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 11 

Aims: This study examined the distribution of N, P, and K in 30 years abandoned rubber estates in 
term soil fertility. 
Study design:Ten blocks were established by using grid systems. 
Place and Duration of Study:The study was conducted in UPM Bintulu Campus, Sarawak at an 
abandoned rubber estates planted with RRIM600 and GT1 clones in 1986. The samples were 
collected between January to December 2016. 
Methodology:Ten blocks (20x50 m) were established in 7 ha actively tapped area. Land elevation 
levels and coordinate for each block was recorded using GPS and classified into LE (38-43), ME (44-
49), and UE (50-55) m above sea levels. Surface soil samples were collected and analysed for total 
organic carbon, pH, total N, available P, K, Ca, Mg, Fe, and Mn. 
Results:The elevation levels showed insignificantly effect on N, P, K, Mg, Fe, and Mn. Moreover, the 
elevation levels were in lower range between 38-43, 44-49, and 50-55 m above sea levels and hardly 
to observe the effects. However, Principal Component Analysis has revealed insufficient organic 
carbon and N had affected the latex production. 
Conclusion:Therefore, practising proper estate management such as proper fertilizer application, 
legume establishment and terracing conversation were recommended to improve rubber productivity. 
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1. INTRODUCTION 15 

 16 
Rubber (Heveabrasiliensis) is a tropical tree and is regularly planted in Malaysia with a total 1,078 ha 17 
were planted by industries and small holder and contributed to RM33.33 billion gross domestic price 18 
[6]. However, the national export incomes decline respectively due to the fluctuation of latex price, 19 
synthetic rubber, and a shortage of manpower. 20 
 21 
These problems had influence improper estate management such as abandoning estate has led to 22 
soil degradation, low crop productivity, and susceptible to pest and disease infection. Rubber tree 23 
needs a proper maintenance during the immature phase in order to shorten the period. After the 24 
immature phase (7 years), supplying adequate fertilizer will increase the yield. When the tapping 25 
process started, N is exported out from the soil through latex production [27] and K was crucial to 26 
prevent coagulation. Insufficient nutrients will give a lasting effect on the latex production. 27 
 28 
Moreover, N will become limiting in an abandoned estate and reported to affect plant girth, latex 29 
production, and the recovery period of latex vessels [15]. However, there is a trend in converting 30 
uneconomical rubber crop into rubberwood. According to [20], the rubberwood can be processed for 31 
timber and used in furniture, sawn timber, mouldings, chipboard and others. 32 
 33 
Therefore, practising a good soil management will help to improve and maintain soil fertility for the 34 
next crop replanting cycle in the long term. Applying a proper fertilization, planting a leguminous crop, 35 
liming, and proper terracing was necessary in order to increase rubber productivity. Thus, the 36 
objective of this study was to examine the distribution of NPK in 30 years abandoned rubber estate.37 



 

2. MATERIAL AND METHODS 38 
 39 
This study was conducted in an abandoned rubber estate located in UPM Bintulu Sarawak Campus. 40 
The total planted area was ~25 ha and only 7 ha was actively being tapped for rubber sheet and cup 41 
lump and total harvested were summarise in Table 1. The estate was planted with RRIM600 and GT1 42 
clones in the 1986 and actively tapped in 2002. However, the estate has been abandoned for 20 43 
years and to date received insufficient fertilizer because of limited manpower. 44 
 45 
According to [13], a matured rubber tree needs to be fertilized twice a year at the rate 1 kg/tree. 46 
Although the crop has passed its economic year of latex productivity but the area is stilled currently 47 
used for teaching purpose and soon will be harvested for rubberwood. Replanting programme for a 48 
new rubber clones which is more susceptible to pests and disease infection and high latex production 49 
will take place at the same area.  50 
 51 
Table 1. Total harvested rubber from 2011 to 2014in actively tapped area (7 ha) 52 

Years Latex sheet 
(kg/ha) 

Rubber cup lump 
(kg/ha) 

Total 
(kg/ha) 

