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ABSTRACT 

 
The best rubber planting materials are needed 
to build the best rubber plantation. Humic acids 
could be used to improve the growth of rubber 
planting materials. Humic acid plays a role as a 
hormone-like substance. This research was 
aimed to determine the optimal concentration of 
foliar application of humic acid in order to 
enhance the growth of rubber tree planting 
materials. This research was arranged in a 
completely randomized block design with five 
treatments and four replicates. The treatments 
were the concentrations of humic acids, i.e. 0; 
250; 500; 750; and 1,000 ppm. Observations 
were made on rubber tree diameter, plant 
height, shoot and root biomass, and nutrient 
content of leaves and the stem. The results 
showed that foliar application of 1,000 ppm of 
humic acids could enhance the growth of rubber 
tree planting materials. Foliar application of 500 
– 1,000 ppm of humic acids could increase K 
content of the stem. The effects of foliar 
application of humic acids were more apparent 
in the root part than in the shoot part. 
 
Keywords: Hevea brasiliensis, humic acid, growth, 

hormone, nutrient uptake  
 

INTRODUCTION 
 

Natural rubber is a commodity that plays 
important role for Indonesia’s income, since it 
was a source of foreign exchange reaching US$ 
2.96 billion in 2010 (FAO, 2012), providing 
income and livelihood to above 11 million people 
particularly in Sumatra and Kalimantan, and also 
needed to preserve the environment (Sembawa 
Research Centre, 2008). Indonesia’s natural 
rubber production is about 3.08 million tons per 
year (FAO, 2013), placing Indonesia in the 

second biggest natural rubber producer in the 
world after Thailand despite the fact that the 
area of Indonesia’s rubber plantation is the 
biggest. It means that rubber plantation 
productivity in Indonesia is still low. This 
condition happened because in Indonesia there 
are a lot of old rubber plantations and the 
adoption of high yielding clone is still low. 
Therefore, to increase Indonesia’s rubber 
production, replanting and good planting 
materials are required almost in all areas of 
rubber plantation in Indonesia  

Based on the average of expansion of 
rubber plantation area in Indonesia that reaches 
more than 10,000 ha/year, more than six 
millions rubber planting materials are needed for 
replanting in Indonesia (Directorate General of 
Estates, 2011). To fulfil this demand, a lot of 
work is needed to produce high quality of rubber 
planting materials. This quality is needed in 
order to fulfil Indonesian National Standard of 
rubber planting materials. To produce a high 
quality of rubber planting materials, some efforts 
have to be done, one of which is through foliar 
application of humic acid in order to improve the 
growth of rubber planting materials. Some 
research work mentioned that humic acid could 
play a role as an auxin-like hormone. 

Humic acids are organic materials 
obtained as final process of decomposition of 
plant and animal for million years in the soil 
(Albayrak and Camas, 2005). These substances 
are available in the stabilized soil organic matter 
and humus as natural organic poly electrolytes. 
These substances are important as their role in 
the regulation of a lot of biological and chemical 
processes occurring in natural ecosystem (Chen 
et al., 2004; Nardi et al., 2002), including their 
affect on the growth of plants (Arancon et al., 
2003). Some research proposed that the 
improvement of plant growth resulted from the 
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function of humic substance as soil conditioner 
that improves the soil bioavailability of some 
nutrients (iron and zinc) (Chen et al., 2004), but 
other research also found that humic substances 
could also affect plant metabolism directly (Nardi 
et al., 2002).Foliar application of humic acids 
also improvesthe growth of some plant species, 
such as tomatoes, cottons, and grapes (Brownell 
et al., 1987; Fernández-Escobar et al., 1996). 
Fernández- Escobar et al. (1996) also found that K 
status increased significantly. Besides, leaf Ca, 
Mg, B, and Fe concentrations also significantly 
increased. 

