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Abstract 

Young rubber trees require sufficient nutrients to ensure successful planting and optimization of 
fertilizer cost. This study focused on the nitrogen and phosphorus requirement of the RRIM 600 and 
RRIT 251 young rubber trees, aged 6 - 9 months. The study was conducted using a complete randomized 
design (CRD) with 8 replications. The budded stumps of both clones were planted in polybags with 
charcoal as plant materials. Each clonal variety was distributed into 3 drip-irrigated hydroponic 
recirculating nutrient solution systems. The experiment started when young rubber trees had the first 
whorl with mature leaves. Solutions in the systems were sampled and analyzed for nitrogen and 
phosphorus content, and the tank volume was measured one hour after each watering event every 4 days 
through the experimental period. Results showed that nitrogen and phosphorus uptakes of RRIM 600 and 
RRIT 251 were not different. Total nitrogen use of the clones was 1191.08 ± 18.69 and 1241.09 ± 21.96 
mg.plant-1, respectively, and total phosphorus use of the clones was 112.52 ± 5.22 and 131.81 ± 8.03 
mg.plant-1, respectively. The RRIT 251 young rubber trees had higher nitrogen use efficiency than that of 
the RRIM 600 as was evident from their stem height (P < 0.05), 2.68 ± 0.16 cm.g-1 and 1.67 ± 0.22 cm.g-

1, respectively. As a result, the nitrogen cost of an RRIT 251 rubber tree was lower than the RRIM 600 
one around one fold or 0.006 USD. Total nitrogen and phosphorus costs for producing a young rubber 
tree of each clone were 0.012 and 0.008 USD, respectively. 
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Introduction 

Rubber is one of the important commodity crops and has contributed much to the nation’s economy 
as Thailand is the largest producer and exporter of natural rubber in the world, 6 billion USD or 36.5 % of 
total rubber export [1]. The main planting area is in the southern region of the country, approximately 
18.78 billion m2 or 68.2 % of the planted area nationwide [2]. The RRIM 600 clones represent 
approximately 80 % of total rubber tree planted. The clones have been produced and field tested to 
improve the yield with several selection criteria, including vigor, resistance to diseases, resistance to 
wind, fewer and higher branches, and bark thickness. The yield is not only the latex, but also the timber 
from the rubber trees which is in high demand as well [3]. The RRIT 251 clone is a new promising Thai 
high-yielding clone [4] that is widely used for new planting or replanting in Thailand [5]. The trees from 
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these clones are known for their performance, rapid growth with dense canopy, and high latex yield. Due 
to the canopy characteristics, the RRIT 251 may require more nutrients for its growth than the RRIM 600 
does. Therefore, the RRIT 251 clone has an average growth during the immature period that is lower than 
RRIM 600 [6]. Nutrients are the major limiting factor in plant growth, and the nutrient requirement of 
rubber trees is different among the clones and among the same clone at different stages in the life span [7-
9]. Therefore, the RRIM 600 and RRIT 251 young rubber trees require a review of the fertilizer 
requirement in order to optimize plant growth. 

The most important nutrients for rubber trees are nitrogen, phosphorus, potassium, and magnesium. 
Among of these nutrients, nitrogen and phosphorus are essential elements influencing rubber tree growth 
and latex production [10-12]. Nitrogen deficiency will lead to reduced leaf size and tree girthing, and 
eventually to stunting of the tree. Phosphorus deficiency results in young unbranched trees, small leaves 
and stunting. The symptoms are first found in leaves in the middle whorl up to the upper whorl and a 
considerable defoliation may also occur [7,13]. Application of fertilizers at high levels can degrade soil 
and water resources in the long term, leading to the loss of the ecosystem and a decrease in agricultural 
sustainability. Furthermore, inefficient use of fertilizer leads to economic loss in a form of fertilizer cost. 
In the early growth stage, 10 - 20 % of young rubber trees normally die or thin out [8]. Replacement 
rubber trees have similar growth stage as the ones which have already been planted. Therefore, nutrient 
management is needed to ensure successful planting and optimization of the fertilizer cost [3]. Practically, 
it is difficult to provide adequate nutrient supply for plants since there are many factors involved. This 
study used the hydroponic recirculating nutrient solution system and planted young rubber trees in a 
greenhouse in order to avoid undesired factors and to ensure non-limiting nutrients supply. This system 
has been successfully used for the nutrient requirement testing of poplar [14], maple, and walnut [15]. 
Since fertilizer recommendations for RRIM 600 and RRIT 251 young rubber trees are currently not 
available, this article describes nitrogen and phosphorus uptake and common recommendations for the 
young clones. Data on crop responses on nitrogen and phosphorus has led to a proposed revision to 
nutrient requirement and its efficiency.  
 
