamshuddin et al. 
and Auxtero 1991; Enio et al et al

Effects of Basalt Application on Ultisols and Oxisols

Changes in Soil pH
Ground basalt reacts with moist soils under glasshouse conditions and changes 
soil pH and exchangeable aluminum within 6 months of its application 

in month 6 for Bungor soil, an Ultisol (Fig. 2). The soil pH of Munchong soil 

-1, soil pH increased to a value above 5 

crop is minimized as most of the Al becomes Al-hydroxides.

basalt/ha. At this rate of basalt application, the exchangeable Al was concomitantly 
decreased to less than 1 cmolc kg-1 soil, a condition suitable for cocoa growth. The 
same trend of improvement in chemical fertility was observed for the Munchong 
soil. A suitable rate of ground basalt application to alleviate the infertility of 

-1

study by Anda et al.
The initial pH of Bungor soil was lower than that of Munchong soil. This is 

Fig. 1: XRD diffractogram of clay fraction of Segamat Series (Anda et al. 2008a)
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pH of Ultisol to be usually lower than that of the Oxisol due to the presence of 
more exchangeable Al in the former. This was also observed in this study. This 
study shows that exchangeable Al in the Bungor soil is 1.66 cmolc kg-1 soil for the 

c 
kg-1 soil.

-1 did not result 
in the same increase in soil pH. The pH of Bungor was consistently higher than 
that of Munchong soil (Fig. 2). This is not consistent with the higher exchangeable 
Al in the Bungor soil as compared to that of the Munchong soil. Higher pH in the 

soils is probably attributed to the differences in chemical reactions because of 
differing mineralogy in the clay fraction of the soils. Being an Oxisol, Munchong 

3

Changes in Exchangeable Al
The exchangeable Al in Bungor soil was 1.47 cmolc kg-1 soil. After 6 months of 

c kg-1 soil. 
Within the same period, exchangeable Al in Munchong soil was reduced from 

c kg-1 soil. A clear reduction of exchangeable Al in both soils 
with time due to ground basalt application is given in Figure 3.

Important minerals in basalt are olivine and pyroxene. When they come into 
contact with water at low pH under the high temperature of the tropics, these

Fig. 2: Effect of basalt application on soil pH (HSD0.05 = 0.02 for Bungor 
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minerals disintegrate and dissolve, resulting in an increase in pH. Olivine dissolves 
faster than pyroxene.

Basalt application reduced exchangeable Al in both soils; the decrease 
was more in Munchong than in Bungor soil. This is consistent with the more 

-1 reduced 
exchangeable Al to less than 1 cmolc kg-1 soil, a level considered good for the 
growth of crops sensitive to Al. Thus, the recommended rate of basalt application 

-1.

Changes in Available P 
Available P in the two soils before they were treated with ground basalt was 

-1

-1

Changes in Basic Exchangeable Cations 
The changes in exchangeable Na, K, Mg and Ca in the soils of Bungor and 
Munchong Series 6 months after ground basalt application had also been 
determined. In response to basalt application, exchangeable Ca, Mg and K 

Fig. 3: Effect of basalt application on exchangeable Al (HSD0.05 = 0.03 for Bungor and 
0.11 for Munchong soils)
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cations depends on the amount applied. The exchangeable basic cations in the 
two soils in order of decreasing amount are Ca >Mg >K >Na. This is consistent 
with the elemental composition of basalt used in the experiment as determined by 
Gillman et al.

Changes in CEC 

months of basalt application (Fig. 4). The CEC was determined in unbuffered 1 
M NH4Cl which gives the CEC at soil pH. The increase in CEC is related to the 
reaction of the silicate with variable charge minerals, like goethite and hematite. 
When silicate reacts with variable charge minerals in the soil, its pHo is lowered 
(Anda et al. Figure 5. Past research in Malaysia shows 
that the pHo of an Oxisol decreases due to ground basalt application (Shamshuddin 

pHo was lowered and pH was concomitantly increased. These phenomena widen 

(Fig. 6).

0.11 for Munchong soils)
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Effects of Basalt or Compost Application on Cocoa Growth

Soil Solution 
-1 increased solution 

The presence of high amounts of Ca in the soil solution does, to a 
certain extent, detoxify Al (Alva et al.

Fig. 5: Effect of basalt application on pHo of Segamat soil (M=month)

Fig. 6: Effect pH-pHo on CECB of topsoil of Segamat Series (B = Ca adsorption)
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Effect of Treatment on Cocoa Growth 
Ground basalt was able to ameliorate the Oxisol for cocoa growth even at a low 

-1 needs to be 

At this rate of basalt application, the cocoa plants grew very well and achieved a 
-1 or higher. 