The positive effect of humic substances 
on plant metabolism isexerted on cell membrane 
function and stimulates nutrient uptake (Visser, 
1986; Varanini and Pinton, 1995; Nardi et al., 
2002). It also affects the growth of the plants as 
hormone-like substances (Bottomley, 1917; 
Hillitzer, 1932; Rerabek, 1963; Cacco and 
Dell'Agnola, 1984; Muscoloet al., 1998).Some 
research showed that humic acid might increase 
plant growth (Vaughan and Malcolm, 1985; 
Varanini and Pinton, 2001; Vaccaro et al., 2009; 
Mora et al., 2010; Trevisan et al., 2011). Based 
on research done by Aranconet al. (2003), 
humic acid from cow manure could increase the 
root dry weight of marigolds and strawberry 
significantly at the concentration of 500 mg/kg. 
Besides, humic acid from vermicompost at 
concentration of 250 – 1,000 mg/kg could also 
increase the root dry weight of tomatoes. Atiyeh 
et al. (2002) found that usually at low 
concentration (50 – 500 mg/kg), humic acid 
could increase the plant growth, but when it was 
applied at higher rate (500 – 1,000 mg/kg) it 
could not increase the plant growth 
significantly.The growth curves on the effect of 
application of humic acids show climbing growth 
with increasing rates of humic acids until 
reaching the peak and then it usually decreases 
at higher rates of the humic acids (Chen and 
Aviad, 1990; Atiyeh et al., 2002). 

Foliar application of humic acid stimulates 
the growth of young olives shoot when they are 
grown without additional mineral elements 
(Fernández-Escobar et al., 1996).The plant 
growth stimulating activity revealed by some 
research seems to be generated by hormone-
like materials available in humic acids 
(O’Donnell, 1973; Casenave de Sanfilippo et al., 
1990; Fernández-Escobar et al., 1996). 

Merlo et al. (1991) and Trevisan et al. 
(2011) proved that humic substances could 
increase photosynthetic metabolism in maize 
leaves. It has been hypothesized that humic 
substances probably affected plant physiology 
as an auxin-like hormone. Some research 
showed that humic substances could enhance 
the growth of plants as an auxin-like hormone. 
Research on earthworm humic substances on 
the growth of some crops showed that humic 
acid enhance plant growth by increasing the 
uptake of anion and cation, synthesis of proteins 
and nitrate metabolism enzymes (Dell'Agnola 
and Nardi,1987; Muscolo et al., 1999). Muscolo 
et al. (1999) also said that the stimulation effect 
of humic acid on the growth of plants is probably 
because of hormone-like activity, especially 
auxin-like activity of humic substances. 
Furthermore, humic substances have also been 
found to promote plant growth in gibberellins, 
cytokinin, and auxin bioassays (Phuong and 
Tichy, 1976; Atiyeh et al., 2002). 

 
MATERIALS AND METHODS 

 
This research was conducted from May 

2011 to February 2012 in the glass house of 
Sembawa Research Centre. The experimental 
layout was a Randomized Completely Block 
Design with five treatments. Each treatment was 
replicated into four replicates. The treatments 
were foliar application of 0(control); 250; 500; 
750; and 1,000 ppm of humic acids. The 
treatments were applied to the leaves of each 
whorl after they reached maturation (indicated 
by its dark green colour). 

The type of rubber planting materials used 
in this experiment was rubber budded stump 
grown in 25 x 40 cm polybags. The planting 
media was sandy subsoil poor of nutrition. The 
observation was conducted on plant biomass, 
nutrition uptake (N, P, K, Ca, and Mg), and 
some other growth parameters (stem diameter, 
plant height, and number of leaves). 
Observation on plant biomass and nutrition 
uptake (N, P, K, Ca, and Mg) was done when 
the planting material reached the age of 6 
months (destructive observation). Growth 
parameters such as stem diameter at 5 cm 
above grafting union and plant height were 
observed once in two weeks. Maintenance of 
planting materials was done by daily irrigation 
and application of fungicide to prevent disease 
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attack when the symptoms were detected. 
Chemical fertilizer was also given once in a 
month at recommended dose. 

The results of the observation were 
analyzed using ANOVA of Completely 
Randomized Block Design and Duncan Multiple 
Range Test to differentiate between treatments 
using SAS 9 software (SAS Institute Inc., 2002). 