Materials and methods 

Plant materials 
Plant materials and growth conditions 
Rubber trees (Hevea brasiliensis) clonal varieties RRIM 600 and RRIT 251 originating from 

budded stumps were planted in polybags (6×12 in) with charcoal (1×1 cm). Each clonal variety was 
distributed into 3 drip-irrigated hydroponic recirculating nutrient solution systems, and each system 
contains 8 plants. In relation to the solution recirculation system, the 50 l nutrient solution was 
automatically drip-irrigated and it was recirculated for 20 min, 3 times a day to ensure non-limiting 
supply of water and nutrients. The composition of nutrients with nitrate was (mmol.l-1) 1.82 NO3

-, 0.19 
H2PO4

-, 0.24 SO4
2-, 1.00 K+, 0.39 Ca2+, 0.355 Mg2+, where micro elements were renewed every 8 days 

[14]. The experiment started when the young rubber trees contained the first whorl with mature leaves. 
The number of leaves, girth, and plant height were collected every 4 days. 
 

Nitrogen and phosphorus uptake  
Nutrient uptake was computed from the temporal variation in the quantity of nutrient within the 

solution recirculation system [16]. Nutrient solutions were sampled for 0.06 l and the tank volume was 
measured one hour after each watering event, at 9 am every 4 days. Nitrogen and phosphorus were 
analyzed using the kjeldahl method and ascorbic acid method, respectively. Then, the quantity of 
nutrients uptake was estimated by a modified model of Beaujard and Hunault [16]; 

Nutrient uptake =  
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Nutrient uptake (mg.plant-1); Ci,j (mg.l-1) and Vi,j (l) are nutrient concentration and solution volume 
in the tank at the ith measurement after the jth nutrient solution was renewed (the 1st measurement being 
the initial measurement after each renewal), nj number of time that measurements are taken after the jth 
renewal, m number of renewals (the 1st renewal being the initial setup) and N is the number of plants in 
the recirculation system. 

In order to estimate nutrient use efficiency and its costs, the nutrient use efficiency (NUE) was 
obtained from a modified equation of the nitrogen use efficiency function which was suggested by Hirel 
et al. [17]. NUE is defined as the ratio of the rubber tree growth (G; number of leaves, girth, and stem 
height) and nutrient uptake (U; nitrogen and phosphorus) during the experimental period. Then, nutrient 
use efficiency was monetarily estimated by its market price. 

NUE = 
U
G

                  (2) 

 
Data analysis 
All data were subjected to the analysis of variances to determine the significance of difference in 

clonal varieties. Differences between clonal varieties were assessed by independent T-test at the 0.05 
level of probability. Linear correlation between nitrogen and phosphorus uptake were considered 
significant when the probability is at the 0.05 level. All statistical analyses in this study were performed 
by using SPSS. 
 