2011 449 N.A 449 

2012 1,225 N.A 1,225 

2013 2,417 705 3,123 

2014 1,495 N.A 1,495 

N.A: not available 53 
 54 
In order to examine the distribution of N, P, and K in actively tapped area, ten blocks (50x20 m) were 55 
established using a grid system. The distance between each block was set at ±12 m and depending 56 
on the topography of the estate area. A composite surface soil sample (0 to 20 cm depth) was 57 
collected using cross sampling technique (5 soil samples/block) and air-dried soil was analysed for 58 
physical and chemical properties. Organic carbon was determined by loss-on-ignition method [21], 59 
soil texture by the hydrometer method [3], soil pH by water method [24], total N by Kjeldahl method 60 
[23], available nutrients (P, K, Ca, Mg, Fe, and Mn) were extracted using double acid method [18]. 61 
The extraction of available P was determine using Blue method [17] by UV-Vis Spectrometer 820 nm 62 
(Lambda 25) while others extraction were using Atomic Absorption Spectrometer (Perkin Elmer, 63 
Model AA800).  64 
 65 
The estate elevation levels and coordinate for each block were recorded using GPS (Garmin GPS 66 
Map 76CSx) and three elevation levels were identified may substantially affect the nutrient distribution 67 
and soil fertility in the estate. The elevation levels were classified into lower, LE (38-43), middle, ME 68 
(44-49), and upper, UE (50-55) m above sea level with 5 m distance between both angles. The 69 
distribution of nutrients was analysed using analysis of variance (ANOVA) by Tukey’s test at P=0.05 70 
using Statistical Analysis System (SAS 9.3). 71 
 72 

3. RESULTS AND DISCUSSION 73 

 74 

3.1 Soil Characteristics 75 
 76 
General soil properties for an abandoned rubber estate was presented in Table 2. Overall observation 77 
on soil pH was classified as acidic soil with pH 4.51 and total N, P, and K concentration has indicated 78 
about 5.51, 0.82, and 187.77 mg kg

-1
 present in the soil (Nyalau Series), respectively. Between these 79 

element, K has elevated greater reserved nutrients probably due to nutrient cycle present in deeper 80 
layers of soil profile [21], while N and P indicated relatively lessened reservoir in soil which will directly 81 
affected availability of these nutrients in soil. Whereas, the total Ca, Mg, Fe, and Mn was 82 
approximately 2.09, 38.00, 10200.00, and 76.36 mg kg

-1
. In longer year cultivation, total Ca and Mg in 83 

this estate was considered lower. However, greater accumulation of Fe and Mn was recorded and 84 
well expected due to present of H

+
 in soil profile. Yet, will affect present of valuable nutrient such N, P, 85 

and K. Moreover, the soil in this area has sandy clay loam texture with sand about 6.20-55.61%.  86 
  87 



 

Table 2. General results on soil physic-chemical properties in UPMKB’s rubber estate 88 

Soil characteristics Result (0-20 cm) 

pHH2O 4.51 

OC (%) 0.03 

  

Total (mg kg
-1

)  

N 5.51 

P 0.82 

K 187.77 

Ca 2.09 

Mg 38.00 

Fe 10200.00 

Mn 76.36 

  

Soil fractions (%)  

Sand 6.24 - 55.61 

Clay 29.95 - 65.60 

Silt 0.64 - 63.44 

 89 

3.2Distribution of Soil Nutrients at Different Elevation Levels 90 
 91 
The soil has high concentrations of Fe at all elevation levels (Table 3) and results are typically 92 
common found in most of Malaysian soils because of intensive weathering in tropical country [8, 1]. 93 
Moreover, the distribution of pH, N, P, K, Mg, Fe, and Mn was insignificantly different compared to soil 94 
OC and Ca at elevation levels. The significant differences was due to insufficient lime application 95 
which has affected the OC and Ca levels at the estate [4].  96 
 97 



 

Table 3. Nutrient contents in soil of an abandoned rubber estate 98 

Elevation 
(m asl) 

pH OC (%) 
N P K Ca Mg Fe Mn 

mg kg
-1

 