 
RESULTS AND DISCUSSION 

 
Plant Growth 

Generally, the effect of foliar application of 
humic acid on rubber tree planting materials 
significantly appeared on the rubber tree 
diameter. The effect of humic acid on rubber 
tree diameter was significant at concentration of 
1,000 ppm. This phenomenon is presented in 
Figure 1 showing that from 0 – 2 months after 
planting, the diameter of rubber tree was not 
significantly different. It could happen because 
the first foliar application of humic acid had been 
given when the age of rubber trees were 2 
months old, when the leaves were mature. After 
the foliar application of humic acid was given, 
the diameter of rubber trees treated with 1,000 

ppm of humic acid grew faster than those of 
other treatments; therefore, the diameter was 
the highest (Table 1). It shows that foliar 
application of humic could affect the growth of 
rubber tree quickly. 

 
Table 1.Effect of foliar application of humic acid 

on rubber tree diameter at 6 months 
after planted 

Treatments / 
Concentration 
of humic acids 

(ppm) 

Rubber tree 
diameter 

(cm) 

Rubber tree 
height 
(cm) 

0 0.82 b 62.86 a 
250 0.87 ab 61.62 a 
500 0.81 b 57.13 ab 
750 0.88 ab 50.11 b 

1,000 0.91 a 66.17 a 

Remarks: Values followed by the different letters in 
the same column are significantly different 
at 95% confidence interval of Completely 
Randomized Block Design 

 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Remarks: Lines separated by stars () are significantly different with control (0 ppm) at 95% confidence interval of 

Completely Randomized Block Design 
 

Figure 1. The effect of humic acid on rubber tree diameter 
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This result is in accordance with the 
research done by Muscolo et al. (1993); Nardiet 
al. (2002) confirmed that humic substances 
improves plant growth and development. Tan 
and Tantiwiramanond (1983); Atiyeh et al. 
(2002) reported that shoots, roots, and nodules 
dry weight of soybean, peanut, and clover plants 
have been improved after application of humic 
acids. 

The improvement of the diameter of 
rubber tree might be induced by the presence of 
humic acids as plant growth hormone-like 
substances (Vaughan and Malcolm, 1985; Nardi 
et al., 1996; Nardi et al., 2002).This opinion is in 
accordance with the research result done by 
Muscolo et al. (1999) who found that humic 
acids treatment on carrot cells improved their 
growth and promoted morphological growth and 
development.The role of humic acids is mainly 
exerted on cell membrane functions and 
promotes nutrient uptake  (Visser, 1986; 
Varanini and Pinton, 1995; Nardi et al., 2002). 
Furthermore, Bottomley (1917); Hillitzer (1932); 
Rerabek (1963); Cacco and Dell'Agnola (1984), 
and Muscolo et al. (1998) confirmed that humic 
substance showed auxin-like activity, but they 
found that humic acids’ effect is not as strong as 
plant growth hormone and they found that humic 
acids are not the same as auxin. The role of 
humic acids, are not only as auxin-like, but also 
gibberellins-like hormone (Nardi et al., 1991; 
Muscolo et al., 1999; Nardi et al., 2002). 
Furthermore, humic acids have been known to 
be able to induce plant growth and the 
development in auxin, gibberellin and cytokinin 
test (Phuong and Tichy, 1976; Atiyeh et al., 
2002). In Table 1 it is highlighted that although 
humic acids could enhance the diameter of 
rubber tree, the height did not increase. It 
indicates that the height of rubber tree planting 
materials was more affected by endogen auxin 
than exogen auxin-like from humic acids. 
Furthermore the highest diameter of 1,000 ppm 
treatment might be caused by the role of humic 
acids as gibberellin-like hormone instead of 
auxin-like hormone. Therefore, this treatment 
could enhance the diameter of rubber trees but 
not the height of rubber trees. 