Figure 7 gives the plot of the relative dry matter weight against soil solution 

concentration for optimal cocoa growth. Shamshuddin et al
critical Al3+ activity for cocoa seedlings grown on acid sulfate soils in Malaysia 

would have raised the soil pH to 4.5. This means that even at pH below 5, cocoa 
plants can grow healthily when soil solution Al concentration is low. The growth 

TABLE 1
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                     Basalt

 
Rate (t ha-1)                 0                5              10              20                40                   80

 

 
DMW (g/pot)          709c          742c           846b           873b           899ab              960a

  
                                                Compost   
DMW (g/pot)          587c         654bc       708ab          732ab          803a    763ab   

 

Basalt rate                                                   Element 
(t ha-1)                        Ca                     Mg                 K                     Al                    Mn 

   M   

0                              153b                  66c                41c                   16a                  29a 
5                              145b                 139c               36c                   13b                 12b 
10                            171b                 153c               39c                     6c                   9c 
20                            175b                 317b               43c                     3cd                 3d 
40                            222a                 515a               65b                     2d                   3d 
80                            266a                 610a               82a                     2d                   1d 

                     

Source: Shamshuddin et al. (2011) 

µ
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of cocoa could have also been promoted by the presence of high amounts of Ca 
released by the dissolving basalt. Alva et al.
certain extent, alleviate Al toxicity. Figure 8 gives the plot of relative dry matter 
weight against soil solution Mn concentration. From this diagram, it is estimated 
that the critical soil solution Mn concentration for optimal cocoa growth is 5.8 

ground basalt application to ameliorate this infertile Oxisols for cocoa production 
-1.

Compost Application
Cocoa seedlings planted on soils treated with rice husk compost did not grow 

difference in amount of nutrients released and pH values. Basalt application 
released more Ca and Mg and raised pH values higher compared to the rice husk 

-1 

-1

husk compost ha-1 is probably too high a rate of application for the soil. The high 

for cocoa (Anda et al.
-1 or below 

was assumed to be due to the addition of plant nutrients released by the compost 
O5

Fig. 7: Relationship between relative dry matter weight and Al concentration 
in soil solution
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the Al and/or Mn from the soil solution. Organic matter, to some extent, forms 

absorbed by cocoa. The end result is better cocoa growth as compared to that 
without compost treatment.

Effects of Application of Basalt in Combination with Compost on Cocoa Growth

Effects of Treatment on Soil Solution Composition 

Throughout the experimental period, the rainfall at the experimental station was 
less than normal resulting in erratic growth of the cocoa seedlings.

The application of basalt alone increased the concentration of soil solution 

-1

-1

CEC which in turn retained more Ca and Mg on exchange sites of the colloidal 

in Al in soluble form was due in part to the increase in pH, which precipitated 
Al to form inert Al-hydroxides. In the case of soil solution Mn, the decrease in 
concentration was caused by a pH increase.

As the rate of basalt and/or compost increased, soluble Ca and Mg increased, 

t ha-1 -1

-1 -1

Fig. 8: Relationship between relative dry matter weight and Mn concentration
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The lowest concentration of soil solution Al and Mn was observed for the sample 
-1 -1, with values 

study. 

It was observed that the values of concentration of the various metals 
determined in the soil solution were erratic or rather inconsistent with the rate 
of basalt application. This was due to the effect of soil erosion prevailing in 

basalt had been dispersed and transported to the other plots by rainwater, and 

and has a long residence in Oxisols due to the presence of cellulose (Anda et al. 

TABLE 3

Productivity Enhancement of Acid Soil

Treatment 
Ion concentration  

Ca Mg K Al Mn 
(µM)  

R0B0 72.23 2.99 27.21 18.53 7.03 
R0B1 110.07 18.04 41.63 15.31 4.87 
R0B2 142.49 22.81 36.91 11.95 2.86 
R0B3 55.55 14.90 27.84 8.30 1.90 
R1B0 118.47 11.05 37.75 11.83 5.18 
R1B1 131.57 15.59 35.53 11.63 4.06 
R1B2 148.24 16.73 36.76 9.95 4.32 
R1B3 40.50 11.56 24.35 5.40 3.24 
R2B0 128.48 10.59 38.03 10.51 4.76 
R2B1 133.58 20.07 51.06 11.52 4.37 
R2B2 148.68 64.42 37.67 8.12 3.81 
R2B3 104.21 19.65 36.72 6.58 2.73 
R3B0 176.48 28.70 61.93 6.59 3.35 
R3B1 151.45 44.69 44.15 4.29 2.49 
R3B2 74.43 62.10 42.85 4.06 3.22 
R3B3 67.81 19.76 36.15 1.25 2.53 
LSD 136.22 22.49 31.87 5.09 2.45 
P value 0.0044 <0.0001 0.0287 <0.0001 <0.0001 

Note: 0, 1, 2 and 3 represent 0, 5, 10 and 20 t/ha, respectively 
          R = compost; B = basalt 

(Source: Shamshuddin et al. 2011) 
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Effect of Treatment on Soil pH 

slope. 