LE 
4.42

a
 

± 0.09 
0.03

ab
 

± 0.002 
5.73

a 

± 0.45 
0.31

a
 

± 0.04 
53.79

a
 

± 6.88 
18.41

c
 

± 0.96 
16.36

a
 

± 2.59 
619.00

a 

± 113.51 
16.95

a
 

± 2.62 

ME 
4.53

a
 

± 0.04 
0.02

b 

± 0.001 
5.27

a
 

± 0.49 
0.23

a
 

± 0.03 
51.63

a
 

± 4.48 
27.92

b
 

± 0.85 
13.58

a
 

± 1.49 
412.20

a
 

±71.21 
18.41

a
 

± 2.02 

UE 
4.57

a
 

± 0.05 
0.03

a
 

± 0.002 
5.62

a
 

± 0.68 
0.26

a
 

± 0.04 
52.36

a
 

± 5.97 
31.03

a
 

± 0.37 
16.09

a
 

± 1.42 
404.20

a
 

± 65.93 
21.36

a
 

± 3.38 

Means with different alphabets within column area significantly at P=0.05 99 
± Indicated standard error 100 
 101 
Generally, nitrogen has comparable amount at all elevation because the area was covered by organic matter which indirectly has increased N concentration 102 
for symbiosis relationship to fixed N in the soils. Moreover, N was absorb for growth and tapping activities [27]. However, the concentration of N was limited 103 
than well managed estate. According to [19], the concentration of N fall between 2500 to 4500 mg kg

-1
 when the tree aged ranged from 16 to 41 years old. 104 

This has indicated the abandoned estate only received N fertilizer rarely and lower than recommended value for matured crop.  105 
 106 
Eventually, the crop depend upon decomposed organic N that originated from rubber biomass that indirectly may acts as N reservoir [26]. Lessen organic N 107 
in tropical soil is well known although even the estate had produced high biomass litter because of high rate of decomposition reaction of organic matter [2]. It 108 
was observed that 0.02 to 0.03% of OC was found in the estate which lower than OC value that commonly found in mature estate, 0.83% [27]. However, 109 
matured tree need to be fertilize twice a year to improve nutrient retention in soil and the yield itself. 110 
 111 
The availability of P in the estate was approximately 6% and can be considered limited to fulfil the crop requirements. A research conducted by [27] has 112 
demonstrated availability of P on mature rubber was between 1.3 mg kg

-1
 which is 5 times greater than found in this research study. The main reason for this 113 

problem was influenced by pH (4.42 to 4.57) that enhance P fixation with soil oxides [14]. Hence, most of available P are fixed by Fe (ranged from 404.16 to 114 
619.05 mg kg

-1
) and become unavailable until soil pH has been alleviated in the soil [27]. 115 

 116 
Potassium was available to the plant at 28% where the other 72% was not available. Present of soil moisture will increase movement of K to plant roots which 117 
in coarse texture the soil moisture will be lower and may become evidence of lessened K in the soil. Potassium was affected by the fraction of soil though 118 
certain area in this estate have high percentage of sand (6.24 to 55.61%) and occasionally being limed, apparently, K loss was not a main problem [16]. 119 
However, in current estate there are about 51.63 to 53.79 mg kg

-1
 K found in the estate. The value was comparable to K result found in mature estate in 120 

China at 48.0 mg kg
-1

 was recorded [27]. Therefore, has indicated the abandoned estate has retain equivalent amount of K. Nonetheless, K need to be 121 
replenished in order to increase latex flow and reduce coagulation [10].  122 
 123 
Abandoned rubber estate had influence soil pH to be in acidic condition since minimum lime materials has been applied in the area. Ultimately, the 124 
concentration of Ca in the soil had depended upon weathering soil mineral and accelerate concentration of Fe. Moreover, acidic condition has increased Al, 125 
Fe, and Mn has more ability to bind on soil colloid. Additionally, OC (0.02 – 0.03%) was lesser and will increase absorption of N in soil by microorganism [27]. 126 
This may affect availability of total N in soil for plant absorption and organic metals complexation [12, 9]. To date the availability of N, P, and K in the 127 
abandoned rubber estate has revealed the crops struggle to obtained nutrient resource from the soil except for K. The insufficient nutrient may unseen as the 128 



 

crop not actively been tapped and passed the economic value. A proper established estate need to be 129 
done once replanting takes place such as liming to increase soil pH and follow fertilization guidelines 130 
provided by Malaysian Rubber Board. 131 

