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Ringkasan 

 
Penelitian pengaruh nisbah Al/(K+ Ca + Mg) terhadap pertumbuhan bibit kakao 

telah dilakukan di rumah kaca Pusat Penelitian Kopi dan Kakao sejak Juli 1989 sampoi 
Januari 1990. 

Penelitian ini disusun menurut Rancangan Acak Kelompok Lengkap, terdiri atas 
tujuh perlakuan dan empat ulangan. Larutan hara Hoagland yang dimodifikasi digunakan 
sebagai medium pertumbuhan kakao. Perlakuan berupa nisbah Al/(K+Ca+Mg) di dalam 
medium pertumbuhan, yaitu 5, 10, 15, 20, 25, 30, dan 35 %. Konsentrasi aluminium diatur 
konstan sebesar 16 ppm, sedangkan konsentrasi kalium, kalsium, dan magnesium 
dikurangi secara proporsional sehingga tercapai nisbah Al/(K+Ca+Mg) sesuai dengan 
tiap perlakuan. Untuk memastikan bahwa hasil pengamatan benar-benar akibat nisbah 
A1/(K+Ca+Mg), dan bukan akibat pengurangan konsentrasi unsur kalium, kalsium, dan 
magnesium maka dibuat penelitian yang sama dalam hal konsentrasi kalium, kalsium, dan 
magnesium tanpa unsur aluminium. Hanya tolok ukur yang dipengaruhi oleh perlakuan 
nisbah Al/(K+Ca+Mg) tanpa dipengaruhi oleh perlakuan pengurangan kalium, kalsium, 
dan magnesium saja yang digunakan untuk menyimpulkan bahwa nisbah Al/(K+Ca+Mg) 
berpengaruh terhadap pertumbuhan kakao. Pengamatan dilakukan terhadap tolok ukur 
pertumbuhan pada saat tanaman berumur empat bulan. 

Hasil penelitian menunjukkan bahwa batas kritik nisbah Al/(K+Ca+Mg) medium 
pertumbuhan untuk kakao sebesar 30%, tetapi terdapat hubungan regresi linier negatif 
antara nisbah A1/(K+Ca+Mg) dengan garis tengah batang, bobot kering batang, luas 
daun, dan bobot kering daun. Tolok ukur pertumbuhan kakao yang peka terhadap nisbah 
Al/ (K+Ca+Mg) adalah luas daun. 
 

Summary 

An experiment to study the effect of Al/(K+Ca+Mg) ratio on growth of cocoa 
seedling had been conducted in the glasshouse of Indonesian Coffee and Cocoa Research 
Institute (ICCRI) since July 1989 to January 1990. 

The experiment was held in Randomized Complete Block Design consisted of 
seven treatments and four replications. Modified Hoagland nutrient solution was used as 
growth medium for cocoa seedlings. Treatments were Al/(K+Ca+ Mg) ratio in growth 
medium, i.e. 5, 10, 15, 20, 25, 30, and 35 %. Aluminum concentration was constantly lined 
up on 16 ppm, whereas potassium, calcium, and magnesium concentrations were decreased 
proportionally so that Al/(K+Ca+Mg) ratio was appropriate with the treatment. To confirm 
whether they were really resulted by Al/(K+Ca+Mg) ratio and were not influenced by the 
decrease of potassium, calcium, and magnesium concentrations a similar experiment was 
conducted on potassium, calcium, and magnesium concentrations without aluminum. The 
parameters affected by Al/(K+Ca+Mg) ratio only were used to conclude that 
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Al/(K+Ca+Mg) ratio had an influence on the growth of cocoa. Observation was conducted 
on four month old plants. 

The results showed that the critical limit of Al/(K+Ca+Mg) ratio on growth 
medium for cocoa was as high as 30 %, but there were negative linear relations between 
Al/(K+Ca+ Mg) ratio and the diameter, the stem dry weight, the leaf area, as well as the 
leaf dry weight of cocoa, respectively. The sensitive growth parameter of cocoa to 
Al/(K+Ca+Mg) ratio was the leaf area. 
* Key words: Theobroma cacao L., aluminum, cation, toxicity, fertilizer. 
 

Introduction 

Aluminum is a toxic element to plants when the concentration in growth medium is 

high. In most plants, 1.0 ppm of aluminum concentration in soil solution may reduce yield 

(Sanchez, 1976), whereas critical point of cocoa plants derived from Sca 6 towards 

aluminum concentration is higher than 16 ppm (Abdoellah, 1993). 

The toxic effects of aluminum can be neutralized by calcium and magnesium ele-

ments (Bohn et al., 1979), and potassium (Simoen, 1992). The presence of calcium and 

magnesium in proper amount is able to precipitate the aluminum (Sanchez, 1976), so that 

its toxicity is reduced. 

A few plants adapted with high aluminum concentration accumulate much 

aluminum in shoot (Sanchez, 1976). Aluminum translocation from root to shoot of plants 

increases with application of potassium (Simoen, 1992). 

Though the presence of potassium, calcium, and magnesium can neutralize 

aluminum toxicity, their excessive application, especially calcium, will be harmful to 

plants. Besides it is not economical either. Thus, the application should consider their 

concentration in growth medium to avoid excessive application. 

This experiment aims to look for a balance among aluminum, potassium, calcium, 

and magnesium, which is a toxic threshold for cocoa. The results are expected to be used 

as criteria in determining cocoa development areas, as well as a means to suppress toxic 

level of cocoa towards aluminum. 

 

Materials and Method 

The experiment had been carried out in the glasshouse of the Indonesian Coffee and 

Cocoa Research Institute (ICCRI) from July 1989 to January 1990. The cocoa planting 

materials tested were the progeny of Sca 6 taken from seed garden of ICCRI. Growth 
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medium was modified Hoagland nutrient solution as written on Table 1. Aluminum 

concentration was 16 ppm using the compound of A12(SO4)3. 

