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Abstract
Proper soil and water conservation practices are needed to maintain and improve soil physical and chemical properties linked
to soil fertility and productivity for oil palm growth on sloping lands. This article is a review in terracing, organic mulches
(EFB, Eco-mat and pruned oil palm frond) and silt pits as soil and water conservation practices on oil palm plantations, their
advantages and disadvantages.
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Introduction

The lack of agricultural lands in Malaysia has caused oil palm plantations to inevitably expand into marginal lands such as
steep lands. The main problems of steep lands are soil erosion, loss of fertilizers and poor soil water storage. Agricultural
activities and cultivation on steep slopes can severely increase soil erosion. Soil erosion in association with heavy rains could
cause barren lands only after few years (Pratt and Gwynne, 1978; Pomeroy and Service, 1986; Kjekshus, 1997).

Hartemink (2006) reported that the erosion under natural forests is less thanl t ha™ yr* while the Soil erosion under oil palm
plantations was shown to be between 13 to 78 t ha™ y™ for Oxisols and 1 to 28 t ha™ y™* for Ultisols, both of which are
dominant soil orders in Malaysia. Lim (1989) reported that soil erosion under mature oil palm trees planted on sloping lands
with slopes of 6 to 8 % was more than 25 t ha™ y™*. However, lower soil erosion values (7-21 t ha® y™*) from oil palm
plantations were reported by (Maene et al., 1979). Lower values of 1.5 to 7.1 t ha™ y* soil erosion were also reported from
sloping oil palm plantations (Kee and Chew, 1996).

Removing the soil erosion, nutrients and water deficits of oil palm plantations through agricultural practices such as soil and
water conservation practices and mulches can increase the oil palm production immediately through increasing the bunch
weight and oil content of fruits (Goh et al., 1994; Donough et al., 2006). Application of soil and water conservation practices
(terracing and silt pits) and organic mulches (empty fruit bunches, pruned oil palm fronds and Eco-mat) are the most common
methods of oil palm yield intensification which have been practiced for several decades in Malaysia.

Terracing

Terraces are constructed with the purpose of reducing run-off and soil erosion across the hill slopes (Morgan, 2005; Troeh et
al., 2004). Despite significant effects of terracing to reduce run-off and erosion for slopes of 6-20° (Abo Hammad et al., 2006),
on gentler slopes, terracing loses its efficiency and should be replaced by other conservation practices (Corley and Thinker,
2003). Despite of advantages of terracing, soil compaction and removing of fertile layer of top soil during construction of
terraces reduce soil productivity (Hamdan et al., 2000). Compaction and removing of soil layers across terraces cause negative
effects on soil physical properties such as: reduction of hydraulic conductivity, aggregate stability and water retention capacity
(Ramos et al., 2007). Hill terracing is not recommended on sandy, shallow soil or soil with high fraction of stones (Troeh et al.,
2004). Negative effects of terracing on soil productivity have forced some oil palm plantations to employ organic mulches and
silt pits on non-terraced slopes.

Organic Mulches

Among the organic mulches, crop residues are the most commonly used in agriculture and favorable effects of these residues
on soil fertility have long been recognized. These materials contain C and other plant essential nutrients which are released
during the decomposition process (Wagner and Wolf, 1998). As one of the largest palm oil producer in the world, Malaysia
produces a huge amount of oil palm by-products such as pruned fronds, empty fruit bunches (EFB), palm oil mill effluent
(POME), shells and fibers. Some of these waste materials are produced in the field, viz pruned oil palm fronds during
harvesting to facilitate the harvest of fresh fruit bunches, and felled trunk and fronds are replanting. Others such as EFB, shells,
mesocarp fibers, POME and Eco-mat (a carpet-like fiber material made from compressed EFB) are by-products from milling
process in the palm oil mill.

Empty fruit bunches (EFB) have been applied as a mulch and fertilizer because of their high nutrient concentration and ability
to conserve high soil water content in top soil. One tonne of EFB has been estimated to supply an equivalent of 7.0, 2.8, 19.3
and 4.4 kg of urea, phosphate, rock, muriate of potash and kieserite, respectively (Singh et al., 1999). Application of different
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rates of EFB has been frequently studied. Zin and Tarmizi (1983) recommended 30-50 and 50-100 t ha™ y™* of EFB. 37, 35 and
40-60 t ha™ yr have been reported as suitable rates by Loong et al. (1987), Jantaraniyom et al. (2001) and Etta et al. (2007),
respectively. Along with the ability of EFB to increase soil nutrient and soil water content, it has a fast decomposition rate.
Zaharah and Lim (2000) found that EFB lost 50 and 70% of its dry matter due to decomposition in 3 and 8 months after
application, respectively. However, application of EFB could only be implemented on field that are near oil palm mills because
of difficulties of storage and high expenses of transportation and field application of the bulky EFB (Teh et al., 2011).