-1 resulted in a higher 

-1 -1

-1

change soil pH much. Basalt contains silicate which on dissolution hydrolyses 
to release hydroxyl that increases pH. The soil pH could have been higher had 
the basalt applied dissolved completely when the soils were sampled. During 
the sampling, it was observed that clumps of basalt granules were still intact in 

of application, not all ground basalt applied had dissolved. This has important 
implications on soil management. Basalt is only effective in the long run.

Effect of Treatment on Exchangeable Al 
c kg-1

When pH increased to above 5, most of the Al in the soil solution precipitated to 

TABLE 4
Changes in soil pH, exchangeable cations and total organic carbon of Segamat soil as 

J. Shamshuddin, C.I. Fauziah, M. Anda, J. Kapok and M.A.R.S. Shazana

Treatment              pH                 Exchangeable cations                  Total organic carbon 
                                                Ca              Mg            Al 
                                                 cmolc/kg                              % 
R0B0                    4.84            1.37          1.07          0.72                           2.00 
R0B1                    5.26            3.21          2.03          0.36                           2.32 
R0B2                    4.88            2.22          2.17          0.43                           2.10 
R0B3                    5.30            2.46          2.15          0.38                           2.51 
R1B0                    5.31            2.60          1.56          0.33                           2.46 
R1B1                    5.33            2.96          2.21          0.39                           2.16 
R1B2                    5.74            3.63          2.72          0.14                           2.76 
R1B3                    5.38            3.15          2.47          0.14                           2.76 
R2B0                    5.04            2.82          1.83          0.42                           2.82 
R2B1                    4.92            2.20          1.94          0.36                           2.45 
R2B2                    5.21            1.60          1.52          0.27                           2.05 
R2B3                    5.51            4.16          3.36          0.16                           2.53 
R3B0                    5.00            4.06          1.87          0.24                           2.66 
R3B1                    5.39            3.24          2.98          0.19                           2.62 
R3B2                     5.72            2.60         3.24          0.18                           2.61 
R3B3                     5.70            4.33         3.76          0.17                           2.40 
LSD (P<0.05)        0.66            1.64         0.67          0.13                          0.50 

Source : Shamshuddin et al.  (2011)  
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cmolc kg-1 -1

the value of exchangeable Al was probably due to chelation by organic matter 
(Muhrizal et al

Effect of Treatment on Exchangeable Ca 
Exchangeable Ca in the control treatment was 1.37 cmolc kg-1, a value that 

c kg-1 -1. At the highest 
-1 -1

was 4.33 cmolc kg-1 -1

Effect of Treatment on Exchangeable Mg 

cmolc kg-1 -1
c kg-1.

Effect of Treatment on Cocoa Growth 

grew better than the others, presumably due to the effects of treatments. This was 
expected as the effects of the treatments, either due to basalt or compost, differed 
because they were of different composition. 

-1, cocoa height increased to 144 cm. Application 
of compost alone also increased cocoa height. Cocoa girth increased from 1.8 cm 

-1 -1

and rice husk compost applications. 

Cocoa height increased linearly as N increased. In this experiment, N from 

nitrogen fertilizer has to be applied for better cocoa growth. Cocoa height was not 
related in any way to phosphorus in the leaf as shown by the regression analysis. 

contributed some phosphorus to the soils, which was then taken up by the cocoa 
for its growth. Likewise, compost had contributed some P. 
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The K content in the leaf of the control treatment was 1.84 % and this value 
-1

linearly with leaf K. As more ground basalt was applied, more K was available in 

-1. Basalt is cheaper than muriate of potash 

Cocoa growth was affected by the presence of Al in the soil. Cocoa height 
decreases linearly as the exchangeable Al increases  The relative cocoa 
heights for the various rates of basalt and/or compost application were estimated 
and these values were plotted against exchangeable Al (Fig. 10). The critical 

c kg-1 soil which means that cocoa is 
very sensitive to Al.