Results and discussion 

Nitrogen and phosphorus uptake 
Nitrogen and phosphorus uptake dynamics depended on available concentration of both elements 

and the pH of the nutrient solution in drip-irrigated hydroponic recirculating nutrient solution systems 
[15]. Nitrogen and phosphorus concentrations during the experiment were 21.93 - 1.87 mg.l-1 (Figure 1A) 
and 6.45 - 5.38 mg.l-1 (Figure 1B), respectively. The pH of the nutrient solution during the experiment 
was about 6.4 - 7.9 which ensures a strong uptake. Plants grow equally well between pH 5 and 7, if 
nutrients do not become limited. The problem is reduced nutrient availability at high and low pH. The 
availability of nutrients is optimized at a slightly acidic pH. The availabilities of Mn, Cu, Zn and 
especially Fe are reduced at higher pH, and there is a small decrease in availability of P, K, Ca, Mg at 
lower pH. Reduced availability means reduced nutrient uptake [18-20].  

The dynamic curves of nitrogen and phosphorus uptake of RRIM 600 and RRIT 251 were not 
statistically different suggesting that both rubber trees could uptake nutrients during the experimental 
period. Nitrogen uptake was about 1191.08±18.69 and 1241.09±21.96 mg.plant-1 respectively (Figure 
2A). Phosphorus uptakes at the start and the end of the experiment were 112.52±5.22 and 131.81±8.03 
mg.plant-1, respectively (Figure 2B).  

For clonal varieties RRIM 600 and RRIT 251, nitrogen and phosphorus uptakes were strongly and 
significantly correlated during the study period (Figure 3). This correlation could be mediated by young 
rubber tree growth which requires a large ratio between nitrogen and phosphorus uptakes [10-12]. 
Nitrogen is a constituent of all proteins and thus of all protoplasm and is required in relatively large 
quantities. It is also a constituent of chlorophyll. On the other hand, phosphorus is a constituent of nucleic 
acids required for the development of meristematic tissue and is a very important part in enzyme systems. 
Phosphorus compounds often act as suppliers of energy for specific reactions, providing a link between 
the energy released in respiration and reactions requiring energy [7,21,22]. 
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Figure 1 Availability of nitrogen (A) and phosphorus (B) concentrations in the solution recirculation 
system of young rubber trees clonal varieties RRIM 600 (▲) and RRIT 251(■). The values represent the 
mean±S.E. of 3 recirculating nutrient systems. The dashed lines indicate the day in which the nutrient 
solution was renewed. 
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Figure 2 Cumulative nitrogen (A) and phosphorus (B) uptake of young rubber trees clonal varieties 
RRIM 600 (▲) and RRIT 251(■). The values represent the mean±S.E. of 3 recirculating nutrient systems. 
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Figure 3 Linear correlation between nitrogen and phosphorus uptake of young rubber trees clonal 
varieties RRIM 600 (▲) and RRIT 251 (). 

 
Plant growth 
A statistical analysis showed that the numbers of leaves per plant and girths of clonal varieties 

RRIM 600 and RRIT 251 were not different (Figure 4). However, the numbers of leaves per plant and 
girths of both trees increased about 11 - 16 leaves and 1.12 - 1.23 cm during the experiment, respectively. 
Similarly, stem heights of both rubber trees were not different until 67 days. After that the stem of RRIT 
251 increased significantly faster than that of RRIM 600 (P < 0.05). Stem heights of RRIT 251 and RRIM 
600 increased during the study period by 33.3±2.44 and 19.83±2.35 cm, respectively. 
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Figure 4 Number of leaves (A), girth (B) and height (C) increment of young rubber trees clonal varieties 
RRIM 600 (▲) and RRIT 251(■). The values represent the mean±S.E. of 24 plants. 
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Nutrient use efficiency and costs 
Nutrient use efficiency is defined as the ratio of the growth of RRIM 600 and RRIT 251 rubber trees 

and the nutrient uptake during the experimental period. Data on growth such as the number of leaves, 
girth, and stem height were taken and nutritional status of nitrogen and phosphorus was analyzed. 
Findings showed that, in terms of nitrogen use efficiency, the numbers of leaves and girth of both clones 
were not significant. The trees that uptook 1 g of nitrogen could produce about 1 leaf, 0.1 cm of girth, and 
2.68 cm of height, respectively. However, the stem height of RRIT 251 was 2.68 ± 0.16 cm.g-1 higher 
than that of RRIM 600, which was 1.67 ± 0.22 cm.g-1. There was no significant difference for all 3 
indicators in terms of the phosphorus use efficiency between RRIT 251 and RRIM 600 young rubber 
trees. The number of leaves, girth, and stem height were 10 - 12 leaves g-1, 0.94 - 0.99 cm.g-1 and 17.84 - 
25.25 cm.g-1, respectively (Table 1). 
 