Difficulties of application of EFB motivated the development of Eco-mat. Eco-mat is a compressed EFB in the form of carpet-
like material (Yeo, 2007). Therefore, field application, transportation and storage of Eco-mat are easier and cheaper than EFB.
According to Wan Asma (2006) Eco-mat contains 33.85, 0.55, 0.39, 2.59 0.22 and 0.21 % of C, N, P, K Ca and Mg,
respectively. Moradi et al. (2012) reported that EFB and pruned palm fronds had higher nutrient concentration and water than
Eco-mat which is due to loss of nutrients and water during manufacturing process of EFB fibers into Eco-mat. However, there
were no significant differences in decomposition and nutrient release rates between EFB and Eco-mat and also between the
Eco-mat and oil palm fronds during their decomposition.

Pruned oil palm frond is another oil palm residue which is commonly used as mulch in oil palm plantations. Stacking the
pruned fronds on the soil surface will reduce soil erosion and run-off. The decomposed fronds is a source of nutrients release
into the soil. Husin et al. (1987) determined that one tonne of applied pruned frond on soil surface released 7.5, 1.0, 9.8 and 2.8
kg of N, P, K and Mg, respectively. Although pruned oil palm fronds provide high amount of nutrients (Chan et al., 1980), they
are less effective to reduce run-off and soil erosion and to increase soil water content compared with other soil and water
conservation practices in non-terraced oil palm plantations (Moradi et al., 2012).

Silt Pit

Silt pit is one of the recommended soil-water conservation methods in Malaysia (Teh et al., 2011). Silt pits function by
reducing soil erosion, controlling run-off and sedimentation, increasing oil palm yield through supplying more water specially
during dry weather, protecting and increasing soil fertility through reduction of nutrient loss and redistribution of eroded
nutrients back into the soil. Silt pit redistributes collected water and nutrients into the oil palm root zone rather than being lost
through deep percolation (Bohluli et al., 2012).

Murtilaksono et al (2007) examined the influences of contour ridge and silt pit on soil water content in oil palm plantations.
They collected the daily and monthly required data to run the water balance equation. Outcome of study showed that silt pit
was effectively able to delay the soil dryness by 3.5 months more than contour ridge (2.5 months) compared with the control
(no conservation practices). Atmaja and Hendra (2007) also surveyed the effectiveness of ridge terraces and silt pits on soil
moisture content on oil palm plantations. Results showed that the soil water content was highest in silt pit treatment, followed
by ridge terrace and control. The planted oil palms in control showed earlier water deficit compared with other treatments. Soil
moisture content indicated that silt pit was able to keep the soil water content for longer time compared with other treatments.
They concluded that silt pit makes higher and more stable soil water moisture content compared with ridge terrace and control,
so that, the oil palm’s water demand would be fulfilled better and the production would increase significantly. In other research
Bohluli et al. (2014) simulated the silt pit efficiency on conserving soil water by HYDRUS 2D model. They simulated four silt
pits with different dimensions of depth and floor area. Their results showed that a narrow silt pit with a bigger tbotal wall to
floor area presents better performance to return collected water into oil palm root zone. They also found that the smaller the
floor area (or opening area) of silt pits, the longer it takes for pits to dry out their stored water.

Conclusion

Maximum oil palm yield production in Malaysia can be increased by yield intensification through land management practices.
Yield intensification through application the soil, nutrients and water conservation practices in oil palm plantations would be
cheaper, faster and more beneficial than developing new oil palm plantations. However, choosing specific or combination of
conservation practices needs proper knowledge about the practices, their abilities, advantages and limitations.

References

Abo Hammad, A.H., Borresen, T. and Haugen, L.E. 2006. Effects of rain characteristics and terracing on runoff and erosion
under the Mediterranean. Soil and Tillage Research 87, pp. 39-47.

Atmaja and Hendra. 2007. Soil Moisture Content in Soil Conservation Technique of Ridge Terace and Silt Pit in Oil Palm

Plantation PTPN VII Rejosari, Lampung. IPB, Bogor Agricultural University.