thought to be due to the limiting factor of Mn toxicity, which was present in 
excessive amounts in the soil. Soil pH was below 5 and Mn was measured to be 

than 5 in order to decrease Mn in the soil solution to an acceptable level for cocoa 
growth. The infertility of this acid soil can be overcome by application of ground 

-1

TABLE 5
Changes in leaf NPK, cocoa height and girth as affected by basalt and rice husk compost 

J. Shamshuddin, C.I. Fauziah, M. Anda, J. Kapok and M.A.R.S. Shazana

Treatment                 Leaf NPK (%)                   Cocoa height (cm)        Cocoa girth 
(cm)  
                             N            P            K 
R0B0                  1.4          0.11       1.84                        80                               1.8 
R0B1                  1.7          0.02       1.63                       120                              2.4 
R0B2                  2.2          0.10       2.70                       165                              3.4 
R0B3                  2.5          0.10       2.79                       144                              2.8 
R1B0                  1.9          0.19       3.16                       196                              4.3 
R1B1                  2.0          0.06       2.38                       201                              5.0 
R1B2                  2.0          0.13       3.15                       179                              4.9 
R1B3                  1.9          0.15       2.73                       190                              4.5 
R2B0                  2.0          0.09       3.65                       202                              5.4 
R2B1                  2.0          0.22       3.16                       172                              4.1 
R2B2                  2.0          0.18       2.76                       186                              4.0 
R2B3                  2.0          0.15       2.62                       204                              5.4 
R3B0                  2.5          0.17       2.23                       206                              5.2 
R3B1                  2.5          0.15       2.59                       218                              5.0 
R3B2                  2.6          0.09       3.10                       211                              5.7 
R3B3                  2.5          0.15       3.23                       197                              4.7 
LSD (P<0.05)    1.2           0.13      1.45                          76                              1.8 

Source: Shamshuddin et al. (2011) 
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Effects of Basalt on an Acid Sulfate Soil 
A study was conducted to determine the effects of basalt application on the 
properties of an acid sulfate soil under submerged conditions (Shazana et al. 

the second cycle of submergence was 4.5. The pH of water increased slightly due 
to the reduction process during which hydrogen ions were consumed (Muhrizal 
et al. -1 had increased the pH to 5.5, at 
which point Al no longer functioned as a threat to rice growth. Water condition 

Fig. 10: Relationship between relative cocoa height and exchangeable Al
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In terms of Al, the value was 9 mg L-1

basalt application rate of 4 t ha-1, the Al was 7 mg L-1 and increasing the rate 
-1 -1. At this level of 

concentration, Al toxicity is minimal.
Soil pH in the second cycle was also 4.5. The value was increased to 5.5 

when 4 t basalt ha-1

cmolc kg-1 and at a basalt application rate of 4 t ha-1, the amount was reduced to 
c kg-1. Overall, it is thought that applying basalt at 4 t ha-1

alleviate the infertility of acid sulfate soils for rice production. Basalt is believed to 
dissolve faster in an acid sulfate soil than either Ultisols or Oxisols in Malaysia.

Effects of Basalt and/or Organic Fertiliser on Rice
Another study was conducted on an acid sulfate soil where rice was used as the 

(Fig. 
11) -1, a 
negligible value.

-1

-1 (Fig. 
12). This indicates that in order to ameliorate the infertility of acid sulfate soils 
for rice production, basalt can be applied in combination with organic fertilizers. 
Organic matter helps to increase the rate of reduction, resulting in a more rapid 
increase in water pH (Muhrizal et al

Fig. 11: Rice growth at harvest in control treatment
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CONCLUSION
Ultisols and Oxisols in Malaysia are low in productivity due to low pH and 
high aluminum. Cocoa growing on such soils produces low yield. Likewise, the 
productivity of acid sulfate soils is low. In order to overcome the low chemical 
fertility of Ultisols, Oxisols and acid sulfate soils either for cocoa or rice production,  
basalt can be applied  in combination with organic fertilizers at an appropriate rate. 
On dissolution, basalt contributes substantial amounts of Ca, Mg, K, P and S to the 
growing crops. At the same time, soil pH increases resulting in the precipitation of 
Al as inert Al-hydroxides. Organic fertilizers, on the other hand, contribute some 
nitrogen. Basalt application is good in the long run for Ultisols and Oxisols as 
it takes time to disintegrate and dissolve completely. However, basalt dissolves 
faster in acid sulfate soils under submergence. The rate of basalt application to 
ameliorate the infertility of acid sulfate soil is 4 t ha-1.
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Fig. 12: Rice growth at harvest on soil treated with basalt in combination 
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