Treatments consisted of Al/(K+Ca+Mg) ratio of 5, 10, 15, 20, 25, 30, and 35 %. To 

obtain such ratio subtraction of potassium, calcium and magnesium was done pro-

portionally so that the final concentration of potassium, calcium and magnesium could be 

obtained as stated on Table 2. Randomized Complete Block Design with four replications 

was used in this experiment. 

A similar experiment on the concentration of potassium, calcium and magnesium 

without aluminum was done to confirm that the results were due to the effect of Al/ 

(K+Ca+Mg) ratio, and were not affected by the subtraction of potassium, calcium, and 

magnesium. The parameters affected by Al/(K+Ca+Mg) ratio as well as by the subtraction 

of potassium, calcium and magnesium concentration were doubted, and only the 

parameters affected by Al/(K+Ca+Mg) ratio without being affected by the subtracting 

potassium, calcium and magnesium were used to draw a conclusion. 

Observation was done when the plants were four months old. It covered root length, 

root dry weight, stem height, stem diameter, stem dry weight, number of leaves, leaf area 

and leaf dry weight. 

The observed data were analyzed by variance analysis, 5% Tukey test, and simple 

linear regression. 

 

Table1. Stock nutrient solution used in the experiment 
 

 
Compound 

Concentration of 
stock solution, g/l 

Volume of stock solution 
per liter of final solution, ml 

 
Element 

Final concentration of 
element, ppm 

KNO3 18.96 32.0 N 140 
Ca(NO3)2.4H2O 7.05 33.5 K 235 
NH4H2PO4 115.08 2.0 Ca   40 
MgSO4.7H2O 6.16 40.0 P   62 
   S   32 
   Mg   24 
KCl 3.728  Cl 1.77 
H3BO3 1.546  B 0.27 
MnSO4.H2O 0.338 1.0* Mn 0.11 
ZnSO4.7H2O 0.575  Zn 0.131 
CuSO4.5H2O 0.125  Cu 0.032 
H2MoO4 0.081  Mo 0.05 
Fe-EDTA 6.922  Fe 1.12 
Al2(SO4)3.18H2O 12.300 16.0 Al 16 
 
*) A combined stock solution was made by mixing all micronutrients except iron  
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Table 2. Concentration of potassium, calcium and magnesium in growth medium to 
achieve Al/(K+Ca+Mg) ratio is as high as the treatmens. 

 
Al/(K+Ca+Mg) ratio, % 

 
K 

ppm 
Ca 

ppm 
Mg 
ppm 

5 
10 
15 
20 
25 
30 
35 

235 
118 
88 
66 
53 
44 
37 

40 
20 
15 
11 
8 
7 
6 

24 
12 
9 
7 
5 
4 
3 

 
 
Results and Discussion 

Growth parameter which was affected by Al/(K+Ca+Mg) ratio treatment without 

being affected by the concentration subtraction of potassium, calcium and magnesium 

based on 5 % Tukey test was the leaf area. Al/(K+Ca+Mg) ratio of 30 % caused the leaf 

area of cocoa significantly smaller than that of 5-15 % Al/(K+Ca+Mg) ratio (Figure 1). So, 

the Al/(K+Ca+Mg) ratio of 30 % proved to be the critical threshold for cocoa derived from 

Sca 6. 

Growth parameters which were significantly correlated with the increase of Al/ 

(K+Ca+Mg) ratio but not significantly correlated with concentration subtraction of 

potassium, calcium and magnesium were stem diameter, stem dry weight, leaf area and 

leaf dry weight. The higher Al/(K+Ca+Mg) ratio the smaller the four growth parameters 

were as shown in Figure 2, 3, 4 and 5. 

In plant cultivation, aluminum is considered toxic when exessively present in soil. 

The presence of aluminum in growth medium is usually regarded as exchangeable 

aluminum in me/l00 g, and aluminum saturation in %. The content of 1.0 me/100 g of 

exchangeable aluminum is approximately equal to 8 ppm aluminum. 

Aluminum saturation is a parameter which shows the ratio of exchangeable 

aluminum to effective cation exchange capacity (CEC) of soil. Effective CEC is the sum of 

cation which could be adsorbed by soil particles. As most part of soil cations are 

potassium, calcium and magnesium, so the sum of K+Ca+Mg cation may be used as an ap-

proach value for CEC. 
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An experiment by Wessel (1985) showed that generally cocoa tolerancy to 

exchangeable aluminum was 0.4 me/100 g, while tolerancy of Sca 6 cocoa clone was 

higher than 16 ppm (Abdoellah, 1993). 

The critical level of aluminum saturation in North Sumatra soils for cocoa growth 

was 30 % (Sugiyono, 1989), whereas its level in Brazil was 15 % (Cabala et al., 1975 cit. 

Sugiyono et al., 1991). When Al/(K+Ca+Mg) ratio is assumed equal or close to the value 

of aluminum saturation, this experiment which found out that the critical level of 

Al/(K+Ca+Mg) ratio for cocoa growth as high as 30 % was similar to the result of the 

experiment in North Sumatra. 

 

Conclusion 

1. The growth parameter of cocoa which was sensitive to Al/(K+Ca+Mg) ratio was the 

leaf area. 

2. There were significant negative linear regres ions between Al/(K+Ca+Mg) ratio of 

growth medium with stem diameter, stem dry weight, leaf area and leaf dry weight of 

cocoa. 

3. Critical level of Al/(K+Ca+Mg) ratio on growth medium for cocoa derived from Sca 6 

was 30 %. 
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