Bohluli, M., Teh, C.B.S., Husni, A.M.H. and Zaharah A.R. 2012. The effectiveness of silt pit as a soil, nutrient and water
conservation method in non-terraced oil palm plantations. In: Rasidah, W.K., Rosazlin, A., Osumanu, A.H., Fakhri,
M.I., Malik, Z., Hamzah, A., Ahmad, R. & Vijayanathan, J. (Eds.). Proceedings of the Soil Science Conference of
Malaysia 2012. Soil quality towards sustainable agriculture production. Malaysian Soil Science Society, Sg. Buloh.

38



International Agriculture Congress

2014

Pullman Putrajaya Lakeside, Putrajaya, Malaysia
25-27 November 2014

Bohluli, M., Teh, C.B.S., Husni, A.M.H. and Zaharah A.R. 2014. Silt Pit Efficiency in Conserving Soil Water as Simulated by
HYDRUS 2D Model. Pertanica Journal, 37(1),(in press).

Chan, K.W., Watson, I. and Lim, K.C. 1980. Use of oil palm waste material for increased production. In Proceedings of the

Conference on Soil Science & Agriculture Development in Malaysia. Kuala Lumpur, April 10-12, 1980, Pushparajah
E., Chin S.L. (Eds.), Incorporated Society of Planters, pp. 213-242.

Corley, R.H.V. and Tinker, P.B. 2003. The Oil Palm. 4™ edition. Oxford: Blackwell Science Ltd., P. 562.

Donough, C.R., C. Witt, T. Fairhurst, W. Griffiths, and A.G. Kerstan. 2006. Proceedings of 5th International Planters
Conference 2006, Incorporated Society of Planters, Kuala Lumpur.

Etta, C.E., Nkongho, R.N., Timti, I.N. and Nebane, C.N. 2007. Effects of empty fruit bunch mulching applied as organic
manure on the yield of oil palms, planted on Lateritic sandy soils of Pamol, Ndiane Estate, Camerron. In Proceeding of
PIPOC 2007, International Palm Qil Congress (Agriculture, Biotechnology and Sustainability), pp. 625-638.

Goh, K.J., Chew, P.S. and Teo, C.B. 1994. Maximising and maintaining oil palm yields on commercial scale in Malaysia. In:
Chee, K.H. (ed.) International Planters Conference on Management for Enhanced Profitability in Plantations. Kuala
Lumpur, 24-26 October 1994. ISP, pp.121-141.

Hamdan, J., Burnham, C.P. and Ruhana, B. 2000. Degradation effect of slope terracing on soil quality for Elaeis quineensis

Jacq. (oil palm) cultivation. Land Degradation and Development 11: 181-193

Hartemink, A.E. 2006. Soil erosion: Perennial crop plantations. In Encyclopedia of Soil Science, ed. R. Lal, New York, USA:
Taylor & Francis Publisher, pp. 1613-1617.

Husin, M., Zakaria Z.Z., Hassan, A.H. 1987. Potentials of oil palm by-products as a raw materials for agro-based industries. In
Proceeding of the 1985 PORIM National Symposium on Qil Palm By-products for Agro-Based Industries. Kuala
Lumpur, 5-6 Nov, 1985, PORIM, pp. 7-15.

Jantaraniyom, T., Exsomtramage, T., Nilnond, C. and Tongkum, P. 2001. Effect of empty fruit bunches mulching on yield, soil

moisture and leaf nutrient contents of oil palm. Songklanakarin Journal of Science and Technology 23 (Suppl.): 679-
689.

Kee, K.K. and Chew, P.S. 1996. Nutrient losses through surface runoff and soil erosion — implications for improved fertiliser
efficiency in mature oil palms. In Proceeding of the 1996 PORIM International Palm Qil Congress: Agriculture,
September 23-28, 1996, Kuala Lumpur: Palm Oil Research Institute of Malaysia, Ariffin, D., Wahid, M.B.,
Rajanaidu, N., Tayeb, D., Paranjothy, K., Chean, S.C., Chang, K.C. and Ravigadevi, S. (eds.), pp. 133-169.

Kjekshus, H. 1997. Ecology Control and Economic Development in East African History.Villiers Publications, London.

Lim, K.H. 1989. Soil erosion control under mature oil palms on slopes. In Proceedings of PORIM International Development
Conference, Kuala Lumpur. Sukaimi, J., Zakaria, H.Z.Z., Paranjothy, K., Darus, A., Rajanaidu, N. Cheah, S.C.,
Wahid, M.B., Hensom, I.E. and Dolmat, H.M.T. (eds.). pp. 191-198.