Figure 1 also shows that other treatments 
other than that of 1,000 ppm foliar application of 

humic acid, did not show any significant 
difference from the control (foliar application of 0 
ppm humic acid). This phenomenon could 
happen because the effectiveness of foliar 
application of humic acids is in a certain range of 
concentration of humic acids. Atiyeh et al. 
(2002) found that the plant growth was improved 
after the plants were treated with humic acid at 
concentration of 50–500 mg/kg. However, it 
significantly reduced the plant growth when the 
concentration wasmore than 500 mg/kg. 
Different result reported by Valdrighi et al. 
(1996) emphasized that humic acids could 
enhance the growth of chicory plants when the 
concentration was equal to or greater than 1,000 
mg/kg. The different optimum concentration of 
humic acid might be influenced by the kind of 
the plants. From Figure 1, it can also be 
concluded that the optimum concentration of 
humic acids for foliar application on rubber trees 
was at least 1,000 ppm. The effectiveness of 
humic acids application above 1,000 ppm needs 
to be studied further. 

The similar results were found on the root 
and rubber tree biomass parameters. On these 
parameters, 1,000 ppm foliar application of 
humic acids could improve rubber tree and root 
biomass. This treatment could only affect rubber 
tree and root biomass, but did not affect other 
parameters like shoot biomass and root-shoot 
ratio (Table 2).These phenomena indicate that 
application of humic acids affected root part 
more than the shoot part. These results were in 
line with research result by Vaughan and 
Malcom (1985); Nardi et al. (2002); and Atiyeh 
et al. (2002). They found that the effect of humic 
acids was higher on the root part than the shoot 
part. 

The quicker growth of root part than shoot 
part as the application of 1,000 ppm of humic 
acids might happen because humic acid 
contains auxin-like and cytokinin-likehormones 
(Nardi et al., 1998) which can improve root 
growth. The auxin hormone could promote root 
initiation whether the cytokinin could enhance 
the root growth Gardner et al. (1985). Although 
the humic acids were spread on the leaves, they 
were absorbed by the leaves and distributed to 
the root part. So, they promoted higher rate of 
root growth. 
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Table 2. Effect of foliar application of humic acid on some rubber tree growth parameter at 6 monthsafter 
planting 

Treatments / Concentration of 
humic acids (ppm) 

Growth Parameters 

Rubber tree biomass 
(g) 

Root biomass 
(g) 

Shoot biomass 
(g) 

Root-shoot 
ratio 

0 34.21 bc 09.26 bc 24.95 abc 0.37 a 
250 38.29 ab 11.69 a 26.59 ab 0.46 a 
500 27.01 c 07.63 c 19.38 c 0.40 a 
750 32.11 bc 10.21 ab 21.90 bc 0.47 a 

1,000 42.73 a 12.58 a 30.14 a 0.42 a 

Remarks: Values followed by different letters in the same column are significantly different at 95% confidence 
interval of Completely Randomized Block Design 
 

Table 3. Effect of foliar application of humic acid on leaves nutrient status at 6 months after planting 

Treatments / Concentration of 
humic acids (ppm) 

Leaves nutrient content (%) 

N P K Ca Mg 

0 3.84 a 0.23 a 1.12 a 0.95 a 0.19 a 

250 3.72 a 0.21 a 1.18 a 0.86 a 0.18 a 

500 3.67 a 0.24 a 1.10 a 1.05 a 0.22 a 

750 3.58 a 0.21 a 1.07 a 0.92 a 0.19 a 

1,000 3.72 a 0.22 a 1.20 a 1.35 a 0.20 a 

Remarks: Values followed by the different letters in the same column are significantly different at 95% confidence 
interval of Completely Randomized Block Design 

 
The high rate of root growth also influenced 

the growth of the stem. Gardner et al. (1985) said 
that the root system of a tree produces gibberellins 
hormone. This hormone enhances the growth of 
the plant internodes; it can improve the growth of 
dwarf plants (Gardner et al., 1985). Therefore the 
high biomass of the root system of treated rubber 
trees with 1,000 ppm of humic acids affected the 
improvement of the diameter of this treatment. 