 
Table 1 Nutrients use efficiency of RRIM 600 and RRIT 251 young rubber trees. 
 

 Nitrogen use efficiency  Phosphorus use efficiency 

 
NL 

(NL.g-1) 
Girth 

(cm.g-1) 
Height 
(cm.g-1)  NL 

(NL.g-1) 
Girth 

(cm.g-1) 
Height 
(cm.g-1) 

RRIM 600 0.93 ± 0.29 0.09 ± 0.01 1.67 ± 0.22  12.03 ± 0.42 0.99 ± 0.02 17.84 ± 2.66 
RRIT 251 1.28 ± 0.10 0.10 ± 0.01 2.68 ± 0.16  9.70 ± 2.79 0.94 ± 0.09 25.25 ± 0.74 

T-test ns ns *  ns ns ns 
NL= Number of Leaves 
 
 

As suggested by RRIT (2001) [23], young rubber trees in the nursery are ready and appropriate for 
transplant to the field when the plants have either 2 - 3 whorls or 6 - 7 whorls of leaves or have at least 20 
cm height. To attain that height, young rubber trees RRIM 600 and RRIT 251 require nitrogen and 
phosphorus at least 11.98, 1.12, 7.46 and 0.79 g, respectively. 

Urea [CO(NH2)2] (N-P-K; 46-0-0) and diammonium phosphate [(NH4)2HPO4] (N-P-K; 18-46-0) 
were supplied as fertilizer in this study instead of other nutrient forms because they are inexpensive [24], 
and commonly used in agricultural plant production in Thailand. In addition, the nutrient forms are 
recommended as a straight fertilizer by the Ministry of Agriculture and Cooperatives in Thailand. 
Therefore, to achieve better efficiency of urea and diammonium phosphate fertilization, RRIM 600 
should be supplied with both nutrients at 23.87 and 5.57 g, respectively, and RRIT 251 at 14.70 and 3.93 
g, respectively. Moreover, the fertilizers should be applied monthly to budded stumps after bud break for 
4 - 5 months. In 2016, an average retail price per ton of urea and diammonium phosphate was 378.29 and 
584.74 USD [25]. Therefore, the costs of nitrogen supplied for a young rubber tree RRIM 600 and RRIT 
251 to be ready for transplanting are 0.009 and 0.006 USD, respectively. The cost of diammonium 
phosphate supplied for a young rubber tree of both clones is 0.003 and 0.002 USD, respectively. 
 
Conclusions 

From the data obtained on the number of leaves, girth, and stem height, it is shown that nitrogen and 
phosphorus uptakes for growth of the RRIM 600 and RRIT 251 young rubber trees were not significantly 
different. The nutrient uptakes of both clones were strongly correlated which may be mediated by the 
high growth demand of the young rubber trees. The nitrogen use efficiency of RRIT 251 was higher than 
that of RRIM 600 rubber trees when the stem height is used as a growth indicator. From this result, either 
nitrogen supplied or its cost for RRIT 251 rubber trees was lower than that of RRIM 600. However, 
phosphorus use efficiency for each clone was about the same. Findings suggest that nutritional supply 
consideration would create significant benefit for rubber producers in terms of nutritional optimization 
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and efficient fertilizer costs. This study is considered as a preliminary approximation, and the next step of 
the research will be to collect more data on major and minor nutrients and extend to field testing. 
Furthermore, it is generally well known that most plants uptake urea, ammonium and nitrate by different 
mechanisms, and the response of plants for each nitrogen form is not the same [26-28]. Therefore, future 
research should compare the effect of nitrogen forms on plant growth. 
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