 132 

3.3Principal Component Analysis Levels 133 
 134 
The principal component analysis considered the first two factors, which had an accumulated variable 135 
of 47.00% (Fig.1).  136 
 137 
 138 
 139 
 140 
 141 
 142 
 143 
 144 
 145 
 146 
 147 
 148 
 149 
 150 
 151 
 152 
 153 
 154 
 155 
 156 
 157 
 158 
Fig. 1. Eigenvectors of soil chemical variables, where: pH: soil pH; MC: moisture content; OC: 159 
organic carbon; N: total N; P: available P; K: available K; Ca: available Ca; Mg: available Mg; 160 
Fe: available Fe; Mn: available Mn 161 
 162 
The first component was negatively correlated with the variable OC and N. Thus, the effect of OC and 163 
N led to the reduction of its values and can be interpreted as a response related to the C and N in soil. 164 
Based on this rationale C was correlated with N because microorganisms will take up ammonium and 165 
nitrate out of the soil to accelerate decomposition [27]. Hence, the N was insufficient for the rubber to 166 
absorb.  167 
 168 
The second component, correlations were highest between variables Mn and pH. The correlations 169 
were explained by the fact that soil pH influences Mn; hydrous Mn oxides. It was attributed to 170 
negatively charged when soil solution acidic [7]. The second component, the highest negative 171 
correlations were observed for Mg and Fe. According to [24], Mg and Fe will undergo for isomorphous 172 
substitution each other because of valence state and ionic radii was similar. Moreover, the increase in 173 
the Ca concentration will decrease Mg and Fe. 174 
 175 
The grouping in Fig. 2 represents the relationship between all elevation levels. In G1, Ca, Mn, and pH 176 
was positive at both axes because the availability of K was limited due to replacing ion between K and 177 
Ca. According to [5] and [11], K will be depressed or replace due to stronger divalent ions in Ca.  178 
 179 
Moreover, the availability of K was controlled by soil pH and will leach out from soil colloid as the 180 
negative ion will absorb Al and Fe in acidic condition [25]. While in G2, availability of N, P, and K was 181 
limited because of OC, MC, pH, Ca, Mg, Fe, and Mn in soil. 182 
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Fig. 2. Grouping of soil elevation levels based on the application of PCA for soil chemical 207 
variables 208 
 209 

4. CONCLUSION 210 

 211 
The distribution of major nutrients (N, P, and K) was unaffected by elevation levels as the range was 212 
lower compared to other studies. However, there is movement of N, P, and K from ME to the LE as 213 
ME located on a slopping area compared to UE which was more flat area. Proper estate management 214 
was needed to maintain and sustain the rubber growth even though the economic value was dropped 215 
down due to the age of the rubber itself (30 years). Replanting was suggested to increase productivity 216 
and also a good way to practice a good estate management in the future. 217 
 218 

COMPETING INTERESTS 219 

 220 
Authors have declared that no competing interests exist. 221 
 222 

 223 

REFERENCES 224 

 225 
1. Balena SP, Messerschmidt L, Tomazoni JC, Guimarães E, Pereira BF, Ponzoni FJ, Blum WEH, 226 

Mangrich AS. Use of Fe
3+

 ion probe to study intensively weathered soils utilizing electron 227 
paramagnetic resonance and optical spectroscopy. J Braz Chem Soc. 2011;22:1788-1794. 228 

2. Bothwell LD, Selmants PC, Giardina CP, Litton CM. Leaf litter decomposition rates increase with 229 
rising mean annual temperature in Hawaiian tropical montane wet forests. Peer J. 2014;2:e685. 230 

3. Bouyoucos GJ. Hydrometer method improved for making particle size analyses of soils. 231 
Agronomy. 1962;54:464-465. 232 

4. Carmeis Filho ACA, Penn CJ, Crusciol CAC, Calonego JC. Lime and phosphogypsum impacts on 233 
soil organic matter pools in a tropical Oxisol under long-term no-till conditions. Agric Ecosyst 234 
Environ. 2017;241: 11-23. 235 

5. Carrow RN, Waddington DV, Rieke PE. Turfgrass soil fertility & chemical problems: assessment 236 
and management. Hoboken: New Jersey; 2001. 237 

6. Department of Statistics Malaysia. Time series data on rubber.2016; Accessed 25 February 2017. 238 
Available: https://www.statistics.gov.my/ 239 

7. Essington ME. Soil and water chemistry: An integrative approach. 2nd ed. Boca Raton: Florida; 240 
2015. 241 

pH

MC

OC
N

P
K

Ca

Mg

Fe

Mn

-2

-1

0

1

2

3

4

-4 -3 -2 -1 0 1 2 3 4

F
2

 (
1

5
.1

0
 %

)