Loong, S.G., Nazeeb, M. and Letchumanan, A. 1987. Optimizing the use of EFB mulch on oil palm on two different soils. In
Proceedings of the 1987 International Oil Palm/Palm Oil Conference: Progress and Prospects-Agriculture. Kuala
Lumpur, Malaysia, Jun 23-26, 1987, Abdol Halim,. H., Soon, C.P., Wood, B.J. and Pushparajah, E. (eds.), pp. 605-639.

Maene, L. M., Thong, K. C., Ong, T. S., and Mokhtaruddin, A. M. 1979. Surface wash under mature oil palm. In “Proceedings
of the Symposium on Water Agriculture in Malaysia” (E. Pushparajah, Ed.), pp. 203-216. Malaysian Society of Soil
Science, Kuala Lampur.

Moradi A., Christopher T.B.S., Goh K.J., Hanif A.H.M., and Fuziah C.I. 2012. Evaluation of Four Soil Conservation Practices
in a Non-Terraced Qil Palm Plantation. Agronomy Journal 104 (6): 27-40.

Morgan, R.P.C. 2005. Soil Erosion and Conservation. 3" edition, Oxford: Blackwell Publishing, P. 304.

Murtilaksono K., Siregar H.H., and Darmosarkoro W. 2007. Water Balance Model in Qil Palm Plantation. Jurnal Penelitian
Kelapa Sawit 15 (1): 21-35.

Pomeroy, D., and M.W. Service 1986. Tropical Ecology. Longman Group, Hong Kong.

Pratt D. J., and Gwynne M. D. 1978. Rangeland Management and Ecology in East Africa. Hodder and Stoughton, London.

Ramos, M.C., Cots-Folch, R. and Martines-Casanovas, J.A. 2007. Effects of land terracing on soil properties in the Priorat
region in Northeastern spain: A Multivariate analysis. Geoderma 142: 251-261.

Singh, G., Kow, D.L., Lim, K.C. and Loong, S.G. 1999. Empty fruit bunches as mulch. In Oil Palm and the Environment: A
Malaysian Perspective, eds. G. Singh, K.H. Teo and L.K. David, Kuala Lumpur: Malaysia Oil Palm Growers’ Council,
pp. 171-183.

Teh C.B.S., Goh K.J., Law C.C. and Seah T.S. 2011. Short-term Changes in the Soil Physical and Chemical Properties due to
Different Soil and Water Conservation Practices in a Sloping Land Oil Palm Estate. Pertanika J. Trop. Agric. Sci. 34
(1): 41-62.

Troeh, F.R., Hobbes, J.A. and Donahue, R.L. 2004. Soil and Water Conservation for Productivity and Environmental
Protection. 4™ edition. Upper Saddle River, New Jersey: Prentice Hall, p. 656.

Wan Asma, I. 2006. Optimization of Mulch Mat Production from Qil Palm Empty Fruit Bunches and its Effects on Growth
Performance of Acacia Hybrid Seedlings on Sandy Tailings, PhD Thesis, University Putra Malaysia.

39



International Agriculture Congress

2014

Pullman Putrajaya Lakeside, Putrajaya, Malaysia
25-27 November 2014

Wanger, G.H. and Wolf, D.C. 1998. Carbon transformation and soil organic matter formation. In Principles and Applications
of Soil Microbiology, eds. D.M. Sylvia, J.J. Fuhrmann, P.G. Hartel and D.A. Zuberer, New Jersey: Prentice Hall, p. 550.

Yeo, K.L. 2007. Processong empty fruit bunch (EFB) to fibre. In Proceedings of Seminar on Ecomat Research and Promotion:
Towards Enrichment of the Environment. Beijing, China, 24-25 July, 2006, Organized by Beijing Municipal Bureau of
Parks and Forestry, China and Malaysia Palm Oil Board, ed. Malaysian Palm Oil Board, pp. 38-39.

Zaharah, A.R. and Lim, K. C. 2000. Oil palm empty fruit bunch as a source of nutrients and soil ameliorant in oil palm
plantations. Malaysian Journal of Soil Science 4: 51-66.

Zin, Z. and Tarmizi, A.M. 1983. The use of palm oil industry by-product material. Workshop on Qil Palm Industry Technology

Transfer. Problems and priorities. PORIM, pp. 121-131.

40