For the shoot part, humic acids did not show 
significant effect on the shoot biomass parameters. 
Humic acids only improved the diameter, not the 
height of rubber tree (Table 1); therefore, the shoot 
biomass of treated trees had no significant 
difference from the control. This phenomenon 
might happen becausethe height of the plants was 
more influenced by endogenous auxin than by 
exogenous auxin-like from humic acids. 
Nevertheless, the humic acids affected the root 
and shoot lateral growth more than the shoot 
apical growth. 

Table 2 also shows that root-shoot ratio of 
all treatments were not significantly different. It 
could happen because when the growth of the 
roots was improved, the growth of the shoots was 
also improved due to the improvement of nutrient 
uptake ability as the increment of root system. This 

condition also impacted the rubber tree biomass. 
The higher biomass of root system resulted in the 
higher biomass of rubber tree (Table 2). So, the 
ratio of root and shoot of all treatments between 
treatments were similar.  

 
Nutrient Status 

In addition to growth parameter, observation 
was also conducted on the nutrient status of the 
leaves. The results of the nutrient status 
observation are presented in Table 3.Table 3 
shows that foliar applications of all concentration of 
humic acids did not affect the nutrient status (N, P, 
K, Ca, and Mg) of the leaves. This fact indicates 
that humic acids were not enriching nutrient 
content of the leaves, but they acted as hormone-
like substances. 

The different results were found on the 
observation of nutrient status of the stem. Nutrient 
status of the stems especially for N and K was 
affected by humic acids treatments. These results 
are presented in Table 4 showing that foliar 
application of humic acid at concentration of 500 
ppm could increase N content of the stems. 
Besides, foliar application of humic acid at 
concentration of 500 – 1,000 ppm could increase 
K content of stems. 
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Table 4. Effect of foliar application of humic acid on stems nutrient status at 6 months after planting 

Treatments / Concentration of 
humic acids (ppm) 

Stems nutrient content (%) 

N P K Ca Mg 

0 1.27 b 0.17 a 1.41 d 1.73 a 0.14 a 

250 1.08 b 0.15 a 1.51 cd 1.79 a 0.12 a 

500 1.80 a 0.20 a 2.04 b 1.44 a 0.18 a 

750 1.09 b 0.16 a 1.86 bc 1.62 a 0.13 a 

1,000 1.33 b 0.17 a 2.47 a 1.94 a 0.15 a 

Remarks: Values followed by the different letters in the same column are significantly different at 95% 
confidence interval of Completely Randomized Block Design 
 

These results were different from those of 
nutrient content of the leaves. These facts 
indicate that humic acids did not affect the 
enhancement of nutrient status directly, but they 
could enhance the nutrient status by affecting 
cellular metabolism of the plants as the role of 
auxin. Valdrighi et al. (1996) reported that humic 
acids could enhance uptake of mineral nutrients 
by increasing the permeability of the root cell 
membranes. In addition, Gardner  et al. (1985) 
explained that auxin could enhance proton 
exchange, membrane capacity, and potassium 
uptake. Therefore, humic acid could also 
increase K uptake, and then K content of stems 
was enhanced (Table 4). 

Table 4 also shows that foliar application 
of 500 ppm of humic acid could increase N 
content of rubber tree stems. This result was in 
accordance with the result of a research 
conducted by Tattiniet al. (1991). It was reported 
that N uptake rate by olive plants roots 
wasincreased after treated by humic acids at 
concentration ranging from 30–120 mg/pot. 
Concentration of humic acids above this range 
reduces N uptake of the plants. It indicates that 
humic acids positively affect N uptake in a 
certain range of concentration.  
 

CONCLUSIONS 
 

The application of 1,000 ppm of humic 
acids could enhance the growth of rubber tree 
planting materials. Furthermore, foliar 
application of 500 – 1,000 ppm of humic acids 
could increase K content of the stem. In 
addition, the effects of foliar application of humic 
acids were more apparent in the root part than in 
the shoot part. Finally, it is recommended that 
further research needs to be carried out to study 
the effect of foliar application of humic acids at 
higher concentration. 
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