F1 (31.91 %)

Biplot (axes F1 and F2: 47.00 %)

G1 G2 



 

8. Fujii K, Hayakawa C, Panitkasate T, Maskhao I, Funakawa S, Kosaki T, Nawata E. Acidification 242 
and buffering mechanisms of tropical sandy soil in northeast Thailand. Soil Tillage Res. 243 
2017;165:80-87. 244 

9. Hodge A, Robinson D, Fitter A. Are microorganisms more effective than plants at competing for 245 
nitrogen.Trends Plant Sci. 2000;5:304-308. 246 

10. Jessy M. Potassium management in plantation crops with special reference to tea, coffee and 247 
rubber. Karnataka Journal of Agricultural Sciences. 2011;24. 248 

11. Kolahchi Z, Jalali M. Effect of water quality on the leaching of potassium from sandy soil. J Arid 249 
Environ.2007;68:624-639. 250 

12. Kuzyakov Y, Xu X. Competition between roots and microorganisms for nitrogen: mechanisms and 251 
ecological relevance. New Phytol. 2013;198:656-669. 252 

13. Lembaga Getah Malaysia. Pembajaan tanaman getah dewasa. 2010; Accessed 25 February 253 
2017. Available: http://www.lgm.gov.my/smallholders/pocketbook/pembajaan.pdf 254 

14. Maranguit D, Guillaume T, Kuzyakov Y. Land-use change affects phosphorus fractions in highly 255 
weathered tropical soils. Catena. 2017;149(1):385-393. 256 

15. Meti S, Rao D, Usha Nair N, Jacob J. Distribution of natural rubber cultivation in relation to soil 257 
and landscape attributes in india. 29th Asian conference on remote sensing, Colombo, Sri Lanka. 258 
2008. 259 

16. Mouhamad R, Atiyah A, Iqbal M. Behavior of potassium in soil: a mini review. Chemistry 260 
international. 2016;2:47-58. 261 

17. Murphy J, Riley JP. A modified single solution method for the determination of phosphate in 262 
natural waters. Anal Chim Acta. 1962;27:31-36. 263 

18. Nelson W, Mehlich A, Winters E. The development, evaluation, and use of soil tests for 264 
phosphorus availability. Agronomy. 1953;4:153-188. 265 

19. Oku E, Iwara A, Ekukinam E. Effects of age of rubber (Hevea brasiliensis muell arg.) plantation on 266 
pH, organic carbon, organic matter, nitrogen and micronutrient status of ultisols in the humid 267 
forest zone of Nigeria. Kasetsart J (Nat. Sci). 2012;46:684-693. 268 

20. Ratnasingam J, Ioras F, Wenming L. Sustainability of the rubberwood sector in Malaysia. Not Bot 269 
Horti Agrobot Cluj Napoca. 2011;39:305. 270 

21. Rosolem CA, Sgariboldi T, Garcia RA, Calonego JC. Potassium leaching as affected by soil 271 
texture and residual fertilization in tropical soils. Commun Soil Sci Plant Anal. 2010;41:16,1934-272 
1943. 273 

22. Sutherland R. Loss-on-ignition estimates of organic matter and relationships to organic carbon in 274 
fluvial bed sediments. Hydrobiologia.1998;389:153-167. 275 

23. Tan KH. Soil sampling, preparation, and analysis. 2nd ed. Baca Raton: Florida; 2005. 276 
24. Tan KH. Principles of soil chemistry. 4th ed. Boca Raton: Florida; 2011. 277 
25. Van Alfen NK. Encyclopedia of agriculture and food systems. San Diego: California; 2014. 278 
26. Wang T, Kang F, Cheng X, Han H, Ji W. Soil organic carbon and total nitrogen stocks under 279 

different land uses in a hilly ecological restoration area of North China. Soil Tillage 280 
Res.2016;163:176-184. 281 

27. Zhang H, Zhang GL, Zhao YG, Zhao WJ, Qi ZP. Chemical degradation of a ferralsol (oxisol) 282 
under intensive rubber (Hevea brasiliensis) farming in tropical China. Soil Tillage Res. 283 
2007;93:109-116. 284 


